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Abstract: The present study describes the synthesis of some novel arylidene cyclic chalcones 2-(4-substituted benzylidene)-

6,6-diphenylimidazo[2,1-b][1,3]thiazole-3,5-diones and their transformation to 3-(4-substitutedphenyl)-6,6-diphenyl-3,3a- 

dihydroimidazo[2',1':2,3][1,3]thiazolo[4,5-c][1,2]oxazol-7(6H)-ones via cyclization using hydroxylamine hydrochloride. The 

starting chalcones have been synthesized by the condensation of various aromatic aldehydes and methylene entity of 

synthesized imidazothiazole-3,5-diones which were obtained by the cyclization of 5,5-diphenyl-2-thioxoimidazolidin-4-ones 

and chloroacetic acid. The intermediate 5,5-diphenyl-2-thioxoimidazolidin-4-ones have been synthesized by the  condensation 

of α-diketone (benzil) with thiourea in presence of ethanolic alkali followed by Pinacol-Pinacolone rearrangement. Structures 

of all the newly synthesized compounds were confirmed by chemical, analytical and spectral data.  
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Introduction 

Nitrogen and sulphur containing heterocyles are an 

important class of organic compounds in medicinal 

chemistry, found in privileged structures 

(pharmacophores), thus the development of rapid 

synthetic routes toward focused libraries of such 

compounds is therefore of great importance to both 

medicinal and synthetic chemists. Structural 

frameworks have been described as privileged 

structures and in particular, N-containing polycyclic 

structures have been reported to be associated with a 

wide range of biological activity. Thus, fused 

heterocyclic derivatives with thiazole moiety are 

prospective objects in modern drug discovery.  

Various biologically active synthetic compounds 

have five-membered nitrogen-containing heterocyclic 

ring in their core structures. In the field of five  
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membered heterocyclic structures, imidazole nucleus 

shows versatile biological properties. The high 

therapeutic properties of the imidazole related drugs 

have encouraged the medicinal chemists to synthesize 

a large number of novel chemotherapeutic agents. 

Imidazole drugs have broadened scope in remedying 

various dispositions in clinical medicines. A lot of 

work on the synthesis and biological activities of the 

condensed imidazo [2, 1-b]-thiazoles has been 

reported. The imidazo [2, 1-b] [1, 3] thiazole skeleton 

has been used as antimicrobial agents
 

[1] , anti-

hypertensives, anti-inflammatories, 

immunosuppressive agents, herbicides, antitumor 

agents and cardiotonic agents
 
[2-4].

 
The imidazo[2,1-

b]thiazole derivative, was reported as a potential 

antitumor agent in patients with small tumor burdens 

[5]. In addition, numerous imidazo[2,1-b] thiazole 

derivatives were reported to possess antitumor 

activities[6-10]. Furthermore, it was found that the 

 



Iranian Journal of Organic Chemistry Vol. 8, No. 4 (2016) 1887-1893                                                         K. L. Ameta et al 

1888 

 

incorporation of pyrazole ring into different aryl or 

heteroaryl ring systems was reported to exhibit 

significant anticancer activities [11-16]. Considering 

the potent bioactivities of compounds possessing an 

imidazothiazole core, synthesizing new imidazo [2, 1-

b] [1, 3] thiazole derivatives efficiently attracted our 

attention
 
[17-18]. In the present study we wish to 

report the synthesis of some novel fused imidazo [2, 1-

b] [1, 3] thiazole derivatives. On the other hand 

thiazoles are basic class of heterocyclic moieties which 

possess a wide range of therapeutic interest and their 

importance is also very much-established in medicine
 

[19] such as antibacterial and antifungal activities
 
[20-

21], anti-tubercular activity
 
[22-23], anti HIV agents

 

