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WELCOME

As chairwoman of the Journées de Chimie Organique de la Société Chimique de France « JCO 2022 » 
and on behalf of the organizing committee, I am delighted to warmly welcome you all in Palaiseau for 
this major event held under the auspices of the Organic Chemistry Division of the French Chemical 
Society.

The JCO, organized every three years, bring together an international panel of world-renowned 
plenary speakers who will present cutting edge lectures in areas such as synthetic methodology, 
catalysis, total synthesis, medicinal chemistry, chemobiology, bioorganic chemistry, material science, 
supramolecular chemistry and sustainable chemistry, in front of an audience of more than 650 
participants. Worthy of note are the lectures given by industrial scientists that should create a unique 
opportunity between the industrial and academic communities. 17 plenary and invited lectures 
will be complemented by the presentation of 60 oral communications given by young scientists, as 
well as more than 320 posters. In addition, 6 oral communication prizes and 10 poster prizes will be 
awarded. Our whole community should enjoy this meeting and discover new areas likely to create 
new synergies. You should know how happy we are to be able to receive you face-to-face in Palaiseau 
for all these scientific and friendly exchanges that we have deeply missed in recent years. 

We have decided to keep the schedule chosen for the last edition of our JCO in 2019, allowing as many 
of you as possible to participate after a busy start of the academic year. We hope that this will once 
again contribute positively to maintaining the JCO as an unmissable chemistry event in our country.

We are very grateful to the École polytechnique for hosting us. We also warmly thank all the industrial 
and academic sponsors for their generosity.  

All together, we hope that this conference will not only promote new discoveries but also the exchange 
of ideas for future collaborations and development. We therefore wish all participants to make the 
JCO 2022 a great rewarding and memorable event. 

Emmanuelle Schulz
Symposium Chairwoman
President of the Organic Chemistry Division of the French Chemical Society

Organized by
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Korea Advanced Institute of Science and Technology
KOREA
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Mélanie ETHEVE-QUELQUEJEU
Université Paris Cité
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RNA conjugates: from the synthesis to applications
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JAPAN
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Synthetic glycan-based vaccines to combat bacterial diseases: from concept 
to immunogenicity in human
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PLENARY LECTURES

Timothy NOEL
University of Amsterdam
THE NETHERLANDS

Innovation in HAT photocatalysis through use of flow

Monica PEREZ-TEMPRANO
Institut Català d’Investigació Química
SPAIN

Deciphering mechanims to design better catalytic reactions

Sarah REISMAN
California Institute of Technology
USA

Necessity is the Mother of Invention: Natural Products and the Chemistry 
They Inspire
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INVITED LECTURES

Thomas POISSON: Jean-Marie Lehn Prize 2022
COBRA INSA-Rouen
FRANCE

Photocatalytic and Electromediated Borylation and Silylation Reactions

Louis-Charles CAMPEAU
Merck
USA

Changing the World, One Reaction at a Time

Yohan GISBERT: Dina Surdin PhD Prize 2022
University of Groningen, THE NETHERLANDS
CEMES, FRANCE

Organometallic molecular motor derivatives for Single Molecule Force 
Spectroscopy experiments

Juliette MARTIN
Proteus
FRANCE

Biocatalysis: a Necessary Tool for Synthetic Chemist – a Focus on Industrial 
Applications
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PROGRAMME AT A GLANCE

WEDNESDAY 2 NOVEMBER

08:00 Registration Main Hall

09:00 Opening Ceremony Amphithéâtre Poincaré

09:30 PL1 | Margaret BRIMBLE Amphithéâtre Poincaré

10:15 IL1  | Louis-Charles CAMPEAU Amphithéâtre Poincaré

10:45 Flash communication exhibitors 1 Amphithéâtre Poincaré

11:00 Coffee Break - Sponsored by ACTIVATION Main Hall

11:30 PL2 | Mélanie ETHEVE-QUELQUEJEU Amphithéâtre Poincaré

12:15 IL2  | Yohan GISBERT (Dina Surdin PhD award) Amphithéâtre Poincaré

12:35 Flash communication exhibitors 2 Amphithéâtre Poincaré

12:50 Lunch Main Hall

14:05 Oral Communications session #1a Sponsored by CHARM3AT Amphithéâtre Poincaré

Oral Communications session #1b Amphithéâtre Gay-Lussac

Oral Communications session #1c Amphithéâtre Pierre Faurre

16:20 EurJOC intervention Amphithéâtre Poincaré

16:25 PL3 | Eric MEGGERS – EurJOC WILEY Lecture Amphithéâtre Poincaré

17:10 Group Picture Main Hall

17:15 Poster session #1 & Juice/Beer Break Main Hall
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THURSDAY 3 NOVEMBER

09:00 PL4 | Shū KOBAYASHI Amphithéâtre Poincaré

09:45 PL5 | Véronique MICHELET (DCO Prize) Amphithéâtre Poincaré

10:30 Flash communication exhibitors 3 Amphithéâtre Poincaré

10:45 Coffee Break - Sponsored by OXELTIS Main Hall

11:15 IL3  | Juliette MARTIN Amphithéâtre Poincaré

11:45 IL4  | Thomas POISSON (J.M. Lehn Prize) Amphithéâtre Poincaré

12:15 PL6 | Laurence MULARD Amphithéâtre Poincaré

13:00 Lunch Main Hall

14:15 Oral Communications session #2a Sponsored by Syngenta Amphithéâtre Poincaré

Oral Communications session #2b Amphithéâtre Gay-Lussac

Oral Communications session #2c Amphithéâtre Pierre Faurre

16:30 PL8 | Sukbok CHANG Amphithéâtre Poincaré

17:15 Poster session #2 & Juice/Beer Break Main Hall

FRIDAY 4 NOVEMBER

09:15 PL90 | Timothy NOEL – SANOFI Lecture Amphithéâtre Poincaré

10:00 PL10 | Clémence ALLAIN Amphithéâtre Poincaré

10:45 Coffee Break Main Hall

11:15 PL11 | Jean-Guy BOITEAU (Yves Chauvin Prize) Amphithéâtre Poincaré

12:00 PL12 | Monica PEREZ-TEMPRANO – CHARM3AT Lecture Amphithéâtre Poincaré

12:45 Lunch Main Hall

14:00 PL70 | Nicolas GIUSEPPONE Amphithéâtre Poincaré

14:45 PL13 | Sarah REISMAN – MINAKEM Lecture Amphithéâtre Poincaré

15:30 Poster & oral communication awards Amphithéâtre Poincaré

16:00 Closing ceremony Amphithéâtre Poincaré

PROGRAMME AT A GLANCE



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 11

DETAILED PROGRAMME
W

E
D

N
E

SD
A

Y
 2

 N
O

V
E

M
B

E
R

08
:0

0
Re

gi
st

ra
tio

n

09
:0

0 
- 0

9:
30

O
pe

ni
ng

 C
er

em
on

y
Em

m
an

ue
lle

 S
CH

U
LZ

, p
re

sid
en

t o
f t

he
 D

CO
  - 

Th
ie

rr
y 

G
AC

O
IN

, p
re

sid
en

t o
f t

he
 C

he
m

ist
ry

 D
ep

ar
tm

en
t o

f t
he

 É
co

le
 p

ol
yt

ec
hn

iq
ue

Ja
cq

ue
s 

M
AD

D
AL

U
N

O
, d

ire
ct

or
 o

f t
he

 In
sti

tu
t d

e 
Ch

im
ie

 d
u 

CN
RS

09
:3

0 
- 1

0:
15

Ch
ai

r: 
Em

m
an

ue
lle

 S
CH

U
LZ

 
PL

1 
| 

M
ar

ga
re

t B
RI

M
BL

E 
- U

ni
ve

rs
ity

 o
f A

uc
kl

an
d,

 N
EW

-Z
EA

LA
N

D
N

at
ur

al
 P

ro
du

ct
 S

yn
th

es
is:

 A
 C

ru
ci

bl
e 

fo
r N

ew
 M

et
ho

d 
De

ve
lo

pm
en

t a
nd

 D
ru

g 
Di

sc
ov

er
y

10
:1

5 
- 1

0:
45

IL
1 

 |
 L

ou
is-

Ch
ar

le
s C

AM
PE

AU
 - 

M
er

ck
, U

SA
Ch

an
gi

ng
 th

e 
W

or
ld

, O
ne

 R
ea

cti
on

 a
t a

 T
im

e
10

:4
5 

- 1
1:

00
Ch

ai
r: 

O
liv

ie
r B

AS
LÉ

 
Fl

as
h 

co
m

m
un

ic
ati

on
 e

xh
ib

ito
rs

 1
11

:0
0 

- 1
1:

30
Co

ffe
e 

Br
ea

k 
- S

po
ns

or
ed

 b
y 

AC
TI

VA
TI

O
N

11
:3

0 
- 1

2:
15

Ch
ai

r: 
Ke

vi
n 

CA
RI

O
U

PL
2 

| 
M

él
an

ie
 E

TH
EV

E-
Q

U
EL

Q
U

EJ
EU

 - 
U

ni
ve

rs
ité

 P
ar

is 
Ci

té
, F

RA
N

CE
RN

A 
co

nj
ug

at
es

: f
ro

m
 th

e 
sy

nt
he

sis
 to

 a
pp

lic
ati

on
s

12
:1

5 
- 1

2:
35

IL
2 

 |
 Y

oh
an

 G
IS

BE
RT

 (D
in

a 
Su

rd
in

 P
hD

 a
w

ar
d)

 - 
U

ni
ve

rs
ity

 o
f G

ro
ni

ng
en

, T
H

E 
N

ET
H

ER
LA

N
D

S 
an

d 
CE

M
ES

, F
RA

N
CE

O
rg

an
om

et
al

lic
 m

ol
ec

ul
ar

 m
ot

or
 d

er
iv

ati
ve

s f
or

 S
in

gl
e 

M
ol

ec
ul

e 
Fo

rc
e 

Sp
ec

tr
os

co
py

 e
xp

er
im

en
ts

12
:3

5 
- 1

2:
50

Ch
ai

r: 
An

is 
TL

IL
I

Fl
as

h 
co

m
m

un
ic

ati
on

 e
xh

ib
ito

rs
 2

12
:5

0 
- 1

4:
05

Lu
nc

h

14
:0

5 
- 1

6:
20

O
ra

l C
om

m
un

ic
ati

on
s s

es
sio

n 
#1

O
RA

L 
CO

M
M

U
N

IC
AT

IO
N

S 
SE

SS
IO

N
 #

1A
  

Sp
on

so
re

d 
by

 C
HA

RM
3AT

O
RA

L 
CO

M
M

U
N

IC
AT

IO
N

S 
SE

SS
IO

N
 #

1B
O

RA
L 

CO
M

M
U

N
IC

AT
IO

N
S 

SE
SS

IO
N

 #
1C

AM
PH

IT
H

ÉÂ
TR

E 
PO

IN
CA

RÉ
 

Ch
ai

r: 
Xa

vi
er

 G
U

IN
CH

AR
D 

- A
ng

él
iq

ue
 F

ER
RY

AM
PH

IT
H

ÉÂ
TR

E 
G

AY
-L

U
SS

AC
 

Ch
ai

r: 
M

att
hi

eu
 R

AY
N

AL
 - 

Je
an

-P
ie

rr
e 

D
U

TA
ST

A
AM

PH
IT

H
ÉÂ

TR
E 

PI
ER

RE
 F

AU
RR

E 
Ch

ai
r: 

Sa
nd

rin
e 

PI
GU

EL
 - 

Em
m

an
ue

l G
RA

S

14
:0

5
O

C0
1 

Do
ria

n 
DI

DI
ER

El
ec

tr
oc

ou
pl

in
g -

 A
 C

at
al

ys
t-f

re
e 

Al
te

rn
ati

ve
 fo

r C
-C

 
Bo

nd
 F

or
m

ati
on

O
C1

1 
N

ic
ol

as
 G

IL
LA

IZ
EA

U
-S

IM
O

N
IA

N
Ch

ar
ge

-A
cc

el
er

at
ed

 [3
,3

] R
ea

rr
an

ge
m

en
t o

f V
in

yl
 

Su
lfo

ni
um

s:
 S

te
re

od
iv

er
ge

nt
 A

cc
es

s t
o 

γ-
La

ct
on

es
 

an
d 

γ-
La

ct
am

s.

O
C2

1 
An

to
in

e 
SI

M
O

N
N

EA
U

 
Re

vi
siti

ng
 N

₂ F
un

cti
on

al
iza

tio
n 

w
ith

 N
uc

le
op

hi
le

s

14
:1

8

O
C0

2 
St

ép
ha

ne
 G

O
LL

IN
G

2-
Am

id
o-

ac
ro

le
in

s 
as

 a
 v

er
sa

til
e 

pl
atf

or
m

 fo
r t

he
 

sy
nt

he
sis

 o
f p

ol
y-

fu
nc

tio
na

liz
ed

 s
ili

co
n 

co
nt

ai
ni

ng
 

he
te

ro
cy

cl
es

O
C1

2 
Ca

ss
an

dr
e 

BO
RI

ES
Hi

gh
ly

 se
le

cti
ve

 d
ea

ro
m

ati
za

tio
n 

of
 N

-h
et

er
oa

re
-

ne
s u

sin
g 

w
el

l-d
efi

ne
d 

lo
w

-v
al

en
t c

ob
al

t h
yd

rid
es

O
C2

2 
Fl

or
ia

ne
 D

O
CH

E
Di

re
ct

ed
 P

al
la

di
um

 C
at

al
yz

ed
 C

-H
 (E

th
ox

yc
ar

bo
ny

l)
di

flu
or

om
et

hy
lth

io
la

tio
n 

Re
ac

tio
n



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 12

DETAILED PROGRAMME

16
:2

0 
- 1

6:
25

Eu
rJ

O
C 

in
te

rv
en

tio
n

16
:2

5 
- 1

7:
10

Ch
ai

r: 
Je

an
ne

 C
RA

SS
O

U
S 

PL
3 

| 
Er

ic
 M

EG
GE

RS
 –

 E
ur

JO
C 

W
IL

EY
 L

ec
tu

re
 - 

U
ni

ve
rs

ity
 o

f M
ar

bu
rg

, G
ER

M
AN

Y
St

ee
rin

g 
As

ym
m

et
ric

 C
at

al
ys

is 
w

ith
 M

et
al

-C
en

te
re

d 
Ch

ira
lit

y
17

:1
0 

- 1
7:

15
G

ro
up

 P
ic

tu
re

17
:1

5
Po

st
er

 s
es

sio
n 

#1
 &

 Ju
ic

e/
Be

er
 B

re
ak

14
:3

1
O

C0
3 

O
ph

él
ie

 M
O

N
TI

EG
E

Fi
rs

t t
ot

al
 sy

nt
he

sis
 o

f c
ha

xa
la

cti
n 

B

O
C1

3 
Ar

on
a 

FA
LL

Di
as

te
re

os
el

ec
tiv

e 
ad

di
tio

n 
of

 re
do

x 
ac

tiv
e 

es
te

rs
 

to
 a

zo
m

et
hi

ne
 im

in
es

 b
y 

el
ec

tr
os

yn
th

es
is

O
C2

3 
Ca

th
er

in
e 

TA
IL

LI
ER

Ta
m

in
g 

th
e 

re
ac

tiv
ity

 o
f P

ho
sp

hi
ra

ni
um

 io
ns

: 
Re

ce
nt

 p
ro

gr
es

s 
in

 th
e 

de
ve

lo
pm

en
t o

f s
el

ec
tiv

e 
C-

ce
nt

er
ed

 ri
ng

-o
pe

ni
ng

s

14
:4

4

O
C0

4 
N

aw
el

 G
O

UA
L

Bi
m

et
al

lic
 c

om
pl

ex
es

 o
f p

ho
to

sw
itc

ha
bl

e 
ph

os
-

ph
in

es
 d

er
iv

ed
 fr

om
 n

in
e-

m
em

be
re

d 
cy

cl
ic

 
az

ob
en

ze
ne

s:
 sy

nt
he

sis
, p

ho
to

ch
ro

m
ic

 p
ro

pe
rti

es
 

an
d 

us
es

 in
 g

ol
d 

ca
ta

ly
sis

O
C1

4 
Er

w
an

 B
RU

N
AR

D
Ca

ta
ly

tic
 a

m
in

ati
on

 o
f u

na
cti

va
te

d 
C–

H
 b

on
ds

 in
 

th
e 

pr
es

en
ce

 o
f e

le
ct

ro
ni

ca
lly

 a
cti

va
te

d 
sit

es

O
C2

4 
W

ei
 C

AO
To

ta
l S

yn
th

es
is 

of
 O

ph
io

rr
hi

ne
 A

, G
 a

nd
 O

ph
io

rr
hi

-
sid

e 
E 

Fe
at

ur
in

g 
a 

Bi
oi

ns
pi

re
d 

In
tr

am
ol

ec
ul

ar
 

Di
el

s–
Al

de
r C

yc
lo

ad
di

tio
n

14
:5

7

O
C0

5 
Gu

ill
au

m
e 

DA
GO

U
SS

ET
 

Ph
ot

or
ed

ox
 G

en
er

ati
on

 o
f O

xy
ge

n-
Ce

nt
er

ed
 R

ad
i-

ca
ls:

 α
-A

lk
ox

yl
ati

on
 a

nd
 α

-T
rifl

uo
ro

m
et

ho
xy

la
tio

n 
of

 C
ar

bo
ny

l C
om

po
un

ds

O
C1

5 
M

eh
di

 A
BD

EL
LA

O
U

I
Re

ac
ta

nt
-In

du
ce

d 
Ph

ot
oa

cti
va

tio
n 

of
 In

 S
itu

 
G

en
er

at
ed

 O
rg

an
og

ol
d 

In
te

rm
ed

ia
te

s 
Le

ad
in

g 
to

 
Al

ky
ny

la
te

d 
In

do
le

s

O
C2

5 
Ex

pé
di

te
 Y

EN
-P

O
N

Tr
an

siti
on

-m
et

al
-fr

ee
 m

ul
ti-

co
m

po
ne

nt
 d

ifu
nc

tio
-

na
liz

ati
on

 o
f [

1.
1.

1]
pr

op
el

la
ne

15
:1

0

O
C0

6 
Xu

ey
an

g 
LI

U
In

di
re

ct
 E

na
nti

oc
on

tr
ol

 o
f T

er
tia

ry
 A

lc
oh

ol
s 

an
d 

Q
ua

te
rn

ar
y 

Ce
nt

er
s 

by
 A

cy
la

tiv
e 

O
rg

an
oc

at
al

yti
c 

Ki
ne

tic
 R

es
ol

uti
on

O
C1

6 
N

ic
ol

as
 D

U
GU

ET
Th

er
m

om
or

ph
ic

 p
ol

ye
th

yl
en

e-
su

pp
or

te
d 

or
ga

no
-

ca
ta

ly
st

s 
fo

r t
he

 v
al

or
iza

tio
n 

of
 b

io
m

as
s 

an
d 

CO
2

O
C2

6 
Ga

ét
an

 A
RC

HE
R

Ph
ot

or
ed

ox
 g

en
er

ati
on

 o
f i

so
th

io
ur

on
yl

 ra
di

ca
l 

ca
tio

ns
: A

 n
ew

 p
la

tfo
rm

 in
 c

ov
al

en
t r

ad
ic

al
 c

at
al

ys
is

15
:2

3

O
C0

7 
M

ax
 C

O
EH

LO
Ex

ci
te

d 
St

at
e 

In
tr

am
ol

ec
ul

ar
 P

ro
to

n 
Tr

an
sf

er
 b

as
ed

 
Fl

uo
ro

ph
or

es
 w

ith
 C

irc
ul

ar
ly

 P
ol

ar
ize

d 
Lu

m
in

es
-

ce
nc

e 
Em

iss
io

n

O
C1

7 
Th

om
as

-X
av

ie
r M

ET
RO

U
np

re
ce

de
nt

ed
 in

sig
ht

 in
to

 th
e 

st
ru

ct
ur

e 
of

 fa
t-

ty
-a

ci
d 

ba
se

d 
(n

an
o)

m
at

er
ia

ls 
en

ab
le

d 
by

 m
ec

ha
-

no
ch

em
ic

al
 1

7O
-la

be
lin

g 
sc

he
m

es

O
C2

7 
El

éo
no

re
 T

AC
KE

La
te

-s
ta

ge
 fu

nc
tio

na
liz

ati
on

 o
f a

 fl
uo

re
sc

en
t s

ca
f-

fo
ld

 to
 a

ffo
rd

 a
 n

ew
 g

en
er

ati
on

 o
f l

ar
ge

 S
to

ke
s 

sh
ift

 
re

d-
em

itti
ng

 d
ye

s 
w

ith
 p

ro
m

isi
ng

 p
ro

pe
rti

es
 fo

r 
bi

ol
og

ic
al

 im
ag

in
g

15
:3

6

O
C0

8 
Sa

if 
Ed

di
ne

 C
HE

RI
F

M
er

gi
ng

 G
ru

bb
s’

 S
ec

on
d-

G
en

er
ati

on
 C

at
al

ys
t w

ith
 

Ph
ot

oc
at

al
ys

is 
En

ab
le

s 
Z–

Se
le

cti
ve

 M
et

at
he

sis
 o

f 
O

le
fin

s:
 S

co
pe

, L
im

ita
tio

ns
, a

nd
 M

ec
ha

ni
sm

O
C1

8 
Ca

rlo
tta

 F
IG

LI
O

LA
In

ve
sti

ga
tio

n 
of

 n
ew

 o
rg

an
ic

 p
ho

to
se

ns
iti

zi
ng

 p
la

t-
fo

rm
s 

fo
r s

el
ec

tiv
e 

ph
ot

od
yn

am
ic

 th
er

ap
y

O
C2

8 
Cl

ém
en

t C
HA

U
VI

ER
Tr

an
siti

on
-M

et
al

-F
re

e 
Si

ly
la

tio
n 

of
 U

na
cti

va
te

d 
C(

sp
2)

–H
 B

on
ds

 w
ith

 te
rt

-B
ut

yl
-S

ub
sti

tu
te

d 
Si

ly
l-

di
az

en
es

15
:4

9

O
C0

9 
Gu

ill
au

m
e 

LE
FE

VR
E

Ta
m

in
g 

re
do

x 
no

n-
in

no
ce

nc
e 

of
 w

ea
k-

fie
ld

 ir
on

 
co

m
pl

ex
es

: a
n 

op
po

rt
un

ity
 in

 c
at

al
ys

is

O
C1

9 
Re

be
cc

a 
CH

U
RA

M
AN

I
Co

nt
ro

l o
f s

up
ra

m
ol

ec
ul

ar
 a

rc
hi

te
ct

ur
e 

by
 st

ru
ct

u-
ra

l v
ar

ia
tio

n 
of

 s
el

f-a
ss

em
bl

in
g 

cy
cl

od
ex

tr
in

s

O
C2

9 
Fa

bi
en

 LU
CA

S
Si

m
pl

ifi
ed

 G
re

en
-e

m
itti

ng
 S

in
gl

e-
La

ye
r P

ho
s-

ph
or

es
ce

nt
 O

rg
an

ic
 li

gh
t-e

m
itti

ng
 d

io
de

s 
w

ith
 a

n 
ex

te
rn

al
 q

ua
nt

um
 e

ffi
ci

en
cy

 >
 2

2%

16
:0

2
O

C3
4 

So
ph

ie
 R

O
DR

IG
U

ES
A 

G
al

liu
m

-C
at

al
yz

ed
 C

–H
 P

ro
pa

rg
yl

ati
on

 o
f A

re
ne

s

O
C2

0 
Ra

ph
ae

l L
AB

RU
ER

E
In

-c
el

l s
yn

th
es

is 
of

 c
yt

ot
ox

ic
 p

he
na

nt
hr

id
in

e 
th

ro
ug

h 
bi

oo
rt

ho
go

na
l c

yc
liz

ati
on

: t
he

 “
Cy

-
cl

’in
-C

el
l”

 st
ra

te
gy

O
C3

0 
Ke

vi
n 

TA
TO

U
EI

X 
H

yd
ro

ge
n 

Is
ot

op
e 

Ex
ch

an
ge

 v
ia

 in
-s

itu
 g

en
er

at
ed

 
ca

ta
ly

tic
 rh

od
iu

m
 n

an
op

ar
tic

le
s



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 13

DETAILED PROGRAMME
TH

U
R

SD
A

Y
 3

 N
O

V
E

M
B

E
R

09
:0

0 
- 0

9:
45

Ch
ai

r: 
Fr

éd
ér

ic
 L

AM
AT

Y
PL

4 
| 

Sh
ū 

KO
BA

YA
SH

I -
 U

ni
ve

rs
ity

 o
f T

ok
yo

, J
AP

AN
En

vi
ro

nm
en

t, 
Hu

m
an

 H
ea

lth
, a

nd
 E

ne
rg

y:
 C

at
al

ys
ts

 P
la

y 
Ke

y 
Ro

le
s T

ow
ar

d 
Su

st
ai

na
bl

e 
So

ci
et

y
09

:4
5 

- 1
0:

30
PL

5 
| 

Vé
ro

ni
qu

e 
M

IC
HE

LE
T 

(D
CO

 P
riz

e)
 - 

In
sti

tu
t d

e 
Ch

im
ie

 d
e 

N
ic

e,
 F

RA
N

CE
A 

Jo
ur

ne
y 

in
 G

ol
d 

Ca
ta

ly
sis

 To
w

ar
ds

 D
iv

er
sit

y:
 fr

om
 H

et
er

oc
yc

le
s t

o 
Fr

ag
ra

nc
es

10
:3

0 
- 1

0:
45

Ch
ai

r: 
O

liv
ie

r B
AS

LÉ
 - 

An
is 

TL
IL

I
Fl

as
h 

co
m

m
un

ic
ati

on
 e

xh
ib

ito
rs

 3
10

:4
5 

- 1
1:

15
Co

ffe
e 

Br
ea

k -
 S

po
ns

or
ed

 b
y 

OX
EL

TI
S

11
:1

5 
- 1

1:
45

Ch
ai

r: 
M

or
ga

n 
DO

N
N

AR
D

IL
3 

 |
 Ju

lie
tte

 M
AR

TI
N

 - 
Pr

ot
eu

s,
 F

RA
N

CE
Bi

oc
at

al
ys

is:
 a

 N
ec

es
sa

ry
 To

ol
 fo

r S
yn

th
eti

c 
Ch

em
ist

 –
 a

 F
oc

us
 o

n 
In

du
st

ria
l A

pp
lic

ati
on

s
11

:4
5 

- 1
2:

15
IL

4 
 |

 T
ho

m
as

 P
O

IS
SO

N
 (J

.M
. L

eh
n 

Pr
ize

) -
 C

O
BR

A 
IN

SA
-R

ou
en

, F
RA

N
CE

Ph
ot

oc
at

al
yti

c 
an

d 
El

ec
tr

om
ed

ia
te

d 
Bo

ry
la

tio
n 

an
d 

Si
ly

la
tio

n 
Re

ac
tio

ns
12

:1
5 

- 1
3:

00
PL

6 
| 

La
ur

en
ce

 M
U

LA
RD

 - 
In

sti
tu

t P
as

te
ur

, F
RA

N
CE

Sy
nt

he
tic

 g
ly

ca
n-

ba
se

d 
va

cc
in

es
 to

 c
om

ba
t b

ac
te

ria
l d

ise
as

es
: f

ro
m

 c
on

ce
pt

 to
 im

m
un

og
en

ic
ity

 in
 h

um
an

13
:0

0 
- 1

4:
15

Lu
nc

h

14
:1

5 
- 1

6:
30

O
ra

l C
om

m
un

ic
ati

on
s s

es
sio

n 
#2

O
RA

L 
CO

M
M

U
N

IC
AT

IO
N

S 
SE

SS
IO

N
 #

2A
  

Sp
on

so
re

d 
by

 S
YN

GE
N

TA
O

RA
L 

CO
M

M
U

N
IC

AT
IO

N
S 

SE
SS

IO
N

 #
2B

O
RA

L 
CO

M
M

U
N

IC
AT

IO
N

S 
SE

SS
IO

N
 #

2C

AM
PH

IT
H

ÉÂ
TR

E 
PO

IN
CA

RÉ
 

Ch
ai

r: 
Bo

ris
 V

AU
ZE

ILL
ES

 - F
lo

re
nc

e M
AH

UT
EA

U-
BE

TZ
ER

AM
PH

IT
H

ÉÂ
TR

E 
G

AY
-L

U
SS

AC
 

Ch
ai

r: 
Cy

ril
 O

LL
IV

IE
R 

- F
lo

ria
n 

LU
TT

RI
N

G
ER

AM
PH

IT
H

ÉÂ
TR

E 
PI

ER
RE

 F
AU

RR
E 

Ch
ai

r: 
St

ép
ha

ni
e 

N
O

RS
IK

IA
N

 - 
Da

m
ie

n 
BO

N
N

E

14
:1

5
O

C3
1 

M
ar

ie
 S

CH
U

LE
R

De
sig

n 
of

 p
ro

te
in

-b
as

ed
 p

la
tfo

rm
s 

fo
r s

ug
ar

s 
m

ul
-

tiv
al

en
cy

O
C4

1 
M

ar
ga

ux
 B

O
SS

U
AT

Bi
oi

ns
pi

re
d 

lip
id

ic
 a

lk
yn

yl
ca

rb
in

ol
s 

as
 a

nti
ca

nc
er

 
ag

en
ts

O
C5

1 
Pi

er
re

-A
nt

oi
ne

 B
O

U
IT

St
ra

ig
htf

or
w

ar
d 

Ac
ce

ss
 to

 M
ul

tif
un

cti
on

al
 

pi
-C

on
ju

ga
te

d 
P-

H
et

er
oc

yc
le

s 
Fe

at
ur

in
g 

an
 In

te
rn

al
 

Yl
id

ic
 B

on
d

14
:2

8
O

C3
2 

Er
ic

 L
EC

LE
RC

Fl
uo

rin
e-

Ac
tiv

at
ed

 A
dd

iti
ve

-F
re

e 
Vi

tr
im

er
s

O
C4

2 
G

ua
ng

ha
o 

H
U

AN
G

As
ym

m
et

ric
 In

ve
rs

e-
El

ec
tr

on
-D

em
an

d 
Di

el
s-

Al
de

r 
Cy

cl
oa

dd
iti

on
 b

et
w

ee
n 

2-
Py

ro
ne

s 
an

d 
Ac

yc
lic

 E
no

l 
Et

he
rs

: G
ra

m
-S

ca
le

 T
ot

al
 S

yn
th

es
is 

of
 (+

)-L
uc

id
u-

m
on

e

O
C5

2 
Ju

lie
 B

RO
GG

I 
Ph

ot
oc

at
al

ys
is 

w
ith

 s
up

er
 o

rg
an

ic
 e

le
ct

ro
n 

do
no

rs



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 14

DETAILED PROGRAMME

16
:3

0 
- 1

7:
15

Ch
ai

r: 
Sa

m
ir 

M
ES

SA
O

U
D

I 
PL

8 
| 

Su
kb

ok
 C

HA
N

G 
- K

or
ea

 A
dv

an
ce

d 
In

sti
tu

te
 o

f S
ci

en
ce

 a
nd

 T
ec

hn
ol

og
y, 

KO
RE

A
De

ve
lo

pm
en

t o
f C

-H
 A

m
id

ati
on

 R
ea

cti
on

s v
ia

 N
itr

en
oi

d 
Tr

an
sf

er
 P

at
hw

ay
17

:1
5

Po
st

er
 s

es
sio

n 
#2

 &
 Ju

ic
e/

Be
er

 B
re

ak

14
:4

1

O
C3

3 
Jo

hn
ny

 H
U

A 
Bi

s-
Ac

rid
in

iu
m

 M
ac

ro
cy

cl
e 

as
 M

ul
ti-

Re
sp

on
siv

e 
Re

ce
pt

or
 a

nd
 c

om
po

ne
nt

 o
f a

 S
w

itc
ha

bl
e 

[2
]

ro
ta

xa
ne

O
C4

3 
An

ne
-D

or
ia

ne
 M

AN
IC

K
Sy

nt
he

sis
, c

ha
ra

ct
er

iza
tio

ns
 a

nd
 a

pp
lic

ati
on

s 
of

 
ha

lo
az

ap
ho

sp
ha

tr
an

es

O
C5

3 
La

ur
en

t F
ER

RI
É

Sy
nt

he
sis

, R
ea

cti
vi

ty
, a

nd
 F

un
cti

on
al

iza
tio

n 
of

 E
n-

do
pe

ro
xi

de
s:

 A
pp

lic
ati

on
 in

 T
ot

al
 S

yn
th

es
is

14
:5

4
O

C1
0 

Em
m

an
ue

lle
 T

HI
N

O
N

Id
en

tifi
ca

tio
n 

of
 p

ro
te

in
 ta

rg
et

s 
of

 a
n 

in
hi

bi
to

r o
f 

vi
ra

l i
nf

ec
tio

n 
us

in
g 

an
 a

ffi
ni

ty
-b

as
ed

 p
ro

be

O
C4

4 
M

at
hi

as
 R

EB
O

LI
In

tr
am

ol
ec

ul
ar

 h
yd

ro
sil

yl
ati

on
 o

f a
lk

yn
es

 b
y 

el
ec

-
tr

o-
re

du
cti

ve
 n

ic
ke

l c
at

al
ys

is

O
C5

4 
Fl

av
ie

 R
AM

BA
U

D 
 

De
ve

lo
pm

en
t o

f a
 n

ew
 c

yc
lo

ad
di

tio
n/

fr
ag

m
en

ta
-

tio
n 

re
ac

tio
n 

se
qu

en
ce

15
:0

7
O

C3
5 

Lu
di

vi
ne

 D
EL

FA
U

Re
as

se
ss

m
en

t o
f t

he
 re

du
ci

ng
 p

ow
er

 o
f B

re
slo

w
-

ty
pe

 d
er

iv
ati

ve
s 

in
 N

H
C-

ca
ta

ly
ze

d 
re

ac
tio

ns
.

O
C4

5 
Is

ab
el

le
 M

AR
CH

AN
D

Sy
nt

he
sis

 o
f a

zi
rid

in
es

 a
nd

 re
ac

tiv
ity

 o
f k

et
en

es
 in

 
flo

w

O
C5

5 
Ka

je
ta

n 
BI

JO
UA

RD
O

rg
an

oc
at

al
ys

ts
 c

on
fin

ed
 w

ith
in

 th
e 

ca
vi

ty
 o

f 
cy

cl
od

ex
tr

in
s

15
:2

0

O
C3

6 
Th

om
as

 A
BE

GG
Ca

sc
ad

e 
[3

,3
]-s

ig
m

at
ro

pi
c 

re
ar

ra
ng

em
en

ts
 in

vo
l-

vi
ng

 (c
yc

lo
pr

op
yl

)v
in

yl
 a

zi
de

s:
 S

yn
th

es
is 

of
 h

ig
hl

y 
su

bs
tit

ut
ed

 s
ev

en
-m

em
be

re
d 

rin
gs

O
C4

6 
Th

om
as

 D
EI

S
M

ar
tin

’s 
Sp

iro
sil

an
e-

ba
se

d 
Pe

nt
ac

oo
rd

in
at

ed
 

O
rg

an
os

ili
co

ns
: S

yn
th

es
is,

 O
pti

ca
l R

es
ol

uti
on

 &
 

Co
nfi

gu
ra

tio
na

l S
ta

bi
lit

y

O
C5

6 
Ge

or
gi

na
 K

IR
BY

Iro
n-

Ca
ta

ly
se

d 
In

te
rm

ol
ec

ul
ar

 O
xy

am
in

ati
on

 o
f 

Al
ke

ne
s 

U
sin

g 
H

yd
ro

xy
la

m
in

e 
De

riv
ati

ve
s 

as
 C

le
an

 
N

itr
og

en
 S

ou
rc

es

15
:3

3
O

C3
7 

N
az

ar
ii 

SA
BA

T
Ch

em
oe

nz
ym

ati
c 

sy
nt

he
sis

 o
f D

N
A 

an
d 

XN
A 

ol
ig

o-
nu

cl
eo

tid
es

O
C4

7 
M

ar
c 

DE
VI

LL
AR

D
Sy

nt
he

sis
 o

f p
ho

to
ch

ro
m

ic
 s

ilo
le

s 
by

 P
d-

ca
ta

ly
ze

d 
re

ac
tio

n 
be

tw
ee

n 
a 

sil
ac

yc
lo

pr
op

en
e 

an
d 

te
rm

in
al

 
al

ky
ne

s:
 s

co
pe

 a
nd

 m
ec

ha
ni

sti
c 

in
sig

ht
s

O
C5

7 
Va

le
nti

n 
DO

RO
KH

O
V 

M
od

ul
ar

 a
pp

ro
ac

h 
to

 s
ub

sti
tu

te
d 

py
rid

oa
ze

-
pi

no
ne

s

15
:4

6
O

C3
8 

Ar
th

ur
 G

AU
CH

ER
AN

D
Si

m
ul

ta
ne

ou
s 

Co
nt

ro
l o

f C
en

tr
al

 a
nd

 H
el

ic
al

 S
te

-
re

og
en

ic
 E

le
m

en
ts

 o
n 

Sm
al

l M
ol

ec
ul

es

O
C4

8 
Gr

éd
y 

KI
AL

A
Co

nti
nu

ou
s 

Fl
ow

 C
he

m
ist

ry
 P

ro
ce

ss
 fo

r t
he

 c
at

al
y-

tic
 F

un
cti

on
al

iza
tio

n 
of

 B
io

m
as

s 
De

riv
ati

ve
s

O
C5

8 
N

ic
ol

as
 P

ET
RY

M
ec

ha
no

sy
nt

he
sis

 o
f I

m
in

os
yd

no
ne

-b
as

ed
 A

PI
s

15
:5

9

O
C3

9 
St

ép
ha

ne
 M

AI
SO

N
N

EU
VE

Ph
ot

os
w

itc
ha

bl
e 

G
ly

co
M

ac
ro

cy
cl

es
, f

ro
m

 sy
nt

he
-

sis
 to

 th
ei

r c
hi

ro
pti

ca
l p

ro
pe

rti
es

 a
nd

 p
ot

en
tia

l 
ap

pl
ic

ati
on

s

O
C4

9 
Ré

m
i P

EL
LE

TI
ER

  
Fl

uo
ro

ge
ni

c 
di

m
er

s 
as

 b
rig

ht
 sw

itc
ha

bl
e 

pr
ob

es
 

fo
r e

nh
an

ce
d 

su
pe

r-
re

so
lu

tio
n 

im
ag

in
g 

of
 c

el
l 

m
em

br
an

es

O
C5

9 
An

to
ni

o 
DE

L 
VE

CC
HI

O
De

ve
lo

pm
en

t o
f H

ig
hl

y 
Effi

ci
en

t C
yc

lic
(a

lk
yl

)
(a

m
in

o)
ca

rb
en

e 
Ru

th
en

iu
m

 C
om

pl
ex

es
 fo

r O
le

fin
 

M
et

at
he

sis

16
:1

2
O

C4
0 

Da
ni

el
a 

VE
RG

A
Tr

ac
ki

ng
 G

4 
lig

an
d 

di
st

rib
uti

on
 in

 c
el

ls 
by

 a
 g

ui
de

d 
im

m
un

ofl
uo

re
sc

en
ce

 m
et

ho
do

lo
gy

O
C5

0 
An

aï
s S

CU
IL

LE
R 

 
Cy

cl
oa

dd
iti

on
s 

of
 π

-A
lly

lp
al

la
di

um
(II

) i
nt

er
m

ed
ia

te
s 

to
w

ar
ds

 M
ed

iu
m

-S
ize

d 
N

-H
et

er
oc

yc
le

s

O
C6

0 
M

ay
ss

a 
ZA

YE
N

E
Si

te
 S

el
ec

tiv
e 

Pa
lla

di
um

(II
)-C

at
al

yz
ed

 C
(s

p3
)–

H
 

M
et

hy
le

ne
 D

ia
ry

la
tio

n 
of

 a
 T

ro
pa

ne
 s

ca
ffo

ld



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 15

DETAILED PROGRAMME
FR

ID
A

Y
 4

 N
O

V
E

M
B

E
R

09
:1

5 
- 1

0:
00

Ch
ai

r: 
An

is 
TL

IL
I 

PL
90

 |
 T

im
ot

hy
 N

O
EL

 –
 S

AN
O

FI
 L

ec
tu

re
  - 

U
ni

ve
rs

ity
 o

f A
m

st
er

da
m

, T
H

E 
N

ET
H

ER
LA

N
D

S
In

no
va

tio
n 

in
 H

AT
 p

ho
to

ca
ta

ly
sis

 th
ro

ug
h 

us
e 

of
 fl

ow
10

:0
0 

- 1
0:

45
PL

10
 |

 C
lé

m
en

ce
 A

LL
AI

N
  - 

EN
S 

Pa
ris

-S
ac

la
y, 

FR
AN

CE
Lu

m
in

es
ce

nt
 m

ec
ha

no
-r

es
po

ns
iv

e 
m

ol
ec

ul
es

 a
nd

 m
at

er
ia

ls:
 fr

om
 m

ol
ec

ul
ar

 e
ng

in
ee

rin
g 

to
w

ar
ds

 th
e 

el
ab

or
ati

on
 o

f s
m

ar
t m

at
er

ia
ls

10
:4

5 
- 1

1:
15

Co
ffe

e 
Br

ea
k

11
:1

5 
- 1

2:
00

Ch
ai

r: 
An

ge
la

 M
AR

IN
ET

TI
PL

11
 |

 Je
an

-G
uy

 B
O

IT
EA

U
 (Y

ve
s C

ha
uv

in
 P

riz
e)

  - 
N

uv
isa

n,
 F

RA
N

CE
Pr

oc
es

s R
es

ea
rc

h 
an

d 
De

ve
lo

pm
en

t o
f A

PI
’s:

 c
as

e 
st

ud
ie

s

12
:0

0 
- 1

2:
45

PL
12

 |
 M

on
ic

a 
PE

RE
Z-

TE
M

PR
AN

O
 –

 C
HA

RM
3AT

 L
ec

tu
re

 - 
In

sti
tu

t C
at

al
à 

d’
In

ve
sti

ga
ci

ó 
Q

uí
m

ic
a,

 S
PA

IN
De

ci
ph

er
in

g 
m

ec
ha

ni
m

s t
o 

de
sig

n 
be

tte
r c

at
al

yti
c 

re
ac

tio
ns

12
:4

5 
- 1

4:
00

Lu
nc

h

14
:0

0 
- 1

4:
45

Ch
ai

r: 
M

att
hi

eu
 S

O
LL

O
G

O
U

B
PL

70
 |

 N
ic

ol
as

 G
IU

SE
PP

O
N

E 
- U

ni
ve

rs
ité

 d
e 

St
ra

sb
ou

rg
, F

RA
N

CE
Ar

tifi
ci

al
 m

ol
ec

ul
ar

 m
ac

hi
ne

s t
ha

t w
or

k 
at

 a
ll 

sc
al

es
14

:4
5 

- 1
5:

30
PL

13
 |

 S
ar

ah
 R

EI
SM

AN
 –

 M
IN

AK
EM

 L
ec

tu
re

 - 
Ca

lif
or

ni
a 

In
sti

tu
te

 o
f T

ec
hn

ol
og

y, 
U

SA
N

ec
es

sit
y 

is 
th

e 
M

ot
he

r o
f I

nv
en

tio
n:

 N
at

ur
al

 P
ro

du
ct

s a
nd

 th
e 

Ch
em

ist
ry

 T
he

y 
In

sp
ire

15
:3

0 
- 1

6:
00

Po
st

er
 &

 o
ra

l c
om

m
un

ic
ati

on
 a

w
ar

ds
16

:0
0

Cl
os

in
g 

ce
re

m
on

y



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 16

EXHIBITION

OPENING HOUR OF THE EXHIBITION	

Wednesday November 2nd: 9h00 - 18h30
Thursday November 3rd: 9h00 - 18h30
Friday November 4th: 9h00 - 14h00

EXHIBITORS	

1 2 3 4 5 6 7

11 12 13 14 15 17 18 1916

Lecture 
hall

9 108

Entrée
Entry

Déjeuners
lunches

Poster 
session

20

AVANTAGE
Stands 6m2 / 6 sm booth

PREMIUM
Stands 10m2 / 10 sm booth

21

1- TCI 2- MDPI MATERIALS/MOLECULES 3- MAGRITEK

4- THERMOFISHER 5- HUBER 6- CEM

7- KNF 8- ADVION INTERCHIM 9- JASCO

10- BIOTAGE 11- ABCR 12- CARLO ERBA

13- ANTON-PAAR 14- SERLABO 15- BÜCHI

16- CLOUP 17- NOVECAL 18- MBRAUN

19- VACUUBRAND 20- ELICITYL 21- ROSACHEM



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 17

GENERAL INFORMATION

The event will be held at the École polytechnique de Palaiseau.

COFFEE BREAKS
Coffee breaks will be served at the time scheduled in the programme in the main Hall of École 
polytechnique.

LUNCHES
Lunches could be taken at the restaurant of the École polytechnique. The amount of selected lunches 
will be added to the registration fees and tickets will be given to participants at the welcoming desk. 
Lunch tickets can be purchased on site from polytechnique vending machines or directly at the self.

ORAL SESSIONS
10 STRICT minutes for presentation, and up to 2 minutes for questions.
You must arrive 15 minutes before your session.
A laptop will be available in each lecture hall for the oral communications sessions. These laptops will 
also be available in the main hall (at the registration desk) every morning before each OC session to 
upload presentations.
Please use preferably PDF files. In the case of ppt or pptx files, do not overload with too many 
animations; slides size, big screen (16/9).

POSTER SESSIONS
There will be 2 sessions posters during the congress. The 1st one on Wednesday November 2nd and 
the second one on Thursday November 3rd.
You will find your reserved place by referring to the number assigned to you. Posters have to be 
installed on the same morning of the day of presentation, it must be removed from the billboard at 
the end of the day. Authors are asked to stand by their posters during the sessions allocated for this 
purpose, so that they can answer questions.

INTERNET
Wireless internet is available throughout the École polytechnique.

POLYTECHNIQUE APP «X CAMPUS»
The Polytechnique application for cellphones and tablets « X CAMPUS » is available for free download 
from the Apple App Store or the Android market. You will access to a lot of useful information such 
as general plan of the campus, schedule of the next buses to get to and from the campus, schedule 
of the next RER departure, etc.
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Plenary lectures 
& Biographies
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PLENARY LECTURES & BIOGRAPHIES

BIOGRAPHY AND RESEARCH INTERESTS

Dame Margaret Brimble is a Distinguished Professor and Director of Medicinal Chemistry at the 
University of Auckland, New Zealand. She is an Associate Editor for Organic Letters, Deputy Director 
of the Maurice Wilkins Centre for Molecular Biodiscovery and Past-President of IUPAC Organic and 
Biomolecular Division III. She is a Fellow of the Royal Society London, Dame Companion of the New 
Zealand Order of Merit, has been inducted into the American Chemical Society Medicinal Chemistry 
Hall of Fame and received the Rutherford, Hector and MacDiarmid medals (Royal Society NZ), the 
Kiwinet BNZ Supreme award and Baldwins Research Entrepreneur 2019 commercialization awards 
and the Marsden medal (NZ Association of Scientists). She was awarded the Sosnovsky Award for 
Cancer Therapy and Natural Products award from the Royal Society of Chemistry. Her research focusses 
on the synthesis of novel bioactive natural products/antimicrobial peptides and the synthesis of 
lipopeptides for cancer vaccines and new biomaterials. She discovered the drug candidate trofinetide 
(NNZ2566) that was successful in phase 3 clinical trials for Rett Syndrome (Neuren Pharmaceuticals 
and Acadia Pharmaceuticals; FDA approval in 2022) and NNZ2591 (phase 2 clinical trials for Phelan-
McDermid syndrome, Angelman syndrome and Pitt Hopkins syndrome). She is co-founder of the 
cancer immunotherapy company SapVax that has licensed her CLipPA peptide lipidation technology 
to develop self-adjuvanting peptide-based cancer vaccines.  Her laboratory hosts NZ’s only laboratory 
accredited by Medsafe NZ to manufacture peptides under cGMP for human clinical trial. 

DISTINGUISHED PROFESSOR
DAME MARGARET BRIMBLE FRS

University of Auckland
NEW-ZEALAND

Twitter handle
@BrimbleM
@Brimble_lab

Website
https://brimble.chem.auckland.ac.nz
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PLENARY LECTURES & BIOGRAPHIES

PL1 
Natural Product Synthesis: A Crucible for New Method 

Development and Drug Discovery 
Margaret Brimble1 

1 School of Chemical Sciences, 23 Symonds Street, Auckland 1142, New Zealand 
m.brimble@auckland.ac.nz  

 
 

Natural products have long been regarded as “Nature’s medicine chest” providing invaluable 
platforms for developing front-line drugs. The chemical structures of natural products have 
evolved over several millennia for a specific biochemical purpose and their molecular 
frameworks can be considered “privileged scaffolds.” This lecture will showcase the synthesis 
of bioactive natural products and peptides from our own research as examples of 
underexplored novel structural chemotypes for drug discovery. 

Due to the on-going global expansion of antimicrobial resistant (AMR) infections, and the 
declining proportion of FDA-approved antimicrobial drugs over the past three decades, AMR 
is now recognised worldwide as one of the greatest threats facing humankind in the 21st 
century. Antimicrobial peptides and proteins (AMPs) exist widely throughout nature and 
protect organisms from infection by destroying a broad range of pathogens. Due to the unique 
and non-specific bactericidal mechanism of action of AMPs, AMPs have a lower tendency to 
elicit antibiotic resistance than conventional antibiotics and are potentially useful therapeutic 
agents. The chemical synthesis and biological activity of several representative examples of 
antimicrobial peptides/proteins will be described. 

Inspired by their complex architecture and potential as pharmaceutical lead compounds, the 
spirocyclic imine class of marine toxins (e.g. portimine and 13-desMe spirolide C) have 
attracted the attention of our research group.1  The total syntheses of these natural products 
have challenged the repertoire of existing synthetic methods. Examples of new synthetic 
methods developed by our group whilst engaging in the total synthesis of these unique 
bioactive natural products will be highlighted. 

 
 
 
 
 

 

 
1 E.S. Pearl, D.M.J. Fellner, T. Söhnel, D.P. Furkert, M.A. Brimble, Asian J. Org. Chem., 2021, 10, 2869-2875;  
  X.-B. Ding, H.R.M. Aitken, E.S. Pearl, D.P. Furkert, M.A. Brimble, J. Org. Chem., 2021, 86, 12840–12850; 
  H. Choi, H. Shirley, H.R.M. Aitken, T. Schulte, T. Söhnel, P. Hume, M.A. Brimble, D.P. Furkert, Org. Lett., 2020,    
  22, 1022-1027; 
  H.R.M. Aitken, D. P. Furkert, M.A. Brimble, Synlett, 2020, 31, 687-690; 
  X.-B. Ding, D.P. Furkert, M.A. Brimble, Angew. Chem. Int. Ed., 2019, 58, 11830-11835; 
  J.L. Freeman, M.A. Brimble, D.P. Furkert, Org. Biomol. Chem., 2019, 17, 2705-2714; 
  H. Choi, H.J. Shirley, P.A. Hume, M.A. Brimble, D.P. Furkert, Angew. Chem. Int. Ed., 2017, 56, 7420-7424; 
  Z. Wang, N. Krogsgaard-Larsen, B. Daniels, D.P. Furkert,  M.A. Brimble, J. Org. Chem., 2016, 81, 10366-10375. 
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PLENARY LECTURES & BIOGRAPHIES

BIOGRAPHY AND RESEARCH INTERESTS

Mélanie Etheve-Quelquejeu is professor of chemistry and the head of the Master program “Frontiers 
in Chemistry” at the university of Paris. She leads the group “Chemistry of RNAs, Nucleosides, Peptides 
and Heterocycles”, in the laboratory “Chimie & Biochimie, Pharmacologiques et toxicologiques”, UMR 
8601. She obtained her PhD at Sorbonne University in France in 1997. She conducted postdoctoral 
studies at Stanford University in California with Prof. J. Collman and then at the University California 
at Santa Barbara with Prof. B. Lipshutz. She works in the field of Chemical Biology of RNA and she 
developed chemical tools to explore the synthesis of cell wall of bacteria. These projects involve 
the chemistry of nucleotides and nucleic acids, the synthesis of peptides and β-lactam derivatives 
and methodological developments for post-functionalization of biomolecules. She is author of 70 
publications, including J. Am. Chem. Soc., Angewandte. She co-organized « The XXII Roundtable on 
Nucleosides, Nucleotides and Nucleic Acids », at the Pasteur Institut, (Paris, July 2016). She was 
scientific officer at the Institut de Chimie du CNRS (section 16) between 2016 and 2021.

MÉLANIE ETHEVE-QUELQUEJEU

Université Paris Cité
FRANCE

Twitter handle
@EtheveMelanie

Website
https://lcbpt.biomedicale.parisdescartes.fr/RNA-NPH-Chemistry
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PLENARY LECTURES & BIOGRAPHIES

PL2 
RNA conjugates: from synthesis to application 

Mélanie Etheve-Quelquejeu1, Emmanuelle Braud1, Laura Iannazzo1, Michel Arthur2, 
Matthieu Fonvielle2, Carine Tisné3 

1 Université Paris Cité, CNRS, Laboratoire de Chimie et Biochimie Pharmacologiques et Toxicologiques, F-75006 
Paris, France 

2 Centre de Recherche des Cordeliers, UMRS 1138, INSERM, Sorbonne Universités, Université Paris Cité, 75006 
Paris, France 

3 Expression Génétique Microbienne, UMR 8261, CNRS, Université Paris Cité, Institut de Biologie Physico-
Chimique (IBPC), 75005 Paris, France 

Mélanie.etheve-quelquejeu@u-paris.fr 
 
 

The investigation of the role of RNAs in cellular processes is one of the most dynamic areas in 
Biology. In addition to their key functions in protein synthesis, new RNA activities are 
constantly discovered. To study biological processes involving RNAs, in our team, we develop 
synthetic methodologies to obtain stable and reactive RNAs1 or RNA-conjugates2. The use of 
nucleoside and nucleotides chemistry, solid phase support synthesis, enzymatic reactions, or 
post-functionalization methods3 allowed us to obtain a large variety of RNAs-conjugates, 
which will be presented here. These RNA analogs were used for the study of aminoacyl 
transferases1-3, a tRNA-dependent family of enzymes that catalyze an essential step in 
peptidoglycan synthesis of bacteria and for the study of m6A-RNA methyltransferases2 
involved in important epigenetics events in humans, virus, or bacteria. 

 
References as endpage notes1 

 
1 a) M. Fonvielle, N. Sakkas, L. Iannazzo, C. Le Fournis, D. Patin, D. Mengin-Lecreulx, A. El-Sagheer, E. Braud, S. 
Cardon, T. Brown, M. Arthur, M. Etheve-Quelquejeu, Angewandte Chem., 2016, 55, 13553–13557. b) M. 
Fonvielle, A. Bouhss, C. Hoareau, D. Patin, D. Mengin-Lecreulx, L. Iannazzo, N. Sakkas, A. El Sagheer, T. Brown, M. 
Ethève-Quelquejeu, Arthur M., Chem. Eur. J., 2018, 24:14911-14915.  
2 a) C. Atdjian, L. Iannazzo, E. Braud, M. Etheve-Quelquejeu, Eur. J. Org. Chem., 2018, 4411–4425. b) S. Oerum, 
M. Catala, C. Atdjian, F. Brachetc, L. Ponchond, P. Barrauda, L. Iannazzo, E. Braud, M. Ethève-Quelquejeu, C. Tisné, 
RNA Biology, 2019, 16, 6, 798–808. c) C. Atdjian, D. Coelho, L. Iannazzo, M. Ethève-Quelquejeu, E. Braud, 
Molecules, 2020, 25, 324. d) V. Meynier; L. Iannazzo.; M. Catala, S. Oerum, E. Braud, C. Atdjian, P. Barraud, M. 
Fonvielle, C. Tisne, M. Etheve-Quelquejeu, Nucleic Acids Research, 2022, 50, 10, 5793–5806. 
3 C. Kitoun, M. Fonvielle, N. Sakkas, M. Lefresne, F. Djago, Q. Blancart Remaury; P. Poinot, M. Arthur, M. Etheve-
Quelquejeu, L. Iannazzo, Org. Lett., 2020, 6, 22 (20), 8034-8038. 
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PLENARY LECTURES & BIOGRAPHIES

BIOGRAPHY AND RESEARCH INTERESTS

Eric Meggers studied Chemistry at the University of Bonn (Germany) and received his Ph. D. degree 
from the University of Basel (Switzerland). After postdoctoral research at the Scripps Research Institute 
(USA) he started his independent career as Assistant Professor at the University of Pennsylvania 
(USA). Since 2007, Eric Meggers is Full Professor in the Department of Chemistry at the University 
of Marburg (Germany). He was holding a secondary appointment at the College of Chemistry and 
Chemical Engineering of Xiamen University (P. R. China) from 2012 to 2016. The Meggers laboratory 
is currently focused on the design and development of chiral-at-metal complexes for applications in 
asymmetric catalysis.

ERIC MEGGERS

University of Marburg
GERMANY

Twitter handle
@MeggersLab

Website
http://www.uni-marburg.de/fb15/ag-meggers
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PLENARY LECTURES & BIOGRAPHIES

PL3 
Steering Asymmetric Catalysis with Metal-Centered Chirality 

Eric Meggers1 

1 Department of Chemistry, University of Marburg, Hans-Meerwein-Strasse 4, 35043 Marburg, Germany 
meggers@chemie.uni-marburg.de 

 
 

Over the past few years, our laboratory has advanced the design and application of a novel 
class of powerful asymmetric catalysts in which the required overall chirality originates solely 
from a stereogenic metal center.1,2 Such chiral-at-metal catalysts are of interest due to their 
intrinsic structural simplicity (only achiral ligands) and provide untapped opportunities with 
respect to novel catalysts architectures and properties.  
Our initial design consisted of bis-cyclometalated Ir(III)3 or Rh(III)4 complexes. More recently, 
we expanded the family of chiral-at-metal catalysts with Ru(II)5 and Fe(II)6 bis-(pyridyl-NHC) 
complexes. Most of these propeller-type complexes feature C2-symmetry with either L- (left-
handed screw) or D-configuration (right-handed screw). 
The presentation will provide insight into the design, synthesis, and applications of such chiral-
at-metal catalysts including asymmetric photocatalysis,7,8,9 electrochemistry,10 and 
enantioselective C(sp3)-H aminations.11 

 

 
1 Zhang, L.; Meggers, E. Acc. Chem. Res. 2017, 50, 320. 
2 Huang, X.; Meggers, E. Acc. Chem. Res. 2019, 52, 833. 
3 Our first report on chiral-at-Ir catalysts: Huo, H.; Fu, C.; Harms, K.; Meggers, E. J. Am. Chem. Soc. 2014, 136, 
2990. 
4 Our first report on chiral-at-Rh catalysts: Wang, C.; Chen, L.-A.; Huo, H.; Shen, X.; Harms, K.; Gong, L.; Meggers, 
E. Chem. Sci. 2015, 6, 1094. 
5 Our first report on chiral-at-Ru catalysts: Zheng, Y.; Tan, Y.; Harms, K.; Marsch, M.; Riedel, R.; Zhang, L.; Meggers, 
E. J. Am. Chem. Soc. 2017, 139, 4322. 
6 Our first report on chiral-at-Fe catalysts: Hong, Y.; Jarrige, L.; Harms, K.; Meggers, E. J. Am. Chem. Soc. 2019, 
141, 4569. 
7 Huo, H.; Shen, X.; Wang, C.; Zhang, L.; Röse, P.; Chen, L.-A.; Harms, K.; Marsch, M.; Hilt, G.; Meggers, E. Nature 
2014, 515, 100. 
8 Huang, X.; Quinn, T. R.; Harms, K.; Webster, R. D.; Zhang, L.; Wiest, O.; Meggers, E. J. Am. Chem. Soc. 2017, 139, 
9120. 
9 Zhang, C.; Gao, A. Z.; Nie, X.; Ye, C.-X.; Ivlev, S. I.; Chen, S.; Meggers, E. J. Am. Chem. Soc. 2021, 143, 13393. 
10 Huang, X.; Zhang, Q.; Lin, J.; Harms, K.; Meggers, E. Nat. Catal. 2019, 2, 34. 
11 Ye, C.-X.; Shen, X.; Chen, S.; Meggers, E. Nat. Chem. 2022, 14, 566-573. 
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PLENARY LECTURES & BIOGRAPHIES

BIOGRAPHY AND RESEARCH INTERESTS

Shū Kobayashi studied at The University of Tokyo, receiving his Ph.D. in 1988 working under the 
direction of Professor T. Mukaiyama. Following an initial period as assistant professor, he was promoted 
to lecturer then associate professor at Science University of Tokyo (SUT). In 1998, he moved to the 
Graduate School of Pharmaceutical Sciences, The University of Tokyo, as full professor. In 2007, he was 
appointed to his current position as professor of organic chemistry in the Department of Chemistry, 
Faculty of Science, The University of Tokyo.

Professor Kobayashi held various visiting professorships, including the Universite Louis Pasteur, 
Strasbourg (1993), Kyoto University (1995), Nijmegen University (1996), Philipps-University of Marburg 
(1997), Paris-Sud (2010), and ESPCI (2016). Professor Kobayashi has wide-ranging research interests 
that include the development of new synthetic methods and novel catalysts, organic reactions in 
water, solid-phase and flow synthesis, total synthesis of biologically interesting compounds, and 
organometallic chemistry. He has held numerous named lectureships and is a recipient of many 
prestigious awards, including the Chemical Society of Japan Award for Young Chemists (1991), Springer 
Award in Organometallic Chemistry (1997), IBM Science Award (2001), Organic Reactions Lecturer 
(2002), Nagoya Silver Medal (2002), Mitsui Chemical Catalysis Science Award (2005), JSPS Prize (2005), 
the Arthur C. Cope Scholar Award from the American Chemical Society (2006), Howard Memorial 
Lecturer (2006), C.S. Hamilton Award (2006), Merck-Cambridge Lecturer (2007), Boehringer Ingelheim 
Lecturer (2009), Humboldt Research Award (2013), Green Chemistry Minister of Education Award 
(2013), Green Chemistry Minister of Education Award (2013), Honorary Professor, Wuhan Institute of 
Technology (2013), TUM-IAS Honorary Hans Fischer Senior Fellow (2013), Honorary Professor, Wuhan 
University of Technology (2014), Association for the Advancement of Science(AAAS) Fellow (2015), 
Toray Science and Technology Prize (2016), Honorary Professor, Hebei Engineering University (2016), 
Negishi Award (2018), Chemical Society of Japan Award (2019), The T.-Y. Luh Lectureship Award 
(2019), and The Medal of Honor with Purple Ribbon (2020 Autumn).

SHU KOBAYASHI

University of Tokyo
JAPAN

Website
http://www.chem.s.u-tokyo.ac.jp/users/synorg/en/index.html
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PLENARY LECTURES & BIOGRAPHIES

PL4 
Environment, Human Health, and Energy: Catalysts Play Key 

Roles Toward Sustainable Society 
Shū Kobayashi1 

1 Department of Chemistry, School of Science, The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033 
Japan 

shu_kobayashi@chem.s.u-tokyo.ac.jp 
 
 

Synthetic organic chemistry has contributed a lot to modern society. Towards future 
sustainable society, we have been investigating on environment, human health, and energy 
issues from viewpoints of synthetic organic chemistry. In this lecture, the use of water in place 
of organic solvents in organic transformations, continuous-flow synthesis, and hydrogen 
storage and transport for a new energy in future society will be discussed. In these works, 
novel catalyst systems play key roles. 
For catalytic organic reactions in water, the bioinspired supramolecular architectures were 
used to compartmentalize highly charged aqua scandium ions into chiral hydrophobic 
scaffolds. The recycling without significant loss in catalytic performance has been considered 
a formidable task, especially for Lewis acid-catalyzed reactions. This is because Lewis basic 
impurities derived from starting materials, products, and water are highly competitive ligands 
for both substrate binding and metal complexation, poisoning the Lewis acids and leading to 
their leaching. Notwithstanding the use of basic aniline, the optimal architecture allowed for 
effective suppression of Sc3+ leaching and for reuse of solvent–catalyst couples without 
mortiferous deactivation in asymmetric ring-opening reactions. A proof-of-concept 
application to asymmetric thia-Michael addition and hydroxymethylation was also 
demonstrated. The successful recycling in highly Lewis basic environments underpins the 
exceptionally high robustness of the chiral Lewis acid catalyst.1 
In this lecture, other topics on flow chemistry for drug synthesis and heterogeneous catalysts 
for hydrogen storage and transport will be also discussed.2,3 

 

 
1 Kitanosono, T.; Lu, F.; Masuda, K.; Yamashita, Y.; Kobayashi, S. Angew. Chem., Int. Ed. 2022, 61, e202202335; 
Kitanosono, T.; Kobayashi, S. ACS Cent. Sci. 2021, 7, 739. 2 Saito, Y.; Kobayashi, S. J. Am. Chem. Soc. 2020, 142, 
16546. 3 Saito, Y.; Nishizawa, K.; Laroche, B.; Ishitani, H.; Kobayashi, S. Angew. Chem., Int. Ed. 2022, 61, 
e202115643. 
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Véronique Michelet completed her graduate studies at Ecole Nationale Supérieure de Chimie de 
Paris (ChimieParisTech, France) and received her PhD degree in 1996 from Sorbonne University in 
the group of Pr. J.-P. Genêt. After post-doctoral research in the groups of Pr. J.D. Winkler (University of 
Pennsylvania, USA) and A.G.M. Barrett (Imperial College, UK), she was appointed at ChimieParisTech 
as CNRS Associate Researcher in 1998, promoted Director of Research in 2007 and obtained a 
Professor position at the Institut de Chimie de Nice, Université Côte d’Azur in 2017. Her research 
interests combine fondamental and applied aspects of catalysis for the development of new synthetic 
methodologies for carbon-carbon and carbon-heteroatom formations. They involve asymmetric 
catalysis, and the development of novel catalytic systems for atom- and step-economical reactions 
such as cycloisomerization reactions and domino processes. Gold catalysis is one of her favorite 
research topics.

VÉRONIQUE MICHELET: DCO Prize 2022

Institut de Chimie de Nice
FRANCE

Twitter handle
@VMichelet06

Website
https://icn.univ-cotedazur.fr/axes-de-recherche/aromes-parfums-synthese-et-modelisation/cataly-
sis-methods-for-organic-synthesis-fine-chemistry
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Over the past 20 years, significant research has been directed toward the development of new 
methodologies for synthetic efficiency and atom economy processes in the presence of gold 
complexes.1 We have been initially engaged in a wide project dedicated to the development 
of catalytic methodologies for the synthesis of original and functionalized carbo- and 
heterocycles.2,3 The synthesis and characterization of original NHC ligands based on an 
imidazo[1,5-a]pyridin-3-ylidene (IPy) scaffold has been described as well as their use as 
tunable ligands for efficient gold-catalyzed C-N, C-O and C-C bonds formations. High activity, 
regio-, chemo- and stereoselectivities were obtained for hydroelementation and domino 
processes.4 We broadened the interest of heterocycles, by reacting specific enynes and enol 
ether alkynes and also by reacting aldehyde-ynes derivatives.5 The preparation of 
functionalized polycyclic indole skeletons via a gold-mediated cycloisomerization/alkoxylation 
process of 1,7-aldehyde-yne was also recently 
developed under  racemic and asymmetric 
conditions.5 We prepared low molecular weight enyne 
derivatives and optimized the reaction conditions 
allowing functionalized volatile oxa-bicyclo[4.1.0]-
hept-4-ene in good to excellent isolated yields. The 
remarkable efficiency and selectivity of the gold 
catalyst was demonstrated on a 25 g scale with very 
low catalyst loadings. The synthetic interest of these 
low molecular weight bicyclic enols was further 
demonstrated by the unprecedented olfactory 
evaluation of the bicyclic derivatives fragrances.6  
This presentation will show the latest results on the sustainable access to biomolecules as well 
as fragrances.4 

 
1 Modern Gold Catalyzed Synthesis (Eds. Hashmi, A.S.K. & Toste, F.D.), Wiley-VCH, Weinheim, 2012. Gold 
Catalysis: An Homogeneous Approach (Eds.: Toste, F.D. & Michelet, V.), Imperial College Press, London, 2014. 
Homogeneous Gold Catalysis. In Topics in Current Chemistry (Ed.: Slaughter, L. M.), Springer: Berlin, 2015. The 
Chemistry of Organogold Compounds, In Patai’s Chemistry of Functional Groups; Rappoport, Z.; Liebman, J. F.; 
Marek, I., Ed.; Wiley: Hoboken, 2014. Gold Chemistry (Ed. Hashmi, A.S.K.), Chem. Rev. 2021, 121, 8309-9164. 
2 Michelet, V. Chemical Record 2021, 21, 3884. 
3 Carrër, A.; Péan, C.; Perron-Sierra, F.; Mirguet, O.; Michelet, V. Adv. Synth. & Catal. 2016, 358, 1540. Tomás-
Mendivil E.; Heinrich C.F.; Ortuno J-C.; Starck J.; Michelet V. ACS Catal., 2017, 7, 380. Rode N. D.; Arcadi A.; Di 
Nicola A.; Marinelli F.; Michelet V. Org. Lett., 2018, 20, 5103. 
4 Tang, Y.; Benaissa, I.; Huynh, M.; Vendier, L.; Lugan, N.; Bastin, S.; Belmont, P.; César, V.; Michelet V. Angew. 
Chem. Int. Ed. 2019, 58, 7977. Unpublished results. 
5 Davenel, V.; Nisole, C.; Fontaine-Vive, F.; Fourquez, J.-M.; Chollet, A.-M.; Michelet, V. J. Org. Chem. 2020, 85, 
12657. Dupeux, A.; Michelet, V. J. Org. Chem. 2021, 86, 17738. 
6 Laher, R.; Marin, C.; Michelet, V. Org. Lett. 2020, 22, 4058. Laher, R.; Gentilini, E.; Marin, C.; Michelet, V. 
Synthesis 2021, 53, 4020. Unpublished results. 
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Laurence A. Mulard graduated as an engineer from the ESPCI in Paris (France). She received a M.S. and 
Ph.D. in Chemistry from the UPMC in Paris. After three postdoctoral years at the NIH in Bethesda (MD, 
USA), she returned to Paris to join the Institut Pasteur. Since 2008, she is Director of the Chemistry of 
Biomolecules laboratory. Starting mid-2015, she served as Deputy Director of the Structural Biology 
and Chemistry department for four years. Research in her group spans a broad range of topics from 
peptide science to the chemistry and biology of carbohydrates. Her main interests are on microbial 
polysaccharides and the use of synthetic surrogates thereof for developing carbohydrate-based 
probes, diagnostic tools, therapeutic agents and vaccines. Focus has been on combating diarrheal 
diseases with emphasis set to advance vaccine development against pathogenic bacteria. 

Following the identification of surface exposed glycoepitopes and the demonstration that conjugates 
featuring short synthetic glycans induced protection against Shigella in animal models, the first-
in-human Shigella synthetic oligosaccharide-based vaccine candidate that was developed in her 
laboratory entered clinical trials in 2016. 

LAURENCE A. MULARD
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FRANCE

Website
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Pathogens often express unique surface glycans, which contribute to their survival in the host 
and represent potential targets for vaccine development. Several polysaccharides and 
polysaccharide-protein conjugates are now licensed for routine vaccination and others are 
being developed. Besides, synthetic glycan-based conjugate vaccines are gaining increasing 
interest as attractive substitutes to the use of polysaccharide antigens of biological origin.1 
Shigellosis, or bacillary dysentery, caused by the enteroinvasive bacteria Shigella, was 
identified as one of the main diarrheal diseases in children under five.2 Species/serotype 
diversity and geographical distribution strongly support the need for a multivalent vaccine.  
Using the Shigella context and the need for a highly immunogenic vaccine able to generate 
protective immunity in young children, we will address cutting-edge strategies for the design 
of the next generation glycoconjugate vaccines against infectious diseases.3 
Interfacing chemical biology and structure-based vaccinology, we have developed vaccine 
candidates consisting of synthetic fragments of selected Shigella surface polysaccharides 
(Figure) covalently linked via single point attachment to protein carriers. SF2a-TT15,4 a 
conjugate featuring a 15mer oligosaccharide hapten was shown to be strongly immunogenic 
in human volunteers. With SF2a-TT15 as a model, the presentation will discuss oligosaccharide 
selection, vaccine design, synthesis, and properties thereof.  
Shedding light on the input of 
organic chemistry in the context of 
vaccine development, the path 
forward to a broad coverage Shigella 
vaccine will also be exemplified for S. 
flexneri 3a and S. sonnei, two other 
prevalent Shigella serotypes. 
Emphasis will be on the importance 
of site-selective O-acetylation and on 
the challenge of zwitterionic oligo-
saccharide synthesis. 

 

  
Figure: Repeating unit of the specific polysaccharides from 

S. flexneri 2a (A), S. flexneri 3a (B) and S. sonnei (C). 
 

 
1 Adamo, R., Advancing Homogeneous Antimicrobial Glycoconjugate Vaccines. Acc Chem Res 2017, 50, 1270-9. 
2 Liu, J.; et al, Use of quantitative molecular diagnostic methods to identify causes of diarrhoea in children: a 
reanalysis of the GEMS case-control study. Lancet 2016, 388, 1291-1301. 
3 Barel, L. A.; Mulard, L. A., Classical and novel strategies to develop a Shigella glycoconjugate vaccine: from 
concept to efficacy in human. Hum. Vaccin. Immunother. 2019, 15, 1338-1356. 
4 van der Put, R. M. F.; et al, The First-in-Human Synthetic Glycan-Based Conjugate Vaccine Candidate against 
Shigella. ACS Cent Sci 2022, 8, 449-460. 
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Nicolas Giuseppone is director of the Research Federation on Materials and Nanosciences of the Grand 
Est Region, and deputy director of the Institut Charles Sadron in Strasbourg. He received his PhD in 
asymmetric catalysis from the University of Orsay, France, performed a post-doctoral research in total 
synthesis at The Scripps Research Institute, California, USA, and entered the field of supramolecular 
chemistry as a CNRS researcher (laboratory of Prof. J.-M. Lehn, University of Strasbourg). In 2008 
he started his own research group, and was awarded an ERC Starting Grant from the European 
Research Council in 2010. In 2013 he was nominated as a junior member of the Institut Universitaire 
de France (IUF), and promoted Distinguished Professor at the University of Strasbourg in 2016. His 
research interests are focused on supramolecular chemistry and supramolecular polymers, molecular 
machines, and functional materials.
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Making molecular machines that can be useful in our macroscopic world is a challenging long-
term goal of nanoscience. Inspired by the protein machinery found in biological systems, and 
based on the theoretical understanding of the physics of motion at nanoscale, organic 
chemists have developed a number of molecules that can produce work when triggered by 
various external chemical or physical stimuli.1 In particular, basic molecular switches that 
commute between (meta)stable states, and more advanced molecular motors that produce 
unidirectional cyclic motions out-of-equilibrium when fueled with external energy, have been 
reported. However, the integration of individual molecular motors in a continuous mechanical 
process that can have measurable effects at various length scales and up to the macroscale 
remains an important objective. We will discuss advances developed by our group on artificial 
molecular machines, which involve their mechanical coupling with polymer systems. We will 
show how it becomes possible to integrate them and to make use of their mechanical work 
going from individual molecular devices to macroscopic materials. 
 
 
 

 
 

 
1 (a) D. Dattler, G. Fuks, J. Heiser, E. Moulin, A. Perrot, Y. Xuyang, N. Giuseppone, Chem. Rev. 2020, 120, 310-443; 
(b) E. Moulin, L. Faour, C. Carmona-Vargas, N. Giuseppone, Adv. Mat. 2020, 201906036. 
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Sukbok Chang received his Doctor degree (1996) from Harvard University under the supervision of 
Professor Eric N. Jacobsen. After a postdoctoral work at Caltech with Professor Robert H. Grubbs, 
he joined Ewha Womans University (Seoul) as an assistant professor in 1998, and moved to KAIST 
in 2002. Since 2013, he has been additionally appointed as a director at Institute for Basic Science 
(IBS) to lead the Center for Catalytic Hydrocarbon Functionalizations. He received Young Chemist 
Award (Korean Chemical Society: KCS sponsored by WILEY) in 2002, and was selected as a Star Faculty 
(Korea Research Foundation) in 2008. He was also awarded the Korean Chemical Society Academic 
Award in 2010, Korean Science Prize (President of Korea) in 2013. He was selected as a Member of 
the Korean Academy of Science & Technology in 2014, and recognized by the Clarivate as a Highly 
Cited Researcher since 2015. He is an Associate Editor of ACS Catalysis (2015-). His research interests 
reside in the development, mechanistic understanding of transition metal catalysis and their synthetic 
applications.
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http://sbchang.kaist.ac.kr
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Direct amidation of C–H bonds is a highly desirable reaction considering high utility of 
amidated products in total synthesis, medicinal chemistry and materials science. Although 
tremendous research efforts have been made especially in recent years, the current status 
enabling such C–H reactions in excellent stereoselectivity and high efficiency is still rather 
limited. In this context, we have developed a novel methodology that employs tailor-made Ir-
based catalysts in combination with dioxazolone substrates to access a short-lived metal-
nitrenoid intermediate, thereby eventually leading to a construction of γ-lactams via an outer-
sphere C–H insertion pathway. The scope was found to be broad and a range of carboxylic 
acids could be readily utilized for the lactam formation. Indeed, the power of this new method 
was demonstrated in the successful late-stage functionalization of bio-active molecules to 
produce molecules that are highly sought after for pharmaceutical applications.  
More recently, we have successfully introduced an iridium-based catalyst system for 
asymmetric C−H amidation that enables facile construction of chiral γ-lactams starting from 
commodity chemicals. Various types of secondary C−H bonds, such as being positioned at the 
benzylic, unactivated aliphatic, propargylic, and allylic sites, were all smoothly reacted in a 
regio- and stereoselective manner. The present approach will find broad applications in 
medicinal chemistry, and the mechanistic insights may provoke further developments in 
related asymmetric catalysis. 1 
 

 
 

 
1 Park, Y.; Kim, Y.; Chang, S. Chem. Rev., 2017, 117, 9247. 
2 Hong, S. Y.; Park, Y.; Hwang, Y.; Kim, Y. B.; Baik, M.-H.; Chang, S. Science 2018, 359, 1016. 
3 Kim, H.; Heo, J.; Kim, J.; Baik, M.-H.; Chang, S. J. Am. Chem. Soc. 2018, 140, 13350. 
4 Park, Y.; Chang, S. Nat. Catal. 2019, 2, 219.  
5 Lee, J.; Lee, H.; Jung, H.; Kim, D.; Park, J. Chang, S. J. Am. Chem. Soc. 2020, 142, 12324. 
6 Hong, S.; Kim, D.; Chang, S. Nat. Catal. 2021, 4, 79. 
7 Kweon, J. ; Kim, D. ; Kang, S. ; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872. 
8 Choi, H. ; Lyu, X. ; Kim, D. ; Seo, S. ;; Chang, S. J. Am. Chem. Soc. 2022, 144, 10064. 
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Timothy Noël received in 2004 his MSc degree (Industrial Chemical Engineering). He then moved to 
Ghent University to obtain a PhD in synthetic organic chemistry (2005-2009). Next, he crossed the 
ocean to work at the Massachusetts Institute of Technology (MIT) as a Fulbright Postdoctoral Fellow 
with Professor Stephen L. Buchwald. Returning to Europe, he became assistant professor in 2012 
and associate professor in 2017 at Eindhoven University of Technology. In 2020, he was promoted to 
Full Professor at the University of Amsterdam where he is the Chair of Flow Chemistry. His research 
interests are synthetic organic chemistry and technology, and especially the delicate synergy between 
these two fields. His research on flow chemistry was recognized with several awards, including the 
DECHEMA award (2017), the Hoogewerff Jongerenprijs (2019), the IUPAC-ThalesNano Flow Chemistry 
Award (2020) and the KNCV Gold Medal (2021). He is the editor in chief of Journal of Flow Chemistry.

TIMOTHY NOËL

University of Amsterdam
THE NETHERLANDS

Twitter handle
@tnoel82

Website
www.NoelResearchGroup.com



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 36

PLENARY LECTURES & BIOGRAPHIES

PL9 
Innovation in HAT photocatalysis through use of flow  

Timothy Noël1  
1 University of Amsterdam, Van 't Hoff Institute for Molecular Sciences, Flow Chemistry Group, Amsterdam, The 

Netherlands 
t.noel@uva.nl; Website: www.NoelResearchGroup.com; Twitter: @NoelGroupUVA 

 
 

Until recently, many reactions have been exclusively performed in conventional batch 
LabWare. With the advent of microreactor technology, significant effort has been devoted to 
develop a wide variety of continuous-flow techniques to facilitate organic synthesis. 
Microreactor technology offers several advantages compared to traditional batch reactors, 
such as, enhanced heat- and mass-transfer, improved irradiation, safety of operation and the 
possibility to integrate several reaction steps and subsequent separations in a single 
streamlined process. 
 
My group has taken a great interest in assisting chemists by developing automated and flow-
based reaction technologies capable of reducing manual labor, increasing the reproducibility 
of the results and accelerating reaction discovery. This further allows the chemists to explore 
uncharted chemical space.  
 
In this presentation, we will give an overview of our synthetic methodology development, 
exemplified by Hydrogen Atom Transfer (HAT) photocatalysis, and how these synthetic 
methods were impacted by continuous-flow microreactor technology. Furthermore, we will 
discuss the developed technology and reaction models in detail. 
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Clémence Allain received her PhD from Sorbonne Université in 2006 under the supervision of Dr. 
Marie-Paule Teulade-Fichou. Her PhD work dealt with the synthesis and study of fluorescent probes to 
label DNA. From 2007 to 2009, she worked as a post-doctoral fellow, first in the group of Prof. Bernold 
Hasenknopf (Sorbonne Université) to develop porphyrin-polyoxometallate hybrids then in the group 
of Prof. Stephen Faulkner (Oxford University) to develop heterometallic lanthanides complexes. In 
2010, she was appointed as a CNRS researcher to work in PPSM laboratory in ENS Paris-Saclay in the 
team led by Prof. Pierre Audebert. There, she prepared and studied molecules and materials based on 
the s-tetrazine scaffold. In 2014, she started a new research project on the development of mechano-
responsive fluorescent materials, in close collaboration with Dr. Rémi Métivier in PPSM, for which she 
has been awarded an ERC Starting grant in 2017. She received the CNRS Bronze Medal in 2017 and 
was promoted Directrice de Recherches CNRS in 2021.
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Fluorescent materials are able to signal different stimuli with a high sensitivity. In particular, 
a material is called “mechanofluorochromic” when its fluorescence emission changes upon 
mechanical stimulation (pressure, shearing force…). Mechanofluorochromic compounds have 
attracted a rapidly growing interest for the last ten years and several series of new molecules 
have been synthesized.1 We aim at relating the molecular structure of a 
mechanofluorochromic dye to its sensitivity to different mechanical stimuli, and at quantifying 
their fluorescence response to such stimuli, with the ultimate goal of developing force sensors 
based on these fluorescent probes. 
 
We have studied various series of mechanofluorochromic compounds,2 amongst which 
difluoroboron b-diketonate derivatives (figure 1), that gather appealing photophysical 
properties (bright luminescence in the solid state together with a marked change in 
fluorescence emission colour after mechanical stimulation) and versatile synthesis.3 Our 
strategies to quantify their mechanofluorochromic responses4 as well as our on-going efforts 
to develop compounds that combine mechanofluorochromism with Circularly Polarized 
Luminescence (CPL) emission will be presented.5  
 

 
Figure 1: example of a mechanofluorochromic difluoroboron b-diketonate together with photographs (exc 
365nm) of crystalline powder and grounds ample. 

 
1 Y. Sagara, S. Yamane, M. Mitani, C. Weder, T. Kato, Adv. Mater. 2016, 28, 1073-1095. 
2 J. P. Calupitan, A. Poirot, J. Wang, B. Delavaux-Nicot, M. Wolff, M. Jaworska, R. Metivier, E. Benoist, C. Allain, S. 
Fery-Forgues, Chem. Eur. J. 2021, 27, 4191-4196 ; Y. Hirai, A. Wrona-Piotrowicz, J. Zakrzewski, A. Brosseau, R. 
Guillot, R. Metivier, C. Allain, Photochem. Photobiol. Sci., 2020, 19, 229-234 ; L. Polacchi, A. Brosseau, R. Metivier, 
C. Allain, Chem. Commun. 2019, 55, 14566-14569. 
3 L. Wilbraham, M. Louis, D. Alberga, A. Brosseau, R. Guillot, F. Ito, F. Labat, R. Metivier, C. Allain, I. Ciofini, Adv. 
Mater. 2018, 30, e1800817. 
4 B. Poggi, E. Lopez, R. Métivier, L. Bodelot, C. Allain, Macromol Rapid Commun 2022, e2200134. 
5 J. A. Panis, M. Louis, A. Brosseau, S. Katao, F. de Los Reyes, T. Nakashima, R. Metivier, C. Allain, T. Kawai, Chem. 
Eur. J. 2022, e202201012. 
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Jean-Guy Boiteau studied Chemistry at the Ecole Nationale Superieure de chimie de Mulhouse. He 
received his Ph.D. degree in 2001 under the guidance of Prof. J. Eustache on the total synthesis of 
(-)-fumagillol. Following this, he performed his postdoctoral research with Prof. B. L. Feringa (Chemistry 
Nobel Prize 2016, Rijksuniversiteit, Groningen, The Netherlands) on asymmetric catalysis. Jean-Guy 
Boiteau began his career in 2003 as a medicinal chemist at Galderma R&D, Sophia-Antipolis, France. 
In 2010 he became Head of Process Research & Development and in 2018 he joined the Nuvisan 
Group as Head of Chemical Development, Sophia-Antipolis, France. 

He his author or co-author of 27 scientific papers and inventor of 43 patents.
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Numerous molecules are identified in medicinal chemistry and the evaluation of their 
pharmacological properties in humans requires the manufacture of several kilograms of active 
ingredient, notably to cover toxicology studies and Phase I clinical trials. In general, at the end 
of medicinal chemistry work, the candidate selected for human testing has only been 
synthesized on a scale of a few hundred milligrams, so scaling up by a factor of several million 
is an important step in drug development. Chemical development is a discipline that is rarely 
learned in school and is therefore largely acquired through experience, it lies at the crossroads 
of chemistry, physics, engineering, thermodynamics, and regulatory aspects. Let's have a look 
at this discipline through some examples. 1 
 

 
 
 
 
 
 

 
1 Gerfaud, T.; Martin, C.;  Musicki, B.; Boiteau, J-G.; Cardinaud, I. Org. Process Res. Dev. 2017, 21, 631-640. Samuel 
Tabet, Nicolas Rodeville, Arnaud Mathieu, Catherine Raffin, Corinne Millois-Barbuis, Branislav Musicki, Franck 
Muller, Thibaud Gerfaud, Jean-Guy Boiteau and Isabelle Cardinaud, Org. Process Res. Dev. 2017, 21, 2032–2044. 
Daver, S.; Rodeville, N.; Pineau, F.;  Arlabosse, J-M.; Moureou, C.; Muller, F.; Pierre, R.; Bouquet, K.; Dumais, L.; 
Boiteau, J-G.;  Cardinaud I. Org. Process Res. Dev. 2017, 21, 231-240. 
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Mónica H. Pérez-Temprano obtained her PhD in 2011 at the University of Valladolid (Spain) under the 
supervision of Prof. Espinet and Prof. Casares. In 2012, she joined the research group of Prof. Melanie 
Sanford at the University of Michigan. In 2015, she began her independent career as Junior Group 
Leader at Institute of Chemical Research of Catalonia (ICIQ). 

At ICIQ, the Pérez-Temprano group is focused on using mechanisms as a priori tool for developing 
innovative and more sustainable first-row metal-catalyzed transformations. Her research career 
has been recognized with different awards and honors including the JSP Fellowship (Bürgenstock 
Conference 2018), her selection as one of the “Talented 12” of 2018 by Chemical & Engineering 
News (C&EN), or the 2020 Young Investigator Group Leader Award by the Spanish Royal Society of 
Chemistry. In addition, she is member of the International Advisory Board of Organometallics, Chem 
Catalysis and the Early Career Advisory Board of Chemistry – A European Journal.

MÓNICA PÉREZ TEMPRANO

Institut Català d’Investigació Química
SPAIN

Twitter handle
@Perez_Temprano

Website
https://www.iciq.org/research/research_group/dr-monica-h-perez-temprano/
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PL12 
Deciphering Mechanisms to Design Better Catalytic 

Reactions 
Mónica H. Pérez-Temprano1 

1 Institute of Chemical Research of Catalonia (ICIQ) Av. Països Catalans 16, 43007, Tarragona, Spain  
mperez@iciq.es 

 
 

Most reactions set-up in the lab fail.1 This is one of the biggest problems chemists face when 
designing transition metal-catalyzed transformations.2 Moreover, the translation of 
scientifically well-established reactions to “real-world” applications often does not lead to the 
desired products.3 This striking situation prompts two key questions: Why do reactions fail? 
Can failed reactions be used to trigger a paradigm-shift in reaction design?  
Our group aims to answer these questions placing fundamental understanding at the center 
of process design. We use mechanistic studies as a powerful tool to facilitate the bottom-up 
design of more efficient chemical processes.4 Our research program is based on simple, yet 
usually overlooked, concept: chemical reactions rely on the performance of the reactive 
intermediates within the catalytic cycles. By capturing these transient species and using them 
as “knowledge building blocks” (KBBs), we expose the obstacles hindering transition metal-
catalyzed transformations efficiency (Scheme 1) and capitalize on the gathered fundamental 
knowledge to streamline more resource-efficient transformations.5  

 

 
Scheme 1.  

 
 

 
1 Zaragoza Dörwald, F. Side Reaction in Organic Synthesis: A guide to Successful Synthesis Design. Wiley- VCH 
Verlag GmbH&Co. 2005. 
2 Collins, K. D.; Glorius, F. Nat. Chem. 2013, 5, 597. 
3 (a) Buitrago Santanilla, A.; Regalado, E. L.; Pereira, T.; Shevlin, M.; Bateman, K.; Campeau, L.-C.; Scheeweis, J.; 
Berritt, S. Shi, Z.-C.; Nantermet, P.; Liu, Y.; Helmy, R.; Welch, C. J.; Vachal, P.; Davies, I. W.; Cernak, T.; Dreher, S. 
D. Science, 2015, 347, 49. (b) Dreher, S. D. React. Chem. Eng. 2019, 4, 1530. 
4 Sanjosé-Orduna, J.; Mudarra, A. L.; Martínez de Salinas, S.; Pérez-Temprano, M. H. ChemSusChem 2019, 12, 
2882. 
5 (a) Sanjosé-Orduna, J.; Gallego, D.; Garcia-Roca, A.; Martin, E.; Benet-Buchholz, J.; Perez-Temprano, M. H. 
Angew. Chem. Int. Ed. 2017, 56, 12137. (b) Sanjosé-Orduna, J.; Sarria Toro, J. M.; Perez-Temprano, M. H. Angew. 
Chem. Int. Ed. 2018, 57, 11369. (c) Martínez de Salinas, S.; Sanjosé-Orduna, J.; Odena, C.; Barranco, S.; Benet-
Buchholz, J.; Perez-Temprano, M. H. Angew. Chem. Int. Ed. 2020, 59, 6298. (d) López-Resano, S.; Martínez de 
Salinas, S.; Garcés-Pineda, F. A.; Moneo-Corcuera, A.; Galán-Mascarós, J. R.; Maseras, F.; Pérez-Temprano, M. H. 
Angew. Chem. Int. Ed. 2021, 60, 11217. 

[TM]

[TM]
[TM]

Capturing Reaction Intermediates as 
“Knowledge Building Blocks”

✓ streamlining the design of TM-
catalyzed transformations

✓ exploring new reactivity patterns
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Professor Sarah Reisman earned a BA in Chemistry from Connecticut College in New London, CT 
and her Ph.D. in chemistry from Yale University, conducting research with Prof. John L. Wood in the 
area of natural product total synthesis. As an NIH post-doctoral fellow, Sarah pursued studies in the 
field of asymmetric catalysis working with Prof. Eric Jacobsen at Harvard University. In 2008, Sarah 
joined the faculty at the California Institute of Technology where she is now the Bren Professor of 
Chemistry. Research in the Reisman laboratory seeks to advance the science of chemical synthesis, 
through synergistic contributions in both strategy design for natural product synthesis and reaction 
development. Reisman is recognized as a leader in the area of natural product synthesis, where her 
group has contributed new strategy-driven approaches a number of complex highly oxidized natural 
products. In addition to her program in natural product synthesis, Reisman has made impactful 
contributions to the rapidly advancing field of Ni-catalysis, with an emphasis on asymmetric reductive 
cross-coupling reactions. Reisman is an editorial board member at Organic Syntheses and an associate 
editor for the Journal of the American Chemical Society. Reisman has been recognized with a number 
of awards for teaching and research, including an Alfred P. Sloan Research Fellowship, a Cottrell 
Scholar Award, the Arthur C. Cope Scholar Award, the Tetrahedron Young Investigator Award, the 
Margaret Faul Women in Chemistry award, and the ACS Elias J. Corey Award. 

SARAH REISMAN

California Institute of Technology
USA

Twitter handle
@sarah_reisman

Website
http://reismangroup.caltech.edu/index.html
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Necessity is the Mother of Invention: Natural Products and 

the Chemistry They Inspire 
Sarah E. Reisman1  

1 California Institute of Technology 
Division of Chemistry and Chemical Engineering 

1200 E. California Blvd, MC 101-20, Pasadena CA 91125 
reisman@caltech.edu 

 
 

The chemical synthesis of natural products provides an exciting platform from which to 
conduct fundamental research in chemistry and biology. Our group is currently pursuing the 
synthesis of several structurally complex natural products, with a particular focus on the 
development of new convergent fragment coupling strategies. The densely packed arrays of 
heteroatoms and stereogenic centers that constitute these polycyclic targets challenge the 
limits of current technology and inspire the development of new synthetic strategies and 
tactics. This seminar will describe the latest progress in our target-directed synthesis 
endeavors.  
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Louis-Charles (aka L.-C.) Campeau is currently Associate Vice President and the Head of Small Molecule 
Process Research & Development at Merck (known as MSD in France). His team is responsible for all 
active pharmaceutical ingredient supply for the pre-clinical and clinical for the entire small molecule 
Merck portfolio as well as establishing world-class manufacturing process for new Merck products. 
L.-C. is French Canadian, originally from Cornwall in Eastern Ontario. After completing all of his 
undergraduate research in French, he joined Merck after completing his Ph. D. studies in 2007 with 
the late Professor Keith Fagnou at the University of Ottawa in Canada. In 2016, he was awarded the 
inaugural Young Alumni Awards of Excellence by the University. At Merck, he was a key contributor to 
the discovery and early development of Doravirine a non-nucleoside reverse transcriptase inhibitor 
approved by the FDA in 2018. Over his tenure at Merck, L.-C. and his team have made important 
contributions to >40 clinical candidates and 6 more commercial products, including molnupiravir for 
the treatment of COVID-19. Active on social media (@DrLCSquare), L.-C. uses his platform to advocate 
for equity, diversity, and inclusion, started the #ChemistsWhoCook movement and was a co-founder 
of #SocialIsolationSocial with Stuart Cantrill during the pandemic helping bring together the world’s 
scientist virtually since March 2020.

LOUIS-CHARLES CAMPEAU

Merck
USA

Twitter handle
@DrLCSquare

Website
www.linkedin.com/in/lccampeau
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Changing the World, One Reaction at a Time 

L.-C. Campeau1 
1 Department of Process Research and Development, Merck & Co. Inc., Rahway, New Jersey, 07065, USA 

lc.campeau@merck.com 
 
 

Biocatalysis and the advent of direct evolution have transformed the way chemists make 
molecules. In our journey to develop green and sustainable manufacturing processes for the 
new medicines of tomorrow, we have redefined our expectations of what is possible by 
judicious introduction of biocatalytic reactions. This presentation will outline impacts across 
many families of molecules from nucleoside analogues which are critical components of life-
saving therapies used in the treatment of viral disease and cancer, to non-canonical amino 
acids which are the basis of novel macrocyclic peptides for the treatment of atherosclerosis. 
Despite their ubiquity in pharma and commercial value, the state-of-the-art methods for the 
preparation of these motifs in drug discovery, drug development and eventual 
commercialization are lacking and remain a poorly solved problem in organic synthesis. Our 
work has culminated in aspirational syntheses from commodity chemicals using a biocatalytic 
in-vitro cascades. 
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Yohan studied Chemistry at the Université Paul Sabatier (Toulouse, France). After internships in Prof. 
Nitschke’s group at Cambridge University working on supramolecular cages and in Prof. Veige’s group 
at the University of Florida (Gainesville) synthesizing new supramolecular polymers, he joined the 
CEMES-CNRS (Toulouse) under the supervision of Dr. Claire Kammerer and Prof. Gwénaël Rapenne 
for his masters and PhD thesis in the field of nanotechnologies. His research involved the design 
and synthesis of new molecular machines derived from an electrical molecular motor, allowing to 
increase its functionality or to measure its output force at the single molecule scale. In parallel, more 
fundamental studies were also undertaken with, for instance, the development of a cyclopentadiene 
hexaarylation reaction. In 2022, Yohan joined Ben Feringa’s research group at the Rijksuniversiteit 
Groningen (Netherlands) to study new molecular switches and motors designed to produce a coupled 
motion, allowing the preparation of new molecular systems displaying a controlled dynamic chirality. 
This project will continue until 2024 in the context of a Marie Skłodowska-Curie Actions Postdoctoral 
Fellowship. His research interest includes the multistep synthesis of challenging organic and 
organometallic compounds and their study within stimuli-responsive molecular and supramolecular 
systems with a particular focus on transdisciplinary collaborative projects.

YOHAN GISBERT:
Dina Surdin PhD Prize 2022

University of Groningen, THE NETHERLANDS
CEMES, FRANCE
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Organometallic molecular motor derivatives 
for Single Molecule Force Spectroscopy experiments 

Yohan Gisbert1,2, Claire Kammerer1, Gwénaël Rapenne1,3 
1 CEMES, Université de Toulouse, CNRS, Toulouse, France 

2 Stratingh Institute for Chemistry, University of Groningen, Groningen, The Netherlands 
3 Division of Materials Science, NAIST, Nara, Japan 

yohan.gisbert@rug.nl 
 
 

Our group reported in 2013 the synthesis of an electron-fueled ruthenium-based molecular 
motor able to provide unidirectional rotation when stimulated by the tip of a Scanning 
Tunneling Microscope.1 This motor has been designed to be studied at the single-molecule 
scale on metallic surface, following a bottom-up building approach. 
To estimate the motive power of this motor, two strategies have been devised, both involving 
the functionalization of the motor with a single polyethylene glycol (PEG) chain (in green), 
connected to the rotor (in blue) by a linker (L). When terminated by a methoxy group, this PEG 
tether is allowing for direct force measurements by AFM-based Single Molecule Force 
Spectroscopy experiments2 in solution and at room temperature (a). Further functionalization 
of the PEG chain with a molecular load,3 to be dragged on surface upon STM tunneling-
current-induced actuation of the motor enables indirect force measurements with the 
ruthenium complex acting as a molecular winch at low temperature (b). 
To obtain the target molecular winches, two synthetic strategies were explored (c): a 
statistical approach involving the non-directed monofunctionalization of the symmetric 
penta(bromophenyl)cyclopentadienyl ruthenium complex (path 1) and a directed approach 
which discriminates one position of the cyclopentadienyl precursor (path 2).4 Both synthetic 
routes will be presented as well as force measurements results and current developments. 

 

 

 
1 Perera, U. G. E.; Ample, F.; Kersell, H.; Zhang, Y.; Vives, G.; Echeverria, J.; Grisolia, M.; Rapenne, G.; Joachim, C.; Hla, S.-W., 
Nat. Nanotechnol. 2013, 8, 46–51. 
2 Lussis, P.; Svaldo-Lanero, T.; Bertocco, A.; Fustin, C.-A.; Leigh, D. A.; Duwez, A.-S., Nat. Nanotechnol., 2011, 6, 553-557. 
3 Gisbert, Y.; Abid, S.; Kammerer, C.; Rapenne, G., Chem. Eur. J., 2021, 27, 16242-16249. 

4 Gisbert, Y.; Abid, S.; Bertrand, G.; Saffon-Merceron, N.; Kammerer, C.; Rapenne, G., Chem. Commun. 2019, 55, 14689–14692. 

c) 

a) b) 
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After completing her Ph.D. in Organic Synthesis at the University of Caen (France), Juliette conducted 
an Industrial Post-doctoral fellowship in Asymmetric Chemocatalysis at Zeneca Life Science Molecules 
in UK. In 1999, she joined Avecia (UK) as R&D Team Manager focusingon New Technology Platforms 
involving chemo- and bio-catalysis.

In 2006, she joined Seqens once the newly joint-venture was created with the industrial biotechnology 
company Protéus (France). 

In 2009, she became R&D Manager focusing on some ‘Key Technologies’ process development. She 
then became Head of Biocatalysis for Pharma Synthesis.

In 2012, she was appointed General Manager of Protéus.
Today, she values her 25 years’ experience in the field of chemistry & biocatalysis to leverage R&D 
Paternerships

JULIETTE MARTIN, Ph.D.
R&D Partnerships Manager at Seqens

Proteus
FRANCE

Website
https://www.linkedin.com/in/juliette-martin-09a5486b
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“Biocatalysis : a Necessary Tool for Synthetic Chemist – a 

Focus on Industrial Applications” 
Juliette Martin, Lucie Aubaterre, Pascal Auffray, Pierre Gilles, Olivier Vidalin 

1 Protéus by Seqens, 70 Allée Graham Bell, 3035 Nîmes, France 
juliette.martin@seqens.com 

 
 

Protéus by SEQENS is a pioneer in biotechnology field, specialized in the discovery, 
engineering and production of enzymes for industrial applications, as well as in the 
development of innovative bioprocesses involving these enzymes. Protéus by SEQENS is part 
of the SEQENS Group, an integrated global leader in pharmaceutical solutions and specialty 
ingredients producing high-value complex molecules. 
Enzymes enable unique and specific functionalization difficult to achieve by conventional 
chemical processes within competitiveness. Taking advantage of this attribute, we will 
demonstrate their potential through several examples showing the high selectivity and 
specificity of these enzymes as well as their potential industrial applications. For instance, non-
natural aminoacids synthesis1 without protection/deprotection steps, we will also present an 
example of regioselective acylation within high specificity2. Finally, biocatalysis can be a true 
alternative for precious metal replacement. 
 

 
 
 

 
 

 
 
 
 
 
 
 

 

 
1 L. Hecquet & al, Org. Process Res. Dev. 2020, 24, 5, 769–775 
2 WO2012013765 

acyltransferase 
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Thomas Poisson received his PhD (Rouen Univ.) in 2008 under the mentorship of Dr. Vincent Levacher, 
working on the new catalytic enantioselective protonation reactions. Afterwards, he joined the group 
of Prof. Shu Kobayashi (Tokyo Univ.) as a JSPS fellow, working on asymmetric catalysis using alkaline 
earth metal complexes. Then, he joined the group of Prof. Magnus Rueping (RWTH-Aachen), working 
on new photocatalyzed reactions. In 2011, he was appointed as an Associate Professor at INSA Rouen 
Normandie and he defended his habilitation in 2015. The same year, he was elected Distinguished 
Junior Fellow of the French Chemical Society (SCF). In 2016, he received the “prix jeune enseignant-
chercheur” from the Organic Chemistry Division of the SCF and in 2017 he was recipient of the 
Thieme Chemistry Journal award, the JSP Fellowship of the 52nd Bürgenstock Conference and was 
nominated as a Junior Member of the “Institut Universitaire de France”. In 2022,  he received the 
Jean-Marie Lehn award from the Organic Chemistry Division of the SCF. Thomas Poisson has also 
strong partnerships with companies and is from 2018 deputy director of IDECHEM a joint laboratory 
with Oril Industrie. In 2020, he co-founded with Prof. P. Jubault and Dr. Legros NormandyFlowChem, a 
platform dedicated to Continuous Flow Synthesis thanks to the support of the Normandy Region and 
the French Government. Since 2018, Thomas Poisson is Full Professor of Chemistry at INSA Rouen 
Normandie.

His research interests focus on the development of new methodologies, metal-catalyzed reactions, 
with an emphasis on copper chemistry, electron transfer based reactions using photocatalysis and 
electrosynthesis, asymmetric catalysis and fluorinated molecules.

THOMAS POISSON:
Jean-Marie Lehn Prize 2022

COBRA INSA-Rouen
FRANCE

Twitter handle
@LabPoisson

Website
https://www.insa-rouen.fr/recherche/chercheurs/tpoisson
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Photocatalytic and Electromediated 
Borylation and Silylation Reactions 

Thomas Poisson1,2 
1 Normandie Univ, INSA Rouen UNIROUEN, CNRS, COBRA (UMR 6014), 76000 Rouen (France). 

2 Institut Universitaire de France, rue Descartes, 75231 (France) 
thomas.poisson@insa-rouen.fr 

 
 

As part of the Organic Chemistry, radical chemistry is an important research area as the 
reactivity of radicals is complementary to the ones of the two electrons and polar manifolds. 
In this regard, the recent advent of photocatalysis1 and the renewal of electrochemistry2 offer 
interesting approaches to broaden the current know-how of the community.  
Besides, organoboron species and organosilicon species are linchpins in organic synthesis. 
Organoborons are widely used in Suzuki cross-coupling reaction, allylation or Cham-Lam-
Evans cross-coupling reactions, while organosilicon species found application in allylation or 
Brook rearrangement, for instance. 
Herein, we will disclose our efforts to develop photocatalytic and electrochemical borylation 
and silylation reactions involving single electron transfer.3 
 
 

 
1 For selected reviews, see: (a) Prier, C. K.; Rankic, D. A.; MacMillan, D. W. C. Chem. Rev. 2013, 113, 5322. (b) 
Skubi, K. L.; Blum, T. R.; Yoon, T. P. Chem. Rev. 2016, 116, 10035. (c) Schultz, D. M.; Yoon, T. P. Science 2014, 343, 
985. Yoon, T. P.; Ischay, M. A.; Du, J. Nat. Chem. 2010, 2, 527. (d) Narayanam, J. M. R.; Stephenson, C. R. J. Chem. 
Soc. Rev. 2010, 40, 102. (e) Shaw, M. H.; Twilton, J.; MacMillan, D. W. C. J. Org. Chem. 2016, 81, 6898. 
2 For selected reviews, see: (a) Wiebe, A.; Gieshoff, T.; Möhle, S.; Rodrigo, E.; Zirbes, M.; Waldvogel, S. R. Angew. 
Chem. Int. Ed. 2018, 57, 5594. (b) Pollok, D.; Waldvogel, S. R. Chem. Sci. 2020, 11 (46), 12386. (c) Waldvogel, S. 
R.; Janza, B. Angew. Chem. Int. Ed. 2014, 53, 7122. (d) Yan, M.; Kawamata, Y.; Baran, P. S. Chem. Rev. 2017, 117, 
13230. 
3 (a) Nitelet, A.; Thevenet, D.; Schiavi, B.; Hardouin, C.; Fournier, J.; Tamion, R.; Pannecoucke, X.; Jubault, P.; 
Poisson, T. Chem. Eur. J. 2019, 25, 3262. (b) Zhong, M.; Pannecoucke, X.; Jubault, P.; Poisson, T. Chem. Eur. J. 
2021, 27, 11818. (c) Zhong, M.; Gagné, Y.; Hope, T. O.; Pannecoucke, X.; Frenette, M.; Jubault, P.; Poisson, T. 
Angew. Chem. Int. Ed. 2021, 60, 14498. (d) Biremond, T.; Jubault, P.; Poisson, T. ACS Org. Inorg. Au 2022, 2, 148. 
(e) Aelterman, M.; Sayes, M.; Jubault, P.; Poisson, T. Chem. Eur. J. 2021, 27, 8277.  
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OC01 
Electrocoupling 

A Catalyst-free Alternative for C-C Bond Formation 
Dorian Didier1 

1 Ludwig Maximilians Universität, Butenandtstraße 5-13, 81377 München 
dorian.didier@cup.uni-muenchen.de 

 
 

Our efforts toward sustainable C-C bond formation have led us to investigate alternative 
catalyst-free coupling reactions. Having previously demonstrated that organoboron reagents 
can serve as templates in Zweifel olefinations1,2 and strained ring functionalization,3 ,4 ,5 we set 
out to develop a conceptual approach for hetero-coupling reactions. 
 
As many methods for the formation of hetero-biaryls require expensive and/or 
environmentally challenging transition-metal catalysts as well as inert and dry conditions, we 
envisioned that bench-stable, hetero-substituted arylborate salts could undergo formation of 
(hetero)biaryls, triggering the key 1,2-metallate rearrangement step under electrochemical 
oxidation.6,7,8 
 

 
 
First, a novel and practically simple access to tetraarylborates will be described, providing a 
new library of heterosubstituted structures. 
 
Second, the chemoselectivity of the electrocoupling reaction will be discussed, as well as its 
currents applicability and limitations.9,10 ,11 

  

 
1 A. Music, C. Hoarau, N. Hilgert, F. Zischka, D. Didier Angew. Chem. Int. Ed. 2019, 58, 1188-1192. 
2 A. N. Baumann, M. Eisold, A. Music, G. Haas, Y. M. Kiw, D. Didier Org. Lett. 2017, 19, 5681-5684. 
3 M. Eisold, D. Didier Angew. Chem. Int. Ed. 2015, 54, 15884-15887. 
4 A. Baumann, A. Music, K. Karaghiosoff, D. Didier Chem. Commun. 2016, 52, 2529-2532. 
5 M. Eisold, D. Didier Org. Lett. 2017, 19, 4046-4049. 
6 D. H. Geske J. Phys. Chem. Soc. 1975, 97, 4264−4268. 
7 S. B. Beil, S. Möhle, P. Enders, S. R. Waldvogel Chem. Commun. 2018, 54, 6128−6131. 
8 C. Gerleve, A. Studer Angew. Chem. Int. Ed. 2020, 59, 15468-15473. 
9 A. Music, A. N. Baumann, P. Spieß, A. Plantefol, T. Jagau, D. Didier J. Am. Chem. Soc. 2020, 142, 4341-4348. 
10 A. N. Baumann, A. Music, J. Dechent, N. Müller, T. C. Jagau, D. Didier Chem. Eur. J. 2020, 26, 8382-8387. 
11 A. Music, C. M. Nuber, Y. Lemke, P. Spieß, D. Didier Org. Lett. 2021, 23, 4179-4184. 
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OC02 
2-Amido-acroleins as a versatile platform for the synthesis 

of poly-functionalized silicon containing heterocycles 
Stéphane Golling1, Frédéric R. Leroux1, Morgan Donnard*1 

1 Université de Strasbourg, CNRS, Université de Haute-Alsace (LIMA UMR 7042), École Européenne de Chimie, 
Polymères et Matériaux (ECPM), F-67000 Strasbourg, France 

stephane.golling@etu.unistra.fr  
 
 

2-Amino-acroleins are valuable building blocks that have not been sufficiently studied due to 
the lack of efficient, selective, and versatile synthetic methods, especially when 
tetrasubstituted ones are targeted.  
In this context and inspired by a previous work reported by Fukumoto,1 we have recently 
developed the first rhodium-catalyzed silylformylation applied to ynamides. To make this 
approach practically easy to implement in any laboratory, isocyanides were used as a 
substitute of carbon monoxide. After optimization, we demonstrated that this reaction is fully 
regioselective towards 2-amido-acroleins and almost always stereoselective for the syn-
addition product (isomer E). Different functional groups on the ynamide, silane and isocyanide 
are tolerated leading to a high degree of diversity on the final compound. These products can 
be easily converted to vinyl bromide, allylic alcohol, amine and diene.2 As part of our interest 
in the synthesis of sila-heterocycles,3 we subjected these 2-amido-acroleins to an 
intramolecular Friedel-Crafts reaction leading to the formation of poly-functionalized amido-
benzosilines.4 These molecules are analogs of sila-rhodamines and they exhibit interesting 
luminescent properties that can be easily tuned by changing the electronic nature of the 
different substituents on the 2-amido-acroleins.  

  
 

1 Fukumoto, Y.; Hagihara, M.; Kinashi, F.; Chatani, N. Switch in Stereoselectivity Caused by the Isocyanide 
Structure in the Rhodium-Catalyzed Silylimination of Alkynes. J. Am. Chem. Soc. 2011, 133, 10014–10017. 
2 Golling, S.; Leroux, F. R.; Donnard, M. Versatile Access to Tetrasubstituted 2-Amidoacroleins through Formal 
Silylformylation of Ynamides. Org. Lett. 2021, 23, 8093–8097. 
3 Wagner, P.; Gulea, M.; Suffert, J.; Donnard, M. Synthesis of Benzo[c]Silole Derivatives Bearing a Tetrasubstituted 
Exocyclic C=C Double Bond by Palladium-Catalyzed Domino Reactions. Chem. Eur. J. 2017, 23, 7458–7462. 
4 Unpublished results. 
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First Total Synthesis Of Chaxalactin B 

Ophélie Montiège1, Axelle Berrou1, Catherine Gaulon-Nourry1, Anne-Sophie Castanet1, 
Anne-Caroline Chany1 

1 Institut des Molécules et Matériaux du Mans, IMMM UMR 6283 CNRS, Le Mans Université, Avenue Olivier 
Messiaen, 72085 Le Mans CEDEX 9, France 

ophelie.montiege@univ-lemans.fr 
 
 

Chaxalactins A, B and C are 22-membered macrolactones isolated in 2011 from a strain called 
Streptomyces sp. C34, collected in hyper-arid Atacama Desert (North of Chili).1 The complex 
structure of these molecules coupled with their interesting antibiotic and potential antitumor 
activities makes this family of molecules synthetically challenging important targets. Despite 
their interest, no total synthesis of these compounds has been reported so far. The aim of this 
project is to synthesise for the first time chaxalactins A, B and C and related analogues. 
Chaxalactins could be obtained by a Suzuki coupling between the C1-C9 and C10-C25 
fragments, followed by a macrolactonization reaction. The C10-C25 fragment could be 
prepared from the C13-C25 fragment using a Marshall allenylation key step to introduce and 
control the C12, C13 stereocenters. The C13-C25 fragment could in turn be obtained by a Stille 
coupling between the C13-C17 and C18-C25 fragments.  
 

 
 
In this communication, we will report the first total synthesis of chaxalactin B and the synthesis 
of an advanced intermediate of chaxalactin A. The first biological evaluation will also be 
presented. 
  

 
1 M. E. Rateb, W. E. Houssen, W. T. A. Harrison, H. Deng, C. K. Okoro, J. A. Asenjo, B. A. Andrews, A. T. Bull, M. 
Goodfellow, R. Ebel, M. Jaspars, J. Nat. Prod. 2011, 74, 1965. 
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Azobenzene photoswitches are widely used to tune the properties of biomolecules, catalysts 
or materials, using light as an external stimulus.1 Especially, the range of structural and 
photophysical properties of azobenzene photoswitches could be extended significantly with 
the development of cyclic species. For example, eight-membered ring azobenzenes called 
diazocines have been extensively studied the past decade.2 Nevertheless, only two studies 
have reported the synthesis of nine-membered cyclic azobenzenes.3 
In this context, we have developed a new family of cyclic, C2-symmetric photoswitchable 
molecules, the 13-dihydro-11H-dibenzo[c,h][1,2,6]triazonines. These nine-membered cyclic 
azobenzenes display a nitrogen function in the saturated ring chain. Their properties, i.e. E-
preference combined with bistability over a large temperature range, nicely complement the 
properties of the known acyclic azobenzenes and diazocines. The specific features of these 
compounds are (i) a preferred E-configuration, (ii) nearly quantitative bi-directional 
photoswitching, (iii) high thermal stability of both E- and Z-forms.4 

 
We used this new backbone to synthesize the corresponding diphosphines and bimetallic gold 
(I) complexes. These new photoswichable catalysts, which retain the intrinsic properties of 
the triazonine backbone, have been used in selected reactions to evaluate their catalytic 
activities. 
  

 
1 (a) L. Dong, Y. Feng, L. Wang and W. Feng, Chem. Soc. Rev., 2018, 47, 7339; (b) I. M. Welleman, M. W. H. 
Hoorens, B. L. Feringa, H. H. Boersma and W. Szymański, Chem. Sci., 2020, 11, 11672; (c) R. Göstl, A. Senf 
and S. Hecht, Chem. Soc. Rev., 2014, 43, 1982; (d) F. Medici, N. Goual, V. Delattre, A. Voituriez and A. 
Marinetti, ChemCatChem, 2020, 12, 5573. 
2 (a) R. Siewertsen, H. Neumann, B. Buchheim-Stehn, R. Herges, C. Naether, F. Renth and F. Temps, J. Am. Chem. 
Soc., 2009, 131, 15594; (b) M. Hammerich, C. Schuett, C. Staehler, P. Lentes, F. Roehricht, R. Hoeppner and R. 
Herges, J. Am. Chem. Soc., 2016, 138, 13111. 
3 (a) M. Saha, S. Ghosh and S. Bandyopadhyay, New J. Chem., 2018, 42, 10784; (b) M. S. Maier, K. Hüll, M. 
Reynders, B. S. Matsuura, P. Leippe, T. Ko, L. Schäffer and D. Trauner, J. Am. Chem. Soc., 2019, 141, 17295. 
4 N. Goual, L. Casimiro, V. Delattre, P. Retailleau, S. Maisonneuve, N. Bogliotti, R. Métivier, J. Xie, A. Marinetti and 
A. Voituriez, Chem. Commun., 2021, 57, 10079. 
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O-centered radicals play a central role in many natural processes, from atmospheric chemistry 
to biology.1 In organic synthesis, by contrast with their C-centered analogs, they are regarded 
as highly reactive intermediates, which are essentially prone to undergo b-scission or HAT 
processes, furnishing eventually a more stable C-centered radical. Recently, our group has 
been interested in new alkoxylation reactions, by trapping these O-centered radical species 
with efficient radical acceptors in order to create new C-O bonds.2 In particular, we were able 
to synthesize a wide range of new a-alkoxylated ketones and amides which are otherwise 
difficult to access (Scheme 1, left).3 In addition, in collaboration with the groups of Pr. A. Togni 
(ETH Zurich) and Dr. L. Dell’Amico (University of Padova), a methodology to prepare a-
trifluoromethoxylated carbonyls could also be successfully developed (Scheme 1, right).4 
Although quite similar, in-depth mechanistic studies showed a quite distinct mechanism 
between both protocols, which will be presented herein together with their scope and 
limitations. 
 

 
Scheme 1 

  

 
1 Suárez, E.; Rodriguez, M. S. Radicals in Organic Synthesis; Renaud, P.; Sibi, M. P.; Wiley-VCH: Weinheim, 2001. 
2 a) Barthelemy, A.-L.; Tuccio, B.; Magnier, E.; Dagousset, G. Angew. Chem. Int. Ed. 2018, 57, 13790; b) 
Barthelemy, A.-L.; Tuccio, B.; Magnier, E.; Dagousset, G. Synlett 2019, 30, 1489. 
3 Banoun, C; Bourdreux, F; Magnier, E; Dagousset, G. Org. Lett. 2021, 23, 8926. 
4 Duhail, T.; Bortolato, T.; Mateos, J.; Anselmi, E.; Jelier, B.; Togni, A.; Magnier, E.; Dagousset, G.; Dell’Amico, L. 
Org. Lett. 2021, 23, 7088. 
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The stereocontrol of chiral tertiary alcohols and quaternary stereocenters represent a 
recurrent challenges in organic synthesis. In our laboratory, we elaborated a simple, efficient, 
and indirect strategy to enantioselectively prepare both of these challenging targets through 
a chiral isothiourea* catalyzed selective acylation of adjacent secondary alcohols. This 
transformation enables the kinetic resolution (KR) of easily prepared racemic 
diastereoenriched precursors. In the first challenge, secondary/tertiary diols provided both 
monoesters and starting diols in highly enantioenriched forms (s-value>200).1 
In the second challenge, this indirect method was also used to control the quaternary centers, 
providing desired product with s value up to 185.2 
 
 

 
  

 
1 Desrues, T.; Liu, X.; Pons, J.-M.; Monnier, V.; Amalian, J.-A.; Charles, L.; Quintard, A.; Bressy, C. Indirect Tertiary 
Alcohol Enantiocontrol by Acylative Organocatalytic Kinetic Resolution. Org. Lett. 2021, 23, 4332–4336. 
2 Liu, X.; Pons, J.-M.; Monnier, V.; Charles, L.; Quintard, A.; Bressy, C. Enantiocontrol over Acyclic Quaternary 
Stereocenters by Acylative Organocatalyzed Kinetic Resolution. Eur. J. Org. Chem, 2022, e202101475. 
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The design and study of small organic molecules exhibiting circularly polarized luminescence 
emission (CPL-SOMs) has recently gained momentum, notably because such chiral molecules 
have a wide variety of potential applications in photonic and optical devices. These last five 
years, important efforts have been made in order to merge CPL emission properties with other 
particular photophysical phenomenon. Indeed, such a combination is mandatory to unlock 
the potential of CPL emitters in terms of application. Hence, CPL-SOMs displaying 
phosphorescence or aggregation induced emission properties has been recently developed. 
In this context, our group has pioneered the development of Chiral TADF materials, which is 
today the subject of numerous research works 1. Despite all the recent advances in this active 
domain of investigation, no molecular design allowing to combine CPL and Excited State 
Intramolecular Proton Transfer (ESIPT) fluorescence has been described until recently. ESIPT 
fluorophores display numerous interesting properties, such as large Stoke-shift or dual 
emission properties. Due to these particular characteristics, ESIPT fluorophores have found 
applications in a large number of domains such as Biology for sensing purposes or in Material 
Science as emissive dopants in OLED 2.  In this presentation, I will describe the first molecular 
design allowing to gain access to ESIPT fluorophores with CPL emission 3. In this new class of 
emitters, the chiroptical activity originates from a chiral excitonic coupling induced by the 
tethering of two ESIPT fluorophores via a readily accessible 1,2-transdiaminocyclohexane 
scaffold. Using this approach has notably allowed to synthesize in one step a CPL molecule 
displaying very large Stoke shifts (up to 222 nm in toluene solution) and one of the rare 
example of CPL active dual-emission materials. 
 

