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Abstract. An efficient feasible route for the one-pot synthesis of novel series of urea derivatives (2a-2j)
from 2-amino-3-carbomethoxythiophene (1) via in situ isocyanate has been developed, and their corre-
sponding anticancer activities were accomplished. The series of urea derivatives were characterized by using
'H, "°C nuclear magnetic resonance and mass spectroscopic analysis. The cytotoxic activities were evaluated
against human cervical (HeLa) and human lung (NCI-H23) cancer cell lines. These studies revealed satis-
factory activity for some of the compounds, which could potentially serve as lead compounds for drug
discovery and development. Furthermore, molecular docking studies supported in identifying the potential
binding sites between the urea derivatives and eukaryotic ribonucleotidereductase (RR). High ambiguity
driven docking (HADDOCK) modelling was specifically employed to determine the model complex of RR
and urea derivatives. The proposed model has provided a deep insight into the molecular level interactions of
RR-urea model complexes in understanding the exact pharmacophore for designing highly potent RR inhi-
bitors. Overall, the present work has shed light in developing a feasible and robust approach for the synthesis
of novel urea derivatives of 2-amino-3-carbomethoxythiophene and identified a part of molecular structure
that is responsible for a specific biological interaction leading to potential anticancer activities.
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Docking study.

1. Introduction

According to the World Health Organization (WHO),
cancer is the second leading cause of death globally
and is responsible for an estimated 9.6 million deaths
in 2018 (https://www.who.int/news-room/fact-sheets/
detail/cancer). Therefore, there is a great demand to
develop novel anticancer agents with higher efficacy
and low toxicity.

Ribonucleotide reductase (RR) is an enzyme that
catalyzes the formation of deoxyribonucleotides from
ribonucleotides by de novo biosynthesis of DNA
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precursors in nature and maintains the tight control of
dNTP pool that is essential for cellular homeostasis.
The active form of human Ribonucleotide Reductase
(hRR) consists of two protein subunits such as hRR1
and the smaller subunit hRR2. These protein subunits
also exist in multimeric forms, such as o,f, and
(00),,(B2)» (Where n =4 or 6 and m = 1, 2, or 3). The
hRR1 contains allosteric sites like specificity site (S-
site) and the activity site (A-site) and one catalytic site
(C-cite). The subunit hRR2 is associated with the
diferric-oxygen centre, which generates stable tyrosyl
free radical for catalysis.'" RR is an attractive
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therapeutic target of cancer, and over the past years,
many chemotherapeutic drugs inhibiting different
subunits of RR have been developed and tested clini-
cally for their potent anticancer activities and anti-HIV
activities.”™ Previous studies have shown that pep-
tidomimetic ligands such as EcR2pep, P7/ScR2pep,
P6/ScR2pepheptapeptide, ScR4pep are well-known to
have significant binding to RR and eventually induce
inhibitory activity.® Recently, it was reported that
benzyloxyurea derivatives bind to RR and induce
anticancer activity on human leukemia cell K562 and
murine leukemia cells L1210, respectively.” Hydrox-
yurea was the first RR inhibitor investigated as an
antineoplastic agent in humans® and it was also
reported that 1-(Benzyoloxy) urea and its derivatives
bind to RR enzyme site 2EUD, and induce anticancer
activity on human cancer cell HeLa.” The binding
interface involved in RR- P7/ScR2pep and RR- P6/
ScR2pep were shown in Figure 1. The SER691,
GLN692 SER726 residues were mainly involved in
the hydrogen bonding with the backbone imino group
and carboxyl group of the P7/ScR2pep. In the case of
P6/ScR2pep  heptapeptides, SER691, GLN692
SER726 residues were involved in the hydrogen
bonding with the acyl group and carboxyl group of
peptide moiety.

