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ABSTRACT

A small focused library of 2-aryl/benzyl-2'-benzyl-4'-methyl-4,5'-bithiazole derivatives, 7a-ag has been efficiently
synthesized. The chemical structure of the newly synthesized compounds was determined by analytical and spectral
methods. The title compounds were screened for inhibitory activity against Mycobacterium smegmatis MC* 155
strain while the antimicrobial properties were investigated against Bacillus subtilis, Staphylococcus aureus,

Escherichia coli, Proteus vulgaris, Saccharomyces cerevisiae and Candida albicans. Most of the synthesized
compounds showed moderate antitubercular activity while some compounds showed good antibacterial activity

against B. subtilis. This study provides valuable directions to our ongoing endeavour of rationally designing more

potent antimycobacterial agent.
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I. INTRODUCTION

Tuberculosis, a contagious disease, is now coexisting
with human immunodeficiency virus (HIV) and is
responsible for high mortality worldwide [1-2]. The last
major clinical advance in tuberculosis chemotherapy
was the introduction of Rifampicin in 1968 [3]. The
unusual cell wall barrier, ability to remain dormant and
emergence of multidrug (MDR) as well as extensively
drug resistant (XDR) Mtb strains, demands the
development of library of novel entities having various
biodynamic heteryl scaffolds and active pharmacophores
for treatment of TB [4-5].

Thiazole and its derivatives are important structure in
medicinal chemistry that could provide a rich spectrum
of biological activities [6-26]. Bithiazoles and directly
linked polyazoles containing compounds are the
backbone of bioactive natural products and thiopeptide
antibiotics [27-28]. Bisthiazoles (cystothiazoles A-F),
isolated from the myxobacterium culture broth of
Cystobacter fuscus, has demonstrated potent antifungal
against the  phytopathogenic  fungus
Phytopathora capsici [29-30]. Large numbers of
bisthiazoles have been synthesized by several research
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groups and screened for their biological activities [31-
37].

Bis-1,3-azole scaffolds linked by different chain length
and connectivity points between the rings, are present in
numerous natural products with broad spectrum of
biological activities [38-40]. Representative examples
include Bengazoles, containing an uncommon [2,5]
bioxazole system [41-43], Cystothiazole A, with a [2,4 ]-
bithiazole system [44], Largazole containing a [2,4]
thiazoline thiazole system [45], Leucamide A with a
[2,4] oxazole-thiazole system [46] and cyclic peptides
containing 1,3-azoles as Venturamide A [47]. 2'-
Alkyl/aryl-2-aryl-4-methyl-4',5-  bithiazolyls
anti-inflammatory activity [48] and thiazole linked with
other azoles have exhibited anti-tubercular activity [49-
50]. We have reported the clubbed 4,5'-bisthiazole
derivatives as potential anti-tubercular and antibacterial
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agent [51]. By considering the importance of bisthiazole
derivatives and as part of search for compounds as
candidates for antitubercular drugs employing molecular
simplification, in this present work we described the
synthesis of  2-aryl/benzyl-2'-benzyl-4'-methyl-4,5'-
bithiazole derivatives, 7a-ag as
antimycobacterial agents.
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II. METHODS AND MATERIAL
EXPERIMENTAL

All the reactions were monitored and purity of the
products was checked by thin-layer chromatography
(TLC). TLC was performed on Merck 60 F-254 silica
gel plates with visualization by UV light. Melting points
were determined in capillary tubes in silicon oil bath
using a Veego melting point apparatus and are
uncorrected. 'H (300 MHz) NMR and "C (75 MHz)
NMR spectra were recorded on Varian mercury XL-300
and BRUKER AVANCE II 400 NMR spectrometer
(Bruker Instruments Inc., Billerica, MA, USA) at either
400-MHz ('H NMR) and100-MHz (*C NMR)
spectrometer instruments. Chemical shifts are reported
from internal tetramethylsilane standard and are given in
0 units. Infrared spectra were taken on Shimadzu FTIR
(KBr) (Shimadzu Corporation, Kyoto, Japan) — 408 in
KBr. The LC-MS spectra were recorded on a Shimadzu
2010 LC-MS. Column chromatography was performed
on silica gel (100-200 mesh) supplied by Acme
Chemical Co. (Mumbai, Maharashtra, India). The
chemicals and solvents used were laboratory grade and
were purified as per literature methods.

Synthesis of 3-bromopentane-2,4-dione (2)

A mixture of acetylacetone (10 mmol) and p-
toluenesulfonic acid (5 mmol) in DCM (50 mL) was
stirred at 0 °C for 10 minutes, followed by NBS (10
mmol). The reaction mixture was further stirred for 6-8
hour (TLC). The reaction was quenched by sodium
bicarbonate solution and stirred for 10 minutes. The
aqueous layer was extracted with DCM and combined
organic layers was washed with water, dried with
sodium sulphate and distilled under vacuum. The
product isolated was used for second step without
purification.

Synthesis of 1-(2-substitutedbenzyl-4-methylthiazol-
5-yl)ethanone (4a):

A mixture of benzylthioamide (6.62 mmol) and of 3-
bromopentane-2,4-dione, (6.62 mmol) was refluxed in
ethanol. After completion of reaction (TLC), solvent
was removed under reduced pressure and the residue
was dissolved in ethyl acetate. Organic layer was
extracted with sodium bicarbonate and then water.
Organic layer was dried over sodium sulphate and

distilled under vacuum. The product obtained was
purified by column chromatography using hexane: ethyl
acetate (9:1) as eluent.

Synthesis of 2-bromo-1-(4-methyl-2-(4-
benzyl)thiazol-Syl)ethanone (5a):

A mixture of 1-(4-methyl-2-benzylthiazol-5-yl)ethanone
(10 mmol) and pTSA (5 mmol) in DCM (50 mL) was
stirred at 0 °C for 10 minutes, then Br, (10 mmol) in
DCM (20 mL) was added dropwise in reaction mixture.
The reaction mixture was further stirred for further 12
hours at room temperature (TLC). After completion of
the reaction, sodium bicarbonate solution was added in
reaction mixture and stirred for 10 minutes. The aqueous
layer was extracted with DCM and combined organic
layer was washed with water, dried with sodium
sulphate and distilled under vacuum.

General method for the synthesis 2-aryl/benzyl-2-
benzyl-4 -methyl-4,5 -bithiazole derivatives (7a-ag):

A mixture of 2-bromo-1-(2-(4-phenyl)-4-methyl thiazol-
Syl)ethanone (1 mmol) and substituted thioamide (1.1
mmol) was refluxed in dry ethanol (15 mL). The
reaction was monitored on TLC. After completion of the
reaction; reaction mixture was poured in ice water and
extracted with ethyl acetate. The organic layer was
washed with sodium bicarbonate and water. The solvent
was dried over sodium sulphate and removed under
vacuum. The product was purified by crystallization
from ethanol.

