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ABSTRACT 

HIV, a dreadful virus has infected billions of people worldwide. It is spreading like anything despite the advances in the drug discovery. Even 

though innumerable strategies were designed most of them were in vain as the HIV virus has got inbuilt genetic mutation capability. Alongside, 

the virus is getting resistance to the chemical drugs. The chemical drugs are synthesized so as to target a particular protein of HIV which is most 

essential for its life. Few classes of drugs target the viruses in their latent stage and thereby reducing viral load. Some important classes of 

chemical drugs entail diarylpyrimidines, methoxy indoles and methoxy azoindoles etc. Some of the natural products are also derivatized to 

afford potent anti-HIV drugs. FDA (Food and Drug Administration) has approved a large number of drugs after clinical investigation under 

different phases. According to mode of their action, they have been classified as antifibrotics, CCR5 antagonists, integrase inhibitors, latency 

reversing agents, maturation inhibitors, (NNRTIs), (NRTIs), protease inhibitors, rev inhibitors, etc. Here in we reported the chemicals drugs 

synthesized from the past to present which includes a wide variety of synthetic chemical drugs possessing anti HIV potency. Also, the various 

drugs approved by the FDA were described.  
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INTRODUCTION 

 

A disease that makes a person go trembling, despair, dread, terror and blunder is HIV infection which stands for Human Immunodeficiency 

Virus. It is a lentivirus that causes the HIV infection at the initial stage and leads to Acquired Immuno Deficiency Syndrome (AIDS) over time 

untreated. AIDS is a condition in which successive break down of immune system occurs making room for the opportunistic infections, cancer 

and other diseases in the body. HIV suppresses immune system by infecting crucial cells in the immune system such as helper T cells CD4+ T 

cells, macrophages and dendritic cells. Infected CD4+ T cells are killed through various mechanisms and there by abatement of CD4+ T cell 

count in the human body. Decline of CD4+ T cell count below a critical level leads to complete deterioration of cell-mediated immunity. Hence 

body will progressively allow the opportunistic diseases to infect in the body progressing to the development of the condition AIDS. The 

structure of HIV particle is as depicted in the Figure 1.  

 

Transmission of HIV occurs mainly through sexual contact, blood transfusion from HIV infected person, infected mother to her infant during 

pregnancy, child birth by exposure to her blood or vaginal fluid and though breast milk. Advance HIV infection treatment involves prolonged 

prescription of Anti-Retro Viral drugs (ARV) to the infected person.  
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Figure 1: Human Immunodeficiency Virus 

 

These drugs are always given with other ARVs; this combination therapy of ARVs is known as Anti-Retroviral Therapy (ART). It involves 

taking appropriate ART that slow down the progression of the virus in the body. The ART deteriorates the viral load in the body and body fluids 

and prolongs the life of a person by reducing the risk of opportunistic diseases. Also it reduces the chance of transmission to other person.  

Before development of anti-retro viral drugs, a lot of research has been done for synthesis of anti HIV drugs. Heterocyclic synthesis and 

pharmacology are the fields where research of HIV prevention, treatment and cure is being done. We have carried out a wide literature survey 

with respect to origin, progress and development and advancement of anti HIV drugs. In our present work, we have emphasized the diversity in 

the chemical drugs and chemical scaffolds upon which these chemical drugs were built. Also the mode of action of the different chemical drugs 

in prevention, cure and prolonging of the patients′ life is discussed. Correlation of the pharmacological activity of the synthesized drugs with 

those of standard HIV drugs is also attempted. 

 

Progress of research in the HIV drug discovery 

 

3-Fluoro-2-(phosphonomethoxy)propyl (FPMP) derivatives 

 

Nucleoside derivatives of acyclic nucleoside phosphonates (ANPs) were have reported to have excellent antiviral activities especially against 

DNA viruses and retroviruses [1]. Among ANPs derivatives, 3-Fluoro-2-(phosphonomethoxy) propyl (FPMP) analogues characterized by the 

presence of fluorine atom in the acyclic side chain which have shown moderate activity against HIV and HBV [2,3].  
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Figure 2: Nucleoside derivatives of acyclic nucleoside phosphates (ANPs) 
 

Min Luo et. al. [4] have synthesized a set of molecules (nucleoside derivatives of ANPs, Figure 2) which were screened for antiviral activity by 

luciferase assay in TZM-bl cells against the HIV strains, CXCR4-tropic HIV-1 strain and CCR5-tropic HIV-1 strain. Tenofovir, tenofovir 

disoproxil fumarate and tenofovir alafenamide were used as standard drugs. Among the tested molecules, annoyingly, compounds 1a/b, 2a/b, 

3a/b have not exhibited ant-HIV activity (IC50>100 µM). Whereas the compounds 4 (IC50=4.80 µM) and 5 (IC50=1.81 µM) have shown a 

significant anti-HIV activity which indicated that the 2-aminosuccinate appendant has increased lipophilicity and hence cellular permeability is 

improved.  

