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ABSTRACT

KEYWORDS

Thereaction of chloromethyl-1-methyl-1H-benzimidazole (1) with ethyl 4-
aminobenzoate yielded the ester 2 which upon hydrazinolysis resulted in
[(1-methyl-1H-benzimidazol-2-ylmethyl) amino] benzohydrazide (3). Conden-
sation of 3 with 2-nitrobenzaldhyde afforded the arylidene derivative 4
which was cyclised to thiazolidinone derivative 5. Substituted benzamide
6 and oxadiazole derivative 7 were prepared via reacting 3 with phthalic
anhydride and benzoic acid, respectively. Reaction of 3 with 4-chlorophenyl
isocyanate and ethyl i sothi ocyanate gave the corresponding semicarbazide
8 and thiosemicarbazide 9. The thiosemicarbazide 9 wascyclized to triazole
and thiadiazole derivatives 10 and 11. Also, reacting 9 with both chloroacetic
acid and maleic anhydride afforded thiazolidinone derivatives 12 and 13.
The prepared compounds were evaluated for in vitro antimicrobial activity

Benzimidazole,
Hydrazinolysis;
Thiosemicarbazide;
Triazole;
Thiadiazole;
Antimicrobial activity.

using ciprofloxacin and triflucan as standard references.
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INTRODUCTION

Theresstanceto antimicrobid drugsiswidespreed,
the devel opment of new antimicrobid agentsisbecom-
ing vital nowdays'. Despite anumerous attemptsto
develop new structural protypeinthe search for more
effectiveantimicrobids, thebenzimidazolestill reman
asoneof themost versatileclassof compoundsagainst
microbes?. Literature survey showsthat among the
benzimidazolederivatives, 2-subgtituted onesarefound
to be pharmacologically more potent and hence the
design and synthesisof 2-sudtituted benzimidazolesare
the potentia areaof research®. Many biochemical and
pharmacol ogica sudieshaveconfirmed that 2-sudituted

benzimidazolederivativesareeffectiveagaingt various
strainsof microorganisms*9. Five-membered hetero-
cydiccompoundsact ashighly functiondized scaffolds
and are known pharmacophores of anumber of bio-
logically activeand medicindly useful molecules™®. In
light of the abovefindings, it was considered worth-
whileto preparemol ecul eshaving benzimidazole moi-
ety linked at 2 position with another moiety containing
different five-membered heterocydlicringsin an atempt
tofind an effectiveantimicrobid agent.

RESULTSAND DISCUSSION

Reaction of chloromethyl-1-methyl-1H-benzimida-



116

Synthesis and antimicrobial activity of novel 2-substituted-1H-benzimidazole derivatives

