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ABSTRACT 

Analogues with improved pharmacokinetic properties following oral dosing in rats were 

discovered by systematic investigation of peripheral (P3 and P2') heterocyclic groups designed 

to decrease the rate of hepatic metabolism, which is responsible for the moderate potency and 

oral bioavailability of the inhibitor A-80987. To improve chemical stability against oxidation 

and maintain appropriate water solubility for oral absorption, pyridyl groups were replaced with 

thiazoles. Ritonavir was created by optimizing hydrophobic interactions with the HIV protease 

active site, and it has shown to be very effective in vitro (EC50 = 0.02 M), with high and 

sustained plasma concentrations after oral treatment in four different species. In light of these 

findings, it is possible to realise that a single daily administration of an Esomeprazole tablet is 

adequate to maintain the therapeutic concentration, but the originator product requires three or 

four dosing per day. 
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INTRODUCTION 

One of the most difficult challenges in medicine is acquired immunodeficiency syndrome 

(AIDS), a degenerative illness of the immune system. According to the CDC, at the end of 2000, 

there were an estimated 36.1% of the world's population infected with HIV/AIDS, and an 

estimated 21.8 percent had died from the illness overall, including 3 million in 2000. 

Therapeutic suppression of the HIV protease, which is encoded by the virus, has emerged as a 

promising strategy for combating this fatal illness. 1 Gag and gagpol are precursor polyproteins 

that are translated during viral replication. A virally encoded pro-tease degrades these proteins 

into viral enzymes and structural proteins 2 It has been determined that the virally encoded pro-

tease is an aspartyl protease homodimer. 

An astounding number of strong and selective HIV protease inhibitors have been created based 

on the transition state mimetic idea using different nonhydrolyzable hydroxy ethylene and 

hydroxyethyl amine isosteres. Protease inhibitor and reverse transcriptase inhibitor combinations 

have been shown to be effective in clinical trials 1,4. These five treatment plans have altered the 

trajectory of HIV care and the development of AIDS.6 The existence of 'peptide-like' properties 

in the medications necessitates greater therapeutic dosages, which is one of the key constraints 

of the present treatment. Therefore, it is crucial to have access to sufficient quantities and cost-

effective syntheses of these medications. The Food and Drug Administration (FDA) of the 
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United States has authorized six protease inhibitors for the treatment of HIV/AIDS. This class of 

inhibitor medicines has a set of common properties, including the presence of several 

stereocenters, complicated heterocycles, and unusual functional groups. Without a doubt, 

organic synthesis faced both formidable hurdles and exciting new potential with large-scale 

synthesis in enantiomerically pure form. Universities and pharmaceutical companies have made 

tremendous strides in the discovery and manufacture of HIV protease inhibitors. 

 All the synthetic work in this field would be too much to mention in a single assessment. 

Synthesis of currently available FDA-approved inhibitor medicines, their isosteres, and their 

ligands is the primary focus of this study. In this article, we present a comprehensive literature 

search for synthesis of these useful medicines. In 1981, scientists in the United States noted an 

extraordinary rise in the prevalence of Pneumocystis carinii pneumonia, Kaposi's sarcoma, and 

other opportunistic diseases among otherwise healthy gay males and intravenous drug 

addicts.1,2 It was discovered that immunosuppression had a key role in the development of these 

uncommon disorders. The term "Acquired Immune Deficiency Syndrome" (AIDS) was used to 

describe this condition (AIDS). 3 In 1983, a human retrovirus was found in France from a 

patient with multiple lymphadenopathies4, a condition connected to AIDS, and in 1984, the 

virus was recovered from AIDS patients themselves, confirming that it was the cause of the 

disease. 5,6 Human T lymphotropic virus type III (HTLVIII),5 lymphadenopathy-associated 

virus (LAV),7 and AIDS-associated retrovirus (ARV) were the original designations for the 

virus recovered from AIDS patients (ARV).  

