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abstract
A series of new 2-aryl-4-thiazolidinones (3 and 4) was synthesized from 2-hydroxy-2,2-diphenyl-N’-[(substituted 
phenyl)methylene]acetohydrazides (2) and mercaptoacetic acid or 2-mercaptopropionic acid. The antimycobac-
terial activity of these compounds was determined and several leads with 95–99% inhibition at 6.25 µg/mL test 
concentration were identified. In addition, antitumor activities were measured against several tumor cell lines, 
and significant growth inhibition was observed for compound 4p. Taken together, 2-aryl-4-thiazolidinones were 
shown to be promising scaffolds for both antimycobacterial and tumor-targeting compounds.
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Introduction

Tuberculosis (TB) is a potentially lethal infectious disease of 
the lungs, which is mainly caused by Mycobacterium tuber-
culosis. This disease is one of the world’s greatest sources of 
mortality and morbidity. Approximately, 30% of the world’s 
population is believed to be infected with this pathogen 
[1–3]. Every year, approximately 8 million of these infected 
people develop active TB and more than 2 million people 
die from pulmonary TB [1–3]. Unfortunately, the incidence 
of TB infection has risen steadily in the past decades and an 
important reason for this is the development of drug resist-
ance in M. tuberculosis. Multidrug-resistant tuberculosis 
(MDR-TB) is an emerging public health problem in many 
regions of the world, particularly in the developing coun-
tries. MDR-TB strains do not respond to most anti-TB drugs 
(including rifampin and isoniazide) that are still being used 
in clinics [4]. Another cause is an increase in human immu-
nodeficiency virus (HIV) infection. Even though the results 
are somewhat conflicting, it is to be expected that the 
increased vulnerability of immunocompromised patients 
for TB is life threatening [5]. The association of TB and HIV 
infections is so dramatic that, in African countries, nearly 
two thirds of the patients diagnosed with TB are also HIV-1 
seropositive [6]. The lethal combination of drug-resistant 

TB and HIV infection is a growing problem  that presents 
serious challenges for effective TB control. In view of this 
situation, in 1993, the World Health Organization (WHO) 
has declared TB as a global emergency.

No new drugs against tuberculosis has been developed 
in the past 30 years, while the development of drug resist-
ance in M. tuberculosis is an ongoing process. Hence, there 
is an urgent need for new antituberculosis agents with new 
and unique mechanisms of action to avoid the resistance 
of M. tuberculosis.

Recently, there has been considerable interest in the 
chemistry and pharmacology of the thiazolidin-4-one 
containing scaffolds. These compounds display a broad 
spectrum of biological activities, such as antimycobacterial 
 [7–10], antifungal [11–13], antiviral [14–18], anticancer [13], 
and anticonvulsant [19] activities.

To further explore the pharmaceutical relevance of thia-
zolidinone containing compounds, we synthesized a wide 
variety of analogs and tested these compounds for antimyco-
bacterial activities. As these compounds were also reported 
to have anticancer properties, we also tested our compounds 
for anticancer activity [13]. In this study, we report several 
new 4-thiazolidinone derivatives with promising antimyco-
bacterial and antitumor activities.
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Experimental

Chemistry
All melting points were measured in open capillary tubes 
with Buchi 540 and are uncorrected. The compounds were 
checked for purity using thin layer chromatography on silica 
gel HF

254
 (E.Merck, Darmstadt, Germany). IR (KBr) spectra 

were recorded using a Perkin-Elmer 1600 FTIR spectropho-
tometer and all values are expressed as 

max
 cm−1. 1H-NMR, 

13C-NMR(APT), and HSQC spectra were recorded on a 
VarianUNITYINOVA 500 MHz spectrometer using DMSO-d

6
 as 

solvent, and chemical shifts are given in ppm with TMS as 
a Standard. Elemental analysis of all new compounds was 
performed on a Thermo Finnigan Flash EA 1112 elemental 
analyzer. Mass spectral data (LC/MS-APCI) were recorded 
on a FinniganTM LCQTM Mass Spectrometer.

2-Hydroxy-2,2-diphenylacetohydrazide (1).
Methyl 2-hydroxy-2,2-diphenylacetate (0.05 mol), 12 mL 
hydrazine hydrate (98%) was heated under reflux for 12 h. 
The reaction mixture was transferred to a crystallizing dish 
and allowed to stand until crystallization occurred. The 
crude product thus obtained was then recrystallized from 
C

2
H

5
OH.

2-Hydroxy-2,2-diphenyl-N’-[(substituted phenyl)
methylene]acetohydrazides (2).
A solution of 6 mmol 1 in 30 mL abs. C

2
H

5
OH and 6.6 mmol 

of an appropriate aromatic aldehyde was heated under 
reflux for 4 h. The precipitate obtained was purified either by 
recrystallization from C

2
H

5
OH or by washing with C

2
H

5
OH.

General method for the synthesis of 2-Hydroxy-N-
(4-oxo-2-substitutedphenyl-1,3-thiazolidin-3-yl)-
2,2-diphenylacetamide/2-Hydroxy-N-(5-methyl-4-
oxo-2-substitutedphenyl-1,3-thiazolidin-3-yl)-2,2-
diphenylacetamides (3,4).
A mixture of 5 mmol 2 and 20 mmol mercaptoacetic acid or 
-mercaptoacetic acid was refluxed in 30 mL dry benzene 
(care-carcinogenic) for 6 h using a Dean-Stark water sepa-
rator. Excess benzene was evaporated in vacuo. The result-
ing residue was triturated with saturated NaHCO

3
 solution 

until CO
2
 evolution ceased and refridgerated overnight. The 

crude product thus obtained was washed with H
2
O, dried, 

and recrystallized from C
2
H

5
OH/H

2
O.

N-[2-(2-fluorophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3a). White small needles. 
Yield 25%; m.p. 190–193°C; IR(KBr):  3291 (O-H/N-H), 
1685,1722 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

3.69,3.83 (2H, 2d, J=15.61 Hz, thiazolidin C
5
-H

2
), 6.08 (1H, 

s, thiazolidin C
2
-H), 6.73 (1H, brs, COH), 7.12–7.16 (4H, m, 

Ar-H), 7.18–7.21 (3H, m, Ar-H), 7.23 (5H, s, Ar-H), 7.35–7.40 
(1H, m, Ar-H), 7.60 (1H, t, J = 6.83 Hz, Ar-H), 10.33 (1H, brs, 
CONH). Anal. Calcd. for C

23
H

19
FN

2
O

3
S (422.47): C, 65.39; H, 

4.53; N, 6.63. Found: C, 65.04; H, 4.22; N, 6.36%.
N-[2-(3-fluorophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3b).  White needles. Yield 

54%; m.p. 178–180°C; IR(KBr):  3276 (O-H/N-H), 1684,1719 
(C=O); 1H-NMR (DMSO-d

6
, 400 MHz)  (ppm): 3.60,3.77 

(2H, 2d, J = 15.78 Hz, thiazolidin C
5
-H

2
), 5.76 (1H, s, thiazo-

lidin C
2
-H), 6.66 (1H, brs, COH), 7.04–7.06 (3H, m, Ar-H), 

7.09–7.15 (8H, m, Ar-H), 7.20–7.25 (3H, m, Ar-H), 10.24 (1H, 
brs, CONH). Anal. Calcd. for C

