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Abstract

Abstract: Ethyl 2-(3-allylthioureido)-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate (1) was used as a building
block for synthesis of new heterocycles. Pyrimidine and thiazole moieties were achieved upon condensation of com-
pound 1 with various reagents such as chloroacetic acid, dietyl malonate, ninhydrin, 2,3-epoxy-2,3-dihydro-1,4-naph-
thoquinone, and hydrazine hydrate. The structures of the newly synthesized compounds were confirmed using spectral
measurements. The prepared products were evaluated for their anticancer activity against colon HCT-116 human cancer
cell line. Compounds 6, 9, 10a, 11, 12, 15 have displayed potent activity.
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1. Introduction

Heterocyclic compounds containing thiophene ring
have been widely reported to have numerous pharmaceuti-
cal importance. For example, such compounds exhibited
anticancer,"* antibacterial,’ antifungal,6 anti-inflammato-
ry,’ anti-ulcer,® anti-diabetic,” antileishmanial,'° antimicro-
bial,'"!? antitubercular,!* COX-2 selective inhibition,'* an-
tiproliferative!® activities. Thiophene derivatives were
utilized as inhibitors for hepatitis C virus polymerase,'®
novel BACE1,! alkaline phosphatases,'® and kinesin spin-
dle protein!® and they are more effective in the treatment of
Alzheimer’s disease.’ Moreover, thiophene derivatives have
acquired great importance in drug discovery studies?!~%
which are available in markets, such as methaphenilene that
acts as antiallergic agent; tiagabine acts as anticonvulsant
agent; Sertaconazole acts as anti-fungal drug and is avail-
able as a cream for treatment of skin infections, such as ath-
lete’s foot, and the important drug biotin which is used for
treating the deficiency of biotin related to pregnancy. The
interest in these heterocycles has been attributed to their
promising utilization as dye-sensitized solar cells,* organic
semiconductors,?> potential light-emitting materials for

OLEDs?® and in textile dyeing.?”> 2® Accordingly, several
methods for the synthesis of thiophene and related hetero-
cycles earn great attention. Normally, the most important
method for their preparation is Gewald method involving
the reaction of an equimolar amount of elemental sulfur
with a-methylene ketones and acetonitrile in a basic medi-
um.?3 Polyfunctionalized thiophenes were synthesized
via the multicomponent reactions from starting materials,
such as B-ketodithioesters with cyclohexylisocyanide and
a-haloketones.?! Two-step synthesis of benzothiophene de-
rivatives using iodocyclization followed by etherification
reaction sequence has been reported.*? On the other hand,
incorporation of thiourea chain residues was used to obtain
key intermediates necessary to produce important hetero-
cyclic compounds.?3-3> Tt has been reported that com-
pounds containing pyrimidine®*-*” and thiazole®*~* moi-
eties have potent anticancer activity. According to these
facts, we decided to develop the synthesis of new heterocy-
cles utilizing thiophene moiety bearing thioureido chain
substituent as a building block and to characterize the pre-
pared products by spectral and analytical techniques. The
activity of the newly synthesized heterocyclic compounds
against HCT-116 cell lines was tested.
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2. Experimental

2. 1. General

Most reagents and chemicals were purchased, uti-
lized without additional purification, and bought from
Sigma-Aldrich. Melting points are uncorrected and an
electrothermal apparatus was used for their measure-
ments. The purity of reagents and reaction validation were
checked by thin-layer chromatography (TLC) technique
on silica gel plates and the spots were imagined under UV
light (254 nm) using mobile phase (pethroleum ether -
ethyl acetate). Infrared spectra were detected using KBr
discs on Shimadzu FT-IR 8201 PC spectrophotometer. 'H
NMR and *C NMR spectra were recorded on a Bruker
instrument at 850 MHz spectrometer using tetramethylsi-
lane (TMS) as an internal standard in CDCl; or DMSO-d
as solvents; chemical shifts are expressed in § (ppm); spec-
troscopic measurements were carried out in the Micro-
analysis unit at the Universities of Qassim and Abdul-Aziz
(KSA). Mass spectra were recorded on a GCMS-QP1000
EX spectrometer at 70 eV. Anticancer analysis was per-
formed at the National cancer institute (NCI), Cairo,
Egypt. Starting materials were already prepared according
to the reported method.**”

2. 2. Synthetic Procedures

Synthesis of 2-((3-Allyl-2-((3-(ethoxycarbonyl)-4,5,6,7
-tetrahydrobenzo[b]thiophen-2-yl)imino)-2,3-dihydro-
thiazol-4-yl)oxy)acetic acid (4)