OCAIJ, 9(3) 2013

FPull Paper ==

zole(1) with ethyl 4-aminobenzoate under reflux inab-
solute ethanol according to reported methods of and o-
gous reactions**2 furnished ethyl 4-[ (1-methyl-1H-
benzimida-zol-2-ylmethyl)amino] benzoate (2) in 70%
yidd. Hydrazinolysisof 2 in ethanol wasnot successtul
and no reaction occurred, whilerefluxing the ester 2
with hydrazinewithout using any solventsafforded the
key acid hydrazide (3, 84%). Reaction of 3 with 2-
nitrobenzal dnydein n-propyl alcohol containing few
drops of glacial acetic acid at reflux for 6 hours af-
forded the corresponding hydrazone derivative (4,
72%). Cylization of compound 4 with mercaptoacetic
acid yidded the4-thiazolidinone derivative (5, 64%).
In addition, the acid hydrazide 3 wasall owed to react
with phthalicanhydrideto afford N-(1,3-dioxoisoindolin-
2-yl)-4-[ (1-methyl-1H-benzimidazol-2-ylmethyl)
amino] benzamide (6) in 66% yield. Furthermore, the
acid hydrazide 3 wasreacted with benzoicacidin phos-
phorusoxychlorideand theformed diacylhydrazidewas
simultaneously dehydrated to produce the target
oxadiazole 7 in high yield (82%). Also the target
semicarbazide 8 was obtained by the reaction of the
acid hydrazide 3with 4-chlorophenyl isocyanatein di-
oxanein55%yield (Schemel).
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Scheme 1 : Reagents and conditions: (a) ethyl 4-
aminobenzoate, Nal, ethanal, reflux, 12 h; (b) hydrazinehy-
drate, reflux, 2 h; (c) 2-nitr obenzaldehyde, n-propy! alcohal,
aceticacid, reflux, 6 h; (d) mer captoaceticacid, dry benzene,
reflux, 6 h; (e) phthalicanhydride, acetic acid, reflux, 3h; (f)
benzoicacid, POCI., reflux, 4 h; (g) 4-chlorophenyl isocyan-
ate, dioxane, reflux, 4 h
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When the acid hydrazide 3 was heated under re-
flux for 24 hourswith ethy i sothi ocyanatein n-propyl
acohol inthe presenceof catal ytic amount of triethy-
lamine, 2-{4-[(1-methyl-1H-benzimidazol-2-
ylmethyl)amino]benzoyl} N-ethylhydrazine
carbothioamide (9) was obtained in 82% yield. Cy-
clization of thethiosemi carbazide 9inmixtureof piperi-
dineand water afforded [ 1,2,4]triazol ederivative (10,
56%) while, [1,3,4]thiadiazolederivative 11 was ob-
tained viacyclization of 9in concentrated sulphuricacid.
Ontheother hand, reaction of Qwith chloroacetic acid
inthe presenceof sodium acetategave 1,3-thiazolidin-
4-one (12, 74%), whilethe4-oxo-1,3-thiazolidine ace-
ticacid derivative 13wasprepared in 95% yid d through
condensation of thethiosemicarbazide 9 with maleic
anhydride (Scheme?).
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Scheme 2 : Reagentsand conditions: (a) ethyl isothiocyanate,
triethylamine, n-propyl alcohal, reflux, 24 h; (b) piperidine,
H.,O, reflux, 6h; (c) conc. H,SO,, 10minutes; (d) chlor oacetic
acid, sodium acetate, DM F, reflux, 6 h; (€) maleicanhydride,
DMF, reflux,4h

The synthes zed compoundswerescreened for their
invitroantimicrobial testing against two Gram-posi-
tive bacterium (Saphyl ococus aureus and Bacillus
subtilis), two Gram-negative bacterium (Escherichia
coli and Pseudomonas aeruginosa) and against afun-
gus (Candida albicans). Theresultsreveded that all
compounds showed weak antimicrobid activity, except
compound 7 showed moderate activity against Can-
dida albicans and compound 13 showed moderate
activity against Bacillussubtilis.

Au Tudian Yournal



OCAIJ, 9(3) 2013

Khaled R.A.Abdellatif et al.

117

CONCLUSION

A seriesof 2-subgtituted benzimidazolederivatives
have been synthesi zed successfully ingppreciableyidds
from the hydrazi de, and thiosemicarbazide precursors.
Thesynthes zed 2-subdtituted benzimidazolesmay serve
asuseful synthonsin bioorganic and medicina chemis-
try gpplications.

EXPERIMENTAL

I nstrumentation, analysisand startingmaterial

Mélting pointswere determined on aGriffin appa-
ratus and are uncorrected. Infrared (IR) spectrawere
recorded on a Shimadzu 435 Spectrometer, using KBr
discs and valueswererepresented in cm™. *H NMR
spectrawere measured on aVarian Gemini 200 MHz
spectrometer in DMSO-d, with TMSastheinternal
standard. Mass spectrawererun on Hewlett Packard
5988 spectrometer. Microanalyseswere performed for
C, H, N (MicroAnaytical Centre, Cairo University,
Egypt) and werewithin + 0.4% of theoretical values.
Progressof thereactionswasmonitored by TLC using
TLC sheetsprecoated with UV fluorescent silicagel
MERCK 60 F 254 that wasvisualized by UV lamp. 2-
chloromethyl-1-methyl-1H-benzimidazole (1) waspre-
pared according to areported procedure™?,

