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Aim. Synthesis of a series of new N-(5-benzyl-thiazol-2-yl)-2-(heteryl-5-ylsulfanyl)-
acetamides and study of their anticancer activity. Methods. Organic synthesis, analytical
and spectral methods, pharmacological screening. Results. [2-chloro-N-(5-aryl-1,3-thiazol-
2-yl)acetamides 3a-h have been synthesized by the reaction of 2-amino-5-(R-benzyl)thia-
zoles with the chloroacetyl chloride. The obtained compounds react with 1-phenyl-1H-
tetrazole-5- 4, 4-allyl-5-phenyl-4H-[1,2,4]triazole-3- Sa, 4-allyl-5-furan-2-yl-4H-[1,2,4]
triazole-3- 5b thioles, pyrimidine-2- 6a and 4,6-dimethyl-pyrimidine-2- thioles 6b to form
a series of novel N-(5-benzyl-thiazol-2-yl)-2-(heterylsulfanyl)acetamides with yields of
65-96%. These compounds in the concentration of 10 uM have been evaluated for their
anticancer activity against 60 human cancer cell lines of nine different cancer types: leu-
kemia, melanoma, lung, colon, CNS, ovarian, renal, prostate, and breast cancers. The
synthesized compounds displayed moderate activity in the in vitro screening with the
tested cell lines. However, a selective influence of some compounds on several cancer cell
lines was observed. The 7¢, 8a, 8d and 9¢-g compounds have been found to be active and
highly selective towards the HOP-92 Non-Small Cell Lung Cancer cell line (GP =39.45 —
65.63%), whereas 2-(4,6-R!-pyrimidin-2-ylsulfanyl)-N-[(5-R-benzyl)-thiazol-2-yl]-
acetamides 9c-h were active towards the UO-31 Renal Cancer cell line (GP = 34.43 —
60.58%). The 7c¢ possessed significant activity towards the SNB-75 CNS Cancer cell line
(GP =-3.83 %), the 7f, towards the OVCAR-4 Ovarian Cancer cell line (GP = 14.66 %),
the 8d, towards the HS 578T Breast Cancer cell line (GP = 11.09%), the 9g, towards the
NCI-H226 Non-Small Cell Lung Cancer (GP =9.75%) and UO-31 Renal Cancer cell lines
(GP =16.35%). Conclusions. A series of new 2-amino-5-arylmetylthiazole derivatives was
synthesized. These compounds have anticancer activity.
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Introduction

2-Aminothiazole derivatives play an important
role in medical chemistry. They have a diverse
range of biological effects such as antitumor,
antimicrobial, anticonvulsant, anti-inflammatory,
antidiabetic, antiviral, antihypertensive, antileish-
manial, efc. The information is summarized in
[1-6]. The synthetic drugs belonging to the 2-ami-
nothiazole family include famotidine, abafungin,
cefdinir, sudoxicam, meloxicam, pramipexole.
2-aminothiazole is regarded as a privileged struc-
ture motif in medicinal chemistry [1-2].

Earlier we have developed a convenient
method for the synthesis of 2-amino-5-R-ben-
zylthiazoles [7-9]. Further, these thiazoles
were utilized in the synthesis of biologically
active compounds. Their high antimicrobal
[10—-12] and antitumor [13—19] potential was
reported. Noteworthy, 2-amino-5-R-benzylthi-
azole derivatives also play an important role
in analytical chemistry [20-23].

On the other hand, 2-sulfanyl-N-thiazol-
2-yl-acetamides exhibit a wide range of bio-
logical activities such as antioxidant [24], cy-
totoxic [24-26] anticonvulsant [27, 28], anti-
cholinesterase [26], antimicrobial [29], etc.
These compounds were found to be selective
inhibitors of HIF-a prolyl hydroxylase [30],
enoyl-acyl carrier protein reductase FabK [31],
BACE] [32], calcium-activated chloride chan-
nel TMEM16A/Anol [33]. They can be used
for treatment of type II diabetes [34].

Materials and Methods

All chemicals used in the study were of the
analytical grade and commercially available.
All reagents and solvents were used without
further purification and drying.
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Chemistry