In 1986, a new name, human immunodeficiency virus, was designated for the virus that causes 

AIDS (HIV). 8 Several years later, a second HIV-like virus, HIV-2, was discovered from West 

African patients. 9 AIDS may be caused by any HIV subtype, while some research suggests that 

HIV-2 may progress more slowly in its pathogenic phase. HIV-1 and HIV-2 share around 40% 

of their genomes. 10 It has been hypothesized that the AIDS virus originated in Central Africa, 

where the first instance of the disease was recorded in 1959. 11 HIV-112 was found to have 

originated in the chimpanzee while HIV-2 was shown to have originated in the sooty mangabay 

13 Helper Tlymphocytes, which play a critical role in regulating the immune response, are 

infected by the HIV virus, which is a notable and maybe unique property of the virus. 5,6,14- 16 

HIV infection weakens the immune system because it depletes helper T-lymphocytes. Since a 

result, the steady depletion of these cells is a defining characteristic of the last stage of HIV 

infection, AIDS, as it renders the patient more vulnerable to opportunistic infections of bacterial, 

viral, or fungal origin as well as certain malignancies. 

LITERATURE REVIEW 

Simić et al., (2021) The use of enzymes in organic synthesis, or biocatalysts, has recently gained 

prominence as a useful method for the production of active medicinal compounds (APIs). 

Whole-cell microorganisms were used in the earliest commercial biocatalytic processes in the 

first part of the previous century, before the specific enzyme at work was identified. In the 

meanwhile, advances in directed evolution, enabled by modern molecular biology techniques 

like efficient gene sequencing and synthesis, have allowed for the fast generation of process-



International Journal in Management and Social Science  
Volume 09 Issue 12, December 2021 ISSN: 2321-1784 Impact Factor: 7.088 
Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com                               
Double-Blind Peer Reviewed Refereed Open Access International Journal  

  

301 International Journal in Management and Social Science 
http://ijmr.net.in, Email: irjmss@gmail.com 

 

stable enzymes with broad substrate scope and good selectivity’s tuned for specific substrates. 

Enzymes are utilised to speed up and improve upon the usual processes in API synthesis and to 

open up new, more efficient pathways to (proven) small molecule APIs. Here, we compare the 

stages, reaction conditions, and size of large-scale synthetic pathways using biocatalytic critical 

steps toward >130 APIs of authorised medications and drug prospects with the corresponding 

chemical procedures (where available). The review is organised by the functional class 

generated by the reaction. 

Aljamali et al (2019) There were five chapters in this book covering different ways to make 

organic chemicals (heterocycles, bicycles, spirocycles, derivatives of melamine and lactam, 

other cycles, benzodiazepines, barbiturates, etc.). There are many different types of chemical 

reactions (such as cyclization of chalcone, azotation reaction, coupling reaction, intermediates 

like carbonium, carbanion, carbine, nitrine, free radicals, insertion reactions, some named 

reactions, ring expansion, three component reactions, multiple component reactions, benzoin, 

Riemer-tiemann reaction, enamine, amine, isatin, dapsone, melamine, semicarbazide, thi As an 

example of a dipole reaction, Compounds used in reduction reactions, Aromaticity, Molecular 

characteristics, To counteract the effects of aromatic substances, use nonaromatic ones. 

Savarino, et al (2018) The introduction of proton pump inhibitors (PPIs) into clinical practice 

has greatly improved our therapeutic approach to acid-related diseases for their efficacy and 

safety. The following evidence-based indications for PPI use are acknowledged by many 

scientific societies: treatment of the various forms and complications of gastroesophageal reflux 

disease, eradication of H. pylori infection in combination with two or more antibiotics, short- 

and long-term therapy of H. pylori-negative peptic ulcers, healing and prevention of 

NSAID/COXIB-associated gastric ulcers, co-therapy with endoscopic procedures to control 

upper digestive bleeding and medical treatment of Zollinger Ellison syndrome. Expert 