Inrecent years, some of the kinase inhibitors with urea
structure have been launched for the treatment of cancers.
For example, linifanib, developed by Abbott, is used for
the treatment of colorectal cancer.'” Sorafenib '' has
been used for the treatment of advanced renal cell car-
cinoma,12 hepatocellular carcinoma,13 and differentiated
thyroid carcinoma.'® Lenvatinib, launched by Eisai,
showed efficacy in the treatment of renal cell carcinoma,
differentiated thyroid cancer and hepatocellular carci-
noma.'” Also, some of the urea derivatives were also
reported to possess potent inhibiting effects against
anticonvulsant,'® and HIV, "antibacterial and antifungal
agents'® and CXCR3 antagonists.'” They also served as
an extensive application as agrochemicals, resin precur-
sors as well as synthetic intermediates.?’

Among various heterocyclic compounds,
2-aminothiophenes are important five-membered
building blocks in organic synthesis and the chemistry
of these small molecules are still developing based on
the discovery of cyclization by Gewald.”' Another
attractive feature of 2-aminothiophene scaffolds is that
their ability to act as synthons for the synthesis of
biologically active thiophene-containing heterocy-
cles.?” 2-aminothiophene forms as a significant class
of drugs which exhibit excellent biological activities
such as, antimicrobial®® and antiviral,>* anti-tubercu-
lar*® and particularly, anticancer’®™" activities.
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Keeping all these reports in view, we report herein,
the experimental design, synthesis and characteriza-
tion of a novel series of urea derivatives of 2-amino-3
carbomethoxythiophene with pyrimidine amine and
benzylamine analogues as both derivatives which
exhibited potential anticancer activity’>~* via one-pot
synthesis and subsequently studied the structure-ac-
tivity relationships (SAR). The docking studies iden-
tified a part of the molecular structure that is
responsible for a specific biological interaction leading
to the destruction of cancer cells.

2. Experimental
2.1 Materials and methods

All chemicals were purchased from Sigma Aldrich and
used directly. Reaction progress was monitored by
thin-layer chromatography (TLC) using silica gel
aluminium sheets (60F-254) and UV light. Melting
points were recorded using Mettler Toledo MP70
model, '"H & "°C nuclear magnetic resonance (NMR)
spectra were recorded on Bruker Avance 400 MHz
spectrometer with tetramethylsilane (TMS) as an
internal standard. Splitting patterns were described as
singlet (s), doublet (d), triplet (t), quartet (q), or dou-
blet of doublet (dd) and multiplet (m). The broad (br)
signals were also indicated. The value of chemical
shifts (d) is given in ppm and coupling constants (J) in
Hertz (Hz). Mass spectra were obtained using waters
XEVO TQ LCMS instrument was used with an elec-
trospray (ESI) positive and negative ionization modes.

2.2 Synthesis

Synthesis of 2-amino-3-carbomethoxythiophene (1): To
the stirred solution of 1,4-dithiane-2,5-diol (1 g, 6.5 mmol)
in methanol (7 mL) cooled to -5 °C, methyl cyanoacetate
(0.88 g, 8.9 mmol) and triethylamine (0.33 g, 3.3 mmol)
were slowly added at the same temperature. The reaction
mixture was vigorously stirred at 25 °C for 1 h and then
further stirred at 40 °C for another 3 h. The reaction
progress was monitored by TLC. The obtained solids were
filtered, and the filtrate was poured into ice-cold water
(5 mL) and then stirred for 1 h. The obtained solid was
filtered, and washed with ice-cold water (2 mL) and dried
under reduced pressure. The purified compound was then
obtained by crystallization in ethyl acetate and n-Heptane to
afford compound (1).

