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ABSTRACT

We describe a versatile and very efficient synthesis of previously unknown substituted 5,14-dihydro-5,7,12,14-tetraazapentacenes (DHTAPs).
A structural study by NMR spectroscopy showed that the conjugated π-system of the pentacyclic skeleton rearranges depending on the
electronic effect of the substituent(s).

Interest in heterocyclic π-systems such as dihydrotetraaza-
pentacene (DHTAP) derivatives of 1 and/or 2 has re-
emerged1-8 owing to the presence of nitrogen atoms which
offers a number of opportunities to manipulate and control
the electronic properties, the stability, and the supramolecular
arrangement in the solid state.9 The structure of this long
known molecule,10-13 also called fluorindine or 5,12-
dihydroquinoxalino(2,3-b]phenazine, has been erroneously
reported for more than one century as the 5,12-dihydrotet-
raazapentacene 1.4,7,8,14-16 In 1987, its true structure (i.e.,
5,14-dihydro form 2) was determined by NMR17,18 and

revealed that 2 can be viewed as a phenazine ring connected
to a benzene ring by two NH which break the delocalization
of the π-system in the pentacene skeleton.19

DHTAP derivatives of type 1 and/or 2 have been
investigated in a wide range of applications, including (1)
electronic plastics such as electrical conductors;14,20 organic
thin-film transistors (OTFTs);4 organic light emitting diodes
(OLEDs)1,7,8 and photovoltaic cells;2,21 (2) cosmetics (as hair
colorants);3 (3) heterogeneous catalysts (as catalysts for
dehydrogenation reactions);22 (4) electrochromism (as elec-
troactive materials);23 (5) complexation (as model com-
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pounds of polymers);24 and (6) therapy (as anticataract
agents).25 However, the improvement of the properties is
limited by a difficult access to a wide range of substituted
DHTAPs.

Different methods of preparation of the parent DHTAP
1 and/or 2 are reported in the literature.4,14,16,20 The
syntheses of a few N- and C-substituted analogues are also
described but only for symmetrical systems, which limits
the number of different substituents.4,5,12,13,23,26 To the best
of our knowledge, molecules of type 3-5 are the only three
examples of unsymmetrical substituted DHTAPs.1,6,23,25,27,28

Substitution of the terminal hydrogen atom in 5 appeared
much more attractive19 since this pattern is less disruptive
while maintaining essentially intact the tetraazapentacene
skeleton for intermolecular packing in the solid state.
Although patented, the syntheses of 5 show strong limita-
tions.1,6,23,25 In addition, the distribution of the conjugated
π-systems (5,12- or 5,14-dihydro form) in 5 is erroneously
or not reported (no NMR data available), whereas its
determination appears to be a key parameter for a compre-
hensive study of the observed properties.

An alternative route, more versatile, that would give access
to new end-functionalized dihydrotetrazapentacenes of type
2 could be useful to enlarge the scope of this class of
heterocyclic compounds. Herein, we report a versatile, facile,
and very efficient two steps preparation of symmetrical and
unsymmetrical DHTAPs, for which the substituents in
2,3,9,10-positions can be easily varied. A structural study
by NMR spectroscopy showed a possible rearrangement of
the conjugated π-system depending on the nature of the
substituent(s).

The commercially available 2,5-dihydroxy-p-benzoquinone
6 was first reacted smoothly with various substituted o-
diaminobenzenes 7-11 (1.1 equiv) in alcohol (or water) to
afford high yields of substituted 2,3-dihydroxyphenazines
12-16 (Scheme 1). To the best of our knowledge, only 12
has been reported in the literature29-31 but never fully
characterized (no NMR data available).

The phenazine intermediates 12-16 are then reacted
with an excess of substituted o-diaminobenzenes (10
equiv) in the presence of glacial AcOH for 24 h yielding

substituted DHTAP derivatives 18-23 (scheme 1).
DHTAPs bearing chloride atoms (18 and 19) or methyl
groups (21 and 22) could only be characterized at room
temperature in the solid state owing to their insolubility,
in contrast to compounds 20 and 23 which are slighly
soluble in DMSO. This lack of solubility might be
explained by different arrangements in the solid state
depending on the nature of the substituents. The solid-
state NMR spectra of the unsoluble compounds at room
temperature (18, 19, 21, and 22) were recorded and
compared to that of the parent DHTAP 2. The fine
structure of the 13C CPMAS signals observed for 2, 19,
21, and 22 is consistent with a well-organized network
of the molecules in the solid state (Figures S24 and
S26-S28, Supporting Information). In contrast, 18 shows
broad signals in agreement with an amorphous arrange-
ment in the solid state (Figure S25, Supporting Informa-
tion). The assignment of the signals for each compound
could be determined by comparison with the parent system
2 and by CPPI experiments which show only quaternary
carbon atoms and CH3 groups (CH carbons are quasi not
visible) (Figures S24-S28, Supporting Information).

