
~ioorgonic & Medicinal Chemistry L.&W. Vol. 4, No. 5, pp. 715-720, 1994 
Copyright 8 1994 Elmvia S&are Lad 

Printed in Great Britain. All rights mewed 
09m-894xr94 s6.Oo+aOO 

O%O-894X(94)EOO35-D 

NOVEL HIV-1 PROTEASE INHIBITORS CONTAINING 

A &HYDROXY SULFIDE ISOSTERE. 

S. Y. Stephen Cho, Louis N. Jungheim,* and Angela J. Baxter 

Lilly Research laboratories, Eli Lilly and Company 

Indianapolis, IN 46285 

Abstract: A series of analogues of LY289612 were prepared as HIV-1 protease inhibitors and evaluated in 

vitro for their enzyme inhibitory and antiviral activities. Compound 1, a potent HIV-l protease inhibitor, and 

its analogues were synthesized from key intermediate 9, which was prepared by alkylation of mercaptan 4 with 

a-bromo ketone 7 followed by stereoselective reduction of the ketone intermediate 8. 

HIV-1 protease has been shown to be an essential enzyme in the life cycle of the Human 

Immunodeficiency Virus (HIV), and thus is an attractive target for AIDS therapy.1 With several 

HIV-l protease inhibitors already in clinical trials, e.g., Ro-3 l-8959,2 researchers are 

continuing efforts to identify more potent compounds with enhanced pharmacological 

properties. The discovery of LY289612, a potent HlV-1 protease inhibitor, has prompted us to 

pursue analogues of this compound.3 X-ray crystallographic studies4 of LY2 896 12 established 

that the disubstituted phenyl moiety fits in the Sl’ subsite, the hydroxyl moiety hydrogen bonds to 

the active site aspartate residues, and the t-butyl carboxamide moiety makes an important 

hydrogen bond to the flap water present in the active site.5 Furthermore, it was evident that 

the Sl’ subsite was not completely filled, as this region of the enzyme is able to accommodate the 

tetrahydroisoquinoline moiety found on Ro-318969. Another noteworthy feature of Ro-31- 

8969 is the nitrogen heteroatom adjacent to the hydroxy ethylene isostere. We thought it would 

be interesting to replace the nitrogen heteroatom with sulfur, giving rise to a g-hydroxy sulfide 

isostere. Inspection of Drieding models suggested that a compound lie 16 would perhaps better 

fill the Sl’ subsite than LY289612, yet maintain the ability of the t-butylcarboxamide to hydrogen 

bond the flap water molecule and incorporate a heteroatom near the hydroxyl moiety. Herein we 

report on the synthesis and HIV-l protease inhibition and antiviral activity of 1 as well as several 

analogues. 

LY289612 Ro-31-8959 

We desired a synthetic approach which would allow ready access to analogue production. 

Retrosynthetic analysis suggested the molecule be dissected into three parts: quinaldic acid, 
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asparagine, and the B-hydroxy sulfide isostere 9. Furthermore, we could not a priori predict the 

optimal stereochemistry of the hydroxyl moiety for enzyme inhibition,’ thus we opted to access 

both isomers via reduction of a single ketone intermediate 8. We expected, however, that the S 

isomer at the hydroxyl center would be the more active isomer based on the activity of LY289612 

and its hydroxyl isomer. 

The mercaptan 4 was prepared in two steps from 2,2’-dithiosalycylic acid, 2 (Scheme 1). 

Treatment of 2 with oxalyl chloride and a catalytic amount of DMF followed by addition of t-butyl 

amine and triethylamine afforded the bisamide 3 in 55% yield. s This was reduced quantitatively to 

mercaptan 4 by treatment with zinc dust, acetic acid, HCl, and mild heating for 1 hr. 

