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Abstract 

In recent years, the discovery, identification, and development of 

biologically active compounds have gained a lot of importance. 

Numerous scaffolds have been synthesized using naphthalene, which 

has also been shown to have a wide range of therapeutic properties, 

including antimicrobial, antiviral, antiprotozoal, antidiabetic, 

anticancer, anti-inflammatory, antihypertensive, antipsychotic, 

antidepressant, anticonvulsant, and anti-neurodegenerative effects. The 

naphthalene-based compounds Naphyrone, tolnaftate, naftifine, 

nafcillin, terbinafine, propranolol, nabumetone, nafimidone, naproxen, 

duloxetine, lasofoxifene, and bedaquiline, among others, have also 

been approved by the FDA and are being marketed as medicines. Thus, 

the naphthalene scaffold emerges as an essential building block in drug 

development due to its wide range of biological activities due to its 

structural modifications. This review examines the pharmacological 

properties of various chemically modified naphthalene-based 

compounds. 

Keywords: Naphthalene, Antimicrobial, Antidiabetic, Anticancer, 

Anticonvulsant. 

1. Introduction:

Naphthalenes are a class of arenas in which two 

benzene rings are fused in an ortho 

position(Ibrahim and Mohamed 2016). Naphthalene 

is a white substance with a strong, pungent odour 

that is traditionally generated from coal tar(Makar, 

Saha et al. 2019). Alexander Garden, a Scottish 

scientist, made the initial discovery of naphthalene 

in 1819. Michael Faraday first reported its chemical 

formula (C10H8) in 1826(Thomas and Science 

1992). Conventionally, naphthalene is synthesized 

using a Diels-Alder reaction between maleic 

anhydride and 1,1 diaryl ethylene, followed by 

aromatization of the bis product through barium  

hydroxide and copper decarboxylation. Additionally, 

the Wagner-Jauregg reaction produces phenyl-

substituted naphthalene (Bergmann, 

Szmuszkowicz et al. 1947) (figure.1).

 Developing novel and useful regioselective 

synthesis techniques of polysubstituted 

naphthalene derivatives have captivated the 

pharmaceutical industries (Batt, Maynard et al. 

1990). Presently accessible natural, semisynthetic, 

and synthetic medicines with naphthalene or 

one of its derivatives in their chemical structures 

have been identified to possess different biological 

activities (Bashir, Oglah et al. 2021). 
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         Figure 1: Synthesis of naphthalene using a Diels-Alder reaction between maleic anhydride and 1,1 diaryl 

ethylene. 

1.1. Anti-microbial activity 

Antibiotic-resistant bacteria become more prevalent 

as the use of antibacterial drugs increases(Mustafa, 

Khalil et al. 2020). This event needs the 

investigation and efficient development of novel 

antibacterial agents to battle these antibiotic-

resistant microorganisms(York 2017). The 

antibacterial action of a naphthalene ring on 

bacterial and fungal strains has been supported by 

numerous research(Ersan, Yuksel et al. 2021). Anti-

microbial medications containing naphthalene, such 

as nafcillin, naftifine, tolnafate, and terbinafine, are 

commercially available. Many naphthalene 

derivatives synthesized have also exhibited notable 

and satisfactory anti-microbial activity(Makar, Saha 

et al. 2019, Kalariya, Pandya et al. 2022). 

 Bhawna Chopra et al. synthesized naphthylamine 

analogs having azetidinone moiety for anti-microbial 

activity. Compounds (1) and (2) were found to exhibit 

broad-spectrum activity against Bacillus subtilis, 

Staphylococcus aureus, Escherichia coli, and 

Pseudomonas aeruginosa(Chopra, Dhingra et al. 

2017).  

R. Kumar et al. synthesized 4-amino-3-hydroxy-

naphthalene-1-sulfonic acid derivatives and evaluated

the anti-microbial activity. They concluded that 3,4,5

trimethoxy (3) and 2,4 dichloro (4) groups on the

benzylidene amino portion were essential for activity

against various bacteria and fungi(Kumar, Kumar et

al. 2012).
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K.M. Rathod et al. evaluated azo-2 naphthol (5)

against five representative human pathogenic

microorganisms, i.e., S.aureus, E.coli, B.subtilis,

P.aeruginosa, and S.faecalis(Rathod 2011). The

possibility of antibacterial action due to the

resorcinol moiety of azo compounds was suggested.

Yogesh Rokade et al. synthesized and evaluated the 

anti-microbial activity of azetidinone derivatives 

connected with the B-naphthol ring. Among 

the synthesized compounds, compound (6) 

showed activity against E. coli, S. aureus, P. 

aeruginosa, and A. niger. The methyl, methoxy, 

and chloro substitutions in the aromatic ring 

showed potent anti-microbial activity as compared 

to standard drug ampicillin and griseofulvin 

(Rokade and Dongare 2010). 

