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a b s t r a c t

A simple synthesis of benzo[d,e]imidazo[2,1-a]isoquinolines is described. Heating a mixture of acenaph-
thoquinone, a benzil, and ammonium acetate under solvent-free conditions afforded 9,10-diaryl-7H-
benzo[d,e]imidazo[2,1-a]isoquinolin-7-ones in good to excellent yields.

� 2011 Elsevier Ltd. All rights reserved.
Imidazoles, an important class of heterocyclic compounds, are
of both biological and chemical interest, and their involvement in
catalytic processes at the active sites of enzymes have been well
documented. They are part of a large number of highly significant
biomolecules such as the essential amino acid histidine, biotin,
and imidazole alkaloids.1–4 The potency and wide applicability of
the imidazole pharmacophore can be attributed to its hydrogen
bond donor–acceptor ability, as well as its high affinity for metals
present in many protein active sites.5 Some imidazole derivatives
act as p38 mitogen activated protein kinase inhibitors,6a B-Raf ki-
nase inhibitors,6b transforming growth factor b1 type 1 activin
receptor-like kinase inhibitors,6c and cyclooxygenase-2 inhibi-
tors.6d Appropriately substituted imidazoles are used extensively
as glucagon receptors,7a CB1 cannabinoid receptor antagonists,7b

modulators of P-glycoprotein mediated multidrug resistance,7c

antibacterials,7d antitumor agents,7e and pesticides.7f Recent
advances in green chemistry and organometallic catalysis have ex-
tended the application of imidazoles as precursors to ionic liquids8

and N-heterocyclic carbenes.9

The most common synthetic routes reported for the preparation
of imidazole derivatives involve: (i) cyclizations, classified on the
ll rights reserved.

.

basis of the number of ring atoms in each of the components being
cyclized: (a) single bond formation, (b) formation of two bonds,
from [4+1] or [3+2] atom fragments, (c) formation of three or four
bonds; (ii) transformation of an existing heterocyclic ring, includ-
ing expansion of smaller rings, contraction of larger rings, and
transformation of other five-membered rings.3

There are several methods for the syntheses of highly substi-
tuted imidazoles. The most frequently used methods involve:
synthesis via hetero-Cope rearrangement,10 four-component con-
densation of arylglyoxals, primary amines, carboxylic acids, and
isocyanides on Wang resin,11 reaction of N-(2-oxo)amides with
NH4O2CCF3

12 and reaction of N-alkyl-N-(b-keto)amides with
NH4OAc.13 The synthesis of tri-/tetra-substituted imidazoles via
condensation of aldehydes, benzils, and NH4OAc/primary amines
is also a well established procedure.14

Fused imidazoles, for example, 7H-benzo[d,e]imidazo[2,1-a]iso-
quinolin-7-ones, have been used as electron acceptor molecules in
organic photovoltaic devices,15 discotic and lyotropic liquid crystal
systems,16,17 organic n-channel field-effect transistors,18 and as
new dyes and pigments.19,20 Some derivatives modulate interac-
tion of nerve growth factor with neurotrophic receptors,21 and
some examples have been polymerized and used in industrial
water systems.22

The most common synthesis of 7H-benzo[d,e]imidazo
[2,1-a]isoquinolin-7-ones involves condensation of the corre-
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Figure 1. ORTEP diagram of the molecular structure of 3k.
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sponding 1,8-naphthalenedicarboxylic anhydrides and vicinal
diamines.18,19,23

As part of our current studies on the development of efficient
and simple syntheses of biologically active heterocyclic com-
pounds,24 we herein describe a new synthesis of 7H-benzo[d,e]
imidazo[2,1-a]isoquinolin-7-ones. Thus a mixture of acenaphtho-
quinone (1), benzil 2 and excess ammonium acetate underwent a
1:1:2 addition reaction, under solvent-free conditions, to produce
the corresponding 7H-benzo[d,e]imidazo[2,1-a]isoquinolin-7-
ones, 3a–k in 80–92% yields (Scheme 1 and Table 1). All the reac-
tions proceeded at 200 �C and reached completion within 3 h. TLC
analysis of the reaction mixtures clearly indicated the formation of
the corresponding highly fluorescent 7H-benzo[d,e]imidazo[2,1-
a]isoquinolin-7-ones 3.25

The structures of the isolated products 3 were deduced on the
basis of IR, 1H and 13C NMR spectroscopy, mass spectrometry,
and elemental analysis. The mass spectrum of 3c displayed the
molecular ion (M+) peak at m/z = 400, which was consistent with
the 1:1:2 adduct of acenaphthoquinone, 1,2-bis(4-methyl-
phenyl)-1,2-ethanedione and ammonia with loss of three H2O mol-
ecules. The IR spectrum of 3c showed an absorption at 1695 cm�1

indicating the presence of an amide. The 1H NMR spectrum of 3c
exhibited two sharp singlets at 2.34 and 2.49 ppm due to the
methyl groups of the two aryl substituents along with characteris-
tic signals with appropriate chemical shifts and coupling constants
for the 14 aromatic H atoms. The 1H-decoupled 13C NMR spectrum
of 3c showed characteristic signals at 21.25 and 21.59 ppm (due to
the two methyl substituents), a deshielded signal at 160.40 ppm
(due to the amide carbonyl group), as well as 21 other distinct res-
onances (10 CH and 11 C) in agreement with the proposed
structure.25

