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Abstract 
Background: Cancer is one of the most important global public health issues and although we have made significant progress 
in the diagnosis and treatment, it remains a serious challenge for modern medicine. 
Aim: Rationally design and synthesize three thiourea derivatives (IVa–IVc) that may preserve the selective anticancer efficacy 
and relatively low toxicity of roscovitine and achieve enhanced pharmacokinetic properties. 
Methodology: Target derivatives were sequentially synthesized, characterized by FT-IR, NMR and EI-MS, and tested for 
antiproliferative activity against MCF-7 cells by MTT assay, with IC₅₀ values relatively to roscovitine. 
Results: Potent antiproliferative activities were observed against MCF-7 breast cancer cells with a series of thiourea 
derivatives (IVa–IVc). IVa and IVb were the best inhibitors (78.13% vs 97.87% for rescovitine with an IC50 of 15.9 μM; 
75.23% vs 97.87% for rescovitine with an IC50 of 15,9 μM) among the synthesized compounds while all derivatives 
synthesized were predicted to have a good drug-likeness according to Lipinski´s Rule of Five as well as high gastrointestinal 
absorption. The cytotoxic activity of derivatives correlated to substituents in structure–activity relationship analysis, 
confirming that both electron-donating and electron-withdrawing substituents were beneficial for biological efficacy.  
Conclusion: VIa and VIb appeared as lead candidates with comparably high cytotoxicity to rescovitine. VIa, when substituted 
with fluorine, showed the most activity and useful structure–activity relationships were featured for obtaining further 
derivatives with greater potency. 
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Introduction 
Cancer will be one of the most challenging health problems 
around the world in the twenty-first century [1]. It includes a 
heterogeneous collection of disorders that are distinguished 
by uncontrolled cellular growth, surrounding tissue invasion 
and the potential for malignant cells to metastasize in distant 
organs [2, 3]. Pathological processes typically originate from 
an accumulation of genomic mutations and epigenetic 
alterations that disrupt key regulatory mechanisms and 
signaling pathways in cells [4, 5].  
The global burden of cancer continues to grow at an 
alarming rate [6]. As can be seen in recent international 
cancer statistics, each year millions of new cases are 
diagnosed, and the disease continues to represent one of the 
top causes of death globally. Cancer obstinacy and mortality 
keeps on increasing universally, speaking to a noteworthy 
worldwide general wellbeing challenge [7, 8]. Global cancer 
data estimated 20 million incident cases and 9.7 million 
cancer deaths worldwide in 2022 [9, 10, 17]. This means that 
the world over, one in five people will suffer from cancer in 
their lifetime and one man (in 9) and one woman (in 12) 
dies of this disease[11]. Expectations are that the global 
cancer burden could increase significantly in coming 
decades, because of population growth as well as aging and 
greater exposure to cancer risk factors [12, 13]. 
Epidemiological projections suggest that the number of new 
cases of cancer per year may increase to around 35 million 
cases annually by 2050, a dramatic increase relative to 
current estimates [14, 15].  