[24]. Among the important heterocyclic compounds 

1,3,4-thiadiazoles are one of the important structural 

fragments in medicinal chemistry due to their various 

biological activities, such as Ca
+2

 channel blockers
 

[25], anti-inflammatory agents
 

[26], anti-tubercular 

activity,[27] anti-infective agents,[28] 

antibacterial,[29] antidepressants,[30] anti-cancer 

agents.[31] 

Since the discovery of heterocyclic nucleus, the 

chemistry of isoxazole and their fused derivatives 

continue to draw attention of organic chemists due to 

their various biological activities such as 

antithrombotic agents [32], antitumor activity [33], 

antinociceptive activity activity [34], anti-

inflammatory activity [35], anti-oxidants [36], 

antibacterial [37], antifungal [38], nematicidal agents 

[39], antifungal [40], anti-inflammatory and 

hypoglycaemic agents [41]. We planned to undertake 

the synthesis and characterization of some fused 

imidazole containing thiazolo-isoxazole derivatives 

carrying the above biodynamic heterocyclic systems 

with the hope to achieve some novel systems. All the 

newly synthesized compounds were characterized by 

IR, 
1
H-NMR, 

13
C-NMR spectroscopy and mass 

spectrometry. 

Results and discussion  

Simple base catalyzed condensation of α-diketone 

(benzil), with thiourea in absolute ethanol furnished 

5,5-diphenyl-2-thioxoimidazolidin-4-one (1) followed 

by pinacol-pinacolone type rearrangement. Formation 

of this product was confirmed by IR spectrum at 3294 

cm
-1 

indicates the presence of NH group of amide 

moiety. The other band at 3236 cm
-1 

also indicates the 

presence of NH in (Ph)2C-NH CO.
 1

H-NMR spectrum 

shows two singlet’s at δ 9.9 and δ 9.1, which would be 

assigned for NH proton of amide. It was condensed 

with chloroacetic acid  and glacial acetic acid in 

presence of anhydrous sodium acetate to yield the 6,6-

diphenylimidazo[2,1-b][1,3]thiazole-3,5(2H,6H)-dione 

(2) . Its structure was confirmed by the appearance of 

singlet at δ 3.6 for CH2 of thizole ring and 

disappearance of NH signal in 
1
H NMR spectra. The 

condensation of (2) with various 4-substituted 

araldehydes (3)  in presence of anhydrous sodium 

acetate and glacial acetic acid afforded corresponding 

2-(4-subsituted phenyle)-6,6-diphenylimidazo[2,1-

b][1,3]thiazole-3,5(2H,6H)-diones (4a-d). Reaction of 

hydroxylamine hydrochloride on these Compounds 

(4a-d) underwent  cyclocondensation  reaction afforded 

3-(4-substitutedphenyl)-6,6-diphenyl-3,3a-dihydro 

imidazo[2',1':2,3][1,3]thiazolo[4,5-c][1,2] oxazol-

7(6H)-ones (5a-d). The structures of these compounds 

were inferred by IR absorption band at 1180 (C-O) cm
-

1
 and 

1
H NMR spectra at  5.2 corresponding to the –

CH-Ar proton of the isoxazole ring.  The 
13

C NMR 

spectra of compounds (5a-d) were recorded in DMSO-

d6. The prominent signals corresponding to the 

carbons of thiazolo-isoxazole ring in all compounds 

observed nearly at 48.5, 50.1 and 154.4 ppm, are proof 

of further evidence of their structures (Scheme 1 and 

Scheme 2). 

Experimental 

General Procedures  

   All the melting points were determined in open 

capillary tube and are uncorrected. The IR spectra were 

recorded on Perkin-Elmer spectrometer. The 
1
H NMR 

spectra were scanned on a DRX-300 MHz. 

spectrometer (300 MHz) in CDCl3/DMSO-d6 using 

TMS as internal standard and chemical shifts are 

expressed in δ ppm. The mass spectra were recorded 

on Jeol SX-102 (FAB). m-Nitrobenzyl alcohol (NBA) 

was used as a matrix. Purity of synthesized compounds 

was checked by TLC using silica gel-G. Spots were 

exposed in an iodine chamber. Compound 6 was 

synthesized by literature method [30]. 