 

Betulinic acid derivatives 

 

A series of Betulinic acid derivatives [5] were prepared by making modification to the maturation inhibitor, GSK3532795. The modification was 

made at C-17 with a variety of moieties in one of the schemes (Figure 3). The synthesized compounds were evaluated for their antiviral activity 

against WT HIV-1, V370A, and ΔV370 polymorphic viruses in a virus replication assay. Except a few, all compounds exhibited high metabolic 

stability in vitro with t1/2. The test compounds were also tested for their in vivo pharmacokinetic activity.  
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Figure 3: Betulinic acid derivatives at C-17 
 

Diarylpyrimidine prodrugs 

 

Prodrug strategy is one of the main streams in the drug discovery and in synthesis of antivirals [6-8]. These prodrugs are converted to parent 

drugs by enzymatic metabolism. In this context researchers are have been trying to prodrugs by appending various organic motifs. Here, antiviral 

drug RDEA427 7, (Figure 4) diarylpyrimidine (DAPY) derivative and a NNRTI was chosen for the preparation of its prodrug 8 (EC50=0.0055 ± 

0.0047). RDEA427 (EC50=0.0029 ± 0.0007) inhibits WT HIV-1 and a wide range of mutant HIV-1 strains.  

 

 
 

Figure 4: Carbonate prodrug strategy of the antiviral drug RDEA427 

 

The carbonate prodrug and antiviral drug RDEA427 were tested for antiviral activity [2] against HIV-1 WT strain, RES056 and HIV-2 strain, 

ROD using nevirapine, efavirenz and etravirine as reference compounds. The antiviral activity revealed that the carbonate prodrug exhibited 

potential antiviral activity against HIV-1. However, its activity is comparably very less than that of the drug REDA427. The prodrug is inactive 

against the strain HIV-2.  

 

Small molecule macrocyclic HIV-1 Inhibitors 

 

M. Hurevich et. al. have designed CD4 mimetics as gp120 inhibitors and prepared small molecule macrocyclic HIV-1 Inhibitors [9]. They 

managed to reduce the distance between important pharmacophores such as Phe and Arg on the m side of the backbone of cyclic inhibitor 
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without affecting the antiviral activity. Both synthesized molecules CG-1 11 and SC-1 10 are structural regioisomers which sustain the actual 

CD4 active pharmacophores but the difference lies in change in the position of functional groups (Figure 5). All the compounds were evaluated 

for anti-HIV activity in which compound SC-1 has exhibited weak inhibitory activity while the compound CG-1 has inhibited more than 80% of 

viral infection. The difference in the activity between CG-1 and SG-1 revealed that anti-HIV activity depends not only on the nature for 

pharmacophores but also upon correct orientation of pharmacologically active groups.  

 

 
 

Figure 5: Small molecule macrocyclic HIV-1 inhibitors as CD4 mimetics 
 

C-linked heteroaryl and N-linked heteroaryl C-7 position of 4-methoxy indoles and 4-methoxy 6-azaindoles 

 

In a study T. Wang et. al. [10] have synthesized novel anti-HIV molecules by appending C-linked heteroaryl and N-linked heteroaryl motifs at 

the C-7 position of 4-methoxy indoles 12 and 4-methoxy 6-azaindoles 13 (Figure 6). Anti-HIV activity revealed that introduction of sp2- 

hybridized heteroaromatic substituent at the C-7 position of indoles and 6-azaindoles has exhibited potent antiviral activity. An attempt of 

comparison of anti-HIV activity of C-7 substituted indoles and 6 azaindoles in both cases was made. In the C-7 C-linked derivatives, increased 

metabolic stability could be correlated to increased polarity of C-7 heteroaryl moiety. Again C-7 N-linked heteroaryl compounds have exhibited 

higher metabolic stability without significant change of membrane permeability. Data of anti-HIV activity of C-7 nitrogen-linked heteroaryl 

compounds have shown promising activity compared C-7 carbon- linked heteroaryl compounds.  

 

 
 

Figure 6: Series of C-7-substituted, C/N-linked Heteroaryl, indole derivatives 
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A potent anti-HIV drug, attachment inhibitor fostemsavir is converted into its prodrug 14 (Figure 7). Comparison of anti-HIV activity of the 

prodrug shown that its antiviral potency is 7 fold improved. 