Single-crystal X-ray analysis of product 3k confirmed conclu-
sively its structure, and by analogy, those of the other isolated
products. An ORTEP diagram of 3k is shown in Figure 1.26

In conclusion, we have reported a novel reaction for the prepa-
ration of 7H-benzo[d,e]imidazo[2,1-a]isoquinolin-7-ones from an
addition reaction between acenaphthoquinone, various benzils,
and ammonium acetate. Solvent-free conditions, good to excellent
Table 1
Synthesis of 7H-benzo[d,e]imidazo [2,1-a]isoquinolin-7-
ones 3a–k

Product Ar Yielda (%)

3a C6H5 92
3b 3-CH3C6H4 85
3c 4-CH3C6H4 88
3d 3-CH3OC6H4 83
3e 4-CH3OC6H4 80
3f 4-O2NC6H4 89
3g 4-ClC6H4 87
3h 4-BrC6H4 86
3i 4-FC6H4 89
3j 2-Furyl 80

3k 2-Pyridyl 86

a Isolated yield.
yields of the products, the use of simple and readily available
starting materials and fairly short reaction times are the main
advantages of this reaction. The highly fluorescent 7H-benzo
[d,e]imidazo[2,1-a]isoquinolin-7-ones prepared may find useful
applications in bioorganic and medicinal chemistry, and also in
light-emitting devices. Further investigations on the reaction
mechanism, the scope and the limitations of this reaction are
underway.
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9,10-Bis(4-methylphenyl)-7H-benzo[d,e]imidazo[2,1-a]isoquinolin-7-one (3c):
Yield: 0.35 g (88%); yellow crystals, mp 400–402 �C. IR (KBr) (mmax/cm�1):
1695 (C@O), 1605, 1548, 1494, 1448, 1378, 1344, 1300, 1240, 1172, 1113,
1023, 965, 908, 876, 824, 770, 728, 682. EI–MS, m/z (%): 400 (M+, 28), 384 (4),
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(C), 130.16 (CH), 130.59 (C), 130.74 and 131.99 (2CH), 132.05 (C), 135.27 (CH),
137.23, 138.34, 141.20 and 145.23 (4C), 160.40 (C=O). 9,10-Bis(4-chlorophenyl)-
7H-benzo[d,e]imidazo[2,1-a]isoquinolin-7-one (3g): Yield: 0.38 g (87%); yellow
crystals, mp 441–444 �C. IR (KBr) (mmax/cm�1): 1703 (C@O), 1585, 1551, 1472,
1392, 1345, 1303, 1231, 1168, 1129, 1088, 1015, 965, 910, 836, 775, 740. EI–
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CH). 13C NMR (125.8 MHz, CDCl3): d 120.83 and 123.14 (2C), 125.97 (CH),
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129.53 (2C), 130.72 (CH), 131.56 and 132.12 (2C), 132.22 and 132.31 (2CH),
133.71 and 134.98 (2C), 135.70 (CH), 140.61 and 145.81 (2C) 160.44 (C@O).
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777, 742, 710, 681. EI–MS, m/z (%): 374 (M+, 100), 345 (40), 317 (5), 197 (12),
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J = 7.8 Hz, 1H, CH), 7.66 (d, J = 7.9 Hz, 1H, CH), 7.73 (dd, J = 7.8, 7.6 Hz, 1H, CH),
7.77 (dd, J = 7.8, 7.6 Hz, 1H, CH), 7.81 (dt, J = 1.8, 7.7 Hz, 1H, CH), 8.07 (d,
J = 8.1 Hz, 1H, CH), 8.25 (d, J = 8.1 Hz, 1H, CH), 8.54 (dd, J = 4.1, 0.9 Hz, 1H, CH),
8.60 (dd, J = 7.3, 0.9 Hz, 1H, CH), 8.81 (d, J = 4.2 Hz, 1H, CH), 8.87 (dd, J = 7.3,
0.8 Hz, 1H, CH). 13C NMR (125.8 MHz, CDCl3): d 120.75 (C), 122.37, 122.67 and
123.15 (3CH), 126.14 (C), 126.48, 126.56, 126.72 and 127.40 (4CH), 127.59 (C),
130.81 (CH), 132.09 (C), 132.33, 135.70, 135.96 and 136.08 (4CH), 138.12,
141.76 and 148.30 (3C), 149.28 and 149.59 (2CH), 151.06 and 152.11 (2C),
160.15 (C@O).

26. Selected X-ray crystallographic data for compound 3k: C24H14N4O, orthorhombic,
space group = Pna21, a = 10.5295(20) Å, b = 9.7580(18) Å, c = 17.3399(33) Å,
V = 1781.62(6) Å3, T = 295(2) K, Z = 4, Dcalcd = 1.396 g cm�3, l = 0.089 mm�1,
1684 observed reflections, final R1 = 0.072, wR2 = 0.173 and for all data
R1 = 0.125, wR2 = 0.205. CCDC 782758 contains the supplementary
crystallographic data for this Letter. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.
ac.uk/data_request/cif.
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