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Abstract

Many novel thiazole derivatives were designed and synthesized using 4-phenylthiazol-2-amine. The reactivity of the
latter compound toward different chemical reagents was studied. The structure of the newly synthesized compounds was
established based on elemental analysis and spectral data. Furthermore, twenty compounds of the synthesized systems
were selected and evaluated in (uM) as significant anticancer agents towards three human cancer cell lines [MCF-7
(breast adenocarcinoma), NCI-H460 (non-small cell lung cancer), and SF-268 (CNS cancer)] and normal fibroblasts
human cell line (WI-38). The results showed that compounds 9 and 14a displayed higher effeciency than the reference

doxorubicin.
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1. Introduction

Great concern has been recently focused on the devel-
opment of heterocyclic compound bearing 1,3-thiazole ring
system, which has been identified as a central structural el-
ement of several biologically active natural products such as
thiamine vitamin B, and pharmacologically active sub-
stances in a large number of drugs as antibacterial,? anti-
fungal,®* antiviral,>” anti-inflammatory,3° anticancer,!0-4
anti-HIV,">"17 anti-oxidant'®!® and analgesic drugs.
Both classical and non-classical synthetic methods ap-
proaches were used to synthesize thiazole derivatives. Some
of the examples of such organic synthesis methods were: the
reaction between haloketones and thio-amides (Hantzsch
thiazole synthesis, 1889),2%?3 2-acylamino-ketones reacting
with phosphorus pentasulfide (Robinson-Gabriel synthe-
sis), 2426 q-aminonitrile with carbon disulfide (Cook-Heil-
bron synthesis),?” and the addition of a thiazole anion to an
aromatic nitrile,” additionally certain thiazoles can be ac-
cessed through the application of the Herz reaction.? Also,
various biosynthesis routes lead to the development of the
thiazole ring system as required for the formation of thia-
mine.*° Thiazole derivatives were widely used in dyeing, for

20,21

example, anthroquinone dyes that contain benzothiazole
moiety, such as Algol Yellow 8. Also, they were used as
non-steroidal anti-inflammatory drugs (NSAID) like
Meloxicam (Figure 1), antiretroviral drugs (Ritonavir), an-
tineoplastic drugs (Tiazofurin), antifungal drugs (Aba-
fungin), and antimicrobial drugs (Sulfathiazol). Moreover
thiazole derivatives were used as fungicides, such as Thiflu-
zamide, Tricyclazole, and Thiabendazole which were mar-
keted to control various agricultural pests. So far, modifica-
tions of the thiazole ring have proven high effectiveness
with improved potency and lesser toxicity.

In continuation of our previous work,3!-3® the cur-
rent study reported synthesizing some novel thiazole de-
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Fig. 1. Meloxicam Structure: 4-hydroxy-2-methyl-N-(5-methyl-2-
thiazolyl)-2H-1,2-benzothiazine-3-carboxamide-1,1-dioxide.
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rivatives based on 4-phenylthiazol-2-amine. The antican-
cer activity for all the synthesized compounds was evaluat-
ed. The latter products have a promising effect, as men-
tioned earlier by our research groups, in the preparation of
a variety of close heterocyclic analogues compounds.®-4!

2. Experimental
2. 1. General

All melting points were determined on an Electro-
thermal digital melting point apparatus and are uncorrect-
ed. IR spectra (KBr discs) were recorded on an FTIR plus
460 or Pye Unicam SP-1000 spectrophotometer (Pye Uni-
cam, UK, Cambridge). '"H NMR spectra were recorded
with Varian EM-300 (300 MHz) (Cairo University) instru-
ment in DMSO-d, as solvent using TMS as internal stan-
dard, and chemical shifts were expressed as § ppm. The
mass spectra were recorded with GCMS-QP 1000 Ex Shi-
madzu (EI, 70 eV) (Shimadzu, Japan) instrument. Analyt-
ical data were obtained from the Micro-analytical Data
Unit at Cairo University and were performed on Vario EL
IIT Elemental CHNS analyzer.

2.2. Chemistry

2. 2. 1. Synthesis of Ethyl N-(4-Phenylthiazol-2-yl)
formimidate (1)

To a solution of 4-phenylthiazol-2-amine (1.76 g,
0.01 mol) in ethanol (25 mL), triethyl orthoformate (1.48
g, 0.01 mol) was added. The reaction mixture was heated
under reflux for three hours, then cooled and neutralized
by pouring onto an ice/water mixture containing a few
drops of hydrochloric acid. The solid product formed was
collected by filtration and crystallized from ethanol.

Dark orange crystals, yield 78%. Mp 235-237 °C. IR
(v, cm™): 3065-3026 (CH aromatic), 2991, 2853 (CH,
CH,, CH,), 1644, 1485 (C=C), 1579 (C=N). 'H NMR
(DMSO-dg) 8 1.91 (t, ] = 6.9 Hz, 3H, CH,), 3.32 (q, /= 6.9
Hz, 2H, CH,), 7.28 (s, 1H, thiazole H-5), 7.32-7.90 (s, 1H,
CH; m, 5H, C(Hs). *C NMR (DMSO-dy) & 22.5, 62.0,
107.8,127.7 (2), 128.1, 128.7 (2), 134.3, 148.7, 157.9, 168.6.
MS m/z (%): 234 [M*+2] (0.31), 233 [M*+1] (0.29), 232
[M*] (0.18), 176 (100.00), 77 [CcHs]* (23.85). Anal. Calcd.
for C;,H,N,08 (232.30): C, 62.04; H, 5.21; N, 12.06; S,
13.80. Found: C, 61.71; H, 4.99; N, 11.66; S, 13.40.

2. 2. 2. General Procedure for the
Synthesis of (4-Phenylthiazol-2-yl)
formamidohydrazide Derivatives (2a,b)

Equimolar amounts of compound 1 (2.32 g, 0.01
mol) and hydrazine (0.50 g, 0.01 mol) or phenylhydrazine
(1.08 g, 0.01 mol) in 1,4-dioxane (25 mL) were heated un-
der reflux for three hours and cooled by pouring onto an
ice/water mixture. The solid product formed in each case

was collected by filtration, washed with water, and crystal-
lized from 1,4-dioxane.

N”-(4-Phenylthiazol-2-yl)formimidohydrazide (2a)

Pale yellow crystals, yield 69%. Mp over 300 °C. IR
(v, cm™!): 3413-3168 (NH, NH,), 3066 (CH aromatic),
2990, 2852 (CH), 1644, 1490 (C=C), 1579 (C=N). 'H NMR
(DMSO-dg) 8 7.32 (s, 1H, thiazole H-5), 7.34-7.90 (s, 1H,
CH; m, 5H, C4Hs), 7.58 (s, 2H, NH,), 12.20 (s, 1H, NH).
MS m/z (%): 220 [M*+2] (2.06), 219 [M*+1] (4.91), 218
[M*] (32.03), 176 (100.00), 77 [C¢H;5]* (25.03). Anal. Cal-
cd. for C;oH,(N,S (218.28): C, 55.02; H, 4.62; N, 25.67; S,
14.69. Found: C, 55.09; H, 4.39; N, 25.30; S, 14.30.

