
Review

Not peer-reviewed version

Benzoic Acid and It’s Synthetic

Derivatives as Important Medicinal

Product Attenuates Cancer: an Up-to-

date Review

Arvind Kumar 

*

 , Kamal YT , Mhaveer Singh , Harpreet Singh , Niranjan Kaushik , Amrita Mishra ,

Arun K. Mishra

Posted Date: 29 May 2023

doi: 10.20944/preprints202305.1969.v1

Keywords: Cancer; Benzoic acid; Anti-cancer activity; Scaffold

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/2964359
https://sciprofiles.com/profile/2259058
https://sciprofiles.com/profile/2941555
https://sciprofiles.com/profile/2965000


 

 

Review 

Benzoic Acid and It’s Synthetic Derivatives as 
Important Medicinal Product Attenuates Cancer: An 
Up-to-date Review 

Arvind Kumar 1,*, Kamal YT 2, Mhaveer Singh 3, Harpreet Singh 1, Niranjan Kaushik 4,  

Amrita Mishra 5 and Arun K Mishra 3 

1 Drug Design Laboratory, School of Pharmaceutical Sciences, IFTM University, Moradabad, 244002, Uttar 

Pradesh, India. 
2 Department of Pharmacognosy, College of Pharmacy, King Khalid University, Abha 611441, Saudi Arabia 
3 Central Facility of instrumentation, Pharmacy Academy, IFTM University, Moradabad, 244002, Uttar 

Pradesh, India. 
4 Department of Pharmacy, School of Medical and Allied Sciences, Galgotias University, Greater Noida, 

Gautam Budh Nagar, 201306, Uttar Pradesh, India. 
5 Department of B. Pharm (Ayurveda), Delhi Pharmaceutical Sciences & Research University, New Delhi 

110017, India. 

* Correspondence: for Correspondence: akarvindsr01@gmail.com (Arvind Kumar); phone-91-9627171008 

Abstract: Cancer is a catchall term that refers to a collection of more than one chronic disease that can adversely 

affect the body, including the organs of the body. These diseases can be grouped together under the umbrella 

term "cancer." Cancer is a catch-all term that is used to refer to a number of different diseases. During the 

process of looking for new chemical entities, it was found that certain compounds with a basic nucleus of 

benzoic acid (BA) exhibit a remarkable anticancer potential. This was discovered while the researchers were 

looking for new chemical entities. In the sixteenth century, the aromatic chemical known as BA, which is also 

known as an aromatic carboxylic acid, was discovered. BA is also referred to as an aromatic carboxylic acid. 

When it comes to the chemical synthesis of a wide range of different active molecules, the utilization of a 

sizeable quantity of BA as a raw material is absolutely necessary. In addition to being present in a variety of 

other naturally occurring compounds, the BA moiety is the component that is responsible for the activity of the 

naturally occurring compounds vanillin, gallic acid, and syringic acid. In the synthesis of a wide variety of 

synthetic bioactive molecules, the BA scaffold is utilized as a building block. The drugs furosemide, 

bumetanide, benzocaine, tetracaine, and bexarotene are all examples of molecules that fall into this category. 

The scope of this review article allows for the discussion of a number of noteworthy and recent achievements 

of BA derivatives in terms of their effectiveness against cancer. 

Keywords: cancer; benzoic acid; anti-cancer activity; Scaffold 

 

1. Introduction 

Normal cells of human body undergo a predictable pattern for cell growth, division and 

programmed cell death. Cancer is a considered as diseased pathological conditions characterized by 

various unhealthy symptoms that causes harm to the body in the form of lumps or masses of tissue 

which is known as tumours. Cancer is a broad term that reflects to more than 100 chronic diseases 

affecting various parts of the body with a symptom of uncontrolled cell growth [1]. 

Cancer has adversely affected human civilization since long time back. Cancer now a days is 

known as the second leading cause of mortality after cardiovascular and other diseases; and more 

than 70% of all the cancer deaths occur in developing and under-developed countries. There is a 

continuous increase in numbers of fatalities arising due to cancers worldwide, with approximately 

12 million deaths in 2030 [2-4]. Although chemotherapy is one of the prominent way of cancer therapy 

but the use of available chemotherapeutic agents still have certain limitations, for e.g. lack of 

selectivity for cancer tissues, bringing about unwanted side effects and the acquisition by cancer cells 
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of multiple drug resistance (MDR). Therefore, the search for new chemical entity with very least 

adverse effect, which can selectively target the tumor cells, is highly demanded for cancer therapy 

[5].   

Despite of several existing anticancer agents, no drug is available till date which could kill the 

cancer cells without having harm to other parts of body organs. Therefore, search of new chemical 

entity as anticancer agents with higher potency and lower toxicity is still challenging. Literature 

suggests that more than 60% of anticancer drugs used for treatment are from originated natural 

sources [6-9].  