Commentary: Despite the above well-defined indications, however, the use of PPIs continues to 

grow every year in both western and eastern countries and the endless expansion of PPI market 

has created important problems for many regulatory authorities for two relevant features: the 

progressive increase of the costs of therapy and the greater potential harms for the patients. The 

major reasons for the misuse of PPIs are the prevention of gastro-duodenal ulcers in patients 

without risk factors and the stress ulcer prophylaxis in non-intensive care units, steroid therapy 

alone, anti-platelet or anti-coagulant treatment in patients without risk of gastric injury and the 

overtreatment of functional dyspepsia. 

Waal, et al (2020)Proton-pump inhibitors (PPIs), frequently prescribed to lower gastric acid 

secretion, often exert an effect on the absorption of co-medicated drug products. A previous 

study showed decreased plasma levels of the lipophilic drug ritonavir after co-administration 

with the PPI Nexium (40 mg esomeprazole), even though duodenal concentrations were not 

affected. The present study explored if a PPI-induced decrease in gastrointestinal (GI) fluid 

volume might contribute to the reduced absorption of ritonavir. In an exploratory cross-over 

study, five volunteers were given a Norvir tablet (100 mg ritonavir) orally, once without PPI pre-

treatment and once after a three-day pre-treatment with the PPI esomeprazole. Blood samples 

were collected for eight hours to assess ritonavir absorption and magnetic resonance imaging 
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(MRI) was used to determine the gastric and duodenal fluid volumes during the first three hours 

after administration of the tablet. The results confirmed that PPI intake reduced ritonavir plasma 

concentrations by 40%. The gastric residual volume and gastric fluid volume decreased by 41% 

and 44% respectively, while the duodenal fluid volume was reduced by 33%.  

Thompson, Angus. (2019) Like all proton‐pump inhibitors (PPIs), esomeprazole has a generally 

good safety record. However, there is no true low potency formulation of esomeprazole 

available and therefore the growing use of this drug may increase the risk of dose dependent PPI 

adverse effects, argues Angus Thompson. 

DISCOVERY OF RITONAVIR, A POTENT INHIBITOR OF HIV PROTEASE WITH 

HIGH ORAL BIOAVAILABILITY AND CLINICAL EFFICACY 

The human immunodeficiency virus encodes an aspartic proteinase (HIV protease) which is 

responsible for the posttranslational proteolytic processing of the gag and gag-pol polyprotein 

gene products into mature, functional proteins. Accompanying these processing events, the 

nascent viral particles undergo a morphological transformation from an immature, noninfectious 

form into mature, infectious virions. The critical role of functional HIV protease in the HIV 

replication cycle was initially demonstrated by site-directed mutagenesis wherein mutation of 

the catalytic aspartate residues to either asparagine or alanine generated viral particles which 

remained in the immature form. Importantly, these particles were incapable of establishing a 

new round of infection in susceptible T-lymphocytes. Similar behavior was subsequently 

observed through the blockade of HIV protease by small-molecule inhibitors, thus validating 

HIV protease as a target for drug design for acquired immune deficiency syndrome.  

The wide availability of three-dimensional structures of complexes of HIV protease with bound 

inhibitors has prompted the use of this information for structure-based design of novel inhibitors. 

Nonetheless, the majority of HIV protease inhibitor classes are peptidomimetics, reflecting the 

structure of the polyprotein substrates of HIV protease. As a result, the identification of agents 

with high potency and specificity for HIV protease with the proper physicochemical and 

pharmacodynamic properties for use as oral agents has proven challenging due to the low 

intestinal absorption and rapid hepatic clearance observed with most peptidomimetics. Recently, 

substantial progress in the identification of agents with high oral bioavailability has been made. 

