Experimental

EXPERIMENTAL

Remarks and instruments:

Melting points were determined in open-glass capillaries using a Griffin melting point
apparatus and are uncorrected.

Follow up of the reactions rates were performed by thin-layer chromatography (TLC)
on silica gel (60 GF254) coated glass plates and the spots were visualized by exposure to
1odine vapors or UV-lamp at A 254 nm for few seconds.

Infrared spectra (IR) were recorded on Bruker Tensor 37 FT-IR
spectrometer at the Central Laboratory Unit, Faculty of Science, Alexandria University.

Nuclear magnetic resonance spectra, "H-NMR and *C-NMR, were scanned on Jeol
spectrophotometer (500 MHz) at Central Laboratory Unit, Faculty of Science, Alexandria
University and on a 400 MHz Bruker Avance III FT-NMR Spectrometer at Central
Laboratory Unit, Faculty of Pharmacy, Cairo University using deuterated dimethylsulfoxide
as a solvent. The data were reported as chemical shifts or 6 values (ppm) relative to
tetramethylsilane (TMS) as internal standard. Signals are indicated by the following
abbreviations: s = singlet, d = doublet, ¢ = triplet, ¢ = quartet and m = multiplet.

High resolution mass spectra (HRMS) were run on AB SCIEX Triple Quad™ 5500
LC/MS/MS at preclinical studies center, City of Scientific Research and Technological
Applications, Borg El-Arab, Alexandria.

Electron impact mass spectra (EIMS) were run on a gas chromatograph/mass
spectrophotometer Shimadzu GCMS/QP-2010 plus (70 eV) at the faculty of Science, Cairo
University. Relative intensity % corresponding to the most characteristic fragments were
recorded.

Elemental microanalyses were performed at the microanalytical Center, Faculty of
Science, Cairo University.
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Scheme 1:
6-Methyl-2-thioxo-2,3-dihydropyrimidin-4(1 H)-one, 1
S
HN” “NH
oy X0
1

Ethyl acetoacetate (35.69 ml, 36.4 g, 0.28 mol) was added to a solution of sodium
ethoxide, prepared from sodium (6.5 g, 0.28 g. atom) and absolute ethanol (100 ml). The
resulting solution was heated to 60°C, and crystalline thiourea (21.6 g, 0.28 mol) was added at
that temperature with vigorous stirring. A suspension formed was refluxed for 3 h. After
cooling, the precipitate obtained was filtered off, dissolved in water (500 ml), and acidified
with conc. HCI to pH 2. The precipitate obtained was filtered off, washed with cold water,
and dried at 100°C for 6 h; yield (23 g, 58%) reported (50%); mp >300°C as reported.””

IR (KBr, em™): 3115 (NH); 1637 (C=0); 1422, 1384, 1241, 1165 (N-C=S).

2-(Benzylsulfanyl)-6-methylpyrimidin-4(3H)-one, 2

A

N

Compound 1 (0.14 g, 1 mmol) was added to water (15 ml) containing sodium
hydroxide (0.05 g, 1.25 mmol) then benzyl chloride (0.12 ml, 0.13 g, 1 mmol) was added and
the reaction mixture was stirred at room temperature overnight. The precipitate obtained was
filtered off, washed 3 times with water then twice using diethyl ether, dried and crystallized
from ethanol; yield (0.19 g, 83%) reported (78%);'" mp 186-188°C (reported: 186°C,"*”
183-184 °C).1

IR (KBr, em™): 3404 (NH); 1647 (C=0); 1572 (C=N); 1225, 1069 (C-S-C).

2-(Benzylsulfanyl)-4-chloro-6-methylpyrimidine, 3

1
N7 }\1
CH:,)\/l\CI
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A mixture of compound 2 (0.23 g, 1 mmol) and phosphorous oxychloride (2.5 ml) was
heated under reflux for 1 h then cooled to room temperature and poured dropwise over
crushed ice. The oil obtained was extracted with methylene chloride. The extract was dried
over anhydrous sodium sulfate for 24 h, filtered, and evaporated to dryness under reduced
pressure. A pure oil product was obtained which was used in the following reaction without
additional purification; yield (0.2 g, 80%) reported (79%).1%

2-(Benzylsulfanyl)-4-hydrazinyl-6-methylpyrimidine, 4

S
A

A mixture of the chloropyrimidine 3 (0.25 g, 1 mmol) and hydrazine hydrate 99%
(0.1 ml, 0.1 g, 2 mmol) in absolute ethanol (2 ml) was heated under reflux for 1.5 h, cooled
and evaporated on water bath. Crushed ice was added to the residue and the precipitate
obtained was filtered off, washed 3 times with water then twice using petroleum ether (40-
60), dried and crystallized from methylene chloride/petroleum ether (40-60); yield (0.22 g,
88%); mp 88°C.

Microanalyses for C1,H4N4S (246.33):
C% H% N% S%

Caled. 58.51 5.73 2274 13.02
Found 58.63 581 2290 13.12

IR (KBr, em™): 3349 (NH); 3234, 3183 (NH,) 1650 (C=N); 1281, 1027 (C-S-C).

'"H-NMR (400 MHz, DMSO-dg, 6 ppm): 2.19 (s, 3H, CHs); 4.30 (s, 2H, S-CHy);
4.33 (s, 2H, NH,, D,0O-exchangeable); 6.30 (s, 1H, pyrimidine Cs-H); 7.22 (t, J/=7.3 Hz, 1H,
benzyl C4-H); 7.29 (t, J=7.3 Hz, 2H, benzyl C;s-H); 7.41 (d, J=7.3 Hz, 2H, benzyl C,¢-H);
8.35 (s, 1H, NH, D,O-exchangeable).

BC.NMR (100 MHz, DMSO-ds, 8 ppm): 23.98 (CHs); 34.20 (S-CH.); 97.26
(pyrimidine Cs); 127.22 (benzyl Ci); 128.73 (benzyl Ci¢); 129.42 (benzyl C;s); 139.41
(benzyl C;); 164.80 (pyrimidine Cs); 165.64 (pyrimidine Cy); 168.67 (pyrimidine Cy).

HRMS (ESI): m/z calced for C1oHisNgS: 247.102 (M+1)"; found: 247.687.
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N'-[2-(Benzylsulfanyl)-6-methylpyrimidin-4-yl]-4-substituted benzene-
sulfonohydrazides, Sa,b

A

N
3 /
H O/ \©\
S5a,b R

A mixture of the hydrazino derivative 4 (0.25 g, 1 mmol) and anhydrous potassium
carbonate (0.14 g, 1 mmol) in methylene chloride (5 ml) was stirred at room temperature for
20 minutes then the appropriate sulfonyl chloride (1 mmol) was added and stirring continued
for 1.5 h. The reaction mixture was evaporated to dryness on water bath and water (10 ml)
was added to the residue and left to stand overnight. The precipitate obtained was filtered off,
washed with water, dried and crystallized from the appropriate solvent.

Table 1: Physical and microanalytical data of compounds 5a,b

ID R Yield M.P. (°C) Mol. Formula Microanalyses %
(“o) (Cryst. solvent) (M.wt.) El. Caled. Found
Sa H 89 73-75 CisHisN4O,S, € 5594 56.08
Ethanol/H,O (386.49) H 4.69 473
N 1450 14.62
S 1659 16.67
5b CH; 54 155-157 CioHpoN4O,S, € 5698  57.17
Methylene (400.52) H 503 5.09
chloride/petroleum N 1399 14.16
ether (40-60) S 1601 16.08

N'-(2-(Benzylsulfanyl)-6-methylpyrimidin-4-yl)benzenesulfonohydrazide, Sa

IR (KBr, em™): 3333 (NH); 1585 (C=N); 1329 (SO, asym); 1238, 1087 (C-S-C);
1157 (SO, sym).

"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.15 (s, 3H, CHs); 4.21 (s, 2H, S-CHy);
6.21 (s, 1H, pyrimidine Cs-H); 7.19 (t, J/=7.6 Hz, 1H, benzyl C4-H); 7.25 (t, J/=7.6 Hz, 2H,
benzyl Cs;s-H); 7.36 (d, J=7.6 Hz, 2H,benzyl C,6-H); 7.56 (t, /=7.4 Hz, 2H, SO,-phenyl
C;5-H); 7.65 (t, J/=7.4 Hz, 1H, SO,.phenyl C4-H); 7.78 (d, /=7.4 Hz, 2H, SO,-phenyl C,6-H);
9.32,9.95 (two s, each 1H, 2NH, D,0-exchangeable).

N'-(2-(Benzylsulfanyl)-6-methylpyrimidin-4-yl)-4-methylbenzenesulfono-hydrazide, Sb

IR (KBr, em™): 3237 (NH); 1587 (C=N); 1338 (SO, asym); 1284, 1087 (C-S-C);
1159 (SO, sym).
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"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.14 (s, 3H, CH3); 2.35 (s, 3H, CHs); 4.21
(s, 2H, S-CHy); 6.19 (s, 1H, pyrimidine Cs-H); 7.19 (t, J=7.3 Hz, 1H, benzyl C4-H); 7.25 (t,
J=7.3 Hz, 2H, benzyl C;5-H); 7.36 (d, J=6.1 Hz, 4H, benzyl C,¢-H, SO,-phenyl Cs5-H); 7.65
(d, J=6.7 Hz, 2H, SO,-phenyl C,¢-H); 9.26, 9.84 (two s, each 1H, 2NH, D,0O-exchangeable).

3C-NMR (100 MHz, DMSO-dg, & ppm): 21.38 (tolyl CH3); 23.58 (pyrimidine CH;);
34.17 (S-CH,); 98.13 (pyrimidine Cs); 127.49 (benzyl Cy); 128.06 (benzyl C,¢); 128.80 (tolyl
Ca6); 129.40 (benzyl Css5); 130.18 (tolyl Css5); 135.37 (tolyl Cy); 138.75 (benzyl Cy); 144.71
(tolyl Ca); 162.77 (pyrimidine Ce); 166.50 (pyrimidine Cq4); 169.08 (pyrimidine C»).

HRMS (ESI): m/z calcd for C19Hz1N4O,S,: 401.111 (M+1)+; found: 401.084.
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Scheme 2:
4-12-(4-Substituted benzylidene)hydrazinyl]2-(benzylsulfanyl)-6-methyl-
pyrimidines, 6a-c

6a-c

A mixture of the hydrazino derivative 4 (0.25 g, 1 mmol) and the appropriate aldehyde
(1 mmol) in absolute ethanol (2 ml) was heated under reflux for 0.5-2.5 h then cooled to room
temperature. The precipitate obtained was filtered off, washed with ethanol, dried and
crystallized from the appropriate solvent.

For 6a, reaction mixture was concentrated to its half volume then 2 drops water was
added and mixture was heated till solution return clear again and left overnight. The
precipitate obtained was filtered off, washed with water, dried and crystallized from the
appropriate solvent.

Table 2: Physical and microanalytical data of compounds 6a-c

ID R'  Yield M.P. (°C) Mol. Formula Microanalyses %
(%) (Cryst. solvent) (M.wt.) El. Caled. Found
6a H 58 103-104 C19H1sN4S C 6823 68.35
Ethanol/H,O (334.44) H 542 5.51
N 16.75 16.89
S 9.59 9.68
6b Cl 47 167-169 C19H17CINgS C 6186 62.03
Ethanol/H,O (368.88) H 4.65 4.63
N 1519 15.41
S 8.69 8.82
6¢ Br 82 194-196 C19H17BrN4S C 5521 5527
Methylene (413.33) H 4.15 4.19
chloride/petroleum N 1355 13.72
ether (40-60) S 7.76 7.84

4-(2-Benzylidenehydrazinyl)-2-(benzylsulfanyl)-6-methylpyrimidine, 6a
IR (KBr, em™): 3442 (NH); 1576 (C=N); 1229, 1029 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.29 (s, 3H, CHs); 4.33 (s, 2H, S-CHy);
6.80 (s, 1H, pyrimidine Cs-H); 7.20 (t, J=7.5 Hz, 1H, benzyl Cs-H); 7.27 (t, J=7.5 Hz, 2H,
benzyl C;5-H); 7.34-7.42 (m, 5H, benzyl C;¢-H, benzylidene C; 45-H); 7.69 (d, J/=6.9 Hz, 2H,
benzylidene C, 6-H); 8.08 (s, 1H, =CH); 11.38 (s, 1H, NH, D,0O-exchangeable).
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BC.NMR (100 MHz, DMSO-ds, 6 ppm): 24.04 (CHs); 34.26 (S-CH,); 98.28
(pyrimidine Cs); 127.04 (benzyl Cy); 127.44 (benzyl C,¢); 128.84 (benzyl Css); 129.30
(benzylidene C;5); 129.45 (benzylidene C,¢); 130.05 (benzylidene Cy); 134.82 (benzylidene
Cy); 138.94 (benzyl C;); 143.60 (=CH-); 166.84 (pyrimidine Cg); 169.26 (pyrimidine C,);
171.36 (pyrimidine C,).

HRMS (ESI): m/z caled for C19Hi9N4S: 335.133 (M+1)+; found: 335.069.
2-(Benzylsulfanyl)-4-|2-(4-chlorobenzylidene)hydrazinyl|-6-methylpyrimidine, 6b
IR (KBr, em™): 3455 (NH); 1574 (C=N); 1264, 1090 (C-S-C).

"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.29 (s, 3H, CHs); 4.32 (s, 2H, S-CHy);
6.81 (s, 1H, pyrimidine Cs-H); 7.20 (t, J=7.7 Hz, 1H, benzyl C4-H); 7.27 (t, J=7.7 Hz, 2H,
benzyl C;s-H); 7.41 (d, J=7.7 Hz, 2H, benzyl C,¢-H); 7.45 (d, J=8.4 Hz, 2H, benzylidene
Css-H); 7.71 (d, J=8.4 Hz, 2H, benzylidene C,¢-H); 8.05 (s, 1H, =CH); 11.45 (s, 1H, NH,
D,0- exchangeable).

HRMS (ESI): m/z calcd for C19H;sCIN4S: 369.094 (M+1)+; found: 368.893.
2-(Benzylsulfanyl)-4-|2-(4-bromobenzylidene)hydrazinyl]-6-methylpyrimidine, 6¢
IR (KBr, em™): 3438 (NH); 1579 (C=N); 1264; 1124 (C-S-C).

