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Chapter 1 

Synthesis, Characterization and Anti-Cancer Activity 

of Thiophene Derivative 

1.1. Introduction 

One of the most common diseases worldwide and the leading cause of death is cancer. 

Therefore, there is a constant need for the design and synthesis of novel anti-cancer agents1. 

According to the World Health Organization, there will be approximately 10 million 

cancer-related deaths in 2020. Breast (2.26 million cases), Lung (2.21 million cases), Colon 

and rectum (1.93 million cases), Prostate (1.41 million cases), Skin (1.20 million cases), 

and Stomach (1.09 million cases) were the most common in 20202. A significant challenge 

for the medical and scientific communities is the creation of drugs, treatments, and care for 

an improved and more effective cancer therapy. The most prevalent cancer in women 

among worldwide is breast cancer, which is harmful to the general public's health3. 

Therefore, it is essential to create medicines that are more effective and have fewer side 

effects. Due to their various pharmacological and biological characteristics, fused 

heterocycles, such as thiophene scaffolds, have drawn significant attention and have been 

identified as anti-cancer agents. It has been discovered that many thiophene compounds 

with various substitutions, such as mono-, di-, and tri-substitution, are effective anti-cancer 

drugs4. Several chemical processes have been reported for the synthesis of thiophene, and 

they have all been used to produce different substituted thiophene derivatives. Karl Gewald 

found that the one-pot reaction of a ketone with an activated nitrile, elemental sulphur, and 

morpholine as a base produces the most useful and established method for 

synthesized thiophene with a high degree of functionality5. The five-membered 

heterocyclic thiophene is significant in organic chemistry. There are numerous applications 

for thiophene derivatives in pharmaceuticals, dyes, and agrochemicals. Thiophene 

derivative are still being studied in terms of their biological effects due to their diverse 

modes of action. Thiophene derivatives have higher safety and specificity profiles as a 

result of their varied synthesis processes. Due to improvements in their synthetic pathways, 

thiophene's availability, stability, and simplicity of structure have attracted a lot of interest. 

Thiophene also exhibits a number of other pharmacological properties, including anti-
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bacterial6, anticancer7, anti-fungal8, analgesic9, antimicrobial10, antidiabatic11, anti 

proliferative12, antiulcer13, antitumor14, antidepressant15, anti-oxidant16, anti-inflammatory 

effect17. 

 

Scheme 1. Several bioactive thiophene 
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1.1.1. Synthetic methods for substituted thiophene scaffold and its 

biological significance 

A. Abdelmoniem et al18 have successfully synthesized the reaction of compound diethyl 5-

amino-3-methylthiophene-2,4- dicarboxylate 1 with 3-(3,5-dimethyl-1H-pyrazol-1-yl)-3- 

oxopropanenitrile 2 in toluene under reflux conditions, resulting in the formation of 

afforded diethyl 5-(2-cyanoacetamido)-3-methylthiophene-2,4-dicarboxylate 3. It was 

observed that afforded molecule 3 possesses two nucleophilic positions capable of 

initiating addition to the activated double bond reagent, compound 4. Consequently, the 

reaction between compound 3 and cinnamonitriles 4 yielded product 6.  Additionally, when 

compound afforded molecule 3 was reacted with pyrazolidine malononitriles 5, the desired 

target products 7 were obtained. The synthesized compounds underwent screening to 

assess their antibacterial activity against five bacterial strains. The results revealed that 

these compounds exhibited moderate to good inhibition zones, indicating their potential as 

antibacterial agents (Scheme 1.1).  

 

Scheme 1.1 
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N. Daddukuri et al19 describe new thiophene linked chalcone hybrids. Using the Suzuki 

reaction, the key intermediate thiophene-2-carbaldehyde has been synthesized by coupling 

the furan and phenyl ring. In order to synthesize the chalcone core, the new scaffolds have 

been synthesized through a base-catalyzed condensation reaction. In selected cancer cell 

lines, including prostate cancer (PC-3), lung (A549), Human breast (MCF-7) cell lines, all 

15 compounds of these thiophene-chalcone derivatives has been screened (Scheme 1.2).  

 

Scheme 1.2 



Synthesis, Characterization and Biological Activity of Heterocyclic Compounds 

Atmiya University, Rajkot, Gujarat, India                                                   Page 5 of 279 

M. Abdelhameid and co-workers20 demonstrated novel thiophene derivative 17. The 

reaction mixture was stirred at room temperature while ethanolic sodium ethoxide solution 

was slowly added drop by drop to a stirred solution of anilide in absolute ethanol. After 2 

hours, phenyl isothiocyanate was added, and the mixture was heated at 70 C for 30 minutes, 

then cooled to 25 C. Following the addition of the α-chloromethylene derivative, the 

temperature was raised to 60 C and maintained for another 30 minutes. Sodium ethoxide 

was then added, and the heating process was continued for an additional 3 hours at reflux 

temperature. The reaction mixture was cooled to room temperature, poured into ice-cold 

water, separated, dried, and recrystallized from ethanol to obtain the desired compound 17 

(Scheme 1.3).  

 

Scheme 1.3 

M. Khalifa et al21 have successfully synthesized novel thiophene derivative. The addition 

of benzaldehyde to the hot mixture of cyanoacteamide derivative 18 in 1,4-dioxane and 

piperidine followed by refluxing for 5 hours to synthesized molecule 19. Similarly, the 

reaction of cyanoacteamide 18 in 1,4-dioxane with piperidine catalyst, followed by the 

addition of salicylaldehyde and refluxing for 5 hours, and further refluxing with conc. HCl, 

leads to the formation of the intended product 20. Furthermore, the cyanoacteamide 18 

derivative is effectively refluxed with PhNCS in DMF and KOH for 6 hours, followed by 

neutralization using an acidified ice-water bath to formed molecule 21. Lastly, when a 

mixture of thienyl derivative and ethylchloroacetate in DMF containing TEA is heated 

under reflux for 5 hours, the desired product 23 is achieved (Scheme 1.4).  
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Scheme 1.4 
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The synthesis of thiophene derivatives 27 was described by Zhong et al22. Thiophene 

molecule 25 was created at room temperature from the gewald reactions of ethylene 

diamine, ethyl aceto acetate 24 and sulphur in methanol at room temperature. Molecule 26 

was created by adding the chloroacetyl chloride to molecule 25. Additionally, different 

substituted aromatic phenol were attached to it in DMF containing potassium iodide and 

potassium carbonate to synthesize a series of molecules known 27. The neuraminidase 

activity of the synthesized molecules was tested and results indicated positive progress 

(Scheme 1.5).  

 

Scheme 1.5 
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1.2. Result and discussion 

In this study, we present a discovery of fifteen newly synthesized molecules with thiophene 

as their main structural component, aimed at identifying innovative anti-cancer agents and 

synthesizing diverse heterocyclic compounds. The elucidation of compounds 6a-o was 

conducted by thoroughly analyzing their spectroscopic data, including 1H-NMR, 13C-NMR 

and mass spectroscopy. Starting compound ethyl 2-amino-4-methyl-5-

(arylcarbamoyl)thiophene-3-carboxylate  were obtained by known literature method via 

Gewald’s reaction which involves one-pot reaction of a ketone with an activated nitrile and 

elemental sulfur in the presence of morpholine as base according to method describe in 

literature. Next compound 4 was reacted with 2-cyano-3,3-bis(methylthio)-N-

arylacrylamide 5 and potassium carbonate in DMF to produce thiophene derivatives that 

are novel and highly functionalized. 

