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Methylbenzimidazole 1 is converted to imidazole 
acrylic acid 3 via cyclo condensation with chloral  
followed by hydrolysis. Compound 3 also obtained from 
the reaction of o-phenylenediamine with maleic anhy-
dride. Treatment of 1 with SeO2 yielded the oxidized 
product 4 (Aldehyde 4) which undergoes Wittig reac-
tion using ester and Ph3P to furnish the acrylates 5. 
Compound 5 is also obtained by cyclocondensation of 
o-phenylenediamine and the corresponding maleate. 
Cyclization of 3 using Ac2O provides pyrroloimidazole 
6. Imidazole 6 undergoes several transformations  
using HCl, ammonium hydroxide in neutral medium, 
o-phenylene diamine/HCl to provide acrylic acid 3, 
amide 7 and/or bicompound 8 respectively. Anilide 9 
is obtained as a result of condensation of 3 with 
amines. Ester 5 undergoes 1,4-addition to benzimidazole 
ring to give the corresponding anilino derivative 10. 
Pyridazine cyclization is acheived by treatment of 5 
with NH2OH in acidic medium. In vitro cytotoxicity is 
evaluated using SRB (sulphorhodamine-B) assay 
against two human cell lines, breast and liver carci-
noma cell lines. The results show that compound 11 
has strong activity against all cell lines tested. 
 
Keywords: Active methylene, benzimidazoles, cyto- 
toxicity activity, hydrazines, lactambenzimidazole. 
 
IMIDAZOLES act as an interesting class of five-membered 
nitrogen heterocyclic system that contain 1,3-dinitrogen 
atom because of their wide range of pharmacological  
applications, such as angiotensin inhibitors1,2, anti-
inflammatory3 and antimicrobial activities4–7. Imidazole 
derivatives show highly cytotoxicity activity, which 
represent as new candidates in cancer treatment8 and play 
a great role in biochemical transformations9. Potency and 
high applicability of the imidazole pharmacophore are at-
tributed to its hydrogen bond donor–acceptor capability 
as well as its high affinity for metals present in many pro-
tein active sites10. Derivatives of imidazoles have been 
reported to possess antimicrobial, anti-mycobacterial,  
anthelmintic, anti-inflammatory and insecticidal proper-
ties11–13. Many studies showed that azole heterocycles 
such as imidazole and triazole are useful pharmacophores 
for anti-mycobacterial activity14–18. 