"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.29 (s, 3H, CHs); 4.32 (s, 2H, S-CHy);
6.81 (s, 1H, pyrimidine Cs-H); 7.20 (t, J/=7.2 Hz, 1H, benzyl C4-H); 7.27 (t, J=7.2 Hz, 2H,
benzyl C;s-H); 7.41 (d, J=7.2 Hz, 2H, benzyl C,¢-H); 7.58 (d, J=8.4 Hz, 2H, benzylidene
Css-H); 7.64 (d, J=8.4 Hz, 2H, benzylidene C,¢-H); 8.04 (s, 1H, =CH); 11.46 (s, 1H, NH,
D,0-exchangeable).

HRMS (ESI): m/z calcd for CioH 3sBrNgS: 413.044 (M+1)"; found: 412.727.
3-(4-Substituted phenyl)-5-(benzylsulfanyl)-8-bromo-7-methyl-[1,2,4]-

triazolo[4,3-c]pyrimidines, 7a-c
N/ Nf\i

Br
Ta-c

To a stirred mixture of the appropriate hydrazone derivative 6a-¢ (1 mmol) and
anhydrous sodium acetate (0.25 g, 3 mmol) in glacial acetic acid (2 ml), bromine (0.1 ml,
0.32 g, 2 mmol) was added. The reaction mixture was stirred at room temperature for 1 h then
poured over crushed ice. The precipitate obtained was filtered off, washed with water, dried
and crystallized from the appropriate solvent.
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Table 3: Physical and microanalytical data of compounds 7a-c¢

ID R! Yield M.P. (°C) Mol. Formula Microanalyses %
(“o) (Cryst. solvent) (M.wt.) El. Caled. Found
7a H 50 191-192 Ci19H15sBrN4S C 5548 55.70
Ethanol/H,O (411.32) H 3.68 372
N 13.62 13.80
S 7.79 7.86
7b Cl 98 163-165 C19H14BrCIN,S C 51.19 51.34
Ethanol/H,O (445.76) H 3.17 3.14
N 12.57 12.74
S 7.19 741
7c Br 82 132-134 Ci19H14BrN4S C 46.55 46.71
Methylene (490.21) H 2.88 2.87
chloride/petroleum N 11.43 11.52
ether (40-60) S 6.54 6.67

S-(Benzylsulfanyl)-8-bromo-7-methyl-3-phenyl-[1,2,4]| triazolo[4,3-c] pyrimidine, 7a
IR (KBr, em™): 1593 (C=N); 1302, 1038 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, & ppm): 2.55 (s, 3H, CHs); 4.39 (s, 2H, S-CH,);
7.18 (t, J=7.1 Hz, 1H, benzyl C4-H); 7.23 (t, J=7.1 Hz, 2H, benzyl C;s-H); 7.31(d, J/=7.1 Hz,
2H, benzyl Cy6-H); 7.49 (t, J/=6.9 Hz, 2H, phenyl C;s-H); 7.58 (t, J/=6.9 Hz, 1H, phenyl
C4-H); 7.62 (d, J=6.9 Hz, 2H, phenyl C, ¢-H).

BC-NMR (100 MHz, DMSO-dg, 6 ppm): 22.54 (CH;); 36.10 (S-CH,); 100.73
(triazolopyrimidine Cg); 127.14 (benzyl Cs); 127.93 (phenyl Ci6); 128.21 (benzyl Cie);
128.87 (benzyl Cs5); 129.76 (phenyl Cs5); 131.43 (phenyl Cy); 131.90 (phenyl C;); 136.58
(benzyl Ci); 147.16 (triazolopyrimidine Cs,); 148.13 (triazolopyrimidine Cs3); 148.60
(triazolopyrimidine C7); 149.39 (triazolopyrimidine Cs).

EIMS m/z (relative abundance %): 412 [M"+2] (14.29); 182 (13.48); 165 (17.30);
138 (23.14); 135 (14.29); 119 (24.95); 111 (20.72); 109 (26.56); 99 (47.08); 95 (27.16);
90 (43.66); 83 (100); 69 (50.30); 68 (23.14); 67 (33.60); 57 (40.24); 52 (60.97).

S-(Benzylsulfanyl)-8-bromo-3-(4-chlorophenyl)-7-methyl-[1,2,4]|triazolo[4,3-c]-
pyrimidine, 7b

IR (KBr, em™): 1593 (C=N); 1242, 1033 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.55 (s, 3H, CHs); 4.42 (s, 2H, S-CHy);
7.19 (t, J=7.5 Hz, 1H, benzyl C4-H); 7.24 (t, J=7.5 Hz, 2H, benzyl C;5-H); 7.34 (d, J=7.5 Hz,
2H, benzyl C,6-H); 7.58 (d, J=8.4 Hz, 2H, chlorophenyl Css-H); 7.68 (d, J/=8.4 Hz, 2H,
chlorophenyl C, ¢-H).

EIMS m/z (relative abundance %): 448 [M+4] (13.62); 446 [M"+2] (38.21); 444
[M™] (33.89); 428 (27.24); 418 (26.25); 410 (29.24); 389 (29.57); 378 (40.53); 369 (26.91);
354 (96.01); 337 (31.89); 325 (36.88); 319 (37.54); 246 (38.54); 205 (45.18); 159 (100); 113
(67.11).
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S-(Benzylsulfanyl)-8-bromo-3-(4-bromophenyl)-7-methyl-[1,2,4]| triazolo[4,3-c]-
pyrimidine, 7¢

IR (KBr, em™): 1596 (C=N); 1300, 1067 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.55 (s, 3H, CHs); 4.42 (s, 2H, S-CHy);
7.19 (t, J=7.4 Hz, 1H, benzyl C4-H); 7.24 (t, J/=7.4 Hz, 2H, benzyl Css-H); 7.34 (d, J=7.4 Hz,
2H, benzyl C,6-H); 7.60 (d, J/=8.4 Hz, 2H, bromophenyl C;s-H); 7.72 (d, J/=8.4 Hz, 2H,
bromophenyl C; ¢-H).

EIMS m/z (relative abundance %): 492 [M"+4] (13.62); 490 [M"+2] (38.21); 488
[M™] (33.89); 487 (10.39); 383 (45.10); 381 (28.48); 319 (10.64); 259 (11.48); 226 (10.06);
183 (10.64); 131 (12.77); 109 (10.99); 102 (36.46); 92.10 (14.66); 91 (100); 89 (11.51); 80
(14.94); 65 (40.01).

1-[3-(4-Substituted phenyl)-5-(benzylsulfanyl)-7-methyl-[1,2,4]triazolo-
[4,3-c]pyrimidin-2(3H)-yl]ethanones, 8a-c

Rl
S
s
)\/lQ 'N
CH A N O

8a-c
A suspension of the appropriate hydrazone derivative 6a-¢ (1 mmol) in acetic anhydride
(1 ml) was heated under reflux with stirring for 4-6 h then the reaction mixture was cooled to
room temperature, poured over crushed ice and left for 30 min. The precipitate obtained was
filtered off, washed with water, dried and crystallized from the appropriate solvent.

Table 4: Physical and microanalytical data of compounds 8a-c

1D R Yield M.P. (°C) Mol. Formula Microanalyses %
(%) (M.wt.) El._Caled. Found
8a H 61 98-100 CaH2oN4OS € 67.00 67.14
Ethanol/H,O (376.48) H 535 538
N 1488 15.01
S 852 8.58
8b Cl 82 136-137 CyiHioCINSOS € 6138 6133
Ethanol/H,O (410.92) H 466 4.69
N 1363 1380
S 780 7.93
8c Br 85 160-162 CuH19BINJOS C 5539 5562
Methylene (455.37) H 421 4.28
chloride/petroleum N 1230 1239
ether (40-60) S 7.04 7.11
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1-[S-(Benzylsulfanyl)-7-methyl-3-phenyl-[1,2,4]triazolo[4,3-c|pyrimidin-2(3 H)-yl]-
ethanone, 8a

IR (KBr, em™): 3438 (NH); 1684 (C=0); 1611 (C=N); 1268, 1032 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.44 (s, 3H, CH;); 2.48 (s, 3H, COCHs);
4.30 (s, 2H, S-CH»); 7.13-7.18 (m, 3H, benzyl Cs;45-H); 7.21 (s, 1H, triazolopyrimidine
Cs-H); 7.33 (d, J=7.6 Hz, 2H, benzyl C,6-H); 7.41-7.42 (m, 3H, phenyl C;45-H); 7.69-7.71
(m, 3H, triazolopyrimidine Cs-H, phenyl C; ¢-H).

1-[S-(Benzylsulfanyl)-3-(4-chlorophenyl)-7-methyl-[1,2.4]triazolo[4,3-c|pyrimidin-2(3 H)-
yllethanone, 8b

IR (KBr, em™): 1700 (C=0), 1608 (C=N); 1259, 1039 (C-S-C).

'"H-NMR (500 MHz, DMSO-d¢, 6 ppm):2.44 (s, 3H, CHs); 2.48 (s, 3H, COCH;);
4.30 (s, 2H, S-CH»); 7.13-7.19 (m, 3H, benzyl Cs;45-H); 7.20 (s, 1H, triazolopyrimidine
Cs;-H); 7.33 (dd, J=7.65,1.5 Hz, 2H, benzyl C,¢-H); 7.48 (d, /=8.78 Hz, 2H, chlorophenyl
C,6-H); 7.68 (s, 1H, triazolopyrimidine Cg-H); 7.72 (d, J=8.78 Hz, 2H, chlorophenyl C; 5-H).

1-[5-(Benzylsulfanyl)-3-(4-bromophenyl)-7-methyl-[1,2.4]triazolo[4,3-c]pyrimidin-
2(3H)-yl]ethanone, 8c

IR (KBr, em™): 1697 (C=0); 1616 (C=N), 1261, 1066 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.43 (s, 3H, CH;); 2.48 (s, 3H, COCH;);
430 (s, 2H, S-CH,); 7.13-7.19 (m, 3H, benzyl Cs4s-H); 7.19 (s, 1H, triazolopyrimidine
Cs-H); 7.33 (d, J=6.9 Hz, 2H, benzyl C,6-H); 7.61 (d, J=8.4 Hz, 2H, bromophenyl C,¢-H);
7.65 (d, J=8.4 Hz, 2H, bromophenyl Cs s-H); 7.66 (s, 1H, triazolopyrimidine Cg-H).

5-(Benzylsulfanyl)-7-methyl-[1,2 4] triazolo[4,3-c]pyrimidine-3-thiol, 9

L
NZ N/\<N
CH3)\/|§ N
9

A mixture of the hydrazino derivative 4 (0.25 g, 1 mmol) and potassium hydroxide
(0.06 g, 1 mmol) in ethanol (5 ml) and carbon disulfide (2 ml) was heated under reflux for 3 h
then the reaction mixture was concentrated by evaporation to half its volume, cooled to room
temperature, poured over crushed ice and acidified using dilute HCl. The obtained white

precipitate was filtered off, washed with water, dried and crystallized from ethanol/H,O; yield
(0.26 g, 90%); mp 198-200°C.
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Microanalyses for C;3H1,N4S, (288.39):

C% H% N% S%
Calcd. 54.14 4.19 1943 2224
Found 5421 425 19.67 2241

IR (KBr, em™): 3438 (NH); 2773 (SH); 1624 (C=N); 1265, 1098 (C-S-C); 1170
(C=S).

"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.28 (s, 3H, CHj3); 4.32 (s, 2H, S-CH,);
6.93 (s, 1H, triazolopyrimidine Cg-H); 7.24 (t, J=7.3 Hz, 1H, benzyl C4-H); 7.30 (t, J/=7.3 Hz,
2H, benzyl Css-H); 7.44 (d, J=7.3 Hz, 2H, benzyl C,6-H); 14.33 (s, 1H, SH, D,O-
exchangeable).

HRMS (ESI): m/z caled for C13H13NyS,: 289.058 (M+1)"; found: 289.060.

3-Substituted sulfanyl-5-(benzylsulfanyl)-7-methyl-[1,2.4]triazolo[4,3-c]-
pyrimidines, 10a,b

A mixture of the sulfanyl derivative 9 (0.29 g, 1 mmol) and anhydrous potassium
carbonate (0.14 g, 1 mmol) in dry DMF (1 ml) was stirred at room temperature for 30 minutes
then benzyl chloride (0.12 ml, 0.13 g, 1 mmol) or methyl iodide (0.06 ml, 0.14 g, 1 mmol)
was added and stirring was continued for 4 h then the reaction mixture was poured over
crushed ice and left to stand overnight. The precipitate obtained was filtered off, washed with
water, dried and crystallized from ethanol/H,O.

Table S: Physical and microanalytical data of compounds 10a,b

ID R Yield M.P. (°C) Mol. Formula Microanalyses %
(%) (M.wt.) El. Caled. Found

10a CH; 70 137-139 C14H14N4S, C 55.60 55.74
(302.42) H 4.67 470

N 18.53 18.71

S 2121 21.28

10b C¢HsCH, 77 95-97 CroH1sN4S, C 6346 63.69
(378.51) H 479 487

N 14.80 14.89

S 1694 17.13
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5-(Benzylsulfanyl)-7-methyl-3-(methylsulfanyl)-[1,2,4]triazolo[4,3-c|pyrimidine, 10a
IR (KBr, em™): 1611 (C=N); 1270, 1073 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.38 (s, 3H, CHs); 2.65 (s, 3H, S-CHy);
4.54 (s, 2H, S-CH,); 7.24-7.26 (m, 2H, triazolopyrimidine Cg-H, benzyl C4-H); 7.31 (4,
J=7.7 Hz, 2H, benzyl Cs5-H); 7.47 (d, J/=7.7 Hz, 2H, benzyl C,¢-H).

3,5-Bis(benzylsulfanyl)-7-methyl-[1,2,4]triazolo[4,3-c|pyrimidine, 10b
IR (KBr, em™): 1612 (C=N); 1260, 1070 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, & ppm): 2.38 (s, 3H, CHs); 4.40 (s, 2H, S-CH,);
4.50 (s, 2H, S-CH»); 7.17-7.26 (m, 7H, triazolopyrimidine Cs-H, 5 benzyl-Hs, benzyl Cs-H);
7.31 (t, J=7.65 Hz, 2H, benzyl Cs 5-H); 7.46 (d, J/=7.65 Hz, 2H, benzyl C, ¢-H).

