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The rapid spread of the acquired immunodeficiency 
syndrome (AIDS) epidemic has stimulated discovery for 
therapeutic agents to arrest the replication of the 
causative virus, human immunodeficiency virus (HN). 
One promising possibility to interrupt the viral life cycle 
is the use of inhibitors of the virally encoded protease 
responsible for viral Among the most 
potent inhibitors reported thus far are peptidomimetic 
compounds containing transition-state inserts in place 
of the dipeptidic cleavage sites of the  substrate^.^-^ The 
low oral bioavailability and rapid biliary excretion of 
peptide-derived compounds7 have limited their utility 
as potential therapeutic agents. Recent advances have 
resulted in H N  protease inhibitors with reduced pep- 
tidic character and non-peptidic inhibitors that are more 
orally bioavailable, and an increasing number of HIV 
protease inhibitors8-l4 are currently undergoing clinical 
evaluations. We have previously reported the potent 
peptidomimetic inhibitor U-75875 (Noa-His-Chaq[CH- 
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Figure 1. Structures of 1 (warfarin) and 2 (phenprocoumon). 
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Figure 2. Lineweaver-Burk plot for inhibitor 2. Initial rates 
of substrate hydrolysis by HIV-1 protease were determined 
at various substrate and inhibitor concentrations at  37 "C. The 
substrate, Lys-Ala-Arg-Val-Nle-QNOzPhe-Glu-Ala-Nle, gener- 
ates an increase in absorbance at  300 nm upon cleavage. The 
assay buffer consisted of 50 mM NaOAc, 50 mM MES, 100 
mM TES, 1 mM EDTA, and 1 M NaCl at  pH 5.0. A 
Lineweaver-Burk plot of the data yielded a Ki value of 421 =k 
55 nM. 

Scheme 1. Syntheses of 6 and 7 (U-96988)a 
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a (a) Cat. TsOH, toluene, reflux; (b) 2 equiv of LiNPr'z, 
C&CHzBr, THF, -30 "C; (c) 2 equiv of LiNPr'z, CH~CHZI, THF, 
-30 "C. 

(OH)CH(OH)TV~~-I~~-AI~~)~~J~~ which was shown to have 
inhibitory effect on S N  in Rhesus monkeys only after 
continuous intravenous infusi0n.l' Interest in orally 
bioavailable HIV protease inhibitors led us to search for 
inhibitors in non-peptidic templates that might offer 
superior biopharmaceutic properties. 

From a fluorescence-based high-volume broad screen- 
ing for HN-1 protease inhibitory activity18 of a set of 
5000 dissimilar compounds from Upjohn compound 
collection, the 4-hydroxycoumarin 1 (warfarin, see 
Figure 1) was identified as a weak inhibitor (IC50 x 30 
pM). Warfarin has also been reported as having anti- 
viral effect on HIV-1 replication and spread.lg More 
recently, independent studiesz0vz1 have described 4-hy- 
droxybenzopyran-2-ones (warfarin and derivatives) and 
4-hydroxypyran-2-ones as competitive inhibitors of H N  
protease. On the basis of the 4-hydroxycoumarin struc- 
ture, additional compounds from a similarity search of 
the Upjohn compound collection were then tested as 
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armacokinetic Parameters for Inhibitor 7 
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rat (n = 6) 12 4.0 f 0.76 0.8 f 0.2 0.10 f 0.02 

a The plasma concentration-time data were fitted t o  math- 
ematical equations using nonlinear regression analysis, and the 
distribution rate constant (#I) and half-life (tvzp) were estimated. 
The total body clearance (c1T) and steady-state volume of distribu- 
tion (Vss) were also calculated. 
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Figure 6. Surface representation of inhibitor 6 in the enzyme active site. 
and 10 residues of the enzyme active site are shown (residues from one 
residues from the second monomeric unit are in blue and labeled as B). The 

urfaces of inhibitor 6 (in white) 
e in green and labeled A while 
’ subsites of the enzyme are also 

indicated. 
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samples were chromatographed on a reverse-phase column 
(Rx-SB-Phenyl, 250 x 44 mm id, 5 pM) and a mobile phase 
flow rate of 1.0 mumin. The UV absorbance of the column 
effluent was monitored at 295 nm. The circle and square 
symbols represent the plasma-time profile after intravenous 
and oral administration, respectively. 

protease inhibitors as potential therapeutic agents for 
the treatment of HIV infection. 
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