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 Abstract 

Heterocyclic compounds hold a pivotal place in medicinal 

chemistry due to their wide range of biological activities and 

thus, are exhaustively explored in the field of drug design and 

development. Continuous efforts are being carried out for the 

development of medicinal agents, especially for dreadful 

diseases like cancer. 4,5,6,7-Tetrahydrobenzo[b]thiophene has 

emerged as one of the relatively well-explored scaffold for the 

development of library of molecules having potential 

anticancer profile. 4,5,6,7-Tetrahydrobenzo[b]thiophene-based 

derivatives have been reported to bind with a wide range of 

cancer-specific protein targets, depending on the nature and 

position of substitutions. In the present review, authors have 

presented the information available on 4,5,6,7-

tetrahydrobenzo[b]thiophene-based molecules as anticancer 

agents with special focus on biological profile.  
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1. Introduction 

Heterocyclic compounds play a paramount role in 

both medicinal chemistry and organic chemistry due 

to their immense biological action. Sulfur, nitrogen, 

and oxygen-containing heterocyclic compounds 

always seek the attention of medicinal chemists and 

researchers due to their diverse pharmacological 

profile (Pathania et al., 2019). One such heterocycle 

is 4,5,6,7-tetrahydrobenzo[b]thiophene. It has been 

established as a key scaffold due to its presence in  

 
many pharmacologically active compounds. It has 

earned the sobriquet of the wonder heterocycle 

owing to the wide range of biological activities, 

such as anticancer, antimicrobial, anti-

inflammatory, anti-diabetic and antileishmanial 

(Xie et al., 2021, Kumari et al., 2017, Lahsasni et 

al., 2018, Félix et al., 2016). Out of all, considering 

the terrible nature of disease, anticancer profile of 

4,5,6,7-tetrahydrobenzo[b]thiophene-based 

molecules have been extensively explored. Cancer  
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is the second cause of death over the world, about 

13% of all deaths around the world is due to cancer 

and it is estimated that it will be responsible for the 

death of around 13 million persons by 2030 (Ismail 

et al., 2020, Elmetwally et al., 2019). To address the 

pressing need for the discovery and development of 

potent chemotherapeutic agents and to mitigate the 

problems associated with currently available 

anticancer drugs such as toxicity and drug-

resistance, many researchers are continuously 

putting their sincere efforts by utilizing key 

heterocyclic motifs. 

 

 4,5,6,7-Tetrahydrobenzo[b]thiophene, being one of 

the key scaffolds, is being continuously pursued to 

develop new anticancer agents by many researchers.  

In the present review, authors have presented the  

 
information available on 4,5,6,7-

tetrahydrobenzo[b]thiophene-based molecules as 

anticancer agents with special focus on biological 

profile. 

2. Synthesis of 4,5,6,7-tetrahdrobenzo [b] 

thiophene 

4,5,6,7-Tetrahdrobenzo[b] thiophene is a fused 

system that consists of two different rings the first 

ring is the cyclohexane ring, and the second ring is 

thiophene. 4,5,6,7-Tetrahdrobenzo[b] thiophene 

can be prepared through Gewald reaction which is 

a reaction between cyclohexanone and malonitrile 

in the presence of morpholine and sulfur as 

illustrated in Scheme 1. The mechanism involves 

the activation of malonitrile using morpholine to 

produce methylene active nitrile that reacts with 

cyclohexanone by Knoevenagel condensation 

followed by thiolation of the result intermediate 

with sulfur. Then, the sulfureted compound 

cyclized to form thiophene followed by re-

aromatization and proton transfer (Gediya et al., 

2021). 

 

 
 

3. Biological activity of 4,5,6,7-

tetrahdrobenzo[b]thiophene based structures 

3.1.  Receptor tyrosine kinases (RTKs). 
Receptor tyrosine kinases (RTKs) are proteins that 

regulate cell pathways including cell proliferation, 

apoptosis, metabolism, differentiation, and growth 

through catalyzing gamma phosphate transfer from 

adenosine triphosphate (ATP) to tyrosine residues 

(Fabbro, et al., 2015).  

