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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 Scheme 1. Syntheses of 1 (Limiting Factors on the Arrows)

because of their specific properties and their numerous HN NH,

applications in a wide spectrum of science.'~* More specifically, D[
benzoquinonediimines (BQI) of type 1 (R = alkyl or aryl) have H:N NH,
been extensively investigated because of their remarkable 2
fundamental and applied aspects. The former results from the RC(O)C | route b
unique distribution of their overall 12-7 electrons system, which T T NH,
is best described as constituted by two 6-7 electron subunits Br B N _N o
chemically connected through two C—C single bonds, but j@ — ﬁ —
electronically not conjugated (i.e, the so-called “coupling Br Br P N NR  Seleondensaton
principle”),® giving rise to fascinating optical properties.” The FL 1 ,‘q
applied aspects correspond to the use of BQI of type 1 as
reagents in three main axis: (i) in organic chemistry as Ti(lV)\rDuted
precursors of benzobisimidazole derivatives,” (ii) in analytical o
chemistry as unusual proton sensors,”'® and (iii) in ﬁ
coordination chemistry as new ligands for the preparation of ©
complexes that recently revealed unprecedented properties for
many technological sectors,ll_17 highlighting the crucial role of bromobenzene (Buchwald—Hartwig coupling reaction, see
the metal center but also, and importantly, of the N- route ¢, Scheme 1).”>*' This route allows the use of primary
substituents. amines with highly versatile R groups, but requires, however,

As such, different synthetic strategies giving access to N- Pd(II) catalyst, which is not environmentally friendly. Finally,
substituted BQI 1 have been reported. In 1875, Kimish Harvey et al. described more recently (2014) another metal-
reported the first preparation by self-condensation of aniline based strategy from benzoquinone and a primary amine
affording 1 with R = phenyl exclusively (i.e., azophenine, route catalyzed by TiCl,.”
a, Scheme 1)."® In order to extend the nature of the N- Therefore, elaborating a new synthesis of molecules 1 that
substituents, we described in 2000 a stepwise procedure from would be simultaneously versatile (to overcome route a, b, and
tetraaminobenzene 2-4HCI, which required the need for highly d) and metal-free (to overcome routes b, ¢, and d) is objectively
reactive acid chlorides R’'C(O)CI and the use of metallic and of major importance in quinoid chemistry. During the course of
strong reducing agents.”'” In addition, this approach affords this work, we developed, by serendipity, a new preparation of
exclusively N-methylenic molecules 1 (N—CH,—R’), limiting C-substituted benzobisimidazoles 3, which have recently
the tuning of R (route b, Scheme 1). To overcome this
limitation, Harlan et al. reported in 2004 an efficient alternative Received: September S, 2016
based on the Pd-catalyzed aryl amination of the 1,2,4,5-tetra- Published: October 10, 2016
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attracted major interests in numerous applications ranging from
. 89,23 . 24-27 - L 28,20
photonic and sensing to coordination chemistry
and materials science.” Molecules 3 have been prepared
previously by using three different strategies that revealed
drawbacks such as the need of a metal center’' and/or of an
electrophile of type R'C(O)X (X = H or C1)®***7* that limits

the nature of R’.
H
N N
e
H N

3

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'—
CH,-NH, (R’ aryl), the formation of unexpected
benzobisimidazoles 3 could be observed in good yields.

Compound 2-4HCI reacted with a large excess of various
aliphatic primary amines RNH, in MeOH at room temperature
under air to form a precipitate that could be isolated by
filtration affording BQI la—j in 12—88% yield depending on
the nature of R (Scheme 2, route 1). Their "H 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)).”** A
single crystal X-ray analysis of new 1c confirmed the presence
of four alkyl groups and established its p-benzoquinonediimine
form (Figure 1). Examination of the bond distances within the
N(1)—C(2)-C(1)—C(3)—N(2) moiety of 1lc reveals a
localized 7 system and a C(2)—C(3) distance of 1.502(4) A
corresponding to a single bond as already observed for this class
of 12-7 electrons quinones.