A mixture of substitueted thiourea 1 (5 mmol),
monochloroacetic acid (5 mmol) and potassium hydrox-
ide (5 mmol) in methanol (15 mL) was refluxed at water
bath for 8 h. The mixture was left to cool and then poured
into ice-water, then acidified with acetic acid. The precipi-
tate that formed was filtered off and recrystallized from
methanol to afford 4 as white crystals with yield 88%; mp
152-153 °C. IR (KBr) (Va0 cm™): 1640, 1680 (2C=0). 'H
NMR (CDCL): § 1.32 (t, 3H, CH,), 1.75-1.79 (m, 4H,
2CH,), 2.61-2.76 (m, 4H, 2CH,), 3.77 (s, 2H, CH,-
COOH), 3.89 (s, 2H, CH, allyl), 4.14 (s, 1H, =CH-S), 4.24
(g9, 2H, CH,), 4.80 (m, 1H, =CH trans allyl), 5.26-5.29 (m,
1H, =CH cis allyl), 5.92-5.98 (m, 1H, =CH-CH, allyl),
11.94 (s, 1H, COOH).13C NMR (CHCl,): § 14.32, 14.41,
22.86, 22.99, 23.73, 24.36, 26.38, 60.46, 111.27, 111.26,
126.65, 130.67, 147.65, 166.69, 166.91. MS: m/z (%) 422
(M4, 5), 381 (M* - allyl, 20), 365 (100), 223 (60)”

Synthesis of Ethyl 2-(3-Allyl-5-benzylidene)-4-oxothi-
azolidin-2-ylidene)amino)-4,5,6,7-tetrahydrobenzo [b]
thiophene-3-carboxylate (5)

To a solution of compound 1 (5 mmol), benzaldehyde
(5 mmol) and monochloroacetic acid (5 mmol) in a mix-
ture of acetic anhydride (5 mL) and acetic acid (15 mL),
fused sodium acetate (5 mmol) was added. The reaction
mixture was heated under reflux for 8 h. The mixture was

cooled and poured onto crushed ice, the produced solid
was filtered off and recrystallized from methanol to afford
compound 5 as a yellow powder in yield 75%; mp
115 °C. IR (KBr) (¥pae cm™): 1651, 1690 (2C=0). 'H
NMR (CDCL): § 1.40 (t, 3H, CH,), 1.76 (m, 4H, 2CH,),
2.63-2.75 (m, 2H, 2CH,), 5.70 (s, 2H, CH, allyl), 4.31 (q,
2H, CH,), 5.20-5.39 (m, 1H, =CH trans allyl), 4.45-4.50
(m, 1H, =CH cis allyl), 5.92-5.99 (m, 1H, =CH-CH, allyl),
7.29-7.51 (m, 6H, Ar-H).3C NMR (CDCL,): § 14.3, 22.8,
24.4, 26.3, 34.5, 46.4, 52.9, 60.4, 112.3, 119.4, 130.12,
130.93, 131.2, 132.3, 134.5, 146.7, 151.8, 155.8, 161.6,
164.6, 166.2, 169.05, 171,01. MS: m/z (%) 453 (M*, 3), 365
(M, 22), 268 (100)”

Synthesis of Ethyl 2-(3-Allyl-4,6-dioxo-2-thioxotetrahy-
dropyrimidin-1(2H)-yl)-4,5,6,7-tetrahydrobenzo[b]
thiophene-3-carboxylate (6)

A solution of compound 1 (2 mmol) and diethyl
malonate in sodium ethoxide solution (2 mmol) in 15 mL
of abs. ethanol was heated under reflux for 2 h. After cool-
ing, the formed precipitate was filtered off and dissolved in
water and then in ice bath neutralized with hydrochloric
acid. The solid product was filtered off, washed with water,
and recrystallized from ethanol to give 6 as a white precip-
itate with 85% yield; mp 215-218 °C. IR (KBr) (Vo cm™}):
1640, 1701 (3C=0). 'H NMR (CDCl5): § 1.25 (t, 3H, CH;),
1.80-1.93 (m, 4H, 2CH,), 2.60-2.90 (m, 2H, 2CH,), 3.88
(s, 2H, CO-CH,-CO), 4.31 (q, 2H, CH,), 5.17-5.27 (m,
1H, =CH trans allyl), 5.32-5.39 (m, 1H, =CH cis allyl),
5.78 (s, 2H, CH, allyl), 5.92-5.99 (m, 1H, =CH-CH, allyl).
13C NMR (CHCly): § 14.32, 22.86, 22.99, 23.73, 24.36,
26.38,60.46,111.27,126.65, 130.67, 147.65, 166.69, 166.91.
MS: m/z (%) 392 (M*, 4), 279 (80), 223 (100)”

General Procedure for the Synthesis of Compounds 7a,
7b and 8.

A mixture of compound 1 (2 mmol) and appropriate
aromatic aldehyde, namely: furfural and benzaldehyde or
isatin (2 mmol) was heated at reflux in EtOH (15 mL) con-
taining a few drops of piperidine for 7 h. The solvent was
evaporated till half of its volume. The solid that formed
was filtered off and recrystallized from appropriate solvent
to give the corresponding final products 7a, 7b and 8”

Ethyl 2-(3-Allyl-5-(furan-2-ylmethylene)-4,6-dioxo-2
-thioxotetrahydropyrimidin-1(2H)-yl)-4,5,6, 7-tetrahy-
drobenzo[b]thiophene-3-carboxylate (7a)