 

Figure 1: Design of symmetry-based inhibitors of HIV protease 

We recently reported the design of novel inhibitors of HIV protease based on the C2-symmetric 
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structure of HIV protease. Beginning with the tetrahedral intermediate for cleavage of an 

asymmetric dipeptide substrate, duplication of the N-terminus by a rotation about a C2 axis 

bisecting the carbon-nitrogen single bond led to the conceptualization of the symmetric or 

pseudo symmetric core diamines 1 and 2 Structure-activity studies on derivatives of 1 and 2 led 

initially to the identification of A-77003 which, though displaying low oral bioavailability, 

possessed adequate anti-HIV activity and aqueous solubility for intravenous examination in HIV 

patients.26 Further studies of the influence of structural features on the oral bioavailability of 

this series produced the truncated inhibitor A-80987 which demonstrated good oral 

bioavailability in both animal models and in humans. 

 Although A-80987 represented a substantial improvement in oral absorption over A-77003, the 

short circulating half-life of both inhibitors mirrored that of most peptidomimetics. Examination 

of the metabolic fate of A-77003 and A-80987 in vitro and in vivo revealed that each inhibitor 

was primarily metabolized and cleared through N-oxidation of one or both of the pyridyl end 

groups. Recently we communicated the identification of ritonavir (ABT-538), a symmetry-based 

HIV protease inhibitor with a substantially reduced rate of metabolism and high oral 

bioavailability in animals and humans. Phase I/II clinical trials with ABT-538 produced a rapid 

and profound reduction of circulating viral RNA concomitant with a large increase in CD4 cell 

levels. Phase III trials also provided a significant increase in time to AIDS-defining event or 

death and provided the basis for rapid licensing of ritonavir for treatment of HIV infection. Here 

we describe the details of the preclinical structure-activity studies beginning with A-80987 and 

leading to the identification of ritonavir. 

 

The HIV protease inhibitors were evaluated in two standard biological assays as previously 

described. The first assay measured the inhibition of purified, recombinant HIV-1 protease using 

a fluorogenic substrate.36 IC50 values for inhibitors with potency >1 nM is provided in the 

tables. The majority of the compounds inhibited HIV protease at subnanomolar concentrations 

and thus acted as active site titrants. Accurate Ki values were not determined. Rather, the percent 

inhibition at a given inhibitor concentration (0.5 or 1.0 nM) is reported. This value provided a 

qualitative comparison between inhibitors, but varied in different experiments due to slightly 

different concentrations of HIV protease. The second assay measured the ability of the inhibitors 
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to block the spread of HIV-13B in the immortalized human T-cell line MT4 by measuring the 

cytopathic effect of HIV in those cells by uptake of a tetrazolium dye. EC50 values represent the 

mean of two triplicate determinations using 10 and 32 TCID50 per well, respectively. Potency 

differences of concentration to the in vitro anti-HIV activity (Cmax/ EC50). 

 Structure-Activity Strategies 

In examining the structure-activity relationships of analogues of A-80987, we identified the dual 

goal of improving anti-HIV activity and slowing the rate of metabolism. Underlying this premise 

was the supposition that significant lowering of metabolism would not only increase oral 

bioavailability but also affect plasma half-life. Longer half-life values would lead to higher 

trough levels upon repeated dosing, thereby retaining constant levels well in excess of the EC50. 

We speculated that maintenance of high plasma levels would not only produce a more profound 

antiviral effect in vivo but should also delay the time before the emergence of resistant mutants 

due to more complete suppression of viral replication. ficient basicity to contribute to aqueous 

solubility. Initial studies suggested that methyl substitution on the P3 2-pyridyl group of A-

80987 improved activity against HIV protease, and we anticipated further improvements as we 

examined other substituents (vide infra). 

 Substituted P3 Pyridyl Analogues 

The activity of 6-alkyl-2-pyridyl analogues of A-80987 (compound 5) is shown in Table In each 

case, both regioisomers, resulting from attachment of the substituted valine either proximal or 

distal to the hydroxyl group of 2, were prepared. Carbamate, urea, and N-methylurea linkers 

between the P3 heterocycle and the P2 valine were examined. As observed previously, 

carbamate analogues showed slightly but consistently higher activity, both in the HIV protease 

assay and the antiviral assay, than the corresponding ureas or N-methylureas. All of the 6-

alkylpyridines were more potent than the corresponding unsubstituted pyridines, e.g., A-80987. 