The potent and effective chemical compounds designed and developed for the treatments of 

various cancer related ailments are associated with several undesired harmful side effects. Therefore, 

strategic therapies for the treatment of cancer continue to be a challenging task and still remain 

amongst the most thrust areas of research from chemistry and pharmacology perspective. A number 

of potential approaches have been proposed for the treatment of cancer since years in which novel 

synthetic compounds are opening new avenues of research [10]. 

However, the current review intends to focus on the significance of BA nucleus containing 

anticancer synthetic agents along with clinical and in vitro applications of BA derivatives to facilitate 

the development of more potent as well as effective anticancer agents. 

2. Benzoic Acid: General Introduction 

Benzoic acid (BA) was discovered in sixteenth century. In 1556, BA was obtained and reported 

by Nostradamus as a product of the dry distillation of gum benzoin. BA has a phenyl ring attached 

to a carboxylic group [11-12]. BA is a colorless or white crystalline compound with a molecular weight 

of 122.12 g/mol and molecular formula C6H5COOH. BA is having faint like odour and poses poor 

solubility in hot water but highly soluble in organic solvents ethanol, ether and benzene [13]. 

BA is used as an important raw material which is being use in lot of chemical manufacturing 

units for synthesizing important new chemical entity (NCE) such as derivatives of phenol and 

padimate [14-15]. Structures of BA and phenol, padimate o are presented in Figure 1. 

   
Figure 1. Structure of Benzoic acid, Phenol and Padimate O. 

BA and its natural derivatives are under active class of compounds with wide range of biological 

activities including its usage as Flavoring agent e.g. Vanillin [16], Antioxidant and anticancer e.g. 

Gallic acid [17], Anti-microbial e.g. Syringic acid etc [18]. Structures of some natural compounds 

with BA ring system are presented in Figure 2. 

   
Figure 2. Structures of a some of natural compounds with BA ring system. 

BA and its synthetic derivatives are under active class of compounds with wide range of 

biological activities including Diuretic e.g. Furosemide [19], Hypertension e.g. Bumetanide [20] 

Analgesic and anti-inflammatory e.g. Sodium salicylate [21], antiallergic drug Tranilast [22] Anti-

bacterial and antiseptic e.g. Salicylic acid [23], Colorectal cancer e.g. Aspirin [24-25],  

Tapeworm infestations e.g. Niclosamide [26], Local anesthetic e.g. Benzocaine, Butamben, 
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Orthocaine, Procaine [27-28]. Structures of some important synthetic promising compounds with BA 

ring system are presented in Figure 3. 

  

   

 

   
Figure 3. Structure of a number of promising compounds with BA ring system. 

3. Clinical and Biological uses of Benzoic Acid (BA) derivatives for the treatment of Cancer 

Since last two decades, a number of BA derivatives have been synthesized and screened which 

has been established as potential anticancer agents. 

3.1. Bexarotene:  

It is a synthetic retinoid analog with specific affinity for the retinoid X receptor which is also 

called rexinoids. This drug has been approved by USFDA in December 1999 for treatment for 

cutaneous T-cell lymphoma and it is planned to be the drug in the US, Canada, Spain, Portugal, 

Greece, Italy and selected European markets. Bexarotene has also been investigated and found potent 

for the treatment of breast cancer and non-small cell carcinoma of the lung with promising early 

results [29-30]. 

3.2. Tallimustine:  

It is also known as a novel benzoic mustard distamycin A derivative that has exhibited 

anticancer response against diverse murine and human tumors such as colorectal cancer. In 

dissimilarity to biologically exercised alkylating agents, tallimustine acts by alkylating the adenine 

N-3 in selected thymineadenine-rich DNA sequences rather than guanine N-7 [31-32]. 

3.3. Tamibarotene: 

This drug is also known as retinobenzoic acid and it has been allowed in Japan for the treatment 

of acute promyelocytic leukemia. It basically acts by binding selectively to retinoic acid receptors and 

inhibits uncontrolled cell growth [33-34].  
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3.4. Silmitasertib: 

Senhwa Biosciences of Taiwan developed this drug. It has been found considered as  drug 

rank by US FDA on January 2017 for the treatment for advanced cholangio carcinoma as ATP-

competitive inhibitor of both the catalytic subunits of CK2 [35-36]. 

3.5. Aminopterin: 

Aminopterin or 4-aminopteroic acid is a folic acid derivative and it is used as an antineoplastic 

drug with immunosuppressive actions. In the United States, Lederle Laboratories launched this drug 

between 1953 and 1964 for the treatment of pediatric acute leukemia. It exhibits anticancer action by 

inhibiting the activity of dihydrofolate reductase enzyme [37-38]. 