Synthesis of 5,5-diphenyl-2-thioxoimidazolidin-4-

one (1):  

Benzil (0.05 mol), thiourea (0.05 mol) and 15 ml of 

30% aq. NaOH was refluxed in  75 ml of ethanol for 2 

h. After the completion of the reaction (monitored by 

TLC), it was allowed to cool and poured in to crushed 

ice with constant stirring. Solid separated was filtered 

off and removed as insoluble by product. The filtrate 

was acidified with dil. HCl resulted solid precipitate, 

which was filtered, dried and recrystallized from 

ethanol afforded analytical samples of (1). 
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Yield 94 %, m.p.136 
o
C ; IR (KBr) cm

-1
: 3255 ( N-H 

amide, CO-NH-CS); 3135 (N-H, CPh2-NH-CS); 3010 

(C-H Ar-H); 1749 (C=O ); 1215 (C=S)
 
; 

1
H NMR 

(DMSO d6) δ: 6.9-7.6 (m, 10H, Ar-H, J = 9 Hz), δ 9.9 

(s, 1H, NH, CO-NH-CO); δ 9.1 (s, 1H, NH, CO-NH-

CPh2); 
13

C -NMR (DMSO) δ: 180.6, 174.5, 139.7, 

129.1, 128.7, 126.7,  73.8; Anal.Calcd. For 

C15H12N2OS: C, 67.16; N, 10.44; S,11.94 %. Found C, 

67.08; N, 10.10; S,11.75%. MS: m/z 268 [M]
+
. 

Synthesis of 6,6-diphenylimidazo[2,1-

b][1,3]thiazole-3,5(2H,6H)-dione (2):   

A mixture of 1 (0.01 mol) and chloroacetic acid 

(0.01 mol) was dissolved in gl. acetic acid and to this 

solution (0.02 mol) of anhydrous sodium acetate was 

added, and reaction mixture was refluxed for 8 h. After 

the completion of the reaction (monitored by TLC), the 

reaction mixture was cooled and poured in to ice cold 

water with stirring. The solid formed was filtered and 

crystallized from ethanol afforded analytical sample of 

(2).  

Yield 89%, m.p.162 
o
C ; IR (KBr) cm

1
: 3045 (C-H 

Ar-H); 2952 (C-H,CH2), 1695 (C=O ), 1594 (C=N); 
1
H 

NMR (DMSO d6) δ: 7.8-7.2 (m, 10H, Ar-H, J = 8.7 Hz 

),3.6 (s,CH2, thizole); 
13

C -NMR (DMSO d6) δ: 167.2, 

170.0, 162.5, 143.1, 129.2, 128.1, 126.1, 73.0, 32.7 : 

Anal.Calcd. For C17H12N2O2S: C, 66.32; N, 9.09; S, 

10.38 %. Found C, 66.02; N, 10.08; S, 10.05 %. MS: 

m/z 308 [M]
 +

. 

 Synthesis of (2Z)-2-(4-substitutedbenzylidene)-6,6-

diphenylimidazo[2,1-b][1,3]thiazole-3,5(2H,6H)-

diones (4a-d): 

An equimolar mixture of 2 (0.01mol) and 4-

chlorobenzaldehyde 3a (0.01mol) in glacial acetic acid 

was taken in a round bottom flask and anhydrous 

sodium acetate (0.02 mol) was added and refluxed for 

8 h.  After completion of the reaction, (progress of the 

reaction was accessed by TLC) reaction mixture was 

allowed to cool and solid separated was recrystallized 

from ethanol afforded (4a-d) in good yields. 
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Scheme1: Synthesis of the title compounds 
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Scheme 2: Mechanism of Thiohydentoin Synthesis 

   

