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Synthesis of 2-Thio-4-aminopyrimidine Derivatives as Anti-cancer Agent

Sang-Hyo Lee and Jinho Lee'

Department of Chemistry, College of Natural Sciences, Keimyung University, Daegu 704-701, Korea

The screening of the anti-cancer activity of the chemical library provided 2-thio-4-aminopyrimidine as the initial hit.
The confirmation of structure and biological effect of hit was performed by synthesis and biological evaluation. The
optimization of hit was performed by derivatization of substituents while keeping the core structure. The evaluation of
growth inhibitory activity was carried out using SRB assay against 6 human cancer cell lines and human fibroblast. The
growth inhibitory activity of compounds showed substituent dependency and more than 5 compounds showed complete
growth inhibition of cancer cell lines at 10 pM concentration. Chemical library screening followed by synthetic
modification provided possibility that 2-thio-4-aminopyrimidine can be used as a new scaftold for the development of

anti-cancer agent.
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INTRODUCTION

Cancer, a disease of worldwide importance, causes more
than 7.4 million deaths in 2004 and occupies the second
rank after heart disease as a killer (WHO data, 2009).
Despite the major achievements in different new areas of
drug discovery research, the successful treatment of the
cancer still remains a significant challenge (Marshall, 2000).

The search of potent new anticancer agents has been
carried out by two general methods: (i) screening the anti-
cancer activities of new natural products; (ii) screening the
anticancer activities of synthetic compounds either related
or unrelated to known anticancer agents (Hua et al., 2006;
Valler, 2000) In the early 1990, screening was carried out
mostly with purified target proteins. However, the portion of
cell/phenotype-based screening gradually increased recently.
The cell-based screening has several advantages: (i) no need
for purification of protein; (ii) screening can be carried out
at conditions which is similar to physiological condition;

(i) cellular toxicity and cell penetration problems can be
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excluded. Also, it is expected to be more effective in devel-
oping drug for both genetically mutated disease such as
cancer and aiming multi-targets (Li et al., 2006; Weinstein
et al., 2000).

As an initial step of searching new scaffold for anti-
cancer agent, cell-based screening of compounds that were
unrelated to known anticancer agents was performed. After
screening the anticancer activities of a number of synthetic
libraries, a class of 2-thio-4-aminopyrimidne was found to
possess potent anticancer activities. 2-Thiobenzyl moiety

was chosen for further evaluation and optimization.
MATERIALS AND METHODS

'H- and *C-NMR spectra were obtained on an AVANEC
400 (Bruker, Switzerland) and are reported in part per
million (3) relative to TMS as an internal standard. Spin
multiplets are given as s (singlet), d (doublet), t (triplet), q
(quartet), dd (doublet of doublet), td (triplet of doublet), qd
(quartet of doublet) and m (multiplet). TLC was performed
on E. Merck silica gel 60 F254 plates (0.25 mm). Silica gel
column chromatography was performed using Merck TA-
1287685. HPLC runs were carried out using Waters 2690
with an X Bridge C18 5 pm column. Unless otherwise noted,
all starting materials were obtained from commercially

available sources and they were used without further puri-
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fication. Tetrahydrofuran (THF) was freshly distilled from
sodium and benzophenone. All reactions were performed

under nitrogen atmosphere.

Representative procedure: synthesis of 4-[4-(4-benzyl-
piperidine-1-yl)-6-chloro-pyrimidine-2-yl-sulfanylmethyl]
-N-(2-morpholine<4-ylethyl)-benzamide (1)

1. 4-(4,6-Dihydroxy-pyrimidin-2-ylsulfanylmethyl)-
benzoic acid methyl ester (1-b)

To 3 g (20.8 mmol) of 4,6-dihydroxy-2-mercaptopyrimi
dine in 20 ml of water was added 2.1 g (25 mmol) of
sodium bicarbonate. The mixture was stirred at room
temperature for 30 min. to which was added 4.77 g (20.8
mmol) of methyl 4-(bromomethyi)benzoate in 20 ml ethanol
and stirred for 23 hours. Removal of ethanol provided pre-
cipitates. Collection of precipitate and drying by air blowing
provided the desired product in 97% yield.