3.6. Methotrexate: 

This drug showed valuable response for the management of several types of cancers as head 

and neck, breast, leukemia, lung, lymphoma, osteosarcoma, bladder and trophoblastic 

neoplasms. This drug acts by inhibiting the activity of dihydrofolate reductase enzyme [39-40]. 

3.7. AM580: 

It is used in the treatment of non-small cell lung cancer acts as RARα-selective transcriptional 

agonist. This drug acts by encouraging the reprogramming of somatic cells to stimulate pluri 

effective stem cells and reduced tumor cell proliferation [41-42].  Structures of these drugs having 

BA moiety are presented in Figure 4. 

 
 

 

 

Figure 4. Structure of Marketed drugs having BA moiety. 

The present article embarks on various recent developments of BA derivatives with special 

reference to anticancer activities. 
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4. Recently Developed BA Analogues for Anti-Cancer Activity 

The existing anticancer drugs which are already available in market are suffering from a number 

of restrictions. In order to overcome these restrictions, the researcher has synthesized a number of 

compounds. 

Synthesis of two derivatives of BA by heating acid chloride with mercaptobenzothiazole in 

pyridine is presented in Figure 5. The key intermediate acid chloride was synthesized by refluxing 

substituted BA with thionyl chloride. The synthesized derivatives were evaluated for in vivo 

anticancer activity by using ascetic lymphoma cell line. Compound 2 showed potent anticancer 

activity when the comparison was made with vincristine [43]. 

Caption Structure of compounds 

Compound 1 
 

Compound 2 
 

Figure 5. Derivatives of benzoic acid. 

Team of researchers synthesized a novel series of 3-[(6-Arylamino) pyridazinylamino] benzoic 

acids namely [(Substituted) amino ] pyridazin-3-yl]amino}benzoic acid. The compounds (1-8) were 

synthesized by refluxing 6-Chloro-3-substituted-aminopyridazines with an appropriate quantity of 

amino benzoic acid in isopropanol. Additionally, the compounds (9-14) were synthesized by 

condensation of substituted benzenesulphonamide with 4-aminobenzoic acid in isopropanol (Figure 

6). These synthesized compounds having BA nucleus were evaluated for anticancer potential in vitro 

method on HT-29 colon cancer cell line by performing sulphorhodamine B (SRB) colorimetric assay. 

Only two synthesized compounds 1 and 2 showed highest anticancer response due to the presence 

of chloro group at 4th position with IC50 values 15.3 and 3.9 µM respectively when the comparison 

was made with reference drug vatalanib.  The proposed mechanism of the above stated compound 

was observed as binding with VEGFR-2 which was resulting the reduced count of cancerous cells 

[44]. 

X

N
N

HN

COOH

R

1-8   
Figure 6. A novel series of 3-[(6-Arylamino)pyridazinylamino]benzoic acids. 

S. No. X R R1 
1 NH 4-Cl 4-Cl 
2 NH 4-Cl 4-Cl 
3 NH 2,4-Cl2 2,4-Cl2 
4 NH 2,4-Cl2 2,4-Cl2 
5 NH 2,6-Cl2 2,6-Cl2 
6 NH 2,6-Cl2 2,6-Cl2 
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7 - - - 
8 - - - 
9 O 2-CONH2 2-CONH2 

10 O 2-CONH2 2-CONH2 
11 - H H 
12 - H H 
13 - C(NH)NH2 C(NH)NH2 
14 - C(NH)NH2 C(NH)NH2 

In a study, number of 4-[2-(4-chlorobenzyl)-4-oxoquinazoline-3(4H) yl)benzoyl] derivatives 

were synthesized by refluxing 4-[2-(4-chlorobenzyl)-4-oxoquinazoline 3(4H)yl)benzoylchloride with 

various amino acids in 1,4-dioxane and sulfonyl Hydrazide in 0.1N sodium hydroxide (Figure 7). 

The key intermediate 4-[2-(4-chlorobenzyl)-4-oxoquinazoline-3(4H)-yl)benzoylchloride of the 

chemical reaction was prepared by condensing 4-[2-(4-chlorobenzyl)-4-oxoquinazoline-3(4H)-yl) 

benzoic acid with thionyl chloride in 1,4-dioxane. All the synthesized compounds of BA nucleus were 

screened for their anticancer activity using MTT assay against HeLa cell line. Only two synthesized 

BA derivatives namely 2 and 9 inhibited the proliferation of HeLa cells with IC50 100 and 10 µM [45]. 

 

Figure 7. 4-[2-(4-chlorobenzyl)-4-oxoquinazoline-3(4H) yl)benzoyl] derivatives. 

