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Heterocyclic benzimidazole derivatives 3a–h, 5a–c and 7a–d have been synthesized by condensation of
succinic acid (1) homophthalic acid (4) and 2,3-pyrazinedicarboxlic acid (6) with various substituted dia-
mines under microwave irradiation in good yields. Structures assigned to 3a–h, 5a–c and 7a–d are fully
supported by spectral data. All these compounds were screened for anti-inflammatory and anticancer
activities. At a dose of 50 mg/kg po compounds 3b (39.4%) and 3c (39.2%) exhibited anti-inflammatory
activity, comparable to standard ibuprofen which showed 39% activity at 50 mg/kg po and compound
7c exhibit good anticancer activity against ovary (IGR-OV-1), breast (MCF-7) and CNS(SF-295) human
cancer cell lines.

� 2010 Elsevier Ltd. All rights reserved.
Synthesis and biological evaluation of heterocyclic compounds
containing benzimidazole and isoquinoline moieties is an area of
current research.1 Benzimidazole derivatives are reported to exhibit
antitumor2a,b and anti-inflammatory3 activities. These compounds
also act as COX-2 and LOX-54 and topoisomerase inhibitors.5 Iso-
quinoline derivatives exhibiting anti-inflammatory,6a,b antican-
cer7a,b and other pharmacological activities8a–d are also described
in literature. Natural products vasicine,9a and tryptanthrin9b exhib-
ited potent anti-inflammatory activity where as synthetic heterocy-
clic compound batracyclin9c exhibited antitumor activity.
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In recent years scientists have shown great interest in micro-

wave irradiation technology because of their unique features, that
is, solvent free reactions, low waste, energy efficiency, high yield
and short reaction time. Use of microwave chemistry and solvent
free reaction conditions allow us to synthesize a large number of
compounds in a very short period of time. With this hypothesis
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i).
in mind and in continuation of our work10a–c in search of potent
molecules exhibiting anti-inflammatory and anticancer activities,
we have synthesized a number of tricyclic and tetracyclic benz-
imidazole derivatives under solvent free condition and screened
them for anti-inflammatory and anticancer activity, which we wish
to report in this Letter.

A number of tricyclic benzimidazole derivatives 3a–h have been
synthesized by following reaction Scheme 1. Condensation of suc-
cinic acid 1 (Scheme 1) with various diamines 2a–h (Scheme 1)
was carried out by mixing both the reactants in 1:1 molar ratio,
and irradiating them in microwave oven for 4–8 min at a power le-
vel of 850 W. Condensed product so obtained was purified by crys-
tallization from methanol to give pure product. Irradiation time
and percentage yield for compounds 3a–h are summarized in
Table 1. Formation of tricyclic system occur via an intermediate
30, in this reaction more nucleophilic amino group of diamines11

will react first giving rise to formation of N-substituted cyclic
imide12a–c 30 which then undergoes further cyclization to give tri-
cyclic product 3. In case of 2a and 2b diamines are symmetrical
in structure and hence there is formation of only product 3a and
3b. In case of 2c and 2g amino group ortho to –OH group and
–CH3 group are more nucleophilic (due to activating effect of
–OH and –CH3 group) as compared to amino group at meta position
of –OH and –CH3 group hence N-substituted cyclic imide 30 is
formed with the amino group ortho to –OH and –CH3 group which
after cyclization gave 3c and 3g, respectively. In case of dimines 2d,
2e, 2f and 2h deactivating group, that is, –Br, –NO2, –CN and –Cl
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Scheme 1. synthesis of tricyclic 3a–h and tetracyclic 5a–c benzimidazole derivatives.

Table 1
Irradiation time, percentage yield and melting point of compounds 3a–h

Compd no. R Irradiation time (min) Yield (%) Melting point (�C)

3a 4 98 136

3b

CH3

CH3

6 93 215

3c

OH

5 85 255

3d
Br

8 90 212–218

3e
NO2

8 92 165–169

3f
CN

5 89 185

3g

CH3

5 92 158–160

3h
Cl

6 95 164–167
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are present which makes amino group at meta position more
nucleophilic than amino group at para position. In these cases cyc-
lic imide 30 is formed by amino group present at meta position and
then undergoing cyclization to give 3d, 3e, 3f and 3h, respectively.
Physical constants, spectral and analytical data of compounds 3a–
h reported in this Letter13 fully support the structures assigned to
them.