2-Chloro-N-[5-(R-benzyl)-thiazol-2-yl]-
acetamides 3a-k were prepared according the
procedure described in [7].
N-(5-R-benzylthiazol-2-yl)-2-
(heterylylsulfanyl)acetamides (7-9). General
Procedure
A mixture of appropriate 2-chloro-N-[5-(R-
benzyl)-thiazol-2-yl]-acetamide 3a-k (5 mmol)
and thiole 4-6 (5.5 mmol) was refluxed for 4h
in ethanol (25 ml). The obtained solid products
were collected by filtration, washed with etha-
nol (5-10 ml and recrystallized from the mix-
ture ethanol-DMFA.
N-(5-benzyl-1,3-thiazol-2-yl)-2-
[(1-phenyl-1H-tetrazol-5-yl)sulfanyl]acet-
amide 7a. Yield 93%. M.p. 186-187 °C. 'H
NMR (400 MHz, DMSO-dy) 6: 12.37 (s, 1H,
NH), 7.66 (br.s, 5H, C¢Hs), 7.35—-7.17 (m, 6H,
Cg¢Hy, thiazol), 4.40 (s, 2H, CH,), 4.07 (s, 2H,
CH,). Calculated, %: C, 55.86; H, 3.95;
N, 20.57. C;9H(NzOS,. Found, %: C, 55.38;
H, 3.90; N, 20.15.
N-[5-(2-chlorobenzyl)-1,3-thiazol-2-yl]-2-
[(1-phenyl-1H-tetrazol-5-yl)sulfanyl]acet-
amide 7b. Yield 73%. M.p. 204-205 °C. 'H
NMR (400 MHz, DMSO-dy) 6: 12.42 (s, 1H,
NH), 7.67 (br.s, 5H, C¢Hs), 7.44 (d, J= 7.7 Hz,
1H, C¢Hy), 7.41 (d, J = 7.0 Hz, 1H, CcH,),
7.33-7.27 (m, 3H, C4H,, thiazol), 4.40 (s, 2H,
CH,), 4.18 (s, 2H, CH,). Calculated, %:
C, 51.52; H, 3.41; N, 18.97. C,oH,5CIN4OS,.
Found, %: C, 51.05; H, 3.39; N, 18.92.
N-[5-(3-chlorobenzyl)-1,3-thiazol-2-yl]-2-
[(1-phenyl-1H-tetrazol-5-yl)sulfanyl]acet-
amide 7c. Yield 81%. M.p. 199-201 °C. 'H
NMR (400 MHz, DMSO-dy) 6: 12.41 (s, 1H,
NH), 7.67 (br.s, 5H, C¢Hs), 7.37 —7.25 (m, 4H,
CeH,, thiazole), 7.20 (d, J= 7.2 Hz, 1H, C4H,),
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4.40 (s, 2H, CH,), 4.14 (s, 2H, CH,).
Calculated, %: C, 51.52; H, 3.41; N, 18.97.
C,9H;5sCIN(OS,. Found, %: C, 50.99; H, 3.37;
N, 18.93.
N-[5-(4-methoxybenzyl)-1,3-thiazol-2-yl]-
2-[(1-phenyl-1H-tetrazol-5-yl)sulfanyl]acet-
amide 7d. Yield 87%. M.p. 179-180 °C. 'H
NMR (400 MHz, DMSO-d) 8: 12.36 (s, 1H,
NH), 7.66 (br.s, 5SH, C¢Hs), 7.28 (s, 1H, thia-
zol), 7.05 (d, J= 7.3, 2H, CcH,), 6.91 (d, J =
7.3, 2H, C4H,), 4.39 (s, 2H, CH,), 4.06 (s, 2H,
CH,), 3.75 (s, 3H, OCH;). Calculated, %:
C, 54.78; H, 4.14; N, 19.16. C,,H3sN;O,S,.
Found, %: C, 54.35; H, 4.11; N, 19.02.
2-[(1-phenyl-1H-tetrazol-5-yl)sulfanyl]-
N-{5-[3-(trifluoromethyl)benzyl]-1,3-thiazol-
2-yl}acetamide 7e. Yield 76%. M.p. 164-
166 °C. '"H NMR (400 MHz, DMSO-dy) o:
12.43 (s, 1H, NH), 7.67 (br.s, 5H, C¢Hs), 7.64
(s, 1H, C¢Hy), 7.61 — 7.47 (m, 3H, C¢H,), 7.33
(s, 1H, thiazol), 4.41 (s, 2H, CH,), 4.21 (s, 2H,
CH,). Calculated, %: C, 50.41; H, 3.17;
N, 17.64. C,,H,sF;NOS,. Found, %: C, 49.98;
H, 3.16; N, 17.57.
N-[5-(2,3-dichlorobenzyl)-1,3-thiazol-2-
yl]-2-[(1-phenyl-1H-tetrazol-5-yl)sulfanyl]
acetamide 7f. Yield 75%. M.p 227-228 °C.
'H NMR (400 MHz, DMSO-d) 6: 12.42 (s,
1H, NH), 7.66 (br.s, SH, C4Hs), 7.54 (dd, J =
7.3, 1.1 Hz, 1H, C4H3), 7.40 (dd, J = 7.3,
1.1 Hz, 1H, C4H;), 7.28 (s, 1H, thiazol), 4.40
(s, 2H, CH,), 4.24 (s, 2H, CH,). Calculated, %:
C,47.80; H, 2.96; N, 17.60. C,oH,CI,N4OS,.
Found, %: C, 47.34; H, 2.90; N, 17.35.
N-|5-(2,6-dichlorobenzyl)-1,3-thiazol-2-
yl]-2-[(1-phenyl-1H-tetrazol-5-yl)sulfanyl]
acetamide 7g. Yield 69. M.p. 230-231°C. 'H
NMR (400 MHz, DMSO-dg) o: 12.43 (s, 1H,
NH), 7.67 (br.s, SH, C¢Hs), 7.54 (dd, J = 7.7,