Ethyl 4-[(1-methyl-1H-benzimidazol-2-ylmethyl)
amino] benzoate (2)

A mixtureof 2-chloromethyl-1-methyl-1H-benz-
imidazole (1) (1.81 gm, 0.01 mol), ethyl 4-
aminobenzoate (1.65gm, 0.01 mol) and sodiumiodide
(0.2gm) in absol ute ethanol (20 ml) washeated under
reflux for 12 h. The solid separated on cooling was
filtered, washed with ethanol and neutralized with so-
dium carbonate sol ution (20%). Theformed precipi-
tatewas collected by filtration, washed with water and
crystdlized from agueousethanol (70%) to afford 2.17
gm of 2 (70% yield); mp 260-262°; IR: 3361 (NH),
1688 (C=0 ester), 1600 (C=N); 'H NMR (DM SO-
d,) 61.25(t,J=6.6 Hz, 3H, CH,-CH,); 3.82 (s, 3H,
N-CH,); 4.21(q, J=6.6Hz, 2H, CH,-CH,); 4.65 s,
2H, CH,-NH); 6.8-7.7 (m, 9H, 8ArH and NH (DO
exchangeable); EIMS 310 (M + 1). Anal. Calcd for
C,.H..N.O,: C, 69.88; H, 6.19; N, 13.58. Found: C,

18" '19° 273
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69.50; H, 6.00; N, 13.53.

[(1-M ethyl-1H-benzimidazol-2-ylmethyl)amino]
benzo-hydrazide(3)

A mixtureof 2 (3.1 gm, 0.01 mol) and excess hy-
drazinehydrate (99.9%) was heated under reflux while
continuousstirring for 2 h. Thereaction mixturewas
allowed to cool to room temperature; the separated
white solid wasfiltered, dried and crystallized fromn-
propyl alcohol toyield 2.48 gm of 3 (84% yield); mp
246-247°; IR: 3350, 3200 (NH,, NH), 1640 (C=0O
hydrazide), 1600 (C=N); *H NMR (DMSO-d,) 63.82
(s, 3H, N-CH,); 4.31 (s, 2H, NH,, D,O exchange-
able); 4.62 (s, 2H, CH,-NH); 6.7-7.6 (m, 8H, ArH);
9.30(s, 2H, 2NH, D,O exchangeable); EIMS 296 (M
+1).And. Cacdfor C H,_N.O: C, 65.07; H, 5.80;
N, 23.71. Found: C, 65.26; H, 5.64; N, 23.71.

4-[(1-methyl-1H-benzimidazol-2-ylmethyl)aminol-
N¢-2-nitrobenzylidene benzohydrazide (4)

A mixture of theacid hydrazide 3 (1.48 gm, 0.005
mol) and 2-nitrobenzal dhyde (0.755 gm, 0.005moal) in
n-propyl acohol (15 ml) containing 3 dropsof glacia
acetic acid washeated under reflux for 6 h. The solvent
was evaporated under reduced pressure and the prod-
uct obtained was crystallized from water — aceticacid
mixtureto afford 1.54 gm of 4 (72%yield); mp 172-
174° IR: 3430, 3200 (2 NH), 1645 (amidic C=0),
1610 (C=N); *H NMR (DMSO-d,) 6 3.83 (s, 3H,
N-CH,); 4.66 (s, 2H, CH,-NH); 6.86 (d, J = 7.2 Hz,
2H, phenylene C3-H and C5-H); 7.00 (s, 1H, CH,-
NH, D,0O exchangeable); 7.18-8.39 (m, 10H, ArH);
8.48 (s, 1H, N=CH azomethine); 11.8 (s, 1H, O=C-
NH, D,O exchangeable); EIMS428 (M*).Andl. Cacd
for C,H,/N,O,: C,64.48, H,4.71; N, 19.61. Found:
C, 64.70; H, 4.75; N, 19.51.