23
H

19
FN

2
O

3
S (422.47): C, 65.39; 

H, 4.53; N, 6.63. Found: C, 65.01; H, 4.22; N, 6.34%.
N-[2-(4-fluorophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3c). White crystals. Yield 
47%; m.p. 184–186°C; IR(KBr):  3278,3545 (O-H/N-H), 
1670,1740 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

3.72,3.85 (2H, 2d, J = 15.62 Hz, thiazolidin C
5
-H

2
), 5.84 (1H, s, 

thiazolidin C
2
-H), 6.73 (1H, s, COH), 7.11–7.14 (4H, m, Ar-H), 

7.21–7.25 (3H, m, Ar-H), 7.27 (5H, s, Ar-H), 7.46–7.49 (2H, m, 
Ar-H), 10.27 (1H, s, CONH); 13C-NMR (APT)(DMSO-d

6
/125 

MHz)  (ppm): 30.19 (C
5
), 61.85 (C

2
), 81.24 (C-OH), 127.98, 

128.01, 128.04, 128.11, 128.19, 128.21, 115.66, 131.84, 131.27, 
131.34 (ar. CH), 134.41, 144.10 (ar. C), 162.13 (ar. C-F), 169.10 
(amide C=O), 172.14 (lactam C=O). LC/MS: m/z 421 (M-H)−. 
Anal. Calcd. for C

23
H

19
FN

2
O

3
S (422.47): C, 65.39; H, 4.53; N, 

6.63. Found: C, 65.45; H, 4.31; N, 6.42%.
N-[2-(2-chlorophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3d). White small needles. 
Yield 72%; m.p. 185–187°C; IR(KBr):  3188,3307 (O-H/N-H), 
1671,1714 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

3.71,3.85 (2H, 2d, J=15.62 Hz, thiazolidin C
5
-H

2
), 6.20 (1H, 

s, thiazolidin C
2
-H), 6.77 (1H, s, COH), 7.23 (10H, s, Ar-H), 

7.33–7.35 (2H, m, Ar-H), 7.41–7.43 (1H, m, Ar-H), 7.76–7.78 
(1H, m, Ar-H), 10.44 (1H, s, CONH). Anal. Calcd. for 
C

23
H

19
ClN

2
O

3
S (438.93): C, 62.94; H, 4.36; N, 6.38. Found: C, 

62.70; H, 4.11; N, 6.06%.
N-[2-(3-chlorophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3e). White powder. Yield 
42%; m.p. 162–164°C; IR(KBr):  3266 (O-H/N-H), 1681,1716 
(C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 3.69,3.86 

(2H, 2d, J=15.62 Hz, thiazolidin C
5
-H

2
), 5.82 (1H, s, thiazo-

lidin C
2
-H), 6.73 (1H, brs, COH), 7.14–7.15 (2H, m, Ar-H), 

7.21–7.23 (3H, m, Ar-H), 7.25 (5H, s, Ar-H), 7.29–7.35 (2H, m, 
Ar-H), 7.37–7.39 (1H, m, Ar-H), 7.57 (1H, brs, Ar-H), 10.34 
(1H, brs, CONH). Anal. Calcd. for C

23
H

19
ClN

2
O

3
S (438.93): C, 

62.94; H, 4.36; N, 6.38. Found: C, 62.83; H, 4.14; N, 6.21%.
N-[2-(4-chlorophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3f). White powder. Yield 
69%; m.p. 183–185°C; IR(KBr):  3189,3459 (O-H/N-H), 
1669,1707 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

3.69,3.83 (2H, 2d, J=15.74 Hz, thiazolidin C
5
-H

2
), 5.80 (1H, 

s, thiazolidin C
2
-H), 6.69 (1H, brs, COH), 7.07 (2H, d, J=7.32 

Hz, Ar-H), 7.19–7.26 (8H, m, Ar-H), 7.33 (2H, d, J=8.53 Hz, 
Ar-H), 7.42 (2H, d, J=8.30 Hz, Ar-H), 10.25 (1H, brs, CONH). 
Anal. Calcd. for C

23
H

19
ClN

2
O

3
S (438.93): C, 62.94; H, 4.36; N, 

6.38. Found: C, 62.69; H, 4.55; N, 6.05%.
N-[2-(2-bromophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3g). White small needles. 
Yield 16%; m.p. 195–198°C; IR(KBr):  3175,3302 (O-H/N-H), 
1674,1719 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

3.69,3.84 (2H, 2d, J=15.61 Hz, thiazolidin C
5
-H

2
), 6.16 (1H, s, 

thiazolidin C
2
-H), 6.78 (1H, s, COH), 7.22 (11H, d, J=6.83 Hz, 
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Ar-H), 7.37 (1H, t, J=7.81 Hz, Ar-H), 7.58 (1H, d, J=7.81 Hz, 
Ar-H), 7.76 (1H, d, J=7.80 Hz, Ar-H), 10.47 (1H, s, CONH). 
Anal. Calcd. for C

23
H

19
BrN

2
O

3
S (483.38): C, 57.15; H, 3.96; N, 

5.80. Found: C, 56.95; H, 3.91; N, 5.59%.
N-[2-(3-bromophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3h). White powder. Yield 
48%; m.p. 181–183°C; IR(KBr):  3292 (O-H/N-H), 1673,1704 
(C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 3.70,3.87 

(2H, 2d, J=16.10 Hz, thiazolidin C
5
-H

2
), 5.80 (1H, s, thiazo-

lidin C
2
-H), 6.74 (1H, s, COH), 7.15 (2H, s, Ar-H), 7.21–7.23 

(4H, m, Ar-H), 7.25–7.26 (5H, m, Ar-H), 7.39 (1H, d, J=7.80 
Hz, Ar-H), 7.51–7.53 (1H, m, Ar-H), 7.68 (1H, d, J=1.96 Hz, 
Ar-H), 10.36 (1H, s, CONH). Anal. Calcd. for C

23
H

19
BrN

2
O

3
S 

(483.38): C, 57.15; H, 3.96; N, 5.80. Found: C, 57.45; H, 3.90; 
N, 5.94%.
N-[2-(4-bromophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3i). White powder. Yield 
72%; m.p. 170–172°C; IR(KBr):  3188,3307 (O-H/N-H), 
1671,1714 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

3.68,3.83 (2H, 2d, J=16.10 Hz, thiazolidin C
5
-H

2
), 5.80 (1H, 

s, thiazolidin C
2
-H), 6.70 (1H, brs, COH), 7.07 (2H, d, J=6.83 

Hz, Ar-H), 7.18–7.24 (8H, m, Ar-H), 7.35 (2H, d, J=8.30 Hz, 
Ar-H), 7.47 (2H, d, J=8.30 Hz, Ar-H), 10.25 (1H, brs, CONH). 
Anal. Calcd. for C

23
H

19
BrN

2
O

3
S (483.38): C, 57.15; H, 3.96; N, 

5.80. Found: C, 56.97; H, 3.71; N, 5.50.
N-[2-(2,4-dichlorophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3j). White powder. Yield 
53%; m.p. 204–206°C; IR(KBr):  3268 (O-H/N-H), 1681,1717 
(C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 3.74,3.89 

(2H, 2d, J=15.62 Hz, thiazolidin C
5
-H

2
), 6.17 (1H, s, thiazoli-

din C
2
-H), 6.80 (1H, s, COH), 7.21–7.26 (10H, m, Ar-H), 7.40 

(1H, dd, J
1
=8.54, J

2
=2.20 Hz, Ar-H), 7.57 (1H, d, J=1.95 Hz, 

Ar-H), 7.77 (1H, d, J=8.30 Hz, Ar-H), 10.46 (1H, s, CONH). 
Anal. Calcd. for C

23
H

18
Cl

2
N

2
O

3
S (473.37): C, 58.36; H, 3.83; N, 

5.92. Found: C, 58.22; H, 3.92; N, 5.75%.
N-[2-(3,4-dichlorophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3k). White small needles. 
Yield 74%; m.p. 199–203°C; IR(KBr):  3268 (O-H/N-H), 
1681,1717 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