BC-NMR (100 MHz, DMSO-dg, & ppm): 23.15 (CH;); 36.28 (two S-CH,); 103.72
(triazolopyrimidine Cg); 128.05 (two benzyl C,4); 128.87 (benzyl C,¢); 128.95 (benzyl C,p);
129.59 (benzyl Css); 129.97 (benzyl Css); 136.59 (benzyl C;); 136.65 (benzyl C); 140.23
(triazolopyrimidine Cs); 149.08 (triazolopyrimidine Cs,); 151.01 (triazolopyrimidine Cy);
152.21 (triazolopyrimidine Cs).

2-{[5-(Benzylsulfanyl)-7-methyl-[1,2.4]triazolo[4,3-c|pyrimidin-3-yl]-
sulfanyl}-1-phenylethanone, 11

? 50

S
N)\N/\(N
CH:,)\/lQN’

11

A mixture of the sulfanyl derivative 9 (0.29 g, 1 mmol) and phenacyl bromide (0.2 g,
1 mmol) in absolute ethanol (2 ml) was heated under reflux for 1 h then cooled to room
temperature. The precipitate obtained was filtered off, washed with ethanol, dried and
crystallized from ethanol; yield (0.24 g, 59%); mp 123-125°C.

Microanalyses for C>1Hi1sN4OS; (406.52):

C% H% N% S%
Calcd. 62.04 446 13.78 15.78
Found 62.34 452 1401 15.89

IR (KBr, em™): 1680 (C=0); 1609 (C=N); 1244, 1068 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, & ppm): 2.48 (s, 3H, CHs); 4.53 (s, 2H, S-CH,);
494 (s, 2H, S-CH»); 7.23 (t, J=7.15 Hz, 1H, benzyl C4-H); 7.28-7.31 (m, 3H,
triazolopyrimidine Cg-H, benzyl Css-H); 7.44 (d, J=7.15 Hz, 2H, benzyl C,¢-H); 7.51 (t,
J=7.33 Hz, 2H, CO-phenyl Css-H); 7.65 (t, /=7.33 Hz, 1H, CO-phenyl C4-H); 8.01 (d,
J=7.33 Hz, 2H, CO-phenyl C,6-H).
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Scheme 3:

2-[2-(Benzylsulfanyl)-6-methylpyrimidin-4-yl]-/V-allyl (or phenyl)
hydrazine-1-carbothioamides, 12a,b

S
N)\N
NG N A
CH; ﬂ \IS]/ R
12a,b

A mixture of the hydrazino derivative 4 (0.25 g, 1 mmol) and the appropriate
isothiocyanate (1 mmol) in absolute ethanol (2 ml) was stirred at room temperature overnight.
The precipitate obtained was filtered off, washed with petroleum ether (40-60), dried and
crystallized from methylene chloride/petroleum ether (40-60).

Table S: Physical and microanalytical data of compounds 12a,b

1D R Yield M.P. Mol. Microanalyses %
(%) °O) Formula
(M.wt.) ElL Caled. Found
12a  CH,-CH=CH, 71 104-106  Ci6H19NsS, C 5562 5582
(345.49) H 5.54 5.61
N 2027  20.41
S 1856 18.63
12b CeHs 76 125-126  C19H19NsS, C 5981  60.05
(381.52) H 5.02 5.09
N 1836 18.49
S 16.80 16.94

N-Allyl-2-[2-(benzylsulfanyl)-6-methylpyrimidin-4-yl|hydrazine-1-carbothioamide, 12a

IR (KBr, cm™): 3194 (NH); 1586 (C=N); 1493, 1359, 1233, 1116 (N-C=S); 1284,
1124 (C-S-C).

"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.22 (s, 3H, CH3); 4.05 (t, /=5.4 Hz, 2H,
allyl CHa,); 4.29 (s, 2H, S-CH,); 4.99 (dd, J=10.7, 1.5 Hz, 1H, =CH,;s); 5.03 (d, J=17.5 Hz,
1H, =CHians); 5.75-5.78 (m, 1H, -CH=); 6.05 (s, 1H, pyrimidine Cs-H); 7.19 (t, J/=7.3 Hz, 1H,
benzyl C4-H); 7.26 (t, J=7.3 Hz, 2H, benzyl C;s-H); 7.38 (d, /=7.3 Hz, 2H, benzyl C;¢-H);
8.31,9.19, 9.44 (three s, each 1H, 3NH, D,O-exchangeable).

BC-NMR (100 MHz, DMSO-dg, & ppm): 23.56 (CHs); 34.27 (S-CH,); 45.98 (allyl
CH,); 99.31 (pyrimidine Cs); 115.76 (allyl =CH,); 127.47 (benzyl C,); 128.85 (benzyl C,);
129.44 (benzyl Css); 134.74 (-CH=); 138.84 (benzyl C,); 164.47 (pyrimidine C); 166.65
(pyrimidine Cy); 169.51 (pyrimidine C,); 187.88 (C=S).
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2-|2-(Benzylsulfanyl)-6-methylpyrimidin-4-yl]-NV-phenylhydrazine-1-carbothioamide,
12b

IR (KBr, cm™): 3184 (NH); 1585 (C=N); 1493, 1367, 1230, 1085 (N-C=S); 1281,
1117 (C-S-C).

"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.25 (s, 3H, CHj3); 4.32 (s, 2H, S-CH,);
6.16 (s, 1H, pyrimidine Cs-H); 7.11 (t, J=7.6 Hz, 1H, NH-phenyl C4-H); 7.18 (t, J/=7.3, 1H,
benzyl C4-H): 7.24 (t, J=7.3 Hz, 2H, benzyl Cs;s-H); 7.27 (t, J/=7.6 Hz, 2H, NH-phenyl
Cs5-H); 7.39 (d, J/=7.3, 2H, benzyl C,¢-H); 7.44 (d, /=7.6 Hz, 2H, NH-phenyl C,¢-H); 9.32,
9.75, 9.85 (three s, each 1H, 3NH, D,O-exchangeable).

4-(4-Substituted phenyl)-2-{2-[2-(benzylsulfanyl)-6-methylpyrimidin-4-yl]-
hydrazono}-3-allyl (or phenyl)-2,3-dihydrothiazoles, 13a-f

S
eI
X NN
CHj E \\Sr ) R!
13a-f

A mixture of the appropriate thiosemicarbazide 12a,b (1 mmol) and anhydrous
sodium acetate (0.12 g, 1.5 mmol) and the appropriate phenacyl bromide (1 mmol) in absolute
ethanol (2 ml) was heated under reflux 6-12 h. The precipitate obtained after cooling (13b,c¢)
or after concentration, addition of 2 drops water and leaving to stand overnight (13a,d-f) was

filtered off, washed with ethanol, dried and crystallized from methylene chloride/petroleum
ether (40-60).
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Table 6: Physical and microanalytical data of compounds 13a-f

1D R R! Yield M.P. (°C) Mol. Formula Microanalyses %
(%) (M.wt.) El Caled. Found
13a  CH,-CH=CH, H 85 104-106 C4HN5S, C 64.69 64.91
(445.60) H 520 525
N 15.72 15.94
S 14.39 14.57
13b  CH,-CH=CH, Br 97 135-136 C,4H»BINsS, C 54.96 55.13
(524.50) H 423 427
N 13.35 13.51
S 12.23 12.46
13¢  CH,-CH=CH, CH; 45 104-106 CasHasNsS» C 65.33 65.51
(459.63) H 5.48 5.44
N 15.24 15.38
S 13.95 14.12
13d CeHs H 56 69-71 Co7H»NsS, C 67.33 67.49
(481.64) H 481 4.88
N 14.54 14.72
S 13.32 13.48
13e CeHs Br 63 192-193 C,7H»BIrNsS, C 57.85 58.04
(560.53) H 3.96 4.02
N 12.49 12.68
S 11.44 11.51
13f CeHs CH; 37 154-156 CasHasNsS, C 67.85 68.02
(495.66) H 5.08 517
N 14.13 14.32
S 12.94 13.06
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3-Allyl-2-{2-[2-(benzylsulfanyl)-6-methylpyrimidin-4-yllhydrazono}-4-phenyl-2,3-
dihydrothiazole, 13a

IR (KBr, em™): 3450 (NH); 1570 (C=N); 1271, 1079 (C-S-C).

"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.17 (s, 3H, CHs); 4.29 (s, 2H, S-CHy);
431 (d, J=4.6 Hz, 2H, CH»-CH=CH); 4.92 (d, J=16.8 Hz, 1H, CH2-CH=CHyans); 5.12 (d,
J=10 Hz, 1H, CH,-CH=CH_,); 5.79-5.85 (m, 1H, CH,-CH=CH); 6.15 (s, 1H, pyrimidine Cs-
H); 6.25 (s, 1H, thiazole Cs-H); 7.19 (t, J/=7.1 Hz, 1H, benzyl C4-H); 7.26 (t, J/=7.1 Hz, 2H,
benzyl C;5-H); 7.40 (d, J=7.1 Hz, 4H, benzyl C,¢-H, 4-phenylthiazole C,¢-H); 7.44-7.45 (m,
3H, 3-phenylthiazole C;45-H); 9.56 (s, 1H, NH, D,O-exchangeable).

BC-NMR (100 MHz, DMSO-dg, 6 ppm): 23.99 (CHs); 34.19 (S-CH,); 47.68 (allyl
CH,); 97.92 (pyrimidine Cs); 101.69 (thiazole Cs); 116.76 (allyl =CH,); 127.34 (benzyl Ca);
128.77 (benzyl C,¢); 129.04 (phenyl C,); 129.24 (phenyl C;5); 129.47 (benzyl Cs5); 129.84
(phenyl Cy); 130.88 (phenyl C;); 133.10 (allyl -CH=); 139.21 (thiazole C4); 141.09 (benzyl
Cy); 159.67 (thiazole C;); 165.80 (pyrimidine Cg); 168.66 (pyrimidine Cg4); 170.76
(pyrimidine C,).

3-Allyl-2-{2-[2-(benzylsulfanyl)-6-methylpyrimidin-4-yllhydrazono}-4-(4-bromophenyl)-
2,3-dihydrothiazole, 13b

IR (KBr, em™): 3439 (NH); 1610 (C=N); 1270, 1072 (C-S-C).

"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.17 (s, 3H, CHs); 4.29 (s, 2H, S-CHy);
432 (d, J=4.6 Hz, 2H, CH,-CH=CH); 4.93 (d, J/=17.5, 1H, CH-CH=CHas); 5.12 (d, J=9.9
Hz, 1H, CH,-CH=CH.;); 5.79-5.85 (m, 1H, CH,-CH=CH); 6.15 (s, 1H, pyrimidine Cs-H);
6.3 (s, 1H, thiazole Cs-H); 7.19 (t, /=7.63 Hz, 1H, benzyl C4-H); 7.26 (t, J/=7.63 Hz, 2H,
benzyl C;s-H); 7.36 (d, J=7.65 Hz, 2H, bromophenyl C,¢-H); 7.40 (d, J=7.65 Hz, 2H,
bromophenyl Css-H); 7.65 (d, J=7.63 Hz, 2H, benzyl C,¢-H); 9.56 (s, 1H, NH, D,O-
exchangeable).

3-Allyl-2-{2-[2-(benzylsulfanyl)-6-methylpyrimidin-4-yllhydrazono}-4-(4-methylphenyl)-
2,3-dihydrothiazole, 13¢

IR (KBr, em™): 3451 (NH); 1570 (C=N); 1272, 1064 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.16 (s, 3H, pyrimidine CHs); 2.32 (s, 3H,
p-tolyl CH3); 4.29 (s, 4H, S-CH,, CH,-CH=CH); 4.92 (d, J=17.6, 1H, CH2-CH=CHans); 5.12
(d, /=9.9 Hz, 1H, CH,-CH=CH_,is); 5.79-5.84 (m, 1H, CH,-CH=CH); 6.14 (s, 1H, pyrimidine
Cs-H); 6.18 (s, 1H, thiazole Cs-H); 7.19 (t, /=6.9 Hz, 1H, benzyl C4-H); 7.24-7.29 (m, 6H,
benzyl Css-H, 4-phenylthiazole-H); 7.40 (d, J/=6.9 Hz, 2H, benzyl C,6-H); 9.53 (s, 1H, NH,
D,0-exchangeable).

2-{2-]2-(Benzylsulfanyl)-6-methylpyrimidin-4-yl|hydrazono}-3,4-diphenyl-2,3-
dihydrothiazole, 13d

IR (KBr, em™): 3440 (NH); 1621 (C=N); 1285, 1071 (C-S-C).

84



Experimental

'"H-NMR (500 MHz, DMSO-ds, 6 ppm): 2.16 (s, 3H, CH3); 4.27 (d, J=6.9 Hz, 2H,
S-CH,); 6.03 (s, 1H, pyrimidine Cs-H); 6.50 (s, 1H, thiazole Cs-H); 7.01 (t, /=7.1 Hz, 1H,
3-phenylthiazole C4-H); 7.13 (t, /=7.1 Hz, 1H, benzyl C4-H); 7.18 (d, J=7.1 Hz, 2H, benzyl
Cy6-H); 7.21 (d, J=6.9 Hz, 2H, 3-phenylthiazole C,¢-H); 7.23-7.26 (m, 4H, benzyl C;s-H,
3-phenylthiazole C55-H ); 7.30 (t, /=6.9 Hz, 3H, 4-phenylthiazole Cs 45-H); 7.38 (d, /=7.7 Hz,
2H, 4-phenylthiazole C,¢-H); 9.55 (s, 1H, NH, D,O-exchangeable).

2-{2-|2-(Benzylsulfanyl)-6-methylpyrimidin-4-yl|hydrazono}-4-(4-bromophenyl)-3-
phenyl-2,3-dihydrothiazole, 13e

IR (KBr, em™): 3438 (NH); 1560 (C=N); 1285, 1071 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, & ppm): 2.16 (s, 3H, CHs); 4.28 (s, 2H, S-CH,);
6.03 (s, 1H, pyrimidine Cs-H); 6.57 (s, 1H, thiazole Cs-H); 7.07 (d, J=8.4 Hz, 2H,
bromophenyl C,¢-H); 7.18 (t, J=7.2 Hz, 1H, 3-phenylthiazole C4-H); 7.23-7.29 (m, 3H,
benzyl C;45-H); 7.34-7.39 (m, 6H, 3-phenylthiazole C,35¢-H, benzyl C,6-H); 7.42 (d, J=8.4
Hz, 2H, bromophenyl Cs5-H ); 9.56 (s, 1H, NH, D,O-exchangeable).