Ethyl substitution appeared optimal for this series with the larger isopropyl and tert-butyl 

substituents offering no advantage. Indeed, substitution with either isopropyl or tert-butyl led in 

many cases to inhibitors with increased cellular toxicity and lower aqueous solubility. Of the 

subset of inhibitors of this type that were examined, compounds with larger alkyl groups showed 

lower Cmax and generally lower oral bioavailability than A-80987, although Cmax/EC50 ratios 

exceeded that of 80987 in some cases (e.g., 13) because of increased potency.  

We also examined substituents that modified the electronic nature of the P3 pyridyl group of A-

80987, including the 5-methoxy-2-pyridyl analogues 34-37 and the 5- and 6-methoxy-3-pyridyl 

analogues 38-45. Compounds 34-45 were uniformly more active against HIV than A-80987. In 

most cases, the additional methoxy group provided sufficient aqueous solubility. None of the 

analogues matched the pharmacokinetic profile of A-80987, however. Compound 36 showed the 

best properties, with a Cmax of 2.17 µM, a Cmax/EC50 ratio of 22, and oral bioavailability of 

17%. As with the above alkyl analogues, the plasma concentrations of 34-45 declined rapidly, 

again presumably due to rapid metabolism. In contrast to 34-45, the aminopyridyl analogues 46-

53 were less active than A-80987.  
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 Other P3 Heterocycles 

Concurrent with the above studies, we explored the replacement of the P3 pyridyl group of A-

80987 with other heterocycles. The results of those studies are provided in Tables Pyrimidine 

analogues 54-65 showed equivalent activity to the corresponding pyridines (cf. 56-59 vs 7-10). 

Furthermore, several inhibitors in this series showed significant oral bioavailability. Most 

promising was compound 63, which was 5-fold more potent than A-80987 and gave plasma 

levels in excess of 2 µM (Cmax/ EC50 > 50). Further improvements over A-80987 were 

observed upon incorporation of five-membered heterocycles, specifically thiazoles and oxazoles, 

at the P3 position. 

First, whereas in the pyridyl series alkyl groups larger than ethyl offered no advantage, the 

following trend was observed in the 4-thiazolyl series: i-Pr ≈ t-Bu > Et > Me > H. Second, with 

larger substituents on the thiazolyl groups, the activity of the N-methylurea analogues (Q) 

NCH3) became strongly dependent upon the regioisomeric position of the core hydroxyl group. 

The culmination of these two trends resulted in the identification of compound 77 (A-83962), 

which was ca. 8-fold more potent than A-80987 and 20-fold more potent than the corresponding 

pyridyl N-methylurea A-80613 (compound 6). Although the oral bioavailability of 77 in rats was 

moderate (12%), the Cmax/EC50 ratio exceeded that of A-80987 by almost 2-fold.  

Table1: Activity of P3 Pyridine Analogues 
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Encouraged by the above results, we examined 2-substituents of varying polarity. 

Methoxymethyl substitution provided inhibitors (compounds 86-89) of similar potency to the 

corresponding ethyl-substituted analogues 70-73 and moderate oral bioavailability. 2- 

Aminothiazoles showed only moderate anti-HIV activity (data not shown), analogous to the 

amino pyridyl analogues (vide supra). 2-Dialkylamino-substituted thiazoles, in contrast, 

demonstrated excellent potency (cf. 90-92); however, the oral bioavailability of 91 and 92 was 

very low. Isomeric thiazoles, oxazoles, and isoxazoles were also examined as P3 pyridyl 

replacements. 2-Thiazolyl inhibitors 93-94 showed similar activity to the corresponding 

unsubstituted 4-thiazolyl inhibitors (66-67) and promising oral bioavailability. In contrast, both 

the potency and bioavailability of the 5-thiazolyl and 5-oxazolyl inhibitors 95-104 were inferior 

to that of the 4-thiazolyl analogues. Isoxazolyl-based inhibitors 105-110 showed good anti-HIV 
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activity in vitro but were not evaluated for pharmacokinetic profile due to anticipated lack of 

aqueous solubility. 