3.69,3.87 (2H, 2d, J=16.10 Hz, thiazolidin C
5
-H

2
), 5.82 (1H, 

s, thiazolidin C
2
-H), 6.73 (1H, brs, COH), 7.11 (2H, d, J=6.83 

Hz, Ar-H), 7.17–7.22 (3H, m, Ar-H), 7.24 (5H, s, Ar-H), 7.35 
(1H, d, J=6.78 Hz, Ar-H), 7.49 (1H, dd, J

1
=8.30, J

2
=2.44 Hz, 

Ar-H), 7.67 (1H, s, Ar-H), 10.35 (1H, brs, CONH). Anal. 
Calcd. for C

23
H

18
Cl

2
N

2
O

3
S (473.37): C, 58.36; H, 3.83; N, 5.92. 

Found: C, 58.18; H, 3.66; N, 5.69%.
N-[2-(2,6-dichlorophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3l). White crystals. Yield 
57%; m.p. 191–193°C; IR(KBr):  3252 (O-H/N-H), 1682,1716 
(C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 3.82,3.90 

(2H, 2d, J=15.37 Hz, thiazolidin C
5
-H

2
), 6.63 (1H, d, J=2.44 

Hz, thiazolidin C
2
-H), 6.73 (1H, s, COH), 7.23–7.29 (10H, m, 

Ar-H), 7.37–7.44 (2H, m, Ar-H), 7.50 (1H, dd, J
1
=7.81, J

2
=1.46 

Hz, Ar-H), 10.23 (1H, s, CONH); 13C-NMR (APT)(DMSO-
d

6
/125 MHz)  (ppm): 31.26 (C

5
), 56.94 (C

2
), 81.34 (C-OH), 

127.94, 128.21, 128.24, 129.23, 131.84 (ar. CH), 136.13, 136.52 
(ar. C-Cl), 143.90, 144.04 (ar. C), 169.01 (amide C=O), 172.74 

(lactam C=O). Anal. Calcd. for C
23

H
18

Cl
2
N

2
O

3
S (473.37): C, 

58.36; H, 3.83; N, 5.92. Found: C, 58.12; H, 3.62; N, 5.88%.
N-[2-(2-chloro-6-fluorophenyl)-4-oxo-1,3-thiazolidin-3-yl]-
2-hydroxy-2,2-diphenylacetamide (3m). White powder. 
Yield 65%; m.p.171–173°C; IR(KBr):  3285 (O-H/N-H), 
1688,1732 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

3.73,3.84 (2H, 2d, J=15.62 Hz, thiazolidin C
5
-H

2
), 6.27 (1H, 

s, thiazolidin C
2
-H), 6.73 (1H, s, COH), 7.15–7.19 (2H, m, 

Ar-H), 7.23–7.26 (10H, m, Ar-H), 7.37–7.42 (1H, m, Ar-H), 
10.44 (1H, s, CONH). LC/MS: m/z 471 (M-H)−. Anal. Calcd. 
for C

23
H

18
ClFN

2
O

3
S (456.918): C, 60.46; H, 3.97; N, 6.13. 

Found: C, 60.26; H, 3.62; N, 5.98%.
N-[2-(4-trifluoromethylphenyl)-4-oxo-1,3-thiazolidin-3-
yl]-2-hydroxy-2,2-diphenylacetamide (3n). White powder. 
Yield 82%; m.p. 198–199°C; IR(KBr):  3252 (O-H/N-H), 
1682,1716 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

3.72,3.88 (2H, 2d, J=16.10 Hz, thiazolidin C
5
-H

2
), 5.88 (1H, s, 

thiazolidin C
2
-H), 6.72 (1H, s, COH), 7.08 (2H, d, J=7.80 Hz, 

Ar-H), 7.16–7.24 (8H, m, Ar-H), 7.63 (4H, s, Ar-H), 10.33 (1H, 
s, CONH). Anal. Calcd. for C

24
H

19
F

3
N

2
O

3
S (472.47): C, 61.01; 

H, 4.05; N, 5.93. Found: C, 60.98; H, 4.19; N, 5.58%.
N-[2-(4-cyanophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3o). Yellow powder. Yield 
55%; m.p. 212–214°C; IR(KBr):  3379 (O-H/N-H), 1681,1725 
(C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 3.74,3.91 

(2H, d, J=15.62 Hz, thiazolidin C
5
-H

2
), 5.89 (1H, s, thiazoli-

din C
2
-H), 6.75 (1H, s, COH), 7.12 (2H, d, J=7.33 Hz, Ar-H), 

7.22–7.28 (8H, m, Ar-H), 7.62–7.74 (4H, 2d, J=8.3 Hz, Ar-H), 
10.37 (1H, s, CONH); 13C-NMR (APT)(DMSO-d

6
/125 MHz) 

 (ppm): 30.07 (C
5
), 61.75 (C

2
), 81.23 (C-OH), 119.28 (CN), 

127.99, 128.08, 128.10, 128.22, 129.83, 132.83 (ar. CH), 143.97, 
144.08, 144.09 (ar. C), 169.04 (amide C=O), 172.19 (lactam 
C=O). Anal. Calcd. for C

24
H

19
N

3
O

3
S (429.49): C, 67.12; H, 

4.46; N, 9.78. Found: C, 67.11; H, 4.41; N, 9.52%.
N-[2-(4-benzyloxyphenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3p). White powder. Yield 
68%; m.p. 210–213°C; IR(KBr):  3346 (O-H/N-H), 1670,1725 
(C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 3.60 (2H, s, 

thiazolidin C
5
-H

2
), 5.11–5.14 (2H, m, –OCH

2
C

6
H

5
), 5.73 (1H, 

s, thiazolidin C
2
-H), 6.88 (1H, brs, COH), 7.19 (4H, d, J=7.32 

Hz, Ar-H), 7.27–7.33 (5H, m, Ar-H), 7.36 (5H, t, J=7.16 Hz, 
Ar-H), 7.50 (5H, d, J=7.16 Hz, Ar-H), 10.28 (1H, s, CONH). 
Anal. Calcd. for C

30
H

26
N

2
O

4
S (510.61): C, 70.57; H, 5.13; N, 

5.49. Found: C, 70.38; H, 5.45; N, 5.67%.
N-[2-(4-methylthiophenyl)-4-oxo-1,3-thiazolidin-3-yl]-2-
hydroxy-2,2-diphenylacetamide (3r). White powder. Yield 
85%; m.p. 122–124°C; IR(KBr):  3253 (O-H/N-H), 1674,1715 
(C=O); 1H-NMR (DMSO-d

6
, 400 MHz)  (ppm): 3.32 (3H, brs, 

SCH
3
), 3.60,3.73 (2H, 2d, J=15.79 Hz, thiazolidin C

5
-H

2
), 5.68 

(1H, s, thiazolidin C
2
-H), 6.57 (1H, s, COH), 6.96 (2H, d, J=5.39 

Hz, Ar-H), 7.07–7.18 (10H, m, Ar-H), 7.26 (2H, d, J=8.38 Hz, 
Ar-H), 10.16 (1H, s, CONH). Anal. Calcd. for C

