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Abstract

New thiazolo[2,3-a] pyrimidinedione derivatives were synthesized by two different chemical methods.One method included
the addition of a mixture of glacial acetic acid ,acetic anhydride (2 : 1), chloroacetic acid and anhydrous sodium acetate to
mercapto-thieno[2,3-d]pyrimidinone derivatives 5a or 5b under reflux to give thieno[2,3-d]thiazolo[3,2-a]pyrimidinedione
derivatives 6a or 6b which react with selected aldehydes 7, 8, 9a-c,10,11 at a next step to give our targeted products. The
other method is the direct reaction of the solutions of 5a or 5b in the presence of the previous reagents except chloroacetic
acid under reflux with series of aldehydes yielding the new derivatives 7a, 7b, 8a, 8b, 9d, 9e, 9f, 9g, 9h, 9i, 10a, 10b,11a
and 11b. The chemical structure of these compounds was confirmed by various spectroscopic analysis. In vitro cytotoxic
activity was investigated for all compounds against HCT-116, HepG2, and MCF-7 cancer cell lines. Two compounds were
potent against all cell lines, 8a with IC50 4.7, 5.6, and 6.2 uM and 9h with 1C50 5.4, 7.8, and 5.6 against HCT-116, HepG2,
and MCF-7 respectively. Molecular docking against inosine monophosphate dehydrogenase 2 showed that compound 8a had

the top ranked free energy of binding AG -8.68 (kcal/mol) and RMSD 1.2 A,
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1. Introduction

The process of discovery and optimization of novel
bioactive anticancer agents is very important and has
a great attention in scientific research. Heterocyclic
compounds have different applications as therapeutic
agents [1]. Pyrimidine is a six membered ring with
two nitrogen atoms at 1 and 3 position and it is found
in naturally occurring substances such as nucleic
acids, vitamins, nucleotides, coenzymes, purines, uric
acid and pterins[ 2,3] . Moreover pyrimidine moiety
is an important moiety of many marketed drugs such
as zidovudine (1), stavudine (I1), 5-flurouracil (111),
methotrexate (1V), imatinib (V), dasatinib (VI),
pazopanib (VII), cytarabine (VIII), trimethoprime
(IX), sulfamethazine (X) [4] Figure 1.
Thienopyrimidine scaffold has various
pharmacological and biological activities [5-7], such
as anticancer agents [8-10], antioxidants [11].
Recently, some  thiazolo[3,2-a] pyrimidine

derivatives were reported to inhibit IMPDH with
cytotoxic activity [12]. Inosine monophosphate
dehydrogenase (IMPDH) plays an important part in a
metabolic step in the regulation of cell growth and
isolation. This step is NAD-subordinate oxidation of
inosine 5’ monophosphate (IMP) to xanthosine 5’
monophosphate, and viewed as the rate-restricting
move toward the amalgamation of the guanine
nucleotides. [13,14]. The human genome encodes
two IMPDH isoenzymes, IMPDH-I on chromosome
7 and IMPDH-II on chromosome 3. Recent studies
reported that IMPDH-II expression is elevated in
cancer cells. In addition,it has been perceived as a
significant objective in antitumor and immuno-
suppressive drug design. The inhibition of type Il
showed significant cytotoxic effect against different
cancer cell lines [15-20]. Nowadays, the antitumor
potential for the use of IMPDH inhibitors has a great
attention [21]. IMPDH2 has a role that is directed
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directly to cell differentiation and neoplastic
transformation in colorectal cancer [22], breast
cancer [23], and hepatic cancer cells [24]. Ability of
the tested compounds to bind and inhibit IMPDH2
will reduce the cancer cell differentiation with
antiproliferative  activity. The  discovery  of
Mycophenolic acid which is a potent inhibitor of
IMPDH (ECso = 0.24 pM, Ki = 11 nM) with
significant  immunosuppressive and  anticancer
activities [25, 26] provided evidence to support our
rationale for targeting IMPDH in the design of
isoform-special factors that can be supported by
identification of significant interaction needed for
targeting high binding affinity. Based on the above
and in continuation of our researches [27-49]. we
synthesized new compounds with thiazolo [2,3-
a]pyrimidine scaffold 7a, 7b, 8a, 8b, 9d, 9e, 9f, 9g,
9h, 9i, 10a, 10b,11a and 11b.

Characterization of the produced structures was
done with spectroscopic analysis, 'H-NMR,**C-
NMR, MS, elemental analysis. The molecular
docking was performed to interpret the biological

anticancer activity against HepG2, MCF-7 and HCT-
116 cancer cell lines for seventeen compounds.

2. Results and Discussion:

2.1. Chemistry:

New derivatives containing the thienopyrimidinone
moiety were synthesized and combined with other
heterocyclic, aromatic, and metal complex moieties.
Ethyl cyanoacetate (1) was allowed to react with
sulphur and cyclopentanone (3a) or cyclohexanone
(3b) in the presence of diethyl amine (2); the product
was either ethyl 2-amino-5,6-dihydro-4H-
cyclopent[b]-thiophene-3-carboxylate (4a) or ethyl-2-
amino-4,5,6,7-tetrahydrobenzo[b]-thiophene-3-
carboxylate (4b). When compounds (4a) or (4b) was
refluxed with potassium thiocyanate and conc. HCl in
dioxane, the compounds 2-mercapto-6,7-dihydro-
3H-cyclopenta- [4,5]thieno[2,3-d]pyrimidine-4(5H)-
one (5a) or 2-mercapto-5,6,7,8-tetrahydrobenzo-
[4,5]theino- [2,3-d]pyrimidine4(3H)-one (5b) was
yielded (Scheme 1).
Thieno[2,3-d]thiazolo[2,3-a]pyrimidine-3,5-dione
scaffold 7a, 7b,8a, 8b, 9d,9¢,9f, 9g, 9h, 9i, 10a,
10b,11a and 11b were synthesized using two
methods, the first one is the two steps reaction. The
first step included addition of glacial acetic acid,
chloroacetic acid, acetic anhydride and anhydrous
sodium acetate to mercapto-thieno[2,3-d]pyrimid-
inone derivatives 5a or 5b  to give thieno[2,3-d]-
thiazolo[3,2-a]pyrimidindione derivatives 6a or 6b,
then addition of proper aldehyde 7, 8, 9a-c,10,11
under reflux .The second method was proceeded in
one step when compounds 5a and 5b were added
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directly to the proper aldehydes 7, 8, 9a-c,10,11 in
the presence of glacial acetic acid, acetic anhydride
and anhydrous sodium acetate . (Scheme 2).
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Figure 1 Drugs containing pyrimidine and
pyrimidinone units and its usage.