  
 

1 Frédéric, L.; Desmarchelier, A.; Favereau, L.; Pieters, G. Designs and Applications of Circularly Polarized 
Thermally Activated Delayed Fluorescence Molecules. Adv. Funct. Mater. 2021, 31 (20), 2010281. 
2 Padalkar, V. S.; Seki, S. Excited-State Intramolecular Proton-Transfer (ESIPT)-Inspired Solid State Emitters. Chem. 
Soc. Rev. 2016, 45 (1), 169–202. 
3 Coehlo, M.; Clavier, G.; Pieters, G. Excited State Intramolecular Proton Transfer Based Fluorophores with 
Circularly Polarized Luminescence Emission. Adv. Opt. Mater. 2022, 10 (4), 2101774. 
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Olefin cross metathesis is one of the most powerful and convenient approaches for the 
forming of carbon-carbon double bonds. The stereoselectivity of the alkenes are mainly 
governed by the structure of the catalyst.1 For instance, benzylidene-[1,3-bis(2,4,6-
trimethylphenyl)imidazolidin-2-ylidene]-dichloro-ruthenium (1), commonly known as Grubbs 
second generation catalyst, is known to lead to the exclusive formation of E-alkenes (Figure 1).  
In this communication, we show that the challenging contra-thermodynamic Z-isomers can 
easily be obtained by simply combining the metathesis catalyst (1) with a well-designed 
photocatalyst under blue light irradiation. The scope and limitations of this unprecedented 
approach are discussed based on both computational and experimental mechanistic 
experiments (Figure 2).2 

 
Figure1. 

  

 
1 For selected reviews, see: (a) A. H. Hoveyda, R. K. M. Khan, S. Torker and S. J. Malcolmson, Handbook of 
Metathesis, Wiley, Hoboken, 2015, pp. 503–562; (b) M. B. Herbert and R. H. Grubbs, Angew. Chem. Int. Ed. 2015, 
54, 5018–5024. 
2 S. Chérif, A. Ghosh, S. Chelli, I. Dixon, J. Kraiem, S. Lakhdar, submitted. 
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Weak-field N-based ligands such as 1,10-phenanthrolines or 2,2’-bipyridines are ubiquitous in 
iron coordination chemistry, yielding well-known FeII and FeIII complexes. However, much less 
is known regarding the coordination chemistry of analogous complexes with similar ligands 
associated to lower oxidation states, e.g. Fe0 or FeI. The related complexes are highly unstable, 

the non-innocence of those weak-
field ligands allowing easy 
electron-transfer processes within 
the ligand (Figure 1, top) leading to 
decomposition paths.1 In this work, 
we demonstrate that the use of 
modified phenanthrolines (N,N) 
involving sterically hindered 
groups at the C4 and C7 positions 
strongly stabilizes new neutral 
complexes (N,N)2Fe, which were 
structurally characterized. A 
thorough investigation by 
Mössbauer spectroscopy, SQUID 
magnetometry and Magnetic 
Circular Dichroism (MCD) clearly 

shows a non-innocent behavior of the (N,N) ligand, the steric pressure at the C4 / C7 positions 
protecting the excess of electronic density brought by iron-to-ligand backbonding (Figure 1, 
bottom). A remarkable consequence of this steric blocking is the subsequent enhanced 
thermal and temporal stabilities of (N,N)2Fe in solution. Catalytic applications will be 
discussed, including promising performances of this complex as a cheap and non-toxic catalyst 
for [2+2+2] alkyne cyclotrimerization.2 
 
  

 
1 For classic examples of stable non-innocent iron complexes, see Bart, S. C.; Chlopek, K.; Bill, E.; Bouwkamp, M. 
W.; Lobkovsky, E.; Neese, F.; Wieghardt, K.; Chirik, P. J. J. Am. Chem. Soc. 2006, 128, 42, 13901-13912 and Doll, 
J. S.; Eichelmann, R.; Hertwig, L. E.; Bender, T.; Kohler, V. J.; Bill, E.; Wadepohl, H.; Rosca, D.-A. ACS Catalysis, 
2021, 11, 9, 5593-5600. 
2 Lefèvre, G.; Neidig, M. L. et al. manuscript in progress. 

 
Figure 1. (top) LUMO+1 level of 1,10-phen; (bottom) 
steric protection of electron transfer in new (N,N)2Fe 
species discussed in this work.   
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The characterization of cellular pathways that regulate virus internalization and pathogenesis 
in host human cells is essential for the discovery of exploitable cellular drug targets. 
Flaviviruses (Denv, Zika, etc) and Influenza A virus remain a serious threat to human health. 
These viruses typically enter cells through a common pathway, endocytosis, and rely on the 
acidification of the endosome to fuse with the endosomal membrane and release their RNA 
genome into the cytoplasm, which then allows the replication of the virus and further 
infection. Interestingly, the natural product nanchangmycin was shown to inhibit the 
endocytosis of these viruses and viral infection, however, the mechanism of action is 
unknown.1  
 
To identify the molecular(s) target(s) of nanchangmycin, we applied an affinity-based 
proteome profiling approach that has been extensively used to identify cellular targets of 
bioactive molecules. The method is based on a photoaffinity probe able to crosslink and label 
with an alkyne tag the protein target(s) of nanchangmycin. The alkyne tag can be used to add 
an azido-biotin via Copper-catalyzed azide-alkyne cycloaddition (“click”) and further enrich 
nanchangmycin targets on streptavidin beads to facilitate their identification by mass-
spectrometry based proteomics. 
We will describe the synthesis and validation of this probe, as well as its use in quantitative 
proteomic experiments to map the protein targets of nanchangmycin in a human cell line. We 
will particularly study how the target(s) of nanchangmycin are linked to endocytosis and viral 
infection. These results will allow us to decipher the mode of action of nanchangmycin and 
might reveal novel antiviral drug targets. 
 

 
  

 
1 Rausch, K.; Hackett, B. A.; Weinbren, N. L.; Reeder, S. M.; Sadovsky, Y.; Hunter, C. A.; Schultz, D. C.; Coyne, C. 
B.; Cherry, S. Cell Rep. 2017, 18 (3), 804–815 
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γ-Lactones and γ-lactams are very common structural motifs in bioactive natural products, 
however, their stereoselective synthesis are scarce, especially when highly substituted.1 In 
2018, our group disclosed an acid-catalysed, stereodivergent approach for the synthesis of 
1,4-dicarbonyls from ynamides and vinyl sulfoxides via [3,3]-sigmatropic rearrangement.2,3 All 
four possible stereoisomers can be obtained using this method. Whereas the geometry of the 
double bond of the vinyl sulfoxide dictates the relative configuration of the two stereocenters 
formed in the reaction, the absolute configuration of the sulfur atom is responsible for the 
enantioselectivity. 
With an easy access to well stereodefined 1,4-dicarbonyl in hand, we anticipated that 
stereoselective addition of a nucleophile would trigger a cyclisation, leading to valuable 
γ-lactones. We developed methods to introduce various nucleophiles such as hydride (A), 
carbon nucleophile (B) and alkoxy (C). Alternatively, pre-treatment of a 1,4-dicarbonyl with an 
amine followed by nucleophile addition of a nucleophile led to the formation of γ-lactams (D). 
Overall, highly decorated γ-lactones and γ-lactams were obtained in good to excellent yields 
and with high stereoselectivities, hence tackling a major synthetic challenge. 
 

 
  

 
1 Janecki, T. Natural lactones and lactams: synthesis, occurrence and biological activity; Wiley-VCH, 2014. 
2 Kaldre, D.; Klose, I.; Maulide, N. Science 2018, 361, 664 – 667. 
3 Huang, X.; Klimczyk, S.; Maulide, N. Synthesis 2012, 2, 175 – 183. 
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Metal hydrides are usually very reactive key intermediates in catalytic cycles.1 Our group has 
been working on well-defined low-valent cobalt hydride complexes bearing simple 
trimethylphosphine ligands. We have shown that these types of complexes are very efficient 
for various reactions such as C―H bonds activation,2 alkynes hydrosilylation and 
hydroboration3 and more recently imines hydrosilylation.4 In this communication, we will 
show that these robust catalytic conditions, that tolerate a various range of protecting groups 
and silanes, can be extended to N-heteroarenes.5 In the literature few examples of selective 
1,2-hydroboration have been reported, even less for hydrosilylation, and scarce are using non-
noble metals.6 To the best of our knowledge, this is the first example of selective 
dearomatization of quinolines and pyridines catalyzed by cobalt complexes. 

 

 
 

The difference of catalytic activity between two cobalt hydrides will be discussed when using 
either hydrosilane or hydroborane that lead to two distinct products. New bis-borylated 
substrates were obtained and post-transformations were carried out in order to demonstrate 
their synthetic applications.7 Mechanistic insights have also been conducted and we will 
present the synthesis and isolation of diverse new silyl dihydride cobalt (III) complexes whose 
structure have been confirmed by X-Ray analysis. In addition, stoichiometric experiments, 
characterization of key metallic intermediates and NMR monitoring have been carried out to 
go further.  

 
1 Morris, R. H. Hydride Complexes of the Transition Metals. Encyclopedia of Inorganic and Bioinorganic Chemistry, 
R.A. Scott (Ed.), 2018, 1. 
2 Fallon, B.J.; Derat, Amatore, M.; Aubert, C.; Chemla, F.; Ferreira, F.; Perez-Luna, A.; Petit, M. J. Am. Chem. Soc., 
2015, 137, 2448. 
3 a) Rivera-Hernández, A.; Fallon, B. J.; Ventre, S.; Simon, C.; Tremblay, M.; Gontard, G.; Derat, E.; Amatore, M.; 
Aubert, C.; Petit, M. Org. Lett., 2016, 18, 4242. b) Ferrand, L.; Lyu, Y.; Rivera-Hernández, A.; Fallon, B. J.; Amatore, 
M.; Aubert, C.; Petit, M. Synthesis 2017, 49, 3895. 
4 Bories, C. C.; Barbazanges, M.; Derat, E.; Petit, M. ACS Catal., 2021, 11, 14262. 
5 Manuscript submitted. 
6 Park, S.; Chang, S. Angew. Chem. Int. Ed., 2017, 56, 7720. 
7 Unpublished results. 
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Azomethine imines (AI) are versatile dipoles historically involved into cycloadditions and 
nucleophilic addition reactions of anionic species, towards the construction of valuable cyclic-
hydrazine derived products.1 However, radical-based transformations of Dorn-Otto type 
azomethine imines 2 were only recently explored by visible-light photoredox catalysis.2,3 In 
that context, few examples of a chiral C5-substituted azomethine imines were reported and 
low or undefined diastereoisomeric ratios were described. 
 

 
Diastereoselectives radical addition to azomethine imine by electrosynthesis. 

We envisaged an alternative approach to provide original pyrazolidinones 3 with high 
diastereoisomeric ratios from chiral azomethine imines 2 using electrochemical conditions. 
Our strategy consists in the use of N-(acyloxy)phthalimides (NHPs) 1 as versatile radical 
precursors upon a decarboxylative cathodic reductive SET event.4 Thereby, an efficient 
addition reaction of various alkyl radicals to such dipoles (up to 85% yield) in a stereoselective 
fashion (up to 95:5 dr) will be presented.5 
  

 
1 (a) Qiu, G.; Kuang, Y.; Wu, J. Adv. Synth. Catal., 2014, 356. (b) Nájera, C.; Sansano, J. M.; Yus, M. Org. Biomol. 
Chem., 2015, 13, 8596. (c) Grošelj, U.; Požgan, F.; Štefane, B.; Svete, J. Synthesis, 2018, 50, 4501. (d) Deepthi, A.; 
Thomas, N. V.; Sruthi, S. L. New J. Chem., 2021, 45, 8847. 
2 Xia, P. J.; Ye, Z. P.; Song, D.; Ren, J. W.; Wu, H. W.; Xiao, J. A.; Xiang, H. Y.; Chen, X. Q.; Yang, H. Chem. Commun., 
2019, 55, 2712. 
3 (a) Matsuo, B. T.; Correia, J. T. M.; Paixao, M. W. Org. Lett., 2020, 22, 7891. (b) Matsuo, B. T.; Oliveira, P. H. R.; 
Correia, J. T. M.; Paixao, M. W. Org. Lett., 2021, 23, 6775. 
4 Claraz, A.; Masson, G. ACS Organic & Inorganic Au 2021, 2, 126. 
5 Leleu, L; Martzel, T.; Fall, A.; Sanselme, M.; Levacher, V.; Oudeyer, S.; Brière, J. F. Chem. Commun., 2022, 58, 
6100. 
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The design of site-selective C(sp3)–H functionalization reactions is a great challenge with 
important applications in synthesis and medicinal chemistry.1 A first approach to meet this 
goal relies on directed functionalization reactions through the use of coordinating groups or 
intramolecular reactions. By contrast, in the case of undirected C(sp3)−H functionalization 
reactions, the site-selectivity is often governed by the innate reactivity of the substrate, 
particularly by the C−H bond dissociation energies (BDEs).2 Despite their efficiency, both 
strategies suffer from limitations with many C-H bonds remaining inaccessible. 
Catalyst-controlled site-selective C(sp3)–H functionalization reactions is a third strategy that 
has recently emerged to go beyond the limitations of substrate-controlled reactions.3 In this 
context, our group recently initiated studies to address the issue of the selective 
intermolecular amination of unactivated tertiary C(sp3)−H bonds (BDE of 96 kcal·mol−1) bonds 
in the presence of an activated benzylic site (BDE of 85 kcal·mol−1) through the search for new 
reagents and catalysts. In this communication, we thus will describe the discovery of a highly 
discriminating rhodium-bound nitrene species resulting from the synergistic combination of a 
dirhodium(II) complex and a sulfamate.4 These reagents allow to go beyond the BDE-driven 
reactivity of C-H bonds and convert selectively tertiary C(sp3)−H bonds to afford α,α,α-
trisubstituted amides in high yields. The scope of the reaction, its application to the late-stage 
amination of complex products, and its possible extension to the more challenging selective 
functionalization of linear alkyl chains will be reported. 

  

 
1 Godula, K.; Sames, D. C-H Bond Functionalization in Complex Organic Synthesis. Science 2006, 312 (5770), 67–
72. https://doi.org/10.1126/science.1114731. 
2 White, M. C. Adding Aliphatic C–H Bond Oxidations to Synthesis. Science 2012, 335 (6070), 807–809. 
https://doi.org/10.1126/science.1207661. 
3 Hartwig, J. F. Catalyst-Controlled Site-Selective Bond Activation. Acc. Chem. Res. 2017, 50 (3), 549–555. 
https://doi.org/10.1021/acs.accounts.6b00546. 
4 Brunard, E.; Boquet, V.; Van Elslande, E.; Saget, T.; Dauban, P. Catalytic Intermolecular C(Sp3)–H Amination: 
Selective Functionalization of Tertiary C–H Bonds vs Activated Benzylic C–H Bonds. J. Am. Chem. Soc. 2021, 143 
(17), 6407–6412. https://doi.org/10.1021/jacs.1c03872. 
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Gold(I) complexes can hardly perform oxidative additions with alkynyl and aryl halides in 
cross-coupling reactions due to a high Au(I)/Au(III) redox potential1. To address this issue, 
some strategies have been considered, including the use of an external strong oxidant2 or a 
set of bidentate hemilabile ligands3, likely to enhance the bi-electron oxidation. However, this 
issue remains challenging nowadays and, in this context, the photoactivation of a metallic 
centre represents an elegant solution4. Therefore, our team developed in 2019 an iridium 
photocatalyzed alkylynative cyclization of o-ethynyl-phenol to form branched benzofurans5. 

Recently, to explore the scope of this reactivity, we approached the behavior of o-ethynyl-
tosylanilines in similar conditions6. Surprisingly, we discovered that, for this substrate, the 
photosensitization of the intermediate vinylgold(I) occurs without exogenous photocatalyst 
but through a photoactive reactant formed by the smooth deprotonation of the aniline. The 
related salt can form a photosensitive aggregate likely to absorb the light of the blue LEDs and 
promote the gold(I) complex into an excited state able to achieve the oxidative addition with 
the alkyne iodine. 
 

 
 
1 

  

 
1 Hopkinson, M., N., Tlahuext-Aca, A. & Glorius, F. Acc. Chem. Res. 2016, 49, 2261-2272.; 2 Hopkinson, M., N., Gee, 
A., D. & Gouverneur, V., Chem. Eur. J. 2011, 17, 8248-8262.; 3 Rigoulet, M., Boullay, O. T. du, Amgoune, A. & 
Bourissou, D. Angew. Chem. Int. Ed., 2020, 59, 16625–16630.; 4 Sadek, O., Abdellaoui, M., Millanvois, A., Ollivier, 
C. & Fensterbank, L. Photochem. Photobiol. Sci. 2022, https://doi.org/10.1007/s43630-022-00181-8.; 5 Xia, Z., 
Corcé, V., Zhao, F., Przybylski, C., Espagne, A., Jullien, L., Saux, T. L., Gimbert, Y., Dossmann, H., Mouriès-Mansuy, 
V., Ollivier, C. & Fensterbank, L. Nat. Chem. 2019, 11 ,797–805; 6 Zhao, F. , Abdellaoui, M., Hagui, W., Ballarin-
Marion, M., Berthet, J., Corcé, V., Delbaere, S., Espagne, A., Forté, J., Jullien, L., Le Saux, T., Mouriès-Mansuy, V., 
Ollivier, C. & Fensterbank, L. Nat. Commun. 2022, 13, 2295. 
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Organic cyclic carbonates are currently the subject of intense research due to their interesting 
applications in polymers, electrolytes, building-blocks and solvents.[1] One of the most direct 
ways to prepare organic cyclic carbonates is through the reaction of epoxides and CO2, giving 
the desired species with 100% atom economy. A lot of catalytic systems were reported for 
this reaction, including homogeneous or heterogeneous, organic or organometallic species, 
which all have inherent advantages and drawbacks.[2] 
In this context, we have developed original thermomorphic polyethylene-supported 
organocatalysts. The thermomorphic support allows the organocatalyst to combine the 
advantages of homogeneous (high catalytic activity, low loading) and heterogeneous (easy 
purification, recyclability) catalysis. 

 

 
These organocatalysts were successfully applied to the preparation of carbonates from 
epoxides and CO2,[3] including vegetable oil derivatives.[4] More recently, they were also used 
to prepare vinylene carbonates from benzoins/acyloins using diphenyl carbonate as a 
carbonyl source.[5] In this case, the thermomorphic catalyst was recycled over 5 runs to 
prepare +30 g of product showing its interest on the preparative scale.  

 
1 Sakakura, T.; Kohno, K. Chem. Commun. 2009, 1312–1330. 
2 For a recent review, see: Aomchad, V.; Cristòfol, À.; Della Monica, F.; Limburg, B.; D'Elia, V.; Kleij, A. W. Green 
Chem. 2021, 23, 1077–1113. 
3 Grollier, K.; Vu, N. D.; Onida, K.; Akhdar, A.; Norsic, S.; D’Agosto, F.; Boisson, C.; Duguet, N. Adv. Synth. Catal. 
2020, 362, 1696–1705. 
4 Akhdar, A.; Onida, K.; Vu, N. D.; Grollier, K.; Norsic, S.; Boisson, C.; D’Agosto, F.; Duguet, N. Adv. Sustainable 
Syst. 2021, 5, 2000218. 
5 a) Onida, K.; Haddleton, A. J.; Norsic, S.; Boisson, C.; D’Agosto, F.; Duguet, N. Adv. Synth. Catal. 2021, 363, 5129– 
5137; b) Onida, K.; Ibrahimli, L.; Duguet, N. Eur. J. Org. Chem. 2022, e202200153. 
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Fatty acids are omnipresent in biological systems, with applications in the fields of lipidomics 
and metabolomics, as well as in human nutrition research. They are also widely used in the 
production of materials, for example as surfactants in nanoparticles syntheses. Yet, several 
questions regarding their structure and reactivity remain, including their mode of binding to 
some metal cations or their mode of interaction at the surface of (nano)materials.  
17O isotopic labeling is a potentially powerful approach to access this type of information using 
NMR, yet, until recently,17O NMR spectroscopy had not yet been used for studying complex 
fatty-acid systems. Indeed, previously described 17O labeling protocols were not only rare and 
costly, but also suffered from long reaction times, experimental constraints and/or poor 
experimental description. As an answer to this situation, we have developed user-friendly and 
cost-efficient protocols for the labeling of fatty acids using mechanochemistry.1 Here, ball 
milling enabled to introduce 17O into fatty acids using minimal amounts of costly 17O-labeled 
water. This labeling strategy was then used to reach unprecedented insight into the structure 
of 17O-enriched fatty-acid based (nano)materials.2 

  
 

1 Špačková, J.; Fabra, C.; Cazals, G.; Hubert-Roux, M.; Schmitz-Afonso, I.; Goldberga, I.; Berthomieu, D.; Lebrun, 
A.; Métro, T.-X.; Laurencin, D. Cost-efficient and user-friendly 17O/18O labeling procedures of fatty acids using 
mechanochemistry. Chem. Commun. 2021, 57, 6812-6815, 10.1039/d1cc02165f. 
2 Špačková, J.; Fabra, C.; Mittelette, S.; Gaillard, E.; Chen, C.-H.; Cazals, G.; Lebrun, A.; Sene, S.; Berthomieu, D.; 
Chen, K.; Gan, Z.; Gervais, C.; Métro, T.-X.; Laurencin, D. Unveiling the Structure and Reactivity of Fatty-Acid 
Based (Nano)materials Thanks to Efficient and Scalable 17O and 18O-Isotopic Labeling Schemes. J. Am. Chem. Soc. 
2020, 142, 21068-21081, 10.1021/jacs.0c09383. 
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Photodynamic therapy (PDT) is a medical treatment using the light in combination with a 
photosensitizer (PS) and molecular oxygen (3O2) against cancers and microbial infections.1,2 
The therapeutic effects of PDT derive from the absorption of light by the PS, which, reacting 
with 3O2, produces singlet oxygen (1O2) and other reactive oxygen species (ROS) causing cell 
death, vessel damage and an inflammatory and immune response.[1],[2] Nowadays, although 
its minimal systematic invasiveness and toxicity, PDT is used as complementary to other 
established therapeutic solutions, such as radiotherapy, chemotherapy or surgery.3As part of 
the laboratory’s interest in developing new dyes for biological, material and medical  
applications,4 we propose the development of new photosensitizing platforms 1) synthetically 
versatile, 2) toxic only in response to specific intracellular stimuli or to targeted biomolecules 
and 3) able to absorb simultaneously two photons.5 Previous investigations on the use of the 
pyrrolyldipyrrin scaffold for breast cancer-targeted PDT6 will be presented as well as the 
current research on new difluoroboron-based fluorophores as potential organic PS. 
 
 

Figure 1. Selected platforms for the development of PS for targeted PDT. 
 
 
  

 
1 Dolmans, D. E. J. G. J. et al. Nat. Rev. Cancer 2003, 3, 380. 
2 Van Straten, D. et al. Cancers 2017, 9. 
3 Monro, S. et al. Chem. Rev. 2019, 119, 797. 
4 Among the most recent publications: a) Ceugniet, F. et al Chem. Eur. J. 2022, 28, e202200130; b) Stoerkler, T. 
et al. Molecules 2022, 27, 2443; c) Munch, M. et al. Org. Biomol. Chem. 2022, 20, 4640; d) Durko-Maciag, M. et 
al. Chem. Eur. J. 2022, doi: 10.1002/chem.202201327. 
5 a) Starkey, J. R. et al. Clin. Cancer Res. 2008, 14, 6564; b) Pawlicki, M. et al. Angew. Chem. Int. Ed. 2009, 48, 
3244. 
6 Savoie, H. et al. Photochem. Photobiol. Sci. 2018, 17, 599. 
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Gene therapy is a crucial scientific field we must further develop, and the Covid-19 crisis only 
confirms it. Viruses are known to be highly effective genetic material vectors. Among them, 
the tobacco mosaic virus (TMV) whose coat proteins can self-assemble in a cooperative 
hierarchical co-assembly with RNA, inspired our group to design a synthetic artificial virus 
based on cyclodextrins (CD). 
We synthesized adamantyl-functionalized CD 1 and demonstrated its ability to self-assemble 
into a supramolecular polymer. We then showed that CD 1 could induce transfection of 
nucleic acids (NA).1 To understand its mode of assembly we studied the CD 1/DNA mixture by 
CryoEM. To our surprise and delight, we found that very long thin fibers were formed. We 
further proved that they contain many copies of double stranded DNA 18-mer, which are 
surrounded by self-assembled CD 1 a structure highly reminiscent of TMV. 
Amazingly, a slight change of structure of CD 1 into CD 2, where the adamantyl group is 
positioned in the center of the cavity induces a drastic modification of the assembly: tubes 
were obtained instead of fibers. (Fig 1) Now, we are studying this system and other CD 
variations with mRNA/DNA in terms of shape and size to optimize transfection of mRNA. 

 
Fig 1 : Control of the hierarchical co-assembly architecture built from different CD and double 

stranded DNA 18-mer  

 
1 P. Evenou, J. Rossignol, G. Pembouong, A. Gothland, D. Colesnic, R. Barbeyron, S. Rudiuk, A-G. Marcelin, M. 
Ménand, D. Baigl, V. Calvez, L. Bouteiller, M. Sollogoub, Angew. Chem. Int. Ed. 2018, 57, 7753-7758. 
PCT/EP2016/070892, 5th september 2016, WO/2018/041377, 8th mars 2018 

+

+

dsDNA 18mer

Great structural
change 

Slight monomer
modification

CD-NA
co-assembly

CryoEM
analysis

TUBES

FIBERS

≡

≡
dsDNA 18mer

CD 1

CD 2

40 nm

8 nm



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 74

ORAL COMMUNICATIONS

OC20 
In-cell synthesis of cytotoxic phenanthridine through 
bioorthogonal cyclization: the “Cycl’in-Cell” strategy 

Hichem Maslah1, Charles Skarbek1, Stéphanie Pethe1, Ludovic Jullien2, Thomas Le Saux2, 
Raphaël Labruère1 

1 Institut de chimie moléculaire et des matériaux d’Orsay, CNRS, Université Paris-Saclay, 91405, Orsay, France. 
2 PASTEUR, Département de chimie, École normale supérieure, PSL University, Sorbonne Université, CNRS, 24, 

rue Lhomond, 75005 Paris, France. 
raphael.labruere@universite-paris-saclay.fr 

 
 

Pharmacological inactivation of antitumor drugs toward healthy cells is a critical factor in 
prodrug development. Typically, pharmaceutical chemists graft temporary moieties to 
existing antitumor drugs to reduce their pharmacological activity as much as possible.1,2,3 

Here, we report a platform where the structure of the prodrug excludes the preexisting 
antitumor drug motif and is based on an inactive synthetic precursor able to generate the 
cytotoxic agent by bioorthogonal cyclization within a tumor environment. Using 
phenanthridines as cytotoxic model compounds, we designed ring-opened biaryl precursors 
that generated the phenanthridines through bioorthogonal irreversible imination. This 
reaction was triggered by reactive oxygen species, commonly overproduced in cancer cells,4 
able to convert a vinyl boronate ester function into a ketone that subsequently reacted with 
a pendant aniline. An inactive precursor was shown to engender a cytotoxic phenanthridine 
against KB cancer cells. Moreover, the kinetic of cyclization of this prodrug was extremely 
rapid (˂ 10 ms) inside living cells of KB cancer spheroids so as to circumvent drug action.5 The 
synthesis and in cellulo results of the phenanthridines and precursors will be described in this 
presentation. 
 
 

 
 

  

 
1 Denny, W. A. Eur. J. Med. Chem. 2001, 36, 577–595. 
2 Giang, I.; Boland, E. L.; Poon, G. M. K. AAPS J. 2014, 16 (5), 899–913. 
3 Singh, Y.; Palombo, M.; Sinko, P. J. Curr. Med. Chem. 2008, 15, 1802–1826. 
4 Maslah, H.; Skarbek, C.; Pethe, S.; Labruère, R. Eur. J. Med. Chem. 2020, 207, 112670. 
5 Maslah, H.; Skarbek, C.; Gourson, C.; Plamont, M.-A.; Pethe, S.; Jullien, L.; Le Saux, T.; Labruère R. Angew. Chem. 
Int. Ed. 2021, 60, 24043–24047. 
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Coordination to a transition metal is the way elected by Nature to achieve the transformation 
of the abundant but inert N2 molecule: within the active site of the nitrogenases, an FeS cluster 
binds N2 and allows its reduction to NH3.1 Inspired by the nitrogenase, chemists have been 
able to activate N2 within coordination complexes, eventually achieving catalytic reduction of 
N2 to NH3 under ambient conditions.2 N2-complexes have also shown reactivity going beyond 
NH3 synthesis, with the production of N-containing organic molecules (amines, nitriles, N-
heterocycles) from N2 through its activation to a metallic center.3 In these transformations, 
the N–C bond is almost exclusively built by the reaction of coordinated N2 with a C-
electrophile. Yet, a unique example of functionalization by a C-nucleophile (an organolithium 
reagent) has been proposed, involving the complex [CpMn(N2)(CO)2],4 leading to N2-derived 
azo compounds. Intrigued by this peculiar reactivity, we have carried out a mechanistic study 
combining experiment and DFT. We have devised a previously undetected intermediate that 
seems crucial for obtaining an N-containing compound. Besides, our data suggest that the 
direct attack of the C-nucleophile (RLi) on coordinated N2, initially proposed as a key step for 
N2 functionalization,4 is not likely to take place.5 
 

 
 
 
 
 
  

 
1 Seefeldt, L. C.; Yang, Z.-Y.; Lukoyanov, D. A.; Harris, D. F.; Dean, D. R.; Raugei, S.; Hoffman, B. M. Chem. Rev. 
2020, 120, 5082. 
2 Chalkley, M. J.; Drover, M. W.; Peters, J. C. Chem. Rev. 2020, 120, 5582. 
3 Kim, S.; Loose, F.; Chirik, P. J. Chem. Rev. 2020, 120, 5637. 
4 (a) Sellmann, D.; Weiss, W. Angew. Chem. Int. Ed. Engl. 1977, 16, 880; (b) Sellmann, D.; Weiss, W. Angew. Chem. 
Int. Ed. Engl. 1978, 17, 269. 
5 Le Dé, Q.; Bouammali, A.; Bijani, C.; Vendier, L.; del Rosal, I.; Valyaev, D.; Dinoi, C.; Simonneau, A. manuscript in 
preparation. 
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Over the years, fluorine-containing compounds have become essential in pharmaceuticals, 
agrochemicals and material sciences.1 Due to the remarkable properties of the fluorine atom 
or fluorinated groups, their incorporation onto molecules will modulate their physico-
chemical and biological properties, resulting in promising applications for new drug discovery 
for instance.2 In the past decade, particular attention was given to new sulfur-containing 
fluorinated groups for their unique features, such as an interesting lipophilicity and a strong 
withdrawing character.3a,b More recently, a strong interest has been shown on original 
fluoroalkylthiolated groups SCF2FG (FG = functional group).3b-g Although transition metal 
catalyzed direct C−H bond functionalization appeared to be a powerful tool for C-C, C-N or C-
O bond formation,4 the direct formation of a C(sp2)-SRf bond remains a challenging 
transformation. In this context, key players in the field have already developed methodologies 
for trifluoromethylthiolation and more recently difluoromethylthiolation of various classes of 
compounds.5 In this context, an original method for the direct regioselective C-H 
(ethoxycarbonyl)difluoromethylthiolation of 2-phenylpyridine and 2-vinylpyridine derivatives 
has been developed in our group.6 
 

  

 
1 (a) Gillis, E. P.; Eastman, K. J.; Hill, M. D.; Donnely, D. J.; Meanwell, N. A. J. Med. Chem. 2015, 58, 8315–8359. (b) 
M. Inoue, Y. Sumii, N. Shibata, ACS Omega 2020, 5, 10633–10640. 
2 O'Hagan, D. Chem. Soc. Rev. 2008, 37, 308–319. 
3 (a) Toulgoat, F.; Alazet, S.; Billard, T. Eur. J. Org. Chem. 2014, 2415–2428. (b) Xiong, H.-Y., Pannecoucke, X.; 
Besset, T. Chem. Eur. J. 2016, 22, 16734–16749. (c) Shen, F.; Zhang, P.; Lu, L.; Shen, Q. Org. Lett. 2017, 19, 
1032−1035. (d) Xiong, H.-Y. ; Bayle, A. ; Pannecoucke, X.; Besset, T. Angew. Chem. 2016, 128, 13688–13692. (e) 
Wang, J.; Xiong, H.-Y.; Petit, E.; Bailly, L.; Pannecoucke, X; Poisson, T.; Besset, T. Chem. Commun. 2019, 55, 8784–
8787. (f) Petit-Cancelier, F.; François, B.; Pannecoucke, X.; Couve-Bonnaire, S. ; Besset, T. Adv. Synth. Catal. 2020, 
362, 760–764. 
4 (a) Lyons, T. M.; Sanford, M. S. Chem. Rev. 2010, 110, 1147−1169. (b) Gandeepan, P.; Müller, T.; Zell, D.; Cera, G.; 
Warratz, S.; Ackermann, L. Chem. Rev. 2019, 119, 2192−2452. 
5 (a) Tran, L. D.; Popov, I.; Daugulis, O. J. Am. Chem. Soc. 2012, 134, 18237–18240. (b) Xu, C. ; Shen, Q. Org. Lett. 
2014, 16, 2046−2049. (c) Xu, J.; Chen, P.; Ye, J.; Liu, G. Acta Chim. Sinica 2015, 73, 1294–1297. (d) Wang, Q.; Xie, F.; Li, 
X. J. Org. Chem. 2015, 80, 8361–8366. (e) Zhao, Q.; Poisson, T.; Pannecoucke, X.; Bouillon, J.-P.; Besset, T. Org. Lett. 
2017, 19, 5106–5109. (f) Liu, X.-G.; Li, Q.; Wang, H. Adv. Synth. Catal. 2017, 359, 1942–1946. (g) Kesavan, A.; 
Chaitanya, M.; Anbarasan, P. Eur. J. Org. Chem. 2018, 3276–3279. (h) Zhao, Q.; Chen, M.-Y.; Poisson, T.; Pannecoucke, 
X.; Bouillon, J.-P.; Besset, T. Eur. J. Org. Chem. 2018, 6167–6175. (i) He, K.; Pan, F. J. Org. Chem. 2022, 87, 3135–3144. 
6 Doche, F. ; Escudero, J. ; Petit-Cancelier, F. ; Xiong, H.-Y. ; Couve-Bonnaire, S. ; Audisio, D. ; Poisson, T. ; Besset, 
T. Chem. Eur. J. 2022, doi.org/10.1002/chem.202202099. 
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Despite the prominence of phosphorus chemistry in modern science, phosphiranium salts 
remain elusive species although these strained rings constitute interesting building blocks 
with high synthetic potential for the direct incorporation of phosphino ethylene units in 
molecules. For long, these strained cyclic cationic species were only occasionally postulated 
as transient intermediates1 and even today, only a limited number of isolated and fully 
characterized phosphiranium salts is described.2 Their ring-opening has not been studied 
further with only a few examples of nucleophilic attack occurring exclusively on phosphorus.3  
 
Herein, we report our recent efforts to unveil the chemistry of these species, ranging from the 
preparation of new phosphiranium salts displaying an extended spectrum of reactivity to the 
development of unprecedented C-centered ring openings with nucleophiles.4  
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1 (a) Gundermann, K.-D.;Garming, A. Eur. J. Inorg. Chem.1969, 102,3023; (b) Denney, D.B.; Shih, L.S. J. Am. Chem. 
Soc. 1974, 96, 317; (c) Crews, P. J. Org. Chem. 1975, 40, 1170; (d) Lawrence, N.; Muhammad, F. Tetrahedron, 
1994, 35, 5903; (e) Krupski, S.; Kehr, G.; Daniliuc, C.G.; Erker, G. Chem. Commun. 2016, 52, 2695. 
2 (a) Hockless, D.C.; McDonald, M. A.; Pabel, M.; Wild, S. B. J. Chem. Soc. Chem. Commun. 1995, 257. (b) Ficks, A.; 
Martinez-Botella, I.; Stewart, B.; Harrington, R. W.; Clegg, W.; Higham, L. J. Chem. Commun. 2011, 47, 8274. 
3 Hockless, D.C.; McDonald, M. A.; Pabel, M.; Wild, S. B. J.Organomet.Chem. 1997, 189. 
4 a) J. Gasnot, C. Botella, S. Comesse, S. Lakhdar, C. Alayrac, A.-C. Gaumont, V. Dalla, C. Taillier Synlett, 2020; 31, 
883. (b) J. Gasnot, C. Botella, S. Comesse, S. Lakhdar, C. Alayrac, A.-C. Gaumont, V. Dalla, C. Taillier Angew. Chem. 
Int. Ed. 2020, 132, 11867 . 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 78

ORAL COMMUNICATIONS

OC24 
Total Synthesis of Ophiorrhine A, G and Ophiorrhiside E 

Featuring a Bioinspired Intramolecular Diels–Alder 
Cycloaddition 

Wei Cao, Yingchao Dou, Cyrille Kouklovsky, Guillaume Vincent 
Institut de Chimie Moléculaire et des Matériaux d’Orsay, Université Paris-Saclay, CNRS, 91405 Orsay, France 

wei.cao@universite-paris-saclay.fr 
 
 

Monoterpene indole alkaloids (MIAs) are an important family of natural products due to their 
structural diversity and prominent pharmacological activities. 1 Ophiorrhine A, 2 G 3 and 
Ophiorrhiside E 4 are monoterpene indole alkaloids which were isolated from the plant 
Ophiorrhiza japonica and trichocarpon. Ophiorrhine A displays an intriguing complex 
spirocyclic moiety and exhibits significant inhibition specifically against the LPS-induced 
proliferation of B lymphocyte cells with IC50 value 18.6 μM. 2 

We achieved the first total synthesis of ophiorrhine A, G and ophiorrhiside E. Several strategies 
were investigated to construct the indolopyridone moiety of ophiorrhiside E, the postulated 
biosynthetic precursor of ophiorrhine A. Eventually, the Friedel-Crafts-type coupling of 
indolyl-acetamide with secologanin-derived acid chloride delivered ophiorrhine G. 
Cyclodehydratation of a protected form of the latter was followed by the desired spontaneous 
intramolecular Diels-Alder cycloaddition of protected ophiorrhiside E leading to ophiorrhine 
A, which cloud transfer to an undiscovered natural product candidate carbazole skeleton. 5 
 

  

 
1 De Luca, V.; Salim, V.; Atsumi, S.; Yu, F. Mining the Biodiversity of Plants: A Revolution in the Making. Science 
2012, 336, 1658-1661. 
2 Feng, T.; Duan, K.; He, S.; Wu, B.; Zheng, Y.; Ai, H.; Li, Z.; He, J.; Zuo, J.; Liu, J. Ophiorrhines A and B, Two 
Immunosuppressive Monoterpenoid Indole Alkaloids from Ophiorrhiza japonica. Org. Lett. 2018, 20, 7926-7928. 
3 Shi, B.; Ai, H.; Duan, K.; Feng, T.; Liu, J. Ophiorrhines F And G, Key Biogenetic Intermediates of Ophiorrhine 
Alkaloids from Ophiorrhiza Japonica and Their Immunosuppressant Activities. J. Nat. Prod. 2022, 85, 453-457. 
4 Kitajima, M.; Ohara, S.; Kogure, N.; Santiarworn, D.; Takayama, H. β-Carboline-Type Indole Alkaloid Glycosides 
from Ophiorrhiza Trichocarpon. Tetrahedron 2013, 69, 9451-9456. 
5 Cao, W.; Dou, Y.; Kouklovsky, C.; Vincent, G. Total Synthesis of Ophiorrhine A, G and Ophiorrhiside E Featuring 
A Bioinspired Intramolecular Diels–Alder Cycloaddition**. Angew. Chem.Int. Ed. 2022, e202209135. 
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Strained bicyclic substructures are increasingly relevant in medicinal chemistry discovery 
research because of their role as bioisosteres.1 Over the last decade, the successful use of 
bicyclo[1.1.1]pentane (BCP) as a para-disubstituted benzene replacement has made it a highly 
valuable pharmacophore.2 However, various challenges, including limited and lengthy access 
to useful BCP building blocks, are hampering early discovery research. We reported a single-
step transition-metal-free multi-component approach to synthetically versatile BCP 
boronates.3 Radicals derived from commonly available carboxylic acids and organohalides 
perform additions onto [1.1.1]propellane to afford BCP radicals, which then engage in 
polarity-matched borylation. A wide array of alkyl-, aryl- and alkenyl-functionalized BCP 
boronates were easily prepared. Late-stage functionalization performed on natural products 
and approved drugs proceeded with good efficiency to generate the corresponding BCP 
conjugates. By taking advantage of BCP trifluoroborate salts derived from the BCP boronates, 
we were able to perform various photoredox transformations forging C–C and C–N bonds. 
 
 

 
 

  

 
1 Mykhailiuk, P. K. Org. Biomol. Chem., 2019, 17, 2839 – 2849 
2 Subbaiah, M. A. M.; Meanwell, N. A.  J. Med. Chem., 2021, 64, 14046 − 14128 
3 Dong, W.; Yen-Pon, E.; Li, L.; Bhattacharjee, A.; Jolit, A.; Molander, G. A., Nat. Chem., 2022, 14, 1068 – 1077 
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Scheme 1 Isothiouronyl radical cation: A photoredox-generated radical covalent catalyst for vinyl cyclopropanes (3+2) 

cyclization cascade with olefins 

 
Thiyl radicals are well-known for their ability to reversibly add onto C-C multiple bonds.1 This 
reactivity has been used to trigger radical cascades in the field of covalent radical 
organocatalysis.2 Although this was first demonstrated more than 30 years ago by 
independent works of Oshima3 and Feldman,4 radical covalent catalysis has known a 
confidential development in comparison to other fields of organocatalysis. Indeed, the use of 
neutral thiyl radicals to catalyze radical cascade from alkenes conveys several practical issues 
for organic chemists, including their generation in situ under harsh conditions from 
malodorous thiols or disulfides, a fast deactivation by dimerization and a low structural 
diversity leading to arduous modulation of their reactivity. In this context, our group has 
recently investigated new strategies to perform thiyl-based radical covalent catalysis under 
simple, practical, and efficient conditions. We thus designed a double catalytic system 
involving the photoredox-catalyzed generation of isothiouronyl radical cations directly from 
readily accessible thioureas.5 Mechanistic investigations have revealed the key formation of 
dicationic dimer. The original catalytic system was finally applied to a formal (3+2) radical 
cycloaddition between various vinyl cyclopropanes and alkenes.  
 
 
  

 
1 Dénès, F. ; Pichowicz, M. ; Povie, G. ; Renaud, P. Chem. Rev. 2014, 114, 2587 
2 (a)Subramanian, H.; Moorthy, R.; Sibi, M. P.; Angew. Chem. Int. Ed. 2014, 53, 13660; (b) Patahabieke, Y. Bielstein 
J. Org. Chem. 2020, 16, 1418 
3 Miura, K. ; Fugami, K. ; Oshima, K. ; Utimoto K. Tetrahedron Lett. 1988, 29, 1543; Tetrahedron Lett. 1988, 29, 
5135 
4 Feldman, K. S. ; Romanelli, A. L. ; Ruckle, R. E. ; Miller, R. F. J. Am. Chem. Soc. 1988, 110, 3300 
5 Archer, G. ; Cavalère, P. ; Médebielle, M. ; Merad, J. Angew. Chem. Ind. Ed. 2022, 61, e202205596 
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With the increasing interest of optical molecular imaging in medicine, fluorescence 
microscopy has seen constant development contributing to the emergence of new 
technologies and probes without discontinuity for the past decades. Fluorogenic probes are 
now considered as critical tools for the study of biological environments.1 Therefore, there is 
definite interest in creating a new easily tunable chemical scaffold exhibiting fluorescent 
behavior that could later be used for the design of such probes. In this context, our group has 
investigated the synthesis of a fused ring cinnoline/naphthalimide hybrid here called 
“CinNapht” dyes.2 The first generation of these new fluorophores exhibits original and 
promising properties in conventional fluorescence: a red emission, a large Stoke Shift, a strong 
solvatochromism, high chemo- and photostability and biocompatibility.3 Here we present a 
an easy access to numerous analogues of CinNapht dyes by late-stage functionalization and a 
study of their photophysical properties. We have re-designed the synthesis via a fluorinated 
CinNapht-F intermediate that can react with a wide variety of amines in a SNAr type reaction. 
The reaction conditions and its scope have been investigated. We have now an easy access to 
new fluorophores with improved photophysical properties associated with a true utility for 
cell imaging applications such as organelle imaging.  
 

 
  

 
1 (a) J. Zhou and H. Ma , Chem. Sci., 2016, 7 , 6309 —6315. (b) J. V. Jun , D. M. Chenoweth and E. J. 
Petersson , Org. Biomol. Chem., 2020, 18 , 5747 —5763 . (c) X. Tian , L. C. Murfin , L. Wu , S. E. Lewis and T. D. 
James , Chem. Sci., 2021, 12 , 3406 —3426 
2 M-D. Hoang, J-B. Bodin, F. Savina, V. Steinmetz, J. Bignon, P. Durand, G. Clavier, R. Méallet-Renault and A. 
Chevalier, RSC Adv., 2021,11, 30088-30092 
3 M-D. Hoang, F. Savina, P. Durand, R. Méallet-Renault, G. Clavier, A. Chevalier, ChemPhotoChem, Accepted 
Author Manuscript, 2022, DOI : 10.1002/cptc.202200138 
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Aromatic organosilanes bearing C(sp2)–Si bonds have found increasing applications across the 
chemical science and have traditionally been synthesized from the corresponding arylhalides 
(bromide or iodide). The direct intermolecular silylation of C(sp2)–H bonds represents an 
atom-economical alternative as it bypasses the substrate pre-functionalization step, yet poses 
significant reactivity and selectivity challenges. In this respect, the most common strategy still 
relies on stoichiometric C–H metalation/silylation sequences mediated by organolithium (RLi) 
or Grignard reagents (RMgX), which nonetheless generate large amount of metallic wastes 
and display limited scope of application. 
Catalytic protocols, mostly using hydrosilanes (R3SiH) as silicon sources, have also been 
described,1 but they display unfavorable thermodynamics and are typically based on 
expensive catalytic systems, often derived from noble metals, or lack generality.2 In this 
communication, we will introduce the use of an alternative silicon source, namely the tert-
butyl-substituted silyldiazenes (tBu–N═N–SiR3), that are readily accessible from commercially 
available precursors and structure of which enables the C(sp2)–H bond silylation of 
unactivated heteroaryl and aryl compounds under ambient, transition-metal-free catalytic 
conditions.3 Conceptual implications as well as mechanistic considerations will be discussed 
along with the synthetic potential of this new methodology. 
 
 

 
Figure 2: Silylation of unactivated C(sp2)–H Bonds with tert-butyl-substituted silyldiazenes catalyzed by potassium or 

sodium alkoxides.  

 
1 For recent reviews, see: (a) Cheng, C.; Hartwig, J. F. Catalytic Silylation of Unactivated C-H Bonds. Chem. Rev. 
2015, 115, 8946–8975. (b) Richter, S. C.; Oestreich, M. Emerging Strategies for C–H Silylation. Trends Chem. 2020, 
2, 13–27. 
2 Toutov, A. A.; Liu, W.-B.; Betz, K. N.; Fedorov, A.; Stoltz, B. M.; Grubbs, R. H. Silylation of C-H bonds in aromatic 
heterocycles by an Earth-abundant metal catalyst. Nature 2015, 518, 80–84. 
3 (a) Neil, B.; Lucien, F.; Fensterbank, L.; Chauvier, C. Transition-Metal-Free Silylation of Unactivated C(sp2)–H 
Bonds with tert-Butyl-Substituted Silyldiazenes. ACS Catal. 2021, 11, 13085–13090. (b) Lucien, F.; Fensterbank, 
L.; Chauvier, C. Method for the silylation of a C-H bond with a silylated diazene, PCT/FR2021/051448, August 5, 
2021.  
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The development of new p-conjugated systems has led to the emergence of new devices such as 
organic light-emitting diodes (OLEDs), which are the cornerstone of next-generation display 
screens. In these display screens, pixels fabricated from phosphorescent OLEDs (PhOLEDs)1 are 
multilayer architectures composed of injection, transport, blocking and emissive layers (EML). In 
order to develop a more virtuous technology (more sustainable and less expensive), simplification 
of the devices architecture is mandatory. The ideal devices are the single-layer PhOLEDs (SL-
PhOLEDs), with a very simple stack only constituted of the electrodes and the EML. These devices 
can hence significantly decrease their environmental footprint and cost. Nevertheless, removing 
the functional layers of an OLED drastically decreases the performances and there is, so far, only 
a few examples of high-performance SL-PhOLEDs.2,3,4 Thus, in SL-PhOLEDs, the role of the 
functional layer should be performed by the EML and more precisely by the organic semi-
conductor (OSC), which should allow an excellent injection/transport/recombination of charges. 
In this work, thanks to a rational design of the OSC, we report a green-emitting SL-PhOLED, 
displaying a very high external quantum efficiency of 22.7%. This performance is, to the best of 
our knowledge, the highest reported for SL-PhOLEDs (all colours considered). The EML of this 
device is constructed on the barely studied Ir(ppy)2acac phosphor and a high efficiency host 
material possessing a Donor-spiro-Acceptor design obtained through a quick and efficient 
synthesis route. Through a structure/property/device performance relationship study combining 
morphological (AFM), photophysical (time-resolved spectroscopy) and charge transport studies, 
we show that the EML presents all the required characteristics such as smooth surface, quick 
radiative deactivation, and ambipolarity. 
 
 
  

 
1 Baldo, et al., Nature 1998, 395 (6698), 151-154. 
2 Lucas, et al., J. Mater. Chem. C 2020, 8 (46), 16354-16367. 
3 Hsu, et al., Org. Electron. 2014, 15 (11), 3327-3332. 
4 Yoshii, et al., Chem. Asian J. 2020, 15 (14), 2181-2186. 
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The growing demand for deuterated and tritiated compounds in numerous applications 
(ADME studies, Imaging, Omics, Materials for instance) implies the development of more 
efficient, and broadly applicable synthetic methodologies.1 In this context, we describe an 
easy-to-implement method for the late-stage labeling of complex pharmaceuticals by 
generating the catalytic nanoparticles directly in the reaction media from a commercial 
precursor and using the substrate itself as a stabilizing agent.2 
 

 
 
This method was applied to single-step late stage deuteration/tritiation of various 
pharmaceuticals containing N-heterocycles, amines and benzylic scaffolds. This strategy 
affords high deuterium atoms incorporation and very high molar activities in the context of 
tritium labeling. The morphology and size of the particles were investigated using TEM 
experiments establishing no particular correlation between the size of the particles generated 
and the substrate of the reaction. Finally, recycling experiments were conducted to 
demonstrate the potency and robustness of the catalytic system and process. 
  

 
1 Kopf, S.; Bourriquen, F.; Li, W.; Neumann, H.; Junge, K.; Beller, M., Chemical Reviews 2022, 122, 6634-6718. 
2 Levernier, E.; Tatoueix, K.; Garcia-Argote, S.; Pfeifer, V.; Kiesling, R.; Gravel, E.; Feuillastre, S.; Pieters, 
G., JACS Au 2022, 2, 801-808. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 85

ORAL COMMUNICATIONS

OC31 
Design of protein-based platforms for sugars multivalency 

Marie Schuler1, Josip Tomas1, Léa Latour1, Giuliano Cutolo1, Pierre Buisson1, 
Ludovic Landemarre2, Chrystel Lopin-Bon1, Pierre Lafite1, Arnaud Tatibouët1  

1 Institut de Chimie Organique et Analytique (ICOA), CNRS-UMR 7311, Université d’Orléans, Orléans, France  
2 GLYcoDiag, 2 rue du cristal, 45100 Orléans, France 

marie.schuler@univ-orleans.fr 
 
 

Multivalency, widely observed in Nature in glycan-proteins recognition, counterbalances the 
rather weak association constants of carbohydrate ligands with their receptors (lectins for 
example). This effect has been explored by chemists to design and synthesize novel efficient 
carbohydrate-based ligands, as it offers significant enhancements in terms of affinity and 
selectivity and can induce specific supramolecular arrangement on the cell surface since 
proper presentation of the ligand is critical for recognition.1 
The central platform, from which multiple carbohydrate elements are displayed, influences 
the size and the shape of the multivalent ligand. Proteins, which have the advantages of being 
water-soluble, are commonly used as carriers for the multivalent presentation of glycans with 
valencies around 15 to 20. The resulting (semi)synthetic ligands are called neoglycoproteins 
with respect to naturally occurring glycoproteins and have been used for many years as probes 
for carbohydrate-proteins interactions.2 We have recently developed a safe and 
biocompatible isothiocyanate-based conjugation process that relies on the in situ enzymatic 
generation of a reactive isothiocyanate species 2 after hydrolysis of stable water-soluble 
synthetic glucosinolates precursors 1 with myrosinase, a highly specific β-thioglucoside 
hydrolase.3 We would like to present here our recent results around the chemical modification 
of native proteins using this enzymatically triggered bioconjugation process.  
 

 
 
Those modified proteins will then serve as scaffolds to anchor well-defined monosaccharides 
or synthetic oligosaccharides fragments to build high valency neoglycoproteins4 with a specific 
macromolecular architecture. 
 
 
  

 
1 a) Chabre, Y. M. et al. Adv. Carbohydr. Chem. Biochem. 2010, 63, 165 ; b) Cecioni, S. et al. Chem. Rev. 2015, 115, 
525. 
2 Ogura, A. et al. Glycobiology 2016, 26, 804. 
3 a) Cutolo, G. et al. Org. Biomol. Chem. 2018, 16, 4900; b) Fredy, J. W. et al. Bioconjugate Chem. 2019, 30, 1385. 
4 Cutolo, G. et al. Carbohydr. Res. 2022, 516, 108562. 
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For almost two decades, the frontier between the two traditional categories of polymers, 
namely thermoplastics and thermosets, has been blurred by the development of vitrimers, a 
particular class of covalent adaptable networks (CANs).1 This new breed of organic materials 
indeed gathers the mechanical and chemical resistance of permanent 3D networks and, to 
some extent, the reprocessability and recyclability of linear polymers.2 The peculiar properties 
of CANs rely on the following simple strategy: the 3D network is composed of covalent links 
that can be exchanged with other functions or similar links elsewhere in the network upon 
application of a stimulus (heat or light).3 

 
However, long reprocessing times, high temperatures and, in most cases, high catalyst 
loadings are often required, still limit the applicability of such materials through ageing or 
catalyst leaching. The development of catalyst-free vitrimers and CANs that can be easily 
reprocessed at reasonable temperatures is therefore an exciting challenge. Our own 
contribution to this field is based on the use fluorinated groups to accelerate exchange 
reactions in the network (transesterification, transamidation, aza-Michael) that allowed the 
preparation of efficient catalyst-free vitrimers.4 The different strategies that were developed 
on this topic, as well as the molecular studies to support them, will be discussed. 

  
 

1 Denissen, W.; Winne, J. M.; Du Prez, F. E. Chem. Sci. 2016, 7, 30-38. 
2 Scheutz, G. M.; Lessard, J. J.; Sims M. B.; Sumerlin, B. S. J. Am. Chem. Soc. 2019, 141, 16181-16196. 
3 Winne, J. M.; Leibler L.; Du Prez, F. E. Polym. Chem. 2019, 10, 6091-6108. 
4 (a) Lemouzy, S.; Cuminet, F.; Berne, D.; Caillol, S.; Ladmiral, V.; Poli, R.; Leclerc, E. Chem. Eur. J. 2022, 
e202201135. (b) Cuminet, F.; Berne, D.; Lemouzy, S.; Dantras, E.; Joly-Duhamel, C.; Caillol, S.; Dantras, E.; Leclerc, 
E.; Ladmiral, V. Polym. Chem. 2022, 13, 2651-2658. (c) Berne, D.; Cuminet, F.; Lemouzy, S.; Joly-Duhamel, C.; Poli, 
R.; Caillol, S.; Leclerc, E.; Ladmiral, V. Macromolecules 2022, 55, 1669-1679. 
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The acridinium core is a building block with a great potential in supramolecular chemistry. 
Indeed, it is an electron-deficient polyaromatic unit (presence of a positive charge) able to 
interact with electron rich polyaromatic guests through �-donor/�-acceptor interactions.1-2 In 
addition, acridinium units have chemiochromic, electrochromic and photochromic 
properties.3-4-5 Despite this unique multi-responsive behavior, the acridinium core was not 
intensively used in supramolecular chemistry and was barely incorporated in MIMs. 
 
A bis-acridinium cyclophane incorporating switchable acridinium moieties with a 3,5-
dipyridylanisole spacer was successfully synthesized (Figure 1)6 and was studied as a multi-
responsive host for polycyclic aromatic hydrocarbon guests. Moreover, the dicationic host was 
also easily switched between organic and perfluorocarbon phases for applications related to 
the enrichment of perylene from a mixture of polycyclic aromatic hydrocarbons. It was also 
incorporated in a [2]rotaxane responsive to orthogonal stimuli (chemical and redox) leading 
to two distinct mechanical responses. 

 

Figure 1 - Chemiochromic and electrochromic properties of the bis-acridinium macrocycle 

  

 
1 S. Claude, J.-M. Lehn, F. Schmidt, J.-P. Vigneron, J. Chem. Soc., Chem. Commun., 1991, 1182. 
2 a) H.-P. Jacquot de Rouville, N. Zorn, E. Leize-Wagner, V. Heitz, Chem. Commun., 2018, 54, 10966.; b) H.-P. 
Jacquot de Rouville, C. Gourlaouen, V. Heitz, Dalton Trans., 2019, 48,  8725. 
3 A. Gosset, Z. Xu, F. Maurel, L.-M. Chamoreau, S. Nowak, G. Vives, C. Perruchot, V. Heitz, H.-P. Jacquot de 
Rouville, New J. Chem., 2018, 42, 4728. 
4 A. J. Ackmann, J. M. J. Fréchet, Chem. Commun., 1996, 15, 605. 
5 N. W. Koper, S. A. Jonker, J. W. Verhoeven, C. V. Dijk, Recl. Trav. Chim. Pays-Bas, 1985, 104, 296. 
6 J. Hu, J. S. Ward, A. Chaumont, K. Rissanen, J.-M. Vincent, V. Heitz, H.-P. Jacquot de Rouville, Angew. Chem. Int. 
Ed., 2020, 59, 23206. 
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Organic synthesis greatly relies on catalytic processes, a large part of which involving Lewis 
acids. This covers a wide range of transformations, including industrially relevant ones such as 
aldol, Friedel-Crafts, Mannich, coupling reactions, etc. The field of Lewis-acid catalyzed 
homogeneous transformations is still a thriving area of research in which progress is 
frequently reported. 
The C–H propargylation of arenes is a reaction of great interest, allowing the direct 
introduction of an easily transformable alkyne moiety through the formation of a Csp2–Csp3 
bond.1 In contrast with C–H allylations, which have been reported under various transition 
metal-catalyzed conditions and others,2 the C–H propargylation of arenes has been much less 
studied. In most cases, the coupling partner is a propargylic alcohol, or an alkyne exhibiting a 
leaving group at the propargylic position but avoiding the SN2’ process leading to an allene3 
instead of the alkyne has been rarely achieved.4 Interestingly, Glorius and co-workers have 
recently shown that bromoallenes could be used for the direct C–H propargylation of arenes 
under manganese(I)/Lewis acid co-catalysis.5 While efficient, this method is limited to 2-
pyridylindoles and 2-pyridylpyrroles as arene partners.  
To shed light on the mechanism of this C–H propargylation process, several experiments were 
performed. Herein, we disclose our findings regarding the in-depth study on this reaction6 
based on a kinetic study, as well as its applicability to a wide range of substrates in a very 
efficient way. The unexpected compatibility of K2CO3 with GaCl3 represents a great 
opportunity to develop new and truly gallium-catalyzed transformations. 

  

 
1 Dong, Z.; Ren, Z.; Thompson, S.J.; Xu, Y.; Dong, G. Chem. Rev. 2017, 117, 9333. 
2 a) Weaver, J. D.; Recio, A.; Grenning, A. J.; Tunge, J. A. Chem. Rev. 2011, 111, 1846. b) Mishra, N. K.; Sharma, S.; 
Park, J.; Han, S.; Kim, I. S. ACS Catal. 2017, 7, 2821. c) Messinis, A. M.; Finger, L. H.; Hu, L.; Ackermann, L. J. Am. 
Chem. Soc. 2020, 142, 13102. 
3 a) Wu, S.; Huang, X.; Wu, W.; Li, P.; Fu, C.; Ma, S. Nat. Commun. 2015, 6, 7946. b) Lu, Q.; Greßies, S.; Klauck, F. 
J. R.; Glorius, F. Angew. Chem. Int. Ed. 2017, 56, 6660. 
4 a) Li, C.; Wang, J. J. Org. Chem. 2007, 72, 7431. b) Yu, Y.-B.; Luo, Z.-J.; Zhang, X. Org. Lett. 2016, 18, 3302. 
5 Zhu, C. C.; Schwarz, J. L.; Cembellín, S.; Greßies, S.; Glorius, F. Angew. Chem. Int. Ed. 2018, 57, 437. 
6 Rodrigues, S.; Vayer, M. Miaskiewicz, S.; Gatineau, D.; Gimbert, Y.; Gandon, V.; Bour, C. ACS Catal. 2022, 12, 
305. 
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Thiamine is a necessary cofactor in the acetylation mechanism of coenzyme A, a key 
component in the citric acid cycle. In the late 1950s, Breslow1 postulated that the 
deprotonation of thiamine led to the formation of a stabilised carbene: a thiazolylidene. Since 
then, interest in N-heterocyclic carbenes (NHC) in organocatalysis2 has grown steadily. NHC 
allow the formation of functionalized ketones from aldehydes through the formation of 
enaminols, so called Breslow intermediates. Oxidative reactions using a two-electron pathway 
is one of the most popular transformations. Reactions through radical pathways via single 
electron transfer (SET) has emerged based on Studer’s3 work and followed by Rovis4 and Chi5 
with enantioselective radical reactions catalysed by NHC, such as transformations of enals into 
β-hydroxyester.  
 
 
 
 
 
 
 
 
 
For these reactions, it is known that the key step in the catalytic cycle is not a SET from Breslow 
intermediate to a mild one-electron oxidant but via its deprotonated form6. We show that 
mechanistic assumptions, which were previously considered to be well established, are in fact 
biased7 based on our results concerning the understanding of the electrochemical processes 
involved.   

 
1 Breslow, R. Rapid Deuterium Exchange in Thiazolium Salts. J. Am. Chem. Soc. 1957, 79 (7), 1762–1763. 
2 For review see: Flanigan, D. M.; Romanov-Michailidis, F.; White, N. A.; Rovis, T. Organocatalytic Reactions 
Enabled by N-Heterocyclic Carbenes. Chem. Rev. 2015, 115 (17), 9307–9387. 
3 Guin, J.; De Sarkar, S.; Grimme, S.; Studer, A. Biomimetic Carbene-Catalyzed Oxidations of Aldehydes Using 
TEMPO. Angew. Chem. Int. Ed. 2008, 47 (45), 8727–8730. 
4 White, N. A.; Rovis, T. Enantioselective N-Heterocyclic Carbene-Catalyzed β-Hydroxylation of Enals Using 
Nitroarenes: An Atom Transfer Reaction That Proceeds via Single Electron Transfer. J. Am. Chem. Soc. 2014, 136 
(42), 14674–14677. 
5 Zhang, Y.; Du, Y.; Huang, Z.; Xu, J.; Wu, X.; Wang, Y.; Wang, M.; Yang, S.; Webster, R. D.; Chi, Y. R. N-Heterocyclic 
Carbene-Catalyzed Radical Reactions for Highly Enantioselective β-Hydroxylation of Enals. J. Am. Chem. Soc. 
2015, 137 (7), 2416–2419.. 
6 Regnier, V.; Romero, E. A.; Molton, F.; Jazzar, R.; Bertrand, G.; Martin, D. What Are the Radical Intermediates in 
Oxidative N-Heterocyclic Carbene Organocatalysis? J. Am. Chem. Soc. 2019, 141 (2), 1109–1117. 
7 Delfau, L.; Nichilo, S.; Molton, F.; Broggi, J.; Tomás-Mendivil, E.; Martin, D. Critical Assessment of the Reducing 
Ability of Breslow-type Derivatives and Implications for Carbene-Catalyzed Radical Reactions. Angew. Chem. Int. 
Ed. 2021, 60 (51), 26783–26789. 
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Azides are useful compounds in organic synthesis which can be used as amine precursors or 
be involved in bioorthogonal ligation reactions.1 Despite the potential hazards associated with 
the use of such compounds, vinyl azides have recently emerged as a particularly valuable class 
of hetero-substituted alkenes owing to their versatile reactivity.2 To date, to the best of our 
knowledge, sigmatropic rearrangements constitute one class in which vinyl azides have not 
been involved, despite their synthetic potential to access other classes of functionalized 
aliphatic azides.3  
 
Herein, we present our results on the development of cascade [3,3]-sigmatropic 
rearrangements involving (cyclopropyl)vinyl azides. Diversely substituted 2-vinyl-
cyclopropanecarbaldehydes A were involved in a Knoevenagel condensation with a-azido 
ketones B.4 The resulting cis-dialkenylcyclopropanes C evolve by a Cope rearrangement which 
is followed by an allylic transposition of the tertiary azides D, known as the Winstein 
rearrangement,5 leading to the azido-cycloheptadienes E, incorporating up to three 
stereocenters. 
 

  
Post-functionalization reactions of the azido-cycloheptadienes E allow access to highly 
substituted seven-membered rings which are less encountered than five- and six-membered 
carbocycles in drugs6 but are currently eliciting a growing interest in medicinal chemistry.7 
  

 
1 (a) S. Bräse, K. Banert, Organic Azides : Syntheses and Applications; John Wiley & Sons, Ltd: Chichester, 2010. 
2 (a) H. Hayashi, A. Kaga, S. Chiba, J. Org. Chem. 2017, 82, 11981–11989; (b) J. Fu, G. Zanoni, E. A. Anderson, X. 
Bi, Chem. Soc. Rev. 2017, 46, 7208–7228; (c) B. Hu, S. G. DiMagno Org. Biomol. Chem. 2015, 13, 3844–3855. 
3 P. Sivaguru, Y. Ning, X. Bi, Chem. Rev. 2021, 121, 4253–4307. 
4 D. Knittel, H. Hemetsberger, H. Weidmann, Monatsh. Chem. 1970, 101, 157–160.  
5 A. S. Carlson, J. J. Topczewski, Org. Biomol. Chem. 2019, 17, 4406–4429. 
6 R. D. Taylor, M. MacCoss, A. D. G. Lawson, J. Med. Chem. 2014, 57, 5845–5859. 
7 G. Ouvry, Bioorg. Med. Chem. 2022, 57, 116650–116658. 
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Recent advances of mRNA-based vaccines1 and FDA-approval of various antisense 
oligonucleotides (ASO)2 clearly demonstrates the importance of therapeutic oligonucleotides. 
There is a high and steadily increasing demand for the synthesis of chemically modified 
oligonucleotides. Antisense oligonucleotides (ASO) as an efficient therapeutics require the 
introduction of different chemical modifications in order to improve their biological stability, 
pharmacokinetic properties and drug delivery efficiency. In this context, sugar (locked nucleic 
acids, LNA) and phosphate backbone (phosphorothioate) are the most favored sites for the 
modifications. Controlled chemoenzymatic synthesis of DNA and XNA (xeno nucleic acid) is a 
highly emerging alternative that circumvents the limitations of traditional solid-phase 
synthesis. 
 

Scheme  

 
Herein, we report the chemical synthesis of variously modified nucleoside triphosphates 
(dN*TPs) containing phosphorothioate (PS),3 locked sugar (LNA),3 3’-protecting groups 
(phosphate, Bz, Piv, Mesitoyl, Piv, allyl, Me, CH2N3)4,5 as well as 3’-prolonged trinucleotides. 
Thereafter, we tested these dN*TPs as substrates for the controlled enzymatic synthesis of 
DNA and XNA oligonucleotides using TdT and PEX reactions with diverse DNA polymerases. As 
a result, moderate to high levels of incorporations into DNA and XNA were achieved.  

 
1 Polack, F.P.; Thomas, S.J.; Kitchin, N. et al. N Engl J Med. 2020, 383, 2603; 
2 Roberts, T.C.; Langer, R.; Wood, M.J.A. Rev Drug Discov. 2020, 19, 673; 
3 Flamme, M.; Hanlon, S.; Hollenstein, M. et al. Bioorg. Med. Chem. Lett. 2021, 48, 128242; 
4 Flamme, M.; Hanlon, S.; Hollenstein, M. et al. Commun. Chem. 2022, 68, 1; 
5 Flamme, M.; Sabat, N.; Hanlon, S.; Hollenstein, M. et al. Asian J. Org. Chem. 2022, e202200384. 
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Small molecules featuring different types of stereogenic elements are very challenging 
synthetic targets, especially when displaying configurationally labile helical chirality. 
Previously, we developed a method to access enantiomerically enriched atropoisomers1 and 
dioxa[6]helicenes2 via centrally chiral dihydrofurans formation. Herein, based on these works, 
we propose an enantioselective organocatalytic approach for the synthesis of small molecules 
bearing both central and helical stereogenic elements, starting from achiral substrates. 
Products were obtained with excellent enantioselectivity in most cases with simultaneous 
control of the helicity and two stereogenic centers. Such obtained products could handle post-
functionalization with good retention of enantiopurity. 
 

 
 
  

 
1 Raut, V. S.; Jean, M.; Vanthuyne, N.; Roussel, C.; Constantieux, T.; Bressy, C.; Bugaut, X.; Bonne, D.; Rodriguez, 
J. Enantioselective Syntheses of Furan Atropisomers by an Oxidative Central-to-Axial Chirality Conversion 
Strategy. J. Am. Chem. Soc. 2017, 139, 2140−2143. 
2 Liu, P.; Bao, X.; Naubron, J.-V.; Chentouf, S.; Humbel, S.; Vanthuyne, N.; Jean, M.; Giordano, L.; Rodriguez, J.; 
Bonne, D. Simultaneous Control of Central and Helical Chiralities: Expedient Helicoselective Synthesis of 
Dioxa[6]helicenes. J. Am. Chem. Soc. 2020, 142, 16199. 
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Photochromic molecules and materials attract a considerable interest in different fields 
because they offer great opportunities for the reversible photomodulation of chemical, 
biological and pharmacological activities with potential applications in various domains like 
optical materials, photopharmacology and photocatalysis.1 
 
Since several years our group is developping new photoswitchable glycomacrocycles (P-GM) 
containing an azobenzene unit for the modulation of chiroptical properties through E/Z 
photoisomerization. Our approach is to combine in a same molecular architecture the 
advantages of a sugar-based macrocyclic compound to the photochromism.2,3,4,5 These ‘smart’ 
glycomacrocycles display very interesting properties like chirality transfer and supramolecular 
chirality, photocontrolled molecular shape or solubility, and multistimuli-responsive gelation 
ability in organic solvents. Furthermore, synthesis of macrocyclic compounds is still a 
challenging task. For this purpose, we have also developed a methodolodgy and realized the 
proof of concept of using azobenzene as template to obtain glycomacroclactones via an 
intramolecular glycosylation in good yields with high stereoselectivity. 
 
An overview of their synthesis, photochemical and chiroptical properties, as well as their 
application as chiral dopants in liquid crystals will be presented. 

 
  

 
1 Feringa B. L.; Molecular Switches, Wiley-VCH verlag GmBbH 2001. 
2 Lin C.; Maisonneuve S.; Métivier R.; Xie J.; Chem. Eur. J. 2017, 23,14996-15001. 
3 Lin C.; Jiao J. ; Maisonneuve S.; Mallétroit J.; Xie J.; Chem. Commun. 2020, 56, 3261-3264. 
4 Kim Y.; Mafy N. N.; Maisonneuve S.; Lin C.; Tamaoki N. ; Xie J.; ACS Appl. Mater. Interfaces 2020, 12, 52146-
52155. 
5 Jiao J.; Maisonneuve S.; Xie J.; J. Org. Chem. 2022, 87, 8534-8543. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 94

ORAL COMMUNICATIONS

OC40 
Tracking G4 ligand distribution in cells by a guided 

immunofluorescence methodology 
Thibaut Masson1,2, Corinne Landras Guetta1,2, Eugenie Laigre1,2, Anne Cucchiarini1,2, 

Patricia Duchambon1,2, Marie-Paule Teulade-Fichou1,2, Daniela Verga1,2 
1 CNRS UMR9187, INSERM U1196, Institut Curie, PSL Research University, F-91405 Orsay, France 

2 CNRS UMR9187, INSERM U1196, Université Paris-Saclay, F-91405 Orsay, France 
daniela.verga@curie.fr  

 
 

Repetitive guanine-rich DNA and RNA sequences can form compact nucleic acid secondary 
structures known as G-quadruplexes (G4s). The large body of data acquired from 
bioinformatics analysis and biophysical, biochemical and cell-based assays unequivocably 
suggests that small synthetic molecules selective for G4 structures represent highly valuable 
chemical biology tools necessary to unveil G4 biological functions.1 This is why strong effort 
has been focused on the design and synthesis of selective G4 ligands that can be used as G4 
probes. The development of imaging techniques combined with G4 selective fluorescent tools 
are required to support these studies. Therefore, several imaging methods have been devised 
for tracking G4 ligand distribution in cells.2 However, two of the most selective G4 ligands 
developed so far, PDS and PhenDC3, are not fluorescent or are characterized by a very low 
intrinsic fluorescence. Thus, several labelling approaches based on both ex situ and in situ 
synthesis of fluorescent-tagged G4 ligands have been proposed.2b,3 In spite important 
developments, fluorescent tag functionalization did not overcome the issues associated to the 
spatial resolution of fluorescent microscopy; hence, signal amplification is required to allow 
G4 imaging with higher precision.  
In this study, we proposed the development of a new visualization strategy called G4 ligand 
Guided Immunofluorescence Staining (G4-GIS) based both on specific recognition by small 
molecule and antibody signal amplification properties. By using PDC core as selective G4 
ligand, we synthesized a series of immuno-tag (5-BrdU) modified PDC derivatives from PDC 
CuAAC precursors which selectively bind G4 structures with high affinity as confirmed by 
biophysical assays. In situ functionalization efficiency was tested in vitro and antibody 
recognition of the ligands bound to G4 structures was validated using a modified ELISA. 
Afterwards, both ex situ and in situ functionalized G4 ligands were incubated in cells and the 
new immunostaining method established. The latter allowed not only the comparison of G4 
ligand distribution after and prior 5-BrdU functionalization, but also to point out regions of 
weak ligand accumulation, hardly visible by direct fluorophore functionalization, providing a 
new useful approach of high sensitivity for G4 ligand target detection.4 
  

 
1 Spiegel, J.; Adhikari, S.; Balasubramanian, S. Trends Chem. 2020, 2, 123-136. 
2 a) Summers, P.A., Lewis, B.W., Gonzalez-Garcia, J., Porreca, R.M., Lim, A.H.M., et al. Nat. Commun. 2021, 12, 
162; b) Di Antonio, M., Ponjavic, A., Radzevičius, A., Ranasinghe, R.T., Catalano, M., et al. Nat. Chem. 2020, 12, 
832-837. And many more... 
3 a) Rodriguez, R., Müller, S., Yeoman, J.A., Trentesaux, C., Riou, J.-F. and Balasubramanian, S. JACS 2008, 130, 
15758-15759; b) Lefebvre, J., Guetta, C., Poyer, F., Mahuteau-Betzer, F. and Teulade-Fichou, M.P. Angew. Chem. 
Int. Ed. 2017, 56, 11365-11369. 
4 Masson, T., Landras Guetta, C., Laigre, E., Cucchiarini, A., Duchambon, P., Teulade-Fichou M.P., Verga D. Nucleic 
Acids Res. 2021, 49, 12644–12660. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 95

ORAL COMMUNICATIONS

OC41 
Bioinspired lipidic alkynylcarbinols as anticancer agents 

Margaux Bossuat1, Stéphanie Ballereau1, Antonio Peixoto3, Valérie Maraval2, 
Vania Bernardes-Génisson2, Sébastien Britton3, Remi Chauvin2, Yves Génisson1 

1 SPCMIB, UMR 5068, CNRS, Université de Toulouse, UPS, 118 route de Narbonne, Toulouse, France 
2 LCC, UPR 8241, CNRS, Université de Toulouse, UPS, 205 route de Narbonne, Toulouse, France 
3 IPBS, UMR 5089, CNRS, Université de Toulouse, UPS, 205 route de Narbonne, Toulouse, France 

margaux.bossuat@univ-tlse3.fr 
 
 

Cytotoxic natural acetylenic lipids embedding a chiral alkynyl carbinol unit at the terminal 
position of a linear aliphatic skeleton represent a potential source of anticancer agents.1 We 
showed that chemistry-driven evolution of such lipidic alkynyl carbinols (LACs) could lead to 
an up to 1000-fold increase in potency for enantioenriched synthetic analogues.2 We also 
recently demonstrated that cytotoxic LACs behave as prodrugs upon in situ enantiospecific 
oxidation by SDR enzymes (Short-chain Dehydrogenases/Reductases): the resulting ynones 
react as Michael acceptors with multiple proteins, including a proteasome subunit, thus 
inducing apoptosis.3  

 
A new series of anticancer molecules will be described, in which the alkynylcarbinol 
pharmacophore is conjugated with an (hetero)aromatic ring, itself bearing the lipophilic 
chain.4 In order to ensure optimal efficiency and flexibility, 3 complementary synthesis routes 
were studied. More than 30 synthetic analogues, as well as in cellulo-clickable probes, were 
obtained under racemic or enantioenriched form. Biological data of cytotoxicity, cell imaging 
and modification of cellular proteins using clickable probes show that this potent anticancer 
series displays the same mechanism of action as the one recently uncovered for related non-
aromatic LACs,3 thus confirming their pharmacological potential.   

 
1 Listunov, D.; Maraval, V.; Chauvin, R.; Génisson, Y., Nat Prod Rep 2015, 32 (1), 49-75 
2 For a review, see : Listunov, D.; Joly, E.; Rulliere, P.; Gaspard, H.; Bernardes-Génisson, V.; Génisson, Y.; Maraval, 
V.; Chauvin, R., Synthesis-Stuttgart 2018, 50 (16), 3114-3130 
3 Demange, P.; Joly, E.; Marcoux, J.; Zanon, P. R. A.; Listunov, D.; Rullière, P.; Barthes, C.; Noirot, C.; Izquierdo, J. 
B.; Pradines, K.; Hee, R.; Vieira de Brito, M.; Marcellin, M.; Serre, R. F.; Bouchez, O.; Burlet-Schiltz, O.; Oliveira, 
M. C. F.; Ballereau, S.; Bernardes-Génisson, V.; Maraval, V.; Calsou, P.; Hacker, S. M.; Génisson, Y.; Chauvin, R.; 
Britton S., eLife 2022, 11:e73913 
4 Britton, S.; Ballereau, S.; Calsou, P.; Chauvin, R.; Gaspard, H.; Génisson, Y.; Listunov, D.; Maraval, V.; Rullière, P., 
European patent application n° EP21306249, septembre 13th, 2021 
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The inverse-electron-demand Diels–Alder (IEDDA) cycloaddition of electron-poor 2-pyrones 
as electrophilic dienes has been extensively studied in the past fifty years. The reaction 
provides an efficient access to bridged bicyclic lactones and their derivatives, such as densely 
functionalized 1,3-cyclohexadienes after CO2 extrusion and polysubstituted aromatic 
compounds through elimination. Thus, the IEDDA cycloaddition has been used for the 
synthesis of many biologically active natural products and drug candidates.1 
 

 
 
Herein we reported a broadly applicable diastereo- and enantioselective inverse-electron-
demand Diels-Alder reaction of 2-pyrones and acyclic enol ethers. Using a copper(II)-BOX 
catalytic system, bridged bicyclic lactones are obtained in very high yields (up to 99% yield) 
and enantioselectivities (up to 99% ee) from diversely substituted 2-pyrones and acyclic enol 
ethers. Mechanistic experiments as well as DFT calculations indicate the occurrence of a 
stepwise mechanism. The synthetic potential of the bridged bicyclic lactones is showcased by 
the enantioselective total synthesis of (+)-Lucidumone on a gram scale.2 
 

 
 
 
  

 
1 (a) Cai, Q. Chin. J. Chem. 2019, 37, 946‒976. (b) Huang, G.; Kouklovsky, C.; de la Torre, A. Chem. Eur. J. 2021, 27, 
4760‒4788. 
2 (a) Huang, G.; Guillot, R.; Kouklovsky, C.; Maryasin, B.; de la Torre, A. Angew. Chem. Int. Ed. 2022, e202208185. 
(b) Huang, G.; Kouklovsky, C.; de la Torre, A. submitted. 
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Proazaphosphatranes, also known as Verkade’s superbases, are non-ionic highly basic 
phosphorus derivatives.1 This class of compounds has found numerous applications from basic 
and nucleophilic catalysts, ligands for transition metals, to Lewis bases in frustrated Lewis pair 
(FLP) systems.2 Their conjugated acids, the azaphosphatranes have been also used as 
organocatalysts.3 Although their first synthesis was reported in 1989, the 
haloazaphosphatranes, the halogenated parents of proazaphosphatranes, were much less 
studied. 
In this context, we successfully developed simple and convenient routes to readily access to 
various fluoro-, and chloroazaphosphatrane derivatives.4  With these compounds in hand, we 
investigated their properties especially as a new class of halogen bond (XB) donors for anions 
recognitions or as catalytic systems for CO2 conversion. So as to build more efficient and 
selective receptors for anion or neutral molecules, we decided to include 
chlororazaphosphatrane as XB donor moiety in a molecular container as the 
hemicryptophane. 

  

 
1 Lensink, C. ; Xi, S.-K. ; Daniels, L. M. ; Verkade, J. G.  J. Am. Chem.Soc. 1989, 111, 3478–3479 
2 a) Yang, J. ; Chatelet, B.; Ziarelli, F. ; Dufaud, V. ; Hérault, D. ; Martinez, A.  Eur. J. Org. Chem. 2018, 45, 6328–
6332 ; b) Johnstone, T. C. ; Wee, G. N. ; Stephan, D. W. Angew. Chem. Int. Ed. 2018, 57, 5881–5884. 
3 Yang, J. ; Manick, A.D. ; Li, C. ; Bugaut, X. ; Chatelet, B. ; Dufaud, V. ; Hérault, D. ; Martinez, A. Chemistry Select 
2020, 5, 14764–14767. 
4 a) Manick, A.D. ; Li, C. ; Yang, J. ; Givaudan, D. ; Biletskyi, B. ; Michaud-Chevalier, S. ;  Dutasta, J.P. ; Hérault, D. ; 
Bugaut, X. ; Chatelet, B. ; Martinez, A.  Inorg. Chem. 2021, 60, 11964-11973; b) Manick, A.D. ; Dutasta, J.P. ; Nava, 
P. ; Dufaud, V. ; Gao, G. ; Chatelet, B. ; Martinez, A.  Chem. Asian J. 2022, 17, e202200115. 
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Carbon and silicon atoms have similar properties in molecules (valency, geometry…), 
however, the difference in the covalent radius gives organosilicon compounds distinct 
physical, chemical, optical, and biological properties.1 For example, organosilicon compounds 
have many advantages for medicinal applications, such as enhanced lipophilicity, higher OH 
acidity, alternative metabolic pathways, and distinct upfield NMR signals, giving 
organosilicons a strong added value over carbon in some cases.2 
A common way to access these silylated compounds is through hydrosilylation. This reaction 
consists of the addition of a hydrogen-silyl function on a sp2 or sp carbon. Usually, these 
hydrosilylation reactions use expensive noble metals such as rhodium or platinum.3 In this 
work, we have developed a simple and efficient method to access new silylated heterocycles 
without using noble metals. This method relies on the use of a stable and low-cost pre-
catalyst, NiBr2bipy, which is reduced to Ni(0) by electrochemistry to perform an intramolecular 
hydrosilylation reaction on an alkyne (fig 1). This methodology is fully regio- and 
stereoselective with moderate to good yields. 
 

Figure 3 : Nickel-catalyzed electrochemical intramolecular hydrosilylation reaction 
 

 
 
 
 
 
 
 
 
  

 
1 (a) Friedrich, J.; Dörrich, S.; Berkefeld, A.; Kraft, P.; Tacke, R. Organometallics 2014, 33, 796-803. (b) Egawa, T.; 
Koide, Y.; Hanaoka, K.; Komatsu, T.; Terai, T.; Negano, T. Chem. Commun., 2011, 47, 4162-4164. (c) Fu, M.; Xiao, 
Y.; Qian, X.; Zhao, D.; Xu, Y. Chem. Commun. 2008, 1780-1782. 
2 Franz, A.K.; Wilson, S.O. J. Med. Chem. 2013, 56, 2, 388-405. 
3 (a) Matsuda, T.; Kadowaki, S.; Murakami, M. Chem. Commun., 2007, 2627-2629. (b) Trost, B. M.; Ball, Z. T. J. 
Am. Chem. Soc. 2003, 125, 30-31. (c) Kinoshita, H.; Uemura, R.; Fukuda, D.; Miura, K.  Org. Lett, 2013, 15, 5538-
5541. 

ü Up to 93% of yield  
ü easy to handle and air stable nickel 

ü 100% regioselective 
ü 100% stereoselective 
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With years of experience working on ketenes1 and total synthesis of natural products,2 the 
SeRCO team recently discovered a formal (3+2) cycloaddition of ketenes with aziridines,3 
affording in very good yields a direct synthetic pathway to γ-lactams, a very common motif in 
natural products. 
To bring additional diversity in this process, we decided to study this reaction using flow 
chemistry, and especially the generation of ketenes.4 Flow chemistry often solves problems 
of efficiency and safety, offering a more robust and reliable way to synthesise and manipulate 
reactive species and hazardous or toxic compounds. The generation of ketenes perfectly 
encompass these problems, but the flow generation of ketene is so far limited to nucleophilic 
addition. 
In this work, we have studied the flow generation of ketenes in [2+2] cycloaddition affording 
crucial information on the overall process (solvent compatibility, kinetic of the cycloaddition, 
base to be used…). In addition, aiming at developing the overall (3+2) cycloaddition process 
using flow techniques, the arduous, non-reliable, thus problematic aziridine batch synthesis 
was also studied using flow chemistry. 

 

    
 
  

 
1 Rullière, P.; Grisel, J.; Poittevin, C.; Cividino, P.; Carret, S.; Poisson, J.-F. Org. Lett., 2016, 18, 2824-2827. 
2 Deprés, J.-P.; Delair, P.; Poisson, J.-F.; Kanazawa, A.; Greene, A. E. Acc. Chem. Res., 2016, 49, 252-261. 
3 Viceriat, A.; Marchand, I.; Carret, S.; Poisson, J-F. Org. Lett., 2021, 23, 2449-2454. 
4 ANR program KetFlo : ANR-18-CE07-0035-01. 
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Conversely to carbon, silicon has the ability to form hypercoordinated compounds. Since the 
emergence of such species in the 1980s,1 a large number of stable pentacoordinated 
organosilicons were reported and some have found applications in synthetic 
transformations.2 Martin’s spirosilane, which is based on two dilithiated hexafluorocumyl 
alcohol moieties that are appended to a silicon center, is a suitable precursor for the synthesis 
of pentacoordinated silicon species owing to the intrinsic properties of its C,O-bidentate 
ligands.3 Furthermore, not only Martin‘s spirosilane is well-suited to reach pentacoordination, 
but also to face configurational stability which is one the biggest challenge of 
hypercoordinated silicon. In constrast to tetravalent derivatives,4 pentacoordinate species are 
prone to Berry pseudo-rotations, a fast substituents permutation, ending in racemization.5 By 
combining Martin’s spirosilane rigidity to a judicious choice of the fifth substituent, our group 
recently reported the first examples of resolution of pentacoordinated silicon species 
displaying high configurational stability.6 DFT study provided insights about the 
enantiomerization pathways and ligands’ influence on the involved transition states within 
such species. 
 

 
  

 
1 a) S. N. Tandura, M. G. Voronkov, N. V. Alekseev, Top. Curr. Chem. 1986, 131, 99–189. b) Chuit, R. J. P. Corriu, 
C. Reye, J. C. Young, Chem. Rev.1993, 93, 1371–1448. c) . R. Holmes, Chem. Rev. 1996, 96, 927–950. 
2 a) Lee, V.Y. (Ed.) Kano in Organosilicon Compounds Ch.11 Penta- and Hexacoordinated Silicon(IV) Compounds; 
Academic Press:Cambridge, MA, USA; Elsevier: London, UK, 2017. b) Dilman, A. D.; Ioffe, S. L. Chem. Rev. 
2003, 103, 733. c) Rendler, S.; Oestreich, M. Synthesis 2005, 11, 1727. d) Benaglia, M.; Guizzetti, S.; Pignataro, L. 
Coord. Chem. Rev. 2008, 252, 492. 
3 a) Perozzi, E. F.; Martin, J. C. J. Am. Chem. Soc. 1979, 101, 1591. b) Stevenson, W. H., III; Wilson, S.; Martin, J.C.; 
Farnham, W.B. J. Am. Chem. Soc. 1985, 107, 6340. 
4 L.-W. Xu, L. Li, G.-Q. Lai, J.-X. Jiang, Chem. Soc. Rev. 2011, 40, 1777. 
5 E. P. A. Couzijn, J. C. Slootweg, A. W. Ehlers, K. Lammertsma, J. Am. Chem. Soc. 2010, 132, 18127–18140 
6 Deis, T.; Maury, J.; Medici, F.; Jean, M.; Forte, J.; Vanthuyne, N.; Fensterbank, L.; Lemière, G. Angew. Chem. Int. 
Ed. 2022, 134, e202113836. 
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As part of our research program aimed at developing new synthetic methodologies in main-
group chemistry, we have been recently focused on the synthetic potential of tight silicon 
rings as precursor to higher heterocyclic structures. Inspired by seminal findings of Seyferth1 
and others,2 we have developed a facile route to photochromic siloles based on the 1,2-
dithienylethene backbone (see figure).3 The synthesis is based on the reaction of a decorated 
silacyclopropene (silirene) and terminal alkynes in the presence of a catalytic amount of 
palladium. The results obtained in that direction, including the scope and limitations of the 
reaction, will be presented. In addition, our efforts to unveil its mechanism and more 
particularly to address the issue of A-type palladasilacycles will be discussed. 
 

 
  

 
1 Seyferth, D.; Duncan, D. P.; Vick, S. C. Novel two atom insertions into the silacyclopropane and silacyclopropene 
rings. J. Organomet. Chem. 1977, 125, C5-C10. 
2 Palmer, W. S.; Woerpel, K. A. Palladium-Catalyzed Reactions of Di-tert-butylsiliranes with Electron-Deficient 
Alkynes and Investigations of the Catalytic Cycle. Organometallics 2001, 20, 3691-3697. 
3 Devillard, M.; Nour Eddine, N.; Cordier, M.; Alcaraz, G. Dithienylethene-Based Photochromic Siloles: A 
Straightforward and Divergent Synthetic Strategy. Angew. Chem. Int. Ed. 2021, 60, 12356-12359. 
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Furfural is one of the most promising bio-based products and is obtained by dehydration of 
lignocellulosic biomass from both agricultural residues and dedicated crops1. It has a strong 
potential as a renewable platform for the sustainable production of fine chemicals2. In particular, 
the direct functionalization of furfural by C-H activation is an emerging area that is the focus of 
many research efforts. 
Our group has recently developed methods for the functionalization of furfural-derived imines at 
the C-3-position by alkylation, arylation and alkenylation 3,4. These processes are based on the use 
of ruthenium catalyst at high temperatures (130-150 °C). 
To make this reaction cleaner and safer, we have developed a continuous flow chemistry process, 
which is an important tool for synthetic organic chemists 5. This process allowed us to achieve 
better efficiency, better yield and an easy scale up of the reaction. 
 
 

 
  

 
1 a) Hoydonckx, H. E.; Van Rhijn, W. M.; Van Rhijn, W.; De Vos, D. E.; Jacobs, P. A. Furfural and derivatives. In 
Ullmann’s Encyclopedia of Industrial Chemistry; Wiley-VCH Verlag GmbH & Co. KgaA: Weinheim, Germany, 2000; 
Volume 16, pp. 285. b) Mariscal, R.; Maireles-Torres, P.; Ojeda, M.; Sádaba, I.; López Granados, M. Energy 
Environ. Sci. 2016, 9, 1144. 
2 Yan, K.; Wu, G.; Lafleur, T.; Jarvis, C. Renew. Sustain. Energy Rev. 2014, 38, 663. b) Bohre, A.; Dutta, S.; Saha, B.; 
Abu-Omar, M. M. ACS Sustain. Chem. Eng. 2015, 3, 1263. 
3 Pezzetta, C.; Veiros, L. F.; Oble, J.; Poli, G. Chem. Eur. J. 2017, 23, 8385. 
4 Siopa, F.; Ramis Cladera, V-A.; Afonso, C. A. M.; Oble, J.; Poli, G. Eur. J. Org. Chem. 2018, 6101. 
5 S.V. Ley et al, Org. Biomol. Chem. 2014, 12, 3611 – 3615. 
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Super-resolution fluorescence imaging based on single-molecule localization microscopy 
(SMLM) enables visualizing cellular structures with nanometric precision. However, its spatial 
and temporal resolution largely relies on the brightness of ON/OFF switchable fluorescent 
dyes. Moreover, in cell plasma membranes the single-molecule localization is hampered by 
the fast lateral diffusion of membrane probes. Here, to address these two fundamental 
problems, we propose a concept of ON/OFF switchable probes for SMLM based on fluorogenic 
dimers of bright cyanine dyes. In these probes, the two cyanine units connected with a linker 
were modified at their extremities with low-affinity membrane anchors (figure 1). Being self-
quenched in water due to intramolecular dye H-aggregation, they displayed light up in apolar 
and viscous media, including lipid membranes. Charged group in the linker further decreased 
the probe affinity to the lipid membranes, thus accelerating its dynamic reversible ON/OFF 
switching. The concept was validated on red cyanine 3 and far-red cyanine 5 dyes. SMLM of 
live cells revealed that the new probes provided higher brightness and ~10-fold slower 
diffusion at the cell surface, compared to reference probes Nile Red and DiD, which boosted 
axial resolution of biomembrane imaging >3-fold down to 31 nm. The new probe allowed 
unprecedented observation of nanoscale fibrous protrusions on plasma membranes of live 
cells with 40-s time resolution, revealing their fast dynamics. Thus, going beyond the 
brightness limit of single switchable dyes, using cooperative de-quenching in fluorogenic 
dimers, and slowing down probe diffusion in biomembranes open the route to significant 
enhancement of super-resolution fluorescence microscopy of live cells. 
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Medium-sized N-heterocycles are scaffolds of high importance in medicinal chemistry and are 
widely encountered in biologically active molecules.1  While numerous synthetic strategies 
focus on the preparation of five- or six-membered rings, the need for efficient methodologies 
towards polysubstituted and stereodefined medium-sized N-heterocycles remains an 
important challenge for organic chemists. 
π-Allylpalladium(II) zwitterionic intermediates, which can be obtained from various precursors 
after oxidative addition by a palladium(0) catalyst, have emerged as versatile precursors for 
the preparation of a wide variety of carbo- and heterocycles.2 Our research group recognized 
their remarkable synthetic potential for the preparation of medium-sized N-heterocycles. A 
1,4-oxygenated-dipole allowed the efficient preparation of seven-membered oxadiazepines, 
using in situ formed azomethine imines from hydrazones via a sequential 
silver(I)/palladium(0) catalysis. This dipole is also suitable for (4+4) cycloadditions towards 
eight-membered oxazocines. Nine-membered azonanes were also prepared thanks to the 
discovery of a reactivity switch of vinylcyclopropane under a palladium(0) catalysis, as they 
react as an all-carbon 1,5-dipole.3 

 

 
  

 
1 (a) T. K. Devon, A. I. Scott, Handbook of Naturally Occurring Compounds, Vol. 2; Academic Press: New York and 
London, 1972 (b) D. J. Faulkner, Nat. Prod. Rep. 1984, 1, 251 
2 (a) Allen, B. D. W.; Lakeland, C. P. and Harrity, J. P. A. Chem. Eur. J. 2017, 23, 13830-13857. (b) Niu, B.; Wei, Y. 
and Shi, M. Org. Chem. Front. 2021, 8, 3475-3501. (c) You, Y.; Li, Q.; Zhang Y-P.; Zhao, J-Q.; Wang, Z-H. and Yuan, 
W-C. ChemCatChem 2022, DOI: 10.1002/cctc.202101887. 
3 (a) Scuiller, A.; Liu, X.; Cordier, M.; Garrec, J. and Archambeau, A. Synlett, 2021, 32, 981-986. (b) Scuiller, A.; 
Karnat, A.; Casaretto, N. and Archambeau, A. Org. Lett. 2021, 23, 2332-2336. 
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In the field of molecular materials based on phosphorus-containing p-systems, little attention 
was devoted to phosphacycles featuring an internal P-ylide.1 Hence, this bond was supposed 
to be too reactive. Actually, organic chemists use this reactivity since decades to create C-C 
bond with the Wittig reaction. In the present work, we report the straightforward one-pot 
synthesis of novel 5 or 6-membered P-heterocycles featuring an internal ylidic bond (see Fig.). 
The stability of the compounds tolerates post-functionalization through direct arylation to 
introduce electron-rich/poor substituents and the synthetic strategy is also compatible with 
the preparation of more elaborated polyaromatic scaffolds such acenes and helicenes (see 
Fig.). Using a joint experimental (X-ray analysis, optical and redox properties) and theoretical 
approach, we perform a full structure-property relationships study on these new platforms. 
In particular, we show that molecular engineering allows not only tuning their 
absorption/emission on the entire visible range but also endowing them with chiroptical or 
non-linear optical properties, making them valuable dyes for a large panel of photonic or opto-
electronic applications.2 
 

 
 
  

 
1 Joly, D.; Bouit, P.-A.; Hissler, M. J Mater Chem C 2016, 4, 3686–3698; Baumgartner, T.; Réau, R. Chem. Rev. 2006, 
106, 4681–4727. 
2 Delouche, T. ; Caytan, E. ; Cordier, M. ; Roisnel, T. ; Taupier, G. ; Molard, Y. ; Vanthuyne, N. ; Le Guennic, B. ; 
Hissler, M. ; Jacquemin, D. ; Bouit, P.-A. Angew. Chem. Int. Ed. 2022, 10.1002/anie.202205548. 
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Photocatalyzed reductive methodologies have emerged as a powerful strategy for the 
generation of original radical species under mild conditions.1 Among the different 
photocatalysts explored, organic dyes have been used as an attractive alternative to transition 
metal complexes.2 However, most of them present modest reduction potentials limiting their 
reactivity to the generation of radical intermediates from strong electron-deficient acceptors. 
In the quest for innovative and selective reduction methodologies, super organic electron 
donors (OEDs) represent ideal eco-compatible and powerful reducing agents for the 
generation of radical or anionic species by single or double electrons transfers.3,4 
Nevertheless, OEDs were used in a stoichiometric amount. Therefore, we developed an OED-
photocatalyzed reduction methodology where the active reducer OED is regenerated by 
electron transfers to its oxidized form OED2+ using a sacrificial electron donor. This new 
photoredox catalytic system was applied to the reduction of functionals groups with low 
reduction potentials (sulfone, aryl halide and triflate) into radical or anionic intermediates. 
This photocatalytic system represents an unprecedented way to catalytically generate 
carbanions, including aryl anions. 
 

 
  

 
1 Twilton J.; Le C.; Zhang P.; Shaw M. H.; Evans R. W.; Macmillan D. W. C. Nature Review Chemistry, 2017, 1, 1-
18. 
2 a) Sharma S.; Sharma. A., Org. Biomol. Chem., 2019, 17, 4384–440; b) Romero N. A.; Nicewicz D. A., Chem. Rev., 
2016, 116, 10075–10166. 
3 a) Broggi J.; Terme T.; Vanelle P. Angew. Chem. Int. Ed., 2014, 53, 384-413. b) Murphy J. A. J. Org. Chem, 2014, 
79, 3731-3746. 
4 a) Broggi J.; Rollet M.; Clément J.L.; Canard G.; Terme T.; Gigmes D.; Vanelle P. Angew. Chem. Int. Ed. 2016, 55, 
5994-5999. b) Zhao Y.; Rollet M.; Charles L.; Canard G.; Gigmes D.; Vanelle P.; Broggi J. Angew. Chem. Int. Ed. 
2021, 60, 19389-19396. 
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1,2-Dioxolanes and 1,2-dioxanes are examples of endoperoxides, which can be found in many 
natural substances, but also have many perspectives in medicinal chemistry. Despite many 
reported methods, their syntheses are still challenging to incorporate the peroxy bond in 
polyfunctionalized molecules.1 These last years, we focused on developing strategies to access 
these reactive patterns to attain the construction of bioactive molecules and original natural 
products. Thus, we developed methods to build 5- or 6-membered endoperoxide using ring-
expansion of strain cycloalkanols.2 We then studied the reactivity of endoperoxide to obtain 
functionalized substances through Mukaiyama aldol reaction3,4 or to undergo original ring-
constriction.5 The application of this work culminated in elaborating a medicinal chemistry 
library6 and accomplishing the total synthesis of marine natural products.7 
 

  

 
1 Ferrié, L. Chapter Two - Advances in the Synthesis of 1,2-Dioxolanes and 1,2-Dioxanes. In Advances in 
Heterocyclic Chemistry; Scriven, E. F. V., Ramsden, C. A., Eds.; Academic Press, 2021; Vol. 135, pp 57–146. 
https://doi.org/10.1016/bs.aihch.2021.03.001. 
2 López, M. M.; Jamey, N.; Pinet, A.; Figadère, B.; Ferrié, L. Oxidative Ring Expansion of Cyclobutanols: Access to 
Functionalized 1,2-Dioxanes. Org. Lett. 2021, 23 (5), 1626–1631. https://doi.org/10.1021/acs.orglett.1c00070. 
3 Pinet, A.; Nguyen, T. L.; Bernadat, G.; Figadère, B.; Ferrié, L. Synthesis of 3,5-Disubstituted 1,2-Dioxolanes 
through the Use of Acetoxy Peroxyacetals. Org. Lett. 2019, 21 (12), 4729–4733. 
https://doi.org/10.1021/acs.orglett.9b01616. 
4 Pinet, A.; Figadère, B.; Ferrié, L. Access to Functionalized 3,5-Disubstituted 1,2-Dioxolanes under Mild 
Conditions through Indium(III) Chloride/Trimethylsilyl Chloride or Scandium(III) Triflate Catalysis. Adv. Synth. 
Catal. 2020, 362 (5), 1190–1194. https://doi.org/10.1002/adsc.201901145. 
5 Jamey, N.; Ferrié, L. From Ring-Expansion to Ring-Contraction: Synthesis of γ-Lactones from Cyclobutanols and 
Relative Stability of Five- and Six-Membered Endoperoxides toward Organic Bases. Synthesis 2022, 54 (12), 2816–
2824. https://doi.org/10.1055/a-1765-1615. 
6 Pinet, A.; Cojean, S.; Nguyen, L. T.; Vásquez-Ocmín, P.; Maciuk, A.; Loiseau, P. M.; Le Pape, P.; Figadère, B.; 
Ferrié, L. Anti-Protozoal and Anti-Fungal Evaluation of 3,5-Disubstituted 1,2-Dioxolanes. Bioorganic & Medicinal 
Chemistry Letters 2021, 47, 128196. https://doi.org/10.1016/j.bmcl.2021.128196. 
7 Kérim, M. D.; Evanno, L.; Ferrié, L. Stereodivergent Total Syntheses of (+)-Mycaperoxides C, D, G Methyl Ester 
and (-)-Mycaperoxide B. preprint 2022. https://doi.org/10.26434/chemrxiv-2022-730lx-v2. 
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Diels-Alder cycloaddition reactions have been commonly used by organic chemists to 
synthesize substituted cyclic systems. Heterocycloadditions like nitroso Diels-Alder have also 
already been reported to form 3,6-dihydro-2H-oxazines in which the NO bond could be 
cleaved.1  
In 2018, our team have reported a new entry into highly functionalized cyclohexane 
derivatives by a sequence involving a nitroso Diels-Alder cycloaddition with benzene oxide, 
followed by a base-mediated fragmentation, with complete control of relative configuration 
of every stereogenic centers.2 
These results showed an interesting synthetic potential, which prompted us to undergo 
further studies on the scope and application of this sequence. 
We first chose to focus on the use of benzene oxide for Diels-Alder cycloadditions in order to 
assess the synthetic potential of these reactions with this diene, for which few reactions are 
known.3 We have extended it, not only to different nitroso derivatives, but also to other 
hetero-dienophiles (Fig. 1). 
We have also studied the fragmentation of these cycloadducts using a variety of bases to form 
a diversity of functionalized cyclohexene oxide derivatives. The role of the cycloadduct double 
bond during this fragmentation has been investigated. Moreover, a new type of 
fragmentation has been discovered showing an unexpected reactivity of tert-butyllithium 
base. We will present our latest results about this reaction sequence and the molecular 
diversity it induces.  

 
Fig. 1 Cycloaddition/fragmentation reaction sequence  

 
1 (a) Y. Yamamoto, H. Yamamoto, Eur. J. Org. Chem. 2006, 2031−2043. (b) P. F. Vogt, M. J. Miller, Tetrahedron 
1998, 54, 1317−1348. (c) Galvani, G.; Lett, R.; Kouklovsky, C. Synlett 2015, 26 (10), 1340–1344. 
2 R. Campagne, F. Schäkel, R. Guillot, V. Alezra, C. Kouklovsky, Org. Lett. 2018, 20, 1884. 
3 (a) J.R. Gillard, M.J. Newlands, J.N. Bridson, D.J. Burnell, Can. J. Chem. 1991, 69, 1337. (b) D.M. Matias, J. S. 
Johnson, J. Org. Chem. 2018, 83, 4859−4866. 
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Cyclodextrins (CDs) have been studied as platforms for selective catalytic reactions. The 
bridging of CDs with a N-heterocyclic carbene (NHC) ligand led to a rigidification and a 
deformation of their cavities, conferring them a helicoidal chirality.1 The presence of the NHC 
moiety allowed the formation of diverse metallic complexes pointing inside the cavity. 
Reactions involving coinage metals (Cu, Ag, Au) have been described and showed great regio- 
or enantioselectivities towards hydroboration, cycloisomerization and alkoxycyclization 
reactions.2 
We recently turned our interest towards the confinement of reactive carbenes and borenium 
ions to study the influence of the cavity in metal-free reactions.  
We have used the free NHCs as Lewis bases in catalysis. The confined carbenes showcase an 
enhanced cavity influence regarding the formylation of amines via CO2 hydrosilylation.3 The 
presence of a cavity prevents over-formylation reactions with aniline and slows the 
formylation of sterically hindered amines, inducing chemoselectivity. 
We have also synthesized NHC-boranes, precursors to strongly Lewis acidic borenium ions, to 
first study their structural features. The protection brought by the cavity of the CD allows us 
to form the elusive NHC–BH2

+ borenium ion that was thought to be non-isolable.4 This 
borenium ion is also active towards catalysis for the hydrosilylation of ketones and shows 
different selectivities in function of the cavity size. 
 

 
  

 
1 Zhang, P.; Tugny, C.; Meijide Suárez, J.; Guitet, M.; Derat, E.; Vanthuyne, N.; Zhang, Y.; Bistri, O.; Mouriès-
Mansuy, V.; Ménand, M.; Roland, S.; Fensterbank, L.; Sollogoub, M. Artificial Chiral Metallo-Pockets Including a 
Single Metal Serving as Structural Probe and Catalytic Center. Chem 2017, 3, 174–191. 
2 Roland, S.; Meijide Suárez, J.; Sollogoub, M. Confinement of Metal-N-Heterocyclic Carbene Complexes to 
Control Reactivity in Catalytic Reactions. Chem. Eur. J. 2018, 24, 12464–12473. 
3 Das Neves Gomes, C.; Jacquet, O.; Villiers, C.; Thuéry, P.; Ephritikhine, M.; Cantat, T. A Diagonal Approach to 
Chemical Recycling of Carbon Dioxide: Organocatalytic Transformation for the Reductive Functionalization of 
CO2. Angew. Chem. Int. Ed. 2012, 51, 187–190. 
4 Inés, B.; Patil, M.; Carreras, J.; Goddard, R.; Thiel, W.; Alcarazo, M. Synthesis, Structure, and Reactivity of a 
Dihydrido Borenium Cation. Angew. Chem. Int. Ed. 2011, 50, 8400–8403. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 110

ORAL COMMUNICATIONS

OC56 
Iron-Catalysed Intermolecular Oxyamination of Alkenes 

Using Hydroxylamine Derivatives as Clean Nitrogen Sources 
Georgina Kirby, Guillaume Prestat, Farouk Berhal 

Université Paris Cité, CNRS, Laboratoire de Chimie et de Biochimie Pharmacologiques et 
Toxicologiques, F - 75006 Pairs, France 

georgina.kirby@u-paris.fr 
 
 

Nitrogen-containing molecules are incredibly valuable in organic synthesis and are used as 
chiral ligands, synthetic intermediates, and pharmaceuticals. There has thus been an ongoing 
effort into the development of new, efficient, and robust methodologies for C-N bond 
formation. 
Metallonitrenes are a powerful tool for the formation of C-N bonds and have led to the 
development of efficient processes such as aziridination, alkene difunctionalisation and C-H 
amination.1 However, most of these developed processes are poorly atom economical, due to 
them requiring external oxidants, and are also based on the use of non-sustainable materials 
such as rare and expensive transition metals (Rh, Pd, etc.). Hydroxylamine derivatives, in the 
presence of a transition-metal, can form a metallonitrene intermediate avoiding the 
requirement for external oxidants, since the presence of the N–O bond acts as an endogenous 
oxidant.2 Surprisingly, the generation of metal nitrenes from hydroxylamine derivatives and 
cheap, abundant, and non-toxic iron sources has been scarcely studied.3 
Following our previous studies4 on the reactivity of iron-nitrenes deriving from hydroxylamine 
derivatives, we will present our recently developed intermolecular iron-catalysed 
oxyamination of alkenes hydroxylamine derivatives as a nitrogen source. This sustainable 
process allows for efficient access to both a new C-N bond and a new C-O bond in one step, 
yielding protect 1,2 amino-alcohols in good-to-excellent yields. Mechanistic studies into this 
iron-catalysed nitrene transfer processes are currently ongoing within our group.  

 
1 Y.-C. Wang, X.-J. Lai, K. Huang, S. Yadav, G. Qiu, L. Zhang, H. Zhou, Org. Chem. Front., 2021, 8, 1677-1693. 
2 (a) H. Lebel, K. Huard, S. Lectard, J. Am. Chem. Soc., 2005, 127, 14198-14199; (b) H. Lebel, S. Lectard, M. 
Parmentier, Org. Lett., 2007, 9, 4797-4800. 
3 D.-F. Lu, C.-L. Zhu, Z.-X. Jia, H. Xu, J. Am. Chem. Soc., 2014, 136, 13186-13189. 
4 (a) S. Abi Fayssal, A. Giungi, F. Berhal, G. Prestat, Org. Process Res. Dev., 2020, 24, 695-703; (b) A.-D. Manick, S. 
Aubert, B. S. Yalcouye, T. Prangé, F. Berhal, G. Prestat, Chem. Eur. J., 2018, 24, 11485-11492. (c) G. Kirby, L. 
Grimaud, M. R. Vitale, G. Prestat, F. Berhal, Green Chem., 2021, 23, 9428-9432. 
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Pyridoazepinones are a pyridine-containing scaffold present in natural products and synthetic 
medicinally-relevant compounds.1 It also may serve as a classical isostere of the 
benzazepinone motif, which is a part of various biologically active substances. However, no 
general method for the preparation of pyridoazepinones has been described until these days, 
and the existing strategies suffer from low functional group tolerance and harsh conditions. 
 
The proposed strategy toward pyridoazepinones is based on the radical chemistry of 
xanthates and uses commercially available aminopyridines as starting materials. It features 
the construction of the seven-membered ring by C-C bond formation via the xanthate 
addition-transfer process to non-activated alkenes, followed by radical cyclization and re-
aromatization of the pyridine ring, enabled by homolytic cleavage of the sulfonamide bond.2  
 
This method allowed the preparation of pyridoazepinones with various substituents both in 
the pyridine core and in the seven-membered cycle (24 examples) and was found to be 
tolerant of a diverse range of functional groups, such as protected amines, esters, and 
boronates. The further derivatization of the obtained products was also performed. Finally, 
the synthesis was accomplished on a gram scale and in a one-pot manner to show the 
applicability of the presented approach for industrial purposes. 
 
 

 
 
 
  

 
1 Brown, R. T.; Fraser, S. B. Tetrahedron Lett. 1973, 14 (11), 841–842. 
2 Dorokhov, V. S.; Zard, S. Z.; Org. Lett. 2021, 23 (6), 2164–2168 
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Mesoionic compounds like sydnones, iminosydnones and münchnones are dipolar five-
membered heterocycles displaying noteworthy chemical properties and biological activities. 
For instance, functionnalized sydnones and iminosydnones are key structures for 
bioconjugation applications via 1,3-dipolar cycloadditions.1 Besides, several substituted 
iminosydnones are commercialized for decades as drugs, especially in the cardiovascular 
field.2 Mechanochemistry, i.e. inducing chemical reactions through mechanical forces, for 
instance in ball mills, was recognized in 2019 by IUPAc as one of  the “10 chemical innovations 
that will change the world”.3 Hence solventless syntheses of organic molecules have 
developed dramatically in the last years, providing “green” and efficient methods to access 
bioactive molecules.4 As our team recently designed the mechanosynthsesis of sydnones and 
of relative coordination complexes,5 we tackled the development of a mechanochemical 
method to access several bioactive iminosydnones.6 So, in this communication we will present 
our last results on the synthesis of iminosydnone-based Active Pharmaceutical Ingredients 
(API) such as Molsidomine and Mesocarb via ball milling. 
 
 

 

 
  

 
1 Porte, K.; Riomet, M.; Figliola, C.; Audisio, D.; Taran, F. Chem. Rev. 2021, 121, 6718-6743. 
2 Rehse, K.; Kämpfe, M.; Schleifer, K.-J. Arch. Pharm. 1993, 326, 483-487. 
3 Gomollón-Bel, F. Chem. Int. 2019, 41, 12-17. 
4 Bento, O.; Luttringer, F.; Mohy El Dine, T.; Pétry, N.; Bantreil, X.; Lamaty, F. Eur. J. Org. Chem. 2022, e202101516 
5 Petry, N.; Vanderbeeken, T.; Malher, A.; Bringer, Y.; Retailleau, P.; Bantreil, X.; Lamaty, F. Chem. Commun. 2019, 
55, 9495-9498. 
6 Petry, N.; Luttringer, F.; Bantreil, X.; Lamaty, F. Faraday Discuss. 2022, DOI: 10.1039/D2FD00096B 
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The versatility of Olefin Metathesis (OM) is evident from its successful application to natural 
product synthesis, to pharmaceutical and crop science, the valorization of renewable 
feedstocks or the preparation of new materials.1 N-Heterocyclic-Carbene (NHC) ruthenium 
complexes are recognized for their high catalytic efficiency. However, they face stability issues 
in presence of ethylene, a common byproduct for OM.2,3 Cyclic(alkyl)(amino)carbene (CAAC) 
ruthenium complexes do not undergo the common degradation path, being more stable but 
at the same time less reactive.4 Herein we report on the synthesis and the catalytic activity of 
a new series of bench-stable CAAC-Ru catalyst bearing stabilizing bulkier substituents on the 
heterocyclic moiety and a strategic activating functionalization (AF) on the styrenyl fragment. 
These complexes revealed to be highly competent for Ring-Closing Metathesis (RCM), Cross-
Metathesis and Macrocyclization also at low to very low catalytic loading (10-1000 ppm). 
 
 
 
 

 
 
 
 
 
  

 
1 R.H., G.; A.G. Wenzel; D.J.O’Leary; E. Khosravi. R. H. Grubbs, A. G. Wenzel, D. J. O’Leary and E. Khosravi, 
Handbook of Metathesis Volume 1 : Catalyst Development and Mechanism , Wiley-VCH, Weinheim, 2015. 2015, 
1, 2015. 2 Beach, N. J.; Camm, K. D.; Fogg, D. E. Organometallics 2010, 29 (21), 5450–5455. 3 McClennan, W. L.; 
Rufh, S. A.; Lummiss, J. A. M.; Fogg, D. E. J. Am. Chem. Soc. 2016, 138 (44), 14668–14677. 4 Morvan, J.; Mauduit, 
M.; Bertrand, G.; Jazzar, R. ACS Catal. 2021, 11 (3), 1714–1748. 
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Tropane alkaloids are relevant compounds in the field of therapeutic research particularly the 
arylated tropane class of derivatives (Figure 1A). For instance, compound 1b was reported as 
a narcotic antagonist while 1b was shown to lower circulating blood glucose levels by 60-80% 
and possesses an analgesic activity similar to codeine. Moreover, 2,3-aryltropanes (such 1c), 
compounds that have been scarcely described to date, were found to be highly selective 
ligands for the dopamine transporter (DAT) at the nanomolar level. 
 
As part of our ongoing interest in functionalization of tropane motifs combined with our aim 
to identify new biological activities, we sought to design a new C(sp3)−H activation approach 
to synthesize unknown arylated tropanes in a site-selective manner. Herein (Figure 1B), we 
report the first pallado-catalyzed double C(sp3)–H arylation of the tropane skeleton in 
positions 2 and 4 driven by the aminoquinoline (AQ) directing group positioned in the C3 
position.1 The reaction is site-selective delivering 2,4-β-cis-diaryl tropanes. Preliminary 
biological evaluations showed that this series of compounds displays premising 
antiproliferative activities against colon cancer cell lines. 

 
Figure 1. 

 
1 Mayssa Zayene et al. 2022, submitted. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 115

Posters



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 116

POSTERS

P A001 
Electrocoupling 

A Catalyst-free Alternative for C-C Bond Formation 
Dorian Didier1 

1 Ludwig Maximilians Universität, Butenandtstraße 5-13, 81377 München 
dorian.didier@cup.uni-muenchen.de 

 
 

Our efforts toward sustainable C-C bond formation have led us to investigate alternative 
catalyst-free coupling reactions. Having previously demonstrated that organoboron reagents 
can serve as templates in Zweifel olefinations1,2 and strained ring functionalization,3 ,4 ,5 we set 
out to develop a conceptual approach for hetero-coupling reactions. 
 
As many methods for the formation of hetero-biaryls require expensive and/or 
environmentally challenging transition-metal catalysts as well as inert and dry conditions, we 
envisioned that bench-stable, hetero-substituted arylborate salts could undergo formation of 
(hetero)biaryls, triggering the key 1,2-metallate rearrangement step under electrochemical 
oxidation.6,7,8 
 

 
 
First, a novel and practically simple access to tetraarylborates will be described, providing a 
new library of heterosubstituted structures. 
 
Second, the chemoselectivity of the electrocoupling reaction will be discussed, as well as its 
currents applicability and limitations.9,10 ,11 

  

 
1 A. Music, C. Hoarau, N. Hilgert, F. Zischka, D. Didier Angew. Chem. Int. Ed. 2019, 58, 1188-1192. 
2 A. N. Baumann, M. Eisold, A. Music, G. Haas, Y. M. Kiw, D. Didier Org. Lett. 2017, 19, 5681-5684. 
3 M. Eisold, D. Didier Angew. Chem. Int. Ed. 2015, 54, 15884-15887. 
4 A. Baumann, A. Music, K. Karaghiosoff, D. Didier Chem. Commun. 2016, 52, 2529-2532. 
5 M. Eisold, D. Didier Org. Lett. 2017, 19, 4046-4049. 
6 D. H. Geske J. Phys. Chem. Soc. 1975, 97, 4264−4268. 
7 S. B. Beil, S. Möhle, P. Enders, S. R. Waldvogel Chem. Commun. 2018, 54, 6128−6131. 
8 C. Gerleve, A. Studer Angew. Chem. Int. Ed. 2020, 59, 15468-15473. 
9 A. Music, A. N. Baumann, P. Spieß, A. Plantefol, T. Jagau, D. Didier J. Am. Chem. Soc. 2020, 142, 4341-4348. 
10 A. N. Baumann, A. Music, J. Dechent, N. Müller, T. C. Jagau, D. Didier Chem. Eur. J. 2020, 26, 8382-8387. 
11 A. Music, C. M. Nuber, Y. Lemke, P. Spieß, D. Didier Org. Lett. 2021, 23, 4179-4184. 
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Cytotoxic natural acetylenic lipids embedding a chiral alkynyl carbinol unit at the terminal 
position of a linear aliphatic skeleton represent a potential source of anticancer agents.1 We 
showed that chemistry-driven evolution of such lipidic alkynyl carbinols (LACs) could lead to 
an up to 1000-fold increase in potency for enantioenriched synthetic analogues.2 We also 
recently demonstrated that cytotoxic LACs behave as prodrugs upon in situ enantiospecific 
oxidation by SDR enzymes (Short-chain Dehydrogenases/Reductases): the resulting ynones 
react as Michael acceptors with multiple proteins, including a proteasome subunit, thus 
inducing apoptosis.3  

 
A new series of anticancer molecules will be described, in which the alkynylcarbinol 
pharmacophore is conjugated with an (hetero)aromatic ring, itself bearing the lipophilic 
chain.4 In order to ensure optimal efficiency and flexibility, 3 complementary synthesis routes 
were studied. More than 30 synthetic analogues, as well as in cellulo-clickable probes, were 
obtained under racemic or enantioenriched form. Biological data of cytotoxicity, cell imaging 
and modification of cellular proteins using clickable probes show that this potent anticancer 
series displays the same mechanism of action as the one recently uncovered for related non-
aromatic LACs,3 thus confirming their pharmacological potential.   