A series of tetracyclic benzimidazole derivatives 5a–c have been
synthesized by condensation of homophthalic acid 4 (Scheme 1),
with various diamines 2a–c (Scheme 1). Condensation was carried



Table 2
Irradiation time, percentage yield and melting point of compounds 5a–c and 7a–d

Compd no. R Time (min) Yield (%) Melting point

5a 5 98 235

5b

CH3

CH3

6 93 268–270

5c 5 95 290–292

7a 4 95 237

7b

CH3

CH3

5 85 210–212

7c 6 80 198

7d 5 90 215
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out by mixing both the reactants in 1:1 molar ratio and irradiating
them in microwave oven for 4–8 min at a power level of 850 W.
Condensed products so obtained were purified by crystallization
from DMF to give pure products. Irradiation time and percentage
yield for compounds 5a–c are summarized in Table 2. Diamines
2a and 2b react with homophthalic acid 4 to form tetracyclic het-
erocyclic compounds 5a and 5b, respectively, in this reaction for-
mation of 5a and 5b occur via formation of N-substituted cyclic
imide 50. In case of 2c strong activating effect of –OH makes amino
group at ortho position a strong nucleophile and only one tetracy-
clic product, that is, 5c is formed. Physical constants, spectral and
analytical data of compounds 5a–c reported in this Letter13 fully
support the structures assigned to them.

More complex tetracyclic benzimidazole derivatives 7a–d
(Scheme 2) were synthesized by condensation of 2,3-pyrazinedi-
carboxlic acid 6 with diamines 2a, 2b, 2i and 2j. Condensation
was carried out by mixing both the reactants in 1:1 molar ratio
and irradiating them in microwave oven for 4–6 min at a power le-
vel of 850 W. Condensed products so obtained were purified by
crystallization from DMF to give pure product 7a–d. Irradiation
time and percentage yield of 7a–d are summarized in Table 2.
Physical constants, spectral and analytical data of compounds
7a–d reported in this Letter13 fully support the structures assigned
to them.

Anti-inflammatory activity14 evaluation of 3a–h, 5a–c and 7a–
d was carried out using carrageenan induced paw oedema assay
and results are summarized in Table 3. Groups of five animals of
Where: 
2a, 7a, R=               ;   2b, 7b, R=             
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both sexes (body weight 120–160 g), excluding pregnant females,
were given a dose (50 mg/kg po) of test compound. Thirty minute
later, 0.20 mL of 1% freshly prepared carrageenan suspension in
0.9% NaCl solution was injected subcutaneously into the planter
aponeurosis of the hind paw and the volume was measured by a
water plethysmometer apparatus and then measured again 1–3 h
later. The mean increase of paw volume at each interval was com-
pared with that of control group (five rats treated with carrageenan
but not with test compound) at the same intervals and percent
inhibition value was calculated. A look at Table 3 indicates that
compounds 3b, 3c, 5a and 5c exhibited interesting, that is, 39.4%,
39.2%, 34.7% and 31.8% anti-inflammatory activity, respectively,
whereas standard drug ibuprofen exhibited 39% anti-inflammatory
activity at 50 mg/kg po. Compounds 3b and 3c exhibited anti-
inflammatory activity comparable to standard drug ibuprofen.

In vitro anticancer activity15a,b evaluation of compounds 3a–h,
5a–c and 7a–d was carried out against various human cancer cell
lines consisting of lung (A-549, HOP-62), prostate (PC-3), ovary
(IGR-OV-1), breast (MCF-7) and CNS (SF-295). The human cancer
cell lines procured from National Cancer Institute, Frederick, USA
were used in present study. Cells were grown in tissue culture
flasks in complete growth medium (RPMI-1640 medium with
2 mM glutamine, pH 7.4 supplemented with 10% fetal bovine ser-
um, 100 lg/mL streptomycin and 100 units/mL penicillin) in a car-
bon dioxide incubator (37 �C, 5% CO2, 90% RH). The cells at
subconfluent stage were harvested from the flask by treatment
with trypsin (0.05% in PBS (pH 7.4) containing 0.02% EDTA). Cells
with viability of more than 98%, as determined by trypan blue
exclusion, were used for determination of cytotoxicity. The cell
suspension of 1 � 105 cells/mL was prepared in complete growth
medium. Stock 4 � 10�2 M compound solutions were prepared in
DMSO. The stock solutions were serially diluted with complete
growth medium containing 50 lg/mL of gentamycin to obtained
working test solution of required concentrations.

