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ABSTRACT: A green and very efficient synthesis of N-substituted benzoquinonediimines or C-substituted benzo-bis(imidazole) 
derivatives is described under similar conditions. The different reaction pathway is only controlled by the nature of the primary 
amines which tunes the reactivity of the intermediates. 

Quinoid compounds are attracting considerable attention because of their specific properties and their numerous applications in a 
wide spectrum of science.1-4 More specifically, benzoquinonediimines (BQI) of type 1 (R = alkyl or aryl) have been extensively 
investigated because of their remarkable fundamental and applied aspects. The former results from the unique distribution of their 
overall 12-π electrons system which is best described as constituted by two 6-π electrons subunits chemically connected through 
two C-C single bonds, but electronically  not conjugated (i. e. the so-called “coupling principle”),5 giving rise to fascinating optical 
properties.6 The applied aspects correspond to the use of BQI of type 1 as reagents in three main axis: (i) in organic chemistry as 
precursors of benzobisimidazole derivatives,7-9 (ii) in analytical chemistry as unusual proton sensors,6,10 and (iii) in coordination 
chemistry as new ligands for the preparation of complexes that recently revealed unprecedented properties for many technological 
sectors,11-17 highlighting the crucial role of the metal center but also and importantly of the N-substituents. 

 

As such, different synthetic strategies giving access to N-substituted BQI 1 have been reported. In 1875, Kimish reported the first 
preparation by self-condensation of aniline affording 1 with R = phenyl exclusively (i.e. azophenine, route a, Scheme 1).18 In order 
to extend the nature of the N-substituents, we described in 2000 a stepwise procedure from tetraaminobenzene 24HCl which re-
quired the need for highly reactive acid chlorides R’C(O)Cl and the use of metallic and strong reducing agents.6,19 In addition, this 
approach affords exclusively N-methylenic molecules 1 (N-CH2-R’), limiting the tuning of R (route b, Scheme 1). To overcome 
this limitation, Harlan et al. reported in 2004 an efficient alternative based on the Pd-catalyzed aryl amination of  the 1,2,4,5-tetra-
bromobenzene (Buchwald-Hartwig coupling reaction, see route c, Scheme 1).20,21 This route allows the use of primary amines with 
highly versatile R groups, but requires however Pd(II) catalyst which is not environmentally friendly. Finally, Harvey et al. de-
scribed more recently (2014) another metal-based strategy from benzoquinone and a primary amine catalyzed by TiCl4.
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Scheme 1. Syntheses of 1 (limiting factors on the narrows) 

 

Therefore, elaborating a new synthesis of molecules 1 that would be simultaneously versatile (to overcome route a, b and d) and 
metal-free (to overcome routes b, c and d) is objectively of major importance in quinoid chemistry. During the course of this work, 
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we developed – by serendipity - a new preparation of C-substituted benzobisimidazoles 3 which have recently attracted major inter-
ests in numerous applications ranging from photonic8,9,23 and sensing24-27 to coordination chemistry28,29 and materials science.30 
Molecules 3 have been prepared previously by using three different strategies that revealed drawbacks such as the need of a metal 
center31 and/or of an electrophile of type R’C(O)X (X = H or Cl)8,9,23-27 that limits the nature of R’. 

 

 
 

Herein, we report a new and efficient metal-free preparation of N-substituted BQI 1 in MeOH for which the N-alkyl substituents 
(i.e. the properties) can be easily varied by using a transamination reaction on a key intermediate A1. When the same reaction was 
conducted with primary amines of type R’-CH2-NH2 (R’ = aryl), the formation of unexpected benzobisimidazoles 3 could be ob-
served in good yields. 

 

24HCl reacted with a large excess of various aliphatic primary amines RNH2 in MeOH at room temperature under air to form a 
precipitate that could be isolated by filtration affording BQI 1a-j in 12-88% yields depending on the nature of R (Scheme 2, route 
1). Their 1H NMR spectra showed in solution a structure of high symmetry in agreement with a fast intramolecular double proton 
transfer involving two degenerate tautomers (See Supporting Information SI).6,32 A single crystal X-ray analysis of new 1c con-
firmed the presence of four alkyl groups and established its p-benzoquinonediimine form (Fig. 1). Examination of the bond distanc-
es within the N(1)-C(2)-C(1)-C(3)-N(2) moiety of 1c reveals a localized pi system and a C(2)-C(3) distance of 1.502(4) Å corre-
sponding to a single bond as already observed for this class of 12 - electrons quinones.6 

 

 

Figure 1. X-ray structure of 1c. 
 