N’-Phenyl-N”-(4-phenylthiazol-2-yl)formimidohydra-
zide (2b)

Orange crystals, yield 71%. Mp 280-282 °C. IR (v,
cm™!): 3426-3168 (2NH), 3066 (CH aromatic), 2991 (CH),
1643, 1442 (C=C), 1577 (C=N). 'H NMR (DMSO-d¢) &
7.32 (s, 1H, thiazole H-5), 7.34-7.90 (m, 10H, 2CcHs), 7.57
(s, 1H, CH), 11.40, 12.18 (25, 2H, 2NH). MS m/z (%): 293
[M*-1] (0.24), 77 [C¢H;] ™ (16.04), 69 (100.00). Anal. Cal-
cd. for C,¢H,,N,S (294.37): C, 65.28; H, 4.79; N, 19.03; S,
10.89. Found: C, 65.48; H, 4.43; N, 18.67; S, 10.53.

2. 2. 3. Synthesis of N-Phenyl-N’-(4-phenylthiazol-
2-yl)formimidamide (3)

To a solution of compound 1 (2.32 g, 0.01 mol) in
1,4-dioxane (25 mL), aniline (0.93 g, 0.01 mol) was added.
The reaction mixture was heated under reflux for three
hours and then cooled by pouring onto an ice/water mix-
ture. The solid product formed was collected by filtration
and crystallized from 1,4-dioxane.

Paige crystals, yield 75%. Mp 280-282 °C. IR (v,
cm™!): 3439-3168 (NH), 3066-3027 (CH aromatic), 2991,
2853 (CH), 1644, 1492 (C=C), 1579 (C=N). 'H NMR
(DMSO-dg) 6 7.29 (s, 1H, thiazole H-5), 7.32-7.90 (m,
10H, 2CHs), 7.55 (s, 1H, CH), 12.14 (s, 1H, NH). MS m/z
(%): 277 [M*-2] (1.68), 77 [CcH;]* (37.99). Anal. Calcd.
for C,¢H,5N5S (279.36): C, 68.79; H, 4.69; N, 15.04; S,
11.48. Found: C, 68.48; H, 4.33; N, 15.40; S, 11.88.

2. 2. 4. Synthesis of 2-((4-Phenylthiazol-2-
ylimino)methyl)malononitrile (4)*>43

To a solution of compound 1 (2.32 g, 0.01 mol) in
1,4-dioxane (25 mL) containing a catalytic amount of tri-
ethylamine (0.5 mL), malononitrile (0.66 g, 0.01 mol) was
added. The reaction mixture was heated under reflux for
three hours, then cooled and neutralized by pouring onto
an ice/water mixture containing a few drops of hydrochlo-
ric acid. The formed solid product was collected by filtra-
tion and crystallized from 1,4-dioxane.

Paige crystals, yield 73%. Mp 203-205 °C. IR (v,
cm™): 3064 (CH aromatic), 2988, 2855 (2CH), 2202, 2200
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(2CN), 1643, 1442 (C=C), 1577 (C=N). 'H NMR (DM-
SO-dg) § 3.57 (s, 1H, CH), 7.29 (s, 1H, thiazole H-5), 7.31-
7.90 (m, 5H, C¢Hs), 7.55 (s, 1H, CH). 3C NMR (DM-
SO-dg) §22.5,107.8, 114.1 (2), 125.6, 127.7 (2), 128.7 (2),
134.3, 148.7, 157.9, 168.6. MS m/z (%): 254 [M*+2] (0.22),
253 [M*+1] (0.16), 252 [M*] (0.13), 176 (100.00), 77
[CeHs]t (0.35). Anal. Caled. for C;3HgN,S (252.29): C,
61.89; H, 3.20; N, 22.21; S, 12.71. Found: C, 61.77; H, 3.60;
N, 21.91; S, 12.53.

2. 2. 5. Synthesis of 1-Phenyl-3-(4-phenylthiazol-
2-yl)thiourea (5)%4

To a solution of 4-phenylthiazol-2-amine (1.76 g,
0.01 mol) in 1,4-dioxane (20 mL) containing a catalytic
amount of triethylamine (0.5 mL), phenyl isothiocyanate
(1.35 g, 0.01 mol) was added. The reaction mixture was
heated under reflux for three hours then poured onto an
ice/water mixture containing a few drops of hydrochloric
acid. The formed solid product was collected by filtration,
dried, and then crystallized from 1,4-dioxane.

Dark brown crystals, yield 64%. Mp 163-165 °C
[Mp (lit.)** 225 °C]. IR (v, cm™!): 3440-3154 (2NH),
3060 (CH aromatic), 1600, 1443 (C=C), 1573 (C=N),
1379, 1288 (C=S). 'H NMR (DMSO-d;) 6 6.86-8.01 (m,
10H, 2C¢Hs; s, 1H, thiazole H-5), 11.10, 11.86 (2s, 2H,
2NH). Anal. Calcd. for C;4H3N;S, (311.42): C, 61.71; H,
4.21; N, 13.49; S, 20.59. Found: C, 61.31; H, 4.06; N,
13.89; S, 20.20.

2. 2. 6. Synthesis of 2-Chloro-N-(4-phenylthiazol-
2-yl)acetamide (6)%6->°

To a solution of 4-phenylthiazol-2-amine (1.76 g,
0.01 mol) in 1,4-dioxane (20 mL), chloroacetylchloride
(1.12 g, 0.01 mol) was added. The reaction mixture was
heated under reflux for three hours and then poured onto
a beaker containing an ice/water mixture. The formed sol-
id product was collected by filtration, dried, and crystal-
lized from 1,4-dioxane.

Light brown crystals, yield 71%. Mp 157-159 °C [Mp
(1it.)* 171-173 °CJ; IR (v, cm™!): 3444-3182 (NH), 3070
(CH aromatic), 2988, 2877 (CH,), 1758 (C=0), 1654, 1487
(C=C), 1565 (C=N). '"H NMR (DMSO-dj) & 4.42 (s, 2H,
CH,), 7.10-7.90 (m, 5H, C4Hs), 7.91 (s, 1H, thiazole H-5),
12.66 (s, 1H, NH). Anal. Calcd. for C;;HyCIN,OS (252.72):
C, 52.28; H, 3.59; N, 11.08: S, 12.69. Found: C, 51.90; H,
3.97; N, 10.72; S, 12.30.