 

 
 

Figure 7: Phosphonooxymethyl prodrug of fostemsavir 
 

Thiophene [3,2-d]pyrimidine derivatives 

 

DAPY based derivatives of NNRTIs were developed as anti-HIV drugs which have exhibited a very potent antiviral activity [11]. A set of 

thiophene [3,2-d]pyrimidine derivatives with a linker between the thiophenepyrimidine core and right wing [12]. Newly synthesized novel series 

of hydrazone-substituted thiophene [3,2-d] pyrimidine derivatives were evaluated for anti-HIV activity against WT HIV-1 strain. Among them, 

four compounds have exhibited striking activity and compound 15 (EC50=21.2 nM) (Figure 8) has shown promising anti HIV activity and lower 

toxicity. 

 

 
 

Figure 8: Thiophene[3,2-d]pyrimidine derivatives as DAPY NNRTIs 
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Aminothiochromane and aminotetrahydronaphthalene carboxamide derivatives 

 

A. K. Ghosh et. al. [13] has designed a series of HIV-1 protease inhibitors by incorporating aminothiochromane and 

aminotetrahydronaphthalene carboxamide moieties. The design was made to achieve the extensive hydrogen bonding between inhibitors and 

HIV-1 protease active site. The newly designed HIV-1 protease inhibitors were screened for anti HIV activity in MT-4 human T-lymphoid cells. 

Anti HIV activity has revealed that the compounds 19 (IC50=47 nM) and 21 (IC50=232 nM) (Figure 9) are potent HIV-1 protease inhibitors 

among the synthesized compounds. They have also studied that oxidation of ring sulfur of compound 18 (IC50<1000 nM) to sulfone derivative 

19 (IC50=47 nM) has increased its pharmacological activity substantially. However, the antiviral activity and enzyme inhibition are reduced 

when Boc-group of compound 19 was removed to afford compound 20 (IC50<1000 nM). Similar changes in antiviral activity have been 

observed for other derivatives on oxidation and Boc-group removal. 

 

 
 

Figure 9: Aminothiochromane and aminotetrahydronaphthalene carboximade derivatives as HIV-1 protease 
 

Sulfonamide derivatives 

 

A new class of HIV-1 protease inhibitors was designed by A.K. Ghosh et. al. [14]. These inhibitors have derivatives of sulfonamide as P2’ 

ligands and fused tricyclic polyethers as P2 ligands. The ring size of the polyethers and with various substituents was varied and enhancement of 

interaction of ligand with protease active site. The target molecules are screened for anti HIV activity in MT-2 cells using darunavir and 

saquinavir as reference compounds. The protease inhibitors 23 (IC50=0.023 nM) and 24 (IC50=0.027 nM) (Figure 10) have 6-5-5 ring system as 

P2 ligand, aminobenzothiazole as P2’ and difluorophenylmethyl moiety as P1 ligand have shown excellent inhibiting activity in MT-2 cells. 

 

 
 

Figure 10: Potent HIV-1 protease inhibitors containing tricyclic fused ring systems 
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(S)-THF-tertiary amine-acetamide derivatives 

 

One of the best strategies to synthesize effective HIV-1 protease inhibitor and eliminate drug resistance is to enhance extensive hydrogen bond 

interactions with residues in the active site of the protease enzyme [15,16]. In this context X. Bai et. al. [17] has designed HIV-1 protease 

inhibitors to optimize the enzymatic activity. In their design, stereochemically defined THF ring and tertiary amine structural template as P2-

ligand were incorporated to have potential interactions with HIV-1 protease backbone. All the target molecules were evaluated for their HIV-

protease inhibition activity and the results of pharmacological activity were correlated with SAR study. In the pharmacological activity, 

inhibitors with (S)-THF-tertiary amine-acetamide P2-ligand showed impressive enzymatic activity. The compounds 25 (IC50=0.35 nM), 26 

(IC50=0.88 nM) and 27 (IC50=0.77 nM) (Figure 11) exhibited potent inhibitory activity. 

 

 
 

Figure 11: HIV-1 protease inhibitors having (S)-tetrahydrofuran-tertiary amineacetamide as P2- ligand 
 

Oxazolidinone derivatives 

 

In recent years HIV-1 protease inhibitors have become most essential class of chemical drugs for antiretroviral regimen [18,19] as the protease 

inhibitors inhibit formation of mature viruses. Also, the polypeptide class of chemical drugs has posed a lot problems viz.; poor absorption, 

metabolic instability etc. [20]. A novel series of potent HIV-1 protease inhibitors were synthesized in which novel bicyclic oxazolidinone 

derivatives as the P2 ligand utilizing a key o-iodoxybenzoic acid mediated cyclization [21]. The lead compounds were tested for antiviral 

activity in MT-4 cells using darunavir as a reference compound. In the pharmacological activity compound 28 (IC50=31 nM) and 29 (IC50=41 

nM) (Figure 12) have shown antiviral potency against ATV resistant HIV-1 variants. Compound 28 with insertion of N-methylallyl group has 

resulted in enhanced enzyme inhibitory activity. But reduction of N-methylallyl group to isobutyl group has reduced the activity slightly. 

