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1,3,8,10-Tetrahydro-2,9-diazadibenzo[cd,lm]perylenes:
synthesis of reduced perylene bisimide analogues
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Abstract—A unique family of 1,3,8,10-tetrahydro-2,9-diazadibenzo[cd,lm]perylenes (THDAP) was prepared through a new syn-
thetic strategy. Completion of the synthesis was achieved in several steps from commercially available perylene-3,4,9,10-tetracarb-
oxylic dianhydride via reactions between 3,4,9,10-tetra(chloromethyl)perylene and primary amines. The successful use of a variety of
primary amines in the reactions indicated that the synthetic approach provides a rich opportunity to produce new functionalized
perylene derivatives.
� 2006 Elsevier Ltd. All rights reserved.
Perylene dyes have been recognized as a potent organic
material for engineering new applications envisaged in
the areas of photonics,1–6 sensors,7,8 and electronics9–12

technologies due to unique photochemical and electro-
chemical properties. In particular, N,N 0-disubstituted
perylene-3,4,9,10-tetracarboxylic bisimides (PBI) repre-
sent potentially versatile perylene systems that have been
successfully used in a variety of molecular device fabri-
cation.13–19 In this context, 1,3,8,10-tetrahydro-2,9-di-
azadibenzo[cd,lm]perylenes (THDAP) can be regarded
as analogous alternatives of the PBI family (Fig. 1).
Although specific THDAP-based materials have been
prepared through reductive processes from the corre-
sponding PBI derivatives with powerful hydride reduc-
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Figure 1. Structures of PBI and THDAP.
ing agents,20 these approaches have major synthetic
limitations due to a low solubility of the substrates in
a variety of common organic solvents.21 In this letter,
we disclose the results of our investigations focusing
on a new strategy for the preparations of various
THDAP analogues.

The synthetic route is shown in Scheme 1. Hydration of
commercially available perylene-3,4,9,10-tetracarboxylic
dianhydride 1 with KOH in refluxing water followed by
acidification with dilute H2SO4 gave perylene-3,4,9,10-
tetracarboxylic acid 2 in 96% yield. Reduction of 2 with
either LAH or DIBAL–H failed to react due to the low
solvent solubility of the substrate in various solvents.
Then, we prepared benzyl ester of 2 to render the result-
ing molecules adequately soluble in most common
organic solvents. Esterification of 2 with benzyl chloride
in DMF at 80 �C in the presence of potassium carbon-
ate, 18-crown-6, and DMAP led to tetrabenzyl peryl-
ene-3,4,9,10-tetracarboxylate 3 in 86% yield.22 The
benzyl ester moieties of 3 were thoroughly reduced by
DIBAL–H in dichloromethane at room temperature,
giving rise to 3,4,9,10-tetra(hydroxymethyl)perylene as
a single product. Acetylation of this compound with
acetic anhydride and triethylamine at 80 �C furnished
3,4,9,10-tetra(acetoxymethyl)perylene 4, which could
be isolated by silica gel column chromatography in
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Scheme 1. Synthetic route to 6.
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85% yield over the two steps. Subsequent transforma-
tion of 4 into 3,4,9,10-tetra(chloromethyl)perylene 5
was achieved in 96% yield with concentrated HCl in
acetic acid at 40 �C.

With the key intermediate 5 in hand, we prepared a
number of variously substituted THDAP derivatives 6
in 85–90% isolated yields (Table 1) by substitution/cycl-
ization reactions of 5 with primary amines (R2NH2 in
Scheme 1).23 In most cases, efficient product formations
were achieved at an ambient temperature, except that
reaction with neat tert-butylamine required heating at
reflux for a complete conversion of the substrate (entry
4). As a matter of fact, the reactions with neat primary
amines (more than 100 equiv per 5) produced exclusively
6, whereas making use of 6 equiv of the amines resulted
only in low yields of the products.24 In this regard, con-
trol experiments on the stoichiometric ratios led to a
definitive conclusion that the reaction with 20 equiv of
the amines in THF gave the best isolated yields as
observed for 6e and 6f (entries 5 and 6). Additionally,
it should be noted that utilization of diamines for this
reaction allowed a direct construction of primary-
amine-containing THDAP systems (entries 7–9). These
remarkable examples imply that this reaction gives
potential applications for creating new THDAP
building blocks containing additional functional groups.
Table 1. Substitution/cyclization reactions of 5 with primary amines
(R2NH2)

Entry Product R2 Temperature Isolated yield (%)

1 6a n-Pr rt 85
2 6b i-Pr rt 87
3 6c n-Bu rt 86
4 6d tert-Bu Reflux 90
5 6e Bn rt 86
6 6f n-C12H25 rt 88
7 6g (CH2)2NH2 rt 86
8 6h (CH2)4NH2 rt 88
9 6i (CH2)6NH2 rt 90
In conclusion, we have reported the efficient synthesis of
a new class of the reduced PBI analogues. The synthetic
approach presented here has been demonstrated to be a
mild and efficient method for preparing variously func-
tionalized THDAP analogues in good to excellent
yields. Detailed investigations of the chromophoric
properties and application of this methodology for the
development of new potent perylene materials will be
addressed in future work.
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