2'-benzyl-4'-methyl-2-phenyl-4,5'-bithiazole (7a):

'H NMR (400 MHz, CDCl;): § 2.63 (s, 3H, CH3), 4.35
(s, 2H, CH,), 7.20 (s, 1H, thiazole-H), 7.31-7.44 (m, 8H,
Ar-H), 7.92-7.95 (m, 2H, Ar-H); °C NMR (100 MHz,
CDCl;): § 17.0, 38.9, 114.3, 126.2, 127.7, 128.5, 129.1,
129.7, 130.4, 130.8, 132.5, 133.8, 147.5, 148.4, 165.1,
168.3; LC-MS, m/z: 349.1 (M+H)".

2'-benzyl-2-(4-bromophenyl)-4'-methyl-4,5'-
bithiazole (7b):

'H NMR (300 MHz, CDCL3): § 2.58 (s, 3H, CH;), 4.22
(s, 2H, CH,), 7.12 (s, 1H, thiazole-H), 7.24-7.28 (m, 5H,
Ar-H), 745 (d, J = 8.00Hz, 2H, Ar-H), 7.72 (d,
J=8.00Hz, 2H, Ar-H); "CNMR(75MHz,CDCl5): & 17.0,
38.9, 114.3, 123.1, 126.2, 127.7, 128.7, 129.1, 129.7,
132.2, 132.5, 135.4, 147.5, 148.4, 165.1, 168.9; LC-MS,
m/z:427.0 (M+H)", m/z:429.0 (M+H+2)".
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2'-benzyl-2-(3-chlorophenyl)-4'-methyl-4,5'-
bithiazole (7c¢):

'H NMR (400 MHz, CDCl;): § 2.63 (s, 3H, CH3), 4.35
(s, 2H, CH,),7.20 (s,1H, thiazole-H), 7.24 -7.28 (m, 5H,
Ar-H,), 7.30-7.49 (m, 4H, Ar-H); >C NMR (100 MHz,
CDCLy): & 17.1, 39.8, 114.2,124.7, 126.5, 127.5, 128.5,
129.0, 130.2, 131.3, 131.6, 134.7, 135.1, 137.7, 148.6,
148.7, 166.0, 168.6; LC-MS, m/z:383.0 (M+H)", m/z:
385.0 (M+H+2)".

2'-benzyl-2-(4-chlorophenyl)-4'-methyl-4,5'-
bithiazole (7d):

'"H NMR (300 MHz, CDCl;): & 2.58 (s, 3H, CHa),
4.22(s,2H, , CH,)7.21(s, 1H, thiazole-H) 7.24-7.28 (m,
5H, Ar-H,), 7.33 (d, J = 8.00Hz, 2H, Ar-H), 7.42(d, J =
8.00Hz, 2H, Ar-H); °C NMR (75MHz, CDCl;): § 17.3,
39.8, 114.0, 116.1, 126.4, 127.6, 128.5, 129.2, 130.2,
131.8, 136.1, 144.2, 152.4, 163.1, 168.1, 168.9; LC-MS,
m/z:383.0 (M+H)", m/z:385.0 (M+H+2)".

2-benzyl-5-(2-(3-chloro-4-fluorophenyl)thiazol-4-yl)-
4-methylthiazole (7e):

'H NMR (400 MHz, CDCls): & 2.59 (s, 3H, CHs), 4.22
(s, 2H, CH,), 7.12-7.30 (m, 7H, Ar-H, thiazole-H), 7.77-
7.80 (m, 1H, Ar-H), 7.99-8.02 (m, 1H, Ar-H); “C NMR
(100 MHz, CDCly): § 17.3, 39.6, 114.1, 117.0, 122.0,
126.4, 128.3, 129.0, 129.3, 130.3, 130.7, 133.4, 135.4,
148.1, 148.5, 159.4, 164.9, 167.6;LC-MS, m/z: 401.0
(M+H)" m/z:403.0 (M+H+2)".

2'-benzyl-2-(4-fluorophenyl)-4'-methyl-4,5'-bithiazole
(71):

'H NMR (400 MHz, CDCl;): & 2.66 (s, 3H, CH;), 4.28
(s, 2H, CHy), 7.10 (t, J = 9.0Hz, 2H, Ar-H), 7.17 (s, 1H,
thiazole-H) 7.31-7.36 (m, 5H, Ar-H, thiazole-H), 7.90-
7.94 (m, 2H, Ar-H); ”C NMR (100 MHz, CDCl;): &
17.3, 40.2, 114.0, 115.6, 116.1, 116.8, 125.9, 128.6,
129.1, 129.6, 136.4, 144.2, 152.2, 162.9, 168.2, 168.9;
LC-MS, m/z: 367.1 (M+H)".

2'-benzyl-4'-methyl-2-(p-tolyl)-4,5'-bithiazole (7g): 'H
NMR (400 MHz, CDCl;):

6 2.36 (s, 3H, CHj), 2.66 (s, 3H, CHj), 4.28 (s, 2H,
CH,),7.10 (s, 1H, thiazole-H) 7.08-7.35 (m, 9 H, Ar-H);
C NMR (100MHz, CDCly): § 17.2, 21.5, 39.8, 113.3,
126.5, 127.2, 127.3, 128.8, 129.0, 129.1, 129.6, 130.5,
140.6, 148.1, 148.5, 167.9, 168.2; LC-MS, m/z: 363.1
(M+H)".

2,2'-dibenzyl-4'-methyl-4,5'-bithiazole (7h):

'H NMR (400 MHz, CDCl;): § 2.59 (s, 3H, CHs), 4.37
(s, 2H, CH,), 4.30 (s, 2H, CH,), 7.08 (s, 1H, thiazole
H),7.28-7.35 (m, 10H, Ar-H); “C NMR (100MHz,
CDCLy): 8 17.2, 39.8, 40.4, 114.1, 115.4, 125.4, 125.8,
128.2, 128.6, 129.1, 129.6, 136.2, 136.6, 143.1, 152.2,
167.6, 168.1; LC-MS, m/z: 363.1 (M+H)".

2'-benzyl-2-(4-chlorobenzyl)-4'-methyl-4,5'-bithiazole
(7i):

'H NMR (400 MHz, CDCl;): § 2.60 (s, 3H, CHs), 4.27
(s, 2H, CH,), 4.28 (s, 2H, CH,), 7.10 (s, 1H, thiazole-H),
7.23-7.35 (m, 9H, Ar-H); *CNMR (100MHz, CDCl;): &
17.1,39.6,40.1, 114.1, 115.6, 125.8, 128.4, 128.9, 129.2,
130.6, 134.2, 136.1, 136.8, 143.2, 152.1, 167.8, 168.4;
LC-MS, nv/z: 397.1 (M+H)", m/z: 399.1 (M+H+2)".

2'-benzyl-2-(3-fluorobenzyl)-4'-methyl-4,5'-bithiazole
(7)):

'H NMR (300 MHz, CDCl5): & 2.58 (s, 3H, CH3), 4.26
(s, 2H, CH,), 4.29 (s, 2H, CH,), 7.10 (s, 1H, thiazole-H),
6.00-7.14 (m, 9H,Ar-H);"*C NMR (100 MHz, CDCl5): &
17.1,39.8,40.1, 114.1, 115.6, 116.8, 124.4, 127.2, 127.5,
128.8, 129.0, 129.3, 131.2, 137.8, 147.2, 1484, 161.1,
168.2, 168.9; LC-MS, m/z: 381.1 (M+H)".