2. 2. 7. Synthesis of 2-Cyano-N-(4-phenylthiazol-
2-yl)acetamide (7)

To a solution of 4-phenylthiazol-2-amine (1.76 g,
0.01 mol) in dimethylformamide (20 mL), ethyl cyanoace-
tate (1.13 g, 0.01 mol) was added. The reaction mixture
was heated under reflux for three hours then poured onto

an ice/water mixture. The solid product formed was col-
lected by filtration and crystallized from ethanol.

Dark orange crystals, yield 75%. Mp 109-111 °C. IR
(v, cm™): 3444-3164 (NH), 3048 (CH aromatic), 2892
(CH, CH,), 1687 (C=0), 1600, 1482 (C=C), 1564 (C=N).
'H NMR (DMSO-dg) 6 4.07 (s, 2H, CH,), 7.30-7.90 (m,
5H, C¢Hs), 7.91 (s, 1H, thiazole H-5), 12.39 (s, 1H, NH).
Anal. Calcd. for C;,HgN;0S (243.28): C, 59.24; H, 3.73; N,
17.27; S, 13.18. Found: C, 59.64; H, 4.10; N, 16.88; S, 12.79.

2. 2. 8. Synthesis of 5-Imino-2-phenyl-6-(1-
phenylethylidene)-5H-thiazolo[3,2-a]
pyrimidin-7(6H)-one (8)

To a compound 7 (2.43 g, 0.01 mol) in ammonium
acetate (1.00 g), acetophenone (1.20 g, 0.01 mol) was add-
ed. The reaction mixture was heated in an oil bath for two
hours and then left to cool. The solid product formed when
the product was triturated with ethanol was collected by
filtration, then dried and crystallized from ethanol.

Dark yellow crystals, yield 73%. Mp 105-107 °C. IR
(v, cm™): 3431-3113 (NH), 3063 (CH aromatic), 2990
(CHj3), 1644 (C=0), 1590, 1490 (C=C), 1524 (C=N). 'H
NMR (DMSO-d,) 8 2.17 (s, 3H, CH,), 6.98-7.90 (m, 10H,
2C¢Hs), 7.94 (s, 1H, thiazole H-5), 12.20 (s, 1H, NH). 3C
NMR (DMSO-dg) § 22.5, 108.4, 126.6 (2), 127.2, 127.7,
127.9, 128.1 (2), 128.4 (2), 128.7 (2), 129.1, 134.3, 148.7,
158.0, 159.7, 168.2, 168.6. Anal. Calcd. for CyH;5N50S
(345.42): C, 69.54; H, 4.38; N, 12.17; S, 9.28. Found: C,
69.15; H, 4.39; N, 12.57; S, 9.60.

2. 2. 9. Synthesis of Ethyl 2,4-Diamino-5-((4-
phenylthiazol-2-yl)carbamoyl)thiophene-
3-carboxylate (9)

To a solution of compound 7 (2.43 g, 0.01 mol) in
1,4-dioxane (20 mL) containing a catalytic amount of tri-
ethylamine (0.50 ml) each of elemental sulfur (0.32 g, 0.01
mol) and ethyl cyanoacetate (1.13 g, 0.01 mol) were added.
The reaction mixture was heated under reflux for three
hours. The solid product formed upon pouring onto an
acidified ice/water mixture was collected by filtration and
crystallized from 1,4-dioxane.

Dark yellow crystals, yield 63%. Mp 156-158 °C. IR
(v, cm™1): 3427-3164 (NH, 2NH,), 3104-3047 (CH aro-
matic), 2892 (CH,, CH,), 1756, 1687 (2C=0), 1565, 1478
(C=C), 1550 (C=N).'H NMR (DMSO-dg) 6§ 1.20 (t, J=7.2
Hz, 3H, CH;), 4.05 (q, ] = 7.2 Hz, 2H, CH,), 7.30 (s, 1H,
thiazole H-5), 7.32-7.91 (m, 5H, C¢H;), 8.52 (s, 4H,
2NH,), 12.32 (s, 1H, NH). 13C NMR (DMSO-d,) 8 38.7,
66.0, 108.5, 125.7, 127.9 (2), 128.7 (2), 128.0, 130.1, 133.0,
134.1, 148.9, 156.3, 158.0, 159.7, 160.0. MS m/z (%): 388
[M*] (0.80), 387 [M*-1] (0.36), 386 [M*-2] (0.28), 134
(100.00), 77 [Ce¢Hs]* (21.40). Anal. Calcd. for C;,/H-
1eN,O5S, (388.46): C, 52.56; H, 4.15; N, 14.42; S, 16.51.
Found: C, 52.96; H, 4.29; N, 14.79; S, 16.91.
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2. 2. 10. Synthesis of 4,6-Diamino-2-oxo-1-(4-
phenylthiazol-2-yl)-1,2-dihydropyridine-
3-carbonitrile (10)

To a solution of compound 7 (2.43 g, 0.01 mol) in
1,4-dioxane (25 mL) containing a catalytic amount of tri-
ethylamine (0.50 mL), malononitrile (0.66 g, 0.01 mol)
was added. The reaction mixture was heated under reflux
for three hours. After cooling, the reaction mixture was
acidified by a few drops of hydrochloric acid and the crude
product was precipitated, collected by filtration and crys-
tallized from 1,4-dioxane.

Dark brown crystals, yield 78%. Mp 150-152 °C. IR
(v, cm™1): 3462-3164 (2NH,), 3048 (CH aromatic), 2212
(CN), 1686 (C=0), 1563, 1482 (C=C), 1550 (C=N). 'H
NMR (DMSO-dg) & 4.26 (s, 1H, pyridinone H-5), 7.27 (s,
1H, thiazole H-5), 7.30-7.90 (m, 5H, C¢Hs), 7.91, 8.52 (2,
4H, 2NH,). Anal. Caled. for C;sH,;NsOS (309.35): C,
58.24; H, 3.58; N, 22.64; S, 10.37. Found: C, 58.64; H, 3.97;
N, 22.24; S, 10.67.

2. 2. 11. Synthesis of 2-Oxo-N-(4-phenylthiazol-2-
yl)-2H-chromene-3-carboxamide (11)3:52

To a solution of compound 7 (2.43 g, 0.01 mol) in
1,4-dioxane (20 mL) containing piperidine (0.5 mL), salic-
ylaldehyde (1.22 g, 0.01 mol) was added. The reaction mix-
ture was heated under reflux for three hours then poured
onto an ice/water mixture containing a few drops of hy-
drochloric acid. The formed solid product was collected by
filtration then crystallized from 1,4-dioxane.