(%) 4-[(1-Methyl-1H-benzimidazol-2-ylmethyl)
amino] N-)2-(2-nitr ophenyl)-4-oxo-thiazolidin-3-
yl)benzamide(5)

A mixtureof theazomethinederivetive4 (4.28gm,
0.01 mol) and mercaptoacetic acid (0.921 gm, 0.01
mol) in dry benzene (100 ml) was heated under reflux
using awater separator until thetheoretica amount of
water was collected (6 h). The solvent wasthen evapo-
rated under reduced pressureand theresduewas crys-
tallized from ethanol — acetic acid mixtureto afford 3.21
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gmof 5(64%yidd); mp 131-133°; IR: 3400, 3300 (2
NH), 1705 (C=0 exocyclic), 1650 (amidic C=0),
1610 (C=N); '"H NMR (DMS0-d,) 63.65-4.01 (m,
5H, N-CH_ and CH, of thiazolidinonering); 4.62 (s,
2H, CH_-NH); 6.21 (s, 1H, CH of thiazolidinonering);
6.75(d, J=7.2Hz, 2H, phenylene C3-H and C5-H);
6.97 (s, 1H, CH,-NH, D,O exchangeabl€); 7.22-8.03
(m, 10H, ArH); 10.38 (s, 1H, O =C-NH, D,O ex-
changeable); EIMS 502 (M*). Anal. Calcd for
C,.H,,N.O,S: C, 59.75; H, 4.41; N, 16.72. Found:
C, 59.75; H, 4.12; N, 16.52.
N-(1,3-Dioxoisoindolin-2-yl)-4-[(1-methyl-1H-
benzimid-azol-2-ylmethyl)amino]benzamide (6)

A mixtureof theacid hydrazide 3 (2.95gm, 0.01
mol) and phthdicanhydride(1.47 gm, 0.01mol) ingla:
cid aceticacid (10 ml) washeated under reflux for 3h.
After cooling, the solution was poured into ice-cold
water whiledtirring. Theformed preci pitatewasfiltered,
dried and crystallized from acetic acid/water to give
2.8gmof 6 (66% yield); mp 303-305° IR: 3350, 3310
(2NH), 1740, 1725 (2C=0 of anhydridemoiety), 1650
(amidic C=0), 1605 (C=N); *H NMR (DMSO-d,) &
3.83(s, 3H, N-CH,); 4.66 (s, 2H, CH,-NH); 6.87 (d,
J=7.2Hz, 2H, phenylene C3-H and C5-H); 7.11 (s,
1H, CH,-NH, D, O exchangeable); 7.18-7.96 (m, 10H,
ArH); 10.38 (s, 1H, O=C-NH, D,0 exchangeable);
EIMS426 (M + 1). Anal. Calcd for C,,H (N.O,: C,
67.67; H, 4.50; N, 16.46. Found: C, 68.02; H, 4.36;
N, 16.45.

4-(5-Phenyl[1,3,4]oxadiazol-2-yl)N-(1-methyl-1H-
benzimidazol-2-ylmethyl)aniline(7)

A mixture of acid hydrazide 3 (0.59 gm, 0.002
mole) and benzoic acid (0.244 gm, 0.002mole) in phos-
phorusoxychloride (10 ml) washeated under reflux for
4 h. After cooling, thereaction mixturewas poured onto
crushediceand neutralized with sodium carbonate so-
lution (20%). The formed precipitate was filtered,
washed with water, dried and crystallized from ethanol/
water to give0.47 gmof 7 (82%yied); mp 123-124°;
IR: 3375 (NH), 1650 (C=N), 1270 (C-O-C); *H
NMR (DMSO-d,) 6 3.89 (s, 3H, N-CH,); 4.71 (s,
2H, CH,-NH); 7.17-8.09 (m, 14H,ArH & NH (D,O
exchangeable); EIMS 382 (M + 1). Anal. Calcd for
C,.H,;N.O: C, 72.42; H, 5.02; N, 18.36. Found: C,
72.30; H, 5.20; N, 18.41.
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2-{4-[(1-methyl-1H-benzimidazol-2-yImethyl)
amino]benzoyl} N-(4-chlorophenyl) hydrazine
carboxamide(8)