However the activity of both compounds 28 and 29 is inferior to the reference compound darunavir (IC50=3.2 nM). They also fail to inhibit the 

replication of highly darunavir resistant HIV-1 variants.  

 

 
 

Figure 12: HIV-1 protease inhibitors containing bicyclic oxazolidinone as the P2 ligands 
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Diaryl ethers derivatives of carboxymethoxyphenacyl moiety  

 

New HIV-1 reverse transcriptase inhibitors developed by T. Fraczec et. al. [22] is designed by appending the diaryl ethers to 

carboxymethoxyphenacyl scaffold. The resulted compounds are a class of second generation NNRTIs and expected to have higher solubility and 

chemical stability. Compounds 30 (Figure 13) (IC50=0.36 ± 0.01 nM), 31 (IC50=3.07 ± 0.22 nM), and 32 (IC50=0.65 ± 0.03 nM) were found to be 

very potent inhibitors of HIV-1 reverse transcriptase enzyme which was comparable to the standard drug NVP (IC50=0.75 ± 0.02 nM). 

 

 
 

Figure 13: Potent NNTRIs containing diarylethers and carboxymethoxyphenacyl moieties 
 

N1-aryl-2-arylthioacetamido-benzimidazoles and N1-aryl-2-aryloxyacetamido-benzimidazoles 

 

A new set of NNRTIs, N1-aryl-2-arylthioacetamido-benzimidazoles and N1-aryl-2-aryloxyacetamido-benzimidazoles [23] were synthesized and 

evaluated for HIV-1 reverse transcriptase enzyme inhibition activity in MT-4 cells using Nevirapine and efavirenz as reference compounds. 

Among N1-aryl-2-arylthioacetamido-benzimidazole derivatives 33 (IC50=0.047 ± 0.007 nM), 34 (IC50=0.05 ± 0.0005 nM) (Figure 14) have 

shown best inhibition activity and compounds 35 (IC50=0.76 ± 0.19 nM), 36 (IC50=5.84 ± 0.00 nM) (Figure 14) have exhibited excellent 

inhibition activity among N1-aryl-2-aryloxyacetamido-benzimidazole derivatives.  

 

 
 

Figure 14: N 1-aryl-2-arylthioacetamido-benzamidazoles and N 1-aryl-2-arylacetamido-benzamidazoles as NNTRIs 
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Dihydrofuro[3,4-d]pyrimidine derivatives 

 

D. Kang et.al. [24] have identified and synthesized dihydrofuro[3,4-d]pyrimidine as novel diarylpyrimidine (DAPY) derivatives and the 

compounds were proven to potent against wide range of HIV-1 strains. The lead compounds 37 (EC50=2.20 ± 0.67 nM), 38 (EC50=2.21 ± 0.61 

nM), 39 (EC50(IIIB)=4.3 ± 0.7 nM) and 40 (EC50(IIIB)=2.6 ± 1.0 nM) (Figure 15) have shown excellent inhibition activity.  

 

 
 

Figure 15: Dihydrofuro[3,4-d]pyrimidine dervatives as NNTRIs 

 

1,4-Disubstituted 1,2,3-triazoles derivatives of diarylnicotinamide 

 

1,4-Disubstituted 1,2,3-triazoles tailing was appended to diarylnicotinamide to afford series of novel HIV-1 non-nucleoside reverse transcriptase 

enzyme inhibitors [25]. The target NNTRIs were proven to be potent (EC50 0.02-1.77 μM) against wild-type and E138K mutant virus. Among 

the final compounds, compound 41, EC50(IIIB)=0.020 μM, EC50(E138K)=0.027 μM, CC50=180.90 μM) (42, EC50(IIIB)=0.020 μM, EC50(E138K)=0.014 

μM, CC50=58.09 μM) and 43, (EC50(IIIB)=0.020 μM, EC50(E138K)=0.015 μM, CC50=40.15 μM) (Figure 16), are the most promising derivatives 

which have exhibited comparable potency with reference drug Etravirine against E138K mutant strain but with much lower cytotoxicity.  