Trimethoprime (IX)
Antibiotic used in
bladder infections.

0 0
COCH; Cobs OEt )
/ (=0 Sulphur (¢t | E:..Cﬂ?cl?m/ (CHp | N
tOHN + U —> _— 7
N 7 N, SN SH

- Cos EtOH

1 ) 3a,n=3 4a,1=3 50,153
3b,n=4 4b, n=4 5b,n=4

Scheme 1: Synthesis of mercapto-thienopyrimidine
derivatives

The resulted products 7a, 7b,8a, 8b, 9d,9¢,9f, 9g, 9h,
9i, 10a, 10b,11a and 11b were crystallized from the
proper solvent and then were examined by different
spectroscopic analysis like IR, *H-NMR, *C-NMR.
Two compounds 7a and 7b with 2-((4-(benzofuran-2-
yl)-1-phenyl-1H-pyrrol-3-yl)methylene)-(cyclo-alkyl)
[4,5]thieno[2,3-d]thiazolo[3,2-a]pyrimi-dine-3,5-

(2H,6H)-dione structure were confirmed by !H-
NMR; The cyclopentyl moiety of 7a was confirmed
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by 6 2.37 ppm (m, 2H, CHy) , 6 2.83 ppm (t,
2H,CHy), 6 2.93 ppm (t, 2H,CHy). The furan ring
showed a singlet peak for one proton at 8 6.9 ppm
and the '3C-NMR also confirmed that by the
appearance of a peak at 8 102.7 for C=C-O of furan.
Thiazole ring had a peak at 6 125.4 C=C-S, and
another peak for the carbon of carbonyl group of
thiazole ring at &6 172.0 -C=0. The N-C=N of
pyrimidine appeared at 8 158.3, the C=O group of
pyrimidine appeared at 168.6. IR showed the
presence of two C=0 groups of 7a and 8a at 1641cm’
11582 cmrlrespectively. The D,O exchangeable two
protons of the -NH; group of 9d and 9e appeared at &
6.27 ppm was confirmed by the IR peak at 3423 cm™.
A singlet peak for the three protons of -OCHs; group
of 9e appeared at 6 3.96 ppm.

While the methyl protons -CHs of 9f appeared as a
singlet peak at 6 2.34 ppm. The -CH proton at the
double bond that link between the naphthyl group
and thieno[2,3-d]thiazolo[3,2-a]pyrimidine-3,5-dione
of 8b appeared at 6 7,62 ppm as a singlet peak. The
IR spectrum showed two carbonyl groups of 8b at
1582 cm. While ¥3C-NMR spectrum confirmed the
cyclohexyl carbons of 8b at 6 24.5 (5C, CH,). Two
D,O exchangeable protons for -NH. group of 9g
appeared as a singlet peak at & 6.27 ppm. The
carbonyl groups of 9g were confirmed by IR, where
two peaks at 1652 and 1536 cm™ were shown. In
addition, 3C-NMR confirmed that a peak at § 168.6
for C=0, of pyrimidine, and another one at & 171.3
for N-C=0 of thiazole. IR showed two peaks for two
carbonyl groups of 10b at 1637, and 1531 cm. The
two methyl groups at the pyrazole ring were
confirmed by 'H-NMR, where appeared as two
singlets at 6 2.57 and 3.11 ppm.

2.2. In vitro antiproliferative activity

Lactate dehydrogenase (LDH) is an enzyme that
catalyses the reversible change of pyruvate to lactate
under anaerobic circumstances. There are five active
isoenzymes for LDH in human tissues, one of them
which is LDHA is expressed in cancer cells and is
used as a biomarker for different cancer types. It is a
predictive marker for assessing the response of
cancer cells to the therapeutic anticancer agents [50] .
IMPDH2 is highly expressed in colorectal cancer,
breast cancer, and hepatic cancer cells [22-24].
Ability of the tested compounds to bind and inhibit
IMPDH2 will reduce the cancer cell differentiation
and this response can be measured by the
antiproliferative activity. Seventeen derivatives were

examined in vitro for their cytotoxic action in
contrast to HCT-116, HepG2 and MCF-7 human
malignant growth cells utilizing the LDH assay. The
percentage of intact cells were determined and
contrasted with those of the standard. Activities of
these compounds against the three carcinoma cell
lines were contrasted with that of doxorubicin. All
derivatives inhibited three malignant growth cells
(HCT-116, HepG2 and MCF-7) in a dose-dependent
way (Fig. 2-4). In case of HCT-116 human colorectal
carcinoma cells, both (Figure 2 -Table 1)
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Scheme 2: Synthesis of 7a, 7b,8a, 8b, 9d,9¢,9f, 9g,
9h, 9i, 10a, 10b,11a and 11b
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Figure 2: Dose dependent antiproliferative data
against HCT-116 cancer cells
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most of the tested compounds showed potent
cytotoxic effect; 8a (1Cso = 4.7 uM), both compounds
11a and 11b showed the same activity (ICso = 5.1
pUM), 9d (ICs0 = 5.2 pM), 7a and 9g (ICso = 5.3 uM),
9h (ICs0= 5.4 uM), 8b and 9g (ICso = 5.7 uM) and 9f
(ICso = 5.8 uM) and these results confirmed that 8a
was the most potent when compared to doxorubicin
UszfiZHM)