Yellow crystals, yield 81%. Mp 180-182 °C. IR (v,
cm™): 3374-3263 (NH), 3107 (CH aromatic), 1711, 1627
(2C=0), 1600, 1490 (C=C), 1539 (C=N). 'H NMR (DM-
SO-dg) & 7.24 (s, 1H, thiazole H-5), 6.84-8.05 (m, 9H,
CeHy, C4Hs), 8.34 (s, 1H, pyrane H-4), 12.09 (s, 1H, NH).
MS m/z (%): 350 [M*+2] (4.14), 349 [M*+1] (12.86), 348
[M*] (24.95), 173 (100.00), 77 [C¢H;5]* (13.56). Anal. Cal-
cd. for CoH,N,0,S (348.38): C, 65.51; H, 3.47; N, 8.04; S,
9.20. Found: C, 65.11; H, 3.86; N, 7.87; S, 9.52.

2. 2. 12. General Procedure for the Synthesis
of N-Cyclopentylidene and
N-Cyclohexylidene-4-phenylthiazol-
2-amine (12a,b)

To a solution of 4-phenylthiazol-2-amine (1.76 g,
0.01 mol) in 1,4-dioxane containing a catalytic amount of
piperidine (0.50 mL), either cyclopentanone (0.84 g, 0.01
mol) or cyclohexanone (0.98 g, 0.01 mol) was added. The
reaction mixture was heated under reflux for two hours
then cooled, neutralized by pouring onto an acidified ice/
water mixture, and crystallized from 1,4-dioxane.

N-Cyclopentylidene-4-phenylthiazol-2-amine (12a)
Orange crystals, yield 73%. Mp 225-227 °C. IR (v,
cm™1): 2950, 2806 (CH,), 1586, 1456 (C=C), 1519 (C=N).

'H NMR (DMSO-dg) 8 1.56-1.67 (m, 4H, 2CH,), 2.41-
2.51 (m, 4H, 2CH,), 7.33-7.53 (m, 5H, C4Hs), 8.4 (s, 1H,
thiazole H-5). MS m/z (%): 243 [M*+1] (0.45), 242 [M*]
(0.70), 84 (100.00). Anal. Calcd. for C;,H,4N,S (242.34):
C, 69.39; H, 5.82; N, 11.56; S, 13.23. Found: C, 69.22; H,
5.42; N, 11.17; S, 13.52.

N-Cyclohexylidene-4-phenylthiazol-2-amine (12b)

Shiny paige crystals, yield 71%. Mp 208-210 °C. IR
(v, cm™1): 2950, 2806 (CH,), 1628, 1455 (C=C), 1586
(C=N). 'H NMR (DMSO-dg) 6 1.52-1.71 (m, 6H, 3CH,),
2.49-2.51 (m, 4H, 2CH,), 7.10-7.80 (m, 5H, C4Hs), 8.39
(s, 1H, thiazole, H-5). MS m/z (%): 258 [M*+2] (0.05),
257 [M*+1] (0.12), 256 [M*] (0.27), 255 [M*-1] (0.29),
254 [M*-2] (0.07), 84 (100.00), 77 [CsHs]* (1.46). Anal.
Calcd. for C;sH¢N,S (256.37): C, 70.27; H, 6.29; N,
10.93; S, 12.51. Found: C, 69.88; H, 5.93; N, 10.90; S,
12.11.

2. 2. 13. Synthesis of 4-Phenyl-N-(1-
phenylethylidene)thiazol-2-amine (13)>3

To a solution of 4-phenylthiazol-2-amine (1.76 g,
0.01 mol) in ethanol (20 mL) containing a catalytic amount
of triethylamine (0.5 mL), acetophenone (1.20 g, 0.01 mol)
was added. The reaction mixture was heated under reflux
for three hours then poured into a beaker containing an
acidified ice/water mixture. The formed solid product was
collected by filtration and crystallized from ethanol.

Yellow crystals, yield 69%. Mp 190-192 °C. IR (v,
cm™!): 3070 (CH aromatic), 2800 (CH;), 1598, 1481
(C=C), 1523 (C=N). '"H NMR (DMSO-dj) & 1.30 (s, 3H,
CH,3), 7.01-7.80 (m, 10H, 2C¢H;), 7.81 (s, 1H, thiazole,
H-5). 3C NMR (DMSO-d,) 6 38.7, 101.5, 125.5 (2), 127.0,
127.1 (2), 1284 (2), 128.6 (2), 131.0, 134.9, 143.0, 149.8,
165.0, 168.2. MS m/z (%): 279 [M*+1] (0.46), 278 [M*]
(0.78),277 [M*-1] (0.81), 276 [M*-2] (0.67), 176 (100.00),
77 [C¢Hs]* (36.83). Anal. Calcd. for C;;H4,N,S (278.37):
C, 73.35; H, 5.07; N, 10.06; S, 11.52. Found: C, 73.66; H,
5.39; N, 10.46; S, 11.90.

2. 2. 14. General Procedure for the Synthesis of
Thiazolo[3,2-a]pyrimidine-6-carbonitrile
Derivatives 14a—f

To a solution of 4-phenylthiazol-2-amine (1.76 g,
0.01 mol) in ethanol (20 mL) containing a catalytic amount
of triethylamine (0.50 mL), each of either benzaldehyde
(1.06 g, 0.01 mol), para-methoxybenzaldehyde (1.08 g,
0.01 mol) or para-chlorobenzaldehyde (1.12 g, 0.01 mol)
and either malononitrile (0.66 g, 0.01 mol) or ethyl cyano-
acetate (1.13 g, 0.01 mol) were added. The reaction mix-
ture was heated under reflux for six hours and then poured
onto an acidified ice/water mixture. The formed solid
product was collected by filtration and crystallized from
ethanol.
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5-Amino-3,7-diphenyl-8aH-thiazolo[3,2-a]pyrimi-
dine-6-carbonitrile (14a)

Oft white crystals, yield 75%. Mp 225-227 °C. IR (v,
cm™1): 3419 (NH,), 3030 (CH aromatic), 2221 (CN), 1585,
1448 (C=C), 1520 (C=N). 'H NMR (DMSO-d,) 6 7.59,
7.60 (2s, 2H, thiazole H-2, pyrimidine H-8a), 7.62-7.98
(m, 10H, 2C4Hs), 8.53 (s, 2H, NH,). 1*C NMR (DMSO-d,)
§40.3,81.6,113.2,114.2,127.5, 128.0 (2), 129.6 (2), 129.5
(2), 130.5 (2), 131.3 (2), 134.4, 156.0, 161.5, 162.0. MS m/z
(%): 331 [M*+1] (32.57), 64 (100.00). Anal. Calcd. for
C1oH4N,S (330.41): C, 69.07; H, 4.27; N, 16.96; S, 9.70.
Found: C, 69.39; H, 4.30; N, 16.62; S, 9.31.