Brown powder, yield 58%; mp155-156 °C (EtOH);
IR (KBr) (v cm™1): 1642, 1670 (2C=0). 'H NMR
(CDCly): & 1.80 (m, 7H, CH;, 2CH,), 2.68 (t, 2H, CH,),
2.92 (t, 2H, CH,), 3.90 (s, 2H, CH, allyl), 4.38 (q, 2H,
CH,), 5.24-5.28 (m, 1H, =CH trans allyl), 5.34-5.36 (m,
1H, =CH cis allyl), 5.96-6.013 (m, 1H, =CH-CH, allyl),
7.01 (m,3H, H-Ar), 8.22 (s, 1H, CH=). 3C NMR (CHCl,):
§ 21.8, 22.9, 24.6, 25.25, 48.24, 48.47, 117.04, 118.69,
129.02, 130.71, 131.6, 132.52, 137.9, 144.1, 147.75, 157.68,
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159.96, 161.56, 173.88. MS: m/z (%) 476 (M*+5, 15), 289
(48), 210 (50), 139 (22), 86 (100)”

Ethyl 2-(3-Allyl-5-benzylidene-4,6-dioxo-2-thioxotetra-
hydropyrimidin-1(2H)-yl)-4,5,6,7-tetrahydrobenzo[b]
thiophene-3-carboxylate (7b)

Yellow crystals; yield 66%; mp 205-208 °C (dil
EtOH), IR (KBr) (v,,,,, cm™): 1640, 1710 (2C=0). 'H NMR
(CDCLy): § 0.86 (t, 3H, CH;), 1.79-1.90 (m, 4H, 2CH,),
2.67 (t, 2H, CH,), 2.91 (t, 2H, CH,), 4.07 (q, 2H, CH,),
4.16-4.30 (m, 1H, =CH trans allyl), 5.10 (s, 2H, CH, allyl),
5.20-5.35 (m, 1H, =CH cis allyl), 5.93-6.00 (m, 1H, =CH-
CH, allyl), 7.40-7.80 (m, 5H, Ar-H), 8.10 (s, 1H). *C NMR
(CHCl;): 6 20.6, 22.09, 22.9, 24.6, 25.22, 29.7, 48.4, 117.04,
118.62, 128.4, 129.11, 130.7, 130.2, 131.17, 132.3,133.6,
136.4, 147.95, 156.58, 169.85, 173.83. MS: m/z (%) 481 (M*,
3), 454 (M*-CH=CH,, 8), 275 (95), 68 (100), 324 (40)”

Ethyl 2-(3-Allyl-4,6-dioxo-5-(2-oxoindolin-3-ylidene)
-2-thioxotetrahydropyrimidin-1(2H)-yl)-4,5,6,7-tetra-
hydrobenzo[b]thiophene-3-carboxylate (8)

Deep yellow powder; yield 55%; mp 170-173 °C (dil.
EtOH); IR (KBr) (vpap cm~!): 3234 (NH), 1655, 1645,
1634 (4C=0). 'H NMR (CDCl,): 6 1.20 (t, 3H, CHs), 1.80
(m, 4H, 2CH,), 2.96 (t, 2H, CH,), 2.73 (t, 2H, CH,), 4.36
(g, 2H, CH,), 4.40-4.70 (m, 1H, =CH trans allyl), 4.80 (s,
2H, CH, allyl), 5.09-5.34 (m, 1H, =CH cis allyl), 5.90-5.99
(m, 1H, =CH-CH, allyl), 6.90-7.60 (m, 4H, Ar-H), 8.10 (s,
1H, NH). 3C NMR (CHCly): § 112.25, 116.88, 118.39,
123.11 125.8, 128.7, 131.2, 132.5, 138.6, 144.12, 147.8,
149.09, 157.7, 158.9, 159.99,161.62, 174.15. MS: m/z (%)
521 (M*, 20), 365 (30), 268 (100)”

Synthesis of Ethyl 2-(3-Allyl-4,6-dioxo-2-thioxo-5-((para-
tolylamino)methyl)tetrahydropyrimidin-1(2H)-yl)
-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate (9)

A mixture of 6 (0.01 mol) and HCHO (2 mL) in
EtOH (10 mL) was warmed for 10 min; after the addition
of para-toluidine (0.01 mol), the mixture was refluxed for
3 h and cooled. The solid that formed was filtered off and
then recrystallized from ethanol to give white crystals of 9
in 72% yield; mp 223-225 °C; IR (KBr) (Vo cm™): 1640,
1710 (2C=0). 'H NMR (CDCL): 8 0.86 (t, 34, CH,),
1.79-1.90 (m, 4H, 2CH,), 2.67 (t, 2H, CH,), 2.91 (t, 2H,
CH,), 4.07 (q, 2H, CH,), 4.16-4.30 (m, 1H, =CH trans al-
Iyl), 5.10 (s, 2H, CH, allyl), 5.20-5.35 (m, 1H, =CH cis al-
lyl), 5.93-6.00 (m, 1H, =CH-CH, allyl), 7.40-7.80 (m, 5H,
Ar-H), 8.10 (s, 1H, NH).!3C NMR (CHCI,): § 13.98, 18.44,
21.9, 22.9, 24.68, 25.24, 25.48, 48.46, 85.54, 68.32, 117.06,
118.6, 129.08, 130.73, 132.47, 147.81, 156.53, 173.83. MS:
m/z (%) 438 (M* — COOE, 20), 263 (100), 278 (34)”