2-{2-|2-(Benzylsulfanyl)-6-methylpyrimidin-4-yl|hydrazono}-3-phenyl-4-(4-methyl-
phenyl)-2,3-dihydrothiazole, 13f

IR (KBr, em™): 3451 (NH); 1554 (C=N); 1283, 1070 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.15 (s, 3H, pyrimidine CHs); 2.18 (s, 3H,
p-tolyl CHs); 4.27 (s, 2H, S-CH,); 6.02 (s, 1H, pyrimidine Cs-H); 6.43 (s, 1H, thiazole Cs-H);
6.98-7.03 (m, 4H, p-tolyl-Hy); 7.17-7.20 (m, 2H, benzyl C4-H, 3-phenylthiazole C4-H); 7.23-
7.26 (m, 4H, benzyl C,356-H); 7.33 (t, J=7.1 Hz, 2H, 3-phenylthiazole C; s-H); 7.38 (d, /=7.1
Hz, 2H, 3-phenylthiazole C,¢-H); 9.53 (s, 1H, NH, D,0O-exchangeable).

5-(Benzylsulfanyl)-7-methyl-/N-phenyl-[1,2,4]triazolo[4,3-c]-pyrimidin-3-
amine, 14

[ O

CH; X
14
A mixture of the thiosemicarbazide 12b (0.38 g, 1 mmol) and freshly prepared yellow
mercuric oxide (0.22 g, 1 mmol) in absolute ethanol (15 ml) was heated under reflux with
stirring for 18 h then the reaction mixture was filtered while hot and the filtrate was
concentrated to 2 ml and crushed ice was added and left to stand overnight at room

temperature. The precipitate obtained was filtered off, washed with water, dried and
crystallized from ethanol/H,0; yield (0.2g, 57%); mp 144-145°C.

A

Z\
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Microanalyses for C9H7NsS (347.44):

C% H% N% S%
Calcd. 65.68 493 20.16 9.23
Found 65.89 501 2034 942

IR (KBr, em™): 3218 (NH); 1606 (C=N); 1245, 1074 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, & ppm): 2.40 (s, 3H, CH;); 4.44 (s, 2H, S-CH,);
6.69 (d, J=7.8 Hz, 2H, benzyl C,-H); 6.78 (t, /=7.8 Hz, 1H, benzyl Cs-H); 7.14 (t, J=7.8 Hz,
2H, benzyl C;s-H); 7.20-7.21 (m, 2H, triazolopyrimidine Cg-H, NH-phenyl C4-H); 7.26 (t,
J=7.1 Hz, 2H, NH-phenyl C;ss-H); 7.38 (d, J=7.1 Hz, 2H, NH-phenyl C,6-H); 8.54 (s, 1H,
NH, D,0O-exchangeable).

BC-NMR (100 MHz, DMSO-ds, 6 ppm): 23.16 (CH3); 34.68 (S-CH,); 103.17
(triazolopyrimidine Cg); 115.44 (NH-phenyl C,¢); 120.58 (NH-phenyl Cy); 127.93 (benzyl
Cy); 128.87 (benzyl Cap); 129.63 (benzyl Cs5); 129.83 (NH-phenyl Cs5); 136.78 (benzyl Cy);
143.06 (NH-phenyl C;); 145.15 (triazolopyrimidine Cs); 148.76 (triazolopyrimidine Cs,);
149.93 (triazolopyrimidine C;); 151.01 (triazolopyrimidine Cs).
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Scheme 4:
6-Methyl-2-[(2-0x0-2-phenylethyl)sulfanyl|pyrimidin-4(3 H)-one, 15

Phenacyl bromide (0.2 g, 1 mmol) was added to a solution of compound 1 (0.14 g,
1 mmol) and sodium hydroxide (0.05 g, 1.25 mmol) in water (15 ml). The reaction mixture
was stirred at room temperature overnight and the precipitate obtained was filtered off,
washed 3 times with water then twice using diethyl ether, dried and crystallized from
benzene; yield (0.23 g, 88%) reported (70%); mp 178-180°C (reported: 179-181°C).*?

IR (KBr, em™): 3375 (NH); 1697 (C=0); 1639 (C=N); 1208, 1032 (C-S-C).

2-[(4-Chloro-6-methylpyrimidin-2-yl)sulfanyl]-1-phenylethanone, 16

S
N )\IN
CHj X Na
16
A mixture of pyrimidinone 15 (0.26 g, 1 mmol) and phosphorous oxychloride (5 ml)
was heated under reflux for 1 h, cooled to room temperature and poured dropwise over
crushed ice. The precipitate obtained was filtered off, washed with water, dried and
crystallized from methylene chloride/petroleum ether (40-60); yield (0.24 g, 86%); mp
68-70°C.

Microanalyses for C;3H;;CIN,OS (278.76):

C% H% N% S%
Calcd. 56.01 398 10.05 11.50
Found 56.17 393 10.17 11.47

IR (KBr, em™): 1695 (C=0); 1589 (C=N); 1295, 1127 (C-S-C).
'"H-NMR (500 MHz, DMSO-dg, 6 ppm): 2.25 (s, 3H, CH;); 4.74 (s, 2H, S-CH,);

7.23 (s, 1H, pyrimidine Cs-H); 7.53 (t, J/=7.7 Hz, 2H, phenyl Css-H); 7.64 (t, J=7.7 Hz, 1H,
phenyl C4-H); 8.02 (d, J=7.7 Hz, 2H, phenyl C, 6-H).
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BC-NMR (100 MHz, DMSO-ds, 6 ppm): 23.61 (CH3); 38.71 (S-CH,); 116.80
(pyrimidine Cs); 128.71 (phenyl Css); 129.22 (phenyl C,p); 133.92 (phenyl C4); 136.71
(phenyl Cy); 160.20 (pyrimidine Ca); 170.32 (pyrimidine Ce); 170.94 (pyrimidine C,); 194.09
(C=0).

2-[(4-Chloro-6-methylpyrimidin-2-yl)sulfanyl]-1-phenylethanone oxime, 17

(I)H
~N

1

N7 }\1
CH3 A Cl

17

A mixture of ethanone 16 (0.28 g, 1 mmol), anhydrous sodium acetate (0.18 g,
2.2 mmol) and hydroxylamine hydrochloride (0.14 g, 2 mmol) in absolute ethanol (2 ml) was
heated on water bath (60-70°C) for 1 h then the reaction mixture was cooled to room
temperature. The precipitate obtained was filtered off, washed using 60% aqueous ethanol
then water, dried and crystallized from methylene chloride/petroleum ether (40-60); yield
(0.26 g, 90%); mp 146-148°C.

Microanalyses for C13H1,CIN;OS (293.77):
C% H% N% S%

Calc. 53.15 412 143 1091
Found 5328 4.14 1442 10.99

IR (KBr, em™): 3258 (OH); 1629 (C=N); 1259, 1054 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, & ppm): 2.38 (s, 3H, CH;); 4.46 (s, 2H, S-CH,);
7.27 (s, 1H, pyrimidine Cs-H); 7.35-7.38 (m, 3H, phenyl Cs45-H); 7.69-7.70 (m, 2H, phenyl
Cy6-H); 11.83 (s, 1H, OH, D,0O-exchangeable).

BC-NMR (100 MHz, DMSO-dg, & ppm): 23.64 (CH;3); under DMSO (S-CH,);
116.84 (pyrimidine Cs); 126.46 (phenyl Cip); 128.96 (phenyl Css); 129.68 (phenyl Ca);
134.90 (phenyl C); 153.20 (pyrimidine Cy); 160.41 (C=N); 170.63 (pyrimidine C¢); 170.95
(pyrimidine C,).
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2-[(4-Hydrazinyl-6-methylpyrimidin-2-yl)sulfanyl]-1-phenylethanone
oxime, 18

(I)H
~-N

X
N= IN
NH,
CHS)\/kN/
18 H

A mixture of chloropyrimidine 17 (0.29 g, 1 mmol) and hydrazine hydrate 99%
(0.1 ml, 0.1 g, 2 mmol) in absolute ethanol (2 ml) was heated under reflux for 1.5 h, cooled to
room temperature and poured over crushed ice. The precipitate obtained was filtered off,
washed with water, dried and triturated several times using diethyl ether then crystallized
from ethyl acetate; yield (0.18 g, 62%); mp 155-157°C.

Microanalyses for C13H;sNsOS (289.36):
C% H% N% S%

Caled. 5396 523 242 11.08
Found 54.12 532 2437 11.21

IR (KBr, cm™): 3424 (OH); 3314, 3169 (NH); 1591 (C=N); 1239, 1054 (C-S-C).

"H-NMR (500 MHz, DMSO-d¢, 8 ppm): 2.16 (s, 3H, CHs); 4.33 (s, 2H, NH,, D,0-
exchangeable); 4.41 (s, 2H, S-CH»); 6.33 (s, 1H, pyrimidine Cs-H); 7.31-7.36 (m, 3H, phenyl
Cs45-H); 7.72-7.73 (m, 2H, phenyl C,6-H); 8.37 (s, 1H, NH, D,O-exchangeable); 11.64 (s,
1H, OH, D,O-exchangeable).

HRMS (ESI): m/z calcd. for C13H6NsOS: 290.108 (M+1)+; found: 290.051.

2-{2-[(4-Methyl-6-0x0-1,6-dihydropyrimidin-2-yl)sulfanyl]-1-phenyl-
ethylidene}-N-phenylhydrazine-1-carbothioamide, 19
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A mixture of pyrimidinone 15 (0.26 g, 1 mmol) and phenyl thiosemicarbazide (0.17 g,
1 mmol) in absolute ethanol (2 ml) was heated under reflux for 1 h then cooled to room
temperature. The precipitate obtained was filtered off, washed with ethanol, dried and
crystallized from DMF/ethanol; yield (0.21 g, 51%); mp 173-174°C.

Microanalyses for C20H19NsOS; (409.53):
C% H% N% S%

Calcd. 58.66 4.68 17.10 15.66
Found 58.84 465 1721 1592

IR (KBr, em™): 3436 (NH): 1662 (C=0); 1594 (C=N); 1542, 1363, 1213, 1119
(N-C=S); 1214, 1119 (C-S-C).

'"H-NMR (500 MHz, DMSO-dg, & ppm): 2.33 (s, 3H, CHs); 4.67 (s, 2H, S-CH,);
6.03 (s, 1H, pyrimidine Cs-H); 7.19 (t, J=7.7 Hz, 1H, NH-phenyl C4-H); 7.34 (t, J=7.7 Hz,
2H, NH-phenyl C;s-H); 7.40-7.41 (m, 3H, benzylidene C;4s-H); 7.50 (d, J=7.7 Hz, 2H,
NH-phenyl C,¢-H); 7.89 (d, /=6.9 Hz, 2H, benzylidene C,¢-H); 10.14, 10.67, 12.63 (three s,
each 1H, 3NH, D,O-exchangeable).

BC-NMR (100 MHz, DMSO-dg, & ppm): 18.38 (CHs); under DMSO (S-CH,);
103.96 (pyrimidine Cs); 127.42 (NH-phenyl C,6); 128.65 (phenyl C;); 128.81 (phenyl Cs 5);
129.05 (NH-phenyl Cs5); 129.28 (NH-phenyl C4); 130.07 (phenyl Ca); 134.15 (phenyl C;);
136.38 (NH-phenyl C;); 154.20 (pyrimidine Cg); 159.64 (C=N); 163.51 (pyrimidine C,);
166.49 (pyrimidine Cg); 175.84 (C=S).
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BIOLOGICAL SCREENING
1- CYTOTOXICITY SCREENING

The cytotoxicity screening of the target compounds was performed in Medical
Biotechnology Department, Genetic Engineering and Biotechnology Research Institute
(GEBRI), City cf Scient.fic Research and Technological Applications (SRTA-City), Borg El-
Arab, Alexandria, Egypt.

Experimental:

All newly synthesized compounds were subjected to in vitro cytotoxicity assay to
assess their cytotoxic effects on human peripheral blood mononuclear cells (PBMCs) using
neutral red uptake assay as described by Borenfreund and Puerner."®” This assay depends on
the fact that neutral red dye can be incorporated into the lysosomes of living cells"®"
providing a quantitative assay to the cytotoxic effects.

Cytotoxicity assay involved three main steps. First, isolation of PBMCs from freshly
collected blood sample, then incubating PBMCs with the tested compounds and finally,
measuring cells viability using neutral red uptake assay.

1. The PBMCs were isolated by density gradient centrifugation technique as described by
Boyum.'®? Blood samples were freshly collected into heparinized sterile tubes and
diluted using equal volume of RPMI-1640 medium containing 25 mM
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer and then layered
over equal volume of Ficoll-Pague™ Plus (Fischer Bioreagents, USA) (lymphocyte
Separation Medium LSM) and centrifuged at 2000 rpm for 30 minutes with no
acceleration or break at room temperature. The buffy mononuclear cell layer was
collected using sterile Pasteur pipette into 50 ml sterile Falcon tube and washed twice in
phosphate buffered saline (PBS) (Sigma, USA) using centrifugation at 1650 rpm for five
minutes. The isolated PBMCs viability was determined by hemocytometer count using
the trypan blue exclusion method.!*®

The PBMCs were re-suspended at 1 x 10° cells/ml in RPMI-1640 medium containing
25 mM HEPES buffer, 4mM L-Glutamine and 10% heat-inactivated fetal bovine serum
(FBS). The appropriate number of cells for the experiment was chosen to be 1 x 10°
cells/well thus 100 pl of the prepared cells suspension, containing 1 x 10° cells, were
pipetted into wells of polystyrene 96-well plates.