5-Amino-7-(4-methoxyphenyl)-3-phenyl-8aH-thi-
azolo[3,2-a]pyrimidine-6-carbonitrile (14b)

Yellow needles crystals, yield 78%. Mp 130-132 °C.
IR (v, cm™!): 3406-3283 (NH,), 3114-3025 (CH aromat-
ic), 2978, 2846 (CHj3), 2216 (CN), 1606, 1506 (C=C), 1564
(C=N).'H NMR (DMSO-dg) 6 3.87 (s, 3H, CHj3), 6.92,
6.94 (2s, 2H, thiazole H-2, pyrimidine H-8a), 7.11-8.01
(m, 9H, C,H,, C;Hs), 8.38 (s, 2H, NH,). MS m/z (%): 361
[M*+1] (0.57), 360 [M*] (0.45), 358 [M*-2] (0.45), 134
(100.00), 77 [C¢H5]* (58.08). Anal. Calcd. for C,,H,(N,OS
(360.43): C, 66.65; H, 4.47; N, 15.54; S, 8.90. Found: C,
66.81; H, 4.87; N, 15.39; §, 9.22.

5-Amino-7-(4-chlorophenyl)-3-phenyl-8aH-thiazolo-
[3,2-a]pyrimidine-6-carbonitrile (14c)

Yellow needles crystals, yield 78%. Mp 228-230 °C.
IR (v, cm™!): 3240 (NH,), 3092 (CH aromatic), 2223
(CN), 1631, 1483 (C=C), 1581 (C=N). 'H NMR (DM-
SO-dg) 8 7.21, 7.22 (2s, 2H, thiazole H-2, pyrimidine
H-8a), 7.27-7.98 (m, 9H, C¢H,, C¢Hs), 8.52 (s, 2H, NH,).
Anal. Calcd. for C,oH5CIN,S (364.85): C, 62.55; H, 3.59;
N, 15.36; S, 8.79. Found: C, 62.22; H, 3.21; N, 14.96; S,
9.12.

5-Hydroxy-3,7-diphenyl-8aH-thiazolo[3,2-a]pyrimi-
dine-6-carbonitrile (14d)

Brownish orange crystals, yield 86%. Mp 140-142
°C. IR (v, cm™): 3429-3125 (OH), 3064 (CH aromatic),
2220 (CN), 1604, 1488 (C=C), 1566 (C=N). 'H NMR
(DMSO-dy) 6 6.03, 7.28 (2s, 2H, thiazole H-2, pyrimidine
H-8a), 7.33-8.06 (m, 10H, 2C4H5), 8.40 (s, 1H, OH). Anal.
Calcd. for C,oH,3N;0S (331.39): C, 68.86; H, 3.95; N,
12.68; S, 9.68. Found: C, 68.46; H, 4.35; N, 12.69; S, 10.07.

5-Hydroxy-7-(4-methoxyphenyl)-3-phenyl-8aH-thi-
azolo[3,2-a]pyrimidine-6-carbonitrile (14e)

Shiny paige crystals, yield 84%. Mp 309-311 °C. IR
(v, cm™): 3247-3118 (OH), 3050 (CH aromatic), 2838
(CH,), 2200 (CN), 1625, 1443 (C=C), 1532 (C=N). 'H
NMR (DMSO-d,) & 3.87 (s, 3H, CH,), 6.93, 6.96 (2s, 2H,
thiazole H-2, pyrimidine H-8a), 7.17-7.37 (m, 9H, C4H,,
C¢Hs), 9.90 (s, 1H, OH). 3C NMR (DMSO-d,) 6 40.3,
55.1, 72.0, 102.0, 114.3 (2), 115.0, 121.9, 127.9, 128.5 (2),

128.7 (2), 131.3 (2), 132.0, 133.9, 158.5, 166.0, 167.1. MS
m/z (%): 363 [M*+2] (1.23), 362 [M*+1] (0.14), 361 [M*]
(0.09), 134 (100.00), 77 [C¢H;]* (26.84). Anal. Calcd. for
CyH,5N30,8 (361.42): C, 66.46; H, 4.18; N, 11.63; S, 8.87.
Found: C, 66.27; H, 4.58; N, 11.27; S, 8.47.

7-(4-Chlorophenyl)-5-hydroxy-3-phenyl-8aH-thiazolo-
[3,2-a]pyrimidine-6-carbonitrile (14f)

Oft white crystals, yield 83%. Mp 290-292 °C. IR (v,
cm™!): 3438-3181 (OH), 3080 (CH aromatic), 2200 (CN),
1631, 1483 (C=C), 1535 (C=N). 'H NMR (DMSO-d,) 8
7.19, 7.21 (2s, 2H, thiazole H-2, pyrimidine H-8a), 7.22-
7.95 (m, 9H, CcH, C¢Hs), 10.01 (s, 1H, OH). Anal. Calcd.
for C,oH,,CIN;0S (365.84): C, 62.38; H, 3.31; N, 11.49; S,
8.76. Found: C, 62.78; H, 3.71; N, 11.12; S, 8.41.

2. 2. 15. Synthesis of N’-(4-Methoxyphenyl)-N-(4-
phenylthiazol-2-yl)formimidamide (15)

To a solution of 4-phenylthiazol-2-amine (1.76 g,
0.01 mol) in 1,4-dioxane (20 mL) containing triethylamine
(0.50 ml), triethyl orthoformate (1.48 g, 0.01) and pa-
ra-anisidine (1.23 g, 0.01) were added. The reaction mix-
ture was heated under reflux for three hours then poured
into a beaker containing ice/water mixture. The formed
solid product was collected by filtration and crystallized
from 1,4-dioxane.

Pale yellow crystals, yield 92%. Mp 208-210 °C. IR
(v, cm™): 3361-3121 (NH), 3074-3008 (CH aromatic),
2950, 2836 (CH, CH3), 1606, 1462 (C=C), 1549 (C=N). 'H
NMR (DMSO-dg) 6 3.79 (s, 3H, CH3), 6.87 (s, 1H, CH),
6.90 (s, 1H, thiazole, H-5), 7.05-7.47 (m, 9H, CcH,, C¢Hs),
11.47 (s, 1H, NH). 3C NMR (DMSO-dg) & 55.5, 114.5,
114.6,121.3,122.1,126.5 (2), 129.8 (2), 130.3, 131.0, 139.0,
151.2, 152.1, 157.8, 159.0, 166.0. Anal. Calcd. for C;;H-
15sN30S (309.39): C, 66.00; H, 4.89; N, 13.58; S, 10.36.
Found: C, 66.37; H, 5.28; N, 13.18; S, 10.59.