2'-benzyl-2-(4-fluorobenzyl)-4'-methyl-4,5'-bithiazole
(7k):

'H NMR (400 MHz, CDCl;): § 2.58 (s, 3H, CH3), 4.25
(s, 2H, CH,), 4.26 (s, 2H, CH,), 6.99 (t, ] = 8.8Hz, 2H,
Ar-H), 7.08 (s, 1H, thiazole-H), 7.24-7.38 (m, 7H, Ar-H);
C NMR (100 MHz,CDCly): 17.1, 39.8, 40.2, 114.1,
115.2, 115.8, 125.8, 128.8, 129.2, 130.8, 131.8, 136.4,
1432, 1522, 160.1, 167.7, 168.2; LC-MS, m/z
381.1(M+H)".

2'-(4-chlorobenzyl)-4'-methyl-2-phenyl-4,5'-
bithiazole (71):

'H NMR (300 MHz,CDCl;): & 2.68 (s, 3H, CHs), 4.29 (s,
2H, CH,), 7.14-7.31 (m, 6H, Ar-H, thiazole-H), 7.41 (d,
J = 7.2Hz, 2H, Ar-H), 7.85-7.90 (m, 2H, Ar-H);"’C
NMR (75 MHz, CDCly): § 16.5, 38.7, 115.0, 126.2,
128.4, 129.2, 129.8, 130.3, 130.9, 131.2, 133.4, 134.0,
147.7, 1482, 167.6, 169.1; LC-MS, m/z: 383.0
(M+H)" m/z: 385.0 (M+H+2)".
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2-(4-bromophenyl)-2'-(4-chlorobenzyl)-4'-methyl-
4,5'-bithiazole (7m):

'H NMR (300 MHz, CDCl;): 2.69 (s, 3H, CH3), 4.29 (s,
2H, CH,), 7.28-7.35 (m, 5H, Ar-H, thiazole-H), 7.57 (d,
J = 8Hz, 2H, Ar-H), 7.83 (d, J = 8Hz, 2H, Ar-H); "°C
NMR (75 MHz, CDCl;): ¢ 17.2, 38.8,114.4, 126.3,
128.5, 129.0, 129.7, 130.2, 130.8, 131.3, 132.9, 135.4,
147.7, 148.0, 166.8, 168.3; LC-MS, m/z: 460.9 (M+H)",
m/z: 462.9 (M+H+2)".

2'-(4-chlorobenzyl)-2-(3-chlorophenyl)-4'-methyl-
4,5'-bithiazole (7n):

'H NMR (400 MHz, CDCl;): § 2.78 (s, 3H, CHs), 4.52
(s, 2H, CH,), 7.26-7.50 (m, 7H, Ar-H, thiazole-H), 7.77-
7.80 (m, 1H, Ar-H),7.96-7.97 (m, 1H, Ar-H); "CNMR
(100 MHz, CDClLy): 8§ 17.1, 38.3, 114.2, 115.8, 125.6,
126.9, 128.4, 128.9, 130.2, 130.8, 131.2, 134.2, 134.8,
135.1, 144.0, 151.9, 168.0, 168.8; LC-MS, m/z: 417.0
(M+H)", m/z: 419.0 (M+H+2)".

2'-(4-chlorobenzyl)-2-(4-chlorophenyl)-4'-methyl-
4,5'-bithiazole (70):

'H NMR (400 MHz, CDCls): & 2.66 (s, 3H, CH3), 4.26
(s, 2H, CH,), 7.22-7.32 (m, 5H, Ar-H, thiazole-H), 7.41
(d, J = 8Hz, 2H, Ar-H), 7.88 (d, J = 8Hz, 2H, Ar-H); °C
NMR (100 MHz, CDCl;): ¢ 17.0, 38.6, 114.0, 116.0,
128.2, 128.8, 129.2, 130.0, 131.2, 131.8, 133.9, 134.4,
144.2,151.9, 167.9, 168.8; LC-MS, m/z: 417.0 (M+H)',
m/z: 419.0 (M+H+2)".

2-(3-chloro-4-fluorophenyl)-2'-(4-chlorobenzyl)-4'-
methyl-4,5' bisthiazole (7p):

'H NMR (400 MHz, CDCls): & 2.65 (s, 3H, CH;), 4.26
(s, 2H, CH,), 7.16-7.34 (m, 6H, Ar-H, thiazole-H), 7.77-
7.80 (m, 1H, Ar-H), 7.99-8.02 (m, 1H, Ar-H); C NMR
(100 MHz, CDCl3): ¢ 17.2, 39.0, 114.2, 117.3, 122.0,
126.4, 128.3, 129.0, 130.3, 130.7, 132.8, 133.4, 1354,
148.4, 148.8, 159.5, 165.0, 167.7;LC-MS, m/z: 435.0
(M+H)" m/z:437.0 (M+H+2)".

2'-(4-chlorobenzyl)-2-(4-fluorophenyl)-4'-methyl-
4,5'-bithiazole (7q):

'H NMR (400 MHz, CDCl5): & 2.65 (s, 3H, CH3), 4.25
(s, 2H, CH,), 7.10 (t, ] = 8.4Hz, 2H, Ar-H), 7.20 (s, 1H,
thiazole-H), 7.24-7.41 (m, 4H, Ar-H), 7.91-7.95 (m, 2H,
Ar-H);*C NMR (100MHz, CDCl;): & 17.2, 38.8, 114.0,
116.0, 116.4, 128.6, 129.1, 129.8, 130.6, 131.4, 134.6,

144.0, 152.0, 163.0, 168.2, 168.8; LC-MS, m/z: 401.0
(M+H)", m/z: 403.0 (M+H+2)".

2'-(4-chlorobenzyl)-4'-methyl-2-(p-tolyl)-4,5'-
bithiazole (7r):

'"HNMR (300 MHz, CDCl;): & 2.32 (s, 3H, CH3), 2.58
(s, 3H, CH3), 4.20 (s, 2H, CH,), 7.01 (s, 1H, thiazole-H),
7.00-7.38 (m, 8H, Ar-H); *C NMR (75MHz, CDCl;): &
17.0,21.5,38.8, 113.8, 115.8, 127.2, 128.8, 129.6, 130.2,
130.8, 131.6, 133.8, 138.4, 144.2, 152.0, 167.9, 168.8;
LC-MS, n/z: 397.1 (M+H)", m/z: 399.1 (M+H+2)".

2-benzyl-2'-(4-chlorobenzyl)-4'-methyl-4,5'-bithiazole
(7s):

'H NMR (400 MHz, CDCl;): & 2.58 (s, 3H, CH), 4.24
(s, 2H, CH,), 4.30 (s, 2H, CH,), 7.01 (s, 1H, thiazole-H),
7.25-7.40 (m, 9H, Ar-H);"*C NMR (100 MHz, CDCl5):
8 17.2,39.6, 40.4, 114.4, 115.6, 126.2, 128.1, 128.8,
129.2, 130.3, 131.4, 134.4, 136.2, 143.2, 152.0, 167.9,
168.1; LC-MS, m/z: 397.1 (M+H)", m/z: 399.1
(M+H+2)".