24
H

22
N

2
O

3
S

2
 

(450.575): C, 63.98; H, 4.92; N, 6.22. Found: C, 63.85; H, 4.65; 
N, 5.92%.
N-[2-(2-fluorophenyl)-5-methyl-4-oxo-1,3-thiazolidin-3-
yl]-2-hydroxy-2,2-diphenylacetamide (4a). White powder. 
Yield 68%; m.p. 163–165°C; IR(KBr):  3375 (O-H/N-H), 
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1682,1715 (C=O); 1H-NMR (DMSO-d
6
, 500 MHz)  (ppm): 

1.50 (3H, d, J=6.83 Hz, 5-CH
3
), 4.02,4.11 (1H, 2q, J=6.83 Hz, 

thiazolidin C
5
-H), 6.09 (1H, s, thiazolidin C

2
-H), 6.73 (1H, 

s, COH), 7.13–7.17 (3H, m, Ar-H), 7.19–7.25 (9H, m, Ar-H), 
7.37–7.41 (1H, m, Ar-H), 7.68 (1H, t, J=7.81 Hz, Ar-H), 10.36 
(1H, s, CONH). Anal. Calcd. for C

24
H

21
FN

2
O

3
S (436.50): C, 

66.04; H, 4.85; N, 6.42. Found: C, 65.82; H, 4.87; N, 6.34%.
N-[2-(3-fluorophenyl)-5-methyl-4-oxo-1,3-thiazolidin-3-
yl]-2-hydroxy-2,2-diphenylacetamide (4b). White crystals. 
Yield 55%; m.p. 183–185°C; IR(KBr):  3379 (O-H/N-H), 
1685,1717 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

1.50 (3H, d, J=6.83 Hz, 5-CH
3
), 3.99,4.11 (1H, 2q, J=7.32 Hz, 

thiazolidin C
5
-H), 5.82 (1H, s, thiazolidin C

2
-H), 6.72 (1H, 

s, COH), 7.14–7.19 (3H, m, Ar-H), 7.20–7.25 (9H, m, Ar-H), 
7.28–7.36 (2H, m, Ar-H), 10.35 (1H, s, CONH). Anal. Calcd. 
for C

24
H

21
FN

2
O

3
S (436.50): C, 66.04; H, 4.85; N, 6.42. Found: 

C, 65.91; H, 4.72; N, 6.34%.
N-[2-(4-fluorophenyl)-5-methyl-4-oxo-1,3-thiazolidin-3-
yl]-2-hydroxy-2,2-diphenylacetamide (4c). White powder. 
Yield 47%; m.p. 107–110°C; IR(KBr):  3278,3545 (O-H/N-H), 
1670,1710 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

1.50 (3H, d, J=6.83 Hz, 5-CH
3
), 3.98,4.09 (1H, 2q, J=6.83 Hz, 

thiazolidin C
5
-H), 5.78 (1H, s, thiazolidin C

2
-H), 6.69 (1H, 

s, COH), 7.09–7.12 (4H, m, Ar-H), 7.17–7.25 (8H, m, Ar-H), 
7.44–7.46 (2H, m, Ar-H), 10.26 (1H, s, CONH). Anal. Calcd. 
for C

24
H

21
FN

2
O

3
S (436.50): C, 66.04; H, 4.85; N, 6.42. Found: 

C, 65.95; H, 4.92; N, 6.22%.
N-[2-(2-chlorophenyl)-5-methyl-4-oxo-1,3-thiazolidin-3-
yl]-2-hydroxy-2,2-diphenylacetamide (4d). White powder. 
Yield 35%; m.p. 135–137°C; IR(KBr):  3326,3369 (O-H/N-H), 
1676,1718 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

1.49 (3H, d, J=6.83 Hz, 5-CH
3
), 4.03,4.11 (1H, 2q, J=6.83 Hz, 

thiazolidin C
5
-H), 6.17,6.23 (1H, 2s, thiazolidin C

2
-H), 6.79 

(1H, brs, COH), 7.25 (10H, d, J=5.86 Hz, Ar-H), 7.34–7.37 (2H, 
m, Ar-H), 7.42–7.44 (1H, m, Ar-H), 7.78–7.81 (1H, m, Ar-H), 
10.51 (1H, s, CONH); 13C-NMR (APT)(DMSO-d

6
/125 MHz) 

 (ppm): 19.95 (5-CH
3
), 38.24 (C

5
), 57.48 (C

2
), 81.26 (C-OH), 

127.99, 128.02, 128.05, 128.16, 128.23, 128.46, 129.38, 130.87, 
130.74, 134.04 (ar. CH), 136.50, 144.09, 144.11, 144.16 (ar. C), 
172.28 (amide C=O), 172.75 (lactam C=O). Anal. Calcd. for 
C

24
H

21
ClN

2
O

3
S (452.96): C, 63.64; H, 4.67; N, 6.18. Found: C, 

63.50; H, 4.96; N, 5.31%.
N-[2-(3-chlorophenyl)-5-methyl-4-oxo-1,3-thiazolidin-3-
yl]-2-hydroxy-2,2-diphenylacetamide (4e). White small 
needles. Yield 38%; m.p. 200–202°C; IR(KBr):  3292,3386 
(O-H/N-H), 1682,1716 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz) 

 (ppm): 1.50 (3H, q, J=6.83 Hz, 5-CH
3
), 3.99,4.12 (1H, 2q, 

J=6.83 Hz, thiazolidin C
5
-H), 5.83 (1H, s, thiazolidin C

2
-H), 

6.73 (1H, brs, COH), 7.14–7.23 (5H, m, Ar-H), 7.26–7.27 (5H, 
m, Ar-H), 7.32–7.36 (2H, m, Ar-H), 7.38–7.41 (1H, m, Ar-H), 
7.53 (1H, m, Ar-H), 10.36 (1H, brs, CONH). Anal. Calcd. for 
C

24
H

21
ClN

2
O

3
S (452.96): C, 63.64; H, 4.67; N, 6.18. Found: C, 

63.42; H, 4.48; N, 5.89%.
N-[2-(4-chlorophenyl)-5-methyl-4-oxo-1,3-thiazolidin-3-yl]-
2-hydroxy-2,2-diphenylacetamide (4f). White powder. Yield 
62%; m.p. 122–125°C; IR(KBr):  3393 (O-H/N-H), 1682,1715 
(C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 1.51 (3H, t, 

J=7.32 Hz, 5-CH
3
), 4.00,4.11 (1H, 2q, J=6.86 Hz, thiazolidin 

C
5
-H), 5.80 (1H, s, thiazolidin C

2
-H), 6.72 (1H, brs, COH), 

7.13–7.19 (2H, m, Ar-H), 7.22–7.24 (2H, m, Ar-H), 7.27 (6H, s, 
Ar-H), 7.34 (2H, dd, J

1
=8.69, J

2
=2.97 Hz, Ar-H), 7.44 (2H, dd, 

J
1
=8.69, J

2
=2.29 Hz, Ar-H), 10.29 (1H, brs, CONH); 13C-NMR 

(HSQC)(DMSO-d
6
/125 MHz)  (ppm): 20.13 (5-CH

3
), 39.41 

(C
5
), 60.81 (C

2
), 81.24 (C-OH), 127.94, 128.00, 128.06, 128.10, 

128.12, 128.15, 128.17, 128.22, 128.91, 128.94, 129.12, 130.83, 
131.15, 134.13 (ar. CH), 134.33, 136.67, 144.05, 144.08 (ar. C), 
171.98 (amide C=O), 172.15 (lactam C=O); LC/MS: m/z 451 
(M-H)−. Anal. Calcd. for C