1.1 Hz, 1H, C¢H3), 7.40 (dd, J = 7.6, 1.0 Hz,
1H, C¢H3), 7.34 (t,J = 7.8 Hz, 1H, C4H;), 7.29
(s, 1H, thiazol), 4.41 (s, 2H, CH,), 4.25 (s, 2H,
CH,). Calculated, %: C, 47.80; H, 2.96;
N, 17.60. C,;oH;4CI,N4OS,. Found, %:
C, 47.32; H, 2.92; N, 17.49.
N-[5-(2-chlorobenzyl)-1,3-thiazol-2-yl]-2-
[(5-phenyl-4-prop-2-en-1-yl-4H-1,2,4-tri-
azol-3-yl)sulfanyl]acetamide 8a. Yield 96%.
M.p. 189-191°C. 'H NMR (400 MHz,
DMSO-dg) o: 12.32 (br.s, 1H, NH), 8.73 (d,
J=15.5Hz, 2H, Ar), 7.65 - 7.61 (m, 2H), 7.43
(dd, J=7.2,1.7 Hz, 1H, CiH,), 7.39 (dd, J =
7.0, 1.7 Hz, 1H, C¢Hy), 7.33 — 7.22 (m, 3H,
Ar), 7.25 (s, 1H, thiazol), 6.06 — 5.87 (m,
1H, = CH), 5.22 (d, /= 10.6 Hz, 1H, = CH,),
4.85(d,J=17.2 Hz, IH,=CH,),4.72 (d, J =
4.0, 1H, CH,), 4.24 (s, 1H, CH,), 4.17 (s, 1H,
CH,). Calculated, %: C, 57.31; H, 4.18;
N, 14.53. C,3H,(CINsOS,. Found, %: C, 56.90;
H, 4.16; N, 14.50.
N-[5-(4-chlorobenzyl)-1,3-thiazol-2-yl]-2-
[(5-phenyl-4-prop-2-en-1-yl-4H-1,2,4-tri-
azol-3-yl)sulfanyl]acetamide 8b. Yield 95%.
M.p. 187-188 °C. 'H NMR (400 MHz,
DMSO-dg) 8: 12.31 (br.s, 1H, NH), 7.63 — 7.57
(m, 2H, Ar), 7.54 (s, 3H, Ar), 7.36 (d, J =
8.2 Hz, 2H, C¢H,), 7.30 — 7.21 (m, 3H, Ar,
thiazole), 6.04 — 5.88 (m, 1H, = CH), 5.22
(d, J =10.3 Hz, 1H, = CH,), 4.83 (d, J =
17.1 Hz, 1H, = CH,), 4.63 (d, J = 4.0, 2H,
NCH,), 4.22 (s, 2H, CH,), 4.08 (s, 2H, CH,).
Calculated, %: C, 57.31; H, 4.18; N, 14.53.
C,3H,(CINsOS,. Found, %: C, 57.07; H, 4.15;
N, 14.39.
N-[5-(3-chlorobenzyl)-1,3-thiazol-2-yl]-2-
[(5-furan-2-yl-4-prop-2-en-1-yl-4H-1,2,4-
triazol-3-yl)sulfanyl]acetamide 8c. Yield
84%. M.p. 184-185°C. 'H NMR (400 MHz,
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DMSO-dg) 6: 12.33 (br.s, 1H, NH), 7.92 (br.s,
1H, furyl), 7.40 — 7.24 (m, 4H, C¢H,, thiazole),
7.21 (d, J = 7.0 Hz, 1H, C¢H,), 7.01 (d, J =
2.9 Hz, 1H, furyl), 6.71-6.68 (m, 1H, furyl),
6.03 — 5.87 (m, 1H, = CH), 5.16 (d, J =
10.3 Hz, 1H, = CH,), 4.85 (d, J = 17.3 Hz,
1H, = CH,), 4.79 (d, J = 3.6 Hz, 2H, NCH,),
4.19 (s, 1H, CH,), 4.09 (s, 1H, CH,). Cal-
culated, %: C, 53.44; H, 3.84; N, 14.84.
C,H5CIN50O,S,. Found, %: C, 53.09; H, 3.81;
N, 14.71.
N-[5-(4-chlorobenzyl)-1,3-thiazol-2-yl]-2-
[(5-furan-2-yl-4-prop-2-en-1-yl-4H-1,2,4-
triazol-3-yl)sulfanyl]acetamide 8d. Yield
84%. M.p. 193-194°C. 'H NMR (500 MHz,
DMSO-dg) 6: 12.29 (br.s, 1H, NH), 7.93 (br.s,
1H, furyl), 7.35 (d, J = 8.1 Hz, 2H, C¢H,),
7.28-7.25 (m, 3H, C¢H,, thiazole), 7.02 (d, J =
3.3 Hz, 1H, furyl), 6.71-6.69 (m, 1H, furyl),
5.99-5.92 (m, 1H, = CH), 5.17 (d, /= 10.3 Hz,
1H, =CH,), 4.86 (d, J=17.2 Hz, 1H, = CH,),
4.79 (d, J = 3.6 Hz, 2H, NCH,), 4.19 (s, 2H,
CH,), 4.08 (s, 2H, CH,). Calculated, %:
C, 53.44; H, 3.84; N, 14.84. C,,;H,;CIN;0,S,.
Found, %: C, 53.02; H, 3.80; N, 14.69.
N-[5-(4-fluorobenzyl)-1,3-thiazol-2-yl]-2-
[(5-furan-2-yl-4-prop-2-en-1-yl-4H-1,2,4-
triazol-3-yl)sulfanyl]acetamide 8e. Yield
83%. M.p. 190-191 °C. '"H NMR (400 MHz,
DMSO-dy) 6: 12.27 (br.s, 1H, NH), 7.92 (br.s,
1H, furyl), 7.32 — 7.24 (m, 3H, Ar, thiazol),
7.11 (t, J = 8.6 Hz, 2H, C¢H,), 7.01 (d, J =
3.3 Hz, 1H, furyl), 6.71-6.69 (m, 1H, furyl),
6.03 - 5.88 (m, 1H,=CH), 5.17 (d,J=10.4 Hz,
1H, = CH,), 4.86 (d, J=17.3 Hz, 1H, = CH,),
4.79 (d, J = 3.7 Hz, 2H, NCH,), 4.18 (s, 2H,
CH,), 4.06 (s, 2H, CH,). Calculated, %: C,
55.37; H, 3.98; N, 15.37. C,;H,;3sFN;s0,S,.
Found, %: C, 54.97; H, 3.94; N, 15.23.
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N-[5-(4-methylbenzyl)-1,3-thiazol-2-yl]-
2-(pyrimidin-2-ylsulfanyl)acetamide 9a.
Yield 77%. M.p. 153-154°C. 'H NMR
(400 MHz, DMSO-dy) 6: 12.24 (s, 1H, NH),
8.59 (d, J = 4.8 Hz, 2H, 4,6H-pyrymidine),
7.26 (s, 1H, thiazole), 7.21 (t,J=4.8 Hz, 1H,
SH-pyrymidine), 7.14 (d, J = 7.2, 2H, C¢H,),
7.07 (d,J=17.2,2H, CcH,), 4.16 (s, 2H, CH,),
4.11 (s, 2H, CH,), 2.33 (s, 3H, CH,;).
Calculated, %: C, 57.28; H, 4.52; N, 15.72.
C,7H(N,OS,. Found, %: C, 56.96; H, 4.46;
N, 15.60.

N-[5-(2-chlorobenzyl)-1,3-thiazol-2-yl]-2-
(pyrimidin-2-ylsulfanyl)acetamide 9b. Yield
83%. M.p. 150-152 °C. '"H NMR (400 MHz,
DMSO-dg) &: 12.27 (s, 1H, NH), 8.60 (d, J =
4.8 Hz, 2H, 4,6H-pyrymidine), 7.44 (dd, J =
7.4, 1.6 Hz, 1H, C¢Hy), 7.41 (dd, J = 7.5,
1.7 Hz, 1H, C¢Hy), 7.33 — 7.26 (m, 2H, C¢H,),
7.25 (s, 1H, thiazole), 7.21 (t,J=4.8 Hz, 1H,
S5H-pyrymidine), 4.17 (s, 2H, CH,), 4.15
(s, 2H, CH,). Calculated, %: C, 50.99; H, 3.48;
N, 14.87. C;4H5CIN4OS,. Found, %: C, 50.73;
H, 3.42; N, 14.79.