Table2: Activity of P3 Five-membered Heterocyclic Analogues 

 

 

 

a
 ns: no iv sample; compound was too insoluble for iv dosing and was only dosed orally 

 Heterocyclic P2′ Pyridyl Replacements 

Given the propensity of A-80987 to undergo metabolic oxidation at both the P3 and P2′ pyridyl 

groups, we concurrently investigated the replacement of the P2′ pyridyl group by other 
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heterocyclic groups Earlier studies had demonstrated that a hydrogen-bond accepting group two 

atoms from the linking methylene was critical for tight binding to the HIV protease active site. 

Furthermore, substituents on the P2′ heterocycle were generally not tolerated (vide infra). 5-

Pyrimidinyl substitution provided inhibitors (compounds 111-113) of equal potency to the 

pyridyl counterparts, but with lower bioavailability. Furanyl analogues 114-117 showed 

excellent potency but, with the exception of compound 115, very poor bioavailability, possibly 

due to low aqueous solubility. In contrast, 5-thiazolyl analogues 118 and 119 showed excellent 

pharmacokinetic properties following oral dosing, despite limited solubility. 

Table 3: Activity of P2′ Heterocyclic HIV Protease Inhibitors 

 

 

a
ns: no iv sample; compound was too insoluble for iv dosing and was only dosed orally. 

 Identification of Ritonavir 

From the above studies, we ascertained that the pharmacokinetic profile of analogues of A-

80987 could be improved by replacement of either pyridyl moiety with more highly electron 

deficient heterocycles, in particular thiazolyl or oxazolyl groups. Furthermore, alkyl substitution 

on the P3 heterocycle led to an improvement in anti-HIV activity in vitro. We therefore 

anticipated that combining the elements of A-83962 (77) and A-81525 (119) would provide 

inhibitors of unique potency and pharmacokinetic properties. However, due to the higher pKa of 

thiazole, the aqueous solubility of both 77 and 119 was significantly lower than that of A-80987 

at pH 4.0, potentially posing a barrier to efficient absorption.33,40 Compounds 120 and 121 

displayed excellent anti-HIV potency. However, neither inhibitor was soluble enough in an 

acceptable formulation for intravenous dosing, and oral administration provided very low plasma 

levels. 

 Previous studies had shown that an Nmethylurea linkage between the P3 and P2 groups 

provided higher solubility than a carbamate linkage.25,33 Accordingly, the N-methylurea 

inhibitors 122 and 123 could be dosed in solution. Compound 123 (ABT-538, ritonavir) retained 

the potency of A-83962 and gave plasma levels after oral administration >100-fold in excess of 
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the EC50. Furthermore, the levels of ritonavir in plasma declined much more slowly than 

previous inhibitors, and levels in rats exceeded the in vitro EC50 for >8 h following a single 10 

mg/kg dose. In contrast, levels of A-80987 exceeded the EC50 for only 2 h. The plasma 

concentration curves are shown in Pharmacokinetic parameters have been published elsewhere. 

In each species, levels were sustained in excess of the EC50 for >8 to >12 h. The extended 

pharmacokinetic profile of ritonavir correlated with a suppression of the rate of metabolism in 

vitro using dog liver microsomes. Compounds 77 and 119 were metabolized 5 times more 

slowly than A-80987. The rate of metabolism of ritonavir, in which both pyridyl groups have 

been replaced with the more electron-deficient thiazole, was ca. 20-fold lower than that of A-

80987. 