In vitro cytotoxicity against various human cancer cell lines was
determined (Monks et al.)15a using 96-well tissue culture plates.
The 100 lL of cell suspension was added to each well of the 96-
well tissue culture plates. The cells were allowed to grow in CO2

incubator (37 �C, 5% CO2, 90% RH) for 24 h. The test materials in
complete growth medium (100 lL) were added after 24 h incuba-
tion to the wells containing cell suspension. The plates were fur-
ther incubated for 48 h (37 �C in an atmosphere of 5% CO2 and
90% relative humidity) in a carbon dioxide incubator after addition
of test material and then the cell growth was stopped by gently
layering trichloroacetic acid (50% TCA, 50 lL) on top of the medium
in all the wells. The plates were incubated at 4 �C for 1 h to fix the
cells attached to the bottom of the wells. The liquid of all the wells
was gently pipetted out and discarded. The plates were washed
five times with distilled water to remove TCA, growth medium
low molecular weight metabolites, serum proteins etc. and air-
    ;  2i, 7c, R=               ;    2j, 7d, R=               ;

7a-d

R

N

N
N

N

O

MWI / 850W

3

3

cyclic compounds 7a–d.



Table 3
Anti-inflammatory and anticancer activity of compounds 3a–h, 5a–c and 7a–d

Compd no. Anti-inflammatory activity (%) at 50 mg/kg po Anticancer activity at a concentration of 1 � 10�5 M% growth inhibition

Lung Prostate Ovary Breast CNS
A-549 HOP-62 PC-3 IGR-OV-1 MCF-7 SF-295

3a 19.7 2 0 16 2 13 38
3b 39.4 0 4 7 26 8 54
3c 39.2 0 9 13 20 22 53
3d 10.0 12 16 40 50 31 0
3e 0.0 5 0 8 0 12 38
3f 9.0 6 0 3 21 25 52
3g 29.9 2 0 14 3 08 38
3h 27.6 3 11 14 0 52 37
5a 34.7 10 12 6 28 6 0
5b 29.6 41 0 39 7 22 13
5c 31.8 0 0 13 15 20 55
7a 25.6 10 6 15 28 48 37
7b 15.9 25 0 39 7 22 13
7c 28.6 48 23 46 55 56 66
7d 10.0 0 10 13 15 20 25
Ibuprofen 39.0 — — — — — —
Mito-C — — — 53 — — 43
Adri. — — — — — 72 69
Pact. — 50 42 — 43 — —
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dried. Cell growth was measured by staining with sulforhodamine
B dye (Skehan et al.).15b The adsorbed dye was dissolved in Tris–
HCl Buffer (100 lL, 0.01 M, pH 10.4) and plates were gently stirred
for 10 min on a mechanical stirrer. The optical density (OD) was re-
corded on ELISA reader at 540 nm.

Percentage (%) growth inhibition of cancer cell lines was deter-
mined at a concentration of 10 lM and results are summarized in
Table 3. A look at Table 3 indicates that compounds 3b, 3c, 3f, 5c
and 7c exhibited good anticancer activity against CNS (SF-295)
cancer cell lines, that is, 54%, 53%, 52%, 55% and 66%, respectively.
Compounds 3d and 7c showed good anticancer activity against
ovary (IGR-OV-1) cancer cell line , that is, 50% and 55%, respec-
tively, and compounds 3h and 7c possess good anticancer activity
against breast (MCF-7) cancer cell line , that is, 52% and 56%,
respectively.