N-(5-benzyl-1,3-thiazol-2-yl)-2-[(4,6-
dimethylpyrimidin-2-yl)sulfanyl]acetamide
9¢c. Yield 89%. M.p. 177-178 °C. 'H NMR
(500 MHz, DMSO-dy) 6: 12.21 (s, 1H, NH),
7.33-7.29 (m, 3H, C¢Hs), 7.27-7.23 (m, 3H,
C¢Hs, thiazole), 6.95 (s, 1H, pyrymidine), 4.12
(s, 2H, CH,), 4.07 (s, 2H, CH,), 2.30 (s, 6H,
CH;). Calculated, %: C, 58.35; H, 4.90;
N, 15.12. C;gHgN,OS,. Found, %: C, 57.89;
H, 4.83; N, 15.00.

N-[5-(2-chlorobenzyl)-1,3-thiazol-2-yl]-2-
[(4,6-dimethylpyrimidin-2-yl)sulfanyl]acet-
amide 9d. Yield 65%. M.p. 186-187 °C. 'H
NMR (500 MHz, DMSO-dg) &: 12.27 (s, 1H,
NH), 7.38 (dd, J=17.4, 1.7 Hz, 1H, C¢H,), 7.35
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(dd, J=17.6, 1.7 Hz, 1H, C4H,), 7.30 — 7.27
(m, 2H, C¢H,), 7.23 (s, 1H, thiazole), 6.95
(s, 1H, pyrymidine), 4.08 (s, 4H, CH,), 2.29
(s, 6H, CH,). Calculated, %: C, 53.39; H, 4.23;
N, 13.84. C;3H;,CIN,OS,. Found, %: C, 52.96;
H, 4.18; N, 13.71.
N-[5-(3-chlorobenzyl)-1,3-thiazol-2-yl]-2-
[(4,6-dimethylpyrimidin-2-yl)sulfanyl]acet-
amide 9e. Yield 69%. M.p. 184-185 °C. 'H
NMR (500 MHz, DMSO-d) &: 12.25 (s, 1H,
NH), 7.33 (d, J = 7.8 Hz, 1H, C¢Hy), 7.31
(d, J=2.2 Hz, 1H, C4H,), 7.28-7.25 (m, 2H,
Cg¢H,, thiazole), 7.21 (d, J= 7.4 Hz, 1H, C¢H,),
6.93 (s, 1H, pyrymidine), 4.07 (s, 4H, CH,),
2.28 (s, 6H, CH;). Calculated, %: C, 53.39;
H, 4.23; N, 13.84. C,3H,7,CIN,OS,. Found, %:
C, 52.99; H, 4.19; N, 13.74.
N-[5-(2,3-dichlorobenzyl)-1,3-thiazol-2-
yl]-2-[(4,6-dimethylpyrimidin-2-yl)sulfanyl]
acetamide 9f. Yield 91%. M.p. 127-128 °C.
'H NMR (500 MHz, DMSO-d,) 6: 12.19 (s,
1H, NH), 7.22 (s, 1H, thiazole), 7.12 (d, J =
7.8 Hz, 1H, C4Hy), 7.09 (d, J = 7.9 Hz, 1H,
C¢Hy), 6.94 (s, 1H, pyrymidine), 4.07 (s, 2H,
CH,), 4.00 (s, 2H, CH,), 2.28 (s, 6H, CHj),
2.25 (s, 3H, CH;). Calculated, %: C, 59.35;
H, 5.24; N, 14.57. C,yH,(N,OS,. Found, %:
C, 58.95; H, 5.17; N, 14.39.
N-[5-(2,3-dichlorobenzyl)-1,3-thiazol-2-
yl]-2-[(4,6-dimethylpyrimidin-2-yl)sulfanyl]
acetamide 9g. Yield 88%. M.p. 184-185 °C.
TH NMR (400 MHz, DMSO-dy) 6: 12.30 (br.s,
1H, NH), 7.53 (dd, /= 7.8, 1.6 Hz, 1H, C4Hs),
7.39 (dd,J=17.7, 1.6 Hz, 1H, C4H;), 7.34-7.30
(m, 1H, C¢Hs), 7.25 (s, 1H, thiazole), 6.94
(s, 1H, pyrymidine), 4.23 (s, 2H, CH,), 4.08
(s, 2H, CH,), 2.27 (s, 6H, CHj). Calculated, %:
C,49.20; H, 3.67; N, 12.75. C;gH,,CLLN,0S,.
Found, %: C, 48.94; H, 3.62; N, 12.66.

N-[5-(3,4-dichlorobenzyl)-1,3-thiazol-2-
yl]-2-[(4,6-dimethylpyrimidin-2-yl)sulfanyl]
acetamide 9h. Yield 89%. M.p. 165-167 °C.
'H NMR (500 MHz, DMSO-d,) &: 12.28
(s, 1H, NH), 7.56 (d, J = 8.2 Hz, 1H, C¢H,),
7.53 (s, 1H, C4Hy), 7.28 (s, 1H, thiazole), 7.25
(d, J=8.1 Hz, 1H, C¢H,), 6.94 (s, 1H, pyry-
midine), 4.09 (s, 4H, CH,), 2.28 (s, 6H, CHj).
Calculated, %: C, 49.20; H, 3.67; N, 12.75.
C,sH,,C1,N,OS,. Found, %: C, 48.88; H, 3.63;
N, 12.70.