 

 
 

Figure 16: potent HIV-1 NNRTIs constituting 1,4-Disubstituted 1,2,3-triazoles and diarylnicotinaminde moieties 
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5-Hydroxypyrido[2,3-b]pyrazin-6(5H)-one derivatives 

 

Recently dual inhibitor strategy has become an effective strategy for synthesis of anti-HIV drugs. In this context, 5-Hydroxypyrido[2,3-

b]pyrazin-6(5H)-one derivatives were designed as a series of novel inhibiting agents for HIV-1 reverse transcriptase as well as integrase 

enzymes [26]. In the series of dual inhibitors, compounds 44 (IC50=1.77 μM) and 45 (IC501.85 μM) (Figure 17) have exhibited striking HIV-1 

RT enzyme inhibition potency. While the compounds 46 (IC50=0.25) and 47 (IC50=0.22 μM) have exhibited promising inhibition activity against 

integrase. The pharmacology activity of the lead compounds was also supported by molecular docking studies of corresponding compounds. 

 

 
 

Figure 17: 5-Hydroxypyrido[2,3-b]pyrazin-6(5H)-one derivatives as dual inhibitors of HIV-1 RT and integrase enzymes 

 

Magnesium chelated 2-Hydroxyisoquinoline-1,3(2H,4H)-diones 

 

M. Billamboj et. al. [27] have planned and synthesized the magnesium chelated 2-Hydroxyisoquinoline-1,3(2H,4H)-diones. The chelates were 

evaluated for HIV ribonuclease H and integrase enzyme inhibition activity. In the corresponding antiviral activity compounds 48 and 49 (Figure 

18) have shown efficient binding with magnesium cation in a 1: 1 stoichiometry. 

 

 
 

Figure 18: Magnesium chelated 2-Hydroxyisoquinoline-1,3(2H,4H)-diones 
 

5,6,7,8-Tetrahydro-1,6-naphthyridine Derivatives  

 

5,6,7,8-Tetrahydro-1,6-naphthyridine Derivatives were designed and prepared by K. Peese et. al. [28] targeting p75 (LEDGF/p75) binding site 

on HIV-1 integrase and LEDGF/p75 binding site of the integrase enzyme. In the prepared derivatives, compounds 50 (EC50=0.004 μM), 51(EC50 

0.012 μM) and 52 (EC50=0.019 μM) (Figure 19) have shown best antiviral activity. 
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Figure 19: 5,6,7,8-Tetrahydro-1,6-naphthyridine derivatives as potent HIV-1 integrase inhibitors 
 

Tetrazole derivatives of 7-(2H-Tetrazol-5-yl)-1H-indoles 

 

A novel series of tetrazole derivatives, 7-(2H-Tetrazol-5-yl)-1H-indoles were synthesized and evaluated for antiviral activity [29]. Compounds 

53 (EC50=34 nM), 54 (EC50=60 nM), 55 (EC50=120 nM) and 56 (EC50=0 nM) (Figure 20) were found to have best antiviral activity. Compound 

56 represented as an example of N-methyl tetrazole that can acts as a prodrug for a free NH tetrazole-containing compound. 

 

 
 

Figure 20: Tetrazole containing derivatives as HIV-1 attachment inhibitors 
 

Sulfated polyanions 

 

Sulfated polyanions are important scaffolds in anti-HIV activity and are good inhibitors of HIV-1 RNase H and reverse transcriptase enzymes 

[30]. Dextran, dextran sulfate, xylan polysulfate, DEAE-dextran, chondroitin sulfate, heparin etc. can be quoted as examples. 

 

Illimaquinone derivatives 

 

Illimaquinone 57, secondary metabolite (Figure 21) extracted from red sea sponges Smenospongia sp, synthetic derivatives of Illimaquinone, 6'-

acetate illimaquinone 58 and 6'-methyl illimaquinone 59, Avarone A 60, Avarone B 61, Avarone E 62, Avarone F 63 are some of naturally 

occurring HIV-1 RNase inhibitors [31]. 
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Figure 21: Natural products and their derivatives as HIV-1 RNase inhibitors 
 

β-Thujaplicinol 

 

β-thujaplicinol 64, (Figure 22) a natural compound derived from heartwood of cupressaceous trees has exhibited HIV-1 RNase H inhibition 

activity without affecting the DNA polymerase function of the enzyme [32]. 

 

 
 

Figure 22: B-thujaplicinol, a tropolone derivative 

 

Suramin 

 

A well know antitrypanosomal agent, suramin 65 (Figure 23) was found to exhibit an excellent inhibitory activity on the enzyme reverse 

transcriptase using ethidium bromide [33].  