On the other hand, results of HepG2 cell line (Figure
3-Table 1) showed that compound 11b (ICso = 5.6
UM), 8b(ICso = 5.7 uM), 9h (ICs0 = 7.8 uM) and 7b
(ICs0 = 6.1 uM) when compared to doxorubicin (ICso
= 5.7 uM). The results of MCF-7 human breast
cancer cells illustrated four compounds (9h, 9i, 99
and 8b, with ICsy = 5.6, 5.6, 5.9, and 6.2 pM
respectively) with promising cytotoxic activity
against MCF-7 (Figure 4 &Table 1).

From the above-mentioned results, one can deduce
that: two compounds (8a and 9h) have a selective
activity against all the three cancer types. Two
compounds (9g and 9i) are selectively active on both
colon and breast cancer types and not active on liver
cancer type. They can be considered as lead
compounds that may need further investigation and
optimization in the future.
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Figure 3: Dose dependent antiproliferative data
against HepG2 cancer cells
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Table 1: Cytotoxic results (ICso) of the seventeen
compounds against the three cancer cell lines.

Compound

4a
4b
5a
5b
7a
7b
8a
9d
of
10a
1lla
8b
99
9h
9i
10b
11b
Doxorubicin

HCT-116
113+21
58+05
9.9+09
52+03
53+03
112+21
47%03
52+05
58+04
116+21
51+04
57+04
57+04
54+03

53+03

10.2+1.9
51+05
52+0.3

ICs (UM) + SD
HepG-2
162+26
121+19
131+1.1
148+2.1
135+2.1
6.1+0.4
5.6+0.4
29.5+45
185+3.1
28.6+36
19.4£3.1
5704
23.7+39
78+06

132+19

125+21
253+45
5704

MCF-7
11.6+0.9
304+46
355+28
121+25
27.3+3.7
147+21
6.2+05
251+39
249+3.1
122+11
148+2.1
11.8+19
59+05
56+0.3

56+04

115+14
122+24
5204

B K, 7Y Theaz3

Figure 5: Docking interactions of compounds A) 8a
and B) 9h. Showing the beat pose for each compound

in the catalytic active site of IMPDH-II

Figure 6: The orientation of the (Z) conflguratlon of
compounds; A) 7a, B) 8a, C) 8b, D) 9i. It shows
how this resulted in the same interactions with
Arg322.
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Table 2: Docking results against inosine
monophosphate dehydrogenase 2, showing the free
energy of binding AG (Kcal/mol), Root of mean
square deviation RMSD (A), and the interacted
residues in the best pose.

Compound AG RMSD Interacted residues
(Kcal/mol) A)
4a -5.28 191 Ser329, and Ser388
4b -5.37 2.04 Ser329, and Ser388
5a -5.42 2.78 Ser329, and Ser388
5b -5.32 1.86 GIn334
7a -8.42 2.15 Arg322
7b -7.57 2.22 Arg322
8a -8.68 121 Arg322, Ser329, and
Gly365
9d -8.47 1.34 Asp364, and Ser276
of -6.72 131 Arg322
10a -6.89 2.02 Arg322, and Asp274
1la -8.01 2.97 Asp274, and Cys331
8b -8.38 0.93 Arg322
99 -8.30 1.10 Asp274
9h -8.60 1.55 Arg322, Ser329, and
Ser376
9i -8.56 1.28 Arg322
10b -7.94 1.36 Arg322, Gly326, and
Ser276
11b -8.03 1.29 Arg322

3. Experimental

3. 1. Chemistry

All melting points were measured on a Gallen Kamp
melting point apparatus and are uncorrected .'H-
NMR (500 MHz) and *C-NMR (100 MHz) spectra
were recorded on a Varian spectrometer using
DMSO-ds as solvent and TMS as an internal
standard. Chemical shifts are reported in ppm.
Coupling constants (J) are expressed in Hz. Mass
spectra were recorded on a Varian MAT 112
spectrometer at 70 eV. Elemental analyses were
performed at the Micro Analytical Centre, Cairo
University, Egypt. Progress of the reactions was
monitored by thin-layer chromatography (TLC) using
aluminum sheets coated with silica gel F254 (Merck),
viewing under a short-wavelength UV lamp effected
detection. All evaporations were carried out under
reduced pressure at 40°C.

The compounds 4a,4b,5a,5b,6a,6b were prepared as
reported.[51-54]
Ethyl-2-amino-5,6-dihydro-4H-cyclopenta[b]
thiophene-3-carboxylate (4a); M.P.= 111-112°C.
Ethyl-2-amino-4,5,6,7-tetrahydrobenzo
[b]thiophene-3-carboxylate(4b); M.P.= 92°C .
Mercapto-6,7-dihydro-3H-cyclopenta[4,5]thieno
[2,3-d]pyrimidin-4(5H)-one (5a); M.P=.340-342°C .
2-Mercapto-5,6,7,8-tetrahydrobenzo-
[4,5]theino[2,3-d]pyrimidine4(3H)-one (5b);

M.p =>300 °C.
7,8-Dihydrocyclopenta[4,5]thieno[2,3-
d]thiazolo[3,2-a]pyrimidine-3,5(2H,6H)-dione
(6a); M.P.= >300 °C.
6,7,8,9-Tetrahydro-2H-benzo[4,5]thieno[2,3-
d]thiazolo[3,2-a]pyrimidine-3,5-dione(6b); M.P
=.>300°C.