2,2'-bis(4-chlorobenzyl)-4'-methyl-4,5'-bithiazole
(7¢):

'H NMR (400 MHz, CDCl5): & 2.58 (s, 3H, CH3), 4.23
(s, 2H, CH,), 4.26 (s, 2H, CH,), 7.11 (s, 1H, thiazole-
H),7.22-7.32 (m, 8H, Ar-H); “C NMR (100 MHz,
CDCLy): § 17.1, 38.8, 39.0, 114.2, 127.2, 128.3, 128.8,
129.0, 130.4, 133.1, 133.2, 135.9, 136.2, 147.2, 148.5,
136.3, 169.6; LC-MS, m/z: 431.0 (M+H)", m/z: 433.0
(M+H+2)".

2'-(4-chlorobenzyl)-2-(3-fluorobenzyl)-4'-methyl-4,5'-
bithiazole (7u):

'H NMR (400 MHz, CDCl5): & 2.58 (s, 3H, CH3), 4.24
(s, 2H, CH,),4.30 (s, 2H, CH,), 7.01 (s, 1H, thiazole-H),
6.77-7.15 (m, 8H, Ar-H); °C NMR (100 MHz, CDCl;):
o 17.1, 38.6, 38.8, 112.6, 114.2, 115.4, 116.2, 124.8,
128.8, 130.1, 130.8, 131.4, 134.4, 138.1, 142.9, 152.0,
163.1, 167.9, 168.2; LC-MS, m/z: 415.0 (M+H)", m/z:
417.0 (M+H+2)".

2'-(4-chlorobenzyl)-2-(4-fluorobenzyl)-4'-methyl-4,5'-
bithiazole (7v):

'HNMR (400 MHz, CDCl;): 2.58 (s, 3H, CH3), 4.24 (s,
2H, CH,), 4.27 (s, 2H, CH,), 6.99-7.04 (m, 2H, Ar-H),
7.11 (s, 1H, thiazole-H), 7.25-7.31 (m, 6H, Ar-H); °C
NMR (100 MHz, CDCl;): & 17.2, 32.6, 38.8, 114.2,
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115.4, 115.8, 128.8, 130.2, 130.8, 131.1, 131.9, 134.6,
142.9, 152.1, 160.1, 167.6, 168.2; LC-MS, m/z: 415.0
(M+H)", m/z: 417.0 (M+H+2)".

2'-(4-fluorobenzyl)-4'-methyl-2-phenyl-4,5'-bithiazole
(Tw):

'H NMR (400 MHz, CDCl3): § 2.63 (s, 3H, CH3), 4.24
(s, 2H, CH,), 6.93-6.99 (m, 2H, Ar-H), 7.10-7.43 (m, 6H,
Ar-H, thiazole-H), 7.86-7.11 (m, 2H, Ar-H); “C NMR
(100 MHz, CDCly): & 16.9, 38.6, 113.9, 115.7, 126.6,
128.6, 128.9, 130.4, 130.7, 131.4, 133.3, 147.9, 158.6,
162.0, 167.9, 168.4; LC-MS, m/z: 367.1 (M+H)".

2-(4-bromophenyl)-2'-(4-fluorobenzyl)-4'-methyl-
4,5'-bithiazole (7x):

'H NMR (300 MHz, CDCl;): § 2.64 (s, 3H, CHs), 4.27
(s, 2H, CH,), 6.94-7.00 (t, J = 9.1Hz, 2H, Ar-H), 7.11-
7.42 (m, 5H, Ar-H, thiazole-H), 7.48 (d, J = 8.4Hz, 2H,
Ar-H); °C NMR (75 MHz, CDCl5): § 17.0, 38.8, 114.0,
115.8, 126.7, 128.7, 129.1, 129.9, 130.5, 131.2, 132.6,
148.0, 148.2, 162.5, 167.7, 168.6; LC-MS, m/z:445.0
(M+H)",m/z: 447.0 (M+H+2)"

2-(3-chlorophenyl)-2'-(4-fluorobenzyl)-4'-methyl-
4,5'-bithiazole (7y):

'H NMR (300 MHz, CDCl;): § 2.76 (s, 3H, CH3), 4.89
(s, 2H, CH,), 7.11-7.22 (t, J = 9.1Hz, 2H, Ar-H), 7.48 (s,
1H, Thiazole-H) 7.73-7.86 (m, 4H, Ar-H), 7.88 (d, J =
8.2Hz, 2H, Ar-H); "C NMR (75MHz, CDCl;): § 17.2,
38.9, 114.0, 115.9, 124.7, 127.1, 128.1, 128.7, 130.7,
132.3, 133.5, 148.4, 148.8, 158.6, 160.8, 163.2, 166.4,
168.2; LC-MS, m/z: 401.0 (M+H)", m/z: 403.0
(M+H+2)".

2-(4-chlorophenyl)-2'-(4-fluorobenzyl)-4'-methyl-
4,5'-bithiazole (7z):

'H NMR (300 MHz, CDCl;): § 2.65 (s, 3H, CH3), 4.26
(s, 2H, CH,), 7.11 (t, J = 9.1Hz, 2H, Ar-H), 7.41 (s, 1H,
thiazole-H), 7.44-7.55 (m, 4H, Ar-H), 7.82 (d, ] = 8.4Hz,
2H, Ar-H);>C NMR (75 MHz, CDCly): & 17.0, 38.6,
114.0, 115.2, 116.0, 128.8, 129.6, 130.8, 131.2, 132.0,
134.4, 144.0, 152.0, 159.9, 167.8, 168.6; LC-MS, m/z:
401.0 (M+H)", m/z: 403.0 (M+H+2)".

2-(3-chloro-4-fluorophenyl)-2'-(4-fluorobenzyl)-4'-
methyl-4,5'-bithiazole (7aa):

'H NMR (400 MHz, DMSO-de): § 2.59 (s, 3H, CH;),
4.20 (s, 2H, CH,), 7.10-7.26 (m, 5H, Ar-H, thiazole-H),
7.94- 7.99 (m, 3H, Ar-H); *C NMR (100 MHz, DMSO-
de): & 17.2, 38.9, 114.1, 115.7, 117.1, 126.7, 128.8,
130.4, 130.7, 132.7, 133.5, 134.2, 148.5, 148.9, 159.5,
160.9, 165.0, 168.2; LC-MS, m/z: 419.0 (M+H)",m/z:
421.0 (M+H+2)".

2'-(4-fluorobenzyl)-2-(4-fluorophenyl)-4'-methyl-4,5'-
bithiazole (7ab):

'H NMR (400 MHz, CDCl;): § 2.66 (s, 3H, CHs), 4.26
(s, 2H, CH,), 7.00-7.05 (m, 2H, Ar-H), 7.11 (t, J = 8.4Hz,
2H, Ar-H), 7.20 (s, 1H, thiazole-H), 7.30-7.33 (m, 2H,
Ar-H), 7.91-7.95 (m, 2H, Ar-H); *C NMR (100 MHz,
CDCly): 0 17.2, 38.9, 113.6, 115.6, 115.9, 127.1, 128.5,
129.5, 130.6, 133.5, 148.2, 148.7, 160.8, 162.8, 166.4,
168.1; LC-MS, m/z: 385.1 (M+H)".