Table 1 Presents the elemental analysis information as well as some physical 

characteristics of these novel compounds which displayed 1H NMR spectra analysis of 

these novel substances, we also examined their behavior in both CDCl3 and DMSO-d6. 

Compounds 6a-o were found to exhibit distinct characteristics. The proton signals 

corresponding to the CH3 group of the ester appeared at t 1.33-1.44 ppm. While SCH3 was 

observed at s 2.53-2.58 ppm as a singlet. Ester methylene protons were observed at q 4.34-

4.49 ppm (CH2), and the aromatic region ranged between 6.92-7.70 ppm. Furthermore, 

proton singlets of three NH groups were detected between s 9.55-13.67 ppm. Each 

compound’s mass spectra displayed a molecular ion, confirming its molecular weight. The 

mass spectra showed a molecular ion peak at 585 m/z that corresponded to the molecular 

formula C27H25ClN4O5S2.   

1.2.1. Optimizing of the reaction conditions. 

Table 1: Optimization of the reaction conditions. 

Entry Solvent Base Temp. (C) Yield (%) Purification 

1 No solvent - rt - - 

2 H2O - rt - - 

3 H2O K2CO3 rt - - 

4 THF K2CO3 rt 39 Yes 

5 THF Et3N rt 33 Yes 

6 MECN K2CO3 rt 47 Yes 

7 MECN Et3N rt 42 Yes 
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8 Acetone K2CO3 rt 81 Yes 

9 Acetone Et3N rt 83 Yes 

10 MeOH K2CO3 rt 55 Yes 

11 MeOH Et3N rt 48 Yes 

12 EtOH K2CO3 rt 56 Yes 

13 EtOH Et3N rt 47 Yes 

14 DMF Et3N rt 87 Yes 

15 DMF K2CO3 rt 91 No 

 

To improve the testing conditions for synthesizing molecules 6a-o, various solvents such 

as tetrahydrofuran, ethanol, acetone, IPA, DMF and methanol were used in conjunction 

with different bases such as triethylamine and piperidine. After conducting several 

experiments, it was found that the use of potassium carbonate with DMF resulted in a faster 

reaction between ethyl 2-amino-4-methyl-5-(arylcarbamoyl)thiophene-3-carboxylate and 

2-cyano-3,3-bis(methylthio)-N-arylacrylamide, producing a desirable yield of thiophene 

derivatives ethyl (E)-2-((2-cyano-1-(methylthio)-3-oxo-3-(arylamino)prop-1-en-1-

yl)amino)-4-methyl-5-(arylcarbamoyl)thiophene-3-carboxylate 6a-o.  

Initially, the reaction was attempted without any solvent or catalyst at room temperature, 

but no product was formed (Table 1, entry 1). Further experiments were conducted to 

optimize the reaction conditions. Water was used as a solvent with no base at room 

temperature (entry 2), followed by using water as a solvent with potassium carbonate as a 

base (entry 3), but no product was obtained. Subsequently, different combinations of 

solvents and bases were tried. Tetrahydrofuran with potassium carbonate as a base yielded 

a 39% product yield (entry 4) and a 33% yield when triethylamine was used as the base 

(entry 5). The reaction was then carried out with acetonitrile as a solvent and potassium 

carbonate as a base, resulting in a 47% product yield (entry 6) and a 42% yield when 

triethylamine was used as the base (entry 7). Acetone as the solvent and potassium 

carbonate as the base resulted in an 81% yield (entry 8), and 83% yield was obtained when 

triethylamine was used as the base (entry 9). Methanol was used as the solvent with 

potassium carbonate as the base, resulting in a product yield of 55% (entry 10), and a 48% 

yield was obtained when triethylamine was used as the base (entry 11). Ethyl alcohol as a 

solvent and potassium carbonate as a base led to a 56% yield (entry 12) and 47% yield 

with triethylamine as the base (entry 13). Finally, DMF was used with triethylamine, and 

a yield of 87% was obtained (entry 14). The highest yield of 91% was achieved when 
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potassium carbonate was used as the base and the reaction mixture was stirred at room 

temperature for 1 hour (entry 15). These results suggest that using potassium carbonate 

with DMF is the optimal condition for synthesizing thiazole derivatives as it yields a high 

product yield and the reaction proceeds rapidly. 

 

Scheme 1. Reagents and conditions 

1.2.2. Physicochemical Properties 

Table 2: Novel thiazole derivative’s physicochemical characteristeristics. 

 

Entry R
1
 R

2
 R

3
 R

4
 Molecular 

Formula 

Molecular 

Weight 

Yield 

(%) 
MP (°C) 

JOOET-2 H H OCH3 Cl C26H22ClFN4O4S2 573.05 88 275-277 

JOOET-3 H H OCH3 CH3 C27H25ClN4O5S2 584.10 81 255-257 

JOOET-5 H H OCH3 F C28H228N4O5S2 564.68 72 292-294 

JOOET-6 H H CH3 CH3 C27H25N4O4S2 533.13 83 287-289 

JOOET-7 CH3 CH3 H CH3 C27H25FN4O4S2 552.64 85 277-279 

JOOET-8 CH3 CH3 H Br C26H22FN4O5S2 553.60 82 285-286 

JOOET-9 CH3 H CH3 Br C29H30N4O4S2 562.70 85 291-293 

JOOET-10 H H F Br C28H27BrN4O4S2 627.57 74 269-271 

JOOET-11 H H Cl Br C28H27BrN4O4S2 627.57 92 208-210 

JOOET-12 H H OCH3 Br C26H22BrFN4O4S2 617.51 93 206-208 

JOOET-13 H H CH3 Br C26H22BrClN4O4S2 633.96 89 224-226 

JOOET-14 H H Cl F C27H25BrN4O5S2 629.54 90 216-218 

JOOET-15 H H OCH3 Cl C27H25BrN4O4S2 629.54 92 216-218 
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The molecular docking of the synthesized compounds 6a-o was further studied to ascertain 

their binding affinities. The results might be significant for the creation of effective and 

harmless anticancer compounds. 

1.2.3. Anticancer activity of synthesized molecules 

Screening of anticancer activity at a Single Dose (10 μM) 

The National Cancer Institute (NCI) chose synthesized molecules for in vitro anticancer 

testing in accordance with the Drug Evaluation Branch methodology in Bethesda, 

Maryland, USA (http://www.dtp.nci.nih.gov). The primary in vitro anticancer study 

consisted of giving a single dosage to all NCI 60 cell lines representing nine tumor 

subpanels: breast, prostate, renal, ovarian, CNS, colon, lung, melanoma, and leukemia. The 

molecules were introduced at 10-5 M concentrations and incubated for 48 hours. 