Synthesis of 2-(4-chlorobenzylidene)-6,6-

diphenylimidazo[2,1-b][1,3]thiazole-3,5(2H,6H)-

dione (4a): 

Yield 84%, m.p.189 
o
C ; IR (KBr) cm

-1
: 3025 (C-H, 

Ar-H), 1691 (C=O ), 1590 (C=N), 758 (C-Cl) ; 
1
H 

NMR (DMSO d6) δ: 7.6-7.7 (m, 14H, Ar-H, J = 8.4 

Hz), 6.1 (s, 1H,=CH-Ar);
 13

C -NMR (DMSO d6) δ: 

171.0, 166.3, 163.0, 142.0, 140.1, 132.2, 129.2, 

128.8,127.1, 126.3, 124.2,122.5,121.3, 120.6, 80.0; 

Anal.Calcd.For C24H15ClN2O2S; C,66.97; N,6.51, S 

,7.44 %. Found C, 66.54; N, 6.45; S, 7.24 %. MS:m/z 

430 [M]
 +

. 432 [M +2]
 +

. 

Synthesis of 2-benzylidene-6,6-diphenylimidazo[2,1-

b][1,3]thiazole-3,5(2H,6H)-dione (4b): 

Yield 81%, m.p.180 
o
C ; IR (KBr) cm

-1
: 3027 (C-H, 

Ar-H), 1693 (C=O ), 1594 (C=N); 
1
H NMR (DMSO 

d6) δ: 7.5-7.6 (m, 14H, Ar-H, J = 8.4 Hz), 6.0 (s, 

1H,=CH-Ar).
 13

C -NMR (DMSO d6) δ: 170.6, 165.9, 

162.8, 142.1, 139.6, 132.1, 129.0, 128.6, 

127.1,126.1,123.4,121.9,121.2, 120.2, 78.3. 

Anal.Calcd.For C24H15N2O2S; C,72.72; N,7.07; S, 8.08 

%. Found C,72.54 ; N, 6.90 ; S, 7.89 %. MS: m/z 396 

[M]
 +

. 

Synthesis of 2-(4-methoxybenzylidene)-6,6-

diphenylimidazo[2,1-b][1,3]thiazole-3,5 (2H,6H)-

dione (4c):   

Yield 83%, m.p.184 
o
C ; IR (KBr) cm

-1
: 3028 (C-H, 

Ar-H), 1687(C=O), 1589 (C=N), 1098 (C-O); 
1
H NMR 

(DMSO d6) δ :7.6-7.7 (m, 14H, Ar-H, J = 8.8 Hz), 6.0 

(s,1H,=CH-Ar) 3.6 (3H,s,OCH3).
 13

C - NMR (DMSO 

d6) δ: 170.4, 166.1, 163.1,141.3, 139.1, 132.2, 128.16, 

127.9, 127.3, 125.9,123.2,122.6,121.3, 120.2, 56.7, 

78.1, Anal.Calcd.For C25H18N2O3S; C,70.40; N,6.27; 

S,7.05 %. Found C, 70.12; N, 6.05;S, 7.16 %.MS: m/z 

446 [M]
 +

. 

Synthesis of  2-[4-(N,N dimethylamino) 

benzylidene]-6,6-diphenylimidazo[2,1-b][1,3] 

thiazole-3,5(2H,6H)-dione (4d):  

Yield 87%, m.p.182 
o
C ; IR (KBr) cm

-1
: 3043 (C-H, 

Ar-H), 1681 (C=O ), 1584 (C=N); 
1
H NMR (DMSO 

d6) δ: 7.3-7.5 (m, 14H, Ar-H, J = 8.5 Hz), 6.1 (s, 

1H,=CH-Ar), 3.1 (6H,s,N(CH3)2; 
13

C -NMR (DMSO 

d6) δ:171.1, 166.1,162.9, 141.4, 139.2, 132.5, 128.3, 

127.8, 127.1, 125.6, 119.9, 56.4, 78.3, 43.7;  
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Anal.Calcd.For C26H21N3O2S; C,71.07;  N,9.56;  

S,7.28 %. Found C, 69.98; N, 9.35; S, 7.02 %.MS: m/z 

439 [M]
 +

. 