 All melting points reported are uncorrected. IR spectra 
was run on a pyeunicam sp3-100 infrared spectrophoto-
meter using KBr disc technique. 1H NMR spectra were  
recorded on a Varian 5 M–250 MHz spectrometer using 
DMSO as a solvent. Elemental analysis was carried out 
using elemental analyser model at 240°C. 
 β-(2-Benzimidazolyl)acrylic acid (3) – Method A: A 
mixture of o-phenylenediamine (0.01 mol), maleic anhy-
dride (0.01 mol) and DMF (50 ml) was stirred at room 
temperature for one hour. The solid that separated upon 
dilution with water was crystallized from acetic acid. 
 Method B: To a solution of 2-methylbenzimidazole 
(0.01 mol) in (20 ml) anhydrous toluene, 0.3–0.5 g an-
hydrous zinc chloride (4 g) and chloral (0.01 mol; 9.6 ml 
in 20 ml toluene) were added. The mixture was heated for 
3 h on a water bath at 90–95°C and then, cooled, filtered 
and washed with ethanol. The mixture was treated with 
(80 ml) ethanol and (100 ml, 25%) sodium hydroxide, 
heated gently and then cooled in ice. The mixture was 
boiled for 2–3 h and cooled again, ethanol was removed 
by vacuum distillation during cooling and then (50–60 ml) 
conc. HC1 was added. The hydrochloride of β-(2-benz-
imidazolyl)acrylic acid was formed (soluble in water). 
The unreacted substances were filtered out, and the fil-
trate was neutralized by 10% sodium hydroxide to obtain 
the free acid which was crystallized from acetic acid. 
 (1): A pale yellow crystal with yield = 70%, m.p. = 
197–198°C, IR (KBr): revealed peaks at 3250–3850 cm–1, 
3350 cm–1 and 1715 cm–1 for OH, NH and C=O groups 
respectively. 1HNMR (DMSO-d6): 4.8 (2H, dd –CH=CH–), 
8.20–8.33 (4H, m, ar.), 11.0–12.5 (1H, s, NH), 12.80 (1H, 
s, –COOH). Anal. Calc. for C10H8N2O2 (188.2): %C; 
63.82, %H; 4.28, %N; 14.89 and found: %C; 63.70, %H; 
4.22, %N; 14.75. 
 Methyl or ethyl-β (-2-benzimidazolyl) acrylate esters 
(5a, b) – Method A: A mixture of o-phenylenediamine 
(0.01 mol), dimethyl or diethylmaleate (0.01 mol) and 
few drops of piperidine were fused at 120°C (oil bath) for 
3 h. The solid product was extracted by benzene after 
cooling and was crystallized from the proper solvent. 
 Method A: Treatment of 2-methylbenzimidazole 
(0.01 mol) by SeO2 (1.5 g), gives 2-formylbenzimidazole, 
which was added to methoxy and ethoxy carbonyl methy-
lene triphenyl phosphorus yield (0.01 mol) in (15 ml) 
benzene and the mixture was refluxed for 5 h, cooled and 
50 ml (10%) HC1 was added. The solid obtained was 
crystallized from benzene. 
 (5a): A yellowish crystal yield = 80%, m.p. = 116–
118°C, IR (KBr): 3350 (NH) cyclic, 1750 (C=O), 1630 
(C=N cyclic). 1HNMR (DMSO-d6): 3.83 (3H, s, OCH3), 
4.9 (2H, dd, –CH=CH–), 8.32–8.43 (4H, m, ar.), 12.93 
(1H, br(s), NH). Anal. Calc. for C11H10 N2O2 (202.21): 
%C; 65.34, %H; 4.98, %N; 13.85 and found: %C; 65.24, 
%H; 4.88, %N; 13.80. 
 (5b): A colourless crystal with yield = 80%, 
m.p. = 118–121°C, IR (KBr): 3350 (NH) cyclic, 1750 
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(C=O), 1630 (C=N cyclic). 1HNMR (DMSO-d6): 1.36 
(3H, t, CH3), 4.2 (2H, q, CH3), 4.9 (dd, 2H, –CH=CH–), 
8.32–8.43 (4H, m, ar.), 12.93 (br(s), 1H, NH). Anal. Calc. 
for C12H12 N2O2 (216.24): %C; 66.65, %H; 5.59, %N; 
12.96 and found: %C; 66.58, %H; 5.52, %N; 12.88. 
 Benzimidazo[l,5 a]3-pyrrolin-2-one (6): A mixture of 
β-(2-benzimidazolyl)acrylic acid (1) (0.01 mol) in (20 ml) 
benzene and (10 ml) acetic anhydride was refluxed for 
1 h. The solid product separated after evaporation and 
cooling was crystallized from benzene, A brown crystal 
with yield = 85%, m.p. = 235–237°C, IR (KBr): 1710 
(C=O) lactam, 1640 (C=N) cyclic, 1630 (C=C) conj. 
1HNMR (DMSO-d6): 4.81–5.14 (2H, dd, –CH=CH)  
cyclic, 8.23–8.38 (4H, m, ar.). Anal. Calc. for C10H6 N2O 
(170.17): %C; 70.58, %H; 3.55, %N; 16.46 and found: 
%C; 70.50, %H; 3.45, %N; 16.40. 
 Methyl-α-arylamino-β-(2-benzimidazolyl)propionate 
(7a–b): A mixture of lactame (6) (0.01 mol) and ammo-
nium hydroxide and/or aniline (0.1 mol) in ethanol was 
refluxed for 3 h. The solid product was crystallized from 
ethanol. 
 (7a): A pale yellow crystal with yield = 90%, 
m.p. = 160–162°C, IR (KBr): 3370 (NH) cyclic, 3250 
(NH) amide, 1700–1680 (C=O) amide. 1H NMR (DMSO-
d6): 5.2 (1H, s, CONH), 4.9 (2H, dd, –CH=CH–), 7.31–
7.42 (4H, m, ar.), 10.71 (1H, br(s), NH). Calc. for 
C10H9N3O (187.07): %C; 64.16, %H; 4.85, %N; 22.45 
and Found: %C; 64.11, %H; 4.75, %N; 22.33. 
 (7b): A yellow crystal with yield = 88%, m.p. = 165–
166°C, IR (KBr): 3370 (NH) cyclic, 3250 (NH) amide, 
1700–1680 (C=O) amide. 1H NMR (DMSO-d6): 5.39 (br, 
1H, CONH), 4.89 (2H, dd, –CH=CH–), 7.31–7.42 (4H, 
m, ar.), 7.5–7.63 (5H, m, ar.), 10.11 (1H, br(s), NH). 
Calc. for C16H13N3O (263.29): %C; 72.99, %H; 4.98, 
%N; 15.96 and found: %C; 72.80, %H; 4.89, %N; 15.90. 
 (E)-1,2-bis(1H-benzo[d]imidazol-2-yl)ethene (8): A 
mixture of compound (7) (0.01 mol) and o-phenylenedi-
amine (0.1 mol) in dil HCl (3–4 drops) in ethanol was 
refluxed for 3 h. The solid product was crystallized from 
ethanol. A brownish crystal with yield = 80%, m.p. = 
152–154°C, IR (KBr): 3350 (NH) cyclic, 3250 (NH)  
amide and 1630 (C=N) cyclic. 1H NMR (DMSO-d6): 4.8 
(2H, dd, –CH=CH–), 7.22–7.5 (8H, m, ar.). Calc. for 
C16H12N4 (260.29): %C; 73.83, %H; 4.65, %N; 21.52 and 
found: %C; 73.75, %H; 4.60, %N; 21.44. 
 Synthesis of anilide (benzimidazole acrylamide deriva-
tives) (9a–c): A mixture of acid 3 (0.01 mol) and appro-
priate amine (0.01 mol) in ethanol (20 ml) was refluxed 
for 2 h. The solid product obtained upon cooling was se-
parated by filtration and crystallized from butanol to give 
(9a–c) respectively. 
 (9a): A colourless crystal with yield = 80%, m.p. = 
145–147°C, IR (KBr): 3370 (NH) cyclic, 3250 (NH) amide, 
1700–1680 (C=O) amide, 1630 (C=N) cyclic. 1H NMR 
(DMSO-d6): 4.8 (2H, dd, –CH=CH–), 7.22–7.5 (4H, m, 
ar.), 7.82–8.25 (4H, m, ar.), 10.22 (1H, br(s), NH). Calc. 