Pharmacology

Cytotoxic activity against malignant hu-
man tumor cells

A primary anticancer screening was performed
on a panel of approximately 60 human tumor
cell lines derived from nine neoplastic diseases,
in accordance with the protocol of the Drug
Evaluation Branch, National Cancer Institute,
Bethesda. The tested compounds of 10°M con-
centration were added to the culture with sub-
sequent incubation for 48 h. Endpoint determina-
tions were made with a protein binding dye,
sulforhodamine B (SRB). The results for each
tested compound were reported as the evaluated
spectrophotometrically percent growth of the
treated cells versus the control untreated cells.
The cytotoxic and/or growth inhibitory effects
of the most active selected compounds were
tested in vitro against the full panel of about 60
human tumor cell lines at 10-fold dilutions of
five concentrations ranging from 10~4to 10-3M.
The 48-h continuous drug exposure protocol was
followed and an SRB protein assay was used to
estimate the cell viability or growth.

Using seven absorbance measurements
[time zero, (Tz), control growth in the absence
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of drug, (C), and test growth in the presence

of drug at five concentration levels (Ti)], the

percent growth was calculated at each level of

the drug concentrations. The percent growth

inhibition was calculated as:

* [(Ti — Tz)/(C — Tz)] x 100 for concentra-
tions for which Ti > Tz

* [(Ti—Tz)/Tz] x 100 for concentrations for
which Ti < Tz.

Three dose-response parameters were calcu-
lated for each compound. Growth inhibition of
50% (Gls,) was calculated from [(Ti — Tz)/(C
—Tz)] x 100 — 50, which is the drug concentra-
tion resulting in a 50% lower net protein in-
crease in the treated cells (measured by SRB
staining) as compared to the net protein increase
in the control cells. The drug concentration
resulting in the total growth inhibition (TGI)
was calculated from Ti = Tz. The LCs, (con-
centration 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 calculated from [(Ti — Tz)/Tz] x 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 more or less than the maximum or
minimum concentration was tested..

0
N,Cl A~~~ X0 (NH)CS
R
CuCl

la-k

Results and Discussion

Chemistry

In this work we reported about the antitumor
activity of the new 2-(1-phenyl-/H-tetrazol-
5-ylsulfanyl)- 7, 2-(4-Allyl-5-phenyl-4H-
[1,2,4]triazol-3-ylsulfanyl)- 8, 2-(4,6-Dimethyl-
pyrimidin-2-ylsulfanyl)- 9, N-[5-(3-R-benzyl)-
thiazol-2-yl]-acetamides. Their synthesis is
presented in the Schemes 1 and 2. At the first
step the acrolein was chloroarylated by diazo-
nium salts in the presence of copper (II) chlo-
ride in condition of Meerwein reaction [35].
Refluxing of 3-aryl-2-chloro-propanals 1a-h
and thiourea in ethanol gives 5-substituted
2-aminothiazoles [7]. To obtain chloroacet-
amides 3a-h 2-amino function of correspond-
ing 5-substituted 2-aminothiazoles 3a-h were
acylated with chloroacetyl chloride in dry di-
oxane in the presence of triethylamine [7].
The target sulfanylamides 7-9 were synthe-
sized by the reaction of 3a-h with 1-phenyl-1H-
tetrazole-5- 4, 4-allyl-5-phenyl-4H-[1,2,4]tri-
azole-3- Sa, 4-allyl-5-furan-2-yl-4H-[1,2,4]tri-
azole-3- 5b thioles and pyrimidine-2- 6a and
4,6-dimethyl-pyrimidine-2- thioles in the pres-
ence of triethylamine. Overall yields for the
amides 7, 8 and 9 were 65— 96% that allowed
the creation of a library of such compounds
without additional chromatographic purification.

( \ / \
>\NH2 CICH,COCI >\ N

2a-k

1-3 R = H(a), CH,(b), CH,0(c), 4-F(d), 2-Cl(e), 3-CI(f), 4-CI(g), 3-CF (), 2,3-CL (i), 2,6-CLj), 3,4-C12(k)

Scheme 1. Synthesis of 2-Chloro-N-[5-(R-benzyl)-thiazol-2-yl]-acetamides 3a-k
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N
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K N >X“/ N/L
5a,b

/ | R!
Ph Ph 4 S //J
3a-k
Ta-
8 R2 8a-e
N
R R
HS\( \ 8aR!=Ph, R =2-Cl
7 R = H(a), 2-Cl(b), 3-Cl(c), 4-CH.O(d), _ T RT A

} N 8b R' = Ph, R = 4-Cl

3-CF (e), 2,3-CL(f), 2,6-Cl (g)

9aR2=HR = CH,

9b R?=H R =2-Cl
8¢R*=CH,=R=H

9d R? = CH, R =2-CI

9¢ R?=CH, R = 3-Cl

9f R>= CH, R = 4-CH,
9g R? = CH, R = 2,3-Cl,
9h R? = CH,, R =3,4-Cl,

8¢ R'=2-Fu, R =3-Cl
8d R!'=2-Fu,R=4-Cl
R? 8e R' =2-Fu,R=4-F

6a,b R?

O g 0

R?

9a-h

Scheme 2. Synthesis of N-(5-benzyl-thiazol-2-yl)-2-(heteryl-sulfanyl)acetamides 7 — 9

The structure of synthesized compounds
was elucidated by '"H NMR and microanalyses.
In '"H NMR spectra, all protons were seen ac-
cording to expected chemical shifts and inte-
gral values. In 'TH NMR spectra, there appeared
a singlet at 0 12.19-12.43 ppm indicative of
H-N amide protons and two other singlets at
0 4.00-4.25 and 4.07-4.72 for methylene
groups of benzyl radical and amide fragments
respectively. The proton of thiazole ring was
observed at 6 7.22-7.33 ppm.

Anticancer activity

The synthesized compounds were selected by
the National Cancer Institute (NCI) Develop-
mental Therapeutic Program (www.dtp.nci.nih.
gov) for the in vitro cell line screening to in-
vestigate their anticancer activity. Anticancer
assays were performed according to the NCI

protocol, which is described elsewhere [36—
39]. The screening results are shown in Table 1.