 
1 Listunov, D.; Maraval, V.; Chauvin, R.; Génisson, Y., Nat Prod Rep 2015, 32 (1), 49-75 
2 For a review, see : Listunov, D.; Joly, E.; Rulliere, P.; Gaspard, H.; Bernardes-Génisson, V.; Génisson, Y.; Maraval, 
V.; Chauvin, R., Synthesis-Stuttgart 2018, 50 (16), 3114-3130 
3 Demange, P.; Joly, E.; Marcoux, J.; Zanon, P. R. A.; Listunov, D.; Rullière, P.; Barthes, C.; Noirot, C.; Izquierdo, J. 
B.; Pradines, K.; Hee, R.; Vieira de Brito, M.; Marcellin, M.; Serre, R. F.; Bouchez, O.; Burlet-Schiltz, O.; Oliveira, 
M. C. F.; Ballereau, S.; Bernardes-Génisson, V.; Maraval, V.; Calsou, P.; Hacker, S. M.; Génisson, Y.; Chauvin, R.; 
Britton S., eLife 2022, 11:e73913 
4 Britton, S.; Ballereau, S.; Calsou, P.; Chauvin, R.; Gaspard, H.; Génisson, Y.; Listunov, D.; Maraval, V.; Rullière, P., 
European patent application n° EP21306249, septembre 13th, 2021 
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2-Amino-acroleins are valuable building blocks that have not been sufficiently studied due to 
the lack of efficient, selective, and versatile synthetic methods, especially when 
tetrasubstituted ones are targeted.  
In this context and inspired by a previous work reported by Fukumoto,1 we have recently 
developed the first rhodium-catalyzed silylformylation applied to ynamides. To make this 
approach practically easy to implement in any laboratory, isocyanides were used as a 
substitute of carbon monoxide. After optimization, we demonstrated that this reaction is fully 
regioselective towards 2-amido-acroleins and almost always stereoselective for the syn-
addition product (isomer E). Different functional groups on the ynamide, silane and isocyanide 
are tolerated leading to a high degree of diversity on the final compound. These products can 
be easily converted to vinyl bromide, allylic alcohol, amine and diene.2 As part of our interest 
in the synthesis of sila-heterocycles,3 we subjected these 2-amido-acroleins to an 
intramolecular Friedel-Crafts reaction leading to the formation of poly-functionalized amido-
benzosilines.4 These molecules are analogs of sila-rhodamines and they exhibit interesting 
luminescent properties that can be easily tuned by changing the electronic nature of the 
different substituents on the 2-amido-acroleins.  

  
 

1 Fukumoto, Y.; Hagihara, M.; Kinashi, F.; Chatani, N. Switch in Stereoselectivity Caused by the Isocyanide 
Structure in the Rhodium-Catalyzed Silylimination of Alkynes. J. Am. Chem. Soc. 2011, 133, 10014–10017. 
2 Golling, S.; Leroux, F. R.; Donnard, M. Versatile Access to Tetrasubstituted 2-Amidoacroleins through Formal 
Silylformylation of Ynamides. Org. Lett. 2021, 23, 8093–8097. 
3 Wagner, P.; Gulea, M.; Suffert, J.; Donnard, M. Synthesis of Benzo[c]Silole Derivatives Bearing a Tetrasubstituted 
Exocyclic C=C Double Bond by Palladium-Catalyzed Domino Reactions. Chem. Eur. J. 2017, 23, 7458–7462. 
4 Unpublished results. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 119

POSTERS

P A004 
Diastereoselective addition of redox active esters to 

azomethine imines by electrosynthesis 
Ludovic Leleu, Thomas Martzel, Arona Fall, 

Vincent Levacher, Sylvain Oudeyer, Jean-François Brière 
Normandie Univ, UNIROUEN, INSA Rouen, CNRS, COBRA, 76000 Rouen, France 

arona.fall@insa-rouen.fr (Heterocycles team, e-CatCH group) 
 
 

Azomethine imines (AI) are versatile dipoles historically involved into cycloadditions and 
nucleophilic addition reactions of anionic species, towards the construction of valuable cyclic-
hydrazine derived products.1 However, radical-based transformations of Dorn-Otto type 
azomethine imines 2 were only recently explored by visible-light photoredox catalysis.2,3 In 
that context, few examples of a chiral C5-substituted azomethine imines were reported and 
low or undefined diastereoisomeric ratios were described. 
 

 
Diastereoselectives radical addition to azomethine imine by electrosynthesis. 

We envisaged an alternative approach to provide original pyrazolidinones 3 with high 
diastereoisomeric ratios from chiral azomethine imines 2 using electrochemical conditions. 
Our strategy consists in the use of N-(acyloxy)phthalimides (NHPs) 1 as versatile radical 
precursors upon a decarboxylative cathodic reductive SET event.4 Thereby, an efficient 
addition reaction of various alkyl radicals to such dipoles (up to 85% yield) in a stereoselective 
fashion (up to 95:5 dr) will be presented.5 
  

 
1 (a) Qiu, G.; Kuang, Y.; Wu, J. Adv. Synth. Catal., 2014, 356. (b) Nájera, C.; Sansano, J. M.; Yus, M. Org. Biomol. 
Chem., 2015, 13, 8596. (c) Grošelj, U.; Požgan, F.; Štefane, B.; Svete, J. Synthesis, 2018, 50, 4501. (d) Deepthi, A.; 
Thomas, N. V.; Sruthi, S. L. New J. Chem., 2021, 45, 8847. 
2 Xia, P. J.; Ye, Z. P.; Song, D.; Ren, J. W.; Wu, H. W.; Xiao, J. A.; Xiang, H. Y.; Chen, X. Q.; Yang, H. Chem. Commun., 
2019, 55, 2712. 
3 (a) Matsuo, B. T.; Correia, J. T. M.; Paixao, M. W. Org. Lett., 2020, 22, 7891. (b) Matsuo, B. T.; Oliveira, P. H. R.; 
Correia, J. T. M.; Paixao, M. W. Org. Lett., 2021, 23, 6775. 
4 Claraz, A.; Masson, G. ACS Organic & Inorganic Au 2021, 2, 126. 
5 Leleu, L; Martzel, T.; Fall, A.; Sanselme, M.; Levacher, V.; Oudeyer, S.; Brière, J. F. Chem. Commun., 2022, 58, 
6100. 
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The design of site-selective C(sp3)–H functionalization reactions is a great challenge with 
important applications in synthesis and medicinal chemistry.1 A first approach to meet this 
goal relies on directed functionalization reactions through the use of coordinating groups or 
intramolecular reactions. By contrast, in the case of undirected C(sp3)−H functionalization 
reactions, the site-selectivity is often governed by the innate reactivity of the substrate, 
particularly by the C−H bond dissociation energies (BDEs).2 Despite their efficiency, both 
strategies suffer from limitations with many C-H bonds remaining inaccessible. 
Catalyst-controlled site-selective C(sp3)–H functionalization reactions is a third strategy that 
has recently emerged to go beyond the limitations of substrate-controlled reactions.3 In this 
context, our group recently initiated studies to address the issue of the selective 
intermolecular amination of unactivated tertiary C(sp3)−H bonds (BDE of 96 kcal·mol−1) bonds 
in the presence of an activated benzylic site (BDE of 85 kcal·mol−1) through the search for new 
reagents and catalysts. In this communication, we thus will describe the discovery of a highly 
discriminating rhodium-bound nitrene species resulting from the synergistic combination of a 
dirhodium(II) complex and a sulfamate.4 These reagents allow to go beyond the BDE-driven 
reactivity of C-H bonds and convert selectively tertiary C(sp3)−H bonds to afford α,α,α-
trisubstituted amides in high yields. The scope of the reaction, its application to the late-stage 
amination of complex products, and its possible extension to the more challenging selective 
functionalization of linear alkyl chains will be reported. 

  

 
1 Godula, K.; Sames, D. C-H Bond Functionalization in Complex Organic Synthesis. Science 2006, 312 (5770), 67–
72. https://doi.org/10.1126/science.1114731. 
2 White, M. C. Adding Aliphatic C–H Bond Oxidations to Synthesis. Science 2012, 335 (6070), 807–809. 
https://doi.org/10.1126/science.1207661. 
3 Hartwig, J. F. Catalyst-Controlled Site-Selective Bond Activation. Acc. Chem. Res. 2017, 50 (3), 549–555. 
https://doi.org/10.1021/acs.accounts.6b00546. 
4 Brunard, E.; Boquet, V.; Van Elslande, E.; Saget, T.; Dauban, P. Catalytic Intermolecular C(Sp3)–H Amination: 
Selective Functionalization of Tertiary C–H Bonds vs Activated Benzylic C–H Bonds. J. Am. Chem. Soc. 2021, 143 
(17), 6407–6412. https://doi.org/10.1021/jacs.1c03872. 
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Proazaphosphatranes, also known as Verkade’s superbases, are non-ionic highly basic 
phosphorus derivatives.1 This class of compounds has found numerous applications from basic 
and nucleophilic catalysts, ligands for transition metals, to Lewis bases in frustrated Lewis pair 
(FLP) systems.2 Their conjugated acids, the azaphosphatranes have been also used as 
organocatalysts.3 Although their first synthesis was reported in 1989, the 
haloazaphosphatranes, the halogenated parents of proazaphosphatranes, were much less 
studied. 
In this context, we successfully developed simple and convenient routes to readily access to 
various fluoro-, and chloroazaphosphatrane derivatives.4  With these compounds in hand, we 
investigated their properties especially as a new class of halogen bond (XB) donors for anions 
recognitions or as catalytic systems for CO2 conversion. So as to build more efficient and 
selective receptors for anion or neutral molecules, we decided to include 
chlororazaphosphatrane as XB donor moiety in a molecular container as the 
hemicryptophane. 

  

 
1 Lensink, C. ; Xi, S.-K. ; Daniels, L. M. ; Verkade, J. G.  J. Am. Chem.Soc. 1989, 111, 3478–3479 
2 a) Yang, J. ; Chatelet, B.; Ziarelli, F. ; Dufaud, V. ; Hérault, D. ; Martinez, A.  Eur. J. Org. Chem. 2018, 45, 6328–
6332 ; b) Johnstone, T. C. ; Wee, G. N. ; Stephan, D. W. Angew. Chem. Int. Ed. 2018, 57, 5881–5884. 
3 Yang, J. ; Manick, A.D. ; Li, C. ; Bugaut, X. ; Chatelet, B. ; Dufaud, V. ; Hérault, D. ; Martinez, A. Chemistry Select 
2020, 5, 14764–14767. 
4 a) Manick, A.D. ; Li, C. ; Yang, J. ; Givaudan, D. ; Biletskyi, B. ; Michaud-Chevalier, S. ;  Dutasta, J.P. ; Hérault, D. ; 
Bugaut, X. ; Chatelet, B. ; Martinez, A.  Inorg. Chem. 2021, 60, 11964-11973; b) Manick, A.D. ; Dutasta, J.P. ; Nava, 
P. ; Dufaud, V. ; Gao, G. ; Chatelet, B. ; Martinez, A.  Chem. Asian J. 2022, 17, e202200115. 
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Coordination to a transition metal is the way elected by Nature to achieve the transformation 
of the abundant but inert N2 molecule: within the active site of the nitrogenases, an FeS cluster 
binds N2 and allows its reduction to NH3.1 Inspired by the nitrogenase, chemists have been 
able to activate N2 within coordination complexes, eventually achieving catalytic reduction of 
N2 to NH3 under ambient conditions.2 N2-complexes have also shown reactivity going beyond 
NH3 synthesis, with the production of N-containing organic molecules (amines, nitriles, N-
heterocycles) from N2 through its activation to a metallic center.3 In these transformations, 
the N–C bond is almost exclusively built by the reaction of coordinated N2 with a C-
electrophile. Yet, a unique example of functionalization by a C-nucleophile (an organolithium 
reagent) has been proposed, involving the complex [CpMn(N2)(CO)2],4 leading to N2-derived 
azo compounds. Intrigued by this peculiar reactivity, we have carried out a mechanistic study 
combining experiment and DFT. We have devised a previously undetected intermediate that 
seems crucial for obtaining an N-containing compound. Besides, our data suggest that the 
direct attack of the C-nucleophile (RLi) on coordinated N2, initially proposed as a key step for 
N2 functionalization,4 is not likely to take place.5 
 

 
 
 
 
 
  

 
1 Seefeldt, L. C.; Yang, Z.-Y.; Lukoyanov, D. A.; Harris, D. F.; Dean, D. R.; Raugei, S.; Hoffman, B. M. Chem. Rev. 
2020, 120, 5082. 
2 Chalkley, M. J.; Drover, M. W.; Peters, J. C. Chem. Rev. 2020, 120, 5582. 
3 Kim, S.; Loose, F.; Chirik, P. J. Chem. Rev. 2020, 120, 5637. 
4 (a) Sellmann, D.; Weiss, W. Angew. Chem. Int. Ed. Engl. 1977, 16, 880; (b) Sellmann, D.; Weiss, W. Angew. Chem. 
Int. Ed. Engl. 1978, 17, 269. 
5 Le Dé, Q.; Bouammali, A.; Bijani, C.; Vendier, L.; del Rosal, I.; Valyaev, D.; Dinoi, C.; Simonneau, A. manuscript in 
preparation. 
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Over the years, fluorine-containing compounds have become essential in pharmaceuticals, 
agrochemicals and material sciences.1 Due to the remarkable properties of the fluorine atom 
or fluorinated groups, their incorporation onto molecules will modulate their physico-
chemical and biological properties, resulting in promising applications for new drug discovery 
for instance.2 In the past decade, particular attention was given to new sulfur-containing 
fluorinated groups for their unique features, such as an interesting lipophilicity and a strong 
withdrawing character.3a,b More recently, a strong interest has been shown on original 
fluoroalkylthiolated groups SCF2FG (FG = functional group).3b-g Although transition metal 
catalyzed direct C−H bond functionalization appeared to be a powerful tool for C-C, C-N or C-
O bond formation,4 the direct formation of a C(sp2)-SRf bond remains a challenging 
transformation. In this context, key players in the field have already developed methodologies 
for trifluoromethylthiolation and more recently difluoromethylthiolation of various classes of 
compounds.5 In this context, an original method for the direct regioselective C-H 
(ethoxycarbonyl)difluoromethylthiolation of 2-phenylpyridine and 2-vinylpyridine derivatives 
has been developed in our group.6 
 

  

 
1 (a) Gillis, E. P.; Eastman, K. J.; Hill, M. D.; Donnely, D. J.; Meanwell, N. A. J. Med. Chem. 2015, 58, 8315–8359. (b) 
M. Inoue, Y. Sumii, N. Shibata, ACS Omega 2020, 5, 10633–10640. 
2 O'Hagan, D. Chem. Soc. Rev. 2008, 37, 308–319. 
3 (a) Toulgoat, F.; Alazet, S.; Billard, T. Eur. J. Org. Chem. 2014, 2415–2428. (b) Xiong, H.-Y., Pannecoucke, X.; 
Besset, T. Chem. Eur. J. 2016, 22, 16734–16749. (c) Shen, F.; Zhang, P.; Lu, L.; Shen, Q. Org. Lett. 2017, 19, 
1032−1035. (d) Xiong, H.-Y. ; Bayle, A. ; Pannecoucke, X.; Besset, T. Angew. Chem. 2016, 128, 13688–13692. (e) 
Wang, J.; Xiong, H.-Y.; Petit, E.; Bailly, L.; Pannecoucke, X; Poisson, T.; Besset, T. Chem. Commun. 2019, 55, 8784–
8787. (f) Petit-Cancelier, F.; François, B.; Pannecoucke, X.; Couve-Bonnaire, S. ; Besset, T. Adv. Synth. Catal. 2020, 
362, 760–764. 
4 (a) Lyons, T. M.; Sanford, M. S. Chem. Rev. 2010, 110, 1147−1169. (b) Gandeepan, P.; Müller, T.; Zell, D.; Cera, G.; 
Warratz, S.; Ackermann, L. Chem. Rev. 2019, 119, 2192−2452. 
5 (a) Tran, L. D.; Popov, I.; Daugulis, O. J. Am. Chem. Soc. 2012, 134, 18237–18240. (b) Xu, C. ; Shen, Q. Org. Lett. 
2014, 16, 2046−2049. (c) Xu, J.; Chen, P.; Ye, J.; Liu, G. Acta Chim. Sinica 2015, 73, 1294–1297. (d) Wang, Q.; Xie, F.; Li, 
X. J. Org. Chem. 2015, 80, 8361–8366. (e) Zhao, Q.; Poisson, T.; Pannecoucke, X.; Bouillon, J.-P.; Besset, T. Org. Lett. 
2017, 19, 5106–5109. (f) Liu, X.-G.; Li, Q.; Wang, H. Adv. Synth. Catal. 2017, 359, 1942–1946. (g) Kesavan, A.; 
Chaitanya, M.; Anbarasan, P. Eur. J. Org. Chem. 2018, 3276–3279. (h) Zhao, Q.; Chen, M.-Y.; Poisson, T.; Pannecoucke, 
X.; Bouillon, J.-P.; Besset, T. Eur. J. Org. Chem. 2018, 6167–6175. (i) He, K.; Pan, F. J. Org. Chem. 2022, 87, 3135–3144. 
6 Doche, F. ; Escudero, J. ; Petit-Cancelier, F. ; Xiong, H.-Y. ; Couve-Bonnaire, S. ; Audisio, D. ; Poisson, T. ; Besset, 
T. Chem. Eur. J. 2022, doi.org/10.1002/chem.202202099. 
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The inverse-electron-demand Diels–Alder (IEDDA) cycloaddition of electron-poor 2-pyrones 
as electrophilic dienes has been extensively studied in the past fifty years. The reaction 
provides an efficient access to bridged bicyclic lactones and their derivatives, such as densely 
functionalized 1,3-cyclohexadienes after CO2 extrusion and polysubstituted aromatic 
compounds through elimination. Thus, the IEDDA cycloaddition has been used for the 
synthesis of many biologically active natural products and drug candidates.1 
 

 
 
Herein we reported a broadly applicable diastereo- and enantioselective inverse-electron-
demand Diels-Alder reaction of 2-pyrones and acyclic enol ethers. Using a copper(II)-BOX 
catalytic system, bridged bicyclic lactones are obtained in very high yields (up to 99% yield) 
and enantioselectivities (up to 99% ee) from diversely substituted 2-pyrones and acyclic enol 
ethers. Mechanistic experiments as well as DFT calculations indicate the occurrence of a 
stepwise mechanism. The synthetic potential of the bridged bicyclic lactones is showcased by 
the enantioselective total synthesis of (+)-Lucidumone on a gram scale.2 
 

 
 
 
  

 
1 (a) Cai, Q. Chin. J. Chem. 2019, 37, 946‒976. (b) Huang, G.; Kouklovsky, C.; de la Torre, A. Chem. Eur. J. 2021, 27, 
4760‒4788. 
2 (a) Huang, G.; Guillot, R.; Kouklovsky, C.; Maryasin, B.; de la Torre, A. Angew. Chem. Int. Ed. 2022, e202208185. 
(b) Huang, G.; Kouklovsky, C.; de la Torre, A. submitted. 
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Chaxalactins A, B and C are 22-membered macrolactones isolated in 2011 from a strain called 
Streptomyces sp. C34, collected in hyper-arid Atacama Desert (North of Chili).1 The complex 
structure of these molecules coupled with their interesting antibiotic and potential antitumor 
activities makes this family of molecules synthetically challenging important targets. Despite 
their interest, no total synthesis of these compounds has been reported so far. The aim of this 
project is to synthesise for the first time chaxalactins A, B and C and related analogues. 
Chaxalactins could be obtained by a Suzuki coupling between the C1-C9 and C10-C25 
fragments, followed by a macrolactonization reaction. The C10-C25 fragment could be 
prepared from the C13-C25 fragment using a Marshall allenylation key step to introduce and 
control the C12, C13 stereocenters. The C13-C25 fragment could in turn be obtained by a Stille 
coupling between the C13-C17 and C18-C25 fragments.  
 

 
 
In this communication, we will report the first total synthesis of chaxalactin B and the synthesis 
of an advanced intermediate of chaxalactin A. The first biological evaluation will also be 
presented. 
  

 
1 M. E. Rateb, W. E. Houssen, W. T. A. Harrison, H. Deng, C. K. Okoro, J. A. Asenjo, B. A. Andrews, A. T. Bull, M. 
Goodfellow, R. Ebel, M. Jaspars, J. Nat. Prod. 2011, 74, 1965. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 126

POSTERS

P A011 
Unprecedented insight into the structure  

of fatty-acid based (nano)materials enabled  
by mechanochemical 17O-labeling schemes 

Jessica Špačková1, Charlyn Fabra1, Sébastien Mittelette1, Emeline Gaillard1, Chia-Hsin Chen1, 
Ieva Goldberga1, Guillaume Cazals2, Aurélien Lebrun2, Marie Hubert-Roux3, Isabelle Schmitz-
Afonso3, Saad Sene1, Dorothée Berthomieu1, Kuizhi Chen4, Zhehong Gan4, Christel Gervais5, 

Thomas-Xavier Métro1, Danielle Laurencin1 
1 ICGM, CNRS, Univ Montpellier, ENSCM, Montpellier, France 
2 IBMM, CNRS, Univ Montpellier, ENSCM, Montpellier, France 

3 Normandie Univ., Univ. Rouen, INSA Rouen, CNRS, Mont-Saint-Aignan, France 
4 NHMFL, Florida State Univ, Tallahassee, USA 

5 LCMCP, Sorbonne Univ, Paris, France 

thomas-xavier.metro@umontpellier.fr; danielle.laurencin@umontpellier.fr 
 
 

Fatty acids are omnipresent in biological systems, with applications in the fields of lipidomics 
and metabolomics, as well as in human nutrition research. They are also widely used in the 
production of materials, for example as surfactants in nanoparticles syntheses. Yet, several 
questions regarding their structure and reactivity remain, including their mode of binding to 
some metal cations or their mode of interaction at the surface of (nano)materials.  
17O isotopic labeling is a potentially powerful approach to access this type of information using 
NMR, yet, until recently,17O NMR spectroscopy had not yet been used for studying complex 
fatty-acid systems. Indeed, previously described 17O labeling protocols were not only rare and 
costly, but also suffered from long reaction times, experimental constraints and/or poor 
experimental description. As an answer to this situation, we have developed user-friendly and 
cost-efficient protocols for the labeling of fatty acids using mechanochemistry.1 Here, ball 
milling enabled to introduce 17O into fatty acids using minimal amounts of costly 17O-labeled 
water. This labeling strategy was then used to reach unprecedented insight into the structure 
of 17O-enriched fatty-acid based (nano)materials.2 

  
 

1 Špačková, J.; Fabra, C.; Cazals, G.; Hubert-Roux, M.; Schmitz-Afonso, I.; Goldberga, I.; Berthomieu, D.; Lebrun, 
A.; Métro, T.-X.; Laurencin, D. Cost-efficient and user-friendly 17O/18O labeling procedures of fatty acids using 
mechanochemistry. Chem. Commun. 2021, 57, 6812-6815, 10.1039/d1cc02165f. 
2 Špačková, J.; Fabra, C.; Mittelette, S.; Gaillard, E.; Chen, C.-H.; Cazals, G.; Lebrun, A.; Sene, S.; Berthomieu, D.; 
Chen, K.; Gan, Z.; Gervais, C.; Métro, T.-X.; Laurencin, D. Unveiling the Structure and Reactivity of Fatty-Acid 
Based (Nano)materials Thanks to Efficient and Scalable 17O and 18O-Isotopic Labeling Schemes. J. Am. Chem. Soc. 
2020, 142, 21068-21081, 10.1021/jacs.0c09383. 
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Azobenzene photoswitches are widely used to tune the properties of biomolecules, catalysts 
or materials, using light as an external stimulus.1 Especially, the range of structural and 
photophysical properties of azobenzene photoswitches could be extended significantly with 
the development of cyclic species. For example, eight-membered ring azobenzenes called 
diazocines have been extensively studied the past decade.2 Nevertheless, only two studies 
have reported the synthesis of nine-membered cyclic azobenzenes.3 
In this context, we have developed a new family of cyclic, C2-symmetric photoswitchable 
molecules, the 13-dihydro-11H-dibenzo[c,h][1,2,6]triazonines. These nine-membered cyclic 
azobenzenes display a nitrogen function in the saturated ring chain. Their properties, i.e. E-
preference combined with bistability over a large temperature range, nicely complement the 
properties of the known acyclic azobenzenes and diazocines. The specific features of these 
compounds are (i) a preferred E-configuration, (ii) nearly quantitative bi-directional 
photoswitching, (iii) high thermal stability of both E- and Z-forms.4 

 
We used this new backbone to synthesize the corresponding diphosphines and bimetallic gold 
(I) complexes. These new photoswichable catalysts, which retain the intrinsic properties of 
the triazonine backbone, have been used in selected reactions to evaluate their catalytic 
activities. 
  

 
1 (a) L. Dong, Y. Feng, L. Wang and W. Feng, Chem. Soc. Rev., 2018, 47, 7339; (b) I. M. Welleman, M. W. H. 
Hoorens, B. L. Feringa, H. H. Boersma and W. Szymański, Chem. Sci., 2020, 11, 11672; (c) R. Göstl, A. Senf 
and S. Hecht, Chem. Soc. Rev., 2014, 43, 1982; (d) F. Medici, N. Goual, V. Delattre, A. Voituriez and A. 
Marinetti, ChemCatChem, 2020, 12, 5573. 
2 (a) R. Siewertsen, H. Neumann, B. Buchheim-Stehn, R. Herges, C. Naether, F. Renth and F. Temps, J. Am. Chem. 
Soc., 2009, 131, 15594; (b) M. Hammerich, C. Schuett, C. Staehler, P. Lentes, F. Roehricht, R. Hoeppner and R. 
Herges, J. Am. Chem. Soc., 2016, 138, 13111. 
3 (a) M. Saha, S. Ghosh and S. Bandyopadhyay, New J. Chem., 2018, 42, 10784; (b) M. S. Maier, K. Hüll, M. 
Reynders, B. S. Matsuura, P. Leippe, T. Ko, L. Schäffer and D. Trauner, J. Am. Chem. Soc., 2019, 141, 17295. 
4 N. Goual, L. Casimiro, V. Delattre, P. Retailleau, S. Maisonneuve, N. Bogliotti, R. Métivier, J. Xie, A. Marinetti and 
A. Voituriez, Chem. Commun., 2021, 57, 10079. 
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With the increasing interest of optical molecular imaging in medicine, fluorescence 
microscopy has seen constant development contributing to the emergence of new 
technologies and probes without discontinuity for the past decades. Fluorogenic probes are 
now considered as critical tools for the study of biological environments.1 Therefore, there is 
definite interest in creating a new easily tunable chemical scaffold exhibiting fluorescent 
behavior that could later be used for the design of such probes. In this context, our group has 
investigated the synthesis of a fused ring cinnoline/naphthalimide hybrid here called 
“CinNapht” dyes.2 The first generation of these new fluorophores exhibits original and 
promising properties in conventional fluorescence: a red emission, a large Stoke Shift, a strong 
solvatochromism, high chemo- and photostability and biocompatibility.3 Here we present a 
an easy access to numerous analogues of CinNapht dyes by late-stage functionalization and a 
study of their photophysical properties. We have re-designed the synthesis via a fluorinated 
CinNapht-F intermediate that can react with a wide variety of amines in a SNAr type reaction. 
The reaction conditions and its scope have been investigated. We have now an easy access to 
new fluorophores with improved photophysical properties associated with a true utility for 
cell imaging applications such as organelle imaging.  
 

 
  

 
1 (a) J. Zhou and H. Ma , Chem. Sci., 2016, 7 , 6309 —6315. (b) J. V. Jun , D. M. Chenoweth and E. J. 
Petersson , Org. Biomol. Chem., 2020, 18 , 5747 —5763 . (c) X. Tian , L. C. Murfin , L. Wu , S. E. Lewis and T. D. 
James , Chem. Sci., 2021, 12 , 3406 —3426 
2 M-D. Hoang, J-B. Bodin, F. Savina, V. Steinmetz, J. Bignon, P. Durand, G. Clavier, R. Méallet-Renault and A. 
Chevalier, RSC Adv., 2021,11, 30088-30092 
3 M-D. Hoang, F. Savina, P. Durand, R. Méallet-Renault, G. Clavier, A. Chevalier, ChemPhotoChem, Accepted 
Author Manuscript, 2022, DOI : 10.1002/cptc.202200138 
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O-centered radicals play a central role in many natural processes, from atmospheric chemistry 
to biology.1 In organic synthesis, by contrast with their C-centered analogs, they are regarded 
as highly reactive intermediates, which are essentially prone to undergo b-scission or HAT 
processes, furnishing eventually a more stable C-centered radical. Recently, our group has 
been interested in new alkoxylation reactions, by trapping these O-centered radical species 
with efficient radical acceptors in order to create new C-O bonds.2 In particular, we were able 
to synthesize a wide range of new a-alkoxylated ketones and amides which are otherwise 
difficult to access (Scheme 1, left).3 In addition, in collaboration with the groups of Pr. A. Togni 
(ETH Zurich) and Dr. L. Dell’Amico (University of Padova), a methodology to prepare a-
trifluoromethoxylated carbonyls could also be successfully developed (Scheme 1, right).4 
Although quite similar, in-depth mechanistic studies showed a quite distinct mechanism 
between both protocols, which will be presented herein together with their scope and 
limitations. 
 

 
Scheme 1 

  

 
1 Suárez, E.; Rodriguez, M. S. Radicals in Organic Synthesis; Renaud, P.; Sibi, M. P.; Wiley-VCH: Weinheim, 2001. 
2 a) Barthelemy, A.-L.; Tuccio, B.; Magnier, E.; Dagousset, G. Angew. Chem. Int. Ed. 2018, 57, 13790; b) 
Barthelemy, A.-L.; Tuccio, B.; Magnier, E.; Dagousset, G. Synlett 2019, 30, 1489. 
3 Banoun, C; Bourdreux, F; Magnier, E; Dagousset, G. Org. Lett. 2021, 23, 8926. 
4 Duhail, T.; Bortolato, T.; Mateos, J.; Anselmi, E.; Jelier, B.; Togni, A.; Magnier, E.; Dagousset, G.; Dell’Amico, L. 
Org. Lett. 2021, 23, 7088. 
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With years of experience working on ketenes1 and total synthesis of natural products,2 the 
SeRCO team recently discovered a formal (3+2) cycloaddition of ketenes with aziridines,3 
affording in very good yields a direct synthetic pathway to γ-lactams, a very common motif in 
natural products. 
To bring additional diversity in this process, we decided to study this reaction using flow 
chemistry, and especially the generation of ketenes.4 Flow chemistry often solves problems 
of efficiency and safety, offering a more robust and reliable way to synthesise and manipulate 
reactive species and hazardous or toxic compounds. The generation of ketenes perfectly 
encompass these problems, but the flow generation of ketene is so far limited to nucleophilic 
addition. 
In this work, we have studied the flow generation of ketenes in [2+2] cycloaddition affording 
crucial information on the overall process (solvent compatibility, kinetic of the cycloaddition, 
base to be used…). In addition, aiming at developing the overall (3+2) cycloaddition process 
using flow techniques, the arduous, non-reliable, thus problematic aziridine batch synthesis 
was also studied using flow chemistry. 

 

    
 
  

 
1 Rullière, P.; Grisel, J.; Poittevin, C.; Cividino, P.; Carret, S.; Poisson, J.-F. Org. Lett., 2016, 18, 2824-2827. 
2 Deprés, J.-P.; Delair, P.; Poisson, J.-F.; Kanazawa, A.; Greene, A. E. Acc. Chem. Res., 2016, 49, 252-261. 
3 Viceriat, A.; Marchand, I.; Carret, S.; Poisson, J-F. Org. Lett., 2021, 23, 2449-2454. 
4 ANR program KetFlo : ANR-18-CE07-0035-01. 
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Pyridoazepinones are a pyridine-containing scaffold present in natural products and synthetic 
medicinally-relevant compounds.1 It also may serve as a classical isostere of the 
benzazepinone motif, which is a part of various biologically active substances. However, no 
general method for the preparation of pyridoazepinones has been described until these days, 
and the existing strategies suffer from low functional group tolerance and harsh conditions. 
 
The proposed strategy toward pyridoazepinones is based on the radical chemistry of 
xanthates and uses commercially available aminopyridines as starting materials. It features 
the construction of the seven-membered ring by C-C bond formation via the xanthate 
addition-transfer process to non-activated alkenes, followed by radical cyclization and re-
aromatization of the pyridine ring, enabled by homolytic cleavage of the sulfonamide bond.2  
 
This method allowed the preparation of pyridoazepinones with various substituents both in 
the pyridine core and in the seven-membered cycle (24 examples) and was found to be 
tolerant of a diverse range of functional groups, such as protected amines, esters, and 
boronates. The further derivatization of the obtained products was also performed. Finally, 
the synthesis was accomplished on a gram scale and in a one-pot manner to show the 
applicability of the presented approach for industrial purposes. 
 
 

 
 
 
  

 
1 Brown, R. T.; Fraser, S. B. Tetrahedron Lett. 1973, 14 (11), 841–842. 
2 Dorokhov, V. S.; Zard, S. Z.; Org. Lett. 2021, 23 (6), 2164–2168 
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The stereocontrol of chiral tertiary alcohols and quaternary stereocenters represent a 
recurrent challenges in organic synthesis. In our laboratory, we elaborated a simple, efficient, 
and indirect strategy to enantioselectively prepare both of these challenging targets through 
a chiral isothiourea* catalyzed selective acylation of adjacent secondary alcohols. This 
transformation enables the kinetic resolution (KR) of easily prepared racemic 
diastereoenriched precursors. In the first challenge, secondary/tertiary diols provided both 
monoesters and starting diols in highly enantioenriched forms (s-value>200).1 
In the second challenge, this indirect method was also used to control the quaternary centers, 
providing desired product with s value up to 185.2 
 
 

 
  

 
1 Desrues, T.; Liu, X.; Pons, J.-M.; Monnier, V.; Amalian, J.-A.; Charles, L.; Quintard, A.; Bressy, C. Indirect Tertiary 
Alcohol Enantiocontrol by Acylative Organocatalytic Kinetic Resolution. Org. Lett. 2021, 23, 4332–4336. 
2 Liu, X.; Pons, J.-M.; Monnier, V.; Charles, L.; Quintard, A.; Bressy, C. Enantiocontrol over Acyclic Quaternary 
Stereocenters by Acylative Organocatalyzed Kinetic Resolution. Eur. J. Org. Chem, 2022, e202101475. 
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Mesoionic compounds like sydnones, iminosydnones and münchnones are dipolar five-
membered heterocycles displaying noteworthy chemical properties and biological activities. 
For instance, functionnalized sydnones and iminosydnones are key structures for 
bioconjugation applications via 1,3-dipolar cycloadditions.1 Besides, several substituted 
iminosydnones are commercialized for decades as drugs, especially in the cardiovascular 
field.2 Mechanochemistry, i.e. inducing chemical reactions through mechanical forces, for 
instance in ball mills, was recognized in 2019 by IUPAc as one of  the “10 chemical innovations 
that will change the world”.3 Hence solventless syntheses of organic molecules have 
developed dramatically in the last years, providing “green” and efficient methods to access 
bioactive molecules.4 As our team recently designed the mechanosynthsesis of sydnones and 
of relative coordination complexes,5 we tackled the development of a mechanochemical 
method to access several bioactive iminosydnones.6 So, in this communication we will present 
our last results on the synthesis of iminosydnone-based Active Pharmaceutical Ingredients 
(API) such as Molsidomine and Mesocarb via ball milling. 
 
 

 

 
  

 
1 Porte, K.; Riomet, M.; Figliola, C.; Audisio, D.; Taran, F. Chem. Rev. 2021, 121, 6718-6743. 
2 Rehse, K.; Kämpfe, M.; Schleifer, K.-J. Arch. Pharm. 1993, 326, 483-487. 
3 Gomollón-Bel, F. Chem. Int. 2019, 41, 12-17. 
4 Bento, O.; Luttringer, F.; Mohy El Dine, T.; Pétry, N.; Bantreil, X.; Lamaty, F. Eur. J. Org. Chem. 2022, e202101516 
5 Petry, N.; Vanderbeeken, T.; Malher, A.; Bringer, Y.; Retailleau, P.; Bantreil, X.; Lamaty, F. Chem. Commun. 2019, 
55, 9495-9498. 
6 Petry, N.; Luttringer, F.; Bantreil, X.; Lamaty, F. Faraday Discuss. 2022, DOI: 10.1039/D2FD00096B 
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Recent advances of mRNA-based vaccines1 and FDA-approval of various antisense 
oligonucleotides (ASO)2 clearly demonstrates the importance of therapeutic oligonucleotides. 
There is a high and steadily increasing demand for the synthesis of chemically modified 
oligonucleotides. Antisense oligonucleotides (ASO) as an efficient therapeutics require the 
introduction of different chemical modifications in order to improve their biological stability, 
pharmacokinetic properties and drug delivery efficiency. In this context, sugar (locked nucleic 
acids, LNA) and phosphate backbone (phosphorothioate) are the most favored sites for the 
modifications. Controlled chemoenzymatic synthesis of DNA and XNA (xeno nucleic acid) is a 
highly emerging alternative that circumvents the limitations of traditional solid-phase 
synthesis. 
 

Scheme  

 
Herein, we report the chemical synthesis of variously modified nucleoside triphosphates 
(dN*TPs) containing phosphorothioate (PS),3 locked sugar (LNA),3 3’-protecting groups 
(phosphate, Bz, Piv, Mesitoyl, Piv, allyl, Me, CH2N3)4,5 as well as 3’-prolonged trinucleotides. 
Thereafter, we tested these dN*TPs as substrates for the controlled enzymatic synthesis of 
DNA and XNA oligonucleotides using TdT and PEX reactions with diverse DNA polymerases. As 
a result, moderate to high levels of incorporations into DNA and XNA were achieved.  

 
1 Polack, F.P.; Thomas, S.J.; Kitchin, N. et al. N Engl J Med. 2020, 383, 2603; 
2 Roberts, T.C.; Langer, R.; Wood, M.J.A. Rev Drug Discov. 2020, 19, 673; 
3 Flamme, M.; Hanlon, S.; Hollenstein, M. et al. Bioorg. Med. Chem. Lett. 2021, 48, 128242; 
4 Flamme, M.; Hanlon, S.; Hollenstein, M. et al. Commun. Chem. 2022, 68, 1; 
5 Flamme, M.; Sabat, N.; Hanlon, S.; Hollenstein, M. et al. Asian J. Org. Chem. 2022, e202200384. 
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The design and study of small organic molecules exhibiting circularly polarized luminescence 
emission (CPL-SOMs) has recently gained momentum, notably because such chiral molecules 
have a wide variety of potential applications in photonic and optical devices. These last five 
years, important efforts have been made in order to merge CPL emission properties with other 
particular photophysical phenomenon. Indeed, such a combination is mandatory to unlock 
the potential of CPL emitters in terms of application. Hence, CPL-SOMs displaying 
phosphorescence or aggregation induced emission properties has been recently developed. 
In this context, our group has pioneered the development of Chiral TADF materials, which is 
today the subject of numerous research works 1. Despite all the recent advances in this active 
domain of investigation, no molecular design allowing to combine CPL and Excited State 
Intramolecular Proton Transfer (ESIPT) fluorescence has been described until recently. ESIPT 
fluorophores display numerous interesting properties, such as large Stoke-shift or dual 
emission properties. Due to these particular characteristics, ESIPT fluorophores have found 
applications in a large number of domains such as Biology for sensing purposes or in Material 
Science as emissive dopants in OLED 2.  In this presentation, I will describe the first molecular 
design allowing to gain access to ESIPT fluorophores with CPL emission 3. In this new class of 
emitters, the chiroptical activity originates from a chiral excitonic coupling induced by the 
tethering of two ESIPT fluorophores via a readily accessible 1,2-transdiaminocyclohexane 
scaffold. Using this approach has notably allowed to synthesize in one step a CPL molecule 
displaying very large Stoke shifts (up to 222 nm in toluene solution) and one of the rare 
example of CPL active dual-emission materials. 
 

  
 

1 Frédéric, L.; Desmarchelier, A.; Favereau, L.; Pieters, G. Designs and Applications of Circularly Polarized 
Thermally Activated Delayed Fluorescence Molecules. Adv. Funct. Mater. 2021, 31 (20), 2010281. 
2 Padalkar, V. S.; Seki, S. Excited-State Intramolecular Proton-Transfer (ESIPT)-Inspired Solid State Emitters. Chem. 
Soc. Rev. 2016, 45 (1), 169–202. 
3 Coehlo, M.; Clavier, G.; Pieters, G. Excited State Intramolecular Proton Transfer Based Fluorophores with 
Circularly Polarized Luminescence Emission. Adv. Opt. Mater. 2022, 10 (4), 2101774. 
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The versatility of Olefin Metathesis (OM) is evident from its successful application to natural 
product synthesis, to pharmaceutical and crop science, the valorization of renewable 
feedstocks or the preparation of new materials.1 N-Heterocyclic-Carbene (NHC) ruthenium 
complexes are recognized for their high catalytic efficiency. However, they face stability issues 
in presence of ethylene, a common byproduct for OM.2,3 Cyclic(alkyl)(amino)carbene (CAAC) 
ruthenium complexes do not undergo the common degradation path, being more stable but 
at the same time less reactive.4 Herein we report on the synthesis and the catalytic activity of 
a new series of bench-stable CAAC-Ru catalyst bearing stabilizing bulkier substituents on the 
heterocyclic moiety and a strategic activating functionalization (AF) on the styrenyl fragment. 
These complexes revealed to be highly competent for Ring-Closing Metathesis (RCM), Cross-
Metathesis and Macrocyclization also at low to very low catalytic loading (10-1000 ppm). 
 
 
 
 

 
 
 
 
 
  

 
1 R.H., G.; A.G. Wenzel; D.J.O’Leary; E. Khosravi. R. H. Grubbs, A. G. Wenzel, D. J. O’Leary and E. Khosravi, 
Handbook of Metathesis Volume 1 : Catalyst Development and Mechanism , Wiley-VCH, Weinheim, 2015. 2015, 
1, 2015. 2 Beach, N. J.; Camm, K. D.; Fogg, D. E. Organometallics 2010, 29 (21), 5450–5455. 3 McClennan, W. L.; 
Rufh, S. A.; Lummiss, J. A. M.; Fogg, D. E. J. Am. Chem. Soc. 2016, 138 (44), 14668–14677. 4 Morvan, J.; Mauduit, 
M.; Bertrand, G.; Jazzar, R. ACS Catal. 2021, 11 (3), 1714–1748. 
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Super-resolution fluorescence imaging based on single-molecule localization microscopy 
(SMLM) enables visualizing cellular structures with nanometric precision. However, its spatial 
and temporal resolution largely relies on the brightness of ON/OFF switchable fluorescent 
dyes. Moreover, in cell plasma membranes the single-molecule localization is hampered by 
the fast lateral diffusion of membrane probes. Here, to address these two fundamental 
problems, we propose a concept of ON/OFF switchable probes for SMLM based on fluorogenic 
dimers of bright cyanine dyes. In these probes, the two cyanine units connected with a linker 
were modified at their extremities with low-affinity membrane anchors (figure 1). Being self-
quenched in water due to intramolecular dye H-aggregation, they displayed light up in apolar 
and viscous media, including lipid membranes. Charged group in the linker further decreased 
the probe affinity to the lipid membranes, thus accelerating its dynamic reversible ON/OFF 
switching. The concept was validated on red cyanine 3 and far-red cyanine 5 dyes. SMLM of 
live cells revealed that the new probes provided higher brightness and ~10-fold slower 
diffusion at the cell surface, compared to reference probes Nile Red and DiD, which boosted 
axial resolution of biomembrane imaging >3-fold down to 31 nm. The new probe allowed 
unprecedented observation of nanoscale fibrous protrusions on plasma membranes of live 
cells with 40-s time resolution, revealing their fast dynamics. Thus, going beyond the 
brightness limit of single switchable dyes, using cooperative de-quenching in fluorogenic 
dimers, and slowing down probe diffusion in biomembranes open the route to significant 
enhancement of super-resolution fluorescence microscopy of live cells. 
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Medium-sized N-heterocycles are scaffolds of high importance in medicinal chemistry and are 
widely encountered in biologically active molecules.1  While numerous synthetic strategies 
focus on the preparation of five- or six-membered rings, the need for efficient methodologies 
towards polysubstituted and stereodefined medium-sized N-heterocycles remains an 
important challenge for organic chemists. 
π-Allylpalladium(II) zwitterionic intermediates, which can be obtained from various precursors 
after oxidative addition by a palladium(0) catalyst, have emerged as versatile precursors for 
the preparation of a wide variety of carbo- and heterocycles.2 Our research group recognized 
their remarkable synthetic potential for the preparation of medium-sized N-heterocycles. A 
1,4-oxygenated-dipole allowed the efficient preparation of seven-membered oxadiazepines, 
using in situ formed azomethine imines from hydrazones via a sequential 
silver(I)/palladium(0) catalysis. This dipole is also suitable for (4+4) cycloadditions towards 
eight-membered oxazocines. Nine-membered azonanes were also prepared thanks to the 
discovery of a reactivity switch of vinylcyclopropane under a palladium(0) catalysis, as they 
react as an all-carbon 1,5-dipole.3 

 

 
 

 
1 (a) T. K. Devon, A. I. Scott, Handbook of Naturally Occurring Compounds, Vol. 2; Academic Press: New York and 
London, 1972 (b) D. J. Faulkner, Nat. Prod. Rep. 1984, 1, 251 
2 (a) Allen, B. D. W.; Lakeland, C. P. and Harrity, J. P. A. Chem. Eur. J. 2017, 23, 13830-13857. (b) Niu, B.; Wei, Y. 
and Shi, M. Org. Chem. Front. 2021, 8, 3475-3501. (c) You, Y.; Li, Q.; Zhang Y-P.; Zhao, J-Q.; Wang, Z-H. and Yuan, 
W-C. ChemCatChem 2022, DOI: 10.1002/cctc.202101887. 
3 (a) Scuiller, A.; Liu, X.; Cordier, M.; Garrec, J. and Archambeau, A. Synlett, 2021, 32, 981-986. (b) Scuiller, A.; 
Karnat, A.; Casaretto, N. and Archambeau, A. Org. Lett. 2021, 23, 2332-2336. 
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Carbenes are important synthetic species used in diverse types of reactions.1 Among them, 
the cyclopropanation between a carbene and an aromatic ring, namely the Buchner reaction 
is a powerful method to build polycyclic systems. 
The development of organometallic catalysis has allowed major advances in carbene 
chemistry. Indeed, the formation of metallocarbene intermediate allow this transformation 
occurs in a much more efficient and selective way.2,3Among them, asymmetric intramolecular 
Buchner reaction was found as an efficient strategy to prepare enantioenriched seven-
membered carbocycle-containing bicyclic compounds.4 However, the competitive C-H 
insertion reactions are frequently observed in these transformations, although the factors 
responsible for this competition remain unclear. 
Firstly, we decided to study the chemoselectivity of the intramolecular carbene insertion 
catalyzed by dirhodium(II) catalysts. This study has revealed some factors influencing the C-H 
insertion versus the cyclopropanation. 

 
Scheme 1. Metallo-carbene insertion pathways 

In parallel, we studied the intermolecular cyclopropanation with unactivated arene, which has 
little be studied due to the formation of many side products.5 We then explored an 
asymmetric intermolecular cyclopropanation of α-imino rhodium(II) carbene complexes 
generated from N-sulfonyl-1,2,3-triazoles with aromatic rings. In this case, the 
cyclopropanation is followed directly by a sigmatropic rearrangement yielding dihydroindoles. 

 
Scheme 2. Tandem Cyclopropanation/Sigmatropic rearrangement of N-sulfonyl-1,2,3-triazoles 

1  

 
1 Huang, M.-Y.; Zhu, S.-F. Chem. Sci. 2021, 12, 15790. 
2 Nani, R. R.; Reisman, S. E. J. Am. Chem. Soc. 2013, 135, 7304. 
3 Phan, T. T. N.; Tone, M.; Inoue, H.; Fujisawa, I.; Iwasa, S. Chem. Commun. 2019, 55, 13398. 
4 Darses, B.; Maldivi, P.; Philouze, C.; Dauban, P.; Poisson, J.-F. Org. Lett. 2021, 23, 300. 
5 Wilkerson-Hill, S. M.; Haines, B. E.; Musaev, D. G.; Davies, H. M., J. Am. Chem. Soc. 2018, 83, 7939. 
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The cyclopropyl fragment appears in the top ten of the most encountered ring systems in 
drugs.1 Fluorine or fluorinated groups are frequently used to improve the potency, the 
selectivity and the pharmacokinetic properties of a lead compound and are found in nearly a 
third of marketed pharmaceuticals and agrochemicals.2 As a consequence, the development 
of cyclopropanes bearing fluorinated groups, which combine both these latter structural 
elements, has attracted significant interest. 3 
 
With the goal of accessing cyclopropanes bearing the “emerging” pentafluorosulfanyl 
substituent (SF5),4,5 the radical addition of SF5Cl to cyclopropenes was investigated. Addition 
of the SF5 radical, generated from SF5Cl by initiation with Et3B,6 occurs regioselectively at the 
less substituted carbon of the cyclopropenes and trans to the most hindered substituent at 
C3, while chlorine atom transfer (at C2) proceeds with moderate to high levels of 
diastereocontrol. The carbon-chlorine bond in the resulting adducts can undergo subsequent 
radical reduction or be involved in a radical cyclization.  
 

 
 

This transformation enables access to diversely substituted building blocks incorporating a 
(pentafluorosulfanyl)cyclopropyl moiety.7 
 
 
Acknowledgment: Financial support from the ANR (DEFIS project, ANR-17-CE07-0008) is 
gratefully acknowledged. 
  

 
1 Taylor, R. D.; MacCoss, M.; Lawson, A. D. G. J. Med. Chem. 2014, 57, 5845–5859. 
2 (a) Inoue, M.; Sumii, Y.; Shibata, N. ACS Omega 2020, 5, 10633–10640. (b) Haufe, G.; Leroux, F. R. Fluorine in 
Life Sciences: Pharmaceuticals, Medicinal Diagnostics, and Agrochemicals; Academic Press: London, 2019. 
3 Decaens, J.; Couve-Bonnaire, S.; Charette, A. B.; Poisson, T.; Jubault, P. Chem. Eur. J. 2021, 27, 2935–2962. 
4 Savoie, P. R.; Welch, J. T. Chem. Rev. 2015, 115, 1130−1190.  
5 Emerging Fluorinated Motifs: Synthesis, Properties and Applications. Cahard, D.; Ma, J.-A., Eds.; Wiley-VCH, 
2020. 
6 Aït-Mohand, S.; Dolbier, W. R., Jr. Org. Lett. 2002, 4, 3013−3015. 
7 Lefebvre, G.; Charron, O.; Cossy, J ; Meyer, C. Org. Lett. 2021, 14, 5491–5495.  
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The 1,3-dipolar cycloaddition is an efficient method for the preparation of various five-
membered heterocycles, often in high yields and with excellent stereocontrol. Cycloadditions 
of nitrones with alkenes and alkynes are well studied and lead, depending on the nature of 
the substrates and the operating conditions, to isoxazolidines, isoxazolines, acylaziridines, or 
β-lactams.1 Compared to these well-documented examples, only a few 1,3-dipolar 
cycloadditions of nitrones with allenes have been reported, usually bearing electron-
withdrawing groups.2 
In this context, we report the 1,3-dipolar cycloaddition reaction of nitrones with 
phosphonylallenes, leading to a new family of pyrrolidine-3-ones. The optimal operating 
conditions were evaluated according to several parameters (solvents, temperature: classical 
heating or microwave irradiation, influence of Lewis acids...). A series of 4-
phosphonylpyrrolidine-3-ones was obtained in good to excellent yields and with very good 
diastereoselectivities (Scheme 1). Some insights into the mechanism were found using DFT 
calculations. 
 

 
  

 
1 (a) Saito, T.; Yamada, T.; Miyazaki, S.; Otani, T. Tetrahedron Lett. 2004, 45, 9585-9587 (b) Cai, X.; Wang, C.; Sun, 
J. Adv. Synth. Catal. 2012, 354, 359-363 (c) Tangara, S.; Kanazawa, A.; Py, S. Eur. J. Org. Chem. 2017, 43, 6357-
6364. (d) Tangara, S.; Aupic, C.; Kanazawa, A.; Poisson, J.-F.; Py, S. Org. Lett. 2017, 19 (18), 4842–4845. 
2 (a) Padwa, A.; Bullock, W. H.; Kline, D. N.; Perumattam, J. J. Org. Chem. 1989, 54, 2862-2869. 
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Azatriptycenes such as 1-azatriptycene belong to an unexplored class of fused pyridines to a 
triptycene core.1 

 
Based on the unique three-dimensional rigid structure of triptycene scaffold, the 1-
azatriptycene derivatives may result in unprecedented types of pyridines with quaternary 
stereogenic carbon center at the ortho position of the nitrogen atom which can be used as 
nucleophilic catalysts for asymmetric reactions process or as ligands for the design of 
transition metal complexes.2,3 

 
The structural properties of the 1-azatriptycene could be modulated by introducing alkyl and 
aryl groups to increase the steric hindrance around the nitrogen in order to be used as Lewis 
base in frustrated Lewis pairs chemistry for the hydrogenation of unsaturated compounds.4,5 
 
 

   
                                                     1-azatriptycene 
 
 
 
 
 
 
 
 
 
 
  

 
1 J.H. Markgraf, K. J. Leonard, M. E. Morrison, C. R. Myers, Heterocycles 1989, 29, 649. 
2 H.L. Kwong, H.L. Yeung, C.T. Yeung, W.S. Lee, W.L. Wong, Coord. Chem. Rev. 2007, 251, 2188. 
3 M. N. Zafar, A. H. Atif, M. F. Nazar, S. H. Sumrra, Gul-E-Saba, R. Paracha, Russ. J. Coord. Chem. 2016, 42, 1. 
4  S. J. Geier and D. W. Stephan, J. Am. Chem. Soc. 2009, 131, 3476. 
5 J. Lam, K. M. Szkop, E. Mosaferi and D. W. Stephan, Chem. Soc. Rev. , 2019, 48, 3592. 
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Exploring how chirality can improve functions in molecular materials have recently emerged 
as a promising direction in material science, due to the specific interaction of a chiral molecule 
with a circularly polarized (CP) light and its ability to filter the spin of electron upon charges 
conduction.1 In this communication, I will illustrate our contributions in this research area with 
our last results regarding: -1) The design of chiral luminophores for making CP-OLED,2 which 
can emit polarized electroluminescence and maximize the autonomy and contrast 
performances of conventional displays (Figure 1a); and -2) The synthesis and characterization 
of innovative chiral open-shell molecular systems,3 showing an uncommon energetic 
inversion of their SOMO and HOMO levels (Figure 1b). 

b)  

 
Figure 1: a) Chemical structures of helicene-based CPL emitters with the corresponding CP luminescence and 
electroluminescence spectra; b) Illustration of the SOMO-HOMO inversion (SHI) process found in organic radical 
chiral bicarbazole systems. 

I hope that these examples will further highlight the importance of considering the property 
of chirality in material science, and may offer new opportunities for designing innovative chiral 
closed- and open-shell molecular materials.  

 
1 a) R. Naaman, Y. Paltiel and D. H. Waldeck, Nat. Rev. Chem., 2019, 3, 250-260; b) J. R. Brandt, F. Salerno and M. 
J. Fuchter, Nat. Rev. Chem., 2017, 1, 0045. 
2 a) Zhang, D. W.; Li, M.; Chen, C. F., Chem. Soc. Rev. 2020, 49, 1331-1343; b) Zhou, L.; Xie, G.; Ni, F.; Yang, C., 
Appl. Phys. Lett. 2020, 117, 130502; c) Frederic, L.; Desmarchelier, A.; Favereau, L.; Pieters, G., Adv. Funct. Mater. 
2021, 31, 2010281; d) Sumsalee, P.; Abella, L.; Roisnel, T.; Lebrequier, S.; Pieters, G.; Autschbach, J.; Crassous, J.; 
Favereau, L.. J. Mater. Chem. C, 2021, 9, 11905-11914; Sumsalee, P.; Abella, L.; Kasemthaveechok, S.; Vanthuyne, 
N.; Cordier, M.; Pieters, G.; Autschbach, J.; Crassous, J.; Favereau, L., Chem. Eur. J. 2021, 27, 16505-16511. 
3 a) Shu, C.; Zhang, H.; Olankitwanit, A.; Rajca, S.; Rajca, A., J. Am. Chem. Soc. 2019, 141, 17287-17294; b) Mayorga 
Burrezo, P.; Jimenez, V. G.; Blasi, D.; Ratera, I.; Campana, A. G.; Veciana, J., Angew. Chem. Int. Ed. Engl. 2019, 58, 
16282-16288; c) Kasemthaveechok, S.; Abella, L.; Jean, M.; Cordier, M.; Roisnel, T.; Vanthuyne, N.; Guizouarn, T.; 
Cador, O.; Autschbach, J.; Crassous, J.; Favereau, L., J. Am. Chem. Soc., 2020, 142, 20409 / Kasemthaveechok, S. 
et al., J. Am. Chem. Soc., 2022, 142, 20409; Kasemthaveechok, S.; Abella, L.; Crassous, J.; Autschbach, J.; Favereau, 
L. Chem Sci., 2022, doi.org/10.1039/D2SC02480B. 

a) 
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The development of energy and atom efficiency processes is thought to play an important role 
for a sustainable chemical industry of the future.1 One opportunity could be the electrification 
of thermal processes to benefit from the inherent advantages of electrochemistry, such as 
safety, scalability, a cheap and traceless redox agent (electrons), and the possibility to directly 
control the energy input of a given reaction via the applied potential. One elegant example of 
modern redox chemistry is the alcohol oxidation via acceptor-less alcohol dehydrogenation 
(AAD) catalysts. Although this reaction class provides high atom efficiency, it requires in 
general a high thermal input and prolonged reaction times.2 With the effort towards the 
electrification of such systems in mind, we have recently shown that a Milstein-type AAD 
catalyst can be activated electrochemically for the generation of ethyl acetate from ethanol 
under preparative conditions.3 In this presentation, we show that the electrification of alcohol 
oxidation processes with AAD catalysts can be extended to produce molecular diversity and 
to generate added-value products from simple building blocks. We hope that the successful 
electrification of such atom-efficient systems can contribute to a more energy efficient organic 
redox chemistry. 
 

 
Figure 1. a) Conventional synthetic approach for alcohol oxidation with acceptor-less alcohol 
dehydrogenation (AAD) catalyst vs. b) electrifying approach. c) Schematic represent the 
production of added-value product with a possibility to electrifying the couple redox process 
(such as hydrogen evolution reaction). 
 
  

 
1 a) von Wolff, N.; Rivada-Wheelaghan, O.; Tocqueville, D. Molecular Electrocatalytic Hydrogenation of Carbonyls 
and Dehydrogenation of Alcohols. ChemElectroChem, 2021, 8, 4019-4027. b) Wang, F.; Stahl, S. S.; 
Electrochemical Oxidation of Organic Molecules at Lower Overpotential: Accessing Broader Functional Group 
Compatibility with Electron−Proton Transfer Mediators. Acc. Chem. Res. 2020, 53, 561-574. 
2 Gunanathan, C.; Milstein, D. Applications of Acceptorless Dehydrogenation and Related Transformations in 
Chemical Synthesis. Science, 2013, 341, 1229712. 
3 von Wolff, N.; Tocqueville, D.; Nubret, E.; Robert, M.; Milstein, D. Electrification of a Milstein-Type Catalyst for 
Alcohol Reformation. ChemRxiv, 2022. This content is a preprint and has not been peer-reviewed. 
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Proteins account for 1.5 % of the human genome but represent 90 % of the drugs targets. 
Whereas RNAs account for 90 % of human DNA but less then 5 % of the drugs targets. Thus, 
by targeting proteins, the chances of finding new cures are really narrowed. However, today, 
more evidences are demonstrated that targeting RNA is possible: In 2020, Risdiplam was the 
first RNA targeting drug FDA approved. 
In our group, we established that combining an aromatic ring with a diamine can generate 
binders good affinity,1 but selectivity is still a major issue. In the literature, few examples 
highlighted that 3D scaffolds can target particular secondary structures of RNA. 2 

In this context, this work focuses on the development of new RNA ligands bearing three parts: 
a spiro scaffold to target precise RNA structures, as well as an aromatic and diamine moieties 
for the affinity towards RNA. The chemical sequence relies on the following chemistry: Starting 
from a substituted cyclopentadiene, an azo-Diels-Alder yields a precursor of cis-diamine. After 
cyclisation through an unexampled Buchwald-Hartwig reaction and hydrogenolysis, spiro 
compounds are obtained. This method provides a variety of unprecedented scaffolds in a few 
steps. They are useful tools in the quest of selective RNA ligands and probes and expands the 
chemical space of the aromatic diamino compounds previously reported by our group. 
 

 
Figure 1.Synthesis of 3D RNA binders 

  

 
1 Chung, F.; Tisné, C.; Lecourt, T.; Dardel, F.; Micouin, L. NMR-Guided Fragment-Based Approach for the Design 
of tRNA(Lys3) Ligands. Angew. Chem. Int. Ed Engl. 2007, 46 (24), 4489–4491. 
https://doi.org/10.1002/anie.200605201 
2 a Barros, S. A.; Chenoweth, D. M. Triptycene-Based Small Molecules Modulate (CAG)·(CTG) Repeat Junctions. 
Chem. Sci. 2015, 6 (8), 4752–4755. https://doi.org/10.1039/c5sc01595b. 
   b Meyer, S. T.; Hergenrother, P. J. Small Molecule Ligands for Bulged RNA Secondary Structures. Org. Lett. 2009, 
11 (18), 4052–4055. https://doi.org/10.1021/ol901478x 
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Originally discovered in a serendipitous fashion by vapor phase pyrolysis of p-xylene,1 
[2.2]paracyclophane (pCp) and its derivatives have rapidly gained in popularity amongst 
chemists due to their unique three-dimensional architecture2 that can give rise to planar 
chirality.3 Despite their broad range of applications, optically active paracyclophanes are still 
mainly obtained through enantiomer separation by chromatography on chiral stationary 
phases. The optimization of new asymmetric processes providing a practical access to chiral 
pCps can therefore be considered as a priority in modern cyclophane chemistry. 
We have developed a general approach based on asymmetric transfer hydrogenations (ATH) 
for controlling the planar chirality of a range of substituted [2.2]paracyclophanes. Our strategy 
enables us to perform both the kinetic resolution of racemic compounds,4 and the 
desymmetrization of centrosymmetric meso derivatives5 on synthetically useful scales. The 
obtained enantioenriched derivatives, which incorporate different reactive groups on each 
ring of the pCp core, can be used as key intermediates for the preparation of new circularly 
polarized light (CPL) emitting dyes,6 and RNA ligands.7 Based on its broad applicability, our 
method should reveal to be an extremely useful tool to rapidly access complex planar chiral 
[2.2]paracyclophanes in their enantiopure form. 
 

 
  

 
1 Brown, C. J.; Farthing, A. C. Nature 1949, 164, 915–916. 
2 Hope, H.; Bernstein, J.; Trueblood, K. N. Acta Cryst. 1972, B28, 1733–1743. 
3 Cram, D. J.; Allinger, N. L. J. Am. Chem. Soc. 1955, 77, 6289–6294. 
4 Delcourt, M.-L.; Turcaud, S.; Benedetti, E.; Micouin, L. Adv. Synth. Catal. 2016, 358, 1213–1218. 
5 Delcourt, M.-L.; Felder, S.; Benedetti, E.; Micouin, L. ACS Cat. 2018, 8, 6612–6616. 
6 Delcourt, M.-L; Reynaud, C.; Turcaud, S.; Favereau, L.; Crassous, J.; Micouin, L.; Benedetti, E. J. Org. Chem. 2019, 
84, 888–899. 
7 Felder, S.; Sagné, C.; Benedetti, E.; Micouin, L. submitted 
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Organofluorine compounds play a pivotal role in life science and agrochemistry. The 
introduction of fluorine atoms into organic molecules has become a fast and growing research 
field. Gem-difluorinated alkenes are bioisostere of carbonyl compounds1 whereas 
monofluorinated alkenes serve as peptides or enol mimics.2  
 
N-allenamides can be seen are privileged building blocks due to their interesting balance 
between stability and reactivity.3 In particular, trifluoromethylated N-allenamides could be 
obtained through copper-catalyzed addition of diazo compounds on terminal Ynamides.4  
The first synthesis of gem-difluorinated ene-ynamides will be presented via deprotonation of 
trifluoromethylated N-allenamides and d extrusion of fluorine. These highly reactive species, 
owing to their dual functional groups, offer a unique entry to difluorinated dienes and to 
stereodefined mono-fluoro-substituted dienes. Stereoselective addition on the ynamide 
moiety led to functionalized difluorinated dienes, whereas addition of in situ generated 
alkoxides, generated mono-fluorinated ene-ynamides through domino d elimination followed 
by an addition/elimination sequence. The design of custom monofluorinated dienes could be 
achieved through hydrocarboxylation and hydrochlorination reactions.5 
 

 
  

 
1 Meanwell, N. A. Synopsis of Some Recent Tactical Application of Bioisosteres in Drug Design. J. Med. Chem. 
2011, 54, 2529−2591 
2 Drouin, M.; Paquin, J.-F. Recent Progress in the Racemic and Enantioselective Synthesis of Monofluoroalkene-
Based Dipeptide Isosteres. Beilstein J. Org. Chem. 2017, 13, 2637−2658. 
3 Lu, T.; Lu, Z.; Ma, Z.-X.; Zhang, Y.; Hsung, R. P. Allenamides: A Powerful and Versatile Building Block in Organic 
Synthesis. Chem. Rev. 2013, 113, 4862–4904. 
4 Zheng, Y.; Moegle, B.; Ghosh, S.; Perfetto, A.; Luise, D.; Ciofini, I.; Miesch, L. Copper-Catalyzed Synthesis of 
Terminal vs. Fluorine-Substituted N -Allenamides via Addition of Diazo Compounds to Terminal Ynamides. Chem.  
Eur. J. 2022, 28. DOI: 10.1002/chem.202103598. 
5 Hourtoule, M.; Miesch, L. Regio- and Stereoselective Addition to Gem -Difluorinated Ene–Ynamides: Access to 
Stereodefined Fluorinated Dienes. Org. Lett. 2022, 24, 3896–3900.  
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Current synthetic routes for C-arylglycosides involve multiple steps via prefunctionalized 
intermediates and frequently use strong bases. In recent years, C-H bond functionalization has 
become emerging in synthetic chemistry. To overcome the regioselectivity issues inherent in 
activating a specific C-H bond in complex substrates, the use of strategically placed directing 
groups (DG), has proven to be an effective strategy. However, examples of metal-catalyzed C-
H functionalization (MCF) on sugars are still rare.1 MCF of Csp2-H bonds remains more 
developed in the literature examples than that of Csp3-H, thus making glycals ideal partners 
to build C-C bonds at the pseudo-anomeric position (position 1). Nevertheless, without DG, 
MCF on glycals occur almost exclusively at its position 2. In order to functionalize the pseudo-
anomeric position, it was considered to place a DG at the position 2 of the glycal. The 
bidentate 8-amidoquinoline DG is very popular in directed MCF examples and can be 
introduced in C2 via a pallado-catalyzed aminocarbonylation methodology previously 
developed in the laboratory. Thus, a directed pallado-catalyzed C-H arylation in the pseudo-
anomeric position was set up from these C2-amidoglycals (Erreur ! Source du renvoi 
introuvable., A).2  Through the use of different glycals and iodinated partners, various C-
aryl/alkenylglycoside structures were synthesized. This allowed the synthesis of glycosylated 
amino acids and of a Dapagliflozin analogue in excellent yields. Inspired by this arylation, a 
nickel-catalyzed C-H alkynylation reaction was performed on the same pseudo-anomeric 
position of the glycal, using the same DG (Erreur ! Source du renvoi introuvable., B).3 This 
alkynylation gives access to C-alkynylglycosides by using various glycals and alkyne bromides. 
Subsequently, a Huisgen cycloaddition reaction in the presence of copper could be performed, 
allowing the synthesis of various glycoconjugates in good yields. In particular, a lysine and a 
biotin derivative were introduced by this route. 

 
Scheme 1: Developed access to C-arylglycosides via directed FCM and molecules of interest  

 
1 Ghouilem, J.; de Robichon, M.; Le Bideau, F.; Ferry, A.; Messaoudi, S. Chem. Eur. J. 2021, 27, 491-511. 
2 de Robichon, M.; Bordessa, A.; Malinowski, M.; Uziel, J.; Lubin-Germain, N.; Ferry, A. Chem. Commun. 2019, 55, 
11806-11808. 
3 de Robichon, M.; Branquet, D.; Uziel, J.; Lubin-Germain, N.; Ferry, A. Adv. Synth. Catal. 2021, 363, 5138– 5148. 
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A chalcogen bond (ChB) describes the inter- or intra-molecular noncovalent interaction (NCI) 
occurring between a Lewis base and a chalcogen atom (Ch = S, Se, Te) acting as Lewis acid. 
Such NCI is very similar to the more common halogen bond (XB). Both are now understood 
through the concept of s-hole, resulting of anisotropic electronic densities within covalently-
bonded atoms.1 Regions of lower density lying on the extension of a s bond are called s-holes. 
Associated with positive electrostatic surface potentials, s-holes can induce attractive 
interactions with negative sites (lone pairs, anions, p-electrons) (See Figure, left). ChB has 
been mostly investigated in solid state, has been identified in biological systems and is 
currently raising increasing interest in organic chemistry, especially in anion recognition, anion 
transport and organocatalysis.2 However, the latter aspects require exploiting and controlling 
ChB in solution. 
The present communication covers our recent results regarding the synthesis of tellurium-
based derivatives, the experimental investigations of their ChB in solution (Figure, middle) and 
their potentiality in the field of noncovalent organocatalysis (Figure, right).3 

 
 
  

 
1 Politzer, P.; Murray, J. S. Electrostatics and Polarization in σ- and π-Hole Noncovalent Interactions: An Overview. 
ChemPhysChem 2020, 21, 579-588. 
2 Biot, N.; Bonifazi, D. Chalcogen-Bond Driven Molecular Recognition at Work. Coord. Chem. Rev. 2020, 413, 
213243. 
3 (a) Weiss, R.; Aubert, E.; Groslambert, L.; Pale, P.; Mamane, V. Chalcogen Bonding with Diaryl Ditellurides: 
Evidence from Solid State and Solution Studies. Chem. Eur. J. 2022, 28, e202200395; (b) Weiss, R.; Aubert, E.; 
Pale, P.; Mamane, V. Chalcogen-Bonding Catalysis with Telluronium Cations. Angew. Chem. Int. Ed. 2021, 60, 
19281. 
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Small peptides are an ideal class of therapeutics to target protein-protein interactions (PPIs) 
considering their low toxicity and ability to mimic the large interacting domain of a protein. 
Nevertheless, they remain underexplored compared to traditional small drug-like compounds 
due to intrinsic limitations: relative low stability in the living organism, as well as difficulty to 
adopt a highly ordered bioactive conformation.1 To overcome those limitations, two different 
approaches are well established for engineering PPIs peptidic inhibitors: 1) grafting residues, 
called “hotspots”, strongly interacting with a targeted protein onto a stable 3D structured 
scaffold; 2) introducing a covalent conformational constraint through macrocyclization, for 
instance by cross-linking two side-chains, so-called “stapling”, onto the peptidic hotspot-
containing backbone. In our group, we are developing biocompatible protocols enable to 
generate libraries of potent peptidic PPI inhibitors based on Protein-Directed Dynamic 
Combinatorial Chemistry (P-D DCC).2 This method allows the creation of peptidic libraries 
under thermodynamic control which, upon addition of the biological target, can be re-
equilibrated and lead to the amplification of the best inhibitor; thus bypassing expensive and 
time-consuming parallel synthesis and screening of large library of peptides. Recently, we 
described a new strategy based on thioester exchange reactions, to dynamically graft amino 
acids side-chains onto a structurally ordered peptidic b-hairpin scaffold,3 and we are currently 
working on dynamic stapling of unstructured peptide for targeting a-helix involved PPIs 
(Figure).  
 

 
Figure. Step 1: Two-component peptide stapling by dynamic combinatorial chemistry. Step 2: 
Amplification of the best binder upon addition of oncoprotein hdm2.  

 
1 N. Sawyer, A.M. Watkins, P.S. Arora, Acc. Chem. Res. 2017, 50, 1313. 
2 A. Canal-Martín, R. Pérez-Fernández, ACS Omega 2020, 5, 26307–26315. 
3 B. Zagiel, T. Peker, R. Marquant, G. Cazals, G. Webb, E. Miclet, C. Bich, E. Sachon, R. Moumné, Chem. – Eur. J. 
2022, 28, e202200454. 
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Molecular switches and machines require an energy input to operate, a stimuli which can be 
based on a chemical fuel such as ATP in nature’s biomachinery. However, as a major drawback, 
most of these chemical stimuli produce undesired chemical waste whose accumulation in the 
system can rapidly inhibit the machinery. This problem is similar to the one encountered in 
organic synthesis where chemists have found numerous catalytic transformations 
considerably decreasing waste generation. 
Recently, we launched a program to try to transpose catalytic transformations to the field of 
molecular switches, machines and smart materials.1 By an analogy with the catalytic activation 
of organic molecules through reversible (de)-dehydrogenation,2 we have transposed this 
principle to fuel a rotating molecular switch without any waste accumulation.3 From an 
alcohol, metal-catalyzed dehydrogenation induces the release of H2 from the system providing 
a ketone and a 180° rotation. Placing back the system under an hydrogen atmosphere 
switches back the system to the initial alcohol through another 180° rotation. 
 
  

 
 
  

 
1 a) E. Olivieri, G. Quintard, J-V. Naubron, A. Quintard, J. Am. Chem. Soc. 2021, 143, 12650; b) E. Olivieri, B. Gasch, 
G. Quintard, J-V. Naubron, A. Quintard, ACS Applied Materials & Interfaces, 2022, 14, 24720.  
2 A. Quintard, J. Rodriguez, Chem. Commun. 2016, 52, 10456.  
3 E. Olivieri, R. Rosas, J-V. Naubron, A. Quintard, Submitted. 
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Heptazines are a family of aromatic cyclic molecules composed of alternating carbons and 
nitrogens. They are little studied because of their difficulty in solubilizing. However, they have 
a very wide range of applications, from photocatalysis to TADF1. Our group has developed a 
synthetic route to create a starting synthon, 2,5,8-tris(3,5-diethyl-pyrazolyl)-heptazine 
(TDPH), which opens up the field of possibilities for the functionalization of these molecules 
and also for the modulation of their chemical properties.22 Despite this, this molecule is 
expensive to synthesize and time-consuming to purify. The team therefore turned to its 
analogue, 2,5,8-tris(3,5-dimethyl-pyrazolyl)-heptazine (TDMPH - Figure 1), which is much 
cheaper to obtain, in order to study its reactivity compared to TDPH. The optimization of this 
synthesis will be presented, as well as our efforts to introduce substituents of various nature 
on the heptazine ring (alcohols, organomagnesiums). The objective is also to be able to 
modulate the degree of functionalization of the starting synthon and to compare the 
photophysical properties of the different compounds obtained. 
 
 

 
Figure 2- TDMPH synthesis 

 
 
  

 
1 Audebert, P.; Kroke, E.; Posern, C.; Lee, S-H. Chem. Rev. 2021, 121 (4), 2515–2544. 
2 Galmiche, L..; Allain, C.; Le, T.; Guillot, R.; Audebert, P. Chem. Sci. 2019, 10, 5513. 
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The World Health Organization (WHO) recently reported that “Antimicrobial resistance (AMR) 
represents a growing threat to global public health and security". At least 50000 annual 
deaths, across Europe and the US alone, are due to antimicrobial-resistant infections. New 
resistance mechanisms continue to emerge and spread, undermining the world’s ability to 
treat common infectious diseases. The need for new antimicrobial agents is essential. 
Surveillance to monitor the emergence and spread of drug resistance is another crucial 
component of the global strategy to combat AMR. Thus physicians need to propose the best 
therapy to patients through (i) identification of the presence or not of bacterial infection and 
if yes (ii) identification of the bacteria strains involved and their eventual antibiotic resistance 
profile. Consequently, development of novel rapid, low cost and reliable assays for 
Antimicrobial Susceptibility Testing (AST) has thus become an urgent priority. Up to now, the 
gold standard diagnosis methodology for severe infections is done by blood culturing requiring 
2-5 days with a low sensitivity (30 to 50% with regard to clinical outcome). Alternative 
methods have been developed to reduce the amount of time and sample necessary for a 
reliable measurement by detecting the presence of whole cells by quantifying the oxygen 
levels or the presence of specific nucleic acid sequences. The use of microfluidic devices has 
been developing rapidly because of the low sample volumes required, the possibility for 
multiplexing and the increased growth rate of bacteria due to the high O2 availability. Yet, the 
detection of the resulting small number of cells remains a challenge since current methods 
are either expensive (impedance spectroscopy) or lack robustness and reproducibility (SPR). 
 
To address this problem, we propose to design and develop a milli or microfluidic system 
which could detect selectively a kind of bacteria (gram positive from gram negative at first) 
and their activity rapidly and efficiently by using luminescence. The design of the device 
contains quantum dots, known for their good luminescence properties, on which will be linked 
two probes : one to selectively detect the bacteria, the other to sense their activity by being 
a pH sensor. The interaction of the probes with the surface of the bacteria will induces changes 
of the photophysical properties of the nanoparticles. Then these quantum dots will be 
attached to the surface of the chip by swallowing. The device will then be very sensitive thanks 
to the detection method, adaptable and selective thanks to the probe used, and It should also 
allow a faster detection of the bacteria. 
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Fluorinated groups are ubiquitous in bioactive compounds as they can greatly improve their 
physico-chemical properties.1 For example, one can tune the lipophilicity of a molecule by 
introducing appropriate fluorinated chains. The metabolic stability and the potency of active 
ingredients can also be significantly impacted by the introduction of fluorinated groups. 
 
Our work is focused on N-polyfluoroalkylation methodologies to access key intermediates 
with agrochemical and pharmaceutical applications. Based on our expertise in sulfuryl fluoride 
(SO2F2) mediated activation of fluorinated alcohols,2,3 we took advantage of this reactivity to 
achieve the N-polyfluoroalkylation of weakly nucleophilic nitrogen-containing compounds to 
access building blocks of high value in Life Science.4,5 

  

 
1 Purser, S.; Moore, P. R.; Swallow, S.; Gouverneur, V. Fluorine in Medicinal Chemistry. Chem. Soc. Rev. 2008, 37 
(2), 320–330. 
2 Santos, L.; Donnard, M.; Panossian, A.; Vors, J.-P.; Jeschke, P.; Bernier, D.; Pazenok, S.; Leroux, F. R. SO2F2-
Mediated N-Alkylation of Imino-Thiazolidinones. J. Org. Chem. 2022, 87 (4), 2012–2021. 
3 Patent with internal number BCS213011 (Bayer CropScience AG / CNRS / Université de Strasbourg: filed 
16/02/2021). 
4 Patent with internal number BCS221016 (Bayer CropScience AG / CNRS / Université de Strasbourg: filed 
04/05/2022). 
5 Patent with internal number BCS224003 (Bayer CropScience AG / CNRS / Université de Strasbourg: filed 
26/07/2022). 
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An efficient synthesis of a family of polyaromatic bis-phosphonium has been recently 
developed in the laboratory (Fig. 1a). 1 These aromatic dications are electrodeficient systems 
that can be reduced to radical cation and neutral states (phosphorus bis-ylide) at relatively 
accessible potentials (Fig. 1b). In this sense, they can be considered as organophosphorus 
analogues of methylviologens (MV).2 However, contrary to MV, they possess high quantum 
luminescence yields both in solution and in solid state and they could be used in 
electrofluorochromic devices.3 Nevertheless, the switching sequences systematically led to 
partial degradation of fluorophores. 1 
On the other hand, it has recently been shown that the formation of rotaxane greatly 
improves the stability of reactive species and the photostability of certain luminophores 
through mechanical bonding.4 Hence, the macrocycle surrounding the axles forms a steric 
shield protecting the axles from its environment. 
The objective of the project is to stabilize bis-phosphoniums by integrating them into 
rotaxanes (Fig. 1c) in order to obtain fully reversible luminescent switches. The present 
communication will detail our synthetic efforts toward the preparation of these rotaxanes. 

 
 
 
 
 
 
a) 
 
 
 
 
b)          c) 
 

Figure: a) Example of synthesized polyaromatic bisphosphonium, b) General structure of the redox systems 
containing two phosphorus atoms, c) Representation of a targeted rotaxane.  

 
1 Delouche, T.; Vacher, A.; Caytan, E.; Roisnel, T.; Le Guennic, B.; Jacquemin, D.; Hissler, M.; Bouit, P.A. Multi-
Stage Redox Systems Based on Dicationic P-Containing Polycyclic Aromatic Hydrocarbons. Chem. Eur. J. 2020, 26, 
8226-8229 
2 Striepe, L.; Baumgartner, T. Viologens and Their Application as Functional Materials. Chem. Eur. J. 2017, 23, 
16924-16940 
3 Delouche, T.; Vacher, A.; Roisnel, T.; Cordier, M.; Audibert, J.F.; Le Guennic, B.; Miomandre, F.; Jacquemin, D.; 
Hissler, M.; Bouit, P.A. Luminescent molecular switches based on dicationic P-doped polycyclic aromatic 
hydrocarbons. Mater. Adv. 2020, 1, 3369-3377 
4 Arunkumar, E.; Forbes, C. C.; Noll, B. C.; Smith, B. D. Squaraine-Derived Rotaxanes : Sterically Protected 
Fluorescent Near-IR Dyes. J. Am. Chem. Soc. 2005, 127, 3288-3289 
 
KEYWORDS: Bisphosphoniums, Tweezers, Rotaxanes, Molecular recognition 
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The Möbius [4n] twisted aromaticity, predicted by Heilbronner in the 60's,1 has long been 
considered elusive because of its difficulty of access. However, this field has experienced a 
tremendous growth in the last 20 years since the first synthetic approach described by Herges2 
and the subsequent descriptions by Latos-Grażyński3 and Osuka4 of extended porphyrins 
naturally adopting this twisted aromaticity. Since then, this topology has been extended to 
other supports, but the control of the chirality inherent to the twist remains a real challenge. 
In this context, we have developed hybrid structures combining an hexaphyrin (able to adopt 
Möbius aromaticity) with a cyclodextrin (i.e. HCD hybrids).5 The unique association of both 
platforms offer a high degree of control over their conformation, (anti)aromaticity and even 
their chirality. In this communication, we will disclose the different types of chirality and their 
interplay within the hybrid dimers.6 Furthermore, we will also show  that both the size of the 
cyclodextrin’s cavity (α- vs. β-CD) and the coordination of the Möbius twisted hexaphyrin 
remotely influence the twisting preference.  
 

 
  

 
1 Heilbronner, E. Tetrahedron Lett. 1964, 29, 1923–1928. 
2 Ajami, D.; Oeckler, O.; Simon, A.; Herges, R. Nature 2003, 426, 819–821. 
3 Stępień, M.; Latos- Grażyński, L.; Sprutta, N.; Chwalisz, P.; Szterenberg, L.  Angew. Chem. Int. Ed. Engl. 2007, 46, 
7869–7873. 
4 Sankar, J.; Mori, S.; Saito, S.; Rath, H.; Suzuki, M.; Inokuma, Y.; Shinokubo, H.; Kim, K. S.; Yoon, Z. S.; Shin, J.-Y.; 
Lim, J. M.; Matsuzaki, Y.; Matsushita, O.; Muranaka, A.; Kobayashi, N.; Kim, D.; Osuka, A. J. Am. Chem. Soc. 2008, 
130, 13568–13579. 
5 (a) Ménand, M.; Sollogoub, M.; Boitrel, B.; Le Gac, S. Angew. Chem. Int. Ed. Engl. 2016, 55, 297–301; (b) Le Gac, 
S.; Boitrel, B.; Sollogoub, M.; Ménand, M. Chem. Commun. 2016, 52, 9347–9350; (c) Ménand, M.; Sollogoub, M.; 
Boitrel, B.; Le Gac, S. Chem. Eur. J. 2018, 24, 5804–5812.  
6 Benchouaia, R.; Cissé, N.; Boitrel, B.; Sollogoub, M.; Le Gac, S.; Ménand, M J. Am. Chem. Soc. 2019, 141, 11583–
11593; (b) Robert, F.; Boitrel, B.; Ménand, M.; Le Gac, S. J. Porphyr. Phthalocyanines 2021, 25, 1022–1032. 
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This project aims at the preparation of porous silicon functionalized by enantiopure metallic 
complexes of salen type, following robust, multi-step grafting processes. The immobilization 
of salen catalysts will be performed by macromolecular engineering to control the 
composition of the grafted chains1, and the strategy relies on the copolymerization by atomic 
transfer radical polymerization (ATRP) of functionalized methacrylate-type monomers, which 
will then be modified by post-functionalization with salen complexes of different metallic salts 
(Mn and Cr) to be tested in tandem asymmetric catalysis. As for now, the salen-metal catalysts 
anchored in the free form of the copolymers of AZMA (azido-3-propylmethacrylate) and 
MEMA (2-methoxyethyl methacrylate) at different ratios have already been studied, and the 
results validated the efficacy of the catalysts, which provided a 99% conversion and 74% ee in 
the asymmetric ring opening of cyclohexene oxide2. On surface, the grafting of the initiator 
has been optimized by using microwave-assisted reaction in which the reaction time was 
greatly diminished. The initiated surface monolayer had a density of around 9.2x1013 
molecules per cm2 of silicon surface; and XPS measurements validated that the Br moiety is 
preserved and can be engaged for ATRP on surface. The homopolymerization of MEMA on 
surface has shown an increase of 60 times the C=O stretching band checked by ATR-FTIR, 
together with a thickness of around 9 nm provided by ellipsometry. Copolymerization trials 
on surface using various ratios of monomers are currently under study to proceed to the final 
step of the preparation of the heterogenous catalysts. 

 
 

 
 
 
 
 
 
Scheme 2: Proposed multi-step grafting starting from a hydrogenated silicon surface. 
  

 
1 Zidelmal, N.; Aubry-Barroca, N.; Lepoittevin, B.; Mellah, M.; Costa, L.; Ozanam, F.; Gouget-Laemmel, A.-C.; 
Schulz, E.; Roger, P., Synthesis, characterization and catalytic properties of salen-containing polymers obtained 
by atom transfer radical polymerization. Polymer 2018, 135, 261-270. 
2 Bakangura, E.; Roger, P.; Soares, R. S. B.; Mellah, M.; Barroca-Aubry, N.; Gouget-Laemmel, A. C.; Ozanam, F.; 
Costa, L.; Baltaze, J. P.; Schulz, E., Post-Modification of Copolymers Obtained by ATRP for an Application in 
Heterogeneous Asymmetric Salen Catalysis. Molecules 2022, 27, 4654. 
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Physico-chemical properties of organic molecules are significantly modified by introducing 
fluorinated groups, whether their lipophilicity, biological metabolism, conformation, or 
basicity and acidity. Consequently, the presence and application of fluorine in drug design and 
agrochemicals, even in materials, continues to grow.1,2 
Hydrazines are important functional groups in the synthesis and formation of N-heterocycles 
and are commonly ubiquitous moieties in materials, dyes, and application of pharmaceuticals 
and agrochemicals.3 However, the design of higher substituted hydrazines, especially 
dissymmetric and fluorinated ones, is always a challenge.4 
In our interest in synthesizing original fluoro compounds, we investigated the development of 
new N-fluorinated-containing scaffolds. Thus, herein we report an efficient and economical 
approach to synthesizing N-CF3 hydrazines through radical reaction.5 Also, in this line, the 
construction of new compounds will be described. 
 
 

 
Scheme 1.  

 
 
 
 
  

 
1  A. Meanwell, J. Med. Chem. 2018, 61, 5822-5880. 
2 M. Inoue, Y. Sumii, N. Shibata, ACS Omega. 2020, 5, 10633-10640. 
3 ] U. Ragnarsson, Chem. Soc. Rev. 2001, 30, 205-213. 
4 S. Bouayad-Gervais, T. Scattolin, F. Schoenebeck, Angew. Chem. Int. Ed. 2020, 59, 1-6. 
5 T.-T Cao, P. Retailleau, T. Milcent, B. Crousse, Chem. Commun. 2021, 57, 10351-10354. 
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At Evotec –a world leading R&D partnering organization– we are committed to the 
development and usage of new technologies. With the objective to stay at the cutting edge of 
science and propose innovative solutions, several working groups have been created and are 
actively involved in various fields: photochemistry, electrochemistry, flow chemistry, 
biocatalysis... As part of this strategy, the working group “green chemistry” aims to design 
chemical products and processes that reduce or eliminate the use or generation of hazardous 
substances. We are always looking for safer, greener and cleaner methodologies to reduce 
the environmental impact of our activities and adopt the green chemistry principles1. Green 
chemistry applies across the life cycle of a chemical product, including its design, manufacture, 
use, and disposal. Moreover, we are also engaged in energy saving to decrease the global 
carbon footprint of the company. Sustainability and green chemistry are implemented while 
maintaining our level of excellence in drug discovery. To reach our objectives, we have 
identified four areas of improvements:  

 
This poster is focused on two areas in continuous improvement at Evotec: solvent alternatives 
and energy saving. Some examples of reactions carried out in renewable solvents such as 
MeTHF2 and DMI3 are presented. Alternatives to DCM (potential ozone depletory and 
suspected carcinogenic solvent) usage for work-up and purification are also shown.4  

 
1 Anastas, P. T.; Warner, J. C. Green Chemistry: Theory and Practice, Oxford University Press: New York, 1998, 30, 
By permission of Oxford University Press 
2 a) Coby J. Clarke, Wei-Chien Tu, Oliver Levers, Andreas Bröhl, and Jason P. Hallett Chemical Reviews 2018, 118, 
747 b) Pace, V., Hoyos, P., Castoldi, L., Domínguez de María, P. and Alcántara, A.R. ChemSusChem 2012, 5, 1369 
c) Andrew Jordan, Callum G. J. Hall, Lee R. Thorp, and Helen F. Sneddon Chemical Reviews 2022, 122, 6749 
3 a) Aricò, F.; Tundo, P. Beilstein J. Org. Chem. 2016, 12, 2256 b) F. Aricò, A. S. Aldoshin, P. Tundo, 
ChemSusChem 2017, 10, 53 c) Russo F., Galiano F., Pedace F., Aricò F., and Figoli A. CS Sustainable Chem. 
Eng. 2020, 8, 1, 659 
4 a) Peterson E.A., Dillon B., Raheem I., Richardson P., Richter D., Schmidte R. and Sneddon H.F. Green Chem., 
2014,16, 4060 b) Taygerly J.P., Miller L.M., Yeec A. and Peterson E.A. Green Chem., 2012,14, 3020 c) MacMillan 
D.S., Murray J., Sneddon H.F., Jamiesona C. and Watson A.J.B.  Green Chem., 2012,14, 3016 
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In the continuity of previous works achieved toward the synthesis of 1,2-dioxolanes,1,2 
investigations were conducted on 1,2-dioxanes using similar reaction sequences for the 
synthesis and functionalization. Thus, 1,2-dioxanes can be obtained by an oxidative ring 
expansion of cyclobutanols with Co(acac)2 and triplet oxygen to give 1,2-dioxanols, with a 
regioselective insertion of molecular oxygen on the more substituted side of the ring. The 1,2-
dioxanols, after being transformed into the corresponding acetate, can also be functionalized 
with the addition of neutral nucleophiles under catalytic Lewis acid conditions3. However, 
basic conditions usually lead to a ring contraction providing lactones4. We decided to use all 
the data collected in these studies to begin the total synthesis of the ethyl plakortide Z, a 1,2-
dioxane that can be found in the sponge Plakortis lita. 
 
 

                                         
 
 
 
  

 
1 Pinet, A.; Figadère, B.; Ferrié, L. Adv. Synth. Catal. 2020, 362, 1190. 
2 Pinet, A.; Nguyen, T. L.; Bernadat, G.; Figadère, B.; Ferrié, L. Org. Lett. 2019, 21, 4729. 
3 Martín López, M.; Jamey, N.; Pinet, A.; Figadère, B.; Ferrié, L. Org. Lett. 2021, 23, 1626−1631. 
4 Jamey, N.; Ferrié, L. Synthesis 2022, 54, 2816-2824. 
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The use of fluorinated groups in medicinal and agrochemistry is constantly increasing. In fact, 
at least one fluorine atom is present in 18% of pharmaceuticals1 and 53% of agrochemicals2. 
Fluorine has indeed demonstrated its ability to modify the physico-chemical and biological 
properties of molecules compared to their hydrogenated analogues, leading for example to 
an increase in metabolic stability. Nevertheless, most of these compounds are in fact bearing 
a single fluorine atom, or a trifluoromethyl group, thus explaining the need for more diversity. 
To this end, the development of new methodologies allowing the introduction of emerging 
fluorinated groups (CF2H, SF5, OCF3, SF3…) has become a major challenge. 
Our group therefore focuses on the synthesis of a versatile building-block, namely a 
ketenimine3, bearing a -difluoromethoxy group (-OCF2H), for which the direct introduction 
methods, especially on alkyl chains, are still rare.4 
 
First the synthesis of the oxime, as well as the in situ formation of the key intermediate, was 
optimized. Second, various nucleophiles were successfully added to the ketenimine, allowing 
us to build a library of molecules bearing the -OCF2H motif. 
 
 

 
 

 
  

 
1 Inoue, M.; Sumii, Y.; Shibata, N. ACS Omega  2020, 5, 10633.  
2 Ogawa, Y.; Tokunaga, E.; Kobayashi, O.; Hirai, K.; Shibata, N. iScience 2020, 23, 101467.        
3 Lu, P.; Wang, Y. Chem. Soc. Rev. 2012, 41, 5687. 
4 Loison, A.; Toulgoat, F.; Billard, T.; Hanquet, G.; Panossian, A.; Leroux, F. R Tetrahedron 2021, 99, 132458. 
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Nitrogen bisphosphonates, the most potent generation of bisphosphonates, constitute an 
important class of pharmacologically active molecules, which used as antiresorptive agents in 
the treatment of bone disorders.1 
Furthermore, nitrogen bisphosphonate-based derivatives have considerable attention in the 
field of medicinal chemistry due to their role in many biological activities, including anti-
inflammatory,2 antifungal,3 antibacterial and antiviral,4 anticancer,5 as well as herbicidal.6 
Herein, we report an eco-friendly and one-step microwave-assisted green synthesis of new 
functionalized bisphosphonates derivatives by a three-component reaction of aromatic 
sulfamide with triethyl orthoformate and diethyl phosphite. The synthesized compounds were 
characterized by 1H, 13C, 31P NMR and IR analysis. Some of these compounds were tested for 
in vitro anti-inflammatory activity by inhibition of protein denaturation method and showed 
moderate inhibition compared to diclofenac as standard drug. 

 
Scheme 1. Synthesis of sulfamide-containing bisphosphonates esters under MW. 
  

 
1 Aderibigbe, B.; Aderibigbe, I.; Popoola P. Design and Biological Evaluation of Delivery Systems Containing 
Bisphosphonates. Pharmaceutics. 2017, 9(4), 2-25. DOI:10.3390/pharmaceutics9010002 
2 Maksymowych, W. P. Bisphosphonates-Anti-Inflammatory Properties. Curr. Med. Chem. Antiinflamm 
Antiallergy Agents. 2002, 1 (1), 15–28. DOI:10.2174/1568014024606539 
3 Kane, A.; Campbell, L.; Ky, D.; Hibbs, D.; Carter, D. The antifungal and synergistic effect of bisphosphonates in 
Cryptococcus. Antimicrob Agents Chemother. 2020, 65 (2), e01753-20. DOI:10.1128/AAC.01753-20 
4 Chmielewska, E.; Kafarski, P. Physiologic Activity of Bisphosphonates – Recent Advances. Open Pharml Sci J. 
2016, 3,  56-78. DOI:10.2174/1874844901603010056 
5 Pavlakis, N.;   Stockler,  M. Bisphosphonates for breast cancer. Cochrane Database of Syst Rev. 1996, 20 (3), 
CD003474. DOI:10.1002/14651858.cd003474 
6 Kafarski, P.; Lejczak, B.; Forlani, G. Herbicidally active aminomethylenebisphosphonic acids. Heteroatom Chem. 
2000, 11, 449-453. DOI:10.1002/1098-1071(2000)11:7<449::AID-HC3>3.0.CO;2-V 
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Noncovalent interactions involving aromatic rings play a key role in many processes of 
molecular recognition. Among them, p-p and cation-p interactions have been widely studied 
and are known to be important bonding forces in biological systems.1 On the contrary, anion-
p interactions, which can be broadly defined as the attraction of anions to electron deficient 
p-systems, have been recognized theoretically only since the beginning of this century.2 The 
vital role of anions in many key chemical and biological processes, and the involvement of p-
rings in molecular anion recognition and transport, indicate that anion-p contacts could be 
prominent players in medicinal and environmental applications.3 
The recognition of zwitterions is a difficult task to achieve due to the two opposite charges 
that need specific opposite interactions. To address this challenge, heteroditopic molecular 
cages are promising receptors. By combining an electron rich and an electron deficient 
aromatic unit in a hemicryptophane,4 we have been able to bind glycine through only anion 
and cation-π interactions. Moreover, these receptors are able to bind anions through 
synergistic anion-π interactions within the confined space of hemicryptophanes. The 
importance of linkers geometry and electronic properties are shown to have an important 
effect on the affinity for various guests.  
The synthesis of hemicryptophanes, their special conformational isomerism and the study of 
their molecular recognition properties will be highlighted.  

 

  

 
1 Perraud, O.; Robert V.; Gornitzka, H.; Martinez, A.; Dutasta, J-P. Angew. Chem. Int. Ed., 2014, 51, 504-508.  
2 Luo, N.; Ao, Y-F.; Wang, D-X.; Wang Q-Q. Angew. Chem. Int. Ed., 2021, 60, 20630-20655. 
3 Schottel, B. L.; Chifotides H. T.; Dunbar, K. R. Chem. Soc. Rev., 2008, 37, 68-83. 
4 Zhang, D.; Martinez, A.; Dutasta, J-P. Chem. Rev. 2017, 117, 4900-4942. 
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C-H bond selective activation represents a great challenge of synthetic chemistry. Hydrogen 
Atom Transfer (HAT), consisting in an electron and a proton concerted migration during a 
single step, is an appealing strategy to achieve this goal. Over the last decade, photocatalysis 
has become an inescapable and powerful approach to generate radicals thanks to UV- or 
visible light. However, classical ruthenium- and iridium-based photocatalysts are not capable 
to promote direct HAT without the use of a cocatalyst.1 To address this issue, 
polyoxometalates have appeared as interesting alternatives, especially tetra-n-
butylammonium decatungstate (TBADT) relying on an inexpensive, Earth’s crust abundant and 
low toxic metal. It has been used to abstract hydrogens on a wide variety of substrates 
including alkanes, ketones, aldehydes, alkylpyridines, alcohols and ethers.2 
 
Indoles and indolines are ubiquitous motive in natural and biologically relevant compounds. 
Hence, their functionalization are important transformations for purposes of increasing 
chemical diversity on such scaffolds. In particular, indolines syntheses via radical C2-
functionalizations of indoles remain relatively elusive so far despite their great potential.3 In 
this context, we proposed an unprecedented C2-acylation of electron-poor indoles where acyl 
radical intermediates are generated from aldehydes via TBADT-mediated HAT through purple-
light irradiation.4 This high-yielding methodology has a broad scope, is scalable and can be 
easily modified to obtain a diastereoselective version. In addition, a decarbonylative pathway 
has also been explored leading to alkylated products.  
 

 
  

 
1 (a) Protti, S.; Fagnoni, M.; Ravelli, D. ChemCatChem 2015, 7, 1516–1523. (b) Capaldo, L.; Ravelli, D. Eur. J. Org. 
Chem. 2017, 2017, 2056–2071. (c) Capaldo, L.; Ravelli, D.; Fagnoni, M. Chem. Rev. 2022, 122, 1875–1924. 
2 (a) Waele, V. D.; Poizat, O.; Fagnoni, M.; Bagno, A.; Ravelli, D. ACS Catal. 2016, 6, 7174–7182. (b) Ravelli, D.; 
Fagnoni, M.; Fukuyama, T.; Nishikawa, T.; Ryu, I. ACS Catal. 2018, 8, 701–713. 
3 (a) Huang, X.-L.; Cheng, Y.-Z.; Zhang, X.; You, S.-L. Org. Lett. 2020, 22, 9699-9705. (b) Zhang, Y.; Ji, P.; Gao, F.; 
Huang, H.; Zeng, F.; Wang, W. ACS Catal. 2021, 11, 998-1007. (c) Zhang, Y.; Ji, P.; Gao, F.; Dong, Y.; Huang, H.; 
Wang, C.; Zhou, Z.; Wang, W. Commun. Chem. 2021, 4, 20. 
4 Varlet, T.; Bouchet, D.; Van Elslande, E.; Masson, G. Chem. Eur. J. 2022, Article ASAP. DOI: 
10.1002/chem.202201707 
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Metal-promoted remote functionalisation through internal induction is an efficient synthetic 
concept to swiftly access added-value molecular architectures with a high degree of structural 
diversity from simple and readily available substrates.1 If perfectly implemented, such an 
approach leads to the selective functionalisation at a site away from a functional group initially 
interacting with the used reagent or catalyst. In this context, through-space metal migration2 
or intrinsic migration of the metal along a flexible carbon via unidirectional positional 
isomerisation sequence of a double C-C bond3 are the most popular used internal 
communication processes between initiation and functionalisation sites. By contrast, 
metallotropic rearrangement4 received very little attention from the synthetic community.  
 
In this poster, we disclose the remote functionalisation of diversely decorated 4-iodobenzyl 
derivatives through metallotropy by using lithium tributylzincate as reagent and 2-MeTHF as 
solvent. The process leads to the selective formation of both a C(sp3)-C(sp2) and a C(sp3)-C(sp3) 
bond at sites localised at five atoms away from one another in a single operation and with a 
unique organometallic reagent. Compared with the literature precedent,5 our reaction 
conditions allow reaching an unprecedented synthetic scope, both in terms of compatible 
substrates and electrophiles. The influence and the role of the eco-friendly solvent on key 
elementary steps of the overall transformation are discussed, namely (i) metalation step 
through I/Zn exchange, (ii) Bu 1,2-migration and (iii) generation of a benzyl zinc intermediate 
after dearomatisation / rearomatisation / metallotropy chain. 
 

  
 

1 a) B. Ramadoss, Y. Jin, S. Asako, L. Ilies, Science 2022, 375, 658–663; b) L. Guillemard, N. Kaplaneris, L. 
Ackermann, M. J. Johansson, Nat. Rev. Chem. 2021, 5, 522–545; c) S. Bag, T. Patra, A. Modak, A. Deb, S. Maity, 
U. Dutta, A. Dey, R. Kancherla, A. Maji, A. Hazra, M. Bera D. Maiti, J. Am. Chem. Soc. 2015, 137, 11888–11891. 
2 a) T. Miyakoshi, N. E. Niggli, O. Baudoin, Angew. Chem. Int. Ed. 2022, 61, e202116101; b) F. Shi, R. Larock, Top. 
Curr. Chem. 2009, 292, 123–164; c) Q. Huang, M. A. Campo, T. Yao, Q. Tian, R. C. Larock, J. Org. Chem. 2004, 69, 
8251–8257. 
3 a) I. Massad, R. Suresh, L. Segura, I. Marek, Nat. Synthesis 2022, 1, 37–48; b) H. E. Bonfield, D. Valette, D. M. 
Lindsay, M. Reid, Chem. Eur. J. 2021, 27, 158–174; c) H. Sommer, F. Juliá-Hernández, R. Martin, I. Marek, ACS 
Cent. Sci. 2018, 4, 153−165; d) I. Franzoni, C. Mazet, Org. Biomol. Chem. 2014, 12, 233–241. 
4 a) H. J. Seo, S. J. Yoon, S. H. Jang, S. K. Namgoong, Tetrahedron Lett. 2011, 52, 3747–3750; b) Y. Ikeuchi, T. 
Taguchi, Y. Hanzawa, J. Org. Chem. 2005, 70, 4354–4359. 
5 T. Harada, T. Katsuhira, A. Osada, K. Iwazaki, K. Maejima, A. Oku, J. Am. Chem. Soc. 1996, 118, 11377–11390. 
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The development of eco-compatible and resource-economic synthetic pathways has become 
a necessity to access valuable compounds. In this context, earth-abundant metal complexes 
(Fe, Co, Cu, Ni) emerged as an attractive alternative to palladium catalysts, especially for C-C 
bond formation.1 Beside their natural abundance, iron, cobalt or copper catalysts exhibit a 
complementary reactivity compared to other transition metal catalysts, broadening the 
substrate scope of cross-coupling reactions and offering new synthetic opportunities.2 Herein, 
the power of cobalt- and copper-catalyzed cross-coupling reactions between alkyl halides and 
Grignard reagents is demonstrated. Simple, available and cost-effective catalytic systems 
promote efficient and chemoselective transformations allowing the synthesis of attractive 
building blocks including strained cycles3. The radical nature of the cobalt-catalyzed process is 
exploited in an organometallic-free arylation of α-halo amides proceeding through a 
desulfonylative 1,4-aryl migration.4  
 

 
 
 
 
  

 
1 a) A. Piontek, E. Bisz, M. Szostak Angew. Chem. Int. Ed. 2018, 57, 1116. b) J. D. Hayler, D. K. Leahy, E. M. Simmons 
Organometallics 2019, 38, 36. 
2 a) G. Cahiez, A. Moyeux Chem. Rev. 2010, 110, 1435. b) I. Bauer, H.-J. Knölker Chem. Rev. 2015, 115, 3170. c) S. 
H. Kyne, G. Lefèvre, C. Ollivier, M. Petit, V.-A. Ramis Cladera, L. Fensterbank Chem. Soc. Rev. 2020, 49, 8501. 
3 a) C. Andersen, V. Ferey, M. Daumas, P. Bernardelli, A. Guérinot, J. Cossy Org. Lett. 2019, 21, 2285. b) C. 
Andersen, V. Ferey, M. Daumas, P. Bernardelli, A. Guérinot, J. Cossy Org. Lett. 2020, 15, 6021. 
4 a) E. Barde, A. Guérinot, J. Cossy Org. Lett. 2017, 19, 6068. b) N. G.-Simonian, E. Barde, A. Guérinot, J. Cossy 
Chem. Eur. J. 2021, 27, 4004. 
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Natural products have a great structural diversity and are at the origin of numerous 
applications, mainly in the therapeutic field.1 As an example, these substances and their 
derivatives represent more than half of the anti-cancer treatments. These molecules, often 
chiral, can also have an interest in organic chemistry as raw materials, ligands for 
organometallic catalysis or organocatalysts. The use of small molecules as catalysts has many 
advantages in the context of a more sustainable chemistry.2 Although proline and cinchona 
alkaloids are at the origin of many advances in this field,3 little effort has been made to develop 
new organocatalysts from natural origin and, in particular, no screening has been performed 
in this sense. Thus, identifying and developing new bio-based organocatalysts for reactions in 
water could offer new opportunities in organic chemistry. Our objective is to detect, isolate, 
identify and develop natural catalysts from the ICSN extract library, a unique collection of 
16,000 tropical plant extracts. 
 
We have therefore developed a fluorescence-based screening of plant extracts to detect new 
organocatalysts for aldolization reactions in water. The use of a fluorogenic probe 14 as a 
reaction substrate allows the detection of the fluorescent aldolization product 3, thus 
indicating the presence of an organocatalyst. After evaluation of more than 1000 plant 
extracts, a catalysis-guided fractionation of some hit extracts allowed the identification of 
three series of compounds capable of catalyzing an aldolization reaction in water. The 
methodology developed will be presented as well as the progress of the project. 

 

 
 
  

 
1 a) J. A. Beutler, Curr. Protoc. Pharmacol. 2019 86, e67; b) D. J. Newman and G. M. Cragg, J. Nat. Prod. 2020, 83, 
770 ; c) T. Rodrigues, D. Reker, P. Schneider, G. Schneider, Nat. Chem. 2016, 8, 531. 
2 M. P. van der Helm, B. Klemm, R. Eelkema, Nat. Rev. Chem. 2019, 3, 491. 
3 D. W. C. MacMillan, Nature 2008, 455, 304. 
4 F. Tanaka et al., J. Org. Chem. 2009, 74, 2417. 
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In the laboratory a new tool has been recently developed: sulfinyl thioimidate. 1 This family of 
molecule can easily be synthesized starting from commercially available esters, via the 
synthesis of thionoesters. We have demonstrated that these sulfinyl thioimidates are good 
partners in Liebeskind Srogl type cross coupling reactions to providing a wide range of sulfinyl 
imines with excellent yields (Scheme 1).1 
 

 
Scheme 1: Unprecedented Liebeskind Srogl-type cross coupling reactions 

 
Next, we could employ the sulfinyl ketimines in reduction2 and organometallic additions3,4 in 
order to investigate the substrate generality of our methodology, which could result to 
obtaining potentially very valuable chiral amines present in many natural products and 
bioactive compounds. A range of reduction reactions of sulfinyl imines as well as 1,2-additions 
of organometallic reagents onto sulfinyl imines substrates will be presented (Scheme 2).4 

 

 
Scheme 2: Reduction and organometallic additions onto sulfinyl thioimidates 

  

 
1 Crespin, L.; Synthèse totale d’alcaloïdes de type Lycorine par méthathèse tandem, PhD Thesis, Université 
Grenoble Alpes, October 2015. 
2 Achuenu, C.; Carret, S.; Poisson, J-F.; Berthiol, F. Eur. J. Org. 2020, 5901. 
3 Achuenu, C.; Carret, S.; Poisson, J-F.; Berthiol, F. Synthesis, 2022, 54, 2309. 
4 Achuenu, C.; Carret, S.; Poisson, J-F.; Berthiol, F. (unpublished results). 
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Leishmaniasis and trypasoniomasis are severe parasitic infections that have important 
impacts in veterinary and public health, affecting the poorest populations. The therapeutic 
arsenal against these tropical neglected diseases is limited and resistance emergence to the 
available medicines complicates the treatment. The kinetoplastid parasites are transmitted 
via the bite of insects and need to adapt their genes to the new host. In the last years, the 
importance of epigenetic regulation in these parasites has been highlighted. Thus, the study 
of new epigenetic mechanisms could provide new therapeutic perspectives in such disease 
where drugs are lacking. 
b-D-Glucosyl-5-hydroxymethyluracil (glc-5hmU) or base J is a rare hyper-modified nucleobase 
discovered in kinetoplastid DNA1  
that seems to be crucial for the 
parasite survival. In this study, we 
will present an optimized 
synthetic chemical route to access 
to the nucleobase J and several 
related nucleosides analogues 
that could have the potential to 
interfere with either an enzyme 
directly involved in the 
biosynthesis of base J, or with J 
binding proteins. The results of 
the biological evaluation of a 
collection of selected synthesized 
molecules on several parasites 
will be presented.  

 
  

 
1 Borst, P.; Sabatini, R. Base J: Discovery, Biosynthesis, and Possible Functions. Annu. Rev. Microbiol. 2008, 62 (1), 
235–251. https://doi.org/10.1146/annurev.micro.62.081307.162750. 

Pathogenic
parasite

Chagas' disease, african
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Due to their multiple biological properties, heterocycles have a central place in medicinal 
chemistry. Amongst all, the indole is one of the most important and attractive heterocycles, 
often reported as privileged scaffolds for the development of new therapeutic agents. The 
synthesis of polycyclic indole derivatives creates a broad structural diversity by varying the 
cyclic junction and the nature of the fused rings. Indoles and their fused derivatives have many 
interesting pharmacological properties, including anti-inflammatory, antituberculous, and 
antidiabetic. 
We have been particularly interested in indole-fused lactones since the combination of these 
two pharmacophores should offer scaffolds of interest in medicinal chemistry. Thus, we 
present the synthesis of 1,2-, 1,7- and 3,4-indole-fused lactones via a simple and efficient 
reaction sequence.1,2 The functionalization of these "oxazino-indole", "oxazepino-indole" and 
"oxepino-indole" tricycles is carried out by palladocatalyzed C-C coupling, nucleophilic 
substitution or 1,3-dipolar cycloaddition. The evaluation of their activity against 
Mycobacterium tuberculosis shows that the “oxazino-indole” and "oxazepino-indole” 
structures are new inhibitors of M. tuberculosis growth in vitro.2,3 

 
 

Mycobacterium tuberculosis 

  

 
1 S. Hammoud, E. Anselmi, K. Cherry, J.-C. Kizirian, J. Thibonnet, Eur. J. Org. Chem. 2018, 6314–6327. 
doi.org/10.1002/ejoc.201801167 
2 B. Champciaux, C. Raynaud, A. Viljoen, L. Chene, J. Thibonnet, S. P. Vincent, L. Kremer, E. Thiery, Bioorg. Med. 
Chem. 2021, 43, 116248. doi.org/10.1016/j.bmc.2021.116248  
3 C. Maaliki, J. Fu, S. Villaume, A. Viljoen, C. Raynaud, S. Hammoud, J. Thibonnet, L. Kremer, S. P. Vincent, E. 
Thiery, Bioorg. Med. Chem. 2020, 28, 115579. doi.org/10.1016/j.bmc.2020.115579 
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Kingianins1 are natural products isolated from Endiandra kingiana, a Malaysian endemic tree. 
These molecules share a highly original and challenging pentacyclic skeleton. Their promising 
biological activity towards the anti-apoptotic proteins Bcl-xl and Mcl-1 could lead to the 
development of new anticancer therapies.1 

 
An optimised synthetic route is under development in our laboratory to synthesise a series of 
simplified analogues of kingianins, as well as some of the natural products themselves. Our 
approach addresses challenging selectivity problems, as well as functional group tolerance 
issues. The current sequence features an original decarboxylation step followed by an ester 
formation and a reductive ozonolysis reaction, with full diastereocontrol. 
 
This strategy is very different from the few that have already been described in the literature 
and ensures much higher flexibility.2,3,4 The molecules synthesised will be engaged in 
biological studies to test their binding affinity towards Bcl-xl and Mcl-1. 
 
 
 

   
 
 Kingianin A Kingianin G 
 
 (most abundant) (most active) 
 
 
  

 
1 Litaudon, M.; Bousserouel, H.; Awang, K.; Nosjean, O.; Martin, M. T.; Tran Huu Dau, M. E.; Adi, H. A.; Boutin, J. 
A.; Sévenet, T.; Guéritte, F. Kingianin A: A New Natural Pentacyclic   Compound from Endiandra kingiana. J. Nat. 
Prod. 2009, 72, 480-483. 
2 Sharma, P.; Ritson, D. J.; Burnley, J.; Moses, J. E. A synthetic approach to kingianin A based on biosynthetic 
speculation. Chem. Commun. 2011, 47, 10605-10607. 
3 Lim, H. N.; Parker, K. A. Total Synthesis of Kingianin A. Org. Lett. 2013, 15, 398-401. 
4 Drew, S. L.; Lawrence, A. L.; Sherburn, M. S. Total Synthesis of Kingianins A, D, and F. Angew. Chem. Int. Ed. 
2013, 52, 4221-4224. 
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Unsaturated compounds are ubiquitous reagents in organic chemistry as they are inexpensive, 
stable, and readily available. As a consequence, they have been intensively used as starting 
materials in a plethora of organic transformations.1 Among them, the hydrofunctionalization 
of unsaturated compounds has been recognized as a valuable method to construct complex 
molecules but, above all, to introduce a large variety of functional groups with full atom 
efficiency.2 This transformation is still at the center of modern research as illustrated, for 
instance, by the recent developments in the photocatalyzed hydroaminations and 
hydroalkoxylations.3 In this context, we got interested in developing photo-mediated 
methodologies allowing the hydrofunctionalization of unsaturated compounds. Two 
photoredox protocols developed in our laboratory concerning the hydrocarbonation4 and the 
hydrohalogenation5 of a wide range of unsaturated substrates will be discussed (Scheme 1). 
 

 
 
  

 
1 a) H. Jiang, A. Studer, Chem. Soc. Rev. 2020, 49, 1790−1811; b) D. C. Silva Costa, Arabian J. Chem. 2020, 13, 
799−834; c) M. M. Heravi, M. Dehghani, V. Zadsirjan, M. Ghanbarian, Curr. Org. Chem. 2019, 16, 205−243. 
2 a) M. T. Pirnot, Y.-M. Wang, S. L.  Buchwald, Angew. Chem., Int. Ed. 2016, 55, 48−57. b) J. V. Obligacion, P. J. 
Chirik, Nat. Rev. Chem. 2018, 2, 15−34. c) S. Bezzenine-Lafollée, R. Gil, D. Prim, J. Hannedouche, Molecules 2017, 
22, 1901−1929. 
3 K. A. Margrey, D. A. Nicewicz, Acc. Chem. Res. 2016, 49, 1997−2006. 
4 A. Prieto, M. Taillefer, Org. Lett. 2021, 23, 1484–1488. 
5 L. Geniller, M. Taillefer, F. Jaroschik, A. Prieto, Chem. Eur. J. 2022, 28, e20220149. 
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A selective hydrohalogenation of unsaturated hydrocarbons using 1,2-dihaloethanes (DXE) as 
the halide sources under mild conditions is reported.1 Contrary to radical transformations 
involving halogen atom transfer (XAT),2 which exploit stable carbon radicals, our unique 
approach uses 1,2-dihaloethanes for the generation of unstable carbon radicals by silane-
mediated XAT. These transient radicals then undergo β-scission with release of ethylene and 
formation of more stable halide radicals which have been used for the hydro-bromination and 
-iodination of unsaturated hydrocarbons that includes Michael acceptors, unactivated alkenes 
and alkynes. Overall, a broad range of functionalities have been well tolerated in our photo-
mediated hydrohalogenations, which contrast with previous methods in which the functional 
group tolerance was limited.3 Mechanistic studies suggest that the reaction proceeds through 
a radical-chain manifold that propagates by the use of silane derivatives. 
 

 
 
 
  

 
1 Geniller, L.; Taillefer, M.; Jaroschik, F.; Prieto, A. Photo-Induced Halogen-Atom Transfer: Generation of Halide 
Radicals for selective Hydrohalogenation Reactions. Chem. Eur. J. 2022, 28, e2022014. 

2 Juliá, F.; Constantin, T.; Leonori, D. Applications of Halogen-Atom Transfer (XAT) for the Generation of Carbon 
Radicals in Synthetic Photochemistry and Photocatalysis. Chem. Rev. 2022, 122, 2292-2352. 
3 Galli, M.; Fletcher, C. J.; del Pozo, M.; Goldup, S. M. Org. Biomol. Chem. 2016, 14, 5622–5626. 
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Helicenes are organic aromatic compounds formed of several ortho-fused rings which 
naturally adopt a helical configuration and possess high chiroptical properties. They have 
already found broad applications in optics, electronics and biology as well as in organic and 
supramolecular chemistry.1 Nevertheless, utilization of these scaffolds as chiral ligands in 
organometallic catalysis still remains a challenge to tackle and only a few examples are 
disclosed in the literature. 
 
This poster discloses a study on a chiral bis-phosphorylated-helical 
ligand family in the enantioselective palladium-catalyzed Tsuji-Trost 
allylation. 
 
The use of 2,15-bisphosphinite[6]helicenes allowed to evidence a 
remarkable ligand effect, in which the (R) and (S) isomeric products 
can be selectively formed as a direct function of the amount of ligand introduced. Study of the 
organometallic species involved through 31P NMR analysis of a model complex and X-Ray 
diffraction analysis together with DFT calculations shed light on this phenomenon.2 
 
 
 
 
 
 
 
 
 
 
 
Acknowledgments: ANR-13-JS07-0013-HELCATS. Collaborative work with Corinne Aubert, 
Etienne Derat (DFT), Louis Fensterbank, Geoffrey Gontard (RX), Omar Khaled (HPLC), Cyril 
Ollivier, Marc Petit, Nicolas Vanthuyne (prep HPLC). 
  

 
1 (a) Dhbaibi, K.; Favereau, L.; Crassous, J. Chem. Rev. 2019, 119, 14, 8846. (b) Chen, C.-F.; Shen, Y. Helicene 
Chemistry. Springer-Verlag Berlin Heidelberg, 2017; (c) Saleh, N.; Shen, C.; Crassous. J. Chem. Sci. 2014, 5, 3680; 
(d) Aillard, P.; Voituriez, A.; Marinetti, A. Dalton Trans. 2014, 43, 15263; (e) Narcis, M. J.; Takenaka, N. Eur. J. Org. 
Chem. 2014, 21; (f) Shen, Y.; Chen, C.-F. Chem. Rev. 2012, 112, 1463; (g) Gingras, M. Chem. Soc. Rev. 2013, 42, 
1051.  
2 Medena, C.; Aubert, C.; Derat, E.; Fensterbank, L.; Gontard, G.; Khaled, O.; Vanthuyne, N.; Ollivier, C.; Petit, M.; 
Barbazanges, M. ChemCatChem 2021, 13, 4543.  
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Chirality is an intriguing feature of many natural products and numerous bioactive molecules 
contain stereogenic centers. In particular, C-N axially chiral compounds have been attracting 
an increasing attention of the scientific community as a privileged class of biologically active 
compounds. Despite this expanding interest, only few catalytic enantioselective strategies 
allowing efficient synthesis of such compounds are reported. 
 
Although direct C-N coupling is the most interesting strategy from a retrosynthetic point of 
view, direct atroposelective coupling remains rare. The inherent challenge of this approach 
arises from the antagonism between high steric hindrance required to warrant atropostability 
of the compound and high reaction temperature generally required to enhance a coupling 
between two sterically congested partners. 1 
 
To overcome these limitations our methodology is based on hypervalent iodine chemistry. 
Indeed, the use of diaryl iodonium salts enables Ullmann-type couplings under mild 
conditions. Thereby, we have recently reported the first example of atroposelective metal 
catalyzed N-arylation delivering C-N axially chiral compounds. 2 
We wish to extend this methodology to a large panel of N-coupling partners and activated 
aromatics to access an array of C–N axially chiral scaffolds. Moreover, mechanistic studies are 
carried out to better understand this reaction. 
 