1.2. Anti-inflammatory activity 

Inflammation is a protective process developed in 

the host in response to damage or 

infection(Medzhitov 2008, Ahmed 2011). Severe 

inflammatory disorders can occur from the 

overexpression of pro-inflammatory factors due to 

an excessive inflammatory response(Jang, Kim et 

al. 2013). Therefore, inhibiting and preventing 

inflammatory processes are significant research 

objectives(Chang, Liao et al. 2017). Currently, the 

naphthalene derivatives naproxen and nabumetone 

are utilized to treat inflammatory diseases(Sharma, 

Singh et al. 2006). 

 Elrayess et al. synthesized a new series of 1,2,4-

triazole Schiff bases scaffold with aryl and heteroaryl 

systems. The biological activity of the compounds 

was evaluated as a potent COX-2 blocker. Among the 

triazole–thiazole hybrids, the one with the para-

methoxy moiety linked to a phenyl ring (7) showed 

the highest In vitro selectivity by COX-2 inhibition 

assay (IC50 of 0.04 µM) and in situ anti-inflammatory 

activity when evaluated using the protein denaturation 

assay (IC50 of 0.88 µM) in comparison with 

commercially available selective COX-2 inhibitor, 

Celecoxib (IC50 of 0.05 µM) (Elrayess, Elgawish et al. 

2020). 

Chi-Fen Chang et al. synthesized 2-

phenylnaphthalene derivatives, which inhibited 

lipopolysaccharide-influenced pro-inflammatory 

mediators. Compounds (8) and (9) significantly 

decreased the expression of induced nitric oxide 

synthase and cyclooxygenase-II. Also, they inhibited 

the production of nitric oxide, interleukin-6, and 

tumor necrosis factor-a in LPS-induced cells(Chang, 

Liao et al. 2017).  

V. Muralidharan et al. synthesized novel naphthalene-

pyrimidine derivatives as an anti-inflammatory agent.

2-amino-4-[1-napthalene amino]-5-phenyl pyrimidine

derivatives were synthesized from the reaction of N-

(napthalene-1-yl)-3-aryl acryl amides with guanidine

nitrate. The compounds were evaluated for anti-

inflammatory activity using the HRBC membrane

stabilization method and diclofenac sodium as a

reference. Compound 6-(2-chlorophenyl)-N4-

(naphthalen-1-yl)pyrimidine-2,4-diamine (10) showed

the most potent anti-inflammatory activity within the

series(Muralidharan, Seetaramswamy et al. 2015).



148 

Bukhari et al. reported a novel series of 1, 3-

diphenyl-2-propen-1-one-based pyrazolines and 

used them as intermediates for synthesizing new 

pyrazoline derivatives. The biological activity of the 

compounds was evaluated by inhibiting 

phospholipase A2, cyclooxygenases (COX-1 and 

COX-2), IL-6, and TNF-α as anti-inflammatory 

agents. Compound (11) showed the maximum 

inhibition of phospholipase A2 and high inhibition of 

LPS-induced TNF-a and IL-6 release compared to 

LPS-control(Bukhari, Zhang et al. 2015). 

 Eissa et al. synthesized a series of novel 6-methoxy 

naphthalene derivatives (non-carboxylic analogues of 

aryl propionic acid) and evaluated the anti-

inflammatory activity by carrageenan-induced rat paw 

edema model. Compound (12) showed better 

anti-inflammatory activity (89.77%) than the 

standard drug naproxen (85.02%). In the case of 

thiourea derivatives, aromatic substitution with 

electron-withdrawing groups such as aryl 

sulphonamide and chlorine was necessary for good 

activity rather than the electron-donating NH2 

group(Eissa, Farrag et al. 2014). 

1.3. Antihypertensive activity 

Naphthalene-derived propranolol and 

tetrahydronaphthalene-derived nadolol are two non-

selective beta-adrenergic blocking agents used as 

antihypertensive drugs(Bekhradnia and Ebrahimzadeh 

2012) 
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Manikandan et al. synthesized a series of 

naphthalene-2-ol-indolin-2-one-thiocarbamide 

derivatives and reported their activity against 

angiotensin-converting enzyme (ACE). 

Oxo-indolin-based naphthalene containing 

compounds (13) and (14) exhibited significant ACE 

inhibitory activity(Manikandan, Moharil et al. 2017). 

1.4. Anti-diabetic activity 

Diabetes mellitus (DM) is a chronic metabolic 

condition characterized by abnormally high glucose 

levels in the blood (hyperglycemia). Diabetes can 

create long-term complications by destroying 

essential organs, blood vessels, and nerves(Okur, 

Karantas et al. 2017, Kerru, Singh-Pillay et al. 

2018). 

Furukawa et al. synthesized compound (15), which 

showed potent agonistic activity and lowered blood 

glucose levels. It especially showed PPARƔ agonist 

activity, and its potassium salt showed almost equal 

potency to rosiglitazone(Furukawa, Arita et al. 

2012).  

Patch et al. reported 2-(5-(naphthalen-1-yl)-1H-

indol-3-yl)ethanamine (16) having Estrogen-related 

receptor α (ERR α) agonistic activity with anti-

diabetic activity(Patch, Searle et al. 2011). 