2. A 1 mg/ml stock solution of each compound was prepared in RPMI-1640 medium
containing least amount of DMSO and sterilized by filtration using a 0.2 pm syringe
filter. The desired concentrations (10, 5, 2.5, 1.25 and 0.625 pg/ml) were prepared using
serial dilution method in RPMI culture media. Compound wells were prepared by
adding 100 pl of the previously prepared concentrations to a suspension of 1x10’
PBMCs in 100 pl culture media. Parallel concentrations of the solvent were prepared to
be used as controls. 5-FU was used as a positive control. Control wells were prepared by
adding 100 pl culture media to a suspension of 1x10° PBMCs in 100 pl culture media.
Blank wells contained 200 ul of culture media only (without cells or compound
solution). Each set of samples was pipetted in duplicate. The plate was then gently
shaken then incubated at 37 °C, 5% CO, for 72 h.
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3. After incubation, the plate was centrifuged at 2000 rpm for ten minutes. The media were
discarded by suction. Neutral red working solution (80 pug /ml) stain (Bio Basic Inc.,
Canada) was prepared, and 100 pl of this solution was added to each well, then the plate
was gently shaken. Followed by incubation at 37 °C in humidified 5% CO; for 3 h, and
then centrifuged (2000 rpm for ten minutes). Excessive dyes were discarded, and the
stained cells were washed 3 timed using PBS then fixed with 100 pl fixation solution
(0.5% formalin with 1% calcium chloride (Sigma, USA)) for one minute. Cells were
destained using 100 pl destaining solution (50% ethanol with 1% glacial acetic acid
(Sigma, USA)) for five minutes by shaking. The stain intensity was measured using
automated microplate reader spectrophotometer adjusted at A=540 nm. viable cell
fraction was calculated according to the following equation:

Cell viability (%) = [(At-Ab)/ (Ac-Ab)] x 100
Where, At = Absorbance value of test compound
Ab = Absorbance value of blank
Ac = Absorbance value of control

The results were interpreted to calculate the lethal concentration that kills 50% of cells
(LCso) using GraphPad InStat3.0 software.!°Y The results of in vitro cytotoxicity assay are
listed in table 7.

Table 7: Results of in vitro cytotoxicity assay

Compound ID LCso (ug/ml)?* Compound ID LCso (ug/ml)
4 2583+24 11 10.19+14
Sa 21.14+0.7 12a 3471 +£39
5b 12.23 £ 0.1 12b 16.72 £2.5
6a 293819 13a 1929 +0.5
6b 5248 £6.2 13b 19.07+39
6¢ 14.08 £0.1 13c¢ 19.66 £ 0.7
Ta 265014 13d 17.83+£02
7b 1526 £0.5 13e 11.49 £ 0.8
Tc 2431+13 13f 120.28+2.4
8a 41.10£5.6 14 2471 +02
8b 15.43+£0.5 16 3565+19
8c 5.23+0.1 17 95.42 + 3.0
9 16.93£1.6 18 37.89+£0.0
10a 1458 1.5 19 5570+1.1
10b 22.52+25 5-FU 16.05+1.5

(a) Data were expressed as the means of two determinations + SEM.
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Results and Discussion:

Inspection of the recorded cytotoxicity screening results listed in table 7 revealed that
majority of the tested compounds exerted a remarkable cytotoxic effect on PBMCs with LCsg
ranging from 5.23 to 120.28 pg/ml.

Compounds 5b, 8¢, 11 and 13e exerted the highest cytotoxic effect with LCsy values
ranging from 5.23 to 12.23 pg/ml which are higher than standard, 5-FU.

Br

@
N )\/'k

-

The lowest cytotoxic effect was detected in case of compounds 13f and 17 with LCs

values 120.28 and 95.42 pg/ml, respectively.
OH
N
S
A

S
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2- ANTICANCER SCREENING

The anticancer screening of the target compounds was performed in Medical
Biotechnology Department, Genetic Engineering and Biotechnology Research Institute
(GEBRI), City cf Scient.fic Research and Technological Applications (SRTA-City), Borg El-
Arab, Alexandria, Egypt.

Experimental:

All newly synthesized compounds were screened for their potential anticancer activity
against four human cancer cell lines, MCF-7 (breast), HepG2 (liver), CaCo-2 (colon), A549
(lung) cancer cell lines using neutral red uptake assay as described by Borenfreund and

Puerner''®” and compared with the well-known anticancer drug 5-FU.

Both MCF-7 and HepG2 cancer cells were grown in RPMI-1640 medium (Lonza,
USA), while A549 and CaCo-2 cancer cells were grown in DMEM (Lonza, USA). Both
media were supplemented with 10% heat-inactivated FBS (Lonza, USA), 200 uM
L-glutamine (Lonza, USA) and 25 uM HEPES (Lonza, USA) to form the culture media.

Cells were maintained at 37 °C in a humidified air incubator containing 5% CO, and
were subcultured for two weeks before assay. Cells viability were assessed using trypan blue
exclusion method.!®

Anticancer assay involved three main steps. First, the cancer cells suspension
preparation, then incubating cancer cells with the tested compounds and finally, measuring
cells viability using neutral red uptake assay.

1. Cancer cells were washed twice in its respective culture media then re-suspended in its
respective culture media to form the cancer cells suspension. The appropriate number
of cells (seeding cell density) for the experiment was chosen to be 3 x 107 cells/well
(100 pl of the prepared suspension) for MCF-7 and HepG2 cells and 4 x 10° cells/well
(100 pl of the prepared suspension) for A549 and CaCo-2 cells thus 100 pl of the
prepared cells suspension were pipetted into wells of polystyrene 96-well plates and
left to adhere on the plate wells at 37 °C, 5% CO; and 95% humidity for 24 h.

2. A 1 mg/ml stock solution of each compound was prepared in RPMI-1640 medium
containing least amount of DMSO and sterilized by filtration using a 0.2 pm syringe
filter. The desired concentrations (10, 5, 2.5, 1.25 and 0.625 pg/ml) were prepared
using serial dilution. Compound wells were prepared by adding 100 pl of the
previously prepared concentrations to a 100 ul of cancer cells suspension. Parallel
concentrations of the solvent were prepared to be used as controls. 5-FU was used as a
positive control. Control wells were prepared by adding 100 pl culture media to a
100 pl of cells suspension. Blank wells contained 200 pl of culture media only
(without cells or compound solution). Each set of samples was pipetted in duplicate.
The plate was gently shaken, then incubated at 37 °C, 5% CO; for 72 h.
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3. After incubation, Cancer cells viability was measured using neutral red uptake assay
as described previously.

The results were interpreted to calculate the concentration causing 50% cancer cell death
(ICs0) of each compound using GraphPad InStat3.0 software."°Y The results of in vitro
anticancer screening are listed in table 8.
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Table 4: Anticancer activities (ICso in ug/ml) of the tested compounds on some human cancer cell lines

Compound ID 1Cso (ng/ml)* ICs (ug/ml) ICs¢ (ug/ml) ICs5¢ (ug/ml)
MCF-7 HepG2 CaCo-2 A549
4 16.86 £0.5 4338+ 2 59.08 £7.4 85.01+0.7
Sa 13.84+1.6 2235+ 32 54.67 £1.0 30.53+03
Sb 2679+ 1.6 4703+£19 3591 £0.1 54.14+3.7
6a 11.82+2 39.68+4 3152 £29 20.00+£2.2
6b 2323+0 39.11+6.2 3531 £4.0 4844 +£23
6¢ 13.89+2 3987+0.5 3206 +£2.2 33.07+£09
Ta 1223 +£2.6 5195+32 2398 £0.6 21.72+0.8
7b 33.4+0.7 17.63 £0 231 £1.7 2937+14
Tc 1163+14 26.86+22 1132 +£0.2 2883+13
8a 3718+ 05 771+14 2091 +£0.3 2485+3.1
8b 1917 +£21 89.43+0.7 3278 +£1.1 2736+04
8c 1441 +£1.7 110.90 + 9.7 21.03 +£0.5 2790+£29
9 1213 +£1.7 4738+5.5 2574 £04 53.73+£2.0
10a 1912+ 2.8 1276 £ 1.9 3469 1.4 105.04+ 7.5
10b 2093 +£21 13.92+0.6 1358 +1.2 147521
11 1579 +£22 86.11+6.5 31.16 £3.5 1835+24
12a 3826+ 1.1 2426+2 62.77 £6.1 3445+1.6
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Table 8. (Continued)

Compound ID ICs0 (ug/ml) ICs0 (ug/ml) ICso (ug/ml) ICs0 (ug/ml)
MCF-7 HepG2 CaCo-2 A549

12b 2992+1.1 4051+1.2 56.40 £ 0.6 3561+0.3
13a 3432+0.6 2932+0.6 1836 +3.0 11501 5.1
13b 4118+79 33.94+38 20.69 +3.2 3812+ 14
13¢ 22.18+£3.6 2343+03 11.14 £04 53.78+33
13d 48.18 £3.8 2556 +3 13.14 £0.1 3597+0.7
13e 22.1+44 1499+ 0.2 7.71 £0.1 51.17+28
13f 36.56 0.9 1834+0.38 8.68 +0.2 3170+ 1.7
14 1637+3.6 72.25+3.6 3298 +£5.8 5475+ 7.4
16 12.54+0.3 7934+13 1870 £1.5 38.66+£0.7
17 8.88+13 121.89+3.2 5597 £0.7 3673+ 2.1
18 31.5£29 78.19+9.9 3710 £0.8 5723+£59
19 1577+1.7 11488+ 5.2 2821 £0.3 112.60 + 7.8
5-FU 893+18 2.60+04 401 £1.2 0.33+0.05

@ Data are expressed as the means of two determinations = SEM.
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Results and Discussion:

It has been reported that ICsy values less than 100 pg/ml reflected a potential
anticancer activity, while values between 100 and 1000 pg/ml indicated a moderate anticancer
activity.!'®”

The anticancer screening results revealed that many compounds showed significant
activity against MCF-7 cell line. Compound 17 was as active as 5-FU against MCF-7 cell line
(ICso 8.88 pg/ml). Compounds 4, 5a, 6a,c, 7a,c, 8¢, 9, 11, 14, 16 and 19 exhibited half the
activity of 5-FU (ICsp 11.63-16.86 pg/ml) while other tested compounds showed moderate
activity with ICspranging from 19.12-48.18 pg/ml.

i 3 i 7/ 3 i
O O
S5a 6a,c

6a: R'=H, 6¢: R'=Br
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On the other hand, compound 8a was the most active against HepG2 cell line (ICs
7.71 pg/ml) compared with 5-FU (ICsy 2.6 pg/ml) while compounds 7b, 10a,b and 13e.f
exerted good activity (ICsg 17.63, 12.76, 13.92, 14.99 and 18.34 ng/ml, respectively).

-~_ 7

B Wat
CHy N O 3)\H\

Br
8a 7b

N ;
)\/lQ /N )\)l\ . N N 1
CHj N CH; NS ) R

S
10a,b 13e,f
10a: R=CHj;, 10b: R=C¢HsCH, 13e: R'=Br, 13f: R'=CH;,

In addition, compounds 13e,f were the most active against CaCo-2 cell line (ICsq 7.71
and 8.68 pg/ml, respectively) exhibiting nearly half the activity of 5-FU (ICs¢ 4.01 pg/ml)
while compounds 7¢, 10b, 13a,¢,d and 16 displayed considerable activity (their ICsy values
were 11.32, 13.58, 18.36, 11.14, 13.14 and 18.70 ug/ml, respectively). The other tested
compounds showed moderate activity with 1Csgranging from 20.69 to 62.77 ug/ml.

i

N

CH 1

i

S
13a c,d

13a: R=-CH,-CH=CH,, R'=H
13¢: R=-CH,-CH=CH,, R'=CHj
13d: R=C¢Hs, R'=H

Furthermore, compounds 10b and 11 were the most active against A549 cell line

(ICsp 14.75 and 18.35 pg/ml, respectively) while the other tested compounds except 10a, 13a
and 19 displayed moderate activity (ICsy 20.00-85.01 pg/ml).
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It 1s worth mentioning that compounds 6a-¢, 7b,c, 8a, 10b and 13b,d.f exhibited
potent and broad spectrum anticancer activity with ICsy values ranging from 7.71 to 48.44
pug/ml.

One of the most important criteria of an anticancer agent is its selectivity and ability to
discriminate between cancer and normal cells. In order to assess the selectivity of the active
newly synthesized compounds, selectivity index (SI) was calculated for the tested compounds
against the four cancer cell lines. SI is a measure of the selectivity of the drug candidate
towards cancer cells rather than normal cells (SI = LCsy on normal cells/ ICsy on cancer cells).
It was also reported that compounds with SI values higher than 3 could be considered as
highly selective."®® SI values for the tested compounds are recorded in table 9.

Interestingly, compound 13f could be considered as a promising anticancer lead
compound as it showed a remarkable anticancer effect over the four cancer cell lines and
a safer effect on PBMCs normal cells with selectivity indices ranging from 3.29 to 13.86.
Moreover, the concentration that killed 100% of cancer cells (IC;90) was also calculated for
this compound (using GraphPadInStat3.0 software),"®” and was found to be 66.63 = 1.9,
39.69 + 0.6, 21.24 £ 0.25 and 65.06 + 2.2 pg/ml for MCF-7, HepG2, Caco-2 and A549
cancer cells, respectively. These values were also much lower than the LCsq of this compound
on PBMCs (120.28 + 2.4 pg/ml) which indicates that compound 13f was highly selective
towards these four cancer cell lines.