Sulforhodamine B (SRB), a protein binding dye, was used to identify the endpoint. The 

results for all molecule were shown as a graphical depiction of the average percentage of 

growth inhibition in treated cells versus untreated control cells. Furthermore, these findings 

were summarized in Table X. The results of growth inhibition for the two most potent 

molecules, 3 and 12, are listed in Table 1. An analysis of thiophene analogs 1 - 15 that had 

been examined revealed a wide range of anticancer efficacy. Notably, Molecule 3 exhibited 

significant activity, with a mean value of -17.01. Specifically, Molecule 3 demonstrated 

lethal effects/complete cell death against 39 cell lines, including Leukemia (HL-60, 

MOLT-4, SR), NSCL Cancer (EKVX, HOP-62, HOP-92, NCI-H226, NCI-H23, NCI-

H460, NCI-H522), Colon Cancer (COLO 205, HCC-2998, HCT-116, HCT-15, KM12), 

CNS Cancer (SF-295, SF-539, U251), Melanoma (LOX IMVI, MALME-3M, M14, MDA-

MB-435, SK-MEL-2, SK-MEL-28, SK-MEL-5, UACC-62), Ovarian Cancer (OVCAR-3, 

OVCAR-5, SK-OV-3), Renal Cancer (A498, CAKI-1, RXF 393) and Breast Cancer 

(MCF7, MDA-MB-231/ATCC, HS 578T, BT-549, T-47D, MDA-MB-468), with growth 

percentages ranging from -2.03% to -77.60%. Additionally, high effectiveness against 21 

tested cell lines, including Leukemia (K-562, RPMI-8226), NSCL Cancer (A549/ATCC, 

NCI-H322M), Colon Cancer (HT29, SW-620), CNS Cancer (SF-268, SNB-19, SNB-75), 

Melanoma (UACC-257), Ovarian Cancer (IGROV1, OVCAR-4, OVCAR-8), Renal 
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Cancer (786-0, ACHN, SN12C, TK-10, UO-31), Prostate Cancer (PC-3, DU-145), with 

growth percentages ranging from 0.62% to 21.59%.  

Notably, Molecule 12 exhibited significant activity, with a mean value of -30.30. Molecule 

12 demonstrated lethal effects/complete cell death against 46 cell lines, including 

Leukemia (CCRF-CEM, HL-60, RPMI-8226), NSCL Cancer (A549/ATCC, EKVX, HOP-

62, HOP-92, NCI-H226, NCI-H23, NCI-H322M, NCI-H522), Colon Cancer (COLO 205, 

HCC-2998, HCT-116, HCT-15, HT29, KM12), CNS Cancer (SF-268, SF-295, SF-539, 

SNB-19, SNB-75, U251), Melanoma (LOX IMVI, MALME-3M, M14, MDA-MB-435, 

SK-MEL-2, SK-MEL-28, SK-MEL-5, UACC-257, UACC-62), Ovarian Cancer 

(OVCAR-3, OVCAR-8, NCI/ADR-RES, SK-OV-3), Renal Cancer (786-0, A498, CAKI-

1, RXF 393, UO-31), Prostate Cancer (PC-3), Breast Cancer (MDA-MB-231/ATCC, HS 

578T, BT-549, MDA-MB-468), with growth percentages ranging from -0.30% to -89.96%. 

Additionally, high effectiveness against 13 tested cell lines, including Leukemia (K-562, 

MOLT-4), NSCL Cancer (NCI-H460), Colon Cancer (SW-620), Ovarian Cancer 

(IGROV1, OVCAR-4, OVCAR-5), Renal Cancer (ACHN, SN12C, TK-10), Prostate 

Cancer (DU-145), Breast Cancer (MCF7, T-47D), with growth percentages ranging from 

0.63% to 15.39%.  

Notably, Molecule 2, 9, 10, 11, 13 and 14 Demonstrate Complete cell death and high 

effectiveness against most of the cell lines with a mean value of -16.02, -4.21, -14.56, -

6.78, -13.60 and -11.09, respectively. Additionally, molecule 5, 6, 7 and 8 showed 

complete cell death, high effectiveness and moderate cell growth inhibition against most 

of the tested cell lines with a mean value of 18.71, 19.42, 10.74 and 10.12, respectively 

(Table 1). 
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Table 3: Anticancer activity (GI50 Values in µM) for all compounds in NCI-60 cell line. 

Cell line Growth of Cells (%)3 10-5 M 

Compound 2 3 5 6 7 8 9 10 11 12 13 14 15 

Leukemia 

CCRF-CEM -12.03 17.73 29.79 4.54 23.31 10.96 10.38 14.15 12.15 -13.01 -12.23 -19.97 86.43 

HL-60(TB) 26.36 -18.11 31.54 1.71 7.28 15.50 -21.36 -7.96 -3.47 -0.30 5.01 -13.50 92.59 

K-562 2.88 10.55 27.58 12.00 11.23 15.13 4.30 6.94 6.69 5.07 7.79 9.98 91.81 

MOLT-4 13.28 -2.49 26.94 22.71 14.73 8.91 10.65 14.45 7.86 6.66 5.68 4.92 95.17 

RPMI-8226 0.26 4.30 14.82 -8.02 4.04 4.27 -25.25 -10.64 -19.90 -20.25 -17.91 -16.98 93.58 

SR -32.60 -13.63 9.67 - 5.36 0.42 - - - - - - - 

NSCL Cancer 

A549/ATCC 6.59 9.79 34.85 29.71 23.35 26.63 10.79 4.77 11.80 -18.45 4.23 8.16 96.39 

EKVX -2.97 -5.91 27.53 23.05 21.49 23.77 1.02 1.28 3.96 -8.21 -4.15 6.19 102.01 

HOP-62 -57.44 -64.24 18.34 39.44 -10.76 -11.94 0.04 -39.92 -18.73 -65.28 -41.55 -31.50 96.31 

HOP-92 -25.67 -24.91 -10.86 -10.73 -9.40 -5.93 -23.27 -30.89 -30.15 -49.75 -37.89 -23.50 85.25 

NCI-H226 -6.79 -10.88 23.24 18.90 38.37 26.48 -4.55 -1.13 2.88 -15.18 -4.73 5.35 104.96 

NCI-H23 -19.62 -5.17 17.64 10.09 5.31 12.28 -12.09 -16.08 -24.37 -50.95 -33.69 -20.09 99.80 

NCI-H322M 1.30 9.52 46.15 29.52 30.49 29.68 15.30 9.09 16.31 -4.29 18.99 15.17 87.66 

NCI-H460 -17.16 -15.21 9.48 6.43 4.76 4.18 13.42 7.79 11.64 0.90 2.20 -4.71 107.48 

NCI-H522 -25.62 -22.92 7.51 11.32 -2.40 -5.88 -31.61 -56.82 -38.56 -57.90 -39.80 -29.16 96.07 

Colon Cancer 

COLO 205 -63.77 -77.60 26.42 35.52 -13.72 -24.05 -12.57 -76.71 -55.32 -81.83 -65.13 -58.14 117.54 

HCC-2998 -43.35 -63.44 26.31 24.67 19.81 27.24 -7.11 -43.83 -39.40 -71.90 -65.71 -61.32 119.25 

HCT-116 -43.41 -34.08 24.52 13.63 12.63 12.45 -9.53 -22.19 -5.57 -33.87 -20.77 -1.98 96.57 

HCT-15 -30.64 -63.59 12.89 12.92 12.92 14.23 -14.41 -49.10 -41.11 -52.73 -23.84 -44.68 104.98 

HT29 6.43 3.11 37.52 22.60 20.85 21.69 9.88 -14.52 -5.85 -17.77 2.19 2.77 111.79 

KM12 -33.16 -52.65 23.29 13.75 16.32 12.13 -1.62 -52.69 -11.61 -64.44 -33.28 -73.64 96.72 

SW-620 7.53 9.62 32.93 35.42 24.62 24.93 18.65 11.37 18.98 3.97 10.54 12.79 99.05 

CNS Cancer 

SF-268 5.75 7.65 14.07 36.66 15.20 20.84 31.53 54.86 46.47 -4.24 16.00 22.77 94.87 

SF-295 -57.98 -70.46 10.68 0.46 1.79 5.41 -50.64 -57.81 -37.32 -68.78 -51.30 -55.02 103.51 

SF-539 -60.87 -68.57 23.51 32.07 24.74 28.91 7.87 -10.21 -9.62 -84.54 -47.96 -31.37 102.64 

SNB-19 32.07 21.59 22.10 17.77 22.44 19.81 7.06 0.16 9.44 -5.80 12.44 12.85 91.08 

SNB-75 -1.47 2.81 27.13 40.18 19.60 16.31 18.47 4.85 19.33 -29.04 -4.79 -19.79 82.36 

U251 -42.74 -30.84 27.40 11.60 19.88 21.30 -23.38 -62.57 -51.44 -79.03 -44.95 -41.18 93.04 
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Melanoma 