2'-(4-fluorobenzyl)-4'-methyl-2-(p-tolyl)-4,5'-
bithiazole (7ac):

'H NMR (400 MHz, CDCl;): § 2.39 (s, 3H, CH3), 2.67
(s, 3H, CH3), 4.26 (s, 2H, CH,), 7.0-7.05 (m, 2H, Ar-H),
7.17 (s, 1H, thiazole-H), 7.22 (d, ] = 8.2 Hz, 2H, Ar-H),
7.29-7.33 (m, 2H, Ar-H), 7.84 (d, J = 8.2 Hz, 2H, Ar-H);
C NMR (100 MHz, CDCl5): & 17.1, 21.5, 38.9, 113.5,
115.5, 126.5, 127.4, 129.6, 130.2, 130.8, 131.8, 133.6,
148.0, 148.6, 162.0, 167.8, 167.9; LC-MS, m/z: 381.1
(M+H)".

2-benzyl-2'-(4-fluorobenzyl)-4'-methyl-4,5'-bithiazole
(7ad):

'H NMR (400 MHz, CDCl;): & 2.67 (s, 3H, CH3), 4.31
(s, 2H, CH,), 4.33 (s, 2H, CH,), 7.00-7.20 (m, 6H, Ar-H,
thiazole-H), 7.31-7.40 (m, 4H, Ar-H); “C NMR (100
MHz, CDCl;): § 17.2, 38.8, 39.2, 113.8, 114.9, 1154,
126.0, 128.8, 129.2, 130.6, 132.0, 136.2, 143.2, 151.9,
160.0, 167.6, 168.2; LC-MS, m/z: 381.1 (M+H)".

2-(4-chlorobenzyl)-2'-(4-fluorobenzyl)-4'-methyl-4,5'-
bithiazole (7ae):

'H NMR (400 MHz, CDCl3): 6 2.68 (s, 3H, CH;), 4.34
(s, 2H, CH,), 4.36 (s, 2H, CH,), 7.08-7.12 (m, 4H, Ar-H),
7.20 (s, 1H, thiazole-H), 7.31-7.40 (m, 4H, Ar-H);"C
NMR (100 MHz, CDCl;): & 17.3, 39.8, 40.2, 114.2,
115.1, 115.8, 128.6, 129.9, 130.4, 131.1, 132.0, 1344,
143.0, 152.0, 160.0, 167.8, 168.0; LC-MS, m/z: 415.0
(M+H)", m/z: 417.0 (M+H+2)".
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2-(3-fluorobenzyl)-2'-(4-fluorobenzyl)-4'-methyl-4,5'-
bithiazole (7af):

'H NMR (400 MHz, CDCl;): § 2.71 (s, 3H, CH;), 4.36
(s, 2H, CH,), 4.47 (s, 2H, CH,), 7.11-7.24 (m, 5H, Ar-H,
thiazole-H), 7.37-7.43 (m, 4H, Ar-H); *C NMR (100
MHz, DMSO-dq): & 17.1, 32.6, 38.8, 114.2, 115.5, 124.4,
127.2, 128.6, 129.3, 130.6, 131.3, 133.5, 147.1, 148.4,
161.0, 162.2,163.3, 167.9, 169.6; LC-MS, m/z: 399.1
(M+H)".

2,2'-bis(4-fluorobenzyl)-4'-methyl-4,5'-bithiazole
(7ag):

'H NMR (400 MHz, CDCl;): § 2.70 (s, 3H, CH3), 4.34
(s, 2H, CH,) 4.36 (s, 2H, CH,), 6.85-7.04 (m, 8H, Ar-H),
7.20 (s, 1H, thiazole-H); “C NMR (100MHz, DMSO-
de): 8 17.2,38.6, 38.8, 114.0, 114.9, 115.2, 115.6, 130.2,
130.6, 131.2,131.6, 142.9, 151.9, 159.9, 160.1, 167.4,
167.9; LC-MS, m/z: 399.1 (M+H)".

Anti-tubercular activity:

The synthesized compounds were screened for their
antitubercular activity against M. smegmatis MC* 155
strain. The series of compounds were obtained in 10 mM
stock concentrations. Further, each compound was
diluted with the required 100% (v/v) DMSO to achieve a
working concentration of 1.5 mM. The inoculum for the
assay was prepared by reviving aglycerol stock in
Middlebrook 7H9 broth supplemented with 0.1%Tween
80 and 0.5% glycerol. At the time of inoculation, 10%
ADS was added to the media and the culture was
incubated in ashaker incubator at 37 °C and 200 rpm.
The O.D. of the to 0.8-1
approximately, a secondary inoculum was inoculated
and subsequently incubated. This was incubated
overnight till the O.D. of the inoculum reached 0.4
approx., following which the inoculum was diluted

inoculums reached

1:1000 times. In a 96 well microtiter plate, a 2 pL
aliquot of the 1.5 mM dilution of compound was added
to each well in triplicate, to which 98 pL of inoculum
dilution was added, making the final concentration of
compound 30 uM. To each plate, a set of controls was
added to better ascertain the activity of the compounds.
These included DMSO, which was taken as a growth
control, and media control (Blank) and Rifampicin and
Isoniazid, which were taken as positive controls of
inhibition of M. smegmatis. After the completion of the

period of 32 h, the absorbance of the inoculum in wells
was measured at 600 nm using a Multi Mode Reader.
Absorbance is considered directly proportional to the
increase in growth of bacteria. Thus, it gives a measure
of the growth of bacteria in each well. Percentage
inhibition was determined against DMSQO.

Antimicrobial activity:

The activities of all the
synthesized compounds were done by the disc diffusion
method [56-57]. All the strains were obtained from
National Chemical Laboratory, Pune, India. All cultures

in vitro antimicrobial

were maintained at 4°C over nutrient agar slants
throughout the experiment. The cultures were incubated
overnight at 37°C in nutrient broth before using for
antimicrobial activity. Five hundred microliters of
overnight old bacterial / fungal suspension was spread
over the nutrient agar plates using a sterile cotton swab
in order to get a uniform microbial growth. The
synthesized compounds were dissolved in DMSO.
Under aseptic conditions, empty sterilized discs
(Whatman no. 5, 6mm diameter) were impregnated with
different concentrations (25pg/disc, 50 pg/disc, 75
pg/disc, synthesized
compounds and placed on the agar surface. Paper disc
moistened with aqueous DMSO was placed on seeded
petri-plates as a vehicle control. The plates were left for
30 min. at room temperature to allow the diffusion of
synthesized compounds and then incubated at 37 °C for
24 h. The antimicrobial activity was evaluated by
measuring the zone of inhibition against the test of

100 pg/disc) of respective

microorganism. All experiments were carried out in
triplicates.

