Heterocyclic Letters

Vol. 14| No.1|131-141|Nov-Jan|2024

ISSN : (print) 2231-3087 / (online) 2230-9632
CODEN: HLEEAI

http://heteroletters.org

SYNTHESIS, CHARACTERISTICS AND ANTICANCER ACTIVITY OF NOVEL
2-THIOHYDANTOIN ANALOGUES

Prashant A. Gotmare'* and Dr. Sanjay V. Kolhe!

1 Department of Chemistry, Shri Shivaji Arts, Commerce and Science College,
Akot, Dist.Akola-444101, (Maharashtra), India
* Corresponding Author E-Mail:prashantpatilchem2763@gmail.com

Abstract

Breast cancer is the most commonly diagnosed cancer in female, hence there is an urgent
demand for the discovery of novel anticancer drugs with potent activity but also safe for long-
term application. Toward this aim, the current study described the synthesis and
characterization of novel analogues of thiohydantoins. The results revealed that the synthesized
compounds possess a cytotoxic activity against MCF-7 cell line in best to moderate level.
Among synthesized compounds, compound 1d exhibited the most potent cytotoxic activity
with IC50 of 0.74 pg/ml, compared to Doxorubicin drug (IC50 value 0.68 pg/ml). This review
highlights that, synthesized compounds endowed with promising anti-breast cancer properties.

Key word: Cancer, Thiohydantoin, MCF-7 cell line etc

1. Introduction

Cancer is a universal disease, which effect on the particular organs as well as disturb to whole
body system'. The cancer occurs due to uncontrolled progression of normal cells. The numbers
of factors influenced on the normal cell due to which the transformation of a normal cell to a
cancerous cell™. In universe a different types of cancer are present out of which, the breast
cancer is very common to the entire world and normally diagnosed in female candidates. In
worldwide an estimated value for the breast cancer grasp more than one million women’s. The
periodical statistical data will be observed for this disease varied widely such as in 2008, nearly
about 421,000 cases were recovered for breast cancer, where as in 2009-2010, more than
49,500 women were diagnosed with breast cancer in Europe. From the breast cancer about
11,600 women’s and 75 men were died in 2010. The estimated data caused from this cancer is
more than 458,000 women in 2008 worldwide. In 2008, the new cases 184,450 were appeared
in persistent stages and this number varies to 230,480 in 2011 in USA. This estimated value is
increases day by day and new cases (~268,600) for breast cancer was identified in women, the
breast cancer also detected in men in 2019'".Environmental factors and dietary habits are the
primary source of breast cancer induction with some secondary factors like virus-mediated
genetic disturbances V. In an average about 42,170 women in the U.S. predictable to die in
2020". Now a day number of therapies are present to cure this devastating disease such as
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radiotherapy, hormone therapy, chemotherapy, proton beam therapy, targeted drug therapy,
clinical trials, immunotherapy, cryoablation etV .Including this, the another way also
available to treat the cancer and remove carcinogenic organ from body by surgery, preventive
diagnostic, staging, palliative, supportive, cryosurgery, laser, electro surgery and various others
IX-X

Thiohydantoin containing a nonaromatic ring along with sulfur anolog. In
thiohydantoin one or more oxygen atoms were replaced by sulfur®™V. The number of
thiohydantoins are present like 2-thiohydantoin®' (Figer-1), 4-thiohydantoin®™" (Figer-2), and
2, 4-thiohydantoin®" (Figer-3).
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The well-known analogue is 2-thiohydantoins because it shows wide range of applications as
anticonvulsant”, antiepileptic®, antimicrobial®™, antiviral™,  antineoplastic*"",

hypolipidemic®™", antithrombiotic™ and potential antitumor activities™V>>Vii,

Recently Abdellatif et al. reported the synthesis of hybrid (3,5-disubstituted)-2-
thiohydantoin-pyrazole compounds with considerable anticancer activity toward MCF-7, A-
549, and HCT-116 cell lines™. Elhady et al. reported the synthesis of novel 2-
thioxoimidazolidin-4-one derivatives bearing pyrazole, triazole and benzoxazole moieties and
explore its anticancer properties based on the group present in 2-thiohydantoin moiety ¥, The
current study aims to design and develop novel 2-thiohydantoin derivatives and explore
anticancer applications.