 

 
 
 
  

 
1 Frey, J.; Choppin, S.; Colobert, F.; Wencel-Delord, J. Towards Atropoenantiopure N–C Axially Chiral Compounds 
via Stereoselective C–N Bond Formation. chimia (aarau) 2020, 74 (11), 883–889. 
https://doi.org/10.2533/chimia.2020.883 
2 Frey, J.; Malekafzali, A.; Delso, I.; Choppin, S.; Colobert, F.; Wencel-Delord, J. Enantioselective Synthesis of N–C 
Axially Chiral Compounds by Cu-Catalyzed Atroposelective Aryl Amination. Angew. Chem. Int. Ed. 2020, 59 (23), 
8844–8848. https://doi.org/10.1002/anie.201914876. 
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Frustrated Lewis Pairs (FLPs) consist in sterically hindered Lewis acids and bases that cannot 
form Lewis adducts because of steric repulsions. These bifunctional systems, usually 
consisting of a borane and a phosphine or amine, have been increasingly used as transition 
metal-free catalysts for the hydrogenation reaction of unsaturated substrates.1 

 
Olefins are challenging substrates in FLP chemistry and the metal-free hydrogenation of 
unactivated alkenes was only seldom reported in the literature.2 Due to their cage-shaped 
structure, 9-phosphatriptycene derivatives constitute promising Lewis bases to tackle this 
challenge. The enhanced pyramidalization of their phosphorus center results in a significant 
weakening of its Lewis basicity and the strategic addition of ortho-substituents increases their 
steric bulk compared to related triarylphosphines.3 In this poster, our computational and 
experimental investigations on the reactivity of Lewis pairs based on 9-phosphatriptycene 
derivatives will be presented. The structural and electronic effects of the molecular scaffold 
on the phosphorus reactivity, the pKa of these compounds as well as their thermodynamics in 
H2 activation and hydrogenation reactions are investigated by density functional theory 
calculations.4 Experimentally, their synthesis is based on the cyclization of functionalized 
triarylmethane precursors.5 They are now exploited as catalysts for the hydrogenation of 
unactivated alkenes such as cyclohexene.6  

  

 
1 D. W. Stephan, Science 2016, 354, 1248. 
2 Y. Wang, W. Chen, Z. Lu, Z. H. Li, H. Wang, Angew. Chem. Int. Ed. 2013, 52, 7496. 
3 L. Hu, D. Mahaut, N. Tumanov, J. Wouters, R. Robiette, G. Berionni, J. Org. Chem. 2019, 84, 11268. 
4 D. Mahaut, G. Berionni, B. Champagne, J. Phys. Chem. A 2022, 126, 2794. 
5 L. Hu, D. Mahaut, N. Tumanov, J. Wouters, L. Collard, R. Robiette, G. Berionni, Dalton Trans. 2021, 50, 4772. 
6 D. Mahaut, B. Champagne, G. Berionni, ChemCatChem 2022, 14, e202200294. 
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Due to their unique chemical, physical and photophysical properties, organoboron 
compounds and in particular triarylboranes are playing a central role in materials science, 
supramolecular chemistry and catalysis. 1 
 
Boron Lewis acids are usually planar trigonal species. However, constraining the boron atom 
in a pyramidal shape will significantly increase the Lewis acidity as demonstrated theoretically 
and experimentally in the RCO group at UNamur by the synthesis and reactivity studies of 9-
boratriptycene derivatives. 2 It has recently been shown by quantum chemical calculations 
that incorporating an intramolecular Lewis base in 9-boratriptycene give access to a 
bifunctional boron/nitrogen system containing a pre-pyramidalyzed boron atom, the 9-bora-
azatriptycene (Scheme 1a). It exhibits the potential to perform the C-H bond activation of 
methane. 3 On the other hand, the activation of methane was achieved recently by using 
borenium ion in 2021. 4 

 
In this research work, we focused on the synthesis of the 9-bora-azatriptycene (Scheme 1a) 
and of an unprecedent new type of non-planar borenium ion (Scheme 1b) to obtain a new 
kind of Lewis superacid. This work begins with the synthesis of triarylmethane precursors and 
finish with various attempts to obtain desired pyramidal compounds. 
 

 
Scheme 4 : Overview of this work, 9-bora-azatriptycene (a) and non-planar borenium ion (b). 

  

 
1 E. Fernández, A. Whiting, Springer Eds., “Synthesis and Application of Organoboron Compounds”, New York, 
2015 
2 a) A. Ben Saida, A. Chardon, A. Osi, N. Tumanov, J. Wouters, A. I. Adjieufack, B. Champagne, G. Berionni,  Angew. 
Chem. Int. Ed. 2019, 58, 16889 b) A. Chardon, A. Osi, D. Mahaut, T.-H. Doan, N. Tumanov, J. Wouters, L. Fusaro, 
B. Champagne, G Berionni, Angew. Chem. Int. Ed. 2020, 59, 12402.   c) A. Osi, D. Mahaut, N. Tumanov, L. Fusaro, 
J. Wouters, B. Champagne, A. Chardon, G. Berionni. Angew. Chem. Int. Ed. 2022, 61, e202112342. 
3 D. Mahaut, A. Chardon, L. Mineur, G. Berionni, B. Champagne, ChemPhysChem 2021, 22, 1958. 
4 Y. Liu, W. Dong, Z. Huali, H. Wang, Chem. 2021, 7, 1843 
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In the last ten years, the development of p-conjugated nanohoops has been considerable 
owing to their remarkable properties.1-2 However, to date, their incorporation in organic 
electronic devices remains very scarce and their performance is low.3-4 This could be linked to 
their weak charge transport properties.5-6 In order to increase the efficiency of the nanohoops 
based organic semi-conductors, their charge transport properties should be first studied.7-8 
Thanks to a structure-properties relationship study centred on the cyclic tetracarbazole 
substituted by butyl chains, we evaluate the impact of: 
- the cyclic geometry (by comparison with the linear tetracarbazole), 
- the number of 
building units in the 
nanohoop (by 
comparison with the 
cyclic 
pentacarbazole), 
- the presence of the 
bridgehead (by 
comparison with the 
[8]cyclo-para-
phenylene), 
- the length of the 
alkyl chains borne by 
the bridgehead (by 
comparison with the 
cyclocarbazole 
substituted by hexyl 
chains). 
 
  

 
1 Darzi, E. R.; Jasti, R. Chem. Soc. Rev. 2015, 44 (18), 6401-6410. 2 Leonhardt, E. J.; Jasti, R., Nature Reviews 
Chemistry 2019, 3 (12), 672-686. 3 Liu, Y.-Y.; Lin, J.-Y.; Bo, Y.-F.; Xie, L.-H.; Yi, M.-D.; Zhang, X.-W.; Zhang, H.-M.; 
Loh, T.-P.; Huang, W., Org. Lett. 2016, 18 (2), 172-175. 4 Zhang, B.; Trinh, M. T.; Fowler, B.; Ball, M.; Xu, Q.; Ng, F.; 
Steigerwald, M. L.; Zhu, X. Y.; Nuckolls, C.; Zhong, Y., J. Am. Chem. Soc 2016, 16426-16431. 5 Kayahara, E.; Sun, L.; 
Onishi, H.; Suzuki, K.; Fukushima, T.; Sawada, A.; Kaji, H.; Yamago, S., J. Am. Chem. Soc. 2017, 139 (51), 18480-
18483. 6 Wang, S. D.; Li, X. C.; Wei, K.; Zhang, X. Y.; Yang, S. F.; Zhuang, G. L.; Du, P. W.,. Eur. J. Org. Chem. 2022, 
2022 (29). 7 Lucas, F.; Sicard, L.; Jeannin, O.; Rault-Berthelot, J.; Jacques, E.; Quinton, C.; Poriel, C., Chem. Eur. J. 
2019, 25 (32), 7740-7748. 8 Lucas, F.; McIntosh, N.; Jacques, E.; Lebreton, C.; Heinrich, B.; Donnio, B.; Jeannin, O.; 
Rault-Berthelot, J.; Quinton, C.; Cornil, J.; Poriel, C., J. Am. Chem. Soc. 2021, 143 (23), 8804-8820. 
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Cell-penetrating peptides cross cell membranes through various parallel internalization 
pathways. Herein, we analyze the role of the negatively charged lipid phosphatidylinositol-
4,5-bisphosphate (PI(4,5)P2) in the internalization of Penetratin. Contributions of both inner 
leaflet and outer leaflet pools of PI(4,5)P2 were revealed by quantifying the internalization of 
Penetratin in cells treated with PI(4,5)P2 binders. Studies on model systems showed that 
Penetratin has a strong affinity for PI(4,5)P2, and interacts selectively with this lipid, even in 
the presence of other negatively charged lipids, as demonstrated by affinity photocrosslinking 
experiments. Differential scanning calorimetry experiments showed that Penetratin induces 
lateral segregation in PI(4,5)P2-containing liposomes, which was confirmed by coarse-grained 
molecular dynamics simulations. NMR experiments indicated that Penetratin adopts a 
stabilized helical conformation in the presence of PI(4,5)P2-containing membranes, with an 
orientation parallel to the bilayer plane, which was also confirmed by all-atom simulations. 
NMR and photocrosslinking experiments also suggest a rather shallow insertion of the peptide 
in the membrane. Put together, our findings suggest that PI(4,5)P2 is a privileged interaction 
partner for Penetratin and that it plays an important role in Penetratin internalization.  
 
  



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 180

POSTERS

P A065 

Mixed aliphatic organozinc reagents as non-stabilized 
Csp3-nucleophiles in multicomponent reaction 

Marine Pinaud1, Erwan Le Gall1, Marc Presset1 
1 ICMPE, UPEC, CNRS, 2 rue Henri Dunant, 94320 Thiais, France 

marinepinaud@yahoo.fr 
 
 

Multicomponent reactions (MCRs) constitute one of the most powerful tools to obtain 
complex scaffolds in one single step thus contributing to the development of more atom 
economic processes. Our group focuses its activities on the design of new MCRs involving 
aromatic organozinc reagents as nucleophiles, as they are easier to prepare and present a 
greater functional group compatibility compared to Grignard or organolithium reagents.1 The 
present work aims at extending these reactivities to aliphatic organozinc reagents, as only 
resonance stabilized species had been reported in the case of mixed organozinc reagents.2  
We began our studies with organometallic multicomponent Mannich reactions between an 
alkylzinc reagent, an aldehyde and a secondary amine. We discovered a strong influence of 
the solvent used in the zincation step on the MCR outcome. By performing both reactions in 
acetonitrile, the reaction successfully involved different organozinc reagents (primary, 
secondary and tertiary), aldehydes (aromatic or aliphatic) and secondary amines (cyclic and 
acyclic), allowing the obtention of tertiary amines under mild conditions and in good yields 
(pathway a)3. 
Moreover, the preparation of secondary amines was also possible under similar conditions 
using different imines (pathway b). Finally, by adding a Michael acceptor to the reaction 
mixture, catalyst-free Michael-aldol and Michael-Mannich reactions have been developed, 
affording β-hydroxy- and β-aminocarbonyls compounds (pathway c). 

  

 
1 Knochel, P.; Millot. N.; Rodriguez. A.; Tucker. C.; Organic Reactions. 2001, 58, 417-731. 
2 Paul, J.; Presset, M.; Le Gall, E.; Eur. J. Org. Chem. 2017, 17, 2386-2406.. 
3 Pinaud, M.; Le Gall, E.; Presset, M. J. Org. Chem. 2022, 87, 4961-4964. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 181

POSTERS

P A066 
Total Synthesis of Mavacuran Alkaloids 

Audrey Mauger1, Maxime Jarret1, Guillaume Vincent1 

1 Institut de Chimie Moléculaire et des Matériaux d’Orsay (ICMMO),  
Equipe MSMT1, Univ. Paris-Saclay, CNRS, 91 405 Orsay, Cedex, France 

audrey.mauger@universite-paris-saclay.fr 
 
 

The mavacuran alkaloids are part of the Monoterpene Indole Alkaloids (MIAs) family and more 
precisely represent a restricted sub-family of the Corynanthes alkaloids with a characteristic 
bond between the N1 and C16 of the corynanthe skeleton (Scheme 1).  
 
 
 
 
 
 
 

Scheme 1 Corynanthe and mavacurane skeleton 
Due to the strain nature of their skeleton, the last ring to be formed is key to the success of 
the synthesis of the mavacuran alkaloids. A few synthetic routes have been described in the 
last forty years involving as the last stage the formation of either the E ring and the N1-C16 
bond (Boekelheide1, Takayama2 and our group3 in collaboration with the team of Evanno and 
Poupon) or the C-D ring junction and the C3-N4 bond (Sakai4 and Harley-Mason5) or the  C ring 
and the C6-C7 bond (Bosch).6 In contrast to these strategies, we propose a shorter synthesis 
of the mavacuran alkaloids by the late stage formation of the D ring and the N4-C21 bond. This 
new synthetic route involves an annulation process from an ABCE tetracyclic compound which 
was obtained via a Pictet-Spengler reaction and allowed us to achieve the total syntheses of 
16-epi-pleiocarpamine, normavacurine, taberdivarine H, C-mavacurine, C-profluorocurine 
and C-fluorocurine (Scheme. 2). 
 
 
 
 
 
 
 
 

 
Scheme 2 Retrosynthesis of 16-epi-pleiocarpamine and other mavacuran  

 
1 D. D. O’Rell, F. G. H. Lee and V. Boekelheide, J. Am. Chem. Soc., 1972, 94, 3205–3212. 
2 K. Sato, N. Kogure, M. Kitajima and H. Takayama, Org. Lett., 2019, 21, 3342–3345. 
3 a) M. Jarret, A. Tap, C. Kouklovsky, E. Poupon, L. Evanno and G. Vincent, Angew. Chem. Int. Ed., 2018, 57, 12294–
12298; b) M. Jarret, A. Tap, V. Turpin, N. Denizot, C. Kouklovsky, E. Poupon, L. Evanno and G. Vincent, Eur. J. Org. 
Chem., 2020, 6340–6351. 
4 a) S. Sakai and N. Shinma, Heterocycles, 1976, 4, 985–988; b) S. Sakai and N. Shinma, Yakugaku Zasshi, 1978, 
98, 950–964. 
5 M. J. Calverley, B. J. Banks and J. Harley-Mason, Tetrahedron Lett., 1981, 22, 1635–1638. 
6 a) J.-M. Jiménez, E. Zulaica, M.-L. Bennasar and J. Bosch, J. Chem. Soc. Chem. Commun., 1993, 732–733; b) M.-
L. Bennasar, E. Zulaica, J.-M. Jimenez and J. Bosch, J. Org. Chem., 1993, 58, 7756–7767. 
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The hydrochlorination of alkenes has a long history and is utilized as an example in many 
organic textbooks to explain the Markovnikow rule.1 However, in practice only certain alkenes 
(e.g. trisubstituted ones) readily undergo hydrochlorination when exposed to HCl gas.2  
Others, such as monosubstituted or 1,2-disubstituted alkenes react very sluggishly. In this 
presentation, we present our work concerning the use of hydrochloric acid which is able to 
hydrochlorinate activated and non-activated alkenes by addition of certain chemicals (Scheme 
1).3 The usefulness and practicality of this method is demonstrated by the hydrochlorination 
of styrene on a 500 mmol scale. Moreover, we have identified conditions allowing for the 
isolation of regioisomerically pure hydrochlorination products, a problem which has not been 
solved yet despite the long history of hydrochlorination reactions.  
 
 

 
 
 
 
 
  

 
1 F. A. Carey, R. J. Sundberg ; Advanced Organic Chemistry (2006, Fourth Edition), Chapter 6, 352-358. 
2 Kropp, P. J.; Daus, K. A.; Tubergen, M. W.; Kepler, K. D.; Wilson, V. P.; Craig, S. L.; Baillargeon, M. M.; Breton, G. 
W.; J. Am. Chem. Soc. 1993, 115, 3071–3079. 
3 Tanemura, K.; Tetrahedron Letters 2018, 59, 4293–4298.  
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Transition metal catalyzed C-H activation has evolved as a powerful synthetic tool as it offered 
a simplified route to incorporate several functional groups by converting inert C-H bond into 
various carbon-carbon or carbon-heteroatom bonds.1 Directed C-H activation in this regard 
provides a unique solution to ensure site-selective C-H activation in a predictable manner. 
The progress of directed C-H activation is majorly centered around the ortho-C-H activation, 
which is typically proceeded via five- to seven-membered metallacyclic intermediates. 
Nevertheless, distal meta-C-H functionalization aided by directing group assistance has 
recently attracted significant attention.2 The formation of a large macrocyclic pre-transition 
state (usually greater than 11-memberered) is the prerequisite criteria to be successful in site-
selective distal C-H activation.3 We are intrigued in developing Rh-catalyzed methods for 
various meta-C-H functionalization. Hereby, we disclosed the first Rh(I) catalyzed meta-C-H 
alkynylation protocol through inverse Sonogashira coupling reaction.4 The protocol is 
compatible with various substrate classes which include phenylacetic acids, hydrocinnamic 
acids, 2-phenyl benzoic acids, 2-phenyl phenols, benzyl sulfonates and ether-based scaffolds. 
The post-synthetic modification of meta-alkynylated arenes is also demonstrated through DG-
removal as well as functional group interconversion. 

  

 
1 McMurray, L.; Hara, F. O.; Gaunt, M. J. Recent developments in natural product synthesis using metal-catalysed 
C–H bond functionalisation. Chem. Soc. Rev. 2011, 40, 1885–1898. 
2 Dutta, U.; Maiti, S.; Bhattacharya, T.; Maiti, D. Arene diversification through distal C(sp2)-H functionalization 
Science, 2021, 372, eabd5992. 
3 Sinha, S.K.; Guin, S. ; Maiti, S. ; Biswas, J. P.; Porey, S.; Maiti, D. Toolbox for distal C−H bond functionalizations 
in organic molecules. Chem. Rev. 2022, 122, 5682−5841. 
4 Sasmal, S.; Prakash, G.; Dutta, U.; Laskar, R.; Lahiri, G. K.; Maiti, D. Directing group assisted rhodium catalyzed 
meta-C�H alkynylation of arenes. Chem. Sci., 2022, 13, 5616-5621. 
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Vitamin A is a pleotropic micronutrient with different key roles in the organism such as vision,1 
cell differentiation2 or even maintenance of the immune system.3 Thus, strict homeostasis of 
the different forms of vitamin A, called retinoids, 4 has to be maintained by organisms to avoid 
disorders (hypervitaminosis, anemia, growth retardation…).5,6 Nonetheless, lack of knowledge 
about the complete metabolism of retinoids hampers the apprehension of the biogenesis of 
these disorders. To get a deeper insight into the complex metabolic cascade of retinoids, a 
chemical biology approach was investigated, relying on the use of retinoid analogs 
functionalized with an azide group at the C4 position, a region not involved in ligand receptor 
binding. To avoid complex and lengthy synthesis of these photo and chemo-sensitive 
molecules, we have developed a late-stage modification strategy. A methodological study was 
performed on retinal to find the best conditions for regioselective azide incorporation before 
it was applied to other retinoids. In parallel, mass spectrometry and chemoproteomic probes 
were also synthesized and used in biological investigations. 
 
 

 
 
  

 
1 Luo, T.; Sakai, Y.; Wagner, E.; Dräger, U. C. Retinoids, Eye Development, and Maturation of Visual Function. J. 
Neurobiol. 2006, 66 (7), 677–686. 
2 Podleśny-Drabiniok, A.; Sobska, J.; de Lera, A. R.; Gołembiowska, K.; Kamińska, K.; Dollé, P.; Cebrat, M.; Krężel, 
W. Distinct Retinoic Acid Receptor (RAR) Isotypes Control Differentiation of Embryonal Carcinoma Cells to 
Dopaminergic or Striatopallidal Medium Spiny Neurons. Sci. Rep. 2017, 7 (1), 13671. 
3 Huang, Z.; Liu, Y.; Qi, G.; Brand, D.; Zheng, S. Role of Vitamin A in the Immune System. J. Clin. Med. 2018, 7 (9), 
258. 
4 Álvarez, R.; Vaz, B.; Gronemeyer, H.; de Lera, Á. R. Functions, Therapeutic Applications, and Synthesis of 
Retinoids and Carotenoids. Chem. Rev. 2014, 114 (1), 1–125. 
5 Sommer, A.; Davidson, F. R. Assessment and Control of Vitamin A Deficiency: The Annecy Accords. J. Nutr. 2002, 
132 (9), 2845S-2850S. 
6 West, K. P.; Darnton-Hill, I. Vitamin A Deficiency. In Nutrition and Health in Developing Countries; Semba, R. D., 
Bloem, M. W., Piot, P., Eds.; Humana Press: Totowa, NJ, 2008; pp 377–433. 
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Metal-catalyzed carbon-carbon double bond isomerization giving rise to a new isomer has 
become a fundamental and powerful synthesis tool with extensive applications in the 
production of high value molecules as it offers a waste-free process with 100% atom 
efficiency.1 This reaction has been widely investigated using noble metals-based catalysts such 
as rhodium, palladium, or iridium which are rare, expensive, and relatively toxic.2 Thus, the 
development of alternative catalytic isomerization processes remains a major challenge in 
modern metal catalysis. Iron catalysis has emerged as a cost effective and an eco-friendly 
alternative for sustainable development.3 Although many isomerization methodologies using 
abundant metals mainly cobalt-based catalysts have been reported, iron-catalyzed 
isomerization is still underdeveloped and often integrated into tandem isomerization-
functionalization processes that drive the isomerization step.4 
Thanks to our expertise in earth 
abundant metals-based catalysis,5 
herein we present our contributions to 
develop an iron-catalyzed carbon-
carbon double bond isomerization 
methodology using a low-coordinate 
iron alkyl complex. This work is 
combined with mechanistic studies for an elucidation of the catalytic system involved in this 
process. 
 
 
  

 
1 Molloy, J. J.; Morack, T.; Gilmour, R. Positional and Geometrical Isomerisation of Alkenes: The Pinnacle of Atom 
Economy. Angew. Chem. Int. Ed. 2019, 58, 2-13. 
2 a) Larionov, E.; Li, H.; Mazet, C. Well-defined transition metal hydrides in catalytic isomerizations. Chem. 
Commum 2014, 50, 9816-9826; b) Massad, I.; Marek, I. Alkene Isomerization through Allylmetals as a Strategic 
Tool in Stereoselective Synthesis. ACS Catal. 2020, 10, 5793-5804. 
3 Bauer, I.; Knölker, H.-J. Iron Catalysis in Organic Synthesis. Chem. Rev. 2015, 115, 3170-3387. 
4 Liu, X.; Li, B.; Liu, Q. Base-Metal-Catalyzed Olefin Isomerization Reactions. Synthesis 2019, 51, 1293-1310. 
5 a) Bernoud, E.; Oulié, P.; Guillot, R.; Mellah, M.; Hannedouche, J. Well-Defined Four-Coordinate Iron(II) 
Complexes For Intramolecular Hydroamination of Primary Aliphatic Alkenylamines. Angew. Chem. Int. Ed. 2014, 
53, 1-6; b) Lepori, C.; Bernoud, E.; Guillot, R.; Tobisch, S.; Hannedouche, J. Experimental and Computational 
Mechanistic Studies of the β-Diketiminatoiron(II)-Catalysed Hydroamination of Primary Aminoalkenes. Chem. 
Eur. J. 2019, 25, 835-844; c) Lepori, C.; Guillot, R.; Hannedouche, J. C1-symmetric β -Diketiminatoiron(II) 
Complexes for Hydroamination of Primary Alkenylamines. Adv. Synth. Catal. 2019, 316, 714-719. 
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Malonic acid and its ester derivatives (malonates) are an important class of reagents in organic 
synthesis, as they provide a quick access to carbon centered nucleophilic species. Initially 
inspired by the biosynthesis of polyketides, malonic acid half oxyesters, which contain a 
carboxylic acid moiety together with an ester, constitute a very interesting subclass of 
compounds, particularly well adapted for the development of decarboxylative couplings. In 
sharp contrast with their unsubstituted or aminated derivatives, Substituted Malonic Acid Half 
Oxyesters (SMAHOs) are less described whereas they could represent relevant precursors for 
molecular complexity and the introduction of original organocatalyzed reactions. Our group 
has thus studied the use of SMAHOs as pro-nucleophiles in decarboxylative processes, where 
they act as enolate equivalents in the elaboration of greener methodologies.1 
SMAHOs are bench-stable reagents that can be easily obtained from malonates by alkylation 
and mono-saponification.2 Once in hands, we first demonstrated that they could be efficiently 
used in olefination reactions with aldehydes for the preparation of α,β-disubstituted acrylates, 
thus constituting an attractive alternative to existing methods in terms of scope and eco-
compatibility.3 Alternatively, they could serve as enolate equivalents in decarboxylative 
Mannich-type reactions with imines (preformed or in situ-generated), affording a 
straightforward access to β2,3-aminoesters, with moderate to good yields and 
diastereoselectivities.4 More recently, we developed their use in decarboxylative Claisen 
reactions, with a variety of acyl donors. 
 

  

 
1 Xavier, T.; Condon, S.; Pichon, C.; Le Gall, E.; Presset, M. Eur. J. Org. Chem. 2022, e202101392. 
2 Xavier, T.; Condon, S.; Pichon, C.; Le Gall, E.; Presset, M. Beilstein J. Org. Chem. 2021, 17, 2085–2094. 
3 Xavier, T.; Condon, S.; Pichon, C.; Le Gall, E.; Presset, M. Org. Lett. 2019, 21, 6135−6139. 
4 Xavier, T.; Condon, S.; Pichon, C.; Le Gall, E.; Presset, M. J. Org. Chem. 2021, 86, 5452–5462. 
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Molecular machines1, defined as an assembly of a discrete number of molecular components 
designed to perform mechanical-like movements as a consequence of external stimuli2, has 
drawn the attention of the scientific community. Although various examples of small 
molecular machines have been described3, the regulation of the unidirectional movement 
remains a challenge. 
Information ratchets4 are a general class of mechanism in which an energy barrier is regulated 
on a potential energy surface in order to directionally drive the Brownian particle distribution 
away from equilibrium. Therefore, creating a molecular information ratchet is crucial to 
reaching the unidirectional movement of molecular machines. Cyclodextrins5 could be good 
candidates for this system because of their asymmetric cone-like shape and chiral cavity. 
Herein, we describe a permethylated cyclodextrin [2] rotaxane which can perform ratcheting 
motion. The rotaxane is composed of three equivalent stations separated by two secondary 
amines as reactive sites that can react with Fmoc derivatives. During the Fmoc-protection a 
kinetic bias resulting in a non-statistical distribution between the three possible mechano-
isomers was observed. This bias can be rationalized by the asymmetry of the CD that favors 
the reaction when the amine is facing the secondary rim rather than the primary rim. Different 
factors controlling the ratcheting mechanism, such as solvent, reaction temperature, and 
reactivity of the Fmoc derivatives were investigated and will be presented. 
 
 

1 
  

 
1 Sundus Erbas-Cakmak, David A. Leigh, Charlie T. McTernan, Alina L. Nussbaumer, Chem. Rev. 2015, 115, 10081 
2 Vincenzo Balzani, Alberto Cerdi, Françisco M. Raymon, J. Fraser Stoddart; Angew. Chem. Int. Ed. 2000, 39, 3348-
3391. 
3 Liang Zhang, Vanesa Marcos, and David A. Leigh, PNAS. 2018, 115, 9397–9404. D. Leigh et al., Nature 2016, 534, 
235; B. L. Feringa, J. Am. Chem. Soc. 2006, 128, 5127. 
4 Astumian, R. D. ; Derényi, I. Eur. Biophys. J. 1998, 27, 474-489. Parmeggiani, A. ; Jülicher, F. ; Ajdari, A. ; Prost, 
J. Phys. ReV. E., 1999, 60, 2127-2140. Parrondo, J. M. R. ; De Cisneros, B. J. Appl. Phys. A, 2002, 75, 179-191. 
5 A. Harada, Acc. Chem. Res. 2001, 34, 456. 

N N

N N

N N

Mechanostereoelective
Fmoc Protection

+

+

N N

A            16%

B            27%

C Up to  57%



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 188

POSTERS

P A073 
Access to unnatural glycosides by metal-catalyzed 

functionalisation of glycal substrates  
Morgane de Robichon1, Andrea Bordessa1, Maciej Malinowski1,2, Olivier Monasson1, 

Than Van Tran1, Camille Banoun1, David Branquet1, Linlin Li1, Linda Mahri1, Maha Fatthalla1, 
Samir Messaoudi1, Jacques Uziel1, Nadège Lubin-Germain1, Angélique Ferry1 

1 BioCIS, CY Cergy-Paris University, 5 Mail Gay-Lussac, 95031 Cergy-Pontoise cedex, France; Paris-Saclay 
University, CNRS, 5 rue J.-B. Clément, 92296 Châtenay-Malabry cedex, France 

2 Faculty of Chemistry, Warsaw University of Technology, ul. Noakowskiego 3, 00-664 Warsaw, Poland. 
angelique.ferry@cyu.fr 

 
 

Development of new access to glycoconjugates has become of great interest in synthetic 
chemistry. In particular, glycoconjugates possessing an unnatural bond are largely studied due 
to their enzymatic and chemical stabilities towards C-O and C-N natural links. 
Our expertise deals with the metal-catalyzed functionalisation of glycal substrates using two 
different reactivities: 

- Cross-coupling reactions on 2-iodoglycal starting compounds for the formation of C-
C, C-N or C-P bonds : (A),1 (C),2 (D)3 (E)4 and (F)5. 
- Directed C-H functionalisation reactions of the pseudo-anomeric position of C2-
amidoglycals (B).6 

 

  
 
 
  

 
1 J. Org. Chem. 2016, 81, 12459. 
2 J. Org. Chem. 2019, 84, 3328.  
3 Adv. Synth. Catal. 2020, 362, 1184 
4 Eur. J. Org. Chem. 2021, 12, 1521. 
5 Synthesis, 2021, DOI: 10.1055/a-1709-3305. 
6 (a) Chem. Commun. 2019, 55, 11806. (b) Chem. Eur. J. 2020, 7, 491. (c) Adv. Synth. Catal. 2021, 363, 5138. (d) 
Adv. Synth. Catal. 2022, accepted 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 189

POSTERS

P A074 
New Halogen Bond Donor Catalysts for a  

Microwave-Assisted CO2 Conversion to Cyclic Carbonates 
Sercan Akbaba, Claire Fave, Bernd Schöllhorn 

Université Paris Cité, CNRS, Laboratoire d'Electrochimie Moléculaire, F-75013 Paris, France 
sercan.akbaba@u-paris.fr 

 
 

Since the beginning of the industrial age in the mid-18th century, the anthropogenic emission 
of carbon dioxide has shifted the natural carbon cycle and has become the most present 
greenhouse gas in the atmosphere. Therefore, reducing the net amount of carbon dioxide in 
the atmosphere by using it to produce added-value products is an attractive field. [1,2] Herein, 
we used carbon dioxide and epoxides to generate cyclic carbonates, used as electrolytes in Li-
ion batteries, polar aprotic solvents, and as intermediates for chemical synthesis.[3] This 
reaction represents a green approach of CO2 conversion with 100 % atom economy and 
without toxic organic solvents and reagents. In this context, new catalysts are tested regularly 
to increase the reactivity of the thermodynamically highly stable CO2 by creating new chemical 
pathways for the reaction. From transition metal catalysts to organo-catalysts many examples 
are reported in literature. Recently, organo-catalysts containing halogen-bond donor sites 
have been employed successfully.[4] Halogen bonding (XB) has been defined as an attractive 
non-covalent interaction between the electrophilic site of a halogen atom (XB-donor) and a 
Lewis base (XB-acceptor).[5] In our present work, we propose an approach to catalyze the 
discussed reaction using microwave-assisted heating in the presence of Lewis acidic halogen 
bond catalysts.[6] Various halogen-bond catalysts have been tested, with a particular focus on 
an iodoimidazolium cation.[7] Our approach afforded cyclic carbonates in reproducible 
experiments with yields of up to 91 %.  
 

 
  

 
1 G. D. Farquhar, M. J. R. Fasham, M. L. Goulden, M. Heimann, V. J. Jaramillo, H. S. Kheshgi, C. Le Quéré, R. J.  
Scholes, D.W.R. Wallace, Cambridge University Press, 2001, 183-238. 
2 P. T. Latake, P. Pawar, A. C. Ranveer, International Journal of Innovative Research and Creative Technology,  
2015, 1, 3, 333-337. 
3 P. P. Pescarmona, Current Opinion in Green and Sustainable Chemistry, 2021, 29, 100457. 
4 R. Yan, K. Chen, Z. Li, Y. Qu, L. Gao, H. Tong, Y. Li, J. Li, Y. Hu, K. Guo, ChemSusChem, 2020, 13, 1-8. 
5 G. R. Desiraju, P. S. Ho, L. Kloo, A. C. Legon, R. Marquardt, P. Metrangolo, P. Politzer, G. Resnati, K. Rissanen,  
Pure Appl. Chem., 2013, 85, 8, 1711-1713. 
6 J. Tharun, G. Mathai, A. C. Kathalikkattil, R. Roshan, J.-Y. Kwaka, D.-W. Park, Green Chem., 2013, 15, 1673- 
1677. 
7 M. S. Alvarez, C. Houzé, S. Groni, B. Schöllhorn, C. Fave, Org. Biomol. Chem., 2021, 19, 7587-7593. 
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Grayanoids are [5.7.6.5] tetratracycle diterpenoids found exclusively in Ericaceae plants. This 
family of molecules is known to be very toxic.1 However, grayanoids are used in traditional 
medicine and have known bioactivities, particularly as analgesics, sedatives, or even 
insecticides. There is therefore a real interest in carrying out the total synthesis of this family 
of compounds. 
 
Nowadays in the literature, more than 130 compounds of the grayananes family have been 
identified. However only a few tedious or non-flexible syntheses of grayananes are 
described.2,3 
 
Therefore, this research work will be to find a new divergent synthetic route that makes it 
possible to obtain the greatest number of compounds within the grayanane family. The first 
purpose of this research will be to identify and synthesize common intermediates. Key steps 
will be explored such as the Ireland Claisen rearrangement, a 1,4-silyl Prins allylic cyclisation 
and a pinacolic coupling. 
 

 
Figure : a general strategy toward the grayanane family 

 
Due to the structural proximity with another terpenoid family, kalmanes, a collective strategy 
towards kalmanes and grayananes can be considered.  

 
1 Kan, T. ; Hosokawa, S. ; Nara, S. ; Ito, S. ; Matsuda, F. ; Shirahama, H. J. Org. Chem. 1994, 59, 5532-5534. 
2 Yu, K. ; Yang, Z. ; Liu, C. ; Wu, S. ; Hong, X. ; Zhao, X. ; Ding, H. Angew. Chem. Int. Ed. 2019, 58, 8556 –8560. 
3 Turlik, A. ; Scruse, A. ; Newhouse, T. J. Am. Chem. Soc. 2019, 141 , 8088-8092. 
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Biorthogonal click and release reactions are interesting new tools allowing the selective 
release of compounds of interest in biological media, including inside animals1. Our laboratory 
has recently discovered the reaction between iminosydnones and strained alkynes leading to 
two products resulting from ligation and fragmentation of iminosydnones under physiological 
conditions2. In this work, we designed complementary Peptid Nucleic Acids (PNAs) to increase 
the kinetic of this click and release reaction. Each reaction partner is attached to a PNA and 
the molecular recognition between the PNAs was found to induce huge enhancement of the 
reaction speed. Several couples of complementary PNAs were synthetized to determine 
optimal PNA size. Kinetics were determined by monitoring the release of a fluorescent probe. 
With molecular recognition, the reaction becomes a pseudo first order, making the kinetic 
nondependent of the concentration which opens up numerous application perspectives. 
 
 

 
 
 
 
 
 
 
 
  

 
1 K. Porte, M. Ribéraud ChemBioChem, 2021,22,100–113 
2 S. Bernard, Angew. Chem. Int. Ed. 2017, 56, 15612 –15616 
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Helical molecules are widely present in nature. Besides DNA which is probably the most known 
double helix structure, alpha-helices can also be found in many proteins. Our laboratory has 
previously prepared benzothieno[2,3-b]benzothiopyrano[4,3,2-de]quinoline (Figure 1, left, X 
= S), a fluorescent helicene-like polycyclic, heteroaromatic molecule that proved to be a 
promising inhibitor of disease-related PIM protein kinases.1 This work focuses on a safer way 
to reach this compound and related aza analogues.  
The synthesis of our key intermediate 1-aminothioxanthone was achieved in four steps and in 
32% overall yield from commercially available thioxanthone. First, 1-iodothioxanthone was 
obtained by deprotolithiation and in situ transmetalation-iodolysis of the bare heterocycle. 
The amino group was next introduced by Gabriel’s reaction involving copper-mediated N-
arylation with phthalimide. While the tandem N-arylation/cyclisation appeared to be favoured 
by the absence of sulfur bridge, 2-iodo-N-methylindole gave higher yield than 2-
iodobenzothiophene. Our efforts were next concentrated on the synthesis of benzofuro-, 
benzothieno- and 10-methylindolo- [2,3-b]benzothiopyrano[4,3,2-de]1,8-naphthyridines 
which are original hexacycles also endowed with interesting fluorescence properties. These 
compounds were further evaluated as originals inhibitors of Pim kinases related to cancer 
development, and the results were rationalized by molecular modelling experiments.  
 
 

 

 
Figure 5: Structures of benzothieno-, benzofuro-, 10-methylindolo -[2,3-b]benzothiopyrano[4,3,2-de]quinolines (left) and -

[2,3-b]benzothiopyrano[4,3,2-de]1,8-naphthyridines (right) 

 
  

 
1 Mokhtari Brikci-Nigassa, N.; Nauton, L.; Moreau, P.; Mongin, O.; Duval, R. E.; Picot, L.; Thiéry, V.; Souab, M.; 
Baratte, B.; Ruchaud, S.; Bach, S.; Le Guevel, R.; Bentabed-Ababsa, G.; Erb, W.; Roisnel, T.; Dorcet, V.; Mongin, F. 
Functionalization of 9-thioxanthone at the 1-position: from arylamino derivatives to [1]benzo(thio)pyrano[4,3,2-
de]benzothieno[2,3-b]quinolines of biological interest. Bioorg. Chem. 2020, 94, 103347. 
https://doi.org/10.1016/j.bioorg.2019.103347. 
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Pin1 is a small two-domain protein (18 kDa) member of the Parvulin subfamily of Peptidyl-
Prolyl cis-trans Isomerases (PPIases). It differs from all others PPIases through its substrate 
specificity for phosphorylated Ser/Thr-Pro peptide bonds.1 Pin1 plays essential roles in cell 
division and is involved in many diseases, including cancer and Alzheimer’s disease. This 
enzyme is a promising drug target as it controls numerous cancer-driving pathways. Small 
molecules as well as peptide inhibitors of Pin1 have showed cancer suppression ability in 
multiple studies.2 Compared to the small-molecule class, the peptide inhibitors display 
generally more selectivity towards the target but suffer of chemical and/or metabolic 
instability as well as poor cell-permeability. 
The incorporation of fluorine into biomolecules has gained a considerable interest due to its 
ability to modulate properties of pharmaceutical compounds.3,4 Our group has reported the 
effect of trifluoromethylated pseudo-prolines on the conformation of the peptidyl-prolyl 
bond.5 We now aim at developing new fluorinated peptides containing those unnatural amino 
acids and taking advantage of the fluorine properties to develop Pin1 inhibitors. Therefore, 
we have considered the fluorination of peptide scaffolds to access potent Pin1 inhibitors with 
the goal to stabilize the transition state conformation or to improve their metabolic stability. 
Here, the synthesis and the conformational NMR studies of those inhibitors will be discussed. 

  
 

1 Lu, K. P.; Zhou, X. Z. The Prolyl Isomerase PIN1: A Pivotal New Twist in Phosphorylation Signalling and Disease. 
Nature Reviews Molecular Cell Biology 2007, 8 (11), 904–916.  
2 Chen, L. et al.  Targeting PIN1 Exerts Potent Antitumor Activity in Pancreatic Ductal Carcinoma via Inhibiting 
Tumor Metastasis. Cancer Sci 2019, 110 (8), 2442–2455.  
3 Gillis, E. P.; Eastman, K. J.; Hill, M. D.; Donnelly, D. J.; Meanwell, N. A. Applications of Fluorine in Medicinal 
Chemistry. J. Med. Chem. 2015, 58 (21), 8315–8359.  
4 Inoue, M.; Sumii, Y.; Shibata, N. Contribution of Organofluorine Compounds to Pharmaceuticals. ACS Omega 
2020, 5 (19), 10633–10640.  
5 Feytens, D. et al.  Local Control of the Cis-Trans Isomerization and Backbone Dihedral Angles in Peptides Using 
Trifluoromethylated Pseudoprolines. J Phys Chem B 2012, 116 (13), 4069–4079. 
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Antibiotic therapy, urinary pain relievers and hydration are classic and effective methods that 
have long been used to treat urinary tract infections caused by Escherichia coli. However, the 
high multi-resistance of E-coli strains has called on researchers and scientists in the field of 
medical research to develop alternatives as effective as antibiotic therapy, but more natural, 
or even without side effects. The main objective of this study is precisely to contribute to the 
development of one of these natural molecules: Mannitol. In this context, a multitude of 
molecular modeling methods are used, in particular the "Molecular Docking" method which 
consists of predicts the structure of the complexes formed between the active ligands: D-
Mannose and D-Mannitol and the FimH protein of Escherichia coli. This approach is carried 
out by determining the exploration surface, and by detecting probable binding cavities as well 
as the orientation of small molecules that bind to the different amino acids of the target 
protein, which makes it possible to calculate their affinity levels and activity. 
 
This result supports the idea that the two complexes have good stability and a strong 
interaction with the FimH protein, however the comparative study shows that D-Mannitol has 
a better inhibitory activity against FimH compared with a-D-Mannose. 
This finding may be the start of an innovative therapy and confirms the effectiveness of the 
D-Mannitol molecule, based on experimental tests in vivo and in vitro in the search for 
treatments of urinary tract infection caused by E- coli. 
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The chemistry of organosulfur is one of the most significant topics in organic synthesis 
nowadays.1 For instance, sulfides are present in many biologically active molecules, and they 
are key intermediates for the synthesis of wide-ranging biological, pharmaceutical, and 
naturally occurring active molecules.2 The deoxygenation of sulfoxides is among the most 
usual, efficient, and straightforward transformations to obtain the corresponding sulfides. 
During the last few decades, several methods for reducing sulfoxides into sulfides have been 
reported in the literature. Those methods are carried out using electrophilic reagents, Lewis 
acids and transition metal complexes; unfortunately, most of those strategies clearly need 
polluting reagents or expensive heavy metals.3 Furthermore, in 2020, we report the use of 
highly nucleophilic 1,3,5 trimethoxybenzene (TMB) as the reducing agent in the 
deoxygenation sulfoxides as a general and forthright new method.4 In addition, other teams 
have been working on greener and scalable strategies in recent years; one example of a 
successful methodology is the electrochemical reduction of sulfoxides published by Guo, Wen 
and co-workers.5 Regrettably, chromatographic purification is mandatory in all the cases 
described before, making them unsuitable for multigram scale preparations. Considering 
those difficulties, we have been interested in developing new metal-free and scalable 
strategies as alternative methods for reducing sulfoxides, minimizing problematic or polluting 
waste and avoiding chromatographic purification. In that context, we present our advances 
on this topic. 
 
 
 
 
 
 
Acknowledgments: This work was financially supported by Universidad de Los Andes, 
particularly the Faculty of Science (INV-2021-126-2269) and the Chemistry Department.  

 
1 Jiang, X. Sulfur Chemistry, 1st ed. Topics in Current Chemistry, Springer, Berlin, 2018. 
2 a) Scott, K.A., Njardarson, J.T. Analysis of US FDA-Approved Drugs Containing Sulfur Atoms. Top Curr Chem (Z). 
2018, 5, 376. b) Kaiser, D. Klose, I. Oost, R. Neuhaus, J. Maulide. N. Bond-Forming and -Breaking Reactions at 
Sulfur (IV): Sulfoxides, Sulfonium Salts, Sulfur Ylides, and Sulfinate Salts. Chem. Rev. 2019, 119, 8701-8780. 
3 a) Shiri, L.; Kazemi, M. Deoxygenation of sulfoxides. Res. Chem. Intermed. 2017, 43, 6007-6041. b) Lin, H.; Wu, 
L.; Kazemi, M. A decade updates (2011–2020): Reduction of sulfoxides to sulfides. Synthetic Communications. 
2021, 51, 1609-1635. 
4 Acosta-Guzmán, P.; Mahecha-Mahecha, C.; Gamba-Sánchez, D. Electrophilic Chlorine from Chlorosulfonium 
Salts: A Highly Chemoselective Reduction of Sulfoxides. Chem. Eur. J. 2020, 26, 10348-10354. 
5 Kong, Z.; Pan, C.; Li, M.; Wen, L.; Guo, W. Scalable electrochemical reduction of sulfoxides to sulfides. Green 
Chem. 2021, 23, 2773-2777. 
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In asymmetric organocatalysis, 1,6-addition reactions on vinylogous Michael acceptors are 
challenging due to regioselectivity issues (1,2- vs 1,4- vs 1,6-additions).1 Such processes face 
an additional difficulty related to the remote control of the absolute configuration of the 
created stereogenic center. Few solutions are reported in the literature to promote a selective 
1,6-addition, either by modifying the nature of the substrates or by using specific 
organocatalysts.Erreur ! Signet non défini.  
 

 
 
We are currently interested in developing an alternative and asymmetric sequence based on 
organocatalysis, leading eventually to the formal enantioselective 1,6-introduction of a 
nucleophile to vinylogous Michael acceptors. Accordingly, we planned (1) an organocatalytic 
and enantioselective sulfa-Michael addition process, revealing an allylic sulfide moiety, which 
allows, after mono-oxidation of the sulfur center, to promote (2) a [2,3]-rearrangement 
process to introduce a substituent at position 6 along with (3) a 1,3-chirality transfer.2 The 
results of this investigation will be presented herein.  
 

 

 
 
  

 
1 (a) Chauchan, P.; Kaya, U.; Enders, D. Adv. Synth. Cata. 2017, 359, 888. (b) Biju, A. T., ChemCatChem 2011, 3, 
1847. (c) Lear, M. J.; Hayashi, Y. ChemCatChem 2013, 5, 3499. 
2 (a) Colomer, I.; Velado, M.; De la Pradilla, R. F.; Viso, A. Chem. Rev. 2017, 117, 14201. (b) Kaiser, D.; Klose, I.; 
Oost, R.; Neuhaus, J.; Maulide, N. Chem. Rev. 2019, 119, 8701. 
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Among the various elements, oxygen plays a key role in many functional groups, and its 
isotopic labelling often proves determinant for mechanistic insights. Indeed, [18O] can be 
easily differentiated by mass analysis from the predominant [16O] (99.759%), and recent 
advances in NMR instrumentation allows efficient detection of the chemical shifts of [17O] (-
30 to +1000 ppm).1 Due to the extremely low natural abundance of [18O] and [17O] (0.204% 
and 0.037%, respectively), the use of isotopically enriched compounds is essential, and 
synthetic methodologies for the incorporation of labelled oxygen (*O) have been extensively 
studied. 2 They generally rely on the use of one of the cheapest isotope precursors: [*O]H2O 
(≈ 250 € for 1g of 97% [18O]H2O i.e. 5€/mmol, and ≈800 € for 250 mg of 86-90% [17O]H2O i.e. 
55€/mmol), but often require harsh conditions limiting their use to simple synthons, and/or 
involve reversible isotopic exchange yielding lessened isotopic enrichments. Advanced 
isotopic oxygen sources ([*O]CO2, [*O]CH3OH,…) are compatible with more specific reactions, 
but are extremely costly due to their low availability. Interestingly, some examples using 
gaseous *O-labelled dioxygen were also reported,2 which theoretically presents a moderate 
molar cost of isotopic oxygen atoms (≈650 € for 1 L of 99% [18O]O2 i.e 8 €/mmol of 18O, and 
≈4500 € for 1 L of 90% [17O]O2 i.e. 60€/mmol of 17O). However, the need to use large excesses 
and the difficulty to manipulate precisely these gaseous reactants greatly increase the costs 
of these procedures, which made them under-used. To solve these major drawbacks, we 
developed solid & stable precursors that are able to release stoichiometric amounts of [18O]O2 
and [17O]O2 on demand. In combination with a two-chamber glassware,3 this system enabled 
the synthesis of various *O-labelled molecules on small scales with good yields and excellent 
isotopic enrichments (>80% *O). 

  
 

1 Gerothanassis, I.P. Oxygen-17 NMR spectroscopy: Basic principles and applications (Part I)”, Prog. Nucl. Magn. 
Reson. Spectrosc. 2010, 56, 95-197. 
2 Theodorou,V.; Skobridis, K.; Alivertis, D.; Gerothanassis, I.P. Synthetic methodologies in organic chemistry 
involving incorporation of [17O] and [18O] isotopes. J. Labelled Compd. Radiopharm., 2014, 57, 481-508. 
3 Hermange, P; Lindhart,* A.T.; Taaning, R.; Bjerglung, K.; Lupp D.; Skrydstrup, T. Ex situ generation of 
stoichiometric and substoichiometric 12CO and 13CO and its efficient incorporation in palladium catalyzed 
aminocarbonylations. J. Am. Chem. Soc. 2011, 133, 6061-6071. 
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We have recently described the condensation between unprotected aldoses and 
hydroxylamines to form the corresponding nitrones, which undergo a 1,3 dipolar 
cycloaddition with alkenes to afford amphiphilic isoxazolidines.1 
 

 
 
Under the same reaction conditions, the use of alkynes proved unsuccessful, due to the high 
sensitivity of the formed isoxazolines to heat and their degradation during the course of the 
reaction. Aside from standard activation methods, high-pressure has the particularity to be 
performed at room temperature and is energetically cost-free, which is well-suited for green 
chemistry approaches. High pressure is particularly advantageous for reactions which 
combine two or more molecules, such as Diels-Alder and 1,3 dipolar reactions.2 This 
uncommon method of activation was applied here to achieve the reaction between our 
unprotected carbohydrate nitrones and various alkynes.  

 
 

Erythrose and threose derived nitrones were used as models, which afforded the 
corresponding functionalized isoxazolines in good yields (70-90 %) in most cases.  
Aside from their potential biological applications,3 isoxazolines might also serve as 
intermediates for further transformations.4 Valorization of our polyhydroxy-isoxazolines will 
be presented further.  
 
  

 
1 G. Messire, L. Pascual, F. Massicot, E. Riguet, J. L. Vasse, J. B. Behr, Org. Biomol. Chem. 2020, 18, 5708-5725. 
2 A. Y. Rulev, F. I. Zubkov, Org. Biomol. Chem. 2022, 20, 2320-2355. 
3 G. Kumar, R. Shankar, ChemMedChem 2021, 16, 430-447. 
4 C. Anh, J. W. Kennington, P. DeShong, J. Org. Chem. 1994, 59, 6282. 
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Nitrogen-containing heterocycles constitute a class of particularly important organic 
compounds. In particular, pyrrolidine and piperidine subunits are largely present in marketed 
drugs such as clemastine (antihistamine), atrasentan (anti-cancer) and donepezil 
(cholinesterase inhibitor). Therefore, developing and extending the synthetic tools for the 
preparation of heterocycles of this type, in a simple way, is an important research field. 

 
Here, for this purpose, a Kulinkovich-type reaction was applied1,2, combining titanium 
tetraisopropoxide and a Grignard reagent, to couple two C-C unsaturated bonds in an 
intramolecular fashion.3 Electronically and sterically diverse starting materials underwent fast 
reaction to produce 5- or 6- membered rings under mild conditions. 

 
In addition, a new post-functionalization process provides access to 7-membered rings in two 
synthetic steps: aerobic oxidation and acylation/intramolecular aldol reaction. 

 
 

 
  

 
1 Kulinkovich, O. G.; Sviridov, S. V.; Vasilevskii, D. A.; Pritytskaya, T. S.  Zh. Org. Khim. 1989, 25, 2244. 
2 Selected reviews: a) Wolan, A.; Six. Y. Tetrahedron 2010, 66, 15–61. b) Wolan, A.; Six. Y. Tetrahedron 2010, 66, 
3097–3133. 
3 See also: Bodinier. F; Sanogo, Y.; Ardisson, J.; Lannou, M.; Sorin. G. Chem. Commun. 2021, 57, 3603-3606. 
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Enzyme Linked Immunosorbent Assay (ELISA) is central in biological science for the detection 
of proteins1. However, it often present limitations such as the need of a large amount of 
sample, or too low detection sensibility.2 Using a droplet-based microfluidics format has 
allowed the development of miniaturized, less consuming and more sensitive protein 
detection methods by co-encapsulating the biological sample and functionalized particles to 
capture the protein to analyze.3 This caused technological complexity due to difficult control 
of particle distribution in the droplet, complex readout due to erratic particle localization 
within the droplet.3 We report herein an alternative in-droplet immunoassay format, which 
avoid the use of particles, the Droplet Surface Immunoassay (DSIA). It exploits the oil/aqueous 
phase interface as a protein capture and detection surface, using tailored perfluorinated 
surfactant bearing azide functionalized PEG-based polar heads. These azides spontaneously 
react in situ with strained alkyne functionalized antibodies via a Strained Promoted 
Azide/Alkyne Cycloaddition (SPAAC). The resulting functionalized inner surface is then able to 
capture a targeted protein leading a concomitant relocation of the labelled detection antibody 
at the surface. This relocation leads to a change of signal in the on-line analysis from a convex 
shape (not captured) to a characteristic concave shape (captured). The DSIA is fast, 
quantitative and sensible at 3.4 attomoles of analyte per droplet, and this new immunoassay 
method was demonstrated to allow detection of cytosolic proteins at the single cell level. 
 

 
1 
  

 
1 Shah, K. et al. Enzyme-linked immunosorbent assay (ELISA): the basics. Br. J. Hosp. Med. 77, C98–C101 (2016) 
2 Hosseini, S et al. Advantages, Disadvantages and Modifications of Conventional ELISA in Enzyme-linked 
Immunosorbent Assay (ELISA): From A to Z, 67–115 (2018). 
3 Matuła, K. et al. Single-Cell Analysis Using Droplet Microfluidics. Adv. Biosyst. 2020, 4 (1), 1900188. 
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Considering the growing interest in the synthesis of trifluoromethylated molecules for 
pharmaceutical and agrochemical industries, research for new methodologies of C-H 
trifluoromethylation to introduce a -CF3 group (or RF group) on various substrates is crucial, 
especially for complex scaffolds. By their multiple reactivities, α,β-unsaturated carbonyl 
derivatives are choice targets for trifluoromethylation reactions.1 However, if C(sp2)-H 
trifluoromethylation studies are abundant for positions α and β of these molecules,2 research 
for C(sp3)-trifluoromethylation on γ-position are scarce.3  
 
During this communication, we will present the γ-perfluoroalkylation of α,β-unsaturated 
carbonyl compounds (including enals, enones, and α,β-unsaturated amides)  via visible-light 
catalysis which has been successfully performed with high regioselectivity (Scheme 1),4 thanks 
to the recent development of photoredox catalysis and the of use of N-tosyl S-
perfluoroalkylated sulfoximines.5  

 

 
Scheme 1. γ-perfluoroalkylation via photoredox catalysis 

 
An enantioselective version of the reaction was also set up, which consists in the first example 
of an enantioselective remote perfluoroalkylation reaction. 

 
  

 
1 Amslinger S., Chem. Med. Chem., 2010, 5, 351. 
2 Prieto A., Baudoin O., Bouyssi D., Monteiro N., Chem. Commun. 2016, 52, 869. 
3 Umemoto T., Ishihara S., Tetrahedron Lett. 1990, 31, 3579. 
4 Submitted article. 
5 Chaabouni S., Lohier J.-F., Barthelemy A.-L., Glachet T., Anselmi E., Dagousset G., Diter P., Pégot B., Magnier E., 
Reboul V., Chem. Eur. J., 2018, 24, 17006. 
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The Passerini-Smiles reactions2 of a-ketophosphonates with nitrophenols has been used as a 
platform to observe complex cascades involving multiple Smiles transfers3 coupled with 
Phospha-Brook rearrangement4. When using 4-nitrophenols a rare 1,3-Truce-Smiles 
rearrangement is observed leading to diarylacetamide derivatives. 2-Nitroderivatives lead to 
a completely different reactivity pattern that may be explained by a nitro to nitroso conversion 
followed by a s-p metathesis. All mechanistic assumptions are confirmed by DFT calculations 
performed on both families of adducts. The potential of this work has been further 
demonstrated by the use of N-aryl a-ketoamides as alternative starting materials for these 
cascades as well as the disclosure of new aza-Nazarov access to hydroxy-indolones.  
 

 
 

Scheme. Passerini reaction of a-ketophosphonate followed by Phospha-Brook (PB) 
rearrangement. 

  

 
1 C. Cheibas, N. Fincias, N. Casaretto, J. Garrec, L. El Kaim, Angew. Chem. Int. Ed. 2022, 61, e202116249. 
2 L. El Kaïm, M. Gizolme, L. Grimaud, Org. Lett. 2006, 8, 5021-5023 
3 (a) W. E. Truce, E. M. Kreider and W. W. Brand, Organic Reactions 1970, 18, 99-215; (b) S. Xia, L.-Y. Wang, H. 
Zuo, Z.-B. Li, Curr. Org. Synth. 2013, 10, 935-946; (c) L. El Kaim, L. Grimaud in Molecular rearrangements in 
Organic Synthesis, (ed. C. Rojas), Wiley-VCH, Weinheim, 2015, chap. 19, pp. 627-660. 
4 a) A. S. Demir, O. Reis, A. C. Igdir, l. Esiringü, S. Eymur, J. Org. Chem. 2005, 70, 10584-10587; (b) A. Kondoh, T. 
Aoki, M. Terada, Org. Lett. 2014, 16, 3528-3531. 
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The widespread presence of C-H bonds has made C-H bond activation a hot topic in organic 
chemistry research in recent years.1 So far, the selective activation of C-H has generally relied 
on the design of suitable directing groups and the selection of transition metals as catalysts to 
obtain target products.2 Very recently, a strategy based on transient directing group has 
emerged which allows the use of more useful substrates in C-H activation reactions.3 In this 
work, a palladium-catalyzed C-H alkoxycarbonylation of benzadehydes was described. In the 
process, a key aniline was selected to form a transient directing group, whereas non-toxic 
potassium oxalate compounds were used as ester group provider.4 This reaction gave a fast 
access to very useful mono-alkylphthalates which can be converted into lactones and lactams 
used in natural product synthesis.5 

 

 
  

 
1 (a) Alberico, D.; Scott, M. E.; Lautens, M. Chem. Rev. 2007, 107, 174-238. (b) Liu, B.; Romine, A. M.; Rubel, C. Z.; 
Engle, K. M.; Shi, B.-F. Chem. Rev., 2021, 121, 14957-15074. 
2 (a) Engle, K. M.; Mei, T.-S.; Wasa, M.; Yu, J.-Q. Acc. Chem. Res. 2012, 45, 788-802. (b) Mandal, R.; Garai, B.; 
Sundararaju, B. ACS Catal. 2022, 12, 3452-3506. 
3 Higham, J. I.; Bull, J. A. Org. Biomol. Chem. 2020, 18, 7291-7315. 
4 Li, Z.-Y.; Wang, G.-W. Org. Lett. 2015, 17, 4866–4869. 
5 (a) Robinson, J. E.; Brimble, M. A. Chem. Commun. 2005, 1560-1562. (b) Mal, D.; Pahari, P.; De, S. R. Tetrahedron 
2007, 63, 11781-11792. (c) Cabrera, J. M.; Tauber, J.; Krische, M. J. Angew. Chem. Int. Ed. 2018, 57, 1390-1393. 
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The synthesis of 1,3,5-triynes suffers from a limited number of methodologies allowing their 
access. The Cadiot-Chodkiewicz coupling1 and the Fritsch-Buttenberg-Wiechell 
rearrangement2 are probably the two most popular methods to form the 1,3,5-triyne building 
block. Other methods were also reported but are more confidential.  
 
In the 2010’s, the Tamm group attempted to form 1,3,5-triynes by alkyne metathesis of 1,3-
diynes.3 Unexpectedly, only new 1,3-diynes were isolated. On the basis of this observation, 
we hypothesized that hindering one of the two triple bonds of the 1,3-diyne precursors may 
help to circumvent this problem. Actually, in 2020, we reported the first synthesis of 1,3,5-
triynes by alkyne metathesis with Fürstner Mo-catalyst (Cat-1, figure 1).4 
 
Since then, we initiated a collaboration with the group of Matthias Tamm in order to use more 
selective catalysts to overcome the necessity to use bulky groups to initiate the exclusive 
formation of 1,3,5-triyne motif. Today, a mesityl group is bulky enough to induce a total 
selectivity toward the 1,3,5-triyne over the 1,3-diyne.5[5] This outcome will let us envisage the 
synthesis of new compounds bearing the 1,3,5-triyne motif in the future.  

 
Figure 1. Synthesis of 1,3,5-triynes by alkyne metathesis.  

 
1 Chodkiewicz, W.; Cadiot, P. C. R. Hebd. Seances Acad. Sci. 1955, 241, 1055. 
2 Eisler, S.; Tykwinski, R. J. Am. Chem. Soc. 2000, 122, 10736. 
3 Lysenko, S.; Volbeda, J.; Jones, P. G.; Tamm, M. Angew. Chem. Int. Ed. 2012, 51, 6757. 
4 Curbet, I.; Colombel-Rouen, S.; Manguin, R.; Clermont, A.; Quelhas, A.; Müller, D. S.; Roisnel, T.; Baslé, O.; Trolez, 
Y.; Mauduit, M. Chem. Sci. 2020, 11, 4934. 
5 Zier, M.; Colombel-Rouen, S.; Ehrhorn, H.; Bockfeld, D.; Trolez, Y.; Mauduit, M.; Tamm, M. Organometallics 
2021, 40, 2008. 
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One of the central challenges of our century is the development of sustainable chemistry 
processes. Following this concept, the use of first row transition metals became essential in 
catalysis.1  Manganese, part of these metals, is abundant, inexpensive, non-toxic, and 
participates in myriad of transformations due to the wide range of oxidation states it can 
adopt.2 Since 1969 and the report of Vinogradov, Mn(III) has emerged as an ideal catalyst to 
promote oxidant free-radical reactions including the coupling between unactivated olefins 
and carbonyl compounds to forge a new C-C bond.3 These processes have found applications 
in medicinal chemistry and total synthesis.4 However, the intermolecular version of the 
reaction still suffers from major limitations such as: (1) the need for a stoichiometric amount 
of catalyst and a large excess of carbonyl starting material to be employed; (2) the absence of 
a general set of conditions; (3) A low functional group tolerance and (4) the lack of 
understanding with regards to reaction parameters. 

 
 

Our group recently started a research program dedicated to the use of manganese in catalysis. 
We were motivated to investigate the parameters that govern this transformation and to 
assemble a general set of reaction conditions. We were able to identify a unified and very 
reliable set of conditions allowing the coupling of promising substrates that were so far 
inaccessible using previously reported conditions. The key parameters governing the outcome 
of the reaction as well as the development of a catalytic version of the transformation under 
electrochemical conditions will be presented on the poster.5,6  

 
1 Alig, L.; Fritz, M.; Schneider S. Chem. Rev. 2019, 119, 2681-2751. 
2 Carney, J. R.; Dillon, B. R.; Thomas, S. P. Eur. J. Org. Chem. 2016, 23, 3912-3928. 
3 Mondal, M.; Bora, U. RSC Adv. 2013, 3, 18716-18754. 
4 (a) Snider, B. B. Chem. Rev. 1996, 96, 339-364; (b) Melikyan, G. G. Org. React. 1997, 49, 427-675.  
5 (a) Vantourout, J. C. Org. Process Res. Dev. 2021, 25, 2581-2586. (b) Wills, A. G.; Charvet, S.; Battilocchio, C.; 
Scarborough, C. C.; Wheelhouse, K. M. P. ; Poole, D. L.; Carson, N.; Vantourout, J. C. Org. Process Res. Dev. 2021, 
25, 2587-2600.  
6 Charvet, S.; Médebielle, M.; Vantourout, J. C. J. Org. Chem. 2022, 87, 5690-5702. 
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The β-hydroxynitrile moiety is commonly found in bioactive molecules. Among all the 
strategies reported to date to obtain this motif, cyanomethylation of carbonyl groups has 
attracted considerable synthetic efforts.1 Nevertheless, direct deprotonation of non-activated 
acetonitrile, which exhibits a high pKa value (31.3 in DMSO), usually requires a strong base 
raising the question about the functional group tolerance. To overcome this limitation, 
efficient catalytic Ru,2 Pd,3 Cu4 complexes have enabled the addition of MeCN to various 
aldehydes and, to a lesser extent, ketones under less basic conditions (case a and, in few cases, 
case b). However, catalyzed addition of bulkier α-functionalized nitriles R2R3CHCN (R2 ≠ H, R 3 
= H, case b or R2 and R3 ≠ H, case c) to ketones appears to be more troublesome.1-4  
 
 

 
 
In this poster presentation, we are pleased to report the synthesis of alternative NiII-pincer 
complexes5 and their use as an efficient catalyst for the cyanomethylation reaction of a wide 
range of ketones under mild conditions, in generally high isolated yields (case a-c).6  
 
 
 
 
  

 
1 For example, see the reviews: (a) López, R.; Palomo, C., Angew. Chem. Int. Ed. 2015, 127, 13366-13380; (b) 
Kumagai, N.; Shibasaki, M Chem. Lett. 2019, 48, 1322-1327. 
2 Kumagai, N.; Matsunaga, S.; Shibasaki, M Tetrahedron 2007, 63, 8598-8608. 
3 Wang, G. W.; Zhou, A. X.; Wang, J. J.; Hu, R. B.; Yang, S. D., Org Lett 2013, 15, 5270-3. 
4 Deng, T.; Wang, H.; Cai, C., Eur. J. Org. Chem. 2014, 2014, 7259-7264 
5 (a) Fan, L.; Ozerov, O. V., Chem. Commun. 2005, 4450-4452; (b) Chakraborty, S.; Patel, Y. J.; Krause, J. A.; Guan, 
H., Angew. Chem. Int. Ed. 2013, 52, 7523-7526; (c) Smith, J. B.; Miller, A. J. M., Organometallics 2015, 34, 4669-
4677; (d) Saito, A.; Adachi, S.; Kumagai, N.; Shibasaki, M., Angew. Chem. Int. Ed. 2021, 60, 8739-8743. 
6 Manuscript in preparation 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 207

POSTERS

P A092 
Regioselective naphthalene C-H bond halogenation: new 

methodologies and total synthesis applications 

Hugo Amistadi-Revol1, Julian Garrec2, Sébastien Prévost1 
1 Laboratoire de Synthèse Organique (LSO-UMR 7652) CNRS, Ecole Polytechnique, ENSTA-Paris, Institut 

Polytechnique de Paris, 91128 Palaiseau, France 
2 Unité Chimie et Procédé (UCP) ENSTA-Paris, Institut Polytechnique de Paris, 91128 Palaiseau, France 

hugo.amistadi-revol@polytechnique.edu 
 
 

Throughout these previous decades, studies on the C-H bond allow to discover new methods 
to synthetise organic products. The main issue with C-H activation is the selectivity. Indeed, 
the C-H bond is predominant in the organic compounds.1 C-H activations studies on 
naphthalene showed how to functionalize each position on the cycle.2 Our group has showed 
that a carbonyl directing group (DG) in position 1 of the naphthalene, such as an amide, could 
selectively activate the C-H bond in position 8.3 Concerning naphthaldehyde, specific imine 
DG could be formed and activate position 2.4  
Inspired by these previous results, this work focused on a naphthaldehyde regioselective 
halogenation reaction. The bromination and chlorination were performed successfully in 
position 8. Catalysed by palladium (+II), fifteen brominated and twelve chlorinated peri-
products were characterized. In parallel, several imines have been studied to find the best 
candidate to perform the bromination in position 2. By forming imines, from the 2-methyl-5-
(trifluromethyl)aniline, seven ortho-products have been synthesized. Some DFT calculations 
permit to explain the regioselectivity. Direct applications could be performed in order to 
access to key skeletons. Thanks to these results, formation of natural compound like 
corymbiferans A-D and others potential biological molecules could be achieved.5  

 

  
 

1 Crabtree, R. H.; Lei, A. Chem. Rev. 2017, 117, 8481–8482. 
2 (a) Prévost, S. Chem. Plus. Chem. 2020, 85, 476-786. (b) Large, B.; Prim, D.; Synthesis, 2020, 52, 2600-2612. 
3 (a) Garrec, J.; Cordier, M.; Frison, G. ; Prévost, S. Chem. Eur. J. 2019, 25, 14441-14446. (b) Berrou, C.; Prévost, 
S. Adv. Synth. Catal. 2021, 363, 4091-4095.   
4 (a) Jiang, J.; et. al. Org. Lett. 2021, 23, 279-284. (b) Mao, Y.; et. al. Chem. Sci. 2022, 13, 2900-2908. 
5 Overy, D. P.; Blunt, J. W. J. Nat. Prod. 2004, 67, 1850–1853. 
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Cyclic molecules containing delocalized π electrons provide either a stabilizing aromaticity, or 
a destabilizing antiaromaticity. 1 This behavior is not only limited to the number of delocalized 
π electrons, but also to the topology of these molecules. Indeed, while planar ones having [4n] 
π electrons are unstable Hückel antiaromatic compounds, half-twisted (180°) derivatives 
become stable Möbius aromatic compounds. Interestingly, the incorporation of a second half-
twist to the structure (360°) allows to recover the starting Hückel antiaromaticity with a non-
planar topology. Being able to control both the number of electrons (oxidation state) and the 
number of twist (topology) of these molecules would certainly contribute to the development 
of new devices for information encoding.2 We recently developed hybrid compounds made of 
a cyclodextrin coupled to an hexaphyrin being able to adopt both (anti)aromatic states and 
different topologies.3 We also showed that the cyclodextrin can stabilize the antiaromaticity 
and influence the twisting chirality of a Möbius aromatic hybrid.4 We decided to go further 
and introduce a more constrained linkers between both platforms using para-substituted 
linkers (linear connection) instead of the previously ortho-substituted ones (bent connection). 
In this communication we will describe the influence of this constraint leading to 
unprecedented Hexaphyrin-Cyclodextrin hybrids adopting gable-shape geometry and a 
topologically non-trivial figure-of-eight conformation with both aromatic and antiaromatic 
states. 

          

 
  

 
1 Fernández, I. Aromaticity - Modern Computational Methods and Applications, 1st ed.; Elsevier Inc., 2021. 
2 Balzani, V.; Credi, A.; Venturi, M. Molecular Devices and Machines: Concepts and Perspectives for the 
Nanoworld, 2nd ed.; Wiley-VCH Verlag GmbH, 2008. 
3 (a) Ménand, M.; Sollogoub, M.; Boitrel, B.; Le Gac, S. Angew. Chem. Int. Ed. Engl. 2016, 55, 297-301. (b) Le Gac, 
S.; Boitrel, B.; Sollogoub, M.; Ménand, M. Chem. Commun. 2016, 52, 9347-9350. (c) Ménand, M.; Sollogoub, M.; 
Boitrel, B.; Le Gac, S. Chem. Eur. J. 2018, 24, 5804-5812. 
4 (a) Benchouaia, R.; Cisse, N.; Boitrel, B.; Sollogoub, M.; Le Gac, S.; Ménand, M. J. Am. Chem. Soc. 2019, 141, 
11583-11593. (b) Robert, F.; Boitrel, B.; Ménand, M.; Le Gac, S. J. Porphyr. Phthalocyanines 2021, 25, 1022-1032. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 209

POSTERS

P A094 
Transformation of α-diazo-β-hydroxyesters mediated by 

TMSOTf and rhodium catalysts 
Florian Rouzier1, Ophélie Montiège1, Catherine Gaulon-Nourry1, Anne-Sophie Castanet1, 

Anne-Caroline Chany1 
1 Institut des Molécules et Matériaux du Mans, IMMM UMR 6283 CNRS, Le Mans Université, Avenue Olivier 

Messiaen, 72085 Le Mans CEDEX 9, France 
anne-caroline.chany@univ-lemans.fr  

 
 

In the context of diverted total synthesis of structurally complex natural products derivatives, 
the development of new methods allowing the synthesis of natural products and a variety of 
analogues from a common advanced precursor is of high value. Our team is currently working 
on designing a diverted total synthesis of natural products implementing a diazo functionality, 
on which a wide range of transformations (C-H insertion, X-H insertion, migration, 
cyclopropanation,…)1 could introduce structural diversity. 
To achieve this goal, we are focusing on the reactivity of O-protected α-diazo-β-hydroxy-esters 
in the presence of acids or rhodium catalysts, especially to develop new stereoselective X-H 
insertions (X = O, NH, S, …). No X-H insertion has been reported so far on such diazocarbonyl 
compounds, certainly due to competitive 1,2-H and 1,2-R migration reactions. The challenge 
is therefore to develop reaction conditions which favor the insertion reactions over these 1,2-
migrations.  
 

 
 
We will present in this communication our journey through the reactivity of α-diazo-β-
hydroxyesters focusing first on the synthesis of original mixed silyl acetals in the presence of 
TMSOTf and then on the development of O-H insertions mediated by rhodium (I) catalyst. 
 
  

 
1 (a) Ford, A.; Miel, H.; Ring, A.; Slattery, C. N.; Maguire, A. R.; McKervey, M. A. Chem. Rev. 2015, 115, 9981–
10080. (b) Zhang, Z.; Wang, J. Tetrahedron 2008, 64, 6577–6605. (c) Zhang, Y.; Wang, J. Chem. Commun. 2009, 
5350–5361. 
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Nucleic acid-based therapeutics such as miRNA, siRNA and more recently mRNA vaccine have 
emerged and represent, today, key targets in a wide range of diseases.1 These different 
strategies are based on the design of oligonucleotides (ONs) having a complementary 
sequence to a specific messenger RNA (mRNA) to inhibit the transfer of genetic information 
from DNA to proteins. In order to be efficient as biopharmaceuticals, ONs must have several 
properties including: thermal stability of RNA duplex at 37 °C, resistance towards nucleases, 
efficient and specific delivery to certain tissues or cells, off-target effects absence and low 
toxicity. Since natural ONs are rapidly metabolized in biological media by nucleases, several 
chemical modifications were envisaged and led to the conception of ON analogues with good 
biological activities. However, in spite of the large number of ONs that are currently under 
clinical trials, the FDA approved only few of them and up to date, the ideal series containing 
all the required properties for optimal biological responses does not exist yet and deserves to 
be discovered regarding the growing economical market of ONs.  Convinced by the high 
potential of ON-based therapeutics, our team is interested in the chemical modifications of 
the 2' position of nucleosides via the incorporation of difluorophosphonylated units in order 
to increase both the thermal stability of RNA duplex, resistance towards nucleases as well as 
cellular uptake.2 In this context, several chemical strategies aiming to the preparation of 3 will 
be presented. These later involved a group transfer radical reaction between allylic 
carbohydrates or nucleosides 1 and iododifluoromethylphosphonates as a key step. 
 
 

 
Figure 1 Synthesis of 2’-O-Allyldifluorophosphonylated nucleosides and oligonucleotides. 

 
  

 
1 Opalinska, J. B.; Gewirtz, A. M. Nat. Rev. Drug. Discovery 2002, 1, 503-514. 
2 Pfund, E.; Dupouy, C.; Rouanet, S.; Legay, R.; Vasseur, J.-J.; Lequeux, T. Org. Lett. 2019, 21 (12), 4803-4807. 
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Electrosynthesis has regained an interest since a few decades1. Indeed this approach affords 
the opportunity to develop reaction conditions with minimal amounts of reagents (such as 
oxidants), in mild conditions.  
It is in this context we are developing a methodology to enable the activation of β-ketoester 
derivatives to form reactive species (radical or cation) by direct or indirect electrosynthesis 
(use of an electrocatalyst2). The activated species should undergo cyclization or polycylization 
reactions3 in presence of a chiral inducer, providing enantiopure complex diterpenoid 
structures. 
 

 

 
 
  

 
1 Yan, M. ; Kawamata, Y. ; Baran, P.S. ;  Synthetic Organic Electrochemical Methods Since 2000: On the Verge of 
a Renaissance, Chem. Rev. 2017, 117, 21, 13230–13319. DOI : 10.1021/acs.chemrev.7b00397 
2 Francke, R. ; Little, D. ; Redox catalysis in organic electrosynthesis: basic principles and recent developments, 
Chem. Soc. Rev., 2014, 43, 2492. DOI : 10.1039/c3cs60464k 
3 Snider, B.S. ; Mohan, R. ; Kates, S. A ; Manganese(III)-based oxidative free-radical cyclization. Synthesis of (.+-.)-
podocarpic acid, J. Org. Chem. 1985, 50, 19, 3659–3661. DOI : 10.1021/jo00219a054 
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Primary aliphatic alcohols are ubiquitous functional groups in natural products, 
pharmaceuticals, agrochemicals, fragrances, and materials.1 Among the numerous methods 
described toward their synthesis, anti-Markovnikov reduction of epoxides is very attractive. 
In this respect, various transition metal, Lewis and Brønsted acid, and electrochemistry have 
been applied to enable the regioselective ring opening of epoxides. However, despite 
remarkable progress made in this field, several major challenges still remain to be addressed 
such as the compatibility with strongly electronically deactivated substrates and the use of 
mild reaction conditions. 
 
Recently, our group has demonstrated that the H‒bond donating ability of 
hexafluoroisopropanol (HFIP) increased drastically the strength of catalytic Brønsted acids, 
rendering electronically deactivated substrates more reactive.2 
 
Being inspired by our previous work on applicable Friedel−Crafts arylation of epoxides, 
including highly deactivated styrene oxides, using catalytic triflic acid (TfOH) in HFIP,3 we 
wondered whether these abilities could be exploited in the reduction of epoxides. 
Gratifyingly, the acidic combination of TfOH/HFIP in the presence of triethylsilane (Et3SiH) was 
found to be a highly efficient catalytic system at room temperature for the aforementioned 
deactivated styrene oxides but also for the more traditional epoxide motifs, such as aliphatic 
and electron-rich styrene oxides.4 Other (hetero)cycles such as oxetanes, tetrahydrofurans, 
aziridines, and cyclopropanes can also be reductively opened. In addition, the generated 
primary alcohols can be conveniently functionalized in situ by a dehydrative Friedel−Crafts 
arylation without preactivation. 
 

 
  

 
1 Weissermel, K.; Arpe, H.-J. Alcohols. Industrial Organic Chemistry, 4th ed.; Wiley-VCH: Hoboken, 2008; pp 
193−215.	
2 Pozhydaiev, V.; Power, M.; Gandon, V.; Moran, J.; Lebœuf, D. Chem. Commun. 2020, 56, 11548-11564. 
3 Zhang, S.; Vayer, M.; Noël, F.; Vuković, V. D.; Golushko, A.; Rezajooei, N.; Rowley, C. N.; Leboeuf, D.; Moran, J. 
Chem. 2021, 7, 3425−3441. 
4 Vayer, M.; Zhang, S.; Moran, J.; Lebœuf, D. ACS Catal. 2022, 12, 3309-3316. 
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Five-membered ring lactone or lactam compounds are widely present in natural products or 
biologically important compounds.1 Over the past decades, their constructions have attracted 
the attention of numerous chemists and triggered the development of novel, more efficient 
and selective catalytic systems. Among the numerous methods described towards their 
syntheses, metal-catalyzed intramolecular hydroelementations have proven to be an effective 
strategy thanks to its atom economy, waste and energy minimization.2 
Herein, we report the efficient cyclization of alkenoic acids and N-protected alkenamides 
catalyzed by an easily accessible and practical Lewis acid, scandium triflate. Good conversions 
are noticed whatever the starting materials are but the selectivity outcome of the reaction is 
dependent on the substituent pattern of the alkenoic acids or alkenamides. For alkenoic acids, 
the corresponding lactone or Friedel–Crafts product are either formed while O- or N-
cyclization occurs when N-tosyl alkenamides are engaged in the reaction.  

 
 

 
 
  

 
1 a) Vitaku, E.; Smith, D. T.; Njardarson, J. T. J. Med. Chem. 2014, 57, 10257; b) Seitz, M.; Reiser, O. Curr. Opin. 
Chem. Biol. 2005, 9, 285. 
2 a) Komeyama, K.; Mieno, Y.; Yukawa, S.; Morimoto, T.; Takaki, K. Chem. Lett. 2007, 36, 752; b) Huang, L.; Arndt, 
M.; Gooßen, K.; Heydt, H.; Gooßen, L. J. Chem. Rev. 2015, 115, 2596; c) Lorion, M. M.; Duarte, F. J. S.; José 
Calhorda, M.; Oble, J.; Poli. G. Org. Lett. 2016, 18, 5, 1020; d) Ferrand, L.; Tang, Y.; Aubert, C.; Fensterbank, L.; 
Mansuy, M.; Petit, M.; Amatore. M. Org. Lett. 2017, 19, 2062; e) Qi, C. X.; Hasenmaile, F.; Gandon, V.; Lebœuf, 
D. ACS Catal. 2018, 8, 1734. 
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Transition-metal-catalyzed cross-coupling for construction C-C bond has been an important 
and attractive strategy in organic synthesis since the development of Suzuki, Heck and Negishi 
reaction. 1 In general, the cross-coupling occurs from organohalides and various organic 
metallic reagents. Despite significant progress on these transition-metal-catalyzed couplings, 
the use of both starting materials may sometime be limited by the high cost, toxicity and 
difficulty of preparation. Although, reductive cross-couplings avoid the need to prepare an 
organometallic species, the replacement of organohalides by other electrophiles is of great 
interest and attracts more and more interest in cross-coupling reactions. 2   
Compared to organohalides and organic metallic reagents, alcohols or amines are more 
available, environmentally benign and less toxic, as well as are prevalent in biomolecules, 
drugs, and natural products. 3 Due to the higher bond strength, their directly application in 
cross-coupling is still a great challenge. Sulfonium salts or pyridinium salts derived respectively 
from alcohols or amines, show higher leaving tendency due to the positive charge of the 
center ions. Thus, they have been reported successively as electrophilic partners by Watson, 
Yorimitsu ect..4 A few reports have been published under Ni-catalyzed reductive manners. 
Inspired by these recent works, we have developed new Co-catalyzed reductive cross-
couplings of sulfonium salts and pyridinium salts with other electrophiles.  

 
 
  

 
1 a) Diederich, F., Stang, P. J., Eds.; Wiley-VCH: Weinheim, Germany, 1998. b) A Practical Guide; Miyaura, N., Ed.; 
Springer-Verlag: Berlin, 2002. c) de Meijere, A., Diederich, F., Eds.; Wiley-VCH: Weinheim, Germany, 2004 
2 Yu, D-G.; Li, B-J.; Shi, Z-J. Acc. Chem. Res. 2010, 43, 12, 1486-1495 
3 Li, B.J.; Yu, D-G; Sun, C-L.; Shi, Z-J; Chem. Eur. J. 2011, 17, 1728-1759. 
4 a)Mait, P.; Shacklady-McAtee, D. M.; Yap, G. P. A.; Watson, M. P. J. Am. Chem. Soc. 2013, 135, 1, 280-285; b) 
Yamada, K.; Yanagi, T.; Yorimitsu, H. Org. Lett. 2020, 22, 24, 9712-9718 
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Electrochemistry has emerged as a proficient strategy in the functionalization of benzylic 
C(sp3)-H bonds, a strategic step for synthesizing complex molecular structures and various 
bioactive molecules, such as for the formation of valuable C-N, C-O or C-halogen bonds at 
benzylic positions.1 Nonetheless, the construction of a C-C bond by anodic oxidation remains 
challenging. It mainly relies on the use of activated substrates, the necessity to start from a 
prefunctionalized benzylic substrate, or the deployment of the cation pool method2. Hence, 
the development of new electrochemical methods that could permit direct benzylic 
functionalization for the C-C bond formation is highly desirable. 
We developed the challenging direct carbamoylation or cyanation of benzylic C(sp3)-H bonds 
with an isocyanide via an electrochemical process.3 The anodic oxidation of the benzylic 
position and the subsequent addition of the isocyanide lead to the formation of a C-C bond 
and to a nitrilium cation that hydrolyzes to yield alpha-aryl acetamide derivatives, whereas 
the elimination of a t-butyl cation delivers alpha-aryl acetonitrile derivatives. 

 
The direct arylation of benzylic C(sp3)-H bonds with cyanoarenes via a convergent paired 
electrolysis4 process was also developed by us, which is avoiding using a transition-metal 
catalyst5 and any external oxidant. The combination of anodic oxidation of the benzylic 
position and the cathodic reduction of cyanoarenes lead to the formation of a benzylic C-C 
bond.   

  
 

1 Oliva, M.; Coppola, G. A.; Van der Eycken, E. V.; Sharma, U. K. Photochemical and Electrochemical Strategies 
towards Benzylic C−H Functionalization: A Recent Update. Adv. Synth. Catal. 2021, 363 (7), 1810–1834. 
2 Yoshida, J.; Shimizu, A.; Hayashi, R. Electrogenerated Cationic Reactive Intermediates: The Pool Method and 
Further Advances. Chem. Rev. 2018, 118 (9), 4702–4730. 
3 Tang, S.; Guillot, R.; Grimaud, L.; Vitale, M. R.; Vincent, G. Electrochemical Benzylic C–H Functionalization with 
Isocyanides. Org. Lett. 2022, 24 (11), 2125–2130. 
4 Claraz, A.; Masson, G. Recent Advances in C(Sp3)–C(Sp3) and C(Sp3)–C(Sp2) Bond Formation through Cathodic 
Reactions: Reductive and Convergent Paired Electrolyses. ACS Org. Inorg. Au 2022, 2 (2), 126–147. 
5 Zhang, L.; Hu, X. Nickel Catalysis Enables Convergent Paired Electrolysis for Direct Arylation of Benzylic C–H 
Bonds. Chem. Sci. 2020, 11 (39), 10786–10791. 
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The introduction of fluorinated groups is recognized as a key to have a significant impact on 
their physicochemical and biological properties. Incorporation of fluorine can serve to 
influence the pKa of adjacent functional groups or increase the metabolic stability of the 
parent compound. Today, this approach has been a common strategy for the discovery of new 
drugs. 
Radical chemistry is an efficient strategy for selective functionalization at a late stage synthesis 
and support fragile functional groups. This makes possible the direct addition of the CF3 
moiety to aromatic rings, natural products, nucleosides without a protective group, and this 
from sodium sulfinate CF3SO2Na or HCF2SO2Na as reagent and source of radicals. 1 However, 
this approach is generally limited by the availability of sulfinates. Indeed, the major 
inconvenient of this strategy is very few methods of preparation of fluoroalkylsulfinates are 
described in the literature.2 
Over the past ten years, the laboratory has acquired know-how in the synthesis of fluorinated 
sulfones derived from benzothiazole. We have thus been able to develop different methods 
for preparing fluorosulfinates that have not been or little explored to date, and in particular 
β-amino-α,α-difluorosulfinates. In order to understand the behavior of these sodium salts, we 
conducted a study on their oxidation potentials to determine the best conditions for these 
new fluorinated radicals. 

 

 
  

 
1 (a) Y. Ji, T. Brueckl, R. D. Baxter, Y. Fujiwara, I. B. Seiple, S. Su, D. G. Blackmond, P. S. Baran, Proceedings of the 
National Academy of Sciences 2011, 108 (35), 14411–14415. (b) Y. Fujiwara, J. A. Dixon, R. A. Rodriguez, R. D. 
Baxter, D. D. Dixon, M. R. Collins, D. G. Blackmond, P. S. Baran, J. Am. Chem. Soc. 2012, 134 (3), 1494–1497. 
2 (a) G. K. S. Prakash, C. Ni, F. Wang, J. Hu, G. Olah, Angew. Chem. Int. Ed., 2011, 50 (11), 2559–2563. (b) Q. Zhou, 
A. Ruffoni, R. Gianatassio, Y. Fujiwara, E. Sella, D. Shabat, P. S. Baran, Angew. Chem. Int. Ed., 2013, 52 (14), 3949–
3952. 
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Structured catalyst supports are widely used in continuous process applications due to their 
efficient mass transfer, low pressure drop, intimate mixing of the reagents, and easy separation 
of the catalyst from the products.1 Among the variety of SCS, open cell foams are prime 
candidates, and our group recently proposed the use of flexible, mechanically resistant and 
inexpensive polyurethane foams (PUF) as an alternative to the commonly used expensive and 
fragile ceramic and metallic foams. These PUF can indeed be coated in buffered water (pH 8.5) 
with a thin layer of polydopamine (PDA) (Fig. 1A) inspired by the mussels’ adhesion principle.2 
This allows then the grafting of both inorganic particles3 and molecular compounds44 that bear 
alkoxysilyl arms. In this context, we will present our work toward the development of reusable 
[Ru(bpy)3]2+- and Pd-based (photo)catalysts supported on PDA-coated PUF (PDA@PUF) and 
their applications in visible-light induced couplings and selective alkyne semi-hydrogenations, 
respectively. The heterogeneous Ru photocatalyst was obtained by post-functionalization of 
PDA@PUF with Ru(bpy)32+ via a silanization process on the adhesive PDA layer of PUF (Fig. 1B). 
After thorough characterization by 29Si CP-MAS NMR, ICP-AES and SEM-EDX, the resulting 
Ru(bpy)3-APTES@PDA@PUF proved catalytically effective in visible-light mediated oxidative 
couplings and alkylations (Fig. 1C) and showed excellent reusability. In parallel, we also 
developed an easy-to-prepare Pd@PDA@PUF single-atom-type catalyst (Fig. 1D), that proved 
highly efficient and selective in alkyne-to-alkene hydrogenation under ambient H2 pressure 
without prior reduction procedures (Fig. 1E). The Pd@PDA@PUF catalyst was extremely stable 
and showed no decay in either activity or selectivity for up to 15 cycles. The as-recovered 
catalyst even displayed improved catalytic performance due to the progressive in situ reduction 
of the Pd(II) catechol-coordinated species into Pd(0), as demonstrated by XPS studies. 

 
Figure 1. (A) PDA coating of PUF, (B) Immobilization of [Ru(bpy)3]2+ (C) Visible-light mediated oxidative 
couplings and alkylations (D) One-step strategy immobilization of a Pd(II) salt, (E) Alkyne-to-alkene 
hydrogenation  

 
1 J. J. W. Bakker et al. Ind. Eng. Chem. Res. 2007, 46, 8574. 
2 P. M. Messersmith et al. Science 2007, 318, 426. 
3 V. Ritleng et al. Chem. Commun. 2016, 52, 4691. 
4 V. Ritleng et al. Chem. Commun. 2019, 55, 11960. 
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Figure 7. Hydrogenation with Pd@PDA@PUF (8 cm3) of 3-hexyne (A), 4-octyne (B), a 60:40 
mixture of 3-hexyne and (Z)-3-hexene (C); black squares: alkyne conversion; red circles, 1-
alkene selectivity; blue triangles: alkane selectivity.; pink triangle: 1-alkene isomerization 
products. Reaction conditions: alkyne (3 mmol) (A and B) or alkyne (1.8 mmol) and alkene 
(1.2 mmol) (C), Pd (7.10-3 mmol, 0.23 mol%), EtOH (20 mL), H2 flow rate (13 mL/min), 25 °C, 
625 rpm. 
 

In the case of the bulky aromatic alkyne, 1,2-diphenylethylene, the alkene selectivity (Z/E 

ratio of 16:1) was only of 85% at full alkyne conversion (Table 2, entry 7), as 1,2-

diphenylethane started to form from the beginning of the reaction. Furthermore, (E)-1,2-

diphenylethene was detected in amounts varying between 10 and 5% throughout the whole 

process, while the amount of (Z)-1,2-diphenylethene varied between 85 and 80% during the 

first 3 h before diminishing gradually when all the starting alkyne had been consumed, i.e.: 

after 3 h reaction (Figure 8). Such result might be attributed to the aromatic rings, which could 
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Several molecular assemblies containing one or more boron atoms have been reported in the 
litterature.1,2 Boron offers a rich chemistry thanks to its ability to form bonds with many 
common atoms (C, O, N, S, …) while the lability of these bonds can be very varied. The 
synthesis of rotaxanes and catenanes with boron as a gathering atom has never been 
described so far and focused our attention. Some strategies are conceivable to obtain these 
structures such as the formation of pseudo-rotaxanes through the synthesis of a boronic ester. 
We describe herein the design of macrocycles and molecular threads that were thought and 
that are currently under investigation in the laboratory to reach this objective. 
 

 
Figure 1 Schematic representation of two rotaxanes assembled with a boronic ester 

                                                                                1 
 
 
 
 

 
  

 
1 Yamamoto, S.; Iida, H.; Yashima E.  Angew. Chem. Int. Ed. 2013, 52, 6849-6853. 
2 Christinat, N.; Scopelliti, R.; Severin, K. Chem. Commun. 2008, 31, 3660-3662. 
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Polyketides are key complex frameworks of many different biologically active natural 
products. However, most syntheses are still too often involving lengthy stepwise sequences 
and activation by stoichiometric reagents. The difficulty at synthesizing polyketides stems 
from the challenge associated with the control of multiple remote acyclic stereogenic centers 
requiring distinct chiral reactants or catalysts for each. Fulfilling the principles of redox-
economy, different transformations have been developed where the activation consists in an 
initial alcohol dehydrogenation by a metal complex, such as redox-couplings developed by the 
group of Krische1, or enantioselective multicatalytic borrowing hydrogen developed by our 
group.2 
Apratoxin A is a potent anticancer natural product whose key polyketide fragment constitutes 
a challenge for organic synthesis, with 5 prior syntheses requiring 12 to 20 steps for its 
preparation. Herein, through the combination between different redox-economical catalytic 
stereoselective transformations, the key polyketide fragment could be prepared efficiently.3  
Combined with a site-selective protection of the obtained diol, this strategy enables the 
preparation of the known Apratoxin fragment in only 6 steps, representing the shortest formal 
synthesis of this polyketide.  
 

 
 

 
  

 
1 For reviews: a) C. G. Santana, M. J. Krische, ACS Catal. 2021, 11, 5572; b) A. Quintard, J. Rodriguez, Chem. 
Commun. 2016, 52, 10456. 
2 A. Quintard, T. Constantieux, J. Rodriguez, Angew. Chem. Int. Ed. 2013, 52, 12883 
3 N. Shao, J. Rodriguez, A. Quintard, submitted manuscript. 
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Although their popularization was spurred by the discovery of frustrated Lewis pairs (FLPs) in 
2006,[1] trivalent boron species are recognized since decades as prototypical Lewis acids and 
have found, to date, numerous applications far outside this topic.[2] It is only recently that 
highly electron-deficient pyramidal boranes were predicted to enable the activation of small 
molecules and the formation of donor-acceptor complexes of noble gases.[3] 
 
Three years ago, the first non-planar triarylborane derived from triptycene was reported as a 
Lewis adduct with weakly coordinating anion (WCA) and displayed a Lewis acidity exceeding 
by far all known triarylboranes.[4] Thereafter, the parent 9-boratriptycene was synthesized in 
turn and the factors governing the exceptional Lewis acidity of these species were 
rationalized.[5] 
 
Very recently, the design and synthesis of a third member of the 9-boratriptycene family was 
achieved based on three guidelines: (i) the orthogonal arrangement between the triptycene 
aryl rings p-orbitals and the boron pz empty orbital to prevent p-backdonation at boron; (ii) 
the high pre-pyramidalization of the boron atom to minimize the structural reorganization 
energy and (iii) the strong withdrawing ability of the sulfonium linker to provide high Lewis 
acidity at boron and preventing fast protodeboronation.[6] 

 

 

 

 

 

 

 

 
 

  

 
1 Welch, G. C.; San Juan, R. R.; Masuda, J. D.; Stephan, D. W. Science 2006, 314, 1124 
2 Legaré, M.-A.; Pranckevicius, C.; Braunschweig, H. Chem. Rev. 2019, 119, 8231 
3 Mück, L. A.; Timoshkin, A. Y.; von Hopffgarten, M.; Frenking, G. J. Am. Chem. Soc. 2009, 131, 3942 
4 Ben Saida, A.; Chardon, A.; Osi, A.; Tumanov, N.; Wouters, J.; Adjieufack, A. I.; Champagne, B.; Berionni, G. 
Angew. Chem. Int. Ed. 2019, 58, 47, 16889 
5 Chardon, A.; Osi, A.; Mahaut, D.; Doan, T.-H.; Tumanov, N.; Wouters, J.; Fusaro, L.; Champagne, B.; Berionni, G. 
Angew. Chem. Int. Ed. 2020, 59, 30, 12402 
6 Osi, A.; Mahaut, D.; Tumanov, N.; Fusaro, L.; Wouters, J.; Champagne, B; Chardon, A.; Berionni, G.  Angew. 
Chem. Int. Ed. 2022, 61, 7, e202112342 
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Peptidomimetic foldamers are a class of compounds capable of adopting well-defined 
secondary structures mimicking protein folding with the advantage of being very stable 
against proteases. Meanwhile, the use of fluorinated compounds in medicinal chemistry has 
become widely popular, with the incorporation of fluorine atoms being of major interest to 
modulate their physicochemical and therapeutic properties1 but also as NMR probes. 
However, fluorinated foldamers remain scarcely explored compounds despite their obvious 
interest in both chemical biology and medicinal chemistry. Oligomers of α-aminoisobutyric 
acid (Aib) have been widely investigated for their ability to form stable 310-helices. The achiral 
nature of Aib does not allow a screw-sense preference of the helix and presents equal 
population of left- and right-handed conformers. However, the incorporation of a single chiral 
residue at N- or C- terminus may alter the equilibrium between the two forms, resulting in a 
screw-sense preference on the overall helical chain.2,3 
In this work, we report the synthesis of new Aib foldamers based on the incorporation of 
(R)-  or (S)- α-trifluoromethylalanine (α-TfmAla) at the N- or C-terminal position of Aib 
tetramers. NMR driven conformational studies, circular dichroism and X-ray crystallography 
confirmed the ability to adopt 310 helical structure and showed that the introduction of chiral 
α-TfmAla allows to promote, quantify and in some case to assign the screw-sense preference 
of the helical chain. Results demonstrate that the stereo-electronic properties of the 
trifluoromethyl group and the C-terminal unit are of major interest to control the helical 
screw-sense. This thorough structural study opens the field to the development of finely 
tunable fluorinated helical foldamers towards application in chemical biology. 
 

  
 

1 Inoue, M.; Sumii, Y.; Shibata, N. ACS Omega 2020, 5, 10633-10640. 
2 De Poli, M.; De Zotti, M.; Raftery, J.; Aguilar, J. A.; Morris, G. A.; Clayden, J. J. Org. Chem. 2013, 78. 2248-2255. 
3 Bodero, L.; Guitot, K.; Lensen, N.; Lequin, O.; Brigaud, T.; Ongeri, S.; Chaume, G. Chem. Eur. J. 2022, 28, 
e202103887 
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a-chlorophenylacetic acids 1 are versatile synthetic intermediates involve in the synthesis of 
several drugs1 Therefore, several methods were reported to synthesize a-chlorophenylacetic 
acids including chemical (mainly oxidation of a-chloroaryl acetaldehydes2 or chlorination of 
a-hydroxyarylacetic acid3) or electrochemical approaches but none of them proved to be 
general (Scheme a, left part). As far as electrochemical approaches are concerned, the 
electrocarboxylation reaction of a-chloroaryl derivatives have been extensively studied.4 On 
the other hand, electrocarboxylation of a,a-dichloro species remains elusive (Scheme a, right 
part).5 To the best of our knowledge, only one example has been described (R1 = H, Ar = Ph) 
with low yield and selectivity (Cl vs H). 
 

 
 

We would like to report herein our contribution to the electrocarboxylation reaction of a,a-
dichloroarylmethane 2 derivatives in order to provide an efficient and selective synthesis of 
a-chloroarylacetic acid derivatives 1 (Scheme b).6   

 
1 For examples, see: (a) Frank, R.; Bahrenberg, G.; Christoph, T.; Schiene, K.; DeVry, J.; Damann, N.; Frormann, S.; 
Lesch, B.; Lee, J.; Kim, Y.-S. and Kim, M.-S. (2010) PCT International Application WO2010/127856. (a) Murakami, 
K.; Ohashi, M.; Matsunaga, A.; Yamamoto, I.;Nohira, H. Chirality 1993, 5, 41–48. 
2 For an example, see: Paraskevas, S. M.;Paraskevas, M. S. Catal. Commun. 2004, 5, 687–690. 
3 For an example, see: Carnell, A. J.; Kirk, R.; Smith, M.; McKenna, S.; Lian, L. Y.;Gibson, R. ChemMedChem 2013, 
8, 1643–1647. 
4 For examples, see: Murtaza, A.; Qamar, M. A.; Saleem, K.; Hardwick, T.; Zia Ul, H.; Shirinfar, B.;Ahmed, N. Chem 
Rec 2022, 22, e202100296 and references therein. 
5 (a) Silvestri, G.; Gambino, S.; Filardo, G.; Greco, G.;Gulotta, A. Tetrahedron Lett. 1984, 25, 4307–4308. (b) 
Silvestri, G.; Gambino, S.; Filardo, G.; Tiitta, M.; Sjöström, M.; Wold, S.; Berglind, R.;Karlsson, B. Acta Chem. Scand. 
1991, 45, 987–992. 
6 Unpublished results 

(a) General methods for the synthesis of α-chloroarylacetic acid derivatives
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✗ Low yield
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Given the manifold applications of sulfoxides in catalysis, syntheses of tailor-made 
ferrocenesulfoxide-based ligands continue to be of interest to many scientists.1 Current 
functionalization of the ferrocenesulfoxides mainly relies on ortho-metalation by using lithium 
bases followed by electrophilic trapping; however, the examples generally concern 1,2-
disubstituted forms and rarely more. Furthermore, as the oxygen of the chiral sulfinyl group 
(R1S(O)R2, R1≠R2) directs the deprotonation of the 2-position, the functionalization of the 5-
position currently requires the configuration inversion at sulfur or its oxidation to sulfone. 
Here, we combined deprotometalation−electrophilic trapping sequences, protecting groups, 
traceless directing groups and “halogen dance” reaction to reach polysubstituted derivatives, 
including the first hetero-2,3,4,5-tetrasubstituted (S)-S-tert-butylferrocenesulfoxide. We also 
established original ferrocene-1,2-disulfoxides as promising ligands in the rhodium-catalyzed 
1,4-addition of boronic acid.2,3 Based on these results, functionalizations of both 
cyclopentadienyl rings have the potential to unprecedented highly substituted enantiopure 
derivatives. 
In summary, these novel methodologies afforded a series of previously unknown 
polysubstituted ferrocenesulfoxides which considerably expand the available chemical space 
and pave the way for applications in versatile fields. 

  

 
1 For selected reviews, see: (a) Trost, B.M.; Rao, M. Development of Chiral Sulfoxide Ligands for Asymmetric 
Catalysis. Angew. Chem. Int. Ed. 2015, 54, 5026–5043. (b) Sipos, G.; Drinkel, E.E.; Dorta, R. The Emergence of 
Sulfoxides as Efficient Ligands in Transition Metal Catalysis. Chem. Soc. Rev. 2015, 44, 3834–3860. (c) Otocka, S.; 
Kwiatkowska, M.; Madalińska, L.; Kiełbasiński, P. Chiral Organosulfur Ligands/Catalysts with a Stereogenic Sulfur 
Atom: Applications in Asymmetric Synthesis. Chem. Rev. 2017, 117, 4147–4181. (d) Han, J.; Soloshonok, V.A.; 
Klika, K.D.; Drabowicz, J.; Wzorek, A. Chiral Sulfoxides: Advances in Asymmetric Synthesis and Problems with the 
Accurate Determination of the Stereochemical Outcome. Chem. Soc. Rev. 2018, 47, 1307–1350. 
2 Wen, M.; Erb, W.; Mongin, F.; Halauko, Y.S.; Ivashkevich, O.A.; Matulis, V.E.; Roisnel, T. Synthesis of 
Polysubstituted Ferrocenesulfoxides. Molecules 2022, 27, 1798. 
3 Wen, M.; Erb, W.; Mongin, F.; Blot, M.; Roisnel, T. Enantiopure Ferrocene-1,2-Disulfoxides: Synthesis and 
Reactivity. Chem. Commun. 2022, 58, 2002–2005. 
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The metathesis reaction of alkenes discovered several years ago, was successfully applied to 
the synthesis of molecules for the creation of Csp2 - Csp2 bonds. In 2005, the Nobel Prize was 
awarded to Robert H. Grubbs, Richard R. Schrock, and Yves Chauvin since this powerful 
reaction has been widely used in the field of organic chemistry, for instance for the synthesis 
of natural compounds.1 More specifically, asymmetric metathesis involving dienes as 
substrates has been well studied and reported in the literature.2 However, ene-yne 
asymmetric metathesis is, to the best of our knowledge, scarcely referenced in the literature  
and, represents a great challenge for the preparation of enantioenriched dienes. Indeed, the 
first asymmetric metathesis of dienynes using [Mo] and [W]-catalysts was reported by the 
Schrock group in 2010.3a The same year, the study of diastereoselective metathesis of ene-
diynes was reported by Gouverneur and co-workers.1b In this context, our group studied the 
desymmetrization of ene-diynes mediated by the use of chiral [Ru]-catalysts. Results recently 
obtained in our team concerning ring-closing metathesis reactions via desymmetrization of 
ene-diyne by using of new chiral ruthenium catalyst will be disclosed here (Scheme 1).  
 
 
 

 
Scheme 3 

  

 
1 Nicolaou, K. C., Bulger, P. G., Sarlah, D., Angew. Chem. Int. Ed., 2005, 44, 4490-4527. 
2 a) Funk, T. W., Berlin, J. M., Grubbs, R. H., J. Am. Chem. Soc., 2006, 128, 1840-1846; b) Berlin, J. M., Goldberg, 
S. D., Grubbs, R. H., Angew. Chem. Int. Ed., 2006, 45, 7591-7595; c) Lee, A. L., Malcolmson, S. J., Puglisi, A., 
Schrock, R. R., Hoveyda, A. H., J. Am. Chem. Soc., 2006, 128, 5153-5157. 
3 a) Zhao, Y., Hoveyda, A. H., Schrock, R. R., Org. Lett., 2010,13, 784-787; b) Harvey, J. S., Giuffredi, G. T., 
Gouverneur, V., Org. Lett., 2010, 12, 1236-1239. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 225

POSTERS

P A110 
On Reuben G. Jones synthesis of 2-hydroxypyrazines 

Pierre Legrand1, Yves L. Janin2 
1 Synchrotron SOLEIL, L'Orme des Merisiers, 91190 Saint-Aubin, France 

2 Muséum National d'Histoire Naturelle, INSERM, CNRS, Alliance Sorbonne Université, 75005 Paris, France 
yves.janin@cnrs.fr 

 
 

In 1949, Reuben G. Jones disclosed1 an original synthesis of 2-hydroxypyrazines 3 and /or 4 
involving a double condensation between 1,2-dicarbonyls and α-aminoamides upon 
treatment with sodium hydroxide at low temperature. This discovery turned out to be of 
importance as even today there are no simple alternatives to this preparation. Across the 
years, it was employed to prepare 2-hydroxypyrazines but some of its limits, notably 
regioselectivity issues when starting from α-ketoaldehydes 1, certainly hampered a full-
fledged generation of pyrazine-containing new chemical entities of potential interest in 
medicinal chemistry. 
 

 
 

We will describe here some insights and improvements in the reaction parameters affecting 
the regioselectivity and yield when starting from phenylglyoxal and two α-aminoamides. We 
also suggest a mechanism explaining the counterintuitive occurrence of 3,5-substituted-2-
hydroxypyrazine 3 as the major reaction product.2 
  

 
1 Jones, R. G., Pyrazines and Related Compounds. I. A New Synthesis of Hydroxypyrazines. J. Am. Chem. Soc. 1949, 
71, 78-81. 
2 Legrand, P.; Janin, Y. L., On Reuben G. Jones synthesis of 2-hydroxypyrazines. Beilstein J. Org. Chem. 2022, 18, 
935-943. 
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Stenhouse's salts are dyes known since the 1850s1, the synthesis of these salts consists of a 
mixture of aniline in the presence of furfuraldehyde in an acid medium. They are also known 
as intermediates in the formation of cyclopentenones2. The deprotonated form of Stenhouse 
salts A (Fig.1) lead to a non-Kekulé ketocyanines B which can only be assigned to a zwitterionic 
or a diradical resonance form.3 By increasing the steric hindrance of the Stenhouse salt, we 
were able to observe and isolate intermediates in the chemistry of the Stenhouse salts, B and 
the cyclic form C, respectively4. The latter features a reactive and unusually long C-O bond 
(150ppm) and a rich electrochemistry, including the formation of an air-persistent radical 
cation D, all of which will be discussed in this contribution.  
 
 
 

 
 
 

Fig. 6 Reactivity of a sterically hindered Stenhouse salt and its derivatives. 
 

  

 
1 J. Stenhouse, Liebigs Ann., 1850, 74, 278–297. 
2 R. F. A. Gomes, J. A. S. Coelho and C. A. M. Afonso, Chem. – Eur. J., 2018, 24, 9170-9186. 
3 For a review on the quest for observation and isolation of oxyallyl derivatives, see: Regnier, V.; Martin, D. Org. 
Chem. Front. 2015, 2, 1536-1545. 
4 Théry, V.; Molton, F.; Sirach, S.; Tillet, N.; Pécaut, J.; Tomás-Mendivil, E.; Martin, D. Chem. Sci. 2022, 13, 9755–
9760.  
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Even though enantioselective phase transfer-catalysis has become a powerful tool for 
asymmetric transformations, including for industrial applications, these reactions are still 
poorly understood, especially with nucleophiles other than enolates. In this context, we have 
studied the quinidinium-catalyzed cyanation of trifluoromethylated chalcones, reported by 
Shibata in 20121 and patented by the agrochemical company Syngenta in 20162, using Density 
Functional Theory calculations.  

 
Our study reveals that π-stacking interactions are not the main drivers of the selectivity, as 
previously thought: a strong stabilization of the two reaction partners by the ammonium 
ɑ-hydrogens is indeed critical to lower the activation barrier for the conjugate addition.3 

 
One of the main challenges in the study of this kind of non-covalently bound complexes is the 
thorough exploration of the conformational space available to the system, which is highly 
computationally expensive. We will discuss our development of a multistage procedure which 
identifies the lowest energy transition structures while sparing on computational resources, 
along with the model of selectivity we proposed for this transformation, which mirrors the 
previously reported model for phase transfer-catalyzed enolate alkylations.4,5  

 
1 H. Kawai, S. Okusu, E. Tokunaga, H. Sato, M. Shiro, N. Shibata, Angew. Chem. Int. Ed. 2012, 51, 4959–4962. 
2 M. E. Qacemi, H. Smits, J. Y. Cassayre, N. P. Mulholland, P. Renold, E. Godineau, T. Pitterna, Process for the 
Preparation of Dihydropyrrole Derivatives, 2016, US9233920B2. 
3 F. Buttard, P. A. Champagne, ACS Catal. 2022, 12, 8185–8194. 
4 E. de Freitas Martins, J. R. Pliego, ACS Catal. 2013, 3, 613–616. 
5 E. F. Martins, J. R. Pliego, J. Mol. Catal. A: Chem. 2016, 417, 192–199. 
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Multicomponent reactions (MCRs) represent an important endeavour in the development of 
more eco-compatible synthetic procedures.1 Historically, the development of MCRs has been 
closely related to the use of specific synthetic linchpins (densely functionalized species) 
enabling the course of domino processes. In this context, the use of metal/metalloid-
containing geminal binucleophilic linchpins has received very little attention for the 
development of asymmetric MCRs (AMCRs) which remain so far largely underexplored. 
The case of {Zn,Zn} gem-bimetallic reagents is particularly interesting because this type of 
readily accessible linchpin has shown versatile reactivity with reasonable stability and 
environmental benignity. However, only one enantioselective transformation involving two 
sequential cross-coupling reactions of an achiral {Zn,Zn} gem-bimetallic reagent was 
reported,2 but the ee was low.  
We have thus engaged a general program to develop the use of {Zn,Zn} gem-bimetallic 
reagents in the context of enantioselective one-pot bi-directional functionalization and we 
report a first example. First, the Pd(0)-catalyzed mono-arylation of CH3CH(ZnI)2 by reaction 
with several (hetero)aryl iodides was achieved leaving intact the second C(sp3)–Zn bond.3 
Then the acylation of the resulting secondary benzylic zinc reagents with thioesters through 
an enantioselective Fukuyama coupling was performed to furnish enantioenriched acyclic α,α-
disubstituted ketones bearing potentially enolizable tertiary stereocenters.4 
 

 
The scope and the limitations of the first general AMCR employing {Zn,Zn} gem-bimetallic 
linchpins through the Pd(0)-catalyzed arylation/enantioselective acylation sequence will be 
discussed.  

 
1 Multicomponent Reaction in Organic Synthesis; Zhu, J., Wang, Q., Wang, M.-X; Wiley-VCH: Weinheim, 2015. 
2 Yoshino, H.; Toda, N.; Kobata, M.; Ukai, K.; Oshima, K.; Utimoto, K.; Matsubara, S. Chem. Eur. J. 2006, 12, 721. 
3 Shimada S., Haraguchi S., Matsubara S., Synlett 2015, 26, 2395-2398. 
4 Oost R., Misale A., Maulide N., Angew. Chem. Int. Ed. 2016, 55, 4587-4590. 
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Platinum(II) complexes featuring conjugated aromatic ligands are widely studied for their 
property to display intense phosphorescence from triplet excited state.1 Examples of multi-
metallic platinum complexes are more seldom, yet a recent work from Zhang et al. has shed 
the light on the potential of bi-metallic architectures enabling 3MMLCT to develop high 
efficiency OLEDs.2 Our group having an expertise on helicenic chirality, we envisioned the use 
of enantiopure p-conjugated chiral ligand such as (M) or (P) helicene to endow these 
compounds with circularly polarized luminescence properties.3 As such, these compounds are 
foreseen to be promising for usually hard to achieve long-wavelength CP-OLEDs. Two types of 
TMCs are synthesized. 1) Following a very recent procedure described by Zhang and co-
workers a rigid double-decker platinum complex bearing helicenic ligands 1 has been 
synthesized and characterized. 2) Upon collaboration with Dr. R. Rupert (Strasbourg 
University), the synthesis of platinahelicenes linked with metalated porphyrin like in 
compound 2 is also under current investigation. Both complexes feature the helicenic C^N 
ligand which is foreseen to be emissive,4 yet the photophysical studies are still ongoing. 
 

 
 

Chemical structures of compounds 1 & 2  

 
1 Puttock, E.V.; Walden, M.T.; Williams, J.A.G. The luminescence properties of multinuclear platinum complexes. 
Coord. Chem. Rev. 2018, 367, 127-162. 
2 Zhang, Y.; Miao, J.; Xiong, J.; Li, K.; Yang, C. Rigid Bridge-Confined Double-Decker Platinum (II) Complexes 
Towards High-Performance Red and Near-Infrared Electroluminescence. Angew. Chem. Int. Ed. 2022, 61, 
e202113718. 
3 Anger, E.; Rudolph, M.; Shen, C.; Vanthuyne, N.; Toupet, L.; Roussel, C.; Autschbach, J; Crassous, J.; Réau, R. 
From Hetero-to Homochiral Bis (metallahelicene) s Based on a PtIII− PtIII bonded scaffold: isomerization, 
structure, and Chiroptical Properties. J. Am. Chem. Soc. 2011, 133, 3800-3803. 
4 Palmans, R.; MacQueen, D. B.; Pierpont, C. G.; Frank, A. J. Synthesis and Characterization of Bis (2, 2 ‘-bipyridyl) 
platinum (I): A Novel Microtubular Linear-Chain Complex. J. Am. Chem. Soc. 1996, 118, 12647-12653. 
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The inexorable rise of antimicrobial resistance and the decline in the pipeline of antimicrobials 
call for the development of new drugs to tackle antibiotic resistance and prevent a return to 
the pre-antibiotic era.1 There is an urgent need to discover and develop compounds with a 
different mechanism of action than the conventional drugs currently in use to help us address 
the problem of antimicrobial resistance. MraY has been suggested as a highly promising 
antibiotic drug target, this trans-membrane protein is involved in the early stages of 
peptidoglycan biosynthesis.2 It catalyzes the first membrane step of peptidoglycan 
biosynthesis. Several families of natural MraY inhibitors are known, such as muraymycins.3 
(Figure 1). Their usually show a common aminoribosyl uridine scaffold, which is important for 
their biological activity. Building on previous studies,4–6 we have synthesized and biologically 
evaluated a new panel of MraY inhibitors (Figure 2) by anchoring through an oxadiazole linker, 
various substituents on this amino ribosyluridine scaffold.7  
                                     

                                                          
 
 
 
 
 
 
  

 
1 van Duijkeren, E. et al. Microbiol. Spectr. 2018, 6, 1. 
2 Al-Dabbagh, B. et al. Biochimie 2016, 127, 249–257.  
3 McDonald, L. A. et al. J. Am. Chem. Soc. 2002, 124, 10260–10261.  
4 Fer, M. J. et al. Org. Biomol. Chem. 2015, 13, 7193–7222. 
5 Oliver, M. et al. Molecules 2022, 27, 1769.  
6 Oliver, M. et al. Org. Biomol. Chem. 2021, 19, 5844–5866. 
7 Wan, H. et al. Antibiotics 2022, 11, 1189. 
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The isomerization1 of prochiral and meso alcohols is reported under the mediation of a simple 
organocatalyst derived from quinidine. Strained nona- and decalactones are produced with 
up to three stereocenters in high er (up to 99:1) and dr (up to 99:1). Different scenario of 
substitution of the lactones involving alkyl, aryl, carboxylate and carboxamide groups were 
studied. To comprehend the mechanism of the isomerization and the noncovalent 
interactions at play, theoretical calculations were successfully carried out (M06-2X//6-
31++G**). 
 
 
 

 
 

 
1 Recent enantioselective isomerizations of 1,3-cyclohexanediones : (a) Wadamoto, M.; Phillips, E. M.; Reynolds, 
T. E.; Scheidt, K. A. Enantioselective Synthesis of α,α-Disubstituted Cyclopentenes by an N -Heterocyclic Carbene-
Catalyzed Desymmetrization of 1,3-Diketones. J. Am. Chem. Soc. 2007, 129, 10098–10099 
(https://doi.org/10.1021/ja073987e). (b) Ema, T.; Akihara, K.; Obayashi, R.; Sakai, T. Construction of Contiguous 
Tetrasubstituted Carbon Stereocenters by Intramolecular Crossed Benzoin Reactions Catalyzed by N-
Heterocyclic Carbene (NHC) Organocatalyst. Adv. Synth. Catal. 2012, 354, 3283–3290 
(https://doi.org/10.1002/adsc.201200499). (c) Burns, A. R.; Madec, A. G. E.; Low, D. W.; Roy, I. D.; Lam, H. W. 
Enantioselective Synthesis of Bicyclo[3.n.1]Alkanes by Chiral Phosphoric Acid-Catalyzed Desymmetrizing Michael 
Cyclizations. Chem. Sci. 2015, 6, 3550–3555 (https://doi.org/10.1039/C5SC00753D). (d) Wu, X.; Chen, Z.; Bai, Y.-
B.; Dong, V. M. Diastereodivergent Construction of Bicyclic γ-Lactones via Enantioselective Ketone 
Hydroacylation. J. Am. Chem. Soc. 2016, 138, 12013–12016 (https://doi.org/10.1021/jacs.6b06227). 
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Despite the growing interest on the development of fluorophores for live-cell imaging, 
challenges to be tackled still remain1,2. An ideal fluorescent probe for bioimaging should be 
water-soluble, cell-permeant, photostable and should absorb and emit at wavelengths 
compatible with live-cell imaging, with a high fluorescence quantum yield. Two-photon 
excitation (2 PE) offers a great opportunity as it allows excitation wavelengths in the NIR 
window where the absorption and diffusion of light by biological samples are minimized. This 
primordial advantage provides the capability to image deep inside a tissue and avoids 
autofluorescence as endogeneous fluorophores are not excited by two-photon excitation or 
only following very specific protocols3. Moreover, 2 PE is confined to a small volume at the 
focal point of the optical system using a femtosecond pulsed laser. Thus, it provides high 
spatial resolution and limits excitation of the sample reducing photodamages and 
photobleaching. Recently, we have developed very bright biocompatible probes for labelling 
mitochondria in living cells4. We then derivatized them to develop fluorogenic probes that 
could constitute interesting chemical biology tools, in particular for localizing drugs in the cell 
environment5. These probes are poorly or non-fluorescent and restore their fluorescence 
after reaction. This turn-on property allows an unambiguous labeling in cells and an excellent 
signal to background ratio. We have thus obtained the brightest two-photon excitable 
fluorogenic probes described to date (absorption cross-section >3000 GM). 

  

 
1 Klymchenko AS. Solvatochromic and fluorogenic dyes as environment-sensitive 
probes: design and biological applications. Acc Chem Res 2017;50(2):366–75. 
2 Gao P, Pan W, Li N, Tang B. Fluorescent probes for organelle-targeted bioactive species imaging. Chem Sci 
2019;10(24):6035–71. 
3 Stringari C, Abdeladim L, Malkinson G, Mahou P, Solinas X, Lamarre I, Brizion S, Galey JB, Supatto W, Legouis R, Pena AM, 
Beaurepaire E. Multicolor two-photonimaging of endogenous fluorophores in living tissues by wavelength mixing. SciRep 
2017;7(1):3792. 
4 M. Auvray, F. Bolze, D. Naud-Martin, M. Poulain, M. Bossuat, G. Clavier, F. Mahuteau-Betzer On the road for more efficient 
biocompatible two-photon excitable fluorophores., Chem Eur J 2022, 28, e2021043.  
5 A. Nadler, C. Schultz The power of fluorogenic probes., Angew. Chem. Ed. Int. Eng. 2013, 52, 2408. 
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Modern organic chemistry is striving to meet the growing demand for new aromatic 
structures. Access to (hetero)aromatic rings with various functional groups is an important 
objective because their applications in life science or materials field are considerable. 
Methods devoted to carbon-heteroatom bonds formation (N, P, O, S, ...) most often require 
transition metals catalysis in the presence of a large quantity of reducing metals which can 
also display significant human and environmental toxicity.  
 
Based on this observation as well as on the know-how of the laboratory, it is envisaged to use 
the electron as an advantageous reagent to in situ generate transition metal salts which role 
is to mediate the specific activation of carbon-halogen or carbon-hydrogen bonds allowing the 
functionalization of (hetero)aromatic compounds. Moreover, organic electrosynthesis is 
currently experiencing a renewed interest in the scientific community because it provides 
alternative solutions to conventional synthetic chemistry.  
 
Previously, we reported the ability of electrochemical process, associated to added nickel 
catalysis, to achieve carbon-phosphorus couplings giving access to phosphonates compounds 
at room temperature under constant current electrolysis.1 In the present work, this 
methodology has been firstly implemented to reach phosphinates as other phosphorus-
containing organic compounds.2 The second part will be mainly focused in the capacity of in 
situ electrogenerated nickel from the soluble anode to mediate carbon-nitrogen bond 
formation under mild conditions.3 A panel of arylamines as well as arylphosphinates will be 
presented and mechanistic approach will be also discussed. 
 