In addition, compound 8a showed high SI against HepG2 cell line while compounds
17 and 19 showed high SI against MCF-7 cell line.
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Table S: SI values of the tested compounds

Compound ID ST ST ST ST

MCF-7 HepG2 CaCo-2 A549

4 1.53 0.60 0.44 0.30
5a 1.53 0.95 0.39 0.69
5b 0.46 0.26 0.34 0.23
6a 2.49 0.74 0.93 1.47
6b 226 1.34 1.49 1.08
6c 1.01 0.35 0.44 0.43
Ta 217 0.51 1.11 1.22
7b 0.46 0.87 0.66 0.52
Te 2.09 0.91 2.15 0.84
8a 1.11 5.33 1.97 1.65
8b 0.80 0.17 0.47 0.56
8c 0.36 0.05 0.25 0.19
9 1.40 0.36 0.66 0.32
10a 0.76 1.14 0.42 0.14
10b 1.08 1.62 1.66 1.53
11 0.65 0.12 0.33 0.56

12a 091 1.43 0.55 1.01
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Table 9. (Continued)

Compound ID SI SI SI SI

MCF-7 HepG2 CaCo-2 A549

12b 0.56 041 0.30 0.47
13a 0.56 0.66 1.05 0.17
13b 0.46 0.56 0.92 0.50
13¢ 0.89 0.84 1.76 0.37
13d 0.37 0.70 1.36 0.50
13e 0.52 0.77 1.49 0.22
13f 3.29 6.56 13.86 3.79
14 1.51 0.34 0.75 0.45
16 2.84 0.45 1.91 0.92
17 10.75 0.78 1.70 2.60
18 1.20 0.48 1.02 0.66
19 3.53 0.48 1.97 0.49
5-FU 1.80 6.17 4.00 48.64
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Structure-activity relationship:

Structure-activity correlation reveals that thiourea moiety incorporated in both
pyrimidine or triazolopyrimidine rings exhibited potential anticancer activity.

It is clearly noticeable that benzylidene hydrazino moiety in compounds 6a-¢ showed
remarkable improvement in anticancer effect over the unsubstituted hydrazino derivative 4.

Introducing the thiosemicarbazide moiety in compounds 12a,b improved the activity
against A549 cancer cell line while decreased the activity against MCF-7 cancer cell line.

For compounds 13a-f, the allyl substitution at position-3 generally improved anti-
cancer activity over the phenyl substitution.

Benzyl substitution in case of compound 10b showed improvement in anticancer
activity against the four cancer cell lines over the unsubstituted 9 or methyl substituted 10a
analogues.
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3- ANTIOXIDANT SCREENING

The antioxidant screening of the target compounds was performed in Medical
Biotechnology Department, Genetic Engineering and Biotechnology Research Institute
(GEBRI), City cf Scient.fic Research and Technological Applications (SRTA-City), Borg El-
Arab, Alexandria, Egypt.

Experimental:

All newly synthesized compounds were screened for their in vitro antioxidant activity
using DPPH free radical scavenging assay which was originally described by Blois.**®

DPPH is a stable free radical with a delocalized spare electron showing an absorption
band in methanol at 520 nm yielding a deep violet color. In presence of an antioxidant, DPPH
is reduced with consequent loss of the violet color.!'*”

The DPPH scavenging activitgf of the test compounds was measured according to the
method described by Nahar et al."®® Briefly, 100 pl of different concentrations of the test
compounds (2.5, 5, 10, 20, 40 and 80 pg/ml) were pipetted into a 96-well flat-bottomed plate.
Next, 100 pl of 100 uM DPPH methanolic solution were added to each well and the plate
was incubated protected from light at room temperature for 30 minutes. The absorbance of the
solution was measured at 517 nm. Trolox (water-soluble analogue of vitamin E) and DMSO
were used as positive control and blank, respectively. The percentage of DPPH scavenging
activity was calculated according to the following equation:

% of DPPH scavenging = [(Apiank ~Asampte) / Abtank] X100

Where Apjank 18 the absorbance of the control reaction (containing all reagents except
the test compound), and Agmpre 1S the absorbance of the test sample.

Dose-response curve was plotted between % DPPH free radical scavenging activity
and the drug concentration. Linear regression analysis was carried out for calculating
concentration showing 50% free radical scavenging activity (ECsg). The results of in vitro
antioxidant screening are listed in table 10.

Table 6: Results of in vitro antioxidant assay.

Compound ID ECso (ug/ml)?* Compound ID ECso (ug/ml)

4 25.38 8a 1015.01
Sa 33.53 8b 9992.26
5b 29.66 8c 5424 .96
6a 936.15 9 46.29

6b 1222 .83 10a 513.86
6¢ 7646.62 10b 432.20
Ta 888.97 11 192.38
7b 404.17 12a 23.64

Tc 405.34 12b 12.04
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Table 10. (Continued)

Compound ID ECs (ng/ml) Compound ID ECso (ng/ml)
13a 12.07 14 82.07
13b 25.39 16 204.79
13¢ 14.77 17 1093.77
13d 13.56 18 15.48
13e 46.49 19 67.63
13f 45.23 trolox 20.42

(a) Data are expressed as the means of three determinations

Results and discussion:

Investigating the antioxidant screening results revealed that some of the tested
compounds showed strong to weak antioxidant activity.

Compounds 12b, 13a,c,d and 18 showed antioxidant activity (ECs¢ ranging from
12.04 to 15.48 ng/ml) higher than that of the standard trolox (ECs20.42 pg/ml).
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13a: R=-CH,-CH=CH,,R'=H
13¢: R=-CH,-CH=CH,, R' = CH;
13d: R=C¢(H5,R'=H

Compounds 4, Sa,b, 12a and 13b showed moderate antioxidant activity with ECs
ranging from 23.64 to 33.53 pg/ml.
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S S CH,
NJ\N N)\N /J

Compounds 9 and 13e.f showed weak antioxidant activity with ECsy ranging from
45.23 t0 46.49 pg/ml.

S SH j\
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CH;,)\/lQN, CH;,MN'NYN R!

9 13e,f
13e: R'=Br, 13f: R'=CH;
Structure-activity relationship:

The role of antioxidant 1s to scavenge free radical. One important mechanism through
which this is achieved is by donating hydrogen to free radicals resulting in its reduction to an
unreactive species because addition of hydrogen would remove the odd electron feature which
is responsible for radical reactivity.'*

In general, all tested compounds with antioxidant activity contained NH or SH
functions which might explain their activity by hydrogen atom donating ability.

Compound 12b with phenyl thiosemicarbazide moiety showed the highest activity.
Replacement of the phenyl ring with allyl side chain in 12a decreased the antioxidant activity.

Cyclization of allyl thiosemicarbazide moiety in 12a into 4-substituted phenyl-1,3-
thiazole increased the antioxidant activity in case of unsubstituted 13a or 4-methyl substituted
13c¢ but had no significant difference in 4-bromo substitution 13b.

Cyclization of the phenyl thiosemicarbazide moiety in 12b into the corresponding
phenyl-1,3-thiazole increased the antioxidant activity in case of unsubstituted 13d but
decreased the activity in 4-bromo or 4-methyl derivatives 13e,f.

Hydrazino derivative 4 showed moderate activity. Insertion of oxime function beside
the hydrazine moiety in compound 18 increased antioxidant activity.

Alkylation of compound 9 abolished antioxidant activity which might be explained by
the removal of SH function.

In case of sulfonamide derivatives Sa,b, presence of methyl group at position-4 didn't
show significant difference in antioxidant activity.
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4- ANTIMICROBIAL SCREENING
The antimicrobial screening of the target compounds was performed in
Pharmaceutical Microbiology Department, Faculty of Pharmacy, Alexandria University.

Experimental:

All newly synthesized compounds were evaluated for their in vitro antibacterial
activity against Staphylococcus aureus (ATCC 6538P) and Bacillus subtilis (ATCC 19659) as
representatives of Gram-positive; Escherichia coli (ATCC 8739) and Pseudomonas
aeruginosa (ATCC 9027) as representatives of Gram-negative bacteria. These compounds
were also evaluated for their in vitro antifungal activity against Candida albicans (ATCC
2091). Their inhibition zones were measured using the cup diffusion technique."’” Further
evaluation was then carried out on the potential active compounds to determine their minimal
inhibitory concentration (MIC) using the two-fold serial dilution method."’? Ciprofloxacin
and ampicillin were used as standard antibacterial agents while clotrimazole was used as
antifungal reference. DMSO was used as a blank and showed no antimicrobial activity.

Inhibition zone measurement

Antimicrobial tests were carried out using the agar well diffusion method"”” using
100 pl of suspension containing 1 x 10° CFU/ml of pathological tested bacteria and 1 x 10°
CFU/ml of fungi spread on nutrient agar. After the media had cooled and solidified, wells
(8 mm in diameter) were made in the solidified agar and loaded with 75ul of test compound
solution; prepared by dissolving 10 mg of the tested compounds in 10 ml of DMSO. The
inculated plates were then incubated for 24 h at 37 °C for bacteria and 48 h at 28 °C for fungi.
Negative controls were prepared using DMSO employed for dissolving the tested compounds.
Ciprofloxacin and ampicillin (1 mg/ml) were used as standard for antibacterial activity while
clotrimazole (1 mg/ml) was used as standard for antifungal activity. After incubation time,
antimicrobial activity was evaluated by measuring the zone of inhibition against the test
organisms and compared with that of the standards. The observed zones of inhibition in
millimeters (mm) of tested compounds against the pathological strains are listed in table 11.

Minimal inhibitory concentration (MIC) measurement

The antimicrobial activity of the active compounds was then evaluated using the two
fold serial dilution technique."’" Two fold serial dilutions of the test compound solutions
were prepared using the proper nutrient broth. Each 5 ml received 0.1 ml of the appropriate
inoculums and incubated at 37°C for 24 h for bacteria and 48 h at 28 °C for fungi. The lowest
concentration showing no growth was taken as the minimum inhibitory concentration (MIC).
The MIC values of the active compounds are listed in table 12.
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Table 7: Results of in vitro antimicrobial assay

Inhibition zone diameter (mm)

Compound ID Gram positive bacteria Gram negative bacteria Yeast
S. aureus B. subtilis P. aeruginosa E. coli C. albicans

4 2 - - - -
Sa - - - - -
Sb - - - - -
6a - - - - -
6b - - - - -

6¢ - - - - -

Ta 4 - - - -
7b - - - - -

Tc - - - - -
8a 4 - - - -
8b - - - - -

8c 13 - - - -

9 13 - - - -
10a 4 2 - - -
10b 7 - - - -

11 - - - - -
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Table 11. (Continued)

Inhibition zone diameter (mm)

Compound ID Gram positive bacteria Gram negative bacteria Yeast
S. aureus B. subtilis P. aeruginosa E. coli C. albicans
12a 5 - - - -
12b 3 - - - -
13a 3 - - - 1
13b - - - - -
13¢ - - - - -
13d 4 - - - -
13e 3 - - - 1
13f 3 - 2 - 1
14 - - - - -
16 - - - - -
17 - 2 - 2 -
18 - - - 2 -
19 - - - 2 -
ciprofloxacin 18 15 13 12 -
ampicillin 29 25 NT® 26 -
clotrimazole NT NT NT NT 23

a (-) No activity.
b (NT) Not tested.
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Results and discussion:

Inspection of the recorded antimicrobial screening data listed in table 11 revealed that
majority of the tested compounds lacked any significant antibacterial or antifungal activity
against the tested pathological strains.

Compounds 8¢, 9 and 10b showed potential antibacterial activity against S. aureus
with inhibition zone diameters ranging from 7 to 13 mm compared with ciprofloxacin and
ampicillin with inhibition zone diameters 18 and 29 mm, respectively.

Br

S’R

S
N N _{Hf* N)\N/\<N
CH3)\)QN’ 0 CH:,)\/lQN,
8c 9,10b
9: R= H, 10b: R= CHz-CGHs

Compounds 8¢, 9, 10a were selected to be potential lead antibacterial compounds and
were subjected to MIC measurements against S. aureus. The MIC values of the tested and
reference compounds are listed in table 12.

Table 12: MIC values (ug/ml) against S. aureus

Compound ID MIC (ung/ml)
8c 400
9 200
10b 200
ciprofloxacin 20

ampicillin 10
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Conclusion:

As a part of an ongoing research program on heterocyclic chemistry hoping to identify
new chemical entities suitable for development as new class of chemotherapeutic agents, this
study deals with the design and synthesis of novel pyrimidine and triazolopyrimidine
derivatives that incorporate thiourea moiety. The synthesized compounds were tested for their
potential cytotoxic effect on PBMCs.

The cytotoxicity screening results showed that majority of the tested compounds
exerted a remarkable cytotoxic effect on PBMCs. Compounds 5bh, 8¢, 11 and 13e exerted the
highest cytotoxic effects that are comparable to the standard 5-FU while compounds 13f and
17 exhibited the lowest cytotoxic effects.

In addition, all newly synthesized compounds were evaluated for their anticancer,
antioxidant and antimicrobial activity.

The anticancer screening results revealed that majority of the tested compounds
showed potential in vitro anticancer activity against the four cancer cell lines with ICsq values
less than 100 pg/ml. Compound 17 showed good safety profile and displayed the same
growth inhibitory activity as 5-FU against MCF-7 cell line. Compound 13f was the most safe
and displayed broad spectrum of anticancer activity while compound 8a was the most active
against HepG2 cell line (ICsq 7.71 pg/ml). Compound 13e was the most active against
CaCo-2 cell line (ICsy 7.71 pg/ml). In addition, compound 10b was the most active against
A549 (ICsp 14.75 pg/ml). Moreover, Compounds 6a-c¢, 7b,c, Aa, 10b and 13b,d.f exhibited
potent and broad spectrum of anticancer activity.

In general, all tested compounds with antioxidant activity contained NH or SH
functions which might explain their activity by hydrogen atom donating ability. Compounds
12b, 13a, 13¢, 13d and 18 showed antioxidant activity higher than that of standard, trolox.
Compounds 4, 5a,b, 12a and 13b showed moderate activity while compounds 9, 13e and 13f
showed weak antioxidant activity.

The antimicrobial screening results showed that majority of the tested compounds
lacked any significant antibacterial or antifungal activity against the tested pathological
strains except compounds 8¢, 9 and 10b which exhibited potential antibacterial activity
against Staphylococcus aureus.

The aforementioned biological screening results revealed that such series of
compounds could be considered as structural leads that deserve further derivatization and
investigation which might be of value to achieve new structural candidate that displayed dual
antioxidant and anticancer effects.
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MOLECULAR MODELING

1- In silico physico-chemical properties and toxicity prediction

Molecular property prediction is becoming a useful tool in the generation of molecules
with the correct parameters to be useful drug candidates. Drug design and lead optimization
benefits from the ability to predict physical properties such as lipophilicity and solubility, as
well as molecular properties such as topological polar surface area (TPSA) and number of
H-bond donors and acceptors to build activity prediction tool which predicts drug
likeness.! "

1. LogP

The logP value of a compound, which is the logarithm of its partition coefficient
between n-octanol and water, is a well-established measure of the compound's hydrophilicity.
Low hydrophilicities and therefore high logP values cause poor absorption or permeation. It
has been shown that for compounds to have a reasonable propability of being well absorbed,
their logP values must not be greater than 5. The distribution of logP Values of more than
3000 drugs in the market underlines this fact and is represented in figure 25.