In summary a number of tricyclic and tetracyclic benzimidazole
derivatives have been synthesized in high yields in a very short time
period using microwave irradiation technique. These heterocyclic
compounds were screened for anti-inflammatory and anticancer
activities. Compounds 3b and 3c exhibited anti-inflammatory activ-
ity comparable to standard drug ibuprofen and compounds 7c
exhibited good anticancer activity against ovary (IGROV-1), breast
(MCF-7) and CNS (SF-295) human cancer cell lines.
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+�, 23%), 252
(MBr81

+�, 17%), 251 (M+1Br79
+�, 64%), 250 (M+1Br79

+�, 19%). Anal. Calcd for
C10H7N2OBr: C, 70.97; H, 5.38; N, 15.05. Found: C, 70.95; H, 5.30; N, 15.00.
Compound 3e IR(KBr) mmax: 3112 (NH), 1703 (–CO–), 1626 (–C@C–), 1516 &
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7.705–7.722 (d, J = 8.5 Hz, 1H, Ar), 8.071–8.089 (d, J = 9.0 Hz, 1H, Ar), 8.54
(s, 1H, Ar), 13.1 (s, 1H, NH exch.). GC–MS m/z 217 (M+�, 100%). Anal. Calcd for
C10H7N3O3: C, 50.30; H, 3.22; N, 19.35. Found: C, 50.28; H, 3.20; N, 19.30.
Compound 3f IR(KBr) mmax: 3111 (NH), 2218 (–CN), 1703 (–CO–), 1627
(–C@C–), 1517, 1471 (Ar) cm�1. 1H NMR (500 MHz; DMSO-d6) d: 2.80–2.82 (m,
1H, one H of CH2), 3.04–3.09 (m, 1H, one H of CH2), 3.46 (s, 1H, –CH@), 7.51–
7.52 (m, 1H, Ar), 7.71–7.19 (m, 1H, Ar), 8.25 (s, 1H, Ar), 12.55 (s, 1H, NH exch.).
GC–MS m/z 197 (M+�, 45%). Anal. Calcd for C11H7N3O: C, 67.00; H, 3.55; N,
21.32. Found: C, 66.97; H, 3.51; N, 21.32. Compound 3g IR(KBr) mmax: 3427
(NH), 1707 (–CO–), 1631 (–C@C–), 1583, 1491, 1459 (Ar) cm�1. 1H NMR
(500 MHz; DMSO-d6) d: 2.33 (s, 3H, CH3), 2.766–2.795 (t, J = 7.5 Hz, 1H, one H
of CH2), 3.000–3.029 (t, J = 7.5 Hz, 1H, one H of CH2), 3.30 (s, 1H, –CH–), 6.930–
6.947(d, J = 8.5 Hz, 1H, Ar), 7.248–7.259 (d, J = 5.5 Hz, 1H, Ar), 7.33–7.36 (m,
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+�,
15%), 206 (MCl35