	

 
  

 
1 Sengmany, S.; Ollivier, A.; Le Gall, E.; Léonel, E. Org. Biomol. Chem. 2018, 16, 4495-4500. 
2 Daili, F.; Ouarti, A.; Pinaud, M.; Kribii, I.; Sengmany, S.; Le Gall, E.; Léonel, E., Eur. J. Org. Chem. 2020, 3452-3455. 
3 Daili, F.; Sengmany, S.; Léonel, E. Eur. J. Org. Chem. 2021, 2462-2469.  
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Many drugs target proteins. However, the knowledge gained in recent years about the 
genome has opened new opportunities therapy development by selectively targeting the 
expression of the genes responsible for the disease and by acting directly on nucleic acids, 
specially RNAs (mRNAs). Of the many ways to target the expression of RNA, antisense 
oligonucleotides (ASOs) have recently undergone considerable development1. These ASOs can 
be obtained by chemical synthesis and are used to specifically recognize a messenger RNA by 
complementary base pairing and inhibit the synthesis of the corresponding protein. By 
modifying their chemical structure, their stability in a cellular context and their affinity for 
their target have been significantly improved in recent years. Although there have been 
important advances in the field, their cellular trafficking and location and their ability to 
penetrate the cell still need to be studied.  
Site-selective post-synthetic modification of oligonucleotides (i.e., after solid phase synthesis) 
provides a simple and effective method for incorporation of several probes in 
oligonucleotides. This procedure allows the synthesis of a range of diverse labelled 
oligonucleotides from a common precursor, compared to the classical linear synthesis, which 
requires tedious multi-steps synthesis of the corresponding phosphoramidite building blocks 
and its incorporation through solid phase synthesis. 
We present here a seven-step synthesis2 of two nucleosides, modified in the 2' position, by 
bioorthogonal moieties, a methylcyclopropene or a sydnone functions which would allow, 
after their incorporation into an oligonucleotide sequence, their post-synthetic 
functionalization by different agents likely to improve or monitor the biological activity via an 
inverse Electron-Demand Diels-Alder reaction (iEDDA) or a Strain Promoted Sydnone Alkyne 
Cycloaddition (SPSAC)3. 

   

 
1 S. T. Crooke, B. F. Baker, R. M. Crooke and X.-H. Liang, Nature reviews. Drug discovery, 2021, 20, 427–453 
2 J. A. Richardson, M. Gerowska, M. Shelbourne, D. French and T. Brown, Chembiochem, 2010, 11, 2530–2533 
3 K. Krell, B. Pfeuffer, F. Rönicke, Z. S. Chinoy, C. Favre, F. Friscourt and H.-A. Wagenknecht, Chemistry, 2021, 27, 
16093–16097 
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To answer the current societal issues, chemistry must imply a responsible approach by limiting 
its environmental impact, and by promoting green chemistry. This is one of the current 
challenges of chemists, and among the twelve principles of green chemistry; the field of 
catalysis holds a major place. 
This project involves the development of modern tools for homogeneous catalysis based on 
original structures including a Lewis base and a Lewis acid. These platforms will be used in 
organic catalysis as Frustrated Lewis Pair (FLP) catalysts and their ability to activate small 
molecules. 
Herein, we wish to disclose our efforts directed towards the synthesis of small molecules 
which will be used for the development, in a few steps, of a library of bifunctional and 
ambiphilic chiral main-group catalysts (see Scheme). The design of these structures is based, 
on one hand, on a NHC skeleton previously developed in our group1 and, on the other hand, 
on scaffold known in the literature to split the dihydrogen molecule.2,3  
 
 

 
 

Scheme: Design of new original ambiphilic catalysts based on scaffolds known to split the 
dihydrogen molecule by a FLP-type process. 

 
  

 
1 Aupic, C.; Abdou Mohamed, A.; Figliola, C.; Nava, P.; Tuccio, B.; Chouraqui, G.; Parrain, J.-L.; Chuzel, O. Highly 
Diastereoselective Preparation of Chiral NHC-Boranes Stereogenic at the Boron Atom. Chem. Sci. 2019, 10, 6524–
6530. 
2 Sadek, O.; Bouhadir, G.; Bourissou, D. Lewis Pairing and Frustration of Group 13/15 Elements Geometrically 
Enforced by (Ace)Naphthalene, Biphenylene and (Thio)Xanthene Backbones. Chem. Soc. Rev. 2021, 50, 5777–
5805. 
3 Sumerin, V.; Schulz, F.; Atsumi, M.; Wang, C.; Nieger, M.; Leskela, M.; Repo, T.; Pyykko, P.; Rieger, B. Molecular 
Tweezers for Hydrogen: Synthesis, Characterization, and Reactivity. J. Am. Chem. Soc. 2008, 130, 14117–14119. 
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The BINOL derivatives-catalyzed allylboration of isatins was recently described1 to proceed 
with a divergent facial selectivity from alkylarylketones such as indanone.2 The mechanism 
involved in these reactions was investigated through a DFT study in order to identify the 
possible transition states and define the one occurring predominantly.3 Three possible 
catalytic activation were considered : via a cyclic boronate (TS-A), via the formation of 
hydrogen bonds with the catalyst (TS-B) or via the mono-transesterification of the boronate 
and the creation of an hydrogen bond with the oxygen atom of the amide group (TS-C). 
 

 
  

 
1 (a) Braire, J.; Dorcet, V.; Vidal, J.; Lalli, C.; Carreaux, F. BINOL derivatives-catalysed enantioselective allylboration 
of isatins: application to the synthesis of (R)-chimonamidine. Org. Biomol. Chem, 2020, 18, 6042. (b) JCO 2022 
Poster. “Enantioselective Allylboration and Related Reactions of Isatins Catalyzed by Chiral BINOLs” 
2 Lou, S.; Moquist, P. N.; Schaus, S. E. Asymmetric Allylboration of Ketones Catalyzed by Chiral Diols. J. Am. Chem. 
Soc. 2006, 128, 12660. 
3 Braire, J.; Macé, A.; Zaier, R.; Cordier, M.; Vidal, J.; Lalli, C.; Martel, A.; Carreaux, F. Catalytic Enantioselective 
Allylboration and Related Reactions of Isatins Promoted by Chiral BINOLs: Improvement, Scope and Mechanistic 
Studies. Submitted, J. Org. Chem. 2022. 
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π-Conjugated molecules have attracted much attention as materials for the development of 
organic electronics. Numerous structures have already been published1 but the search for new 
architectures is still very active. 
Polycyclic aromatic 1,4-dihydro-s-tetrazines, have a strong potential for such applications as 
electron donors because they are easily oxidized. In addition, they absorb light between 300 
nm and 700 nm depending on their structure. However, these compounds have never been 
used in organic electronic. 
The synthetic route to obtain such molecules is described in Figure 12,3. The use of a so-called 
“electrophilic nitrogen” reagent is necessary in order to create a nitrogen-nitrogen single 
bond. A cyclization step follows to form the tetrazine ring. 
 

 
Figure 1 : Retro-synthesis of dipyrido[1,2-b:1',2'-e][1,2,4,5]tetrazine. 

Using this method several tetrazines have been prepared and in particular di-halogenated 
tetrazines (Figure 2).  
 

 
Figure 2 : Di-halogenated and other aromatics derivatives of dipyrido[1,2-b:1',2'-

e][1,2,4,5]tetrazine. 

The photophysical properties of the series have been studied in solution and rationalized with 
DFT calculations. These compounds represent a first step toward functional molecular 
materials since the halogen atoms will then be used to perform organometallic couplings.  
  

 
1 Chem. Rev. 2012, 112, 4, 2208–2267. 
2 Liebigs Ann. Chem. 1994, 1994 (10), 1049–1053. 
3 Helv. Chem. Acta 1986, 69 (6), 1521–1530. 
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Identifying new molecular targets for novel anticancer treatments is a major challenge in 
clinical cancer research. Our biologist collaborator (team 1) previously reported that cytidine 
deaminase (CDA) expression is downregulated in about 60% of cancer cells and tissues. In this 
study, we aimed to develop a new anticancer treatment specifically inhibiting the growth of 
CDA-deficient tumor cells. High-throughput 
screening of the Curie-CNRS chemical 
library led to the identification of a 
naphthol derivative, X55 targeting CDA-
deficient tumor cells preferentially, 
without affecting the growth of non-
tumoral cells, expressing or not CDA (Fig 1 
& 2)1. Metabolomic profiling revealed that 
CDAdeficient HeLa cells differed markedly from control HeLa cells. X55 treatment had a 
moderate effect on control cells, but greatly disturbed the metabolome of CDA-deficient HeLa 
cells, worsening the deregulation of many metabolites. We also identified the drastic 
downregulation of MAPT (microtubule-associated protein Tau) expression as a reliable 
predictive marker of X55 sensitivity of tumor cells. However, due to a fast metabolization of 
X55 into its glucuronide derivative, its half-life is not compatible with an in vivo proof of 
concept. We prepared about 200 compounds2 in order to prevent this issue and identified a 
phosphate ester derivative which possesses a comparable biological activity while keeping an 
acceptable PK profile for in vivo evaluation in both xenograft and PDX mice model. 
 

  
 

1 H. Mameri, G. Buhagiar-Labarchède, G. Fontaine, C. Corcelle, C. Barette, R. Onclercq-Delic, C. Beauvineau, F. 
Mahuteau-Betzer and M. Amor-Guéret. Cytidine deaminase deficiency in tumor cells is associated with sensitivity 
to a naphthol derivative and a decrease in oncometabolite levels. Cellular and Molecular Life Sciences, 2022, 
79:465 - doi.org/10.1007/s00018-022-04487-9 
2 Amor-Guéret M., Mameri H., Beauvineau C., Mahuteau-Betzer F. Naphthalene derivatives useful in the 
treatment of cancer EP21305572, 2021, WO2022. 
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Recently, we brought to light an unexpected metal-free 1,3-dioxa-[3,3]-sigmatropic 
rearrangement of allylic carbamates from α-aryl allylic alcohols.1 In order to expand this 
metal-free process to a larger number of aryl substituted allylic alcohols due to synthetic 
interest of allyl carbamates, we investigated the usefulness of the microwave technology as a 
non-conventional heating to improve the sequential reaction.2 Under these new conditions, 
the reaction acceleration was clearly highlighted compared to conventional heating 
conditions. Depending on the electronic nature of substituents on the aromatic group, this 
type of rearrangement can be as much as 40 times faster with similar or improved yields. Due 
to this experimental improvement, the diversity of aryl allylic carbamates able to undergo this 
rearrangement in a reasonable reaction time (30 min.) and with acceptable to high yields was 
greatly extended. Finally, an original synthetic way involving this microwave-assisted process 
to access new six-membered heterocyclic structures such as (E)-5-arylidene-1,3-oxazinane-
2,4-diones was developed from Morita-Baylis-Hillman (MBH) adducts showing the interest of 
this molecular rearrangement approach. 
 

 
 
  

 
1 Agirre, M.; Henrion, S.; Rivilla, I.; Miranda, J. I.; Cossio, F. P.; Carboni, B.; Villalgordo, J. M.; Carreaux, F. 1,3-
Dioxa-[3,3]-sigmatropic Oxo-Rearrangement of Substituted Allylic Carbamates: Scope and Mechanistic Studies.  
J. Org. Chem. 2018, 83, 14861-14881. 
2 Bou Zeid, S.; Eid, S.; Najjar, F.; Macé, A.; Rivilla, I.; Cossío, F. P.; Dorcet, V.; Roisnel, T.; Carreaux, F. Microwave-
Assisted 1,3-Dioxa-[3,3]-Sigmatropic Rearrangement of Substituted Allylic Carbamates: Application to the 
Synthesis of Novel 1,3-Oxazine-2,4-Dione Derivatives. Eur. J. Org. Chem. 2022, e202101100. 
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Our team previously has extensively studied the selective modification of the cyclodextrin (CD) 
structure by different chemical transformations. One of this modification, involving the 
covalent capping of the CD by a NHC ligand, allowed encapsulation of several metal complexes 
deep inside the cavity of the cyclodextrin. Although encapsulated, the metal complexes inside 
the cyclodextrin are still catalytically active and can perform reactions in various solvents 
(organic or aqueous). Significant cavity effects have been observed in copper and gold-
catalyzed reactions (control of regio- and stereoselectivity and stabilization of reactives 
species).1 Furthermore, the encapsulation was shown to induce a dramatic decrease of 
complex cytotoxicity.  
The aim of the CataCLiSMS project is to synthetize copper(I) complexes encapsulated inside a 
cyclodextrin able to perform photocatalysis in cellulo to induce cells death. This could be done 
through generation of reactive oxygen species (ROS) in the cells. For that, we are developing 
a series of water-soluble permethylated cyclodextrin capped with NHC ligands bearing a 
photoactivatable copper-ligand unit inside the cavity. We present here preliminary results on 
the synthesis of such complexes and their photophysical properties. (We will next study their 
photocatalytic activity in water, their toxicity toward cells and their mode of action in cellulo.) 
 

 
  

 
1 Zhu, X.; Xu, G.; Chamoreau, L.; Zhang, Y.; Mouriès-Mansuy, V.; Fensterbank, L.; Bistri-Aslanoff, O.; Roland, S.; 
Sollogoub, M. Permethylated NHC-Capped Α- and Β-Cyclodextrins (ICyD Me) Regioselective and Enantioselective 
Gold-Catalysis in Pure Water. Chem. Eur. J. 2020, 26 (68), 15901–15909. 
https://doi.org/10.1002/chem.202001990. 
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The allylboration and related reactions constitute a powerful C-C bond forming 
transformations which largely satisfy the criteria of stereoselectivity and step economy for the 
construction of highly functionalized motifs. The application of this approach in synthesis 
offers a straightforward entry to complex natural products and pharmaceutical ingredients. 
Moreover, this methodology allows the construction of quaternary stereocenters which 
represent a great challenge especially in an enantioselective fashion. While the asymmetric 
allyl / crotyl and allenylboration of carbonyls have been described,1 those organocatalytic 
transformations on isatins are scarcely reported.2 We have disclosed the enantioselective 
BINOLs catalyzed allylboration of isatins leading to 3-allyl-3-hydroxyoxyndoles in up to 98% 
yield and 98:2 e.r.. This methodology was applied to the synthesis of the (R)-chimonamidine 
natural product.3 Kinetic studies and DFT calculations shed light on the origins of the 
enantioselectivity and on the key role of the additives in the allylboration reaction, suggesting 
a transesterification of the allylboron reagent with BINOL via proton transfer process and an 
internal hydrogen bonding between this chiral boronate ester intermediate and the amide 
group of isatin. We have also demonstrated that the catalytic system is effective for the 
crotylboration and the allenylboration of isatins in up to 99:1 e.r..4   

  

 
1 a) M. Yus, J. C. González-Gómez, F. Foubelo, Chem. Rev. 2011, 111, 7774; b) D. M. Sedgwick, M. N. Grayson, S. 
Fustero, P. Barrio, Synthesis 2018, 1935; c) S. Lou, P. N. Moquist, S. E. Schaus, J. Am. Chem. Soc. 2006, 128, 12660; 
d) D. S. Barnett, P. N. Moquist, S. E. Schaus, Angew. Chem. Int. Ed. 2009, 48, 8679; e) D. S. Barnett, S. E. Schaus, 
Org. Lett. 2011, 13, 4020. 
2 D. L. Silverio, S. Torker, T. Pilyugina, E. M. Vieira, M. L. Snapper, F. Haeffner, A. H. Hoveyda, Nature 2013, 494, 
216. 
3 J. Braire, V. Dorcet, J. Vidal, C. Lalli, F. Carreaux, Org. Biomol. Chem. 2020, 18, 6042. 
4 J. Braire, A. Macé, R. Zaier, M. Cordier, J. Vidal, C. Lalli, A. Martel, F. Carreaux, submitted paper. 
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Chondroitin sulfates (CS) are polysaccharides which belong to a family of linear polyanionic 
polymers named glycosaminoglycans (GAGs). They consist of a repeating dimeric unit 
composed of a D-glucuronic acid (D-GlcA) linked to a 2-acetamido-2-deoxy-D-galactose (D-
GalNAc) and contain sulfate groups at various positions. The most common ones are located 
on position 4 (CS-A) and/or on position 6 (CS-E/CS-C) of the D-GalNAc moiety.1 CS play an 
important role in different physiological and pathological processes2 through their interaction 
with numerous proteins such as lectins, cathepsins or midkines. As an example, CS are 
involved in the process of osteoporosis by forming a complex with the exosites of cathepsin K 
(Cat K). This complex is involved in the excessive degradation of collagen.  
In order to better understand and to inhibit CS-Cat K interactions, we are particularly 
interested in the design and synthesis of variously sulfated multivalent oligosaccharides of 
CS.3 Indeed, multivalency is widely observed in nature because it improves activity and affinity 
towards the ligands. Very few synthetic multivalent GAGs mimetics have been reported and 
the field of CS remains largely unexplored.4  
We first envisage to synthesize new CS oligosaccharides bearing an azido group on the 
aglycone, then ligation will be conducted on various platforms to obtain new multivalent CS 
oligosaccharides. Thanks to various partnerships, the multivalent CS will be assessed on Cat K 
and on other proteins. We will present here our recent results towards the synthesis of new 
CS di- and tetrasaccharides.  
 

  
 

1 Kjellen, U. et al. Annu. Rev. Biochem. 1991, 60, 443; Ji, Y.; et al. Carbohydr. Polymers 2020, 248, 116796. 
2 Mikami, T. et al. Biochim. Biophys. Acta, 2013, 1830, 4719 ; Soghi, H. et al. Biomolecules 2021, 11, 1. 
3 Buisson P. et al. Carbohydr. Res. 2022, 512, 108514. 
4 a) Domínguez-Rodríguez, P. et al. Chem. Eur. J. 2017, 47, 11338; b) Domínguez-Rodríguez, P. et al. 
Biomacromolecules 2020, 21, 2726; c) Liu, H. et al. Carbohydr. Res. 2018, 467, 45; d) Zhang, X. et al. Chem. Eur. 
J. 2018, 24, 1694. 
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Recent years, boronate esters have been utilized to turn the polymer into valuable materials, 
such as medical materials and healable resins. Tetrahedral N-coordinated boronate esters, 
which are tetrahedral configuration compound formed via the complexation with trivalent 
ligands, are demonstrated to endow polymers with modifiable site and better heat resistance. 
Our work focused on the synthesis of polymers bearing N-coordinated boronate esters 
through direct polymerization and post modification. Boronate MIDA esters containing 
monomers were polymerized by RAFT/ATRP polymerization with superior results. 1,2 Obtained 
polymers can be used as versatile platform for modification, including Suzuki coupling, 
oxidation and boronate ester transformation. In further research, platform polymers with 
multiple reactive sites were obtained via RAFT copolymerization of monomers bearing 
different N-coordinated boronate esters (MDA, DABO, IDA, etc.). Hydrolysis and coupling 
reactions revealed the specificities of these boronate esters in reaction. Based on these 
specificities, selective step-by step modification was successfully realized on the platform 
polymers. N-coordinated boronate esters containing polymers could also be obtained through 
the post modification by RAFT/MADIX technology. Here, we utilize the xanthate bearing N-
coordinated boronate esters to modify the industrial polybutadiene with expected results. We 
will further optimize the reaction condition and explore the application of modified polymers. 
 

 
  

 
1 He, C.; Pan, X., MIDA Boronate Stabilized Polymers as a Versatile Platform for Organoboron and Functionalized 
Polymers. Macromolecules 2020, 53, 3700-3708.  
2 Li, X.;  He, C.;  Matyjaszewski, K.; Pan, X., ATRP of MIDA Boronate-Containing Monomers as a Tool for 
Synthesizing Linear Phenolic and Functionalized Polymers. ACS Macro Lett. 2021, 10, 1327-1332.  
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Furfural and 5-hydroxymethylfurfural (HMF) are versatile bio-based platform molecules 
derived from renewable lignocellulose. These simple aromatic heterocycles are of great 
importance to prepare bio-fuels, monomers for material science, as well as to reach more 
value-added chemicals in the frame of crop, fragrance, and medicinal chemistry. In this 
context, the selective functionalization of the aromatic ring of these molecules is a topic of 
interest to obtain new sets of emerging molecules endowed with higher chemical and/or 
thermal stability.1 In particular, the C3–H borylation on such substrates has been reported 
only on C5-substituted furfural derivatives, that skips the natural selectivity for the C–H bond 
a to the oxygen atom.2 We have now developed a method to achieve selective C–H 
borylations at C3 or C5 on furfural 1. This can be obtained via ligand-controlled Iridium-
catalyzed borylation of appropriate imine derivatives. The resulting borylated derivatives (3 
and 3’) can be in turn submitted in situ to Suzuki-Miyaura cross-coupling reactions, affording 
ortho substituted heterobiaryl compounds. The spontaneous removal of the imine group 
occurs during the chromatographic purification step, affording to the desired products (4 and 
4’) in 40-55 % overall yields (3 steps). Finally, installation of the 2-acetamidophenyl moiety at 
C5 opens the way to C4–H functionalizations. Indeed, the Fujiwara-Moritani olefination of 4a 
takes place cleanly at C–4, without competition of the C–H ortho to the acetamide moiety. 3 

 

 
The development of this method is key to solving the well-known problem of furan instability 
and paves the way for the synthesis of new and robust biomass-derived building blocks of 
interest for new industrial applications.  

 
1  a) B. Y. Karlinskii, V. P. Ananikov, ChemSusChem 2021, 14, 558. b) A. Mori, S. Curpanen, C. Pezzetta, A. Perez-
Luna, G. Poli, J. Oble, Eur. J. Org. Chem. https://doi.org/10.1002/ejoc.202200727 
2  I. Sasaki, T. Ikeda, T. Amou, J. Taguchi, H. Ito, T. Ishiyama Synlett. 2016, 27, 1582. 
3  P. Annamalai, K.-C. Hsu, S. Raju, H.-C. Hsiao, C.-W. Chou, G.-Y. Lin, C.-M. Hsieh, P.-L. Chen, Y.-H. Liu, S.-C. 
ChuangJ. Org. Chem. 2018, 83, 3840–3856. 
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The allylic substitution reaction is one of the fundamental transformations in organic synthesis 
which can be applied for the formation of new C-C and C-heteroatom bonds.1 The best 
example is the Tsuji-Trost reaction, widely used for the formation of C-C, C-O, C-N and C-S 
bonds in a regio- and stereoselective way. On the other hand, examples of double allylic 
substitution are relatively rare, although this type of reaction would allow access to high level 
of molecular complexity.2 
In this project, we study the reactivity of alkenyl diols in double allylic substitution reactions 
through the combination of two catalytic systems. The use of an orthoester in the presence 
of Lewis or Brønsted acid catalyst will allow a first intramolecular allylic substitution. The 
product resulting from first step will be an allylic acetate which can be further functionalized 
by Tsuji-Trost reaction (Scheme 1). 
 

 
Scheme 1: double substitution of vicinal alkenyl diols 

 
  

 
1 a) Trost, B. M.; Van Vranken, D. L. Chem. Rev. 1996, 96, 395–422. b) Lu, Z.; Ma, S. Angew. Chem. Int. Ed. 2008, 
47, 258–297. c) Trost, B. M.; Zhang, T.; Sieber, J. D. Chem. Sci. 2010, 1, 427–440. 
2 a) Dieter, R. K.; Gua, F. Org. Lett. 2008, 10, 2087–2090. b) Clavier, H.; Giordano, L.; Tenaglia, A. Angew. Chem. 
Int. Ed. 2012, 51, 8648–8651. c) Nakano, T.; Miyazaki, K.; Kamimura, A. J. Org. Chem. 2014, 79, 8103–8109. d) 
Kubiak, A.; Kołodziuk, R.; Porwański, S.; Zawisa, A. Carbohydrate Res. 2015, 417, 34–40. e) Zhang, S.-S.; Wu, J.-
Q.; Liu, X.; Wang, H. ACS Catal. 2015, 5, 210–214. f) Wang, H.; Lorion, M. M.; Ackermann, L. ACS Catal. 2017, 7, 
3430–3433. g) Braun, J.; Ariëns, M. I.; Matsuo, B. T.; de Vries, S.; van Wordragen, E. D. H.; Ellenbroek, B. D.; Vande 
Velde, C. M. L.; Orru, R. V. A.; Ruijter, E. Org. Lett. 2018, 20, 6611–6615. 
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Foldamers are artificial molecular structures. They are constructed as sequence-specific 
oligomers of a defined length and are inclined to fold into well-defined secondary and tertiary 
conformations, such as helices, sheets, or ribbons.1 Taking inspiration from Nature, chemists 
have conceived and studied a large number of peptide-based foldamers, and have sought 
useful applications thereof.2,3 
Our research project is designed to study three new aspects of foldamer science. The overall 
objective is to improve our understanding of the behaviour of these compounds and identify 
new applications thereof. In the first aspect, we examined the folding pattern of γ/α-hybrid 
peptides, tested its ability to fold into a 12/10-helix. In the second aspect, we used a well-
defined 12-helical foldamer scaffold to display functional groups with two potential 
applications: a) use as organocatalysts, or b) ligands for formation of “metallo” complex. For 
this moment, our study focuses on the third aspect of stabilizing a weak intra-residue C5 H-
bond. 
Herein, we present a specific folding pattern which is rare in peptide secondary structure. The 
C5 H-bond conformation is a weak interaction, and successive C5 interactions form the basis 
of the so-called 2.05-helix,4 which is adopted by very few synthetic peptides that rely 
essentially on steric constraints to do so.5 Our strategy was successfully to stabilize the C5 
interaction by combining it with a C6γ H-bond implicating the nitrogen of an azetidine-derived 
building block. 
In this communication, we will interpret how the peptide synthesis up to tetramer was carried 
out, why the azetidine derivative was selected as coupling monomer, and what kinds of 
experimental and theoretical techniques were used to perform the conformational analysis. 
 
 
 
 
 
 
 
 
Scheme. N-H…N H-bonds stabilize the C5 interactions 
  

 
1 Gellman S. H., Accounts of Chemical Research, 1998, 31, 173-180. 
2 Hecht S.; Huc I., Eds. Foldamers: Structure, Properties, and Applications; Wiley-VCH Verlag: Weinheim, 
Germany, 2007. 
3 David J. H.; Matthew J. M.; Ryan B. P.; Thomas S. H.; Jeffrey S. M., Chem. Rev., 2001, 101, 3893-4011. 
4 Peggion C.; Moretto A.; Formaggio F.; Crisma M.; Toniolo C., Peptide Science, 2013, 100, 621-636. 
5 Crisma M.; Formaggio F.; Alemán C.; Torras J., Peptide Science, 2018. 110, e23100. 
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Since the discovery of Grignard reagent in 1900, this organometallic compound has become 
one of the most useful reagent used in organic and organometallic chemistry.1 The simple 
preparation and versatility of this reagent made it a frequent choice for synthesis in 
laboratories and industries. Therefore, numerous industrial chemical processes employ 
Grignard reagent such as in pharmaceuticals, agrochemicals and polymers.2 However, this 
reagent possesses some limitations towards its functional group’s tolerance and chemists 
often prefer to use its zinc analogous which tolerate a wider range of functional groups and 
possess a lower toxicity of the resulting zinc salts.3 Various methods have been reported to 
prepare organozinc reagents such as halogen/metal exchange,4 deprotonation,5 direct 
insertion6 or transmetallation.7 However, these methods are not straightforward and mostly 
require the multiple activation of metallic zinc under strict and tedious conditions, or the use 
of organolithium or Grignard reagent with zinc salts which do not allow the synthesis of highly 
functionalized organometallic species. In 2003, our group has developed a simple and direct 
method to prepare arylzinc reagents using cobalt catalysis.8 This reaction involves simple 
cobalt bromide as catalyst and zinc dust in acetonitrile. In this communication, we present a 
novel straightforward and simple preparation of alkylzinc compounds from alkyl bromides 
under mild conditions giving access to highly functionalized organozinc reagents. This method 
tolerates a wide range of functionalities such as ketones and aldehydes. These alkylzinc 
reagents were employed in Negishi type Pd-catalyzed cross-coupling in order to demonstrate 
the applicability of this methodology. The overall procedure tolerates well air and moisture 
conditions, making it a straightforward and robust synthetic methodology.9 

 
Scheme 1: Cobalt-Catalyzed formation of alkylzinc reagent  

 
1 Silverman, G. S.; Rakita, P. E. In Handbook of Grignard reagents. CRC Press, 1996. 
2 Banno, T.; Hayakawa, Y.; Umeno, M. J. Organomet. Chem. 2002, 653, 288-291. 
3 a) Dagousset, G.; Francois, C.; Leόn, T.; Blanc, R.; Sansiaume-Dagousset, E.; Knochel, P. Synthesis 2014, 46, 3133-
3171; b) Klatt, T.; Markiewicz, J. T.; Sämann, C.; Knochel, P. J. Org. Chem. 2014, 79, 4253-4269.  
4 Balkenhohl, M.; Ziegler, D. S.; Desaintjean, A.; Bole, L. J.; Kennedy, A. R.; Hevia, E.; Knochel, P., Angew. Chem. 
Int. Ed. 2019, 58, 12898-12902. 
5 Krasovskiy, A.; Krasovskaya, V.; Knochel, P. Angew. Chem. Int. Ed. 2006, 45, 2958-2961.  
6 Krasovskiy, A.; Malakhov, V.; Gavryushin, A.; Knochel P. Angew. Chem. Int. Ed. 2006, 45, 6040-6044. 
7 Piller, F. M.; Appukkuttan, P.; Gavryushin, A.; Helm, M.; Knochel, P. Angew. Chem. Int. Ed. 2008, 47, 6802-6806. 
8 Fillon, H.; Gosmini, C.; Périchon J. J. Am. Chem. Soc. 2003, 125, 3867–3870. 
9 Schiltz, P.; Gao, M.; Ludwig, C.; Gosmini, C. Submitted manuscript. 

ü One step procedure 
ü Various functional groups 
ü Under air and moisture 
ü Mild conditions 
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Multivalency represents an appealing option to modulate selectivity in enzyme inhibition and 
transform a moderate glycosidase inhibitor such as deoxynojirimycin (DNJ) into a high-affinity 
multivalent inhibitor.1 The design of powerful multivalent clusters is however complex even 
when the enzyme structure is known2 because global affinity enhancement relies on several 
interconnected local mechanistic events such as bind-and-recapture processes, chelate effect, 
secondary interactions and aggregation whose relative impact is unknown. The 36-valent non-
polymeric inhibitor showing the best affinity enhancement on a glycosidase to date3 was used 
as a starting point for this study. It has been gradually dispossessed from its inhibitory 
epitopes, arms and whole dendrons to design a set of new clusters in order to unravel the 
impact of distinct mechanisms. Their interaction with Jack bean a-mannosidase was evaluated 
by enzymatic assays and the stoichiometry of enzyme:inhibitor complexes was assessed by 
analytical ultracentrifugation.   
 
 

  
  

 
1 Compain, P. Chem. Rec. 2020, 20, 10–22.  
2 Howard, E.; Cousido-Siah, A.; Lepage, M. L.; Schneider, J. P.; Bodlenner, A.; Mitschler, A.; Meli, A.; Izzo, I.; 
Alvarez, H. A.; Podjarny, A.; Compain, P. A.C.I.E. 2018, 57, 8002–8006. 
3 Lepage, M. L.; Schneider, J. P.; Bodlenner, A.; Meli, A.; De Riccardis, F.; Schmitt, M.; Tarnus, C.; Nguyen-Huynh, 
N.-T.; Francois, Y.-N.; Leize-Wagner, E.; Birck, C.; Cousido-Siah, A.; Podjarny, A.; Izzo, I.; Compain, P. Chem. Eur. J. 
2016, 22, 5151–5155. 
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Major advances in the study of perfluoroalkylation reactions have been made possible by the 
development of trifluoromethylation reagents, such as the Shibata1 or Togni2 reagents. We 
have recently combined hypervalent iodine and sulfoximine moieties to obtain a new class of 
reagents, the chiral hypervalent iodosulfoximines, of which the HYPISUL reagent is a part. 
 

 
 
The synthesis of the HYPISUL reagent is a multi-step process that includes two key points: the 
ortho-iodination of a trifluoromethylated sulfoximine and the formation of a hypervalent 
iodine. The detailed synthesis and complete characterisation of this new reagent will be 
presented, as well as a comparative study with the Togni reagents to which it is structurally 
related.3 The variations of the group linked to the hypervalent iodine atom will be discussed 
in terms of synthesis. The stability and reactivity of new compounds will be briefly discussed.4 
 

 
 

Finally, the first results of trifluoromethylation by ionic or radical route (photoredox catalysis) 
utilizing this new class of reagent will be detailed.3,5  

 
  

 
1 Noritake, S.; Shibata, N.; Nakamura, S.; Toru, T.; Shiro, M. Eur J. Org. Chem. 2008, 3465-3468. 
2 Eisenberger, P.; Gischig, G.; Togni, A. Chem. Eur. J. 2006, 12, 2579-2586. 
3 Kalim, J.; Duhail, T.; Le, T.-N.; Vanthuyne, N.; Anselmi, E.; Togni, A.; Magnier, E. Chem. Sci. 2019, 10, 10516-10523. 
4 Le Du, E.; Duhail, T.; Wodrich, M. D.; Scopelliti, R.; Fadaei-Tirani, F.; Anselmi, E.; Magnier, E.; Waser, J. Chem. 
Eur. J. 2021, 27, 10979-10986. 
5 Kalim, J.; Duhail, T.; Pietrasiak, E.; Anselmi, E.; Magnier, E.; Togni, A. Chem. Eur. J. 2021, 27, 2638-2642. 
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The first Z-stereoselective catechodithiolate ruthenium complexes Z-Ru containing 
cyclic(alkyl)(amino)carbene ligands are reported. Isolated in nearly quantitative yields or in-
situ generated, these catalysts demonstrated remarkable Z selectivity (Z/E ratio up to >98/2) 
in ring-opening metathesis polymerization (ROMP), ring-opening-cross metathesis (ROCM) 
and cross-metathesis (CM). Thanks to the efficient chiral HPLC resolution of racemic CAAC-
complex precursors, optically pure dithiolated complexes (S)- or (R)-Z-Ru were also 
synthesized allowing to produce enantioenriched Z-ROCM products in >99/1 Z/E with good 
levels of enantioselectivity. 

 
 

MORVAN, J.; VERMERSCH, F.; LORKOWSKI, J.; TALCIK, J.; VIVES, T.; ROISNEL, T.; CREVISY, C.; VANTHUYNE, N.; 
BERTRAND, G.; JAZZAR, R.; MAUDUIT, M. Cyclic(Alkyl)(Amino)Carbene Ruthenium Complexes for Z-
Stereoselective (Asymmetric) Olefin Metathesis . ChemRxiv 2022 10.26434/chemrxiv-2022-t2dhm  
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Mitochondria is the center of energy metabolism in the cell. Dysfunction of this organelle have 
been related to many diseases, such as cancer, diabetes, cardiovascular or neurodegenerative 
diseases, and more1. It is thus a promising therapeutic target which has been extensively 
studied in the last decades. A recent approach aims to design prodrugs exclusively activatable 
inside mitochondria and structurally designed to carry them into it by using 
mitochondriotropic targeting moieties such as triphenylphosphonium or pyridinium. Recently, 
promising results using the mitochondrial nitroreductase (NTR) as prodrug activating enzyme 
have been obtained2. Unlike cytosolic NTRs which are exclusively active in a hypoxic 
environment, mitochondrial NTRs are active in a normoxic context thus making them serious 
candidates as intramitochondrial activators of prodrugs. This example shows the interest of 
the use of reductases, so it appears relevant to look at other enzymatic activities in order to 
extend the panel of endogenous biocatalysts which can be used for in situ activation of mito-
targeted pro-drugs.  
Here we describe our works on the design of fluorogenic probes to detect such mitochondrial 
reductase activities and focus on Azoreductase (AzoR). Azo based probes were obtained from 
4-amino-1,8-Naphthalimides via their diazonium salt and SEAr type addition of enriched 
aromatic partner. Their azo bond can be reduced by an AzoR activity. These sensors have been 
studied in vitro and were found to be not only highly sensitive but also selective to AzoR. 
Confocal microscopy experiments conducted on different living cell lines showed the presence 
of a mitochondrial AzoR, expressed at different levels depending on the cell line. This 
interdisciplinary work involving organic chemistry, photophysics and cell biology has provided 
convincing results making AzoR a plausible and promising alternative to NTR for specific drug 
delivery into mitochondria.   

 
1 Murphy, M. P.; Hartley, R. C., Nat. Rev. Drug Discov. 2018, 17, 865. 
2 (a) Chevalier, A.; Khdour, O.; Zhang, Y.; Hecht, S. Prodrug and profluorescent compounds for selective 
mitochondrial imaging and therapeutic targeting. WO2017218537A1, 2017; (b) Chevalier, A.; Zhang, Y.; Khdour, 
O. M.; Kaye, J. B.; Hecht, S. M., J. Am. Chem. Soc. 2016, 138 (37), 12009-12012. 
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Over the last decades, biocatalysis has emerged as 
a relevant tool in the chemical industry providing 
an efficient, sustainable way to catalyze many 
reactions with high enantioselectivities.1 Gold 
catalysis has similarly established itself as a key 
player in organic synthesis due to its use in a variety of reactions.2 The combination of 
transition metal catalysis and biocatalysis allows to access chiral molecules in an efficient, fast 
and sustainable manner.3 However, examples merging enzymes and Au(I) catalysis are scarce 
in the literature.4 
 
In our approach, the combination of a gold catalyzed hydration of an alkyne is combined with 
a stereoselective reductive amination of the resulting ketone using an ω-transaminase5 is 
studied. This highly efficient approach provides chiral amines with high enantioselectivities, 
from unfunctionalized, inexpensive hydrocarbons, in a one pot sequential relay manner in 
aqueous media. The chiral amines obtained are highly valuable chiral building blocks that may 
be used for synthesis of biologically active compounds. The method can be applied to simple 
alkynes or more complex molecules that lead to further cyclization. In situ protections, 
reductions can be performed to access a large variety of chiral compounds.   

 
1 Winkler, C. K.; Schrittwieser, J. H.; Kroutil, W. Power of Biocatalysis for Organic Synthesis. ACS Cent. Sci. 2021, 
7, 55–71.  
2 a) Chintawar, C. C.; Yadav, A. K.; Kumar, A.; Sancheti, S. P.; Patil, N. T. Divergent Gold Catalysis: Unlocking 
Molecular Diversity through Catalyst Control. Chem. Rev. 2021, 121, 8478–8558. b) Zi, W.; Dean Toste, F. Recent 
Advances in Enantioselective Gold Catalysis. Chem. Soc. Rev. 2016, 45, 4567–4589. 
3 a) Denard, C. A.; Hartwig, J. F.; Zhao, H. Multistep One-Pot Reactions Combining Biocatalysts and Chemical 
Catalysts for Asymmetric Synthesis. ACS Catal. 2013, 3, 2856–2864. b) Huang, X.; Cao, M.; Zhao, H. Integrating 
Biocatalysis with Chemocatalysis for Selective Transformations. Curr. Opin. Chem. Biol. 2020, 55, 161–170.  
4 a) Asikainen, M.; Krause, N. Tandem Enzyme/Gold-Catalysis: From Racemic α-Allenic Acetates to 
Enantiomerically Enriched 2,5-Dihydrofurans in One Pot. Adv. Synth. Catal. 2009, 351, 2305–2309. b) Wang, Z. 
J.; Clary, K. N.; Bergman, R. G.; Raymond, K. N.; Toste, F. D. A Supramolecular Approach to Combining Enzymatic 
and Transition Metal Catalysis. Nature Chem. 2013, 5, 100–103. c) Odachowski, M.; Greaney, M. F.; Turner, N. J. 
Concurrent Biocatalytic Oxidation and C–C Bond Formation via Gold Catalysis: One-Pot Alkynylation of N-Alkyl 
Tetrahydroisoquinolines. ACS Catal. 2018, 8, 10032–10035.  
5  Slabu, I.; Galman, J. L.; Lloyd, R. C.; Turner, N. J. Discovery, Engineering, and Synthetic Application of 
Transaminase Biocatalysts. ACS Catal. 2017, 7, 8263–8284.  
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For several years, our research group team has been working in the area of ketene chemistry 
for several years,1 exploring their reactivity and selectivity in [2+2] cycloadditions with various 
enol ethers and ketenes’ substituants.2 This expertise was apply to the total synthesis of (+)-
lactacystin,3 a proteasome inhibitor. 

 

 
 

During this study, our research group found that aziridines can react with ketenes through a 
formal (3+2) cycloaddition, affording the g-lactam scaffold in excellent yields.4 With 
unsymmetrical ketenes, a single cis diastereoisomer is observed. The reaction with an 
enantiopure aziridine afforded the lactam with no erosion of the enantiomeric excess and 
retention of the configuration. 

 

 
 

Due to their high reactivity, ketenes are generally unstable, leading to dimerization products, 
with a limited variety on the substituents. To extend the scope of the (3+2) cycloaddition and 
allow a wide diversification of substituents on the lactams, a study has been initiated on the 
generation of ketenes in continuous flow chemistry.5 
 
  

 
1 Deprés, J.-P.; Delair, P.; Poisson, J.-F.; Kanazawa, A.; Greene, A. E. Acc. Chem. Res. 2016, 49, 252–261. 
2 (a) Rullière, P.; Carret, S.; Milet, A.; Poisson, J.-F. Chem. Eur. J. 2015, 21, 3876–3881 (b) Rullière, P.; Grisel, J.; 
Poittevin, C.; Cividino, P.; Carret, S.; Poisson, J.-F. Org. Lett. 2016, 18, 2824–2827. 
3 Rullière, P.; Cannillo, A.; Grisel, J.; Cividino, P.; Carret, S.; Poisson, J.-F. Org. Lett. 2018, 20, 4558–4561. 
4 Viceriat, A.; Marchand, I.; Carret, S.; Poisson, J.-F. Org. Lett. 2021, 23, 2449–2454. 
5 ANR program KetFlo : ANR- 18-CE07-0035-01. 
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Nowadays, development of novel synthetic routes towards SF5-containing compounds is on 
the rise, but the access of structural diversity such as SF5-heterocycles remains highly 
challenging.1 Pentafluorosulfanylated alkynes are easily accessible and versatile SF5 building 
blocks, which have been mainly used in cycloaddition, heterocyclic synthesis and few 
hydrofunctionalisation reactions.2 To our knowledge, only two reports about the 
hydroelementation of SF5 alkynes are known in the literature and rely on gold-catalyzed 
methods for the hydratation and hydrofluorination of SF5 alkynes.3 In this presentation is 
disclosed a very efficient method to perform a fully regio- and stereoselective 
hydroelementation reaction of SF5 alkynes in mild reaction conditions which does not require 
the use of any transition metal. This fully atom-economical process gives an easy access to 
various heterosubstituted vinylic-SF5 scaffolds (X = N, O, S), as very attractive platforms for 
downstream functionalization and/or transformation.  
 
 
 

 
 
 
  

 
1 V. Debrauwer, I. Leito, M. Lõkov, S. Tshepelevitsh, M. Parmentier, N. Blanchard, V. Bizet ACS Org. Inorg. Au 
2021, 1, 43. 
2 L. Popek, T.-M. Nguyen, N. Blanchard, D. Cahard, V. Bizet, Tetrahedron 2022, 117-118, 132814. 
3 a) R. Gauthier, M. Mamone, J.-F. Paquin, Org. Lett. 2019, 21, 9024 ; b) M. Cloutier, M. Roudias, J.-F. Paquin, Org. 
Lett. 2019, 21, 3866. 
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Our group is for a long time interested by original concepts of asymmetric synthesis, and we 
want now to tackle asymmetric autocatalysis. This field is very challenging, the most efficient 
examples coming from Prof. Soai’s group.1 In asymmetric autocatalysis, the final 
enantioenriched product is also the catalyst. It can be used as chiral ligand of a metal (Soai’s 
work) or as an organocatalyst (very few examples ). 2 

 
Asymmetric autocatalysis could also be an explanation of the origin of biomolecules 
homochirality. Strecker reaction being one of the prebiotic reactions involved in the synthesis 
of amino acids, working on asymmetric autocatalysis of Strecker reaction could really improve 
the understanding of the origin of homochirality. The principle of autocatalysis applied to 
Strecker reaction is described below: 

 
We designed some compounds (single chiral molecules synthesized from L-valine). We expect 
that these molecules can serve as an initial source of chirality to promote the autocatalytic 
process of the Strecker reaction. 

 
Some of them have been obtained and are under investigation. 

 
  

 
1 a) K. Soai, T. Kawasaki, A. Matsumoto Acc. Chem. Res. 2014, 47, 3643; b) K. Soai, T. Kawasaki, A. Matsumoto, 
Tetrahedron 2018, 74, 1973; c) N. A. Hawbaker, D. G. Blackmond ACS Cent. Sci. 2018, 4, 776–780. 
2 a) S. B. Tsogoeva Chem. Commun. 2010, 46, 7662; b) X. Wang, Y. Zhang, H. Tan, Y. Wang, P. Han, D. Z. Wang J. 
Org. Chem. 2010, 75, 2403. 
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Glycoproteins made up of a chain of amino acids linked to at least one sugar, represent a class 
of biomolecules involved in a wide variety of physiological processes (immune response, tissue 
differentiation) and diseases (cancers, autoimmune diseases). The design of C-glycosidic 
analogues of these entities theoretically should allow to obtain glycopeptide mimetics of 
therapeutic interest, resistant to enzymatic hydrolysis in-vivo. However, the synthesis of C-
glycosyl amino acids remains poorly described and represents a real synthetic challenge. 
 
Here, a versatile method for synthesizing C,C-glycosyl amino acid building blocks has been 
developed based on the MHAT (metal catalyzed hydrogen atom transfer) methodology 
previously developed in the laboratory1. In this methodology, a tertiary pseudo-anomeric 
radical is formed starting from an exo-glycal and can subsequently react with an engineered 
dehydroalanine used as a Michael-type acceptor. 
 
Under these conditions, the challenge is to control the stereochemistry of the two asymmetric 
centers formed both at the level of the pseudo-anomeric position and at the level of the amino 
acid unit. 

 
 

 
 
 
 
  

 
1 D. Tardieu, M. Desnoyers, C. Laye, D. Hazelard, N. Kern and P. Compain, Org. Lett. 2019, 21, 18, 7262–7267 
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Given the important pharmacological potential of myricanol, a natural meta,meta-
cyclophanicheptanoid, as anti-cancer and promising anti-Alzheimer compound1, the aim of 
this research is to develop a new synthetic strategy that could lead to the total synthesis of 
myricanol in a few steps, with good yields and high diastero- and enantio-meric excesses. The 
previously described racemic syntheses of myricanol2 are disadvantaged by the critical step of 
macrocyclization. The difficulty of this cyclization comes from a difference of the freedom 
degrees between the strained cyclic structure and the linear one. The macrocyclization is 
therefore characterized by a decrease in entropy which makes this process unfavorable; if the 
starting substrate has already a rigid side chain, cyclization should be less unfavorable. Due to 
these considerations, our retrosynthetic strategy (scheme 1) involves an ene-yne system (1) 
as the seco-precursor having a rigid and highly directed (cis configuration) structure which 
would promote the intramolecular cross-coupling reaction (such as a Suzuki-Miyaura 
domino).The seco-precursor 1 could be obtained by a fluoride mediated addiction of 
compound 3 on compound 2 and The ene-yne system 3 arises from the commercially available 
trimethoxybenzoaldehyde (4), by a regio-selective demethylation, iodination, benzylation and 
finally stereoselective Julia-Kociensky olefination.  
 
 

 
Scheme 1. Retrosynthetic Approach 

 
  

 
1 Jones J. R.; Lebar M. D.; Jinwal U. K.; Abisambra J. F.; Koren J.; Blair L.; O’Leary J. C.; Davey Z.; Trotter J.; Johnson 
A. G.; Weeber E.; Eckman C. B.; Baker B. J.; Dickey C. A. J. Nat. Prod. 2011, 74, 38. 
2 Bochicchio, A.; Schiavo, L.; Chiummiento, L.; Lupattelli, P.; Funicello, M.; Hanquet, G.; Choppin, S.; Colobert, F. 
Org. Biomol. Chem. 2018, 16, 8859 and references cited therein. 
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O- and C-aryl glycosides represent important classes of compounds of therapeutic interest.1 
Among them, serjanione A2a and menogaril,2b a clinically active antitumor drug derived from 
the natural product nogalamycin, are synthetically attractive. In these unique structures, the 
sugar residue is joined to the aromatic moiety via both glycosidic and C-C bonds to form a 
benzoxocin ring system. In conjunction with our continuing studies on carbohydrate mimetics, 
we have recently reported a convenient strategy for the synthesis of C,C-glycosides - also 
referred to as C-ketosides - from exo-glycals by way of a Metal-mediated Hydrogen Atom 
Transfer (MHAT).3 The capture of the transient tertiary pseudoanomeric radicals by a range of 
Michael acceptors enables the stereocontrolled C-quaternization of the anomeric center. 
With the objective of developing a convergent, step-economical access to the benzoxocin core 
found in C,O-fused glycosyl hetarenes such as serjanione A or nogalamycin, we envisioned the 
direct coupling of MHAT-generated glycosyl radicals with 1,4-quinones. The control in regio- 
chemo- and diastereo-selectivity in the generation of quaternary (pseudo)anomeric centers 
involving an exo-glycal and a quinone was expected to be highly challenging. In this work, we 
report that quinones can be successfully coupled with a variety of exo-glycals to produce 
phenolic O-ketosides, demonstrating their applicability in demanding cross-coupling 
transformations initiated by iron-catalyzed HAT4. Preliminary mechanistic studies suggest the 
formation of a glycosyl oxocarbenium ion intermediate via a charge transfer complex involving 
the tertiary pseudoanomeric radical and the quinone.  

  

 
1 For recent reviews on C- and O-aryl glycosides see: a) Dimakos, V.; Taylor, M. S. Org. Biomol. Chem. 2021, 19, 
514. b) Bokor, E.; Kun, S.; Goyard, D.; Tóht, M.; Praly, J.-P.; Vidal, S.; Somsák. L. Chem. Rev. 2017, 117, 1687. 
2 a) Heredia-Vieira, S. C.; Simonet, A. M.; Vilegas, W.; Macías, F. A. J. Nat. Prod. 2015, 78, 77; b) Moore Jr., D. F.; 
Brown, T. D.; LeBlanc, M.; Dahlberg, S.; Miller, T. P.; McClure, S.; Fisher, R. I. Invest. New Drugs 1999, 17, 169. 
3 Tardieu, D.; Desnoyers, M.; Laye, C.; Hazelard, D.; Kern, N.; Compain, P. Org. Lett. 2019, 21, 7262. 
4 Liu, H. J.; Laporte, A. G.; Tardieu, D.; Hazelard, D.; Compain, P. J. Org. Chem. 2022, in press (DOI: 
10.1021/acs.joc.2c01635). 
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Atropisomers are very important scaffolds with numerous applications in various fields, such 
as medicinal chemistry and catalyst design. Despite numerous recent achievements, their 
enantioselective preparation represents a dauting synthetic challenge.1 Indeed, in addition to 
the necessity of favoring the formation of one enantiomer, the kinetic stability towards 
enantiomerization has to be considered. 
 
Some time ago, we have developed a strategy inspired by Hantzsch pyridine synthesis to 
prepare enantioenriched 4-arylpyridine atropisomers.2 It combines enantioselective 
organocatalysis to prepare centrally chiral 4-aryl-1,4-dihydropyridine and oxidative 
aromatization with MnO2, with central-to-axial conversion of chirality (Eq. 1).3 
 
We now disclose that only a solvent change from cyclohexane to an acid can inverse the 
stereoselectivity of the central-to-axial conversion of chirality, delivering the opposite 
enantiomer of the atropisomers with moderate enantiomeric excesses (Eq. 2).4 Moreover, we 
recently designed a greener and more efficient protocol obviating the requirement of super-
stoichiometric metal oxidants: using oxygen from air as the oxidant in basic conditions 
provided a dramatic improvement of enantioselectivity (Eq. 3).5 
 

  
 

1 Wencel-Delord, J.; Panossian, A.; Leroux, F. R.; Colobert, F. Chem. Soc. Rev. 2015, 44, 3418. 
2 Quinonero, O.; Jean, M.; Vanthuyne, N.; Roussel, C.; Bonne, D.; Constantieux, T.; Bressy, C.; Bugaut, X.; 
Rodriguez, J. Angew. Chem. Int. Ed. 2016, 55, 1401. 
3 Yang, H.; Chen, J.; Zhou, L. Chem. Asian J. 2020, 15, 2939. 
4 manuscript submitted. 
5 manuscript in preparation. 
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Advances in medical and food packaging play a primary role in keeping the companies’ 
product supply among the safest in the world. Simply, packaging enables products to travel 
safely for a long distance from their point of origin till at the time of consumption. Thus, the 
core purpose of packaging is the preservation and safety of products against moisture, 
temperature, oxygen, light, and biological microorganisms. Municipal solid waste (MSW) 
consists of items commonly thrown away, including packages. The U.S. Environmental 
Protection Agency (EPA) found that 31% of the MSW generated in a year was from packaging-
related materials.11 Therefore, packaging technology must balance products protection and 
the safety of the environment by having strict regulations on MSW disposal that can be 
achieved by packages recycling. In the last decades, new biodegradable and recyclable coating 
materials, based on hybrid organic-inorganic polymers, were studied and developed to be 
used in food, and medical packaging.2 Molecular chemistry could be able to be used as a major 
pathway for the development of novel polymer materials to meet our needs in food and 
medical packaging applications. In this sense, aliphatic polyketones constitute a rapidly 
growing family of polymers as it attracts interest in both the context of packaging, due to their 
outstanding impermeability against oxygen,3 as well as innovative organic synthesis. An 
elegant and original way to obtain polyketones lies in the polymerization of ketenes,4 the use 
of dimethylketene (DMK) even allowing the excellent barrier properties to be retained in a 
wet environment for polydimethylketone (PDMK).5 Despite its exceptional physico-chemical 
properties, PDMK shows tricky processability as the melting point and degradation point are 
too close. Our work aims to extend this processability window, by modifying the chemical 
structure of PDMK. In this context, we are looking forward to developing a new methodology 
for direct functionalization of C(sp3)-H bonds on PMDK throughout using Transition Metal-
catalysis (TM-catalysis), such as Pt(II) or Pd(II).6,7,8 Afterward, upon success, the structural, 
chemical, thermal, and permeametric properties of modified PDMK polymers would be 
systematically studied. 

 
  

 
1 Marsh, K.; Bugusu, B. J. Food Sci. 2007, 72 (3), 39–55. 2 Moshood, T. D.; Nawanir, G.; Mahmud, F.; Mohamad, 
F.; Ahmad, M. H.; AbdulGhani, A. Curr. Res. Green Sustain. Chem. 2022, 5, 100273. 3 Wang, H.; Desilles, N.; Follain, 
N.; Marais, S.; Burel, F. Eur. Polym. J. 2016, 85, 411–420. 4 Hayki, N.; Desilles, N.; Burel, F. Polym. Chem. 2011, 2, 
2350–2355. 5 Xiang, Y.; Burrill, D. J.; Bullard, K. K.; Albrecht, B. J.; Tragesser, L. E.; McCaffrey, J.; Lambrecht, D. S.; 
Pentzer, E. Polym. Chem. 2017, 8 (35), 5381–5387. 6 Chen, Z.; Rong, M.-Y.; Nie, J.; Zhu, X.-F.; Shi, B.-F.; Ma, J.-A. 
Chem. Soc. Rev. 2019, 48, 4921–4942. 7 Tan, P. W.; Seayad, J. Tetrahedron Lett. 2019, 60 (50), 151338. 8 Xu, Y.; 
Dong, G. Chem. Sci. 2018, 9 (6), 1424–1432. 
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RNAs undergo numerous post-transcriptional modifications regulating their fate and function 
at the cellular level. Among these modifications, methylation at the N6 position of adenosine 
(m6A) in mRNA is crucial for RNA metabolism, stability, and other important biological events. 
These modifications are installed by m6A RNA methyltransferases (m6A rMTases) that catalyze 
the transfer of the methyl group of the S-adenosyl-L-methionine (SAM) cofactor to the N6 
position of adenosine, following a SN2 mechanism (Scheme 1A). In humans, the deregulation 
of m6A rMTase activity is associated with many diseases including cancer, neurological and 
metabolic diseases.1 However, rMTases remain little studied, due to a lack of structural data. 
In particular, the RNA recognition process and the molecular mechanism involved in methyl 
transfer are to be elucidated. Here, we report the synthesis of SAM-adenosine conjugates 
which were designed as potential bisubstrate analogues of m6A rMTases (Scheme 1B) that 
could be used for structural studies. These conjugates, which contain a triazole linker 
branched at N-6 position of adenosine, were obtained by organometallic post-
functionalization reactions such as Copper(I)-Catalyzed Alkyne-Azide Cycloaddition (CuAAC) 
and palladium catalyzed cross-coupling reactions (Scheme 1C).2 

 

 
Scheme 1. A) Methylation of adenosine at N6 position catalyzed by m6A rMTases. B) Representation of the bisubstrate 
strategy. C) SAM-adenosine conjugates synthetized by post-functionalization. 
  

 
1 Batista, P. J. Genomics Proteomics Bioinformatics 2017, 15, 154-163. 
2 Atdjian, C.; Coelho, D.; Iannazzo, L.; Ethève-Quelquejeu, M.; Braud, E. Molecules 2020, 25, 3241. 
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Mycobacterium tuberculosis is the second most deadly infectious agent in the world after 
COVID-19. Drug treatment is a laborious process, requiring daily dosage of two to four drugs 
over six months, and compliance is poor. Most recently, there has been an alarming rise of 
multi-drug resistant (MDR) and extensively drug resistant (XDR) TB worldwide, making 
discovery of new drugs crucial. Current anti-TB drugs are targeting diverse biological 
processes.1 There are currently no molecules designed to target PIMs biosynthesis as anti-TB 
drugs.  
PIMs (Phosphatidyl-myo-Inositol Mannosides) are the precursors of two major lipoglycans 
implicated in host-mycobacteria interactions. Their biosynthesis starts with the transfer by 
mannosyltransferase PimA of a mannopyranosyl residue to the 2-position of the myo-inositol 
ring of PI (Phosphatidyl-myo-Inositol) leading to PIM1. The next step of PIMs biosynthesis is 
the acylation of PIM1 by the essential membrane-associated acyltransferase PatA.2 Although 
no co-crystallization of PatA in complex with the acceptor substrates has been realized yet, 
docking calculations and complex with 6-O-palmitoyl-α-D-mannopyranose gave useful 
information for inhibitors design.3 
We are currently focused on the synthesis of a panel of molecules with mannopyranosyl 
scaffold with the aim to develop new inhibitors of PatA. Structures present different aglycones 
to mimic the PI part and different groups at the 6-position of mannose like fluor or 
sulfonamide mimicking the acylation tetrahedral transition state. The following step will be to 
study the molecule/enzyme interactions and to test the potential inhibitors on 
Mycobacterium smegmatis and Mycobacterium tuberculosis. 
 
 
 
 
  
 
 
 
  

 
  

 
1 Bhat, Z. S.; Rather, M. A.; Maqbool, M.; Ahmad, Z.; Drug targets exploited in Mycobacterium tuberculosis: 
Pittfalls and promises on the horizon, Biomed. Pharmacother. 2018, 103, 1733-1747. 
2 Sancho-Vaello, E.; Albesa-Jové, D.; Rodrigo-Unzueta, A.; Guerin, M. E.; Structural basis of phosphatidyl-myo-
inositol mannosides biosynthesis in mycobacteria, Biochim. Biophys. Acta 2017, 1862, 1355-1367. 
3 Tersa, M.; Raich, L.; Albesa-Jové, D.; Trastoy, B.; Prandi, J.; Gilleron, M.; Rovira, C.; Guerin, M. E.; The Molecular 
Mechanism of Substrate Recognition and Catalysis of the Membrane Acyltransferase PatA from Mycobacteria, 
ACS Chem. Biol. 2018, 13, 131-140. 
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In the field of biomass transformation, the production of 5-hydroxymethylfurfural (HMF), as 
a versatile sustainable substitute of petrochemical building blocks, is one of the most 
successful and promising routes.1 Despite the number of studies on the Piancatelli 
rearrangement and the effectiveness of this process, direct transformations of HMF close 
derivatives and, more generally C-5 substituted 2-furylcarbinols, have scarcely been 
explored.2 
We have recently shown that substituted and non-symmetrical furan-2,5-dicarbinols, readily 
obtained in one step from HMF, affords 5-substituted-4-hydroxy-4-hydroxymethyl 
cyclopentenones (HHMCP), in a regio- and diastereoselective manner, through Piancatelli 
rearrangement catalyzed by DyCl3 and under microwave activation.3 
 
 

 
 
 
This methodology can be extended to aza-Piancatelli type reactions by using nitrogen 
nucleophiles to furnish the corresponding aminocyclopentenone derivatives. These 
synthetized bis-hydroxylated cyclopentenone derivatives exhibited significant cytotoxicity 
against eight human tumor cell lines.1 
  

 
1 Xue, Z.; Ma, M.-G.; Li, Z.; Mu, T. RSC Adv. 2016, 6, 98874-98892. Chen, S.; Wojcieszak, R.; Dumeignil, F.; Marceau, 
E.; Royer, S. Chem. Rev. 2018, 118, 11023-11117. 
2 Piutti, C.; Quartieri, F. Molecules 2013, 18, 12290-12312. Verrier, C.; Moebs-Sanchez, S.; Queneau, Y.; 
Popowycz, F. Org. Biomol. Chem. 2018, 16, 676-687. 
3 Cacheux, F.; Le Goff, G.; Ouazzani, J.; Bignon, J.; Retailleau, P.; Marinetti, A.; Voituriez, A.; Betzer, J.-F. 
Org. Chem. Front. 2021, 8, 2449-2455. 
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The catalytic formation of carbon quaternary stereogenic centers from privileged structure 
such as isatins continues to be a very challenging task for the organic chemistry community 
since the 3-substituted-3-hydroxyoxindole scaffold is widely found in natural products.1 More 
specifically, 3-allyl-3-hydroxyoxindoles have a great potential for the synthesis of bioactive 
compounds,2 so there is a need to avoid metals in their preparation. Among the existing 
allylation reactions of carbonyl compounds, the asymmetric allylboration constitutes probably 
one of the most reliable and predictable stereoselective methods for the formation of 
homoallylic alcohols via a Zimmerman-Traxler transition state.3 Herein, we report the BINOL 
derivatives-catalyzed allylboration of isatins, in particular with N-unprotected substrates.4 We 
also show that this catalytic process is effective for the crotylboration reaction with excellent 
enantiomeric ratios as well as for the asymmetric synthesis of tertiary homopropargylic 
alcohols through the addition of an ethylene glycol allenylboronate to isatins. 
 

 
 

 
  

 
1 Cao, Z.-Y.; Zhou, F.; Zhou, J. Development of Synthetic Methodologies via Catalytic Enantioselective Synthesis 
of 3,3-Disubstituted Oxindoles. Acc. Chem. Res., 2018, 51,1443. 
2 See for example: Pandey, G.; Khamrai, J. Asymmetric Total Synthesis and Structural Elucidation of Unusual 
Oxindole Alkaloid Leucolusine. Asian J. Org. Chem, 2016, 5, 621. 
3 Hall, D. G.; Lachance, H. Allylboration of Carbonyl Compounds; Wiley: Hoboken, NJ, 2012.  
4 (a) Braire, J.; Dorcet, V.; Vidal, J.; Lalli, J.; Carreaux, F. BINOL derivatives-catalysed enantioselective allylboration 
of isatins: application to the synthesis of (R)-chimonamidine. Org. Biomol. Chem, 2020, 18, 6042. (b) Braire, J.; 
Macé, A.; Vidal, J.; Lalli, C.; Martel, A.; Carreaux, F. Catalytic Enantioselective Allylboration and Related Reactions 
of Isatins Promoted by Chiral BINOLs: Improvement, Scope and Mechanistic Studies. Submitted, J. Org. Chem. 
2022. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 265

POSTERS

P A150 
From total synthesis to photosynthesis, a detective journey 

to the site of action of a phytotoxic natural product 
Simon Thuillier1,2, Bruce Lockett-Walters2, Benjamin Bailleul3, Stefania Viola4, 

Emmanuel Baudouin1, Bastien Nay2 
1 Laboratoire de Biologie des Semences, IBPS, Sorbonne Université, 7-9 quai st-Bernard, 75005 Paris, France 

2 Laboratoire de Synthèse Organique, Ecole Polytechnique, route de Saclay, 91120 Palaiseau, France 
3 Laboratoire de Physiologie Membranaire et Moléculaire du Chloroplaste, IBPC, Sorbonne Université, 13 Rue 

Pierre et Marie Curie, 75005 Paris, France 
4 Department of Life Sciences, Imperial College London, London SW7 2AZ, United Kingdom 

simon.thuillier@sorbonne-universite.fr 
 
 

The current cost of production of new herbicides1 and the increased regulation related to 
ecotoxicity2 have impaired investments in herbicide development. Nonetheless the 
emergence of herbicide-resistant weeds and European regulation around the use of several 
herbicides have renewed interest in alternatives affecting new or known biological targets. In 
2019, an application of the retro-Claisen rearrangement to the total synthesis of radulanin A 
was described. Further experiments carried out on seedlings of model plant Arabidopsis 
thaliana highlighted the phytotoxicity of this molecule and its potential as a new and 
innovative herbicide, yet with an unknown mechanism.3  
The work presented in this poster highlights a new synthetic route giving the shortest and 
highest-yielding total synthesis of radulanin A, featuring a largely unexplored photochemical 
ring expansion.4 During this work, complemented by 13 structural analogs, detailed biological 
studies led to precious insights on the mode of action of radulanin A. This poster thus presents 
the investigation that led to the discovery of the radulanin A site of action.  

 
  

 
1 McDougall, P. The Cost of New Agrochemical Product Discovery, Development and Registration in 1995, 2000, 
2005-8 and 2010-2014. R&D Expenditure in 2014 and Expectations for 2019. 2016, 41. 
2 Peters, B.; Strek, H. J. Herbicide Discovery in Light of Rapidly Spreading Resistance and Ever-Increasing 
Regulatory Hurdles. Pest Manag. Sci. 2018, 74 (10), 2211–2215. DOI: 10.1002/ps.4768. 
3 Zhang, W.; Baudouin, E.; Cordier, M.; Frison, G.; Nay, B. One-Pot Synthesis of Metastable 2,5-Dihydrooxepines 
through Retro-Claisen Rearrangements: Method and Applications. Chem. – Eur. J. 2019, 25 (36), 8643–8648. DOI: 
10.1002/chem.201901675. 
4 Lockett-Walters, B.; Thuillier, S.; Baudouin, E.; Nay, B. A Total Synthesis of Phytotoxic Radulanin A Facilitated by 
the Photochemical Ring Expansion of a 2,2-Dimethylchromene in Flow. Org. Lett. 2022, 24, 22, 4029-4033. DOI: 
10.26434/chemrxiv-2022-68n6r. 
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Abstract: Imidazoisoindole scaffolds are very important backbone that are commonly found 
in pharmaceuticals and bioactive compounds including anticancer1 (indoleamine 2,3-
dioxygenase-IDO inhibitor, Figure 1a), potent neurotransmitter Neuropeptide S antagonist2 
(NPSR, Figure 1b), antimalarial3 and antiparasitic4. Of the two isomeric imidazoisoindoles, the 
5H-imidazo[2,1-a]isoindole scaffold is the most popular. Palladium-catalyzed intramolecular 
direct C—H arylation is a powerful method to prepare imidazoisoindole scaffolds from the 
corresponding imidazole moieties bearing arylhalides5. We have recently reported the 
synthesis of several fused-imidazole-based tricycle scaffolds by using palladium-catalyzed 
direct intramolecular C—H arylation of 4- or 5-carboxyimidazoles in good to excellent yields6. 
 
Here is reported a new post-functionalization methodology on the sparsely studied 
imidazoisoindole scaffolds (Scheme 1), selectively on the C(sp³)—H position, using mild basic 
conditions. This gives access to a new family of 5-(hetero)arylated imidazoisoindoles, which 
some of them may have some interesting biological activity. 

 
Figure 1: Examples of imidazoisoindole structures. A: Navoximod, IDO1 inhibitor; B: Potent NPSR antagonist 

 
Scheme 1: Post-functionalization of imidazoisoindoles and derivatives  

 
1 S. Kumar et al., J. Med. Chem. 2019, 62, 6705-6733. 
2 B. W. Trotter et al., Bioorg. Med. Chem. Lett. 2010, 20, 4704-4708. 
3 E. del Olmo et al., Eur. J. Med. Chem. 2011, 46, 5379-5386. 
4 S. Arsene et al., Eur. J. Med. Chem. 2019, 182, 111568-111582. 
5 a) V. Gracias et al., Tetrahedron Lett. 2006, 47, 8873-8876; b) N. Arai et al., Synlett 2006, 3170-3172; c) J. K. Laha 
et al., Eur. J. Org. Chem. 2014, 5469-5475; d) X. Xu et al., Adv. Synth. Catal. 2015, 357, 2869-2882; e) M. Lessi et 
al., Eur. J. Org. Chem. 2020, 796-802. 
6 a) J. Thireau et al., Eur. J. Org. Chem. 2017, 2491-2494; b) S. Frippiat et al., Synlett 2020, 31, 1015-1021. 
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Spirocycles are characterized by the presence of a fully substituted sp3 carbon which defines 
a well-organized 3D orthogonal structure. Due to their molecular rigidity, and an increased 
number of Csp3 carbons, interest in the synthesis of new and original spirocyclic compounds 
is increasing, in both academia and the pharmaceutical industry.1,2 In this work, we focused 
our attention on the synthesis of diverse heterospirocycles, compounds that possess a 
heteroatom directly attached to the quaternary spirocyclic carbon. To achieve this goal, we 
developed a simple and robust gold-catalyzed annulation reaction, giving N- and O-spirocycles 
in good to excellent yields. A screening of different transition metal catalysts and fine tuning 
of the reaction parameters led to the best cyclization conditions : low catalyst loading under 
microwave irradiation with a short reaction time.  The optimized conditions were then applied 
to a variety of substrates, to study the reaction scope and explore molecular diversity.3,4 
Double bond reduction and selective protecting group manipulation gives synthetically useful  
spiropiperidine and spiromorpholine derivatives available for further functionalization.  
 
 

 
  

 
1 Hiesinger, K.; Dar’in, D.; Proschak, E.; Krasavin, M., Spirocyclic Scaffolds in Medicinal Chemistry. J. Med. Chem. 
2021, 64, 150-183. 
2 Uprety, R. et al. Synthesis of spiro-2,6-dioxopiperazine and spiro-2,6-dioxopyrazine scaffolds using amino acids 
in a three-component reaction to generate potential Sigma-1 (σ1) receptor selective ligands. Eur. J. Med. Chem. 
2019, 164, 241-251. 
3 Soklou, K. E.; Marzag, H.; Bouillon, J.-P.; Marchivie, M.; Routier, S.; Plé, K. Gold(I)-Catalyzed Intramolecular 
Hydroamination and Hydroalkoxylation of Alkynes: Access to Original Heterospirocycles. Org. Lett. 2020, 22, 
5973-5977. 
4 Soklou, K. E.; Marzag, H.; Vallée, B.; Routier, S.; Plé, K. Synthesis of Heterospirocycles through Gold-(I) Catalysis: 
Useful Building Blocks for Medicinal Chemistry. Adv. Synth. Catal. 2022, 364, 218-224. 
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Photochemical reactions constitute powerful tools for the creation of chemical diversity from 
simple and readily available starting materials.1 They provide access to complex molecular 
structures that are difficult to obtain using other methodologies.2 These transformations 
induced by light absorption are attractive in the context of sustainable development and they 
can address this challenge more efficiently when they are incorporated in multiple bond-
forming transformation processes, such as domino reactions.3-4 

 
This presentation describes a straightforward access to a large collection of thietane 
derivatives through an innovative two-step domino photochemical reaction involving a 
Norrish-Type-II fragmentation and a thia-Paternὸ_Büchi reaction. Starting from stable diaryl 
or aryl alkyl phenacyl sulfides, unprecedented thiocarbonyl intermediates were generated in-
situ and underwent reaction with diverse electron-deficient alkene partners to form a 
thietane core. The regioselectivity and the diastereoselectivity of the thia-Paternὸ_Büchi 
reaction were successfully rationalized and controlled by adjusting the electronic an steric 
properties of the thiocarbonyl intermediates.5 

 
 
 
 

 
  

 
1 T. Bach, J. P. Hehn Angew. Chem. Int. Ed. 2011, 46, 1000-1045. 
2 A. B. Beeler. Chem. Rev. 2016, 17, 9629-9630. 
3 L. F. Tietze, G. Brasche, K. M. Gericke. Domino Reactions in Organic Synthesis; Wiley-VCH: Weinheim, 2006, 337-
358. 
4 For our own recent examples, see: (a) J. Buendia, Z. Chang, H. Eijsberg, R. Guillot, J. Xie, A. Frongia, F. Secci, S. 
Robin, T. Boddaert, D. J. Aitken, Angew. Chem. Int. Ed. 2018, 57, 6592-6596. (b) A. F. Kassir, R. Guillot, M.-C. 
Scherrmann, T. Boddaert, D. J. Aitken, Org. Lett. 2020, 22, 8522-8527. 
5 M. I. Lapuh, G. Cormier, S. Chergui, D. J. Aitken, T. Boddaert, submitted. 
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In host cells, retroviruses such as HIV-1 replicate through a double strand DNA intermediate 
which is imported into the cell nucleus and integrated into a chromosome. The proviral DNA 
genome is transcribed giving rise to genomic RNA (gRNA). The gRNA is used as mRNA for 
regulatory protein synthesis after splicing whereas the unspliced gRNA reaches the cytoplasm 
to be used as an mRNA for the synthesis of Gag and Gag-Pol polyproteins and acts as a genome 
packaged into assembling viral particle.1Discrimination between packageable and translatable 
gRNA molecules by the Gag proteins is still not clear. 
The role of m6A in HIV-1 physiology has been the object of several studies,2 the conclusions 
and the mechanisms involved remaining controversial, which may be due to the dynamic of 
the RNA methylation. The m6A are detected through an imprecise method that pinpoints a 
50nt region rather than a precise methylation site. In order to study the influence of the 
specific methylation identified on gRNA structure, translation, dimerization and trafficking 
into the cell, we develop tools to follow m6A methylation along the virus cycle. 
Here, we present the synthesis of SAM cofactor analogues to modify RNA in vitro and in cell 
to study the roles of m6A methylation in HIV-1 gRNA. In 2018, the team of Rentmeister 
developed a chemical biology approach for the precise mapping of methyltransferase (MTase) 
target sites based on the introduction of a bioorthogonal propargyl group in cells and in vitro.3 
This strategy uses cellular MTase and propargyl-L-selenohomocysteine (for in cell assay) and 
wild type MTase METTL3-METTL4 complex with synthetic AdoMet analogues carrying the 
propargyl group (for in vitro assay). So far we have completed the synthesis of SAM analogues 
containing a selenium instead of a sulfur bearing a propargyl group for in vitro labeling and 
propargyl-L-selenohomocysteine for cell labeling, which will be used to explore the roles of 
m6A methylation in HIV-1 gRNA.  

 
  

 
1 Butsch M., Boris-Lawrie K. J of virology 2002, 76, 3089-3094. 
2 Lichinchi, G., Gao S., Saletore Y., Gonzalez G.M., Bansal V., Wang Y., Mason C.E., Rana T.M. Nat Microbiol 2016, 
1, 1-9. 
3 Hartstock, K., ... & Rentmeister, A. Angewandte Chemie International Edition 2018,57(21), 6342-6346. 
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Organic electronics devices are now all around us and the chemistry of organic 
semiconductors of various optical and electronic properties is blooming. If the development 
of p-type (holes transporting, electron-rich) organic semiconductors has seen the synthesis 
and characterization of a wide variety of high-performing new materials, the preparation of 
their n-type (electron-transporting, electron-poor) equivalents is still lagging behind. This is 
mainly due to the difficulty to selectively and efficiently introduce electro-attracting group on 
conjugated molecules and to the low variety of electron-poor scaffolds available.  
We present here an alternative way to prepare AzaBenzannulated PeryleneDiimides 
(AzaBPDIs) that proceeds in three steps in one pot: an imine condensation by reaction 
between an amino-PDI derivative and an aldehyde, followed by a visible-light induced 
photocyclization and re-aromatization. This class of materials has been so far underexploited 
in organic electronics as previous strategies relied on poorly efficient acid-catalysed 
cyclisations. This light-mediated method allows us to prepare bay-extended perylenoïd 
materials without the need for a precious metal catalyst and the tedious preliminary 
bromination of the PDI core. Multimeric and heteroatoms doped materials prepared with 
various aromatic side-groups showed good n-type semiconducting properties and performed 
as modest non-fullerene acceptors in organic solar cells exhibiting high open-circuit voltages. 
Interestingly, the reversible and dynamic covalent character of the first step of the reaction 
opens a new route for the synthesis of organic semiconducting polymers, by preparing size-
defined oligomers and polymers at thermodynamic equilibrium, subsequently locked by 
exposure to visible light into kinetically inert materials.1 
 

 
 

  

 
1 A. Goujon, P. Hudhomme, J. Org. Chem. 2020, 85, 7218. 
2 P. Hudhomme, J. Org. Chem. 2020, 85, 12252. 
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Organic energetic materials based on fused nitrogen containing heterocycles are a unique 
class of large conjugate structures which contain two or more rings that share two atoms and 
one bond. They have been identified as promising contenders to traditional energetic 
materials1. In this context, several [5,5]-bicyclic heterocycle-fused compounds, such as DNPP2 
or TATOT3, were described for energetic applications. Studies conducted in our laboratories 
have highlighted that triazapentalenes compounds exhibit an original structure, which confers 
them interesting properties and an attractive carbon/nitrogen ratio for energetics 
applications4.  
To further explore azapentalene structures and their properties, our group is now working on 
diazapentales derivatives. These mesoionic compounds are characterized by a fused 
biheterocyclic system connected by two nitrogen atoms (Fig 1). Since their discovery by 
Trofimenko5,6 in 1965, very few papers have been dealing with the synthesis of this 3a-6a-
diazapentalene scaffold. Because of the tricky synthetic pathways and the very small scope of 
compatible substituents on this aromatic ring, no more studies on its reactivity/chemistry 
were reported. To overcome this situation, we succeeded in developing an efficient approach 
for the synthesis of stable and diversely functionalized diazapentalenes and were able to 
consider some aspects of their reactivity.  
 

 
Figure 3: Structure and Synthesis of diazapentalenes 

  

 
1 H. Gao, Q. Zhang, J.M. Shreeve, J. Mater. Chem. A, 2020, 8,4193 
2 J. Zhang, D. A. Parrish, J.M. Shreeve, Chem. Asian J. 2014, 9, 2953 – 2960 
3 T.M. Klapötke, P.C. Schmid, S. Schnell, and J. Stierstorfer, Chem. Eur. J. 2015, 21, 9219 – 9228 
4 C. Nyffenegger, E. Pasquinet, F. Suzenet, D. Poullain, G. Guillaumet, Synlett, 2009, 1318–1320 
5 S. Trofimenko and all, US3431275A, 1965 
6 S. Trofimenko, J. Am. Chem. Soc.1966, 88:23 
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Sulfones are important motifs in biologically active molecules, and serve as versatile bulding 
blocks in a number of carbon-carbon bond-forming reactions, such as the Julia-olefination or 
the Ramberg-Bäcklund reaction.[1] In particular, the preparation of allylsulfones usually 
requires multi-step syntheses and starting materials not commercially available. In the frame 
of recent studies by us and others on the Pd-catalyzed direct allylic C–H activation of alkenes 
involving C–O, C–C, and C–N bond formation,[2] and on the synthesis and the reactivity of 
allylsulfones under Pd-catalysis,3 we have now developed two protocols for the direct 
conversion of terminal alkenes into allylsulfones. While the former method involves a Pd(II)-
catalyzed allylic C-H acylation[4] followed by in situ Pd(0)-catalyzed sulfonylation of the 
resulting allyl ester, the latter one involves a Pd(II)-catalyzed direct allylic C–H sulfonylation.[5] 
A variety of allylic sulfones could be isolated in moderate to good yields with a wide functional 
group tolerance for both protocols. 
 

 
 
  

 
1 For a review on the use of sulfones in synthesis, see: a) Trost, B. M. Bull. Chem. Soc. Jpn. 1988, 61, 107; b) 
Plesniak, K.; Zarecki, A.; Wicha, J. Top. Curr. Chem. 2007, 275, 163.  
2 For a selection of examples, see: a) Chen, M. S.; White, M. C. J. Am. Chem. Soc. 2004, 126, 1346; b) Young, A. J.; 
White, M. C. J. Am. Chem. Soc. 2008, 130, 14090; c) Reed, S. A.; Mazzotti, A. R.; White, M. C. J. Am. Chem. Soc. 
2009, 131, 11701-11706; d) review: Liron, F.; Oble, J.; Lorion, M. M.; Poli, G. Eur. J. Org. Chem. 2014, 5863. 
3 Unpublished results. 
4 Diamante, D.; Gabrieli, S.; Benincori, T.; Broggini, G.; Oble, J.; Poli, G. Synthesis 2016, 48, 3400. 
5 For a recently published C–H allylic sulfonylation protocol via Cu-catalysis, see: Liu, L.; Wang C. Tetrahedron 
Lett. 2022, 88, 153553. 
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Methane is a widely used molecule with an annual consumption of 3.67 billion m3 in 2017, 11 

and its production is almost entirely relying on fossil sources. Some renewable solutions have 
been proposed, such as the biogas facilities which produce methane by anaerobic digestion, 2 
or the direct hydrogenation of CO2 into methane. 3-5 The conversion of CO2 into methane can 
lead to several reduction products with different oxidation states such as formic acid, 
methanol, as well as methyl formate which comes from the esterification reaction between 
the alcohol and acid intermediates. In order to help driving the reaction towards methane we 
considered the challenging decarboxylation of methyl formate: only one example to our 
knowledge has been reported by Jenner in 1995 but his reaction faced selectivity issues. 6 
We report here the homogeneous decarboxylation of methyl formate and more generally 
alkyl formates by activation of the C-O bond thanks to the combination of a ruthenium triphos 
catalyst and an additive, lithium iodide, in THF. This allows the indirect reduction of methanol 
into methane with methyl formate as starting material, using formic acid as a reducing agent. 
Methyl formate is a low-boiling, non-toxic liquid that can be easily obtained by esterification 
between formic acid and methanol. NMR quantification confirmed the selective formation of 
methane (in the case of methyl formate) with a yield of more than 95 %.  

  

 
1 Natural gas consumption in 2017, www.statista.com 
2 A. Molino, F. Nanna, Y. Ding, B. Bikson and G. Braccio, Fuel, 2013, 103, 1003–1009. 

3 G. Garbarino, D. Bellotti, P. Riani, L. Magistri and G. Busca, Int. J. Hydrogen Energy, 2015, 40, 9171–9182. 

4 J. Kirchner, J. K. Anolleck, H. Lösch and S. Kureti, Appl. Catal. B Environ., 2018, 223, 47–59. 

5 W. Li, X. Nie, X. Jiang, A. Zhang, F. Ding, M. Liu, Z. Liu, X. Guo and C. Song, Appl. Catal. B Environ., 2018, 220, 
397–408. 

6 G. Jenner, Appl. Catal. A, Gen., 1995, 121, 25–44 
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The marine sponge toxin latrunculin B was discovered in 1980 and has shown the ability to 
disrupt cellular microfilaments by binding and sequestrating free actin monomers.1,2,3 This 
actin polymerization inhibiting effect has brought interest to the molecule and made it 
popular among cellular biologists working on the cytoskeleton. 

 
To go further in the control of actin polymerization, the total synthesis of a photocaged 
latrunculin B could provide a molecular tool for the local and on demand inhibition of the actin 
network in cells. Using light, we could trigger the photodeptrotection of an inactive 
photocaged latrunculin B to release locally the active natural product (Scheme A). 

 
The total synthesis of this compound was planned in a convergent way by three main 
disconnections, isolating three intermediate fragments. The thiazolidine heterocycle will be 
grafted by a diastereoselective aldol reaction and the macrocycle formed by esterification 
followed by a recently developed stereoretentive ring closing metathesis (Scheme B).4 

 

 
 

  

 
1 Kashman, Y.; Groweiss, A.; Shmueli, U. Tetrahedron Lett. 1980, 21 (37), 3629–3632. 
2 Coué, M.; Brenner, S. L.; Spector, I.; Korn, E. D. FEBS Lett. 1987, 213 (2), 316–318 
3. Spector, I.; Shochet, N. R.; Kashman, Y.; Groweiss, A. Science 1983, 219 (4584), 493–495. 
4 Müller, D. S.; Curbet, I.; Raoul, Y.; Le Nôtre, J.; Baslé, O.; Mauduit, M. Org. Lett. 2018, 20 (21), 6822–6826. 
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Cyclopropane, as the smallest and most constraint cycloalkane, represents an interesting 
motif, naturally present in organic molecules.1 The introduction of a three-membered ring can 
enhance a drug’s potency.2 Among this class of compounds, cyclopropane α-amino acids have 
raised a particular interest, as they represent a unique form of constraint amino-acids found 
in nature.3 Yet, their synthesis remains challenging especially under asymmetric conditions, as 
only a few methods have been reported up to date and describing only tri-substituted 
cyclopropane α-amino acids.4 
 
We report here a general and mild method to access enantiomerically pure tetra-substituted 
cyclopropane α-amino acids, from amino-acid alkenes, in the presence of diazo compounds 
and a chiral rhodium catalyst. 
 

 
 
 
  

 
1 Faust R., Angew. Chem. Int. Ed. 2001, 40, 2251. 
2 a) Matsui, K.; Kido, Y.; Watari, R.; Kashima, Y.; Yoshida, Y.; Shuto, S., Chem. Eur. J. 2017, 23, 3034. b) Weber, A.; 
Döhl, K.; Sachs, J.; Nordschild, A. C. M.; Schröder, D.; Kulik, A.; Fischer, T.; Schmitt, L.; Teusch, N.; Pietruszka, J., 
Bioorganic Med. Chem. 2017, 25, 6115. 
3 a) Flick, A. C.; Leverett, C. A.; Ding, H. X.; McInturff, E.; Fink, S. J.; Helal, C. J.; DeForest, J. C.; Morse, P. D.; 
Mahapatra, S.; O’Donnell, C. J., J. Med. Chem. 2020, 63, 10652. b) Yuan, S.; Yu, B.; Liu, H.-M., Eur. J. Med. Chem. 
2020, 205, 112667. c) Yuan, S.; Luo, Y.-Q.; Zuo, J.-H.; Liu, H.; Li, F.; Yu, B., Eur. J. Med. Chem. 2021, 215, 113284. 
4 a) Rui, Z.; Xianming, D.; Juncheng, Z.; Qi, S.; Xiuli, S.; Yong, T., Chin. J. Chem. 2011, 29, 995. b) Cindy Lee, W.-C.; 
Wang, D.-S.; Zhang, C.; Xie, J.: Li, B.; Zhang, X. P. Chem., 2021, 7, 1588. 
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Over the past decades, gold-catalyzed reactions emerged as powerful tools for organic 
synthesis. Indeed, gold catalysts proved to be excellent candidates for the selective activation 
of various π-systems and subsequent functionalization.1 In this context, it appeared that 
gold(I) catalysts can easily react with terminal alkynes or silylated alkynes to form the 
corresponding gold acetylides. Despite their moderate nucleophilicity, this kind of 
organometallic intermediate can react with activated electrophiles such as iminium.2 
Nevertheless, these reactions usually require the use of stabilized iminium and/or silylated 
alkynes.3 Although copper can be used as an alternative catalyst, the addition of 
stoichiometric base and Lewis acid remain necessary.4 We present here the gold(I)-catalyzed 
reaction of terminal alkynes and N,O-acetals, the latter being prepared by electrochemical 
Shono oxidation of readily available tosyl-protected cyclic amines.5 This gold(I)-catalyzed 
transformation takes place under simple conditions without addition of any additives and can 
be performed on a variety of reaction partners. Overall, this new methodology allowed the 
access to a range of alkynylated saturated N-heterocycles over a step- and atom-economical 
process. In addition, preliminary results using chiral gold(I) catalysts led to promising 
enantiomeric ratio up to 85:15.6  
 

 
 

 
1 (a) Toste, F. D., Michelet, V., Eds.; Gold Catalysis: An Homogeneous Approach; Imperial College Press: London, 
2014. (b) Hashmi, A. S. K. Gold-Catalyzed Organic Reactions. Top. Organomet. Chem. 2013, 44, 143-164. (c) The 
Chemistry of Organogold Compounds. In Patai’s Chemistry of Functional Groups; Rappoport, Z., Liebman, J. F., 
Marek, I., Eds.; John Wiley & Sons, Inc.: Hoboken, NJ, 2014. (d) Homogeneous Gold Catalysis. In Topics in Current 
Chemistry; Slaughter, L. M., Ed.; Springer: Berlin, 2015. 
2 Wei, C.; Li, C.-J. A J. Am. Chem. Soc. 2003, 125, 9584-9585. 
3 Michalska, M.; Songis, O.; Taillier, C.; Bew, S. P.; Dalla, V. Adv. Synth. Catal. 2014, 356, 2040-2050. 
4 Guan, W.; Santana, S. O.; Liao, J.; Henninger, K.; Watson, M. P. ACS Catal. 2020, 10, 13820-13824. 
5 Novaes, L. F. T.; Ho, J. S. K.; Mao, K.; Liu, K.; Tanwar, M.; Neurock, M.; Villemure, E.; Terrett, J. A.; Lin, S. J. Am. 
Chem. Soc. 2022, 144, 1187-1197. 
6 Melot, R.; Olivero, S.; Michelet, V. submitted publication. 
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Pyrrole and triazole derivatives are powerful moieties to elaborate drugs which are used in 
various areas of medicine.1 For these reasons, their introduction in medicinal chemistry 
programs has grown, in particular in the context of molecular diversity and innovative 
chemical space research.2 These two small heterocycles have been fused in bicyclic systems3, 
nevertheless, the literature reports only one example of these two cycles combined together 
in a [5:5] fused ring to access benzylated pyrrolo[2,3-d][1,2,3]triazoles of type B.4 To date, no 
method is available to introduce the chosen substituents in N-1, N-4, C-5, and C-6 positions. 
This lack of references and methods induces a gap in the exploration of the chemical space 
and prompted us to search for novel and efficient strategies from a unique versatile platform 
towards highly diversified structures in a minimum number of steps. 
 
In order to introduce a wide range of functional groups, a solution consists in building a library 
of pyrrolo[2,3-d][1,2,3]triazole platforms D from commercially available 3-pyrrolidinone C 
patterns using a regioselective MCR cyclisation sequence and then elaborating its selective 
functionalization using arylation procedures.  
 

 
 
 
  

 
1 da Forezi, L. et al. Chem. Rec. 2021, 21, 2782–2807. Jeelan Basha, N. et al. Mol. Divers. 2022, 1–23. Bianco, M. 
et al. Pharmaceuticals 2021, 14, 893. 
2 Reymond, J.-L. et al.; ACS Chem. Neurosci. 2012, 3, 649–657; MedChemComm 2010, 1, 30–38. 
3 Wójcicka, A. et al. Pharmaceuticals 2021, 14, 354. Kumar, H. et al. ChemistrySelect 2021, 6, 4889–4947. 
4 Passannanti, A. et al. Heterocycles 1998, 48, 1229–1235. 
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N-acyliminium ions are recognized as highly reactive electrophilic intermediates for C-C and 
C-heteroatom bond formation.1 However, in the literature, very few examples involving 
trifluoromethylated N-acyliminium ions have been described.2–7 Indeed, the presence of the 
strongly electron-withdrawing CF3 group not only stabilizes the N,O-acetal precursors, which 
makes the formation of N-acyliminium ions difficult, but also greatly destabilizes and hinders 
these ions rendering their reactions with nucleophiles arduous. These intermediates have 
been mainly involved in intramolecular reactions with aromatic nucleophiles (Pictet-Spengler 
type reaction).2,4,7 As well as intramolecular reactions with F-,3 O-,5 and N-6 nucleophiles have 
also been described.  
 
In this context, we are studying the intramolecular reaction of alkenes with 
trifluoromethylated N,O-acetals derived from L-tartaric acid under acidic conditions. Our 
recent results will be presented. 
 
 
 

 
 

  

 
1 Speckamp, W. N.; Moolenaar, M. J. Tetrahedron 2000, 56 (24), 3817–3856. 
2 Eguchi, S.; Okano, T.; Sakaida, T. Heterocycles 1997, 44 (1), 227-236. 
3 Hoffmann-Röder, A.; Schweizer, E.; Egger, J.; Seiler, P.; Obst-Sander, U.; Wagner, B.; Kansy, M.; Banner, D. W.; 
Diederich, F. ChemMedChem 2006, 1 (11), 1205–1215. 
4 Pandey, V. K.; Anbarasan, P. J. Org. Chem. 2014, 79 (9), 4154–4160. 
5 Kadoh, Y.; Oisaki, K.; Kanai, M. Chem. Pharm. Bull. 2016, 64 (7), 737–753. 
6 Ben Jamaa, A.; Grellepois, F. J. Org. Chem. 2017, 82 (19), 10360–10375.  
7 Ben Jamaa, A.; Latrache, M.; Riguet, E.; Grellepois, F. J. Org. Chem. 2020, 85 (15), 9585–9598. 
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The Hock rearrangement (path (1), Figure 1) is a reaction with significant applications in 
industry. For instance, since the development of the cumene process by Hock and Lang1, this 
reaction plays a crucial role for the production of millions of tons of phenol and acetone each 
year2. Nevertheless, this rearrangement remains scarcely used in organic synthesis. Fully 
harnessing its potential to develop efficient synthetic routes remains a real challenge for 
organic chemists. Herein, we report for the first time a computational study at the DFT level 
on the Hock reaction in combination with experimental studies to fully assess its mechanism 
and thus provide a clear view of the key parameters to understand the observed reactivity. 
Innovative proposals were implemented to this reaction: (i) transforming the classical Hock 
rearrangement into a catalytic reaction using a Lewis acid, and (ii) trapping the oxocarbenium 
intermediate formed in situ with an external nucleophile. This work builds the foundations of 
the “interrupted Hock reaction” (path (2), Figure 1). In addition, this study challenges the 
classical Hock reaction by enabling the migration of aliphatic carbons rather than sp2 carbons.  
 
 
 

 
 
 

Figure 1: Classical Hock rearrangement (1) “interrupted Hock reaction” (2) 
 
 
 
 
  

 
1 H. Hock and S. Lang, Ber. Dtsch. Chem. Ges. 1944, 77, 257 
2 M. Weber, M. Weber and M. Kleine-Boymann, Ullmann's Encyclopedia of Industrial Chemistry, 2004, 26, 503-
519 
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Bambusurils (BU[4,6], Figure 1) are cyclic oligomers composed of n glycoluril units1 (n = 4 or 
6). BU[6] can bind anions with high affinity inside their cavity due to twelve C-H··X- bounds. 
BU[6] are the best complexing agents known so far for iodides.1,2 BUs can have different R 
substituents, making them soluble either in organic or in aqueous media and modifying anions 
recognition.3,4 
In our laboratory, two families of functionalizable bambusurils have been developed: 
allyl12BU[n] and propargyl12BU[n]. Thanks to their alkenes or alkynes substituents, they can be 
fully post-functionalized by various chemical groups, using thiol-ene click reaction for 
allyl12BU[n] and click chemistry for propargyl12BU[n]. Affinity constants of BU[6] with anions 
were measured using Isothermal Titration Calorimetry (ITC), providing high affinities for both 
families.3 

 
Figure 1: Functionalization of Allyl12BU[6] and Propargyl12BU[6] and radioiodide complexation 

BU[4] and BU[6] were used for the first time as multivalent scaffolds to link glycosidases 
inhibitors derived from 1-deoxynojirimycine (DNJ).5 N-alkylDNJ derivatives were clicked on 
propargylated BUs using CuAAC reaction to generate multivalent clusters bearing up to 24 
iminosugars. The NeoglycoBU[n] were evaluated against Jack Bean α-mannosidase, showing 
strong affinities especially for BUs bearing trivalent dendrons (Ki = 24 nM for BU[4] with 24 
DNJ units). 
Thanks to its different isotopes, iodine has a great use in nuclear medicine such as tumours 
diagnostic with TEMP (123I) and PET (124I) but also in radiotherapy with 125I (Auger electrons 
emissions) and 131I (β- emissions). By complexing these various radioiodides, bambusurils 
could be used either in diagnostic or in therapy after appropriate functionalization (Figure 1).  

 
1 T. Lizal, V. Sindelar, Isr. J. Chem. 2018, 58, 326. 
2 T. Fiala, K. Sleziakova, K. Marsalek, K. Salvadori, V. Sindelar, J. Org. Chem., 2018, 83, 1903. 
3 M. Lafosse, E. Cartier, K. Solmont, J. Rivollier, D. Azazna, P. Thuéry, Y. Boulard, A. Gontier, J.-B. Charbonnier, B. 
Kuhnast, M.-P. Heck, Org. Lett., 2020, 22, 3099. 
4 D. Azazna, M. Lafosse, J. Rivollier, J. Wang, I. Ben Cheikh, M. Meyer, P. Thuéry, J.-P. Dognon, G. Hubert, M.-P. 
Heck, Chem. Eur. J., 2018, 24, 10793. 
5 M. Lafosse, Y. Liang, J. P. Schneider, E. Cartier, A. Bodlenner, P. Compain, M.-P. Heck, Molecules, 2022, 27, 4772. 
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The quinazoline heterocycle is taking important proportion in recent anticancer drug 
discovery, especially as a 2,3-fused quinazolinone pharmacophore,11 which is also found 
innumerous natural products. For example, anacine and its derivatives ( e.g. aurantiomide C, 
4) have a quinazolinopiperazine core, and have been isolated from Penicillium species.2 They 
displayed good biological activities as antibacterial, anti-insect or cytotoxic. It has been 
reported that the methods of synthesis of fused quinazolinopiperazine can be challenging,3,4 
offering the opportunity of further developments. During this work focused on the total 
synthesis of anacine (1) and aurantiomides A-C (2-4), our strategy used a key 
cyclocondensation step performed on an a-peptidylamino-g-butyrolactone (5), which was 
accompanied by a fortuitous oxidation step to release the quinazolinopiperazine core of the 
natural products, bearing a hydroxyethyl substituent (6). After bromination of this terminal 
alcohol (7), we successfully performed a nickel-catalyzed aminocarbonylation in presence of 
an isocyanide.5 Although this last step needed an amide protection, it is particularly original 
as it uses a rare transformation here applied to the synthesis of a highly functionalized natural 
product 4, aurantiomide C. 

  
  Natural products anacine and aurantiomides from Penicillium species 

 

 
  The cyclocondensation and aminocarbonylation steps of total synthesis of aurantiomide C 

 
 
  

 
1 Wang, W.; Zou, P.-S.; Pang, L.; Pan, C.-X.; Mo, D.-L.; Su, G.-F. Org. Biomol. Chem. 2022, 20, 6293. 
2 Xin, Z. H.; Fang, Y.; Du, L.; Zhu, T.; Duan, L.; Chen, J.; Gu, Q.-Q.; Zhu, W.-M. J. Nat. Prod. 2007, 70, 853. 
3 Tseng, M.-C.; Chu, Y.-H. Tetrahedron 2008, 64, 9515. 
4 Wang, H.; Sim, M. M. J. Nat. Prod. 2001, 64, 1497. 
5 Li, Q.; Jin, H.; Liu, Y.; Zhou, B. Synthesis 2020, 52, 3466. 
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The synthesis of complex glycoconjugates usually requires multi-step synthesis including 
protection-deprotections steps. In this context we have developed a tandem protocol 
mediated by FeCl3.6H2O for the regioselective protections of saccharides.1 During our studies 
we found FeCl3.6H2O to be very efficient for the protection of trehalose, a symmetrical 
disaccharide found in the cell wall (mycomembrane) of mycobacteria such as M. tuberculosis, 
the etiological agent of tuberculosis. This iron(III) chloride-mediated protocol has been 
successfully applied for the synthesis of complex sulfolipids found in the mycomembrane of 
M. tuberculosis, which are antigens able to control the mycobacterial infection.2 Recently, we 
have modified our tandem protocol in order to obtain the desymmetrized trehalose derivative 
1, and we have used this key compound for the synthesis of chemical tools for the study of 
the mycomembrane.3 Regioselective protection of trehalose leading to 1 and the synthesis of 
these chemical tools will be presented as well as their use for the labeling of the 
mycomembrane of corynebacteria. 
 

  
 

1 a) Bourdreux, Y.; Lemétais, A.; Urban, D.; Beau, J.-M. Chem. Commun. 2011, 47, 2146; b) Gouasmat, A.; 
Lemétais, A.; Solles, J.; Bourdreux, Y.; Beau, J.-M. Eur. J. Org. Chem. 2017, 3355. 
2 a) Lemétais, A.; Bourdreux, Y.; Lesot, P.; Farjon, J.; Beau, J.-M. J. Org. Chem. 2013, 78, 7648; b) Gau, B.; Lemétais, 
A.; Lepore, M.; Garcia-Alles, L. F.; Bourdreux, Y.; Mori, L.; Gilleron, M.; De Libero, G.; Puzo, G.; Beau, J.-M; Prandi, 
J. ChemBioChem 2013, 14, 2413. 
3 Carlier, M.; Lesur, E.; Baron, A.; Lemétais, A.; Guitot, K.; Roupnel, L.; Dietrich, C.; Doisneau, G.; Urban, D.; Bayan, 
N.; Beau, J.-M.; Guianvarc’h, D.; Vauzeilles, B.; Bourdreux, Y. Org. Biomol. Chem., 2022, 20, 1974. 
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Oxacycles are commonly found in natural products. Some compounds of interest to us, due 
to their complexity and biological properties, are based on the seven-membered oxepane or 
oxepin motif, like the fungal cyclotripeptides janoxepin and varioxepin A, or the plant 2,5-
dihydrobenzoxepin radulanin A. Numerous strategies have been described in the literature 
for their synthesis through C-C (e.g. metathesis) or C-O (e.g. Mitsunobu reaction) bond 
formation. However, these strategies use long synthetic sequences to reach the precursors. 
In this poster, we want to disclose our latest results on the synthesis of oxacycles. Several 
rearrangement-based methodologies will be described. First, the retro-Claisen [3,3] 
rearrangement of cis-2-vinylcyclopropane carboxaldehydes allowed us to synthesize two 
different natural products using a fragment-based strategy: janoxepin1 and radulanin A.2 
Second, an interrupted Hock cleavage of 1-hydroperoxycycloalkanes led to new oxacycles and 
allowed us to synthesize substituted benzoxepanes and chromanes like the natural product 
erythrococcamide B. In addition, a photochemical rearrangement should complete this panel 
of methodologies.3 

 
Our total synthesis of janoxepin, including a strong methodological development for each key 
step, uses a fragment-based strategy leading to an important increase of complexity through 
the retro-Claisen rearrangement. The completion of the synthesis was particularly 
challenging, when it came to oxidize the dihydrooxepin intermediate into the oxepin ring. Our 
total synthesis of radulanine A employed a similar rearrangement but here, the challenge lied 
on the aromatization step. Overall, these works show that the retro-Claisen rearrangement 
can be useful in total synthesis.4 

Acknowledgements: French Ministry of Research, CNRS, Institut Polytechnique de Paris, Labex CHARM3AT, 
French Research Agency (RHOCKI project n° ANR-19-CE07-0012) for financial supports. 
  

 
1 Total synthesis precedent: R. G. Doveston, R. Steendam, S. Jones, R.J.K. Taylor, Org. Lett. 2012, 14, 1122-1125. 
2 W. Zhang, E. Baudouin, M. Cordier, G. Frison and B. Nay, Chem. Eur. J. 2019, 25, 8643-8648. 
3 B. Lockett-Walters, S. Thuillier, E. Baudouin, B. Nay, Org. Lett. 2022, 24, 4029–4033. 
4 W. Zhang and B. Nay, Eur. J. Org. Chem. 2020, 3517-3525. 
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Benzo[c][2,7]naphthyridinones are privileged tricyclic motifs in various natural alkaloids and 
diverse organic chemicals.1 These scaffolds exhibit great interest as biologically active 
molecules. Because of the increasing importance of benzo[c][2,7]naphthyridinone derivatives, 
several synthetic strategies have been developed over the last decades (e.g: cascade Suzuki-
cyclization, palladium-catalyzed cross-coupling).  
[2 + 2 +2] cyclization between alkynes and nitriles is a powerful method for the preparation of 
heterocyclic structures 2-4 and could represent an alternative synthetic route to access 
naphthyridinone derivatives. 

 
A convenient method for the synthesis of benzo[c]naphthyridinone derivatives was described. 
The [2+2+2] cycloaddition of various mono- or di-substituted 1,7-diynes and electron-rich 
cyanamides in the presence of 2 mol % of ruthenium catalyst provided 
benzo[c]naphthyridinones with yields up to 79% and regioselectivities up to 95%. The 
versatility and the robustness of the reaction have been demonstrated by achieving gram 
scale synthesis and post-functionalizations.5  

 
1 Luo, L.; Wang, Q.; Peng, X.; Hu, C.; Wang, H. Tetrahedron Lett., 2017, 58, 2792. 2 Selected references: Vollhardt, K. P. Angew. 
Chem. Int. Ed., 1984, 8, 539. 3 a) Gandon, V.; Aubert, C.; Malacria, M. Chem. Commun., 2006, 2209. b) Agenet, N.; Buisine, O.; 
Slowinski, F.; Gandon, V.; Aubert, C.; Malacria, M. Organic Reactions, Vol. 68; Overman, L. E., Ed.; John Wiley & Sons: Hoboken, 
2007, 1. c) Garcia, P.; Evanno, Y.; George, P.; Sevrin, M.; Ricci, G.; Malacria, M.; Aubert, C.; Gandon, V. Org. Lett., 2011, 13, 
2030. d) Garcia, P.; Evanno, Y.; George, P., Sevrin, M.; Ricci, G.; Malacria, M.; Aubert, C.; Gandon, V. Chem. Eur. J., 2012, 18, 
4337. e) Amatore, M.; Aubert, C. Eur. J. Org. Chem., 2015, 2015, 265. 4 Review: Matton, P.; Huvelle, S.; Haddad, M.; 
Phansavath, P.; Ratovelomanana-Vidal, V. Synthesis, 2022, 54, 4 and cited references. 5 Huvelle, S.; Matton, P.; Tran, C.; Rager, 
M-N.; Haddad, M.; Ratovelomanana-Vidal, V. Org. Lett. 2022, 24, 5126−5131. 
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Nitrogen-containing heterocycles are of great importance to life science.1  Therefore, their 
formations, manipulations, and diversifications represent a significant socioeconomic stake 
for chemical companies, and the discovery of novel synthetic approaches fulfilling modern 
reaction ideals of green chemistry is still an important challenge.   Nitroarenes constitute 
interesting starting materials for the construction of N-containing molecules due to their low 
cost and ready access by nitration of bulk arenes.2 To date, the modification of nitro 
compounds through C–H bond functionalizations are limited to single C–C bond formation and 
required post-functionalization of the nitro group to deliver heterocycles.3 
 
In this project, a novel Rh(III)-catalyzed cascade reaction involving C–H bond functionalization 
– O-atom transfer and rearrangement from of nitroarenes, 1,2-diaryl alkynes and anhydrides 
will be presented.  The reaction unexpectedly affords 3,3-disubstituted oxindoles containing 
an α-carbonyl quaternary center in a one-pot under redox-neutral conditions with a good 
functional group tolerance.  A series of Rh(III) complexes were investigated leading to the 
development of a new functionalized cyclopentadienyl (CpTMP)Rh(III) [CpTMP = 1-(3,4,5-
trimethoxyphenyl)-2,3,4,5-tetratmethylcyclopentadienyl] catalyst which  combines an 
electron-rich character and elliptical-shape. The mechanistic pathway was clarified with the 
isolation of three fully analyzed rhodacycles intermediates. Details of these mechanistic 
studies will be reported.  
 
 
 
  

 
1 Heravi, M. M.; Zadsirjan, V., RSC Adv. 2020, 10, 44247-44311. 
2 Chen, D.;  Su, S.-J.; Cao, Y., J. Mat. Chem. C 2014, 2, 9565-9578. 
3 (a) Caron, L.;  Campeau, L.-C.; Fagnou, K., Org. Lett. 2008, 10, 4533-4536; (b) Tan, E.;  Montesinos-Magraner, 
M.;  García-Morales, C.;  Mayans, J. G.; Echavarren, A. M., Chem. Sci. 2021, 12, 14731-14739. 
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Conformationally restrained bridgehead phosphine oxide derivatives, such as 1-
phosphabicyclo[3,3,1]-nonanes 1 (also called methanophosphocines) were originally 
described by Issleib in the late seventies. They were obtained through the radical cyclization 
of unsaturated and highly pyrophoric primary alkenylphosphines.1 We reinvestigated such 
approach using gold-catalyzed double cyclization of bis(arylmethyl)ethynylphosphine oxides 
2 to afford a collection of diversely substituted methanophosphocines.2  
 
In the meantime, the last decade has seen the emergence of strained cyclic phosphine oxides 
as a novel class of organocatalysts. P(III)/P(V) redox cycling showed numerous applications 
from classic phosphine promoted reactions like Wittig olefination or Staudinger ligation to 
cascade or cross-coupling reactions. The best catalysts showed a clear tendency to narrow the 
heterocyclic core thus facilitating the rate limiting reduction step.3 Nonetheless, significant 
efforts are still needed to increase their efficiency. In this context, conformationally restrained 
P-bridgehead methanophosphocines are yet to be explored and preliminary results clearly 
indicate that they could be a very promising core for P(III)/P(V) redox cycling. 
 
To explore the potential of this new organocatalyst, a wide range of bis(biaryl) 
methanophosphocines 3 have been synthesized in moderate to high yields through a double 
Suzuki-Miyaura coupling between easily accessible dibromo derivative 1 and various 
arylboronic acids. Surprisingly, ortho-substituted unsymmetrical derivatives presented an 
original combination of axial and central chirality. Such unusual symmetry for 2,2’ 
disubstituted systems and the corresponding chirality will be discussed based on both 
experimental and computational results. 
 

  

 
1 Krech, F.; Issleib, K. Z. Z. Anorg. Allg. Chem., 1976, 425, 209−216 
2 Babouri, R.; Traore, L.; Bekro, Y.-A.; Matveeva, V. I.; Sadykova, Y. M.; Voronina, J. K.; Burilov, A. R.; Ayad, T.; 
Volle, J.-N.; Virieux, D.; Pirat, J.-L. Org. Lett., 2019, 21, 45–49. 
3 Longwitz, L.; Spannenberg, A.; Werner, T. ACS Catal., 2019, 9, 9237–9244. 
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Photochemically generated 1O2 remains to date the most important industrial application of 
visible light photochemistry with well-known examples such as the production of the 
fragrance compound rose oxide from citronellol and the synthesis of the antimalarial drug 
artemisinin from dihydroartemisinic acid (Scheme 1.A).1  
Visible-light photooxidations of naphthols to produce naphthoquinones, such as the natural 
product juglone, has been known for decades and has been widely utilized to benchmark the 
performances of a variety of photocatalytic systems. We discovered that naphthoquinone 
derivatives, such as juglone, and their naphthol precursors, such as 1,5-
dihydroxynaphthalene, display photosensitization properties and are able to efficiently 
produce singlet oxygen upon photoexcitation with blue-light.2 Spectroscopic characterizations 
indicate that juglone is a particularly attractive visible-light photosensitizer. This results in an 
intriguing and inherently greener self-sensitization process. The extrapolation from batch 
experiments to continuous flow reactors also demonstrates how this could translate into a 
more environmentally benign alternative to commonly used organic and organometallic 
photocatalysts.  

 
1 (a) Amara, Z.; Bellamy, J. F. B.; Horvath, R.; Miller, S. J.; Beeby, A.; Burgard, A.; Rossen, K.; Poliakoff, M.; George, 
M. W. Applying Green Chemistry to the Photochemical Route to Artemisinin. Nature Chem 2015, 7 (6), 489–495. 
DOI: 10.1038/nchem.2261, 
 (b) Gomez Fernandez, M. A.; Nascimento de Oliveira, M.; Zanetti, A.; Schwertz, G.; Cossy, J.; Amara, Z. 
Photochemical Hydrothiolation of Amorphadiene and Formal Synthesis of Artemisinin via a Pummerer 
Rearrangement. Org. Lett. 2021, 23 (15), 5593–5598. DOI: 10.1021/acs.orglett.1c00636. 
2 Lancel, M.; Zimberlin, P.; Gomez, C; Port, M.; Monnereau, C.; Khrouz, L.; Amara, Z. Submitted for publication. 
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In man, N-glycosylation of glycoproteins involves the synthesis of a complex oligosaccharide, 
linked by a diphosphate to a lipid carrier (dolichol), followed by its transfer onto the amine of 
a nascent protein. Mutations in genes required for the synthesis of this dolichol-linked 
oligosaccharide (DLO) or the transfer of its oligosaccharide onto proteins provoke 
accumulations of phosphorylated truncated DLO intermediates and hypoglycosylated 
proteins. They are hallmarks for rare diseases called Type I Congenital Disorders of 
Glycosylation (CDG I) that can affect different organs.11  
DLO diphosphatases (DLODPs) cleave the diphosphate of truncated DLO resulting in the 
formation of truncated oligosaccharides phosphates which are characteristic of CDG. We 
hypothesize that DLODPs destroy toxic truncated DLO intermediates, which are generated 
under pathological conditions like CDG-I, that would otherwise cause cell pathology.2 
 
In order to identify DLODP genes and test this hypothesis, our goal is to synthesize a 
biotinylated probe with which to prepare affinity matrices for DLODP purification.3 This 
affinity probe (Figure), able to generate a covalent bond with the diphosphatase is based on 
a substrate analog4 for protein recognition, a photo-activable anchor, that will establish a 
covalent linkage with the protein after irradiation and a biotin moiety allowing immobilisation 
of the probe on streptavidin-based matrices. Recent results towards the synthesis and activity 
of these probes will be discussed. 
 

 
 
 
  

 
1 Haltiwanger, RS et al.  Annu. Rev. Biochem. 2004, 73, 491-537. 
2 a) Massarweh, A et al. J. Lipid. Res. 2016, 57, 1029-1042. b) Massarweh, A. et al.  J. Lipid. Res. 2016, 57, 1477-
1491. 
3 Project supported by ANR (ANR-18-CE44-0007-02) 
4 Bosco, M et al. Eur. J. Med. Chem. 2017, 125, 952-964. 
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Over the last two decades, photoredox catalysis has become a powerful and versatile tool that 
provides synthetic chemists with a greener and safer way to achieve radical processes. This 
chemistry has initially been developed using highly efficient Ru and Ir based homogeneous 
photocatalysts1,2. What with the sky-high costs and poor recyclability of these rare-earth 
metal complexes, there is a growing need to find more sustainable alternatives and further 
expand the synthetic applicability of light-driven organic reactions.  
 
In this context, the development of easily recyclable and efficient heterogeneous 
photocatalysts appears as an ideal solution. However, heterogeneous photocatalysis remains 
a daunting task because of light penetration issues within solid materials which decrease 
drastically the resulting photocatalytic activity. To overcome this limitation, one solution is to 
exploit semi-conductors as light-sensitive solid supports. Indeed, appropriately designed 
semi-conductors with band-gaps corresponding to the visible range can, upon light irradiation, 
form active sites (electron-holes pairs) enabling electron shuttle throughout the whole 
material3.  
 
By exploiting this concept, this presentation will emphasize our efforts for the development 
of semi-conductor-derived heterogeneous photocatalysis with a special focus on continuous-
flow reactions using single-pass packed bed reactors. Specifically, we will describe our 
investigations on the direct oxidation of amines into imines under aerobic conditions in flow4 
using a conjugated porous polymer doped with immobilized Rose Bengal. Applications 
towards multistep flow synthesis of a-acylaminoamides via a three-component Joullié-Ugi 
protocol will also be depicted.  
 
 

 
Scheme. Continuous-flow formation of α-acylamino-amides.  

 
  

 
1 D.A. Nicewicz, D.W.C. MacMillan, Science 2008, 322, 77. 
2 M.A. Ischay, M.E. Anzovino, J. Du, T.P. Yoon, J. Am. Chem. Soc. 2008, 130, 12886. 
3 A. Savateev, M. Antonietti, ACS Catalysis 2018, 8, 9790. 
4 J.W. Beatty, C.R.J. Stephenson, Acc. Chem. Res. 2015, 48, 1474. 
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The emergence of the phenomenon of antibiotic resistance favoured by the action of 
bactericidal antibiotics exerting microbial stress, would prevent antibiotics of the glycopeptide 
or beta-lactam type from penetrating and fixing on the cell membrane.1 It has been shown 
that antibiotic resistance in bacteria to GRAM + was due to a process of D-Alanylation of 
teichoic acids (LTA) leading to a structural modification of the outer wall and the electronic 
density of the bacterial membrane with anionic character.2 
 
Following these results,3 different series of DltA inhibitors have been developed through 
polyfunctional syntheses allowing access to highly functionalized fluorinated acyclonucleoside 
analogues. The approached strategy is based on a structural modification of the nucleoside by 
the introduction of a fluorine atom on the trans butenyl moiety allowing the development of 
highly functionalized tetra-substituted fluoroalkenes.4 Access to the ribosyl mimetic has been 
possible through various synthetic methodologies including the aza-Michael reaction, 
followed by highly regioselective opening of fluorinated alkylidene-oxetane to obtain 1,2,3-
triazolylcarbonucleosides. Adenosine fluoroalkenyl derivative was evaluated towards DltA 
enzyme as nucleoside mimic. This study demonstrated the structural analogy of the 
fluorobutenyl moiety with the ribosyl ring in order to increase the activity of acyclic 
derivatives. 
 

 
  

 
1 Dumitrescu, O.; Dauwalder, O.; Boisset, S.; Reverdy, M.-E.; Tristan, A.; Vandenesch, F. Med Sci. 2010, 26 (11), 
943–949. 
2 Steinbuch, K. B.; Fridman, M. Med. Chem. Commun. 2016, 7 (1), 86–102. 
3 (a) Coupri, D.; Verneuil, A.; Hartke, A.; Benachour, A.; Léger, L.; Lequeux, T.; Pfund, E.; Budin-Verneuil, N. 
Chemotherapy. 2019, 74 (11), 3162–3169. (b) Coupri, D.; Verneuil, N.; Hartke, A.; Liebaut, A.; Lequeux, T.; Pfund, 
E.; Budin-Verneuil, A. Chemotherapy. 2021, 76 (11), 2778–2786. 
4 (a) Topalis, D.; Pradère, U.; Roy, V.; Caillat, C.; Azzouzi, A.; Broggi, J.; Snoeck, R.; Andrei, G.; Lin, J.; Eriksson, S.; 
Alexandre, J. A. C.; El-Amri, C.; Deville-Bonne, D.; Meyer, P.; Balzarini, J.; Agrofoglio, L. A. J. Med. 
Chem. 2011, 54 (1), 222–232. (b) Fontenelle, C. Q.; Thierry, T.; Laporte, R.; Pfund, E.; Lequeux, T. Beilstein J. Org. 
Chem. 2020, 16, 1936–1946. 
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Organogels are a particular class of gels that result from the self-assembly of low molecular 
weight gelators (LMWG) into fibrous networks trapping solvent molecules. This new type of 
soft materials has attracted great interest due to their potential applications as smart 
materials.[1] The recent development of molecular machines and among them molecular 
switches has allowed the design of controlled dynamic multi-state molecular systems.[2] We 
are currently interested in exploiting the mechanical motion of molecular switches to develop 
multifunctional switchable organogels.  
In the past years, we have developed stimuli-responsive molecular tweezers composed of a 
terpyridine switching unit and of M-salen functional units with properties depending on the 
complexed metal ion. The coordination-induced closing-opening motion of the system has 
been used to modulate various physico-chemical properties (luminescence, catalysis, 
magnetism, …) with remarkable versatility.[3-6] Herein we report a new class of tweezers 
functionalized by C12 akyl chains as gelling groups. The large structural reorganization driven 
by the motion results in reversible sol-gel transition by promoting inter- or intramolecular 
interactions between the tweezers depending on their conformation. The synthesis of these 
platinum-based molecular tweezers and the studies of their reversible gelation properties will 
be presented.  
  

 
1 Piepenbrock, M.-O. M.; Lloyd, G. O.; Clarke, N.; Steed, J. W. Metal- and Anion-Binding Supramolecular Gels. 
Chem. Rev. 2010, 110 (4), 1960–2004.  
2 Lubbe, A. S.; van Leeuwen, T.; Wezenberg, S. J.; Feringa, B. L. Designing Dynamic Functional Molecular Systems. 
Tetrahedron 2017, 73 (33), 4837–4848.  
3 Doistau, B.; Tron, A.; Denisov, S. A.; Jonusauskas, G.; McClenaghan, N. D.; Gontard, G.; Marvaud, V.; Hasenknopf, 
B.; Vives, G. Terpy(Pt–Salphen)2 Switchable Luminescent Molecular Tweezers. Chemistry – A European Journal 
2014, 20 (48), 15799–15807.  
4 Doistau, B.; Cantin, J.-L.; Chamoreau, L.-M.; Marvaud, V.; Hasenknopf, B.; Vives, G. Mechanical Switching of 
Magnetic Interaction by Tweezers-Type Complex. Chem. Commun. 2015, 51 (65), 12916–12919.. 

5 Doistau, B.; Benda, L.; Cantin, J.-L.; Chamoreau, L.-M.; Ruiz, E.; Marvaud, V.; Hasenknopf, B.; Vives, G. Six States 
Switching of Redox-Active Molecular Tweezers by Three Orthogonal Stimuli. J Am Chem Soc 2017, 139 (27), 
9213–9220.  
6 Benda, L.; Doistau, B.; Rossi-Gendron, C.; Chamoreau, L.-M.; Hasenknopf, B.; Vives, G. Substrate-Dependent 
Allosteric Regulation by Switchable Catalytic Molecular Tweezers. Commun Chem 2019, 2 (1), 1–11. 
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C-aryl glycosides constitute an important family of biologically active compounds with a large 
panel of therapeutic potential including antidiabetic, antibiotic, antiviral and antitumoral 
activities.1 Several synthetic methodologies have been reported for the synthesis of this class 
of compounds.1,2 However the formation of C-aryl ketosides, characterised by the presence of 
a quaternary pseudoanomeric centre is challenging and few examples of synthesis of these 
compounds have been reported in the literature. We have recently studied the formal 
glycosylation of quinones with exo-glycals via a metal-mediated hydrogen atom transfer 
yielding O-aryl ketosides3. Conversion of these products into C-aryl ketosides by Fries-type 
rearrangement catalysed by Lewis acid will be presented.4 To our knowledge, this reaction has 
no precedent for the synthesis of bis-C,C-glycosyl compounds. 
 