Compound R 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 

 

8 
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9 

 
10 

 

Recently team of researchers synthesized 4-(3,4,5-Trimethoxyphenoxy) Benzoic Acid and its 

methyl derivatives (Figure 8). These synthesized derivatives were subjected to evaluation for 

anticancer potential by MTT assay against Huh-7, HepG2, Hela, MCF-7 and MDA-MB-468 cells. The 

outcome of study suggested that only two compounds 1 and 2 appreciably induced cell death in 

MCF-7and MDA-MB-468 cells by inducing cell-cycle G2/M arrest with IC50 5.9, 8.7, 1.4 and 3.7µg/ml 

[46]. 

 

Compound 1 

 

Compound 2 

 

Compound 3 

 

Compound 4 

 

Compound 5 Compound 6 

Compound 7 

 

Figure 8. 4-(3,4,5-Trimethoxyphenoxy) Benzoic Acid Derivatives. 
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Figure 9 presents the synthetic outcome of new series of quinazolinones derivatives which were 

synthesized by heating thiocyanate with 2-amino benzoic acid and carbon disulphide. The anticancer 

properties of these synthesized derivatives were carried out by MTT assay against MCF-7 cell lines. 

Compounds 5 showed highest anticancer activity with IC50 value of 100 µM/ml and it was supposed 

that these synthesized compounds inhibited the activity of tyrosine kinase domain [47]. 

S. No. Structure of compounds 

1 

 

2 

 

3 

 

4 

5 

 
Figure 9. Derivatives of quinazolinones. 

Team of researchers synthesized ten new benzoic acid derivatives by heating thiocyanate 

with 2-amino benzoic acid and carbon disulphide. Various substituted thiocyanate benzoic acid was 

synthesized by stirring various benzoic acid with ammonium thiocyanate and bromine in glacial 

acetic acid (Figure 10). All the synthesized compounds were evaluated for anticancer activity by 

using MTT assay against MCF-7 cell. Only synthesized compounds 8 and 9 demonstrated potent 

activity with IC50 value 100 µM/ml and it was supposed that these synthesized compounds inhibited 

the activity of tyrosine kinase domain [48]. 

S. No. Structure of compounds 

1 
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2 

 

3 

 

4 

Br H

S
HO

O C
O

N

 

5 

 
Figure 10. New benzoic acid derivatives. 

Jebastin J.N.S synthesized 4-((2-hydroxynaphthalen-1-yl) methyleneamino)benzoic acid by 

stirring hydroxynaphthaldehyde with 4-amino benzoic acid in methanol (Figure 11). This compound 

tested for their in vitro antitumor activity by MTT assay against human cervical cancer cell line. This 

compound showed potent antitumor activity with IC50 value at 17.84µM and it was observed that 

these synthesized compounds inhibited Histone Deacetylase enzyme activity. 5-fluro uracil was used 

as standard drug [49]. 

 

Figure 11. 4-((2-hydroxynaphthalen-1-yl) methyleneamino)benzoic acid. 

Number of new 3,6-diphenyl-[1,2,4]triazolo [3,4-b][1,3,4]thiadiazole derivatives were 

synthesized by refluxing 4-amino-5-substituted-3-mercapto-(4H)-1,2,4-triazoles with aromatic acids 

in phosphorus oxychloride (Figure 12). The synthesized compounds tested for in vitro anticancer 

activity against three cancerous cell lines MCF7, SaOS-2 and K562 MTT assay. Among these, only 

compound 2 demonstrated higher in vitro anticancer activity with IC50 values of 22.1, 19 and 15 

against MCF7, SaOS-2 and K562 cells. Tamoxifen was used as standard drug [50]. 
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S. No. Structure of compounds 

1 

 

2 

 

3 

 

4 

S

N N
N

N

F F

F
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O

O

5 
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F F
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6 

 

7 
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8 

 

9 

 
Figure 12. New 3,6-diphenyl-[1,2,4]triazolo [3,4-b][1,3,4]thiadiazole derivatives. 

Recently, a new compound namely 2-Oxo-2-phenylethyl-4-(2-oxo-2-phenylethoxy) benzoate 

was synthesized by treating p-hydroxybenzoic acid with phenacyl bromide in the presence of 

potassium carbonate (Figure 13). This synthesized compound was tested for in vitro anticancer 

activity by MTT assay. Compound 9 showed significant cancer cell inhibition action in the range of 

52.2 to 91.2%. Doxorubicin was used as a drug for positive control [51]. 

 

Figure 13. Structure of active compound 9. 