 Analogues of Ritonavir 

Following the identification of ritonavir (123), we initiated a detailed investigation of the 

structure-activity relationships of analogous inhibitors. Results of those studies are provided in 

Table Not unexpectantly, substitution of thiazole with oxazole at either the P3 or P2′ position 

provided inhibitors (124-127) of similar profile to ritonavir, both in potency and 

pharmacokinetic behavior. Each of the oxazole analogues 125-127 showed more rapid 

absorption than ritonavir, potentially due to higher aqueous solubility. However, plasma 

concentrations of the oxazolyl inhibitors were maintained for a shorter period of time. A variety 

of 2-substituents on the P3 heterocycle were examined (compounds 128-139). As anticipated, 

activity was systematically enhanced with increasing substitution up to isopropyl (compounds 

128- 132). Increasing the size even further (compound 133) was detrimental, but both 

cyclopropyl- and cyclobutyl substituted inhibitors (134-137) were comparable in activity to the 

isopropyl analogues 122 and 123. 

We also examined the P3 5-thiazolyl compounds 140-141. Although the potency of 140-141 

declined with respect to the 4-thiazolyl counterparts 122-123, the pharmacokinetic profile of 141 

was notable in that high Cmax and AUC values were obtained even though the compound had 

limited solubility and was thus dosed as a suspension. We next examined changes at the N-

methylurea linker concurrent with modifications of the P2 amino acid of ritonavir. The rationale 

for this study was 2-fold. First, previous studies had identified N-demethylation of the urea 

linkers of A-77003 as a major metabolic pathway in addition to pyridine N-oxidation.41 Second, 

valine to isoleucine mutants at position 32 in HIV protease were selected by serial passage of 

HIV in the presence of A-77003.42 It was our hope that reducing the size of the P2 valine, which 

is common to both A-77003 and ritonavir and interacts directly with valine via a hydrophobic 

contact, might produce analogues that would not select this mutation. Inhibitors utilizing various 

P2 groups and urea linkers are shown in Table Although substantial improvements over ritonavir 

were not realized, several observations are of note.  

The activity of N-ethyl- and, in particular, N-cyclopropylurea-valine analogues 142- 145 

declined significantly compared to that of the corresponding N-methylureas (122-123). In 

contrast, with alanine as a P2 residue, the antiviral potency of N-ethylurea152 improved upon 

the potency of the N-methylurea 149 and was indistinguishable from that of ritonavir. Larger 
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ureas were not tolerated, even with a P2 alanine (compounds 153-157). Interestingly, the P2 

alanine carbamates 146-147 were much less potent than either the N-methyl- or N-ethylureas 

and demonstrated a preference for one regioisomer (147) over the other, in contrast to the P2 

valine carbamates 120-121. Several of the alanine-based inhibitors, particularly 157, showed 

excellent pharmacokinetic properties; however, the potent N-ethylurea-alanine inhibitor 152 was 

too insoluble to be dosed as a solution and gave no plasma levels following oral administration. 

Table 4: Analogues of Ritonavir 
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A 

a
 ns: no iv sample; compound was too insoluble for iv dosing and was only dosed orally 

 

Figure 2: Mean plasma concentrations of ritonavir (ABT-538) after a single oral dose. 

Open circles, rat (10 mg/kg); closed circles, dog (10 mg/kg); open squares, mouse (25 

mg/kg); closed squares, monkey (10 mg/kg) 

More drastic changes led uniformly to a significant fall in potency, including incorporation of â-

alanine and glycine at the P2 position and extension or contraction of the P3-P2 linker 

functionality (compounds 158- 174). An exception to this trend was compound 166, the 

extended analogue of 121. Although 166 showed excellent antiviral potency, like 121 it was 

highly insoluble and gave no plasma levels after oral dosing. Finally, we briefly examined 

analogues of ritonavir with changes at the P2′ 5-thiazolyl group. Alkyl substitution on the 

thiazole ring resulted in decreased activity (compounds 175-178). In contrast, incorporation of 

an unsubstituted P2′ 5-isoxazolyl group gave inhibitors (179-181) of very high potency but of 

relatively low oral bioavailability. 