for C16H12N4O3 (308.27): %C; 62.33, %H; 3.92, %N; 
18.17 and found: %C; 62.21, %H; 3.80, %N; 18.05. 
 (9b): A white yellow crystal with yield = 80%, m.p. = 
142–144°C, 1HNMR (DMSO-d6): 2.34 (3H, s, CH3), 4.8 
(2H, dd, –CH=CH–), 7.22–7.5 (4H, m, ar.), 7.17 (4H, m, 
ar.), 10.22 (1H, br(s), NH). Calc. for C17H15N3O 
(277.32): %C; 73.63, %H; 5.45, %N; 15.15 and found: 
%C; 73.55, %H; 5.39, %N; 15.10. 
 (9c): A white yellow crystal with yield = 80%, m.p. = 
140–141°C, 1HNMR (DMSO-d6): 4.34 (2H, s, CH2), 4.8 
(2H, dd, –CH=CH–), 7.22–7.5 (4H, m, ar.), 7.23 (4H, m, 
ar.), 8.02 (1H, br(s), NH). Calc. for C17H15N3O (277.32): 
%C; 73.63, %H; 5.45, %N; 15.15 and found: %C; 73.50, 
%H; 5.37, %N; 15.05. 
 α-Arylamino-β-(2-benzilmidazolyl) propionic acid 
(10a–d): A mixture of (5a or b) (0.01 mol) and the ap-
propriate amine (0.01 mol) namely aniline, 2,4-di methyl 
aniline, p-toluidine and benzylamine respectively, in  
butanol was refluxed for 4 h. The solid products were 
crystallized from ethanol. 
 (10a): A pale yellow crystal with yield = 80%, m.p. = 
130–132°C, IR (KBr): 3370–2880 (OH carboxylic), 3280 
(NH), 1720 (C=O), 1630 (C=N) cyclic. 1H NMR 
(DMSO-d6): 2.8 (2H, d, CH2), 3.8 (1H, t, H), 6.7–7.2 
(5H, m, ar.), 4.3 (1H, br(s), NH), 7.2–7.5 (4H, m, ar.), 
11.2–12.7 (1H, s, COOH). Calc. C16H15N3O2 for 
(281.31): %C; 68.31, %H; 5.37, %N; 14.94 and found: 
%C; 68.22, %H; 5.30, %N; 14.86. 
 (10b): A yellow crystal with yield = 80%, m.p. = 122–
123°C, 1HNMR (DMSO-d6): 2.1 (3H, s, CH3), 2.3 (3H, s, 
CH3), 2.8 (2H, d, CH2), 3.8 (1H, t, CH), 6.4–6.8 (3H, m, 
ar.), 4.3 (1H, br(s), NH), 7.2–7.5 (4H, m, ar.), 11.2–12.7 
(1H, s, COOH). Calc. for C18H19N3O2 (310.14): %C;  
 