Tahlan and the coworkers synthesized a number of 3-(2-(1H-benzo[d]imidazol-2-

ylthio)acetamido)-N-(substitutedphenyl)benzamide derivatives by refluxing 3-(2-(1H-

benzo[d]imidazol-2-ylthio)acetamido)benzoyl chloride with substituted aniline in ethanol and 

methanol. The key intermediate was synthesized by condensing 3-(2-(1H-benzo[d]imidazol-2-

ylthio)acetamido) benzoic acid with thionyl chloride (Figure 14). These synthesized derivatives were 

evaluated for in vitro anticancer activity against the human colorectal cancer cell line using the MTT 

assay.  Only compounds 9 and 18 showed highest anticancer activity with IC50 values 5.85 and 4.53 

Μm by suppressing of DNA replication and transcription. 5-Fluorouracil was used as standard drug 

[52]. 

Figure 14. 3-(2-(1H-benzo[d]imidazol-2-ylthio)acetamido)-N-(substitutedphenyl)benzamide 

derivatives. 

In an attempt to synthesize novel benzoic acid derivatives, a new gallic acid–stearylamine 

conjugate were synthesized by stirring gallic acid with stearylamine and Tris-(2,2,2-trifluoroethyl) 

borate in acetonitrile (Figure 15). This synthesized conjugate was tested for in vitro anticancer activity 
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by MTT assay against A431 human squamous cancer cell line. It showed effective anticancer effect 

against A431 cell line with IC50 value 100 µg/ml. 5-Fluorouracil was used as standard drug [53]. 
 

 

Figure 15. New gallic acid–stearylamine conjugate. 

In recent years, Abuelizz and coworkers synthesized a noval series of 4-(1H-1,2,4-triazol-1-yl) 

benzoic acid hybrids. Compounds 1 and 2 were chemically synthesized by condensing 2-

hydrazinobenzoic acid with dimethyl(phenyl)-N-cyanoimido(dithio)carbonate in ethanol in the 

presence of trirthylamine. compounds 3–15 were synthesized by refuxing 4-(5-Amino-3-

(methylthio)-1H-1,2,4-triazol-1-yl) benzoic acid or 4-(5-Amino-3-phenoxy-1H-1,2,4-triazol-1-yl) 

benzoic acid with aldehyde  or benzyl (phenethyl)isothiocyanate in ethanol. Compound 16 namely 

methyl 4-(5-amino-3-(methylthio)-1H-1,2,4-triazol-1-yl) benzoate was synthesized by treating 4-(5-

Amino-3-(methylthio)-1H-1,2,4-triazol-1-yl)benzoic acid with methanol in the presence of suphuric 

acid (Figure 16). These synthesized compounds evaluated for their in vitro anticancer activity by MTT 

assay against HCT-116 and MCF-7 human cancer cell lines. The compounds 2 and 14 showed highest 

anticancer activity against MCF-7 cancer cells with IC50 value 18.7 and 15.6 µM, respectively by 

inducing apoptosis. Doxorubicin was used as reference drug [54]. 

 

 
  

Figure 16. 4-(1H-1,2,4-triazol-1-yl) benzoic acid hybrids (Compound 2 and 14). 

Baharloui M. synthesized a novel series of Novel Triazole-based peptide analogues. 

This was done by reacting peptides and triazole conjugated peptides which were cleaved 

from the resin in trifluoroacetic acid (Figure 17). These synthesized compounds were tested for 

in vitro anticancer activity by using MTT assay against breast, colon cancer cell lines and fibroblast 

cells. The findings suggested that scaffolds containing 1H-1, 2, 3-triazole ring group showed toxic 

effect against colon and breast cancer cells with IC50 value 100 µg/ml. Ciprofloxacin was used as 

reference drug [55]. 

 

Figure 17. Novel Triazole-based Peptide Analogues. 
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Sardroud S.J. 2020 synthesized a new series of water-soluble thiosemicarbazone ligand and its 

complexes. The ligand 4-hydroxyl-3-({[(methylamino)carbonothioyl]hydrazono}methyl) benzoic 

acid (H3LCOOH) was synthesized by refluxing 3-Formyl-4-hydroxy-benzoic acid with 4-methyl-3-

thiosemicarbazide in methanol. Ligand complexes were prepared by stirring 4-hydroxyl-3-

({[(methylamino)carbonothioyl]hydrazono}methyl) benzoic acid (H3LCOOH) with 

Mn(CH3COO)3.2H2O, FeCl3, Ni(CH3-COO)2.4H2O, Cu(CH3COO)2.H2O and Zn(CH3COO)2.2H2O in 

methanol (Figure 18). These synthesized compounds screened out for their in vitro anticancer 

response by using MTT assay against the human chronic myelogenous K562 leukemia and human 

breast carcinoma MCF-7 cell lines. Out of which, every complexes showed significant anticancer 

activity with an IC50 value of 0.27-200 µg/ml by inducing apoptosis. Taxol was used as standard drug 

[56]. 

S. No.  Structure of compounds 

1 

 

2 

 

3 

 

4 
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5 

 
Figure 18. New series of water-soluble thiosemicarbazone ligand and its complexes. 