The synthesized compounds displayed mod-
erate activity in the in vitro screening on the
tested cell lines. However, it was observed a
selective influence of some compounds on sev-
eral cancer cell lines (Table 1). Compounds 7¢,
8a, 8d and 9c-g have been found to be active
and to have a high selectivity on the HOP-92
Non-Small Cell Lung Cancer cell line (GP =
39.45 — 65.63%), whereas 2-(4,6-R!-pyrimidin-
2-ylsulfanyl)-N-[(5-R-benzyl)-thiazol-2-yl]-
acetamides 9c-h are active on [the] UO-31
Renal Cancer cell line (GP = 34.43— 60.58%).
Compound 7¢ was highly active on the leuke-
mia SNB-75 CNS Cancer cell line (GP =
—3.83 %), 7f — on the renal cancer OVCAR-4
Ovarian Cancer cell line (GP = 14.66 %), 8d —
on the HS 578T Breast Cancer cell line (GP =
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Table 1. Cytotoxic activity of the tested compounds in the concentration of 10~ M against 60 cancer cell lines

Test
compounds

Average
growth, %

Range of growth,
%

The most sensitive cell line (cancer line/type) GP%

Ta
7b

Te

7d

7f

7g

8a

8b

8¢

8d

8e
9a

9b

9¢

9d

95.95

104.46

83.98

94.33

81.69

86.25

96.06

87.78

94.15

63.05

93.24
80.91

82.09

91.90

86.08

54.15-121.62
81.23 — 146.87

-3.83 -120.15

70.38—111.68

14.66 — 112.04

31.75-107.96

65.74 - 123.84

31.61 -120.10

66.36 —121.48

11.09 - 131.81

75.48—115.58
26.42 -110.58

22.50 - 106.19

56.27-107.33

53.99 - 118.32

SNB-75 (CNS Cancer) 54.15; MALME-3M (Melanoma) 71.10; A498 (Renal
Cancer) 66.27; TK-10 (Renal Cancer) 74.05; UO-31 (Renal Cancer) 73.00

UO-31 (Renal Cancer) 81.23

HOP-92 (Non-Small Cell Lung Cancer) 60.58; SF-539 (CNS Cancer) 30.16;
SNB-19 (CNS Cancer) 59.12; SNB-75 (CNS Cancer) -3.83; U251 (CNS
Cancer) 59.56; UO-31 (Renal Cancer) 56.56; HS 578T (Breast Cancer) 54.92

SR (Leukemia) 70.38; NCI-H522 (Non-Small Cell Lung Cancer) 70.33

HCT-116 (Colon Cancer) 24.68; SNB-75 (CNS Cancer) 47.17; OVCAR-4
(Ovarian Cancer) 14.66; SK-OV-3 (Ovarian Cancer) 26.95; MDA-MB-231/
ATCC (Breast Cancer) 48.55

SR (Leukemia) 73.88; HCT-116 (Colon Cancer) 48.47; OVCAR-4 (Ovarian
Cancer) 31.75; SK-OV-3 (Ovarian Cancer) 43.22

HOP-92 (Non-Small Cell Lung Cancer) 53.62; CAKI-1 (Renal Cancer) 74.02;
UO-31 (Renal Cancer) 65.74

HOP-62 (Non-Small Cell Lung Cancer) 68.75; NCI-H460 (Non-Small Cell
Lung Cancer) 60.28; HCT-116 (Colon Cancer) 58.56; SF-539 (CNS Cancer)
48.51; SNB-19 (CNS Cancer) 65.56; SNB-75 (CNS Cancer) 31.61; U251 (CNS
Cancer) 55.80

SR (Leukemia) 66.47; UACC-62 (Melanoma) 66.36; CAKI-1 (Renal Cancer)
71.94

HOP-62 (Non-Small Cell Lung Cancer) 27.52;

HOP-92 (Non-Small Cell Lung Cancer) 39.45; NCI-H460 (Non-Small Cell
Lung Cancer) 42.83; NCI-H522 (Non-Small Cell Lung Cancer) 28.62; SF-539
(CNS Cancer) 23.05; SNB-75 (CNS Cancer) 17.02; LOX IMVI (Melanoma)
74.21; SK-MEL-28 (Melanoma) 36.74; UACC-62 (Melanoma) 38.99;
OVCAR-8 (Ovarian Cancer) 36.26; NCI/ADR-RES (Ovarian Cancer) 27.20;
SK-OV-3 (Ovarian Cancer) 63.12; MDA-MB-231/ATCC (Breast Cancer)
63.88; HS 578T (Breast Cancer) 11.09; BT-549 (Breast Cancer) 31.96; T-47D
(Breast Cancer) 68.00

UACC-62 (Melanoma) 75.48

CCRF-CEM (Leukemia) 60.81; K-562 (Leukemia) 42.18; MDA-MB-435
(Melanoma) 26.42

K-562 (Leukemia) 43.32; HCT-116 (Colon Cancer) 63.22; MDA-MB-435
(Melanoma) 22.50; MDA-MB-468 (Breast Cancer) 48.57

HOP-92 (Non-Small Cell Lung Cancer) 61.89; SN12C (Renal Cancer) 69.96;
UO-31 (Renal Cancer) 56.27

HOP-62 (Non-Small Cell Lung Cancer) 67.62;
HOP-92 (Non-Small Cell Lung Cancer) 54.70; SNB-75 (CNS Cancer) 61.50;
A498 (Renal Cancer) 53.99; UO-31 (Renal Cancer) 60.58
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Table 1. (continue)

com]:osfln ds gﬁ)vviiﬁ,g;) Range ?;;ngth’ The most sensitive cell line (cancer line/type) GP%

9e 95.16 58.30 — 118.25 | HOP-92 (Non-Small Cell Lung Cancer) 65.63; CAKI-1 (Renal Cancer) 74.81;
UO-31 (Renal Cancer) 58.30

of 79.93 42.10—110.42 | CCRF-CEM (Leukemia) 46.50; HOP-92 (Non-Small Cell Lung Cancer) 56.10;
MALME-3M (Melanoma) 65.47; SK-MEL-5 (Melanoma) 42.63; A498 (Renal
Cancer) 42.10; UO-31 (Renal Cancer) 34.43