Synthesis of 3-(4-substitutedphenyl)-6,6-diphenyl-

3,3a-dihydroimidazo[2',1':2,3][1,3] thiazolo [4,5-

c][1,2]oxazol-7(6H)-ones (5a-d): 

Anhydrous sodium acetate (0.02mole) was dissolved 

in hot acetic acid. Compound (4a, 0.01 mole) and 

hydroxylamine hydrochloride (0.01 mole) were taken 

in absolute alcohol (20 mL). The solution of sodium 

acetate in acetic acid was transferred to the reaction 

mixture and refluxed for 8-10 h. After completion of 

the reaction (monitored by TLC), the reaction mixture 

was cooled, diluted with water and kept under 

refrigeration. The resulting compounds were filtered 

and recrystallized from ethanol afforded analytical 

samples of 5a-d in good yields. 

Synthesis of 3-(4-chlorophenyl)-6,6-diphenyl-3,3a-

dihydroimidazo[2',1':2,3][1,3] thiazolo[4,5-

c][1,2]oxazol-7(6H)-one (5a):  

Yield 53 %, m.p.223 
o
C;IR (KBr) cm

-1
: 3048 (C-H, 

Ar-H), 1726 (C=O), 1524  (C=N), 1180 (C-O),747 (C-

Cl); 
1
H NMR (DMSO d6) δ : 7.1-7.8 (m, 14H, Ar-H, J 

= 8.8 Hz), 5.2 (d,1H,-CH-Ar, J = 3.2 Hz) 3.6 (1H,-CH-

S, J = 3.2 Hz );
 13

C -NMR (DMSO d6) δ: 212.4, 164.0, 

154.4,144.0, 140.5, 139.2, 132.8, 129.2, 128.4, 128.8, 

128.0, 122.9, 80.1,48.5,50.1; Anal.Calcd. For 

C24H16ClN3O2S; C, 64.71; N, 9.43; S, 7.17 %. Found 

C, 63.53; N, 8.80; S, 7.01 %. MS: m/z 445 [M]
 +

. 447 

[M +2]
 +

. 

 Synthesis of 3,6,6-triphenyl-3,3a-

dihydroimidazo[2',1':2,3][1,3]thiazolo[4,5-

c][1,2]oxazol-7(6H)-one (5b): 

Yield 58 %, m.p.205 
o
C; IR (KBr) cm

-1 
3042 (C-H, 

Ar-H), 1724 (C=O), 1528 (C=N); 
1
H NMR (DMSO d6) 

δ : 6.9-7.6 (m, 15, Ar-H, J = 8.4 Hz), 4.5 (d,1H,-CH-

Ar, J = 3.1 Hz), 3.4 (d,1H,-CH-S, J = 3.1 Hz) ;
 13

C-

NMR (DMSO d6) δ: 205.0, 161.3, 151.3, 143.8, 140.2, 

139.4, 131.4, 128.3, 128.8,  127.0, 127.8, 126.0, 79.9, 

47.1, 49.1; Anal.Calcd.For C24H17N3O2S; C,70.71; 

N,10.21; S ,7.79%. Found C,69.72; N,12.40; S, 7.57 

%. MS:m/z 411 [M]
 +

. 