2. Experiment

The starting material were commercially available in analytical grade. The purity of resultant
compound was check by using TLC. The IR spectra were recorded in KBr by using FT-(IR
Perkin Elmer -Spectrum RX-IFTIR).Mass spectra were recorded on mass spectrometer while
1IHNMR were recorded on FT NMR Spectrometer (Bruker Avance Neo 500 MHz).

2.1 General Procedure for synthesis of 2-Thiohydantoin:- A mixture of aurone (0.01 M)
and N-substituted thiourea (0.01 M) were taking in round bottom flask along with 10% KOH
and Ethanol as a solvent. A reaction mixture was reflux about 3 hr. The mixture had been
cooled, poured into ice cold water and filtered using a suction pump. The final product
recrystallized with Ethanol.
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Table-01
Sr. no. | Compounds R1 R2 R3
1. la C4sH30 CeHs CesHs
2. 1b CeH4Cl CeHs H
3. 1c CesHs CHs3 CHs
4, 1d CrH~ CHs CHs

2.2 Preparation of 5-(hydroxyl(4-methoxyphenyl)methyl)-5-(2-hydroxyphenyl)-1,3-
diphenyl-2-thioxoimidazolidin-4-one(1la)

2-(4-methoxybenzylidene) benzofuran-3(2H)-one (0.01M) was refluxed with N,N-diphenyl
thiourea (0.01M) in presence of 10% KOH and appropriate ethanol solvent up to 3 hours. After
completion of reaction, cooled the mixture and poured in to ice cold water. After filtering and
washing with diluted HCI and water, a solid product was produced. The product was
crystallized by using ethanol.

Mol. Formula C2gH2404N>S : yellowish Crystalline solid, m.p 258°C , yield 70%, Elemental
analysis (%):C,70.14; H,4.87; N,5.64; O,12.89; S,6.46; IR (KBr cm-1) 3617.5 (O-H), 3016
(=CH), 1614 (C=N), 1438 (Ar C=C),ESI-MS[M+H]+ Calculated for C9H240sN>S: m/z
496.15, 497.15,498.15 ; 'H-NMR (500 MHz, DMSO) §3.76 (s, 3H), 5.68 (s,1H), 6.86-7.38
(m, J=8.4,1.1 Hz, 11H), 7.43 7.70 (m, 6H),

2.3 Preparation of 5-((4-chlorophenyl)(hydroxy)methyl)-5-(2-hydroxyphenyl)-3-phenyl-
2-thioxoimidazolidin-4-one (1b)

2-(4-chlorobenzylidene)benzofuran-3(2H)-one(0.01M) was refluxed with N-phenyl thiourea
(0.01M) in presence of 10% KOH and appropriate ethanol solvent up to 3 hours. After
completion of reaction, cooled the mixture and poured in to ice cold water. After filtering and
washing with diluted HCI and water, a solid product was produced. The product was
crystallized by using ethanol.

Mol. Formula C2H1703N2SCI : faint yellowish Crystalline solid, m.p 228°C, yield 74%,
Elemental analysis (%):C,62.19; H,4.03; N,6.59; 0,11.30; S,7.55;Cl1,8.34. IR (KBr cm-1)
3616.5 (O-H), 3268.1 (N-H), 1682(Amide C=0), 1436 (Ar C=C), 755.2 (C-Cl); ESI-
MS[M+H]+ Calculated for C22H1703N2SCI: m/z 424.06, 426.06, 425.07, 427.07. *H-NMR
(500 MHz, DMSO) 65.58 (s, 1H), 7.04 (m, J = 8.0,7.8 Hz, 1H), 7.48 (m, J = 8.3,1.6,0.5 Hz,
8H), 8.02(m, J =8.0,1.4 Hz, 1H).