3.1. 1. Epidermal growth factor receptor (EGFR) 

One important class of RTKs is protein kinase 

(ErbB or HER) receptors that has four classes 

epidermal growth factor receptor EGFR (ErbB1, 

HER1), ErbB2 (HER2), ErbB3 (HER3) and ErbB4 

(HER4). Due to the important role of EGFR and 

HER2 tyrosine kinases overexpression in the 

progression of several types of cancer their pathway 

inhibition is target for several anticancer drugs 

(Barbosa, et al., 2014).   

 

 In 2020, a series of novel thieno[2,3-

d][1,2,3]triazine and acetamide motif were 

prepared and tested for their cytotoxic activity 

against non-small cell lung cancer cell line (H1299 

cell line). Among the synthesized compounds, 

compound (1) has the highest activity against 

(H1299 cell line) with IC50 12.5 nM that was 

superior to gefitinib IC50 40 µm. In vitro evaluation 

of this compound for its EGFR and HER2 

inhibition activity reveal that it has IC50 of 0.47 and 

0.14 nM respectively that was superior to gefitinib 

IC50 1.9 nM and comparable to imatinib that has 

IC50  of 0.11 nM against EGFR  and 0.06 nM 

against HER2 (Elrayess et al., 2020). 
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In 2019, Elmetwally et al. described the preparation 

of thieno[2,3d]pyrimidine analogues and evaluated 

them for their anticancer activity against HCT-116 

(colon carcinoma), HePG2 (hepatocellular 

carcinoma), A431 (human epithelial carcinoma) and 

MCF-7 (human breast adenocarcinoma). From the 

tested analogues compound (2), compound (3) and 

compound (4) showed the highest activity against 

the previous cell lines with IC50 between (7.0592 ± 

0.032 and 16.006 ± 0.58 µm) that was comparable 

to that of the erlotinib (reference drug). Compound 

(2) and compound (3) have the lowest IC50 (16.006 

± 0.58 and 10.14 ± 1.10 µm) against HCT-116 

while compound (3) and compound (4) were of the  

 
lowest IC50 (13.02 ± 1.00 and 7.975 ± 0.37 µm) 

against HePG2 cell line also compound (4) has the 

lowest IC50 (7.952 ± 0.32 and 9.64 ± 0.44 µm) 

against MCF-7 and A431 cell lines respectively. 

Also, compounds were tested for their EGFR 

kinase inhibitory activities using EGFR Kinase 

Assay Kit. Compound (4) was found to be the most 

active one against EGFRT790M comparable to 

erlotinib. Furthermore, the cell cycle progression 

and apoptosis of compound (4), the highest active 

analogue, on MCF-7 cell line showed that has good 

apoptosis property and cause cell arrest at G2/M 

phase EGFR wild type (Elmetwally et al., 2019). 

 
 

In 2016, Abdelhadi et al., prepared series of 4-

anilinothieno[2,3]pyrimidine and tested them as 

EGFR and HER-2 kinases inhibitors at 

concentration of 10 µm. Compounds (5), (6), (7), 

(8), and (9) have  93-100% inhibition of EGFR and 

84-100% inhibition of HER-2 also measurement of 

enzyme inhibitory activity of  these compounds 

illustrated that they have inhibited EGFR at  IC50 

 

 

 
value (1.2, 0.6, 0.3, 0.2 and 0.4 µm) and HER-2 

kinases at IC50 value (8.2, 3.4, 1.3, 0.5 and  2.7 

µm), respectively (Abdelhadi et al., 2016). 

 

3.1.2. Fibroblast growth factor receptors 

(FGFRs) 
Another type of RTKs is fibroblast growth factor 

receptors (FGFRs). One of them is FGFR1 which 

is known by its over expression in a lot of cancer 

cells.  To block the pathway of FGFR1 dependent 

cancer cell, ATP binding to FGFR1 should be 

prevented (Liang, et al., 2013, Ye, et al., 2015). 