Synthesis of Thienopyrimidinone Derivatives 7a,
7b,8a, 8b, 9d,9e,9f, 9g, 9h, 9i, 10a, 10b,11a and
11b:

Method 1:

A solution of compound 5a or 5b (10 mmole) was
added to the proper aldehydes (10 mmole) and heated
in 50 ml glacial acetic under reflux for 8 h in the
presence of chloroacetic acid (1.04 g, 10mmole) , 25
ml acetic anhydride , and anhydrous sodium acetate
(4.1 g). The reaction was monitored by using TLC
technique and the reaction was stopped after
completed. The reaction mixture was poured onto
ice-water, the precipitate was collected and
recrystallized from the proper solvent.

Method 2 :
A mixture of acetic anhydride, glacial acetic acid,

chloroacetic acid, anhydrous sodium acetate was
added to (10 mmole) of 5a or 5b then refluxed for 4
h., poured into cooled water and the collected
precipitate was crystallized from ethanol to give
brown precipitate with 70% yield of compound 6a or
6b. Aldehydes (10 mmole) were added to a solution
of 6aor 6b in 25 ml acetic anhydride, 50 ml glacial
acetic acid, and anhydrous sodium acetate (4.1 g)
refluxed for 3 h., poured into water, filtered off and
crystallized from proper solvent to give the same
products 7a, 7b,8a, 8b, 9d,9¢,9f, 9g, 9h, 9i, 10a,
10b,11a and 11b.as two steps reaction.

2-((4-(Benzofuran-2-yl)-1-phenyl-1H-pyrrol-3-
yl)methylene)-7,8-dihydrocyclopenta-[4,5]thieno
[2,3-d]thiazolo[3,2-a]pyrimidine-3,5(2H,6H)-dione
(7a).

Brown Crystals (ethanol), m. p. 205°C, yield: 60%,
IR (KBr)vmax /cm? 2856 (CH); 1662, 1641 (2CO)
;IH-NMR (DMSO-ds, 500 MHZ , & ppm). 2.37 (m,
2H, CH2, cyclo-pentane) , 2.83(t, 2H,CH;, cyclo-
pentane), 2.93(t, 2H,CH, cyclo-pentane), 6.9 (s, 1H,
Furan ring), 7.51(s, 1H, -CH-N-), 7.66(s,1H, -CH-N-
), 7.91(s, 1H, -C=CH), 7.5-8.09( m, 9H, aromatic).
13C-NMR ( DMSO-ds, 100 MHz, § ppm): 24.9, 25.6,
31.9 (3C,CHy, cyclpentan), 102.7 (C=C-O furan),
110.3(C=C-N, pyrrole)112.7(-C=C-N-, pyrrole)117.6
(-C=C=0-,pyrimidine), 121.3(1C,phenyl), 122.0 (S-
C=CH),123.3,124.7 (2C,phenyl), 125.4 (C=C-
S,thiazole),125.4, 125.5, 129.3(3C, phenyl), 135.5 (-
C=C-N-,pyrrole),139.4(C=C-S), 140.4 (1C, phenyl),
143.3(-S-C=C-)155.5 (S-C-N),155.5(-0-C=C),158.3
(N-C=N, pyrimidine), 168.6 ( C=0, pyrimidine ),
172.0 (-C=0, thiazole ). MS ( m/z, 533%) (M"*, 70%).
Anal. Calcd. (%), C3oH19N303S; (533.62) : C, 67.52;
H, 3.59; N, 7.87; S, 12.02. Found (%) ; C,67.49;
H,3.57; N,7.67; S, 12.03.
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2-(Naphthalen-2-ylmethylene)-7,8-dihydrocyclo-
penta[4,5]thieno[2,3-d]thiazolo[3,2-a]pyr-imidine-
3,5(2H,6H)-dione (8a).

Brown crystals (ethanol), M. P. 316 °C , yield: 54 %,
IR (KBr)vmax /cmt 1690; 1582 (2CO).'H-NMR (
DMSO-ds) , 500 MHz , 8 ppm : 2.39( m, 2H, CH; );
2.85 (t, 2H, CHy); 2.98 (t, 2H, CHy); 7.8 (s, 1H, -
CH=); 7.75-8 (m, 7H, naphthalene.);. *C-NMR (
DMSO-ds, 100 MHz, & ppm): 23.0, 23.4 and 24.5
(3C,CHy, cyclopent.), 116.0(S-C=CH), 117.6(=C-
C=0, pyrimidine), 125.4 (C=C-S) ,125.7, 126.0,
126.4, 127.7, 127.8,128.1,128.2, 133.2, 133.5,133.6.
(10C, naphthalene), 143.3 (CH=C-S), 155.5 (S-C-N,
pyrimidine), 158.3(N=C-N, pyrimidine), 168.6, O=C-
N, pyrimidine), 172.0(N-C=0, thiazole). MS ( m/z,
402%) (M*, 56%). Anal. Calced. (%) for
C22H14N20,S; (402.49): C, 65.65; H, 3.51; N, 6.96;
S, 15.93. Found (%):C, 65.62 ; H,3.49 ; N,6.97;
S,15.90.
2-(4-Amino-3,5-dimethylbenzylidene)-6,7,8,9-
tetrahydro-2H-benzo[4,5]thieno[2,3-d]thiaz-
olo[3,2-a]pyrimidine-3,5-dione (9d).