A mixtureof acid hydrazide 3 (2.95gm, 0.01 mal)
and 4-chlorophenylisocyanate (1.534 gm, 0.01 mol) in
dioxane (20 ml) was heated under reflux for 4 h. The
obtained solid wasfiltered, washed with dioxane (10
ml), dried and crystallized from agueousethanol (70%)
to give 2.47 gm of 8 (55% yield); mp 263-264°; IR:
3400-3100 (4NH), 1700, 1650 (2 C=0), 1610
(C=N); "HNMR (DM SO-d,) 63.85(s, 3H, N-CH,);
4.66 (s, 2H, CH,-NH); 6.82-7.76 (m, 12H,ArH), 8.08
(s, 1H, CH_-NH-phenylene, D,O exchangeabl€); 8.85-
8.92 (s, 2H, NH-NH, D,0O exchangeable); 9.87 (s,
1H, O=C-NH-Ar, D,0 exchangedbl€); EIMS 446 (M
-2).And.Cacdfor C,H, CIN.O,: C,61.54;H,4.72,
N, 18.72. Found: C, 61.43; H, 4.41; N, 18.85.
2-{4-[(1-methyl-1H-benzimidazol-2-yImethyl)
amino]benzoyl}N-ethylhydrazinecarbo-
thioamide(9)

A mixture of theacid hydrazide 3 (2.95gm, 0.01
mol) and ethylisothiocyanate (0.911 gm, 0.01 mol) in
n-propyl alcohol (20 ml) was heated under reflux for
24 hinpresence of threedropsof triethylamine. After
cooling, thepreci pitated product wasfiltered and crys-
tallized from ethanol /water to give 3.14 gm of 9 (82%
yield); mp 252-254°; IR: 3400-3100 (4NH), 1670
(amidic C=0), 1610 (C=N), 1217, 1191 (C=S); *H
NMR (DMSO-d,) 6 1.04 (t, J = 6.6 Hz, 3H,
CH,CH,); 3.46 (q, J = 6.6 Hz, 2H, CH,CH,); 3.82
(s, 3H, N-CH,); 4.65(s, 2H, CH,-NH); 6.79 (d, J =
7.2Hz, 2H, phenylene C3-H and C5-H); 6.91 (s, 1H,
CH_-NH-phenylene, D,O exchangeable); 7.14-7.71
(m, 6H,ArH); 7.93 (s, 1H, SSC-NH-CH,CH_, D,0
exchangeable); 9.08 (s, 1H, NH-NH-C=S, D,O ex-
changeable); 9.87 (s, 1H, O=C-NH, D,O exchange-
able); EIMS 382 (M*).Anal. Calcdfor C H,N.OS:
C, 59.66; H, 5.80; N, 21.96. Found: C, 59.50; H,
5.71; N, 21.96.

4-Ethyl-5-{4-[(1-methyl-1H-benzimidazol-2-
ylmethyl) amino]phenyl}-4H-[1,2,4]triazole-3-thiol
(10)