LOX IMVI -57.42 -40.55 42.47 26.06 36.56 39.72 -44.79 -74.63 -71.91 -89.96 -68.03 -59.69 103.76 

MALME-3M -24.03 -12.30 20.02 3.16 6.73 10.90 -19.40 -10.67 -16.42 -24.42 -15.77 -4.53 94.69 

M14 0.33 -22.66 25.86 26.58 20.43 18.22 -22.12 -43.68 -18.82 -60.64 -1.47 -29.47 99.94 

MDA-MB-435 -40.35 -42.00 -3.62 7.20 8.78 6.59 2.56 -24.73 -8.31 -65.85 -29.46 -28.02 93.70 

SK-MEL-2 -66.45 -70.71 -41.73 -8.63 -50.92 -54.07 -71.69 -61.20 -51.80 -85.10 -72.88 -71.93 102.51 

SK-MEL-28 7.30 -20.13 15.29 36.02 18.61 19.67 23.16 19.51 26.97 -12.92 16.33 0.22 113.64 

SK-MEL-5 -61.62 -72.58 -43.12 -31.23 -51.72 -51.58 -87.52 -75.41 -75.86 -87.13 -76.49 -79.92 101.93 

UACC-257 -2.77 9.77 17.78 13.73 1.58 2.31 -4.08 2.30 7.17 -2.54 -0.31 -0.63 95.25 

UACC-62 -45.68 -58.57 8.55 11.83 12.79 1.52 -58.01 -67.43 -42.97 -81.56 -44.74 -52.09 94.68 

Ovarian Cancer 

IGROV1 11.87 15.39 35.57 30.28 28.53 25.66 14.22 5.78 26.66 7.21 22.73 17.79 106.47 

OVCAR-3 -28.56 -34.29 -0.88 12.27 -6.87 -16.33 -28.66 -10.36 12.25 -45.62 9.52 1.08 115.04 

OVCAR-4 9.66 15.91 24.69 28.88 19.21 15.73 20.89 20.49 23.73 15.39 14.33 18.65 95.38 

OVCAR-5 1.49 -9.53 41.47 79.04 41.15 40.12 52.30 20.02 33.04 4.81 27.90 43.99 131.63 

OVCAR-8 10.52 16.24 38.51 33.12 21.01 20.59 6.91 6.22 8.95 -34.03 -41.17 5.71 101.58 

NCI/ADR/RES    23.90   11.64 4.07 3.59 -25.95 -8.29 -2.37 104.77 

SK-OV-3 37.81 -51.44 -24.78 19.76 -39.07 -39.51 -18.88 -24.11 -19.76 -36.52 -22.00 -20.85 98.80 

Renal Cancer 

786-0 3.42 11.32 25.20 31.83 21.10 26.01 7.48 -5.54 4.59 -25.89 3.59 10.42 100.47 

A498 -9.97 -5.52 30.01 27.99 13.69 4.07 -10.38 -19.79 -4.46 -39.11 -22.65 -14.27 105.83 

ACHN 4.84 7.09 28.32 20.09 16.44 18.60 7.94 6.48 11.38 3.03 8.60 13.13 103.90 

CAKI-1 -11.02 -2.03 19.47 33.46 3.81 7.97 0.64 -29.68 -10.20 -14.53 -9.26 1.82 83.27 

RXF 393 -30.31 -21.38 -5.36 38.92 -5.73 -3.88 8.96 -12.56 -1.99 -49.81 -7.09 2.22 101.43 

SN12C 9.33 11.62 23.17 15.22 16.06 12.60 10.16 9.35 15.49 6.02 14.31 14.26 94.90 

TK-10 7.50 14.30 35.82 28.20 17.56 20.96 12.07 -4.95 9.25 4.39 11.69 14.63 101.06 

UO-31 5.89 12.27 21.69 13.53 14.96 13.91 2.54 -17.50 -12.93 -69.10 -7.82 12.13 86.02 

Prostate Cancer 

PC-3 -4.90 0.62 21.30 13.89 8.58 11.16 4.05 -5.45 2.11 -5.64 2.51 2.06 98.43 

DU-145 17.24 20.84 35.04 28.23 23.15 23.15 25.92 35.25 28.67 2.21 19.45 21.13 97.70 

Breast Cancer 

MCF7 4.69 -2.69 23.63 16.01 17.11 23.26 8.18 6.77 6.43 3.60 4.75 5.90 100.22 

MDA-MB-231 -50.33 -35.69 50.22 42.16 60.13 47.77 9.35 -2.97 -2.41 -16.71 -11.12 1.09 96.31 

HS 578T -10.34 -3.28 33.66 -0.50 16.14 20.85 -9.30 -19.86 -18.09 -27.73 -15.98 -12.78 95.36 

BT-549 -31.53 -34.66 12.98 26.52 13.49 11.85 0.59 -21.71 -6.17 -34.53 -20.10 -16.54 105.58 

T-47D -25.92 -31.89 -28.67 12.10 -31.26 -32.49 9.92 7.73 5.00 0.63 -2.03 4.08 101.20 
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MDA-MB-468 -25.15 -19.14 -1.91 -1.93 -2.58 -3.80 -14.30 -19.10 -13.82 -18.90 -16.87 -5.66 108.58 

Mean -16.02 -17.01 18.71 19.42 10.74 10.12 -4.21 -14.56 -6.78 -30.30 -13.60 -11.09 99.71 

Delta 50.43 60.59 61.83 50.65 62.46 64.19 83.31 62.15 69.08 59.66 62.89 68.83 17.35 

Range 98.52 99.19 93.34 110.2 111.85 101.84 139.82 131.57 122.33 105.35 104.3 123.91 49.27 

 

1.2.4. In vitro Anticancer Screening at 5 dose Full NCI 60 cell Panel 

The outcomes of the single-dose screening demonstrated that twelve molecules, including 

2 (D-839235/1), 3 (D-839236/1), 5 (D-8392337/1), 6 (D-842065/1), 7 (D-839238/1) 8 (D-

839239/1), 9 (D-842066/1), 10 (D-842067/1), 11 (D-842068/1), 12 (D-842069/1), 13 (D-

842070/1) and 14 (D-842071/1) showed greater activity in initial experiments conducted 

on sixty human cancer cell lines. As a result, these molecules were evaluated further using 

a range of sixty cancer cell lines. To achieve this, five different concentrations (100 μM, 

10 μM, 1 μM, 0.1 μM, and 0.01 μM) were tested using 10-fold dilutions. The findings of 

the five-dose screening for all eleven compounds are shown according to the response 

parameters GI50 (the molar concentration needed to prevent 50% of cancer cell lines from 

growing) and LC50 (the molar concentration needed to kill 50% of the cells) for each tested 

cell line. A molecule's selectivity criteria is expressed as the ratio that results from dividing 

the mean inhibitory dose (MID) of the entire panel (in μM) by the MID of each individual 

subpanel (also in μM). Moderate selectivity is indicated by ratios between 3 and 6, and 

strong selectivity is shown by ratios more than 6 toward the particular cell line. Compounds 

failing to match either of these criteria are characterized as nonselective. From the results 

presented in Table 2, it is obvious that molecule 11 displayed significant anticancer effects 

across the majority of the examined cell lines, representing nine different subpanels. 