Synthetic procedures for the synthesis of 2a-2j: To the
stirred solution of methyl 2-aminothiophene-3-carboxylate
(0.5 g, 3.2 mmol) in 1,4-Dioxane (5 mL) at below 0 °C,
triphosgene (0.33 g, 1.1 mmol) was added in batch-wise at
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Figure 1.

below 10 °C. The reaction mass was then stirred at 45 °C
for 4 h and the reaction progress was monitored by TLC.
The reaction mixture was cooled to 25 °C and charged
triethylamine (0.96 g, 9.5 mmol) and second amine
(0.95 eq) and then stirred for 4-8 h. The reaction mixture
was filtered and washed with 1,4-Dioxane and n-heptane
followed by drying. If there is no product precipitate, the
reaction mixture was then extracted thrice with isopropyl
acetate. The organic layer was washed with water, dried
over sodium sulphate, evaporated under reduced pressure,
and purified by recrystallization in isopropyl acetate and
n-Heptane.

2-amino-3-carbomethoxythiophene (1) White solid, yield:
77%, M.p. 72-73 °C; '"H NMR (400 MHz, DMSO-dy) 6
7.25 (s, 2H, NH,), 6.81 (d, J = 7.6 Hz, 1H, ThH), 6.27 (d,
J = 7.6 Hz, 1H, ThH), 3.81 (s, 3H, CH;); >C NMR (150
MHz, CDCl;) 165.8, 162.7, 125.8, 107.0, 106.9, 51.0;
HRMS (m/z): Calculated mass for C¢H,NO,S (MT+H):
158.0270 and measured mass for 158.0262.

Methyl  2-(3-(pyrimidin-4-yl)ureido)thiophene-3-carboxy-
late (2a) Light brown solid, yield: 82%, M.p. 174-175 °C;
"H NMR (400 MHz, DMSO-d,) ¢ 13.96 (s, br, 1H, NH),
9.76 (s, 1H, NH), 8.13 (s, 1H, ArH), 7.15 (s, 1H, ArH), 6.98
(d, J =5.76 Hz, 1H, ThH), 6.21 (d, J = 5.76 Hz, 1H, ThH),
3.13 (s, 3H, CH3); '*C NMR (100 MHz, CDCl;) § 164.43,
159.04, 158.06, 157.27, 154.30, 151.77, 125.49, 123.58,
114.47, 108.37, 52.32; HRMS (m/z): Calculated mass for
C;1H,oN,O5S (M*+H): 279.0546 and measured mass for
279.0544.

Methyl2-(3-(6-chloropyrimidin-4-yl)ureido)  thiophene-3-
carboxylate (2b) Light brown solid, yield: 82%, M.p.
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Binding interface involved in (A) RR- P7/ScR2pep and (B) RR- P6/ScR2pep.

181-182 °C; "H NMR (400 MHz, DMSO-dy) 6 14.35 (s, br,
1H, NH), 10.11 (s, 1H, NH), 8.84 (s, 1H, ArH), 7.59 (s, 1H,
ArH), 7.22 (d, J = 5.84 Hz, 1H, ThH), 7.03 (d, J = 0.44 Hz,
1H, ThH), 3.46 (s, 3H, CH;); >*C NMR (100 MHz, CDCls)
0 164.43, 158.83, 158.09, 156.94, 154.18, 151.77, 125.49,
123.58, 114.47, 105.88, 52.32; HRMS (m/z): Calculated
mass for C;;HoCIN,05S (M +H): 313.0157 and measured
mass for 313.0155.

Methyl 2-(3-(6-chloropyrimidin-4-yl)-3-methylureido)
thiophene- 3-carboxylate (2c) Brown crystalline solid,
yield: 89%, M.p. 188-189 °C; 'H NMR (400 MHz, CDCls)
0 14.38 (s, br, 1H, NH), 8.91 (s, 1H, ArH), 7.24 (d, J = 5.84
Hz, 1H, ThH), 7.09 (s, 1H, ArH), 6.74 (d, J/ = 5.12 Hz, 1H,
ThH), 3.90 (s, 3H, CH3), 3.53 (s, 3H, CH3); >C NMR (100
MHz, CDCl3) 6 164.43, 159.98, 157.01, 155.43, 154.49,
152.26, 125.49, 123.58, 114.56, 107.63, 52.32, 29.51;
HRMS (m/z): Calculated mass for C;,H;;CIN,O3S
(M*4+H): 327.0313 and measured mass for 327.0279.