III. RESULTS AND DISCUSSION
A series of 2-aryl/benzyl-2'-benzyl-4'-methyl-4,5'-
bisthiazole derivatives, 7a-ag were synthesized
according to Scheme 1. Acetyl acetone 1 on reaction
with p-toluene sulphonic acid and NBS in DCM gave 3-
bromopentane-2,4-dione, 2 which on cyclocondensation
with benzyl thioamide, 3a-c in dry ethanol gave 1-(2-
benzyl-4-methyl-thiazol-5-yl) 4a-c.
Compounds 4a-c¢ on bromination with bromine and p-
toluene sulphonic acid as catalyst in DCM at room

temperature resulted in the formation of 1-(2-benzyl-4-

ethanone,

methyl-thiazol-5-yl)-2-bromo-ethanone, 5a-c¢ which on
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further cyclocondensation with aryl/benzyl thioamide,
6a-k furnished 2-aryl/benzyl-2’-benzyl-4’- methyl 4,5’-
bisthiazole derivatives, 7a-ag. The physical data and
yield of synthesized compounds 7a-ag are reported in
Table 1.

o O
—_—
DCM, 0 0C

H,N
3a-c o
Br >
1 EtOH, Reflux
N
—
R \
rt, 24 h Rm\ﬁ&
sac © 5a-c CHs
s N CHs
M <
R4 NH, S —
N S
6a-k N<<
EtOH, Reflux R R

Ta-ag
Scheme 1. Synthetic route of compounds7a-ag

The structure of the title compounds, 7a-ag was
confirmed by IR, NMR and MS. As a representative
analysis of compound 7ac, the IR (KBr) spectrum
showed C=C/C=N absorption bands at 1629-1475 c¢m.
The 'H NMR spectrum of compound 7ac displayed
three singlet in aliphatic region at 6 2.39 (CH3) o 2.67
(CHs3), 6 4.26 (CH,) and a singlet in aromatic region at &
7.17 (thiazole CH). A triplet at & 7.02 and multiplate at &
7.29-7.33 were attributed to protons of fluoro substituted
phenyl ring, while doublets at 6 7.22 and 6 7.84

corresponds to protons of methyl substituted phenyl ring.

The C NMR spectrum of compound 7ac revealed the
two signal of methyl carbon at 8 17.1, 21.5 and a signal
at & 38.9 attributed to methylene carbon. Aromatic
carbons showed typical fluoro-coupling [C;-F, & 164.0,
160.5 ('J = 250 Hz), C,-F & 115.7, 115.4 (*J = 22 Hz),
Cs-F § 127.5, 127.4 (J = 8 Hz)]. Structure of compound
7ac was further confirmed by molecular ion peak at m/z
381.1 (M+H)." Structures of all the derivatives were
ascertained similarly.

IV. Antitubercular activity

The synthesized compounds (7a-ag) were screened for
their antitubercular activity against Mycobacterium
smegmatis, which is a fast growing non-pathogenic
strain to assess the activity of the compounds in primary
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screening. The literature revealed that M. smegmatis
based screens show 100% specificity and 78%
sensitivity in comparison to MDR Mycobacterium
tuberculosis [52-55]. The percentage inhibition was
determined against DMSO. Rifampicin and isoniazid
were used as reference drugs. The results of
antitubercular activity are reported in Table 1.

The in vitro antitubercular activity against M.
smegmatis, revealed that compounds 7d, 7r, 7s and 7ac
exhibited moderate activity at 30 pM concentration. The
preliminary structure activity relationship study revealed
that replacement of hydrogen atom of phenyl ring A and
B (Figure 1) by substituent groups like Br, Cl, F and
CHj; affects the antitubercular activity.

5 1
@I

1I

n=0and 1

Figure 1

Further it was also noted that among the compounds 7a-
g, with un-substituted benzyl ring A and substituted
phenyl ring B, only compound 7d showed moderate
activity. Compounds 7h-k with substituted benzyl ring
B were found to be less active. Among the compounds
7l-r with 4-chloro substituted benzyl ring A and
substituted phenyl ring B, compound 7r showed
moderate activity.

Table 1. Antitubercular activity of synthesized
compounds 7a-ag

1 Yield MP . a
Comp. R R (%) ©C) M.smegmatis
Ta H CHs 58 94 13.764
7b H 4-Br C¢Hy 60 116-118 | 8.648
Te H 3-Cl C4Hy4 58 93-94 13.886
7d H 4-Cl C¢Hy 60 106-108 | 32.4
3-ClL4-F
Te H CoHs 62 135-136
7t H 4-F- C¢Hy 60 97-99 16.443
4-CH;-
7g H CoH, 62 48-50 12.911
7h H C¢HsCH, 60 60-62 7.065
. 4-Cl-
7Ti H C4H,CH, 65 82-84 7.552
. 3-F-
7j H C.H.CH, 62 78-80
7k H 4-F- 62 78-80 4.141
CE,HSCHZ :

(U]
(U]



bacteria, Bacillus subtilis (NCIM 2162), Staphylococcus
aureus (NCIM 2602), while the antifungal activity was
against the Saccharomyces cerevisiae (NCIM 3045) and
Candida albicans (NCIM 3100). Amoxycillin and
ciprofloxacin served as positive controls for antibacterial
whereas fluconazole served as positive control for
antifungal activity. The in vitro preliminary screening
values (zone of inhibition) against microorganisms
tested are summarized in Table 2.

Careful analysis of the antibacterial results presented in
Table 2, provides some lead molecules with good
antibacterial activity. Among the compounds 7a-ag
tested, it was observed that all the synthesized
compounds showed moderate to good activity against S.
aureus and B. subtilis, whereas most of the derivatives
showed moderate activity against E. coli and P. vulgaris.

Table 2. Antimicrobial screening of compounds 7a-ag
(zone of inhibition in mm)

7 acl | cons 65 88-90 | 21.924

7m 4Cl | 4BrCH, | 62 101-103 | 4385

7n 4Cl | 3-ClCH, | 65 130-132 | -

7o 4Cl | acicd, | 66 5254 | -
3.CIAF

7p e | S50 ) 148-150 | -

7q 4Cl | 4F-CH, | 65 118-120 | -

r 4cl | HCHs- 60 136-138 | 32.034
CeH

7s 4Cl | CHCH, | 70 7577 | 3849
4L

7t s | $en, | ©2 78-80 | 22.655
3-F-

7u s | Shen |0 4850 | 14251
4-F-

v e | G o | 66 82 11,084

7w 4F | CoHs 60 104 16.797

7x 4F | 4BrgH, | 65 109-110 | 13.281

7y 4F | 3ClcH, | 64 116-118 | 13.281

72 AF | 4CiCH, | 66 118-120 | 8333
3-CLAF

7aa o | S5 58 104-106 | 5.078

7ab 4F | 4F-CH, |60 112-114 | 13.151
4-CH,-

Tac o | & 70 9% 38347

7ad 4F | CHCH, | 60 98-100 | 24.609
4Cl-

Tae ok | S | 52-54 | 24479
3-F-

7af ok | S | o 84 11.719
4-F-

Tag oF | & | o 9496 | 13.021

Rifampicin 98

Isoniazid 97

a: % inhibition; - : Not active

Compounds 7s-v with substituted benzyl ring B,
compound 7s showed moderate activity. Among the
compounds 7w-ac, with 4-fluoro substituted benzyl ring
A and substituted phenyl ring B, compound 7ac
exhibited moderate activity. Compounds 7ad-ag with
substituted benzyl ring B, were found less active. It was
notable that, chloro or fluoro substituents on ring A and
4-methyl substituted phenyl ring B showed moderate
antitubercular activity.