Molecule 12 showed significant effects against most examined cell lines, with GI50 values 

ranging from 1.81 to 2.84 μM. According to the selectivity criterion, compound 12 

demonstrated broad-spectrum anticancer efficacy against the nine subpanels examined, 

with selectivity ratios ranging from 0.78 to 1.23 at the GI50 level. The results above 

indicate that thiophene derivatives exhibited outstanding cytotoxic effects against multiple 

cancer cell lines, with GI50 values for several of them falling below the low <1.0 μM range. 

It indicates that further derivatization of molecules with similar structures could be useful 

in the development of even more effective and selective anticancer drugs. 
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Table 4: In vitro Anticancer Screening at 5 dose for JOOET-12. 

JOOET-12  GI50 Subpanel 

MIDb 

Selectivity 

ratio 

(MIDa/MIDb) 

TGI 

 

LC50 

 

Leukemia 

CCRF-CEM 2.02 

2.09 1.07 

1.06 > 100 

HL-60(TB) 2.38 6.65 5.65 

K-562 1.95 9.62 > 100 

MOLT-4 2.41 8.73 6.69 

RPMI-8226 1.72 6.93 > 100 

SR    

NSCL Cancer 

A549/ATCC 2.36 

2.06 1.08 

7.73 3.00 

EKVX 1.88 5.71 2.51 

HOP-62 1.80 3.94 8.62 

HOP-92 1.26 3.97 1.54 

NCI-H226 2.04 5.68 3.55 

NCI-H23 1.70 4.10 9.90 

NCI-H322M 3.03 1.17 4.37 

NCI-H460 2.71 7.55 4.27 

NCI-H522 1.80 4.88 1.76 

Colon Cancer 

COLO 205 2.14 

2.19 1.01 

4.56 9.74 

HCC-2998 1.65 3.63 8.00 

HCT-116 2.14 5.79 2.17 

HCT-15 1.44 3.50 8.51 

HT29 2.33 5.50 1.91 

KM12 2.03 4.61 1.13 

SW-620 3.63 1.24 4.15 

CNS Cancer 

SF-268 2.19 

2.02 1.10 

7.25 3.30 

SF-295 1.50 3.12 6.52 

SF-539 1.98 4.49 1.11 

SNB-19 2.43 1.05 4.01 

SNB-75 2.38 6.41 2.38 

U251 1.63 3.68 8.32 

Melanoma 

LOX IMVI 1.72 

2.07 1.07 

3.31 6.38 

MALME-3M 2.50 8.99 4.07 

M14 2.14 5.00 1.59 

MDA-MB-435 2.20 6.01 2.17 

SK-MEL-2 1.63 3.35 6.89 

SK-MEL-28 2.92 1.49 7.00 

SK-MEL-5 1.33 2.89 6.27 

UACC-257 2.12 6.98 2.90 

UACC-62    

Ovarian Cancer 

IGROV1 3.67 

2.84 0.78 

2.72 > 100 

OVCAR-3 2.26 5.66 1.90 

OVCAR-4 2.73 1.20 6.48 

OVCAR-5 4.54 1.54 5.76 

OVCAR-8 2.13 5.55 2.32 
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 2.26 5.79 2.43 

SK-OV-3 2.31 6.47 > 100 

Renal Cancer 

786-0 2.62 

2.46 0.91 

8.53 3.69 

A498 2.88 7.29 2.83 

ACHN 3.48 1.51 8.21 

CAKI-1 1.76 3.84 8.39 

RXF 393 1.67 4.73 1.71 

SN12C 2.57 1.40 4.59 

TK-10 2.88 1.19 3.94 

UO-31 1.81 6.21 2.62 

Prostate Cancer 

PC-3 2.38 
2.80 0.79 

1.02 4.46 

DU-145 3.23 1.08 4.14 

Breast Cancer 

MCF7 2.26 

1.81 1.23 

7.89 3.15 

MDA-MB-

231/ATCC 
2.08 4.93 1.93 

HS 578T 1.73 5.62 > 100 

BT-549 1.77 4.24 1.07 

T-47D    

MDA-MB-468 1.22 4.98 2.28 

 

MIDa     127.33/57 = 2.23 

 

1.3. Conclusion 

A series of novel Ethyl (Z)-5-(arylcarbamoyl)-2-((2-cyano-3-((4-fluorophenyl)amino)-1-

(methylthio)-3-oxoprop-1-en-1-yl)amino)-4-methylthiophene-3-carboxylate has been 

produced beginning with  Gewald’s reaction. ethyl 2-amino-4-methyl-5-

(arylcarbamoyl)thiophene-3-carboxylate 6a-o were obtained by known literature method 

via Gewald’s reaction which involves one-pot reaction of a ketone with an activated nitrile 

and elemental sulfur in the presence of morpholine as base according to method describe 

in literature. Next compound 4 was reacted with 2-cyano-3,3-bis(methylthio)-N-

arylacrylamide 5 and potassium carbonate in DMF to produce thiophene derivatives that 

are novel and highly functionalized. The National Cancer Institute (NCI) chose synthesized 

molecules for in vitro anticancer testing. The primary in vitro anticancer study consisted of 

giving a single dosage to all NCI 60 cell lines that correspond to nine subpanels of tumors: 

breast, CNS, ovarian, prostate, renal, colon, lung, melanoma, and leukemia. After 

displaying strong anti-cancer activity in initial screening against all the cell lines, 12 

substance was chosen for five- dose assay. 
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1.4. Experimental Section  

An electrothermal equipment, in conjunction with an open capillary, was utilized for the 

determination of melting points, and these values remained consistent without the need for 

any adjustments. Thin-layer chromatography was carried out on Merck-supplied silica-gel 

60 F254 precoat plates. Molecules were visualized using UV light at wavelengths of 365 

and 264 nm, as well as iodine vapor. 1H and 13C NMR spectra were obtained in DMSO-d6 

conditions utilizing a Bruker AVANCE III (400 MHz) spectrometer, with chemical shifts 

expressed in δ ppm with respect to Tetramethylsilane (TMS) as the internal standard. Mass 

spectra were acquired utilizing a direct inlet probe paired with a Shimadzu GCMS QP2010 

Ultra mass spectrometer. All of the chemicals were utilized without further purification 

and were obtained from reputable sources such as Spectrochem, Combi-Blocks BLD 

pharm, SDFCL, Loba, TCI, CDH, Avra and Sigma-Aldrich. 

 

❖ General procedure for synthesis of ethyl 2-amino-4-methyl-5-

(phenylcarbamoyl)thiophene-3-carboxylate (4). 

Ethyl cyanoacetate (1 mmol), sulphur (1 mmol), and substituted acetoacetanilide (1 mmol) 

were refluxed in EtOH for three hours in the presence of morpholine (1 mmol). After 

completion of the reaction resulting mixture was chilled and kept in refrigerator overnight.  