 
  

 
1 (a) Bokor, E.; Kun, S.; Goyard, D.; Tóht, M.; Praly, J.-P.; Vidal, S.; Somsák, L. Chem. Rev. 2017, 117, 1687-1764; 
(b) Kitamura, K.; Ando, Y.; Matsumoto, T.; Suzuki, K. Chem. Rev. 2018, 118, 1495-1598; (c) Bililign, T.; Griffith, B. 
R.; Thorson, J. S. Nat. Prod. Rep. 2005, 22, 742-760. 
2 Yang, Y.; Yu, B. Chem. Rev. 2017, 117, 12281-12356. 
3 (a) Liu, H.; Laporte, A.; Tardieu, D.; Hazelard, D.; Compain, P. J. Org. Chem., 2022, in press (DOI: 
10.1021/acs.joc.2c01635); (b) Tardieu, D.; Desnoyers, M.; Laye, C.; Hazelard, D.; Kern, N.; Compain, P. Org. Lett. 
2019, 21, 7262-7267. 
4 For a review on C-glycosylation via Fries-type reaction, see: dos Santos, R. G.; Jesus, A. R. X.; Caio, J. M.; Rauter, 
A. P. Curr. Org. Chem. 2011, 15, 128-148. 
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With the expansion of the organic synthesis needs in terms of synthetic protocol efficiency or 
new reactivity, the understanding of organometallic chemistry is always pushed further and 
the precise study of reactive transition metal complexes at various oxidation states is of high 
importance to keep renewing the textbooks.1 
With this idea, our research group has been studying heterobimetallic complexes combining 
a divalent lanthanide (Ln) and a transition metal linked by a redox active ligand (RAL). The aim 
is to observe the impact of the divalent 4f-ion on the d-block metal center’s reactivity.2 
In these systems the RAL’s ability to accept an electron from the reductive divalent lanthanide 
center3 has already led to clear evidence that the resulting electronic density impacts the 
transition metal’s behavior:4 the Ln-RAL fragment influences the stabilization of key step 
intermediates at different oxidation states, thus expanding our reach in terms of reactivity 
tuning. 
This presentation will be focused on our most recent advancements concerning the 
understanding and the use of this cooperative architecture with, on one hand, its application 
to low-valent nickel catalyzed alkene isomerization through an electron shuttle type of 
mechanism and,5 on the other hand, the synthesis and isolation of the first tetraalkyl Pd(IV) 
system which led to envision catalytic alkyl-alkyl cross-coupling reactions. 
 

 

 

 

 

 
  

 
1 J. F. Hartwig Organotransition Metal Chemistry: From Bonding to Catalysis, 1st ed., University Science Books, 
Sausalito, 2010. 
2 Goudy, V.; Jaoul, A.; Cordier, M.; Clavaguéra, C.; Nocton, G. J. Am. Chem. Soc. 2017, 139, 10633. 
3 a) Nocton, G.; Lukens, W. W.; Booth, C. H.; Rozenel, S. S.; Medling, S. A.; Maron, L.; Andersen, R. J. Am. Chem. 
Soc. 2014, 136, 8626; b) Schultz, M.; Boncella, J. M.; Berg, D. J.; Tilley, T. D.; Andersen, R. A., Organometallics 
2002, 21, 460. 
4 a) Wang, D.; Moutet, J.; Tricoire, M.; Cordier, M.; Nocton, G. Inorganics 2019, 7, 58 ; b) Goudy, V.; Jaoul, A.; 
Cordier, M.; Clavaguéra, C.; Nocton, G. J. Am. Chem. Soc. 2017, 139, 10633. 
5 Tricoire, M.; Wang, D.; Rajeshkumar, T.; Maron, L.; Danoun, G.; Nocton, G. JACS Au 2022, 2, 1881. 
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One of the challenges of the 21st century is to develop sustainable chemistry. In this context, 
we recently merged two approaches that both have benefits in terms of respect of the 
environment, namely photoredox catalysis and ball-milling. Indeed, in 2019, IUPAC recognized 
mechanochemistry as one the ten technologies that could change our future.1 Thus, in 
continuation of our work on the facilitated access to coordination complexes,2 we developed 
the expedient mechanosynthesis of photoredox ruthenium catalysts featuring different 
substituted bipyridines. Complexes [Ru(N-N)3](PF6)2 could be obtained in high yields and short 
reaction times. These complexes were then evaluated in the photoredox reductive 
dehalogenation reaction,3 which is an alternative to tin-promoted methods, under ball-milling 
conditions. Mechanophotoredox reaction could be performed under solvent-less conditions, 
using tiny amount of solvent as liquid assistant, in short times compared to literature 
conditions.  
 

 
 
 
  

 
1 Gomollon-Bel, F., Chem. Int. 2019, 41, 12. 
2 a) Beillard, A.; Métro, T.-X.; Bantreil, X.; Martinez, J.; Lamaty, F., Chem. Sci. 2017, 8, 1086. b) Pétry, N.; 
Vanderbeeken, T.; Malher, A.; Bringer, Y.; Retailleau, P.; Bantreil, X.; Lamaty, F., Chem. Commun. 2019, 55, 9495. 
c) Beillard, A.; Quintin, F.; Gatignol, J.; Retailleau, P.; Renaud, J.-L.; Gaillard, S.; Métro, T.-X.; Lamaty, F.; Bantreil, 
X., Dalton Trans. 2020, 49, 12592. d) Ryzhakov, D.; Beillard, A.; Le Bideau, F.; Al-Shuaeeb, R. A. A.; Alami, M.; 
Bantreil, X.; Bonnemoy, A.; Gautier, A.; Lamaty, F.; Messaoudi, S., Eur. J. Org. Chem. 2022, e202101499. 
3 Narayanam, J. M. R.; Tucker, J. W.; Stephenson, C. R. J., J. Am. Chem. Soc. 2009, 131, 8756. 
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Glucosinolates are sulfur-containing secondary metabolites whose structures are based on a 
b-D-glucopyranose unit linked through an O-sulfated (Z)-thiohydroximate function to a 
variable aglycon. Found in the cruciferous vegetables, such as broccoli, mustard, arugula, 
wasabi, they play an important role in the defence mechanism of these plants against 
potential predators. Hydrolysis of the anomeric C-S bond by myrosinase, a specific b-
thioglucohydrolase, leads to the formation of isothiocyanate species (ITC). The result is a shift 
from stable, non-toxic, and water-soluble precursors to a toxic, highly reactive, difficult to 
prepare and store, and in most cases, water-insoluble function.1 This unique enzyme-
substrate system in nature can be explored as a novel tool for various applications.2 Herein, 
we want to describe our recent approaches on the synthesis, and reactivity of various surfaces 
design to anchor artificial glucosinolates as smart surface against bacteria. We also showed 
that those glucosinolates are substrates of myrosinase and can be hydrolysed into their 
corresponding ITCs and thus be useful reagent in conjugation. 
 

 
Figure 1. Myrosinase-Glucosinolate system to generate isothiocyanates 

  

 
1 Lv, Q. et al. IJMS 2022, 23 (3), 1577. https://doi.org/10.3390/ijms23031577. 
2 a) Cutolo, G. et al. Carbohydrate Research 2022, 516, 108562. https://doi.org/10.1016/j.carres.2022.108562. 
b) Fredy, J. W et al.  Bioconjugate Chem. 2019, 30, 1385–1394. 
https://doi.org/10.1021/acs.bioconjchem.9b00153. c) Cutolo, G.; et al. Org. Biomol. Chem. 2018, 16, 4900–4913. 
https://doi.org/10.1039/C8OB01128A. 
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1,3-butadiene, an abundant raw material in the chemical industry, is produced on a multiton 
scale every year and obtained from petroleum cracking.1,2The direct conversion of this 
inexpensive feedstock chemical into diverse and valuable compounds represents an attractive 
strategy from an environmental and economical perspective.3 Over the past decade, the 
transition-metal-catalyzed difunctionalization of 1,3-dienes, mostly through transformations 
involving p-allyl metal intermediates, has been extensively studied.4 Although noticeable 
progress has been achieved in this domain, the selective dicarbo-functionalization of 
unactivated 1,3-dienes in a single step is an ongoing challenge, especially for radical 
processes.5 In this context, a new methodology has been developed to generate two C-C 
bonds in a one-pot process, from C-H bond activation and using transition metal complexes. 
Unprecedently, 1,3-butadiene was functionalized with monosubstituted alkynes and various 
radical precursors such as diaryliodonium salts, to deliver the corresponding 1,4-enyne 
products. 

 
 
This newly developed multi-component methodology couples three different substrates 
under smooth reaction conditions (no photo-mediated reaction, room temperature), shows 
high functional group tolerance, and provides facile formation of two C–C bonds in a one pot 
process. The 1,4-enyne products were obtained in good to high yields, and excellent stereo- 
and regioselectivity.  

 
1 Herrmann, N.; Vogelsang, D.; Behr, A.; Seidensticker T. ChemCatChem 2018, 10, 5342-5364. 
2 Perry, G. J. P.; Jia, T.; Procter, D. J. ACS Catal. 2020, 10, 1485-1499. 
3 Ma, S.; Li, F.; Zhang, G.; Shi, L.; Wang, X.; ACS catal. 2021, 11, 14848-14853. 
4 a) Wu, X.; Gonc, L.-Z. Synthesis 2019, 51, 122-134. b) Xiong, Y.; Sun, Y.; Zhang, G. Tetrahedron Lett. 2018, 59, 
347-355. 
5 a) Huang, H.-M.; Belloti, P.; Glorius, F. Chem. Soc. Rev. 2020, 49, 6186-6197. b) Li, Z.-L.; Fang, G.-C.; Gu, Q.-S.; 
Liu, X.-Y. Chem. Soc. Rev. 2020, 49, 32-48. c) Hossain, A.; Bhattacharyya, A.; Reiser, O. Science 2019, 364, 
eaav9713. d) Wang, P.-Z.; Xiao, W.-J.; Chen, J.-R. Chin. J. Catal. 2022, 43, 548-557. 
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New challenges in chemistry requires to improve the preparation of common reagents; 
reductive agents, especially hydride compounds present a strong interest in the Carbon 
Circular Economy (CCE) perspectives. We developed several reactions to achieve the synthesis 
of hydride of main group elements by hydrogenolysis of chlorinated derivatives. Our group 
showed the formation of  silanes (Si–H) from chlorosilanes (Si–Cl) and H2 with a boron 
catalyst.11 Further investigations on the reactivity led us to develop the first example 
hydroboranes synthesis by H2 activation followed by the cleavage of the B-Cl bond to lead 
products in quantitative yields. We suspect that activation of H2 operating through a 
Frustrated Lewis Pair (FLP) mechanism between the boron and a base, leading to a cleaner 
reaction with the protonated base as sole by-product contrary to reported methods that 
involves an exchange with BH3.2 The boranes thus synthesized are very useful reductants and 
hydride sources. This methodology was applied to the synthesis of phosphines from 
chlorophosphines by boron-catalyzed H2 activation followed by H/Cl metathesis step. These 
new examples of main group elements hydrogenolysis open a path to various E-H type 
compounds without the use of strong reductants usually described. 
 

  
 

1 G. Durin, A. Fontaine, J.-C. Berthet, E. Nicolas, P. Thuéry, T. Cantat, Angew. Chem. Int. Ed. 2022, 61. 
2 Brown, H. C.; Kulkarni, S. U. J. Organomet. Chem. 1979, 168 (3), 281–293. 
3 Elser, I.; Andrews, R. J.; Stephan, D. W. Chem. Commun. 2022, 58 (11), 1740–1743. 
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One of the research axes of our group is devoted to study the reactivity of 
dimethylalkynylaluminum compounds,1 prepared in non-coordinating solvents in batch or 
flow conditions, 2 allowing to take advantage of their enhanced Lewis acidity and reactivity.3,4 
We have reported that these reagents can react in an unusual manner with trimethylsilyl 
diazomethane (TMS-diazomethane), affording a-silylated alkynyl hydrazones.5 Treatment 
with MnO2 of this completely new class of compounds provides the corresponding a-silylated 
diazoalkynes, a new class of compounds that presents an interesting reactivity. 
These compounds can act as precursors for the preparation of metal carbenoids that cleanly 
insert into Si-H bonds, leading to unusual bis-silylated alkynes.6 We will report more classical 
metal-free reaction of O-H Insertion with carboxylic acids, either in organic medium to afford 
interesting class of α-acyloxy-α-alkynyltrimethylsilanes7 or in buffer to selectively 
functionalize peptides or proteins. 
 

 
 
 
 
  

 
1 Piccardi, R.; Turcaud, S.; Benedetti, E.; Micouin, L. Synthesis 2019, 51, 97-106. 
2 Piccardi, R.; Coffinet, A.; Benedetti, E.; Turcaud, S.; Micouin L., Synthesis 2016, 48, 3272-3278. 
3 Feuvrie, C. ; Blanchet, J.; Bonin, M. ; Micouin, L. Org. Lett. 2004, 6,2333-2336. 
4 Zhou,Y. ; Lecourt, T. ; Micouin, L. Adv. Synth. Catal. 2009,351, 2595-2598. 
5 Kumar, R. ; Turcaud, S. ; Micouin, L. Org. Lett. 2014, 16, 6192–6195. 
6 Courant, T. ; Kumar, R. ; Turcaud, S. ; Micouin, L. Org. Lett. 2016, 18, 4818–4820. 
7 Zhao, T.; Piccardi, R.; Micouin, L. Org. Lett. 2018, 20, 5015–5018. 
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Reactive Oxygen Species (ROS) are involved in many physiological processes. Hydrogen 
peroxide (H2O2), which is the most stable ROS, plays a major role as signaling molecule in 
several biological mechanisms.1 However, its overproduction or accumulation (oxidative 
stress conditions) can be responsible for cellular lesions associated with aging, cancers or 
neurodegenerative diseases such as Alzheimer’s or Parkinson’s.2 Thus, its detection could help 
for a better understanding of its role in these processes. 
Many fluorescent molecular probes based on various triggers have been developed to allow 
the detection of H2O2.3 The laboratory has shown that H2O2-mediated oxidation of arylborinic 
acids is dramatically faster than the commonly used boronic acid triggers (Figure 1, A).4 We 
recently designed a new H2O2-selective fluorogenic probe, possessing a borinic acid as trigger 
and a 4-methylcoumarin as pro-fluorescent moiety.5 However, this probe must be optimized 
for the detection of endogenously produced hydrogen peroxide for biological application. 
Therefore, we present herein the synthesis of new optimized probes in terms of photophysical 
properties and the preliminary results for in vitro H2O2 detection (Figure 1, B). 
 

Figure 1: A) H2O2-mediated oxidation of borinic acid; B) Fluorophores used in this work. 
  

 
1 E. A. Veal, A. M. Day, B. A. Morgan, Mol. Cell 2007, 26, 1-14. 
2 a) T. Finkel, M. Serrano, M. A. Blasco, Nature 2007, 448, 767-774; b) J. K. Andersen, Nat. Rev. Neurosci. 2001, 
10, S18-S25. 
3 a) D.-J. Zheng, Y.-S. Yang, H.-L. Zhu, TrAC Trends Anal. Chem. 2019, 118, 625-651; b) A. R. Lippert, G. C. Van de 
Bittner, C. J. Chang, ACC. Chem. Res. 2011, 44, 793-804; c) Y. Liu, C. Jiao, W. Lu, P. Zhang, Y. Wang, RSC Adv. 2019, 
9, 18027-18041. 
4 B. Gatin-Fraudet, R. Ottenwelter, T. Le Saux, S. Norsikian, M. Pucher, T. Lombès, A. Baron, P. Durand, G. 
Doisneau, Y. Bourdreux, B. Iorga, M. Erard, L. Jullien, D. Guianvarc'h, D. Urban, B. Vauzeilles, Proc. Natl. Acad. Sci. 
U.S.A. 2021, 118, e2107503118. 
5 B. Gatin-Fraudet, M. Pucher, T. Le Saux, G. Doisneau, Y. Bourdreux, L. Jullien, B. Vauzeilles, D. Guianvarc'h, D. 
Urban, Chem. Eur. J. 2022, e202201543. 
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Cyclic drugs, in particular cyclic peptides and pseudo-peptides have recently received 
considerable attention in the pharmaceutical industry. Their structural preorganization 
compared to their linear counterparts provide them with high biostability, cell permeability 
and enhanced potency.1 However, despite their importance, the synthesis of cyclic 
compounds remains challenging, with the difficile preparation of linear precursor and tedious 
purifications. Our laboratory have been working on the discovery of new biorthogonal tools 
and developed a click and release reaction of iminosydnones with cycloalkynes for protein 
modification, drug release and target-fishing applications.2 Based on the recent developments 
of a new “click and release” reaction using a copper catalyst and aza-iminosydnones,3 we 
decided to investigate the intramolecular macrocyclization of peptides using iminodydnones 
(Scheme 1).  
 

Preliminary results show limitations such as 
challenging purifications of the click and release 
products and the presence of copper traces 
associated with the cyclic product. One approach 
to overcome these problems is to develop a click 
type, Cu-catalyzed intramolecular cyclisation as a 
key step and the use of non-covalent 
immobilization (π-stacking) of pyrene-tagged 
catalysts and reactant on carbon supports like rGO 
(reduced Graphene Oxide) for easy removal and 
recovery (Scheme 2).4   

 
1 X. Zhang et al. Nat. Chem. 2018, 10, 540; b) E. M. Driggers et al. Nat. Rev. Drug. Discov. 2008, 7, 608; c) J. R. 
Frost et al. Nat. Chem. 2016, 3, 1105. 
2 S. Bernard et al. Angew. Chem. Int. Ed. 2017, 56, 15612. 
3 E. Decuypère et al. ACS catal 2018, 8, 11882. 
4 D. Didier et al. Tet. Asymmetry 2013, 24, 769. 

Scheme 2: Supported intramolecular  
Cu-catalyzed click&release 

 

Scheme 1: Cu-catalyzed click & release reaction leading to targeted macrocyclised compounds 
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The photo-release of a chemical entity, often referred as “photo-uncaging”, is a conceptually 
and practically simple process for the unidirectional and irreversible generation of active 
species. It has been employed since the late 1970s for the control of biological processes, and 
more recently for the construction of polymeric materials and the induction of catalytic 
transformations.1 
Taking advantage of our previously reported complex 12 (one of the very few examples of 
photo-caged phosphine) we recently succeeded in promoting the photo-controlled activation 
of PdIICl2 into catalytically competent Pd0(PPh3)n and subsequent initiation of Sonogashira 
cross-couplings. The system described herein makes use of simple white LED strip lights 
without a need for sophisticated photochemistry apparatus and allows high temporal 
response and fine tuning of cross-coupling kinetics according to irradiation time.3 
The results of our mechanistic investigations regarding active catalyst generation, as well as a 
detailed description of substrate scope for cross-coupling will be presented. 
 
 

 
  

 
1 Brieke, C.; Rohrbach, F.; Gottschalk, A.; Mayer, G.; Heckel, A. Light-Controlled Tools. Angew. Chem. Int. Ed. 2012, 
51 (34), 8446–8476. https://doi.org/10.1002/anie.201202134. 
2 Deo, C.; Bogliotti, N.; Retailleau, P.; Xie, J. Triphenylphosphine Photorelease and Induction of Catalytic Activity 
from Ruthenium-Arene Complexes Bearing a Photoswitchable o-Tosylamide Azobenzene Ligand. 
Organometallics 2016, 35 (16), 2694–2700. https://doi.org/10.1021/acs.organomet.6b00431. 
3 Rocard, L.; Hannedouche, J.; Bogliotti, N. Visible-Light-Initiated Palladium-Catalyzed Cross-coupling by PPh3 
Uncaging from an Azobenzene Ruthenium–Arene Complex. Chem. Eur. J. 2022, 28, e202200519. 
https://doi.org/10.1002/chem.202200519. 
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Tumor associated carbohydrate antigens (TACAs) are highly present on cancer cells, but 
almost no detectable on normal cells. Therefore, these components are of great interest as 
therapeutics targets, particularly in anticancer vaccines. By incorporating such structures into 
this kind of vaccine, the immune system should produce a more efficient response against 
cancer cells. However, the chemical instability of the O-glycosidic link in biological system 
towards glycosidases presents a major downside of their use in this purpose.1 The 
replacement of the glycosidic bond is well known to afford more stable analogues such as C-
glycosidic ones. Furthermore, constrained analogues of Tn antigen in vaccine could improve 
the anticancer immune response.2 
 
Very recently we focus our attention on the synthesis of original constrained C-glycosidic 
analogues of the Tn antigen. For that, a synthetic strategy based on a [3+2] cycloaddition 
between a C-vinylGalNAc 2 and a chiral cyclic nitrone 3 has been developed (scheme 1). This 
key step provided access to constrained C-glycosidic analogues stereoselectively and 
regioselectively controlled3. The synthesis of the main compound 1, including the [3+2] 
cycloaddition will be presented.  
 

 
 

Scheme 1 - Retrosynthetic scheme 

  

 
1 Dwek, R. A. Chem. Rev. 1996, 96 (2), 683–720. 
2 Nativi, C.; Papi, F.; Roelens, S. Chem. Commun. 2019, 55 (54), 7729–7736.  
3 Rouzier, F.; Sillé, R.; Montiège, O.; Tessier, A.; Pipelier, M.; Dujardin, G.; Martel, A.; Nourry, A.; Guillarme, S. Eur. 
J. Org. Chem. 2020, 2020 (43), 6749–6757.  
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Since the early beginning of organic chemistry, the synthesis of nitrogen-containing 
heterocycles constantly attracted the interest of the chemistry community. Indeed, their 
ubiquitous presence in natural products lead to the development of several strategies to build 
them. [1] Until now, despite many synthetic efforts, many useful structures are still 
unattainable. For instance, phthalazine structures are one of the less explored scaffolds and 
therefore development of new synthetic methods is still desirable.  
 
In this aim, we focused our research projects on the development of new photoredox 
strategies to build the carbon-nitrogen bond.[2] The search of new precursors able to 
generate efficiently a nitrogen centered radical intermediate is thus highly needed. This kind 
of intermediate is indeed attractive because it can be then added on unsaturated derivatives 
for instance and thus lead to the CN bond formation.  
 
In our laboratory we tried to develop phosphono- and sulfono-hydrazone precursors in order 
to build interesting heterocyclic scaffolds. Starting from simple ortho-alkynylbenzaldehyde 
patterns, already well-mastered in our group towards silver catalysis,[3] we thought to 
develop a new photoredox cyclization reactions leading in one step to phthalazine 
derivatives.[4] Thanks to this new reaction, many useful phthalazine derivatives are now 
accessible. 
 
Mechanistic studies, scope and limitations of these methods will be presented.  
 

 
Scheme 2 : strategies for C-N bond formations1 

  
 

1 a) A. Brancale, R. Silvestri, Med. Res. Rev. 2007, 27, 209.b) G. Zeni, R. Larock, Chem. Rev. 2004, 104, 2285. 
2 E. Brachet, T. Ghosh, I. Ghosh, B. König, Chem. Sci. 2015, 6, 987. / D. Menigaux, P. Belmont, E. Brachet, Eur. J. 
Org. Chem. 2017, 15, 2008. / P. Bellotti, J. Brocus, F. El Orf, M. Selkti, B. König, P. Belmont, E. Brachet J. Org. 
Chem. 2019, 84, 6278. / M. De Abreu, P. Belmont, E. Brachet 2019 accepted, doi : ejoc.201901146. 
3 G. Mariaule, G. Newsome, P.Y. Toullec, P. Belmont, V. Michelet, Org. Lett. 2014, 16, 4570. 
4 E. Brachet, L. Marzo, M. Selkti, B. König and P. Belmont, Chem. Sci. 2016, 7, 5002. / M. De Abreu, M. Selkti, B. 
König, P. Belmont, E. Brachet 2019 Adv. Synth Catal. 2020 ,362, 2217./M. Huynh, M. De Abreu, Chem. Eur. J. 
2021, 27, 3581./ W. Boiledieu, M. De Abreu, C. Cuyamendous, D. Lamaa, P. Arnaut, P. Belmont, E. Brachet Chem. 
Commun. 2022, 58, 9206  
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Allylsilanes are very useful and versatile structures extensively used in organic synthesis with 
a large number of applications on it.1 Their bench-stability and easy-handling along with their 
low toxicity and functional group tolerability, allow them to occupy a unique place in the 
armory of the organic chemist. Furthermore, as they can undergo a great variety of silicon 
transformations such as cross-coupling reactions or ring-close and cross-metathesis 
processes, and because they are suitable substrates to perform stereocontrolled C-C bond 
formations, for instance the enantioselective addition of allyl patterns to electrophiles such 
as carbonyl groups or imines (representing a complementary method to the enolate based 
aldol reaction),1a,2 its enantioselective synthesis has attracted wide attention, especially in the 
last 35 years, where deep investigations have been carried out and several reliable reaction 
protocols developed. Since Hayashi and Kumada reported the first preparation of 
enantioenriched allylsilanes in 1982,3 many other synthetic strategies had been unveiled 
based in Pd-catalysis, Claisen rearrangement, Asymmetric Allylic Alkylation (AAA) or 
Asymmetric Allylic Silylation (AAS) methods among others. 
However, the increasing demand for these molecules and the lack of a general established 
method to access optically active allylsilanes with good regio- and enantioselectivity, bearing 
tertiary and quaternary stereogenic centers, that allows facile modification of silyl moieties 
and other substituents, encourages us to develop a new synthetic strategy. Based on previous 
results published by Alexakis et al. we developed our method on the basis of a Cu-free 
asymmetric alkylation of Si-substituted allylic electrophiles with Grignard reagents in the 
presence of a chiral N-Heterocyclic Carbene (NHC). The scope and limitations of this new 
enantioenriched allylsilane preparation by a copper-free AAA will be presented and discussed. 

 
  

 
1 (a) Masse, C. E.; Panek, J. S; Chem. Rev. 1995, 95, 1293-1316, (b) Fleming, I.; Barbero, A.; Walter, D. Chem. Rev. 
1997, 97, 2063-2192, (c) Chabaund, L.; James, P.; Landais, Y; Eur. J. Org. Chem. 2004, 3173-3199. 
2 Marshal, J. A; Chem. Rev. 2000, 100, 3163-3185. 
3 (a) Hayashi, T.; Konishi, M.; Ito, H.; Kumada, M; J. Am. Chem. Soc. 1982, 104, 4962-4963, (b) Hayashi, T.; Konishi, 
M.; Kumada, M; J. Org. Chem. 1983, 48, 279-281. 
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Corynebacteriales are a family of Gram-positive bacteria including Mycobacterium 
tuberculosis, the etiologic agent of human tuberculosis. Corynebacteriales are highly resistant 
towards chemotherapeutic molecules and this exceptional resistance might be due to their 
particular outer membrane, called mycomembrane. This rigid membrane is composed of 
specific fatty acids (mycolic acids) esterified to an arabinogalactan complex and to trehalose, 
a symmetrical disaccharide. Mycolic acids are long a-ramified and b-hydroxylated fatty acids 
produced in the cytoplasm and then transferred to trehalose, leading to trehalose 
monomycolate (TMM). TMM acts as a donor of mycolate in the biogenesis of the 
mycomembrane.  Indeed, TMM is processed by enzymes, called mycoloyltransferases (Myt), 
and its mycolate moiety is transferred to another TMM (giving rise to trehalose dimycolate 
(TDM)) or to arabinogalactan. Recently one mycoloyltransferase (MytC) was identified to be 
responsible of mycoloylation of small membrane proteins (porins) in Corynebacterium 
glutamicum.1 This is a unique post-translational modification in bacteria. 
Our laboratory is interested in the chemical synthesis of molecular tools for the study of the 
biogenesis of the mycomembrane,2 and one of our projects is to synthetize a large collection 
of TMM analogs in order to get insight in the mycoloylation mechanism of porins in C. 
glutamicum. The enantio- and diastereocontrolled synthesis of the three TMM analogs 1, 2 
and 3 will be presented. 
 
 

 
 
  

 
1 a) Huc, E.; Meniche, X.; Benz, R.; Bayan, N.; Ghazi, A.; Tropis, M.; Daffé, M. J. Biol. Chem., 2010, 285, 21908; b) 
Issa, H.; Huc-Claustre, E.; Reddad, T.; Bonadé Bottino, N.; Tropis, M.; Houssin, C.; Daffé, M.; Bayan, N.; Dautin, N. 
PLOS ONE, 2017, 12, e0171955.   
2 a) Lesur, E.; Baron, A.; Dietrich, C.; Buchotte, M.; Doisneau, G.; Urban, D.; Beau, J.-M.; Bayan, N.; Vauzeilles, B.; 
Guianvarc’h, D.; Bourdreux, Y. Chem. Commun., 2019, 55, 13074; b) Carlier, M.; Lesur, E.; Baron, A.; Lemétais, A.; 
Guitot, K.; Roupnel, L.; Dietrich, C.; Doisneau, G.; Urban, D.; Bayan, N.; Beau, J.-M.; Guianvarc’h, D.; Vauzeilles, 
B.; Bourdreux, Y. Org. Biomol. Chem., 2022, 20, 1974. 
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Strigolactones (SLs) are the ninth class of plant hormones1. They control the shoot and root 
plant architecture. They are also exuded in the rhizosphere where they have a signaling role 
for the development of arbuscular mycorrhizal (AM) fungi2 and as stimulants of seed 
germination of the parasitic weeds Orobanche, Phelipanche, and Striga3, the most threatening 
weeds of major crops worldwide. Phelipanche ramosa is present mainly on rape, hemp, and 
tobacco in France. P. ramosa 2a preferentially attacks hemp, while P. ramosa 1 attacks 
rapeseed. 
There are two types of SLs4: canonical SLs (as strigol) have au tricyclic lactone ABC as structural 
core, noncanonical SLs as for them, present an unclosed BC-ring. The main structure is 
connected via an enol ether bridge to an invariant α,β-unsaturated furanone moiety (D-ring). 
All natural SLs have the same R-configuration at the C-2ʹ position. 
The recently isolated cannalactone from hemp root exudates has been characterized as a 
noncanonical SL that selectively stimulates the germination of P. ramosa 2a seeds in 
comparison with P. ramosa 1. 
In this communication, the synthesis of two cannalactone analogues types and their biological 
evaluations will be presented. (±)-SdL analogues are able to selectively stimulate P. ramosa 
2a, revealing that these minimal structural elements are key for this selective bioactivity. 

  
 

1 Gomez-Roldan, V.; Fermas, S.; Brewer, P. B.; Puech-Pages, V.; Dun, E. A.; Pillot, J.-P.; Letisse, F.; Matusova, R.; 
Danoun, S.; Portais, J.-C.; Bouwmeester, H.; Bécard, G.; Beveridge, C. A.; Rameau, C.; Rochange, S. F. Nature 2008, 
455, 189−194. 
2 Akiyama, K.; Matsuzaki, K.; Hayashi, H. Nature 2005, 435, 824−827. 
3 Cook, C. E.; Whichard, L. P.; Turner, B.; Wall, M. E. Science 1966, 154, 1189−1190. 
4 Yoneyama, K.; Xie, X.; Yoneyama, K.; Kisugi, T.; Nomura, T.; Nakatani, Y.; Akiyama, K.; McErlean, C. S. P. J. Exp. 
Bot. 2018, 69, 2231−2239. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 307

POSTERS

P B031 
Transition-Metal-Free Silylation of Unactivated C(sp2)–H 

Bonds with tert-Butyl-Substituted Silyldiazenes 
Baptiste Neil, Franck Lucien, Louis Fensterbank and Clément Chauvier 

Sorbonne Université, CNRS, Institut Parisien de Chimie Moléculaire, 4 Place Jussieu, 75005 Paris, France 
baptiste.neil@sorbonne-universite.fr 

 
 

Aromatic organosilanes bearing C(sp2)–Si bonds have found increasing applications across the 
chemical science and have traditionally been synthesized from the corresponding arylhalides 
(bromide or iodide). The direct intermolecular silylation of C(sp2)–H bonds represents an 
atom-economical alternative as it bypasses the substrate pre-functionalization step, yet poses 
significant reactivity and selectivity challenges. In this respect, the most common strategy still 
relies on stoichiometric C–H metalation/silylation sequences mediated by organolithium (RLi) 
or Grignard reagents (RMgX), which nonetheless generate large amount of metallic wastes 
and display limited scope of application. 
 
Catalytic protocols, mostly using hydrosilanes (R3SiH) as silicon sources, have also been 
described,1 but they display unfavorable thermodynamics and are typically based on 
expensive catalytic systems, often derived from noble metals, or lack generality.2 In this 
communication, we will introduce the use of an alternative silicon source, namely the tert-
butyl-substituted silyldiazenes (tBu–N═N–SiR3), that are readily accessible from commercially 
available precursors and structure of which enables the C(sp2)–H bond silylation of 
unactivated heteroaryl and aryl compounds under ambient, transition-metal-free catalytic 
conditions.3 Conceptual implications as well as mechanistic considerations will be discussed 
along with the synthetic potential of this new methodology. 
 

 
Figure 1: Silylation of unactivated C(sp2)–H Bonds with tert-butyl-substituted silyldiazenes catalyzed by potassium or 

sodium alkoxides. 
  

 
1 For recent reviews, see: (a) Cheng, C.; Hartwig, J. F. Catalytic Silylation of Unactivated C-H Bonds. Chem. Rev. 
2015, 115, 8946–8975. (b) Richter, S. C.; Oestreich, M. Emerging Strategies for C–H Silylation. Trends Chem. 2020, 
2, 13–27. 
2 Toutov, A. A.; Liu, W.-B.; Betz, K. N.; Fedorov, A.; Stoltz, B. M.; Grubbs, R. H. Silylation of C-H bonds in aromatic 
heterocycles by an Earth-abundant metal catalyst. Nature 2015, 518, 80–84. 
3 (a) Neil, B.; Lucien, F.; Fensterbank, L.; Chauvier, C. Transition-Metal-Free Silylation of Unactivated C(sp2)–H 
Bonds with tert-Butyl-Substituted Silyldiazenes. ACS Catal. 2021, 11, 13085–13090. (b) Lucien, F.; Fensterbank, 
L.; Chauvier, C. Method for the silylation of a C-H bond with a silylated diazene, PCT/FR2021/051448, August 5, 
2021.  
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Bimetallic ruthenium complexes have been developed as photosensitive catalysts along with 
other transition metals1,2. These types of compounds could be applied in many realms, 
exhibiting great prospects3-5. Previously our group reported series of NHC-modified metallic 
cyclodextrins (CD) and their steric selective catalytic effects which derive from the size of CD6--

9. We envisage that electron communication, which could be manipulated by many means 
such as irradiation, between two metals in conjugated bimetallic complexes could influence 
the catalytic process of the transition metal center situated inside the cavity. In this project, 
we aim to combine the photosensitivity of ruthenium complex and the steric selectivity of the 
CD, synthesizing a bimetallic complex to catalyze reactions through a light control. Thus, we 
hope to control the catalytic process and obtain specific reactions due to the CD steric 
selectivity. 
 

 
 
 
 
 
  

 
1 S Rau, J. G. Vos et al, Angew. Chem. Int. Ed. 2006, 45, 6215 –6218. 
2 A. K. Mengele, S. Rau et al, Angew. Chem. Int. Ed. 2022, e20211484. 
3 S-H. Fan, K-Z Wang et al, Inorg. Chem 2010, 49, 3752–3763. 
4 S. Tschierlei, B. Dietzek et al, Angew. Chem. Int. Ed. 2010, 49, 3981 –3984. 
5 M. Scholl, R. H. Grubbs et al, Org. Lett. 1999, 6, 953–956. 
6 P. Zhang, M. Sollogoub, et al. Angew. Chem. Int. Ed. 2017, 56, 10821 –10825. 
7 G. Xu, M. Sollogoub et al. Angew. Chem. Int. Ed. 2020, 59, 7591-7597. 
8 P. Zhang, M. Sollogoub et al. Chem 2017, 3, 174-191. 
9 P. Zhang, M. Sollogoub et al. Angew. Chem. Int. Ed. 2017, 56, 10821-10825. 
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Isofuranoids are natural products discovered in 2002 by Fessel et al., formed from the 
peroxidation of polyunsaturated fatty acids (PUFAs).1 Two types of isofurans (IsoFs) were 
isolated: the alkenyls and the enediols. Their biological roles are still unrecognized even 
though they are known as biomarkers of oxidative stress in vertebrates and plants. 
Isofuranoids are preferentially formed when the tension of oxygen is high, such as in Parkinson 
disease or reperfusion. Thus, they could be specific biomarkers of such diseases.  
Four asymmetric strategies to access isofuranoids have been developed by Taber, Zanoni and 
our group, but they remain long and/or complex especially for the preparation of the 2,3,5-
substituted tetrahydrofuranic core.2 To this end, our new strategy permits to obtain the cyclic 
core, in 7 steps from commercial 2,5-dimethoxy-2,5-dihydrofuran 3 using a Weinreb amide. 
An important work was performed in order to identify the proportion and relative 
configurations of each diastereoisomer of intermediate 1 thanks to NMR experiments, despite 
the fact that they were not separable. Then, two side chains were inserted using Wittig and 
HWE reactions and the two racemic 10-Δ7-PhytoF and 2,3-dinor-8-Δ5-PhytoF belonging to the 
enediol family were obtained, in 19 steps and 1.9 and 2.8% yield respectively. 
 
 

 
 
  

 
1 J.P. Fessel; N.A. Porter; K.P. Moore; J.R. Sheller; L.J. Roberts, Proceedings of the National Academy of Sciences, 
2002, 99(26), 16713-16718. 
2 C.Oger; C. Cuyamendous; A. de la Torre; M. Candy; A. Guy; V. Bultel-Poncé; T. Durand; J.-M. Galano, Synthesis, 
2018, 50(17), 3257-3280. 
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Sulfonamides can be considered as useful amine protecting groups due to their advantageous 
properties including ease of introduction, general inertia to acids, bases, electrophiles, or mild 
reducing agents, and stability under oxidizing conditions.1 In addition, some of these 
derivatives can easily crystalize, a characteristic that may simplify products purification.1 As of 
today, the main drawback limiting the potential widespread use of sulfonamides in organic 
synthesis is the difficult cleavage of these functions, which can require quite harsh reaction 
conditions. Indeed, classical deprotection of N-sulfonyl protected compounds usually involves 
treatments with strong acids, bases or reducing agents.2 Hard to implement electrochemical 
methods have also been described over the years,3 together with different procedures 
relaying on SmI2-promoted electron transfer cleavage.4 
Recently, the advent of photocatalysis has opened up new possibilities for performing light-
driven desulfonylation reactions under milder conditions. However, most of the processes 
described up to now require stoichiometric amounts of various reagents, and only few metal-
based catalytic approaches have proven to be successful.5  
In this communication, we describe a light-driven photocleavage of sulfonamides promoted 
by thioureas organophotocatalysts in the presence of tetrabutylammonium borohydride as a 
reducing agent (Figure 1).6 This straightforward process occurs under mild reaction conditions 
(30 °C, irradiation at 350 nm), and tolerates a variety of substrates. On the basis of 
experimental evidences and theoretical studies, the reaction is supposed to proceed via 
energy transfer from the triplet excited-state thioureas to the sulfonamides. 
 

 
 

Figure 1 
  

 
1 P. G. M. Wuts, T. W. Greene Greene’s Protective Groups in Organic Synthesis, Wiley: Hoboken (NJ), 2006. 
2 For a selected example, see: H. R. Snyder, R. E. A Heckert, J. Am. Chem. Soc. 1952, 74, 2006. 
3 For a selected example, see: P. Viaud, V. Coeffard, C. Thobie-Gautier, I. Beaudet, N. Galland, J.-P. Quintard, E. 
Le Grognec Org. Lett. 2012, 14, 942. 
4 For a selected example, see: T. Ankner, G. Hilmersson Org. Lett. 2009, 11, 503. 
5 For a selected example, see: X. Jun, L. Bin-Jie, F. Zhu-Jia, S. Guo-Dong, M. Huan-Huan, Y. Zhi-Wei, C. Jia-Rong, L. 
Liang-Qiu, X. Wen-Jing Chem. Asian J. 2013, 8, 1090. 
6 J. Brom, A. Maruani, S. Lajnef, L. Micouin, E. Benedetti In preparation 
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Gaucher disease (GD), the most common among lysosomal disorders, is caused by the enzyme 
β-Glucocerebrosidase (GCase) misfolding, leading to a lack of GCase hydrolytic activity and 
resulting to accumulation of glucosylceramide in lysosomes. The most common, type 1 GD, is 
characterized by bone involvement and hepatosplenomegaly whereas neurological disorders 
are present in types 2 and 3. Two strategies are currently used for symptomatic treatment: 
enzyme replacement therapy and substrate reduction therapy.1 Pharmacological chaperone 
therapy is an innovative strategy consisting in the use of small molecules which bind 
specifically to the enzyme. It allows the proper folding and stabilization of GCase helping its 
trafficking to lysosomes where it exerts its hydrolytic activity.2 To date, there is no 
pharmacological chaperone marketed for GD. 

 
We will present a new series of multivalent scaffolds with several pharmacological 
chaperones. The expected multivalent effect is the significant increase in ligand affinity for its 
receptor by incorporating several copies of an identical motif on the surface of a multivalent 
template.3 To allow efficient grafting of the pharmacophores on the surface of multivalent 
platforms, click chemistry (SPAAC) has been used. Clickable iminosugars analogues were 
synthetized and original dendrimers carrying 6 or 12 activated alkynes units have been 
prepared to allow Cu-free grafting of the pharmacophores (collaboration with Dr. C.-O. Turrin, 
LCC, Toulouse). Then, those compounds were evaluated for their cytotoxicity, their inhibitory 
activity on GCase, their multivalent effect and finally their chaperone effect.  

 
1 J. Stirnemann et al., Int. J. Mol. Sci. 2017, 18, 441-471. 
2 D. M. Peirera, P. Valentao, P.B. Andrade, Chem. Sci. 2018, 9, 1740-1752. 
3 P. Compain, Chem. Rec. 2020, 20, 10-22. 
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Over the last decades, ferrocene chemistry has reached an exquisite level of refinement, 
leading to application of ferrocene derivatives in all areas of chemistry.1 This results from the 
ability to tune the electronic and steric properties of this organometallic through the 
introduction of selected substituents. However, the same substituents (ester, amide, ketones, 
etc.) are often encountered is this field, and vast areas of chemical space thus remain virtually 
unexplored. 
 
Ferrocenesulfonyl fluorides represent a good example of such original and disregard 
compounds. While the first derivatives were reported back in 1959,2 it was not until 60 years 
later that this family of compounds regained attention.3 Here, we report the first easy and 
scalable synthesis of ferrocenesulfonyl fluoride allowing its further functionalization in various 
reactions. Deprotolithiation-electrophilic trapping sequences and the ‘halogen dance’ 
reaction can be efficiently used to introduce various substituents, leading to a wide diversity 
of substituted derivatives. The orthogonal reactivity of ferrocenesulfonyl fluorides was further 
demonstrated in many reactions as well as the possibility to carry out a Sulfonyl Fluoride 
Exchange towards various sulfonamides, sulfonates and sulfones. 
 
 

 
 
 
  

 
1 Ferrocenes: Ligands, Materials and Biomolecules; P. Stepnicka, Ed.; Wiley: Hoboken, NJ, 2008. 
2 Nesmeyanov, A. N.; Reutov, O. A. Derivatives of ferrocene-1-carboxy-1'-sulfonic acid. Izv. Akad. Nauk SSSR, Ser. 
Khim. 1959, 926-929. 
3 a) Romero Boston, G. M.; Philipp, H. M.; Butenschön, H. Fluorosulfonylferrocene, 
(Trifluoromethylsulfonyl)ferrocene and New Ferrocenyl Sulfonates: Directed ortho Lithiation and New Anionic 
Thia-Fries Rearrangements at Ferrocene. Eur. J. Inorg. Chem. 2021, 4903-4914; b) Erb, W.; Roisnel, T. The 
chemistry of ferrocenesulfonyl fluoride revealed. Dalton Trans. 2021, 50, 16483-16487. 
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Many natural and synthetic molecules of biological interest contain an a-hydroxy-b-amino 
acid (AHBA) structural feature and considerable attention has been directed towards the 
development of stereoselective synthetic methodologies for these compounds. Our group is 
interested in the one-pot “MAC” (Masked Acyl Cyanide) methodology which commonly 
employs silylated 2-hydroxymalononitriles as umpolung reagents. The three-component MAC 
reaction can be used to combine an α-amino aldehyde, a MAC reagent and a nucleophile to 
build an AHBA moiety. MAC reactions have been employed in the synthesis of (‒)-bestatin,1 
an aminopeptidase inhibitor, and in the total synthesis of cyclic pentapeptide 
cyclotheonamide C,2 a potent thrombin inhibitor.  
Classical MAC reactions have invariably shown a syn diastereoselectivity (dr 80:20). A recent 
discovery in our group was the reversal of diastereoselectivity of the MAC reaction: when 
Garner's aldehyde was used as the electrophile, MAC oxyhomologation reactions proceeded 
in good yields and with an unprecedented anti selectivity (dr up to 90:10).3  

 
In order to exploit anti selective MAC reactions, strategically N,N-diprotected derivatives of 
unconstrained a-amino aldehydes have been studied as electrophiles. Various alcohols, 
amines and a-amino esters have been employed as nucleophiles, leading to the 
corresponding orthogonally protected esters (11 examples, yield up to 95%, dr 90:10), amides 
(10 examples, yield up to 89%, dr >98:2) and dipeptides (11 examples, yield up to 86%, dr 
88:12). We will also disclose the rapid synthesis of (‒)-allophenylnorstatin4 and (2S,3S,S)-epi-
bestatin, as single enantiomers in high yields. This methodology provides also a highly 
diastereoselective one-pot oxyhomologation and peptide coupling protocol for the 
preparation of peptide derivatives of a-hydroxy-b-amino acids with an anti configuration.  

 
1 Nemoto, H.; Ma, R.; Suzuki I.; Shibuya M. Org. Lett. 2000, 2, 4245–4247. 
2 Roche, S. P.; Faure, S.; Aitken, D. J. Angew. Chem. Int. Ed. 2008, 47, 6840–6842. 
3 Esgulian, M.; Buchotte M.; Guillot, R.; Deloisy, S.; Aitken, D. J. Org. Lett. 2019, 21, 2378–2382. 
4 He, X.; Buchotte, M.; Guillot, R.; Deloisy, S.; Aitken, D. J. Org. Biomol. Chem. 2022, 20, 1769–1781.  
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Polycyclic aromatic hydrocarbons (PAH) embedding a single π system are diverse by their size 
and shape. They have for long been considered as planar and rigid molecules, with only a few 
exceptions, for instance the helicenes, regarded as laboratory curiosities at the time of their 
discovery. This paradigm has gradually shifted, and nowadays it is well recognized that PAH 
are flexible and stretchable molecules. Thus, thousands of 3D curved PAH have been 
described in the last decade. Curvature in PAH can induce chirality1 and largely affects their 
electronic properties. However, structure‒property relationships have sparingly been 
examined for these molecules2,3, in part because the synthesis of series of comparable 
contorted PAH is a difficult task. 
To tackle this problem, we have designed an original approach to access a series of 
tetrabenzotriphenylene‒based multiple helicenes using aryne chemistry. Geometric factors 
and electronic properties in these molecules were determined and correlated (see 
illustration). This work establishes structure‒properties relationships in this series of chiral 
PAH, which is expected to allow the rational design of other multiple helicenes with predicted 
properties. 
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1 Rickhaus, M.; Mayor, M.; Juríček, M. Chirality in Curved Polyaromatic Systems. Chem. Soc. Rev. 2017, 46, 1643–
1660. https://doi.org/10.1039/C6CS00623J. 
2 Bedi, A.; Gidron, O. The Consequences of Twisting Nanocarbons: Lessons from Tethered Twisted Acenes. Acc. 
Chem. Res. 2019, 52, 2482–2490. https://doi.org/10.1021/acs.accounts.9b00271. 
3 Mori, T. Chiroptical Properties of Symmetric Double, Triple, and Multiple Helicenes. Chem. Rev. 2021, 121, 
2373–2412. https://doi.org/10.1021/acs.chemrev.0c01017. 
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Our team previously showed that it was possible to form fibers from cyclodextrins 
functionalized by an adamantane and ammoniums together with small oligomers of DNA. 
Thanks to the interaction of the hydrophobic cavity of the cyclodextrin and the adamantane, 
it is possible to form small supramolecular polymers by self-assembly. Then, through 
electrostatic interactions between the monomers and DNA the assembly of cyclodextrins 
becomes a lot bigger thanks to the two cooperative interactions: inclusion and electrostatics.1 

We now wonder if it is possible to obtain self-assemblies of cyclodextrins functionalized with 
other functional groups than ammoniums, for example with biologically relevant 
carbohydrates. For that, we synthesized cyclodextrins functionalized with an adamantane, 
allowing the self-assembly, and also with a sialic acid derivative. We are studying their self-
assembling ability. We will next study their capacity to interact with many sialic acid receptors 
that can be found at the surface of some viruses such as SARS-CoV-2 or Influenza, and 
potentially observe cooperative assembly. Indeed, it has been proven that multivalent agents 
of sialic acid derivatives can bind to the surface of this type of virus. We then wonder if it is 
possible to obtain a similar interaction with cyclodextrin assemblies.2  

 

  
 

1 M. Sollogoub et al, Angew. Chem. Int. Ed. 2018, 57, 7753-7758 
2 S.P. Vincent, D. Alsteens et al, Nat. Commun., 2022, 13 (1), 2564 
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Most eukaryote cells are covered by a dense glycan layer, called glycocalyx. This glycan chain 
is often terminated by neuraminic acid (one saccharidic compounds from the sialic acids (SA) 
family), which is essential for many biological processes such as cell recognition and adhesion.  
 
The outer membrane of Gram-negative bacteria is also covered by a dense layer of glycan, 
called lipopolysaccharides (LPS). Pathogenic bacteria have developed strategies taking 
advantage of sialic acid, both as a nutrient that can be withdrawn from the surface of host 
cells, and as a component to coat their own surface. This later strategy allows to escape 
defenses from our innate immune response.  
 
The incorporation of an unnatural SA bearing a chemical reporter into LPS of living Gram-
negative bacteria by glycan metabolic engineering using click-chemistry offers a rapid strategy 
to detect and potentially identify bacteria. And the modulation of their LPS-biosynthetic 
processes might restore immune response-sensitivity and lead to new therapeutic strategies 
against pathogenic and antibiotic-resistant bacteria. 
 
In this communication, we will show synthetic pathways towards new unnatural SA analogues, 
bearing an azido anchor, based on a general synthetic strategy previously explored in our 
laboratory.  

  
 
 
 
 
 
 
 
 
 
 
1 
 
  

 
1 Dumont, A.; Malleron, A.; Awwad, M.; Dukan, S.; Vauzeilles, B. Angew. Chem. Int. Ed., 2012, 51, 3143-3146. 
2 Mas Pons, J.; Dumont, A.; Sautejeau, G.; Fugier, E.; Baron, A.; Dukan, S.; Vauzeilles, B. Angew. Chem. Int. Ed., 
2014, 53, 1275-1278. 
3

 Fugier, E.; Dumont, A.; Malleron, A.; Poquet, E.; Pons, J. M.; Baron, A.; Vauzeilles, B.; Dukan, S. PLOS ONE 2015, 
10, e0127700. 
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Our group developed NHC-bridged cyclodextrins (CDs) that complex transition metals inside 
their cavity. 1 The resulting complexes are active in catalysis and display interesting chemo-, 
regio-, and stereo-selectivities.2,3,4 It was proved that the 2-point bridging of CD induces an 
helicoidal distortion of its cavity, and that this distortion accounts for the observed 
stereoselectivity.3 However, no control of the stereoselectivity was possible through 2-point 
bridging as it can only lead to a distortion into a M-helix (Figure A). To obtain the 
corresponding P-helix and reverse the selectivity, it would be necessary to build an 
enantiomeric CD, i.e. from L-glucose.  
The aim of this project is to study the distortion of the cavity when the CD is bridged 
asymmetrically. This can be achieved through a three-point bridging using tripodal moieties 
such as tren groups, necessary to access 2 regioisomers with mirror-image anchoring patterns 
(Figure B). Preliminary results showed that Cu(II) complexes of such compounds display 
opposite circular dichroism, indicating a chiral environment around the copper center. (Figure 
C) Future goals include to further characterize metal-complexes of tren-bridged CDs and use 
them for molecular recognition of chiral guests or in asymmetric catalysis. Additionally, the 
synthesis of permethylated analogues have been carried out to access crystallizable and 
water-soluble compounds for structural determination as well as chiral recognition and 
asymmetric catalysis in water.  

 A     B     C 

 
Figure A: M-helicoidal distortion of NHC-capped α-CD. B: Schematic representation of 
asymmetrically bridged CD tren-metal complexes. C: Opposite circular dichroisms obtained 
with the corresponding copper complexes.   

 
1 Guitet, M.; Zhang, P.; Marcelo, F.; Tugny, C.; Jiménez-Barbero, J.; Buriez, O. ; Amatore, C.; Mouriès-Mansuy, V.; 
Goddard, J.-P.; Fensterbank, L.; Zhang, Y.; Roland, S.; Ménand, M.; Sollogoub, M. Angew. Chem. Int. Ed. 2013, 52, 
7213. 
2 Tugny, C.; del Rio, N.; Koohgard, M.; Vanthuyne, N.; Lesage, D.; Bijouard K.; Zhang, P.; Meijide Suárez, J.; Roland, 
S.; Bistri-Aslanoff, O.; Sollogoub, M.; Fensterbank, L.; Mouriès-Mansuy, V. ACS Catal. 2020, 10, 5964 
3 Zhang, P.; Tugny, C.; Meijide Suárez, J.; Guitet, M.; Derat, E.; Vanthuyne, N.; Zhang, Y.; Bistri-Aslanoff, O.; 
Mouriès-Mansuy, V.; Ménand, M.; Roland, S.; Fensterbank, L.; Sollogoub, M. Chem. 2017, 3, 174 
4 Xu, G.; Leloux, S.; Zhang, P.; Meijide Suárez, J.; Zhang, Y.; Derat, E.; Ménand, M.; Bistri-Aslanoff, O.; Roland, S.; 
Leyssens, T.; Riant, O.; Sollogoub, M. Angew. Chem. Int. Ed. 2020, 59, 7591 
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Combination of CPL and AIE has become a focus of major interest1 since, in the aggregated 
state, the CPL response can be enhanced and red shifted while the handedness of the signal 
can be inverted. Although a plethora of chiral cyclophanes have been described, few examples 
have combined both CPL and AIE. Herein, we report the synthesis of two enantiopure 
binaphthyl-based tetracationic cyclophanes by the insertion of axially chiral enantiomeric 
binaphthyl moieties into the constitutions of pyridinium-based macrocycles.2 These 
cyclophanes exhibit a significant AIE compared to the neutral binaphthyl precursors and 
display CPL responses both in solution and in the aggregated state. This duality of AIE and CPL 
in these tetracationic cyclophanes is destined to be of major importance in future 
development of photonic devices and bio-applications. 

 
  

 
1 Hu, M.; Feng, H.-T.; Yuan, Y.-X.; Zheng, Y.-S.; Tang, B. Z., Chiral AIEgens – Chiral Recognition, CPL Materials and 
Other Chiral Applications. Coord. Chem. Rev. 2020, 416, 213329. 
2 Garci, A.; Abid. S.; David, A. H. G.; Codesal, M. D.; Đorđević, L.; Young, R. M.; Sai, H.; Le Bras, L.; Perrier, A.; 
Ovalle, M.; Brown, P. J.; Stern, C. L.; Campaña, A. G.; Stupp, S. I.; Wasielewski, M. R.; Blanco, V.; Stoddart, J. F., 
Aggregation-Induced Emission and Circularly Polarized Luminescence Duality in Tetracationic Binaphthyl-Based 
Cyclophanes. Angew. Chem. Int. Ed. 2022, e202208679; Angew. Chem. 2022, e202208679. 
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Remote functionalization is a powerful concept in organic synthesis. It permits a reaction to 
proceed at a distal and less reactive position of an organic molecule.1 In the case of γ-
enolizable α,β-unsaturated aldehydes (enals), it becomes possible to functionalize these enals 
at the distal γ position, via the formation of silyl dienol ethers.2 We have previously developed 
a visible-light mediated method to functionalize the α-position of a variety of carbonyl 
compounds with alkoxy groups via the formation of silyl enol ethers.3 Encouraged by these 
previous results on the α-alkoxylation on carbonyl compounds, we further explored this visible 
light-mediated approach to selectively functionalize the distal γ position of enals. 
However, the major issue encountered in this remote functionalization is the α/γ 
regioselectivity. To overcome this issue we envisioned a radical based strategy in which a Y. 
radical will add onto the silyl dienol ether partner (Scheme 1). We hypothesized that this 
radical addition will occur at the γ position preferentially over the α position. Indeed, the γ 
addition pathway will generate a more stable allylic radical intermediate B compared to the 
unconjugated radical intermediate A formed with the α addition pathway. With this 
methodology, we were able to successfully functionalize a wide scope of enals at the γ position 
with complete regioselectivity, introducing a wide range of alkoxy, amino and alkyl 
functionalities.4 

 
Scheme 3 Radical γ-functionalization of α,β-unsaturated aldehydes 

  

 
1 Vasseur, A.; Bruffaerts, J.; Marek, I. Nature Chem 2016, 8 (3), 209–219 
2 (a) Mukaiyama, T.; Ishida, A. Chem. Lett., 1975, 4, 319–322; (b) Casiraghi, G.; Zanardi, F.; Appendino, G.; Rassu, 
G. Chem Rev. 2000, 100, 1929-1972; (c) Denmark, S. E.; Heemstra, J. R.; Beutner, G. L. Angew. Chem. Int. Ed. 
2005, 44, 4682-4698 
3 Banoun, C; Bourdreux, F; Magnier, E; Dagousset, G. Org. Lett. 2021, 23, 8926-8930 
4 Submitted article  
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Fluorine is an important element for medicinal chemistry.1 Based on this premise, we reported 
a practical method for the asymmetric transfer hydrogenation/dynamic kinetic resolution of  
3-fluoro chromanones, N-Boc 3-fluoro-dihydrotetrahydroquinolin-4-ones, 3-trifluoromethyl 
chromanones, 2-trifluoromethyl tetralones and 2-trifluoromethyl indanones into the 
corresponding cis-fluoro and cis-trifluoromethyl alcohols in 56-98% yields, up to >99:1 dr and 
up to >99% ee by using the rhodium complex (R,R)-Rh-teth-TsDPEN 2 or the ruthenium 
complexes (R,R)-RuCl(p-cymene)TsDPEN or (R,R)-TsDENEB, and a formic acid/triethylamine 
(1:1) mixture as the hydrogen donor under mild conditions.3,4,5 

 

  
 

1 Caron, S. Org. Process Res. Dev. 2020, 24, 470. 2 (a) Echeverria, P.-G.; Férard, C.; Phansavath, P.; 
Ratovelomanana-Vidal, V. Catal. Commun. 2015, 62, 9. (b) Zheng, L.-S.; Llopis, Q.; Echeverria, P.-G.; Férard, C.; 
Guillamot, G.; Phansavath, P.; Ratovelomanana-Vidal, V. J. Org. Chem. 2017, 82, 5607. 3 (a) Molina Betancourt, 
R; Phansavath, P; Ratovelomanana-Vidal, V. J. Org. Chem. 2021, 86, 12054. (b) Ros, A.; Magriz, A.; Dietrich, H.; 
Fernandez, R.; Alvarez, E.; Lassaletta, M. Org. Lett. 2006, 8, 127-130 4 Molina Betancourt, R; Phansavath, P; 
Ratovelomanana-Vidal, V. Molecules 2022, 27, 995.5 (a) Cotman, A.E.; Dub, P.A.; Sterle, M.; Lozinšek, M.; 
Dernovšek, J.; Zajec, Ž.; Zega, A.; Tomašič, T.; Cahard, D. ACS Organic & Inorganic Au 0, 0, pp.  (b) Molina 
Betancourt, R; Bacheley, L; Karapetyan, A; Guillamot, G; Phansavath, P; Ratovelomanana-Vidal, V. 
ChemCatChem. 2022, 14, e202200595.  
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Cyclobutane derivatives have become increasingly important as molecular building blocks 
because of their inherent ring strain and the selective modification of their structures can be 
strategically used in organic synthesis.[1] Cyclobutane rings also appear in the molecular 
structures of a wide panel of natural and synthetic molecules that display interesting biological 
activities.[2] 
Within this large family, alkylidenecyclobutane subunits are encountered in natural products, 
such as providencin,[3] and they exhibit enhanced reactivity providing access to complex 
molecular structures, including enlarged ring and highly functionalized cyclobutane 
derivatives.[4] 
 
We recently developed an efficient synthesis of functionalized cyclobutenes through a 
photochemical domino reaction starting from cyclopent-2-enones and ethylene.[5] In this 
communication, we describe our recent developments of this methodology including the  
transformation of functionalized cyclobutenes into alkylidenecyclobutanes. This synthetic 
procedure provides an access to a wide variety of post-functionalized cyclobutane derivatives.  
 
 
 

 
 
 
 
 
 
 
 
 
 
  

 
1 Seiser, T.; Saget, T.; Tran, D.N.; Cramer, N. Angew. Chem. Int. Ed. 2011, 50, 7740-7752.  
2 Fan, Y.-Y, Gao, X.-H., Yue, J.-M. Sci. China. Chem. 2016, 1126-1141. 
3 White, J. D.; Jana, S. Org. Lett. 2009, 11, 1433-1436. 
4 a) Sun, K.; Liu, S.; Bec, P. M.; Driver, T. G. Angew. Chem., Int. Ed. 2011, 50, 1702-1706. b) Eisold; M.; Didier, D. 
Org. Lett. 2017, 19, 4046-4049. 
5 Buendia, J.; Chang, Z.; Eijsberg, H.; Guillot, R.; Xie, J.; Frongia, A.; Secci, F.; Robin, S.; Boddaert, T.; Aitken, D. J. 
Angew. Chem. Int. Ed. 2018, 57, 6592-6596. 
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Homoisoflavonoids are a widespread family of molecules, naturally occurring in plants, which 
possess a promising set of biological activities. Among those, benzyl chromanols are a 
promising family that could be accessed through a key step of asymmetric transfer 
hydrogenation combined with a dynamic kinetic resolution process (ATH/DKR). 1 Continuing 
our interest in asymmetric transfer hydrogenation (ATH),2 we developed a straightforward 
access to enantiomerically enriched cis-3-benzyl-chromanols from (E)-3-benzylidene-
chromanones through a Rh-catalyzed3 asymmetric transfer hydrogenation. This 
transformation allowed the reduction of both the C=C and C=O bonds and the formation of 
two stereocenters in high yields with excellent levels of diastereo- and enantioselectivities (up 
to >99:1 dr, up to >99% ee) in a single step through a dynamic kinetic resolution process using 
a low catalyst loading and HCO2H/DABCO as the hydrogen donor. This efficient and 
straightforward catalytic route provides access to synthetically useful chromanol derivatives 
and valuable chroman pharmacophores as well and tolerates a broad range of functionalities.4 

  

 
1 For selected reviews: a) Noyori, R.; Tokunaga, M.; Kitamura, M. Bull. Chem. Soc. Jpn. 1995, 68, 36. b) Samec, J. 
S. M.; Bäckvall, J.-E.; Andersson, P. G.; Brandt, P. Chem. Soc. Rev. 2006, 35, 237. c) Foubelo, F.; Nájera, C.; Yus, M. 
Tetrahedron: Asymmetry 2015, 26, 769. d) Pellissier, H. Tetrahedron 2011, 67, 3769. e) Molina Betancourt, R; 
Echeverria, P.-G.; Ayad, T.; Phansavath, P.; Ratovelomanana-Vidal, V. Synthesis 2021, 53, 30 and cited references. 
2 For selected recent references: a) He, B., Phansavath, P.; Ratovelomanana-Vidal, V. Org. Chem. Front. 2021, 8, 
2504. b) Molina Betancourt, R.; Phansavath, P.; Ratovelomanana-Vidal, V. J. Org. Chem. 2021, 86, 12054. c) 
Molina Betancourt, R.; Phansavath, P.; Ratovelomanana-Vidal, V. Molecules 2022, 27, 995. d) Molina Betancourt, 
R.; Bacheley, L.; Karapetyan, A.; Guillamot, G.; Phansavath, P.; Ratovelomanana-Vidal, V. ChemCatChem 2022, 
e202200595. 
3 a) Echeverria, P.-G.; Férard, C.; Phansavath, P.; Ratovelomanana-Vidal, V. Catal. Commun. 2015, 62, 95. b) 
Zheng, L.-S.; Llopis, Q.; Echeverria, P.-G.; Férard, C.; Guillamot, G.; Phansavath, P.; Ratovelomanana-Vidal, V. J. 
Org. Chem. 2017, 82, 5607. c) Phansavath, P.; Ratovelomanana-Vidal, V. et al. SynOpen 2022, 6, 75. 
4 Molina Betancourt, R.; Phansavath, P.; Ratovelomanana-Vidal, V. Org. Lett. 2021, 23, 1621. 
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Sydnones are the most studied class of mesoionic compounds over the past decades mainly 
because of their biological activity1 and their propensity to undergo 1,3-dipolar cycloaddition 
reactions yielding pyrazole scaffolds.2 Sydnone compounds are usually synthesized from N-
substituted amino acids by nitrosation and subsequent cyclization.3 Our team has recently 
developed two straightforward mechanochemical methods to obtain N-substituted amino 
acids from anilines and a subsequent one-pot two-step sequence to obtain sydnones, which 
could be used as ligand in coordination complexes.4 Mechanochemistry is indeed a promising 
technique5 leading to better yield, better selectivities and enhanced kinetics compared to 
classical solution chemistry. Moreover, in 2019, the IUPAC has cited mechanochemistry as one 
of the 10 chemical innovations that will change our world.6 
Herein will be presented the latest developments in green methodologies concerning 
sydnones. High yielding halogenation reactions were performed and the corresponding 
halo-sydnones could be subsequently used in a mechanochemical Suzuki-Miyaura 
cross-coupling reaction. In parallel, direct mechanochemical C-H activation of sydnones 
allowed to obtain arylated sydnones. 

  

 
1 Abdualkader, A.; Taher, M.; Yusoff, N. I. N.  Int. J. Pharm. Pharm. Sci. 2017, 9, 1-9. 
2 Decuypère, E.; Plougastel, L.; Audisio, D.; Taran, F. Chem. Commun. 2017, 53, 11515-11527. 
3 Applegate, J.; Turnbull, K. Synthesis 1988, 1011-1012. 
4 Pétry, N.; Vanderbeeken, T.; Malher, A.; Bringer, Y.; Retailleau, P.; Bantreil, X.; Lamaty, F. Chem. Commun., 2019, 
55, 9495-9498. 
5 Bento, O.; Luttringer, F.; Mohy El Dine, T.; Pétry, N.; Bantreil, X.; Lamaty, F. Eur. J. Org. Chem. 2022, 
ejoc.202101516. 
6 Gomollon-Bel, F. Chem. Int. 2019, 41, 12-17. 

N
ON

O NXS

Additive

Pd(OAc)2, XPhos
Ph-B(OH)2

Pd(OAc)2, XPhos
Cs2CO3, Δ

I

H

N
ON

O

Ph

N
ON

O

X

N
ON

O

Ph

N
ON

O

N
[M]

M = Cu, Co, Zn

Cs2CO3



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 324

POSTERS

P B048 
Simple push-pull multimers based on biosourced 

isommanide, isosorbide and glycerol:  
electronic properties and photovoltaic applications  

Stéphane Guillarme1, Arnaud Nourry1, Frédéric Gohier2  

1 Institut des Molécules et Matériaux du Mans, UMR 6283, CNRS and Le Mans University, Avenue O. Messiaen, 
72085 Le Mans, France. 

2 Moltech Anjou, UMR 6200, CNRS and Angers University, 2, Bd Lavoisier, 49045 Angers, France 
stephane.guillarme@univ-lemans.fr 

 
 

Use of solar energy will be a great challenge of this century as this energy represents less than 
1% of consumed energy in the world versus 78% of fossil one. It is now well established that 
the petro-sourced resources for energy is also responsible for the climate change of our 
planet. With the announced depletion of resources, the transition to the use of living 
renewable resources must be initiated. Very recently, we started a research program aiming 
at producing devices for organic electronics using bio-sourced compounds1. In that context, 
we intend to graft biomass-derived electron donor or acceptor conjugated systems onto 
biomass derived platforms (chiral or not) such as glycerol, carbohydrates and their derivatives 
using the tools of sustainable chemistry.  
 
A preliminary study was focused on the grafting of push-pull compounds on biosourced 
polyols in order to evaluate the effect of the chirality2 or polarity of such platforms on the 
efficiency of the grafted push-pull structures as donors in photovoltaic cells.  
 

 
Scheme 1. Synthetic strategy of biomass-derived multimers. 

 
Synthesis of compounds, the opto-electronic properties and the performance of the different 
compounds used as donors in photovoltaic cells will be presented. 
 
 
 
  

 
1 For the use of bio-sourced compounds in OPV cell, see for example : Rajkumar, B.; Khanam, L.; Koukaras, E. N.; 
Sharma, G. D.; Singh, S. P.; Lochab, B., ACS Sust. Chem. & Eng. 2020, 8, 5891.  
2 For a beneficial effect on the organization of the layer, see for example: a) Aytun, T.; Barreda, L.; Ruiz-Carretero, 
A.; Lehrman, J. A.; Stupp, S. I., Chem. Mat. 2015, 27, 1201. b) Sakai-Otsuka, Y.; Nishiyama, Y.; Putaux, J.-L.; 
Brinkmann, M.; Satoh, T.; Chen, W.-C.; Borsali, R., Macromolecules 2020, 53, 9054 
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Constructing molecular complexity and diversity from simple and readily available substrates 
is still pursued by the synthetic community. The development of domino polycyclizations is 
one of the most appealing strategies to access intricate molecular architectures in a single 
operation.1 
 
Among others, catalytic cycloisomerization-initiated domino reactions of alkynols or 
alkynylamines allow the formation of diverse polycyclic scaffolds. In recent years, different 
methodologies using this approach including a,b-unsaturated ketones as reaction partners 
have been described in the literature.2 
 
We will disclose our own investigations employing this strategy in the presence of a,b-
unsaturated imines leading to unusual molecules bearing three spirocyclic units. 
 
 
 

 
 

 
 
 

  

 
1 (a) Zheng, L.; Hua, R. Front. Chem. 2020, 8, 580355. (b) Jiang, Y.; McNamee, R. E.; Smith, P. J.; Sozanschi, A.; 
Tong, Z.; Anderson, E. A. Chem. Soc. Rev. 2021, 50, 58. 
2 (a) Mao, W.; Lin, S.; Zhang, L.; Lu, H.; Jia, J.; Xu, Z. Org. Chem. Front. 2020, 7, 856. (b) Wang, H.; Zeng, T.; Li, X.; 
Wang, S.; Xiao, W.; Liu, L.; Chang, W.; Li, J. Org. Chem. Front. 2020, 7, 1809. (c) Wang, H.; Zeng, T.; Chang, W.; 
Liu, L.; Li, J. Org. Lett. 2021, 23, 3573. (d) Zeng, T.; Kong, J.; Wang, H.; Liu, L.; Chang, W.; Li, J. Adv. Synth. Catal. 
2021, 363, 4024. (e) Yang, W.; Shang, X.; Luo, X.; Deng, W. Angew. Chem. Int. Ed. 2022, e202210207. 
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The effect of fluorine in the design and the synthesis of new bioactive compounds has been 
widely studied during the last two decades but still needs to be explored and understood into 
deeper levels. 1 Consequently, the potential of fluorine in organic and medicinal chemistry has 
prompted us to pursue our investigation2 and develop an environmentally-sound way to 
access enantioenriched trifluoromethyl-containing building blocks. We report here a Rh(III)3-
catalyzed asymmetric reduction of  α-trifluoromethyl ketones through transfer hydrogenation 
under mild conditions to access a series of enantioenriched cis-trifluoromethyl alcohols via a 
dynamic kinetic resolution process. The reaction was efficiently performed in the green 
solvent 2-MeTHF with HCO2H/Et3N (1 :1) as the hydrogen donor. Good yields alongside high 
diastereo- and enantioselectivities were obtained for the synthesis of CF3-chromanol, CF3-
indanol and CF3-tetralol derivatives. 4 

  
 

1 B. M. Johnson, Y. Z. Shu, X. Zhuo, N. A. Meanwell, J. Med. Chem. 2020, 63, 6315. 2 (a) T. Ayad, P. Phansavath, V. 
Ratovelomanana-Vidal. Chem. Rec. 2016, 16, 2754. (b) L.-S. Zheng, P. Phansavath, V. Ratovelomanana-Vidal. Org. 
Chem. Front. 2018, 5, 1366. (c) L.-S. Zheng, C. Férard, P. Phansavath, V.  Ratovelomanana-Vidal. Chem. Commun. 
2018, 54, 283. (d) L.-S. Zheng, P. Phansavath, V. Ratovelomanana-Vidal. Org. Lett. 2018, 20, 5107. (e) B. He, P. 
Phansavath, V. Ratovelomanana-Vidal. Org. Lett. 2019, 21, 3276. (f) B. He, P. Phansavath, V. Ratovelomanana-
Vidal. Org. Chem. Front. 2020, 7, 975. (g) A. Westermeyer, G. Guillamot, P. Phansavath, V. Ratovelomanana-Vidal. 
Org. Lett. 2020, 22, 3911. (h) R. Molina Betancourt, P. Phansavath, V. Ratovelomanana-Vidal. Org. Lett. 2021, 23, 
1621. (i) R. Molina Betancourt, P. Phansavath, V. Ratovelomanana-Vidal. J. Org. Chem. 2021, 86, 12054. (j) R. 
Molina Betancourt, P. Phansavath, V. Ratovelomanana-Vidal. Molecules, 2022, 27, 995. 3 (a) P. G., Echeverria, C. 
Férard, P. Phansavath, V. Ratovelomanana-Vidal, Catal. Commun. 2015, 62, 9. (b) L.-S Zheng. Q. Llopis, P.-G. 
Echeverria, C. Férard, G. Guillamot, P. Phansavath, V. Ratovelomanana-Vidal, J. Org. Chem. 2017, 82, 5607. 4 R. 
Molina Betancourt, L. Bacheley, A. Karapetyan, G. Guillamot, P. Phansavath, V. Ratovelomanana-Vidal, Chem. 
Cat. Chem. 2022, 14, e2022005. 
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The 5-HT6 receptor, a receptor coupled to the Gs protein, has emerged as a promising target 
to alleviate cognitive symptoms of neurodevelopmental diseases 1. In the past years, we 
developed the synthesis of heterocyclic compounds that showed a high affinity for the 
receptor in binding assay and interesting antagonist properties towards different signaling 
pathways of 5-HT6 receptor.2 In this context, new ligands were designed and synthesized using 
an innovative technology, namely mechanochemistry. To date, 25 new molecules were 
obtained in short reaction time and without the use of toxic, costly and dangerous reagents 
and solvents. Their pharmacological properties were tested to determine the effects of each 
compound toward the different signaling pathways of 5-HT6 receptor. Finally, highly potent 
compounds were identified, showing the benefits of medicinal mechanochemistry.3 
 

 
 

 

 
 
  

 
1 Woolley, M.; Marsden, C.; Fone, K., 5-HT6 Receptors, Curr. Drug Targets: CNS Neurol. Disord. 2004, 3(1), 59–79.  
2 Drop, M.; Jacquot, F.; Canale, V.; Chaumont-Dubel, S.; Walczak, M.; Satała, G.; Nosalska, K.; Mahoro, G. U.; 
Słoczyńska, K.; Piska, K.; Lamoine, S.; Pękala, E.; Masurier, N.; Bojarski, A. J.; Pawłowski, M.; Martinez, J.; Subra, 
G.; Bantreil, X.; Lamaty, F.; Eschalier, A.; Marin, P.; Courteix, C.; Zajdel, P., Neuropathic pain-alleviating activity of 
novel 5-HT6 receptor inverse agonists derived from 2-aryl-1H-pyrrole-3-carboxamide, Bioorg. Chem., 2021, 115, 
105218; Zajdel, P.; Grychowska, K.; Mogilski, S.; Kurczab, R.; Satała, G.; Bugno, R.; Kos, T.; Gołębiowska, J.; 
Malikowska-Racia, N.; Nikiforuk, A.; Chaumont-Dubel, S.; Bantreil, X.; Pawłowski, M.; Martinez, J.; Subra, G.; 
Lamaty, F.; Marin, P.; Bojarski, A. J.; Popik, P., Structure-Based Design and Optimization of FPPQ, a Dual-Acting 
5-HT3 and 5-HT6 Receptor Antagonist with Antipsychotic and Procognitive Properties. J. Med. Chem. 2021, 64 
(18), 13279-13298. 
3 Bento, O.; Luttringer, F.; Mohy El Dine, T.; Pétry, N.; Bantreil, X.; Lamaty, F., Sustainable Mechanosynthesis of 
Biologically Active Molecules. Eur. J. Org. Chem., 2022, e202101516. 
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Despite the outstanding advances realized in homogeneous gold(I) catalysis over the last two 
decades, the asymmetric version has not experienced the same growth.1 The main challenge 
resides in the specific, linear coordination geometry of gold(I) complexes, which limits an 
efficient chirality transfer from the ligand to the substrate. In recent years, the rigid, bicyclic 
imidazo[1,5-a]pyridin-3-ylidene platform (ImPy) has proven to be a privileged scaffold in this 
context, since it leads to L-shape NHC ligands, in which the C5-substituent is positioned in 
front of the gold center and forms a kind of “lateral wall”.2  
In 2019 our groups reported a first series of such “achiral” L-shape ImPy ligands functionalized 
with a flanking barbituric heterocycle and those tunable ligands appeared highly efficient in 
gold(I)-catalyzed C-N, C-O, and C-C bonds formations.3  
We present herein a second series of chiral ImPy-Au(I) complexes 1 derived from the first one 
and featuring a chiral lateral barbituric heterocycle obtained by use of enantiopure (S)-1-
phenylethylamine. The synthesis and characterization of the chiral NHC precursors and 
complexes 1 are described as well as the implementation of the latter catalysts in the domino 
cycloisomerization/nucleophilic addition of 1,6-enynes with various nucleophiles. This 
reaction proceeds in excellent yields and good enantioinduction affording functionalized 
heterocycles.4  
 

 
 
 
  

 
1 (a) W. Zi, F. Dean Toste, Chem. Soc. Rev. 2016, 45, 4567-4589; (b) Y. Li, W. Li, J. Zhang, Chem. Eur. J. 2017, 23, 
467-512. 
2 For a review, see: P. Teixeira, S. Bastin, V. César, Isr. J. Chem. 2022, accepted.  
3 Y. Tang, I. Benaissa, M. Huynh, L. Vendier, N. Lugan, S. Bastin, P. Belmont, V. César, V. Michelet, Angew. Chem. 
Int. Ed. 2019, 58, 7977-7981. 
4 Unpublished results. 
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Carbon isotope labeling is a precious technology, which allows tracking organic compound 
either in the living organisms or environment. While long-lived β- isotope carbon-14 (14C, t½ = 
5730 years) is of paramount importance for the collection of biological data through ADMET 
studies, short-lived β+ isotope carbon-11 (11C, t½ = 20 min) is routinely employed for PET 
imaging studies in humans and primates. 
Nowadays, traditional multi-step synthesis with 14C generates high amounts of radioactive 
waste and are extremely demanding in terms of resources and sustainability. On the other 
hand, 11C is produced in limited amounts and requires fast and efficient reactions for its 
valorization in a radio-synthetic process [1]. 
 
In order to overcome such limitations, our group developed a Staudinger/ aza-Wittig cascade 
reaction using stoichiometric amounts 13C, 14C and 11C-labeled-CO2, that allows a rapid and 
straightforward access to different radio-labeled carbonyl derivatives, minimizing the 
generation of radioactive waste [2a, 2b]. 

 
  

 
1 Heys, J. R.; Voges, R.; Moenius, T. Preparation of Compounds Labeled with Tritium and Carbon-14.; John Wiley 
& Sons: Chichester, 2009. 
2 a) Babin, V.; Sallustrau, A.; Loreau, O.; Caillé, F.; Goudet, A.; Cahuzac, H.; Del Vecchio, A.; Taran, F.; Audisio, D. 
A General Procedure for Carbon Isotope Labeling of Linear Urea Derivatives with Carbon Dioxide. Chem. 
Commun. 2021, 57 (54), 6680–6683. b) Babin, V.; Sallustrau, A.; Molins, M.; Labiche, A.; Goudet, A.; Taran, F.; 
Audisio, D. Parallel Screening with 14 C-Labeled Carbon Dioxide: De-risking the Staudinger-Aza-Wittig Reaction. 
Eur. J. Org. Chem. 2022, 2022 (30). 
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Carbon radioisotope labeling has a remarkable impact on public health. Long lived β- isotope 
carbon-14 (14C, t1/2 = 57300 years) is of paramount importance for the collection of biological 
data such as absorption, distribution, metabolism, excretion (ADME) studies.[1] 
Unfortunately, traditional 14C-radiosynthesis is marred by multiple pitfalls, including lack of 
available starting materials ([14C]CO2 being the universal building block), high costs of reagents 
and generation of considerable amounts of radioactive waste, which are poorly sustainable 
and difficult to dispose of. 
 

We have explored a photocatalytic approach for the synthesis of labeled carboxylic acids, 
based on the hydrocarboxylation of alkenes (i.e. the Giese reaction).[2,4] Based on a dynamic 
isotopic equilibration between format salts and [13C and 14C]CO2, C-labeled radical anion CO2

●- 
could be accessed for the first time,[3] under extremely mild conditions and low photocatalyst 
loading (0.5 mol%). This methodology was employed for labeling drug derivatives and the late-
stage carbon isotope labeling of complex substructures and pharmaceutically relevant 
compounds.  
 
 
 
 
 
 
 
  

 
1 a) Voges, R., J. R. Heys, and Thomas Moenius. Preparation of Compounds Labeled with Tritium and Carbon-14.  
Chichester, U.K: Wiley, 2009. b) Penner, Natalia, Lin Xu, and Chandra Prakash. “Radiolabeled Absorption, 
Distribution, Metabolism, and Excretion Studies in Drug Development: Why, When, and How?” Chemical 
Research in Toxicology 2012, 25 (3)  513–531.  
2 Alektiar,X?  Sara N., and Zachary K. Wickens. “Photoinduced Hydrocarboxylation via Thiol-Catalyzed Delivery of 
Formate Across Activated Alkenes.” Journal of the American Chemical Society 2021, 143 (33): 13022–13028.  
3 Hendy,X?  Cecilia M., Gavin C. Smith, Zihao Xu, Tianquan Lian, and Nathan T. Jui. “Radical Chain Reduction via 
Carbon Dioxide Radical Anion (CO 2 

•– ).” Journal of the American Chemical Society 2021, 143 (24): 8987–8992. 
4 Huang, X? Yan, Jing Hou, Le-Wu Zhan, Qian Zhang, Wan-Ying Tang, and Bin-Dong Li. “Photoredox Activation of 
Formate Salts: Hydrocarboxylation of Alkenes via Carboxyl Group Transfer.” ACS Catalysis 2021, 11 (24): 15004–
15012. 
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Triazoles are a major class of heterocyclic compounds, widely used in pharmaceutical and 
energetic applications due to their high nitrogen content coupled with the presence of 
explosophoric groups like nitro, hydrazino or azido. 
Although some hydrazino-1,2,4-triazoles have been described lately,1 HNT is still surprisingly 
missing, making it doubtful as a free base, as only hydrochloride and sulfate salts were 
reported.2 

Herein, the first synthesis of HNT is described from 5-bromo-3-nitro-1,2,4-triazole (BNT) in 
three steps, as well as other energetic compounds derived from it, including salts, thus 
demonstrating that HNT is not only a feasible, stable molecule, but also a valuable platform 
towards powerful and thermally stable energetic compounds. 
 

 

 
 
 
  

 
1 Bagal, L. I.; Pevzner, M. S; Egorov, A. P.; Samarenko, V.; Ya. Khimiya Geterotsiklicheskikh Soedinenii, 1954, 7, 
997-1000 
2 Tolstyakov, V. V.; Tselinskii, I. V.; Dreving, N. A., Russian Journal of General Chemistry, 2007, 77, 2179-2185 
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Foldamers are oligomers with a strong tendency to adopt a well-defined conformation.1 
Peptidomimetic foldamers appear to be a useful tool in medicinal chemistry for the 
exploration of protein-protein or protein-membrane interactions thanks to their ability to 
mimic the secondary structure of the target protein while being stable against proteases.2 
Meanwhile, the use of fluorinated compounds in medicinal chemistry has become widely 
popular. Indeed, the incorporation of fluorine atoms is of major interest to modulate the 
physicochemical and therapeutic properties of drug candidates,3 and can also serve as 19F 
NMR probes.4 Although the combination of fluorine and foldamers appears to be an 
innovative strategy in medicinal chemistry, fluorinated foldamers remain under-explored to 
date. 
Our group reported the synthesis of the fluorinated pseudoproline CF3-ΨPro, its incorporation 
into peptides and its effect on the cis/trans amide bond conformation. We demonstrated that 
in Fmoc-Pro-CF3-ΨPro-OMe dipeptides, the CF3-ΨPro is a useful tool to tune the amide bond 
conformation.5 Knowing that oligomers of proline can adopt a polyproline secondary structure 
(PPI: all-cis, PPII: all-trans amide bonds), we aim to design and synthesize fluorinated 
oligomers based on (Pro-CF3-ΨPro)n and (Pro-CF3-ΨPro-Pro)n scaffolds. Our objective is to 
evaluate their ability to mimic a polyproline secondary structure and to increase their 
biological profile (binding affinities to protein or membrane, proteolytic stability…). Here, the 
first studies and results about (i) the synthesis, (ii) the conformational studies using NMR and 
circular dichroism spectroscopy, (iii) the cytotoxicity and stability assays of our oligomers 
(n = 1, 2 or 3) will be presented. 
 

 
 
 

  

 
1 Gellman, S. H. Acc. Chem. Res. 1998, 31, 173-180.  
2 Pasco, M., Dolain, C., Guichard, G. Comprehensive Supramolecular Chemistry II. 2017, 89-125. 
3 Inoue, M., Sumii, Y., Shibata, N. ACS Omega. 2020, 5, 10633-10640. 
4 Gimenez, D., Phelan, A., Murphy, C. D., Cobb, S. L. Beilstein J. Org. Chem. 2021, 17, 293-318. 
5 Chaume, G., Simon, J., Lensen, N., Pytkowicz, J., Brigaud, T., Miclet, E. J. Org. Chem. 2017, 82, 13602-13608. 
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Isotopic labeling of bio-actives compounds is extensively studied in order to modify their 
properties, such as pharmacokinetics or biological properties, and/or use them as probes.1 
Deuteration of indoles has been studied but proceeds most of the time under harsh, or poorly 
selective conditions.2 
In the context of our studies on the Au(I)-catalyzed Pictet-Spengler reactions,3a,b we 
hypothesized indolyl-Au(I) species as key intermediates. Despite plethoric examples of 
reactions involving gold(I) catalysis and indoles,3c indolyl-Au(I) species are not well known in 
the literature and most of the time have been only hypothesized as potential intermediates 
in non-neutral redox reactions.4  
On the basis of this hypothesis, we developed a highly efficient Au(I)-catalyzed regioselective 
deuteration of indoles, that proceeds via aurated indolyl intermediates. High deuterium 
incorporation rates were reached at C3 –or C2, depending on the substitution pattern of the 
indole– using 0.5 mol% catalyst using CD3OD and/or D2O as low expensive deuterium source. 
This methodology was used for the regioselective, mild gold-catalyzed deuteration of ca 30 
indoles derivatives, including biologically active Pindolol and Atevirdine, as representative 
examples of highly functionalized compounds. 

 
  

 
1 (a) Pirali, T.; Serafini, M.; Cargnin, S.; Genazzani, A. A.,. J. Med. Chem. 2019, 62, 5276. (b) Atzrodt, J.; Derdau, V.; 
Kerr, W. J.; Reid, M. Angew. Chem. Int. Ed. 2018, 57, 1758. (c) Elmore, C. S.; Bragg, R. A. Bioorg. Med. Chem. Lett. 
2015, 25, 167.  
2 See, for instance: (a) Zhang, J.; Zhang, S.; Gogula, T.; Zou, H. ACS Catal. 2020, 10, 7486. (b) Kerr, W. J.; Lindsay, 
D. M.; Owens, P. K.; Reid, M.; Tuttle, T.; Campos, S., ACS Catal. 2017, 7, 7182. (c) Daniel-Bertrand, M.; Garcia-
Argote, S.; Palazzolo, A.; Mustieles Marin, I.; Fazzini, P.-F.; Tricard, S.; Chaudret, B.; Derdau, V.; Feuillastre, S.; 
Pieters, G. Angew. Chem. Int. Ed. 2020, 59, 21114. 
3 (a) Milcendeau, P.; Zhang, Z.; Glinsky-Olivier, N.; van Elslande, E.; Guinchard, X., J. Org. Chem. 2021, 86, 6406; 
(b) Glinsky-Olivier, N.; Yang, S.; Retailleau, P.; Gandon, V.; Guinchard, X., Org. Lett. 2019, 21, 9446. (c) 
Milcendeau, P.; Sabat, N.; Ferry, A.; Guinchard, X., Org. Biomol. Chem. 2020, 18, 6006. 
4 See, for instance: (a) Brand, J. P.; Chevalley, C.; Scopelliti, R.; Waser, J., Chem. Eur. J. 2012, 18, 5655; (b) 
Heffernan, S. J.; Tellam, J. P.; Queru, M. E.; Silvanus, A. C.; Benito, D.; Mahon, M. F.; Hennessy, A. J.; Andrews, B. 
I.; Carbery, D. R., Adv. Synth. Catal. 2013, 355, 1149. 
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For the chemists’ community, the ubiquitous presence of nitrogen-containing heterocycles in 
natural compounds have been the source of many inspirations for design and synthesis of new 
biological molecules. But the synthesis of these heterocycles remains an important challenge 
in organic chemistry, we report on this work a fast and easy to setup method to obtain 6- and 
7-membered ring scaffolds.1 The key point of this work is the use of visible-light photocatalysis 
that could allow us to go through drawbacks and difficulties of conventional organic 
chemistry. To our knowledge, this work represents the first example of photo-induced 7-endo-
trig cyclization involving nitrogen-centered radicals. 
 
To develop new bioactive compounds and synthetized unprecedented structures, our team is 
interested on visible-light photocatalysis. Using visible-light as an exclusive energy source has 
proved his ability to generate nitrogen centered radical. Previously interested on                                       
N-tosylhydrazones as radical precursors,2 our team is now working on phosphonohydrazone 
precursors that have a different behavior.3-4 This kind of compound shows good results on 
cyclisation with a nitrogen centered radical on alkene and now on alkyne. 
 
In our lab, we synthetized and functionalized some phosphonohydrazones substrates. Then, 
the possibility of generating a nitrogen centered radical via photoinduced reaction was 
evaluated and optimized. At this step, the expected 6-exo cyclisation product was obtained 
but also the 7-endo one with a good ratio. In addition, further experiments shown that it was 
possible to manage selectivity with modifications of the conditions. This work using visible-
light photocatalysis demonstrates that this method has a great potential on synthesis of new 
bioactive compounds. 
 

 
  

 
1 W. Boiledieu, M. De Abreu, C. Cuyamendous, D. Lamaa, P. Belmont, E. Brachet, Chem. Commun. 2022, 58, 9206 
2 E. Brachet, L. Marzo, M. Selkti, B. König, P. Belmont, Chem. Sci. 2016, 7, 5002 
3 M. De Abreu, M. Selkti, P. Belmont, E. Brachet, Adv. Synth. Catal. 2020, 362, 2216 
4 M. De Abreu, P. Belmont and E. Brachet, J. Org. Chem. 2021, 86, 3758 
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Nitrogen-containing heterocycles are particularly interesting compounds due to their 
ubiquitous presence in natural products. Indeed, since the beginning of organic chemistry, 
scientists took up the challenge to find efficient strategies for their formation1. Among the 
constant improvements in this field, the synthesis of phthalazine derivatives remains highly 
requested. Thus, the development of new strategies to efficiently build these compounds is 
still desirable. 
 
In this aim, we focused our research projects on the development of new photoredox 
synthetic methods to build the carbon-nitrogen bond2, via the generation of a nitrogen 
centered radical. This kind of intermediate is attractive because it can be added on 
unsaturated derivatives for instance and thus lead to the carbon-nitrogen bond formation. 
 
In our laboratory, we developed ortho-alkynylsulfonohydrazone precursors in order to access 
to a broad scope of phthalazine derivatives3. This synthesis via a new cascade reaction, is 
initiated by visible light photocatalysis, involving a radical hydroamination reaction followed 
by a radical Smiles rearrangement. Thanks to this reaction, many useful phthalazine 
derivatives are now accessible. 

  

 
1 a) A. Brancale, R. Silvestri, Med. Res. Rev. 2007, 27, 209. b) G. Zeni, R. Larock, Chem. Rev. 2004, 104, 2285. 
2 a) E. Brachet, T. Ghosh, I. Ghosh, B. König, Chem. Sci. 2015, 6, 987. b) D. Menigaux, P. Belmont, E. Brachet, Eur. 
J. Org. Chem. 2017, 15, 2008. c) M. De Abreu, M. Selkti, P. Belmont, E. Brachet, Adv. Synth. Catal. 2020, 362, 
2216-2222. 
3 E. Brachet, L. Marzo, M. Selkti, B.König, P. Belmont, Chem. Sci. 2016, 7, 5002. 
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Indoles are ubiquitous components of both biologically active natural products and important 
pharmaceuticals1. Therefore, great efforts have been made to synthesize the structural 
diversity of indoles2. In this article, a new strategy for the construction biindoles is described. 
The reaction starts from the coupling between N-tosylhydrazones (NTH) and 1-bromo-2-
nitrobenzene leading to the formation of 1-(2-(2-nitrophenyl)-2-phenylvinyl)-1H-indole 
derivatives3. Under optimized Cadogan reductive conditions4, a new scaffold of type 3'-
phenyl-1'H-1,2'-biindole was obtained. The method provides rapid access to new libraries 
which intends to generate small molecules with a large structure diversity in an efficient 
manner. 

 
 
References as endpage notes1  

 
1 (1) Somei, M; Yamada, F. Simple indole alkaloids and those with a non-rearranged monoterpenoid unit Nat. 
Prod. Rep., 2005,22, 73-103. 
(2) (a) Zhao, G; Zhu, M; Provot, O; Alami, M; Messaoudi, S. Synthesis of 2,3-Substituted β-N-Glycosyl Indoles 
through C–H Activation/Annulation Process under Rh(III)-Catalysis. Org. Lett. 2020, 22, 1, 57–61. (b) Zhao, G; 
Roudaut, C; Gandon, V; Alami, M; Provot, O. Synthesis of 2-substituted indoles through cyclization and demethylation 
of 2-alkynyldimethylanilines by ethanol. Green Chem. 2019,21, 4204-4210. 
(3) Florentino, L; Aznar, F; Valdes, C. Synthesis of (Z)-N-Alkenylazoles and Pyrroloisoquinolines from α-N-
Azoleketones through Pd-Catalyzed Tosylhydrazone Cross-Couplings. Chem, Eur. J. 2013, 19, 10506. 
(4) (a) Zhang K; Bouakher A; Levaique, H; Bignon, J; Retailleau, P; Alami, M. Pyrrolo-imidazo[1,2-a]pyridine 
Scaffolds through a Sequential Coupling of N-Tosylhydrazones with Imidazopyridines and Reductive Cadogan 
Annulation, Synthetic Scope, and Application. J. Org. Chem. 2019, 84, 21, 13807–13823. (b) Yamamoto, Y; 
Ohkubo, E; Shibuya, M. Synthesis of 3-Aryl-2-(trifluoromethyl)indoles via Copper-Catalyzed Hydroarylation and 
Subsequent Cadogan Cyclization. Adv. Synth. Catal. 2017, 359, 1747-1751. 
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The development of chemical processes that allow a rapid increase of the molecular 
complexity in a limited number of steps is a major goal in modern organic chemistry. It has a 
strong impact in diverse areas such as the elaboration of new drugs, production of materials 
with specific properties... Among the various strategies, transition metal catalysis has played 
an increasingly key role in the economic development of many countries during the 20th 
century. The properties on a transition metal catalyst are mostly related to the ligands herself, 
which are coordinated with the metal. However, the approach is always the same and the 
problem lies in the stretched and painful synthesis of ligands and complexes. The ligand's 
electronic and steric properties will modify the metal center's primary coordination sphere, 
so much research directly focuses on altering the ligand structure. However, the approach is 
always the same; the problem lies in ligands' stretched and painful synthesis.1 Based on these 
considerations, we design unprecedented self-assembled bulky NHC-transition metal 
complexes. We intends to design a new class of dyads (TIE-NHCs) based on NHCs whose steric 
hindrance and metal-interaction would be modulated by the supramolecular assembly with 
easily accessible Zn-salen. Therefore, we wish to contribute to the replacement of catalyst 
optimization methodologies currently applied by a ready-to-use available in-situ strategy, in 
which inclusion of the steric bulk by supramolecular coordination would yield improved 
performance and selectivity. 
 

 
 
  

 
1 a) Simon, C.; Gramage-Doria, R.; Raoufmoghaddam, S.; Parella, T.; Costas, M.; Ribas, X.; Reek, J. N., 
Enantioselective hydroformylation by a Rh-catalyst entrapped in a supramolecular metallocage. J Am Chem Soc 
2015, 137, 2680; b)  Jongkind, L. J.; Reek, J. N. H., Asymmetric Hydroformylation Using a Rhodium Catalyst 
Encapsulated in a Chiral Capsule. Chem Asian J 2020, 15, 867. 
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For several years, the emergence and the development of fluorinated groups have taken a 
prominent place in the scientific community.1 More recently, there has been a growing 
interest in the synthesis of groups combining fluorine and selenium, in particular because of 
the high Hansch-Leo lipophilicity parameter (Π!"#$!  = 1.61) which contributes to improve the 
bioavailability of molecules.2 Surprisingly, if the S-
perfluoroalkylsulfoxides, sulfones, and even sulfoximines 
are widely known, the oxidation of SeCF3 (or more 
generally SeRF) motif has been barely studied. Indeed, 
although selenoxides and selenones are widely represented in the literature, perfluorinated 
versions of these molecules have been scarcely described3 and fluorinated selenoximines have 
not yet been reported.4 
 
 
 
 
 
 
 
 
 
 
 
 
The continuity of our work in the laboratory on the trifluoromethylselenolation5 reaction has 
led us to develop new approaches in order to selectively obtain perfluoroalkylated selenoxides 
and selenones. Finally, the first formation of perfluorinated selenoximines will be presented 
as well as the study of their lipophilicity. 
  

 
1 Kirsch, P.; Modern Fluoroorganic Chemistry, Wiley-VCH : Wheineim, 2013. 
2 (a) Leo, A.; Hansch, C.; Elkins, D.; Chem. Rev. 1971, 71, 525-616; (b) When Fluorine Meets Selenium Billard, T.; 
Toulgoat, F.; in Emerging Fluorinated Motifs. (Eds.: D. Cahard, J. A. Ma), Wiley-VCH Verlag, Weinheim, 2020, Vol. 
2, pp. 691-721. 
3 (a) Yagupol’skii, L.M. et al., Russ. J. Gen. Chem, 1967, 37, 1463-1465. (b) Potash, S.; Rozen, S.; Eur J. Org. Chem., 
2013, 25, 5574-5579. 
4 Shimizu, T.; Mitsuya, K.; Hirabayashi, K.; Kamigata, N.; Bull. Chem. Soc. Jpn., 2004, 77, 375-378. 
5 De Zordo-Banliat, A.; Barthelemy, L.; Bourdreux, F.; Tuccio, B.; Dagousset, G.; Pegot, B.; Magnier, E.; Eur. J. Org. 
Chem., 2020, 4, 506-509; Grollier, K. ; De Zordo-Banliat, A. ; Bourdreux, F.; Pegot, B.; Dagousset, G.; Magnier, E.; 
Billard, T.; Chem. Eur. J., 2021, 27, 6028 –6033. 
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In the past decades, most research has been focused on the development of molecular probes 
targeting the central nervous system (CNS) and more particularly the neuroinflammation. 
Neuroinflammation is the main and early physiological process implicated in 
neurodegenerative diseases such as Alzheimer’s disease (AD), Parkinson’s disease (PD) and 
amyotrophic lateral sclerosis (ALS). According to the 2016 World Health Organisation (WHO) 
report, the number of affected people could triple by 2050 as a result of population ageing.1 
Consequently, this proves the urge about the development of new tools permitting to visualise 
the progression of neuroinflammation in neurodegenerative disorders. 
 
Currently, several targets have been listed to be involved in the neuroinflammation 
phenomenon and have been the centre of attention of clinicians. Lately, tryptophan 2,3-
dioxygenase (TDO) has been discovered as a new interesting target taking place in the 
kynurenine pathway. This enzyme catalyses the first and limiting step tryptophan’s conversion 
into kynurenine which leads to the secretion of neurotoxic species. 
 
To date only two 18F PET tracers could be potential candidates on TDO toward PET imaging 
application but remain untested on humans.2,3 However, no 18F radioligands have been placed 
on the market yet. Consequently, the search of new 18F radiotracers remains essential. 
Thanks to the literature results our team explored structure-activity relationships through the 
synthesis of references and analogues and their biological evaluation. Thus among the 25 
tested molecules, 2 of them have shown promising inhibition effects. Our team is currently 
providing novel fluorinated indoles and analogues with optimised synthetic routes. Syntheses, 
biological activities and preparation of precursors for radiolabelling will be presented in this 
communication. 

 
 
  

 
1 OMS. RAPPORT MONDIAL SUR LE VIEILLISSEMENT ET LA SANTÉ, 2016. 
2 John, F. et al., Mol. Imaging Biol. 2020, 805–819. 
3 Qiao, Z. et al., Nucl. Med. Biol. 2020, 84–85, 1–10 
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Iminosugars stand as a prevalent class of glycomimetics in view of their broad spectrum of 
therapeutic activities.1 However, aiming to develop credible drug candidates, continuous 
efforts are required to improve their activities and selectivities for the inhibition of diverse 
carbohydrate-processing enzymes. Inspired by modern trends in medicinal chemistry calling 
for the incorporation of emergent, high ‘’Fsp3’’ motifs,2 it is anticipated that novel iminosugar 
mimics based on constrained scaffolds will offer new opportunities through fine modulation 
of their 3D-shape, chemophysical and pharmacokinetic properties. 
Although elegant strategies were recently developed to access diverse spirocyclic motifs, 
approaches for the construction of functionalized 2-azaspiro ring systems in diastereo- or 
enantiopure fashion are very scarce.3 Herein, we will present our efforts to develop a 
convenient methodology to these valuable scaffolds through a short sequence involving the 
alkylation of simple cyclic aminoacids followed by a mild decarboxylative, metal-free 
photoredox reductive cyclization. Two sets of conditions were found to enable the facile 
obtention of a range of 2-azaspirocycles in moderate to high yields, and mechanistic insights 
were provided by experimental and spectroscopical investigations.4 

  
 

1 (a) Horne, G.; Wilson, F.X. ; Tinsley, J. ; Williams, D.H. ; Storer, R. Drug Discov. Today 2011, 16, 107. (b) Compain, 
P.; Martin, O. R., Eds; Iminosugars: From Synthesis to Therapeutic Applications; Wiley-VCH: Weinheim, 2007 
2 (a) Zheng, Y.-J.; Tice, C. M. Expert Opin Drug Discov. 2016, 11, 831. (b) Lovering, F.; Bikker, J.; Humblet, C. J. 
Med. Chem. 2009, 52, 6752. 
3 For a recent photocatalyzed example (without diastereocontrol) see : Flodén, N. ; Trowbridge, A. ; Willcox, D. ; 
Walton, S. M ; Kim, Y. ; Gaunt, M.J. J. Am. Chem. Soc. 2019, 141, 8426. 
4 Manuscript in preparation. 
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Fluorinated amino acids (F-AAs) are known to have a major impact on peptide assembly, 
hydrophobicity, resistance to proteolytic degradation and to induce conformational 
constraint.1 Currently, more than 30% of small molecule drugs are composed of tailor-made 
AAs.2 Given the increasing importance of peptide pharmaceuticals and the firmly established 
role of fluorine in drug design, it is important to advance the synthetic and effective late-stage 
modification strategies towards diverse fluorine-containing AAs to expand the toolbox for 
rational peptide design.   
The trifluoromethylsulfanyl group (SCF3) is a promising motif in medicinal chemistry because 
it has one of the highest lipophilicity parameters of the common functional groups (Hansch 
constant; Π = 1.44) and strong electron-withdrawing properties.3 Reports on the incorporation 
of SCF3 into AAs or peptides have been scarce to date and mainly limited to 
trifluoromethionine (TFM) and trifluoromethylcysteine (TfmCys) derivatives. Recently, our 
group has reported that the incorporation of TFM or TfmCys into peptides leads to an 
outstanding increase in local hydrophobicity, making SCF3 a group of interest in peptide 
design.4  

We will present here our recent work focused on the methodology studies for direct 
electrophilic trifluoromethylthiolation of aromatic AAs and their biologically-relevant amine 
analogues. The method was applied to late-stage functionalization of aromatic AA-containing 
short peptides. SCF3-AAs have also been used as highly hydrophobic building blocks in solid-
phase peptide synthesis of peptides of interest, e.g. endomorphin-type analgesic 
tetrapeptides.  
 

 
  

 
1 A. A. Berger, J.-S. Völler, N. Budisa, B. Koksch, Acc. Chem. Res. 2017, 50, 2093-2103. 
2 A. Liu, J. Han, A. Nakano, H. Konno, H. Moriwaki, H. Abe, Izawa, V. A. Soloshonok, Chirality 2022, 34, 86-103. 
3 X. H. Xu, K. Matsuzaki, N. Shibata, Chem. Rev. 2015, 115, 731–764. 
4 C. Gadais, E. Devillers, V. Gasparik, E. Chelain, J. Pytkowicz, T. Brigaud, ChemBioChem 2018, 19, 1026-1030. 
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Asymmetric organocatalysis has proved to be an efficient way to obtain chiral multifunctional 
compounds rapidly and with good enantiomeric selectivity. Since the first work of Terada and 
Akiyama in 2004, Chiral Phosphoric Acid (CPA) have been shown to catalyze a large variety of 
asymmetric transformations. 1  However these organocatalysts can be obtained with a large 
number of steps or a rather expensive price, they are also difficult to recover easily.2[ 
 
Immobilization on a support would be a solution to CPA re-use and recovery. We propose the 
use of magnetic iron nanoparticles (MNP) easy to obtain with low toxicity, a simple magnet is 
needed for their recovery.3 
 
In order to link CPA on a support, introduction of a function is necessary. Herein, we will 
describe the synthesis of functionalized BINOL on 6,6’ position with an allyl chain and an amine 
(Figure 1, Scheme 1). 
 
We already proved the feasibility to link CPA to MNP with a double bond.4 
 

 

Scheme 1 
Figure 1 

 
 
  

 
1 Parmar, D.; Sugiono, E.; Raja, S.; Rueping, M. Chem. Rev. 2014, 114, 9047-9153.  
2 Hatano, M.; Moriyama, K.; Maki, T.; Ishihara, K. Angew. Chem. Int. Ed. 2010, 49, 3823-3826. 
3 Nehlig, E.;  Waggeh, B.; Millot, N.; Lalatonne, Y.; Motte, L.; Guénin, E. Dalton Trans., 2015, 44, 501-505. 
4 Thueillon, S, Thesis, Université de Paris 2020. 
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Enantioenriched alkylidenecyclopropanes (ACPs) are attractive structural motifs due to the 
high potential as synthetic key intermediates in a vast array of transformations.1 Many 
syntheses of biologically important compounds were developed using ACPs as a strategic 
intermediate. The chiral transition metal catalyzed cyclopropanations of allene derivatives 
with diazo reagents are powerful pathways to access chiral ACPs with high levels of regio-, 
diastereo- and enantioselectivity. However, only a handful of catalytic asymmetric 
cyclopropanation reactions using electron-enriched allenes has been reported yet.2 In 
addition, asymmetric cyclopropanation of less nucleophilic allenes such as allenoates to 
access chiral ACPs having electron-deficient olefin had never been reported. 
Herein, we reported the first diastereo- and enantioselective cyclopropanation of allenoates 
1 with donor-acceptor and diacceptor diazo reagents 2 to give optically active ACPs 3 bearing 
multiple electron-deficient substituents. The desired enantioenriched ACPs 3 were obtained 
in high yields with high diastereo- and enantioselectivities in the presence of Rh2((S)-TCPTAD)4 
or Rh2((R)-BTPCP)4 catalysts (up to 95% yield, >95:5 d.r. and 99:1 e.r.). This methodology gave 
a direct access to ACPs bearing multiple electron-deficient substituents and allows to further 
expand the availability of ACPs chemistry. 

 

 
 
 
 
  

 
1 Yu, L.-Z.; Shi, M. Chem. Eur. J. 2019, 25, 7591-7606. 
2 (a) Gregg, T. M.; Farrugia, M. K.; Frost, J. R. Org. Lett. 2009, 11, 4434‒4436. (b) Lindsay, N. G.V.; Fiset, D.; Gritsch, 
P. J.; Azzi, S.; Charette, A. B. J. Am. Chem. Soc. 2013, 135, 1463‒1470. (c) Chanthamath, S.; Chua, W. H.; Kimura 
S.; Shibatomi, K.; Iwasa, S. Org. Lett. 2014, 16, 3408‒3411. 
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A variety of uncharged cyclopeptides are found in nature, with their targets localized in the 
cell (cyclosporin A, griselimycin, FR235222 ...). However, their mechanism of cell penetration 
remains poorly understood. We have recently studied the case of a highly cell permeable 
cyclotetrapeptide inspired by FR235222 and identified that the presence of a "flexible" β turn 
allows it to easily adopt all the conformations necessary for its cell permeability (Figure 1A).[1,2]  

 
Figure 1 

We would like to present our latest work on a new family of cyclopseudopeptides possessing 
a new "flexible" turn motif, the anthranilamide hydrazine function (Figure 1B in red). 
Moreover, its tetrazole precursor has the particularity of being photoactivatable to trap the 
carboxylic groups allowing to perform the macrocyclisation step.[3] We identified new 
cyclopseudopeptide frames that are highly permeable to cells. This strategy allows to make a 
linear peptide sequence highly permeable to cells by photo-macrocyclisation. Umbrella 
sampling,[4] biased molecular dynamics, reproduces the experimental results and provides 
insights to the cell permeability properties of our best compounds.  

 
1 Francisco Hilario, F.; Traoré, M. D. M.; Zwick, V.; Berry, L.; Simoes-Pires, C. A.; Cuendet, M.; Fantozzi, N.; Rereira 
de Freitas, R.; Maynadier, M.; Wein, S.; Vial, H.; Wong, Y.-S., Org. Lett. 2017, 19, 612–615. 
2 Dard, C.; Leforestier, B.; Francisco Hilário, F.; Traoré, M. D. M.; Lespinasse, M. A.; Pérès, B.; Molina, M. C.; 
Pereira de Freitas, R.; Milet, A.; Maubon, D.; Wong, Y. S., Molecules 2021, 26, 7506–7522. 
3 Li, Z.; Qian, L. Li, L.; Bernhammer, J. C.; Huynh, H. V.; Lee, J.-S.; Yao, S. Q., Angew. Chem. Int. Ed. 2016, 55, 
2002–2006. 
4 Kästner, J., WIREs Comput. Mol. Sci. 2011, 1, 932–942. 
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Nucleic acids play a fundamental role in biological processes and are notably involved in the 
regulation and expression of genetic information. The modulation of their biological activities 
is of major interest in the development of therapeutic tools. Hence, the synthesis of antisense 
oligonucleotides (ASOs) represents an interesting therapeutic approach for the negative 
regulation of specific genes. By hybridization with their complementary mRNA, ASOs inhibit 
protein translation of specific proteins. 1 However, it is very challenging to control the activity 
of ASOs in a designated manner, which represents a major drawback for therapeutic 
applications.  
In this context, we propose to develop "caged" antisense oligonucleotides, i.e., 
oligonucleotides whose biological function is temporarily blocked until restored by specific 
stimuli, thus allowing a high spatial and temporal control.2 We are particularly interested in 
species that will react with hydrogen peroxide,3 a reactive form of oxygen, involved in many 
pathologies such as cancers and neurodegenerative diseases. 

Figure 1. Schematic of H2O2-triggered ASO activation 
 
We present herein our preliminary results on the synthesis of caged nucleosides possessing a 
borinic acid moiety as hydrogen peroxide-responsive trigger. Their reactivity toward H2O2 thus 
restoring the native nucleobase was also evaluated. Once incorporated into oligonucleotides, 
such caged nucleosides could find diverse applications as prodrug-type nucleic acid 
therapeutic for selective disease treatment.  
 
  

 
1 T. Yamamoto, M. Nakatani, K. Narukawa, S. Obika,  Future Med. Chem. 2011, 3, 339-365. 
2 For a recent review, see: L. Yang, I. J. Dmochowski, Molecules 2021, 26, 1481-1495. 
3 a) S. Mori, K. Morihiro, T. Okuda, Y. Kasahara, S. Obika, Chem. Sci. 2018, 9, 1112-118; b) B. Gatin-Fraudet, R. 
Ottenwelter, T. Le Saux, S. Norsikian, M. Pucher, T. Lombès, A. Baron, P. Durand, G. Doisneau, Y. Bourdreux, B. 
Iorga, M. Erard, L. Jullien, D. Guianvarc'h, D. Urban, B. Vauzeilles, PNAS 2021, 118, e2107503118. 
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This presentation will be mainly focused on a combination of TMSCl and NaI in acetonitrile for 
deprotection of dithioacetals.1-2    

 
 
As you could see, the picture shows the general chemical structures involved and main 
advantages. In conclusion, this is a mild process using a combination of TMSCl and NaI in 
acetonitrile is used to regenerate carbonyl compounds from a variety of dithiane and 
dithiolane derivatives. This easy-to-handle and inexpensive protocol is also efficient to 
deprotect oxygenated and mixed acetals as 1,3-dioxanes, 1,3-dioxolanes and 1,3-oxathianes 
quantitatively. As a possible extension of this method, it was also shown that nitrogenated 
substrates such as hydrazones, N-tosylhydrazones, and ketimines reacted well under these 
conditions to give the expected ketones in high yields. The methodology proposed herein is a 
good alternative to the existing methods since it does not use metals, oxidants, reducing 
agents, acidic or basic media, and keto-products were obtained in high to excellent yields. 
 
 
  

 
1 Y. Yao, G. Zhao, A. Hamze, M. Alami, O. Provot, Mild Deprotection of Dithioacetals by TMSCl/NaI Association in 
CH3CN. Eur. J. Org. Chem. 2020, 35, 5775-5779. 
2 G. Zhao, L. Yuan, M. Alami, O. Provot, Chlorotrimethylsilane and Sodium Iodide: A Remarkable Metal-Free 
Association for the Desulfurization of Benzylic Dithioketals under Mild Conditions. Adv. Synth. Catal. 2018, 360, 
2522-2536.      
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Radical reactions enabling C-C bond formation are in great importance due to radicals’ high 
reactivity and early transition state, along with mild reaction conditions and functional group 
tolerance1. Therefore, sequencing such elemental radical steps into cascades2 leads to 
attractive, atom economical ways to form complex structures. The synthetic value of radical 
cascades could be further increased if catalytic approaches, based on non-toxic earth-
abundant metals, could be used. 

 
Metal Hydrogen Atom Transfer (MHAT)3 is a modern promising tool that was investigated in 
terms of various hydrofunctionalizations in numerous settings as well as multiple C-C bonding 
sequences4. However, more challenging enyne cascade sequences using this tool are 
underexplored. 

 
Thereby, we intend to re-engineer MHAT reactivity in order to achieve a broader range of 
transformations via novel enyne cascade sequences. Our synthetic strategy is based on MHAT 
that will be used as a main prominent tool enabling access to a variety of complex and diverse 
(hetero)polycyclic scaffolds through radical cyclization cascades (Scheme 1). 

 

 
Scheme 2 

 
 
 
  

 
1 McCarroll, A. J.; Walton, J. C. Angew. Chem., Int. Ed. 2001, 40, 2224; 
2 Xuan, J.; Studer, A. Chem. Soc. Rev. 2017, 46, 4329; 
3 Crossley, S. W. M.; Obradors, C.; Martinez, R. M.; Shenvi, R. A. Chem. Rev. 2016, 116, 8912; 
4 Green, S. A.; Crossley, S. W.; Matos, J. L. M.; Vásquez-Céspedes, S.; Shevick, S. L. et al. Acc. Chem. Res. 2018, 51, 
2628 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 348

POSTERS

P B072 
Cobalt or Nickel Complexes Electrocatalyzed Asymmetric 

Carboxylation of Benzylic Halides with CO2 
Liangjian Hu1, Emmanuelle Schulz1, Mohamed Mellah1 

1 Institut de Chimie Moléculaire et des Matériaux d’Orsay (ICMMO), UMR 8182, Université Paris-Saclay, 
Rue du doyen Georges Poitou, Orsay, F-91405 (France) 

liangjian.hu@universite-paris-saclay.fr 
 
 

CO2 is currently an obvious and practical C1 building block to construct C-C bonds since it is 
abundant, cheap, environmentally friendly, and inherently renewable. Over the past decades, 
many examples have been reported for the carboxylation of aryl and alkyl halides with CO2 
promoted by transition-metal complexes catalysis, photocatalysis, and electrochemistry.1 
Among these approaches, electrochemistry seems promising leading to more selective 
transformations. However, until now only a few studies deal with the asymmetric 
electrocarboxylation of organohalides with CO2.2 Meanwhile, these reactions are in great 
demand to overcome drawbacks such as limited substrate scopes and low yields. 

 
 

Recently, our team developed efficient methods to achieve the electrocarboxylation of 
aromatic and aliphatic halides with CO2 in the presence of SmCl3.3 Herein, we aim to study a 
new mild and effective route for the enantioselective electrochemical carboxylation of 
benzylic halides with CO2 by using chiral transition metal complexes, such as cobalt and nickel 
chiral salen derivatives. 
We will therefore present our results of several electrochemical studies to control the 
different parameters involved and our preliminary electrosynthesis results using these chiral 
salen complexes.  
 
  

 
1 a) G. Sun, Q. Zhang, W. Liao, L. L. Li, L. Nie, Z. H. Wu, J. G. Zhang, Z. Yu, D. G. Nat. Commun.2022, 1, 7086. 
2 a) B.L. Chen, Y. Xiao, X.M. Xu, H.P. Yang, H. Wang, J.X. Lu, Electrochim. Acta, 2013, 107, 320. b) A. Merz, E. 
Steckhan (Eds.), Topics in Current Chemistry, Electrochemistry IV, Springer Verlag, Berlin, 1990, vol.152, p. 72.c) 
C. Malapit, M. Tanwar, A. Pendergast, et al. DOI:10.26434/chemrxiv-2021-thftp. 
3 a) S. Bazzi, G. Le Duc, E. Schulz, C. Gosmini, M. Mellah, Org. Biomol. Chem. 2019, 17, 8546. b) S. Bazzi, E. Schulz, 
M. Mellah, Org. lett. 2019, 21, 10033. 
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The development of reliable and predictable methods that can convert chemo- and 
stereoselectively alkynes to alkenes is of fundamental importance to industries and academia, 
owing to the prevalence of the alkene functionality in fine chemicals, pharmaceuticals and 
natural products.1 The recent advent of nickel and photoredox dual catalysis has stimulated 
new conceptual strategies toward the conversion of alkynes to functionalized alkenes under 
mild conditions.2 However, applications to semi-reduction reactions remain elusive in this 
area, with seminal examples being essentially based on heterogeneous catalyst systems and 
providing Z-alkenes, preferentially, with moderate levels of selectivity.3 Herein, we report our 
preliminary results towards a nickel/photoredox-catalyzed new methodology enabling 
additive controlled semi-reduction of alkynes to E- or Z-alkenes using triethylamine and 
alcohol additives as effective sources of hydrogen atoms. 
 

 
 
  

 
1 a) Kluwer, A. M.; Elsevier, C. J. In Handbook for homogeneous hydrogenation, Vries, J. G. Elsevier (Eds), C. J. 
Wiley-VCH, 2007, vol. 1, p. 375; b) Oger, C.; Balas, L.; Durand, T.; Galano, J. M. Chem. Rev. 2013, 113, 1313-1350; 
c) Decker, D.; Drexler, H. J.; Heller, D.; Beweries, T. Catal. Sci. Technol. 2020, 10, 6449-6463; d) Sharma, D. M.; 
Punji, B. Chem. Asian J. 2020, 15, 690-708; e) Swamy, K. C. K.; Reddy, A. S.; Sandeep, K.; Kalyani, A. Tetrahedron 
Lett. 2018, 59, 419-429; f) Crespo-Quesada M.; Cárdenas-Lizana, F.; Dessimoz, A. L.; Kiwi-Minsker, L. ACS Catal. 
2012, 2, 1773-1786. 
2 a) Badir, S. O.; Molander, G. A. Chem. 2020, 6, 1327-1339; b) Chalotra, N.; Kumar, J.; Naqvic, T.; Shah, B. A. 
Chem. Commun. 2021, 57, 11285-11300. 
3 a) Yuan, T.; Huan, S.; Ge, B.; Lin, S.; Zheng, M.; Wang, X. CCS Chem. 2021, 3, 3185; b) Jia, T.; Meng, D.; Ji, H.; 
Sheng, H.; Chen, C.; Song, W.; Zhao, J. Appl. Catal. B. 2022, 304, 121004. 
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Glycosphingolipids (GSLs) are cell-surface antigens, and it was therefore suggested that 
changes in their composition would result in changes in the antigenicity (affinity to the 
corresponding antibody) and immunogenicity (ability to induce immune response) of the 
tumor cells expressing them 1. As one of them, GM3 (Sia-α2,3-Gal-β1,4-Glc-β-Ceramide) is 
over expressed on some cancer cells, which makes it as a typical tumor-associated 
carbohydrate antigen (TACA) and as an important target for cancer vaccine development 2. 
 