"H NMR (CDCl,, 400 MHz): 8 (ppm) 8.02 (s, 1H), 7.82
(d, =8 Hz, 1H), 7.74 (d, J=8 Hz, 1H), 7.46 (t, J=7.7 Hz,
1H), 5.17 (s, 1H), 4.44 (s, 2H), 3.84 (s, 3H)

2.  4-(4,6-Dichloro-pyrimidine-2-ylsulfanylmethyl)-
benzoic acid methyl ester (1-¢)

1.0 g (3.42 mmol) of 1-b and 0.88 ml (8.90 mmol} of
2-picoline were added to 6 ml of phosphorous oxychloride
and the mixture was refluxed for 3 hours. The reaction
mixture was poured to ice water and the product was
extracted three times with ethyl acetate. The combined
organic layers were dried over magnesium sulphate. After
removal of solvent in vacuo, the purification with column
chromatography using hexane/ ethyl acetate (1:1) mixture
as eluent provided the desired product in 82% yield.

'H NMR (CDCl;, 400 MHz): § (ppm) 7.99 (d, J=8.28
Hz, 2H), 7.51 (d, J=8.28 Hz, 2H), 7.03 (s, 1H), 4.38 (s, 2H),
3.90 (s, 3H)

3. 4-[4-(4-Benzyl-piperidine-1-yl)-6-chloro-pyrimidine-
2-ylsulfanyl methyl}-benzoic acid methyl ester (1-d)

To 200 mg (0.61 mmol) of 1-¢ in 20 ml ethanol was
added 0.11 ml (0.61 mmol) of 4-benzylpiperidine and the

mixture was refluxed for 4 hours. The solvent was removed

in vacuo. To the residue was added 10% aqueous citric acid,
and the product was extracted three times with ethyl acetate.

The combined organic layers were dried over magnesium
sulphate. After removal of solvent in vacuo, the purification
with column chromatography using hexane/ ethyl acetate
(5:1) mixture as eluent provided the desired product in
98% yield.

"H NMR (CDCl;, 400 MHz): 5 (ppm) 7.96 (m, 2H), 7.48
(d, =7.81 Hz, 2H), 7.31 (m, 2H), 7.22 (m, 1H), 7.13 (m,
2H), 6.16 (s, 1H), 4.33 (s, 2H), 3.78 (s, 3H), 2.81 (t, J=12.5
Hz, 2H), 2.53 (d, J=6.9 Hz, 2H), 1.81 (m, 1H), 1.70 (d,
J=14.2 Hz, 2H}, 1.18 (m, 2H)

4. 4-[4-(4-Benzyl-piperidine-1-yl)-6-chloro-pyrimide-2-
ylsulfanylmethyl]-benzoic acid

To 290 mg (0.62 mumol) of 1-d in 6 ml of tetrahydrofuran/
methanol/water (3/1/1) mixture was added 148 mg (3.72
mmol) of sodium hydroxide and the reaction mixture was
stirred for 29 hours. After solvents were removed in vacuo,
10% aqueous citric acid was added to the residue. After
extraction of the product three times with ethyl acetate, the
combined organic layers were pooled together and dried
over magnesium sulphate. Afier filtration, the removal of
solvent provided the desired product in 85% yield.

5. 4-[4-(4-benzyl-piperidine-1-yl)-6-chloro-pyrimidine-
2-ylsulfanyl methyl}-N-(2-morpholine-4-ylethyl)-benza-
mide (1)

To 187 mg (0.41 mmol) of 1-d in 10 ml of NN-
dimethylformamide (DMF) were added 0.06 m1 (0.41 mmol)
of 4-(2-aminoethyl)-morphotin, 54 mg (0.45 mmol) of N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
(EDC), and 89 mg (0.66 mmol) of 1-hydroxybenzotriazole
monohydrate (HOBt). After the reaction mixture was stirred
at room temperature for 3 hours, the solvent was removed
in vacuo. To the residue was added saturated aqueous
sodium carbonate and the product was extracted three
times with ethyl acetate. The combined organic layers were
dried over magnesium sulphate. After removal of solvent
in vacuo, the purification with column chromatography
using methanol/dichloromethane (7:93) mixture as eluent
provided the desired product in 18% yield (95.8% purity).
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Table 1. Synthesis of compounds 2-14 and their spectra data

Compd No

Yield (%)

Purity (%)