Synthesis of 3-(4-methoxyphenyl)-6,6-diphenyl-

3,3a-dihydroimidazo[2',1':2,3][1,3] thiazolo[4,5-

c][1,2]oxazol-7(6H)-one (5c): 

Yield 52 %, m.p.228 
o
C  ; IR (KBr) cm

-1 
  3047 (C-H 

Ar-H), 1731 (C=O ), 1532 (C=N), 1103 (C-O) ; 
1
H 

NMR (DMSO d6) δ : 6.7-7.1 (m, 14H, Ar-H, J = 8.9 

Hz), 6.6 (s, 1H,NH),4.5 (d,1H,-CH-Ar, J = 3.4 Hz), 3.3 

(d,1H,-CH-S, J = 3.6 Hz), 3.6 (3H,s,OCH3);
13

C-NMR 

(DMSO d6) δ: 208.3, 154.2, 164.0, 143.8, 140.4, 139.2, 

132.1, 130.3, 128.6, 129.1, 127.7, 126.7,  79.1,  55.9, 

47.6, 49.3; Anal.Calcd.For  C25H19N3O3S; C,68.18;  

N,9.52; S ,7.27 %. Found C, 67.80; N, 12.34; S, 6.87 

%. MS:m/z 441 [M]
 +

.   

Synthesis of 3-(4-(N,N dimethylamino phenyl)-6,6-

diphenyl-3,3a-dihydroimidazo [2',1':2,3] [1,3] 

thiazolo[4,5-c][1,2]oxazol-7(6H)-one (5d): 

Yield 48 %, m.p.219 
o
C ; IR (KBr) cm

-1 
 3039 (C-H, 

Ar-H), 1724 (C=O ), 1562 (C=N) ; 
1
H NMR (DMSO 

d6) δ : 6.9-7.4 (m, 14H, Ar-H, J = 9.0 Hz), 6.5 (s, 

1H,NH), 4.3 (d,1H,-CH-Ar, J = 3.5 Hz), 3.4 (d,1H,-

CH-S, J = 3.4 Hz), 3.1 (6H, s, N(CH3)2; 
13

C -NMR 

(DMSO d6) δ:173.2, 154.5, 164.7, 143.6, 140.2, 139.1, 

132.1, 130.4, 128.5, 129.5, 127.7, 126.1, 79.3, 55.6, 

47.8; Anal.Calcd.For C26H22N4O2S; C, 68.72 ; N,12.33 

; S , 7.06 %. Found C, 67.56; N, 12.23 ; S ,6.78 %. 

MS:m/z 454 [M]
 +

. 

Conclusion  

In the present paper our aim has been verified by the 

synthesis of some novel fused 3-(4-substitutedphenyl)-

6,6-diphenyl-3,3a-dihydroimidazo [2',1': 2,3] [1,3] 

thiazolo [4,5-c] [1,2] isoxazoles, in which imidazole 

and thiazolo-isoxazole moieties are present as the part 

of same molecular framework. 

Acknowledgments 

 The authors are thankful to Prof. G. L. Talesara, 

Retd. Professor of Chemistry, M.L.S. University, 

Udaipur and Dean, College of Arts, Science and 

Humanities, Mody University of Science & 

Technology for their constant encouragement during 

this work. Authors are also thankful to the 

Sophisticated Analytical Instrument Facility, CDRI, 

Lucknow, India for providing spectral and analytical 

data. 

 

References 

 

[1] Dangi, R. R.; Hussain, N.; Talesara, Med. Chem. 

Res. 2011, 20,1490–1498; DOI 10.1007/s00044-010-

9392-4 

[2] Robert, J. F.; Boukraa, S.; Panouse, J. J.; Loppinet, 

V.; Chaumont, J. P. Eur. J. Med. Chem. 1990, 25, 731. 

[3] Khazi, I. M.; Koti, R. S. Indian J Chem. 2004, 43B, 

393. 



Iranian Journal of Organic Chemistry Vol. 8, No. 4 (2016) 1887-1893                                                         K. L. Ameta et al 

1892 

 

[4] Gian, C. L.; Fracesco, P.; Gian, G. G. Antibiotics - 

A Multidisciplinary approach, 2
nd

Edn, Plenum Press, 

New York, 1995, 16-19. 

[5] Remers, W.A.; Antineoplastic agents, in: J.H. 