9g 77.42 16.35 - 104.41 | HOP-92 (Non-Small Cell Lung Cancer) 48.51;
NCI-H226 (Non-Small Cell Lung Cancer) 9.75; SK-MEL-5 (Melanoma
Renal Cancer) 59.15; A498 (Renal Cancer) 42.69; SN12C (Renal Cancer)
47.55; UO-31 (Renal Cancer) 16.35

9h 88.20 52.08 — 121.09 | NCI-H322M (Non-Small Cell Lung Cancer) 66.05; SN12C (Renal Cancer)
71.92; UO-31 (Renal Cancer) 52.08

11.09%), 9g — on the NCI-H226 Non-Small Cell
Lung Cancer (GP = 9.75%) and UO-31 Renal
Cancer (GP = 16.35%) cell lines.

Finally, compound 8d was selected for in
vitro testing against a full panel of about 60 tu-
mor cell lines at 10-fold dilutions of five con-
centrations (100 uM, 10 uM, 1 uM, 0.1 pM,
and 0.01 uM). Based on the cytotoxicity as-
says, three antitumor activity dose-response
parameters were calculated for each experi-
mental agent against each cell line: GI5, — mo-
lar concentration of the compound that inhib-
its 50% net cell growth; TGI — molar concen-
tration of the compound leading to total inhibi-

tion; and LCs, — molar concentration of the
compound leading to 50% net cell death.

The most potent and selective cytotoxic
activity of compound 8d against separate tu-
mor cell lines is shown in Table 2.

We have found that compound 8d possesses
moderate activity against the CNS cancer cell
lines SNB-75and U251 (Gl = 2.87, and 82.2),
Non-small cell lung cancer cell lines HOP-62
(G55 =32.5), Melanoma cell line LOX IMVI
(GI50 = 28.0), Ovarian Cancer cell lines
OVCAR-8 and SK-OV-3 (G5, = 9.32, and
3.05) and Breast Cancer cell line HS 578T
(Gls5o = 46.7).

Table 2. Influence of compound 8d on the growth of tumor cell lines

Panel Cell line Gls (uM) TGI(uM)
Non-small cell lung cancer HOP-62 32.5 >100
CNS Cancer SNB-75 2.87 10.4
CNS Cancer U251 82.2 >100
Melanoma LOX IMVI 28.0 >100
Ovarian Cancer OVCAR-8 9.32 >100
CNS Cancer SK-OV-3 3.05 >100
Breast Cancer HS 578T 46.7 >100
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Conclusions

A series of novel N-(5-R-benzylthiazol-2-yl)-
2-(heterylylsulfanyl)acetamide derivatives
were synthesized and their anticancer activity
was investigated. The compounds with a sig-
nificant level of anticancer activity towards the
selected cancer cell lines have been found and
may be used for further optimization.
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CuHTe3 Ta MPOTUIMYXJIMHHA aKTUBHICTH HOBUX
N-(5-0en3uniriazoun-2-ii)-2-(rerepui-5-
incyasdanim)aneraminis

1O. B. Ocran’tok, 1. A. @ponos, P. SI. Bacunumuy,
B. C. Mariituyk

Merta. CuHTe3 Ta BUBYCHHS IPOTUITYXJIMHHOI aKTHBHOC-
Ti psimy HOBUX N-(5-OeH3unriazon-2-in)-2-(rerepui-5S-
uncynbdanin)ameraminis. Meronu. OpraHidYHAN CHHTES,
AQHATITUYHI Ta CHEKTPalIbHI METOAH, (hapMaKOIOTIIHIH
ckpuHiHT. Pe3yabrarn. Peakiieto 2-amino-5-(R-0eH3u)
Tia30J1iB 3 XJIOPALICTIIXJIOPUIOM OTPUMAHO 2-X10p-N-(5-
apmi-1,3-tia3omn-2-im)aneramian 3a-h 3 moOpumu BuXona-
mu. Born B3aemomitots 3 1-denin-/H-terpazon-5-4,
4-anin-5-penin-4H-[1,2,4] rpuason-3-5a, 4-anin-5-pypan-
2-in-4H-[1,2,4]tpuazon-3-5b, Tionamu, a TaKoXK IMipHMi-
IH-2-6a Ta 4,6-TMeTHITpUMiIHH-2-6b Tionamu 3 yTBO-
peHHAM psay HOBUX N-(5-OeH3unriazon-2-im)-2-(reTepui-
cynabdanin)aneramimaiB 3 BuxogoM 65-96%. Jlius mux
CHoJyK y KoHeHTpauii 10 MKM BHBYEHO MPOTHUITYXJIMH-
Hy aKTHBHICTh Ha 60 JiHIAX paky. KiliTHHA myXJwH To-
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JUHA Oy7I0 OTPUMAHO 3 JAEB’SITH Pi3HHUX THIIIB PaKy: Jeh-
KeMii, MeJIaHOMH, JiereHiB, emitemio, [{HC, seunukis,
HUPOK, TPOCTaTH Ta MOJIOYHOI 3aJ103W. 3a3Ha4eHi CIo-
JIYKH TIPOSIBAJIH TIOMipKOBaHY aKTHBHICTB TIPH CKPHHIHTY
in vitro Ha GLIBIIOCTI KIITHHHUX JiHIsAX. [IpoTe criocre-
piranacst CeleKTUBHICTb Jii IeSIKUX CIONyK. BcTaHOBIEHO,
o crionyku 7¢, 8a, 8d ta 9c-g Oy akTHBHUMH Ta BU-
SIBIJTU BHICOKY CCJICKTHBHICTh BIJIHOCHO KIIITHHHOI JIHI{
paky nereniB HMC-92 (GP = 39,45-65,63%), Tomi sk
2-(4,6-R!-nipuminin-2-in-cynbhanin)-N-[(5-R-0eH3mn)
Tiazon-2-in]areraru (9¢-h) akTHBHI 111010 KIIITHHHOT JTiHIT
UO-31. (GP = 34,43-60,58%). Crioiyka 7¢ € BUCOKOAK-
THUBHOFO TION10 KiIiTrHHOI JiHil paky [LIHC SNB-75 (GP =
—-3,83%), 7f — no niHii paky sieunnkiB OVCAR-4 (GP =
14,66%), 8d — 1o JiHii paky MosouHoi 3amo3u HS 578T
(GP=11,09%), a 9g — o miHii HeAPIOHOKIIITHHHOTO PaKy
nerenb NCM-H226 (GP = 9,75%) ta paky nupok UO-31
(GP = 16,35%). BucHoBku. CHHTE30BaHO PsIJiT HOBUX
TIOXIAHUX 2-aMiHO-5-apHiIMEeTHITia30Ty. BecTaHoBieHo,
110 111 CHOJIYKH € MEPCIIEKTUBHUMU TSI TIOLTYKY 1HHOBa-
LIHUX TPOTHPAKOBUX areHTIB.