General Procedure for the Synthesis of Compounds 10a
and 10b

A diazonium solution was prepared by dissolving
(0.02 mol) of para-toluidine or 4-aminobenzophenone in

30 mL water and 6 mL concentrated HCI; this solution was
cooled to 0 °C. The solution was then treated with 0.02 mol
sodium nitrite in 20 mL of water, were added gradually
with stirring for 30 min with cooling in an ice bath to com-
plete the diazotization. The formed diazonium chloride
was slowly added to compound 6 in pyridine with stirring
at 0-5 °C for 2 h. The mixture was added with stirring to
ice-cold water. The resulting solid was filtered off, dried
and recrystallized from methanol”

Ethyl (Z)-2-(3-Allyl-4,6-dioxo-2-thioxo-5-(2-(para-to-
lyl)hydrazono)tetrahydropyrimidin-1(2H)-yl)-4,5,
6,7-tetrahydrobenzo[b]thiophene-3-carboxylate (10a)
Reddish brown powder; yield 85%; mp 206-208 °C;
IR (KBr) (Va0 cm™): 3246 (NH), 1640 (C=0). 'H NMR
(CDCLy): § 1.20 (t, 3H, CH,), 1.80 (m, 4H, 2CH,), 2.96 (t,
2H, CH,), 2.73 (t, 2H, CH,), 4.36 (q, 2H, CH,), 4.40-4.70
(m, 1H, =CH trans allyl), 4.80 (s, 2H, CH, allyl), 5.09-5.34
(m, 1H, =CH cis allyl), 5.90-5.99 (m, 1H, =CH-CH, allyl),
6.90-7.60 (m, 4H, Ar-H), 8.10 (s, 1H, NH). 3C NMR
(CHCl,): 6 21.95,22.2,22.9, 24.6,29.71, 48.92, 62.2, 64.14,
77.04, 116.9, 118.3, 129.03, 129.56, 130.02, 130.4, 130.7,
131.18, 132.2, 135.56, 148.38, 156.7, 161.7, 171.5, 172.3,
173.9. MS: m/z (%) 521 (M*, 20), 365 (30), 268 (100).”

Ethyl (Z)-2-(3-Allyl-5-(2-(4-benzoylphenyl)hydrazo-
no)-4,6-dioxo-2-thioxotetrahydropyrimidin-1(2H)-yl)
-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate
(10b)

Reddish brown powder; yield 82%; mp 160-161 °C;
IR (KBr) (Va0 cm™): 3247 (NH), 1716, 1639 (C=0). 'H
NMR (CDCly): § 1.42 (t, 3H, CHs), 1.76-1.82 (m, 4H,
2CH,), 2.63-2.90 (m, 4H, 2CH,), 4.43 (q, 2H, CH,), 4.86
(s, 2H, CH, allyl), 5.079-5.22 (m, 1H, =CH trans allyl),
5.92-6.00 (m, 1H, =CH cis allyl), 5.20 (m, 1H, =CH-CH,
allyl), 7.42-7.90 (m, 7H, Ar-H), 8.40 (s, 1H, Ar-H), 8.90 (s,
1H, Ar-H), 12.70 (s, 1H, broad NH). 13C NMR (CHCl;): 8
14.13, 22.2, 22.9, 25.4, 29.7, 62.03, 46.3, 118.16, 116.8,
126.9-134.69 (Ar-C), 163.4, 172.6, 173.79, 195.9, 196.8.
MS: m/z (%) 600 (M*, 13), 554 (10), 406 (8), 278 (34), 263
(100)”

Synthesis of Ethyl (Z)-2-((1-Allyl-4,5-dioxo0-4,5-dihy-
dronaphtho[1,2-d]thiazol-2(1H)-ylidene)amino)-4,5,
6,7-tetrahydrobenzo[b]thiophene-3-carboxylate (12)

A mixture of compound 1 (0.01 mol) and 2,3-dihy-
dro-2,3-epoxy-1,4-naphthoquinone (0.01 mol) in ethanol
(20 mL) was refluxed for 5 h in water bath. After cooling,
the precipitate that formed was isolated, dryed and then
dissolved in 15 mL of water. The formed solution was neu-
tralized with dil. HCI with stirring in ice bath. The resulted
solid was filtered off and recrystallized from methanol to
afford 12 as a reddish brown powder in 93% yield; mp
258-260 °C. IR (KBr) (v, cm~!): 1689, 1680, 1668
(3C=0). 'H NMR (CDCl;): § 1.24 (t, 3H, CH3;), 1.20-1.30
(m, 4H, 2CH,), 1.60-1.70 (m, 4H, 2CH,), 4.27 (q, 2H,

Abdel-Motaal et al.:  Synthesis and in vitro Anticancer Activity ...