 

 
 

Scheme 1. Synthetic routes of benimidazoles 1–5. 
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Scheme 2. Synthetic approaches of benimidazole 3, 7a, b and 8 by ring opening of 6. 
 
 
69.88, %H; 6.19, %N; 11.34 and found: %C; 69.80 %H; 
6.11, %N; 11.28. 
 (10c): A yellowish crystal with yield = 80%, m.p. = 
120–122°C, 1H NMR (DMSO-d6): 2.34 (3H, s, CH3), 2.8 
(2H, d, CH2), 3.8 (1H, t, CH), 6.4–7 (4H, m, ar.), 4.3 
(br(s), 1H, NH), 7.2–7.5 (4H, m, ar.), 11.2–12.7 (1H, s, 
COOH). Calc. for C17H17N3O2 (295.34): %C; 69.14, %H; 
5.80, %N; 14.23 and found: %C; 69.08, %H; 5.77, %N; 
14.11. 
 (10d): A yellowish brown crystal with yield = 80%, 
m.p. = 125–126°C, 1HNMR (DMSO-d6): 3.8 (3H, s, 
CH2), 2.8 (2H, d, CH2), 3.8 (1H, t, CH), 7.2–7.3 (5H, m, 
ar.), 4.3 (1H, br(s), NH), 7.2–7.5 (4H, m, ar.), 11.2–12.7 
(1H, s, COOH). Calc. for C17H17N3O2 (277.32): %C; 
69.14, %H; 5.80, %N; 14.23 and found: %C; 69.05, %H; 
5.77, %N; 14.12. 
 Benzimidazo[l, 6a]-2H-pyridazine-3-one (11): A mix-
ture of methyl or ethyl β-(2-benzimidazolyl)acrylate 
(0.01 mol) and hydroxylamine hydrochloride (0.01 mol) 
in acetic acid was refluxed for 3 h. The solid product was 
recrystallized from butanol. A colourless crystal with 
yield = 80%, m.p. = 190–191°C, IR (KBr): 3330 (NH) 
cyclic, 1670 (C=O), 1630 (C=N), 1610 (C=C) conj. 
1H NMR (DMSO-d6): 7.88 (2H, m, ar.), 8.23–8.41 (4H, 
m, ar.), 12.89 (1H, br(s), NH). Calc. for C10H7N3O 
(185.18): %C; 64.86, %H; 3.81, %N; 22.69 and found: 
%C; 64.70, %H; 3.72, %N; 22.55. 
 SRB assay of cytotoxic activity: It was carried out 
according to the previously reported work19 using human 
tumour cell lines, breast carcinoma cell line (MCF7) and 
liver carcinoma cell line (HEPG2). Cell lines were  
obtained from National Cancer Institute, Cairo, Egypt. 
 Benzimidazole acrylic acid seemed to be of suitable 
functionality for further heteroannelation using simple 
available laboratory reagent, providing imidazole deriva-
tive of potential biological activities. 