Lung cancer is still the most common cause of cancer death 
worldwide, and breast cancer is one of the commonest form 
of diagnosis globally [16]. Urea derivatives are extensively 
investigated due to their anticancer potential showing 
substantial cytotoxic activity against different cancer cell 
lines. They mainly exert antitumor functions through 
inhibition of cell growth, functioning as apoptosis inducers 
and interference with the metabolism pathways associated 
with the sustenance of cancer cells, resulting in death [17]. 
Similarly, a large number of thiourea derivatives with strong 
anticancer effects have been reported. They have been found 
to be able to inhibit a number of cancer cell lines and are 
thought to potentially overcome mechanisms of drug 
resistance [18, 19]. Also, thiourea-based molecules can target 
the expression of important molecules related to tumor 
initiation, cancer development and transformation processes 
regulating signaling transduction pathways associated with 
the production of proteins implicated in increased 
oncogenesis and suppressing angiogenesis process essential 
for tumor vascularization and expansion [20, 21]. These 
properties permit the structural redesign of compounds, 
which can enhance selectivity or be designed for particular 
types of cancers or drug delivery approach. Furthermore, 
many thiourea derivatives have good physicochemical 
properties such as acceptable absorption, distribution, 
metabolism and excretion (ADME) profiles potentially 
making those worthwhile candidates for continued drug 
development and clinical use [22]. 
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Methodology 
1. General 
All of the beginning supplies and reagents for the synthesis 
have been purchased from Sigma Aldrich and Baoji 
Guokang Bio/Technology Co., Ltd. without any purification 
earlier than further utilize. Melting points were measured in 
a Stuart Scientific melting point apparatus. Reactions were 
monitored by analytical thin–layer chromatography (TLC) 
in hexane–ethyl acetate. The 1HNMR & 13CNMR spectra 
were recorded at (Department of Chemistry, College of 
Education for Pure Sciences, University of Basrah) using a 
Bruker spectrometer operating at 400 MHz (for 1H NMR 
spectrum) and 101 MHz (for 13C NMR spectrum). Centered 
chemical shifts (δ) are reported in parts per million (ppm) 
using tetramethylsilane (TMS) as the internal reference. All 
fourier-transform infrared (FT-IR) spectra were acquired by 
using a Thermo Scientific Nicolet spectrophotometer at 
University of Basrah. Mass spectra were obtained by 
electron ionization mass spectrometry (EI-MS), available at 
the Faculty of Chemistry, University of Tehran. The 
Regional Center for Mycology and Biotechnology 
performed biological evaluations (MCF-7). 
 
2. Synthesis 
2.1 General Method of Synthesis of compound (IIa-c) 

Derivatives 
In two separated beakers, 0.1 mole of Methyl 4-(halogen) 
benzoate was dissolved in dry toluene (30 mL). At another 
beaker add NAH in paraffin into 10 mL of toluene to 
confirm the separation of NAH from paraffin wax. After gas 
evolution ceased, add to the mixture beaker the reaction 
mixture was stirred with 1 mL of acetonitrile for an 
additional 45 minutes this mixture is heated a range from 
room temperature to 80 ºC for 4-8 hours (Fig. 1) [23]. The 
purity of Pyrazole based derivative was examined using 
TLC, and the eluent system consisted of hexane and ethyl 
acetate (2:1). 
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Fig 1: General structure of compound (IIa-c) and its derivatives 
 
2.2 General Method of Synthesis of compound (IIIa-c) 

Derivatives 
After synthesis of 3-(4-halogenphenyl)-3-oxopropanenitrile 
add 1 ml of Phenylhydrazine into the mixture and heated 
into 130 ºC for 15 minutes give Light yellow product of 1,3-
bis(4-(halogen)phenyl)-1H-pyrazol-5-amine (Fig. 2). The 
purity of Pyrazole based derivative was examined using 
TLC, and the eluent system consisted of hexane and ethyl 
acetate (2:1) [24]. 
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1,3-bis(4-(halogen)phenyl)-1H-pyrazol-5-amine  
 

Fig 2: General structure of compound (IIIa-c) and its derivatives 
 
2.3 General Method of Synthesis of compounds (IVa-e) 

Derivatives 
Add glacial acetic acid (10 mL), and anhydrous sodium 
acetate (1.64 g) was added. The mixture was cooled to 0 °C, 
and chloroacetyl chloride (0.012 mol, 0.87 mL) was added 
drop wise with stirring. The reaction mixture was then 
refluxed for 1 hour at R.T and monitored by TLC 
monitoring (hexane /ethyl acetate 10:1) give reddish product 
after filtrated by water \ ethanol and by filter paper (Fig. 3) 
[25]. 
 

