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Abstract : We have discovered a potent low molecular weight series of HIV-1 Protease inhibitors incorporating the

(R)-(hydroxyethyl) sulfonamide isostere.

The human immunodeficiency virus type-1 (HIV-1), the causative agent of AIDS, encodes for a unique
aspartyl protease, which has been shown to play a critical role in the life cycle of the virus.! Recently, clinical
trials with two different inhibitors of this protease have demonstrated a dramatic, albeit temporary, reduction in
viral load and an increase in CD4 cell counts in AIDS patients. 23 Numerous examples of potent inhibitors of this
protease have been reported and reviewed.4-6 Previously the development of potent inhibitors of this enzyme
incorporating the (R)-(hydroxyethyl)urea isostere,” and more recently, the (R)-(hydroxyethyl)sulfonamide
isostere8 were reported. Due to the high potency of the sulfonamide isostere, we have been able to develop
inhibitors containing relatively simple P-2 groups. Our recent disclosure of the (R)-(hydroxyethyl)sulfonamide
isostere identified 2a as a potent inhibitor Jead.82 A systematic SAR study demonstrated a clear preference for the
R-stereochemistry at the key hydroxyl and identified the isobutyl group as optimum for potency. Addition of a p-
methoxy group, 2b, led to a furthur increase in potency. With the right side of these inhibitors optimized we
then sought replacements for the Cbz group of 2b. Described herein is a series of simple benzoyl containing
compounds that maintain high enzyme potency and, in certain cases, exhibt potent antiviral activity coupled with
good oral bioavailability.
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Scheme 1.

The chemistry used to prepare these inhibitors is outlined in Scheme 1. The Cbz protected (hydroxyethyl)
sulfonamide 2b was prepared in 4 steps from the commercially availabile Cbz-L-phenylalanine chloromethyl
ketone as previously described.82 Hydrogenation of the Cbz protecting group afforded the free amine which was
coupled with either a benzoic acid using standard (EDC / HOBt) conditions or a benzoyl chloride in the presence
of triethylamine. All of the starting acids or acid chlorides were purchased from commercial vendors. The ICso
values for inhibition of recombinant HIV-1 protease were determined using the spectrofluorometric assay
developed by Toth and Marshall and are shown in Table 1.9 The replacement of the Cbz group of 2b by an
unsubstituted benzoyl group led to a decrease in potency. The addition of an ortho methyl group (entry 4) led to a
3-fold increase in potency, whereas the meta (entry 5) and para (entry 6) substituted isomers were simular to
phenyl. We hypothesized that the introduction of the ortho methyl group oriented the ary! ring perpendicular to
the amide carbonyl group and placed the methyl substituent in the lipophilic pocket of the S-2 subsite. Increasing
the size of the ortho group (entries 7-9) resulted in decreased potency, whereas an ortho-chloro (entry 10) showed
comparable activity to 4. As expected, introduction of a polar residue (entries 11 and 12) resulted in dramatically
decreased potency. Although 2b and 4 were potent inhibitors of HIV-1 protease, neither exhibited good antiviral
activity in a cell culture assay. We attributed this poor correlation between their ICsqs and EC5qg to their high

lipophilicity and sought to moderate this property by the addition of polar substituents on to the aromatic ring.
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Compd. # R; IC59(nM)
2a PhCH,0O 6
2b PhCH,0 3
3 Ph 14
4 0-(CH3)CgHs 5
5 m-(CH3)CgHs 27
6 p-(CH3)CgHs 15
7 0-(CH,CH3)CgHs 10
8 0-(CH(CH3)2)CgH5 49
9 0-(CF3)CgHs 37
10 0-(C1)C¢Hs 6
11 0-(OCH3)CgHs 190
12 0-(OH)CgHjs 900

Table 1.