 Methylimidazole with its activated methyl group was 
reacted with chloral hydrate to give the acrylic derivative 
3 presumably via the non-isolable aldol intermediate 2, 
that undergo basic hydrolysis (Scheme 1). Compound 3 
was also obtained as a result of condensation reaction be-
tween o-phenylenediamine and maleic anhydride 
(Scheme 1). Structure of compound 3 was confirmed 
from spectral data, thus its IR revealed peaks at 3250–
3850 cm–1, 3350 cm–1 and 1715 cm–1 for OH, NH and 
C=O groups respectively. Also 1H NMR displayed the 
trans-protons of CH=CH as doublet at 4.8 ppm, aromatic 
protons at 8.33 as multiplet while the deshielded NH and 
COOH protons were confirmed at 11–12.5 ppm and 
12.8 ppm respectively. 
 The aldehyde 4 and corresponding ester under witting 
reaction afforded the ester 5, which in turn was obtained 
from the nucleophilic attack of amino group of o-
phenylenediamine to the electrophilic carbon of maleiate 
(Scheme 1). Structure of compound 5a was elucidated 
from analytical in addition to IR and 1H NMR. Thus, IR 
spectrum showed NH, C=O and C=N absorption bands at 
3350 cm–1, 1750 cm–1 and/or 1630 cm–1 for C=N. 1H 
NMR spectrum of 5a showed the methoxy protons as a 
singlet at 3.83 ppm, olefenic protons as double doublet at 
4.9 ppm, aromatic protons at 8.32–8.43 ppm as multiplet 
in addition to NH at 12.93 ppm. 1H NMR spectrum of 5b 
showed the ethoxy protons as 1.36 (3H, t, CH3), 4.2 (2H, 
q, CH3) (Scheme 1). 
 Upon refluxing of 3 with AC2O as acylating agent  
resulted in pyrrole cyclization affording the condensed 
pyrroloimidazole (6) (Scheme 2). The structure of com-
pound 6 was confirmed from the absence of OH absorp-
tion band in IR spectrum in addition to the disappearance 
of cyclic NH in IR and 1H NMR. 
 The behaviour of 6 towards nucleophilic reagent was 
examined; thus ammonolysis of 6 using ammonium 

a; R=H 
b; R=C6H5 
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Scheme 3. Synthetic approaches of benzimidazoles 9–11. 
 

 
 

Scheme 4. Mechanistic route of preparation of compound 11. 
 