O

N
H

Cl N
N

R

R

N-(1,3-bis(4-halogenphenyl)-1H-pyrazol-5-yl)-2chloroacetamide  
 

Fig 3: General structure of compound (IVa-c) and its derivatives 
 

 
 

Scheme 1: Synthesis of thiourea derivatives 
 
The novel derivatives of thiourea filtered as solid product 
with different melting point and different characteristic as 
below (Table 1). 
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Table 1: Physical properties of compound (IV) and its derivatives 

 

Comp. derivatives IUPAC name M. P. (ºC) Yield (%) Appearance 
Iva N-(1,3-bis(4-fluorophenyl)-1H-pyrazol-5-yl)-2-chloroacetamide (218-222) °C 81 Reddish 
IVb N-(1,3-bis(4-chlorophenyl)-1H-pyrazol-5-yl)-2-chloroacetamide (230-235) °C 82 Light reddish 
IVc N-(1,3-bis(4-bromophenyl)-1H-pyrazol-5-yl)-2-chloroacetamide (245-249) °C 79 Reddish to brown 

 
Result and Discussion 
1. In Silico ADME and Drug-Likeness Evaluation 
Pharmacokinetic properties, drug-likeness and medicinal 
chemistry parameters of the synthesized compounds were 
predicted using SwissADME web, a freely available 
platform that is widely used in early drug discovery studies. 
This website allows the evaluation of absorption, 
distribution, metabolism and excretion (ADME) properties 
to find new compounds with suitable pharmacokinetic 
profiles and remove candidates that have a poor oral 
bioavailability or undesirable physicochemical 
characteristics. The evaluation of drug-likeness was 
established on Lipinski's Rule of Five, which is an important 
criterion in predicting the oral activity of drug candidates. 
This rule states that compounds have a higher adequate oral 
bioavailability when they have a MW molecular weight 
(MW)<500 g/mol, hydrogen-bond donors (HBD)≤5, 
hydrogen-bond acceptors (HBA)≤10 and calculated 
partition coefficient Log P<5. Also the number of rotatable 
bonds (NRB) and topological polar surface area (TPSA) are 
significantly influence factors for membrane permeability 
and oral absorption. Compounds with TPSA <140 Å² are 
deemed to possess desirable bioavailability [21]. The 
SwissADME Analysis showed that all synthesized 
derivatives exhibited moderate lipophilicity, which is a good 
property for orally active drugs. In addition, all compounds 
were compliant with Lipinski's rule of five without 
violation. Furthermore, based on their physicochemical 
properties, the derivatives were estimated to show high 
gastrointestinal absorption, acceptable aqueous solubility 
and limited blood–brain barrier (BBB) permeability 
indicating good pharmacokinetic characteristics making 
them more amenable for further drug development studies. 
 

Table 2. Properties for studied compounds according to Swiss 
ADME 

 

Property IVa IVb IVc 
Molecular Weight 347 379 466.9 

Num. Rotatable Bonds 5 5 5 
Num. H-bond Acceptors 4 4 4 

Num. H-bond donr 1 1 1 
Water Solubility Class Soluble Soluble Soluble 

Absorption in GI Excellent Excellent Excellent 
Permeant to BBB Not pass Not pass Not pass 

Lipinski Rule Violations 0 0 0 
 
2. FT-IR of pyrazole Derivatives 
The FT-IR spectrum of N-(1,3-bis(4-fluorophenyl)-1H-
pyrazol-5-yl)-2-chloroacetamide (Fig. 4), showed 
characteristic absorption bands consistent with the proposed 
structure. A broad band at 3248 cm⁻¹ was assigned to (N–H) 
stretching vibrations of the amide and pyrazole NH groups, 
indicating intermolecular hydrogen bonding. The band at 
2927 cm⁻¹ corresponded to aliphatic (C–H) stretching of the 
methylene group. A strong absorption at 1682 cm⁻¹ 
confirmed the amide carbonyl (C=O) group, while the bands 
at 1601 and 1494 cm⁻¹ were attributed to aromatic (C=C) 

stretching vibrations. The peaks at 1299 and 1233 cm⁻¹ were 
assigned to (C–N) and (C–F) stretching vibrations, 
respectively. Additional bands at 1045 and 970 cm⁻¹ 
corresponded to aromatic (C–H) bending and pyrazole ring 
vibrations, whereas the bands at 766 and 695 cm⁻¹ were 
characteristic of para-substituted benzene rings. Overall, the 
observed FT-IR data confirmed the successful synthesis of 
the target compound and were in good agreement with the 
proposed molecular structure [26]. 
 