2.4 Preparation of 5-(hydroxyl (phenyl) methyl)-5-(2-hydroxyphenyl)-1,3-dimethyl-2-
thioxoimidazolidin-4-one(1c)

2-benzylidenebenzofuran-3(2H)-one (0.01M) was refluxed with N,N-dimethyl thiourea
(0.01M) in presence of 10% KOH and appropriate ethanol solvent up to 3 hours. After
completion of reaction, cooled the mixture and poured in to ice cold water. After filtering and
washing with diluted HCI and water, a solid product was produced. The product was
crystallized by using ethanol.

Mol. Formula C1gH1803N>S: faint red crystalline solid, m.p 210°C, yield 76%, Elemental
analysis (%): C, 63.14; H, 5.30; N, 8.88; O, 14.02; S, 9.36.

IR (KBr cm-1) 3520.5 (O-H), 3268.1 , 1712(Amide C=0), 1436 (Ar C=C), 755.2 ; ESI-MS
M+H]+ Calculated for CigH1s03N2S: m/z  342.10, 343.11, 344.10,. 'H-NMR (500 MHz,
DMSO) 6 3.08 (3H, s), 3.40 (3H, s), 5.64 (1H, s), 6.64 (1H, m, J =8.3, 1.3, 0.5 Hz), 7.04 (1H,
m,J=8.0,7.7, 1.3 Hz).
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2.5 Preparation of 5-(hydroxy(p-tolyl)methyl)-5-(2-hydroxyphenyl)-1,3-dimethyl-2-
thioxoimidazolidin-4-one(1d)

2-(4-methylbenzylidene)benzofuran-3(2H)-one (0.01M) was refluxed with N,N-dimethyl
thiourea (0.01M) in presence of 10% KOH and appropriate ethanol solvent up to 3 hours. After
completion of reaction, cooled the mixture and poured in to ice cold water. The solid product
obtained which was filtered and washed with dilute HCI and water. The product was
crystallized by using ethanol.

Mol. Formula C19H2003N.S: faint orange crystalline solid, m.p 224°C, yield 73%, Elemental
analysis (%): C, 64.02; H, 5.66; N, 7.86; O, 13.47; S, 9.01. IR (KBr cm-1) 3416.5 (O-H),
1720(Amide C=0), 1436 (Ar C=C), 755.2; ESI-MS[M+H]+ Calculated for C19H2003N.S: m/z
356.12,357.12,358.12. *H-NMR (500 MHz, DMSO) & 2.27 (3H, s), 3.08 (3H, s), 3.40 (3H, s),
5.62 (1H, s), 6.64 (1H, m,J=8.3, 1.3, 0.5 Hz), 7.04 (1H, m, J = 8.0, 7.7, 1.3 Hz), 7.15-7.35
(5H, 7.21 (m,J=8.0,1.2, 0.5 Hz).

3. Result and discussion
Biological assessment
The anti-cancer activity of all synthesized compounds has been evaluated against cell lines
MCF-7 (breast carcinoma cell line). Cytotoxicity of the 2-thiohydantoin derivatives on MCF-
7 cell line (Procured from NCCS Pune) was determined by NRU (Neutral Red Uptake) Assay.
The cells (5000-8000 cells/well) were cultured in 96 well plates for 24 h in DMEM medium
(Dulbecco's Modified Eagle Medium-AT149-1L) supplemented with 10% FBS (Fetal Bovine
Serum - HIMEDIA-RM 10432) and 1% antibiotic solution at 37°C with 5% CO2. Next day,
medium was removed and fresh culture medium was added to each well of the plate. 5 pl of
Treatment dilutions (of different concentrations) were added to the defined wells and treated
plates were incubated for 24 h. 100 ul of NRU (SRL Chem-36248) (40 pg/ml in PBS -
phosphate buffered saline) was added to the defined wells and incubated (Heal Force-Smartcell
CO2 Incubator-Hf-90) for 1 h. After that medium was removed, NRU was dissolved in 100 pl
of NRU Destain solution. Finally plates were read at 550/660 nm using Elisa Plate Reader
(iMark BioRad-USA). 1C-50 Was calculated.