 

Table 1. IC50 value of compound 11 against breast and  
 liver carcinoma cell lines 

Name of cell line IC50 value (μg/ml) 
 

MCF7 30.1 
HEPG2 3.31 

 
 
hydroxide and aniline resulted in ring cleavage affording 
imidazole derivative 7 which was confirmed from the 
presence of NH in IR and 1H NMR. Treatment of com-
pound 6 with o-phenylenediamine leads to ring opening 
followed by intramolecular cyclodehydration affording 
benzimidazole derivative 8. The structure of biscompound 

8 was confirmed from 1H NMR spectrum which showed 
the olefenic protons as double doublet at 4.9 ppm in  
addition to the deshielded NH protons at 11.9 ppm 
(Scheme 2). 
 The attack of nucleophilic nitrogen of amines to the 
electrophilic carbon of carboxylic group of 3 provided the 
anilide derivative 9 and none of the addition products 10 
were obtained. 
 Structure of compound 9 was elucidated from analyti-
cal in addition to IR and 1H NMR. Thus, IR spectrum 
showed 3370 (NH) cyclic, 3250 (NH) amide, 1700–1680 
(C=O) amide, 1630 (C=N) cyclic, 1HNMR (DMSO-d6): 
4.8 (2H, dd, –CH=CH–), 7.22–7.5 (4H, m, ar.), 7.82–8.25 
(4H, m, ar.), 10.22 (1H, br(s), NH) (Scheme 3). 
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Figure 1. Percentage of survival fraction of breast and liver carcino-
ma cell lines against concentration (μg/ml) compound 11. 
 
 
 The anilides of type 10 was obtained through 1,4-
addition of the aromatic amines to the imidazole deriva-
tive 5 (Scheme 3). The α-amino acid structure of 10 was 
elucidated from spectral analysis, thus IR spectrum 
showed NH around 3340 cm–1, C=O in the region of 
1760–1770 cm–1. 1H NMR of the same compound pro-
vided (CH2–CH–) structure as doublet at 1.3 ppm, triplet 
at 1.4 ppm in addition to aliphatic NH as a broad signal at 
4.3 ppm. The benzimidazole derivative 11 was obtained 
as a result of attack of hydroxyl amine to the ester  
carbonyl carbon followed by intramolecular cyclo-
dehydration. The pyridone structure 11 was shown from 
the carbonyl absorption at 1670 cm–1 and NH at 3390 cm–1. 
Also 1H NMR of 11 displayed NH signal at 12.89 pm as a 
broad signal (Schemes 3 and 4). 
 The potential cytotoxicity activity of compound 11 was 
tested against two human cell lines (MCF7 breast carci-
noma cell line and HEPG2 liver carcinoma cell line) by 
SRB method. The results of antitumour activity showed 
that compound 11 has strong activity against all cell lines 
tested. The antitumour activity of compound 11 is sum-
marized in Figure 1 and Table 1. The IC50 values of com-
pound 11 against each cell lines were 30.1 μg/ml and 
3.31 μg/ml for MCF7 and HEPG2 respectively. 
 
 

1. Gharib, A., Khorasani, H., Jahangir, B. R., Roshani, M., Bakhtiari, 
L. and Mohadeszadeh, S., Synthesis of 2,4,5-trisubstituted and 
1,2,4,5-tetrasubstituted-1H-imidazole derivatives and or 2,4,5-
triaryloxazoles using of silica-supported Preyssler nanoparticles. 
Bulg. Chem. Commun., 2014, 46, 165–174. 

2. Trujillo, I. et al., 2-(6-Phenyl-1H-indazol-3-yl)-1H-benzo[d]imi-
dazoles: design and synthesis of a potent and isoform selective 
PKC-zeta inhibitor. Bioorg. Med. Chem. Lett., 2009, 19, 908– 
911. 

3. Palkowitz, A. D. et al., Structural evolution and pharmacology  
of a novel series of Triacid Angiotensin II Receptor Antagonists. 
J. Med Chem., 1994, 37, 4508–4521. 

4. Chang, L. L. et al., Substituted imidazoles as glucagon receptor 
antagonist. Bioorg. Med Chem Lett., 2001, 11, 2549–2553. 

5. Sharma, D., Narasimhan, B., Kumar, P., Judge, V., Narang, R., De 
Clercq, E. and Balzarini, J., Synthesis, antimicrobial and antiviral 
evaluation of substituted imidazole derivatives. Eur. J. Med. 
Chem., 2009, 44, 2347–2353. 