Acta Chim. Slov. 2020, 67, 560-569

CH,), 4.12-4.25 (m, 1H, =CH trans allyl), 5.08-5.22 (m,
3H, =CH trans allyl, CH, allyl), 5.80-5.90 (m, 1H, =CH cis
allyl), 7.80-8.50 (m, 4H, Ar-H). 13C NMR (CHCL,): § 14.1,
22.4, 118.5, 125.9, 126.2, 1254, 125.99, 126.24, 129.97,
130.6, 131.9, 133.62, 134.5, 134.64, 156.3, 178.7, 180.8,
181.3. MS: m/z (%) 478 (M™, 4), 353 (20), 226 (100)”

Synthesis of Ethyl (Z)-2-((3-Allyl-3a,8a-dihydroxy-8-
0x0-3,3a,8,8a-tetrahydro-2H-indeno|[1,2-d]thiazol-2-
ylidene)amino)-4,5,6,7-tetrahydrobenzo[b]thioph-
ene-3-carboxylate (13)

A mixture of compound 1 (0.01 mol) and ninhydrin
(0.01 mol) in AcOH (15 mL) was refluxed with stirring at
85 °C for 5 h. After cooling, the mixture was poured into
cold water. The precipitate that formed was filtered off,
dried and crystallized from ethanol to afford 13 as a red-
dish brown powder in 66% yield; mp 170-172 °C. IR
(KBr) (Vyax cm™1): 1640, 1680 (2C=0). 'H NMR (CDCl,):
6 1.38 (t, 3H, CH,;), 1.81-1.86 (m, 4H, 2CH,), 2.70-2.73
(m, 4H, 2CH,), 4.34 (m, 1H, =CH-S), 4.39 (q, 2H, CH,),
4.50-4.70 (m, 1H, =CH trans allyl), 5.17-5.30 (m, 1H,
=CH cis allyl), 5.95-5.98 (m, 1H, =CH-CH, allyl), 7.50 (s,
2H, 20H), 7.62-7.93 (m, 4H, Ar-H)."*C NMR (CHCI,):
811.45, 14.12, 22.4, 25.3, 26.2, 46.3, 62.52, 89.4, 93.01,
117.3, 125.01, 125.34, 126.46, 131.23, 131.55, 132.72,
136.6, 137.09, 137.63, 147.6, 166.2, 166.5, 180.4, 180.7,
193.2,193.9. MS: m/z (%) 484 (M*, 2), 322.9 (M*, 58), 260
(13), 277 (100)”

Synthesis of 4-Allyl-1-phenyl-6,7,8,9-tetrahydroben-
zo[4,5]thieno[3,2-¢][1,2,4]triazolo[4,3-a]pyrimidin-5
(4H)-one (14)

A mixture of compound 1 (0.01 mol) and the benzo-
yl hydrazide (0.01 mol) was heated under reflux for 12 h in
ethanol (15 mL) in the presence of a few drops of AcOH.
The mixture was left to cool. The precipitate that formed
was filtered off and then recrystallized from EtOH to give
14 as white needles in 93% yield; mp 267-270 °C. IR (KBr)
(Voo cm~D): 1641, 1735 (2 C=0). 'H NMR (CDCL): &
1.79-1.87 (m, 4H, 2CH,), 2.68 (t, 2H, CH,), 2.92 (t, 2H,
CH,), 4.80 (m, 2H, CH, allyl), 5.10 (m, 1H, =CH trans al-
lyl), 5.24-5.36 (m, 1H, =CH cis allyl), 5.96-6.01 (m, 1H,
=CH-CH, allyl), 7.20-7.80 (m, 5H, Ar-H). *C NMR
(CHCl,): 6 21.89, 22.9, 24.6, 25.25, 48.48, 117.03, 118.67,
125.8, 129.0, 130.72, 131.81, 132.52, 147.7, 156.5, 173.88.
MS: m/z (%) 362 (M*, 5), 324 (M*, 22), 263 (92), 179
(100)”

Synthesis of 3-Allyl-2-mercapto-5,6,7,8-tetrahydroben-
zo[4,5]thieno[2,3-d]pyrimidin-4(3H)-one (15)

A solution of compound 1 (0.01 mol) in DMF (15
mL) in the presence of KOH (0.01 mol) was stirred over-
night. The mixture was poured onto crushed ice with stir-
ring. The precipitate that formed was filtered off, dried and
recrystallized from EtOH to give 15 as white crystals in
85% yield 85%; mp 235-236 °C.”

Synthesis of N’-(3-Allyl-4-o0x0-3,4,5,6,7,8-hexahydro-
benzo[4,5]thieno[2,3-d]pyrimidin-2-yl)benzohydra-
zide (16)

Thienopyrimidine derivative 15 (0.01 mol) was heat-
ed under reflux with benzoyl hydrazide (0.01 mol) in eth-
anol for 28 h. After cooling, the resulted solid was isolated,
dried and recrystallized from ethanol to afford 16 as white
crystals in 65% yield; mp 177-178 °C. IR (KBr) (Viap
cm™1): 3251, 3397 (2NH), 1689, 1670, 1642 (4C=0). 'H
NMR (CDCL,): 8 1.76-1.81 (m, 4H, 2CH,), 2.60-2.92 (m,
4H, 2CH,), 4.89 (m, 2H, CH, allyl), 4.08 (S,1H, NH), 5.10
(m, 1H, =CH trans allyl), 5.26-5.34 (m, 1H, =CH cis allyl),
5.96-6.01 (m, 1H, =CH-CH, allyl), 7.40-7.90 (m, 7H, Ar-
H, NH,). 3C NMR (CHCl,): § 21.8, 22.9, 24.6, 48.2, 48.48,
117.05,118.65,129.02,130.4,130.7,131.62,132.31, 132.52,
137.92, 144.11, 147.75, 156.52, 157.68, 159.97, 161.56,
173.88. MS: m/z (%) 408 (M*+28, 0.18), 278 (30), 263
(100)”