 

 
 

Figure 23: Natural product Sumarin, reverse transcriptase inhibitor 
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4′- and 2- modified 2′- Deoxyadenosine derivatives 

 

4′Ed2FA (2′-deoxy-4′-C-ethynyl-2-fluoroadenosine) 66, a nucleoside derivative modified at 4′- and 2-positions of physiologic 2′- 

deoxyadenosine has been reported to have potent anti-HIV 1 properties including multidrug-resistant viruses and M184V HIV-1 mutant variants 

[34,35]. Alongside, its toxicity is reported to be lower than 4′EdA (2′-deoxy-4′-C-ethynyladenosine) (Figure 24). 4′Ed2ClA 67, chloro analog of 

compound 66 is active against all HIV-1s. However, activity of compound 67 is comparatively lower than that of 4′Ed2FA. Comparative study 

also indicated that the 3′-OH played important roles in the inhibiting activity against drug-resistant HIV-1s. 

 

 
 

Figure 24: Purine based anti-HIV agents 
 

FDA approved and Investigational HIV drugs  

 

Investigational drugs are drugs under clinical trial in the different phases and some of them are utilized in successful treatment of HIV infection. 

These drugs are approved by U.S. Food and Drug Administration (FDA) after studying their effectiveness and adversity. According to the mode 

of action of investigational drugs, they have been classified into different classes. 

 

Antifibrotics   

 

The chemical drugs that reduce tissue scarring in the body are considered as anitfibrotics. Fibrosis is a pathological state in which excess 

deposition of fibrous tissue is seen. Losartan 69 and Telmisartan 70, (Figure 25) biphenyls derivatives are antifibrotic drugs used to treat high 

blood pressure and kidney damage caused by diabetes. HIV infection causes fibrosis in lymphoid tissues and there by damaging the immune 

system of the body [36-39]. Losartan is a tetrazole derivative of biphenyl whereas telminsartan is benzimidazole derivative of biphenyl moiety. 

Losartan improves immune system by reducing fibrosis. It may also aid in the reduction of latent HIV reservoirs [40-42]. 

 

 
 

Figure 25: Antifibrotic drugs 
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CCR5 antagonists 

 

Maravirok 71 and P140 72 belong to phenylpropylamine derivatives and are classified as CCR5 antagonists (Figure 26). These drugs attaches to 

CCR5 co-receptor protein on the surface of immune cells and prevents certain strains of HIV such as R5-tropic virus from attaching, enter or 

infect the cell [43,44] and thus prevents HIV from multiplying there by reduces the amount of HIV in the body. Because of quick absorbance 

properties of Maravirok in the body and accumulation of high concentrations of drug in tissues of vagina, cervix and rectum when taken as oral 

form, it is a possible medicine for HIV pre-exposure prophylaxis (PrEP). 

 

 
 

Figure 26: Phenylpropylamines derivatives 
CD4 Attachment inhibitors  

 

UB-421 and Fostemsavir 73 are classified as CD4 Attachment inhibitors. This class of drugs functions similar to that of CCR5 antagonists but 

the difference lies with respect to the cells that the drug attaches to. UB-421 attaches to a protein, CD4 receptor present on the surface of the 

immune cells. These drugs also prevent HIV particles to attach, enter or infect the cells in the body [45,46]. Fostemsavir (Figure 27), 

cyclohexanecarbodiimide and triazole derivative works by blocking the gp120 receptor of virus. The drug prevents initial viral attachment to 

CD4+ T cell and entry into the human cell and its method of action is a first for HIV drugs [47]. 
 

 
 

Figure 27: CD4 attachment inhibitor 
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CXCR4 antagonist 

 

Plerixafor 74 and BL 8040 75 drugs are considered as CXCR4 antagonists (Figure 28) as they block the CXCR4 receptor and prevent its 

activation is a substance which blocks the CXCR4 receptor and prevent its activation. CXCR4 antagonists help to prevent metathesis by 

hindering the CXCR4 receptor activation. CXCR4 receptors are targeted by the antagonist since these are identified as co-receptor in HIV [48-

50].  

 

 
 

Figure 28: CXCR4 antagonists 
 

Fusion inhibitors 

 

A class of drugs called fusion inhibitors which fuse to the protein moieties on the outer surface of the HIV and inhibit the HIV particles from 

entering and infecting the immune cells. Albuvitride [51] and Enfuvitride belong to fusion inhibitors. Both the drugs are polypeptide derivatives. 

Albuvitride 76 (Figure 29) works by attaching to gp41, an envelope protein and there by blocking the HIV entry into the cells and infecting 

immune cells [52,53]. Enfuvitride functions in a similar fashion. 
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Figure 29: Fusion inhibitors 
 

Immune modulators  

 

Aldesleukin, chloroquine 77, hydroxychloroquine 78, CYT 107, Peginterferon Alfa-2a, Peginterferon Alfa-2b, Pyridostigmine 79 and 

Somatropin are categorized as immunomodulators (Figure 30). These chemical drugs help to boost and restore normal immune function. 