International Journal in Management and Social Science  
Volume 09 Issue 12, December 2021 ISSN: 2321-1784 Impact Factor: 7.088 
Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com                               
Double-Blind Peer Reviewed Refereed Open Access International Journal  

  

312 International Journal in Management and Social Science 
http://ijmr.net.in, Email: irjmss@gmail.com 

 

These results describe the systematic structure activity studies which led from A-80987, a 

symmetry-based HIV protease inhibitor with good potency and moderate oral bioavailability to 

the identification of ABT-538 (ritonavir), which displays excellent potency and pharmacokinetic 

properties. Key to the discovery of ritonavir was the modification of chemical functionality 

within A-80987 to groups more stable to oxidative metabolism by the cytochrome P450 

enzymes present in the intestine and liver. In a multifaceted approach, both steric and electronic 

modifications to the oxidatively susceptible pyridyl groups of A-80987 were investigated. 

Ultimately, the replacement of the pyridyl groups with less electron rich thiazolyl and oxazolyl 

groups led to substantial reductions in the metabolic degradation and excretion of the inhibitors. 

As a result, high plasma levels were achieved in several animal species and humans and 

sustained for hours following a single dose. The improved pharmacokinetic properties of 

ritonavir appear to be related not only to increased chemical stability but also to metabolic 

inhibition. Ritonavir has recently been shown to be not only metabolized by but also a potent 

inhibitor of the 3A4 isozyme of cytochrome P450 (CYP 3A4).44 Inhibition of CYP by ritonavir 

is associated with the unhindered nitrogen atom on the unsubstituted P2′ 5-thiazolyl group, 

which binds directly to the heme in the CYP active site.45 However, the sole presence of the 5-

thiazolyl group is insufficient, since A-81525 (compound 119) was 10-fold less effective at 

inhibiting CYP than ritonavir. The difference in CYP inhibition between A-81525 and ritonavir 

correlates to the more rapid rate of metabolism of A-81525 in liver microsomes, presumably at 

the pyridyl nitrogen of A-81525.  

 Synthesis of Monoamines 5 and 6 

Synthesis of 5a and 6a have been reported.33 Monoamines 5b-g and 6b-e, g was prepared 

according to the following general procedure described for 5d and 6d. Monoamines 6f and 6h 

were prepared according to the general procedure described for 6h. 

Biological Evaluation 

Procedures for measuring the inhibition of recombinant HIV protease, the inhibition of 

HIV1IIIB in MT4 cells, the aqueous solubility in pH 4.0 and 7.4 buffers, and the 

pharmacokinetic profile of the inhibitors in rats after oral and iv dosing have been described 

previously.19,24,25,33 For pharmacokinetic analysis, compounds were formulated in 5% 

dextrose containing 20% ethanol, 30% propylene glycol, and 2 equiv of methane sulfonic acid. 

CONCLUSION 

The structure-activity studies leading to the potent and clinically efficacious HIV protease 

inhibitor ritonavir are described. Beginning with the moderately potent and orally bioavailable 

inhibitor A-80987, systematic investigation of peripheral (P3 and P2′) heterocyclic groups 

designed to decrease the rate of hepatic metabolism provided analogues with improved 

pharmacokinetic properties after oral dosing in rats. Replacement of pyridyl groups with 

thiazoles provided increased chemical stability toward oxidation while maintaining sufficient 

aqueous solubility for oral absorption. Optimization of hydrophobic interactions with the HIV 
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protease active site produced ritonavir, with excellent in vitro potency (EC50= 0.02 µM) and 

high and sustained plasma concentrations after oral administration in four species. Details of the 

discovery and preclinical development of ritonavir are described. 
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