In 2016, a series of tetrahydrobenzothino[2,3-

d]pyrimidine analogues were synthesized and 

evaluated for their antitumor activity against H460, 

A549 and U251 cell lines. The results showed that 

compound (10) has the lowest IC50 value (7.7 ± 2.1, 

18.9 ± 2.3 and 13.3 ± 2.4 µm) respectively against 

H460, A549 and U251 cell lines. Compounds (12) 

and (11) have IC50 value (19.1± 1.3, 23.1 ± 1.8, and 

21.0 ± 1.6 µm) and (25.1 ± 0.8, 38.3 ± 2.5, and 

27.6 ± 2.3 µm) against the previous cell lines. In 

vitro determination of FGFR1 kinase inhibition 

activity of the synthesized compounds showed that 

compound (10) has the best performance 78.8 

percent at concentration of 10 µm (Wang et al., 

2016).  
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3.2. Transforming growth factors (TGFβ). 
Transforming growth factors (TGFβ) regulate 

several physiological processes including cell 

apoptosis and proliferation. There is three TGFβ 

isoforms TGFβ 1, TGFβ 2, TGβF 3, but 

TGFβR1(transforming growth factor beta type I) is 

the target of several drug and the key player in cell 

apoptosis and proliferation. TGFβR1 inhibitors bind 

to adenosine triphosphate (ATP) binding site of the 

receptor and prevent autophosphorylation of the 

receptor (Akhurst, et al., 2012, Geldenhuys, et al., 

2010). 
In 2020, Ismail et al., synthesized new tranilast 

derivatives and evaluated them for their anticancer 

activity against HePG2 (hepatocellular carcinoma), 

PC-3 (prostate cancer cell) and MCF-7 (human 

breast adenocarcinoma).  In addition to their safety 

on normal cell line WI-38,  compounds (13), (14) 

and (15) with thiophene core were found to have  

better  activity against PC-3 cell line than other cell  

 lines with IC50 value between (2.64 ± 0.21-6.29 ± 

0.5 µm) against PC-3 cell lines which was better 

than IC50  of 5-FU (7.53 ± 0.57) (reference drug) 

against the same cell line. Regarding HePG2 cell 

line the IC50 value of compounds (14) and (15) (7.9 

± 0.67 and 2.85 ± 0.17 µm) which were better than 

that of 5-FU (IC50 8.15 ± 0.61 µm) while 

compound (13) has IC50 (8.3± 0.75 µm) on HePG2 

cell line.  Anticancer activity against MCF-7 

illustrate that IC50 value of compounds (14) and 

(15) (7.5 ± 0.8 and 3.5 ± 0.26 µm) which were 

better than that of 5-FU (IC50 7.76± 0.46 µm) 

compound (13) has IC50 (8.27± 0.76 µm) on MCF-

7 cell line.  Due to their high activity on PC-3 cell 

line, the compound (15) was investigated for its 

inhibitory activity against TGFβR1 using reference 

drug galunisertib (IC50 0.170 ± 0.057 µm) where 

IC50 of compound (15) is 1.379 ± 1.42 µm (Ismail 

et al., 2020). 
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3.3. Histone deacetylase (HDACs). 
Histone deacetylase (HDACs) play an important 

role in the expression of many proteins. Histone is 

the critical part of HDACs enzyme which play 

critical role in the regulation process through 

changes in chemical reactions (acetylation, 

methylation, and deacetylation) While acetylation 

of histone increase transcription, deacetylation of 

histone inhibits transcription. This inhibition of 

transcription affects cell cycle causing cancer. 

HDAC inhibitors lead to an increase in acetylated 

histone bringing about different cell processes 

including apoptosis and inhibition of proliferation. 

HDAC enzymes are classified into four different 

classes based on phylogenetic properties: class I 

(HDAC1, 2, 3 and 8), class II (class IIa: HDAC4, 5, 

7, 9; and class IIb: HDAC6, 10), class III (sirtuins 

SIRT1-7), and class IV (HDAC11). HDAC classes  

 I, II, and IV are zinc-dependent enzymes and class 

III HDACs are NAD+ dependent enzymes 

(Whitehead, et al., 2011).  In 2021, new 

tetrahydrobenzo[b]thiophene-3-carbonitriles were 

prepared and evaluated for their antiproliferative 

activity against MDA-MB-231(breast cancer cell 

line), A549 (lung cancer cell line) and Hela cells. 