A mixtureof ethylthiosemicarbazidederivative9
(1.91 gm, 0.005 mol) was heated under reflux for 6 h
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inamixtureof piperidine (2ml) and water (5ml). The
reaction mixturewas poured into ice-cold water and
the mixture was adjusted to pH 7 with acetic acid
(20%). Thesolid obtained wasfiltered, dried and crys-
tallized from chloroformto give 1.02 gm of 10 (56%
yidd); mp 275-277°; IR: 3310 (NH), 2570 (SH), 1610
(C=N); 'H NMR (DMSO-d)) 6 1.17 (t, J = 6.6 Hz,
3H, CH,CH,); 3.83 (s, 3H, N-CH,); 4.10(q, J=6.6
Hz, 2H, CH,CH,); 4.62 (s, 2H, CH,-NH); 6.89 (d, J
=7.2 Hz, 2H, phenylene C3-H and C5-H); 7.17 (s,
2H, NH& SH, D, O exchangeabl€); 7.36-7.61 (m, 6H,
ArH); EIMS 364 (M"). Anal. Calcd for C H, N, S:
C, 62.61; H, 5.53; N, 23.06. Found: C, 62.39; H,
5.85; N, 23.11.

N-Ethyl-5-{4-[(1-methyl-1H-benzimidazol-2-
ylmethyl) amino]phenyl}-[1,3/4] thiadiazol-2-amine
(1)

The ethylthiosemicarbazide derivative 9 (1.23 gm,
0.0034 mol) wasdtirred for 10 minutesin 10ml icecold
concentrated sulfuricacid, then left for another 10 min-
utes at room temperature. Theresulting solution was
poured dowly intoice-cold water and madeakalineto
pH 8 with agueous ammonia (30%). The precipitated
product wasfiltered, washed with water and crystallized
from absoluteethanol togive 1.14 gmof 11 (92%yiel d);
mp 151-153% IR: 3395, 3350 (2NH), 1610 (C=N); H
NMR(DMSO-d,) 61.32(t, J=6.6 Hz, 3H, CH,CH,);
3.39 (g, J = 6.6 Hz, 2H, CH,CH,); 3.82 (s, 3H, N-
CH,); 4.59(s, 2H, CH,-NH); 5.23(s, 2H, 2NH, D,0
exchangeable); 6.78 (d, J=7.2Hz, 2H, phenylene C3-
H and C5-H); 7.28-7.78 (m, 6H, ArH); EIMS 364 (M*).
Ana. Cacd for C H,N.S: C, 62.61; H, 553; N,
23.06. Found: C, 62.30; H, 5.50; N, 22.97.

N’-(3-Ethyl)- 4-oxo-thiazolidin-2-ylidene)4-[(1-
methyl-1H-benzimidazol-2-ylmethyl)
amino]benzohydrazide(12)

A mixtureof theethylthiosemicarbazidederivetive
9 (3.82 gm, 0.01 mal), chloroacetic acid (0.95 gm,
0.01 mole) and anhydrous sodium acetate (0.5gm) in
DMF (20 ml) washeated under reflux whilestirring for
6 h. After cooling, the solution was poured into ice-
cold water. The obtained solid wasfiltered, washed
withwater, dried and crysta lized from aqueous ethanol
(70%) togive3.13gmof 12 (74%yield); mp 92-95°,

= Fyl) Paper

IR: (3400, 3330) (2NH), 1675, 1640 (C=0 exocyclic
and amidic C=0), 1610 (C=N); 'H NMR (DM SO-
d,) 61.31(t,J=6.6 Hz, 3H, CH,CH,); 3.45(q, J=
6.6 Hz, 2H, CH,CH,); 3.82 (s, 3H, N-CH,); 4.41-
4.80(m, 4H, CH,-NH and CH, of thiazolidinonering);
5.21(s, 2H, 2NH, D,O exchangeabl€); 6.78-7.76 (m,
8H, ArH); EIMS 423 (M + 1). Anal. Calcd for
C,H,N.O,S: C, 59.70; H, 5.25; N, 19.89. Found:
C, 59.78; H, 5.30; N, 19.90.