Although natural carbohydrates can be applied as vaccine components directly, in many cases 
chemical modification of carbohydrates is necessary for enhanced efficacy 3. As one of our 
research projects on cancer therapy, we have synthesized previously a series of ganglioside 
GM3 analogues and evaluated their anticancer activities 4,5. In this project, with building 
blocks of sialic acid (Sia), glucose (Glc), galactose (Gal), mannose (Man), lactose (Lac) and N-
acetyl lactosamine (LacNAc), we plan to develop a new type of anti-cancer vaccine by using 
GM3 analogues as antigens, the compounds to be synthesized and their bioactivity evaluation 
scheme are shown as follows. 
 

 
  

 
1 Hakomori, S.; Zhang, Y. Glycosphingolipid antigens and cancer therapy. Chemistry & Biology. 1997, 4, 97-104. 
2 Yin, Z.; Huang, X. Recent development in carbohydrate based anticancer vaccines. Journal of Carbohydrate 
Chemistry, 2012, 31, 143–186. 
3 Lang, S.; Huang, X. Carbohydrate conjugates in vaccine developments. Frontiers in Chemistry, 2020, 8, 284. 
4 Zhang, Y. et al. Chemoenzymatically synthesized ganglioside GM3 analogues with inhibitory effects on tumor 
cell growth and migration. European Journal of Medicinal Chemistry, 2019, 165, 107-114. 
5 Zhang, Y. et al. Design, synthesis and biological evaluation of new ganglioside GM3 analogues as potential 
agents for cancer therapy. European Journal of Medicinal Chemistry, 2020, 189, 112065. 
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Homocysteine is not a proteinogenic amino acid. However, Its biochemistry is closely related 
to those of the two proteionogenic sulfur amino acids, cysteine and methionine1. This thiol 
containing amino acid is capable of forming an activated species intramolecularly, its 
thiolactone, which could have made it an interesting molecular building block at the origin of 
life on Earth.  
 
First, we studied the cyclization of homocysteine in water and showed, theoretically and 
experimentally, that in an acidic medium the proportion of thiolactone is significant.  
 

 
 
Then we studied the ability of the thiolactone to react with amino acids to form dipeptides. 
At pH 7 and 8, all tested reactions were efficient.  
 

 
 
We also evaluated the reactivity of the N-formyl and the N-acetyl homocysteine thiolactone 
and their efficiency regarding peptides formation2. 
 
These intersting results showed us that although homocysteine does not participate in 
building proteins, It is still an important amino acid in the current metabolism. 
 
 
 
  

 
1 Youssef-Saliba, S.; Vallée, Y. Sulfur Amino Acids: From Prebiotic Chemistry to Biology and Vice Versa. Synthesis 
2021, 53, 2798–2808. DOI: 10.1055/a-1472-7914  
2 Youssef-Saliba, S.; Milet, A.; Vallée, Y. Did Homocysteine Take Part in the Start of the Synthesis of Peptides on 
the Early Earth? Biomolecules 2022, 12, 555. DOI : 10.3390/biom12040555 
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Organic fluorine chemistry is an important area of modern organic chemistry. The unique 
properties induced by the fluorine atom or fluorinated motifs including high lipophilicity, 
increased solubility and metabolic stability have witnessed the efforts for extensive 
development during the last years.1 Nowadays, fluorinated molecules are widely used in 
agrochemicals2 as well as in pharmaceuticals3. More recently, fluorinated amines have also 
attracted much attention. Indeed, N-CF3 has demonstrated excellent in vitro aqueous stability 
which might improve metabolic stability and membrane permeability compared to their N-
methyl counterparts. In this context, several groups developed straightforward procedures to 
access trifluoromethylated amines as well as bis(trifluoromethyl)amines. Therefore, there is a 
clear need for developing new motifs that could be easily and robustly accessible while 
modulating the properties around the nitrogen atom such as the lipophilicity In this context, 
we report herein an unprecedented, mild and efficient protocol for accessing novel N-
((trifluoromethyl)thio)-N-(trifluoromethyl)amines starting from isothiocyanates and an 
electrophilic trifluoromethylthiolation reagent (Scheme 1). 
 

 
 

Scheme 1 
 

 
1 O'Hagan, D. 2008, 37, 308-319. 
2 Ogawa, Y.;  Tokunaga, E.;  Kobayashi, O.;  Hirai, K.; Shibata, N. iScience 2020, 23. 
3 Gillis, E. P.; Eastman, K. J.; Hill, M. D.; Donnelly, D. J.; Meanwell, N. A. J. Med. Chem. 2015, 58, 8315-8359. 
3 Yang, Y.; Vantourout, J. C.; Tlili, A. submitted manuscript. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 353

POSTERS

P B077 
A sydnone-based route to indazolo[2,3-a]quinoxaline 

derivatives  

Manon Louis1, Alex Talbot1, Diana Lamaa1, Antoine Sallustrau1, Davide Audisio1, 

Frédéric Taran*1 
1 Université Paris Saclay, CEA, INRAE, Département Médicaments et Technologies pour la Santé (DMTS), SCBM, 

91191 Gif-sur-Yvette, France 
manon.louis@cea.fr 

 
 

Sydnones are mesoionic compounds well-known for their reactivity in 1,3-dipolar 
cycloadditions with strained alkynes (Strained Promoted Sydnone Alkyne Cycloaddition)1 and 
with terminal alkynes in presence of copper catalyses (Copper Catalysed Sydnone-Alkyne 
Cycloaddition).2 
 
Indazolo[2,3-a]quinoxaline derivatives represent an important class of antitumor drugs due to 
their ability to intercalate between the base pairs of double-stranded DNA, but only few 
procedures for their preparation are described in the literature.3 
 
Herein, we described a new synthetic route to access to indazolo[2,3-a]quinoxaline derivatives 
from polyaromatic sydnones, which were prepared by a Staudinger/aza-Wittig reaction and a 
subsequent copper-promoted intramolecular cyclisation on the C-4 position of sydnones, in 
one single operation. 
 
These polyaromatic sydnones can further undergo 1,3-dipolar cycloadditions in presence of 
arynes, generated from the corresponding Kobayashi precursors in presence of TBAF, to give 
the desired indazolo[2,3-a]quinoxaline products (Fig. 1).  

 
 

 
Figure 1 : Sydnone route to indazolo[2,3-a]quinoxalines 

 
  

 
1 Wallace, S.; Chin, J. W. Chem. Sci., 2014, 5, 1742 
2 Kolodych, S. et al. Angew. Chem. Int. Ed. 2013, 52, 12056 –12060 
3 Moarbess, G. et al. Bioorg. Med. Chem. 2008, 16, 6601-6610 
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As part of our ongoing program aimed at developing efficient methods for the asymmetric 
reduction of functionalized ketones,1 we developed a convenient method to access 
enantioenriched cis-3-(hydroxymethyl)-chroman-4-ol derivatives which were prepared by 
rhodium-catalyzed asymmetric transfer hydrogenation (ATH) of 3-formylchromones through 
a dynamic kinetic resolution process (DKR).2 The reaction proceeded under mild conditions 
using a low catalyst loading of the in-house developed Rh(III)-complex3 and HCO2H/Et3N (5:2) 
as the hydrogen source, delivering the reduced compounds in good yields, high 
diastereomeric ratio (up to 98:2 dr), and excellent enantioselectivities (up to >99% ee).4 The 
3-hydroxymethyl chromanols produced in this study can serve as useful scaffolds for further 
functionalization to access diversely substituted chromanol derivatives. 
 

 
  

 
1 For selected recent references: a) He, B., Zheng, L.-S.; Phansavath, P.; Ratovelomanana-Vidal, V. ChemSusChem 
2019, 12, 3032. b) He, B., Phansavath, P.; Ratovelomanana-Vidal, V. Org. Chem. Front. 2020, 7, 975. c) 
Westermeyer, A.; Guillamot, G.; Phansavath, P.; Ratovelomanana-Vidal, V. Org. Lett. 2020, 22, 3911. d) He, B., 
Phansavath, P.; Ratovelomanana-Vidal, V. Org. Chem. Front. 2021, 8, 2504. e) Molina Betancourt, R.; Phansavath, 
P.; Ratovelomanana-Vidal, V. J. Org. Chem. 2021, 86, 12054. f) Molina Betancourt, R.; Phansavath, P.; 
Ratovelomanana-Vidal, V. Org. Lett. 2021, 23, 1621. g) Molina Betancourt, R.; Phansavath, P.; Ratovelomanana-
Vidal, V. Molecules 2022, 27, 995. h) Molina Betancourt, R.; Bacheley, L.; Karapetyan, A.; Guillamot, G.; 
Phansavath, P.; Ratovelomanana-Vidal, V. ChemCatChem 2022, e202200595. 
2 For selected reviews on ATH/DKR: a) Noyori, R.; Tokunaga, M.; Kitamura, M. Bull. Chem. Soc. Jpn. 1995, 68, 36. 
b) Samec, J. S. M.; Bäckvall, J.-E.; Andersson, P. G.; Brandt, P. Chem. Soc. Rev. 2006, 35, 237. c) Foubelo, F.; Nájera, 
C.; Yus, M. Tetrahedron: Asymmetry 2015, 26, 769. d) Pellissier, H. Tetrahedron 2011, 67, 3769. e) Molina 
Betancourt, R; Echeverria, P.-G.; Ayad, T.; Phansavath, P.; Ratovelomanana-Vidal, V. Synthesis 2021, 53, 30. 
3 a) Echeverria, P.-G.; Férard, C.; Phansavath, P.; Ratovelomanana-Vidal, V. Catal. Commun. 2015, 62, 95. b) 
Zheng, L.-S.; Llopis, Q.; Echeverria, P.-G.; Férard, C.; Guillamot, G.; Phansavath, P.; Ratovelomanana-Vidal, V. J. 
Org. Chem. 2017, 82, 5607. c) Echeverria, P.-G.; Zheng, L.-S.; Llopis, Q.; He, B.; Westermeyer, A.; Molina 
Betancourt, R.; Phansavath, P.; Ratovelomanana-Vidal, V. SynOpen 2022, 6, 75. 
4 He, B.; Phansavath, P.; Ratovelomanana-Vidal, V. Org. Lett. 2019, 21, 3276. 
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Organofluorine chemistry is a very active research topic in modern organic chemistry, driven 
by the interesting properties of fluorinated molecules in a plethora of cutting-edge 
applications. The incorporation of trifluoromethylchalcogene derivatives is by far the most 
investigated research area in organofluorine chemistry these last years. Herein, transition 
metals are playing pivotal role on the installation of chalcogen trifluoromethyl groups. 
Although, several procedures have been reported for the C-SCF3 bond formations. Their 
selenylated analogues remains scarce. To date, only two examples of 
trifluoromethylselenolation of aryl halides catalyzed by nickel have been reported. [1,2] In this 
context, we turned our attention to the trifluoromethylselenolation of phenols derivatives. 
Herein, we report the first example of the trifluoromethylselenolation of phenols derivatives 
using nickel catalysis. The reaction proceeds under mild conditions and features a good 
functional group tolerance. The novel methodology was also applied to biologically active and 
pharmaceutical relevant targets, showcasing its robustness and wide applicability.[3] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
1 Dürr, A. B., Fisher, H. C., Kalvet, I., Truong, K. N., Schoenebeck, F, Angew. Chem. Int. Ed. 2017, 56, 13431 –13435. 
2 Han, J. B., Dong, T., Vicic, D. A., CP. Zhang, Org. Lett. 2017, 19, 3919−3922. 
3 R, Tang., Y, Yang.,  A, Amgoune.,  A, Tlili, manuscript in preparation 
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Indole structures are one of the most abundant skeletons in a wide variety of natural products 
and they are also useful targets in drug discovery.1 Among them, 3-sulfonyl indoles show 
interesting biological activities, such as L-737,126, which is a non-nucleoside inhibitor of HIV-
1 reverse transcriptase.2 A pathway for the synthesis of 3-sulfonyl indoles has been devised. 
Upon blue LED irradiation, in the presence of a gold(I) or a silver(I) salt, 2-alkynyl N-sulfonyl 
precursors readily undergo a 5-endo-dig cyclization concomitant with a 1,3-sulfonyl migration. 
While the gold-catalyzed reaction takes place in photocatalyst-free conditions, an iridium 
photocatalyst (Ir[dF(CF3)ppy]2(dtbbpy)PF6) is necessary with silver catalysis. Mechanistic 
studies featuring the generation of a sulfonyl radical support this dichotomy. 
 
 

 
 
  

 
1 Dhuguru, J.; Skouta, R. Role of Indole Scaffolds as Pharmacophores in the Development of Anti-Lung Cancer 
Agents. Molecules 2020, 25, 1615-1639. 
2 Williams T.M.; Ciccarone, T. M.; MacTough, S. C.; Rooney, C. S.; Balani, S. K.; Condra, J. H.; Emini, E. A.; Goldman, 
M. E.; Greenlee, W. J.; Kauffman, L. R.; O’ Brien, J. A.; Sardana, V. V.; Schleif, W. A.; Theoharides A. D.; Anderson, 
P. S. 5-Chloro-3-(phenylsulfonyl)indole-2-carboxamide: a Novel, Non-nucleoside Inhibitor of HIV-1 Reverse 
Transcriptase. J. Med. Chem. 1993, 36, 1291-1294. 
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During the last decades, olefin metathesis has emerged as one of the most powerful methods 
to create new carbon-carbon bonds.1 In addition to the inherent Z/E selectivity, metathesis 
can provide access to enantiomerically enriched products when symmetrical starting 
materials are used. Despite several developments, combining Z-selectivity with 
enantioselectivity remains a challenging task. In this work, optically pure ruthenium 
complexes containing atropisomerically stable N-Heterocyclic Carbene (NHC) ligands are 
described.2 Isolated in excellent optical purities (up >99.5% ee) by a successful chiral HPLC 
resolution on a chiral stationary phase, these catalysts demonstrate excellent 
enantioselectivities in asymmetric ring-opening-cross metathesis (AROCM) (up to 97:3 er). 
Additionally, optically pure Z-stereoretentive catechodithiolated complexes were also 
synthesized in nearly quantitative yield (or in-situ generated), furnishing enantioenriched Z-
AROCM products in excellent 99:1 Z:E ratio with high enantioselectivity (up to 96.5:3.5 er). 
 

 
  

 
1 Ogba, O. M.; Warner, N. C.; O’Leary, D. J.; Grubbs, R. H. Recent Advances in Ruthenium-Based Olefin Metathesis. 
Chem. Soc. Rev. 2018, 47 (12), 4510–4544. 
2 Morvan, J.; Kong, L.; Bouëtard, D.; Chou, Y.; Vives, T.; Albalat, M.; Roisnel, T.; Crévisy, C.; Nava, P.; Humbel, S.; 
Vanthuyne, N.; Clavier, H.; Mauduit, M. Submitted, 2022. 
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Indazole moiety is one of the most important heterocyclic systems in drug development. 
Besides being involved in many commercially available drugs, indazole derivatives exhibit a 
wide range of pharmacological activities as well as improved biostability compared to indoles. 
On the other hand, benzothiadiazole (BTD) and benzoselenodiazole (BSD), are efficient 
electron-withdrawing cores which were popularized by OLED technology and dye sensitized 
solar cells due to their photostability.1 However, both moieties remain relatively unexplored 
for developing fluorescent small molecule probes and photosensitizers. In this context, 
indazole as electron-donor was crossed with BTD/BSD to design a new D-π-A conjugated 
system. In this purpose, an efficient late-stage coupling synthesis2 was developed. Moreover, 
the optical properties of these compounds were studied, showing promising brightness 
and/or ROS generation under light irradiation. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
  

 
1 Neto, B. A. D.; Lapis, A. A. M.; da Silva Júnior, E. N.; Dupont, J. Eur. J. Org. Chem. 2013, 2013 (2), 228–255. 
2 Chevalier, A.; Ouahrouch, A.; Arnaud, A.; Gallavardin, T.; Franck, X. RSC Adv. 2018, 8 (24), 13121–13128. 
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Our objective during this project is to carry out the total synthesis of natural products 
possessing a spirocyclized sesquiterpene quinone motif. Thus, spiroetherones A and B1, 
septosones B and C2 and dysiarenone3, which have been isolated from marine sponges, are 
attractive synthetic targets. One of the challenges of this project will be to build the spirocyclic 
motif of these compounds and even more interestingly, to obtain the tricyclic central part of 
dysiarenone in a bioinspired manner.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
1 Jiao, W.-H.; Xu, Q.-H.; Cui, J.; Shang, R.-Y.; Zhang, Y.; Sun, J.-B.; Yang, Q.; Liu, K.-C.; Lin, H.-W. Org. Chem. Front.     
2020, 7 (2), 368–373. 
2 Gui, Y.-H.; Jiao, W.-H.; Zhou, M.; Zhang, Y.; Zeng, D.-Q.; Zhu, H.-R.; Liu, K.-C.; Sun, F.; Chen, H.-F.; Lin, H.-W. Org. 
Lett. 2019, 21 (3), 767–770. 
3 Jiao, W.-H.; Cheng, B.-H.; Chen, G.-D.; Shi, G.-H.; Li, J.; Hu, T.-Y.; Lin, H.-W. Org. Lett. 2018, 20 (10), 3092–3095 
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Silicon-containing molecules are key compounds in organic synthesis and found widespread 
application in material and life sciences1 as well as in drug discovery programs.2 In addition, 
organosilicon species are strategic building blocks with application in various important 
transformations (e.g. Hiyama-Denmark cross-coupling, Brook rearrangement, Hosomi-Sakurai 
allylation…). Reaction to form organosilicon species mainly rely on the use of expensive 
transition metal complexes (e.g. Speier and Karstedt catalysts), although outstanding progress 
in the development of earth abundant metal catalyzed reactions were recently outlined.3 Very 
recently, under the auspices of photocatalysis, an impetus to design new silylation reactions, 
through the generation of silyl radical, was witnessed and significant contributions were 
reported.4 Electrosynthesis has known a resurgence of interest and allowed the design of 
challenging transformations in a sustainable manner.5 Considering these statements, we have 
developed a method for the electro-generation of silyl radicals from the Suginome reagent 
(PhMe2Si—BPin). This strategy was used to develop the electrochemical hydrosilylation of 
alkynes and the electrochemical defluorosilylation of α-(di/trifluoromethyl)styrenes to access 
fluorinated allylsilanes.6 

 

  

 
1 a) A. K. Roy, Adv. Organomet. Chem. 2007, 55, 1-59; b) D. Troegel, J. Stohrer, Coord. Chem. Rev. 2011, 255, 
1440-1459. 
2 a) S.Fujii, Y. Hashimoto, Future Med. Chem. 2017, 9, 485-505; b) A. K. Franz, S. O. Wilson, J. Med. Chem. 2013, 
56, 388-405. 
3 a) J. V. Obligacion, P. J. Chirik, Nat. Rev. Chem. 2018, 2, 15-34; b) H. Sagakuchi, M. Ohashi, S. Ogoshi, 
Angew.Chem. Int.Ed. 2018, 130, 334 –338. 
4 a) H. Qrareya, D. Dondi, D. Ravelli, M. Fagnoni, ChemCatChem. 2015, 7, 3350-3357; b) W. L. Yu, Y. C. Luo, L. Yan, 
D. Liu, Z.-Y. Wang, P.-F. Xu, Angew. Chem. Int. Ed. 2019, 58, 10941-10945. 
5 a) D. Pollok, S. R. Waldvogel, Chem. Sci. 2020, 11, 12386-12400;  b) M. Yan, Y. Kawamata, P. S. Baran, Chem. 
Rev. 2017, 117, 13230-13319. 
6 a) T. Biremond, P. Jubault, T. Poisson, ACS Org. Inorg. Au. 2022, 2, 148-152; b) Manuscript under preparation. 
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Since the Niggemann’s group demonstration of the activation of Ca(NTf2)2 by an ammonium 
salt of a weakly coordinating anion such as nBu4NF6 to give a highly oxophilic Lewis, calcium-
based Lewis acids has attracted much attention in organic synthesis.1 In our previous works, 
we reported the use of such catalysts in combination with hexafluoroisopropanol (HFIP) as 
solvent, especially for the promotion of the aza-Piancatelli reaction (scheme 1).2 Exploitation 
of this catalytic system in one-pot reaction sequences featuring the aza-Piancatelli reaction as 
a key step allowed the access to previously inaccessible compounds such as 
cyclopenta[b]pyrroles 4,3 cyclopenta[b]piperazinones 54 and  tetrahydrobenzo[b]azepines 6.5 

 
Scheme 1. Calcium-catalyzed aza-Piancatelli reaction in HFIP developed in the lab. 
 
Our preliminary results onto the development of new catalytic cascade reactions using 
anilines 2’ bearing an indole moiety to access to biologically relevant polycyclic skeletons such 
as tetrahydro-b-carbolines 7, cycloheptaindoles 8 or spiroindolines 9 (Scheme 2) will be 
presented. 

 
Scheme 2. Preparation of tetrahydro-b-carbolines 8, cycloheptaindoles 9 or spiroindolines 10 using a calcium-
catalyzed aza-Piancatelli reaction as a key step in cascade reaction. 
 
  

 
1 (a) Begouin, J.-M.; Niggemann, M. Chem. Eur. J. 2013, 19, 8030-8041. (b) Lebœuf, D.; Gandon, V. Synthesis 2017, 
49, 1500-1508. (c) Rauser, M.; Schröder, S.; Niggemann, M. In Early Main Group Metal Lewis Acid Catalysis: 
Concepts and Reactions; Harder, S., Ed.; Wiley-VCH: Weinheim, Germany, 2020, pp 279-310. 
2 (a) Lebœuf, D.; Schulz, E.; Gandon, V. Org. Lett. 2014, 16, 6464-6467. (b) Lebœuf, D.; Marin, L.; Michelet, B.; 
Perez-Luna, A.; Guillot, R.; Schulz, E.; Gandon, V. Chem. Eur. J. 2016, 22, 16165-16171. 
3 (a) Marin, L.; Gandon, V.; Schulz, E.; Lebœuf, D. Adv. Synth. Catal. 2017, 359, 1157-1163. (b) Marin, L.; Guillot, 
R.; Gandon, V.; Schulz, E.; Lebœuf, D. Org. Chem. Front. 2018, 5, 640-647. 
4 Baldé, B.; Force, G.; Marin, L. ; Guillot, R.; Schulz, E.; Gandon, V.; Lebœuf, D. Org. Lett. 2018, 20, 7405-7409. 
5 Wang, S.; Guillot, R.; Carpentier, J.-F.; Sarazin, Y.; Bour, C.; Gandon, V.; Lebœuf, D. Angew. Chem. Int. Ed. 2020, 
59, 1134-1138. 
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Organofluorine compounds play a crucial and prominent role as privileged scaffolds in the 
development of agrochemicals and pharmaceuticals, because of their unique biological, 
physical, and chemical properties, and their ability to enhance the metabolic stability and 
lipophilicity.1 Therefore in the past few decades impressive advances have been made in 
fluorination and trifluoromethylation of molecules.2 In contrast, simple and widely applicable 
introduction of a difluoromethyl (CF2H) group to various carbon skeletons is still 
underdeveloped, although the CF2H motif exhibits impressive bioisosteric properties.3 
To date, radical difluoromethylation reaction has been one of the most employed approaches 
to forge CF2H-containing chemical products.4 In that purpose, various CF2H-based reagents 
have been developed for the difluoromethylation of alkenes and (hetero)arenes. Although 
significant milestones were reached, rare examples of direct difluoromethylation of alkenes 
have been disclosed.5 
As a green and enabling synthetic tool, organic electrochemistry has been gaining increasing 
attraction during the past decade.6 Herein and as part of our ongoing program dedicated to 
the development of original electrochemical transformations,7 we disclosed the 
electrochemical 1,2-hydroxydifluoromethylation and C–H difluoromethylation of alkenes 
using CF2HSO2Na as readily available CF2H source. Importantly, no transition metal catalysts, 
nor external chemical oxidants are needed for these transformations. 
 

  
 

1 (a) Wang, J.; Sánchez-Roselló, M.; Aceña, J. L.; delPozo, C.; Sorochinsky, A. E.; Fustero, S.; Soloshonok, V. A.; Liu, 
H. Chem. Rev. 2014, 114, 2432; (b) Ilardi, E. A.; Vitaku, E.; Njardarson, J. T. J. Med. Chem., 2014, 57, 2832 – 2842; 
(c) Inoue, M.; Sumii, Y.; Shibata, N. ACS Omega, 2020, 5, 10633 – 10640. 
2 (a) Besset, T.; Poisson, T.; Pannecoucke, X. Chem. Eur.J. 2014, 20, 16830 – 16845; (b) Merino, E.; Nevado, C. 
Chem. Rev.Soc. 2014, 43, 6598 – 6608. 
3 Sessler, C.; Rahm, M.; Becker, S.; Goldberg, J.; Wang, F.; Lippard, S. J. Am. Chem. Soc. 2017, 139, 9325 – 9332. 
4 (a) Yerien, D. E.; Barata-Vallejo, S.; Postigo, A. Chem. Eur. J. 2017, 23, 14676 – 14701; (b) Sap, J.; Meyer, C. F.; 
Straathof, N.; Iwumene, N.; Ende, C.; Trabanco, A. A.; Gouverneur, V. Chem. Soc. Rev., 2021, 50, 8214 – 8247. 
5 (a) Zhu, T.; Zhang, Z.; Tao, J.; Zhao, K.; Loh, T. Org. Lett. 2019, 21, 6155 – 6159; (b) Xu, H.; Song, J.; Xu, H. 
ChemSusChem 2019, 12, 3060 – 3063; (c) Yang, J.; Zhu, S.; Wang, F.; Qing, F.; Chu, L. Angew.Chem. Int. Ed. 2021, 
60,4300 – 4306. 
6 Yan, M.; Kawamata, Y.; Baran, P. S. Chem. Rev. 2017, 117, 13230−13319. 
7 (a) Aelterman, M.; Sayes, M.; Jubault, P.; Poisson, T. Chem. Eur. J. 2021, 27, 8277 – 8282; (b) Biremond, T.; 
Jubault, P.; Poisson, T. ACS Org. Inorg. Au 2022, 2, 148 – 152; (c) Luan, S; Castanheiro, T.; Poisson, T. Adv. Synth. 
Catal. 2022, 364, 2741 – 2747; (d) Aelterman, M.; Biremond, T.; Jubault, P.; Poisson, T. Chem. Eur. J. 2022, 
e202202194. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 363

POSTERS

P B087 
α-Trialkylsilyl-α-diazoacetones: polyfunctional building 

blocks to create molecular diversity 
Sigrid Gavelle1, Imen Abid1, Bohdan Biletskyi1, Sylvain Henrion1, Annie Hemon-Ribaud1, 

Jérôme Lhoste1, Arnaud Martel1, Anne-Caroline Chany1, Gilles Dujardin1, 
Catherine Gaulon-Nourry1  

1 Institut des Molécules et Matériaux du Mans, IMMM UMR 6283 CNRS − Le Mans Université,  
72085 CEDEX 9 Le Mans, France 
sylvain.henrion@univ-lemans.fr 

 
 

Diazocarbonyl scaffolds are well-known as a powerful source of molecular diversity through 
the numerous chemical transformations that can be performed on the C=N2 moiety such as 
cyclopropanation, X-H insertion or Wolff rearrangement.1 In this field, our project aims at 
studying the synthetic potential of α-trialkylsilyl-α-diazoacetones.2 On this polyfunctional 
three-carbon building block, the trialkylsilyl group acts as a temporary protection of the most 
reactive diazo carbon in order to allow carbon-chain extension while constituting a source of 
diversity afterwards. We will focus here on the synthesis and aldol-addition of a-trialkylsilyl-
a-diazoacetones in order to access original C-trialkylsilyl diazoaldols and related scaffolds.3 In 
addition, preliminary results concerning the transformation of the retained diazo moiety by 
intramolecular O-H insertion or Wolff rearrangement will be presented, targeting synthetically 
useful silylated 5-membered heterocyclic scaffolds. 
 

 

 
 
 
  

 
1 (a) Ford, A.; Miel, H.; Ring, A.; Slattery, C. N.; Maguire, A. R.; McKervey, M. A. Chem. Rev. 2015, 115, 9981. (b) 
Ciszewski, L. W.; Rybicka-Jasińska, K.; Gryko, D. Org. Biomol. Chem., 2019, 17, 432. 
2 (a) Lancou, A.; Haroun, H.; Kundu, U.; Legros, F.; Zimmermann, N.; Mathé-Allainmat, M.; Lebreton, J.; Dujardin, 
G.; Gaulon-Nourry, C.; Gosselin, P. Tetrahedron Lett. 2012, 68, 9652-9657. (b) Abid, I.; Gosselin, P.; Mathé-
Allainmat, M.; Abid, S.; Dujardin, G.; Gaulon-Nourry, C. J. Org. Chem. 2015, 80 (20), 9980-9988. (c) Abid, I.; 
Gavelle, S.; Chany, A.-C.; Legros, F.; Gosselin, P.; Abid, S.; Dujardin, G.; Gaulon-Nourry, C. C. R. Chimie 2017, 20, 
595-600. (d) Chany, A.-C.; Legros, F.; Haroun, H.; Kumar Kundu, U.; Biletskyi, B.; Torlak, S.; Mathé-Allainmat, M. 
Lebreton, J. ; Macé, A.; Carboni, B.; Renoux, B.; Gosselin, P.; Dujardin, G.; Gaulon-Nourry, C. Org. Lett. 2019, 21, 
2988–2992. 
3 Gavelle, S.; Abid, I.; Biletskyi, B.; Henrion, S.; Hémon-Ribaud, A.; Lhoste, J.; Martel, A.; Dujardin, G.; Gaulon-
Nourry, C. J. Org. Chem. 2021, 86, 4917. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 364

POSTERS

P B088 
Upgrading Phosphinoferrocene Structures through Catalytic 

C–H Bond Arylation 
Jian Zhang1,2, Lunan Zhou1, William Erb1, Jean-François Soulé1,2  

1 OMC, ISCR-UMR 6226, Univ. Rennes, 35700, Rennes, France  
2 Present address: Institute of Chemistry for Life and Health Sciences, Chimie ParisTech, PSL University, CNRS, 

75005, Paris, France 
jzhang0301@outlook.com;  jean-francois.soule@chimieparistech.psl.eu  

 
 

Phosphorus-containing molecules represent a powerful and prominent platform for forming 
active motifs pervasive in bioactive drug molecules and materials.1 Moreover, phosphines 
widely serve as ligands in catalytic transformations, allowing to discover of novel reactivities 
and/or alternative regio- or chemoselectivity.2  Combined with ferrocene scaffolds, such 
hybrid structures have also proven to be privileged ligands in asymmetric catalysis.3  However, 
phosphino-ferrocene is found little application in materials sciences due to challenging access 
to molecular diversity.4 
 
Following the pioneering work of Hartwig and co-workers on Pd-catalyzed direct polyarylation 
of 1-(di-tert-butylphosphino)ferrocene,5 and our recent work on P(III)-chelation-assisted C−H 
bond functionalization of biarylphosphines,6 we turned our attention to C–H bond 
functionalization of 2-[2-(diphenylphosphino)phenyl]ferrocene.  We discovered that C–H 
bond arylation occured regioselectively on the same Cp ring at the ortho-position of 2-
phosphinophenyl unit.  The system employs a rhodium(I) center, and the P(III) atom acts as 
the directing group.  Moreover, catalytic conditions to transform these modified 
phosphinoferrocenes to phosphole derivatives for material applications will be also 
presented. 

   
 

1 (a) Ni, H. Z.; Chan, W. L.; Lu, Y. X. Chem. Rev. 2018, 118, 9344−9411.  (b) Guo, H. C.; Fan, Y. C.; Sun, Z. H.; Wu, 
Y.; Kwon, O. Chem. Rev. 2018, 118, 10049−10293.  (c) Wang, Z.-M.; Xu, X.-Z.; Kwon, O. Chem. Soc. Rev. 2014, 43, 
2927−2940.  
2 (a) Ruiz-Castillo, P.; Buchwald, S. L. Chem. Rev. 2016, 116, 12564−12649. (b) Colacot, T. J. Chem. Rev. 2003, 103, 
3101−3118. 
3 Gao, W.; Gu, Q.; Zheng, C.; You, S. L. Acc. Chem. Res. 2017, 50, 351-365.  
4 Astruc, D. Eur. J. Inorg.  Chem. 2017, 1, 6-29. 
5 Shelby, Q.; Kataoka, N.; Mann, G.; Hartwig, J. J. Am.  Chem. Soc. 2000, 122, 10718−10719. 
6 (a) Zhang, Z.; Roisnel, T.; Dixneuf, P. H.; Soulé, J.-F Angew. Chem., Int. Ed. 2019, 58, 14110−14114. (b) Zhang, Z.; 
Cordier, M.; Dixneuf, P. H.; Soulé, J.-F. Org. Lett. 2020, 22, 5936−5940.  
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Asymmetric catalysis remains a challenge to synthetic chemists as the demand for 
enantiomerically enriched drug-like molecules continues to increase.[1] The development of 
multicatalytic processes using the complementary of distinct catalysts for consecutive 
transformations in a single flask has allowed the construction of enantioenriched complex 
structures from readily available starting materials.[2] 

 
In this context, a series of enantioenriched fused bicyclic piperidines were accessed by a 
cycloisomerization/cycloaddition strategy. Starting from ynamide derivatives and aldehydes, 
good yields and high levels of stereoselectivity were obtained through sequential relay 
catalysis. The concurrent use of a gold complex with a diphenylprolinol silyl ether was applied 
to a combination of diversely functionalized substrates.[3] 

 

 
 

 
 

 
  

 
1 Chirality in Drug Research, ed. E. Francotte and W. Lindner, Wiley-VCH, Weinheim, 2007. 
2 For selected recent reviews, see: (a) Martínez, S.; Veth, L.; Lainer, B.; Dydio P. ACS Catal. 2021, 11, 3891; (b) 
Quintard, A. Chem. Eur. J. 2021, 27, 89; (c) Xiao, X.; Shao,B.-X.; Lu, Y.-J.; Cao, Q.-Q. ; Xia, C.-N.; Chen, F.-E Adv. 
Synth. Catal. 2021, 363, 352; (d) Pellisier, H. Adv. Synth. Catal. 2020, 362, 2289; (e) Romiti, F; del Pozo, J.; Paioti, 
P. H. S.; Gonsales, S. A.;  Li, V.;  Hartrampf, F. W. W.;  Hoveyda, A. H. J. Am. Chem. Soc. 2019, 141, 17952; (f) 
Aferwerki, S.; Córdova, A. Chem. Rev. 2016, 116, 13512. 
3 Genet, M; Takfaoui, A; Marrot, J; Greck, C; Moreau, X. Adv. Synth. Catal. 2021, 363, 4516. 
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Allylation reaction is a textbook organic reaction widely employed in synthesis because the 
resulting products are valuable and versatile building blocks. Moreover, their omnipresence 
in bioactive species makes them valuable in the medicinal science and pharmaceutical 
industries.  Among the various methods to access allylarenes, the noble metal-catalyzed allylic 
substitution of pre-activated allylation agents (e.g., allylic carboxylates, carbonates, and 
halides) with aryl nucleophiles have been extensively studied.1  Recent efforts have focused 
on converting C(sp3)–H bonds directly to C(sp3)–C bonds to minimize pre-functionalization and 
streamline the synthesis of complex molecules.2-4  This strategy has been widely applied for 
the allylation of C(sp2)–H bonds using pre-activated allylation agents and transition metal 
catalysis.   
 
In view of the above studies and the emergence of the merge of nickel(0) with photoredox 
catalysis,5 we decided to investigate a reverse strategy, namely the direct arylation of C(sp3)–
H allylic bond.  With the optimal conditions in hand, we investigated the allylic C–H alkylation 
of N–allyl heterocycles with various aryl chlorides.  The reaction is regioselective and gives 
only linear products. The reaction may involve the formation of a radical cation of N–allyl 
heterocycle followed by H-atom transfer to deliver a C-center radical, which can react with 
NiII-Ar complexes.  
 
 

 
 
 
  

 
1 a) Pàmies, O.; Margalef, J.; Cañellas, S.; James, J.; Judge, E.; Guiry, P. J.; Moberg, C.; Bäckvall, J.-E.; Pfaltz, A.; 
Pericàs, M. A.; Diéguez, M. Chem. Rev. 2021, 121, 4373-4505. b) Trost, B. M.; Crawley, M. L. Chem. Rev. 2003, 
103, 2921-2944.  
2 Park, J.; Mishra, N. K.; Sharma, S.; Han, S.; Shin, Y.; Jeong, T.; Oh, J. S.; Kwak, J. H.; Jung, Y. H.; Kim, I. S.  J. Org. 
Chem. 2015, 80, 1818−1827. 
3 Qi, Z.; Kong, L.; Li, X. Org. Lett. 2016, 18, 4392−4395. 
4 Schwarz, J. L.; Schfers, F.; Tlahuext-Aca, A.; Luckemeier, L.; Glorius, F. J. Am. Chem. Soc. 2018, 140, 12705−12709. 
5 Yi, L.; Ji, T.; Chen, K.-Q.; Chen, X.-Y.; and Rueping, M. CCS Chem. 2022, 4, 9–30. 
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This work focuses on the use of N-acylates and N-ethoxycarbonylated imidates in heterocyclic 
synthesis. The action of bisnucleophiles-1,2 and -1,3 made it possible to obtain various 
families of heterocycles with 5 and 6 chains.1,2 As a follow-up to this line of research, the 
reaction of N-acyl and N-ethoxycarbonyl imidates with 1,4-bisnucleophiles is described here. 
This reaction selectively led to 5-membered heterocycles in good yields instead of expected 
7-membered ring systems. Besides, 2-imidazoline, benzimidazoline, 2-oxazoline, and 2-
thiazoline derivatives were obtained under mild reaction conditions. These experimental 
results were further supported by theoretical DFT calculations. Additionally, our approach has 
been further extended to 1,5 bis amines towards tetrahydropyrimidine scaffolds.  
 

 
 
 
 
 
  

 
1 M’Hamed, M. O.; M’Rabet, H.; Efrit, M. L. C. R. Chim. 2007, 10, 1147–1156. 
2 Jalloul, I.; Hachicha, M.; Kammoun, M.; Efrit, M. L.; Akacha, A. B. Phosphorus Sulfur Silicon Relat. Elem. 2014, 
189, 1596–1602. 
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Fusion peptides (FPs) are short and hydrophobic sequences that are found in viral proteins. 
FPs are able to insert into cellular membrane to subsequently allow the viral membrane to 
merge during the infection process.1 Our group developed a vectorization method using FPs 
of hepatitis C virus (HCV) as anchors into biological membranes.2 However, preliminary results 
showed a moderate membranotropic activity probably due to their lack of structuration - a 
crucial feature for membranotropic interactions. 
Therefore, it was suggested to introduce constrained amino acids to induce or facilitate 
peptide structuration. Interestingly, membranotropic peptides often bear aromatic residues 
and particularly tryptophan (Trp) residues.3 Thus, the constrained Trp surrogates (Tcc and Aia-
Xxx) were chosen as local constraints to be incorporated in membranotropic peptides. These 
cyclic surrogates present constrained dihedral angles and limited side chain orientation which 
may influence the peptide’s structure or its membrane activity.4  

 
By means of this project, we intend to study the influence of local constraints on the 
membrane activity or the peptide’s structure in four references peptides: one CPP (RW9) and 
three viral peptides (HCV7, Flav and C8). The membranotropic activity of these peptides was 
tested by monitoring the indole fluorescence in presence of liposomes.5 While the 
incorporation of a single Tcc did not seem to promote membrane insertion, modifications with 
several Tcc as well as one Aia restored or even enhanced membranotropic activities. 
The first results of structural studies (CD and MD simulations) highlighted the gain of 
structuration of modified sequences compared to the native ones. Furthermore, MD 
simulation results in presence of membranes seem to be in accordance with the experimental 
ones.   

 
1 Lozada, C., et al., Front. Chem. 2021, 9, 689006. 
2 Gonzalez, S., et al., BBA Biomembranes. 2019, 1861 (1), 50-61. 
3 Scrima, M. et al. BBA Biomembranes. 2014, 1838 (3), 1010–8.  
4 Van der Poorten, O. et al. ChemBioChem. 2018, 19 (7), 696–705.  
5 Christiaens, B. et al. Eur j biochem. 2002, 269 (12), 2918–26. 
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As an important organic motif with smallest carbocycle and largest ring strain, cyclopropane 
possesses unique properties comparing to other cycloalkanes.1 It widely exists in nature 
products as well as it is widely used in medicinal research programs to improve the 
pharmaceutical profile of drugs candidates.2 Along with the development of organic and 
pharmaceutical chemistry, versatile molecules containing cyclopropane fragments, especially 
optical active ones, are demanded increasingly year by year.3  
In this work, we described a methodology using the Ru(II)-pheox complex to carry out very 
efficiently the cyclopropanation between a large range of allylic derivatives (bearing 
important functional groups such as sulfones, silanes or halogen atoms) and mono-acceptor 
ethyl diazoacetate. The expected cyclopropanes were obtained in moderate to excellent 
yields (31-97%) and excellent ee (up to 99%) for each diastereoisomer. 
 
 

 
  

 
1 (a) Goudreau, S. R.; Charette, A. B. Angew Chem. Int. Ed., 2010, 49, 486-488. (b) De Meijere, A. Angew Chem. 
Int. Ed., 1979, 91, 867-884. 
2 (a) Qin, Y.; Tang, P. Synthesis 2012, 44, 2969-2984. (b) Talele, T. T. J. Med. Chem., 2016, 59, 8712-8756. 
3 (a) Singh, P.; Varshnaya, R. K.; Dey, R.; Banerjee, P. Adv. Synth. Catal., 2020, 362, 1447-1484. (b) Wu, W.; Lin, Z.; 
Jiang, H. Org. Biomol. Chem., 2018, 16, 7315-7329. (c) Bos, M.; Poisson, T.; Pannecoucke, X.; Charette, A. B.; 
Jubault, P. Chem. Eur. J., 2017, 23, 4950-4961. (d) Bos, M.; Huang, W. S.; Poisson, T.; Pannecoucke, X.; Charette, 
A. B.; Jubault, P. Angew Chem. Int. Ed., 2017, 56, 13319-13323. 
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Glycosylation of polypeptides plays essential roles in a wide range of biological processes, such 
as immune response, viral infection, and cancer metastasis1. Compare to O-glycans, S-
glycosylation on the cysteine residues is less common, but still has unique advantages. S-
glycans are considerably more resistant toward chemical hydrolysis and enzymatic 
degradation, and thus have longer lifetimes in biological systems2. Due to these advantages, 
the development of novel methodologies for the efficient and selective synthesis to prepare 
S-linked glycopeptides and glycoproteins under mild reaction conditions has attracted 
tremendous attention.2 
In continuation of our work in glycochemistry3, here we report a palladium catalyzed strategy 
for S-glycopeptide synthesis (Figure 1). This method which involves the use of stable 1-
iodoglgcals as the glycosylating agents with various unprotected peptides proceeds under 
mild reactions conditions and in a highly selective fashion.4 

 
Figure 1. 

 
 
 
 

  

 
1 a) Bertozzi, C.; Kiessling, L. Chemical glycobiology. Science, 2001, 291, 2357−2364. b) Spiro, R. Glycobiology, 
2002, 12, 43R−56R. c) Moremen, K.; Tiemeyer, M.; Nairn, A. Nat. Rev. Mol. Cell Biol. 2012, 13, 448−462. 
2 a) Companon, I.; Guerreiro, A.; Mangini, V.; Castro-Lopez, J.; Escudero-Casao, M.; Avenoza, A.; Busto, J.; 
Castillon, S.; JimenezBarbero, J.; Asensio, J.; Jimenez-Oses, G.; Boutureira, O.; Peregrina, J.; Hurtado-Guerrero, 
R.; Fiammengo, R.; Bernardes, G.; Corzana, F. J. Am. Chem. Soc. 2019, 141, 4063−4072. b) Wan, L.; Zhang, X.; Zou, 
Y.; Shi, R.; Cao, J.; Xu, S; Deng, L.; Zhou, L.; Gong, Y.; Shu, X.; Lee, G.; Ren, H.; Dai, L.; Qi, S.; Houk, K.; Niu, D. 
Nonenzymatic stereoselective S-glycosylation of polypeptides and proteins. J. Am. Chem. Soc. 2021, 143(31), 
11919-11926. 
3 a) Montoir, D. ; Amoura, M. ; Ababsa, Z.E.-A. ; Vishwanath, T. M.; Yen-Pon, E.; Robert, V.; Beltramo, M. ; Piller, 
V. ; Alami, M.; Aucagne, A. and Messaoudi, S. Chem.Sci. 2018, 9, 8753-8759. b) Zhu, M.; Messaoudi, S. ACS 
Catalysis, 2021, 11, 6334-6342. c) M. Zhu, M. Alami, S. Messaoudi, Chem. Chomm. 2020, 56, 4464-4467 
4. Shen, L.; Messaoudi, S. 2022, submitted. 
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Anion recognition is one of supramolecular chemistry pillars. It is based on the association 
between an anion and a host via specific noncovalent interactions in order to form host-guest 
complexes. This phenomenon underlies some organocatalysis processes[1] and many 
biological functions such as transmembrane anions transport [2]. In this regard, a new family 
of bifunctional anion receptors has been designed by associating a urea, as hydrogen bonding 
donor and a tetrazine as a fluorescent anion-p interaction donor.[3]  Both moieties are 
separated by a flexible linker. In this work, the impact of the H-bond strength and the linker 
flexibility on the complexation have been evaluated by DFT calculations and experimental 
studies (NMR titration and photophysics). 

 

 

 
 

 
 

 
 
 
  

 
1 (a) Pupo, A.; Vicini, A. C.; Ascough, D. M. H.; Ibba, F.; Christensen, K. E.; Thompson, A. L.; Brown, J. M; Paton, R. 
S.; Gouverneur, V. J. Am. Chem. Soc. 2019, 141, 2878-2883. (b) Plais, R.; Gaucher, A.; Prim, D. L’act. Chim. 2021, 
465, 61-62. 
2 Li, H.; Valkenier, H.; Thorne, A. G.; Dias, C. M.; Cooper, J. A.; Kieffer, M.; Busschaert, N. Gale, P.; Sheppard, D. 
N.; Davis, A. P. Chem. Sci. 2019, 10, 9663-9672. 
3 (a) Plais, R.; Gouarin, G.; Gaucher, A.; Haldys, V.; Brosseau, A.; Clavier, G.; Salpin, J. Y.; Prim, D. ChemPhysChem. 
2020, 21(12), 1249-1257. (b) Plais, R.; Boufroura, H.; Gouarin, G.; Gaucher, A.; Haldys, V.; Brosseau, A.; Clavier, 
G.; Salpin, J. Y.; Prim, D. RSC Adv. 2021, 11, 9476-9487. 

2 3 4 

1 

Figure 1: New family of anion receptors combining a hydrogen bonding donor and an anion-p interaction donor 

Figure 2: Noncovalent interactions plots (NCIplot) generated from optimized geometries calculated on Gaussian software 
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Amines bearing a tertiary carbon (tertiary carbinamines) are present in various natural 
products and synthetic bioactive compounds such as alkaloids for instance.1 Usual accesses to 
these compounds are the Ritter reaction,2 the use of nitro compounds3 or the addition to 
imine derivatives,4 but these methods require several steps to afford the tertiary 
carbinamines. In this context, the double addition of organometallics onto nitriles represents 
an attractive and convergent alternative.5 Indeed, this reaction is generally limited to a single 
nucleophilic addition which affords ketones after acidic hydrolysis. Our team recently 
reported the double addition of organometallic reagents onto acylcyanohydrins to access 
tertiary carbinamines.6 The topic of this communication deals with the development of 
efficient and mild conditions to extend the methodology to the double addition of 
propargylzinc reagents onto acylcyanohydrins and cyanocarbonates. This synthetic tool will 
allow the straightforward preparation of functionalized α,α-disubstituted hydroxyamides and 
N-Boc-protected amino alcohols. The valorization of the so-obtained compounds will be 
highlighted by cobalt-catalyzed [2+2+2] cycloaddition reactions to provide functionalized 
pyridine derivatives. 
 

 
Figure 1: Double addition of propargylzinc reagents onto acylcyanohydrins 

  

 
1 Hager, A.; Vrielink, N.; Hager, D.; Lefranc, J.; Trauner, D. Nat. Prod. Rep. 2016, 33, 491. 
2 Jiang, D.; He, T.; Ma, L.; Wang, Z. RSC Adv. 2014, 4, 64936. 
3 Khan, I. U.; Kattela, S.; Hassan, A.; Correira, C. R. D. Org. Biomol. Chem. 2016, 14, 9476. 
4 Fu, P.; Snapper, M. L.; Hoveyda, A. H. J. Am. Chem. Soc. 2008, 130, 5530. 
5 Pearson-Long, M. S. M.; Boeda, F.; Bertus, P. Adv. Synth. Catal. 2017, 359, 179. 
6 (a) Boukattaya, F.; Caille, J.; Ammar, H.; Rouzier, F.; Boeda, F.; Pearson-Long, M. S.; Bertus, P. Synthesis. 2016, 
48, 906. (b) Caillé, J.; Pantin, M.; Boeda, F.; Pearson-Long, M. S.; Bertus, P. Synthesis. 2019, 51, 1329. 
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The design of site-selective C−H functionalization reactions is a great challenge with important 
applications in organic synthesis. Dirhodium(II) complexes are among the best catalysts to 
perform selective insertion of nitrenes into C(sp3)-H bonds.1 In this respect, recent 
experimental results showed a remarkable selectivity for the amination of propylbenzene with 
the dirhodium complex Rh2(S-tfpttl)4 as a catalyst. To understand this selectivity, we perform 
a DFT calculation to reveal the structural and electronic factors guiding the catalytic system. 
Our strategy involves evaluating the mechanism by Density Functional Theory (DFT) to 
disclose the electronic or steric factors controlling the selective functionalization of the 
secondary (2°) vs activated benzylic (Bz) C−H bond. 

 

In this study, we computed the general mechanism for the formation of the C-H bond which 
involves either i) a concerted C–H insertion or ii) a stepwise process of hydrogen atom 
abstraction, followed by radical recombination. We analysed the aromatic substitution of 
phenolsulfamates used as the nitrene source and the full atoms of the Rh2(S-tfpttl)4 catalyst. 
A thorough examination of all the possible substrate approaches and spin states was also 
conducted to highlight the preferential pathway. 
The mechanism found computationally indicates that the singlet concerted mechanism was 
favoured, with a hydride-transfer preferentially occurring at the non-activated 2° position as 
observed experimentally. These results2 provide insight from a mechanistic viewpoint and 
suggest that the role of the catalysts pocket in Rh-Rh is important to control the 
regioselectivity of the C(sp3)-H amination. In this context, we also applied the Activation Strain 
Model method to understand the factors controlling the selectivity. Our results evidenced the 
role of our catalysts' pocket preorganization in stabilising key intermediates, thus influencing 
the activations barriers for the C–H amination.  

 
1 Brunard, E.; Boquet, V.; Van Elslande, E.; Saget, T.; Dauban, P. Catalytic Intermolecular C(Sp3)-H Amination: 
Selective Functionalization of Tertiary C-H Bonds vs Activated Benzylic C-H Bonds. J. Am. Chem. Soc. 2021, 143, 
6407–6412. 
2 Brunard, E.; Boquet, V.; Sosa Carrizo E. D.; Saget, T.; Sircoglou, M.; Dauban P. Selective Functionalization of 
Secondary C−H in presences of Activated Benzylic C−H Bonds, in preparation. 
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The main goal of this project is to develop a new and efficient access to chiral spiroketal enol 
ether derivatives from simple achiral substrates. For this transformation, it was intended to 
make use of the potential of relay catalysis, combining activation of the carbonyl functionality 
with thiourea1 and activation of the alkyne functionality with transition metal from group 11 
with π-acid properties.2 For this purpose, new bifunctional catalysts were synthesized, using 
NHC catalysts already prepared in the group as a template.3 

 
4 new catalysts were then prepared: 3 achiral catalysts with aryl and alkyl linkers either with 
urea or thiourea moieties and 1 chiral catalyst containing an urea moiety. 

 
The desired spiroketal enol ether was obtained in 26% yield using catalyst 3. After 
optimization of the reaction conditions, it was found that the urea moiety was not needed 
and that commercial catalyst (IPr)AuCl was more efficient. 

  
 

1 a) Sigman, M. S.; Jacobsen, E. N. J. Am. Chem. Soc. 1998, 120, 4901–4902; b) Sun, Y.-L.; Wei, Y.; Shi, M. 
ChemCatChem 2017, 9, 718–727. 
2 a) Michalak, K.; Kosnik, W. Catalysts 2019, 9, 890–929; b) Thirukovela, N. S.; Balaboina, R.; Kankala, S.; Vadde, 
R.; Vasam, C. S. Tetrahedron 2019, 75, 2637–2641; c) Lazreg, F.; Nahra, F.; Cazin, C. S. J. Coord. Chem. Rev. 2015, 
293-294, 48–79. 
3 Jiang, Z.; Toffano, M.; Vo-Thanh, G.; Bournaud, C. ChemCatChem 2021, 13, 712–717. 
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Glycomacrocyclic compounds are of growing interest because of their natural existence, their 
interesting biological, physicochemical properties, and potential applications in various 
fields.1 Photoswitchable molecules can be reversibly isomerized by light into isomers featuring 
different structural and electronic properties, such as azobenzene.2 Photoresponsive liquid 
crystalline (LC) system has attracted considerable interest to a very promising area of soft 
photonics and mechanics.3 Under light irradiation, it is possible to modulate or switch the 
orientation of LC molecules to achieve desired optical and mechanical properties of this 
system remotely and selectively. Photo-tunable self-organized helical superstructures of 
cholesteric liquid crystals (CLCs) have shown promising results. Its helical orientation and pitch 
length can be dynamically light-controlled enabling the practical photonic applications. The 
most convenient and economical approach to obtain CLCs is to add a chiral dopant into a 
commercially available achiral nematic liquid crystal host at the appropriate concentration to 
induce selective reflection in the wavelength of interest.4 We have demonstrated the 
promising properties of azobenzene-derived glycomacrocycles as chiral dopants in providing 
dynamic control of helical superstructures in response to light stimulus.5  

In this project, we decide to develop photoswitchable glycomacrocycles containing 
azobenzene and natural carbohydrate which are linked at 2, 3 or 4, 6 positions of 
carbohydrates to take advantage of their innate chirality for chirality transfer. By introducing 
different R groups on 2, 3, or 4, 6 positions of the carbohydrate (structures as below), we will 
explore the influence in LC system. Then, we will study their photophysical and photochemical 
properties in order to identify some good candidates as potential chiral dopants for liquid 
crystals.  
 

 
Figure: Structure and isomeration of target photoswitchable glycomacrocycles 

  

 
1 J. Xie, N. Bogliotti, Chem. Rev. 2014, 114, 7678-7739. 
2 A. A. Beharry, G. A. Woolley, Chem. Soc. Rev. 2011, 40, 4422-4437. 
3 L. Wang, Q. Li, Chem. Soc. Rev. 2018, 47, 1044-1097. 
4 Y. Kim, N. Tamaoki, ChemPhotoChem. 2019, 3, 284-303. 
5 Y. Kim, N. Mafy, S. Maisonneuve, C. Lin, N. Tamaoki, J. Xie, ACS Appl. Mater. Interfaces 2020, 12, 52146-52155. 
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Molecular photoswitches with photoswitching ability in aqueous medium are highly 
demanding for biological applications and photopharmacology.1,2 However, the commonly 
developed photoswitches like azobenzenes, diarylethenes are barely soluble in water. Linking 
carbohydrates to a photoswitching unit is an interesting approach to obtain water-soluble 
photochromic compounds. Since several years, azobenzene-functionalized photoswitchable 
glycoconjugates have been developed for light-controlled carbohydrate-protein interactions,3 
cell adhesion,4 enzyme inhibitors5 and glycolipid mimics6, and so on. However, glycosylation 
with unprotected sugars in aqueous media remains a challenging task.7 Recently, DMC (2-
chloro-1,3-dimethylimidazolinium chloride) mediated glycosylation of unprotected sugars 
with phenols in aqueous medium has shown promising results.8 As a continuing interest in the 
development of photoswitchable carbohydrates,9 we are developing the DMC-mediated 
glycosylation of hydroxyazobenzene with unprotected sugars (Scheme 1). After optimization 
of reaction conditions, we are able to prepare a series of water-soluble glycosyl azobenzenes. 
Furthermore, the synthesized glycosyl azobenzenes displayed remarkable photoswitching 
behavior in water (Scheme 2). These new results will be presented. 

 
Scheme 1: DMC-mediated glycosylation of hydroxy-azobenzene derivative. 

 
Scheme 2: Isomerization of glycosyl azobenzene upon light and heat.  

 
1 Volarić, J.; Szymanski, W.; Simeth, N. A.; Feringa, B. L. Chem. Soc. Rev. 2021, 50, 12377. 
2 Fuchter, M. J. J. Med. Chem. 2020, 63, 11436. 
3 Kanamori, T.; Yuasa, H.; et al, Bioorg. Med. Chem. Lett. 2020, 30, 126960. 
4 Despras, G.; Lindhorst, T. K.; et al, Chem. Bio. Chem. 2019, 20, 2373. 
5 (a) Díaz-Lobo, M.; Ferrer, J. C.; et al, Org. Biomol. Chem. 2015, 13, 7282; (b) Rustler, K.; König, B.; et al, Org. 
Biomol. Chem. 2018, 16, 7430. 
6 Hartrampf, N.; Seki, T.; Baumann, A.; et al, Chem. Eur. J. 2020, 26, 4476. 
7 Downey, A. M.; Hocek, M. J. Org. Chem. 2017, 13, 1239. 
8 Qiu, X.; Fairbanks, A. J. Org. Biomol. Chem. 2020, 18, 7355. 
9 (a) Lin, C.; Maisonneuve, S.; Métivier, R.; Xie, J. Chem. Eur. J. 2017, 23, 14996; (b) Lin, C.; Maisonneuve, S.; 
Theulier, C.; Xie, J. Eur. J. Org. Chem. 2019, 1770; (c) Kim, Y.; Xie, J. et al, ACS Appl. Mater. Interfaces 2020, 12, 
52146; (d) Lin, C.; Jiao, J.; Mallétroit, J.; Maisonneuve, S.; Xie, J. Chem. Commun. 2020, 56, 3261; (e) Jiao, J.; 
Maisonneuve, S.; Xie, J. J. Org. Chem. 2022, 87, 8534. 
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Lactones are highly valuable intermediates in the synthesis of many natural products, as well 
as prominent scaffolds in bioactive compounds.1 Direct functionalization of C-H bonds 
represents the most straightforward route to these compounds in the context of sustainable 
chemistry. There has thus been an ongoing effort into the development of efficient and robust 
methodologies for C-O bond formation.2 However, most of these developed processes are 
poorly atom economical, require external oxidants, and are based on the use of rare and 
expensive transition metals such as palladium.3  
Nitrenes are well-known for their ability to perform aziridination, alkene difunctionalization 
and C-H amination.4 Our group aims to achieve sustainable nitrene transfer processes using 
iron as the catalyst and hydroxylamines as the nitrogen source.5 Iron is cheap, abundant, and 
non-toxic while hydroxylamines are bench-stable, easily accessible, and can form a 
metallonitrene intermediate in the presence of a transition-metal without the addition of 
external oxidants.6 During our investigation on C-H amination, we serendipitously discovered 
that nitrene chemistry can also allow C-H oxygenation.  
In this communication, we will present in detail our recently developed iron-catalyzed 
lactonization using hydroxylamine derivatives. This sustainable process allows for an efficient 
access to new C(sp3)-O bonds, yielding various lactone derivatives in good-to-excellent yields 
using very mild conditions. 

 

 
  

 
1 Janecki, T. Natural Lactones and Lactams: Synthesis, Occurrence and Biological Activity, 1st ed.; Wiley-VCH: 
Weinheim, 2013. 
2 Xu, L.-P. ; Qian, S. ; Zhuang, Z. et al. Nat Commun. 2022, 13, 315. 
3 (a) Liu, B.; Shi, B.-F. Synlett. 2016, 27, 2396-2400. (b) Zhuang, Z.; Yu, J.-Q. Nature. 2020, 577, 656–659. 
4 Wang, Y.-C.; Lai, X.-J.; Huang, K.; Yadav, S.; Qiu, G.; Zhang, L.; Zhou, H. Org. Chem. Front. 2021, 8, 1677-1693. 
5 (a) Manick, A.-D.; Aubert, S.; Yalcouye, B.; Prangé, T.; Berhal, F.; Prestat, G. Chem. Eur. J. 2018, 24, 11485-11492. 
(b) Abi Fayssal, S.; Giungi, A.; Berhal, F.; Prestat, G. Org. Process Res. Dev. 2020, 24, 695-703. (c) Kirby, G.; 
Grimaud, L.; Vitale, R., M.; Prestat, G.; Berhal, F. Green Chem. 2021, 23, 9428-9432. 
6 Lebel, H.; Huard, K.; Lectard, S. J. Am. Chem. Soc. 2005, 127, 14198-14199. 
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In pharmaceutical research, access to original heterocyclic scaffolds remains a major 
challenge. Indeed, they constitute molecular structures with unique chemical and biophysical 
properties. They are also innovative molecular frameworks on which various chemical 
functionalities can be grafted and are therefore pivotal structures for drugs discovery.1 
 
The Minisci reaction, a nucleophilic radical substitution, is a strategic reaction manifold to 
functionalize electron deficient heterocycles, widely used in medicinal chemistry program.2 
The seminal reactions conditions require harsh conditions to generate radicals, leading to 
moderate yields and limited scopes.3 Photoredox chemistry is an interesting alternative to 
easily generate radicals under mild conditions.4 Herein, we developed a photocatalytic Minisci 
reaction applicable on a large panel of heterocycles, more than 20 examples with yields up to 
89 %. Cyclisations were then developed to access original N-heterocycles as new building 
blocks for drug discovery programs.  
 

 
 
Moreover, the photocatalyzed Minisci reaction was developed in continuous flow to allow an 
easy scale up of the reaction and overcome the limitations of photochemical transformations 
in batch.5 
  

 
1 Campos K. R. et al., The importance of synthetic chemistry in pharmaceutical industry. Science 2019, 363 (6424). 
2 Duncton M., Minisci reactions: Versatile CH-functionalizations for medicinal chemists. MedChemComm 2011, 
2, 1135-1161. 
3 Proctor R. S. J. and Phipps R.J. Recent advances in Minisci-Type Reactions. Angew. Chem. Int. Ed. 2019, 58 (9), 
13666-13699. 
4 Molander G. A. et al., Photoredox-Mediated Routes to Radicals: The Value of Catalytic Radical Generation in 
Synthetic Methods Development. ACS Catal. 2017, 7 (4), 2563-2575. 
5 Noël T. et al., Applications of Continuous-Flow Photochemistry in Organic Synthesis, Material Science and Water 
Treatment. Chem. Rev. 2016, 116 (17), 10276-10341. 
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Ruthenium tris(bipyridine) complexes have been widely used and studied over the past 
decades. These Ru(II)-based complexes are indeed well-known for their unique reactivity and 
their valuable photophysical and electrochemical properties.1 In particular, they have been 
used as catalysts in a large range of photo-induced electron and energy transfer processes.2 
Previous studies have notably shown the effect of the counter-ion in such metal complexes 
for photoredox reactions.3 Nevertheless, this effect has never been exploited in 
photocatalyzed reactions by energy transfer such as in intermolecular [2+2] cycloaddition.4  
In this contribution, we report that the modification of the counter-ion X has a dramatic 
impact on the catalytic activity of Ru(bpy)3(X)2 complexes. Experimental results were then 
rationalized by measuring different physicochemical parameters showing that the catalytic 
activity can be directly related with the excited-state lifetime, the stability and the excited-
state energy of the Ru(bpy)3(X)2 complexes. Under the optimal catalytic conditions, the impact 
of the structure of the olefin partners has been also investigated.  
Thus, based on catalytic results, photophysical studies and a scope of substrates, we have 
demonstrated that a judicious choice of the counter-ion can modulate the reactivity of 
Ru(bpy)3(X)2 complexes in intermolecular [2+2] cycloadditions.5 

  
 

1 Campagna, S.; Puntoriero, F.; Nastasi, F.; Bergamini, G.; Balzani, V. Photochemistry and Photophysics of 
Coordination Compounds: Ruthenium. In Photochemistry and Photophysics of Coordination Compounds I; 
Balzani, V., Campagna, S., Eds.; Springer Berlin Heidelberg: Berlin, Heidelberg, 2007; Vol. 280, pp 117–214.  
2 (a) Teegardin, K.; Day, J. I.; Chan, J.; Weaver, J. Org. Process Res. Dev. 2016, 20, 1156–1163. (b) Prier, C. K.; 
Rankic, D. A.; MacMillan, D. W. C. Chem. Rev. 2013, 113, 5322–5363. 
3 (a) Farney, E. P.; Chapman, S. J.; Swords, W. B.; Torelli, M. D.; Hamers, R. J.; Yoon, T. P. J. Am. Chem. Soc. 2019, 
141, 6385–6391. (b) Earley, J.D.; Zieleniewska, A.; Ripberger, H. H.; Shin, N. Y.; Lazorski, M. S.; Mast, Z. J.; Sayre, 
H. J.; McCusker, J. K.; Scholes, G. D.; Knowles, R. R.; Reid, O. G.; Rumbles, G.  Nat. Chem. 2022, 14, 746–753. 
4 Sherbrook, E. M.; Jung, H.; Cho, D.; Baik, M.-H.; Yoon, T. P. Chem. Sci. 2020, 11, 856–861. 
5 Publication submitted. 
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Nicotinic receptors belong to the Superfamily of pentameric ligand-activated ion channel 
receptors. Amongst the different receptors in this family, we are particularly interested in, is 
the α5(α4β2)2 receptor, which is a promising therapeutic target for the design of anti-smoking 
molecules and against the metastatic proliferation of lung cancer. 
In this context, understanding the protein allostery is essential because it makes it possible to 
connect the conformations that the receptors adopt to the functions and thus saves time in 
the design of new ligands. 
However, there is no crystallographic structure of nicotinic acetylcholine receptors of 
sufficient resolution. An alternative is the use of the bacterial homologous receptor GLIC 
which could be crystallized under three conformations, open, closed and locally closed. 
To do this, we propose to design a photosensitive clamp that will be fixed on the extracellular 
domain of the receptor and use a light irradiation that compels the opening of the ion channel, 
as assumed in previous works.  
The photosensitive nucleus will be of the azobenzene type for which a fluorophore will be 
incorporated in order to result in an “on/off” photoswitchable and fluorescent probe. Hence, 
we will have complementary biophysical methods.  
 
 

 
 
 
 
References1  

 
1 Burns, D. C.; Flint, D. G. Woolley,G.A. Biochemistry 2004, 43 (49), 15329–15338. 
2 Rose, G. D; Maritan, A.Proc. Natl. Acad. Sci. 2006, 103 (45), 16623–16633.  
3 A. A. Beharry, G. A. Wooley, Chem. Soc. Rev. 2011, 40,4422-4437. 
4 J. Broichhagen, J. A. Frank, D. Trauner,, Acc. Chem. Res. 2015, 48, 1947-1960 
5 T. H. L. Nguyen, N. Gigant, S. Delarue-Cochin, D. Joseph, J. Org. Chem. 2016, 81, 1850-1857.style. 
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Herein we present our strategy towards the total synthesis of a class meroterpenes natural 
products featuring a 2H-chromene fragment. This strategy is flexible, convergent in order to 
allow the synthesis of both natural chiral chromenes, and non-natural analogs. One of the first 
targets is the metachromins family and its representative member, metachromin T that is 
known to display cytotoxicity against L1210 murine leukemia and KB human epidermoid 
carcinoma cells.1 Another target which we will fully disclose its first total synthesis is 
tuberatolide B, initially isolated as a natural product showing a compelling biological activity 
as an FXR antagonist, but more recently new activities as inhibitor of ROS-mediated of STAT3 
signaling and LPS-stimulated inflammatory response were described.2  
The strategy developed for the synthesis of tuberatolide B allowed us to also attain the total 
syntheses of atractylchromene and Koeberchromene B.3 

 
The retrosynthesis of the targeted natural chromenes has two key reactions, the first one is 
the Au+1 hydroarylation that allowed us the construction of the enantio-enriched chromenes 
then, on the convergence side, the alkene cross metathesis was key in order to install different 
side chains towards the final structures. 

 
  

 
1 Takahashi, Y.; Yamada, M.; Kubota, T.; Fromont, J.; Kobayashi, J. Chem. Pharm. Bull. 2007, 55 (12), 1731–1733. 
2 Choi, H.; Hwang, H.; Chin, J.; Kim, E.; Lee, J.; Nam, S.-J.; Lee, B. C.; Rho, B. J.; Kang, H. J. Nat. Prod. 2011, 74 (1), 
90–94; Choi, Y. K.; Kim, J.; Lee, K. M.; Choi, Y.-J.; Ye, B.-R.; Kim, M.-S.; Ko, S.-G.; Lee, S.-H.; Kang, D.-H.; Heo, S.-J. 
Mar. Drugs 2017, 15 (3), 55; Kim, E.-A.; Kim, S.-Y.; Kim, J.; Oh, J.-Y.; Kim, H.-S.; Yoon, W.-J.; Kang, D.-H.; Heo, S.-J. 
J. Func. Foods 2019, 52, 109–115. 
3 Resch, M.; Steigel, A.; Chen, Z. L.; Bauer, R. J. Nat. Prod. 1998, 61 (3), 347–350; Presley, C. C.; Valenciano, A. L.; 
Fernández-Murga, M. L.; Du, Y.; Shanaiah, N.; Cassera, M. B.; Goetz, M.; Clement, J. A.; Kingston, D. G. I. J. Nat. 
Prod. 2018, 81 (3), 475–483. 
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Gold catalysis has been widely demonstrated to be useful for to achieve the synthesis of 
complex structure according to atom-economical and green processes.[1] Gold complexes are 
highly interesting tools due to their ability to activate unsaturated bonds, leading to 
nucleophilic additions. In the case of aldehyde-yne substrates, it is possible to access a wide 
range of highly functionalized O-heterocycles.[2] Recently, HFIP emerged as a new tool notably 
for its Lewis-acid proprieties due to its hydrogen donor bond. Many studies report its use in 
the presence of metals such as Pd, Fe or Au.[3] In the course of our ongoing program towards 
gold catalysis,[4] our group recently described the gold-catalyzed cyclization / acetalization 
using alcohol as nucleophile.[5] In this context and this new interest in HFIP, we developed a 
domino reaction of cycloisomerization/nucleophilic addition/C→O rearrangement. A large 
range of acenaphtylene carbaldehyde has been engaged in such process with various aromatic 
nucleophile leading to cyclic ketones.[6] 
 

 
 
Optimization of the reaction conditions as well as the scope, limitations and post-
functionalization will be presented. 
 
  

 
1 (a) A. S. K. Hashmi, F. D. Toste, Eds.; Modern Gold Catalyzed Synthesis; Wiley VCH, 2012. (b) F. D. Toste, V. 
Michelet Eds.; Gold Catalysis: An Homogeneous Approach; Imperial College Press: London, 2014. (c) Z. 
Rappoport, J. F. Liebman, I. Marek, Eds.; John Wiley & Sons, 2014 (d) L. M. Slaughter, Ed.; Homogeneous Gold 
Catalysis. In Topics in Current Chemistry; Springer, 2015. 
2 (a) M. E. Muratore, A. Homs, C. Obradors, A. M. Echavarren, Chem. Asian J. 2014, 9, 3066–3082. (b) S. Handa, 
L. M. Slaughter, Angew. Chem. Int. Ed. 2012, 51, 2912–2915. (c) S. Handa, L. M. Slaughter, Angew. Chem. Int. Ed. 
2012, 51, 2912–2915. 
3 (a) T. Bhattacharya, A. Ghosh, D. Maiti, Chem. Sci. 2021, 12, 3857–3870. (b) S. J. Gharpure, R. S. Chavan, A. V 
Ardhapure, Adv. Synth. Catal. 2022, 364, 3094-3098. (c) V. Pozhydaiev, M. Power, V. Gandon, J. Moran, D. 
Lebœuf, Chem. Commun. 2020, 56, 11548–11564. (d) N. V Tzouras, A. Gobbo, N. B. Pozsoni, S. G. Chalkidis, S. 
Bhandary, K. Van Hecke, G. C. Vougioukalakis, S. P. Nolan, Chem. Commun. 2022, 58, 8516–8519. 
4 V. Michelet, Chemical Record 2021, 21, 3884–3896. 
5 A. Dupeux, V. Michelet, J. Org. Chem. 2021, 86, 17738–17747. 
6 A. Truchon, A. Dupeux, S. Olivero, V. Michelet, submitted results. 
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450 million people around the world are suffering from type 2 diabete, and its prevalence is 
increasing each year. In this context, gliflozines like Dapagliflozin 1 have been marketed in 
2013 as a new class of anti-diabetic agents acting as inhibitors of the sodium-glucose co-
transporter SGLT−2.1 Among them, spiro-bicyclic compounds like Tofogliflozin 2 (Figure 1) 
showed great promises, but they have been underestimated because of synthetic approaches 
that only give rises to [6,5]-spiroacetals having an α configuration.2 

 
Figure 2 : Structure of marketed gliflozines. 

In this context, we wish to report herein a new approach towards potential inhibitors of SGLT-
2, where a carbene-mediated functionalization of the anomeric C-H bond of carbohydrate 
would first give rise, on demand, to quaternary sugars of α- or β-configuration3. Starting from 
mannose, the α-propargyl 2-diazoacetyl mannoside 3 was first prepared and engaged in a 
Rh(II)-catalyzed 1,5-C-H insertion to yield γ-lactone 4. After conversion into the key C,O-bis 
propargyl glycoside 5, a [2+2+2] cyclotrimerization gave rise to [6,6]-spiroacetals 6 fused to an 
aromatic ring (Scheme 1). 
 

 
Scheme 1: Divergent synthetic approach towards unprecedented [6,6] spirobicyclic potential inhibitors of SGLT-2. 

This new approach allowing introduction of key pharmacophores in a late stage of the 
synthetic sequence provide a fast entry towards a large molecular diversity of unprecedented 
potential inhibitors of SGLT-2.  

 
1 Utsunomiya, K.; Shimoto, N.; Senda, M.; Kurihara, Y.; Gunji, R.; Fuiji, S.; Kakiuchi, S.; Fujiwara, H.; Kameda, H.; 
Tamura, M.; Kaku, K. J. Diabetes Investig. 2017, 8, 766-775. 
2 For an access to [6,5] spiro-acetal of α configuration by cyclotrimerization, see: McDonald, F. E.; Zhu, H. Y. H.; 
Holmquist, C. R.; J. Am. Chem. Soc. 1995, 117, 6605-6606. 
3 For an account, see : Boultadakis-Arapinis, M.; Lescot, C.; Micouin, L.; Lecourt, T. Synlett 2013, 24, 2477-2491.  
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The degenerative reversible transfer of xanthate is emerging as one of the most effective tools 
for the generation of C-C bonds in recent years1. It has a unique ability to store reactive 
radicals through a series of reversible processes and thus remarkably extend the effective 
lifetime of the formed radicals. It allows intermolecular radical additions, especially to non-
activated olefins, to construct C(sp3)-C(sp3) bonds2. Acylsilanes (RCOSiR´3) and acylboronates 
are intriguing classes of compounds that are of wide interest3-4. Their remarkable properties 
and reactivities have only recently been recognized. The xanthate addition-transfer process 
has been exploited as a convenient method for the synthesis of functionalized acylsilanes and 
acylboronates. As reported herein, the first synthesis of two novel and reactive xanthates B1 
and B2, bearing an acylsilane moiety and an acylMIDA boronate moiety, respectively, was 
developed. A series of adducts were prepared in a high yield using the xanthate addition-
transfer process and could be further transformed to pyrrole and furan derivatives5-7. Notably, 
the mildness of the reaction conditions and broad tolerance for diverse functional groups 
provide a new synthesis method for various compounds of this class that are not readily 
accessible by other routes. 

 

 
 

 
  

 
1 Zard, S.Z. Angew. Chem., Int. Ed. Engl. 1997, 36, 672. 
2 Quiclet-Sire, B.; Zard, S.Z. Pure & Appl. Chem. 2011, 83, 519. 
3 Zhang, H.J.; Priebbenow, D.L. and Bolm, C. Chen. Soc. Rev. 2013, 42, 8540. 
4 Sterman, A.; Sosic, I. and Casar, Z. ACS Omega. 2020, 5, 17868. 
5 Huang, Q.; Michalland, J. and Zard, S.Z. Angew. Chem., Int. Ed. Engl. 2019, 58, 16936.   
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Cathepsin D (CD) is considered as a potential target for the treatment of breast cancer. In this 
context the development of efficient inhibitors and inhibitor screening methods is a major 
need for the scientific community.1 Pepstatin A, a natural pseudopeptide isolated from 
cultures of various Actinomyces is considered as the gold standard among the natural 
inhibitors of CD. Nevertheless, due to Its poor bioavailability and Its poor metabolic stability, 
no application has been found for the treatment of the diseases mentioned above with this 
molecule. The synthesis and the evaluation of peptide-like ligands of CD containing fluorine 
atoms constitutes an innovative strategy that could lead to the development of new molecules 
as 19F NMR probes and/or new potential inhibitors towards CD.2 The introduction of 
fluorinated amino acids in the peptidic scaffold could: i) transform the ligand into an efficient 
19F NMR probe opening the way to NMR’s based functional assays;3 ii) help the cellular 
membrane uptake; iii) improve the bioavailability.4 
The introduction of the fluorinated scaffold has been performed using two strategies: i) 
Introducing a fluorinated protecting group on the N-terminus moiety of the peptide; ii) 
incorporating non-natural fluorinated amino acids into peptidic scaffolds.5 
These Fluorinated analogues of Pepstatin A have been tested via fluorimetric techniques and 
fluorinated based NMR assay (FABS). These two synthetic strategies and preliminary biological 
results. 
 

 
  

 
1 Dash, C.; Kulkarni, A.; Dunn, B.; Rao, M.Crit. Rev. Biochem. Mol. Biol. 2003, 38, 89–119 
2 Salwiczek, M.; Nyakatura, E. K.; Gerling, U. I. M.; Ye, S.; Koksch, B. Chem. Soc. Rev. 2012, 41, 2135–71. 
3 Devillers, E.; Chelain, E.; Dalvit, C.; Brigaud, T.; Pytkowicz, J. ChemBioChem. 2022, 23, e202100470. 
4 Chen, H.; Viel, S.; Ziarelli, F.; Peng, L. Chem. Soc. Rev. 2013, 42, 7971–7982. 
5 Devillers, E.; Pytkowicz, J.; Chelain, E.; Brigaud, T. Amino Acids 2016, 48, 1457–1468 
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Nature is a great source of chemical diversity. Currently, it is the origin of the discovery and 
design of many active molecules.1 The extraction or the synthesis of complex natural 
structures can be very challenging. However, nature may also provide abundant small 
compounds which can be used as polyfunctional chiral skeletons for the hemisynthesis of 
more complex molecules. 
Isoprostanes, metabolites of polyunsaturated fatty acids following non-enzymatic pathway, 
are an important class of natural products containing polysubtituted cyclopentane ring. 
Indeed, some of these metabolites are biomarkers of oxidative stress in biological systems and 
have interesting biological properties, such as anti-inflammatory, neuroprotective and 
antiarrhythmic activities.2 In order to study these compounds, various synthetic strategies 
have been developed.3 However, some stereoisomers of this family are still synthetically very 
difficult to obtain in particular the all-cis isoprotanes due to the steric hindrance. 
To ease access to these molecules, we propose a hemisynthetic route from iridoïds, small 
bicyclic monoterpenes, as a suitable polyfunctional chiral skeletons (Scheme 1). Catalposide 
is a relevant iridoïd for this project by its cis cycle junction of stereochemistry cis. Moreover, 
catalposide is one of major iridoïds present in Catalpa bignonioïdes W. fruit,4 known as bean 
tree. This latter is a very common ornamental plant that can be found in our green spaces and 
along roadsides making it a particularly accessible source. 

 

 
Scheme 1 : Isoprostanes hemisynthesis from Catalpa fruits  

  

 
1 Newman, D.; Cragg, G. M.; J. Nat. Prod., 2020, 83, 770-803.  
2 Galano, J.-M.; Lee, Y. Y.; Oger, C.; Vigor, C.; Vercauteren, J.; Durand, T.; Giera, M.; Lee, J. C.-Y; Progress in Lipid 
Research, 2017, 68, 83-108. 
3 Oger, C.; Cuyamendous, C.; de la Torre, A.; Candy, M.; Guy, A.; Bultel-Poncé, V.; Durand, T.; Galano, J-M.; 
Synthesis, 2018, 50, 3257-3280 
4 Iwagawa, T.; Hamada, T.; Kurogi, S.; Hase, T.; Okudo, T.; Kim, M.; Phytochem., 1991, 30, 4057-4060. 
Von Poser, G. L.; Schripsema, J.; Henriques, A. T.; Jensen, S. R.; Biochem. Syst. Ecol., 2000, 28, 351-366.  
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Since the discovery of aryl diazonium salts by Griess in 1858, the reactivity of these compounds 
has been extensively studied. Indeed, these highly reactive species allows readily access to a 
wide array of chemical transformation such as substitution, cross-coupling reactions or 
grafting functionalization. From a mechanistic point of view, most of these reactions involve 
the thermo- or photo-catalyzed formation of an aryl radical from the diazonium salt.1 
Nowadays, the development of sustainable processes has become a great challenge. In this 
context, photochemical reactions appear to have a significant potential by reducing the 
energy demand of the transformations and in absence of chemical activators.  Thanks to the 
work of Deronzier,2 describing the synthesis of Pschorr by photocatalysis, aryl diazonium salts 
have revealed their full potential in visible-light photoredox reactions.3 In parallel, benzo-
fused g-lactams such as isoindolinones are widely represented among natural and biologically 
active molecules. As example, Chilenin from berberis empetrifolia is used against cancer.4 
Given the importance of isoindolinones, a more environmentally friendly synthesis strategy 
would be highly desirable. 
 
In this work, we described a Meerwein-type alkoxyarylation of 3-methylene isoindolinones via 
aryl diazonium salts. This three-component reaction performed at room temperature has 
been enhanced under visible light and without photocatalyst to allow the obtention of a wide 
array of 3-substituted isoindolinones with good to moderate yields (57 to 92%). Mechanistic 
studies suggest two complementary initiation steps, thermo- and photo-induced, which allow 
the formation of the aryl radical from the diazonium salt. 
  

 
1 Mo, F.; Qiu, D.; Zhang, L.; Wang, J. Chem. Rev. 2021, 121, 5741 – 5829. 
2 Cano-Yelo, H.; Deronzier, A. J. Chem. Soc. Perkin Trans. 1984, 2, 1093 – 1098. 
3 (a) Hari, D.P.; Schroll, P.; König, B. J. Am. Chem. Soc. 2012, 134, 2958 – 2961. (b) Mo, F.; Dong, G.; Zhang, Y.; 
Wang, J. Org. Biomol. Chem. 2013, 11, 1582 – 1593. 
4 Upadhyay, S. P.; Thapa, P.; Sharma, R.; Sharma, M. Fitoterapia. 2020, 146, 104722 – 104745. 
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Lewis acids, ie electron-pair acceptors, play a prominent role in chemistry. In particular, their 
use as catalysts make them key reagents in organic synthesis. Unlike traditional Brønsted 
acids, whose acidity can be easily measured by the pKa scale, there is still no broadly accepted 
method for quantifying Lewis acidity to date. Available experimental methods such as the 
Gutmann-Beckett or the Childs method still suffer from limitations including inconsistent 
results. We recently reported a new and efficient method for evaluating the relative acidity of 
Lewis acids.1 This method uses a set of Lewis basic dithienophosphole oxide as fluorescent 
probes, which can be easily synthesized and functionalized in a few steps from commercially 
available reagents. Upon coordination to a Lewis acid through the P=O bond, the emission of 
the probe is red-shifted. The chromaticity of the resulting Fluorescent Lewis Adduct (FLA), 
assessed by its Commission Internationale de l’Éclairage (CIE) coordinates, correlates very 
precisely with the strength of the Lewis acid. We were then able to attribute a specific Lewis 
Acid Unit (LAU) to more than 50 Lewis acids belonging to very different classes of compounds,2 
including rare-earth metal triflates.3 In this case, successful measurements were still able to 
be performed despite the fact that lanthanides generally display similar physicochemical 
properties. We hope that the FLA method will be of use in organic chemistry, as the reactivity 
of a Lewis acid catalyst strongly depends on its strength, which can now be easily, precisely 
and reliably assessed. This should greatly simplify the choice of an optimal Lewis acid catalyst 
for a given chemical transformation.  

   

 
  

 
1 Gaffen, J. R.; Bentley, J. N.; Torres, L. C.; Chu, C.; Baumgartner, T.; Caputo, C. B. Chem. 2019, 5, 1567−1583 
2 Bentley, J. N.; Elgadi, S. A.; Gaffen, J. R.; Demay-Drouhard, P.; Baumgartner, T.; Caputo, C. B. Organometallics 
2020, 39, 3645−3655 
3 Demay-Drouhard, P.; Gaffen, J. R.; Caputo, C. B.; Baumgartner, T. Can. J. Chem. 2022, ahead of print 
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N-Acetylneuraminic acid (Neu5Ac),1 (scheme), which belongs to a complex sugar family, is 
involved in many biological phenomena including pathological 
interaction of human cells with Influenza viruses.2 Due to their stability 
to chemical and enzymatic hydrolysis, C-glycosides analogues of 
Neu5Ac-containing conjugates are interesting targets, and in the last 
years we have developed a rapid and stereoselective preparation of a-C-sialosides using 
samarium diiodide (SmI2).3 We will present our results concerning the selective preparation 
of the isomeric b-C-sialosides, using reductive samariation and coupling reaction with 
electrophiles, on the chair inverted 1,7-sialyllactone derivatives, easily obtained from the 
commercial Neu5Ac (scheme 2).  
 
 
                            
 
 
Scheme 2. 
 
 
Due to the bicyclic structure of the 1,7-lactone, the coupling reaction is totally selective in 
favor of an equatorial orientation of the new C-C bond, thus leading to b-C-sialoside 
derivatives (scheme 3).   
 

 
Scheme 3. 
 
  

 
1 Sialic Acids: Chemistry, Metabolism and Function, Ed. R. Schauer, Springer, Vienna, 1982, Cell Biology, 
monograph series, Vol. 10. 
2  A.Beby-Defaux, G. Giraudeau, S. Bouguermouth, G. Agius, Médecine et maladies infectieuses, 2003, 33, 134. 
3 (a) A. Malapelle, Z. Abdallah, G. Doisneau, J-M. Beau, Angew Chem. Int. Ed. Engl., 2006, 45(36), 6016-6020; (b) 
A. Malapelle, A. Coslovi, G. Doisneau, J.-M. Beau,  Eur. J. Org. Chem., 2007, 3145-3157 ; (c) C. Papin, G. Doisneau, 
J-M. Beau, Chem. Eur. J., 2009, 53-57. 
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Non-covalent interactions play an important role in all subfields of chemistry, including 
catalysis, where interactions of different natures can work together to improve reactivities 
and selectivities. Several families of molecules that incorporate both hydrogen bond (HB) and 
halogen bond (XB) donors (Scheme A)1 have already been studied. Based on our previous work 
on the research of cooperation between halogen bonding (XB) and hydrogen bonding (HB), 
applied in different catalysed reactions (Scheme B),2 we are developing a novel class of strong 
mono XB donors with as general structure an iodoimidazolium salt (Scheme C).  
 
We share the synthesis of a library of N-azaiodoimidazolium salts starting from a hydrazine 
pattern,3 to try to lower the degrees of freedom between the XB and HB donors and facilitate 
their cooperation.4 We have also realized that different substituents could also be placed on 
the extracyclic nitrogen atom to modulate the XB donor character. Along with a study of their 
physico-chemical properties using different techniques (X-ray diffraction and ITC5), the 
behaviour of the N-azaiodoimidazolium salts in different catalytic transformations was also 
evaluated: hetero-Diels-Alder reaction with N-arylimines, transformations of 
bromodiarylmethanes (Friedel-Crafts alkylation) and others. 
 

 
  

 
1 Cavallo, G.; Metrangolo, P.; Milani, R.; Pilati, T.; Priimagi, A.; Resnati, G.; Terraneo, G. Rev. 2016, 116, 2478. 
2 Givaudan, D.; Biletskyi, B.; Recupido, A.; Héran, V.; Constantieux, T.; Chuzel, O.; Parrain, J.L.; Bugaut, X. 
manuscript submitted. 
3 Pannecouque, C.; Herdewijn, P. J. Med. Chem., 2003, 46, 1546. 
4 Decato, D.A.; Riel, A.M.S.; May, J.H.; Bryantsev, V.H.; Berryman, O.B. Angew. Chem. Int. Ed., 2021, 60, 3685. 
5 Walter, S.M.; Kniep, F.; Rout, L.; Schmidtchen, F.P.; Herdtweck, E.; Huber, S.M. J. Am. Chem. Soc., 2012, 134, 
8507 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 391

POSTERS

P B115 
Novel methodologies for the synthesis of polycyclic 

derivatives using gold catalysis  
Emilie Gentilini1, Vincent Davenel2, Jean-Marie Fourquez2, Véronique Michelet* 1 

1 University Côte d’Azur, Institut de Chimie de Nice, Parc Valrose, 06108 Nice Cedex 2, France 
2 Institut de Recherches Servier, Pôle d’expertise Chimie, 125 Chemin de Ronde, Croissy-sur-Seine, France 

emilie.gentilini@univ-cotedazur.fr 
 
 

The great majority of medicinal chemistry-relevant structures tend to have a planar 
geometry.1 Recently, in an effort to increase the molecular diversity in fragments libraries, a 
particular attention has been devoted to the three-dimensionality of chemical structures.2 
However, synthesizing these new and original building blocks using a fast and efficient 
methodology remains a key challenge for an organic chemist. Gold catalysis is a powerful tool 
for the synthesis of complex core structures according to atom-economical and green 
processes.  Indeed, gold complexes possess a carbophilic Lewis acid character which provides 
it a particular reactivity able to activate p-systems towards nucleophilic additions.3 This 
reactivity offers new possibilities of chemical synthesis which allows to reach various 
carbocyclic or heterocyclic scaffolds, starting from simple substrates, enhancing significantly 
the molecular complexity. In this context, as part of our ongoing research program on metal 
activation of alkynes,4 we developed an efficient and mild synthetic route for the preparation 
of functionalized bicyclo[3.2.1]oct-2-ene and bicyclo[3.3.1]nonadiene via gold-mediated 
cycloisomerization of 1,6-enynes.5 Depending on the substitution of the starting enyne and 
the reaction conditions, the process occurred under a 5-exo or a 6-endo pathway. These 

different mechanistic routes allowed the formation of four different polycyclic derivatives. 
These building blocks represent privileged scaffolds in a search for increased molecular 
diversity of drug-candidate libraries.  

 
1 Hamilton, D. J.; Dekker, T.; Klein, H. F.; Janssen, G. V.; Wijtmans, M.; O’Brien, P.; de Esch, I. J. P. 2020, 38, 77. 
2 (a) Lovering, F.; Bikker, J.; Humblet, C. J. Med. Chem. 2009, 52, 6752. (b) Lovering, F. Med. Chem. Commun. 
2013, 4, 515. (c) Meyers, J.; Carter, M.; Mok, N. Y.; Brown, N. Future Medicinal Chemistry 2016, 8, 1753.  
3 (a) A. S. K. Hashmi, F. D. Toste, Eds.; Modern Gold Catalyzed Synthesis; Wiley VCH, 2012. (b) F. D. Toste, V. 
Michelet Eds.; Gold Catalysis: An Homogeneous Approach; Imperial College Press: London, 2014. (c) Z. 
Rappoport, J. F. Liebman, I. Marek, Eds.; John Wiley & Sons, 2014 (d) L. M. Slaughter, Ed.; Homogeneous Gold 
Catalysis. In Topics in Current Chemistry; Springer, 2015. 
4 (a) Carrër, A.; Péan, C.; Perron-Sierra, F.; Mirguet O.; Michelet, V. Adv. Synth. Catal. 2016, 358, 1540 (b) Laher, 
R.; Marin, C.; Michelet, V. Org. Lett. 2020, 22, 4058. (c) Tomas-Mendivil, E.; Heinrich, C.; Ortuno, J.-C.; Starck, J.; 
Michelet, V. ACS Catal. 2017, 7, 380. (d) Michelet, V. Chemical Record 2021, 21, 3884. 
5 (a) Gentilini, E.; Davenel, V.; Fourquez, J.-M.; Michelet, V. Unpublished results. (b) Davenel, V.; Nisole, C.; 
Fontaine-Vive, F.; Fourquez, J.-M.; Chollet, A.-M.; Michelet, V. J. Org. Chem. 2020, 85, 12657. (c) Davenel, V.; 
Puteaux, C.; Nisole, C.; Fontaine-Vive, F.; Fourquez, J.-M.; Michelet, V. Catalysts 2021, 11, 546. 
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In a society where the environment protection is a central concern, processes using the solar 
energy has a key role. Resulting from the discoveries made over the last fifty years, 
photochemistry is now considered as a promising alternative to usual chemical process, 
commonly used in industry. 1,2,3 In this context, there is a growing interest for the development 
of original methodologies that can reduce 1/ the impact on the environmental footprint and 
2/ the energy demand. There is no doubt that the use of reactions mediated or initiated by 
photons (light) as one of the simplest reagents in chemical transformations is becoming a 
crucial tool in drugs development in a close future.  
This study discloses a de-aminative reaction for the formation of alkynes and allenes 
derivatives using a photoinduced process via an EDA complex.4,5 Proofs of the formation of 
such complex have been given. The absence of metals or of an external photosensitizer in this 
methodology and the use of continuous flow chemistry, that should permit the development 
of this synthesis in one row, enhance its interest for industrial application. 
 

 
 
 
 
 
  

 
1 Prier, C. K.; Rankic, D. A.; MacMillan, D. W. C. Chem. Rev. 2013, 113, 5322–5363. 
2 Reckenthäler, M.; Griesbeck, A. G. Adv. Synth. Catal. 2013, 355, 2727–2744. 
3 Marzo, L.; Pagire, S.K.; Reiser, O.; König, B. Angew. Chem. Int. Ed. 2018, 57, 10034–10072. 
4 Fu, M-C.; Shang, R.; Zhao, B.; Wang, B.; Fu Y. Science, 2019, 363, 1429–1434. 
5 Ferko, B.; Marčeková, M.; Detková, K. R.; Doháňošová, J.; Berkeš, D.; Jakubec P. Org. Lett. 2021, 23, 22, 8705–
8710. 
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Bifunctional iminophosphorane organocatalysts (BIMP) have attracted much attention from 
researchers in recent years. Their very high basicity gives access to pro-nucleophiles with high 
pKa such as nitromethane or thiols, which improves the variety of pro-nucleophiles and 
reactions studied. The design and synthesis of novel chiral BIMP has been a challenging task 
and received great attention. However, BIMP still remains an underdeveloped field, only 
hydrogen bond donors associated with the iminophosphorane function have been reported 
so far.1 

 
Herein, we described a flexible and efficient synthesis of a series of chiral 
iminophosphorane/secondary amine catalysts. These BIMPs were then evaluated in 
asymmetric organocatalysis. Thus, addition of nitromethane to cinnamaldehyde via the 
formation of an iminium intermediate has been investigated in order to prove the potential 
of our new BIMPs.2 
 
 
 

 
 
 
  

 
1  Formica, M.; Rozsar, D.; Su, G.; Farley, A. J. M.; Dixon, D. J. Acc. Chem. Res. 2020, 53 (10), 2235–2247.  
2 Gotoh, H.; Ishikawa, H.; Hayashi, Y. Org. Lett. 2007, 9 (25), 5307–5309.  
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The development of eco-compatible catalytic systems enabling the preparation of organic 
compounds is of great concern. One possible approach consists in grafting molecular catalysts 
onto supports allowing their recovery and further recycling. 
This work concerns the use of supports based on Polyhedral Oligomeric Silsesquioxanes 
(POSS), perfectly defined nanosized cages composed of an inorganic Si-O-Si core decorated 
with organic substituents.1 POSS having a cubic shape (Fig, a) have been the most studied and 
several functionalizable versions reported. The latter are exploited as building blocks for the 
construction of molecular materials finding applications in many fields including catalysis.2 To 
reach desirable macroscopic properties, the design of novel functionalizable cages is needed. 

Along these lines and in collaboration with Masafumi Unno (Gunma Univ. Japan), expert in 
the preparation of silicon nanocages, we have recently designed POSS with original cores 
(different from the cube) and bearing organic functional groups.3 The latter allow the covalent 
attachment of molecular catalysts. In this presentation, we describe the synthetic routes to 
cubic and unprecedented "double-decker" nanocages bearing eight or four 2-pyridyl-1,2,3-
triazole ligands respectively (Fig, a & b respectively).4,5 The catalytic activities of the 
corresponding ruthenium complexes are compared in transfer hydrogenations of carbonyl 
derivatives. The cage structure is shown to greatly influence the catalytic activity of the 
nanocatalyst and the tetrafunctional double-decker silsesquioxanes constitute promising 
tools in supported catalysis. The recyclability of the systems is studied as well. 

 
  

 
1 Du, Y.; Liu, H. Cage-like Silsesquioxanes-based Hybrid Materials. Dalton Trans. 2020, 49, 5396-5405.  
2 Calabrese, C.; Aprile, C.; Gruttadauria, M.; Giacalone, F. POSS Nanostructures in Catalysis. Catal. Sci. Technol., 
2020, 10, 7415-7447. 
3 (a) Liu, Y.; Kigure, M.; Okawa, R.; Takeda, N.; Unno, M.; Ouali, A. Synthesis and Characterization of Tetrathiol-
Substituted Double-Decker or Ladder Silsesquioxane Nano-Cores. Dalton Trans. 2021, 50, 3473-3478. (b) Liu, Y.; 
Takeda, N. ; Kigure, M.; Koizumi, K.; Unno, M.; Ouali, A. Synthesis of Tetrachloro, Tetraiodo, and Tetraazido 
Double-Decker Siloxanes. Inorg. Chem. 2020, 59, 15478-15486 
4 Liu, Y.; Koizumi, K.; Takeda, N.; Unno, M.; Ouali, A. Synthesis of Octachloro and Octaazido-Functionalized T8 
Cages and Application to Recyclable Palladium Catalyst. Inorg. Chem. 2022, 61, 1495-1503.  
5 Manuscript in preparation. 
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In the context of the sustainability-focused development plan outlined by the United Nations 
in 2015, the need for green and sustainable chemistry and engineering has been clearly 
identified as a major challenge. However, the lack of “green” manufacturing processes is an 
unsolved problem in major areas especially in organometallic catalysis. Hence, despite their 
exponential development, cross-coupling (C-C) reactions remain highly polluting by 
associating toxic organic halides to over-exploited low-abundant palladium (0.015 mg/kg 
earth crust) and organic solvents, which represent over 80% of the chemical waste of the 
chemical industry.1 Although significant advances have been made in the field thanks to 
micellar systems, these works only focus on organic halides and none of them concern eco-
compatible O-based electrophiles.2 
For this reason, we have developed an eco-compatible Suzuki-Miyaura cross-coupling3 which 
allows access to biaryl as well as heteroaryl compounds. The process combines a non-noble 
metal complex and sustainable O-based electrophiles in a green media composed of 90% 
water. In details, the association we have targeted gathers the use of: 
- Aryl/heteroaryl tosylates, which represent a sustainable alternative to corresponding halides 
since they are readily available from biomass (phenols) and chemically stable and they can be 
synthesized in an eco-compatible manner.4 
- An air-stable catalyst issued from “non-noble” abundant and inexpensive nickel (84 mg/kg 
earth crust). A low catalyst loading was utilized (3 mol%) and evaluation of residual nickel by 
atomic absorption spectroscopy (AAS) revealed amounts lower than 10 ppm. 
- Aqueous reaction media composed of 90% water and 10% of a biosourced organic solvent 
(methyl tetrahydrofurane) for solubility issues, allowing a significant reduction of chemical 
wastes (Scheme 1). 

 
Scheme  1  

 
1 Shaughnessy, K. H.; De Vasher, R. B. Curr. Org. Chem. 2005, 9, 585–604.   
2 a) Handa, S.; Slack, E. D.; Lipshutz, B. H. Angew. Chem. Int. Ed. 2015, 54, 11994-11998.; b) Guo, X. ; Dang, H.; 
Wisniewski, R. Simmons, E. M. Organometallics, 2022, 41, 1269-1274. 
3 Unpublished results. 
4 Lei, X.; Jalla, A.; Shama, M. A. A.; Stafford, J. M.; Cao, B. Synthesis, 2015, 2578−2585.   
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Encapsulated metal complexes with well-defined spaces show distinctive properties thanks to 
the primary and secondary coordination spheres. The association with α, β or γ-cyclodextrin 
(CD) moiety and N-heterocyclic carbene (NHC) ligand, called ICyD, led to the formation of 
encapsulated complexes in helicoidal distorted cavities1. Our group reported that this series 
of ligands allowed to form linear coordination with coinage metals (CuI, AuI, AgI), which could 
induce stereo-2,3, regio-4 and chemoselective5 reactions. We also showed the formation of 
square planar coordination complexes (AuIII, PdII) inside α, β or γ-CD cavities6. 
 
To get further insight into ICyD-metal complexes, we extend our study to the synthesis and 
characterization of Ni complexes. Group 8 metal nickel exhibits multiple oxidation states and 
coordination types. Nickel catalysts could undergo either two electron transfer pathway or 
radical pathway7. Therefore, we synthesized two types of ICyD-NiII complexes and studied the 
relationship between their coordination modes and CD cavity. 

 
 
 

 
 

  

 
1 Alabugin, I. V.; Sollogoub, M. et al. Chem. Eur. J. 2021, 27, 8127–8142. 
2 Sollogoub, M. et al. Angew. Chem. Int. Ed. 2013, 52, 7213–7218. 
3 (a) Fensterbank, L.; Sollogoub, M. et al. Chem 2017, 3, 174–191. (b) Sollogoub, M.; Fensterbank, L.; Mouriès-
Mansuy, V. et al. ACS Catal. 2020, 10, 5964–5972. (c) Roland, S.; Sollogoub, M. et al. Chem. Eur. J. 2020, 26, 
15901–15909. 
4 (a) Roland, S.; Sollogoub, M. et al. Angew. Chem. Int. Ed. 2017, 56, 10821–10825. (b) Roland, S.; Sollogoub, M. 
et al. Eur. J. Org. Chem. 2019, 2682–2687. 
5 Leyssens, T. ; Riant, O. ; Sollogoub, M. et al. Angew. Chem. Int. Ed. 2020, 59, 7591–7597. 
6 (a) Roland, S.; Sollogoub, M. et al. Chem. Eur. J. 2018, 24, 12464–12473. (b) Roland, S.; Sollogoub, M. et al. 
ChemCatChem, 2022, 14, e202101411. 
7 (a) Chernyshev, V. M. ; Ananikov, V. P. ACS Catal. 2022, 12, 1180–1200. (b) Diao, T. et al. Acc. Chem. Res. 2020, 
53, 906–919. 
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Recently, an original bioactive molecule, macarangin B, has been isolated in our group from 
Macaranga tanarius plant extract. This molecule binds with a strong affinity (Ki = 80 nM) to 
OSBP (OxySterol Binding Protein),1 a protein implicated in the intracellular transport of 
cholesterol. This protein is implicated in the replication of many types of viruses2 and is a 
promising target to develop new antiviral agents. However, the only OSBP inhibitors described 
so far are highly cytotoxic which precluded their application as antivirals. In contrast, 
macarangin B is at least one hundred times less cytotoxic while keeping strong antiviral 
properties. A biomimetic total synthesis has been achieved in seven steps recently.3 Following 
another synthetic route, our goal is now to prepare a library of analogues in a divergent 
fashion in order perform structure-activity relationships. For that purpose, a chromone-fused 
hexahydroxanthene has been elaborated at gram scale. Finally, to access macarangin B 
analogues, challenging regioselective functionalizations have been carried out. The 
optimization of this synthetic pathway together with the analogues prepared will be 
presented. 

  

 
1 a) B. Mesmin, J. Bigay, J. Moser von Filseck, S. Lacas-Gervais, G. Drin, B. Antonny, Cell. 2013, 155, 830; b) B. 
Mesmin, J. Bigay, J. Polidori, D. Jamecna, S. Lacas-Gervais, B. Antonny, EMBO J. 2017, 36, 3156; c) T. Péresse, D. 
Kovacs, M., Subra, J. Bigay, M. C. Tsai, J. Polidori, R. Gautier, S. Desrat, L. Fleuriot, D. Debayle, M., Litaudon, V.-C. 
Pham, J. Bignon, B. Antonny, F. Roussi, B. Mesmin, J. Biol. Chem. 2020, 295, 4277. 
2 B. L. Roberts, Z. C. Severance, R. C. Bensen, A. T. Le, C. A. Malinky, E. M. Mettenbrink, J. I. Nuñez, W. J. Reddig, 
E. L. Blewett, E.L., A. W. G. Burgett, Antiviral Research 2019, 170, 104548. 
3 a) Patent FR2107303 ; b) G. Jezequel, et al. in preparation. 

Efficient
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Back in the 1960’s, stronger electrophiles emerged with the replacement of sulfate or halide 
by triflate ion [CF3SO3]- owing to its weaker coordinating properties. It was commonly thought 
that triflate ion, along with other anions such as [BF4]-, [ClO4]-, [AlX4]- and [MX6]- did not 
interact with their paired cation and were therefore considered as “noncoordinating 
anions”.[1] These anions were actually coordinated to the electrophilic center, and even 
fluorinated tetrarylborates or halogenated carboranes, extensively developed by Reed to 
stabilize highly electrophilic species demonstrated coordinating abilities.[2] 
 
Some anions such has halides have shown the ability of coordinating two electrophiles 
forming halonium species and some of them such as fluoronium or chloronium cations have 
been observed and isolated as bridged species resulting from the coordination of two boranes, 
silylium, borenium and carbeniums ions. However, the twofold coordination of even weaker 
coordinating anions to main-group electrophiles is hitterto almost unknown. 
 
In this report we will show how the unforeseen Lewis acid properties of our recently reported 
9-sulfonium-10-boratriptycene[3] open the access of the unique borylated sulfuric, triflic and 
triflimidic acid; the heavier analogs of the corresponding super Brønsted acids.[4] Beyond their 
unique spectroscopic, molecular structures and reactivity’s, we believe that this work will 
considerably broadens our fundamental knowledge in the area of Lewis acids, main-group 
chemistry and will push forward our common point of view of classical chemical bonding and 
main-group element reactivity. 
 
 
 
 
 
 
 
 
 
 
  

 
1 I. Raabe, I. Krossing, Angew. Chem. Int. Ed. 2004, 43, 2066. 
2 a) C. A. Reed, Acc. Chem. Res. 2010, 43, 121: b) H. F. T. Klare, L. Albers, L. Süsse, S. Keess, T. Müller, M. Oestreich, 
Chem. Rev. 2021, 121, 5889. 
3 A. Osi, D. Mahaut, N. Tumanov, L. Fusaro, J. Wouters, B. Champagne, A. Chardon, G. Berionni, Angew. Chem. 
Int. Ed. 2022, 61, e202112342. 
4 A. Osi, N. Tumanov, L. Fusaro, J. Wouters, G. Berionni, A. Chardon, Angew. Chem. Int. Ed. (In preparation). 
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Due to its unique properties (strong electron-withdrawing effect,1 high lipophilicity,2  
moderate steric bulk3 …), the trifluoromethoxy group has received a growing interest in the 
last few decades, especially in the fields of pharmaceuticals, agrochemicals and materials. 
Although strong efforts were devoted to developing new approaches,4 there is still no general 
and practical methodology to introduce a OCF3 moiety on a large scale and on a wide range of 
substrates. Indeed, the large majority of the trifluoromethoxylated compounds described in 
the literature belong to the aromatic series. 
Herein, we describe the efficient and highly diastereoselective synthesis of dibromo-
trifluoromethoxy styrenes.5 These small molecules are valuable building blocks that can be 
involved in cross-coupling reactions, leading to tetrasubstituted olefins bearing a OCF3 group. 
Their Suzuki-Miyaura and Sonogashira coupling reactions proved to be completely 
regioselective. One-pot sequential reactions with two different coupling partners allowed the 
synthesis of a large variety of trifluoromethoxylated tetrasubstituted olefins. Activities of 
these molecules on calcium entries involved in breast cancer cells migration are now under 
investigation. 
 
 

 
 
 
 
  

 
1 W.A. Sheppard, J. Am. Chem. Soc. 1963, 85, 1314-1318. 
2 A. Leo, P.Y.C. Jow, C. Silipo, C. Hansch, J. Med. Chem. 1975, 18, 865-868. 
3 Y. Carcenac, M. Tordeux, C. Wakselman, P. Diter, New J. Chem. 2006, 30, 447-457. 
4 For selected examples, see: (a) T. Umemoto, K. Adachi, S. Ishihara, J. Org. Chem. 2007, 72, 6905-6917; (b) R. 
Koller, K. Stanek, D. Stolz, R. Aardoom, K. Niedermann, A. Togni, Angew. Chem. Int. Ed. 2009, 48, 4332-4336; (c) 
O. Marrec, T. Billard, J.-P. Vors, S. Pazenok, B. R. Langlois, J. Fluorine Chem. 2010, 131, 200-207; (d) J.-B. Liu, C. 
Chen, L. Chu, Z.-H. Chen, X.-H. Xu, F.-L. Qing, Angew. Chem. Int. Ed. 2015, 54, 11839-11842; (e) B. Sahoo, M. N. 
Hopkinson, Angew. Chem. Int. Ed. 2018, 57, 7942-7944. 
5 First steps of the synthesis are inspired from R. Zriba, E. Magnier, J-C. Blazejewski, Synlett 2009, 1131-1135. 
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Over the past two decades, the intramolecular cycloisomerization of 2-alkynylbenzoates, by 
activation of the carbon-carbon triple bond, has become a powerful tool and an efficient 
process for the synthesis of isochromenone derivatives. These heterocyclic rings are an 
important class of natural lactones with a wide range of biological and pharmacological 
activities.1 

The general strategy for the synthesis of the 1,3-oxazinone motif described in the literature, 
is either an intramolecular cyclization via the activation of the carbon-carbon triple bond by 
transition metal catalysts such as Au, Zn, Ag, and Fe, either by using electrophilic species such 
as I2, Br2, Cl2, or by using a Bronsted acid such as TFA or p-TSA.2-3 In our work, we develop a 
strategy for the synthesis of novel imidazo[1,2-c][1,3]oxazin-5-ones4 and novel pyrano[3,4-
d] imidazole-4(3H)-ones, by Ag2CO3/TFA-catalyzed intramolecular annulation, according the 
following retrosynthetic schemes. 

 

 
 

Figure 3: Retrosynthesis scheme for imidazo[1,2-c](3,5)oxazinones and and pyrano [3,4-d] 
imidazole-4(3H)-ones 

Keywords : Imidazo-oxazinones, pyrano-imidazoles, Lactonization, Intramolecular cyclization  

 
1 P. Han, Z.Y. Mao, C.M. Si, Z. Zhou, B.G. Wei, G.Q. Lin, J. Org. Chem. 2019, 84, 914−923. 
2 T. Shoji, M. Tanaka, S. Takagaki, K. Miura, A. Ohta, R. Sekiguchi, S. Ito, S. Mori,T. Okujima, Org. Biomol. Chem. 
2018, 16, 480–489.  
3 G. Zhao, L.-Z. Yuan, M. Roudier, J.-F. Peyrat, A. Hamze, J.-D. Brion, O. Provot, M. Alami, Synthesis 2016, 48, 
3382–3392. 
4 A. El Qami, B. Jismy, M. Akssira, A. Tikad, M. Abarbri, Org. Biomol. Chem. 2022, 20, 1518. 
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SARS-CoV-2, that caused the COVID-19 pandemic and approximatively 6M deaths, remains a 
global medical problem. Angiotensin-converting enzyme 2 (ACE2) was identified as the SARS-
CoV-2 Spike protein primary recognition receptor. However, recent studies showed that 
enhanced spreading of the virus may be related to the interaction of SARS-CoV-2 with 
additional receptors, such as Neuropilin-1 (NRP-1).1 Thus, blocking this interaction could 
significantly reduce SARS-CoV-2 infectivity. 
NRPs are transmembrane proteins abundantly expressed in the respiratory and olfactory 
epithelium as well as in tumors. We have recently disclosed the first non-peptidic NRP-
antagonists (NRPas) that exerted antiproliferative effects on NRP overexpressing cells.2  
In this project we took advantage of our expertise in NRPas, in order to propose their 
development as therapeutic agents to prevent the SARS-CoV-2 entry mediated by Neuropilins. 
Accordingly, SARS-CoV-2 infectivity assays have been conducted in presence of NRPas 
showing a dose dependent decrease of the number of SARS-CoV-2 infected cells as well as a 
significantly reduced SARS-CoV-2 RNA production.  
These results encouraged us to perform NRPas structural optimization and new leads 
identification. Consequently, different chemical modifications were carried on R1 position 
leading us to the discovery of a new benzothiazole series. 
 

 
Scheme 1: NRPas blocking SARS-CoV-2 activity 

 
 
  

 
1 Daly, J. L.; et al. Neuropilin-1 is a host factor for SARS-CoV-2 infection. Science 2020, 370 (6518), 861-865. 
Cantuti-Castelvetri, L.; et al. Neuropilin-1 facilitates SARS-CoV-2 cell entry and infectivity. Science 2020, 370 
(6518), 856-860. 
2 Liu, W.-Q.; et al. Synthesis and structure–activity relationship of non-peptidic antagonists of neuropilin-1 
receptor. Bioorg. Med. Chem. Lett. 2014, 24 (17), 4254-4259. Liu, W.-Q.; et al. NRPa-308, a new neuropilin-1 
antagonist, exerts in vitro anti-angiogenic and anti-proliferative effects and in vivo anti-cancer effects in a mouse 
xenograft model. Cancer Lett. 2018, 414, 88-98.  
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An efficient and original synthesis of various 2,6-disubstituted pyrazolo[1,5-a]pyrimidines is 
reported. A library of compounds diversely substituted in C-2 and C-6 positions was easily 
prepared via sequential site-selective cross-coupling reactions of 2,6-dibromopyrazolo[1,5-
a]pyrimidine.1 The Suzuki-Miyaura and Sonogashira regio-controlled reactions2 performed 
with excellent selectivity in favour of the C6-position after careful optimization of the cross-
coupling conditions. The monobrominated compounds, obtained on a large scale, were 
subjected to a second arylation, alkynylation or amination, leading to a new series of ethyl 
2,6-disubstituted pyrazolo[1,5-a]pyrimidine-3-carboxylate. These unprecedented results 
constitute the first regioselective approach for diversification of the chemically and 
biologically interesting pyrazolo[1,5-a]pyrimidine heterocycles at C2 and C6 positions.  
 

 
Schéma 1 : Metal-catalyzed selective couplings of 2,6-dibromopyrazolo[1,5-a]pyrimidine 

 
 
Keywords : 2,6-dibromopyrazolo[1,5-a]pyrimidine, cross-coupling reactions, regioselective, 
2,6-disubstituted pyrazolo[1,5-a]pyrimidines.  

 
1 Arias-Gómez, A.; Godoy, A.; Portilla, J. "Functional Pyrazolo[1,5-a]Pyrimidines: Current Approaches in Synthetic 
Transformations and Uses As an Antitumor Scaffold". Molecules 2021, 26, 2708. 
2 Biffis, A.; Centomo, P.; Del Zotto, A.; Zecca, M. "Pd Metal Catalysts for Cross-Couplings and Related Reactions 
in the 21st Century: A Critical Review ".  Chem. Rev. 2018, 118, 2249–2295.  
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Five- and six-membered heterocycles, containing one or two nitrogen atoms in the structure, 
are a structural motif of particular interest in synthetic and medicinal chemistry: they possess 
a diverse set of biological activity and pharmaceutical activities.1 Following previous work, we 
have developed a useful method for the synthesis of β-iodo-α,β-unsaturated carboxylic acid 
bearing an amino group in four steps from readily available primary amine. We have then 
demonstrated that the resulting (Z)-4-(N-alkyl)-3-iodobut-2-enoic acids afforded a novel series 
of N-substituted pyranones and N-substituted g-alkylidenebutenolides, prepared using a 
tandem coupling/cyclization reaction.2 In the continuation of this research, a highly efficient 
multicomponent tandem process for the multicomponent synthesis of N-substituted γ-
hydroxylactams and N-substituted pyridazinones has been developed. This transformation 
proceeds via 1) the formation of an γ-alkylidenebutenolides intermediate obtained by 
intramolecular cyclization of corresponding ynenoic acid catalyzed by a palladium catalyst, 2) 
a nucleophilic addition of hydrazines or primary amine. A wide range of substrates have been 
transformed to the respective N-substituted aza-heterocyclic products, depending on the 
nature of the nucleophile (primary amines or hydrazines), in satisfactory yields.  

  

 
1 a) Deiters, A.; Martin, S. F. Chem. Rev. 2004, 104, 2199−2238. b) Isambert, N.; Lavilla, R. Complexity. Chem. - A 
Eur. J. 2008, 14, 8444−8454. c) D’Souza, D. M.; Müller, T. J. J. Chem. Soc. Rev. 2007, 36, 1095−1108. d) Arena, C.; 
Aricò, G. Curr. Org. Chem. 2010, 14, 546−580. e) Murugesan, D.; Mital, A.; Kaiser, M.; Shackleford, D. M.; Morizzi, 
J.; Katneni, K.; Campbell, M.; Hudson, A.; Charman, S. A.; Yeates, C.; Gilbert, I. H. J. Med. Chem. 2013, 56, 
2975−2990. f) Smith, A. B.; Cantin, L.-D.; Pasternak, A.; Guise-Zawacki, L.; Yao, W.; Charnley, A. K.; Barbosa, J.; 
Sprengeler, P. A.; Hirschmann, R.; Munshi, S.; Olsen, D. B.; Schleif, W. A.; Kuo, L. C. J. Med. Chem. 2003, 46, 
1831−1844. 
2 a) Mayooufi, A.; Jacquemin, J.; Petrignet, J.; Thibonnet, J. Eur. J. Org. Chem. 2019, 7439−7447. b) Mardjan, M. 
I. D.; Parrain, J.-L.; Commeiras, L. Adv. Synth. Catal. 2016, 358, 543−548. 
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The development of polymers has been a major turn in the modern industry, based on their 
low-cost manufacturing, low density, the great resistance compared to metals and so on. But 
this kind of materials have their drawbacks, such as the limited strength, also the disposal 
becomes an issue as some polymer cannot be recycled or with a lower quality and reduced life 
span caused by microcracks. Self-healable polymers can tackle this last problem by designing 
materials whose mechanical properties are preserved after healing. The development of self-
healing polymers allows to increase the materials reliability, longevity and preserving their 
thermo-mechanical properties by avoiding degradation and ensuring their self-reparation.[1] In 
this project we initially developed new formyl-boroxines and iminoboroxines and investigated 
their structures which feature three intramolecular Lewis acid-base interactions. The boronic 
acid/boroxine equilibrium is exploited for forming a star shaped poly(propylene glycol) bis(2-
aminopropyl ether) (PPG) polymer. This boroxine will act as the crosslinking node of this 
polymer increasing its rigidity and making it behaving a dual stimuli-responsive networks to 
water and heat, allowing self-healing properties.[2] Once the polymer is physically damaged, the 
hydrolysis of the boroxine will lead to the formation of three boronic acids at the terminal 
position of the polymers chains, allowing to form afterward a three-dimensional mesh which 
upon heating will restore the boroxine nodes. Compared to previous works, we synthetized new 
boroxines with different substituents which can modify healing and mechanical properties of 
boroxine/ppg polymers. The effect of substituents on the imine is also studied to obtain stronger 
Lewis interactions between imine and the boroxine leading to mild temperature stimulus.[3] The 
self-healing polymer properties will then be determined in the LPCM and compared with the 
reference polymers recently reported. 

 
 
 
 
 
 
 

  

 
1 W. A. Ogden and Z. Guan, J. Am. Chem. Soc., 2018, 140, 6217–6220. 
2 S. Delpierre, B. Willocq, J. De Winter, P. Dubois, P. Gerbaux and J. M. Raquez, Chem. - A Eur. J., 2017, 23, 6730–6735. 
3 C. Bao, Y.-J. Jiang, H. Zhang, X. Lu and J. Sun, Adv. Funct. Mater., 2018, 28, 1800560. 
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Recently, Dr. Jamal OUAZANI’s team isolated five new compounds, named Sporochartines, 
obtained from an extract of the fungus Hypoxylon monticulosum.1 These new compounds 
display good cytotoxic activities against cancer strains HCT-116, PC-3, and MCF-7.1 Thus, a 
project for the synthesis of Sporochartines have been proposed in order to develop this new 
family of natural products, to perform (i) a more complete evaluation of their biological 
properties and (ii) to study their biosynthetic pathways. The proposed biosynthesis is based 
on the discovery of two metabolites in the fungus: Sporothriolide2, which has already been 
studied since its discovery in 1994, and the Trienylfuranol A3, recently isolated in 2017. Indeed, 
the formation of the Sporochartines seems to be based on a Diels-Alder cycloaddition reaction 
between these two metabolites. 

 

 
 

The cultivation of Hypoxylon monticulosum offers significant quantity of Sporothriolide, while 
Trienylfuranol A is only detected in very low amount.1 Only one racemic synthesis of the all-
cis Trienylfuranol has been realized in the laboratory.4 So, to study the biosynthetic pathway 
of Sporochartines, a synthesis of the Trienylfuranol A in its enantiopur form has to be 
developed. The synthetic pathway should allow the control of the relative all-cis 
stereochemistry of the three stereogenic centers on the furan cycle. Here, we propose an 
organocatalysis approach using nucleophilic phosphines. Furthermore, the previously 
synthetized Trienylfuranol A and the availability of the Sporothriolide will allow us to study 
the Diels-Alder cycloaddition reaction. Thus, chemoenzymatic reactions will be engaged to 
establish unambiguously the Sporochartines biosynthetic pathway. Indeed, natural enzymes 
are known to catalyse such cycloaddition reactions [4+2]. 
During this work, a complete profile of the biological activities of cycloaddition products, but 
also of synthetic intermediates, will be evaluated. 
 