General Method for Synthesis of 17 and 18

Compound 1 (0.01 mol) was mixed with hydrazine
hydrate (0.015 mol) in ethanol (30 mL). The resulting solu-
tion was refluxed for 8 h. After cooling, the precipitate that
formed was filtered off and crystallized to give 18 as bright
white needles; yield 90%; mp 280-283 °C. The filtrate was
evaporated till 10 mL and then was left overnight to cool.
The formed solid was filtered off, dried and crystallized
from EtOH to give 17 as white crystals; yield 82%; mp
198-199 °C (EtOH)”

3-Allyl-2-hydrazinyl-5,6,7,8-tetrahydrobenzo[4,5]thie-
no[2,3-d]pyrimidin-4(3H)-one (17)** and 3-Methyl-1,2,
3,4,7,8,9,10-octahydro-6H-benzo[4)5’]thieno[2}3":4,5]
pyrimido[2,1-c][1,2,4]triazin-6-one (18)

IR (KBr) (Va0 cm~'): 3239 (NH), 1638 (C=0). 'H
NMR (CDCl;): 8§ 1.02 (m, 2H, CH,-3), 1.79-1.80 (m, 4H,
2CH,), 2.68 (t, 2H, CH,), 2.92 (t, 2H, CH,), 4.17 (t, 2H,
CH,-2), 4.37 (t, 2H, CH,-4), 8.80 (s, 2H, NH,). 3C NMR
(CHCLy): 6 11.3, 21.9, 22.9, 24.7, 25.2, 25.4, 48.3, 123.2,
137.6, 143.9, 157.8, 159.8, 161.5. MS: m/z (%) 280 (M*+2,
100), 278 (M*, 30), 263 (62), 179 (71).

2. 3. Cytotoxic Activity

Cytotoxicity of the synthesized compounds was eval-
uated against HCT-116 (colon adenocarcinoma) using
MTT assay.** The prepared compounds were dissolved in
DMSO (dimethylsulfoxide) and diluted 1000-times during
the test. It is essential to enable cells to be attached to the
wall of the plate. Prior to the treatment with the tested
compounds, these cell lines were plated in 96-multi well
plate (10* cells/well) for 24 h. Each well was supplemented
with 100 ug/mL of the tested compounds. Under a 5% CO,
atmosphere, the monolayer cells were incubated with the
samples at 37 °C for 72 h. Then, 20 pL of MTT solution at
5 mg/mL has been added and incubated for 4 h after 24 h
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of drug treatment. The colorimetric assay is evaluated and
registered using a plate reader at 570 nm absorbance. De-
termination of ICs; (the half-maximal inhibitory concen-
tration) for three samples of the most potent inhibitions.
Calculation of IC5, values along with the respective 95%
confidence intervals by plotting the relationship between
the surviving fraction and the sample concentration to ob-
tain the cancer cell line survival curve.

3. Results and Discussion
3. 1. Chemistry

Our target was to convert the open-chain thiourea
substituent 1 into heterocycles to enhance their biological
activity. The building block thiourea derivative 1 was syn-
thesized through multicomponent synthetic route starting
by Gewald reaction of ethyl cyanoacetate with cyclohexa-
none in the presence of elemental sulfur and then subse-
quent treatment of 1 with allyl thiocyanate.*? Spectral and
analytical data of the synthesized thiourea intermediate
were compatible with reported results. Refluxing of 1 with
chloroacetic acid in the presence of potassium hydroxide
has unexpectedly afforded the corresponding thiazole de-
rivative 4 rather than the thiazolidinone derivative 24
while it was expected that the formation of 2 through the
reaction as the intermediate would be possible.

The mechanism suggested for the creation of 4 be-
gins with the electronegative sulfur attack on the active

methylene group which is an electron-deficient carbon,
followed by cyclization to form thiazolidinone intermedi-
ate 2. Keto-enol tautomerism leads to enol form and then
O-alkylation with another molecule of chloroacetic acid
takes place. The spectral data of 4 supported our explana-
tions (Scheme 1). IR spectrum of 4 revealed the disappear-
ance of NH absorption band. 'H NMR spectrum con-
firmed the structure while it showed the presence of a
singlet signal at 11.9 ppm due to -COOH group beside the
other signals of the compound. Also, its 1*C NMR spectral
data revealed the presence of 19 signals. Mass spectrum
showed molecular ion peak at m/z M* -CO, 381 (20%)
with a base peak at m/z 365 due to M* - CH,COOH frag-
ment. One-pot reaction of 1 by cyclocondensation with
chloroacetic acid and benzaldehyde in boiling acetic acid
and acetic anhydride in the presence of sodium acetate
produced the benzylidene-thiazolidinone 5 in good yield.
Spectral data have confirmed its structure. 'H NMR spec-
trum revealed the appearance of multiplet signals at 7.29-
7.51 ppm due to the phenyl ring protons.