3-Ethyl-2-{4-[(1-methyl-1H-benzimidazol-2-
ylmethyl) amino]benzoyl}hydrazono-4-oxo-
thiazolidin-5-aceticacid (13)

A mixtureof theethylthiosemicarbazidederivative
9(3.82gm, 0.01 mol) and maeicanhydride (0.98 gm,
0.01 mole) in DMF (20 ml) was heated under reflux
whiletirring for 4 h. After cooling, the solution was
poured intoice-cold water. The obtained solid wasfil-
tered, washed with water, dried and crystallized from
agueous ethanol (70%) toyield 4.57 gm of 13 (95%
yield); mp 192°(dec.); IR: 3550-3100 (broad band of
2NH and OH groups), 1725, 1705, 1650 (C=0 of
COOH group, C=0 exocyclicand amidic C=0), 1610
(C=N); '*H NMR (DMS0O-d,) 61.27 (t, J = 6.6 Hz,
3H,CH,CH,); 2.91(d, J=6.9 Hz, 2H, CH,-COOH),
3.63 (s,1H, CH.-NH, D,O exchangeable); 3.84 (s,
3H,N-CH,); 4.02(q, J=6.6 Hz, 2H, CH,CH,); 4.67
(s, 2H, CH,-NH); 4.99 (t, J = 6.9 Hz, 1H, CH of
thiazolidinonering); 6.69-7.78 (m, 8H, ArH); 9.02 (s,
1H, O=C-NH, D,O exchangeable), 11.07 (s, 1H,
COOH group); EIMS 480 (M*). Anal. Cacd for
C,H,N.O,S: C, 57.49; H, 5.03; N, 17.49. Found:
C, 57.50; H, 5.29; N, 17.48.

Antimicrobial screening

MIC (thelowest concentration of the compound
that preventsthe growth of visible colonies) wasdeter-
mined using agar dilution techniqueaccordingto are-
ported procedure 4,

ACKNOWLEDGEMENT

Theauthorsthank Dr. Ama E. Saafan, Department
of Microbiology and Immunol ogy, Faculty of Pharmacy,
Benisuef University, for hepin performingtheantimi-
crobid testing.

- @W CHEMISTRY

Hn Tndéan g%wumé



120

Full Paper ==

[1]
[2]
[3]
[4]
[5]
(6]
[7]

@Wu'c CHEMISTRY —

Synthesis and antimicrobial activity of novel 2-substituted-1H-benzimidazole derivatives OCAIJ, 9(3) 2013

REFERENCES

D.Sharma, B.Narasimhan, P.Kumar; Jalbout,
A.Eur.J.Med.Chem., 44, 1119 (2009).

K.Ansari, C.Lal; Eur.J.Med.Chem., 44, 2294
(2009).

Y.Ozkay, Y.Tunali, H.Karaka, I.Isikdag;
Eur.J.Med.Chem., 45, 3293 (2010).

H.Goker, C.Kus, D.W.Boykin, S.Yildiz, N.Altanlar;
Bioorg.Med.Chem., 10, 2589 (2009).
GAyhan-Kilcigil, N.Altanlar; Farmaco, 58, 1345
(2003).

M.Boiani, M.Gonzalez; Mini.Rev.Med.Chem., 5(5),
409 (2005).

B.GMohammad, M.A.Hussien, A.A.Abdel-Alim,
M.Hashem; Arch.Pharm.Res., 29, 26 (2006).

[8] M.Tunchilek, T.Kiper, N.Altanlar; Eur.J.Med.
Chem., 44, 1024 (2009).

[9] 0O.0.Guven, T.Erdogan, H.Goker, S.Yildiz;
Bioorg.Med.Chem.Lett., 17, 2233 (2007).

[10] M.A.Shaaban, O.M.Khalil, K.R.Ahmed,
PF.Lamieb; J.Chem.Res., 574 (2009).

[11] FE.King, R.M.Acheson, P.C.Spensley; J.Chem.
Soc., 1401 (1949).

[12] S.Bahadur, K.K.Pandey; J.Indian Chem.Soc., 57,
447 (1980).

[13] N.P.Bednyagina, 1.Y.Postovskii; Zhur.Obshche-
Khim., 30, 3193 (1960).

[14] H.Hewitt, S.Vincet; Theory and application of mi-
crobiological assay, Academic PressInc., Califor-
nia, 20 (1989).

Au Tudian Yournal