Brown crystals (ethanol). M. P. 296 °C, yield: 52 %,
IR (KBr)vmax /cm? 3423 (NH,), 1647,1592 (2 CO).
'H-NMR (DMSO0-dg,500 MHz,8 ppm). 2.39 (s,
2CH3,3H), 2.49 (m,2H, CHy) 2.77(t, 2H, CHy),2.9(t,
2H, CHy), 6.27 (s, 2H, NH_, DO exchangeable), 6.69
(t, 1H, aromatic), 6,84 (t,1H,aromatic) 7.51 (s, 1H, -
CH=).13C-NMR (DMSO-ds, 100 MHz, & ppm) : 23.0,
25.4 and 245 (3C,CH cyclohx.), 117.6 (C=C,
pyrimidine), 125.4 (C= C, hex.), 126.0 (C=C-S,
thiazole), 139.4 (C=C, hex.), 1555 (C=C,
pyrimidine), 158.3 (N-C=N), 168.6 (C=0, pyrim-
idine), 171.3 (N-C=0, thiazole ). MS (m/z, 395%)
(M*, 69%). Anal. Calcd. (%): for CaHi17N302S;
(395.50):Cal; C, 60.74; H, 4.33; N, 10.62; S, 16.22.
Found (%); C, 60.71 ; H, 4.30; N, 10.65; S, 16.11.
2-(4-Amino-3-methoxy-2-nitrobenzylidene)-
6,7,8,9-tetrahydro-2H-benzo[4,5]thieno[2,3-
d]thiazolo[3,2-a]pyrimidine-3,5-dione (9e).

Pale brown crystals (ethanol). M. P. 230°C, yield: 67
%; IR (KBr)vmax /cmt 3480, 3424, (NH,); 1662; 1526
(2 CO) ;H-NMR (DMSO-ds, 500 MHz ,  ppm); 2.5
( m,2H, CHy); 2.86 (t, 2H, CHy); 2.92 (t, 2H, CH,);
396 (s, 3H, OCHs); 6.27(s,2H,NH2,D.0
exchangeable) 7.25 (s, 1H, -CH=); 7.52 (d,
1H,aromatic, J = 15Hz); 7.55 (d,1H,aromatic,
J=15),8.36(s,1H,-CH=). *C- NMR (DMSO-dg, 100
MHz, & ppm): 23.0, 23.4 and 24.5 (3C,CH
cyclopentan), 54.8 (CH3), 116.0 (-S-C=CH), 117.6 (-
C=0-N,pyrimidine), 118.3, 120.4, 123.3 (4C,
benzene ring), 125.4 (-C=C-S, thiazole), 135.4 (-C-
NO2, benzene ring), 136.4 (-C-NH,, benzene
ring),139.4(-C=C-,thiazole), 143.3 (-C=CH-phenyl),
143.6 (=C-C-OCHas), 155.5 (S-C-N, pyrimidine),
158.3 (N=C-N, pyrimidine), 168.6 (O=C-N,
pyrimidine), 172.0 (-N-C=0, thiazole). MS (m/z,
442%) (M*, 60%). Anal. Calcd. (%) for
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C19H1aN4OsS; (442.47): Cal; C, 51.58; H, 3.19; N,
12.66; O, 18.08; S, 14.49 Found (%): C, 51.60; H,
3.17; N, 12.64, S, 14.48 .
2-(4-Methylbenzylidene)-7,8-dihydrocyclopenta
[4,5]thieno[2,3-d]thiazolo[3,2-a]pyrimi-dine-
3,5(2H,6H)-dione (9f) .

Pale brown crystals (ethanol). M. P. 172°C, yield: 67
%, IR (KBr)vmax /cm?; 1651; 1539 (2 CO) ;'H-NMR
(DMSO, 500 MHz , 8 ppm) ; 2.39 (m,2 H, CHy); 2.34
(s, 3H, CHa); 2.85 ('t, 2H, CHy); 2.98 (t, 2H, CHy);
7.18-7.59 (m, 4H, aromatic).’*C-NMR (DMSO-ds,
100 MHz, & ppm) : 24.9, 25.8 and 31.9 (3C,CH;,
cycolpent.),117.6 ( C=C, pyrimidine), 125.4 (C= C,
pent.), 126.0 (C=C-S, thiazole),139.4 (C=C,
pyrimidine), 155.5 (C= C, pent.), 158.3 ( N-C=N),
168.6 (C=0, pyrimidine), 171.3 (N-C=0, thiazole).
MS (m/z, 366.46%) (M*, 77%). Anal. Calcd. (%) for
C19H1aN202S; (366.46): Cal; C, 62.27; H, 3.85; N,
7.64; S, 17.50 Found (%): C, 62.25; H, 3.82; N, 7.65,
S,17.48.
2-((1,5-Dimethyl-3-ox0-2-phenyl-2,3-dihydro-1H-
pyrazol-4-yl)methylene)-7,8-dihydro-cyclopenta
[4,5]thieno[2,3-d]thiazolo[3,2-a]pyrimidine-3,5-
(2H,6H)-dione (10a).

Brown crystals (ethanol). M. P.283°C , yield: 59%,IR
(KBFvmax fcmt 1649, 1550,1541 (3CO); H-NMR
(DMSO-ds, 500 MHz , & ppm): 2.39 (m, 2 H, CHy);
2.57 (s, 3H, CHz3); 2.85 (t, 2H, CHy); 3.98 (t, 2H,
CHy); 3.11 (s, 3H, CHz3); 6.66 (s, 1H, -CH=); 6.9-
7.37 (m, 5H, aromatic).*C-NMR (DMSO-ds, 100
MHz, & ppm) : 23.0, 23.4 and 24.5 (3C,CH,,
cyclohexan), 117.6 (C=C, pyrimidine), 125.4 (C= C,
hex.), 126.0 (C=C-S, thiazole),139.4 (C=C, hex.) ,
1555 (C= C, pyrimidine), 158.3 ( N=C-N,
pyrimidine),163.4 (C=0O,pyrazole) 168.6 (C=0,
pyrimidine), 171.3 (N-C=0, thiazole) MS (m/z,
462.54%) (M*, 80%). Anal. Calcd. (%) for
Ca3H1sN4O3S; (462.54) : C, 59.72; H, 3.92; N, 12.11;
S, 13.86 Found (%): C, 59.52 ; H, 3.89; N, 12.00;
S,13.84.
Cyclopenta-1,3-dien-1-yl(2-((3,5-dioxo-7,8-
dihydrocyclopenta[4,5]thieno[2,3-d]thiazolo-[3,2-
a]pyrimidin-2(3H,5H,6H)-
ylidene)methyl)cyclopenta-1,3-dien-1-yl)iron (11a)