The separated product was filtered, washing with a small amount of EtOH then dried in 

air. White crystal of the substance was produced by recrystallization from ethanol.  

 

❖ General procedure for synthesis of 2-cyano-3,3-bis(methylthio)-N-

phenylacrylamide (5) 

Anhydrous potassium carbonate (1 mmol) was added to a solution of acetoacetanilide (1 

mmol) in DMF. After stirring the reaction mixture for 30-45 minutes at room temperature, 

carbon disulfide (1 mmol) was added at 0-5 C and stirring continued for a further two 

hours. Then, dimethyl sulphate (1 mmol) was added in little amounts at 0-5o C over the 

period of 30-45 minutes, and stirring the reaction mixture for a further 5 hours at room 

temperature. The resulting dark red solution was poured into crushed ice, the separated 



Synthesis, Characterization and Biological Activity of Heterocyclic Compounds 

Atmiya University, Rajkot, Gujarat, India                                                   Page 19 of 279 

product was filtered and washed with water until produce a free red colored washing 

filtrate. To obtain the pure product, the solid product was crystallized from ethanol. 

 

❖ General procedure for synthesis of ethyl (E)-2-((2-cyano-1-(methylthio)-3-oxo-

3-(phenylamino)prop-1-en-1-yl)amino)-4-methyl-5-

(phenylcarbamoyl)thiophene-3-carboxylate (6) 

Anhydrous potassium carbonate (1 mmol) was agitated at room temperature for one hour 

with a combination of 3a (1 mmol) and 4a (1 mmol) in 15 mL of DMF. After completion 

of the reaction, the suspension had been added to the ice-cold water. The final product was 

filter and repeatedly washed in cold water and purified by recrystallization from DMF to 

give yellow colour compounds (6a-o). 

 

Ethyl (Z)-5-((4-chlorophenyl)carbamoyl)-2-((2-cyano-3-((4-fluorophenyl)amino)-1-

(methylthio)-3-oxoprop-1-en-1-yl)amino)-4-methylthiophene-3-carboxylate 

(JOOET-2) 

 

Yield 92%, mp 205-207 °C. 1Н NMR spectrum, δ, ppm:  13.67 (s, 1H), 7.59 – 7.48 (m, 

4H),7.37 (d, J = 8.6 Hz, 2H), 7.07 (d, J = 8.5 Hz, 2H), 4.49 (q, J = 7.1 Hz, 2H),2.58 (s, 

3H), 1.44 (t, J = 7.1 Hz, 3H), 1.28 (s, 3H). M 573. 

 

Ethyl (Z)-2-((3-((4-chlorophenyl)amino)-2-cyano-1-(methylthio)-3-oxoprop-1-en-1-

yl)amino)-5-((4-methoxyphenyl)carbamoyl)-4-methylthiophene-3-carboxylate 

(JOOET-3). 
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Yield 96%, mp 208-210 °C. 1Н NMR spectrum, δ, ppm: 12.98 (s, 1H), 10.00 (s, 2H), 7.63 

(d, 2H), 7.56 (d, 2H), 7.40 (d, J = 8.6 Hz, 2H), 6.93 (d, J = 8.5 Hz, 2H), 4.34 (q, J = 7.2 

Hz, 2H), 3.75 (s, 3H), 2.55 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). M 585.     

 

Ethyl (E)-2-((2-cyano-1-(methylthio)-3-oxo-3-(p-tolylamino)prop-1-en-1-yl)amino)-

5-((4-methoxyphenyl)carbamoyl)-4-methylthiophene-3-carboxylate (JOOET-5) 

 

Yield 94 %, mp 214-216 °C. 1Н NMR spectrum, δ, ppm:  13.09 (s, 1H), 10.05 (s, 1H), 9.82 

(s, 1H), 7.56 (d, J = 8.8 Hz, 2H), 7.47 (d, J = 8 Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 6.92 (d, 

J = 9.2 Hz, 2H), 4.35 (q, J = 7.2 Hz, 2H), 3.74 (s, 3H), 2.53 (s, 9H), 1.33 (t, J = 7.1 Hz, 

3H). 13C NMR spectrum, δ, ppm: 163.26, 163.09, 162.54, 160.54, 156.26, 148.59, 137.95, 

135.70, 133.95, 132.08, 129.47, 126.53, 122.43, 121.85, 119.79, 117.88, 114.30, 87.37, 

61.47, 55.66, 40.66, 40.45, 20.97, 18.45, 16.22, 14.48. M 564. 
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Ethyl (E)-2-((2-cyano-1-(methylthio)-3-oxo-3-(p-tolylamino)prop-1-en-1-yl)amino)-

4-methyl-5-(p-tolylcarbamoyl)thiophene-3-carboxylate (JOOET-6) 

 

Yield 95%, mp 212-214 °C. 1Н NMR spectrum, δ, ppm: 13.09 (s, 1H), 10.09 (s, 1H), 9.81 

(s, 1H), 7.54 (d, J = 8.0 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 7.15 (m, J = 6.4 Hz, 4H), 4.35 

(q, J = 7.1 Hz, 2H), 2.54 (s, 3H), 2.28 (s, 6H), 1.33 (t, J = 7.0 Hz, 3H). 13C NMR spectrum, 

δ, ppm: 163.29, 163.01, 162.53, 160.78, 148.66, 138.15, 136.43, 135.55, 134.05, 133.56, 

129.52, 129.47, 126.30, 121.85, 120.86, 119.69, 117.86, 87.34, 61.50, 20.93, 18.44, 16.20, 

14.43. M 548. 

 

Ethyl (E)-2-((2-cyano-3-((4-fluorophenyl)amino)-1-(methylthio)-3-oxoprop-1-en-1-

yl)amino)-4-methyl-5-(p-tolylcarbamoyl)thiophene-3-carboxylate (JOOET-7) 

 

Yield 94%, mp 220-222 °C. 1Н NMR spectrum, δ, ppm:  13.08 (s, 1H), 10.11 (s, 1H), 9.97 

(s, 1H), 7.62 – 7.53 (m, 4H), 7.21 – 7.14 (m, 4H), 4.34 (q, J = 7.2 Hz, 2H), 2.74 (s, 3H), 

2.54 (s, 3H), 2.28 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). 13C NMR spectrum, δ, ppm: 163.29, 
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162.89, 162.78, 160.71, 158.04, 148.62, 138.05, 136.53, 134.57, 133.50, 129.56, 126.61, 

123.97, 123.89, 120.77, 119.89, 117.82, 115.79, 115.56, 87.04, 61.48, 36.24, 31.23, 20.96, 

18.46, 16.23, 14.47. M552 m/z 

 

Ethyl (E)-2-((2-cyano-3-((4-fluorophenyl)amino)-1-(methylthio)-3-oxoprop-1-en-1-

yl)amino)-5-((4-methoxyphenyl)carbamoyl)-4-methylthiophene-3-carboxylate 

(JOOET-8) 

 

Yield 89%, mp 212-214 °C. 1Н NMR spectrum, δ, ppm:  13.07 (s, 1H), 10.06 (s, 1H), 9.97 

(s, 1H), 7.62 – 7.55 (m, 4H), 7.19 (d, J = 8.8 Hz, 2H), 6.92 (d, J = 9.2 Hz, 2H), 4.34 (q, J 

= 7.2 Hz, 2H), 3.74 (s, 3H), 2.54 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). 13C NMR spectrum, δ, 

ppm: 163.29, 162.92, 160.53, 158.04, 156.26, 148.51, 137.91, 134.58, 132.07, 126.65, 

123.98, 123.90, 122.44, 119.93, 117.83, 115.80, 115.57, 114.30, 86.99, 61.48, 55.66, 

18.46, 16.23, 14.48. M 568.  