Aldesleukin is a derivative of a naturally occurring protein, interleukin-2 in the body as the latter aids in activation of immune system to make 

more immune cells and stimulates existing immune cells to fight opportunistic diseases [54-56]. 

  

 
 

Figure 30: Immunomodulators 
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Choroquine and hydroxychloroquine drugs are derivatives of 4-aminochloroquine moiety. These drugs can reduce hyperactivity of immune 

system and help to decrease HIV reservoirs and increase CD4 counts [57,58]. Peginterferon Alfa-2a and Peginterferon Alfa-2b are polypeptide 

drugs. Interferon alfa is a prepared naturally in the body that fights viral infections. Hence of a version is prepared known as peginterferon alfa-

2a [59,60]. Peginterferon alfa-2a is administered along with other drugs to eliminate latent HIV which cannot be possible by ART alone [61,62]. 

Peginterferon Alfa-2b, Pyridostigmine and Somatropin have more or less similar functions in the body. 

 

Integrase inhibitors 

 

These chemical drugs block HIV enzyme integrase, and thereby preventing HIV from multiplying subsequently reducing viral load in the human 

body. These drugs are also called integrase inhibitors [63,64]. Some of the integrase inhibitors (Figure 31) which have been used for HIV 

treatment are under clinical trial such as bictegravir 80, cabotegravir 81, raltegravir 82, dalutegravir 83. Above quoted drugs are all 

fluorobenzene derivatives. 

 
 

Figure 31: Chemical drugs as integrase inhibitors 
 

Latency reversing agents 

 

ART is ineffective in HIV treatment as the HIV particles go into the latent stage. In such case latent reversing agents are particularly beneficial. 

These chemical drugs are able to revoke the HIV virus present in immune cells (CD4) in latent stage. The activated HIV particles are neutralized 

by immune system or ongoing antiretroviral therapy (ART) [65].  

 

Lefitolimod is categorized as a toll-like receptoragonist. Other latent reversing agents [66-68] (Figure 32) are panobinostat 84, vorinostat 85, 

valproic acid 86, tucidinostat 87 and romidepsin 88.  

 

 
 

Figure 32: Latent reversing agents as HIV drugs 
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Maturation inhibitors 

 

A category of chemical drugs which inhibit the maturation of the virus are known as maturation drugs such as bevirimat 89 (Figure 33). These 

drugs inhibit the final step in the processing of the HIV-1 gag protein by binding to it and results in the formation of noninfectious, immature 

virus particles and such viruses are incapable of infecting other cells [69-71].  

 

 
 

Figure 33: Maturation inhibitor 
Microbicides  

 

Dapivirine 91 and tenofovir 90 are microbicides (Figure 34). These chemical drugs prevent sexual transmission of HIV and used as a topical 

microbicide. These products are designed so as to prevent HIV during sexual activities where these topical microbicides are applied to the body 

parts that are engaged in sexual activities [72-74]. Dapivirine is a pyrimidine derivative whereas tenofovir is a nucleotide derivative. 

 

 
 

Figure 34: Topical microbes 

 

Non-nucleoside reverse transcriptase inhibitors (NNRTIs) 

 

NNRTIs are HIV-1 specific and inactive against other retroviruses. Reverse transcriptase enzyme is must for the HIV particles to multiply in the 

human body. NNRTIs are the chemical drugs that attach to reverse transcriptase and thereby blocking it and subsequently reducing the amount 

of HIV in the body [75,76]. In this category of drugs, elsulfavirine 92, doravirine 93, rilpivirine 94, efavirenz 95, etravirine and nevirapine can 

be quoted as some of the examples (Figure 35). 
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Figure 35: Non-nucleoside transcriptase inhibitors as HIV drugs 

 

Nucleoside reverse transcriptase inhibitors (NRTIs) 

 

NRTIs are chemical drugs of nucleoside analogues. These drugs have a nucleoside sub unit in them. They block an essential enzyme, reverse 

transcriptase of HIV for its replication in the human body. Blockage of the particular inhibits multiplication of the HIV and thus its viral load 

reduces in the body. A few NRTIs may be named as Abacavir 96, didanosine 97, emtricitabine 98 (Figure 36), emtriva, epivir, lamivudine, 

Retrovir, videx, viread, ziagen, zidovudine etc. Abacavir is a nucleoside reverse transcriptase inhibitor which has guanosine unit. It inhibits HIV 

reverse transcriptase and thus blocking viral replication [77,78]. 