Knaw4oBi cJioBa: opraHiuHuii CHHTE3, apUITFOBAHHS,
2-aMiHO-5-apHUIMETHIITIa30, IPOTHITYXJIMHHA AKTHBHICTb.

CuHTe3 ¥ MPOTHUBOOIYX0JIeBAsI AKTHBHOCTH HOBBIX
N-(5-0en3uaTua3on-2-mi)-2-(rerepui-5-
uicyiabhanuia)aneraMmmuioB

IO. B. Ocrantok, 1. A. ®ponos, I. S. BacbuibluH,
B. C. Maruituyk

Heab. CunHTe3 U U3y4eHHe NMPOTHBOOITYXOJICBOH aKTHB-
HOCTH psia HOBBIX N-(5-0eH3maTHa30m-2-mim)-2-(reTepui-
S-mncynbdanmn)aneramMmuioB. Metoabl. OpraHuYeCcKHii
CHHTE3, aHAIMTHYECKUE U CIIEKTpaJbHBIE METOMbI, (ap-
MAaKOJIOTMYECKUN CKpUHUHI. Pe3yibrarbl. Peakuneit
2-aMUHO-5-(R-0€H3MIT)THA30JI0B C XJIOPALETHIXIOPUIOM
noJy4eHsbl 2-x5op-N-(5-apui-1,3-Tua3on-2-ui)aneraMu bl
3a-h ¢ xopommumu Berxogamu. OHH B3aUMOZICHCTBYIOT C
1-¢enmn-/ H-tetpa3on-5-4, 4-ammn-5-herann-4H-[1,2,4]
Tpuazon-3-5a, 4-amumn-5-pypan-2-un-4H-[1,2,4]tpuna-
3051-3-5b THONaMu, a TakXke MUPUMHINH-2-6a U 4,6-11-
METHIITHPUMHIIH-2-6b THOMaMu ¢ 00pa3oBaHUEM psia
HOBBIX N-(5-0eH3uTHa30I1-2-11)-2(TeTepuIICyIb(panu)
aleTaMHJIOB C BBIXOJIOM 65-96%. JIsi 5TUX COCTMHCHHI
B KOHLEHTpawy 10 MKM M3y4eHO MPOTHBOOITYXOJIEBYIO
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aKTUBHOCTH Ha 60 uHISIX paka. KiteTku omyxoneii Obuti
TTOTTYYCHBI U3 JICBSITH PA3IMIHBIX TUTIOB paKa: JICHKeMHH,
MeJIaHOMBI, Jerkux, snutenus, [IHC, suunukoB, nmovek,
MIPOCTaThl U MOJIOYHOM JKeme3bl. [1omydeHHbIe COeIMHEHIS
TIPOSIBIJIA YMEPEHHYIO aKTHBHOCTB TP CKPUHUHTE i1 Vitro
Ha OOJIBIIMHCTBE KJICTOYHBIX JUHUNA. OqHAKo HaAOIOna-
JIOCh CEJIEKTUBHOE BIIMSIHUEC HEKOTOPBIX COCTUHEHHUH.
YcranoBneHo, 9T0 coenuHeHus 7¢, 8a, 8d 1 9c-g akTHBHEI
1 0OHAPY>KIJIN BBICOKYIO CEIEKTHBHOCTE TI0 OTHOIICHHIO
K KJIETOYHO# JiHNH paka jJerkux HMC-92 (GP = 39,45—
65,63%), Torna kak 2-(4,6-R!'-nupuMUIMH-2-HIICYITb-
(banmi)-N-[(5-R-6en3wmn)Trazon-2-wmilanerarsl (9c-h)
AKTUBHBI B OTHOLIEHUH KJIETOUHOM JINHUU paKa OIyXOJeH
UO-31. (GP = 34,43-60,58%). Coenurenne 7¢ BBICOKO-
aKTUBHO OTHOCUTENBbHO JuHNK paka [THC SNB-75 (GP =

—3,83%), 7f — k uuNK paka ssmaHnKoB OVCAR-4 (GP =
14,66%), 8d — k JIuHKY paka MOJIOYHOH *kene3bl HS S78T
(GP = 11,09%), a 9g — K JIMHUSAM HEMEJKOKJIETOYHOTO
paka nerkux NCM-H226 (GP = 9,75%) u paka modex
UO-31 (GP = 16,35%). BeiBoabl. CHHTE3UPOBaH P
HOBBIX NPOMU3BOJHBIX 2-aMHUHO-5-apHIIMETHIITHA30JIA.
YCTaHOBJICHO, YTO TU COCMHEHHMSI SIBJSIFOTCS MIEPCIICK-
TUBHBIMH JJIs TOMCKA MHHOBAIIMOHHBIX MPOTHBOPAKOBBIX
areHTOB.

KiamoueBble €J10BAa: OpraHUYECKUN CUHTE3, apUiIM-
poBaHUe, 2-aMHUHO-5-apUIMETUATAA30], TPOTUBOOITYXO-
JIeBasi aKTUBHOCTb.
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