 
 

Fig 4: FT-IR spectrum of N-(1,3-bis(4-fluorophenyl)-1H-pyrazol-
5-yl)-2-chloroacetamide (IVa) 

 
The FT-IR spectrum of N-(1,3-bis(4-chlorophenyl)-1H-
pyrazol-5-yl)-2-chloroacetamide (Fig. 5), exhibited 
characteristic absorption bands consistent with the proposed 
structure. A broad band at 3209 cm⁻¹ was assigned to (N–H) 
stretching vibrations of the amide and pyrazole NH groups, 
indicating hydrogen-bonding interactions. The bands at 
2924 and 2848 cm⁻¹ corresponded to aliphatic (C–H) 
stretching of the methylene group. A strong absorption at 
1679 cm⁻¹ confirmed the amide carbonyl (C=O) group, 
while the peaks at 1597 and 1495 cm⁻¹ were attributed to 
aromatic (C=C) stretching vibrations. The band at 1281 
cm⁻¹ was assigned to (C–N) stretching, and the absorption at 
1009 cm⁻¹ corresponded to aromatic (C–H) bending and 
pyrazole ring vibrations. The bands at 754 and 693 cm⁻¹ 
confirmed the presence of para-substituted benzene rings, 
whereas the weak band at 404 cm⁻¹ was attributed to (C–Cl) 
stretching. Overall, the FT-IR data confirmed the successful 
synthesis of the target compound and were consistent with 
the proposed molecular structure [26]. 
 

 
 

Fig 5: FT-IR spectrum of N-(1,3-bis(4-chlorophenyl)-1H-pyrazol-
5-yl)-2-chloroacetamide (IVb) 
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The FT-IR spectrum of N-(1,3-bis(4-bromophenyl)-1H-
pyrazol-5-yl)-2-chloroacetamide (Fig. 6), exhibited 
characteristic absorption bands consistent with the proposed 
structure. A band at 3252 cm⁻¹ was assigned to (N–H) 
stretching vibrations of the amide and pyrazole NH groups. 
The bands at 3006 cm⁻¹ and 2929–2854 cm⁻¹ corresponded 
to aromatic and aliphatic (C–H) stretching vibrations, 
respectively. A strong absorption at 1674 cm⁻¹ confirmed 
the amide carbonyl (C=O) group, while the bands at 1587 
and 1490 cm⁻¹ were attributed to aromatic (C=C) stretching. 
The peaks at 1388 and 1265 cm⁻¹ were assigned to (C–N) 

stretching vibrations, and the region 1170–1067 cm⁻¹ was 
associated with pyrazole ring vibrations. The band at 970 
cm⁻¹ corresponded to aromatic (C–H) bending, whereas the 
bands at 845 and 806 cm⁻¹ confirmed the presence of para-
substituted benzene rings. Finally, the bands at 617, 538, 
and 503 cm⁻¹ were attributed to (C–Br) stretching 
vibrations, providing evidence for the bromine substituents, 
while (C–Cl) stretching may contribute in the lower-
frequency region. Overall, the FT-IR data confirmed the 
successful synthesis of the target compound and agreed well 
with the proposed molecular structure [26]. 