1.5. Anti-cancer activity 

Cancer is a fatal disease that profoundly impacts the 

world today. It is one of the gravest hazards to public 

health and a formidable obstacle to medical 

science(Franks, Knowles et al. 1990). 

L. Luo et al. synthesized a series of novel

naphthalene-substituted triazole spirodienones and

evaluated their antineoplastic activity. Compound

(17) exhibited the most potent anti-cancer activity by

inducing cell cycle arrest and apoptosis. Furthermore,

compound (17) significantly inhibited tumor growth

in a metastatic 4T1murine breast cancer model(Luo,

Jia et al. 2021).

G. Wang et al. synthesized a novel series of thiazole-

naphthalene derivatives as tubulin polymerization

inhibitors and evaluated their anti-proliferative

activities. Compound (18) was the most active and

significantly inhibited tubulin polymerization with an

IC50 value of 3.3 µM, compared to the standard drug

colchicine (IC50 = 9.1 µM)(Wang, Liu et al. 2021).
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Lim et al. synthesized two series of 

naphthalene-based chalcones and evaluated their 

anti-cancer activity. The results showed that the 

fluorinated chalcones exhibited more potent 

cytotoxic activity towards the breast cancer cell 

lines (4T1) than non-fluorinated chalcone 

derivatives. Remarkably, the selectivity index of  

(19) against the breast cancer 4T1 cell line was 
higher than cisplatin, which is one of the most 
frequently deployed chemotherapy agents in current 
medical practice(Lim, Oo et al. 2020)

V. Srivastava et al. synthesized 1-(3,4,5-

trimethoxyphenyl)naphtho[2,1-b]furan derivatives, 
compound (20) showed significant cytotoxicity 
against both colon cancer cell line and liver cancer 
cell line with IC50 values of 0.5, and 0.7 µM 
respectively(Srivastava, Negi et al. 2006).

1.6. Antiviral activity 

Tseng et al. reported novel naphtho [1,2-d] oxazole 

derivatives and evaluated their anti-HCV activity by  

 promoting heme oxygenase-1 expression. Among the 

synthesized compounds, compound (21) was the most 

active and exhibited 21-fold higher anti-HCV activity 

than ribavirin (Tseng, Lin et al. 2018). 

Tarantino et al. reported naphthalene-sulfonate as an 

inhibitor of human norovirus RNA-dependent RNA-

polymerase(RdRp). RdRp contributes a critical role in 

the replication and amplification of genomic RNA. 

The enzyme is considered a promising target for 

antiviral drug development. The sodium salt of 

compound (22) exhibited significant inhibitory 

activity against human Norovirus RdRp(Tarantino, 

Pezzullo et al. 2014).  

1.7. Anti-neurodegenerative activity 

 Neurodegenerative disorders are neuronal diseases 

that progressively degenerate the structure and 

function of the central or peripheral nervous system, 

affecting the components of the brain. It is a leading 

cause of death and affects a large number of people 

around the world(Ayeni, Gong et al. 2022). 

Gomathy et al. synthesized novel 2-(naphthalen-1-yl)-

N-[2-substituted (4- oxothiazolidin-3-yl)]acetamide 

derivatives, among these (23)  exhibited potent anti-

parkinsonian activity(Gomathy, Singh et al. 2012). 
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1.8. Anticonvulsant activity 

Epilepsy is the umbrella name for various chronic 

central nervous system (CNS) disorders. It is 

characterized by excessive and rapid neuronal 

electrical discharges that result in seizures (Ayati, 

Emami et al. 2016, Al-Otaibi 2019). In medicinal 

chemistry, searching for anticonvulsant molecules 

with a more selective activity and reduced toxicity 

is a significant area of research (Malawska 2005). 

M. Valipour et al. designed and synthesized 
naphthyl analogs of (arylalkyl) azoles (A.A.A.s) 

containing thiazole or oxazole heterocycles in the 

middle of the structure and evaluated their 

anticonvulsant activity. Among tested compounds, 

imidazolylmethyl-thiazole (24) showed the best 

activity profile without any sign of neurotoxicity. 

The results demonstrated that prototype compound 

24 could be a new lead for developing 

anticonvulsant agents (Valipour, Naderi et al. 2021). 

Shingalapur et al. synthesized thiazolidinone 

containing 2-mercapto benzimidazole derivatives 

and evaluated their anticonvulsant activity. SAR 

studies revealed the critical role of (OH) function in 

the target compounds that were found to be the main 

structural requirement for 

maintaining anticonvulsant activity. Compound 

(25) was considered significant compared to

the control group for anticonvulsant

activity(Shingalapur, Hosamani et al. 2010).

A. Karakurt et al. designed and synthesized a series of

2-acetylnaphthalene derivatives and evaluated their

anticonvulsant activity. The molecular design of the

compounds was based on the modification of

nafimidone. Among the synthesized compounds,

compound (26) was the most active anticonvulsant

agent(Karakurt, Özalp et al. 2010).
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