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2-Oxobenzo[h]chromene: a novel entry for the synthesis
of functionalized angular polycyclic azaarenesI
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Abstract—An efficient and short synthesis of (5,6-dihydrobenzo[h]pyrido[2,1-b]quinazolin-2-ylidene)acetonitriles, (5,6-dihydro-
benzo[h]pyrazino[2,1-b]quinazolin-2-ylidene)acetonitriles and (5,6-dihydrobenzimidazo[1,2-b]benzo[f]isoquinolin-7-yl)acetonitriles
in good yields is delineated through base catalyzed ring transformation of 4-(piperidin-1-yl)-2-oxo-5,6-dihydro-2H-benzo[h]chro-
mene-3-carbonitriles with 2-amino-pyridine, 2-aminopyrazine and (imidazo-2-yl)acetonitrile.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Rutecarpine (I), ardeemin (II) and benzimidazo[2,1-b]-
benzo[f]isoquinoline (III).
Introduction of nitrogen atoms into polycyclic arenes, in-
creases their polarity as well as improves their solubility
and bioavailability.1 These polycyclic azaheteroaromat-
ics are environmental pollutants, formed and released
into the atmosphere from various anthropogenic sources,
such as incomplete combustion of fossil fuels, industrial
effluents, oil spills and drilling, refining, and coal-tar dis-
tillation. Some of these are products of amino acid pyro-
lysis during broiling, frying and baking.2,3 These
polycyclic azaarenes show mutagenic and toxic effects as
a result of a metabolic activation. The planarity and elec-
trophilic nature of the azaarenes cause the genotoxicity.4

The benzoquinazoline ring system is present as a sub-
structure in various natural product alkaloids of thera-
peutic importance such as rutecarpine5 (I) and
ardeemin6 (II). Benzimidazo[2,1-b]benzo[f]isoquinoline
(III) ring system7 is present in pharmacologically active
compounds. These polyazaarenes display pronounced
biological activities8–11 as anticancer, diuretic, anticon-
vulsant and antihypertensive agents (Fig. 1).

A comprehensive literature survey revealed that the
chemistry of benzo[h]pyrido[2,1-b]quinazolines (6) and
benzo[h]pyrazino[2,1-b]quinazolines (8) has not been ex-
plored extensively. Recently, benzo[h]pyrido[2,1-b]quin-
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azolines have been synthesized12 from the reaction of
ethyl 4-aryl-6-trichloromethylpyridine-3-carboxylates
with anthranilonitrile. Alternatively, they have also been
obtained13 from the base catalyzed reaction of pyrido-
quinazoline and chloroacetonitrile in DMF.

Compounds with the pyrazino[2,1-b]quinazoline ring
skeleton have been prepared by the reaction of
methyl N-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)anth-
ranilates with ethylenediamine.14 There is only one
example of a similar heterocyclic system, reported in
the literature15 from the reaction of isatoic anhydride
via a 2-chloroformyl-4H-3,1-benzoxazin-4-one.

5,6-Dihydrobenzimidazo[1,2-b]benzo[f]isoquinolines were
synthesized earlier by the condensation–cyclization7 of
oxoketene dithioacetals derived from 1-tetralone and
2-methyl/cyanomethylbenzimidazole. This approach

mailto:vjiram@yahoo.com


O O

CN

N

+

O ON

CN
NH

N

R
R

H2N N

N

N

R

N

N

N

R

NC

R'

R'

R'

R'

4

6

5

N

N

N

N

R'

R

CH C N

H

CH
C

Scheme 2. Mechanism involved in the synthesis of (5,6- dihydro-
benzo[h]pyrido[2,1-b]quinazolin-2-ylidene)acetonitriles (6).
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Scheme 3. Synthesis of (5,6-dihydrobenzo[h]pyrazino[2,1-b]quinazo-
lin-2-ylidene)acetonitriles (8).
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has synthetic limitations including obtaining only the 7-
methylsulfanyl substituted derivative, and using pyro-
phoric reagents.

Herein, we report a very simple, economical and versatile
protocol for the construction of benzo[h]pyrido[2,1-
b]quinazolines, benzo[h]pyrazino[2,1-b]quinazolines and
benzimidazo[1,2-b]benzo[f]isoquinolines through base
catalyzed ring transformation of 4-(piperidin-1-yl)-2-
oxo-5,6-dihydro-2H-benzo[h]chromene-3-carbonitriles (4)
using 2-aminopyridine (5), 2-aminopyrazine (7) or (benz-
imidazol-2-yl)acetonitrile (9) as nucleophiles.