The NMR studies in solution were run in DMSO-d6 at
room temperature for 20 and 23 and at 50 °C for 22. The
protons 1-4 and 8-11 of the parent DHTAP 2 form an
AA′ BB′ pattern centered at δ ) 6.50 and 7.50 ppm,
respectively (Figure 1a).17 The 1H NMR spectrum of 22
shows the same pattern centered at 6.50 ppm for the
protons 1-4 and a singlet at 7.43 ppm for the protons 8
and 11 (Figure 1b). This result is consistent with the
presence of the σ-donor methyl groups on the phenazine
moiety (positions 9 and 10), as expected for 22 which
was obtained as product from condensation between 16
and 7. In contrast, the 1H NMR spectrum of 20 shows an
AA′ BB′ pattern centered at 7.60 ppm (Figure 1c) which
is in agreement with the presence of the electron-
withdrawing group COOH in position 2, whereas we could
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Scheme 1. Synthesis of 18-23
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expect its location in position 9. Indeed, molecule 20
results from the condensation of 15 with 7 so that the
presence of the COOH substituent could be envisaged on
the phenazine ring instead of the benzene ring of the
DHTAP.

The condensation between 12 and 10 also affords 20
and confirms an erroneous structure for 5 (R ) COOH)
described in the literature (i.e., a quinoid form).1,6

Similarly, we could expect for 23 the presence of the
COOH substituent on the phenazine ring and the two methyl
groups in positions 2 and 3 since 23 was isolated from
condensation between 11 and 15. However, the NMR
spectrum of 23 shows a broad singlet at 7.47 ppm (H(8)
and H(11)) and signals for H(1), H(3), H(4), H(6), and H(13)
similar to those of 20 (Figure 1c and 1d). As a result, the
two methyl groups and the COOH moiety are located in
positions 9, 10, and 2, respectively. This structural study
clearly demonstrated an unprecedented prototropic rear-
rangement of the conjugated π-system for 20 and 23 (scheme
2). The nature of the intermediate(s) involved in this double-

proton transfer should depend on the mechanism of the
tautomerization.32

In terms of electrochemical properties, the DHTAPs
exhibit one poorly reversible oxidative step and multire-
ductive steps which indicate chemical evolution of the

oxidized and reduced species (EC and ECE mecha-
nisms).18 Compared to the parent system 2, molecules 19
and 20 are more difficult to oxidize (Table 1) owing to
the presence of electron-withdrawing groups (Cl and
COOH). A stronger influence was observed in the case
of 20 due to a mesomeric effect. Curiously, the presence
of only one Cl atom (molecule 18) does not affect the
oxidation potential compared to 2 (-0.03 V vs Fc/Fc+ in
both cases). As expected, molecules 21 and 22, bearing
electron-donating groups (CH3), are easier to oxidize and
show a cumulative effect by comparison with 2 (-0.05
and -0.14 vs -0.03 V, respectively). In 23, the antagonist
effect between two methyl groups (+I donor) and a COOH
moiety (-I and -M acceptor) turns slighly in favor of
COOH which accounts for a possible tuning of the redox
properties depending on the substituents.

The DHTAPs 18-23 show absorption bands between 420
and 650 nm similar to those observed for the parent system
2,4 although the chlorinated DHTAPs 18 and 19 displayed
a different absorption profile compared to their analogues
(Figure 2).

It is noteworthy that these observations are consistent with a
nonzwitterionic structure for 20 and 23 since a charged form
should lead to spectral changes (bathochromic effect) due to a
higher degree of π-electron delocalization.14

In summary, we have disclosed a versatile, facile and very
efficient synthesis of new substituted DHTAPs 18-23 for which
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Figure 1. 1H NMR spectra in DMSO-d6 of: (a) 2, (b) 22, (c) 20,
and (d) 23. The range 0-6.00 ppm is omitted for clarity.

Scheme 2. Prototropic Rearrangement in 20 (R ) H) and 23
(R ) CH3)

Table 1. Oxidation Potential of DHTAPs

compd Epa (V) vs Fc/Fc+

2 -0.03
18 -0.03
19 -0.01
20 +0.01
21 -0.05
22 -0.14
23 -0.02

Figure 2. UV-vis absorption of compounds 18-23 in DMAA.
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the conjugated π-system in the pentacyclic core can rearrange
depending on the electronic effect of the substituent(s). The
access to the distribution of the π-system is a key parameter
that should be useful for improving the properties of such
compounds. The substitution pattern (i.e., positions 2, 3, 9, and
10) appears very attractive19 since it should favor intermolecular
interactions in the solid state for electronic plastic applications.
In addition, the introduction of new functionalities on the
pentacyclic skeleton will open new perspectives in different
areas of chemistry.
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