Brown crystals (ethanol). M. P. 283°C , yield: 59%,
IR (KBr)vmx /cm; 1649, 1541 (2CO);'H-NMR
(DMSO-ds, 500 MHz, 6 ppm) : 2.9 (d, 2 H, CHy);
2.39 (t, 2H, CHy); 2.85 (t, 2H, CHy); 2.98 (t, 2H,
CHy); 6.4 (m, 1H,CH); 2.9-6.5 (m, 9H, ferrocenyl);
6.67 (s, 1H, -CH=).2*C-NMR (DMSO-ds, 100 MHz,
& ppm):23.0, 23.4 and 24.5 (3C,CHy, cyclopent.),
117.6 (C=C, pyrimidine), 125.4 (C= C, hex.), 126.0
(C=C-S, thiazole),139.4 (C=C, hex.) 155.5 (C= C,
pyrimidine), 158.3 (N=C-N, pyrimidine), 168.6
(C=0, pyrimidine), 171.3 (N-C=0, thiazole) MS
(m/z, 460.35%) (M*, 65%). Anal. Calcd. (%) for
C22H16FEN202S, (460.35): C, 57.40; H, 3.50; Fe,
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12.13; N, 6.09; S, 13.93. Found (%): C, 57.41; H,
3.48; Fe, 12.10; N,6.05; S,13.91.
2-((4-(Benzofuran-2-yl)-1-phenyl-1H-pyrrol-3-
yl)methylene)-6,7,8,9-tetrahydro-2H-
benzo[4,5]thieno[2,3-d]thiazolo[3,2-a]pyrimidine-
3,5-dione (7b) .

Brown crystals (ethanol). M. P.283 °C, yield: 59%,
IR (KBr)vma fcm? 1649, 1541 (2 CO); H-NMR
(DMSO, 500 MHz , & ppm): 2.39 (m, 2 H, CH); 2.85
(t, 2H, CHz ); 2.98 (t, 2H, CHy); 7.14 (t, 1H, CH);
7.32-7-89(m, 9H, aromatic); 7.09 (s,1H,-CH=, furan
ring); 7.8 (s,1H,-CH=).3C-NMR ( DMSO-ds, 100
MHz, & ppm): 249, 25.6, 319 (4C,CH;,
cyclohexane), 102.7 (C=C-O furan), 110.3(C=C-N,
pyrrole), 112.7(-C=C-N-, pyrrole)117.6 (-C=C=0-,
pyrimidine), 121.3(1C,phenyl),122.0(S-C=CH)
123.3,124.7(2C,phenyl),125.4(C=C-S, thiazole)
,125.4, 1255, 129.3(3C, phenyl), 135.5 (-C=C-N-
,pyrrole), 139.4 (C=C-S), 140.4 (1C, phenyl), 143.3(-
S-C=C-), 155.5 (S-C-N),155.5(-0-C=C) , 158.3 (N-
C=N, pyrimidine), 168.6 ( C=0, pyrimidine ), 172.0
(-C=0, thiazole) MS ( m/z, 547.65%) (M*, 59%)
Anal. Calcd. (%) for C31H21N305S; (547.65): C,
67.99; H, 3.87; N, 7.67; S, 11.71 Found (%): C, 67.95
; H, 3.85; N, 7.68; S,11.69.

2-(Naphthalen-2-ylmethylene)-6,7,8,9-tetrahydro-
2H-benzo[4,5]thieno[2,3-d]thiazolo[3,2-
a]pyrimidine-3,5-dione (8b).

Pale yellow crystals (ethanol). M.P. 309 °C , yield: 49
%, IR (KBI)vmax /cmt 2854 (CH); 1690, 1582 (2CO).
IH-NMR (DMSO-ds, 500 MHz, & ppm):1.79 (m, 2H,
CHy); 1.8 (m, 2H, CHy); 2.34 (t, 2H, CH2); 2.83 (t,
2H, CHy); 7,62 (s, 1H, -CH=), 7.48-8.00(m, 7H,
aromatic). **C-NMR ( DMSO-dg, 100 MHz, § ppm) :
23.0, 23.4 and 24.5 (4C, CHy, cyclohex.), 116.0(S-
C=CH), 117.6(=C-C=0,pyrimidine), 125.4(C=C-S),
125.7, 126.0, 126.4, 127.7, 127.8, 128.1, 128.2,
133.2, 133.5, 133.6. (10C, aromatic naphthalene),
143.3 (CH=C-S), 155.5 (C= C, pyrimidine), 158.3
(N-C=N), 168.6 (C=0, pyrimidine), 172.3 (N-C=0,
thiazole). MS (m/z, 416%) (M*, 55%). Anal. Calcd.
(0/0) for Ca3H1sN20,S; (416.52) : C, 66.32; H, 3.87;
N, 6.73; S, 15.40. Found (%): C,66.31; H,3. 86; N,
6.71; S, 15.39.

2-(4-Amino-3,5-dimethylbenzylidene)-6,7,8,9-
tetrahydro-2H-benzo[4,5]thieno[2,3-d]thia-
zolo[3,2-a]pyrimidine-3,5-dione (99).

