
Rationally designed bis-carbene 
building blocks for functional 

polymer synthesis

N. Singraff1*,J. Vignolle1 , D. Taton1

1 LCPO, UMR 5629 CNRS, Université de 
Bordeaux, F-33607 Pessac Cedex, France

* Corresponding author: nadia.singraff@enscbp.fr



2

Carbene = neutral divalent carbon with 6 e-

presenting two different configurations Highly 
reactive

Triplet state

• e- in two different 

orbitals

• Act as a diradical  

Singlet state

• e- in the same orbital

• Stabilized by X (X=N,O,S,P…)

• Ambiphilic behavior 

Nucleophilic & electrophilic
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Carbenes: Definition and properties

Vignolle, J et al., Chem.Rev, 2009, 109,3333 
Bertrand, G et al., Chem Rev, 2000, 100, 39
Glorius, F et al., Nature, 2014, 510, 485          
Bertrand, G et al., Science, 2001, 292, 1901
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Aim of the CARBENOPOL project

Previous work

Quentin Sobczak1

Context of the thesis (ANR Research Program)

1Q. Sobczak, A. Kunche, D. Magis, D. Sosa Carriso, K. Miqueu, J-M. Sotiropoulos, 
E. Cloutet, C. Brochon, Y. Landais, D. Taton, J. Vignolle,  Nat. Commun., 12, 
4093, 2021 
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Different synthetic strategies

Context of the thesis (ANR Research Program)
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Model compounds - Probing reactivity

Insertion of the carbene into H-X 
bonds
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SEC analysis is not
possible due to high
sensitivity of the C-O
bond towards hydrolysis
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Step-growth polymerization involving bis-carbene (precursor)

Polycondensation between a bis-iminium and a bis-alkoxide

2H. Cao, Y. Dong, L. Bre, C. Tapeinos, W. Wang, A. Pandit, RSC Adv., 6, 9604-
9611, 2016
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• Formation of a C-C bond

 No risk of hydrolysis

 Can be handled in the air 

Step-growth polymerization involving bis-carbene (precursor)

Polycondensation between a bis-iminium and a dialkyne
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• SEC analysis confirms
formation of a polymer
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Different synthetic strategies : through the formation of a stable carbene

Nucleophilic addition

Reactivity of sterically hindered stable carbenes
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Reactivity of sterically hindered stable carbenes

Synthesis of a sterically hindered carbene precursor
( Synthetic route developed by D. Magis at ISM) 

Allows the formation of stable carbenes 

and no dimerization reaction



10Work of Baptiste, M1 Intern

RX structure of crystallized

stable carbene

(isolated and characterized

by Damien Magis)

Reactivity of sterically hindered stable carbenes

298 ppm

Highlight of the presence of stable carbene
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Reactivity of sterically hindered stable carbenes

Insertion reaction into a X-H bond
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Step growth polymerization involving stable carbenes

N
Cl

Cl Cl

Cl

N N

H H

OTf OTf

N
Cl

Cl Cl

Cl

N N

2,1eq KHMDS THF d8 0,1M, Tamb

THF d8 0,1M, Tamb

O

O

N
Cl

Cl Cl

ClN N

n

O O
H H

Reactivity of sterically hindered stable carbenes

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

15 20 25 30

N
o
rm

a
li
z
e
d
 a

b
so

rb
a
n
c
e

Time (min)

UV

dRI

Size exclusion chromatography UV and dRI trace in THF (calibration with PS standards)



13

C

C
N

N

R

R
R

R
R3

Base

XH R1 XH

X R1 X

Transient carbene

Conclusion and Perspectives

Transient versus stable carbene route



- Broadening of the scope of partners for polymerization reactions

- Investigation of dynamic covalent chemistry 

- Study of the properties of the formed polymers
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Perspectives

Conclusion and Perspectives

Insertion reaction
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Difference between triplet and singlet 
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Intramolecular insertion of o-substituant
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NHC catalyzed benzoin condensation

R. Breslow, J. Am. Chem. Soc. 1958, 80, 3719
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Benzyl bromide: conjugated enamines
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Cyclopropanation
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THF
THF

21

Stable carbene insertion into Si-H bond

Work of Baptiste, M1 Intern
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HRMS (ESI-TOF): Calcd. For C22H46N³⁵Cl2²⁸Si4  506.20789, found 506.20684

HRMS (ESI-TOF): Calcd. For C22H45N⁷⁹Br³⁵Cl2²⁸Si4 584.11840, found 584.11741