V. Antimicrobial activity

The in vitro antimicrobial activity of all the synthesized
compounds was done by the disc diffusion method. The
antibacterial studies were against the standard Gram-
negative Dbacteria, Escherichia coli (NCIM 2576),
Proteus vulgaris (NCIM 2813) and Gram-positive

Antibacterial activity Antifungal actiity
Comp.
IE. coli |P. vulgaris |S. aureus |B. subtilis S. cerevisiae |C. albicans

Ta 7 7 10 10 22 16
7b 7 8 7 9 - 7
Te 7 8 7 9 - 7
7d 7 9 7 10 - 8
Te 7 9 11 8 - -
7f 7 9 8 11 - 7
7g 7 8 7 7 - 7
7Th 7 9 7 7 - 8
7i 9 9 10 18 - 9
7j 10 10 11 10 7 8
7k 10 9 11 13 - 7
71 8 8 10 13 14 8
7m 7 7 7 10 - 9
7n 7 8 7 8 10 9
70 7 8 7 8 - 10
7p 7 8 7 16 - 8
7q 7 8 7 10 - 7
Tr 7 9 8 9 - 7
7s 7 9 9 9 - 10
7t 8 10 10 10 - 7
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7u 9 10 10 12

v 9 9 9 14 - 7
Tw - - 8 10

7x - - 7 7 - 7
Ty 7 8 8 8 7 7
7z 8 7 7 10 - 10
7aa 7 7 9 8 7

7ab 7 7 7 9

Tac 7 8 7 9 7 8
7ad - - 7 8 - 8
Tae 9 10 10 11 - 8
Taf 10 11 9 10 - 7
Tag 10 11 10 11 7

Amox. | 24 40 42 28 NA NA
Cipro. 27 31 28 26 NA NA
Fluco. NA | NA NA NA 14 17

Amox: Amoxycillin (100 pg/disc), Cipro: Ciprofloxacin
(100 pg/disc), Fluco: Fluconazole (25 pg/disc) were
used as reference; synthesized compounds (100
pg/disc);

NA = Not Applicable; (-) = Inactive.

It was worthwhile to note that compounds 7i-k with un-
substituted benzyl ring A and chloro and fluoro
substituted benzyl ring B exhibited moderate activity
against all the tested strains. The activity was retained
for 4-chloro substituted benzyl ring A and chloro and
fluoro substituted benzyl ring B as in compounds 7t-u
and 4-fluoro substituted benzyl ring A and chloro and

fluoro substituted benzyl ring B as in compounds 7ae-ag.

The results of antifungal activity revealed that most of
the synthesized compounds were able to produce
moderate inhibitory activity against C. albicans. It was
noteworthy that un-substituted benzyl ring A and un-
substituted phenyl ring B in compound 7a, showed good
activity comparable to the standard drug fluconazole
against S. cerevisiae and C. albicans.

VI. CONCLUSION

In the present study, we have detailed the synthesis and
biological screening of bisthiazole derivatives. It can be
concluded that, most of the synthesized compounds with
Cl and F substituent on benzyl and 4-methyl substituent
on phenyl ring showed moderate antitubercular activity.
Most of the synthesized compounds exhibited good
antimicrobial activity towards most of the tested species.

Thus, these results warrant the need for synthesis of
similar libraries with other substituents to ascertain the
trend described in this work.

VII. REFERENCES

[1]. WHO,20 WHO, 2016, Tuberculosis Fact Sheet.
World Health Organization.

[2]. V. U. Jeankumar, R. S. Reshma, R. Vats R.
Janupally, S. Saxena, P. Yogeeswari, D. Sriram,
2016, European Journal of Medicinal Chemistry
122, 216.

[3]. H. L Bohshoff, C. E. Barry, 2005, Nat Rev
Microbiol 3, 70.

[4]. M. Zignol, M. S. Hosseini, A. Wright, 2006, J
Infect Dis 194, 479.

[5]. Y. Zhang, 2005, Annu Rev Pharmacol Toxicol 45,

529.
[6]. M. R. Shiradkar, K. K. Murahari, H. R.
Gangadasu, S. Tatikonda, R. Kaur, A. K.

Chakravarthy, D. Panchal, P. Burange, J. Ghogare,
V. Mokalec, M. Raut, 2007, Bioorg Med Chem
Lett 15, 3997.

[7]. S. P. Pardeshi, V. D. Bobade, 2011, Bioorg Med
Chem Lett 21, 6559.

[8]. T. Tomasic, S. Katsamakas, Z. Hodnik, J. Ilas, M.
Brvar, T. Solmajer, S. Montalvao, P. Tammela, M.
Banjanac, G. Ergovic, M. Anderluh, L. P. Masic,
D. Kikelj, 2015, J Med Chem 58, 5501.

[9]. Z.Y.Liu, Y. M. Wang, Z. R. Li, J. D. Jiang, D.

W. Boykin, 2009, Bioorg Med Chem, Lett. 19,

5661.

S. Bruno, P. Pierre, 2002, Tetrahedron Lett, 58,

4201.

S. A. F. Rostom, I. M. El-Ashmawy, H. A. Abd El

Razik, M. H. Badr, H. M. A. Ashour, 2009,

Bioorg Med Chem Lett, 17, 882.

D. Sampson, X. Y. Zhu, S. V. K. Eyunni, J. R.

Etukala, E. Ofori, B. Bricker, N. S. Lamango, V.

Setola, B. L. Roth, S. Y. Ablordeppey, 2014,

Bioorg Med Chem Lett, 22, 3105.

G. S. Inamdar, A. N. Pandya, H. M. Thakar, V.

Sudarsanam, S. Kachler, S. Moro, D. Sabbadin, K.

N. Klotz, K. K. Vasu, 2013, Eur ] Med Chem, 63,

924.

. Y.S. Lee, H. Kim, Y. H. Kim, E. J. Roh, H. Han,

K. Shin, 2012, J. Bioorg Med Chem Lett, 22,
7555.

[10].

[11].

[12].

[13].

International Journal of Scientific Research in Scienceand Technology (www.ijsrst.com)



[15]

[16].

[17].

[18].

[27].

[28].

[29].

[30].

[31].

N. Greig, M. Mattson, X. Zhu, Q. Yu, H. W.
Holloway, US 2004/0067991 A12004.

Y. K. Abhale, K. K. Deshmukh, A. V. Sasane, A.
P. Chavan, P. C. Mhaske, 2016, J Heterocyclic
Chem, 53, 229.

S. Malik, R. S. Bahare, S. A. Khan, 2013, Eur J
Med Chem, 67, 1.

M. F. Arshad, N. Siddiqui, A. Elkerdasy, H.
Abdulmohsen, A. L. Rohaimi, S. A. Khan, 2014,
Am J Pharmacol Toxicol, 9, 132.