Methyl 2-(3-(6-methylpyrimidin-4-yl)ureido)thiophene-3-
carboxylate (2d) Off white solid, yield: 85%, M.p. 154-155
°C; '"HNMR (400 MHz, CDCl5) § 14.09 (s, br, 1H, NH), 9.45
(s, br, 1H, NH), 8.90 (s, 1H, ArH), 7.25 (d, /= 4.6, 1H, ThH),
7.09 (s, 1H, ArH), 6.75 (d, J = 0.68 Hz, 1H, ThH), 4.54

(s, 3H, CH3), 3.89 (s, 3H, CH3); ">C NMR (100 MHz,
CDCl3) 0 164.43, 164.34, 157.60, 157.06, 154.18,
151.77, 125.49, 123.58, 114.47, 105.80, 52.32, 24.60;
HRMS (m/z): Calculated mass for C;,H;,2N,O3S
(M*+H): 293.0703 and measured mass for 293.0703.

Methyl 2-(3-(6-methoxypyrimidin-4-yl)ureido)thiophene-3-
carboxylate (2e¢) Off white solid, yield: 87%, M.p.
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183-184 °C; 'H NMR (400 MHz, CDCls) 6 14.18 (s, br, 1H,
NH), 9.24 (s,br,1H, NH), 8.90 (d, J = 0.76, 1H, ThH), 7.74
(s, 1H, ArH), 7.09 (d, J = 0.84 Hz, 1H, ThH), 6.75 (s, 1H,
ArH), 4.50 (s, 3H, CHs), 3.5 (s, 3H, CH;); '*C NMR (100
MHz, CDCls) 6 171.71, 164.43, 158.76, 156.22, 154.18,
151.77, 125.49, 123.58, 114.47, 91.17, 53.80, 52.32; HRMS
(m/z): Calculated mass for C;,H,N,0,S (M1+H):
309.0652 and measured mass for 309.0647.

Methyl 2-(3-(6-cyanopyrimidin-4-yl)ureido) thiophene-3-
carboxylate (2f) Off white solid, yield: 79%, M.p.
120-121 °C; "H NMR (400 MHz, CDCl5) 6 14.08 (s, br, 1H,
NH), 9.24 (s, 1H, NH), 8.90 (d, J = 0.76, 1H, ThH), 7.74 (s,
1H, ArH), 7.09 (d, J = 0.84 Hz, 1H, ThH), 6.75 (s, 1H,
ArH), 3.75 (s, 3H, CH;); '>C NMR (100 MHz, CDCls) &
164.43, 159.64, 157.48, 154.18, 151.77, 141.88, 125.49,
123.58, 115.56, 114.47, 109.97, 52.32; HRMS (m/z): Cal-
culated mass for C;;HoNsO3;S (MT+H): 304.0499 and
measured mass for 304.0491.

Methyl 2-(3-benzylureido)thiophene-3-carboxylate
(2g) Yellow solid, yield: 89%, M.p. 135-136 °C; '"H NMR
(400 MHz, CDCls) 6 10.33 (s, br, 1H, NH), 7.27-7.37 (m,
7H, ArH, ThH), 5.7 (s, br, 1H, NH), 4.52 (d, J = 6 Hz, 2H,
CH,), 3.86 (s, 3H, CH;); '>*C NMR (100 MHz, CDCl5)
164.43, 155.23, 151.39, 138.73, 128.56, 127.32, 127.24,
125.49, 123.58, 114.47, 52.32, 44.24; HRMS (m/z): Cal-
culated mass for C;4H;4sN,O3S (MT+H): 291.0798 and
measured mass for 291.0787.