Cyclocondesation of the thiourea derivative 1 with
diethyl malonate in the presence of sodium ethoxide in
ethanol formed the pyrimidinone derivative 6. Structure
of 6 was confirmed using IR, NMR and mass spectra. IR
spectrum showed significant stretching bands at 1639
cm™! due to the amidic carbonyls beside the lack of NH
absorption bands. Its 'H NMR spectrum accentuated the
presence of singlet signal at 3.88 ppm due to the methylene
protons in addition to the other expected signals.

!

Sa NH
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S \>‘N

S
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5 Ph
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0 1- morpholine, EtOH, 60°C
(§O + O7+ s S._-NH
2- A~ NCS gron | 85°C <:>\I o
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4 /@COOH
AcOH
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Scheme 1. Synthesis of thiazole derivatives 4 and 5 by reaction of thiourea derivative 1 with monochloroacetic acid under different conditions.
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The resulting pyrimidinone 6 underwent subsequent
condensation with corresponding aromatic aldehydes,
namely furfural and benzaldehyde and isatin in refluxing
ethanol in the presence of piperidine yielding the arylidene
derivatives 7a,b and 8, respectively. Mannich base 9 was
formed in good yield via Mannich reaction of 6 by amino
alkylation of its acidic protons which are placed between
the two carbonyl groups with para-anisidine and formal-
dehyde. Further treatment of 6 with aryl diazonium chlo-
ride obtained from the suitable aromatic amines (pa-
ra-toluidine and 4-aminobenzophenone) in pyridine
furnished the corresponding hydrazones 10a,b (Scheme
2). The spectral and analytical data for compounds 7a,b-
10a,b were matching with their expected structures. Their
IR and NMR spectra revealed the absence of methylene
bands and new bands appeared in accordance with the pro-
posed structures. As well, mass spectra of these synthe-
sized compounds showed molecular ion peaks compatible
with their molecular mass.

Ethyl  (Z)-2-((1-allyl-4,5-dioxo-4,5-dihydronaph-
tho[1,2-d]thiazol-2(1H)-ylidene)amino) -4,5,6,7-tetrahy-
drobenzo[b]thiophene-3-carboxylate (11) was synthe-
sized by the treatment of 1 with an equimolar amount of

L )

SYN o

S -NH  DEM, NaOEt s NT;
OI reflux N

COOEt COgEt

1 6

Scheme 2. Synthesis of various pyrimidine derivatives 6-10a,b.

SYN 0
p-anisidine S N
HCHO CSLI Wz
Ci

epoxynaphthoquinone derivative 11 in boiling acetoni-
trile. The mechanism of its formation is expected to be
similar to the one described in previous work.*! Conden-
sation of 1 with ninhydrin in acetic acid yielded the corre-
sponding imidazole derivative 13 (Scheme 3). Structures
of 12 and 13 were spectroscopically elucidated. IR spec-
trum of 12 showed stretching bands at 1689, 1680 and
1668 cm™! due to the carbonyl of ~-COOEt and 2C=0 of
1,2-quinone. Moreover, its 'H NMR spectrum revealed the
presence of aromatic protons at 7.8-8.5 ppm with the oth-
er expected signals.

Further reaction of thiourea intermediate 1 with
benzoyl hydrazide in sodium ethoxide in boiling ethanol
afforded the unexpected triazolopyrimidinone 14 in very
good yield. The general mechanism suggested that this re-
action proceeds via the formation of the thienopyrimidine
15 followed by condensation and cyclization after the re-
moval of H,S gas. Isolation of 14 was confirmed; its syn-
thesis utilizing an alternative route by cyclization of com-
pound 1 to give 15 in DMF and in the presence of KOH
with stirring 15 was synthesized previously*? with a differ-
ent method. All spectral and analytical data were compat-
ible with the reported results. Further reaction of 15 with

ArCHO
EIOH pip. é"\r a Ar— CHO
CHO
OOEl b: Ar= @
7a,b !

isatin

EtOH, pip.
COOEt o N

EtOH

N
Ar-NH;
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NH;
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Scheme 3. Synthesis of condensed thiazoles and thienopyrimidine derivatives by treatment of the thiourea dderivative 1 with epoxy naphthoqui-

none, ninhydrin and benzoyl hydrazine, respectively.

benzoyl hydrazide in boiling ethanol led to the formation
of 16 followed by intramolecular cyclization in sodium
ethoxide. Structural conformations of compounds 14 and
16 were obtained by their IR, mass and NMR spectra. IR
spectra of 14 and 16 lacked the stretching band of ester
group and presence of 2NH stretching bands at 3251, 3397
cm™! for compound 16 and disappearance of this band for
compound 14. While their 'H NMR spectra affirmed mul-
tiplet signals at 7.2-7.8 owing to aromatic protons and the
disappearance of ~-COOEt protons.