Table 2 show the IC 50 value of the synthesized compounds as well as
reference compound Doxorubicin against breast carcinoma cell line MCF-7. Tables 3, 4, 5 and
6, show percentage viability in vitro cytotoxicity against breast carcinoma cell line MCF-7.

Table 2
Sample IC50 value (pg/ml)
la 36.06
1b 27.31
1c 2.19
1d 0.74
Doxorubicin 0.68
(Reference)

134



P. A. Gotmare et al. / Heterocyclic Letters Vol. 14| No.1|131-141|Nov-Jan|2024

Table 3. Cytotoxicity of compounds 1a against breast carcinoma cell line MCF-7

Concentration

Viability (%)

pg/mL

0 100

1 84.14239
10 70.87379
50 43.3657
100 27.18447
250 18.4466
500 14.23948
1000 3.559871

NRU Assay-MCF-7 1a

ge wrt Controd .
L (<)) o] o N
o o o o o

Percenta
S

0 1 10 50 100 250 500 1000
Concentration (pug/ml)
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Table 4. Cytotoxicity of compounds 1b against breast carcinoma cell line MCF-7

Concentration

Viability (%)

pg/mL

0 100

1 116.0112
10 89.04494
50 51.40449
100 11.51685
250 -9.55056
500 -51.1236
1000 -46.9109

Percentage wrt Control

14
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U Assay-MCF-7-1b

N‘

100 250 500 1000

Concentration (ug/ml)
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Table 5. Cytotoxicity of compounds 1c against breast carcinoma cell line MCF-7

Concentration | Viability (%0)

pg/mL NRU Assay-MCF-7-1c
0 100 120
1 58.59031 300
]
10 35.68282 S s0
o
)
50 10.13216 £ 60
(V]
100 -12.3348
& 40
)
250 -7.04846 S
220
500 -23.348 &
0 A B T N
1000 -89.4273 0 1 10 50 100 250 500 1000

Concentration (png/ml)
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Table 6. Cytotoxicity of compounds 1d against breast carcinoma cell line MCF-7

Concentrati | Viability (%)

on pg/mL

0 100

1 38.78505

10 22.42991

50 3.271028

100 -2.02492

250 -2.49221

500 -22.5857
1000 -11.0592
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The resulting data of the 50% inhibition concentration (1C50) summarized in Table 2 showed
that, the synthesized 2-Thiohydantoin compounds have different activity against breast cancer
cell line MCF-7. Data examination revealed that, the tested compounds showed good to
moderate activity. The compound 1c and 1d shows best activity against MCF-7 cell line.
Doxorubicin is a anticancer drugs used since 1960. If synthesized compound compare to
Doxorubicin then compound 1c and 1d shows best result while compound 1a and 1b shows
moderate result again MCF-7 cell line

Generally the structure and biological activity of the compound is responsible for anticancer
activity. In 2-Thiohydantoin number of groups like phenyl, benzyl, hydroxyl etc. present at N1
and N3 increases the reactivity against cancerous cell.

4. Conclusion

In this work, we report the effective synthesis of 2-thiohydantoin derivatives and evaluated
anticancer property. In present study the compound 1d is very effective against MCF-7 cell
line due to methyl group attached to N1 and N3 position. The other compounds like 1a, 1b and
1c shows moderate activity. If different groups are attached at different positions which are
responsible to change the effectiveness against MCF-7 line. These results highlight the
significance of these compounds as promising new prospects for the discovery and
development of innovative chemotherapeutic drugs in the treatment of breast cancer.
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