24
H

21
ClN

2
O

3
S (452.96): C, 63.64; H, 

4.67; N, 6.18. Found: C, 63.42; H, 4.76; N, 5.88%.
N-[2-(2-bromophenyl)-5-methyl-4-oxo-1,3-thiazolidin-3-
yl]-2-hydroxy-2,2-diphenylacetamide (4g). White powder. 
Yield 27%; m.p. 170–174°C; IR(KBr):  3283,3379 (O-H/N-H), 
1682,1717 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

1.46–1.48 (3H, m, 5-CH
3
), 4.00,4.08 (1H, 2q, J=6.84 Hz, 

thiazolidin C
5
-H), 6.12 (1H, s, thiazolidin C

2
-H), 6.79 (1H, 

s, COH), 7.23–7.27 (11H, m, Ar-H), 7.36–7.40 (1H, m, Ar-H), 
7.57–7.59 (1H, m, Ar-H), 7.76–7.80 (1H, m, Ar-H), 10.53 (1H, 
s, CONH). Anal. Calcd. for C

24
H

21
BrN

2
O

3
S (497.41): C, 57.95; 

H, 4.26; N, 5.63. Found: C, 57.65; H, 4.53; N, 5.42%.
N-[2-(3-bromophenyl)-5-methyl-4-oxo-1,3-thiazolidin-3-
yl]-2-hydroxy-2,2-diphenylacetamide (4h). White powder. 
Yield 25%; m.p. 198–200°C; IR(KBr):  3318 (O-H/N-H), 
1673,1714 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

1.49 (3H, m, 5-CH
3
), 3.99,4.12 (1H, 2q, J=6.83 Hz, thiazoli-

din C
5
-H), 5.78 (1H, s, thiazolidin C

2
-H), 6.73 (1H, s, COH), 

7.14–7.16 (2H, m, Ar-H), 7.22–7.26 (9H, m, Ar-H), 7.40 (1H, 
t, J=7.32 Hz, Ar-H), 7.52 (1H, t, J=7.81 Hz, Ar-H), 7.67 (1H, s, 
Ar-H), 10.38 (1H, s, CONH). Anal. Calcd. for C

24
H

21
BrN

2
O

3
S 

(497.41): C, 57.95; H, 4.26; N, 5.63. Found: C, 57.68; H, 4.39; 
N, 5.78%.
N-[2-(4-bromophenyl)-5-methyl-4-oxo-1,3-thiazolidin-3-
yl]-2-hydroxy-2,2-diphenylacetamide (4i). White powder. 
Yield 77%; m.p. 165–168°C; IR(KBr):  3390,3564 (O-H/N-H), 
1682,1714 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

1.51 (3H, t, J=7.08 Hz, 5-CH
3
), 4.01,4.12 (1H, 2q, J=6.83 Hz, 

thiazolidin C
5
-H), 5.79 (1H, s, thiazolidin C

2
-H), 6.72 (1H, 

s, COH), 7.09–7.12 (2H, m, Ar-H), 7.21–7.28 (8H, m, Ar-H), 
7.38 (2H, dd, J

1
=8.53, J

2
=2.19 Hz, Ar-H), 7.49–7.51 (2H, m, 

Ar-H), 10.30 (1H, s, CONH). Anal. Calcd. for C
24

H
21

BrN
2
O

3
S 

(497.41): C, 57.95; H, 4.26; N, 5.63. Found: C, 57.61; H, 4.53; 
N, 5.92%.
N-[2-(2,4-dichlorophenyl)-5-methyl-4-oxo-1,3-thiazolidin-
3-yl]-2-hydroxy-2,2-diphenylacetamide (4j). White powder. 
Yield 60%; m.p. 183–186°C.; IR(KBr):  3339 (O-H/N-H), 
1676,1726 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

1.48 (3H, d, J=5.86 Hz, 5-CH
3
), 4.03,4.12 (1H, 2q, J=6.83 

Hz, thiazolidin C
5
-H), 6.16 (1H, s, thiazolidin C

2
-H), 6.78 

(1H, s, COH), 7.21–7.25 (10H, m, Ar-H), 7.39 (1H, d, J=8.30 
Hz, Ar-H), 7.55–7.56 (1H, m, Ar-H), 7.76 (1H, t, J=5.85 Hz, 
Ar-H), 10.48 (1H, s, CONH); 13C-NMR (APT)(DMSO-d

6
/125 

MHz)  (ppm): 20.64 (5-CH
3
), 39.94 (C

5
), 57.42 (C

2
), 81.21 

(C-OH), 128.03, 128.13, 128.20, 129.36, 129.42, 131.45 (ar. 
CH), 134.01, 134.67 (ar. C-Cl), 135.51, 143.94, 144.02 (ar. C), 
172.34 (amide C=O), 172.51 (lactam C=O). Anal. Calcd. for 
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C
24

H
20

Cl
2
N

2
O

3
S (487.399): C, 59.14; H, 4.14; N, 5.75. Found: 

C, 59.17; H, 3.93; N, 5.83%.
N-[2-(3,4-dichlorophenyl)-5-methyl-4-oxo-1,3-thiazolidin-
3-yl]-2-hydroxy-2,2-diphenylacetamide (4k). White powder. 
Yield 77%; m.p. 175–178°C; IR(KBr):  3286,3374 (O-H/N-H), 
1674,1724 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

1.47–1.51 (3H, m, 5-CH
3
), 4.01,4.15 (1H, 2q, J=6.83 Hz, thiazo-

lidin C
5
-H), 5.79 (1H, s, thiazolidin C

2
-H), 6.75 (1H, s, COH), 

7.10–7.14 (2H, m, Ar-H), 7.18–7.23 (3H, m, Ar-H), 7.26 (5H, 
d, J=5.36 Hz, Ar-H), 7.37–7.40 (1H, m, Ar-H), 7.51 (1H, dd, 
J

1
=8.30, J

2
=2.44 Hz, Ar-H), 7.68 (1H, dd, J

1
=5.86, J

2
=1.95 Hz, 

Ar-H), 10.39 (1H, s, CONH). Anal. Calcd. for C
24

H
20

Cl
2
N

2
O

3
S 

(487.399): C, 59.14; H, 4.14; N, 5.75. Found: C, 59.43; H, 3.86; 
N, 5.70%.
N-[2-(2,6-dichlorophenyl)-5-methyl-4-oxo-1,3-thiazolidin-
3-yl]-2-hydroxy-2,2-diphenylacetamide (4l). White crystals. 
Yield 12%; m.p. 229–232°C. IR(KBr) (, cm−1), 3277 (O-H/
N-H), 1681,1713 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz) 

 (ppm): 1.50 (3H, t, J=6.35 Hz, 5-CH
3
), 4.05,4.14 (1H, 2q, 

J=6.83 Hz, thiazolidin C
5
-H), 6.12,6.18 (1H, 2s, thiazolidin 

C
2
-H), 6.80 (1H, brs, COH), 7.23–7.27 (10H, m, Ar-H), 7.41 

(1H, d, J=8.54 Hz, Ar-H), 7.56–7.58 (1H, m, Ar-H), 7.78–7.80 
(1H, m, Ar-H), 10.48,10.52 (1H, 2s, CONH). Anal. Calcd. for 
C