Brown crystals (ethanol).M. P. 221 °C , yield: 65
%,IR (KBr)vmax fcm™* 3801, 3778(NH;), 1652, 1536
(2 CO);'H-NMR (DMSO-ds, 500 MHz, § ppm):1.76
(m, 2H, CHy); 1.78 (m, 2H, CHy); 2,5(s,3H, 2CH3);
2.69 (t, 2H, CHy); 2.82 (t, 2H, CHy); 6.27 (s, 2H,
NHz, DO excha-ngeable );6.65(2s,1H, aromatic);
7.72 (s,1H, -CH=). **C-NMR (DMSO-ds, 100 MHz,
d ppm) : 23.0, 25.4 and 24.5 (4C,CHy, cyclohex.),
117.6 (C=C, pyrimidine), 125.4 (C= C, hex.), 126.0
(C=C-S, thiazole),139.4 (C=C, hex.), 155.5 (C= C,

pyrimidine), 158.3 ( N-C=N), 168.6 ( C=0,
pyrimidine ), 171.3 (N-C=0, thiazole). MS (m/z,
409.5%) (M*, 71%). Anal. Calcd. (%) for
C21H1sN302S; (409.52): C, 61.59; H, 4.68; N, 10.26;
O, 7.81; S, 15.66. Found (%): C,61.60; H, 4.69; N,
12.24; S, 7.80.
2-(4-Amino-3-methoxy-2-nitrobenzylidene)-
6,7,8,9-tetrahydro-2H-benzo[4,5]thieno[2,3-
d]thiazolo[3,2-a]pyrimidine-3,5-dione (9h) .

Gray crystals (ethanol). M. P. 199 °C, yield: 55%, IR
(KBr)vmax /cm 3495, 3450 (NH,), 1643,1543 (2
CO).HNMR (DMSO-ds, 500 MHz, 3 ppm) :1.75 (m,
2H, CH2); 2.39 (m, 2H, CH2); 2.64 ( t, 2H, CHy); 2.5
(t, 2H, CHy); 3.37 (s, 3H, OCHs) ;7.32 (d,
1H,aromatic, J = 15); 7.94 (d,1H, aromatic, J= 15);
8.12 (s, 1H, -CH=). MS (m/z, 456%) (M*, 73%).
Anal. Calcd. (%) for CaoH1sN4OsS; (456.06) : C,
52.62; H, 3.53; N, 12.27; S, 14.05. Found: (%)
C,52.60; H, 3.53; N, 12.26; S, 14.01.
2-(4-Methylbenzylidene)-6,7,8,9-tetrahydro-2H-
benzo[4,5]thieno[2,3-d]thiazolo[3,2-a]pyr-
imidine-3,5-dione (9i).

Gray crystals (ethanol). M. P. 206 °C, yield: 70 %, IR
(KBr)vmax fcm 1669, 15235 (2 CO); H-NMR
(DMSO-ds, 500 MHz , & ppm): 1.66 (m, 2H, CHy);
1.71 (m, 2H, CHy); 2.5 (s, 3H, CH3); 2.60 (t,2H,CHy);
2.74 (t, 2H, CHy); 7.43 (d, 1H, aromatic, J=5); 7.77
(d, 1H, aromatic, J = 6 Hz); 7.9 (s,1H, aromatic); 7.9
(s,1H,-CH=).13C-NMR (DMSO-ds, 100 MHz, 3 ppm)
: 23.0, 234 and 245 (4C,CHy, cyclohex.) , 117.6
(C=C, pyrimidine), 125.4 C= C, hex.), 126.0 (C=C-
S, thiazole),139.4 (C=C, hex.), 1555 (C= C,
pyrimidine), 158.3 (N=C-N, pyrimidine), 168.6
(C=0, pyrimidine), 171.3 (N-C=0, thiazole ). MS
(m/z, 380.48%) (M*, 75%) Anal. Calcd. (%) for
C20H16N202S; (380.48): C, 63.13; H, 4.24; N, 7.36;
S, 16.85. Found (%): C, 63.00; H, 4.36; N, 7,34, S,
16.84.

2-((1,5-Dimethyl-3-o0x0-2-phenyl-2,3-dihydro-1H-
pyrazol-4-yl)methylene)-6,7,8,9-tetra-hydro-2H-
benzo[4,5]thieno[2,3-d]thiazolo[3,2-a]pyrimidine-
3,5-dione (10b).

Gray crystals (ethanol). M. P. 206 °C , yield: 70 %,IR
(KBr)vmax fcm™ 1637, 1550, 1531, (3 CO); H-NMR
(DMSO-ds, 500 MHz , & ppm):1.79 (m, 2H, CHy);
2.57 (s, 3H, CHs); 2.64 (t, 2H, CH> ); 2,73 (t, 2H,
CHz); 311 (s, 3H,CHgz); 6.9-7.37 (m, 5H,
aromatic).3C-NMR ( DMSO-ds, 100 MHz, & ppm):
23.0, 23.4 and 24.5 (4C,CHa, cyclohex.), 117.6 (C=C,
pyrimidine), 1254 (C=C, hex.), 126.0 (C=C-S,
thiazole), 139.4 (C=C, hex.), 1555 (C=C,
pyrimidine), 158.3 (N=C-N, pyrimidine),163.4 (C=0,
pyrazole) 168.6 (C=0, pyrimidine), 171.3 (N-C=0,
thiazole). MS (m/z, 476.57) (M*, 80%) Anal. Calcd.
(%) for C24H20N40sS;, (476.57): C, 60.49; H, 4.23; N,
11.76; S, 13.46. Found (%):C, 60.47; H, 4.21; N,
11,75, S, 13.44.
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Cyclopenta-1,3-dien-1-yl(2-((3,5-diox0-3,5,6,7,8,9-
hexahydro-2H-benzo[4,5]thieno[2,3-d]thiazolo
[3,2-a]pyrimidin-2-ylidene)methyl)cyclopenta-1,3-
dien-1-yl)iron (11b).