Block, J.M. Beale (Eds.), Text Book of Organic, 

Medicinal and Pharmaceutical Chemistry, 11
th
 Edn., 

Lippincott Company, Philadeplphia. 2004,441. 

[6] Andreani, A.; Leoni, A.; Locatelli, A.; Morigi, R.; 

Rambaldi, M., Recanatinia, M., Garaliene, V. Bioorg. 

Med. Chem. 2000, 8, 2359-2366. 

[7] Andreani, A.; Granaiola, M.; Leoni, A.; Locatelli, 

A.; Morigi, R.; Rambaldi, M.; Varoli, L.; Lannigan, 

D.; Smith, J.; Scudiero, D.; Kondapaka, S.; 

Shoemaker, R. H. Eur. J. Med. Chem. 2011, 46, 4311-

4323. 

[8] Park, J.H.; El-Gamal, M.I.; Lee,Y.S. Oh, C. H. Eur. 

J. Med. Chem. 2011, 46,5769-5777. 

[9] Fidanze, S.D.; Erickson, S.A.; Wang, G.T.; Mantei, 

R. Bioorg. Med. Chem. Lett. 2010, 20, 2452-2455. 

[10] Gursoy, E.; Guzeldemirci,N.U. Eur. J. Med. 

Chem. 2007, 42,320-326. 

[11] Xia,Y.; Dong,Z.W.; Zhao,B.X. Bioorg. Med. 

Chem. 2007, 15, 6893-6899. 

[12] Daidone, G.; Maggio, B.; Raffa, D.; Plescia, S.; 

Maria, D.; Raimondi, V. Il Farmaco. 2004, 59,413-

417. 

[13] Farghaly, A. R. Arkivoc. 2010, 11, 177-187. 

[14] Soliman, E.A.; El-Zahar, M.I.;  El-Masry, A.H.;  

Kamel,M.; Gohar, R. S, Der Pharma Chem. 2010,2, 

507-521. 

[15] El-Zahar, M.I.; EL-Karim, S.A.; Haiba, M.E.; 

Khedr, M. A. Acta Pol. Pharm. Drug. Res. 2011, 68, 

357-373. 

[16] Kalirajan, R.; Rathore,L.; Jubie,S.; Gowramma, 

B.; Gomathy, S.; Sankar, S. Indian J. Chem. 

2011,50B,1794-1799. 

[17] Hayam, H.; Shamroukh, A. H.; Rashad. A. E. 

Acta Pharm. 2006, 56, 231. 

[18] Al-Rashood, K. A.; and Abdel-Aziz, H. A. 

Molecules, 2010, 15, 3775. 

[19] Andrew, S.; Susan, M.; Michael, F.; Mathew, W. 

Penny.; Paul, L.; Anne, G..; Chris, B.; John, 

M.;Donald, T.; Dennis, S.; Tesfaye, B. Bioorg. Med. 

Chem. Lett. 2008, 18, 5263-5267. 

[20] Kumar, Y.; Green, R.; Boryska, K. Z.; Wise, D. 

D.; Worting, L. L.; Townsend, L. B. J. Med. Chem. 

1993, 36, 3843-3848. 

[21] Jung, K. Y.; Kim, S. K.; Gao, Z. G.; Ariel, S. G.; 

Neil, M.; Denneth, A. J.; Kim, Y. C. Bioorg. Med. 

Chem. 2004, 12, 613-623. 

[22] Andrean, A.; Granaiola, M.; Leoni, A.; Locatelli, 

A.; Morigi, R.; Rambaldi, M. Eur. J. Med. Chem. 

2001, 36, 743- 746. 

[23] Aridoss, G.; Amirthaganesan, S.; Kim, M. S.; 

Kim, J. T.; Jeong, Y. T. Eur. J. Med. Chem. 2009, 44, 

4199-4210. 

[24] Bell, F. M.; Cantrell, A. S.; Hoegberg, M.; 

Jaskunas, S. R.; Johansson, N. G.; Jordan, C. L.; 

Kinnick, M. D.; Lind, P.; Mortin Jr, J. M. J. Med. 