 

 
 

Fig 6: FT-IR spectrum of N-(1,3-bis(4-bromophenyl)-1H-pyrazol-5-yl)-2-chloroacetamide (IVc) 
 

Table 3: IR Spectroscopy for pyrazole derivatives 
 

Functional Group Iva IVb IVc 
(N–H) Stretch 3248 3209 3252 

(C– H) Aromatic /Aliphatic 2927 2924, 2848 3006, 2929, 2854 
(C=O) (Amide) 1682 1679 1674 

(C–N) (Amide/ Pyrazole) 1299,1233 1281 1265 
(C=C) Aromatic 1601,1494 1597 / 1495 1587, 1490 
(C– H) Aromatic 766,695 754, 693 845, 806 

(C–X) Stretch (X=F,Cl,Br,I) 1233 (C–F) 693 (C–Cl) 617, 538, 503 (C–Br) 
CH₂–Cl Stretch 1045 1009 1067 

 
3. Mass spectra of derivatives 

 
Table 4: Mass Spectroscopy for pyrazole derivatives 

 

Compound Exact M.W M.+ (m/z) 
IVa 347 347.2 
IVb 379 380.3 
IVc 466.9 466.3 

  

 
 

Fig 7: Mass Spectra of IVa 
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Fig 8: Mass Spectra of IVb 
 

 
 

Fig 9: Mass Spectra of IVc 
 

4. ¹H-NMR Spectra of Synthesized Compounds. 
N-(1,3-bis(4-fluorophenyl)-1H-pyrazol-5-yl)-2-
chloroacetamide (IVa). 
1H-NMR (400 MHz, DMSO) δ 11.60 (s, 1H, (–NH–C(=O)–
) ), 8.02 (dd, J = 9.0, 5.6 Hz, 1H , Ar-H ) , 8.01 (dd, J = 9.0, 
5.6 Hz, 1H , Ar-H ), 8.00 (dd, J = 9.0, 5.6 Hz, 1H , Ar-H ), 
7.98 (dd, J = 9.0, 5.6 Hz, 1H , Ar-H ), 7.42 (s, 1H , (s, 
Pyrazole H (1H))), 7.34 (t, J = 8.9 Hz, 1H , Ar-H ) , 7.32 (t, 
J = 8.9 Hz, 1H , Ar-H ), 7.29 (t, J = 8.9 Hz, 1H , Ar-H ) , 
4.27 (s, 2H, CH₂–Cl) .  
 
N-(1,3-bis(4-chlorophenyl)-1H-pyrazol-5-yl)-2-
chloroacetamide (IVb).  

1H-NMR (400 MHz, DMSO) δ 10.36 (s, 1H, (–NH–C(=O)–
) ) , 7.96 (d, J = 1.8 Hz, 1H , Ar-H) , 7.96 (d, J = 1.8 Hz, 1H 
, Ar-H) , 7.59 (d, J = 3.8 Hz, 1H , Ar-H ), 7.58 (d, J = 3.8 
Hz, 1H , Ar-H ) , 7.31 (d, J = 16.0 Hz, 1H , Ar-H) , 7.27 (d, 
J = 16.0 Hz, 1H , Ar-H), 7.17 (s, 1H , (s, Pyrazole H (1H)), 
4.29 (s, 2H, CH₂–Cl) . 
 
N-(1,3-bis(4-bromophenyl)-1H-pyrazol-5-yl)-
2chloroacetamide (IVc).  
1H-NMR (400 MHz, DMSO) δ 11.54 (s, 1H , (–NH–
C(=O)–)), 7.97 (d, J = 8.5 Hz, 2H , Ar-H), 7.87 (d, J = 8.5 
Hz, 2H , Ar-H ), 7.79 (d, J = 8.5 Hz, 2H , Ar-H ), 7.71 (d, J 
= 8.5 Hz, 2H , Ar-H ), 7.43 (s, 1H , H Pyrazole H ), 4.27 (s, 
2H , CH₂–Cl ). 