2. 2. 16. General Procedure for the Synthesis of
Thiazolo[3,2-a]pyrimidine Derivatives
16a,b

To a solution of 4-phenylthiazol-2-amine (1.76 g,
0.01 mol) in ethanol (30 mL) containing a catalytic amount
of triethylamine (0.50 mL) and triethyl orthoformate (1.48
g, 0.01 mol), either malononitrile (0.66 g, 0.01 mol) or eth-
yl cyanoacetate (1.13 g, 0.01 mol) was added. The reaction
mixture, in each case, was heated under reflux for five
hours then poured into a beaker containing an acidified
ice/water mixture. The formed solid product, in each case,
was collected by filtration and crystallized from ethanol.

5-Imino-3-phenyl-5H-thiazolo[3,2-a]pyrimidine-6-
carbonitrile (16a)

Yellow crystals, yield 85%. Mp 190-192 °C. IR (v,
cm™1): 3434-3112 (NH), 3050 (CH aromatic), 2210 (CN),
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1598, 1479 (C=C), 1523 (C=N); 'H NMR (DMSO-d;) §
6.98 (s, 1H, thiazole H-5), 7.02 (s, 1H, pyrimidine H-7),
7.22-7.81 (m, 5H, C.H,), 8.60 (s, 1H, NH). 13C NMR
(DMSO-dg) & 98.0, 101.4, 115.0, 125.5, 127.1 (2), 128.4
(2), 134.9, 149.8, 156.0, 158.0, 168.2. MS m/z (%): 253
[M*+1] (0.09), 252 [M*] (0.09), 176 (100.00), 77 [CcHs]"
(13.42). Anal. Calcd. for C;3HgN,S (252.29): C, 61.89; H,
3.20; N, 22.21; S, 12.71. Found: C, 61.49; H, 3.59; N, 21.81;
S, 12.31.

5-Oxo-3-phenyl-5H-thiazolo[3,2-a]pyrimidine-6-car-
bonitrile (16b)

Pale yellow crystals, yield 84%. Mp 170-172 °C. IR
(v, cm™): 3113 (CH aromatic), 2200 (CN), 1689 (C=0),
1597, 1482 (C=C), 1519 (C=N). '"H NMR (DMSO-d,) 8
6.99 (s, 1H, thiazole H-5), 7.01 (s, 1H, pyrimidine H-7),
7.23-7.81 (m, 5H, C4H,). 3C NMR (DMSO-d,) 8 98.1,
101.5,115.0, 125.5,127.2 (2), 128.5 (2), 134.8, 149.7, 156.1,
158.2, 168.2. Anal. Calcd. for C;3H,;N;0S (253.28): C,
61.65; H, 2.79; N, 16.59; S, 12.66. Found: C, 61.35; H, 3.01;
N, 16.30; S, 12.34.

2. 3. Biology

Reagents. Fetal bovine serum (FBS) and L-gluta-
mine were obtained from Gibco Invitrogen Company
(Scotland, UK). RPMI-1640 medium was provided from
Cambrex (New Jersey, USA). Dimethyl sulfoxide (DMSO),
doxorubicin, penicillin, streptomycin and sulforhodamine
B (SRB) were obtained from Sigma Chemical Company
(Saint Louis, MO, USA).

Samples. Stock solutions of compounds 1-16b were
prepared in DMSO and kept at —20 °C. Appropriate dilu-
tions of the compounds were freshly prepared just before
the assays. Final concentrations of DMSO did not interfere
with the cell growth.

Cell cultures. Three human tumor cell lines,
MCEF-7 (breast adenocarcinoma), NCI-H460 (non-
small cell lung cancer), and SF-268 (CNS cancer) were
used. MCF-7 was obtained from the European Collec-
tion of Cell Cultures (ECACC, Salisbury, UK)
NCI-H460, SF-268, and normal fibroblast cells (WI 38)
were kindly provided by the National Cancer Institute
(NCI, Cairo, Egypt). They grew as a monolayer and
were routinely maintained in RPMI-1640 medium sup-
plemented with 5% heat-inactivated FBS, 2 mM gluta-
mine and antibiotics (penicillin 100 U/mL, streptomy-
cin 100 pug/mL), at 37 °C in a humidified atmosphere
containing 5% CO,. Exponentially growing cells were
obtained by plating 1.5 x 10° cells/mL for MCF-7 and
SF-268 and 0.75 x 10* cells/mL for NCI-H460, followed
by 24 hours of incubation. The effect of the vehicle sol-
vent (DMSO) on the growth of these cell lines was eval-
uated in all the experiments by exposing untreated con-
trol cells to the maximum concentration (0.5%) of
DMSO used in each assay.

3. Results and Discussion

3. 1. Chemistry

The 4-phenylthiazol-2-amine was prepared from the
reaction of thiourea with w-bromoacetophenone accord-
ing to the reported literature.* In the present work, we
used the title compound in many heterocyclization reac-
tions followed by studying the cytotoxicity of the resulting
compounds against different cancer cell lines. Compound
4-phenylthiazol-2-amine reacted with triethyl orthofor-
mate to produce the ethyl N-(4-phenylthiazol-2-yl)
formimidate 1. The structure of compound 1 was based on
its analytical and spectral data. The 'H NMR spectrum re-
vealed the presence of a triplet at § 1.91 ppm, a quartet at §
3.32 ppm for the ethoxy group, a singlet at § 7.28 ppm for
thiazole H-5, and a multiplet at § 7.32-7.90 ppm for the
CH group and phenyl moiety. The mass spectrum showed
[M*] at m/z = 232 in correspondence to the molecular for-
mula C;,H;,N,OS.

Due to the excellent yield of compound 1, the cur-
rent study investigated its reactivity with a variety of chem-
ical reagents. Compound 1 reacted with hydrazine hydrate
or phenylhydrazine to give the hydrazide derivatives 2a or
2b, respectively. Moreover, it reacted with aniline to give
the N-phenyl-N"-(4-phenylthiazol-2-yl)formimidamide 3.
Also, it reacted with malononitrile in 1,4-dioxane contain-
ing a catalytic amount of triethylamine to give the
2-((4-phenylthiazol-2-ylimino)methyl)malononitrile ~ 4
(Scheme 1). Compound 4 was earlier prepared in litera-
ture by Covington et al. through the two reported pat-
ents.*?3 The analytical and spectral data of compound 4
were consistent with its structure. Thus, in its mass spec-
trum, the existing [M*+2] ion (m/z = 254), [M*+1] ion
(m/z = 253) and [M*] ions (m/z = 252) confirmed its mo-
lecular weight and structure.