Finally, the starting compound 1 contains many ac-
tive sites that led to expect various products. Accordingly,
unexpected products were synthesized by treatment of 1
with hydrazine hydrate. However, it was observed that

15

NH,NH; H,0 \ EtOH

a 0
Oy* /\p

N
7\ N/)\I\!H

NH,NHz HoO

Y

EtOH or Fussion
S

17

when compound 1 was treated with hydrazine hydrate in
ethanol this resulted in the formation of the thienopyrim-
idine derivatives 17 and 18 which were separated easily
from ethanol (Scheme 4). Compound 17 was prepared
previously from the reaction of 15 with hydrazine hydrate
in EtOH. The spectral and analytical data of the synthe-
sized thienopyrimidine 17 were compatible with the re-
ported ones. Evidence of thienopyrimidine 18 was gained
from its spectral measurements. Its IR spectrum revealed
the presence of NH stretching band 3239 cm™! and de-
mised of the ester band. 'H NMR spectrum lacked the
signals of ~-COOEt and allyl protons, in addition, it
showed signals at 1.02, 4.17 and 4.37 ppm due to 3 CH,
protons.

N
N \

S
NH, NH,

18

Scheme 4. Treatment of 1 with hydrazine hydrate to afford thienopyrimidines 17 and 18.
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3. 2. Anticancer Activity

The newly synthesized compounds 1-18 were pre-
liminarily screened via in vitro anticancer screening in a
single high dose (100 pg/mL) concentration against col-
orectal carcinoma (HCT-116) human cancer cell lines. The
efficacy of anticancer activity in comparison to the stan-
dard drug 5-fluorouracil and the results of cytotoxic activ-
ity are in Table 1. As shown in the table, the majori-
ty of the synthesized compounds have low to good anti-
cancer activity versus HCT116 cell line. The obtained
results revealed that compounds 6, 9, 11, 12, and 15
showed the highest activity against the cell line; so these
compounds were chosen to test at inhibitory concentra-
tion 50% (ICsy). The structure-activity relationship ac-
cording to the results obtained, indicates that incorpora-
tion of pyrimidine moieties enhances the anticancer
activity of the tested compounds. Compound 6 showed
the most potent activity, indicating that the presence of the
pyrimidinone ring increases the anticancer activity in
comparison with pyrimidine moiety. While results for
compounds 9 and 10a indicate that the introduction of pa-
ra-tolyl substituent with the pyrimidine moiety will in-
crease their anticancer activity. The highest activity of
compounds 11 and 12 is expected to be due to the pres-
ence of 1,2-naphthoquinone moieties and two OH groups,
respectively. It is known that introducing amidic group

Table 1. Growth inhibition (%) of Single Dose Experiment on HCT-
116 (colon adenocarcinoma) cell line (100 ug/mL) of the synthe-
sized compounds after 72 h of incubation.

Compound. Surviving % Inhibition %
4 56.2948 43,7052
5 53.02419 46.97581
6 51.07527 48.92473
7a 43.21237 56.78763
7b 43.6828 56.3172
8 44.89247 55.10753
9 35.9543 64.0457
10a 57.7957 42.2043
10b 36.96237 63.03763
12 38.44086 61.55914
13 32.25806 67.74194
14 43.6828 56.3172
15 53.0914 46.9086
16 34.27419 65.72581
17 53.76344 46.23656
18 48.3871 51.6129

Table 2 ICsy (ug/mL) of the more potent tested compounds on
HCT-116 (colon adenocarcinoma) cell line.

Compound ICs
9 44 +1.39
13 9.5+ 2381
16 21+£3.03

with pyrimidine moiety enhances the anticancer activity
in which its structure is similar to the most important an-
ticancer drugs, such as Imatinib; based on that, com-
pounds 12 and 15 showed higher activity”

4. Conclusion

In conclusion, a new series of pyrimidines and thi-
azoles bearing thiophene ring systems were synthesized.
Their structures were characterized by spectral data (IR,
NMR and mass spectra). Our products were assessed for
their anticancer activity against colon HCT-116 human
cancer cell line. Among all the synthesized compounds,
compounds 6, 9, 10a, 12, 13, 16 displayed potent antican-
cer activity. The rest of compounds showed a moderate to
weak activity against the tested tumor cell lines.
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Povzetek

Spojino etil 2-(3-aliltioureido)-4,5,6,7-tetrahidrobenzo[b]tiofen-3-karboksilat (1) smo uporabili kot gradnik za sintezo
novih heterociklov. Vkljuditev pirimidinskih in tiazolnih fragmentov smo dosegli s pomo¢jo kondenzacije spojine 1
z razli¢nimi reagenti, kot so kloroocetna kislina, dietil malonat, ninhidrin, 2,3-epoksi-2,3-dihidro-1,4-naftokinon in
hidrazin hidrat. Strukture novih produktov smo potrdili s pomoc¢jo spektroskopskih meritev. Za pripravljene produkte
smo dolo¢ili aktivnost proti celi¢ni liniji HCT-116 ¢loveskega raka debelega ¢revesja. Spojine 6, 9, 10a, 11, 12, 15 so
izkazale mo¢no aktivnost.
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