 

 
 

Fig 10: 1H-NMR N-(1,3-bis(4-fluorophenyl)-1H-pyrazol-5-yl)-2-chloroacetamide (IVa) 



 

83 

 

 
 

Fig 11: 1H-NMR N-(1,3-bis(4-chlorophenyl)-1H-pyrazol-5-yl)-2-chloroacetamide (IVb) 
 

 
 

Fig 12: 1H-NMR N-(1,3-bis(4-bromophenyl)-1H-pyrazol-5-yl)-2-chloroacetamide (IVc) 
 

5. Biological evaluation Cytotoxicity against MCF-7  
Compounds IVa–IVc were evaluated for their cytotoxic 
activity against MCF-7 breast cancer cell line. Results 
showed that some of the derivatives had significant 
cytotoxic activity. Of these, IVa and IVb had the lowest 
values of IC₅₀, showing potential anticancer activity and 
suggesting a basis for continued study. Conversely, 
compounds IVc were cytotoxic. The implications of these 
observations are that structural modifications, specifically at 
the benzamide moiety with regards to both substitution type 
and position/depth, do dictate varying levels of inhibition 
potency against the enzyme as well as cytotoxicity. The 
anticancer activity of the prepared pyrazole–thiourea 
derivatives (IVa–IVc), presented in (Table 5), displayed 
valuable and encouraging information for future designs as 
potential candidates for anticancer drug development. 
 
Table 5: Cytotoxicity of synthesized compounds against MCF at 

500 (µM). 
 

I.D MCF7 IC50 (µM) MCF-7 Inhibition (%) 
IVa 75.34 73.24 
IVb 167.45 66.55 
IVc 238.21 58.24 

Rescovitine 20.31 97.33 
 
The IC₅₀ results clearly demonstrate that CDK-2 inhibitory 
activity is influenced by both the electronic properties and 

steric characteristics of the para substituents on the aromatic 
rings, which is consistent with the behavior of cyclin 
dependent kinase inhibitors targeting the ATP-binding site 

[27]. Among the synthesized compounds, the IVa derivative 
(IC₅₀ = 1.77 µM) exhibited the highest activity as shown in 
(Table 5), suggesting that small electron-withdrawing 
substituents enhance binding affinity while minimizing 
steric hindrance within the active site. This can be attributed 
to the ability of fluorine to modulate electronic distribution 
and improve molecular interactions without significantly 
increasing molecular size [28].  
The IVb derivative (IC₅₀ = 2.11 µM) showed slightly lower 
activity as shown in (Table 5), despite its electron-
withdrawing nature, which may be explained by its larger 
atomic size affecting optimal binding orientation within the 
ATP-binding pocket. Similarly, the IVc derivative (IC₅₀ = 
4.97 µM) displayed reduced activity as shown in (Table 5), 
indicating that increasing steric bulk can negatively 
influence binding efficiency [29]. Overall, the observed 
activity trend (F > Cl > Br) indicates that both electronic 
and steric factors play a crucial role in determining 
inhibitory potency. While electron-withdrawing groups 
improve interaction with the enzyme, steric effects govern 
the ability of the compound to adopt a favorable 
conformation within the binding pocket. When compared 
with the reference inhibitor roscovitine (IC₅₀= 0.61 µM), the 
synthesized compounds exhibit a clear structure–activity 
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relationship, confirming that careful optimization of 
substituent size and electronic properties is essential for 
improving CDK-2 inhibitory activity[29].  
 
Conclusion  
The results showed that IVa and IVb were the most potent 
cytotoxic agents against MCF-7 breast cancers with effects 
similar to rescovitine. The assorted biological activity 
among the synthetic derivatives reflects that the nature of 
the substituents on the benzamide ring is key to inhibition. 
IVa & IVb exhibited potent anti-cancer activity, and IVc. 
Structure activity relationship (SAR) analyses suggested 
that electron withdrawing groups increased the affinity 
towards target binding and biological activity, such as the 
fluorine substituent, although bulkier steric substituents 
tended to exhibit a reduced potency. In addition, the 
ADMET evaluation indicated acceptable pharmacokinetic 
properties for all compounds synthesized in this study, 
including good aqueous solubility, appropriate 
gastrointestinal absorption and compliance with Lipinski's 
rule of five supporting their potential oral bioavailability as 
a drug candidate. IVa–IVc combinations of these pyrazole–
thiourea derivatives exhibited excellent anticancer activity, 
and among them IVa and IVb could be recognized as 
interesting lead compounds for further development toward 
selective CDK2 inhibitors with beneficial pharmacokinetic 
profile. 
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