The 4-phenylthiazol-2-amine reacted with phenyl
isothiocyanate to give the thiourea derivative 5. Com-
pound 5 was previously reported in the literature***> by
Bhargava et al., despite using other reaction conditions in-
volving benzene and heating on a water bath for six
hours.* In addition, it reacted with chloroacetylchloride
to give the 2-chloro-N-(4-phenylthiazol-2-yl)acetamide 6.
The structure of compound 6 was established based on its
analytical and spectral data. It is worth mentioning that
compound 6 was previously synthesized*®->° using other
reaction conditions. However, the current method was the
simplest due to the short reaction time and easily available
reagents. Moreover, 4-phenylthiazol-2-amine reacted with
ethyl cyanoacetate in dimethylformamide solution to give
the 2-cyano-N-(4-phenylthiazol-2-yl)acetamide 7. The
analytical and spectral data of the latter compound were in
agreement with its proposed structure. The 'H NMR spec-
trum revealed a singlet at § 4.07 ppm for CH, group, a
multiplet at § 7.30-7.90 ppm for benzene ring, a singlet at
0 7.91 ppm for thiazole H-5, and a singlet at § 12.39 ppm
for the presence of NH group.
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On the other hand, compound 7 reacted with ace-
tophenone, in the presence of ammonium acetate, to give
6-(1-phenylethylidene)-5H-thiazolo[3,2-a]pyrimidine
derivative 8. Its structure was proven based on its analyt-
ical and spectral data. Compound 7 was capable of Ge-
wald’s thiophene synthesis. Its one-pot reaction with ele-
mental sulfur and ethyl cyanoacetate in 1,4-dioxane con-
taining a catalytic amount of triethylamine gave the
5-((4-phenylthiazol-2-yl)carbamoyl)thiophene deriva-
tive 9. The analytical and spectral data of the latter com-
pound were in agreement with its proposed structure.
The 'H NMR spectrum revealed a triplet at § 1.20 ppm
for CH; group, a quartet at § 4.05 ppm for CH, group, a
singlet at § 7.30 ppm for thiazole CH-5, a multiplet at §
7.32-7.91 ppm for phenyl moiety, a singlet at § 8.52 ppm
for two NH, groups, and a singlet at § 12.32 ppm due to
the presence of NH group.

The appearance of two C=O stretching bands at
about 1756 and 1687 cm™ and the presence of NH and
two NH, bands at a range of 3427-3164 cm™! in the IR
spectrum proved the proposed structure. Moreover, the

mass spectrum of compound 9 showed a molecular ion
peak at m/z = 388 [M*] corresponding to the molecular
formula C;;H;(N,O5S,.

Compound 7 reacted with malononitrile in the pres-
ence of 1,4-dioxane and a catalytic amount of triethyl-
amine to give the thiazol-2-yl-1,2-dihydropyridine deriva-
tive 10. On the other hand, the reaction of compound 7
with salicylaldehyde in a 1,4-dioxane solution containing a
catalytic amount of piperidine gave the 2-oxo-chromene
derivative 11, as outlined in Scheme 2. Compound 11 was
previously synthesized by Prashanth et al. and Bondock et
al., respectively.>1»

The 4-phenylthiazol-2-amine reacted with either cy-
clopentanone or cyclohexanone in 1,4-dioxane containing
a catalytic amount of piperidine to give the condensed
products 12a and 12b, respectively. In addition, it reacted
with acetophenone in an ethanol solution containing a cat-
alytic amount of triethylamine to give compound 13.
Compound 13 was reported previously by Xiaodong et
al.33 The analytical and spectral data of compounds 12a,
12b, and 13 agreed with their respective structures.
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Scheme 1. Synthesis of thiazole derivatives 1, 2a,b, 3 and 4.

Ph
g
S)\N/\om

1 78%

Ph
N
/ S}\N/\NHNHR

22, R=H 69%
b,R=Ph 71%

Ph
N
/ S)\N/\NHPh

3 7%

Ph
S)\N/\CH(CN)Q

4 T73%

Abdallah et al.: Synthesis and Anticancer Evaluations ...



Acta Chim. Slov. 2021, 68, 604-616

Ph
[
S)\NH2
|C1—CH2COCI
DMFl HZ(IZ—COEEt il,4-dioxane PhNCSl 1,4-dioxane
CN
Ph Ph Ph E6N
N N N
$. [ 3 (I~
g NHCOCH,CN S NHCOCH,CI S NHCSNHPh
7 75% 6 71% 5 64%
NH  CHs
O
Z ph
- Ph‘{\
Amm. acetate/Fusion N o
8 3%
H>N CO,Et
H
H,C—CO,Et Ph—_ NN /o \
S
1,4-Dioxane/Et;N 0
9 63%
-
Ph
CH,(CN), .
1,4-Dioxane/Et;N CN
]
> NI,
10 78%

CHO
L

/

1,4-Dioxane/piperidine

Ph " 0
L3
S)\N | 0
H

11 81%

Scheme 2. Synthesis of thiazole derivatives 5, 6, 7, 9, 11, thiazolo pyrimidine 8 and thiazol-2-yl pyridine 10 derivatives.

Next, we studied the multi-component reaction start-
ing with compound 4-phenylthiazol-2-amine with the aro-
matic benzaldehydes and active methylene reagents. Then,
the thiazolo[3,2-a]pyrimidines 14a—f were synthesized by

the reaction of compound 4-phenylthiazol-2-amine with ei-
ther benzaldehyde, para-methoxybenzaldehyde, or pa-
ra-chlorobenzaldehyde and malononitrile or ethyl cyanoac-
etate in ethanol and triethylamine, respectively (Scheme 3).
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Scheme 3. Synthesis of thiazole derivatives 12a,b, 13 and thiazolo pyrimidine derivatives 14a—f.

The analytical and spectral data of the latter prod-
ucts were consistent with their respective structures. The
'H NMR spectrum of 14a as an example revealed a sin-
glet at d 7.59 ppm for thiazole H-2, a singlet at d 7.60 ppm
for pyrimidine H-8a, a multiplet at d 7.62-7.98 ppm for
two phenyl groups and a singlet at d 8.53 ppm for NH,
group.

In Scheme 4, the reaction of the 4-phenylthi-
azol-2-amine with triethyl orthoformate and para-anisi-
dine in 1,4-dioxane gave the N*-(4-methoxyphenyl)-N-(4-
phenylthiazol-2-yl)formimidamide 15, the structure of
which was confirmed based on the analytical and spectral
data. Finally, the 4-phenylthiazol-2-amine reacted with ei-
ther malononitrile or ethyl cyanoacetate and triethyl or-
thoformate in ethanol and triethylamine to form the thi-
azolo[3,2-a]pyrimidine derivatives 16a and 16b, respec-
tively.