24
H

20
Cl

2
N

2
O

3
S (487.399): C, 59.14; H, 4.14; N, 5.75. Found: 

C, 58.97; H, 4.05; N, 5.75%.
N-[2-(2-chloro-6-fluorophenyl)-5-methyl-4-oxo-1,3-
thiazolidin-3-yl]-2-hydroxy-2,2-diphenylacetamide 
(4m). White small needles. Yield 43%; m.p. 195–198°C; 
IR(KBr):  3265 (O-H/N-H), 1686,1718 (C=O); 1H-NMR 
(DMSO-d

6
, 400 MHz)  (ppm): 1.38,1.44 (3H, 2d, J=6.98 Hz, 

5-CH
3
), 4.00,4.04 (1H, m, thiazolidin C

5
-H), 6.12,6.20 (1H, 2s, 

thiazolidin C
2
-H), 6.66 (1H, brs, COH), 7.05–7.18 (11H, m, 

Ar-H), 7.28–7.35 (2H, m, Ar-H), 10.38,10.44 (1H, 2s, CONH). 
Anal. Calcd. for C

24
H

20
ClFN

2
O

3
S (470.944): C, 61.21; H, 4.28; 

N, 5.95. Found: C, 60.94; H, 4.42; N, 6.04%.
N-[2-(4-(trifluoromethyl)phenyl)-5-methyl-4-oxo-1,3-thia-
zolidin-3-yl]-2-hydroxy-2,2-diphenylacetamide (4n). White 
powder. Yield 84%; m.p. 157–158°C; IR(KBr):  3389 (O-H/
N-H), 1687,1718 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  

(ppm): 1.53 (3H, t, J=8.54 Hz, 5-CH
3
), 4.04,4.16 (1H, 2q, 

J=6.83 Hz, thiazolidin C
5
-H), 5.91 (1H, s, thiazolidin C

2
-H), 

6.75 (1H, s, COH), 7.11–7.17 (2H, m, Ar-H), 7.18–7.23 (3H, 
m, Ar-H), 7.26 (5H, s, Ar-H), 7.66 (4H, s, Ar-H), 10.38 (1H, 
2s, CONH); 13C-NMR (APT)(DMSO-d

6
/125 MHz)  (ppm): 

20.31 (5-CH
3
), 38.97 (C

5
), 60.78 (C

2
), 81.19 (C-OH), 125.80 

(CF
3
), 125.84, 125.89, 128.11, 129.97, 129.91, 129.65 (ar. CH), 

142.69, 144.13 (ar. C), 172.13 (amide C=O), 172.27 (lactam 
C=O). Anal. Calcd. for C

25
H

21
F

3
N

2
O

3
S (486.51): C, 61.72; H, 

4.35; N, 5.76. Found: C, 62.02; H, 4.09; N, 5.77%.
N-[2-(4-cyanophenyl)-5-methyl-4-oxo-1,3-thiazolidin-3-
yl]-2-hydroxy-2,2-diphenylacetamide (4o). White powder. 
Yield 63%; m.p. 195–197°C; IR(KBr):  3269,3444 (O-H/N-H), 
1676,1721 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

1.51 (3H, t, J=6.35 Hz, 5-CH
3
), 4.02,4.11 (1H, 2q, J=6.83 Hz, 

thiazolidin C
5
-H), 5.85 (1H, s, thiazolidin C

2
-H), 6.72 (1H, s, 

COH), 7.08–7.12 (1H, m, Ar-H), 7.18–7.27 (9H, m, Ar-H), 7.60 
(2H, d, J=8.30 Hz, Ar-H), 7.72 (2H, d, J=7.81 Hz, Ar-H), 10.36 

(1H, 2s, CONH). Anal. Calcd. for C
25

H
21

N
3
O

3
S (443.52): C, 

67.70; H, 4.77; N, 9.47. Found: C, 67.41; H, 4.95; N, 9.22%.
N-[2-(4-benzyloxyphenyl)-5-methyl-4-oxo-1,3-thiazolidin-
3-yl]-2-hydroxy-2,2-diphenylacetamide (4p). White pow-
der. Yield 51%; m.p. 203–204°C; IR(KBr):  3395 (O-H/N-H), 
1682,1721 (C=O); 1H-NMR (DMSO-d

6
, 500 MHz)  (ppm): 

1.42 (3H, d, J=6.83 Hz, 5-CH
3
), 4.00,4.11 (1H, 2q, J=6.83 Hz, 

thiazolidin C
5
-H), 5.12–5.14 (2H, m, –OCH

2
C

6
H

5
), 6.12 (1H, 

s, thiazolidin C
2
-H), 6.82 (1H, s, COH), 7.17 (4H, d, J=7.32 

Hz, Ar-H), 7.25–7.29 (5H, m, Ar-H), 7.32–7.35 (5H, m, Ar-H), 
7.47–7.49 (5H, m, Ar-H), 10.31 (1H, s, CONH). 13C-NMR 
(APT)(DMSO-d

6
/125 MHz)  (ppm): 20.42 (5-CH

3
), 37.59 

(C
5
), 58.95 (C

2
), 71.45 (OCH

2
), 81.59 (C-OH), 112.95, 126.83, 

127.24, 128.27, 128.35, 129.08 (ar. CH), 144.63, 146.50, 
149.25 (ar. C), 166.70 (ar. C-OR), 170.57 (amide C=O), 173.45 
(lactam C=O). Anal. Calcd. for C

31
H

28
N

2
O

4
S (524.63): C, 

70.97; H, 5.38; N, 5.34. Found: C, 71.02; H, 5.56; N, 5.13%.
N-[2-(4-methylthiophenyl)-5-methyl-4-oxo-1,3-thiazolidin-
3-yl]-2-hydroxy-2,2-diphenylacetamide (4r).
White powder. Yield 80%; m.p. 173–174°C; IR(KBr):  3397 
(O-H/N-H), 1689,1714 (C=O); 1H-NMR (DMSO-d

6
, 500 

MHz)  (ppm): 1.49 (3H, d, J=6.83 Hz, 5-CH
3
), 2.48 (3H, s, 

SCH
3
), 3.96,4.07 (1H, 2q, J=6.83 Hz, thiazolidin C

5
-H), 5.74 

(1H, s, thiazolidin C
2
-H), 6.67 (1H, s, COH), 7.16–7.25 (10H, 

m, Ar-H), 7.34 (2H, d, J=7.81 Hz, Ar-H), 10.22 (1H, s, CONH). 
Anal. Calcd. for C

25
H

24
N

2
O

3
S

2
 (464.602): C, 64.63; H, 5.21; N, 

6.03. Found: C, 64.42; H, 5.00; N, 6.11%.

Biology
In vitro evaluation of antituberculosis activity
Primary screening was conducted at 6.25 g/mL against 
M. tuberculosis H37Rv in BACTEC 12B medium using the 
Microplate Alamar Blue Assay (MABA). Compounds exhibit-
ing fluorescence were tested in the BACTEC 460 radiometric 
system. Compounds showing ≥90 inhibition in the primary 
screen were considered active and subsequently retested at 
lower concentrations against M. tuberculosis H37Rv in order 
to determine the actual minimum inhibitory concentra-
tion (MIC). The MIC is defined as the lowest concentration 
effecting a reduction in fluorescence of 90% with respect to 
the controls.