NMR data

325

29.8

6.6

29.1

32

364

21.7

95.2

98.9

96.8

ND

99.7

99.1

"H NMR (CDCls, 400 MHz): § (ppm) 7.70 (d, J=8.04 Hz, 2H), 7.48 (d, J=8.06 Hz, 2H),
7.31 (m, SH), 6.17 (s, 1H), 4.33 (s, 2H), 3.72 (t, ]=4.42 Hz, 4H), 3.55 (q, J=5.65 Hz, 2H),
2.83 (t, J=12.2 Hz, 2H), 2.60 (t, J=6.01 Hz, 2H), 2.54 (d, J=7.12 Hz, 2H), 2.49 (s, 4H), 1.83
(m, 1H), 1.72(d, J=12.3 Hz, 2H), 121 (m, 21)

BC NMR (CDCL, 100 MHz): & (ppm) 170.8, 167.4, 161.8, 159.9, 142.0, 140.1, 133.6,
129.49, 129.42, 128.7, 127.6, 126.5, 974, 57.6, 54.7, 45.0, 43.3, 38.5, 36.5, 35.3, 32.0, 25.9,
244

"H NMR (CDCl, 400 MHz): & (ppm) 7.44 (d, 1=8.10 Hz, 2H), 7.33 (d, J=8.20 Hz, 2H),
7.29 (m, 2H), 7.2 (m, 1H), 7.14 (d, J=7.44 Hz, 2H), 4.32 (s, 2H), 3.79 (s, 2H), 3.44 (s, 2H),
2.84 (t, J=12.4 Hz, 2H), 2.55 (m, 9H), 1.85 (m, 1H), 1.74 (d, J=13.2 Hz, 2H), 1.22 (m, 2H),
111 (t, J=9.74 Hz, 3H)

BC NMR (CDCL, 100 MHz): & (ppm) 170.8, 1704, 161.8, 159.9, 140.2, 134.8, 129.5,
129.4, 128.7, 127.6, 126.5, 52.6, 43.3, 38.5, 35.3,32.0, 12.3

"H NMR (CDCl, 400 MHz): § (ppm) 7.55 (d, J=8 Hz, 1H), 7.45 (d, J=8 Hz, 1H), 7.26 (m,
5H), 7.21 (d, J=4 Hz, 1H), 7.12 (d, J=8 Hz, 2H), 6.15 (s, 1H), 4.57 (s, 2H), 3.53 (d, J=8 Hz,
2 H), 2.80 (t, J=12 Hz, 2 H), 2.72 (t, =4 Hz, 2H), 2.62 (g, I=8 Hz, 4H), 2.53 (d, I=8 Hz, 2
H), 1.80 (m, 1H), 1.71 (d, J=12 Hz, 2H), 1.16 (q, J=12 Hz, 2H), 1.05 (t, ]=8 Hz, 6H)

'"H NMR (CDCL, 400 MHz):  (ppm) 7.89 (s, 1H), 7.70 (d, J=7.6 Hz, 1H), 7.53 (d, J=7.6
Hz, 1H), 7.35 (d, J=7.6 Hz, 1H), 7.28 (m, 2H), 7.21 (d, ]=7.2 Hz, 1H), 7.12 (d, I=7.2 Hz,
2H), 6.16 (s, 1H), 4.34 (s, 2H), 3.56 (g, J=5.6 Hz, 2H), 2.79 (t, J=12.4 Hz, 2H), 2.64 (1,
J=5.6 Hz, 2H), 2.52 (d, J=6.8 Hz, 6H), 1.79 (s, 1H), 1.67 (m, 7H), 1.48 (s, 2H), 1.26 (s, 1H),
1.19 (m, 2H)

BC NMR (CDCL,, 100 MHz): § (ppm) 170.50, 167.23, 161.45, 159.49, 139.83, 134.67,
13186, 128.64, 12775, 12611, 125.73, 97.06, 57.20.53.54, 44.69, 4291, 40. 20, 38.17,
36.16,35.03, 31.95, 25.45, 23.95

'H NMR (CDCl,, 400 MHz):  (ppm) 7.79 (s, 1H), 7.59 (d, J-6.8 Hz, 1H), 7.44 (d, J=6.8
Hz, 1H), 7.18 (m, SH), 7.03 (d, J=6.8 Hz, 2H), 6.07 (s, 1H), 4.25 (s, 2H), 3.43 (s, 2H), 2.70
(t, =12 Hz, 2H), 2.62 (s, 2H), 2.54 (d, 1=6.8 Hz, 4H), 2.43 (d, J=6.4 Hz, 2H), 1.71 (m, 1H),
161 (d, J-12.8 Hz, 2H), 105 (d, J=12 Hz, 2H), 0.99 (d, }=6.8 Hz, 6H)