 
 

 Figure 36: Nucloeside reverse trancriptase inhibitors  

 

Opportunistic infections and co-infections 

 

These are the infections which occur more frequently when the immune system is weakened such as in 3rd stage of HIV infection [79]. These are 

generally noninfectious if the immune system is strong enough. HSV and VSV can be quoted as examples of opportunistic infections of HIV. 

Some of the chemical drugs (Figure 37) which have been used in the treatment of opportunistic infections are Butoconazole Nitrate 99, 

femciclovir 100, Acyclovir 101, daclatasvir 102, ribavirin 103, ganciclovir, sofosbuvir etc. 

 

Acyclovir is nucleoside derivative of glycol. It is an antiviral used to treat herpes simplex virus (HSV) infections and varicella virus diseases 

(VZV). Butoconazole, imidazole derivative is used to treat opportunistic infections like vulvovaginal candidiasis. Daclatasvir is biphenyl and 

imidazole derivative used to treat chronic hepatitis C virus infection. Femciclovir is diester derivative of purine and is useful in the treatment of 

two types of herpes simplex virus (HSV) and also for VZV infection. Ribavirin is a synthetic nucleoside derivative of ribofuranose and is used in 

the treatment of hepatitis C virus and similar viruses. Ribavirin inhibits viral RNA synthesis and thus inhibiting normal viral replication. 
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Figure 37: chemical drugs to treat opportunistic diseases 

 

Pharmacokinetic enhancers  

 

The chemical drugs which increase the concentration of other HIV medicines in the blood are known as pharmacokinetic enhancers. Such drugs 

help in the breakdown of the other HIV drugs in the body and enhance their effectiveness. Some of the pharmacokinetic enhancers (Figure 38) 

are Cobicistat 104 and Ritonavir 105. Cobicistat is a thiazole and carbamate derivative that inhibits CYTOCHROME P450 CYP3A enzyme. 

Cobicistat is always used in the combination with other HIV drugs as it is not an antiviral [80].  

 

 
 

Figure 38: Pharmacokinetic enhancers 
 

 Post-attachment inhibitors 

 

Post-attachment drugs inhibits the entry of HIV particle into the human cells by binding to the CCR5 and CXCR4 co-receptors after HIV binds 

to the CD4 receptor (primary receptor) [81] on the surface of a CD4 cell. The chemical drug Ibalizumab is categorized as post-attachment 

inhibitor and is a monoclonal antibody. Post-attachment inhibitors are one of the sub-classes of HIV entry inhibitors. 
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Protease inhibitors 

 

These chemical drugs inhibit the protease enzyme of HIV and reduce the HIV replication in the human cells [82]. Some of the protease 

inhibitors (Figure 39) are atazanavir 106, Saquinavir 107, fosamprenavir 108, tipranavir etc. 

 
 

Figure 39: HIV Protease inhibitors 
 

Rev inhibitors  

 

Rev is a trans activating protein which is essential to the regulation of HIV-1 protein expression. The Rev gene present in the HIV is responsible 

for translation. In the translational process Rev gene is involved in export of unspliced and incompletely spliced mRNAs [83]. ABX464 109 

(Figure 40) is an example of Rev Inhibitor and it is chloroquinoline derivative. 

 

 
 

Figure 40: Rev Inhibitor 

 

gp120 attachment inhibitor 

 

The chemical drugs that bind to the gp120 protein of outer surface of HIV and inhibits the HIV from getting into and infecting immune cells 

[84,85]. Fostemsavir 14 (Figure 6) is an example of gp 120 attachment inhibitor [86,87]. Fostemsavir is a prodrug and gets converted into active 

form, temsavir 110 (Figure 41) in the body. 
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Figure 41: gp120 attachment inhibitors 

 

CONCLUSION 

 

The HIV virus is a type of retrovirus by its literal meaning seemingly simple as that of other viruses but difference lies in its menacing action on 

the immune cells of the human body as HIV weakens immune system by decreasing CD4-T cells. Reduction of CD4-T cells makes human 

immune system weaker and thereby allowing the opportunistic infections to collapse the immune system completely. The natural products, its 

derivatives and large classes of chemical drugs have been synthesized for the prevention, cure and control of HIV infection, and opportunistic 

infections. Mode of action of all these drugs is based on the inhibition of a particular type of HIV protein which would be essential for its 

replication, maturation, attachment to the immune cells, or entry into the cell etc. Some of the drugs work based upon the stages of the life cycle 

of HIV virus. After all the infection, a few class of chemical drugs synthesized to prevent the menace of opportunistic infections thereby 

increasing the life span of the HIV infected person. 
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