Microplate alamar blue susceptibility assay
Antimicrobial susceptibility testing was performed in black, 
clear-bottomed, 96-well microplates (black view plates; 
Packard Instrument, Meriden, CN) to minimize background 
fluorescence. Outer perimeter wells were filled with sterile 
water to prevent dehydration in experimental wells. Initial 
drug dilutions were prepared in either dimethyl sulfoxide 
or distilled deionized water, and subsequent twofold dilu-
tions were performed in 0.1 mL 7H9GC (no Tween 80) in 
the microplates. BACTEC 12B-passaged inocula were ini-
tially diluted 1:2 in 7H9GC, and 0.1 mL was added to wells. 
Subsequent determination of bacterial titer yielded 1 × 106 
CFU/mL in plate wells for H37Rv. Frozen inocula were ini-
tially diluted 1:20 in BACTEC 12B medium followed by a 1:50 
dilution in 7H9GC. The addition of 1/10 mL to wells resulted 
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in a final bacterial titer of 2.0 × 105 CFU/mL for H37Rv. Wells 
containing drug only were used to detect autofluorescence 
of compounds. Addition control wells consisted of bacteria 
only (B) and medium only (M). Plates were incubated at 
37°C. Starting at day 4 of incubation, 20 L of 10× Alamar 
Blue solution (Alamar Biosciences/Accumed, Westlake, 
OH) and 12.5 L of 20% Tween 80 were added to one B well 
and one M well, and plates were reincubated at 37°C. Wells 
were observed at 12 and 24 h for a color change from blue 
to pink and for a reading of ≥50,000 fluorescence units (FU). 
Fluorescence was measured in a Cytofluor II microplate 
fluorometer (PerSeptive Biosystems, Framingham, MA) in 
bottom-reading mode with excitation at 530 nm and emis-
sion at 590 nm. If the B wells became pink by 24 h, reagent 
was added to the entire plate. If the well remained blue or 
≤50,000 FU was measured, additional M and B wells were 
tested daily until a color change occurred, at which time 
reagents were added to all remaining wells. Plates were then 
incubated at 37°C, and results were recorded at 24 h post-
reagent addition. Visual MICs were defined as the lowest 
concentration of drug that had prevented a color change. 
For fluorometric MICs, a background subtraction was per-
formed on all wells with a mean of triplicate M wells. Percent 
inhibition was defined as 1 − (test well FU/mean FU of trip-
licate B wells) × 100. The lowest drug concentration effecting 
an inhibition of ≥90% was considered the MIC.

Methodology of the in vitro cancer screen
The human tumor cell lines of the cancer screening panel 
were grown in RPMI 1640 medium containing 5% fetal bovine 
serum and 2 mM l-glutamine. For a typical screening exper-
iment, cells were inoculated into 96-well microtiter plates in 
100 µL at plating densities ranging from 5000 to 40000 cells/
well depending on the doubling time of individual cell lines. 
After cell inoculation, the microtiter plates were incubated 
at 37°C, 5% CO

2
, 95% air, and 100% relative humidity for 24 

h before adding experimental drugs. After 24 h, two plates 
of each cell line were fixed in situ with TCA to represent a 
measurement of the cell population for each cell line at the 
time of drug addition (Tz). Experimental drugs were solu-
bilized in dimethyl sulfoxide at 400-fold the desired final 
maximum test concentration and stored frozen before use. 
At the time of drug addition, an aliquot of frozen concentrate 
was thawed and diluted to twice the desired final maximum 
test concentration with complete medium containing 50 µg/
mL gentamicin. Additional fourfold, 10-fold, or ½ log serial 
dilutions were made to provide a total of five drug concen-
trations plus control. Aliquots of 100 µL of these different 
drug dilutions were added to the appropriate microtiter 
wells already containing 100 µL of the medium, resulting in 
the required final drug concentrations. Following drug addi-
tion, the plates were incubated for an additional 48 h at 37°C, 
5% CO

2
, 95% air, and 100% relative humidity. For adherent 

cells, the assay was terminated by the addition of ice-cold 
TCA. Cells were fixed in situ by the gentle addition of 50 µL of 
ice-cold 50% (w/v) TCA (final concentration, 10% TCA) and 
incubated for 60 min at 4°C. The supernatant was discarded, 

and the plates were washed five times with tap water and 
air dried. Sulforhodamine B (SRB) solution (100 µL) at 0.4% 
(w/v) in 1% acetic acid was added to each well, and plates 
were incubated for 10 min at room temperature. After stain-
ing, unbound dye was removed by washing five times with 
1% acetic acid and the plates were air dried. Bound stain 
was subsequently solubilized with 10 mM trizma base, and 
the absorbance was read on an automated plate reader at a 
wavelength of 515 nm. For suspension cells, the methodology 
was the same except that the assay was terminated by fixing 
settled cells at the bottom of the wells by gently adding 50 µL 
of 80% TCA (final concentration, 16% TCA). Using the seven 
absorbance measurements [time zero, (Tz), control growth, 
(C), and test growth in the presence of drug at the five con-
centration levels (Ti)], the percentage growth was calculated 
at each of the drug concentrations levels. Percentage growth 
inhibition was calculated as follows:

[(Ti−Tz)/(C−Tz)] × 100 for concentrations for which Ti ≥ Tz.
[(Ti−Tz)/Tz] × 100 for concentrations for which Ti<Tz.

Three dose response parameters were calculated for each 
experimental agent. Growth inhibition of 50% (GI50) was 
calculated from [(Ti−Tz)/(C−Tz)] × 100 = 50, which was the 
drug concentration resulting in a 50% reduction in the net 
protein increase (as measured by SRB staining) in control 
cells during the drug incubation. The drug concentration 
resulting in total growth inhibition (TGI) was calculated 
from Ti = Tz. The LC50 (concentration of drug resulting 
in a 50% reduction in the measured protein at the end of 
the drug treatment as compared to that at the beginning), 
indicating a net loss of cells following treatment was calcu-
lated from [(Ti−Tz)/Tz] × 100 = −50. Values were calculated 
for each of these three parameters if the level of activity 
was reached; however, if the effect was not reached or was 
exceeded, the value for that parameter was expressed as 
greater or less than the maximum or minimum concentra-
tion tested.

Results and discussion

Chemistry
Novel 2-aryl-4-thiazolidinones were obtained by using 
a three-step synthesis pathway (Scheme 1). Methyl-2-
hydroxy-2,2-diphenylacetate was converted to 2-hy-
droxy-2,2-diphenylacetohydrazide (1) by refluxing in 
ethanol in the presence of hydrazine hydrate for 6 h. 
Compound 1 reacted with substituted aromatic alde-
hydes to give intermediate Schiff bases (2). Finally, 
2-hydroxy-N-(4-oxo-2-substituted phenyl-1,3-thiazoli-
din-3-yl)-2,2-diphenylacetamides (3) and 2-hydroxy-N-
(5-methyl-4-oxo-2-substituted phenyl-1,3-thiazolidin-
3-yl)-2,2-diphenylacetamides (4) were obtained after 
cyclodehyration with mercaptoacetic acid or 2-mercap-
topropionic acid, respectively.

The structures of the new compounds were con-
firmed using elemental analysis, IR, 1H-NMR, HSQC,  

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
M

al
m

o 
H

og
sk

ol
a 

on
 1

2/
26

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



4-thiazolidinones as antimycobacterials and antitumor agents  1021

13C-NMR(APT), and atmospheric pressure chemical ioniza-
tion [APCI(−)] mass spectrometry.