3C NMR (CDCl;, 100 MHz): 3 (ppm) 171.17, 170.46, 167.18, 161.43, 159.45, 139.82,
13850, 134.70, 131.91, 129.09, 128.92, 128.62, 128.42, 128.32, 128.06, 127.65, 126.26,
126,08, 125.64, 97.05, 60.41, 53.56, 51.57, 47.0, 44.67, 42.88, 40.17, 38.13, 37.72, 37.10,
35.00, 31.56, 30.92, 29.70, 21.07, 14.21, 11.47

'H NMR (CDCls, 400 MHz): & (ppm) 7.85 (s, 1H), 7.67 (d, J=7.6 Hz, 1H), 7.52 (d, I=7.6
Hz, 1H), 7.30 (m, 3H), 7.20 (d, J=7.2 Hz, 1H), 7.12 (d, J=7.2 Hz, 2H), 6.98 (s, 1H), 6.16 (s,
1H), 432 (s, 2H), 3.51 (s, 2H), 2.78 (¢, =12 Hz, 2H), 2.52 (d, J=6 Hz, 4H), 2.27 (s, 6H),
1.79 (m, 1H), 1.69 (d, J=13.2 Hz, 2H), 1.12 (m, 2H)

'H NMR (CDCl,, 400 MHz): & (ppm) 8.68 (s, 1H), 7.87 (s, 1H), 7.70 (d, J=7.6 Hz, 1H), 7.51
(d, J=7.6 Hz, 1H), 7.29 (m, 3H), 7.21 (d, I=7.2 Hz, 1H), 7.13 (d, ]=7.2 Hz, 2H), 6.17 (s, 1H),
434 (s, 2H), 3.55 (d, J=4.8 Hz, 2H), 2.80 (t, J=12 Hz, 2H), 2.66 (m, 6H), 2.53 (d, J=6.8 Hz,
2H), 1.81 (s, 3H), 170 (d, J=12 Hz, 2H), 1.15 (d, J=12 Hz, 2H), 1.07 (, J=6.8 Hz, 6H)

10

11

33

345

17.7

97.8

ND

99.6

'H NMR (CDCl;, 400 MHz): § (ppm) 8.50 (s, 1H), 7.84 (s, 1H), 7.67 (d, J=7.6 Hz, 1H), 7.51
(d, J=7.6 Hz, 1H), 7.30 (m, 3H), 7.21 (d, J=6.8 Hz, 1H), 7.12 (d, J=7.2 Hz, 2H), 4.33 (s, 2H),
3.53(d, J=5.2 Hz, 2H), 2.79 (t, J=12.4 Hz, 2H), 2.53 (d, J=6.8 Hz, 4H), 2.33 (s, 6H), 2.04 (s,
1H), 1.78 (m, 3H), 1.70 (d, J=12.8 Hz, 2H), 1.25 (m, 1H), 1.14 (q, J=10.8 Hz, 2H)

"H NMR (CDCls, 400 MHz): & (ppm) 7.35 (s, 2H), 7.20 (m, 4H), 7.12 (d, J=6.8 Hz, 1H),
7.04 (d, J=6.8 Hz, 2H), 6.10 (s, 1H), 4.24 (s, 2H), 3.48 (s, 1H), 3.17 (s, 1H), 2.98 (s, 1H),
2.85 (s, 1H), 2.72 (t, J=12 Hz, 2H), 2.45 (d, ]=6.4 Hz, 3H), 2.28 (s, 3H), 2.05 (s, 3H), 1.83
(m, 1H), 1.72 (m, 1H), 1.63 (d, J-12 Hz, 3H), 108 (d, J=11.6 Hz, 2H)

BC NMR (CDCL, 100 MHz): § (ppm) 171.23, 170.48, 161,44, 159.48, 139.79, 128.92,
128.32, 126.09, 97.07, 60.39, 45.03, 42.87, 38.14, 34.97, 31.58, 21.08, 14.22