.......

Figure 25. Dlstrlbutlon of logP Values of commercial drugs
2. Aqueous solubility (logS)

The aqueous solubility of a compound significantly affects its absorption and
distribution characteristics. Typically, a low solubility goes along with a bad absorption and
therefore the general aim is to avoid poorly soluble compounds. The diagram shown in
figure 26 shows that more than 80% of the drugs in the market have an estimated logS

values greater than -4.¢
10 & & e z Q |

Figure 26: Distribution of logS values of commercial drugs
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3. Molecular weight

Optimizing compounds with high activity on a biological target almost often goes
along with increased molecular weights. However, compounds with higher weights are less
likely to be absorbed and therefore to ever reach the place of action. Thus, trying to keep
molecular weights as low as possible should be the desire of every drug development. The
diagram shown in figure 27 reveals that more than 80 % of all commercial drugs have a
molecular weight below 450.47%

HW 2’ﬂﬂ EQQ
Figure 27: Distribution of molecular welght Values of commercial drugs

4. TPSA

It has been reported that the total sum of all the polar regions of a molecule's surface
correlates well with various bioavailability related properties, such as intestinal absorption,

and blood brain barrier penetration. The TPSA values for most known drugs are less than 120
A2074)

S. Fragment based drug likeness

Drug likeness is a qualitative concept used in drug design and it generally means that
molecule contain functional groups and/or have physical properties consistent with the
majority of known drugs."'™

The diagram shown in figure 28 reveals the distribution of drug likeness values
calculated for 15000 non-drug like chemicals (shown in blue) and 3300 commercial drugs
(shown 1n red). It indicates that about 80% of the known drugs have a positive drug likeness
value while almost all of the non-drug like chemicals had negative values.!™

= Commercial drugs
B Non-drug likke chemicals I ‘
l-llnl”l'lllllll III ‘ll.

.............................

Figure 28: Distrlbutlon of drug llkeness values of commercial drugs and non-drug like
chemicals
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A positive Drug likeness value states that a molecule contains predominantly
fragments (building blocks) which are frequently present in commercial drugs.

6. Drug Score

The drug score combines drug likeness, logP, logS, molecular weight and toxicity
risks (iln3§)ne value that may be used to judge the compound's overall potential to qualify for a
drug.?’

7. Toxicity Risk Assessment

The toxicity risk predictor locates fragments within the compound under investigation
which indicate a potential toxicity risks for mutagenicity, tumorigenicity and/or reproductive
side effects.!”

It is worthy to mention that absence of any toxicity alert does not mean the molecule
will not display toxicity; rather, an alert for a toxic substructure may not have been compiled
yet. Conversely, the presence of an alert does not necessarily mean that a molecule will
display toxicity either, since other properties determined by its overall structure are not
considered in this type of analysis.!"®

8. The Lipinski rule of five!'””

The medicinal chemist Christopher Lipinski and his colleagues analysed the physico-
chemical properties of more than 2,000 drugs and candidate drugs in clinical trials, and
concluded that a compound is more likely to be membrane permeable and easily absorbed by
the body if it matches the following criteria:

e Its molecular weight is less than 500.

e The compound's lipophilicity, expressed as logP, is less than 5.

e The number of groups in the molecule that can donate hydrogen atoms to hydrogen
bonds is less than 5.

e The number of groups that can accept hydrogen atoms to form hydrogen bonds is less
than 10.

The Lipinski criteria are widely used to predict not only the absorption of compounds,
as Lipinski originally intended, but also overall drug likeness.

Experimental:

All the newly synthesized compounds were subjected to physical and molecular
properties prediction tool provided by Osiris Property Explorer’’® which is a knowledge
based activity prediction tool able to predict drug likeness, drug score and undesired
properties of novel compounds based on chemical fragment data of available drugs and non-
drugs as reported. TPSA values and number of H-bond donors and acceptors were calculated
using Molinspiration online software.!”® The results of physical and molecular properties and
toxicity prediction are listed in table 13.
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Table 8: In silico physico-chemical properties and toxicity prediction results

Drug- Toxicity risks”
Compound “\?‘,‘;l' logP TPSA  Solubility I;O'l’l‘(’)‘;g ailc':"’“d Drug " ! P———
. ptors  likeness  *, " Mytagenic tumorigenic  Irritant ep:(f)felcltc ve
4 24633 301 89.13 -3.5 3 4 -7.05 25 (+) (-) (+) ()
S5a 38649 372 1176 -3.02 2 6 -9.35 38 () (+) (+) ()
5b 400.52 407 1176 -3.36 2 6 -8.31 35 () (+) (+) ()
6a 33444 632 7547 -5.24 1 4 -1.03 26 () (+) (+) ()
6b 36888 684 7547 -5.97 1 4 -0.02 25 () (+) (+) ()
6¢ 41333 696 7547 -6.07 1 4 -295 16 () (+) (+) ()
7a 41132 462 68.38 -8.37 0 4 -5.72 9 (-) () () (+/-)
7b 44576 523  68.38 9.1 0 4 -5.16 7 (-) () () (+/-)
Te 49022 534 68.38 92 0 4 -6.2 7 (-) () () (+/-)
8a 37648 359 73.57 -5.22 0 4 -0.85 38 () (+) (+) ()
8b 41092 385 73.57 -5.61 0 4 1.29 46 (+) (+) (+) ()
8c 45537 397 7357 -5.71 0 4 -14 28 () (+) (+) (+)
9 28839 243  107.1 -6.26 1 5 -3.28 29 () (+) (+) ()
10a 30242 297 93.68 -6.01 0 5 -091 37 () (+) (+) ()
10b 37851 445 96.68 -7.59 0 5 -1 25 () (+) (+) (+)
11 406.52 402 1107 -7.55 0 6 -0.35 29 () (+) (+) ()
12a 34549 4 119.2 -4.43 3 4 -4.65 12 (-) (+) (+) )
12b 38152 504 1192 -543 3 4 -3.83 14 () (+) (+) )
13a 44560  7.58 104 -6.26 1 5 -2.09 15 () (+) (+) ()
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Table 13. (Continued)

I
Compound — Mol. /. p TpsA Solubility H-Pend  H-bond - Drug o e T Reproducti

1D Wwt. donors  acceptors  likeness o, Mutagenic  tumorigenic  Irritant productive

° effect

13b 52450 83 104 -7.1 1 5 -4.12 10 (+) (+) (+) )

13¢ 459.63 792 104 -6.61 1 5 -3.31 13 (+) (+) (+) )

13d 481.64 84 104 -7.6 1 5 0.11 16 (+) (+) (+) )

13e 560.53  9.12 104 -8.43 1 5 -1.92 10 (+) (+) (+) )

13f 49566  8.74 104 -7.94 1 5 -1.1 13 (+) (+) (+) )

14 34744 415 80.41 -1.24 1 4 -1.44 26 (+) (+) (+) ()

16 27876 297  68.15 -3.64 0 4 0.3 64 (+) (+) () )

17 29377 359  83.67 -4.02 1 5 0.29 59 (+) (+) () ()

18 28936 32 1217 -3.84 4 6 -2.64 25 (+) -) (+) )

19 40953 324 1352 -6.12 3 5 -0.67 12 (9 () (+) )

@Ranking as (+) no bad effect, (+/-) medium bad effect, (-) bad effect.

116



Molecular Modeling

Results and Discussion:

All tested compounds have between 4 and 6 H-bond acceptors, and 4 or fewer H-bond
donors. The TPSA values of all molecules except 18 and 19 are well below the “drug like”
value of 120 A%. Compounds 4, 5a,b, 16 and 18 showed the best solubility profile with Log$S
values greater than -4.

Compounds 8b, 13d, 16 and 17 have positive Drug likeness values, ranging from 0.11
to 1.29. Compounds 8b, 16 and 17 showed the highest drug score with values 46, 64 and
59%, respectively.

In addition, compounds 4, Sa,b, 7a, 8a-c, 9-12a, 14 and 16-19 obey the Lipinski rule
of five.

Investigating the toxicity risks of the tested compounds revealed that:

e Compounds 5a,b, 6a-c, 8a-c, 9, 10a,b, 11, 13, 14, 16 and 17 showed high safety
profile.

e On the other hand, both compounds 4 and 18 showed high risk for tumorigenicity due
to presence of the following fragment.

(l)H
N
1 AL
N/IN N/lN
NH
N )\/k 2
CHjy H; X ﬂ/

NO
4 H 18

NH, c
'§' C N ” NH;
H

® Compounds 7a-c¢ showed high risk for mutagenicity due to presence of fragment (A)
and showed medium risk for mutagenicity and reproductive side effects due to

presence of fragment (B).
| :I Rl
A

N7 "N\

— IN
CHS)\(LN
Br
Ta-¢

R'=H, CI, Br

@/\T/\/Br @/\N/\/Br

(A) (B)
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® Compound 12a showed high risk for mutagenicity due to presence of fragment (A)
while the 2 compounds 12a,b showed high risk for reproductive side effects due to
presence of fragment (B).

S
2

N N N
| H H I H H
an Sy Cﬂs)\/ka'N‘n’NO
S

S 12a 12b )

S
/\NJLN¢N\ - || >§ ]’—]N—QNi « I
[ -N dm
(A) (B)

e Compound 19 showed high risk for mutagenicity due to presence of fragment (A) and
showed high risk for reproductive side effects due to presence of fragment (B).

- N
S
N)\NH
CH3MO
19
S
- 4
/=N Tg SN E 2
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2- Anticancer docking study

Thymidylate synthase (TS) is a key enzyme that plays a crucial role in the early stages
of DNA synthesis and repair. It catalyzes the conversion by methylation of 2°-deoxyuridine-5°-
monophosphate (dUMP) to 2'-deoxythymidine-5"-monophosphate (dTMP) with 5,10-methylene
tetrahydrofolate (CH,THF) as the methyl donor. dTMP is then converted to deoxythymidine
triphoshphate (dTTP) and finally incorporated in the DNA.!7

Because of its critical importance in DNA replication and repair, this enzyme has served
as a target of many chemotherapeutic anticancer agents. It is inhibited by analogues of the folate-
based inhibitors, such as raltitrexed (RTX), and the nucleotide-based inhibitors, such as 5-fluoro-
dUMP (FdUMP), which is the active metabolite of 5-FU.!'™

0 0 o)
N N S OH HN” "NH
| ] o
C)\N CH; 0” “OH Z
H

RTX 5-FU

FAUMP binds to the nucleotide-binding site of TS and forms a stable complex with TS
and CH,THF, blocking access of dUMP to the nucleotide-binding site and inhibiting dTMP
synthesis. This results in deoxynucleotide triphosphate (ANTP) pool imbalances and increased
levels of deoxyuridine triphosphate (dUTP), both of which cause DNA damage (Figure 29). "%

< g

r ' TS - \_’ '
r_ -~ “\i - -
Eﬁ [BNTP imbalances] ——

Figure 29: mechanism of action of 5-FU

Several fused pyrimidine derivatives have been reported as TS inhibitors and have entered
clinical trials as anticancer drugs, notable among them are CB3717 (PDDF),'" zZD1694
(Tomuc(lex))(lgz) and LY231514 (Alimta)."®" Alimta has been approved for treatment of lung

184
cancer.
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The pyrimidine nucleoside and nucleotide analogues LXVII with the thiourea moiety
incorporated in the pyrimidine nucleus had been reported to possess TS inhibitory effect and
exhibited marked antitumor activity.'*”

RO

OR

LXVII

R= H, H2PO3
X=-H,F

Experimental:

The docking study was performed using the Molecular Operating Environment (MOE)
software."®® The crystal structure of human TS bound to dUMP and the anticancer drug RTX
(PDB ID code: 1HYV) was downloaded from Protein Data Bank (PDB) website. The targeted
compounds were constructed in MOE using the builder module, and collected in a database. The
database were prepared by using the option "Protonate 3D" to add hydrogens, calculate partial
charges and minimize energy (using Force Field MMFF94x).
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In addition, the protein structure was prepared by deleting the repeating chains, dUMP,
water molecules and any surfactants. Hydrogens were also added to the atoms of the receptor and
the partial charges were calculated. The active site of TS was generated using the MOE-Alpha
Site Finder, and then the ligands were docked within this active site using the MOE dock. MOE
was also used to calculate the best score between the ligands and the enzymes’ binding sites.
Scoring was determined using alpha HB as scoring function. The resulted database contained the
score between the ligands' conformers and the enzyme binding sites in kcal/mol. Thirty
conformers of each compound were retained with best score by default.