4-(Piperidin-1-yl)-2-oxo-5,6-dihydro-2H-benzo[h]chro-
mene-3-carbonitriles (4) as starting materials were
prepared by reaction of methyl 2-cyano-3,3-dimethyl-
thioacrylate (1) with 1-tetralone (2) in the presence of
powdered KOH in DMSO followed by amination of
the intermediate 2-oxo-4-methylsulfanyl-5,6-dihydro-
2H-benzo[h]chromene-3-carbonitriles (3) with piperidine
in refluxing ethanol as described earlier (Scheme 1).16

As is evident from the topography of 4-sec-amino-2-
oxo-5,6-dihydrobenzo[h]chromene-3-carbonitriles (4),
they possess three electrophilic centres C-2, C-4 and C-
10b in which the latter is highly prone to nucleophilic at-
tack due to extended conjugation and the presence of an
electron-withdrawing substituent at position 3 of the
chromene ring.

Thus, stirring an equimolar mixture of 4 and 2-amino-
pyridine in DMF in the presence of powdered KOH at
room temperature for 2–3 h followed by work-up led
to (5,6-dihydrobenzo[h]pyrido[2,1-b]quinazolin-2-yl-
idene)acetonitriles (6) in good yields. The reaction is
possibly initiated through attack of the amino group
of 5 at C-10b with ring opening and loss of carbon
dioxide followed by ring closure involving C-4 and the
ring nitrogen of pyridine to give 6 as a mixture of
(E)- (minor, �30%) and (Z)- (major, �70%) isomers
(Scheme 2).

Under analogous conditions, reaction of 4 with 2-
aminopyrazine 7 using powdered KOH as a base and
DMF as solvent gave (5,6-dihydrobenzo[h]pyraz-
ino[2,1-b]quinazolin-2-ylidene)acetonitriles (8) in very
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Scheme 1. Synthesis of 5,6-dihydro-4-sec-amino-2-oxo-2Hbenzo[h]-
chromenes (4).

N

R

H
N

N

R

N

N

R
10

NN

N

CN

NC
NC

N

R

N

CN

NC NC

CH C N
CH

C N
_

H

Scheme 4. Mechanism involved in the synthesis of (5,6-dihydrobenz-
imidazo[1,2-b]benzo[f]isoquinolin-7-yl)acetonitriles (10).
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good yields as inseparable mixtures of (E)- (minor,
�30%) and (Z)- (major, �70%) isomers (Scheme 3).
The configuration of the geometrical isomers was ascer-
tained by NOE experiments. Irradiation of the vinylic
proton at d 4.35 and C-6 methylene protons at d 2.60
in 8a enhanced the signal intensities mutually, and there-
by confirmed the (Z)-configuration. A similar observa-
tion was observed in the case of compounds 6.

(5,6-Dihydrobenzimidazo[1,2-b]benzo[f]isoquinolin-7-yl)-
acetonitriles (10) were synthesized by the ring transfor-
mation of 4-(piperidin-1-yl)-2-oxo-5,6-dihydro-2H-
benzo[h]chromene-3-carbonitriles (4) with (imidazo-2-
yl)acetonitrile (9) in the presence of powdered KOH in
DMF. In this reaction, the carbanion formed in situ at-
tacks at C-10b with ring opening and loss of carbon
dioxide followed by ring closure involving the ring nitro-
gen of imidazole and C-4 of the chromene ring 4 to yield
10 in good yields as depicted in Scheme 4 and Table 1.
Table 1. Structures and yields of 6, 8 and 10
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All the compounds synthesized were characterized by
spectroscopic analysis.17

In summary, this protocol provides an easy access to poly-
cyclic azaheterocycles through the ring transformation
of suitably functionlized 2-oxo-5,6-dihydrobenzo[h]-
chromenes with nitrogen and carbon nucleophiles in very
good yields.
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CDCl3): d 2.95 (t, J = 7.52 Hz, 2H, CH2), 3.38 (t,
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General procedure for the synthesis of (5,6-dihydrobenz-
imidazo[1,2-b]benzo[f]isoquinolin-7-yl)acetonitriles (10):
a mixture of 4 (0.5 mmol), (imidazo-2-yl)acetonitrile (9)
and KOH in DMF was stirred for 3–4 h. Thereafter, the
reaction mixture was poured onto crushed ice with
vigorous stirring followed by neutralization with 10%
HCl. The precipitate thus obtained was filtered, washed
with water, dried and purified by neutral alumina column
chromatography using 4% methanol in chloroform as
eluent. (10a): yield: 67%; mp: >250 �C; IR (KBr): 2251
(CN) cm�1; 1H NMR: (300 MHz, DMSO-d6): d 2.89–3.06
(m, 4H, CH2), 5.06 (s, 2H, CH2), 7.36–7.44 (m, 4H, ArH),
7.85 (d, J = 8.34 Hz, 1H, ArH), 8.0 (d, J = 8.01 Hz, 1H,
ArH), 8.30–8.36 (m, 1H, ArH), 8.44–8.52 (m, 1H, ArH);
MS m/z 335 (M++1); Anal. Calcd for C22H14N4 (334.37):
C, 79.02; H, 4.22; N, 16.76. Found: C, 79.21; H, 4.18; N,
16.88.
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