Compound (16) has the potent activity against 

(MDA-MB-231) and (A549) with IC50 value 0.31 

and 0.02 µm, respectively. The enzyme assay result 

showed that compound (17) has high selectivity for 

HDAC1 (IC50 23.02 ± 2.47µm) which was 1.46 

folds more selective than HDAC6 (IC50 33.09 ± 

0.80µm) while compound (18) has high selectivity 

for HDAC6 (IC50 13.5 ± 0.45 µm) than HDAC1 

(IC50 45.3 ± 3.43 µm) both compounds (17) and 

(18) cause cell cycle arrest at sub-G (Gediya et al., 

2021).  

 

 
 

3.4. Tubulin Polymerization.  

Compounds that inhibit tubulin polymerization 

leads to irreversible damage to vasculature of cells 

and so tumor damage (Herbst, et al., 2003, Keri, et 

al., 2017).  In 2021, Shimaa Kamal et al., described 

the preparation of new 4,5,6,7-

tetrahydrobenzo[b]thiophene derivatives. In vitro 

anticancer evaluation of the synthesized compounds 

showed that compound (19) has a significant 

 
activity against colorectal cancer (lovo and HCT-

116) cell lines with IC50 57.15 ± 2.48 and 71.00 ± 

2.83 µg/ml, respectively. Although compound (20) 

has no anticancer activity, the nanoparticle 

modification on this compound with fe3O4 enhance 

the cytotoxic activity against lovo and HCT-116 

with IC50 values 81.50 ± 3.54 and 60.35 ± 2.76 

µg/ml, respectively (Kamal et al., 2021). 
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3.5. Others 
In 2017, a group of scientists synthesized 2-amino-

3-cyano-4,5,6,7-tetrahydrobenzo[d]thiophene 

derivatives and evaluated them for their cytotoxic 

activity against MCF-(breast adenocarcinoma), SF-

268 (central nervous system cancer) and NCI-H460 

(non-small lung cancer). From the synthesized 

derivatives, compounds (21), (22),  (23), (24), (25) 

 
and (26) were found to have the highest  cytotoxic 

activity against MCF, SF-268 and NCI-H60 cell 

line with IC50 ranging from (0.01 ± 0.001 – 0.08 ± 

0.002 µm), (0.02 ± 0.003 – 0.08 ± 0.005 µm) and 

(0.02 ± 0.003 – 0.08 ± 0.003 µm), respectively that 

was lower than stander drug doxorubicin (IC50  

0.0428 ±  0.0082 µm), (0.0940 ±  0.0087 µm) and 

(0.0940 ±  0.0070 µm) (Abdallah et al., 2017). 

 

 

 
 

In 2023, Anwer et al., prepared a series of 

thiophene derivatives and evaluated them for their 

antiproliferative activity against HEPG-2 

(hepatocellular carcinoma), HCT-116 (colorectal 

carcinoma) and MCF-7 (mammary gland breast 

cancer) using doxorubicin as reference drug. 

Compound (27) showed the best activity with IC50 

value 8.48 ±0.9, 14.52 ± 2.5 and 9.78± 1.2 µm 

toward HEPG-2, HCT-116 and MCF-7, 

respectively (Anwer et al., 2023). 

 
 

 
4. Conclusion 

The review has uncovered 4,5,6,7-

tetrahydrobenzo[b]thiophene as an incredible 

platform in the field of medicinal chemistry, 

particularly its anticancer profile, to offer detailed 

information to the researchers/scientists to plan and 

create novel, target-based and advanced thiophene 

analogs. A broad biological profile is shown by this 

scaffold that will prompt potential pharmaceutical 

agents. Thus, this review will help researchers to 

develop lead compounds in a different biological 

domain with a nidus on cancer chemotherapy.  
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