 

Ethyl (E)-2-((2-cyano-1-(methylthio)-3-oxo-3-(p-tolylamino)prop-1-en-1-yl)amino)-

5-((2,6-dimethylphenyl)carbamoyl)-4-methylthiophene-3-carboxylate (JOOET-9) 
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Yield 85%, mp 204-206°C. 1Н NMR spectrum, δ, ppm:  13.07 (s, 1H), 9.83 (s, 1H), 9.56 

(s, 1H), 7.47 (d, J = 8.4 Hz, 2H), 7.16 – 7.11 (m, 5H), 4.35 (q, J = 7.2 Hz, 2H), 2.74 (s, 

6H), 2.55 (s, 3H), 2.28 (s, 6H), 1.34 (t, J = 7.2 Hz, 3H). 13C NMR spectrum, δ, ppm: 163.27, 

163.09, 162.68, 160.86, 148.47, 138.11, 135.97, 135.72, 135.31, 133.94, 129.47, 128.29, 

127.42, 125.96, 121.84, 120.02, 117.91, 87.29, 61.46, 40.66, 40.45, 20.98, 18.70, 18.46, 

16.13, 14.48. M 562. 

 

Ethyl (Z)-2-((3-((4-bromophenyl)amino)-2-cyano-1-(methylthio)-3-oxoprop-1-en-1-

yl)amino)-5-((2,6-dimethylphenyl)carbamoyl)-4-methylthiophene-3-carboxylate 

(JOOET-10) 

 

Yield 96%, mp 216-218 °C. 1Н NMR spectrum, δ, ppm: 12.97 (s, 1H), 10.04 (s, 1H), 9.55 

(s, 1H), 7.56 (q, J = 8.8 Hz, 3H), 7.14 (s, 4H), 4.36 (q, J = 7.2 Hz, 2H), 2.58 (s, 3H), 2.56 

(s, 3H), 2.20 (s, 6H), 1.33 (t, J = 7.2 Hz, 3H). 13C NMR spectrum, δ, ppm: 162.77, 160.31, 
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137.52, 135.42, 134.75, 131.34, 127.73, 126.88, 123.14, 119.76, 60.93, 18.12, 17.92, 

15.55, 13.93. M 626. 

 

Ethyl (E)-2-((3-((4-bromophenyl)amino)-2-cyano-1-(methylthio)-3-oxoprop-1-en-1-

yl)amino)-5-((2,4-dimethylphenyl)carbamoyl)-4-methylthiophene-3-carboxylate 

(JOOET-11) 

 

Yield 92%, mp 208-210 °C. 1Н NMR spectrum, δ, ppm:  13.00 (s, 1H), 10.04 (s, 1H), 9.64 

(s, 1H), 7.59 – 7.52 (m, 4H), 7.22 (d, J = 8.0 Hz, 1H), 7.08 – 7.00 (m, 2H), 4.35 (q, J = 7.2 

Hz, 2H), 2.56 (s, 3H), 2.54 (s, 3H), 2.27 (s, 3H), 2.19 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). 13C 

NMR spectrum, δ, ppm: 163.31, 163.26, 161.01, 148.54, 138.12, 137.77, 135.74, 133.87, 

133.58, 131.89, 131.40, 127.07, 126.47, 123.70, 120.18, 117.80, 116.68, 86.94, 61.50, 

40.66, 40.45, 21.01, 18.48, 16.18, 14.49. M 626. 

 

Ethyl (E)-2-((3-((4-bromophenyl)amino)-2-cyano-1-(methylthio)-3-oxoprop-1-en-1-

yl)amino)-5-((4-fluorophenyl)carbamoyl)-4-methylthiophene-3-carboxylate. 

(JOOET-12) 
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Yield 93%, mp 206- °C. 1Н NMR spectrum, δ, ppm:  13.03 (s, 1H), 10.24 (s, 1H), 10.04 

(s, 1H), 7.70 – 7.65 (m, 2H), 7.59 – 7.52 (m, 4H), 7.20 (t, J = 6.8 Hz, 2H), 4.35 (q, J = 7.2 

Hz, 2H), 2.55 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). 13C NMR spectrum, δ, ppm: 163.28, 163.15, 

160.84, 160.13, 157.74, 148.72, 138.40, 137.76, 135.41, 135.38, 131.89, 126.28, 123.71, 

122.72, 122.64, 120.02, 117.76, 116.69, 115.91, 115.69, 87.12, 61.53, 18.51, 16.25, 14.49. 

M 616. 

 

Ethyl (E)-2-((3-((4-bromophenyl)amino)-2-cyano-1-(methylthio)-3-oxoprop-1-en-1-

yl)amino)-5-((4-chlorophenyl)carbamoyl)-4-methylthiophene-3-carboxylate. 

(JOOET-13) 

 

Yield 89%, mp 224-226 °C. 1Н NMR spectrum, δ, ppm:  13.04 (s, 1H), 10.31 (s, 1H), 10.04 

(s, 1H), 7.68 (d, J = 7.2 Hz, 2H), 7.59 – 7.51 (m, 4H), 7.42 (d, J = 8.9 Hz, 2H), 4.35 (q, J 

= 7.2 Hz, 2H), 2.55 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). 13C NMR spectrum, δ, ppm: 163.27, 
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163.10, 160.96, 148.87, 138.66, 138.02, 137.75, 131.89, 129.11, 128.09, 126.12, 123.71, 

122.29, 119.98, 116.70, 87.21, 61.54, 40.67, 40.46, 18.51, 16.28, 14.49. M 631. 

 

Ethyl (E)-2-((3-((4-bromophenyl)amino)-2-cyano-1-(methylthio)-3-oxoprop-1-en-1-

yl)amino)-5-((4-methoxyphenyl)carbamoyl)-4-methylthiophene-3-carboxylate. 

(JOOET-14) 

 

Yield 90%, mp 216-218 °C. 1Н NMR spectrum, δ, ppm:  13.02 (s, 1H), 10.05 (s, 1H), 10.03 

(s, 1H), 7.59 – 7.52 (m, 6H), 6.92 (d, J = 9.2 Hz, 2H), 4.35 (q, J = 7.2 Hz, 2H), 3.75 (s, 

3H), 2.55 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). 13C NMR spectrum, δ, ppm: 163.32, 163.21, 

160.52, 156.27, 148.46, 137.91, 137.76, 132.07, 131.89, 126.74, 123.71, 122.44, 120.05, 

117.79, 116.68, 114.31, 86.96, 61.50, 55.67, 40.67, 40.46, 18.48, 16.22, 14.49. M 628. 

 

Ethyl (E)-2-((3-((4-bromophenyl)amino)-2-cyano-1-(methylthio)-3-oxoprop-1-en-1-

yl)amino)-4-methyl-5-(o-tolylcarbamoyl)thiophene-3-carboxylate. (JOOET-15) 
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Yield 92%, mp 216-218 °C. 1Н NMR spectrum, δ, ppm:  13.00 (s, 1H), 10.03 (s, 1H), 9.71 

(s, 1H), 7.59 – 7.54 (m, 4H), 7.37 (d, J = 7.2 Hz, 1H), 7.28 – 7.15 (m, 3H), 4.35 (q, J = 7.2 

Hz, 2H), 2.58 (s, 3H), 2.55 (s, 3H), 2.24 (s, 3H), 1.34 (t, J = 7.2 Hz, 3H). M 612. 
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1.4.1. Anticancer activity  

NCI anticancer screening.  