Team of researcher synthesized silver nanoparticles, using 4-N-methyl benzoic acid with silver 

nitrate in water (Figure 19). The synthesized nanoparticles were screened for anticancer activity 

against breast cancer cell lines MCF-7 by MTT assay and which exhibited significant anticancer action 

on breast cancer cell line with an IC50 value of 42.19 mg/ml. These nanoparticles treated cells 

demonstrated compression of chromatin followed by development of apoptotic bodies [57]. 

 

Figure 19. Structure of 4-N-methyl benzoic acid. 

Koshiishi C. identified a phenyl-thiazolyl-benzoic acid derivative (Figure 20). It evaluated for 

anticancer activity against human NB4 cells, APL cells and HL-60 by cellular toxicity assays. PTB 

inhibited the growth of human APL cells by binding with RXRα and RARα with IC50 value 0.001–1 

µM [58]. 

 

Figure 20. Structure of phenyl-thiazolyl-benzoic acid derivative. 

Number of benzoic acid moiety analogous namely azulenic retinoids were subjected lab based 

synthesis by doing condensation, reduction, saponification of different compounds such as 

guaiazulene-1-carboxaldehyd, phosphonate methyl4-[(diethylphosphono)methyll benzoate, 

benzaldehyde (Figure 21). These synthesized derivatives were tested for their in vitro anticancer 

activity by mouse fibroblast C3H/lOT1/2 cell bioassay. Only compound 7 and 11 showed significant 

anticancer response at 10−6 M [59]. 
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Figure 21. Structure of benzoic acid derivatives. 

Three new derivatives of 5-((Z)-5-(3-chloro-5-ethoxy-4-hydroxybenzylidene)-3-methyl-4-

oxothiazolidin-2-ylideneamino)-2-chlorobenzoic acid has been recently synthesized by refluxing 

methyl 5-(3-methyl-4-oxothiazolidin-2-ylideneamino)-2-chlorobenzoate with 3-Chloro-5-ethoxy-4-

hydroxybenzaldehyde in ethanol in the presence of piperidine (Figure 22). These synthesized 

derivatives were evaluated for anticancer activity by MTT assay against HCT-116, Du-145, H446, 

HeLa, PNAC-1, HepG2, Tca-8118, Ls-174, MCF-7 and ZR-75-30. It was observed that HL005 can 

inhibit the proliferation of MCF-7 cell line and also can induce cell cycle arrest at G2/M phase [60]. 

 
 

O
O

Cl N
S

N

O

OH

O

Cl

HL007   
Figure 22. Structure of 5-((Z)-5-(3-chloro-5-ethoxy-4-hydroxybenzylidene)-3-methyl-4-

oxothiazolidin-2-ylideneamino)-2-chlorobenzoic acid derivatives. 

Team of Chemists has synthesized various 2-aminothiazole derivatives by heating 2′-
bromoacetophenone derivatives with aryl thiourea derivatives in ethanol. These synthesized 

derivatives were tested for their anticancer activity by using different cell lines such as 786-O renal 

cell carcinoma cells, CK2α, CX-4945. Compound 27 (Figure 23) showed potent anticancer action by 

inducing apoptosis and cell death in 786-O renal cell carcinoma cells with EC50 value 5 µM [61]. 

 

Figure 23. Structure of active compound 27. 

Kumar P.S. and their coworkers synthesized a novel series of 3-amino-5-(5-oxo-5h-

benzo[a]phenothiazin-6-ylamino) benzoic acid derivatives by refluxing acyl chlorides with 3-amino-

5-(5-oxo-5h-benzo[a] phenothiazin-6-ylamino)benzoic acid in acetone (Figure 24). The key 

intermediate 3-amino-5-(5-oxo-5h-benzo[a]phenothiazin-6-ylamino)benzoic acid was synthesized by 

refluxing 3-amino-5-(3-chloro-1,4-dioxo-1,4-dihydronaphthalen-2-ylamino)benzoic acid with 2-

aminothiophenol in the attendance of potassium carbonate. In vitro, anticancer activity of synthesized 

compounds was carried out by MTT assay against HeLa cancer cell lines. Out of all, compound 6 

demonstrated the highest anticancer inhibition (92%) with IC50 value 22.9 µg/ml because nitro group 
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is present in the aromatic carbonyl structure. Doxorubicin was taken as the reference drug. These 

compounds were inhibited the HDAC8 activity [62]. 

S. No. Structure of compounds 

1 

 

2 

 

3 

 

4 

 

5 
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6 

 

7 

 

8 

 
Figure 24. 3-amino-5-(5-oxo-5h-benzo[a]phenothiazin-6-ylamino) benzoic acid derivatives. 