Chem. 1995, 38, 4929-4936. 

[25] Bankar, G. R.; Nandakumar, K.; Nayak, P. G.; 

Thakur, A.; Mallikarjuna, R. C.; Nampurath, G. K. 

Chem. Biol. Interactions. 2009, 181, 377-382. 

[26] Bhati, S. K.; Ashok K. Eur. J. Med. Chem. 2008, 

43, 2323-2330. 

[27] Kolavi, G.; Hegde, V.; Khazi, I. A.; Gadad, P. 

Bioorg. Med. Chem. 2006, 14, 3069-3080. 

[28] Kucukguzel, S. G.; Kucukguzel, I.; Tatar, E.; 

Rollas, S.; Sxahin, F.; Gulluce, M.; Clercq, E. De.; 

Kabasakal, L. Eur. J. Med. Chem. 2007, 42, 893-901. 

[29] Palekar, V. S.; Damle, A. J.; Shukla, S. R. Eur. J. 

Med. Chem. 2009, 44, 5112-5116. 

[30] Varvaresou, A.; Siatra-Papastaikoudi, T.; Tsotinis, 

A.; Tsantili-kakoulidou, A.; Vamvakides, A. Il 

Farmaco. 1998, 53, 320-326. 

[31] Matysiak, J. Eur. J. Med. Chem. 2007, 42, 940-

947. 

[32] Batra, S.; Roy, A. K.; Patra, A.; Bhaduri, A. P.; 

Surin, W. R.; Raghavan, S. A. V.; Sharma, P.; 

Kapoor,K.; Dikshit, M. Bioorg. Med. Chem. 2004, 12, 

2059-2077. 

[33] Diana, P.; Carbone, A.; Barraja, P.; Kelter, G.; 

Fiebig, H. H.; Cirrincione, G. Bioorg. Med. Chem. 

2010, 18, 4524–4529. 

[34] Karthikeyan, K.; Seelam, T. V.; Lalitha, K. G.; 

Perumal, P. T.  Bioorg. Med. Chem. Lett. 2009, 19, 

3370– 3373. 

[35] Mazzei, M.; Sottofattori, E.; Dondero, R.; 

Ibrahim, M.; Melloni, E.; Michetti, M. Il Farmaco. 

1999, 54, 452- 460. 

[36] Padmaja, A.; Payani, T.; Dinneswara Reddy, G.; 

Padmavathi, V. Eur. J. Med. Chem. 2009, 44, 4557–

4566. 

[37] Pae, A. N.; Kim, H. Y.; Joo, H. J.; Kim, B. H.; 

Cho, Y. S.; Choi, K.; Choi, J. H.; Koh, H. Y. Bioorg. 

Med. Chem. Lett. 1999, 9, 2679-2684. 

[38]Santos, M. M. M.; Faria, N.; Iley, J.; Coles, S. J.; 

Hursthouse, M. B.; Martins, M. L.; Moreira, R. Bioorg. 

Med.Chem. Lett. 2010, 20, 193-195. 

[39] Avula, S.; Adki, N.; Cherkupally, S. R. Eur. J. 

Med. Chemistry. 2010, 45, 2353- 2358. 



Iranian Journal of Organic Chemistry Vol. 8, No. 4 (2016) 1887-1893                                                         K. L. Ameta et al 

1893 

 

[40] Desai, J. T.; Desai, C. K.; Desai, K. R. J. Iran. 

Chem. Soc. 2008, 5, 67-73. 

[41] Conti, P.; Dollanoce, C.; Amici, M. De.; Micheli, 

C. De.; DK.-N. Klotz, D. K. N. Bioorg. Med. Chem. 

1998, 6, 401-408. 

[42] Simmons A., Practical Medical Microbiology, 14
th
  

Edn, Churchill Livingston, Edinberg, 11, 163, (1996). 

 