3. 2. Biological Activity Evaluations

3. 2. 1. In Vitro Anticancer Evaluation of the
Synthesized Compounds

The newly synthesized thiazole systems (20 com-
pounds in total) were assessed in vitro for their ability to
suppress tumor cell growth>>>¢ on three human tumor cell
lines, namely, MCF-7 (breast adenocarcinoma), NCI-H460
(non-small cell lung cancer), and SF-268 (CNS cancer),
and normal fibroblasts cells (W138) after continuous expo-
sure for 48 hours. In addition, the results were compared
to the antiproliferative effects of the reference control
doxorubicin.?” All compounds were dissolved in DMSO at
1 mg/mL immediately before use and diluted just before
being added to the cell culture.

The data in Table 1 represent mean values +S.E.M.
of three independent experiments performed in dupli-
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Table 1. Effect of the synthesized compounds in ICs, (M) on the growth of three human tumor cell lines and normal

human cell line

Compound No. ICsy = S.E.M. (uM)@
MCEF-7 NCI-H460 SF-268 WI-38
2a 2240 £2.12 10.42 £ 3.01 8.63 £1.80 >100
2b 1.80 = 1.00 2.80 £ 0.30 2.80 +4.20 56.80 £ 4.0
5 42.60 + 2.60 26.60 £ 2.60 35.20 £ 12.80 10.50 £ 5.10
6 32.70 £6.20 28.50 £ 4.40 40.50 = 6.90 70.00 £16.40
7 2.60 + 0.20 1.00 = 0.60 0.60 = 0.08 0.20 £ 0.01
8 0.20 = 0.008 0.03 £ 0.006 0.05+0.01 >100
9 0.02 = 0.002 0.01 £ 0.002 0.06 = 0.008 > 100
10 37.00 £ 7.30 16.70 £ 2.30 38.40 £ 2.60 30.60 £ 6.20
11 12.80 £ 1.40 22.50 £ 0.40 49.80 + 8.60 30.00 £ 2.30
12a 24.20 £2.40 20.60 £ 2.80 16.80 £ 8.50 32.20 £ 4.60
12b 28.40 £ 8.80 20.70 £6.20 34.40 £ 2.40 30.60 £ 3.00
13 22.10 £10.40 30.80 £ 10.80 26.10 £ 2.80 28.20 £ 0.80
14a 0.01 £ 0.001 0.02 = 0.006 0.02 = 0.008 > 100
14b 14.00 £ 1.40 22.80 £0.30 22.30 £0.80 32.40 £ 0.60
14c 0.60 = 0.01 0.60 = 0.06 0.40 = 0.06 50.40 £ 11.30
14d 33.60 + 8.50 40.30 £ 12.30 30.40 £ 2.80 62.20 £ 2.00
14e 0.06 = 0.006 0.06 + 0.006 0.20 £ 0.08 40.50 £ 5.10
14f 30.20 £ 3.60 38.30 £ 12.50 42.60 £ 5.80 58.70 £ 8.60
15 1.20 £ 0.40 0.80 £ 0.16 1.30 £ 0.06 36.40 £ 1.40
16b 0.80 £ 0.01 0.03 = 0.007 0.60 + 0.02 20.20 £ 3.40
*Doxorubicin 0.0428 + 0.0082 0.0940 + 0.0087 0.0940 + 0.0070 > 100

(@ Drug concentration required to inhibit tumor cell proliferation by 50% after continuous exposure for 48 hours; data
were expressed as means +S.E.M. of three independent experiments performed in duplicates.

" Doxorubicin was used as a positive control.
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Figure 2. The anticancer evaluation of the most potent synthesized compounds against the three cancer cell lines.

cate. The results indicate that the majority of the com-
pounds demonstrated substantial growth inhibitory ef-
fects against the human tumor cells at the concentrations
tested.

3. 2. 2. Structure-Activity Relationship

From Table 1 it is clear that compounds 9 and 14a
showed higher effects than the reference doxorubicin for
all human cancer cell lines used with ICs, values in the uM
range (Figure 2). Although few compounds had low cyto-
toxicity on a specific tumor cell proliferation, they exhibit-
ed significant effects toward the others, such as compound
8, which indicated optimal activity compared to the refer-
ence used for two cell lines; non-small cell lung cancer
(NCI-H460) and SF-268 (CNS cancer). Also, compounds
14e and 16b exhibited a higher effect than the reference
doxorubicin on only one cell line (NCI-H460). According
to the tested tumor cell, the inhibitory effect of the other
compounds towards tumor cell growth varied from high
to medium or marginal effects. Moreover, compounds 2b,
7, 8, 14c¢, 14e, 15, and 16b exhibited a high effect but not
higher than the reference used. For non-small cell lung
cancer (NCI-H460), compounds 2b, 7, 14c, 14e, 15, and
16b showed a moderate anticancer effect. Also, for SF-268
(CNS cancer), compounds 2b, 7, 14c, 14e, 15, and 16b
showed a high activity but not higher than the doxorubi-
cin. On the other hand, compounds 5, 6, 10, 11, 12a, 12b,
13, 14b, 14d, and 14f showed a low potent effect. For nor-
mal fibroblast cells (WI38), all compounds showed no cy-
totoxic effect.

Comparing the cytotoxicity of thiazole derivatives 2a
and 2b, it is clear that the cytotoxicity of 2b is higher than
2a due to the presence of the phenyl group responsible for
the high potency of 2b. Moreover, compound 9 showed
higher cytotoxicity than doxorubicin due to the presence
of the ethoxy group. For some compounds of the thi-

azolo[3,2-a]pyrimidine derivatives 14a—f, the presence of
the phenyl group such as in compound 14a is responsible
for the higher cytotoxicity compared to doxorubicin. The
compounds 14¢ and 14e revealed higher cytotoxicity due
to the presence of chloro and methoxy groups, respective-
ly. In conclusion, it is clear from the results obtained that
the presence of the electronegative phenyl, Cl, OCHj;, and
OC,H; hydrophobic groups within the thiazole derivatives
enhances the cytotoxicity of the tested compounds to-
wards the selected cancer cell lines.

4. Conclusions

The objective of the current study was to synthesize a
series of thiazole derivatives starting from 4-phenylthi-
azol-2-amine through its reaction with different chemical
reagents. The anticancer activity of some of the newly syn-
thesized compounds (twenty compounds) was evaluated
on three human cancer cell lines and a normal human cell
line. The results showed that compounds 9 and 14a re-
vealed higher effect than the reference doxorubicin when
screened in vitro against the three human cancer cell lines
tested, such as MCF-7 (breast adenocarcinoma),
NCI-H460 (non-small cell lung cancer), SF-268 (CNS can-
cer), and normal fibroblasts human cell line (WI-38).
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