CBZ-L-phenylalanine, 5, was converted to the mixed anhydride (Et3N, isobutyl 

chloroformate) then alkylated with diazomethane to give the diazoketone 6 as a yellow solid in 82% 

yield after crystallization. Treatment of 6 with anhydrous HBr afforded crystalline bromoketonc 7 

in 72% yield.9 Alkylation of 7 with mercaptan 4 gave sulfide 8 which was directly reduced 

without purification with NaBH4 to give two diastereomeric alcohols 9a and 9b (approx. 3:1, 63% 

yield over 2 steps). The stereochemical assignment of 9a was initially based upon the similarity of 

its proton NMR spectrum with that of LY289612, particularly the region between 62.4063.JO 

which contains the resonance for the methine proton on the hydroxyl bearing carbon as well as 

the adjacent methylene protons. 3 The stereochemistry was unambiguously confirmed by reacting 

the known epoxide 18 with mercaptan 4 to give 9a.6J* 

CBZNHJ 
4 

- 9a 

XJ 
18 

We were unable to remove the CBZ protecting group via catalytic hydrogenation due to the 

poisoning of the catalyst by the sulfur atom. Thus, 9a was treated with excess TMS iodide to 

provide amine 10 in essentially quantitative yield. Amine 10 was coupled with either t-BOC-L- 

asparagine or t-BOGL-histidine (DCC, HOBT) to give lla and 1 lb, respectively (76-78% yield). The 

BOC protecting group was then removed with TFA to provide amines 12a,b in high yield. Amines 

12a and 12b were acylated with the pentafluoro ester of quinaldic acid, 13, to give 1 and 14, 

respectively, in 72-74% yield. The activated ester, 13, was prepared by coupling qumaldic acid 

with pentafluorophenol with 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride. 
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m-CPBA (1.01 eq.). m-CPBA (2.02 eq.), 

CH2C11. -78 ‘C to R.T. CHIC&. 0 ‘C IO R.T. 

42% 977% 

NHI 
0 0 

0 

16a and 16 b 

Table 1 

Antiviral Activity 
Enzyme Inhib. CEM MT2 

R x * Go (ng/mU Go (ng/ml) 

LY289612 -CONH2 -CH2- R 1.*1.26(n-5) 13.67*9.47@=42) 31.7Oct14.52(11-34) 

1 -CONH2 _CH2S- S 8.57*2.97(n=3) 480 410 

14 imidazole -CH2S- S 138 NT NT 

15 -CONH2 -CH2S- R 36 4990 4380 

16a CONH2 -CH2SO- S 69% inhib. Q 1 &ml NT NT 

16b -CONE12 -CH2SO- S 28% inhib. @ 1 pg/ml NT NT 

17 -CONH2 -CH2SO2- S 343 NT NT 

Results are a single determination unless othetwise noted. NT=Not Tested. 

The R hydroxyl isomer, 15, was synthesized from Yb via the same route. The sulfoxides 16a 

and 16b and sulfone 17 were readily prepared by the oxidation of analogue 1 with m-CPBA 

(Scheme 2). Although the two sulfoxide isomers were separated by preparative reverse-phase 

HPLC,rl no attempt was made to assign stereochemistry. 

The six compounds (1, 14, 15, 16a,b, and 17) were evaluated for their ability to inhibit the 

isolated HIV-l protease enzyme,‘* and the most potent enzyme inhibitors, 1 and 15, were tested for 

whole cell antiviral activity.13 The data for LY289612 are reported to serve as a comparison 

(Table 1). Overall, the sulfide isosteres were significantly less active enzyme inhibitors relative to 

LY289612. Compounds 1 and 15 demonstrated the best activity in the enzyme inhibition assay, 
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ICso of 8.57 ng/ml and 36 ng/ml, respectively. As expected, 1 was more active than 15, a result 

consistent with the trend shown by LY289612 and its S hydroxyl isomer. Noteworthy is the fact 

that 1 is only four-fold more potent than 15 as an enzyme inhibitor, as many other HIV protease 

inhibitors exhibit a much greater difference in activity between hydroxyl epimers.7 It is 

interesting to note that both sulfoxide isomers 16a,b were only weakly active against the isolated 

protease enzyme while the corresponding sulfone 17 was a somewhat better inhibitor than either 

sulfoxide isomer. Furthermore, the imidazole analogue 14 was 16 fold less active than 1. Similarly, 

1 was a more potent antiviral agent than its isomer 15. However, both B-hydroxy sulfide isostere 

compounds were less potent than LY289612. 

Unfortunately, we have not been able to obtain an X-ray crystal structure of 1 bound to the 

active site of the HIV-1 protease enzyme in order to critically evaluate its interaction with the 

enzyme’s active site compared to LY289612, thus making it difficult to predict how one might 

improve the enzyme inhibition activity of these novel 8-hydroxy sulfide isosteres. While these 

prototypical analogues of LY2 896 12 demonstrate somewhat reduced anti-HIV activity, we 

continue to pursue this series of compounds and additional results will be reported in due course. 
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