The IR spectra exhibited O-H/N-H and C=O bands in the 
3275–3565 cm−1 and 1669–1689 cm−1 regions attributed to 
the common CONH functions of 3 and 4 [20]. Observation 
of new endocyclic C=O bands (1704–1740 cm−1) characteris-
tic for such structures besides C=O amide bands (1669–1689 
cm−1) in the IR spectra of 3 and 4 supported the aimed cycli-
zation [7,11].

The 1H-NMR spectra of 3 and 4 displayed two singlets and 
two quartets attributed to the methylene (SCH

2
) and methine 

(SCHCH
3
) ring protons at 2-position of the 4-thiazolidinone 

system at about  3.60–3.91 and 3.96–4.15 ppm, respective-
ly.21 The C

2
-H protons were observed at about  5.68–6.63 

ppm. The C-OH and CONH protons were observed at about 
 6.57–6.88 and  10.16–10.53 ppm, respectively [22].

13C-APT run on 3c, 3l, 3n, 4d, 4j, 4o, and 2D NMR experi-
ment HSQC run on 4f allowed explicit assignments for the 
proton and carbon chemical shifts. The spectra substantiated 
the expected conversion and revealed the typical 4-thiazo-
lidinone C

2
, C

4
 (lactam C=O), C

5
 (compd. 3), and C

5
 (compd. 

4) resonances at  56.94–61.85, 172.14–173.45, 30.07–31.26, 
and 37.59–39.94 ppm, respectively [7,22,23]. Existence of 
cross peaks connecting C

5
-CH

3
 ( 20.13 ppm) with the triplet 

at  1.51 ppm; C
5
 ( 39.41 ppm) with the two quartets at  

4.00, 4.11 ppm; and C
2
 ( 60.81 ppm) with the singlet at  

5.81 ppm was decisive evidence for unambiguous assign-
ment. Carbon resonances at  81.24, 171.98, and 172.15 ppm 
showed no cross peaks and were thus assigned to C-OH, 
CONH, and C

4
 (lactam C=O) carbons, respectively.

(M-H)− ions with 100% relative abundance observed in 
the APCI(−) mass spectra of 3c, 3m, and 4f provided further 
confirmation that the expected structures had formed [24]. 
MS/MS clearly showed the [(M-H)-SCH

2
CO]- fragments of 

the 4-thiazolidinone system cited in the literature [25].
Further spectral details have already been presented in 

the Materials and methods section.

Biological activity
Antimycobacterial activity
The in vitro antimycobacterial activity of the 34 novel 
2-aryl-4-thiazolidinones (compounds 3 and 4) against M. 

tuberculosis H37Rv (ATCC 27294) was determined using 
the Microplate Alamar Blue Assay (MABA) at a test con-
centration of 6.25 µg/mL (Table 1). Compounds exhibiting 
fluorescence were further characterized in the BACTEC 460 
radiometric system [26].

Several compounds have been identified with more than 
90% growth inhibition of M. tuberculosis H37Rv at 6.25 µg/
mL test concentration, i.e., compounds 3f (99%), 3o (98%), 3p 
(98%), 4d (95%), 4f (99%), 4o (99%), and 4p (98%) (Table 1). 
Interestingly, all these compounds are substituted on the para 
position of the phenyl moiety (position R; Table 1) with chloro 

Scheme 1. Reagents: (i) hydrazine hydrate, EtOH, reflux, 6 h; (ii) EtOH, 
reflux, 4 h; (iii) mercaptoacetic acid/2-mercaptopropionic acid, dry ben-
zene, reflux, 6 h.

O

O

i ii

1

2

OH
H
N

O

NH2

OH

H
N

O

N

OH

S

O
R1

R

3,4

R
+

Compd. 3  R1 = H   
Compd. 4  R1 = CH3

H

O

H
N

O

N

OH
R iii

Table 1. The primary in vitro antimycobacterial activity of compounds 
3a-r and 4a-r were determined against M. tuberculosis H37Rv using 
Microplate Alamar Blue Assay (MABA). The compounds were tested at 
a concentration of 6.25 µg/mL. The inhibition values of the compounds 
with more than 90% growth inhibition are indicated in boldface.

Compound R R
1

GI (%)a

3a 2-F H 28

3b 3-F H 30

3c 4-F H 9

3d 2-Cl H 0

3e 3-Cl H 0

3f 4-Cl H 99
3g 2-Br H 25

3h 3-Br H 44

3i 4-Br H 0

3j 2,4-Cl H 0

3k 3,4-Cl H 0

3l 2,6-Cl H 0

3m 2-Cl-6-F H 29

3n 4-CF3
H 0

3o 4-CN H 98
3p 4-OCH

2
C

6
H

5
H 98

3r 4-SCH
3

H 15

4a 2-F CH
3

29

4b 3-F CH
3

27

4c 4-F CH
3

25

4d 2-Cl CH
3

95
4e 3-Cl CH

3
0

4f 4-Cl CH
3

99
4g 2-Br CH

3
28

4h 3-Br CH
3

36

4i 4-Br CH
3

0

4j 2,4-Cl CH
3

16

4k 3,4-Cl CH
3

0

4l 2,6-Cl CH
3

0

4m 2-Cl-6-F CH
3

34

4n 4-CF
3

CH
3

4

4o 4-CN CH
3

99
4p 4-OCH

2
C

6
H

5
CH

3
98

4r 4-SCH
3

CH
3

25
aGrowth inhibition of virulent H37Rv strain of M. tuberculosis.

H
N

O

N

OH

S

O
R1

R

3,4
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(3f and 4f), cyano (3o and 4o), or benzoxy (3p and 4p) func-
tions. No influence of the substituent on R1 is observed for 
the activity of these compounds. In fact, this is observed for all 
synthesized compounds, except for 3c/4c, 3d/4d, 3j/4j, and 
3r/4r. A methyl substituent on R1 increases the growth inhi-
bition of these latter compounds compared with a hydrogen 
substituent. This effect is very strong for compounds 3d/4d. A 
chloro substituent on the ortho position of the phenyl moiety 
and a hydrogen on R1 (3d, 0% inhibition) shows no growth 
inhibition at all. However, a methyl group on R1 increases the 
activity enormously (4d, 95% inhibition).

Antitumor activity
Compounds 3c, 3m, 3n, 3p, 4a, 4i, and 4o were chosen by 
the National Cancer Institute (NCI) and screened for anti-
tumor activity. Primary anticancer assay was performed 
in accordance with the protocol of the Drug Evaluation 
Branch of the National Cancer Institute (Bethesda)[27–29] 
and compound 4p was chosen for a second anticancer 
test. The 50% growth inhibition (GI

50
) and total growth 

inhibition (TGI) were obtained for the selected compound 
(4p) for each cell line (Table 2). The log

10
GI

50
 and log

10
TGI 

defined as the mean of the log10’s of the individual GI
50

 
and TGI values were then determined. Negative values 
indicated the most sensitive cell lines. Compounds hav-
ing values ≤−4 are declared to be active. All values for 
log

10
GI

50
 are found to be <−5.00 for compound 4p on all 

cell lines.
In conclusion, a series of 34 new 2-aryl-4-thiazolidi-

nones were synthesized and tested for biological activity. 
The antimycobacterial activity of these compounds was 

determined and seven compounds showed inhibition val-
ues between 95% and 99% at a test concentration of 6.25 
µg/mL. In addition, antitumor activities of several com-
pounds was tested by the NCI and compound 4p was found 
to be active on a wide variety of tumor cell lines. Taken 
together, 2-aryl-4-thiazolidinones showed to be promising 
scaffolds for both antimycobacterial and tumor targeting 
compounds.
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