" NMR (CDCl;, 400 MHz): & (ppm) 7.76 (d, 1=8.24 Hz, 2H), 7.48 (d, J=8.23 Hz, 2H),
6.19 (s, 1H), 4.29 (s, 2H), 3.58 (q, J=5.38 Hz, 2H), 2.88 (t, J=12.6 Hz, 2H), 2.65 (t, J=5.86
Hz, 2H), 2.53 (s, 4H), 1.72 (m, 7H), 1.49 (d, J=4.25 Hz, 2H), 1.15 (m, 2H), 0.96 (d, J=6.34
Hz, 3H)

BC NMR (CDCls, 100 MHz): § (ppm) 207.4, 170.8, 167.4, 161.9, 159.9, 142.1, 133.5,
129.4, 127.5,97.4, 57.5, 54.6, 45.1, 36.4, 35.3, 34.0, 31.3,25.9, 24.3,22.0
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Table 1. Continued

NMR data

'H NMR (CDCL, 400 MHZ): § (ppm) 7.72 (d, ]=8.28 Hz, 2H), 7.49 (d, J=8.24 Hz, 2H),
6.95 (s, 1H), 6.18 (s, 1H), 4.34 s, 2H), 3.56 (s, 4H), 3.52 (q, J=5.75 Hz, 2H), 2.55 (t, J=6.06
Hz, 2H), 2.42 (s, 4H), 1.70 (m, 2H), 1.6 (m, 8H), 1.47 (d, J=4.82 Hz, 2H)

3C NMR (CDCly, 100MHz): 8(ppm) 170.7, 167.4, 161.8, 159.3, 142.0, 129.4, 1274, 97.4,
57.3,54.6,45.8,36.7,35.3,26.4,25.8, 24.8, 24.7

"H NMR (CDCls, 400 MHz):  (ppm) 7.80 (d, J=7.98 Hz, 2H), 7.47 (d, J=7.93 Hz, 2H), 6.05

(s, LH), 4.36 (s, 2H), 3.62 (s, 2H), 3.44 (d, J=9.1 Hz, 4H), 2.76 (m, 6H), 1.71 (s, 4H), 1.58

BC NMR (CDCl,;, 100MHz): 8 (ppm) 171.0, 167.3, 162.4, 160.2, 141.1, 133.9, 129.4, 127.5,
97.6, 66.6,57.3,54.6,44.7,36.8,35.4, 264, 24.7

"H NMR (CDCls, 400 MHZ): § (ppm) 7.72 (d, J=8.24 Hz, 2H), 7.47 (d, J=8.16 Hz, 2H), 7.00
(s, 1H), 6.18 (s, 1H), 4.34 (s, 2H), 3.73 (t, J=4.42 Hz, 4H), 3.57 (s, 4H), 3.52 (q, J=5.66 Hz,

CompdNo  Yield (%)  Purity (%)
12 203 95.1
13 13.8 90.5 (m, 6H), 0.88 (s, 6H)
14 64.1 98.1

2H), 2.54 (t, J=5.98 Hz, 2H), 2.42 (s, 4H), 1.61 (m, 4H), 1.46 (d, J=4.72 Hz, 2H)
BC NMR (CDCL, 100 MHz): & (ppm) 170.6, 167.6, 161.8, 159.3, 142.0, 133.3, 129.2,

127.7,97.1,57.5, 54.6, 50.6,36.2, 35.1,25.2,23.9,11.7

* ND: not determined

'H NMR (CDCl;, 400 MHz): § (ppm) 7.70 (d, J=8.04
Hz, 2H), 7.48 (d, ]=8.06 Hz, 2H), 7.31 (m, 5H), 6.17 (s, 1H),
433 (s, 2H), 3.72 (t, J=4.42 Hz, 4H), 3.55 (g, J=5.65 Hz,
2H), 2.83 (t, J=12.2 Hz, 2H), 2.60 (t, J=6.01 Hz, 2H), 2.54
(d, J=7.12 Hz, 2H), 2.49 (s, 4H), 1.83 (m, 1H), 1.72 (d,
J=12.3 Hz, 2H), 1.21 (m, 2H)

3C NMR (CDCl;, 100 MHz): & (ppm) 170.7, 167.5,
161.8,159.9, 1422, 140.1,133.6,129.5, 128.7, 127.5, 126 5,
97.5,67.1,57.4,53.7,45.1,43.3,38.6,36.2, 352, 32.0

Compounds 2 to 14 were prepared by the same procedure
used for the synthesis of compound 1 using corresponding
reagents. Yield, purity and spectra data are listed in Table 1.