Methyl 2-(3-benzyl-3-methylureido)thiophene-3-carboxy-
late (2h) Off white solid, yield: 88%, M.p. 201-202 °C; 'H
NMR (400 MHz, DMSO-dy) 6 9.88 (s, 1H, NH), 7.89-7.87
(m, 2H, ArH), 7.49-7.40 (m, 3H, ArH, ThH), 7.22 (d, J =
8.72 Hz, 2H, ArH, ThH), 5.24 (s, 2H, CH,), 3.83 (s, 6H,
N-CH; O-CHy); 13C NMR (100 MHz, CDCl3) & 164.43,
155.19, 152.56, 137.02, 128.74, 127.82, 127.43, 125.49,
123.58, 114.56, 52.32, 51.55, 34.06.; HRMS (m/z): Calcu-
lated mass for C;sH;gN,OsS (MT+H): 305.0954 and
measured mass for 305.0948.

Methyl 2-(3-(4-methylbenzyl)ureido)thiophene-3-carboxy-
late (2i) Yellow solid, 83% yield, M.p. 180-181 °C; 'H
NMR (400 MHz, CDCl5) 6 8.55 (s, br, 1H, NH), 7.38-7.13
(m, SH,ArH, ThH), 6.21 (d, J = 5.76 Hz, 1H, ThH), 5.80 (s,
br, NH),5.24 (s, 2H, CH,), 3.83 (s, 3H, CH3), 3.32(s, 3H,
CH3), >C NMR (100 MHz, CDCI3) § 164.43, 155.23,
136.69, 136.59, 128.85, 127.34, 125.49, 125.38, 114.47,
52.32, 43.86, 21.00; HRMS (m/z): Calculated mass for
C;sH6N,05S MT+H): 305.0954 and measured mass for
305.0952.

Methyl 2-(3-(4-cyanobenzyl)ureido)thiophene-3-carboxy-
late (2j) Off white solid, 90% yield, M.p. 122-124 °C; 'H
NMR (400 MHz, CDCl3) 6 9.33 (s, br, 1H, NH), 7.37-7.28
(m, 6H, ArH, ThH), 5.50 (s, br, 1H, NH), 4.52 (d, J = 5.72
Hz, 2H, CH,), 3.86 (s, 3H, CH3); '*C NMR (100 MHz,
CDCl3) ¢ 164.43, 155.23, 151.39, 141.60, 132.12, 128.35,
125.49, 123.58, 118.48, 114.47, 110.42, 52.32, 44.54;
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HRMS (m/z): Calculated mass for C;sH;3N305S (M1 +H):
316.0750 and measured mass for 316.0741.

2.3 Cytotoxic evaluation

Cell culture, materials and reagent: HelLa, and NCI-
H23 cells were grown in Dulbecco’s Modified Eagle’s
Medium (DMEM, Gibco, and Grand Island, NY,
USA) supplemented with 10% heat-inactivated fetal
bovine serum (FBS) (Thermo Fisher Scientific, USA),
2 mM L-glutamine, 100 pg/mL of penicillin and 100
U/mL of streptomycin. The cells were grown in a
humidified incubator at 37 °C (95% humidity, 5%
CO,). Other chemicals were purchased from Sigma
Aldrich (St. Louis, MO, USA).

MTT Assay: One millilitre of HelLa, or NCI-H23
cells containing solution (2.0 x 10* cells/mL) were
added to each well of a 24 well plate and incubated for
1 day to allow the cells to stick on the surface of the
plate. Aliquots of DMSO solution containing different
concentrations of compounds were added to the
24-well plate, and the cell solutions were incubated for
another 3 days. A 50 pL amount of (3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bro-
mide) (MTT) aqueous solution (0.5 mg/mL) was
added to each well of the 24-wellplate and incubated
for another 4 h before termination of the 3 days
incubation. The upper layer of the solutions in the
24-well plate was discarded, and 1 mL of DMSO (10%
final concentration) was added to each well to dissolve
the violet color formazan product by pipette stirring.
The optical absorbance measured at 570 nm were
converted to cell viabilities based on a standard curve
(absorbance vs. cell numbers) obtained from control
experiments which were carried out under the same
conditions except that no compounds were added
during cell culture procedures.