The one-pot formation of the BQI 1a—j can be explained by
(i) deprotonation of 2-4HClI in the presence of amines RNH,
generating RNH,", (ii) air oxidation of 2 to afford intermediate
4, which, being more basic than RNH,, can deprotonate in turn
RNH;* and form a monocation Al that underwent (iii) a
transamination reaction by nucleophilic attack of RNH, to give
the target compounds of type 1. In order to demonstrate the
key role of Al, the synthesis of BQI 1a—j was also carried out
directly from 4% in the presence of acid HCI, generating in situ
the monoprotonated species Al for which the positive charge is
shared between the lower (form A2) and upper (form A3)
parts of the molecule (i.e., average structure (Al) in solution
resulting from the two tautomers A2 and A3 in equilibrium in
solution ).’ 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 behavior parallels the case of
zwitterionic quinoneimines for which transamination reaction
occurs on the positively charged subunit.”*** Reaction with
bulky primary amines (for which the amino function is attached
to a secondary carbon) could also proceed to give le, 1h, and
1j. Furthermore, this efficient synthesis allows the preparation
of BQI 1 with interesting functionalities such as OH (1le and
1f) or a C=C double bond (1h) that might be a precursor of
choice for polymerization processes. At this stage, three
additional remarks can be made: (i) depending on the nature
of the primary amine (i.e., its acido-basic character), trans-
amination reactions on the diprotonated species of 4 can not be
excluded; (ii) in contrast to the related amino p-quinones,*
partly transaminated compounds could not be isolated owing
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Scheme 2. Syntheses of 1 and 3
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Figure 1. X-ray structure of lc.

the need of primary amine RNH, 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
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longer time reactions probably due to a weaker nucleophilic
character of the amine precursors.

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

Figure 2. Molecular structure of 3a.

The formation of compounds 3a—d proceeds probably also
by transamination 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 isolated in the case of 6d (see SI).

Scheme 3. Mechanism for the Formation of Intermediates 6
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When 2-4HCI was reacted simultaneously with equimolar
quantities of methylamine and benzylamine under similar
conditions, we observed the formation of a complex mixture of
products that could not be separated. This observation suggests
similar relative reaction rates between the two primary amines.

To the best of our knowledge, the isolation of this class of
compounds (6) is very seldom reported despite its potential in
organic synthesis as 1,3-diaminobenzene precursors (only one
example reported in the literature).”” Intramolecular cyclization
of 6a—d in alcohol gives intermediates B, which are readily
oxidized under air to afford the C-substituted benzobisimida-
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zoles 3a—d (Scheme 2). The "H NMR spectrum of 6d showed
the presence of two characteristic resonances at 5.66 and 8.72
ppm corresponding to the amine (NH,) and imine (H—C=N)
protons, respectively. Intramolecular cyclization of 6d in EtOH
could be followed by absorption (Figure 3) and emission

Initial 6d
After 25 h
Isolated 3d

0.4 4

0,34

Abs

02

0,14

0,01

Wavelength (nm)

Figure 3. Intramolecular cyclization of 6d into 3d (EtOH at rt).

spectroscopy (Figure S17, see SI), which clearly demonstrated
its full conversion into 3d at room temperature (rt). It is
noteworthy that this conversion is much faster in the presence
of water and/or acid.

In conclusion, we described a new synthesis of two major
classes of conjugated 7-systems from the commercially available
tetraaminobenzene 2. (1) N-substituted BQI la—j could be
isolated through a transamination reaction on a key cationic
intermediate Al. Unlike all the previous routes, our approach is
simultaneously versatile and environmentally friendly because it
allows the introduction of new functionalities, hitherto
unknown, and it proceeds one-pot with no heat and no
metal. (2) Benzobisimidazoles 3a—d were also obtained in
good yields by using primary amines of type R'CH,NH,
bearing an aromatic unit (R’) that modulates the reactivity
(route 1 vs route 2). The versatility and simplicity of these
“green” approaches pave the way for new perspectives in
quinoid chemistry and photonic (benzobisimidazole-based
fluorophores).
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