  

 
1 Leman-Loubière, C.; Le Goff, G.; Debitus, C.; Ouazzani, J. Front. Mar. Sci., 2017, 4, Article 339. 
2 Krohn, K.; Schulz, B. J. Antibiot., 1994, 47, 113-118 
3 Burgess, K. M. N.; Suramah, M. W. J. Antibiot., 2017, 70, 721-725 
4 Arcile, G.; Retailleau, P.; Ouazzani, J.; Betzer, J.-F. Eur. J. Org. Chem., 2021, 2021, 2050-2054. 
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C-H Activation reactions represent nowadays an attractive approach for the development of 
new heterocyclic systems with various applications, particularly in biological and 
pharmaceutical fields. In recent years, C-H activation reaction, considered as a simplified and 
economical methods, has been well studied. However, due to the abundance of C-H bonds in 
heterocyclic systems, the reaction suffers from the problem of regioselectivity. Especially in 
the case of 6,5-fused bicyclic compounds because of the high reactivity of the five-membered 
ring compared to the six-membered ring. Thus, very little reports have been published on 
regioselective C-H functionalization of the six-membered ring. The efforts made to circumvent 
this problem of regioselectivity dealt with either the introduction of directing groups [1,2,3,4]  or 
the use of N-oxide groups. This last strategy has been used to perform direct arylation 
reactions on pyridine5, azaindole6 and azaindazole7 as well as oxidative alkenylation reactions 
[8,9]. Nevertheless, until now no regioselective controlled oxidative arylation reactions have 
been described on azine N-oxides. In this communication, we wish to present a new synthetic 
methodology allowing the regioselective functionalization of the six-membered ring of 7-
azaindazole N-oxide derivatives using oxidative arylation reaction. 

  
 

1 Yang, Y., Gao, P., Zhao, Y., & Shi, Z. Ang. Chem. Int. Ed. 2017, 56, 3966–3971 
2 Neetipalli, T., Dey, A., Singh, A., Pal, K., Maiti, D., & Volla, C. M. R. Adv. Synth. Catal. 2019, 361, 1441-1446 
3 Zhang, L., Chen, C., Han, J., Huang, Z.-B., Zhao, Y. Org. Chem. Front. 2016, 3, 1271–1275 
4 Guo, L., Chen, Y., Zhang, R., Peng, Q., Xu, L., & Pan, X. Chem. Asian J. 2017,12,289 –292 
5 Campeau, L.-C., Rousseaux, S., Fagnou, K. J.  Am. Chem. Soc.  2005, 127, 18020–18021 
6 Huestis, M. P., & Fagnou, K. Org. Lett. 2009, 11, 1357–1360 
7 Faarasse, S., El Kazzouli, S., Bourzikat, O., Bourg, S., Aci-Sèche, S., Bonnet, P., Suzenet, F., Guillaumet, G. Adv. Synth. Catal. 
2021, 363, 3937-3945. 
8 Cho, S. H., Hwang, S. J., & Chang, S. J.  Am. Chem. Soc.  2008, 130, 9254–9256 
9 Wu, J., Cui, X., Chen, L., Jiang, G., Wu, Y.  J. Am. Chem. Soc. 2009, 131, 13888-13889 
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Visible light photocatalysis has revolutionized photochemistry since it allows to avoid the use 
of high energetic UV light.1 Today, interests are given to extend visible-light activated 
photoreactions to activation under lower energetic red to near-infrared light. These 
wavelengths offer numerous advantages such as better penetrations depth in photochemical 
reactors, improved selectivity and safety.2 However, photochemistry upon these wavelengths 
is relatively challenging since photosensitizers capable of absorbing red/ NIR light are usually 
subject to rapid aggregation due to π-π stacking interaction and important photobleaching.  
In this presentation, the novel use of phthalocyanines in photocatalysis will be described. 
These photosensitizers are good candidates for red to NIR photochemistry since the Q band 
is located around 670 nm. We studied the reactivity of heavy metal-based platinum (PtPC) and 
palladium (PdPC), as well as more environmentally friendly silicon phthalocyanines (SiPC), 
among others, in photooxidation reactions in batch and continuous flow photoreactors. We 
found that SiPC had a very high reactivity and stability, comparable with platinum and 
palladium ones. Finally, we demonstrated how these results could unlock the development of 
what we believe to be a truly more sustainable photocatalytic photooxidation process applied 
to the transformation of β-citronellol into rose oxide which is a multi-ton scale photochemical 
process in industry. The combination of a very reactive and stable heavy metal-free red-light 
photocatalyst with the high performances of flow photochemistry allowed for the 
development of a high performance solvent-free continuous flow process. 
 

 
  

 
1 Yoon, T. P.; Ischay, M. A.; Du, J. Visible Light Photocatalysis as a Greener Approach to Photochemical Synthesis. 
Nature Chem 2010, 2 (7), 527–532. https://doi.org/10.1038/nchem.687. 
2 Ravetz, B. D.; Tay, N. E. S.; Joe, C. L.; Sezen-Edmonds, M.; Schmidt, M. A.; Tan, Y.; Janey, J. M.; Eastgate, M. D.; 
Rovis, T. Development of a Platform for Near-Infrared Photoredox Catalysis. ACS Cent. Sci. 2020, 6 (11), 2053–
2059. https://doi.org/10.1021/acscentsci.0c00948 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 408

POSTERS

P B132 
Alkoxyamine as a probe to quantify the efficiency of the 

photochemical or thermal homolysis of C-O bond in 
nanostructured silica  

Pierre Nabokoff1, Stéphane Gastaldi1, Eric Besson1 
1 Team CMO, Institut de Chimie Radicalaire UMR 7273, Aix-Marseille Université,  

av. Escadrille Normandie Niemen, 13397 Cedex 20, Marseille, France 
pierre.nabokoff@espci.fr 

 
 

Development of new materials with unusual functional groups, such as radicals, is of topical 
interest to enable new advances in spin sciences. Properties related to the presence of 
unpaired electrons, such as conductivity or magnetism, have been studied in order to develop 
smart devices.  
Recently, our group focused his attention on the effect of nanostructuration on the behavior 
of transient radical. Therefore, it has been shown that confinment of organic radicals in porous 
material allows a great increase of radical lifetime.1-6 Mesoporous silica, obtained via sol gel 
process is a powerful and intricate tool to stabilize elusive organic intermediates.  
In extension of this work we focused our attention on confined alkoxyamines within porous 
matrices. We report the design of a nanostructured silica functionalized with an alkoxyamine 
which can led to a stable nitroxide radical upon either light irradiation or thermal heating. The 
formation of the nitroxide radical can be quantify and enables to evaluate the efficiency of the 
C-O bond homolysis in a mesoporous material (scheme 1).7 

 

 
1 
 
 
 
 
 
  

 
1 F. Vibert, S. R. A. Marque, E. Bloch, S. Queyroy, M. P. Bertrand, S. Gastaldi, E. Besson, Chem. Sci., 2014, 5, 4716–
4723.  
2 F. Vibert, S. R. A. Marque, E. Bloch, S. Queyroy, M. P. Bertrand, S. Gastaldi, E. Besson, J. Phys. Chem. C, 2015, 
119, 5434–5439.  
3 F. Vibert, E. Bloch, M. P. Bertrand, S. Queyroy, S. Gastaldi, E. Besson New J. Chem. 2017, 41, 6678-6684.  
4 F. Vibert, E. Bloch, M. P. Bertrand, S. Gastaldi, E. Besson, J. Phys. Chem. C. 2018, 122, 681-686.  
5 C. Dol, F. Vibert, M. P. Bertrand, J. Lalevée, S. Gastaldi, E. Besson ACS Macro Lett. 2017, 6, 117-120.  
6 C. Dol, M. P. Bertrand, S. Gastaldi, E. Besson, Tetrahedron 2016, 72, 7744-7748.2.  
7 P. Nabokoff, S. Gastaldi, E. Besson, Microporous Mesoporous Mater. 2021, 311, 110674. 
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Assisted tandem catalysis refers to processes, in which two successive and mechanistically 
distinct catalytic reactions are performed by one initial (pre)catalyst and for which the change 
in mechanism is triggered by the chemical reagent addition or a change in the reaction 
conditions.1 Asymmetric applications of assisted tandem catalysis have been scarcely 
described and so far, rely on a multitask metal strategy in which the initial (chiral) 
metallocatalyst is converted into the second chiral catalyst of an identical metal source.2 
 
Our group has recently reported the first proof of concept of the use of a multitask chiral 
ligand in an asymmetric assisted tandem catalysis sequence, by combining successively a 
metallo and an organo process.3 Herein we want to expand this chiral relay ligand concept to 
ion pair catalysis4 in which the enantiopure anion of a metallocatalyst will then be either 
transferred or converted to a chiral organocatalyst. The rich applications of binol-derived 
phosphoric acids5 in organic catalysis via protonation activations and in metal catalysis via 
ionic complexation, elect them as ideal chiral-inducing agents for the realization of 
asymmetric tandem-assisted catalysis sequences, based on the concept of chiral relay ligand 
applied to ion pair catalysis. 

 

 
 
 
 
  

 
1 Fogg, D. E.; dos Santos, E. N. Coord. Chem. Rev. 2004, 248, 2365–2379.  
2 Carrër, A.; Brion, J.-D.; Alami, M.; Messaoudi, S. Adv. Synth. Catal. 2014, 356, 3821–3830. 
3 Aillerie, A.; Rodriguez-Ruiz, V.; Carlino, R.; Bourdreux, F.; Guillot, R.; Bezzenine-Lafollée, S.; Gil, R.; Prim, D.; 
Hannedouche, J. Asymmetric ChemCatChem 2016, 8, 2455–2460. 
4 Brak, K.; Jacobsen, E. N. Angew. Chem. Int. Ed. 2013, 52, 534-561. 
5 Parmar, D.; Sugiono, E.; Raja, S.; Rueping, M. Chem. Rev. 2014, 114, 9047-9153. 
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Homogeneous gold catalysis has emerged as a powerful method in organic synthesis due to 
the unique ability of cationic gold complexes to activate unsaturated bonds. In recent decades, 
gold(I)-catalyzed reactions have been widely applied to access complex molecular 
frameworks. Furthermore, the recent development of efficient chiral gold catalysts has 
increased the potential of isolation of enantioenriched molecules. In recent years, we have 
developed new chiral phosphahelicene-Au(I) catalysts1 and established new asymmetric 
transformations involving the cycloisomerization of 1,5-enynes2 and the synthesis of chiral 
polycyclic N-heterocycles via gold(I)-catalyzed 1,6-enyne cyclizations.3 
 
Recently, we have also developed the synthesis of cyclopentenones with C4-quaternary 
stereocenters through a stereospecific gold-catalyzed [3,3]-sigmatropic rearrangement. The 
application of this simple asymmetric methodology allowed the total synthesis of five natural 
sesquiterpenoids, including hitoyopodin A, lagopodin A, isocuparene-3,4-diol and enokipodin 
A and B.4,5 
 

 
 
 
  

 
1 Magné, V.; Sanogo, Y.; Demmer, C. S.; Retailleau, P.; Marinetti, A.; Guinchard, X.; Voituriez, A. ACS Catal. 2020, 
10, 8141. 
2 Han, X.; Retailleau, P.; Gandon, V.; Voituriez, A. Chem. Commun. 2020, 56, 9457. 
3 Han, X.; Gaignard-Gaillard, Q.; Retailleau, P.; Gandon, V.; Voituriez, A. Chem. Commun. 2022, 58, 3043. 
4 Zhou, W.; Voituriez, A. Org. Lett. 2021, 23, 247. 
5 Zhou, W.; Voituriez, A. J. Am. Chem. Soc. 2021, 143, 17348. 
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Recently, the reactivity of vinyl cations has been exploited to design new reactions. Our 
subsequent research has shown the interest in using WCAs such as [Al(ORF)4]- (RF = C(CF3)3) to 
promote bimolecular vinylation of aromatics via vinyl cation intermediate. (Fig. 1)1 However, 
the generation of vinyl cations that are sufficiently electrophilic through heterolytic Csp2-X (X 
= Cl, Br, F, OSO2R …) cleavage remains a very challenging task. We assume that using other 
WCAs which exhibit even weaker coordinating properties than those used previously, we can 
improve the reactivity of vinyl cations and overcome the current limitations. Recently, Riedel’s 
team reported the synthesis and characterization of species of type [Y][M(OTeF5)4],2 (M = Al 
and Ga; Y = Li, K, Na, Ag, H, Ph3C, Ph4P, C9H13, Me2C ...). 
 

 
Figure 4 : Bimolecular vinylation reaction via vinyl cation 

 
 
 
 
 
 
 
 

To extend the repertoire of WCAs, we were interested in indium and more particularly on the 
synthesis of unprecedented [Y][In(OteF5)4(THF)2] (Y = Ag, Ph3C, (Ph3PAu)2Cl, Ph4P) as well as 
Ag3[In(OteF5)6]. Here we will present the synthesis and the spectroscopic characterization as 
well as the X-ray structures of salts of WCAs [In(OTeF5)4(THF)2]- and [In(OTeF5)6]3-.  

 
1 Z. Li, V. Gandon, C. Bour, Chem. Commun. 2020, 56, 6507. 
2 a) K. F. Hoffmann, A. Wiesner, N. Subat, S. Steinhauer, S. Riedel, Z. Anorg. Allg. Chem. 2018, 644, 1344; b) A. 
Wiesner, L. Fischer, S. Steinhauer, H. Beckers, S. Riedel, Chem. Eur. J. 2019, 25, 10441. 
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The synthesis of medium sized carbocycle rings from linear subtract is challenging in organic 
chemistry. Among all the numerous effective methods for the synthesis of polysubstituted 
carbocycles,1,2 the dehydrative cyclization reaction of a C-OH bond with an alkene bond is an 
attractive protocol for the formation of C-C, as it uses readily available and inexpensive 
alcohols, without requiring unnecessary pre-functionalization, and generates mainly water as 
the only by-product. Following our previous work on the development of a gallium-catalyzed 
carbonyl-olefin metathesis/transfer hydrogenation tandem,3 our attention in this work was 
focused on the development of a new dehydrative cyclization/Friedel-Crafts or transfer 
hydrogenation sequences starting from 1,2-diphenylalkene-1-ol derivatives. The first results 
show that according to the experimental conditions, in particular the Lewis acids used, the 
reaction outcome is affected. This new chemoselectivity and the scope of these tandem 
reaction are still under investigations.   
 
 

 
 
 
  

 
1 Angle, S. R.; Arnaiz, D. O. J. Org. Chem. 1992, 57 (22), 5937–5947. 
2 Berge, J.; Claridge, S.; Mann, A.; Muller, C.; Tyrrell, E. Tetrahedron Lett. 1997, 38 (4), 685–686. 
3 Djurovic, A.; Vayer, M.; Li, Z.; Guillot, R.; Baltaze, J.-P.; Gandon, V.; Bour, C. Org. Lett. 2019, 21 (19), 8132–8137. 
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Due to their ability to engage in both hydrogen-bond donation and acceptance, nitrogen-
containing heterocycles display better interactions with biological targets and therefore are 
widely found in biologically active molecules. Among these latter, lactams and associated 
heterocycles bearing a C–C(=O)–N synthon are of high importance and numerous methods 
have been developed to introduce this important moiety by cycloaddition reactions. α-
Haloamides1 and others2 are well-described synthetic equivalents for this synthon, but very 
few examples describe the formation of cycloadducts in an enantioselective fashion.3 
Our research group has focused on the development of two complementary enantioselective 
methods to expand the chemistry of the C–C(=O)–N synthon using transition metal catalyzed 
cycloadditions. 
We demonstrated that vinyloxazilinediones A and alkynyloxazilinedione B are efficient 
precursors of π-allylpalladium(ll) zwitterion4  C and copper-allenylidene5  complex D, 
respectively. When the first one displays nucleophilic properties, the other can react with 
nucleophilic dipolarophiles. Through this complementary approach, enantioenriched 
γ-lactams, 4-imidazolinones, hydantoins and succinimides have been obtained. 

  

 
1 (a) Fantinati, A.; Zanirato, V.; Marchetti, P.; Trapella, C. ChemistryOpen, 2020, 9, 100–170. (b) Bouakher, A. E.; 
Martel, A.; Comesse, S. Org. Biomol. Chem. 2019, 17, 8467–8485. 
2 Wang, L.; Ni, Q.; Blümel, M.; Shu, T.; Raabe, G.; Enders, D. Chem. Eur. J. 2015, 21, 8033-8037. 
3 Kanbayashi, N.; Takenada, K.; Okamura, T.; Onitsuka, K. Angew. Chem. Int. Ed. 2013, 52, 4897-4901. 
4 You, Y.; Li, Q.; Zhang, Y.-P.; Zhao, J.-Q.; Wang, Z.-H.; Yuan, W.-C. ChemCatChem 2022, 14, e202101887. 
5 (a) Nishibayashi, Y. Chem. Lett. 2021, 50, 1282-1288. (b) Xu, Y.-W.; Hu, X.-P. Org. Lett. 2019, 21 (19), 8091–8096. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 414

POSTERS

P B139 
Titanium-catalysed transformations of alkynes 

into complex molecular architectures 
Xiang Ren1, Yvan Six1  

1 Laboratoire de synthèse organique (LSO), UMR 7652 CNRS/ENSTA/École Polytechnique, 
Institut Polytechnique de Paris, Palaiseau, France 

xiang.ren@polytechnique.edu 
 
 

Since their first discovery by O. G. Kulinkovich's group1, a series of powerful synthetic tools 
have been developed using a combination of Ti(OiPr)4 and an excess of Grignard reagent.2 
After a careful study of the reaction between Ti(OiPr)4 and nBuli was carried out by Rassadin 
et al.3 and new results in the cyclotrimerisation of alkynes,4 we recently tested the reactions 
of various aliphatic terminal alkynes, under different experimental conditions. These 
experiments lead to the formation of several products characterised by NMR and other 
analytic methods (Scheme 1). 
 

 
Scheme 1 

 
Results of a second study involves 1,3-diyne substrates are also presented. The reactions of 
these substrates, under similar conditions, reliably and selectively lead to the production of 
enynes having a Z-configuration (Scheme 2). 
 

 
Scheme 2 

 
  

 
1 G. Kulinkovich, S. V. Sviridov, D. A. Vasilevskii, T. S. Prityskaya. Zh. Org. Khim., 1989, 25, 2244–2245. 
2 A. Wolan ; Y. Six. Tetrahedron, 2010, 66, 15-61. 
3 Rassadin, Y. Six. Tetrahedron, 2014, 70, 787-794.  
4 G. Siemiaszko, Y. Six. NewJ.Chem., 2018, 42, 20219. 
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For several decades, fluorine chemistry has taken a prominent place in scientific community. 
Indeed, this atom is present in many fields such as pharmaceutical science, materials, 
agriculture.1 Associated with chalcogens, fluorine modifies the electronical and chemical 
properties of molecules and specifically increases the lipophilicity of molecule (Π!"#! =
1.04, Π$"#! = 1.44, Π$%"#! = 1.62).2 The chemistry of CF3Se group remains still 
underdeveloped despite the fact that some trifluoromethylselenolated molecules have 
recently shown promising results as potential anticancer agents.3 Vinylic compounds bearing 
a CF3Se constitute original and useful fluorinated building-blocks. Nevertheless, synthetic 
methods to obtain such substrates remains limited. Direct trifluoromethylselenolation of non-
prefunctionalized olefins is still required to easily obtain CF3Se-vinylic compounds. Although 
these last years, direct functionalization through transition metal-catalyzed C-H activation has 
known a rapid infatuation to become a standard reaction well-documented.4 Nevertheless, 
despite the efficiency of such reactions, their applications have remained unexploited, until 
recently, in CF3Se chemistry. 5 Herein, a palladium catalyzed trifluoromethylselenolation of 
vinylic C-H bonds is described, no such vinylic functionalization has been yet reported. 6 

 
 
  

 
1 P. Kirsch, Modern Fluoroorganic Chemistry, Wiley-VCH : Wheineim, 2013. 
2 a) A. Leo, C. Hansch, D. Elkins, Chem. Rev. 1971, 71, 525-616. b) c) K. Grollier, A. De Zordo-Banliat, F. Bourdreux, 
B. Pegot, G. Dagousset, E. Magnier, T. Billard, Chem. Eur. J. 2021, 27, 6028-6033. 
3 a) X. He, Y. Nie, M. Zhong, S. Li, X. Li, Y. Guo, Z. Liu, Y. Gao, F. Ding, D. Wen, Y. Zhang, Eur. J. Med. Chem. 2021, 
218, 113384; b) Z.-Z. Han, T. Dong, X.-X. Ming, F. Kuang, C.-P. Zhang, ChemMedChem 2021, 16, 3177-3180; 
4 Remote C-H Bond Functionalizations: Methods and Strategies in Organic Synthesis (Eds: D. Maiti, S. Guin), 
WILEY‐VCH, Weinheim, Germany, 2021 
5 a) Y. Cao, N.-Y. Xu, A. Issakhov, A. G. Ebadi, M. R. Poor Heravi, E. Vessally, J. Fluorine Chem. 2021, 252, 109901. 
b) K. Grollier, E. Chefdeville, E. Jeanneau, T. Billard, Chem. Eur. J. 2021, 27, 12910-12916. 
6 A. de Zordo-Banliat, K. Grollier, J. Vigier, E Jeanneau, G. Dagousset, B. Pegot, E. Magnier, T. Billard Chem.Eur. J. 
2022, e202202299 
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Scheme 1: Envisioned Ag(I)/Ag(III) catalytic cycle to explore. 
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Homogenous catalysis is an important tool for sustainable chemistry, taking part in the 12 
principles of Green Chemistry.1 C-C and C-Heteroatom cross-coupling reactions represent a 
powerful tool in organic synthesis for the construction of scaffolds in numerous areas such as 
pharmaceutical derivatives or molecular materials. These reactions are promoted by 
transition metals undergoing two-electron redox processes, most of the time palladium and 
copper.2 Silver has generally been excluded from this kind of reactivity. This coinage metal is 
commonly employed for its moderate Lewis acidity, its halogenophilicity and as a one-electron 
oxidant, however its redox properties are still not well understood. Indeed, it is generally 
accepted that silver is only involved in one-electron redox chemistry.3 This fact was denied 
very recently with the discovery of Ribas’ group in 2014. The authors reported the 
experimental evidence of a two-electron redox Ag(I)/Ag(III) catalytic process where the 
triazamacrocycle-Ag(III) intermediate has been fully characterized.4 Their work was further 
extended in 2018 with the use of acyclic ligands.5 Apart from these two publications, reports 
about the Ag(I)/Ag(III) redox properties are very scarce and often lack of mechanistic 
evidences.6 Motivated by the discovery of Ribas’ group and others,6 we are currently working 
on the development of a new Ag(I)/Ag(III) Sonogashira-type catalytic cycle to study in more 
depth this underexploited reactivity of silver.  
 
 
 

 
 
 
 

 
  

 
1 Anastas, P. T.; Warner, J. C. Green Chemistry: Theory and Practice, Oxford University Press, Oxford, 1998. 
2 a) Wolfe, J. P.; Wagaw, S.; Marcoux, J. –F.; Buchwald, S. L. Rational Development of Practical Catalysts for 
Aromatic Carbon-Nitrogen Bond Formation. Acc. Chem. Res. 1998, 31 (12), 805-818; b) Hickman, A. J.; Sanford, 
M. S. High-valent organometallic copper and palladium in catalysis. Nature 2012, 484, 177-185. 
3 Hashmi, A. S. K. Silver in Organic Chemistry, Harmata, M. edition, John Wiley & Sons, 2010. 
4 Font, M; Acuňa-Parés, F.; Parella, T.; Serra, J.; Luis, J. M.; Lloret-Fillol, J.; Costas, M.; Ribas, X. Direct observation 
of two-electron Ag(I)/Ag(III) redox cycles in coupling catalysis. Nat. Commun., 2014, 5, 4373. 
5 Capdevila, L.; Andris, E.; Briš, A.; Tarrés, M.; Roldán-Gómez, S.; Roithova, J.; Ribas, X. Silver(I)-Catalyzed C-X, C-
C, C-N and C-O Cross-Couplings Using Aminoquinoline Directing Group via Elusive Aryl-Ag(III) Species. ACS Catal., 
2018, 8 (11), 10430-10436.  
6 a) Li, P.; Wang, L. A Novel Silver Iodide Catalyzed Sonogashira Coupling Reaction. Synlett, 2006, 2006 (14), 2261-
2265; b) Das, R.; Mandal, M.; Chakraborty, D. Silver-Nitrate-Catalyzed N-Arylation of Amines and O-Arylations of 
Phenols and Alcohols. Asian J. Org. Chem., 2013, 2 (7), 579-585; c) Demonti, L.; Saffon-Merceron, N.; Mézailles, 
N.; Nebra, N. Cross-Coupling through Ag(I)/Ag(III) Redox Manifold. Chem. Eur. J., 2021, 27 (62), 15396-15405.  
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Molecular recognition involves weak interactions between at least two molecules. In 
supramolecular chemistry, the study and usage of these weak interactions involves the 
development of molecular receptors. Calixarenes, which are at the heart of this project, are 
part of this class of receptors. Calixarenes have a conical shape and have two differentiated 
rims (small rim and large rim), which opens the way to functionalization chemistry on one 
and/or the other rim. The functionalization of the small rim has been the subject of much work 
within the two groups1, resulting in molecular receptors associating a metal cation with a 
cavity, with the aim of studying biomimetic systems of metalloenzymes. Following the results 
obtained for the small rim, the functionalization of the large rim was also considered, giving 
this project. 
Via a method developed by both groups2,3, the functionalization of the large rim is possible 
through the insertion of an anilin group on the large rim. The intermediate is obtained in 3 
steps from a commercially 
available calixarene. Then to 
the intermediate is grafted 
the coordinating group (e.g. 
imidazole unit) in order to 
obtain the desired ligands 
(Figure 1). 

The next step was the synthesis of the corresponding 
complexes. Zinc and copper are transition metals responsible 
for the activity of many metalloenzymes in the human body. 
For this reason, biomimetic systems containing zinc or copper 
are interesting targets to study. The Zn and Cu (I)/(II) 
complexes were therefore synthesized first. Complexes 
synthesized were then employed in host guest studies, these 
revealed that they could recognize a wide range of different 
guests (e.g. acetonitrile, amines, carboxylates). These host 
guest studies were done through different methods, such as 
NMR, EPR, UV-visible and IR spectroscopy.  

 
1 N. Le Poul, Y. Le Mest, I. Jabin, O Reinaud, Acc. Chem. Res. 2015, 48, 2097–2106. 
2 (a) S. Redon, Y. Li, O. Reinaud, J. Org. Chem. 2003, 68, 7004-7008. (b) M. Lejeune, J.-F. Picron, A. Mattiuzzi, A. 
Lascaux, S. De Cesco, A. Brugnara, G. Thiabaud, U. Darbost, B. Colasson, O. Reinaud and I. Jabin, J. Org. Chem, 
2012, 77, 3838-3845. 
3 (a) B. Colasson, M. Save, P. Milko, J. Roihová, D. Schröder, and O. Reinaud, Org. Lett., 2007, 9, 4987-4990. (b) B. 
Colasson and O. Reinaud, J. Am. Chem. Soc. 2008, 130, 15226-15227. 

Figure 6 : General method for the 
synthesis and host guest study of 

the complexes. 

Figure 5 : General method for the synthesis of the new ligands. 
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Atherosclerosis is responsible for a large part of cardiovascular events and causes more than 
19 million deaths each year.1 The detection of « unstable » plaques, which will evolve and are 
likely to break down is therefore a major current issue in the prevention of such cardiovascular 
accidents. 
Positron emission tomography (PET) represents an extremely promising imaging technique 
for their detection since it allows an in vivo non-invasive visualization of atheromatous 
plaques which will be qualitatively defined through selective targeting.2 
Cathepsin S belongs to the cysteine protease family and recent studies have shown that these 
proteases are overexpressed in the above-mentioned cardiovascular pathologies. More 
precisely, its expression has been specifically identified in human atherosclerotic lesions and 
not in healthy arterial segments.3 Identification of atheromatous lesions by PET might thus be 
investigated in vivo by labelling of Cathepsin S with radiofluorinated inhibitors.  
Our project aims to synthesize such fluorinated analogues of Cathepsin S inhibitors, especially 
LHVS Fig.1. This Leucine derivative compound exhibits the required properties for building a 
relevant library of analogues: a very good inhibition constant (Ki) of 5nM for Cathepsin S as 
well as an excellent selectivity. We will present our recent synthetic efforts in the generation 
of a library of such fluorinated analogues, including ones featuring new scaffold variations. 
 

 
Fig. 1 LHVS a lead toward fluorinated Cathepsin S inhibitors 

 
  

 
1 Naghavi, M.; Libby, P.; Falk, E.; Casscells, S. W.; Willerson, J. T. ; et al. From Vulnerable Plaque to Vulnerable 
Patient: A Call for New Definitions and Risk Assessment Strategies: Part I. Circulation 2003, 108 (14), 1664–1672. 
2 Hammad, B.; Evans, N. R.; Rudd, J. H. F.; Tawakol, A. Molecular Imaging of Atherosclerosis with Integrated PET 
Imaging. J Nucl Cardiol 2017, 24 (3), 938–943. 
3 Turk, B.; Turk, D.; Salvesen, G. S. Regulating Cysteine Protease Activity: Essential Role of Protease Inhibitors as 
Guardians and Regulators. Curr Pharm Des 2002, 8 (18), 1623–1637. 
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Pentameric ligand-gated ion channels (pLGICs) are key players of neurotransmission and 
neuromodulation in the brain and thus are considered as major drug targets for diverse 
neuropathologies. However, their molecular mechanisms of function remain poorly 
understood and studying these proteins is essential to understand how pLGICs convert the 
neurotransmitter binding into the opening of their ion channel. Over the last years, 
identification of GLIC, a bacterial homolog from Gloeobacter violaceus, has allowed the X-ray 
resolution of three conformational structures,1,2 and the proposal of a mechanism for the ion 
channel opening with the initial blooming of the extracellular domain followed by the twist of 
the transmembranar part.3  
 
To comfort this mechanism, we decide to design fluorescent azobenzene photoswitch which 
will be attached to GLIC by means of two reactive functions. This allowed us to control GLIC 
conformation changes by fine light tuning and to follow it by measurement of the fluorescence 
changes.  

 
 
Methodology used for the synthesis of the core structure, based on a challenging double 
Buchwald reaction with hydrazine derivatives, will be presented. 
 

 
 

 
 
  

 
1 M. S. Prevost, L. Sauguet, H. Nury, C. Van Renterghem, C. Huon, F. Poitevin, M. Baaden, M. Delarue, P.-J. 
Corringer Nat. Struct. Mol. Biol. 2012, 19, 642-649. 
2 L. Sauguet, A. Shahsavar, F. Poitevin, C. Huon, A. Manny, A. Nemecz, A. Haouz, J.-P. Changeux, P.-J. Corringer, 
M. Delarue PNAS 2014, 111, 966-971. 
3 M. Cecchini, J.-P. Changeux Neuropharmacology 2015, 96, 137-149. 
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The synthesis of a new class of 2,4,6-trisubstituted pyridazin-3(2H)-one derivatives is 
described. The construction of the pyridazinone scaffold is based on two steps involving 1) 
conversion of the allylphosphonate into γ-ketoester through Michael addition-Nef sequence, 
2) action of hydrazine derivatives on the corressponding γ-ketoester leading to the formation 
of a new serie of phosphonated pyridazinones with exellent yields. 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
1 (a) Asif, M, J. Chem. Rev. 2019, 1, 66-77; (b) Boukharsa, Y.; Zaoui, Y.; Taoufik, J.; Ansar, M. J. Chem. Pharm. Res. 
2014, 6, 297-310. 
2 Singh, J.; Sharma, D.; Bansal, R. Future Med. Chem. 2017, 9, 95–127. 
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3-amino-3-deoxyglycosides are a class of rare glycosides of high relevance found both on 
bacterial natural products and on a large number of bioactive compounds.1 As noteworthy 
examples, they can be found in the structures of anticancer agents (ravidomycin 1) or 
macrolide antibiotics (azithromycin 2). More recently, Nilsson et al. also showed that 3-N-Aryl-
3-deoxy-β-D-galactosides such as 3 are selective inhibitors of galectin-9C (figure 1).2 

 

 
Figure 7 : Selected examples of relevant 3-amino-3-deoxyglycosides 

 
Owing to their biological importance and since they are either priceless or commercially 
unavailable, the development of an expedient stereoselective approach to synthesize 3-
amino-3-deoxyglycoside donors has attracted formidable interest.3  Here, we describe an 
expedient synthesis of 3-amino-3-deoxyglycals via an original Ferrier rearrangement / aza-
Wacker sequence starting from commercial glycals as bio-sourced derivatives. 

 
Scheme 1: FAWEG (Ferrier/Aza-Wacker/Epoxidation/Glycosylation) sequence 

 
Starting from these orthogonally protected 3-amino-3-deoxyglycals, an original epoxidation / 
glycosylation sequence was performed, defining FAWEG (Ferrier / Aza-Wacker / Epoxidation 
/ Glycosylation) as a new and efficient strategy to access 3-amino-3-deoxyglycosides 
(scheme 1).4 
  

 
1 Elshahawi, S. I.; Shaaban, K. A.; Kharel, M. K.; Thorson, J. S. Chem. Soc. Rev. 2015, 44, 7591-7697. 
2 Mahanti, M.; Pal, K. B.; Sundin, A. P.; Leffler, H.; Nilsson, U. J. ACS Med. Chem. Lett. 2020, 11, 34–39. 
3 Ding, F.; Cai, S.; William, R.; Liu, X.-W. RSC Adv. 2013, 3, 13594-13621. 
4 Geulin, A.; Bourne-Branch, Y.; Ben Ayed, K.; Lecourt, T.; Joosten, A.  submitted. 
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Amphipathic peptides, composed of alternating hydrophobic and hydrophilic amino acids, 
have been shown to form self-assembled hydrogels. These hydrogels proved adequate drug 
delivery platforms that can deliver pharmaceutical cargoes in a stable and prolonged manner 
when injected subcutaneously1. Such systems can increase patient compliance by 
subcutaneous administration of therapeutics by limiting the amount of injections required for 
the efficient treatment of chronic diseases. Currently, however, the drug release window of 
these peptide hydrogels is limited to a maximum of four days and this window ideally needs 
to be extended for optimal use in the clinical setting. As the role of fluorine within the field of 
medicinal chemistry continues to develop, fluorinated amino acids have shown their utility in 
promoting and stabilizing well-defined secondary structures, as well as increasing local 
hydrophobicity and enhancing the biological profile of drug candidates2. Thus, the rational 
introduction of fluorine atoms into peptide hydrogels might provide access to a new class of 
injectable controlled-delivery systems that incorporates the favorable properties of fluorine 
atoms. Two strategies are investigated for the synthesis of fluorinated peptide hydrogels 
based on the hexapeptide consensus sequence developed at ORGC. The first relies on the 
incorporation of fluorinated amino acids along the hydrophobic face of the amphipathic 
peptide type A. The second incorporates the design of fluorinated b-hairpin peptide 
hydrogelator type B. The synthesis of FmocTFM 1 but also building blocks containing aTfmPhe 
(2) and TfmYPro (3 and 4)3 will be presented. Additionally, first results in the synthesis of 
fluorinated peptide hydrogelators and their structural characterization will be presented and 
discussed. 

  

 
1 C. Martin, M. Dumitrascuta, M. Mannes, A. Lantero, D. Bucher, K. Walker, Y. Van Wanseele, E. Oyen, S. Hernot, 
A. Van Eeckhaut, A. Madder, R. Hoogenboom, M. Spetea and S. Ballet, Journal of Medicinal Chemistry, 2018, 61, 
9784-9789. 
2 N. A. Meanwell, Journal of Medicinal Chemistry, 2018, 61, 5822-5880. 
3 G. Chaume, O. Barbeau, P. Lesot and T. Brigaud, The Journal of Organic Chemistry, 2010, 75, 4135-4145 ; G. 
Chaume, J. Simon, C. Caupène, N. Lensen, E. Miclet and T. Brigaud, The Journal of Organic Chemistry, 2013, 78, 
10144-10153. 
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Carbonyl-olefin metathesis has become one of the most important organic reactions emerged 
in recent years. Alike its predecessor, olefin metathesis, it is a very useful tool for the 
generation of C-C sp3 bonds, which are essential for the construction of complex molecules in 
organic synthesis.1 In this work, we present the optimization of ring-closing carbonyl-olefin 
metathesis reaction through an environmentally friendly approach. Our development strategy 
was based on three key aspects. On the one hand, the use of InCl3 as catalyst, which stands 
out for its easy availability, non-toxicity, low cost, moisture stability, compatibility with air and 
water.2 On the other hand, reactions were optimized under solvent-free conditions, avoiding 
the use of organic solvents to reduce the impact on the environment. Finally, we employed 
microwave heating as a tool to considerably shorten reaction times. For reaction conditions 
optimization we used 1,3-diaryl-1,3-diketone 1 to obtain cyclpentenes 2 in 94% yield 
(Scheme 1). 
 
 
 
 

Scheme 1 
We applied the optimized conditions shown above to a series of alkylated 1,3-diaryl-1,3-
diketones bearing different electron-donor and electron-acceptor substituents on one of the 
aromatic rings (Scheme 2). Our main objective was to evaluate the preferential cyclization 
mode, which a priori should depend on the nature of the substituent. 

 
 

 
 
 
 
 

Scheme 2 
Our results allowed us to conclude that participating carbonyl on metathesis reaction is the 
one with the highest electronic density (Scheme 2). These findings are supported by NMR 
spectroscopy experiments: 1H, 13C, HSQC, HMBC, COSY, TOCSY.   

 
1 Ludwig, J. R.; Schindler, C. S. Lewis Acid Catalyzed Carbonyl-Olefin Metathesis. Synlett 2017, 28 (13), 1501–1509. 
https://doi.org/10.1055/s-0036-1588827. 
2 Jadhav, A. M.; Balwe, S. G.; Kim, J. S.; Lim, K. T.; Jeong, Y. T. Indium(III)Chloride Catalyzed Synthesis of Novel 1H-
Pyrazolo[1,2-b]Phthalazine-5,10-Diones and 1H-Pyrazolo[1,2-a]Pyridazine-5,8-Diones under Solvent-Free 
Condition. Tetrahedron Lett. 2019, 60 (7), 560–565. https://doi.org/10.1016/j.tetlet.2019.01.028. 
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Charge transfer complexes (CTCs) have been extensively studied in materials science owing to 
their inherent properties in the fields of charge transport, light emission, nonlinear optics and 
external stimuli responsiveness.1 Their π-acid component are UV absorbers and their color 
changes upon contact with π or Lewis bases provide evidence for CTC formation.2 
 
While the propensity of CTCs to absorb light has been advantageously and massively used to 
excite molecules and trigger reactivity,3 in sharp contrast, the use of the π-acidity to stabilize 
anions or activate electron-rich molecules in the context of catalysis has hardly been studied. 
Indeed, it has only been demonstrated in the seminal reports of Matile4 using π-acid 
molecules based on naphthalene diimide and fullerene. However, his focus lays mainly in 
reproducing biologically relevant processes like anion transport through membranes and 
polyketide/terpenoid biosynthesis (i.e. π-acid catalysis of malonate/enolate chemistry). 
In order to probe more generally the catalytic ability of CTCs, we settled on the study of the 
activation of electron-rich nitrogen. It is well known that the interaction of Lewis or Bronsted 
acids with the nitrogen atom of HMDS facilitates N–Si bond cleavage. Notably, on reaction 
with alcohols, this promotes the transfer of the trimethylsilyl group to the oxygen atom.5 We 
have demonstrated that such alcohol protection reactions can be similarly achieved in the 
presence of catalytic amounts of electron-deficient aromatic molecules and developed useful 
methodology for the catalytic silylation of a large array of alcohols with HMDS as silicon source 
under neutral conditions and at room temperature. The catalysts are easy to handle, 
recyclable and allow the reaction to be carried out in near to quantitative yield in an open-air 
reaction vessel. Regarding the activation mechanism, we have substantiated with UV studies 
the formation of CTC’s between the nitrogen atom and the π-acid arenes. Thus, a very mild 
and efficient alcohol silylation method has been achieved using a new supramolecular 
activation mode. 

  

 
1 W. Wang, L. Luo, P. Sheng, J. Zhang, Q. Zhang,  Chem. Eur. J. 2020, 27, 464; Y. Tsuchido, Y. Suzaki, T. Ide, K. 
Osakada, Chem. Eur. J. 2014, 20, 4762. 
2 Sulzberg and Cotter US patent 3637798 25 (1972). 
3 G. E. M. Cristenza, D. Mazzarella, P. Melchiorre,  J. Am. Chem. Soc. 2020, 142, 5461. 
4 Y. Zhao, N. Sakai, S. Matile, Nat. Commun. 2014, 5, 3911; Y. Zhao, S. Baez, N. Sakai, S. Matile, Chem. Sci. 2015, 
6, 6219. 
5 M. A. Ashraf, Z. Liu, C. Li, D. Zhang, Appl Organomet Chem. 2021, 35, e6131; A. V. Narsaiah, J. Organomet. Chem. 
2007, 692, 3614. 
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Azobenzenes have attracted considerable attention due to their unique photochromic 
properties and quite recently, our group started a diversity-oriented program for their 
synthesis.1 If the preparation of simple azo units is efficiently reported, the synthesis of 
densely-substituted azo compounds remains a perpetual challenge for the organic chemist.2 
In our quest to generate original photo-switches, we speculated that the use of azobenzenes 
in the presence of alkenes could generate the targeted highly functionalized azos. However, 
after preliminary experiments, it rapidly turned out that this strategy provides various poly-
substituted indazoles exhibiting interesting fluorescence after excitation at 365 nm under a 
UV lamp. This finding stimulated us to design a new eco-friendly process for the synthesis of 
2H-indazoles via tandem oxidative dehydrogenative cross coupling – Michael addition at room 
temperature and to explore their photophysical properties. Several compounds exhibit high 
fluorescence quantum yield in water and allow a vesicles labeling in live cells upon one-photon 
and two-photon excitation (Scheme 1). 
 

 
 
 
  

 
1 Nguyen, T. H. L.; Gigant, N.; Delarue-Cochin, S.; Joseph, D.  J. Org. Chem. 2016, 81, 1850. 
2 Nguyen, T. H. L.; Gigant, N.; Joseph, D. ACS Catal. 2018, 8, 1546. 
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Glycoconjugates and oligosaccharides derived from pathogens and the extracellular matrix 
are detected by elements of the innate immune system.1,2 More recently free 
oligosaccharides generated during protein N-glycosylation (fOS) have also been shown to be 
proinflammatory (fOSp) after demannosylation and contribute to certain rare inherited 
inflammatory diseases.3  
 
A non-vesicular fOS subcellular trafficking pathway in which fOS are transported out of the ER 
into the cytosol relies on unidentified ER oligosaccharide transport machinery (ERT) and, after 
trimming by cytoplasmic glycosidases (Engase1p and Man2C1p), a lysosomal fOS transport 
machinery (LOST) in order to be demannosylated into lysosomes.  
 
In order to better define the role of this non-vesicular fOS trafficking pathway in normal and 
disease states, LOST must be manipulated. Therefore, our objective is to develop chemical 
tools to facilitate the study, characterization and identification of LOST proteins.4 In this 
communication, the design and the synthesis of these oligosaccharidic fluorescent, 
biotinylated and photoactivatable probes will be described.  
 
 

 
  

 
1 Misra S., et al Front Immunol. 2015 6:201 
2 Franchi I., et al. Nat Immunol. 2012 13:325-32 
3 Hasan M., et al. Immunity. 2015 43:463-74. 
4 We gratefully acknowledged the financial support of this work by the FRM (DCM 20181039551). 
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Nanoparticles synthesis is increasingly developed but is often considered wasteful, expensive 
and requires toxic reagents. This is particularly problematic when it comes to scale-up. In this 
context, the use of more environmentally friendly approaches is a major challenge.1 Our latest 
results will be presented on the development of greener syntheses of metallic nanoparticles 
complying with the green nanochemistry principles2 defined from the twelve principles of 
Anastas and Warner. Our conditions are further optimized in continuous flow to increase 
productivity and enable larger scale production. 

 
Different activation methods to synthesize metallic nanoparticles in batch and continuous flow   

 
The methodology employed demonstrates the production of metallic bismuth (0) 
nanoparticles, which displays many important features such as a low cost, high 
biocompatibility and high X-rays absorption. These properties can be useful in a variety of 
applications such as in photochemistry, catalysis and in medicine including the development 
of new theranostic agents. In spite of these interests, few green syntheses of bismuth (0) 
nanoparticles have been described to date. Our study drastically reduces the amount of 
coating agents and uses only environmentally and health benign reagents to minimize 
chemical hazards. It compares the efficiency of two activation methods: microwave3 or 
sonochemical4 activations, both in terms of reproducibility and productivity. Our approach 
uses a newly designed continuous-flow device and an ultrafiltration device to obtain pure, 
stable and monodisperse nanoparticles.  

 
1 Gomez, C.; Hallot, G.; Port, M. Bismuth metallic nanoparticles in Inorganic frameworks as smart nanomedicines. 
Pharmaceutical Nanotechnology Series, A.M. Grumezescu, Elsevier 2018, 1-699. 
2 Dahl, J.A.; Maddux, B.L.S.; Hutchison, J.E. Towards Greener Nanosynthesis. Chem. Rev. 2007, 107, 2228-2269. 
3 Hallot, G.; Cagan, V.; Laurent, S.; Gomez, C.; Port, P. A Greener Chemistry Process Using Microwaves in 
Continuous Flow to Synthesize Metallic Bismuth Nanoparticles. ACS Sustain. Chem. Eng. 2021, 9, 9177-9187. 
4 Gomez, C.; Hallot, G.; Pastor, A.; Laurent, S.; Brun, E.; Sicard-Roselli, C.; Port, M. Metallic Bismuth Nanoparticles: 
Towards a Robust, Productive and Ultrasound Assisted Synthesis from Batch to Flow-Continuous Chemistry. 
Ultrason. Sonochem. 2019, 56, 167-173. 
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Fragment-Based Drug Design (FBDD) is a powerful tool for the identification of lead 
compounds in drug discovery processes. NMR is widely used when performing FBDD as it plays 
a crucial role in ligand-protein binding detection. Over the last years, many NMR techniques 
have been developed including Saturation Transfer Difference (STD),1 transverse relaxation 
rate filtering methods,2 and 19F NMR3.  

 
 

Recent advances in hydrogen isotope exchange reactions allow multiple site tritium labelling 
of complex molecules in a single synthetic step.4 By taking advantage of these innovative 
reactions, an easy access to compound F01 which is an inhibitor of 3Clp,5, the main protease 
of SARS-CoV-2, was obtained.  Using this tritiated analog, we have demonstrated for the first 
time, that 3H-labeled molecules can be used as spy ligands in NMR experiments to study 
ligand-protein interactions. 3H NMR takes advantage of tritium’s highest gyromagnetic ratio 
among all nuclei (which makes it very NMR sensitive) and also from the absence of background 
signal. As the incorporation of tritium atoms does not cause any structural change and 
therefore does not affect ligand-protein interactions, this proof of concept opens the way to 
the use of tritiated spies for FBDD.  

 
1 Viegas, A.; MansoJ.; Nobrega, F. L.; Cabrita, E. J. Journal of Chemical Education 2011, 88 (7), 990–994. 
2 Hajduk, P. J.; Olejniczak, E. T.; Fesik, S. W. Journal of the American Chemical Society 1997, 119 (50), 12257–
12261. 
3 Buchholz, C. R.; Pomerantz, W. C. K. RSC Chemical Biology 2021, 2 (5), 1312–1330. 
4 Daniel-Bertrand, M.; Garcia-Argote, S.; Palazzolo, A.; Mustieles Marin, I.; Fazzini, P.; Tricard, S.; Chaudret, B.; 
Derdau, V.; Feuillastre, S.; Pieters, G. Angewandte Chemie International Edition 2020, 59 (47), 21114–21120. 
5 Cantrelle, F.-X.; Boll, E.; Brier, L.; Moschidi, D.; Belouzard, S.; Landry, V.; Leroux, F.; Dewitte, F.; Landrieu, I.; 
Dubuisson, J.; Deprez, B.; Charton, J.; Hanoulle, X. Angewandte Chemie International Edition 2021, 60 (48), 
25428–25435.  
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In a context of ultimate miniaturization, obtaining 
nanometer-sized devices and mastering their controlled 
motion triggered by an external stimulus is highly desirable.  
Following a bottom-up approach, our group has designed and 
synthesized electron-fueled molecular motors, to be studied 
on surface at the single-molecule scale by Scanning Tunneling 
Microscopy (STM). One of these ruthenium-based 
organometallic motors, featuring a dissymmetric rotating 
subunit, has been shown to undergo unidirectional rotary 
motion upon excitation, with a direction of rotation governed 
by the location of the STM tip.1  
 
Our next aim is to investigate the mechanical transfer of rotary motion between neighbouring 
molecules, so as to propagate the unidirectional motion of the motor through a train of 
molecular gears anchored on a surface. A series of star-shaped ruthenium complexes bearing 
penta(aryl)cyclopentadienyl ligands geometrically analogous to cogwheels has thus been 
designed, with diameters up to 5 nm.2 

 
The synthetic efforts towards these new ruthenium-based rotary molecular machines will be 
presented, with a special emphasis on our modular strategy relying on the post-
functionalization of penta(p-halogenophenyl)cyclopentadienyl ruthenium(II) key building 
blocks.3  

 
1 Perera, U. G. E.; Ample, F.; Kersell, H.; Zhang, Y.; Vives, G.; Echeverria, J.; Grisolia, M.; Rapenne, G.; Joachim, C.; 
Hla, S.-W. Nat. Nanotechnol. 2013, 8, 46. 
2 (a) Erbland, G.; Abid, S.; Gisbert, Y.; Saffon-Merceron, N.; Hashimoto, Y.; Andreoni, L.; Guérin, T.; Kammerer, C.; 
Rapenne, G. Chem. Eur. J. 2019, 25, 16328; (b) Abid, S.; Gisbert, Y.; Kojima, M.; Saffon-Merceron, N.; Cuny, J.; 
Kammerer, C.; Rapenne, G. Chem. Sci. 2021, 12, 4709. 
3 Gisbert, Y.; Abid, S.; Bertrand, G.; Saffon-Merceron, N.; Kammerer, C.; Rapenne, G. Chem. Commun. 2019, 55, 
14689. 
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Schweinfurthins (SWs) are natural fluorescent molecules isolated from plants of the genus 
Macaranga spp (Euphorbiaceae) that are highly cytotoxic against specific cancer cell lines1. 
Their original mechanism of action implies a new target in the field of cancer: OxySterol 
Binding Protein (OSBP)2. This protein3, responsible for cholesterol transfer, is located at 
membrane contact sites between endoplasmic reticulum (ER) and trans-golgi network (TGN)4. 
However, the complete mechanism of action of SWs remains unclear5. To better understand 
it, we designed various chemical probes and evaluated them in cellulo. One of the strategies 
explored in the team relies on hijacking OSBP from its normal localization to observe the 
consequences on lipids transfers, cell structure and cell viability. To achieve this goal, we 
synthesized novel SW probes carrying a HaloTag substrate (i.e. capable of interacting 
specifically with a halotag protein fused to a mitochondrial membrane protein) and a 
photoremovable protecting group6 (PPG) temporarily preventing their interaction with OSBP. 
 
 
 

 
 
  

 
1 Koubek E. J., et al. Lipids, 2018, 53, 767-784. 
2 Péresse T, et al. J Biol Chem. 2020, 295, 4277-4288. 
3 Mesmin B, et al. EMBO J. 2017, 36, 3156-3174. 
4 Péresse T, et al. J. Nat. Prod. 2017, 80, 2684-2691. Mesmin B, et al. Cell. 2013, 155, 830-843. 
5 Mesmin B, et al. Biochim. Biophys. Acta 2016, 1861, 940-951. 
6 M. R. Banghart, et al. Mol. Pharmacol. 2013, 84, 687–695. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 431

POSTERS

P B156 
Photocatalysis and Silver Chemistry for Heterocycles’ 

Synthesis  
William Boiledieu, Clara Faure, Yurong Yuan, Maxime de Abreu, Thanina Berrouhane, 

Mathieu Berthelot, Etienne Brachet, Philippe Belmont 
Université Paris Cité, Faculté de Pharmacie de Paris, UMR-CNRS 8038 (CiTCoM), 4 avenue de l’Observatoire, 

philppe.belmont@u-paris.fr 
 
 

From ortho-alkynylbenzaldehyde patterns, cyclofunctionalization reactions led to oxygen- or 
nitrogen-containing heterocycles such as 1H-isochromenes, furo- or pyranoquinolines.1 We 
then proposed methodology of hydroarylation/cycloisomerization reactions of ortho-
alkynylbenzaldehydes using aromatic compounds as nucleophiles and extend this process to 
more complex and polysubstituted substrates 1H,1-arylpyrano[4,3-b]quinolines.2 
 

 
  
Also, starting from the same substrates as before, ortho-alkynylbenzaldehyde patterns,1, 2 we 
developed a photoredox cascade leading in one step to substituted phthalazine structures.3a 
This strategy implies a radical hydroamination reaction on the alkynyl residue, followed by a 
Smiles rearrangement, with the migration of the R4 substituent. We are more recently 
developing this strategy on phosphonohydrazones substates and also on pendant alkenes.3 

 

 
  

 
1 a) T. Godet, C. Vaxelaire, C. Michel, A. Milet and P. Belmont, Chem. Eur J. 2007, 13, 5632-5641. b) E. Parker, N. 
Leconte, T. Godet, P. Belmont. Chem. Commun. 2011, 47, 343-345. e) X. Bantreil, C. Vaxelaire, T. Godet, E. Parker, 
C. Sauer, P. Belmont. Org. Biomol. Chem. 2011, 9, 4831-4841. 
2 a) G. Mariaule, G. Newsome, P. Y. Toullec, P. Belmont and V. Michelet, Org. Lett. 2014, 16, 4570-4573. b) A. 
Bontemps, G. Mariaule, S. Desbène-Finck, P. Helissey, S. Giorgi-Renault, V. Michelet, P. Belmont, Synthesis. 2016, 
48, 2178-2190. c) X. Bantreil, A. Bourderioux, P. Mateo, C. E. Hagerman, M. Selkti, E. Brachet, P. Belmont, Org. 
Lett. 2016, 18, 4814-4817. d) M. De Abreu, Y. Tang, E. Brachet, M. Selkti, V. Michelet, P. Belmont, Org. Biomol. 
Chem. 2021, 19, 1037-1046. 
3 a) E. Brachet, L. Marzo, M. Selkti, B. König and P. Belmont, Chem. Sci. 2016, 7, 5002. b) M. De Abreu, M. Selkti, 
B. König, P. Belmont, E. Brachet 2019 Adv. Synth Catal. 2020, 362, 2217. c) M. Huynh, M. De Abreu, Chem. Eur. 
J. 2021, 27, 3581. d) W. Boiledieu, M. De Abreu, C. Cuyamendous, D. Lamaa, P. Belmont, E. Brachet Chem. 
Commun. 2022, 58, 9206. 
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Phosphines play a crucial role as stoichiometric reagents in a variety of reactions, daily used 
in organic synthesis (e.g. Wittig, Staudinger and Mitsunobu transformations). Despite their 
usefulness, these venerable reactions suffer from several drawbacks; in particular the 
concomitant formation of a stoichiometric quantity of phosphine oxide and the limitation to 
the formation of achiral or racemic compounds.1 In an effort to address these concerns, the 
first Wittig reaction, catalytic in phosphine, has been investigated by O’ Brien et al. in 2009.2 
More recently, the first aza-Michael addition/Wittig olefination reaction, catalytic in 
phosphine, has been developed in our laboratory for the synthesis of 9H-pyrrolo[1,2-
a]indoles, and other N-heterocycles.3 Subsequently, an efficient catalytic and asymmetric 
method has also been developed for the synthesis of chiral cyclobutenes.4 
 
In the present study, we will show a straightforward tandem transformation for the synthesis 
of substituted 2-azetines. This backbone is an interesting key building block to access active 
pharmaceutical ingredient (APIs) and an advanced precursor for synthetic applications.5 
However, the current syntheses are perfectible and it is interesting in this context to propose 
new synthetic pathways. 
 

 
 
  

 
1 For a general review, see: A. Voituriez, N. Saleh, Tetrahedron Lett. 2016, 57, 4443. 
2 C. J. O’Brien, J. L. Tellez, Z. S. Nixon, L. J. Kang, A. L. Carter, S. R. Kunkel, K. C. Preworski, G. A. Chass, Angew. 
Chem. Int. Ed. 2009, 48, 6836. 
3 a) N. Saleh, A. Voituriez, J. Org. Chem. 2016, 81, 4371; b) N. Saleh, F. Blanchard, A. Voituriez, Adv. Synth. Catal. 
2017, 359, 2304; c) X. Han, N. Saleh, P. Retailleau, A. Voituriez, Org. Lett. 2018, 20, 4584. 
4 a) C. Lorton, T. Castanheiro, A. Voituriez, J. Am. Chem. Soc. 2019, 141, 10142; b) C. Lorton, A. Roblin, P. 
Retailleau, A. Voituriez, Adv. Synth. Catal. 2021, 363, 4805. 
5 D. Didier, A. N. Baumann, M. Eisold, Tetrahedron Lett. 2018, 59, 3975. 
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The development of vaccines has become crucial in the fight against influenza pandemics as 
well as other diseases such as tuberculosis and HIV. A major factor in their effectiveness is the 
adjuvant. This component can induce an innate immune response, which can then trigger the 
development of specific acquired immunity. The use of bioactive adjuvants, agonists of TLR4, 
is beneficial, as observed with lipid A.1 The aim of this project is to develop new adjuvants 
from the structure of natural products isolated from bacterial membranes.2 A new synthesis 
methodology developed in the laboratory will be used for a more efficient total synthesis of 
these molecules. Molecular modeling will allow the synthesis of analogues obtained by 
chemical modification of the natural product.3 We will present our recent progress in the 
synthesis of those natural products and their analogues. 
 

 
  

 
1 Duthie, M. S.; Windish, H. P.; Fox, C. B.; Reed, S. G. Use of Defined TLR Ligands as Adjuvants within Human 
Vaccines: TLRLs as Adjuvants. Immunol. Rev. 2011, 239 (1), 178–196. https://doi.org/10.1111/j.1600-
065X.2010.00978.x. 
2 Huang, Y.; Anderson, R. Phosphatidylglyceroylalkylamine, a Novel Phosphoglycolipid Precursor in Deinococcus 
Radiodurans. J. Bacteriol. 1991, 173 (2), 457–462. https://doi.org/10.1128/jb.173.2.457-462.1991. 
3 Bensalah, F. O.; Bil, A.; Wittine, K.; Bellahouel, S.; Lesur, D.; Markovic, D.; Laclef, S. Solvent- and Catalyst-Free 
Transamidations of Unprotected Glycosyl Carboxamides. Org. Biomol. Chem. 2019, 17 (43), 9425–9429. 
https://doi.org/10.1039/C9OB02096A. 



PROGRAMME | JCO 2022 | 02 - 04 NOVEMBER 2022 434

POSTERS

P B159 
Total Synthesis of Enacyloxin IIa, an Antibiotic of Natural 

Origin Displaying an Original Mechanism of Action 
Orane Christin1, Emmanuel Roulland1 

1 UMR 8038 CiTCoM, Université Paris Cité/CNRS, 4 Avenue de l’Observatoire, 75006, Paris, France 
orane.christin@parisdescartes.fr 

 
 

The antibioresistance crisis threatens modern medicine but finding new antibiotics interacting 
with new biological targets is one of the most efficient answers to circumvent these 
resistances. Isolated in 1982 by Watanabe et al. from soil bacteria Gluconobacter sp. W-315, 
enacyloxin IIa (1) meets these requirements as it displays activity against both Gram-positive 
and negative bacteria as well as a slight activity against fungi through an original mode of 
action.1 Our project aims to perform the first total synthesis of enacyloxin IIa (1) and for this 
purpose we devised an optimized strategy relying on catalysis, atom-economic steps as well 
as enantio- and diastereoselective reactions to tend towards more sustainability. As a long 
term objective, this synthesis will provide access to analogues allowing the exploitation of this 
new biological target. Enacyloxin IIa (1) is a rather complex polyketide consisting of a 23 
carbons linear chain bearing 6 stereogenic centers, whose one is chlorinated, alongside a 
conjugated chlorinated penta-ene attached to a cyclohexane with 3 stereogenic centers. The 
structural complexity of this target induces a high degree of synthetic difficulty involving the 
synthesis of the fragile polyene unit or the control of the halogenated carbon stereochemistry. 
Our retrosynthetic plan (Scheme 1) features the synthesis of fragments A, B and C prior to 
their assemblage through Horner-Wadsworth-Emmons and aldol reactions. Due to its high 
functional density, a special interest was taken in the preparation of fragment B. The synthetic 
strategy developed hitherto relies on a key Pd-catalyzed alkyne chloroallylation2 followed by 
a Pd/Cu-catalyzed alkyne hydrocarbation of allenes.3  

 
Scheme 2 : Retrosynthetic plan for enacyloxin IIa (1)  

 
1 Watanabe, T.;  Izaki, K.; Takahashi, H.  J. Antibiotics 1982, 35 (9), 1141–1147.  
2 Kaneda, K.; Uchiyama, T.; Fujiwara, Y.; Imanaka, T.; Teranishi, S.  J. Org. Chem. 1979, 44 (1), 55–63.  
3 Jeanne-Julien, L.; Masson, G.; Kouoi, R.; Regazzetti, A.; Genta-Jouve, G.; Gandon, V.; Roulland, E. Org. Lett. 2019, 
21 (9), 3136–3141.  
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The synthesis of nucleosides, nucleotides and their analogs or mimetics have occupied a major 
place in organic and in medicinal chemistry, due to their ability to display a variety of 
bioactivities. Their therapeutic interest is well demonstrated by the various compounds of 
these types which are effective anticancer and antiviral drugs, acting by interference with 
nucleic acid synthesis.1,2 The antimicrobial potential of synthetic and natural nucleos(t)ides 
has also been well documented.3 Their clinical use has however some limitations such as low 
bioavailability and the acquisition of chemotherapeutic resistance.1  
The design and synthesis of novel bioactive nucleos(t)ide-like structures that may overcome 
these drawbacks, potentiate alternative mechanisms of action and open new therapeutic 
opportunities is of significant interest. 

 
In this context, in this communication the synthesis of a variety of nucleoside, nucleotide and 
sugar diphosphate analogs/mimetics constructed on D-glucuronamide templates will be 
presented.  A 1,2,3-triazole moiety was installed in some molecules as a surrogate of a 
nucleobase or as a potential neutral and rather stable surrogate of a phosphate group when 
combined with other moieties such as phosphonate or amide to establish new potential 
neutral diphosphate group mimetics. The synthetic methodologies used D-
glucofuranuronolactone and azido pyranoses as precursors and employed key steps such as 
amidation, N-glycosylation, azide-alkyne 1,3-dipolar cycloaddition, or Arbuzov reaction. 
Further biological evaluation revealed some molecules displaying potent antiproliferative 
effects in cancer cells with GI50 values comparable or lower to those of standard drug, thus 
turning them promising lead molecules for further investigations. 
 
Acknowledgements: We thank ‘Fundacão para a Ciência e Tecnologia’ (FCT) for funding: grant 
CEECIND/03881/2018, exploratory project EXPL/MED-QUI/1017/2021, and strategic projects 
UIDB/00100/2020, UIDP/00100/2020 (CQE) and LA/P/0056/2020 (IMS). 

 
1 Jordheim, L. P.; Durantel, D.; Zoulim, F.; Dumontet, C. Nat. Rev. Drug Discovery 2013, 12 (6), 447–464. 
2 Shelton, J.; Lu, X.; Hollenbaugh, J. A.; Cho, J. H.; Amblard, F.; Schinazi, R. F. Chem. Rev. 2016, 116 (23), 14379–
14455. 
3 Serpi, M.; Ferrari, V.; Pertusati, F. J. Med. Chem. 2016, 59 (23), 10343–10382. 
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ARCHER Gaétan ICBMS, VILLEURBANNE, FRANCE gaetan.archer@univ-lyon1.fr

ATLAN Léna INSTITUT CURIE, ORSAY, FRANCE atlan.lena3@gmail.com

ATWICHAI Wanatsaya CNRS-ICSN UPR 2301 (INSTITUT DE CHIMIE DES SUBSTANCES 
NATURELLES), GIF-SUR-YVETTE CEDEX, FRANCE

wanatsaya.atwichai@cnrs.fr

AUBINEAU Thomas ESPCI PARIS, PARIS, FRANCE thomas.aubineau@espci.fr

AUDET Florian UNIVERSITÉ DE STRASBOURG, STRASBOURG, FRANCE florian.audet@etu.unistra.fr

AUVRAY Marie LABORATOIRE COBRA, MONT-SAINT-AIGNAN CEDEX, FRANCE marie.auvray4@univ-rouen.fr

AWADA Ali LABORATOIRE COBRA, MONT SAINT AIGNAN CEDEX, FRANCE ali.awada.chem@gmail.com

AYACHI Abir FACULTÉ DES SCIENCES ET TECHNIQUES, LE LABORATOIRE DE 
PHYSICO-CHIMIE DES MATÉRIAUX ET DES ELECTROLYTES POUR 
L'ENERGIE (PCM2E), TOURS, FRANCE

abir.ayachi@etu.univ-tours.fr
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AYINDA AYI 
Etienne-Armand

IRCOF, COBRA, CANTELEU, FRANCE etienne-armand.ayinda-ayi2@univ-rouen.fr

AZROU Djamila INSTITUT DE CHIMIE MOLÉCULAIRE ET DES MATÉRIAUX D'ORSAY, 
ORSAY, FRANCE

djamila.azrou@universite-paris-saclay.fr

BACHELEY Lucas CHIMIE PARISTECH, PARIS, FRANCE lucas.bacheley@chimieparistech.psl.eu

BACHOLLET Sylvestre UNIVERSITÉ PARIS CITÉ, PARIS, FRANCE sylvestre@bachollet.fr

BALLARIN MARION 
María

INSTITUT PARISIEN DE CHIMIE MOLECULAIRE, PARIS, FRANCE maria.ballarin_marion@sorbonne-
universite.fr

BALLEREAU Stéphanie SPCMIB, TOULOUSE, FRANCE stephanie.ballereau@univ-tlse3.fr

BANCHINI Federico SORBONNE UNIVERSITÉ - IPCM - UMR 8232, PARIS, FRANCE federico.banchini@sorbonne-universite.fr

BANOUN Camille INSTITUT LAVOISIER VERSAILLES, VERSAILLES, FRANCE camille.banoun@uvsq.fr

BANTREIL Xavier IBMM - UMR5247, MONTPELLIER, FRANCE xavier.bantreil@umontpellier.fr

BARBAZANGES Marion SORBONNE UNIVERSITÉ, PARIS, FRANCE marion.barbazanges@sorbonne-universite.
fr

BARON Aurélie CNRS-ICSN UPR 2301 (INSTITUT DE CHIMIE DES SUBSTANCES 
NATURELLES), GIF-SUR-YVETTE CEDEX, FRANCE

aurelie.baron@cnrs.fr

BASLÉ Olivier LABORATOIRE DE CHIMIE DE COORDINATION, TOULOUSE, 
TOULOUSE, FRANCE

olivier.basle@lcc-toulouse.fr

BAUDEQUIN Christine UNIVERSITÉ DE ROUEN, LABORATOIRE COBRA, MONT-SAINT-
AIGNAN, FRANCE

christine.baudequin@univ-rouen.fr

BAUDET Judith CEA PARIS SACLAY, GIF-SUR-YVETTE CEDEX, FRANCE judith.baudet@cea.fr

BEAUVINEAU Claire INSTITUT CURIE, ORSAY, FRANCE claire.beauvineau@curie.fr

BÉCART Diane SEQENS, PORCHEVILLE, FRANCE diane.becart@gmail.com

BEJAOUI Oumayma INSTITUT LAVOISIER DE VERSAILLES, VERSAILLES, FRANCE o.bejaoui2104@gmail.com

BELMONT Philippe UMR 8038 CITCOM, PARIS, FRANCE philippe.belmont@bbox.fr

BEN SALAH Sami ESPCI, PARIS, FRANCE sami.ben-salah@espci.fr

BENEDETTI Erica LCBPT UMR 8601 CNRS - UNIVERSITÉ PARIS CITÉ, PARIS, FRANCE erica.benedetti@gmail.com

BENMAOUCHE Salim UMR 8038 CITCOM, PARIS, FRANCE salim.benmaouche@etu.sorbonne-
universite.fr

BENSAIDA Ali UNIVERSITÉ DE NAMUR, NAMUR, BELGIQUE ali.bensaida@unamur.be

BENTO Ophélie IBMM UMR 5247, MONTPELLIER, FRANCE ophelie.bento@etu.umontpellier.fr

BERHAL Farouk UNIVERSITÉ PARIS CITÉ - UMR8601, PARIS, FRANCE farouk_berhal@yahoo.fr

BERIONNI Guillaume UNIVERSITÉ DE NAMUR, NAMUR, BELGIQUE guillaume.berionni@unamur.be

BERRÉE Fabienne ISCR - UMR CNRS 6226, RENNES, FRANCE fabienne.berree@univ-rennes1.fr

BERTHELOT Mathieu UMR 8038 CITCOM, PARIS, FRANCE berthelot.mathieu@hotmail.fr

BERTUS Philippe IMMM (INSTITUT DES MOLÉCULES ET MATÉRIAUX DU MANS), 
LE MANS, FRANCE

philippe.bertus@univ-lemans.fr

BESSIERES Bernard DÉPARTEMENT DE CHIMIE MOLÉCULAIRE/SERCO ; UGA/CNRS, 
GIÈRES, FRANCE

bernard.bessieres@univ-grenoble-alpes.fr

BETZER Jean-Francois CNRS-ICSN-UPR2301, GIF-SUR-YVETTE, FRANCE jean-francois.betzer@cnrs.fr

BEUCHER Hélène INSA ROUEN, SAINT ETIENNE DU ROUVRAY, FRANCE helene.beucher@insa-rouen.fr

BEUSCART Justine LABORATOIRE HÉTÉROCHIMIE FONDAMENTALE ET APPLIQUÉE, 
TOULOUSE, FRANCE

justine.beuscart@univ-tlse3.fr
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BIJOUARD Kajetan CEA DE SACLAY, GIF-SUR-YVETTE CEDEX, FRANCE kajetan.bijouard@cea.fr

BILLOTTE Sébastien BIOCIS UMR 8076, CHÂTENAY-MALABRY, FRANCE sebastien.billotte@universite-paris-saclay.fr

BIREMOND Tony LABORATOIRE COBRA, MONT-SAINT-AIGNAN, FRANCE tony.biremond@insa-rouen.fr

BISSONNIER Théo INSTITUT DE CHIMIE DES SUBSTANCES NATURELLES, GIF SUR 
YVETTE, FRANCE

theo.bissonnier@free.fr

BLANCHARD Vincent PILI, PARIS, FRANCE vincent@pili.bio

BODDAERT Thomas ICMMO - UNIVERSITÉ PARIS-SACLAY, ORSAY, FRANCE thomas.boddaert@universite-paris-saclay.fr

BODLENNER Anne LABORATOIRE D'INNOVATION MOLÉCULAIRE ET APPLICATIONS, 
STRASBOURG, FRANCE

annebod@unistra.fr

BOEDA Fabien IMMM UMR CNRS 6283, LE MANS, FRANCE fabien.boeda@univ-lemans.fr

BOGLIOTTI Nicolas PPSM - UMR 8531 CNRS  / ENS PARIS-SACLAY, GIF-SUR-YVETTE, 
FRANCE

nicolas.bogliotti@ens-paris-saclay.fr

BOILEDIEU William UMR 8038 CITCOM, PARIS, FRANCE william.boiledieu@orange.fr

BOITEAU Jean-Guy NUVISAN, SOPHIA-ANTIPOLIS, FRANCE jean-guy.boiteau@nuvisan.com

BON Corentin NOVARTIS INSTITUTES FOR BIOMEDICAL RESEARCH, BASEL, SUISSE corentinbonpc@gmail.com

BONNE Damien AIX MARSEILLE UNIVERSITÉ, MARSEILLE CEDEX 20, FRANCE damien.bonne@univ-amu.fr

BORIES Cassandre SORBONNE UNIVERSITÉ, IPCM, PARIS, FRANCE cassandre.bories@sorbonne-universite.fr

BOSSUAT Margaux LABORATOIRE DE SYNTHÈSE ET PHYSICOCHIMIE DES MOLÉCULES 
D'INTÉRÊT BIOLOGIQUE (LSPCMIB), TOULOUSE, FRANCE

margauxbossuat@sfr.fr

BOTUHA Candice SORBONNE UNIVERSITE-IPCM-UMR8232, PARIS, FRANCE candice.botuha@sorbonne-universite.fr

BOUCHET Damien INSTITUT DE CHIMIE DES SUBSTANCES NATURELLES, GIF-SUR-
YVETTE CEDEX, FRANCE

damien.bouchet@cnrs.fr

BOUDIEB Naima UNIVERSITÉ M'HAMED BOUGARA DE BOUMERDES /LTMFP, 
BOUMERDES, ALGÉRIE

zaraboud2017@gmail.com

BOUËTARD Dylan INSTITUT DES SCIENCES CHIMIQUES DE RENNES - ENSC DE RENNES, 
RENNES, FRANCE

dylanbouetard@orange.fr

BOUIT Pierre-Antoine ISCR UMR 6226 CNRS UIVERSITE RENNES 1, RENNES, FRANCE pierre-antoine.bouit@univ-rennes1.fr

BOUKHARI Fayçal UNIVERSITÉ D'ALGER 1, ALGER, ALGÉRIE drboukhari.faisal@gmail.com

BOULO Laora SORBONNE UNIVERSITE, PARIS, FRANCE laora.boulo@sorbonne-universite.fr

BOUR Christophe ICMMO, UNIVERSITÉ PARIS-SACLAY, ORSAY, FRANCE christophe.bour@universite-paris-saclay.fr

BOURDREUX Yann UNIVERSITÉ PARIS-SACALY, ICMMO, ORSAY, FRANCE yann.bourdreux@universite-paris-saclay.fr

BOYER François-Didier CNRS, GIF SUR YVETTE, FRANCE francois-didier.boyer@cnrs.fr

BRACHET Etienne UMRS CNRS 8038 CITCOM, PARIS, FRANCE ebrachet@gmail.com

BRESSON Jules CHIMIE PARISTECH - PSL, PARIS, FRANCE jules.bresson@chimieparistech.psl.eu

BRIAND Marina INSTITUT LAVOISIER DE VERSAILLES, VERSAILLES, FRANCE mbriand14@gmail.com

BRIÈRE Jean-François LABORATOIRE COBRA, MONT SAINT AIGNAN, FRANCE jean-francois.briere@insa-rouen.fr

BRIGAUD Thierry BIOCIS, CHÂTENAY-MALABRY CEDEX, FRANCE thierry.brigaud@cyu.fr

BRIMBLE Margaret UNIVERSITY OF AUCKLAND, AUCKLAND, NOUVELLE-ZÉLANDE m.brimble@auckland.ac.nz

BRION Aurélien ICSN - CNRS UPR 2301, GIF-SUR-YVETTE, FRANCE aurelien.brion@cnrs.fr

BRISTIEL Alexandra ICMMO, ORSAY, FRANCE alexandra.bristiel@servier.com
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BROGGI Julie AIX MARSEILLE UNIV - INSTITUT DE CHIMIE RADICALAIRE, 
MARSEILLE, FRANCE

julie.broggi@univ-amu.fr

BROM Jules UNIVERSITÉ PARIS CITÉ, PARIS, FRANCE jules.brom@etu.u-paris.fr

BRUNARD Erwan CNRS-ICSN, GIF-SUR-YVETTE, FRANCE erwan.brunard@cnrs.fr

BUENDIA Julien NOVECAL, VILLEJUST, FRANCE julien.buendia@novecal.com

BUGAUT Xavier UNIVERSITÉ DE STRASBOURG, STRASBOURG, FRANCE xbugaut@unistra.fr

BURON Frédéric ICOA UMR 7311, ORLÉANS, FRANCE frederic.buron@univ-orleans.fr

BUSCA Patricia LCBPT, UMR 8601, UNIVERSITÉ PARIS CITÉ, PARIS, FRANCE buscapat@gmail.com

BUTTARD Floris LABORATOIRE COBRA - UMR CNRS 6014, MONT-SAINT-AIGNAN 
CEDEX, FRANCE

buttard.floris@gmail.com

CAILLÉ Julien INSTITUT DE CHIMIE ORGANIQUE ET ANALYTIQUE (ICOA) - 
UNIVERSITÉ D'ORLÉANS, ORLÉANS, FRANCE

julien.caille@univ-orleans.fr

CAMPAGNE Jean-
Marc

ICGM D1, MONTPELLIER, FRANCE jean-marc.campagne@enscm.fr

CAMPEAU L.-C. MERCK & CO., INC., RAHWAY, ÉTATS-UNIS lc.campeau@merck.com

CANEVET David UNIVERSITÉ D'ANGERS, ANGERS, FRANCE david.canevet@univ-angers.fr

CAO Wei INSTITUT DE CHIMIE MOLÉCULAIRE ET DES MATÉRIAUX 
D’ORSAY, UNIVERSITÉ PARIS-SACLAY, CNRS, 91405 ORSAY 
FRANCE, ORSAY, FRANCE

wei.cao@universite-paris-saclay.fr

CAO Jinge SORBONNE UNIVERSITE, PARIS, FRANCE jinge.cao@sorbonne-universite.fr

CARCENAC Yvan UNIVERSITÉ DE TOURS, TOURS, FRANCE yvan.carcenac@univ-tours.fr

CARIOU Kevin CHIMIE PARISTECH, PSL UNIVERSITY, CNRS, PARIS, FRANCE kevin.cariou@chimieparistech.psl.eu

CARREAUX François ISCR-UMR CNRS 6226, RENNES, FRANCE francois.carreaux@univ-rennes1.fr

CARRET Sébastien DÉPARTEMENT DE CHIMIE MOLÉCULAIRE/SERCO ; UGA/CNRS, 
GRENOBLE, FRANCE

sebastien.carret@univ-grenoble-alpes.fr

CARTIER Elise CEA PARIS SACLAY, GIF SUR YVETTE, FRANCE elise.cartier@cea.fr

CATTANEO Marie ICSN-CNRS UNIVERSITÉ PARIS-SACLAY, GIF SUR YVETTE, 
FRANCE

marie.cattaneo@cnrs.fr

CAYROU Chloé LABORATOIRE BIOCIS, NEUVILLE SUR OISE, FRANCE chloe.cayrou@cyu.fr

CEUNINCK Aurore LABORATOIRE DE CHIMIE MOLÉCULAIRE ET THIOORGANIQUE 
LCMT, CAEN, FRANCE

aurore.ceuninck@ensicaen.fr

CHANG Sukbok KOREA ADVANCED INSTITUTE OF SCIENCE AND TECHNOLOGY 
(KAIST), DAEJEON, CORÉE, RÉPUBLIQUE DE

sbchang@kaist.ac.kr

CHANY Anne-Caroline INSTITUT DES MOLÉCULES ET MATÉRIAUX DU MANS -  UMR CNRS 
6283, LE MANS, FRANCE

anne-caroline.chany@univ-lemans.fr

CHARDON Aurélien UNIVERSITÉ DE NAMUR, NAMUR, BELGIQUE aurelien.chardon@unamur.be

CHARRON Olivier ESPCI PARIS - UNIVERSITÉ PSL, PARIS, FRANCE olivier.charron@espci.fr

CHARVET Sylvain ICBMS, VILLEURBANE, FRANCE sylvain.charvet@univ-lyon1.fr

CHATAIGNER Isabelle LABORATOIRE COBRA - UNIVERSITÉ DE ROUEN NORMANDIE, MONT 
SAINT AIGNAN, FRANCE

isabelle.chataigner@univ-rouen.fr

CHAUVIER Clément SORBONNE UNIVERSITÉ, PARIS, FRANCE clement.chauvier@sorbonne-universite.fr

CHEIBAS Cristina LSO ECOLE Polytechnique, PALAISEAU, FRANCE cristina.cheibas@polytechnique.edu

CHEMIN Alexine ECOLE Polytechnique - LSO, PALAISEAU, FRANCE alexine.chemin@polytechnique.edu
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CHEN Bocheng INSTITUT DE CHIMIE MOLÉCULAIRE ET DES MATÉRIAUX D'ORSAY 
MÉTHODOLOGIE, SYNTHÈSE ET MOLÉCULES THÉRAPEUTIQUES, 
ORSAY, FRANCE

bocheng.chen@universite-paris-saclay.fr

CHEN Donghuang ICMMO, UNIVERSITÉ PARIS-SACLAY, ORSAY, FRANCE donghuang.chen@universite-paris-saclay.fr

CHEN Tingting SORBONNE UNIVERSITÉ - INSTITUT PARISIEN DE CHIMIE 
MOLÉCULAIRE, PARIS, FRANCE

tingting.chen@sorbonne-universite.fr

CHEN Xiangmeng INSTITUT DE CHIMIE MOLÉCULAIRE ET DES MATÉRIAUX D'ORSAY, 
ORSAY, FRANCE

xiangmeng.chen@universite-paris-saclay.fr

CHEN Yan UNIVERSITÉ PARIS SACLAY, ORSAY, FRANCE yan.chen@u-psud.fr

CHERIF Saif Eddine LABORATOIRE HÉTÉROCHIMIE FONDAMENTALE ET APPLIQUÉE, 
TOULOUSE, FRANCE

saif-eddine.cherif@univ-tlse3.fr

CHEVALIER Arnaud INSTITUT DE CHIMIEDES SUBSTANCES NATURELLES, GIF SUR 
YVETTE, FRANCE

arnaud.chevalier@cnrs.fr

CHRISTIN Orane UNIVERSITÉ PARIS CITÉ, UFR PHARMACIE, PARIS, FRANCE orane.christin@parisdescartes.fr

CHURAMANI Rebecca SORBONNE UNIVERSITÉ, PARIS, FRANCE rebecca.churamani@sorbonne-universite.fr

CLARAZ Aurélie INSTITUT DE CHIMIE DES SUBSTANCES NATURELLES, GIF-SUR-
YVETTE, FRANCE

aurelie.claraz@cnrs.fr

CLAVIER Hervé ISM2 - AIX MARSEILLE UNIVERSITÉ - CNRS - CENTRALE MARSEILLE, 
MARSEILLE, FRANCE

herve.clavier@univ-amu.fr

CLAVIER Louis LABORATOIRE DE SYNTHÈSE ORGANIQUE - ÉCOLE Polytechnique, 
PALAISEAU, FRANCE

louis.clavier@polytechnique.edu

COEHLO Max SCBM, GIF-SUR-YVETTE, FRANCE max.coehlo@live.fr

COELHO Dylan UNIVERSITE PARIS CITÉ-CNRS-UMR8601-LCBPT, PARIS, FRANCE dylan.coelho@etu.u-paris.fr

COLL Elisa INSTITUT DE CHIMIE MOLÉCULAIRE ET DES MATÉRIAUX D'ORSAY, 
UNIVERSITÉ PARIS-SACLAY, ORSAY, FRANCE

elisa.coll@enscm.fr

COMBOURIEU Adrien ECOLE Polytechnique, PALAISEAU, FRANCE adrien.combourieu@polytechnique.edu

CONDON Sylvie ICMPE CNRS/ UPEC, THIAIS, FRANCE sylvie.condon@cnrs.fr

CONTRERAS Jean INSTITUT PASTEUR, PARIS, FRANCE jean.contreras@pasteur.fr

CORBU Andrei INSTITUT DE CHIMIE DES SUBSTANCES NATURELLES, GIF-SUR-
YVETTE, FRANCE

andrei.corbu@cnrs.fr

CORDEAU Damien UMR 8038 CITCOM, PARIS, FRANCE cordeaudamien@yahoo.fr

CORMIER Gabriel ICMMO - UNIVERSITÉ PARIS-SACLAY, ORSAY, FRANCE gabriel.cormier@universite-paris-saclay.fr

COSSY Janine ESPCI PARIS, PARIS, FRANCE janine.cossy@espci.fr

COULLERAY Jessica CAMB, ILLKIRCH GRAFFENSTADEN, FRANCE jcoulleray@unistra.fr

COURTIOL Tiphanie INSTITUT DE RECHERCHE SERVIER, SURESNES, FRANCE tiphanie.courtiol@servier.com

CRASSOUS Jeanne INSTITUT DES SCIENCES CHIMIQUES DE RENNES, RENNES 
CEDEX, FRANCE

jeanne.crassous@univ-rennes1.fr

CRESPIN Victor INSTITUT DE CHIMIE DES SUBSTANCES NATURELLES, GIF-SUR-
YVETTE, FRANCE

victor.crespin@cnrs.fr

CROUSSE Benoît CNRS, ORSAY, FRANCE benoit.crousse@universite-paris-saclay.fr

CUYAMENDOUS Claire UMR 8038 CITCOM, PARIS, FRANCE claire.cuyamendous@gmail.com

D'ALEMAN Antoine LABORATOIRE COBRA, MONT-SAINT-AIGNAN, FRANCE antoine.daleman@univ-rouen.fr

DAGHMOUM Meriem ICSN CNRS, GIF-SUR-YVETTE, FRANCE meriem.daghmoum@cnrs.fr

DAGOUSSET Guil-
laume

INSTITUT LAVOISIER DE VERSAILLES - UMR8180, VERSAILLES, 
FRANCE

guillaume.dagousset@uvsq.fr
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DAIGNAN FORNIER 
Suzanne

INSTITUT DE CHIMIE DES SUBSTANCES NATURELLES, GIF-SUR-
YVETTE, FRANCE

suzanne.daignan@cnrs.fr

DAILI Farah INSTITUT DE CHIMIE ET DES MATÉRIAUX PARIS-EST, THIAIS, 
FRANCE

farah.daili@cnrs.fr

DAKE Gautam IIT ROPAR, MUMBAI, INDE gautam.dake@gmail.com

DALLOZ Enzo ENS PARIS-SACLAY, GIF-SUR-YVETTE, FRANCE enzo.dalloz@ens-paris-saclay.fr

DANIEL Matthieu CEA LE RIPAULT, MONTS, FRANCE matthieu.daniel@cea.fr

DANOUN Grégory LCM, PALAISEAU CEDEX, FRANCE gregory.danoun@polytechnique.edu

DARAS Etienne NOVALIX, STRASBOURG, FRANCE edaras@novalix.com

DARSES Benjamin DÉPARTEMENT DE CHIMIE MOLÉCULAIRE/SERCO, GIÈRES, FRANCE benjamin.darses@univ-grenoble-alpes.fr

DAUBAN Philippe INSTITUT DE CHIMIE DES SUBSTANCES NATURELLES UPR2301 
CNRS, GIF SUR YVETTE, FRANCE

philippe.dauban@cnrs.fr

DAVENEL Vincent INSTITUT DE RECHERCHES SERVIER, SURESNES, FRANCE vincent.davenel@servier.com

DE LA TORRE Aurélien INSTITUT DE CHIMIE MOLÉCULAIRE ET DES MATÉRIAUX D'ORSAY 
(ICMMO), ORSAY, FRANCE

aurelien.de-la-torre@universite-paris-saclay.
fr

DE RIGGI Nathan CEA DE SACLAY, GIF-SUR-YVETTE CEDEX, FRANCE nathan.deriggi@cea.fr

DE ROBICHON Mor-
gane

TECHNICAL UNIVERSITY OF MUNICH - CATALYSIS RESEARCH 
CENTER, GARCHING BEI MÜNCHEN, ALLEMAGNE

derobichon.morgane@gmail.com

DE ZORDO-BANLIAT 
Arnaud

ILV, VERSAILLES, FRANCE arnaud.de-zordo@uvsq.fr

DEAU Guillaume GALAPAGOS, ROMAINVILLE, FRANCE guillaume.deau@glpg.com

DEFOIN Albert CR RETRAITÉ MULHOUSE, HABSHEIM, FRANCE albert.defoin@uha.fr

DEIS Thomas INSTITUT PARISIEN DE CHIMIE MOLÉCULAIRE, ÉQUIPE MACO, 
PARIS, FRANCE

thomas.deis@sorbonne-universite.fr

DEL VECCHIO Antonio INSTITUT DES SCIENCES CHIMIQUES DE RENNES - ENSC DE RENNES, 
RENNES, FRANCE

antonio.delvecchio@ensc-rennes.fr

DELARUE-COCHIN 
Sandrine

BIOCIS_UNIVERSITÉ PARIS SACLAY, CHATENAY-MALABRY, FRANCE sandrine.delarue-cochin@universite-paris-
saclay.fr

DELATTRE Vincent INSTITUT PARISIEN DE CHIMIE MOLÉCULAIRE (IPCM), PARIS, 
FRANCE

vincentdelattre.pro@gmail.com

DELFAU Ludivine DÉPARTEMENT DE CHIMIE MOLÉCULAIRE, GIÈRES, FRANCE ludivine.delfau@univ-grenoble-alpes.fr

DELPORTE -- PÉBAY 
Mathias

INSTITUT DES SCIENCES CHIMIQUES DE RENNES, RENNES, FRANCE mdelportepe@univ-rennes1.fr

DEMAY-DROUHARD 
Paul

INSTITUT DE CHIMIE ORGANIQUE ET ANALYTIQUE, ORLÉANS, 
FRANCE

paul.demay-drouhard@univ-orleans.fr

DESRAT Sandy ICSN - CNRS, GIF-SUR-YVETTE, FRANCE sandy.desrat@cnrs.fr

DEVILLARD Marc INSTITUT DES SCIENCES CHIMIQUES DE RENNES, RENNES, 
FRANCE

marc.devillard@univ-rennes1.fr

DIDIER Dorian LUDWIG-MAXIMILIANS-UNIVERSITÄT, MÜNCHEN, ALLEMAGNE dorian.didier@cup.uni-muenchen.de

DOCHE Floriane LABORATOIRE COBRA, MONT-SAINT-AIGNAN, FRANCE floriane.doche@insa-rouen.fr

DOISNEAU Gilles LABORATOIRE LSB, ICMMO, ORSAY, FRANCE gilles.doisneau@u-psud.fr

DONNARD Morgan LIMA - UNIVERSITÉ DE STRASBOURG - CNRS, STRASBOURG, FRANCE donnard@unistra.fr

DOROKHOV Valentin LSO - ECOLE Polytechnique, PALAISEAU, FRANCE valentin.dorokhov@polytechnique.edu

DOS SANTOS Aurélie GALAPAGOS, ROMAINVILLE, FRANCE aurelie.dossantos@glpg.com
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DOUCOURE Mamou-
dou

UMR 8038 CITCOM, PARIS, FRANCE dorodoucoure29@gmail.com

DOURDAN Juliette IMMM, LE MANS, FRANCE juliette.dourdan@univ-lemans.fr

DU Jianxun UNIVERSITÉ PARIS CITÉ-CNRS-UMR!601-LCBPT, PARIS, FRANCE jianxun.du@etu.u-paris.fr

DUCHEMANN Valentin COSMIT - BIOCIS, CHÂTENAY-MALABRY, FRANCE valentin.duchemann@universite-paris-
saclay.fr

DUFOSSEZ Robin CAMB, ILLKIRCH-GRAFFENSTADEN, FRANCE rdufossez@unistra.fr

DUGUET Nicolas EZUS LYON, VILLEURBANNE, FRANCE nicolas.duguet@univ-lyon1.fr

DUPAS Alexandre SEQENS, PORCHEVILLE, FRANCE alexandre.dupas@seqens.com

DUTASTA Jean-Pierre LABORATOIRE DE CHIMIE, ENS LYON, LYON, FRANCE jean-pierre.dutasta@ens-lyon.fr

EL KAIM Laurent LABORATOIRE DE SYNTHÈSE ORGANIQUE, PALAISEAU, FRANCE laurent.elkaim@ensta-paris.fr

ERB William INSTITUT DES SCIENCES CHIMIQUES DE RENNES, RENNES, FRANCE william.erb@univ-rennes1.fr

ESCOUDE Emile ÉCOLE NORMALE SUPÉRIEURE, PARIS, FRANCE emile.escoude@ens.psl.eu

ESPIED Arnaud ICMMO, ORSAY, FRANCE arnaud.espied@universite-paris-saclay.fr

ESTEVES Hugo UNIVERSITÉ PARIS CITÉ, UMR 8601, PARIS, FRANCE hugo.esteves-laranjeira@etu.u-paris.fr

ETHEVE-QUELQUEJEU 
Mélanie

UNIVERSITÉ PARIS CITÉ, PARIS, FRANCE melanie.etheve-quelquejeu@u-paris.fr

EVANNO Laurent BIOCIS - UNIVERSITÉ PARIS-SACLAY, ORSAY, FRANCE laurent.evanno@universite-paris-saclay.fr

FALL Arona LABORATOIRE COBRA, UNIVERESITÉ ROUEN NORMANDIE, MONT 
SAINT-AIGNAN, FRANCE

arona.fall@insa-rouen.fr

FARES Mathieu INSTITUT DE CHIMIE MOLÉCULAIRE DE REIMS UMR CNRS 7312, 
REIMS, FRANCE

mathieu.fares@univ-reims.fr

FAURE Clara UMR 8038 CITCOM, PARIS, FRANCE clara_faure@outlook.fr

FAVEREAU Ludovic CNRS, RENNES CEDEX, FRANCE ludovic.favereau@univ-rennes1.fr

FAY Nicolas ICMMO, ORSAY, FRANCE nicolas.fay@universite-paris-saclay.fr

FAYET Agathe ECOLE POLYTECHNIQUE-LSO, PALAISEAU, FRANCE agathefayetloras@gmail.com

FERRIE Laurent BIOCIS_UNIVERSITÉ PARIS-SACLAY, CHATENAY - MALABRY, FRANCE laurent.ferrie@universite-paris-saclay.fr

FERRY Angélique CY CERGY-PARIS UNIVERSITÉ, CERGY-PONTOISE, FRANCE angelique.ferry@cyu.fr

FEUILLASTRE Sophie CEA, GIF-SUR-YVETTE CEDEX, FRANCE sophie.feuillastre@cea.fr

FIGADÈRE Bruno UMR8076- BIOCIS, CHÂTENAY-MALABRY, FRANCE bruno.figadere@u-psud.fr

FIGLIOLA Carlotta CNRS - UNIVERSITÉ DE STRASBOURG, STRASBOURG CEDEX 2, 
FRANCE

figliola@unistra.fr

FILLION Alexandra INSTITUT PASTEUR, PARIS, FRANCE alexandra.fillion@pasteur.fr

FINCIAS Nicolas J. FUNDACIO INSTITUT CATALA INVESTIGACIO QUIMICA - ICIQ, 
TARRAGONA, ESPAGNE

nfincias@iciq.es

FISCHER Pauline INSTITUT DES BIOMOLÉCULES MAX MOUSSERON (IBMM), 
MONTPELLIER, FRANCE

pauline.fischer@umontpellier.fr

FLEURISSON Claire LCBPT - UMR 8601, PARIS, FRANCE claire.fleurisson@etu.u-paris.fr

FORCE Guillaume CEA-SACLAY, GIF-SUR-YVETTE, FRANCE forceguillaume@gmail.com

FOSSÉ Pierre LABORATOIRE DE CHIMIE MOLÉCULAIRE ET THIO-ORGANIQUE, 
CAEN, FRANCE

pierre.fosse@ensicaen.fr
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FOURNET Corentin INSTITUT DES SCIENCES MOLÉCULAIRES DE MARSEILLE, MARSEILLE, 
FRANCE

cor.fournet@sfr.fr

FU Yupeng SORBONNE UNIVERSITE, PARIS, FRANCE yupeng.fu@sorbonne-universite.fr

GALLIER Florian BIOCIS, CHÂTENAY-MALABRY, FRANCE florian.gallier@cyu.fr

GAMET Antoine ECOLE Polytechnique - LSO, PALAISEAU, FRANCE gamet.antoine75@gmail.com

GANDON Vincent UPSACLAY, ORSAY, FRANCE vincent.gandon@universite-paris-saclay.fr

GAO Mengyu LABORATOIRE DE CHIMIE MOLÉCULAIRE CNRS, PALAISEAU, 
FRANCE

mengyu.gao@polytechnique.edu

GAUCHER Anne ILV-UVSQ, VERSAILLES, FRANCE anne.gaucher@uvsq.fr

GAUCHERAND Arthur ISM2 STERÉO, MARSEILLE, FRANCE arthurgaucherand@hotmail.fr

GENET Manon INSTITUT LAVOISIER DE VERSAILLES, VERSAILLES, FRANCE manon.genet@uvsq.fr

GENILLER Lilian ICGM, MONTPELLIER, FRANCE lilian.geniller@enscm.fr

GENTILINI Emilie INSTITUT DE CHIMIE DE NICE, NICE CEDEX 2, FRANCE emilie.gentilini@univ-cotedazur.fr

GEULIN Anselme LABORATOIRE COBRA UMR CNRS 6014, MONT SAINT AIGNAN, 
FRANCE

anselme.geulin@insa-rouen.fr

GHIAZZA Clément INSTITUT LAVOISIER VERSAILLES, VERSAILLES, FRANCE clementghiazza@gmail.com

GIANNOTTI Charles ICSN CNRS, GIF SUR YVETTE, FRANCE charles.giannotti@wanadoo.fr

GIGANT Nicolas BIOCIS_UNIVERSITÉ PARIS-SACLAY, CHÂTENAY-MALABRY, FRANCE nicolas.gigant@universite-paris-saclay.fr

GILLAIZEAU Isabelle ICOA UMR 7311, ORLÉANS, FRANCE isabelle.gillaizeau@univ-orleans.fr

GILLAIZEAU-SIMO-
NIAN Nicolas

UNIVERSITY OF VIENNA, WIEN, AUTRICHE nicolas.gillaizeau-simonian@univie.ac.at

GISBERT Yohan UNIVERSITY OF GRONINGEN, GRONINGEN, PAYS-BAS yohan.gisbert@rug.nl

GIUSEPPONE Nicolas UNIVERSITY OF STRASBOURG, STRASBOURG, FRANCE giuseppone@unistra.fr

GÖDE Ibrahim ESPCI PARIS, PARIS, FRANCE ibrahim.gode@espci.fr

GOEB Sebastien MOLTECH-ANJOU, ANGERS, FRANCE sebastien.goeb@univ-angers.fr

GOLLING Stéphane LABORATOIRE D'INNOVATIONS MOLÉCULAIRE & APPLICATIONS 
- UMR 7042 - EQUIPE CHIMIE ORGANIQUE & HÉTÉROCHIMIE 
APPLIQUÉES (COHA), STRASBOURG, FRANCE

stephane.golling@etu.unistra.fr

GOMEZ Catherine CONSERVATOIRE NATIONAL DES ARTS ET MÉTIERS, PARIS, FRANCE catherine.gomez@lecnam.net

GOMEZ PARDO Do-
mingo

ESPCI PARIS-UNIVERSITÉ PARIS SCIENCES & LETTRES, PARIS, FRANCE domingo.gomez-pardo@espci.fr

GOSMINI Corinne LCM, PALAISEAU, FRANCE corinne.gosmini@polytechnique.edu

GOUAL Nawel ENS PARIS-SACLAY, GIF-SUR-YVETTE, FRANCE nawel.goual@ens-paris-saclay.fr

GOUARIN Guy BIOCIS (UMR CNRS 8076) EQUIPE CHIMIE BIOLOGIQUE, CERGY-
PONTOISE, FRANCE

guy.gouarin@cyu.fr

GOUJON Antoine MOLTECH ANJOU, ANGERS, FRANCE antoine.goujon@univ-angers.fr

GRAS Emmanuel LHFA CNRS, TOULOUSE CEDEX 3, FRANCE emmanuel.gras@univ-tlse3.fr

GRAVIER-PELLETIER 
Christine

UNIVERSITÉ PARIS CITÉ UMR8601 CNRS, PARIS, FRANCE cgravierpelletier@gmail.com

GREGORC Jure CY CERGY PARIS UNIVERSITE, NEUVILLE, FRANCE jure.gregorc@gmail.com

GRISEL Clément ICSN - CNRS, GIF-SUR-YVETTE, FRANCE clement.grisel@cnrs.fr
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GUÉRINOT Amandine ESPCI PARIS - UNITÉ C3M, PARIS, FRANCE amandine.guerinot@espci.fr

GUIANVARC'H Domi-
nique

ICMMO, ORSAY, FRANCE dominique.guianvarch@universite-paris-
saclay.fr

GUILLAMOT Gérard PCAS FILIALE DE SEQENS, PORCHEVILLE, FRANCE gerard.guillamot@seqens.com

GUILLARD-SABAS 
Marianne

LABORATOIRE DE SYNTHÈSE ORGANIQUE - ECOLE Polytechnique, 
PALAISEAU CEDEX, FRANCE

marianne.guillard-sabas@polytechnique.
edu

GUILLARME Stéphane IMMM UMR CNRS 6283 - LE MANS UNIVERSITÉ, LE MANS 
CEDEX 9, FRANCE

stephane.guillarme@univ-lemans.fr

GUILLOU Catherine ICSN-CNRS UNIVERSITÉ DE PARIS-SACLAY, GIF SUR YVETTE, 
FRANCE

catherine.guillou@cnrs.fr

GUIMARAES NAVES 
Adilson Junio

CNRS - ICSN, GIF SUR YVETTE, FRANCE junio.guimaraes@cnrs.fr

GUIMARD Carole ICSN - CNRS, GIF-SUR-YVETTE, FRANCE carole-guimard@hotmail.fr

GUINCHARD Xavier ICSN UPR2301, GIF SUR YVETTE, FRANCE xavier.guinchard@cnrs.fr

GUPTA Naveen Kumar INDIAN INSTITUTE OF TECHOLOGY BOMBAY, MUMBAI, INDE naveendu2014@gmail.com

GUY Alexandre IBMM, UMR5247, MONTPELLIEX CEDEX 5, FRANCE alexandre.guy@umontpellier.fr

HABERKORN Laure INSTITUT DE RECHERCHES SERVIER, SURESNES, FRANCE laure.haberkorn@servier.com

HADDAD Mansour ENSCP CHIMIE PARISTECH LABORATOIRE ICLEHS EQUIPE 
CSB2D, PARIS, FRANCE

mansour.haddad@chimieparistech.psl.eu

HALBY Ludovic EPICHBIO CNRS/INSTITUT PASTEUR, PARIS, FRANCE ludovic.halby@pasteur.fr

HAMMAMI Rayhane DÉPARTEMENT DE CHIMIE MOLÉCULAIRE/SERCO, GRENOBLE, 
FRANCE

rayhane.hammami@univ-grenoble-alpes.fr

HAMZE Abdallah FACULTÉ DE PHARMACIE, PARIS SACLAY UNIVERSITY, CHÂTENAY 
MALABRY, FRANCE

abdallah.hamze@universite-paris-saclay.fr

HAN Guanghui ECOLE POLYTECHNIQUE, LABORATOIRE DE SYNTHESE 
ORGANIQUE, PALAISEAU, FRANCE

guanghui.han@polytechnique.edu

HANNEDOUCHE 
Jérôme

ICMMO, UNIVERSITÉ PARIS-SACLAY, ORSAY, FRANCE jerome.hannedouche@universite-paris-
saclay.fr

HAUGUEL Camille BIOCIS UMR-CNRS-8076, ORSAY, FRANCE camille.hauguel@universite-paris-saclay.fr

HAZELARD Damien LABORATOIRE D'INNOVATION MOLÉCULAIRE ET APPLICATIONS, 
STRASBOURG, FRANCE

damien.hazelard@unistra.fr

HE Xuefeng ICMMO - UNIVERSITÉ PARIS-SACLAY, ORSAY, FRANCE xuefeng.he@universite-paris-saclay.fr

HE Congze ECOLE Polytechnique, PALAISEAU, FRANCE congze.he@polytechnique.edu

HENRION Sylvain IMMM - MSO, LE MANS UNIVERSITÉ, LE MANS, FRANCE henrionsylvain@gmail.com

HERMANGE Philippe ISM - UNIVERSITÉ DE BORDEAUX, TALENCE, FRANCE philippe.hermange@u-bordeaux.fr

HICGUET Matthieu ENSCR, RENNES CEDEX 7, FRANCE matthieu.hicguet@ensc-rennes.fr

HOARAU Lucie LABORATOIRES SERVIER, SURESNES, FRANCE lucie.hoarau@servier.com

HONFROY Aurélie LABORATOIRE BIOCIS - CY CERRGY PARIS UNIVERSITE, 
NEUVILLE-SUR-OISE, FRANCE

aurelie.honfroy@cyu.fr

HONG Daeun ECOLE Polytechnique_LSO, PALAISEAU, FRANCE daeun.hong@polytechnique.edu

HOURTOULE Maxime LABORATOIRE SOPHY- UMR 7177- UNIVERSITÉ DE STRASBOURG, 
STRASBOURG, FRANCE

maxime-hourtoule@orange.fr

HU Tingjun ICBMS, VILLEURBANNE CEDEX, FRANCE henuhu520@163.com

HU Johnny UNIVERSITÉ DE STRASBOURG / CNRS, STRASBOURG, FRANCE johnny.hu@unistra.fr
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HU Liangjian ICMMO ECM, ORSAY CEDEX, FRANCE liangjian.hu@universite-paris-saclay.fr

HUANG Guanghao INSTITUT DE CHIMIE MOLÉCULAIRE ET DES MATÉRIAUX 
D’ORSAY, UNIVERSITÉ PARIS-SACLAY, ORSAY, FRANCE

guanghao.huang@universite-paris-saclay.fr

HUANG Yaqing ICSN-CNRS-UNIVERSITÉ PARIS-SACLAY, GIF-SUR-YVETTE, FRANCE arnaud.voituriez@cnrs.fr

HUONNIC Kler UNIVERSITY OF SOUTHAMPTON, SOUTHAMPTON, ROYAUME-UNI kler.huonnic@gmail.com

HUSSON Emilien ISCR UMR 6226 - OMC - PMM, RENNES, FRANCE emilien.husson@univ-rennes1.fr

HUYNH Gia Hao ICSN-CNRS-UNIVERSITÉ PARIS-SACLAY, GIF-SUR-YVETTE, 
FRANCE

arnaud.voituriez@cnrs.fr

IANNAZZO Laura UMR8601, PARIS, FRANCE laura.iannazzo@parisdescartes.fr

INNOCENT Milan C3M - CMC, PARIS, FRANCE milan.innocent@espci.fr

JAMEY Nicolas BIOCIS_UNIVERSITÉ PARIS-SACLAY, CHÂTENAY-MALABRY, 
FRANCE

jameynicolas@gmail.com

JANIN Yves MUSÉUM NATIONAL D'HISTOIRE NATURELLE, PARIS, FRANCE yves.janin@cnrs.fr

JARY Helene GALAPAGOS, ROMAINVILLE, FRANCE helene.jary@glpg.com

JAY Maxime CEA, GIF SUR YVETTE CEDEX, FRANCE maxime.jay@cea.fr

JEAN-BART Nicolas LABORATOIRE HÉTÉROCHIMIE FONDAMENTALE ET APPLIQUÉE, 
UMR5069, TOULOUSE, FRANCE

nicolas.jean-bart@univ-tlse3.fr

JOSEPH Delphine UNIVERSITÉ PARIS-SACLAY - BIOCIS, ORSAY, FRANCE delphine.joseph@club-internet.fr

JOUANDON Nicolas LABORATOIRE COBRA UMR CNRS 6014, MONT-SAINT-AIGNAN 
CEDEX, FRANCE

nicolas.jouandon@insa-rouen.fr

JOURDAIN DE MUI-
ZON Capucine

ICSN-CNRS, GIF SUR YVETTE, FRANCE capucine.jourdain@cnrs.fr

JOYEUX Benjamin LSO, ÉCOLE POLYTECHNIQUE, PALAISEAU, FRANCE benjamin.joyeux@polytechnique.edu

JUBAULT Philippe LABORATOIRE COBRA UMR 6014, MONT-SAINT-AIGNAN, FRANCE philippe.jubault@insa-rouen.fr

KAMMERER Claire CNRS CEMES, TOULOUSE, FRANCE claire.kammerer@cemes.fr

KARAPETYAN Anzhela CHIMIE PARISTECH, PARIS, FRANCE angela.karapetyan9@gmail.com

KASEMTHAVEECHOK 
Sitthichok

UNIVERSITÉ PARIS-CITÉ, PARIS, FRANCE sitthichok.kasemthaveechok@u-paris.fr

KEITA Antoinette ICSN-CNRS, GIF-SUR-YVETTE, FRANCE antoinette.keita@cnrs.fr

KERN Nicolas UMR 7042 LIMA CNRS/UNIVERSITÉ DE STRASBOURG, 
STRASBOURG, FRANCE

nicolas.kern@unistra.fr

KEROMNES Benoit ICSN-CNRS, GIF-SUR-YVETTE, FRANCE benoit.keromnes@gmail.com

KHRUEAWATTHA-
NAWET Thanaphon

SORBONNE UNIVERSITE, PARIS, FRANCE thanaphon.khrueawatthanawet@sorbonne-
universite.fr

KIALA Gredy SORBONNE UNIVERSITÉ - INSTITUT PARISIEN DE CHIMIE 
MOLÉCULAIRE, PARIS, FRANCE

gredy.kiala_kinkutu@sorbonne-universite.fr

KIPROVA Natalia LIMA UMR 7042, STRASBOURG, FRANCE natalia.kiprova@etu.unistra.fr

KIRBY Georgina UNIVERSITÉ PARIS CITÉ, PARIS, FRANCE georgina.kirby@etu.u-paris.fr

KITOUN Camelia INSTITUT PASTEUR, PARIS, FRANCE camelia.kitoun@pasteur.fr

KLOPP Benjamin CEA LE RIPAULT, MONTS, FRANCE benjamin.klopp@univ-orleans.fr

KOBAYASHI Shu THE UNIVERSITY OF TOKYO, TOKYO, JAPON shu_kobayashi@chem.s.u-tokyo.ac.jp

KOSIUHA Marharyta CHIMIEPARISTECH-PSL, PARIS, FRANCE margarita.kosyuga@gmail.com
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KOUKLOVSKY Cyrille UNIVERSITÉ PARIS-SACLAY, ORSAY, FRANCE cyrille.kouklovsky@universite-paris-saclay.fr

LABRUERE Raphael ICMMO - BÂTIMENT HENRY MOISSAN - UNIVERSITÉ PARIS-
SACLAY, ORSAY, FRANCE

raphael.labruere@universite-paris-saclay.fr

LACROIX Charlie ICMMO, ORSAY, FRANCE charlie.lacroix@universite-paris-saclay.fr

LAKHAL Amal INSTITUT PARISIEN DE CHIMIE MOLÉCULAIRE, PARIS, FRANCE amal.lakhal@sorbonne-universite.fr

LAKHDAR Sami LABORATOIRE HÉTÉROCHIMIE FONDAMENTALE ET APPLIQUÉE 
(LHFA), FRANCE, FRANCE

sami.lakhdar@univ-tlse3.fr

LALLI Claudia ISCR - UMR CNRS 6226, RENNES, FRANCE claudia.lalli@univ-rennes1.fr

LAMAA Diana UMR 8038 CITCOM, PARIS, FRANCE diana_lamaa@hotmail.com

LAMATY Frédéric INSTITUT DES BIOMOLÉCULES MAX MOUSSERON (IBMM), 
MONTPELLIER, FRANCE

frederic.lamaty@umontpellier.fr

LANCEL Maxime CONSERVATOIRE NATIONAL DES ARTS ET MÉTIERS, PARIS, 
FRANCE

maxime.lancel@lecnam.net

LANG Mylène LABORATOIRE D’INNOVATION MOLÉCULAIRE ET APPLICATIONS 
(LIMA), STRASBOURG, FRANCE

mylene.lang@etu.unistra.fr

LANNOU Ma-
rie-Isabelle

UMR 8038 CITCOM, PARIS, FRANCE milannou@yahoo.com

LAPIERRE Romain COBRA, MONT SAINT-AIGNAN, FRANCE romain.lapierre1@insa-rouen.fr

LAPRAY Anthony LABORATOIRE COBRA, MONT-SAINT AIGNAN, FRANCE anthony.lapray@insa-rouen.fr

LAROCHE Benjamin ESPCI PARIS-PSL, PARIS, FRANCE benjamin.laroche@espci.fr

LE GALL Erwan ICMPE, THIAIS, FRANCE erwan.le-gall@cnrs.fr

LE ROCH Mikaël SORBONNE UNIVERSITÉ - IPCM - UMR 8232, PARIS, FRANCE mikael.le_roch@sorbonne-universite.fr

LEBIDEAU Franck CNRS-PARIS SACLAY UNIVERSITY, CHÂTENAY MALABRY, FRANCE franck.lebideau@u-psud.fr

LEBLOND Axel BIOCIS_UNIVERSITÉ PARIS-SACLAY, CHÂTENAY-MALABRY, FRANCE axel.leblond@universite-paris-saclay.fr

LECLERC Eric ICG MONTPELLIER UMR 5253, MONTPELLIER CEDEX 5 FRANCE, 
FRANCE

eric.leclerc@enscm.fr

LEFEVRE Guillaume CNRS, PARIS, FRANCE guillaume.lefevre@chimieparistech.psl.eu

LEFEVRE Antoine INSTITUT DE CHIMIE MOLÉCULAIRE ET DES MATÉRIAUX 
D'ORSAY (ICMMO), ORSAY, FRANCE

antoine.lefevre@universite-paris-saclay.fr

LEMIERE Gilles SORBONNE UNIVERSITE, PARIS, FRANCE gilles.lemiere@sorbonne-universite.fr

LEONEL Eric ICMPE - CNRS - UMR7182 - UPEC, THIAIS, FRANCE leonel@u-pec.fr

LEPARFAIT David LABORATOIRE DE CHIMIE MOLÉCULAIRE ET THIO-ORGANIQUE, 
CAEN, FRANCE

david.leparfait@ensicaen.fr

LEPEINTRE Martin UNIVERSITÉ PARIS CITÉ, LABORATOIRE DE CHIMIE ET 
BIOCHIMIE PHARMACOLOGIQUES ET TOXICOLOGIQUES, 
POISSY, FRANCE

martin.lepeintre@etu.u-paris.fr

LEQUEUX Thierry ENSICAEN LAB LCMT UMR 6507, CAEN, FRANCE thierry.lequeux@ensicaen.fr

LEROUX Baptiste ICMPE, THIAIS, FRANCE baptiste.leroux@cnrs.fr

LESKO Iryna INSTITUT DE CHIMIE ET DES MATÉRIAUX PARIS-EST, THIAIS, FRANCE iryna.lesko@cnrs.fr

LESUR Emilie CEA SACLAY, GIF-SUR-YVETTE, FRANCE emilie.lesur@cea.fr

LETORT Aurélien MINAKEM RECHERCHE, BEUVRY-LA-FORÊT, FRANCE aurelien.letort@minakem.com

LEVACHER Vincent LABORATOIRE COBRA - UMR 6014, MONT-SAINT-AIGNAN CEDEX, 
FRANCE

vincent.levacher@insa-rouen.fr
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LEVERE Julie EVOTEC, TOULOUSE, FRANCE julie.levere@evotec.com

LI Jiacheng INSTITUT DE CHIMIE MOLÉCULAIRE ET DES MATÉRIAUX 
D'ORSAY, UNIVERSITÉ PARIS-SACLAY, ORSAY, FRANCE

jiacheng.li@universite-paris-saclay.fr

LI Lilin FACULTÉ DE PHARMACIE, PARIS SACLAY UNIVERSITY, CHÂTENAY 
MALABRY, FRANCE

linlin.li@universite-paris-saclay.fr

LI Yang INSTITUT LAVOISIER DE VERSAILLES, VERSAILLES, FRANCE yang.li@universite-paris-saclay.fr

LI Gaoyu ENS PARIS-SACLAY, GIF-SUR-YVETTE, FRANCE gaoyu.li@ens-paris-saclay.fr

LIN Wenhua ICMMO UNIVERSITE-PARIS-SACLAY, ORSAY, FRANCE wenhua.lin@universite-paris-saclay.fr

LIORET Vivian LABORATOIRE COBRA, MONT SAINT AIGNAN CEDEX, FRANCE vivian.lioret@univ-rouen.fr

LIU Dayi ICMMO - UNIVERSITÉ PARIS-SACLAY, ORSAY, FRANCE dayi.liu@universite-paris-saclay.fr

LIU Dan INSTITUT DE CHIMIE MOLÉCULAIRE ET DES MATÉRIAUX 
D'ORSAY, ORSAY, FRANCE

dan.liu@universite-paris-saclay.fr

LIU Shanshan ECOLE Polytechnique, PALAISEAU, FRANCE shanshan.liu@polytechnique.edu

LIU Xinya FACULTÉ DE PHARMACIE, PARIS SACLAY UNIVERSITY, CHATENAY 
MALABRY, FRANCE

xinya.liu@universite-paris-saclay.fr

LIU Enxu SORBONNE UNIVERSITY, PARIS, FRANCE enxu.liu@sorbonne-universite.fr

LIU Haijuan LABORATOIRE D'INNOVATION MOLÉCULAIRE ET APPLICATIONS 
UMR CNRS 7042-LIMA | ECPM, STRASBOURG, FRANCE

haijuan.liu@etu.unistra.fr

LIU Meng IMMM UMR 6283 CNRS, LE MANS, FRANCE meng.liu.etu@univ-lemans.fr

LIU Xueyang ISM2 STERÉO, MARSEILLE, FRANCE xueyang.liu@etu.univ-amu.fr

LOISON Anais UNIVERSITÉ DE STRASBOURG, STRASBOURG, FRANCE anais.loison@etu.unistra.fr

LOMBARD Marine INSTITUT DE CHIMIE DES SUBSTANCES NATURELLES, GIF-SUR-
YVETTE CEDEX FRANCE, FRANCE

marine.lombard@cnrs.fr

LONG Antoine LONG ANTOINE, NOISY LE GRAND, FRANCE toni.long@aliceadsl.fr

LORENZINI Lorenzo SORBONNE UNIVERSITÉ - IPCM - UMR 8232, PARIS, FRANCE lorelo_97@yahoo.it

LOSA Romain ICSN - CNRS, GIF-SUR-YVETTE, FRANCE romain.losa@cnrs.fr

LOUERAT Frédéric CNRS CRPP UMR 5031, PESSAC, FRANCE frederic.louerat@crpp.cnrs.fr

LOUIS Manon CEA, GIF SUR YVETTE, FRANCE manon.louis@cea.fr

LOZADA Camille BIOCIS, NEUVILLE-SUR-OISE, FRANCE camille.lozada@cyu.fr

LUAN Shinan COBRA, ROUEN, FRANCE shinan.luan@insa-rouen.fr

LUBIN-GERMAIN 
Nadege

LABORATOIRE BICIS, CERGY-PONTOISE CEDEX, FRANCE nadege.lubin-germain@cyu.fr

LUCAS Fabien CNRS UMR7647 LPICM, PALAISEAU, FRANCE fabien.lucas@polytechnique.edu

LUTTRINGER Florian PÔLE CHIMIE BALARD - CNRS - IBMM - UMR 5247, 
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MÉNAND Mickaël SORBONNE UNIVERSITÉ - IPCM, PARIS, FRANCE mickael.menand@sorbonne-universite.fr
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MILBEO Pierre UMR 8076 BIOCIS, CHÂTENAY-MALABRY, FRANCE pierre.milbeo@cyu.fr
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PICHON Maëva INSTITUT PASTEUR, PARIS, FRANCE maeva.pichon@pasteur.fr
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ROLAND Sylvain SORBONNE UNIVERSITE - INSTITUT PARISIEN DE CHIMIE 
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SOSA CARRIZO E. 
Daiann

INSTITUT DE CHIMIE DES SUBSTANCES NATURELLES UPR2301 
CNRS, GIF-SUR-YVETTE CEDEX, FRANCE

daiann.sosa-carrizo@universite-paris-saclay.
fr

SOULÉ Jean-François CHIMIE PARISTECH – PSL UNIVERSITY, PARIS, FRANCE jean-francois.soule@chimieparistech.psl.eu

SPIELMANN Kim EVOTEC (FRANCE) SAS, TOULOUSE, FRANCE kim.spielmann@evotec.com
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YVETTE, FRANCE

eleonore.tacke@gmail.com
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TALCIK Jakub INSTITUT DE SCIENCES CHIMIQUES DE RENNES - ENSC RENNES, 
RENNES, FRANCE

jakub.talcik@ensc-rennes.fr

TANG Renhe ICBMS LYON, VILLEURBANNE, FRANCE renhetang5@gmail.com

TANG Shanyu MÉTHODOLOGIE, SYNTHÈSE ET MOLÉCULES THÉRAPEUTIQUES 
(MSMT) INSTITUT DE CHIMIE MOLÉCULAIRE ET DES MATÉRIAUX 
D'ORSAY (ICMMO), ORSAY, FRANCE
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FRANCE

alexandre.vasseur@univ-lorraine.fr

VAUZEILLES Boris INSTITUT DE CHIMIE DES SUBSTANCES NATURELLES - CNRS, GIF-
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VRIENS René BIOCIS_UNIVERSITÉ PARIS-SACLAY, CHATENAY - MALABRY, FRANCE rene.vriens@universite-paris-saclay.fr

WALRANT Astrid LABORATOIRE DES BIOMOLÉCULES, PARIS, FRANCE astrid.walrant@sorbonne-universite.fr
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WEN Min INSTITUT DES SCIENCES CHIMIQUES DE RENNES - UNIVERSITY 
OF RENNES 1, RENNES, FRANCE

min.wen@univ-rennes1.fr
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WITTMANN Stéphane INSTITUT DE CHIMIE MOLÉCULAIRE ET DES MATÉRIAUX D'ORSAY - 
EQUIPE DE CATALYSE MOLÉCULAIRE, ORSAY, FRANCE

stephane.wittmann@universite-paris-saclay.
fr

WONG Yung-Sing UNIVERSITÉ GRENOBLE ALPES/DPM, SAINT MARTIN D'HÈRES, 
FRANCE

yung-sing.wong@univ-grenoble-alpes.fr
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