The one-pot formation of the BQI 1a-j can be explained by: i) deprotonation of 24HCl in the presence of amines RNH2 generat-
ing RNH3

+, ii) air oxidation of 2 to afford intermediate 4 which being more basic than RNH2 can deprotonate in turn RNH3
+ and 

form a monocation A1 that underwent iii) a transamination reaction by nucleophilic attack of RNH2 to give the target compounds of 
type 1. In order to demonstrate the key role of A1, the synthesis of BQI 1a-j was also carried out directly from 433 in presence of 
acid HCl, generating in situ the monoprotonated species A1 for which the positive charge is shared between the lower (form A2) 
and upper (form A3) parts of the molecule (i.e. average structure (A1) in solution resulting from the two tautomers A2 and A3 in 
equilibrium in solution).6 Interestingly, the reaction from 4 does not proceed in absence of acid supporting the crucial role of the 
iminium functions in A1 (Scheme 2). This behaviour parallels the case of zwitterionic quinoneimines for which transamination 
reaction occurs on the positively charged subunit.34,35 Reaction with bulky primary amines (for which the amino function is attached 
to a secondary carbon) could also proceed to give 1e, 1h and 1j. Futhermore, this efficient synthesis allows the preparation of BQI 1 
with interesting functionalities such as OH (1e and 1f) or a C=C double bond (1h) that might be a precursor of choice for  polymer-
ization processes. At this stage, three additionnal remarks can be made: i) depending on the nature of the primary amine (i.e. its 
acido-basic character), transmination reactions on the diprotonated species of 4 can not be excluded, ii) in contrast to the related 
amino p-quinones,36 partly transaminated compounds could not be isolated owing the need of primary amine RNH2 in excess and 
the difficult purification of the mixture (only tetra-N-substituted QDIs precipated in solution), and iii) the use of aromatic primary 
amines did not succeed even under high temperatures and longer time reactions probably due to a weaker nucleophilic character of 
the amine precursors. 
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Scheme 2. Syntheses of 1 and 3: *not isolated 

 

Remarkably, when the same reaction was carried out under similar conditions with primary amines of type R’CH2NH2 (R’ = aryl 
instead of alkyl group), we now observed the unexpected formation of fluororescent benzobisimidazoles 3a-d in 40–89% yields 
(Scheme 2, route 2). These latters could be fully characterized (see SI) including by X-ray diffraction for 3a which showed a anti 
NH configuration (Fig. 2). This observation contrasts with the syn NH isomer of 3a which was previously determinated resulting 
from a different packing in the solid state.30 

 

 

Figure 2. Molecular structure of 3a 

The formation of compounds  3a-d proceeds probably also by transmination reaction from intermediate A leading to C which 
would be then rearranged into D because of the presence of the aryl group that stabilizes the intermediate by conjugation (Scheme 
3). D would then be oxidized into E that underwent a similar rearrangement  providing intermediates of type 6 that could be isolat-
ed in the case of 6d (see SI). 

NH2H2N

H2N NH2

R-NH2/air

route 1

NH

HN

H2N

NH2

N

N

HN

NH

R R

RR2

4

NH

H2N

H2N

NH2

1a : R = CH3
1b : R = C3H7
1c : R = C4H9
1d : R = C8H17
1e : R = CH(CH2OH)2
1f : R = CH2-(CH2)5OH
1g : R = (CH2)2-CH=CH2
1h : R = CH(CH3)Ph
1i : R = (CH2)3-4-Mor
1j : R =

R-NH2

R-NH3

R-NH3 R-NH2

[Ox]

4HCl.

R-NH2

NH4

R'-CH2-NH2

NH2H2N

N N R'R'

[Ox]

1a-j

6a : R' = Ph*
6b : R' = 3,4,5-(OMe)3-C6H2*
6c : R' = 3-Py*
6d : R' = 2-Py

3a : R' = Ph
3b : R' = 3,4,5-(OMe)3-C6H2
3c : R' = 3-Py
3d : R' = 2-Py

A2
(not isolated)

H
N

H
N

N
H

N
H

R'R'

B
(not isolated)

route 2

H
N

N
H

H
N

N
H

A1
(not isolated)

1/2

1/2
HH

NH

H2N

H2N

NH2

A3
(not isolated)

H-transfer

12 - 88%

40 - 89% N

H
NN

N
H

R'R'

N(1) 

N(2) 

C(1) 
C(2) 

C(8) 

C(9) 

C(10) 



 

 

 

When 24HCl was reacted simultaneously with equimolar
we observed the formation of a large mixture of pro
reaction rates between the two primary amines.

Scheme 

To the best of our knowledge, the isolation of this class of compounds (
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alcohol gives intermediates B which are readely oxidized under air to afford the C
The 1H NMR spectrum of 6d showed the presence of two characteristic resonances at 5.66 and 8.72 ppm corresponding to the 
amine (NH2) and imine (H-C=N) protons, respectively. Intramolecular cyclization of 
(Fig. 3) and emission (Fig. S17, see SI) spectroscopy which clearly demonstrated 
(rt). It is noteworthy that this conversion is much faster in presence of water or acid.
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Scheme 3. Mechanism for the formation of intermediates 6 

 

To the best of our knowledge, the isolation of this class of compounds (6) is very seldom reported despite its potential in 
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Figure 3. Intramolecular cyclization of 6d into 3d (EtOH at rt) 
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Experimental details and characterization data of the molecules are described. CCDC 1496322 and 1496323 for 3a and 1c, respectively.  
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