The benzoic acid analogs chosen to test this hypothesis are shown in Table 2.10 The acids A and C were
purchased from Aldrich. The 4-amino-2-methylbenzoic acid, B, was prepared from 2-iodo-5-nitrotolune via
carbonylation followed by reduction of the nitro group.1! The acids D and F were initially prepared from the
corresponding amines by diazotization and decomposition of the diazo intermediates in hot water.12.13 The 4-
hydroxy-2-methylbenzoic acid, E, was prepared via a Diels Alder reaction between 2-trimethylsilyloxy-1,3-
cyclohexadiene and methyl propiolate followed by hydrolysis. 14 Standard (EDC / HOBt) coupling of these acids
yielded the desired inhibitors. The ICsq determinations of the 2-methyl-5-substituted isomers showed a slight
potency decrease relative to the other isomers. These compounds were screened for antiviral activity against the

HIVp strain of HIV-1 in a CEM cell culture assay and the results are shown in Table 3.15
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In the hydroxy! series, the 3- and 4-substituted hydroxy compounds (entries 13-14) showed no decrease
in enzyme inhibition relative to 4 whereas the 5 substituted isomer (entry 15) showed a slight decrease in potency.
A similar trend was observed in the amino series (entries 16-18). When evaluated in cell culture against HIV-1
the antiviral activity was significantly improved and a much better correlation between IC s and ECsg values were
observed. The most potent compound identified was 13 which exhibited an ECys of 32 ng/mL (59 nM) against
HIV-1.

The oral bioavailablity of these inhibitors was ascertained using a pharmacokinetic screen in rats. 16 Best
results were seen with the 3-substituted-2-methyl isomers. The 3-hydroxy-2-methylbenzoyl sulfonamide, 13,
exhibited a T/, of ~1 hour, Cp,x of 270 ng/mL and 12 % oral bioavailability. The 3-amino-2-methylbenzoyl
sulfonamide, 16, exhibited a Ty, of ~1 hour, Cpax of 1800 ng/mL and 54 % oral bioavailability.

In summary, we have discovered a promising series of low molecular weight HIV-1 protease inhibitors
that exhibit potent antiviral activity and substantial oral bioavailability.
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Compd# R; R; Ry ICs0(nM) ECso(nM) TIDso(nM)
4 H H H 5 200 > 10,000
13 OH H H 3 7 > 10,000
14 H OH H 5 9 > 10,000
15 H H OH 40 nd

16 NH, H H 6 18 > 10,000
17 H NH, H 9 18 > 10,000
18 H H NH 10 82 > 10,000

Table 3.
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Simultaneously with our efforts, the Agouron/Lilly groups were investigating 2-methyl benzoyl groups in
the P-2 position of their (hydroxyethyl)amine series of inhibitors and had identified the 2-methyl-3-
hydroxybenzoyl group in the clinical candidate AG-1343. For leading references to their work see :
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We also investigated the preparation of 2-methyl-3-hydroxybenzoic acid from 7-amino-1,5-naphthlene-
disulfonic acid disodium salt in S0 % NaOH at 2750C. Interestingly, using the reaction conditions of ref.
13a ( initial pressure of 600 psi N3 ) we found that after 1 hour at 275 0C that the pressure leveled off at
1400 psi and the reaction was done. Isolated yields were ~70% as in ref. 13a.
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Drug canidates were evaluated against the HIV g strain of HIV-1 in CEM cells at a multiplicity of
infection of 0.1 for there ability to prevent HIV induced cell death. Compounds were evaluated in
triplicate at varying doses and compared to (1) untreated, uninfected cell control samples, (2) drug treated
uninfected cell toxicity controls, (3) untreated infected virus control samples. Drug was added on days 0,
2, and 5, the assay terminated on day 7, and cell death assesed using
3-(4,5-dimethylthiazo-2-yl)-2,5-diphenyltetrazolium bromide (MTT). This assay detects drug induced
supression of viral CPE, as well as drug cytotoxicity, by measuring the generation of MTT-formazan by
surviving cells. AZT and DDI were included as positve controls, and typically provided EC 5y values of
1- 5 ng/mL and 250-1.0000 ng/mL, respectively.

The oral bioavailabity of these inhibitors was ascertained using a pharmacokinetic screen in rats (4
rats/group). The inhibitors were dosed IV (Smpk) in a buffered Tween solution or orally (20mpk) as a
carbomethoxy cellouse suspenstion. Blood was drawn at 5, 30 minutes, 1, 2, 4, and 6 hour intervals in
heparinized tubes. Plasma samples from 4 Rats were pooled at each time point, proteins were precipatated
with acetonitrile, and compound levels were determined by the previously described enzyme assay. The
ratio of area under the curve (AUC) of the plasma concentration curve for oral dosing relative to IV dosing
(corrected for dose) gave us the oral bioavailability.17
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