+�, 43%). Anal. Calcd for C10H7N2OCl: C, 58.25; H, 5.398; N,
13.59. Found: C, 58.20; H, 5.36; N, 13.55. Compound 5a IR(KBr) mmax: 3144
(NH), 1650 (–CO–), 1535 & 1446 (Ar) cm�1. 1H NMR (500 MHz; DMSO-d6) d:
1.44–2.03 (m, 8H, aliphatic), 3.11–3.15 (m, 1H, aliphatic), 3.53–3.54 (m, 1H,
aliphatic), 5.67 (s, 1H, CH), 7.02–7.09 (s + m, 2H, NH one H exch., one H Ar),
7.28- 7.32 (m, 1H, Ar), 7.43–746 (m, 1H, Ar), 7.951–7.966 (d, J = 7.5 Hz, 1H, Ar).
GC–MS m/z 240 (M+�, 100%). Anal. Calcd for C15H16N2O: C, 75.00; H, 6.67; N,
11.67. Found: C, 74.98; H, 6.64; N, 11.65. Compound 5b IR(KBr) mmax: 3138
(NH), 1677 (–CO–), 1618, 1576, 1498, 1471 (Ar) cm�1. 1H NMR (500 MHz;
DMSO-d6) d: 2.32–2.33 (2s look like doublet, 6H, 2 � CH3), 6.32 (s, 1H, @CH–),
7.09 (s, 1H, Ar), 7.19–7.22 (m, 1H, Ar), 7.55–7.61 (m, 2H, Ar), 8.247–8.263 (d,
J = 8.0 Hz, 1H, Ar), 8.41 (s, 1H, Ar), 11.66 (s, 1H, NH, exch.). GC–MS m/z 262 (M+�,
100%). Anal. Calcd for C17H14N2O: C, 77.86; H, 5.34; N, 10.69. Found: C, 77.83;
H, 5.32; N, 10.65. Compound 5c IR(KBr) mmax: 3138 (NH), 1677 (–CO–), 1576,
1491, 1472 (Ar) cm�1. 1H NMR (500 MHz; DMSO-d6) d: 6.65 (s, 1H, @CH–),
6.655–6.673 (dd, J = 0.5 Hz, J = 8.0 Hz, 1H, Ar), 6.824–6.841 (dd, J = 0.5 Hz,
J = 8.0 Hz, 1H, Ar), 7.30–7.34 (m, 2H, Ar), 7.66–7.70 (m, 1H, Ar), 7.722–7.738 (d,
J = 8.0 Hz, 1H, Ar), 8.325–8.342 (d, J = 8.5 Hz, 1H, Ar), 12.10 (s, 1H, NH exch.)
13.23 (s, 1H, OH, exch.). GC–MS m/z 250 (M+�, 100%). Anal. Calcd for
C15H10N2O2 C: 72.00; H, 4.00; N, 11.20%. Found C: 72.00; H, 3.98; N, 11.13%.
Compound 7a IR (KBr) mmax: 1679 (–CO–), 1638 (�C@N–), 1588 & 1446 (Ar)
cm�1. 1H NMR (500 MHz; DMSO-d6) d: 1.10–1.41 (m, 3H, aliphatic), 1.56–1.66
(m, 4H, aliphatic), 1.936–1.959 (d, J = 11.5 Hz 1H, aliphatic), 2.917–2.935 (d,
J = 9.0 Hz 1H, aliphatic), 3.252–3.271 (d, J = 9.5 Hz 1H, aliphatic), 8.55 (s, 2H,
pyrazine). GC–MS m/z 228 (M+�, 2%). Anal. Calcd for C12H12N4O C: 63.16; H,
5.26; N, 24.56 found 63.12; H, 5.24; N, 24.50. (7b) IR (KBr) mmax: 1712 (–CO–),
1635 (�C@N–), 1554 & 1497 (Ar) cm�1. 1H NMR (500 MHz; DMSO-d6) d: 2.84
(s, 6H, 2 � CH3), 6.45–6.47 (s, 2H, Ar), 8.84 (s, 2H, Ar). GC–MS m/z 250 (M+�,
13%). Anal. Calcd for C14H10N4O: C, 67.19; H, 4.03; N, 22.39. Found: C, 67.17; H,
4.00; N, 22.35. Compound 7c IR (KBr) mmax: 1650 (–CO–), 1604, 1543, 1502,
1449 (Ar) cm�1. 1H NMR (500 MHz; DMSO-d6) d: 3.92 (s, 2H, CH2), 6.59–6.62
(m, 1H, Ar), 6.705–6.721 (d, J = 8.0 Hz 1H, Ar), 7.06–7.10 (m, 1H, Ar), 7.117-
7.133 (d, J = 8.0 Hz 1H, Ar), 8.80 (s, 2H, pyrazine). GC–MS m/z 236 (M+�, 29%).
Anal. Calcd for C13H8N4O: C, 66.10; H, 3.39; N, 23.73. Found: C, 66.10; H, 3.34;
N, 23.70. Compound 7d IR (KBr) mmax: 1711 (–CO–), 1638(�C@N–), 1558 & 1397
(Ar) cm�1. 1H NMR (500 MHz; DMSO-d6) d: 6.45–6.47 (m, 2H, Ar), 6.58–6.59
(m, 2H, Ar), 8.84–8.86 (m, 2H, Ar). GC–MS m/z 222 (M+�, 7%). Anal. Calcd for
C12H6N4O: C, 64.86; H, 2.70; N, 25.23. Found: C, 64.83; H, 2.70; N, 25.20.
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