6. Cell culture

Cancer cell lines such as HepG2 cells (hepatocellular
liver carcinoma), Caki cells (renal carcinoma), AMC-HN3
cells, AMC-HN4 cells (squamous cell carcinoma), and
normal human skin fibroblast were cultured in Dulbecco's
Modified Eagle's Medium (DMEM) (WelGENE Inc., Korea)
supplemented with 10% fetal calf serum (FCS) and 1%
antibiotic-antimycotic agent (WelGENE Inc., Korea) in 5%
CO, at 37C. A549 cells (lung carcinoma) and HEC-1-A
cells (endometroid adenocarcinoma) were cultured in RPMI
1640 (WelGENE Inc., Korea), containing 10% FCS, 20 mM
Hepes buffer, 100 pg/ml gentamicin, and 1% antibiotic-
antimycotic agent (WelGENE Inc) in 5% CO, at 37 C.

7. Cytotoxicity assay (XTT assay)

The cytotoxic effect of the compounds on various human
cancer cells was investigated using a commercially available
proliferation kit (WelCount Cell Viability Assay Kit,
WELGENE, Daegu, Korea) (Seo et al., 2008). Briefly, the
cells were plated in 96-well culture plates at a density of
3,000 cells/well in phenol red free-medium and allowed to
attach for 10 h. After 24 h or more than 24 h treatment of
compound, 20 pL of XTT reaction solution (2,3-Bis(2-
methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxa
nilide inner salt and phenazine methosulfate; mixed in pro-
portion 50:1) was added to the wells. The optical density
was read at 450 nm wavelength in an ELISA microplate
reader (TECAN, Switzerland) after 3 h incubation of the
plates with XTT reaction solution in an incubator (37°C
and 5% CO, + 95% air).

8. Cytotoxicity assay (SRB assay)

The sulforhodamine B (SRB) assay was carried out as
previously described (Papazisis et al., 1997). Briefly, the
cells were plated in 96-well culture plates at a density of
3,000 cells/well in phenol red free-medium and allowed to
attach for 10 h. After 24 h or 48 h treatment of compound,
culture media were removed. 70 ul of 0.4% (w/v) SRB
(Sigma) in 1% acetic acid solution was added to each well

and left at room temperature for 20 min. SRB was removed
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Scheme 1. General synthetic method for 2-thio-4-aminopyrimidine detivatives
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i) BrCH,CgH,CO,CH;, NaHCO;, EtOH, H,0, ii) POCl;, 2-picoline, iii) R’, Na,COs, EtOH, iv) NaOH, THF, MeOH, H,0, v) R*, EDC,

HOBt, DMF

and the plates were washed 5 times with 1% acetic acid
solution before air drying. Bound SRB was solubilized with
200 ul of 10 mM unbuffered Tris-base solution (Sigma)
and plates were left on a plate shaker for at least 10 min.
Absorbance was read in a 96-well plate reader at 492 nm
subtracting the background measurement at 620 nm. The test
optical density (OD) value was defined as the absorbance
of each individual well minus the blank value (‘blank’ is the
mean optical density of the background control wells, n=8).

RESULTS AND DISCUSSION

Discovery of new scaffold having good biological pro-
file is very important in drug discovery process. As a first
step of scatfold search, screening of chemical library was
performed. The anti-cancer effect of compounds was evalu-
ated by XTT assay. Primary screen provided 2-thio-4-
aminopyrimidine derivatives as the initial hit and compounds
having 2-thiobenzyl group were chosen for further study.
To confirm the screen result, 2 hit compounds were syn-
thesized and their growth inhibitory effects were studied.

The general synthetic procedure is shown at scheme 1.
2-Thiobabituric acid (I) was used as starting material,
Selective alkylation at thiol functionality with methyl
chloromethylbenzoate in the presence of sodium bicarbonate
provided compound (IN). After chlorination of hydroxyl
groups by phosphooxychloride (ITI), amines were introduced

by substitution of one chloro group (IV). The hydrolysis of
ester followed by amide coupling with aid of EDC provided
the 2-thiobenzyl-4-aminopyrimidine derivatives (V). All
compound were dissolved in dimethylsulfoxide (DMSO)
at 10 pM concentration for assay.