To confirm the credibility of docking results, the pose selection method"*® was used to
validate the adopted docking protocol in which TS co-crystallized ligand (RTX) was drawn in
MOE, prepared as the targeted compounds (hydrogens addition, partial charges calculation and
energy minimization), and then docked into the active site of the protein using the same protocol.
The conformer with the best score was superimposed on the original conformation and
orientation of the co-crystallized ligand from the co-crystal structure acquired from the (PDB)
using PyMOL software.!”" The Root mean square deviation (RMSD) between the original and
docked conformer was calculated by PyMOL and was 1.18 A. It was reported that values less
than 1.5 or 2 A were a sign of a successful and reliable docking protocol.!*®

Results and discussion:

The obtained anticancer screening results revealed that compounds 6a-c¢, 7b,c, 8a, 10b
and 13b,d,f exhibited the most potent and broad spectrum anticancer activity with ICsy values
ranging from 7.71 to 48.44 pg/ml against the four cancer cell lines. These results promoted us to
perform molecular docking studies to understand the possible binding modes of the active
compounds inside TS active site.
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Concerning the co-crystallized ligand (RTX), several interactions were considered to be
responsible for its observed affinity. One nitrogen of the dihydroquinazoline nucleus acted as a
hydrogen bond donor with Asp218 (61%) in addition to hydrophobic interactions with Phe80,
[le108, Trpl109, Leu221, Phe225, Met311 and Ala312 (Figure 30).
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Figure 30: Mode of binding of raltitrexed inside TS active site
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For compound 6a, NH of the hydrazone function acted as a hydrogen bond donor with
Asp218 (54%). Additional hydrophobic interactions were observed with Ile108, Trp109, Leul92,

Leu221, Met311, Ala312 (Figure 31). ‘
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Figure 31: Mode of binding of 6a inside TS active site
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As well for compound 6b, NH of the hydrazone function acted as a hydrogen bond donor
with Asp218 (55%) in addition to an arene-arene interaction between the benzyl side chain and
Trp109. Hydrophobic interactions were also observed with Ile108, Trpl109, Leul92, Leu22l,
Phe225, Met311 (Figure 32).
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Figure 32: Mode of binding of 6b inside TS active site
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Compound 6¢ participated a hydrogen bonding between NH of the hydrazone function
and Asnl12 (52%). It also displayed arene-cation interaction (18%) between the pyrimidine ring
and Arg50 in addition to an arene-arene interaction between the benzylidene nucleus and Trp109.
Hydrophobic interactions were also observed with 1le108, Trpl109, Leul92, Phe225, Met311,

Ala312 and Val313 (Figure 33).
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Figure 33: Mode of binding of 6¢ inside TS active site
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Whereas, compound 7b contributed hydrogen bonding between one nitrogen of the
triazolopyrimidine nucleus and Asnl12 (11%) in addition to an arene-arene interaction between

the p-chlorophenyl ring and Trp109. Hydrophobic interactions were also observed with Ile108,
Trpl09, Leul92, Leu221, Phe225, Met311 and Ala312 (Figure 34).
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Figure 34: Mode of binding of 7b inside TS active site
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As for compound 7¢, a hydrogen bonding was observed between one nitrogen of the
triazolopyrimidine nucleus and Asnl12 (11%) in addition to an arene-arene interaction between
the p-bromophenyl ring and Trp109. Hydrophobic interactions were also observed with Ile108,
Trp109, Leul92, Leu221, Met311 and Ala312 (Figure 35).
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Figure 35: Mode of binding of 7¢ inside TS active site
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Compound 8a demonstrated a hydrogen bonding between the carbonyl oxygen and
Asn226 (37%) 1n addition to an arene-cation interaction between the benzyl ring and Arg50.
Hydrophobic interactions were also observed with Ile108, Trp109, Phell7, Leul92, Ala312 and
Val313 (Figure 36).
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Figure 36: Mode of binding of 8a inside TS active site
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Whereas, compound 10b showed a hydrogen bonding between one nitrogen of the
triazolopyrimidine nucleus and Asn226 (48%) in addition to an arene-cation interaction between
the benzyl ring and Arg50. Hydrophobic interactions were also observed with 1le108, Leul92,
Leu221, Phe225 and Met311 (Figure 37).
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Figure 37: Mode of binding of 10b inside TS active site
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In compound 13b, a hydrogen bond was detected between NH of the hydrazone function
and Ile108 (19%) in addition to an arene-cation interaction between the benzyl ring and Arg50.
Hydrophobic interactions were also observed with Phe80, Ile108, Trp109, Leul92, Leu221,
Phe225, and Met311 (Figure 38).
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Figure 38: Mode of binding of 13b inside TS active site
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As for compound 13d, it displayed a hydrogen bonding between NH of the hydrazone
function and Asnl12 (52%) in addition to an arene-cation interaction between the benzyl ring and
Arg50. Hydrophobic interactions were also observed with 1le108, Trpl109, Phell7, Leul92,
Leu221, Phe225, Met311, Ala312 and Val313 (Figure 39).
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Figure 39: Mode of binding of 13d inside TS active site
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Compound 13f, a hydrogen bond was detected between NH of the hydrazone function and
[1e108 (19%) in addition to an arene-cation interaction between the benzyl ring and Arg50.
Hydrophobic interactions were also observed with Phe80, Ile108, Trp109, Leul92, Leu221,
Phe225, and Met311 (Figure 40). -
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Figure 40: Mode of binding of 13f inside TS active site
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Conclusion:

In conclusion, modeling studies revealed that all docked compounds (6a-¢, 7b,¢, 8a, 10b
and 13b,d,f) showed good fitting into TS active site. The binding mode is relatively similar to
that of ligand RTX. They displayed hydrogen bonding interactions with residue(s) Ilel108,
Asnll12, Asp218 and Asn226 and hydrophobic interactions with residue(s) Phe80, Ilel08,
Trpl09, Leul92, Leu221, Phe225, Met311, Ala312 and Val313. They displayed one or two
hydrogen bonds and 5-7 hydrophobic interactions. While compounds 6b,c¢ and 7b,¢ displayed
additional arene-arene interactions with Trp109. In addition, compounds 6¢, 8a, 10b and 13b,d,f
showed arene-cation interactions with Arg50.
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ENGLISH SUMMARY

Thiourea moiety, either in open form or incorporated in heterocyclic rings, was found in
many therapeutic agents. Several substituted thiourea derivatives were proved to possess various
biological activities including anticancer, antiviral, antioxidant, antimicrobial, antiparasitic, anti-
inflammatory, CNS and antithyroid activities.

Pyrimidine derivatives have a great biological and medicinal significance, its
chemotherapeutic efficacy is related to their ability to inhibit vital enzymes responsible for DNA
biosynthesis. Large array of pyrimidine derivatives possess a variety of pharmacological effects
such as anticancer, antiviral, antimicrobial and antiparasitic effects.

In addition to their biological importance, pyrimidine derivatives are valuable for the
preparation of fused ring compounds, such as triazolopyrimidines. 1,2,4-Triazolopyrimidine is
one of the important ring systems that has drawn the attention for its diverse biological activities.

Motivated by these facts and as a continuation of our research on heterocyclic chemistry
aiming to find new structure leads which might be of value for development of new more potent
chemotherapeutic agents, with higher safety profile, the present investigation was directed to
design, synthesize and biologically investigate a new series of thiourea derivatives.

The target compounds comprised a series of substituted pyrimidines and
triazolopyrimidine derivatives that incorporate thiourea moiety within their structures or linked to
it with different atoms spacer. Substitution patterns were varied in order to achieve structure-
activity relationship knowledge.

The present thesis comprises the following chapters:

Chapter I: Introduction

It represents a brief literature survey on biologically active substituted thioureca
derivatives, either in open form or incorporated in various heterocyclic rings, exhibiting
anticancer, antiviral, antimicrobial, antioxidant, antiparasitic, anti-inflammatory, CNS and
antithyroid activities, focusing on the recent researches.

Chapter II: Research objectives

It clarifies the goal of the present work and the rational upon which the newly suggested
compounds were designed.

Chapter III: Discussion

It discusses the basic concepts of the experimental methods adopted for the synthesis of
the designed compounds referring to available literature. It also investigates the structural
clucidation of the synthesized compounds by elemental analyses and various spectroscopic
techniques (IR, 'H-NMR, *C-NMR and mass spectra).
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It includes the following four schemes:

Scheme 1:

In this scheme, ethyl acetoacetate was condensed with thiourea to produce 6-methyl-2-
thioxo-2,3-dihydropyrimidin-4(1/7)-one 1 which was S-alkylated with benzyl chloride to give the
corresponding 2-(benzylsulfanyl)-6-methylpyrimidin-4(3/{)-one 2. Chlorination of the latter
using phosphorous oxychloride afforded the corresponding 2-(benzylsulfanyl)-4-chloro-6-
methylpyrimidine 3 which was then reacted with hydrazine hydrate to yield 2-(benzylsulfanyl)-4-
hydrazinyl-6-methylpyrimidine 4. N'-[2-(benzylsulfanyl)-6-methylpyrimidin-4-yl]-4-substituted
benzenesulfonohydrazides Sa,b were obtained from the reaction between the hydrazino
compound 4 and 4-substituted benzenesulfonyl chlorides.

Scheme 2:

It deals with the reaction of the key intermediate hydrazino derivative 4 with aromatic
aldehydes and carbon disulphide to yield the corresponding 4-[2-(4-substituted benzylid-
ene)hydrazinyl]-2-(benzylsulfanyl)-6-methylpyrimidines 6a-¢ and 5-(benzylsulfanyl)-7-methyl-
[1,2,4]triazolo[4,3-c|pyrimidine-3-thiol 9, respectively.

Oxidative cyclization of 6a-¢ with bromine in the presence of anhydrous sodium acetate
afforded the corresponding 3-(4-substituted phenyl)-5-(benzylsulfanyl)-8-bromo-7-methyl-
[1,2,4]triazolo[4,3-c]pyrimidines 7a-¢. In addition, cyclocondensation of 6a-¢ with acetic
anhydride gave the respective 1-[3-(4-substituted phenyl)-5-(benzylsulfanyl)-7-methyl-
[1,2,4]triazolo[4,3-c|pyrimidin-2(3/)-yl]ethanones 8a-c.

In addition, S-alkylation of 9 using methyl 1odide, benzyl chloride and phenacyl bromide
yielded the corresponding 3-substituted sulfanyl-5-(benzylsulfanyl)-7-methyl-[1,2,4]triazolo-
[4,3-c]pyrimidines 10a,b and 2-{[5-(benzylsulfanyl)-7-methyl-[1,2,4]|triazolo|[4,3-c]|pyrimidin-3-
yl]sulfanyl}-1-phenylethanone 11, respectively.

Scheme 3:

It deals with reaction of the key intermediate hydrazino derivative 4 with phenyl or allyl
thiosemicarbazides to afford the corresponding 2-[2-(benzylsulfanyl)-6-methylpyrimidin-4-yl]-N-
allyl (or phenyl)hydrazine-1-carbothioamides, 12a,b which underwent cyclocondensation with
substituted phenacyl bromides and yellow mercuric oxide to afford the target 2-{2-[2-(benzyl-
sulfanyl)-6-methylpyrimidin-4-yl |hydrazono} -4-(4-substituted phenyl)-3-allyl (or phenyl)-2,3-di-
hydrothiazoles 13a-f and 5-(benzylsulfanyl)-7-methyl-N-phenyl-[1,2,4]triazolo[4,3-c]pyrimidin-
3-amine 14, respectively.

Scheme 4:

It deals with S-alkylation of the key mtermediate 1 with phenacyl bromide to afford
6-methyl-2-[(2-ox0-2-phenylethyl)sulfanyl |pyrimidin-4(3/)-one 15 which underwent chlorinat-
ion using phosphorous oxychloride to yield 2-[(4-chloro-6-methylpyrimidin-2-yl)-sulfanyl]-1-
phenylethanone 16. Reacting the latter with hydroxylamine hydrochloride gave 2-[(4-chloro-6-
methylpyrimidin-2-yl)sulfanyl]-1-phenylethanone oxime 17 which was then reacted with
hydrazine hydrate to afford 2-[(4-hydrazinyl-6-methylpyrimidin-2-yl)sulfanyl]-1-phenylethan-
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one oxime 18. In addition, reacting 15 with phenyl thiosemicarbazide afforded 2-{2-[(4-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)sulfanyl]-1-phenylethylidene } - N-phenylhydrazine-1 -carbothio-
amide 19.

Chapter I1V: Experimental

This chapter illustrates the detailed practical procedures adopted for the synthesis and
purification of the intermediates as well as the target compounds throughout the thesis. In
addition, it includes the physical characters, microanalyses, IR and 'H-NMR spectra for all new
derivatives as well as >C-NMR and mass spectra for some representative examples.

Chapter V: Biological screening
This chapter describes the biological investigation of all newly synthesized compounds in

the following aspects:

I- In vitro cytotoxicity screening

The results revealed that majority of the tested compounds exerted a remarkable
cytotoxic effect on PBMCs. Compounds Sb, 8c, 11 and 13e exerted the highest cytotoxic effects
that are comparable to the standard 5-FU while compounds 13f and 17 exhibited the lowest
cytotoxic effects.

II- In vitro anticancer screening

All the newly synthesized compounds were evaluated for their in vitro anticancer activity
against four human cancer cell lines (MCF-7, HepG-2, CaCo-2 and A549) using neutral red
uptake assay. The results revealed that majority of the tested compounds showed potential
in vitro anticancer activity against the four cancer cell lines with ICsg values less than 100 pg/ml.
Compound 17 showed good safety profile and displayed the same growth inhibitory activity as
5-FU against MCF-7 cell line. Compound 13f which was the most safe and displayed broad
spectrum of anticancer activity while compound 8a was the most active against HepG2 cell line
(ICso 7.71 ng/ml). Compound 13e was the most active against CaCo-2 cell line (ICso 7.71 pg/ml).
In addition, compound 10b was the most active against A549 (ICso 14.75 pg/ml). On the other
hand, compounds 6a-¢, 7b,c, 8a, 10b and 13b,d,f exhibited potent and broad spectrum of
activity.

11I-  Invitro antioxidant screening

All the newly synthesized compounds were screened for their in vitro antioxidant activity
using DPPH free radical scavenging assay. The results showed that in general, all tested
compounds with antioxidant activity contained NH or SH function which might explain their
activity by hydrogen atom donating ability. Compounds 12b, 13a, 13¢, 13d and 18 showed
antioxidant activity higher than that of standard, trolox. Compounds 4, Sa, Sb, 12a and 13b
showed moderate activity while compounds 9, 13e and 13f showed weak antioxidant activity.

IV-  Invitro antimicrobial screening

All the newly synthesized compounds were evaluated for their in vitro antimicrobial
activity against Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas
aeruginosa and Candida albicans. The results showed that majority of the tested compounds
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lacked any significant antibacterial or antifungal activity against the tested pathological strains.
Compounds 8c, 9, 10b exhibited potential antibacterial activity against Staphylococcus aureus.

Chapter VI: Molecular modeling
This chapter includes:
I- In silico physico-chemical properties and toxicity prediction:

It involves prediction of physical and molecular properties of all the newly synthesized
compounds in order to predict its overall drug likeness. It also involves in silico toxicity
prediction which predicts the potential toxicity risks of the synthesized compounds for
mutagenicity, tumorigenicity and/or reproductive side effects.

II- Anticancer docking study:

It explains the docking procedure of compounds 6a-c, 7b,c, 8a, 10b and 13b,d,f within
the binding site of human thymidylate synthase enzyme using Molecular Operating Environment
(MOE Dock 2008) software

References

In this part, 186 cited references, dealing with the planning and eclaboration of the
different aspects for the present investigation, have been listed according to their appearance
throughout the text.

Arabic summary
It includes a brief Arabic summary.
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