2.4 Molecular docking

HADDOCK was used to dock urea derivatives of
2-amino-3-carbomethoxythiophene and RR to obtain
the model complex of the RR-urea derivatives of
2-amino-3-carbomethoxythiophene. The structural
coordinates for the Eukaryotic ribonucleotide reduc-
tase (RR) were obtained from the Protein Data Bank as
input data (PDB ID: 2ZLF) and the structural coordi-
nates for the urea derivatives of 2-amino-3-car-
bomethoxythiophene generated from the PRODRG
server. The residues which involved in the interactions
(VAL342, GLU343, GLN386, SER691, GLN692,
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LYS693, GLY722, LYS723, THR725, SER726,
MET?727, PHE729 and TYR730) with P7/ScR2pep,
P6/ScR2pepheptapeptide, ScR4pep with RR were
defined as ambiguous interactions which restraint at
the interface of the RR domain. The potent compounds
2e and 2g as well as the least active compounds 2b and
2c were docked into the active site of RR. A set of
2000 total complex structures were generated by rigid
body minimization. The best 200 structures with the
lowest water-refined interaction energies were used for
subsequent analysis. Ligplus was used for graphical
representations.

3. Results and Discussion
3.1 Chemistry

In the current work, we report an efficient synthetic
route for the preparation of biologically active urea
analogues. The steps involved in the proposed method
for the synthesis of urea analogues are shown in
Scheme 1. Previously, it was reported that isocyanate
of 2-amino-3-carbomethoxythiophene was synthesized
in two steps, including silylation of starting amine with
hexamethyldisilane or chlorotrimethylsilane, followed
by phosgenation of the resulting N-silyl-substituted
amines® were isolated and treated with amine to
prepare urea derivatives. However, in all the previ-
ously reported methodologies, isocyanate in situ
reactions were less explored. In this work, the in situ
generated isocyanate was reacted with amine, which
completely avoided tedious and lengthy workup pro-
cedures to isolate isocyante.*® This protocol is efficient
to produce novel urea derivatives of 2-amino-3-car-
bomethoxythiophene. The formation of isocyanate
was confirmed by adding methanol which in turn
forms the corresponding methyl carbamate and its

o)
/
HO S Et;N o
\[ j\ N o Methanol N\
- cCN —— >
s~ TOH \(f)]/\ s~ "NH;
Q)
o]
o
/ o’
Triphosgene o o Et;N 74 | R,
—_— 2 S E— |
1,4-dioxane /s\ N Risy-R2 ST "NH_N—R;
H ¢
o
(2a-2j)
Scheme 1. Synthetic route of urea derivatives of 2-amino-

3-carbomethoxythiophene.
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"H NMR was recorded. It has to be noted that there is
no formation of homo urea in the reaction.

The 2-amino-3-carbomethoxythiophene (methyl
2-aminothiophene-3-carboxylate) (1) was synthesised
by the reaction of 1, 4-dithiane-2, 5-diol with methyl
cyanoacetate in the presence of an alkali, triethy-
lamine. Further, it was allowed to react with various
pyrimidine and benzyl amines in the presence of

Table 1. Anticancer activities of synthesized compounds
against HeLa and NCI-H23 cells.