Two assay methods were used to evaluate anti-cancer
activity of compounds. XTT assay was used for primary
screening the chemical library while SRB assay was used
for confirmation and evaluation of synthesized compounds
(Fricker et al., 1996; Papazisis et al., 1997; Pauwels et al.,
2003). Human cancer cell lines, A549, HepG2, Caki, AMC
-HN3, AMC-HN4, Hec-1-A, were used for the evaluation
of anticancer effect while fibroblast was used to check the
potential toxicity of compounds.

Among the initial hits, 2 was found to be more active
than 1 (Table 1. Values in parenthesis are the results of
primary screen). 2 showed 100% growth inhibition to all
tested cancer cell lines and fibroblast while 1 showed good
activity only to A549 cell lines. The unfavorable effect of
piperazine attached directly to benzoate (3) suggested that
the flexible linker might contribute to the activity of the
compound. The relative position of substituents at benzene
ring did not affect to the inhibitory activity (2, 4, and 5).
Also, the structural variation of substituents did not cause
activity change as far as they were connected by flexible
linkers (5, 6, 7, 8 and 9). After the evaluation of the activity

dependence on the structure of benzamide, the effect of
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Table 2. Anti-cancer effects of compounds against human cancer cell lines at 10 uM concentration (SRB assay). Variation of benzamide

functionality
N
I
cl N//k | X 0
Z e
R2 % Growth inhibition at 10 pM
Caki Hec-1-A A549 HepG2  AMC-HN3 AMC-HN4 Fibroblast
(o 84.1
1 - HZN/\/N\) 18.0 69.1 658 21.4 57.0 67.1 109
2 - 100.0 100.0 100.0 100.0 100.0 100.0 100.0
p N } . 956y . . . .
3 P- \/N\)“ 142 66.5 589 60.7 58.9 532 0.0
4 0- /\/,O 100.0 100.0 100.0 98.2 100.0 99.4 100.0
H,N
5 - /\/,O 100.0 100.0 100.0 100.0 97.5 100.0 100.0
HN
6 - g 96.2 92.9 100.0 977 90.0 95.6 918
N
HzN/\/ ~
7 m— /\/.L\ 100.0 431 100.0 9.5 100.0 9738 959
2
8 - HZN\/\/(/ 100.0 100.0 100.0 98.7 97.5. 100.0 100.0
9 m- HZN\/\/,L\ 98.1 100.0 973 97.5 100.0 95.6 91.8
10 m Hij\/\/h',\ 100.0 100.0 100.0 97.7 100.0 100.0 95.9

* Primary screen results by XTT assay

structural variation at 4-position of pyrimidine was studied
(Table 2). The bulky benzyl group at C-4 of piperidine (2)
showed high potency to both cancer cell lines and fibro-
blast. The growth inhibitory activity showed decreasing
tendency with the reduction of the bulkiness of substituent
at C-4 of piperidine (cf. 2, 11, 12). The growth inhibition of
fibroblast was more affected by the structural change of the
substituent than cancer cell lines. This result suggests that
the selectivity between cancer cell lines and normal cell can
be improved by structural modification. The flexibility of

substituent at 4-position of pyrimidine showed unnoticeable
effect (cf. 11 and 13). The abrupt reduction of activity
caused by morpholine (14) suggested that these substituents
might locate at either anionic pocket or hydrophobic pocket
of binding site.

As a conclusion, 2-thio-4-aminopyrimidine derivatives
showed the strong growth inhibition of cancer cell lines
with substituent dependency. Mild selectivity in anti-cancer
effect between cancer and normal cells were obtained by
the modification of initial hit. According to the result,
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Table 3. Anti-cancer effects of compounds against human cancer cell lines at 10 uM concentration (SRB assay). Variation of 4-amino

functionality
R1
B
Cl N/)\S
N\/\N
0
R! % Growth inhibition at 10 M
Caki Hec-1-A A549 HepG2 AMC-HN3 AMC-HN4 Fibroblast
2 100.0 100.0 100.0 100.0 100.0 100.0 100.0
N
11 ﬁj 95.5 923 854 96.4 79.4 86.1 77.0
N
12 O 95.5 87.1 86.7 100.0 83.2 83.5 511
N
13 \L J/ 96.2 94.8 94.7 96.4 85.0 924 85.6
N
QO
14 [ ] 248 30.4 21.8 19.6 17.8 114 52
N

2-thio-4-aminopyrimidine can be used as a new scaffold
for the development of anti-cancer agent.
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