Doungsoongnuen et al., synthesized 2-(4’-substitutedsulfonamido)benzoic acid by reacting 

anthranilic acid with substituted arenesulfonyl chloride in water (Figure 25). In vitro, anticancer 

activity of synthesized compounds was carried out by MTT assay against MOLT-3, HepG2, HuCCA-

1 and A549 cancer cell lines. Out of all, compound 1 demonstrated the highest anticancer activity 

(15.71±0.70) with IC50 value 50µg/ml due to the presence of nitro group at 4th position. Etoposide and 

Doxorubicin were taken as the reference drug [63].  

 

Figure 25. Structure of active compound 1. 

Wasfy et al., 6-chloro-2-(pyridin-4-yl)quinazolin-4(3H)-one by treating  5-Chloro-2-

(isonicotinamido)benzoic acid with ammonium acetate in the attendance of catalytic amount of 

ammonium hydroxide (Figure 26). In vitro, anticancer activity of this synthesized compound was 

carried out by MTT assay against human hepatocellular liver carcinoma (HepG2). This compound 

showed the significant anticancer activity with IC50 value 0.06µ/M. Doxorubicin was taken as the 

reference drug [64].  
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Figure 26. 6-chloro-2-(pyridin-4-yl)quinazolin-4(3H)-one. 

Unver synthesized two new derivatives namely 2-((2-(thiophen-2-yl)acetyl)thio)benzoic acid 

and 4-((2-(thiophen-2- yl)acetyl)thio)benzoic acid (Figure 27). In vitro, anticancer activity of these 

synthesized compounds was evaluated by 3-(4,5-dimethylthiazol-2-yl)-2,4,diphenyltetrazolium 

bromide assay against A549 and Caco2 tumor cell lines and CCD-19Lu and CCD 841 CoN normal 

cell lines. The compound 2-((2-(thiophene-2-yl)acetyl)thio)benzoic acid demonstrated the significant 

anticancer activity with IC50 value 239.88µM/mL by inducing apoptosis. Cyclophosphamide was 

taken as the reference drug [65]. 

  
  

Figure 27. Structure of namely 2-((2-(thiophen-2-yl)acetyl)thio)benzoic acid and 4-((2-(thiophen-2- 

yl)acetyl)thio)benzoic acid. 

A number of organotin(IV) carboxylate derivatives of 2-((2-methoxyphenyl)carbamoyl)benzoic 

acid have been synthesized by Sirajuddin et al.,. The anticancer activity of synthesized derivatives 

was tested against H-157 and BHK-21 cell lines by using Sulforhodamine B based method. Only 

compound 1 (Figure 28) demonstrated highest anticancer action. Vincristine is used as reference drug 

[66]. 

 

Figure 28. Structure of compound 1. 

A team of researchers synthesized a novel series of 4-hydrazinobenzoic acid derivatives. In vitro, 

anticancer activity of these synthesized compounds was evaluated against two cancer cell lines 

namely HCT116 and MCf-7. The three synthesized compounds 7, 9 and 10 Figure 29) blocked the 

proliferation of MCF-7 cell line due to the initiation of apoptosis.  Doxorubicin is used as standard 

drug [67]. Table 1 presents the BA derivatives and their mechanism against anticancer activity. 

  
Figure 29. Structure of compound 7,9 and 1.
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Table 1. The mechanism for anticancer activity. 

S. 

No. 
Structure 

Name of 

Compound 

Type of Cancer for 

which it is potent 
Mechanism  Reference 

1 

 

Dihydroxy Benzoic 

Acid  

Cervical and Colon 

Cancer 

Histone deacetylases (HDAC) activity was inhibited, resulting in 

cancer cell growth inhibition via ROS induction and cellular 

apoptosis mediated by Caspase-3. Furthermore, DHBA arrested cells 

in the G2/M phase of the cell cycle and increased the population of 

sub-G0-G1 cells. 

[68] 

2 

 
Toosendanin 

Triple Negative Breast 

Cancer 

Induction of S-phase arrest and a decrease in G2/M cell number in 

HCC1806 cells. Toosendanin also significantly reduced the protein 

level of the well-known cancer suppressor gene p53, inhibited AKT 

and ERK phosphorylation, and induced the accumulation of 

phosphorylated p38 and p21. 

[69] 

3 

 

4-hydroxy-benzoic 

acid 
Breast Cancer 

Concentration-dependently increased the protein expression levels of 

p-ERK, p-AKT, p-PI3K, and p-Er. 4-hydroxybenzoic acid is 

responsible for the estrogen-like effects of A. tegmentosum and may 

assist in the regulation of estrogenic effects during menopause. 