The NCI anticancer screening approach is extensively described elsewhere 

(http://www.dtp.nci.nih.gov) In brief, the primary anticancer experiment used about sixty 

human tumor cell lines obtained from nine neoplastic illnesses, in accordance with the 

guidelines provided by the Drug Evaluation Branch at the National Cancer Institute in 

Bethesda, USA. The molecules under investigation were added to the cultures at a single 

concentration of 10-5 M, and they were left to incubate for 48 hours. Endpoint evaluations 

were carried out with SRB, a protein-binding dye. Each molecule's results were expressed 

as a percentage of treated cells' growth inhibition relative to untreated controls, measured 

by spectrophotometry against controls that had not been exposed to the test agents. Using 

doses ranging from 10-4 to 10-8 M, the most active molecule was tested further for growth 

inhibitory and/or cytotoxic effects across the whole panel of about 60 human tumor cell 

lines. A continuous drug exposure regimen of 48 hours was followed, and SRB protein 

tests were used to measure cell survival or growth. The percentage growth was calculated 

at different drug concentration levels utilizing seven absorbance measurements: initial time 

(Tz), control growth without drug (C), and test growth with drug at five concentration 

levels (Ti). In concentrations in which Ti exceeded Tz, the percentage growth inhibition 

was [(Ti - Tz)/(C - Tz)] × 100, while in concentrations where Ti was less than Tz, it was 

[(Ti - Tz)/Tz] × 100. For each molecule, three dose-response parameters were calculated. 

The GI50, which represents the concentration producing a 50% decrease in net protein 

growth relative to control, was calculated as [(Ti - Tz)/(C - Tz)] × 100 = 50. TGI, the 

concentration that causes complete growth inhibition, was discovered where Ti equaled 

Tz. The LC50, which indicates a fifty percent reduction for measured protein in comparison 

to the beginning and indicating cell loss post-treatment, was determined from [(Ti - Tz)/Tz] 

× 100 = -50. These values were calculated if the activity level was met; otherwise, these 

were expressed as falling or falling under the tested concentration range. Log TGI, log 

GI50, and log LC50 were then determined as the average of the logarithms of the respective 

TGI, GI50 and LC50 values. Lower value suggest that cell lines are more sensitive. 

molecules were considered active if their log GI50 values were -4 or less. 

 

http://www.dtp.nci.nih.gov/
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1.5. Spectral Data 

Fig. 1: Representative single dose data of compound JOOET-2 
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Fig. 2: Representative five dose data of compound JOOET-2 
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Fig. 3: Representative single dose data of compound JOOET-3 
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Fig. 4: Representative five dose data of compound JOOET-3 
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Fig. 5: Representative single dose data of compound JOOET-5 
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Fig. 6: Representative five dose data of compound JOOET-5  
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Fig. 7: Representative single dose data of compound JOOET-6 
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Fig. 8: Representative five dose data of compound JOOET-6 
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Fig. 9: Representative single dose data of compound JOOET-7 
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Fig. 10: Representative five dose data of compound JOOET-7  
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Fig. 11: Representative single dose data of compound JOOET-8 
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Fig. 12: Representative five dose data of compound JOOET-8 
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Fig. 13: Representative single dose data of compound JOOET-9 
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Fig. 14: Representative five dose data of compound JOOET-9  
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Fig. 15: Representative single dose data of compound JOOET-10 



Synthesis, Characterization and Biological Activity of Heterocyclic Compounds 

Atmiya University, Rajkot, Gujarat, India                                                   Page 44 of 279 

 

Fig. 16: Representative five dose data of compound JOOET-10  
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Fig.17: Representative single dose data of compound JOOET-11 
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Fig. 18: Representative five dose data of compound JOOET-11  
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Fig. 19: Representative single dose data of compound JOOET-12 
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Fig. 20: Representative five dose data of compound JOOET-12 
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Fig. 21: Representative single dose data of compound JOOET-13 
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Fig. 22: Representative five dose data of compound JOOET-13 
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Fig. 23: Representative single dose data of compound JOOET-14 
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Fig. 24: Representative five dose data of compound JOOET-14 
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Fig. 25: Representative single dose data of compound JOOET-15 
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Fig. 26: Representative 1H NMR spectrum of compound JOOET-2 

 

Fig. 27: Representative mass spectrum of compound JOOET-2 
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Fig. 28: Representative 1H NMR spectrum of compound JOOET-3 

 

Fig. 29: Representative mass spectrum of compound JOOET-3 
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Fig. 30: Representative 1H NMR spectrum of compound JOOET-5 

 

Fig. 31: Representative 13C NMR spectrum of compound JOOET-5 
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Fig. 32: Representative mass spectrum of compound JOOET-5 

 

Fig. 33: Representative 1H NMR spectrum of compound JOOET-6 
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Fig. 34: Representative 13C NMR spectrum of compound JOOET-6 

 

 

Fig. 35: Representative mass spectrum of compound JOOET-6 
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Fig. 36: Representative 1H NMR spectrum of compound JOOET-7 

 

Fig. 37: Representative 13C NMR spectrum of compound JOOET-7 
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Fig. 38: Representative mass spectrum of compound JOOET-7 

 

Fig. 39: Representative 1H NMR spectrum of compound JOOET-8 
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Fig. 40: Representative 13C NMR spectrum of compound JOOET-8 

 

 

 

Fig. 41: Representative mass spectrum of compound JOOET-8 
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Fig. 42: Representative 1H NMR spectrum of compound JOOET-9 

 

Fig. 43: Representative 13C NMR spectrum of compound JOOET-9 
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Fig. 44: Representative mass spectrum of compound JOOET-9 

 

Fig. 45: Representative 1H NMR spectrum of compound JOOET-10 
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Fig. 46: Representative 13C NMR spectrum of compound JOOET-10 

 

Fig. 47: Representative mass spectrum of compound JOOET-10 
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Fig. 48: Representative 1H NMR spectrum of compound JOOET-11 

 

Fig. 49: Representative 13C NMR spectrum of compound JOOET-11 
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Fig. 50: Representative mass spectrum of compound JOOET-11 

 

Fig. 51: Representative 1H NMR spectrum of compound JOOET-12 
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Fig. 52: Representative 13C NMR spectrum of compound JOOET-12 

 

Fig. 53: Representative mass spectrum of compound JOOET-12  
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Fig. 54: Representative 1H NMR spectrum of compound JOOET-13 

 

 

Fig. 55: Representative 13C NMR spectrum of compound JOOET-13 
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Fig. 56: Representative mass spectrum of compound JOOET-13 

 

Fig. 57: Representative 1H NMR spectrum of compound JOOET-14 
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Fig. 58: Representative 13C NMR spectrum of compound JOOET-14 

 

 

Fig. 59: Representative mass spectrum of compound JOOET-14 

  

 

  

 

 

 

 

         

 

 

 

                                                                                                    



Synthesis, Characterization and Biological Activity of Heterocyclic Compounds 

Atmiya University, Rajkot, Gujarat, India                                                   Page 71 of 279 

 

Fig. 60: Representative 1H NMR spectrum of compound JOOET-15 

 

Fig. 61: Representative 13C NMR spectrum of compound JOOET-15 
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Fig. 62: Representative mass spectrum of compound JOOET-15 
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