6. Laufer, S. and Koch, P., Towards the improvement of the synthe-
sis of novel 4(5)-aryl-5(4)-heteroaryl-2-thio-substituted imida-
zoles and their p38 MAP kinase inhibitory activity. Org. Biomol. 
Chem., 2008, 6, 437–439. 

7. Kumar, S., Boehm, J. and Lee, J. C., MAP kinases: key signal-
ling molecules as therapeutic targets for inflammatory diseases. 
Nat. Rev. Drug Discov., 2003, 2, 717–226. 

8. King, A. J. et al., Demonstration of a genetic therapeutic index  
for tumors expressing oncogenic BRAF by the kinase inhibitor 
SB-590885. Cancer Res., 2006, 66, 11100–11105. 

9. Lambardino, J. G. and Wiseman, E. H., Preparation and antiin-
flammatory activity of some nonacidic trisubstituted imidazoles.  
J. Med. Chem., 1974, 17, 1182–1188. 

10. Takle, A. K. et al., The identification of potent and selective im-
idazole-based inhibitors of B-Raf kinase. Bioorg. Med. Chem. 
Lett., 2006, 16, 378–381. 

11. Kumar, Y. C. S., Malviya, M., Sharath Chandra, J. N. N., Kavitha, 
C. V., Thimmegowda, N. R., Subhash, M. N. and Rangappa, K. S., 
Effect of novel N-aryl urea substituted 3-morpholino arecoline  
derivatives as muscarinic receptor 1 agonists in Alzheimer’s  
dementia models. Arkivoc, 2009, IX, 45–56. 

12. Mohammed, M., Arul. K., Anjana, K. and Remya, K., Synthesis, 
docking studies and pharmacological evaluation of imidazole ana-
logues of arecoline. Int. J. Curr. Pharm. Res., 2014, 6, 22–26. 

13. Safari, J., Gandomi-Ravandi, S. and Naseh, S., Efficient, green 
and solvent-free synthesis of tetrasubstituted imidazoles using 
SbCl3/SiO2 as heterogeneous catalyst. J. Chem. Sci., 2013, 125, 
827–833. 

14. Banfi, E. et al., Antifungal and antimycobacterial activity of new 
imidazole and triazole derivatives. A combined experimental and 
computational approach. J. Antimicrob. Chemother., 2006, 58, 76–
84. 

15. Mamolo, M. G. et al., Antifungal and antimycobacterial activity of 
new N-1-[1-aryl-2-(1H-imidazol-1-yl and 1H-1,2,4-triazol-1-yl)-
ethylidene]-pyridine-2-carboxamidrazone derivatives: a combined 
experimental and computational approach. Arkivoc, 2004, V, 231–
250. 

16. Ahmad, Z., Sharma, S. and Khuller, G. K., In vitro and ex vivo an-
timycobacterial potential of azole drugs against Mycobacterium 
tuberculosis H37Rv. FEMS Microbiol. Lett., 2005, 251, 19–22. 

17. Zampieri, D., Mamo, M. G., Laurini, E., Scialino, G., Banfi, E. 
and Vio, L., 2-aryl-3-(1H-azol-1-yl)-1H-indole derivatives: a new 
class of antimycobacterial compounds – conventional heating in 
comparison with MW-assisted synthesis. Arch. Pharm., 2009, 342, 
716–722. 

18. Chauhan, P. M. S., Sunduru, N. and Sharma, M., Recent advances 
in the design and synthesis of heterocycles as anti-tubercular 
agents. Future Med. Chem., 2010, 2, 1469–1500. 

19. Skehan, P., Storeng, R., Scudiero, D., Monks, A. and McMahon, 
J., New colorimetric cytotoxicity assay for anticancer drug screen-
ing. J. Natl. Cancer Inst., 1990, 82, 1107–1112. 

 
 
Received 21 April 2017; accepted 21 August 2017 
 
 
doi: 10.18520/cs/v115/i2/310-314 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