Gray crystals (ethanol). M. P. 206 °C , yield: 70 %,IR
(KBr)vmax fcm?; 1637, 1531, (2CO); H-NMR
(DMSO-dg, 500 MHz , & ppm) :1.79 (m, 2H, CHy);
2.64 (t, 2H, CHy); 2.73 (t, 2H, CHy); 2.9-6.5 (m, 9H,
ferrocenyl ); 7.28 (s, 1H, -CH=); *C-NMR (DMSO-
de,100 MHz, 8 ppm): 23.0, 23.4 and 24.5 (4C,CH,,
cyclohex.), 117.6 (C=C, pyrimidine), 125.4 (C= C,
hex.), 126.0 (C=C-S, thiazole),139.4 (C=C, hex.)
1555 (C= C, pyrimidine), 158.3 ( N=C-N,
pyrimidine), 168.6 (C=0O, pyrimidine), 171.3 (N-
C=0, thiazole). MS (m/z, 474.38) (M*, 82%). Anal.
Calcd. (%) for CasHigFeN,0,S, (474.38): C, 58.23;
H, 3.82; Fe, 11.77; N, 5.91; S, 13.52. Found (%): C,
58.20; H, 3.80; N, 5,89, S, 13.50.

3.2. Biological Activity:

3.2.1. Materials and Methods

Roswell Park Memorial Institute (RPMI) 1640
medium was purchased from Sigma Chem. Co. (St.
Louis, MO, USA). Fetal bovine serum (FBS) and
fetal calf serum (FCS) were purchased from Gibco,
UK. Dimethyl sulfoxide (DMSO) and methanol were
of HPLC grade, and all other reagents and chemicals
were of analytical reagent grade.

3.2.2. In vitro anticancer activity:

3.2.2.1. Cell culture

HepG-2 (Human liver carcinoma), HCT116 (human
colorectal carcinoma), and MCF-7 (human breast
adenocarcinoma) were purchased from the American
Type Culture Collection (Rockville, MD, USA) and
maintained in RPMI-1640 medium which was
supplemented with 10% heat-inactivated FBS,
100U/ml penicillin and 100U/ml streptomycin. The
cells were grown at 37°C in a humidified atmosphere
of 5% CO.. All experiments were conducted thrice in
triplicate (n = 3). All the values were represented as
means * SD.

3.2.2.2. Lactate dehydrogenase (LDH) assay

To determine the effect of each synthesized
compound on membrane permeability in HepG2,
MCF-7 and HCT-116 cancer cell lines, a lactate
dehydrogenase (LDH) release assay was used [55-
59]. The cells were seeded in 24-well culture plates at
a density of 2 x 10° cells/well in 500 uL volume and
allowed to grow for 18h before treatment. After
treatment with a series of different concentrations of
each compound or Doxorubicin® (positive control),
the plates were incubated for 48h. Then, the
supernatant (40 uL) was transferred to a new 96 well
to determine LDH release and 6% triton X-100 (40
puL) was added to the original plate for determination
of total LDH. An aliquot of 0.1 M potassium
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phosphate buffer (100 pL, pH 7.5) containing 4.6
mM pyruvic acid was mixed to the supernatant using
repeated pipetting. Then, 0.1 M potassium phosphate
buffer (100 pL, pH 7.5) containing 0.4 mg/mL
reduced B-NADH was added to the wells. The kinetic
changes were read for 1 min using ELISA microplate
reader in absorbance at wavelength 340 nm. This
procedure was repeated with 40 pL of the total cell
lysate to determine total LDH. The percentage of
LDH release was determined by dividing the LDH
released into the media by the total LDH following
cell lysis in the same well.

3.2.3. Statistical Analysis

All experiments were conducted in triplicate (n = 3).
All the values were represented as mean = SD.
Significant differences between the means of
parameters as well as ICs,s were determined by
probit analysis using SPSS software program (SPSS
Inc., Chicago, IL).

3.3. Molecular Docking

The crystal structure of human Crystal structure of
human  type I inosine monophosphate
dehydrogenase[13] was downloaded from protein
data bank with (pdb 1B30). It was resolved by X-ray
crystallography method with resolution of 2.9 A and
R-value free of 0.277. All coordinates were derived
from protein data bank and all interactions were
visualized between the conserved residues and the
complexed ligand. The MOE docking protocol was
applied, in which the triangle method was used as a
placement method with timeout of 300 s, and number
of return poses as 1000. London dG and affinity dG
were used as rescoring methods. RMSD was
computed for each docked pose in A. Force field was
selected as a refinement method by applying
MMFF94x

4. Conclusion

In this work, some derivatives with thiazolo[2,3-a]
pyrimidinedione were synthesized by two different
synthetic methods and characterized by spectroscopic
analysis. The cytotoxic activity of the compounds
were evaluated against three cancer cell lines;
HepG2, MCF-7 and HCT-116.

The most active compound (8a) with the best
anticancer activity against HCT-116, HepG-2 and
MCF-7 cell lines showed ICsg values of 4.7 + 0.3, 5.6
+ 0.4 and 6.2 + 0.5 uM respectively, when compared
to the values of the standard Doxorubicine with 1Csg
values 52 £ 0.3, 57 £ 04 and 52 £+ 0.4 uM.
Molecular docking of compound (8a) showed AG -
8.68 (Kcal/mol) with interactions with the important
residues in the active site; Arg322, Ser329 and
Gly365. The discovery of this compound with 2-
(naphthalen-2-ylmethylene)-7,8-dihydrocyclopenta-
[4,5]thieno[2,3-d]thiazolo[3,2-a]pyrimidine-3,5-
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(2H,6H)-dione  scaffold may need
investigation and future optimization.
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