. O. Ahmed, P. Sharma, J. Sharma, 2013, Asian J

Pharm Res Dev, 1, 88.

. J. L. Falco, A. Palomer, A. Guglietta, US

2008/0200473 A12008.

. F. Hayat, E. Yoo, H. Rhim, H. Y. P. Choo, 2013,

Bull Korean Chem Soc, 34, 495.

. R. B. Clark, D. Lamppu, L. Libertine, A.

McDonough, A. Kumar, G. L. Rosa, R. Rush, D.
Elbaum, 2014, ] Med Chem, 57, 3966.

. J. A. Shiran, A. Yahyazadeh, M. Mamaghani, M.

Rassa, 2013, ] Mol Struct 113, 1039.

. M. Brvar, A. Perdith, G. Anderluh, D. Turk, T.

Solmajer, 2012, J Med Chem, 55, 6413.

. C. Araniciu, A. E. Parvu, B. Tiperciuc, M. Palage,

S. Oniga, P. Verite, O. Oniga, 2013, Dig J
Nanomaterials and Biostructures, 8, 699.

. O. Oniga, J. Thierry Ndongo, C. Moldovan, B.

Tiperciuc, S. Oniga, A. Pirnau, L. Vlase, P. Verite,
2012, Farmacia, 6, 785.

C. B. Mark, J. W. Dale, E. A. Merritt, X. Xin,
2005, Chem Rev, 105, 685.

E. Riego, D. Hernandez, F. Albericio, M. Alvarez,
2005, Synthesis, 1907.

M. Ojika, Y. Suzuki, A. Tsukamoto, Y. Sakagami,
R. Fudou, T. Yoshimura, S. Yamanaka, 1998, ]
Antibiot, 51, 275.

Y; Suzuki, M. Ojika, Y. Sakagami, R. Fudou, S.
Yamanaka, 1998, Tetrahedron, 54, 11399.

C. Araniciu, M. Palage, S. Oniga, A. Pirnau, P.
Verite, O. Oniga, 2013, Rev Chim Buchar, 10,
1067.

. C. Araniciu, L. Marutescu, S. Oniga, O. Oniga, M.

C. Chifiriuc, M. Palage, 2014,
Nanomaterials and Biostructures, 9, 123.

Dig J

. C. Araniciu, A. Parvu, M. Palage, S. Oniga, D.

Benedec, I. Oniga, O. Oniga, 2014, Molecules, 19,
9240.

[34].

[35].

[36].

[37].

[38].
[39].
[40].
[41].

[46].

[47].

[48].

[49].

[50].

[51].

F. Chen, H. Chai, M. Su, Y. Zhang, J. Li, X. Xie,
F. Nan, 2014, ACS Med Chem Lett, 5, 628.

G. Alvarez, J. Martinez, J. Varela, E. Birriel, E.
Cruces, M. Gabay, S. M. Leal, P. Escobar, B.
Aguirre-Lopez, N. Cabrera, M. Tuena de Gomez-
Puyou, A. Gomez Puyou, R. Perez-Montfort, G.
Yaluff, S. Torres, E. Serna, N. Vera de Bilbao, M.
Gonzalez, H. Cerecetto, 2015, Eur J Med Chem.,
15, 246.

T. W. Loo, M. C. Bartlett, D. M. Clarke, 2013,
Biochemistry, 52, 5161.

O. Oniga, C. Moldovan, S. Oniga, B. Tiperciuc,
A. Parnau, P. Verite, O. Crisan, 1. Ionut, 2010,
Farmacia, 58, 825.

Z. Jin, 2006, Natural Product Reports, 23, 464.

D. Davyt, G. Serra, 2010, Marine Drugs, 8, 2755.
V. S. C. Yeh, 2004, Tetrahedron, 60, 11995.

J. Rodriguez, R. Nieto, P. Crews, 1993, J of
Natural Products, 56, 2034.

. M. Adamczeski, E. Quinoa, P. Crews, 1988, J

American Chemical Society, 110, 1598.

. A. Rudi, Y. Kashman, Y. Benayahu, M. Schleyer,

1994, J Natural Products, 57, 829.

. M. Ojika, Y. Suzuki, A. Tsukamoto, Y. Sakagami,

R. Fudou, T. Yoshimura, S. Yamanaka, 1998, J
Antibiotic, 51, 275.

. K. Taori, V. J. Paul, H. Luesch, 2008, J] American

Chemical Society, 1806.

S. Kehraus, G. M. Konig, A. D. Wright, G.
Woerheide, 2002, J Org Chem, 67, 4989.

R. G. Linington, J. Gonzalez, L. D. Urena, L. L
Romero, E. Ortega-Barria, W. H. Gerwick, 2007,
J Natural Products, 70, 397.

J. A. Parvate, V. S. Bhagwat M. M. Doshi, H. L.
Mondkar, 1989, Indian Drugs, 26, 222.

S. H. Shelke, P. C. Mhaske, P. Hande, V. D.
Bobade, 2013, Phosphorus, Sulfur, Silicon and the
Related Elements, 188, 1262.

M. R. Shiradkar, K. K. Murahari, G. H. Reddy, S.
Tatikonda, A. K. Chakravarthy, P. Dolly, R. Kaur,
P. Burange, J. Ghogare, V. Mokalec, M. Rautc,
2007, Bioorg MedChemlLett , 15, 3997.

Y. K. Abhale, A. V. Sasane, A. P. Chavan, K. K.
Deshmukh, S. S. Kotapalli, R. Ummanni, S. F.
Sayyad, P. C.Mhaske, 2015, Eur J of Med Chem,
94, 340.

. L. Pagadala, L. Mukkara, S. Singireddi, A. Singh,

V. Thummaluru, P. Jagarlamudi, R. Guttala, Y.

International Journal of Scientific Research in Scienceand Technology (www.ijsrst.com)



Perumal, S. Dharmarajan, S. Upadhyayula, R.
Ummanni, V. Basireddy, N. Ravirala, 2014, Eur J
Med Chem, 84, 118.

[53]. V. Chaturvedi, N. Dwived, R. P. Tripathi, S.
Sinha, 2007, J Gen Appl Microbiol, 53, 333.

[54]. M. Altaf, C. H. Miller, D. S.Bellows, R. O'Toole,
2010, Tuberculosis, 90, 333.

[55]. P.Senthilkumar, M. Dinakaran, P. Yogeeswari, A.
China, V. Nagaraja, D. Sriram, 2009, Biomed
Pharmacother, 63, 27.

[56]. P. A. Wayne, NCCLS (National Committee for
Clinical Laboratory Standards) 2002, Method for
dilution antimicrobial susceptibility tests of
bacteria that grow aerobically. Approved Standard
M100-S12.

[57]. NCCLS Approval Standard Document M2-A7,
National Committee for Clinical Laboratory
Standards, Vilanova, PA, USA, 2000.

International Journal of Scientific Research in Scienceand Technology (www.ijsrst.com)