*(ICso = SD) (uM)

Compound R, R»
HeLa  NCI-H23
2a H (LN 55.0+£2.0 642408
-
/N
2b H _N\> 934+12 1465+1.2
Cl
/N
2c -CH; _N\> 555+1.5 100.7+1.4
Cl
/N
2d H 7N\> 38.6+0.8 545+1.0
HsC
/N\>
2e H =N 12+04  7.1+0.7
o
CHs
/N
2f H w\> 46.8+1.1 60.7+1.0
NC
2g H Ej 85+13 124+0.5
2h -CH; Ej 33.5+0.7 50.7+0.9
2i H E; 33.0+41.9 327+ 0.6
CHg
2j H 46.6+1.1 83.5+1.0

*ICso values shown above are the concentrations for half-
maximal inhibition of cell viability and were calculated
from the data obtained from three independent experiments
(n=3).
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Figure 2.

triphosgene and triethylamine to afford different urea
derivatives of 2-amino-3-carbomethoxythiophene, 2a-
2j in good yields. All these analogues were confirmed
by 'H and '*C NMR as well as mass spectrometry
data.

3.2 Evaluation of cytotoxic activity

All the synthetic compounds (2a-2j) were evaluated
for their cytotoxic activities against cervical (HeLa),
and lung (NCI-H23) cancer cells, respectively. The
inhibitory concentrations (ICsq) of tested compounds
are given in Table 1. These synthesized compounds
showed good activity against HeLa and NCI-H23
cancer cells. The highest inhibitory effect on the cell
viabilities was observed for compounds 2e and 2g and
lowest for compounds 2b and 2c¢ in both the cancer
cell lines. The highest inhibitory activity of 2e and 2g
could be presumably due to the activation of the
damage response pathway of the DNA, leading to the
cell cycle arrest and induction of mitochondrial path-
way of apoptosis.®’

3.3 Molecular docking analysis

The HADDOCK modelling was employed to deter-
mine the model complex of the RR and novel urea
derivatives of low and high cytotoxicity compounds.
The residues which involved in the interactions
(VAL342, GLU343, GLN386, SER691, GLN692,
LYS693, GLY722, LYS723, THR725, SER726,
MET727, PHE729 and TYR730) with P7/ScR2pep,
P6/ScR2 pepheptapeptide, ScR4pep with RR defined
as ambiguous interaction restraints at the interface of
the RR domain. The potent compounds 2e and 2g, as

(A) RR and 2e complex, (B) RR and 2g complex, (C) RR and 2b complex and (D) RR and 2c complex.

well as the least active compounds 2b and 2¢ were
docked into the active site of RR.

Our docking studies revealed that SER691, PHE7
are involved in the hydrogen bonding with the com-
pounds 2g, whereas GLN692, LYS723 involved in
hydrogen bonding with acyl group of compound 2e, in
the case of compounds 2b and 2¢, SER 691 and LYS
723 were involved with only one hydrogen bonding
with acyl group shown in Figure 2.

Owing to the significant differences in the formation
of the number of hydrogen bond as well as
hydrophobic interactions between 2b, 2¢ and 2e, 2g
compounds with RR. Further, the results are in good
agreement with the cytotoxic activity of the phenyl
group or methoxy substituted pyrimidine analogue of
2-amino-3-carbomethoxythiophene urea derivatives.

4. Conclusions

In summary, we have reported a facile and one-pot
synthesis and design of urea derivatives of 2-amino-3-
carbomethoxythiophene. Furthermore, these urea
derivatives also exhibited promising in vitro cytotox-
icity against a panel of two human cancer cell lines,
HeLa and NCI-H23 were tested. Some of these ana-
logues like 2d and 2e showed significant anticancer
activity. Such significant anticancer activity could be
presumably due to the activation of the damage
response pathway of the DNA, leading to the cell
cycle arrest and induction of mitochondrial pathway of
apoptosis. In addition, the most potent and active
compounds were studied for their docking studies in
which these derivatives were proved to be effective
binders of human ribonucleotidereductase protein. The
proposed models have provided an understanding of
the molecular level interactions of the eukaryotic
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ribonucleoside reductase (RR)-novel urea derivatives
complex and provide pharmacophores for designing
highly potent RR inhibitors. These results provide an
insight for future direction in the development of such
molecules. Further investigations on the molecular and
biological efforts of this series of compounds are in
progress.
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