[70] 

4 

 

 

S-allylcysteine Lung Cancer 
Oxidative damage induction, Nrf2 and NF-B downregulation, and 

apoptosis 
[71] 

5 

 

Gallic Acid 
Triple-Negative Breast 

Cancer 

MDA-MB-231 triple-negative breast cancer cell G1 arrest and 

apoptosis via the p38 mitogen-activated protein kinase/p21/p27 axis. 
[72] 
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6 

 

Gallic Acid Lung Cancer Disruption of COX-2 Activity [74] 

7 

 

 

3,4-

Dihydroxycinnamic 

acid 

Lung Cancer Disruption of COX-2 Activity [74] 

8 

 

Danshensu Lung Cancer Disruption of COX-2 Activity [74] 

9 

 

 

Rosmarinic acid Lung Cancer Disruption of COX-2 Activity [74] 

10 

 

Salvianolic acid B Lung Cancer Disruption of COX-2 Activity [74] 
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Table 2 presents some more synthetic derivatives of BA & their mechanism against anticancer 

activity and it is pertinent to mention that these compounds has shown promising role to inhibit the 

cancer growing cell. Also the scientists are working on these synthetic compounds for formulation 

and development related work.
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Table 2. Some synthetic derivatives of BA & their mechanism against anticancer activity with possible scope for dosage form development. 

S. No. Structure Name of Compound 

Type of Cancer 

for which it is 

potent 

Mechanism  Reference 

1 

 

4-[3,5 Bis(trimethylsilyl)benzamido] Benzoic 

Acid (TAC-101) 
Colon Cancer 

Caspase-3 and -8 

Activation and Fas 

Expression in a 

DLD-1 Colon 

Cancer Cell Line  

[75] 

2 

 

(4-[3,5-bis(trimethylsilyl) benzamide] benzoic 

acid) 

Gastrointestinal 

Cancer 

Orthotopic 

implantation to 

athymic nude mice 

inhibited 

spontaneous liver 

metastasis of AZ-

521 (human gastric 

cancer). 

Furthermore, by 

intrahepatic 

implantation, it 

inhibited the 

proliferation of Co-

3 (human colon 

adenocarcinoma), 

which formed a 

single nodule in 

the liver of 

athymic nude 

mice. 

[73] 
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3 

 

2-chloro-5-[5-[(E)-[1-(3-chlorophenyl)-3-

methyl-5-oxo-pyrazol-4-ylidene]methyl]-2-

furyl]benzoic acid 

Various 

Cancers 

EP300 histone 

acetyltransferase 

inhibitors  

[76] 

4 
4-({3-[(3,4,5-trimethoxyphenyl)sulfanyl]-

1H-indol-1-yl}methyl)benzoic acid 

Castration-

resistant 

prostate cancer 

Potential AKR1C3 

Inhibitors 
[77] 

5 

 

N-hydroxy-4-({3-[(3,4,5-

trimethoxyphenyl)sulfanyl]-1H-indol-1-

yl}methyl)benzamide 

Castration-

resistant 

prostate cancer 

Potential AKR1C3 

Inhibitors 
[77] 
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6 

 

3',5'-difluoro-4'-((1R)-2-(2-fluoro-2-

methylpropyl)-2,3,4,4a,9,9a-hexahydro-1H-

pyrido [3,4-b]indol-1-yl)-[1,1'-biphenyl]-4-

carboxylic acid 

Breast Cancer 

It has a strong 

affinity for binding 

to ERα,, a good 

ability to break 

down ERα,  and an 

inhibiting effect on 

the MCF-7 breast 

cancer cell line. 

[78] 

7 
1-(3-((1-((5-bromo-2,3-dihydrobenzofuran-

2-yl)amino)vinyl)amino)phenyl)ethanone 
Breast Cancer 

Carbonic Anhydrase 

Inhibitor 
[79] 

8 

 

N-(2-aminophenyl)-6-((1-(2-fluoro-5-((4-

oxo-3,4-dihydrophthalazin-1-

yl)methyl)phenyl)vinyl)amino)hexanamide 

Various 

Cancers 

Dual poly(ADP-

ribose) polymerase-

1/histone 

deacetylase-1 

inhibitors 

[80] 
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5. Conclusion 

BA and its derivatives have showed significant potential to act as target molecules in medicinal 

chemistry and drug discovery. Presence of BA derivatives is observed in plant resources also. The 

contemporary research is suggesting a good potential of BA derivatives to meet the requirement of 

good anticancer agent. In the present review article, a clear cut idea and work done has been 

presented with emphasis on cell line used for the study. This also suggests that medicinal researcher 

continued to prove the importance of BA in drug development and improvement against cancer 

therapy. As per the observations of contemporary research, BA derivatives are promising compounds 

and based on the presented data, new derivatives may be explored to synthesize as well as researcher 

can think for formulation of already synthesized and proven BA derivatives for activity against 

cancer. 
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