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Abstract. Structure-activity relationship and concept evaluation studies have 
yielded short and unexpectedly potent inhibitors of HIV-l protease of the 
difluorostatone type. 

HIV-l protease, a member of the aspartyl protease family of enzymes, 
represents an extremely attractive target in the treatment of AIDSl. Several 
groups have demonstrated that its inactivation by mutation of the essential 
active site aspartate residueza or its inactivation with synthetic inhibitor@ 
produces non-infectious virions and inhibition of the spread of viral infection 
in susceptible cells. 

Our approach to its inhibition, like that of most other groups, was based on the 
transition state analogue concept 3. Screening of our protease inhibitor library 
resulted in the intriguing discovery of a small and potent inhibitory structure 
(II, a difluorostatone type peptide mimetic. That concept, first described by 
Abeles and coworkers in 1985, has yielded potent mechanism based 
inactivators of aspartyl proteases (such as pepsin4 or renins), in which 
hydration of the central fluorinated ketone moiety generates mimics of the 
tetrahedral intermediate. 

This communication describes SAR studies related to ketone 1 and a 
comparative evaluation of the concept itself. As a result, an extremely efficient 
inhibitor (2) of limited size of HIV-l protease has been discovered. 

1 2 

Lead structure ~6, 4-benzyloxycarbonylamino-2,2-difluoro-3-0x0-5 
phenylpentanoic acid benzylamide, easily prepared in five steps from N- 
benzyloxycarbonylphenylalanine, inhibits HIV-l protease with a KI of 0.6 pM 
(Table I). The unexpected and interesting high affinity of this phenylalanine 
analogue is attributed to its difluorostatone type nature. 
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Furthermore, since the Pi7 benzyl side chain of 1 matches the known Pl 
recognition selectivity 8 of HIV-l protease, the hydrated form closely 
resembles the postulated tetrahedral intermediate of several of the known sites 
cleaved by the protease, as for instance the gag p17/p24 cleavage site (Figure I). 

FIGURF I 

5- 
SerGlnAsn-N 

L R=Cbz 

2 R=CbzVal 

Gag pl7 I p24 cleavage site 

TETRAHEDRAL INTERMEDIATE 

In order to optimize the affinity of _l. for the target enzyme, a systematic SAR 
was performed and selected results are presented below. 

PI residue 
As shown in Table I , the replacement of the Pl benzyl substituent of ketone 1 
by either a 4-hydroxyphenylmethylene (a or a trimethylsilylmethylene a or 
-z> side chain is tolerated. However, introduction of a more sterically 
demanding group such as l-naphthylmethylene (3) results in loss of almost all 
activity. 

w R PI &or ICW’ (10”M)91 

1 Cbz C&C& 0.6 

P Cbz C&SGH& 12 

4 Cbz Cl++Naphthyl) >>lOoO 

e Boc C’-‘,c& 4’ 

6 Boc C&PCf-&Y 0.3 

2 BOC CWYCY), 2.5 

Carboxy terminus 
Benzamide (U, neopentylamide (a and trimethylsilylmethyl amide (9) exhibit 
comparable HIV-I protease inhibitory activity. However, removal of the 
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nitrogen amide substituent R’(ketone m> results in a dramatic decrease in 
potency (Table II). 

TABLF U 

1 Wf3-h 0.6 

k W&G-M3 0.65 

k W2Si(cH3)3 0.6 

IQ H 300’ 

Amino terminus 
Inhibition of HIV-l protease occurs at comparable concentrations with 
carbamates 1 or 5 (Table I). The addition of one more residue in position P2 
does not improve the inhibition constants (Iable III, ketones fi and 12> until a 
P-disubstituted amino acid residue is introduced. The tert-leucine dipeptide J_& 
and more spectacularly, the valine derivative 2 inactivate the target protease in 
the low nanomolar concentration range. This result is extremely intriguing in 
that dipeptide 2 is about 160 times more potent than the hexapeptide 
difluorostatone analogue ,I& described by Dreyer and coworker@. 
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Concept evaluation 
In order to gain more insight into the essential components of our inhibitors, 
we prepared and tested some closely related analogues. a-Diketoamide fill 
and fluoroketoneretroamide 16 (a true isostere of phenylalanyl glycine)I2 are 
respectively 10 and 100 times less potent than lead structure I (Table IV). 

Moreover alcohol 1113 and difluoromethylene- 1,3-diketone J&l4 are 
respectively 5000 and 100 times less efficient in inhibiting HIV-l protease than 
dipeptide 2. 

From these studies it can be concluded that both the ketone and the amide 
functionalities of inhibitors 1 and 2 are essentialls. The electronic effectsI6, 
hydrogen bonding potentialI7, suitable geometry16 and internal distances18 
contribute to some extent to the strong in vitro inhibition of HIV-l protease by $1. 

R-N 
A 

x--Y--z-w 
H 

w R X Y z W K,orIC,’ ( 10gM)o 

1 Cbz co a2 co ~&A 600 

.l.s Cbz co co co ~Cf-k?%HS 5000 

lb Cbz co c=2 % NH==kz%H, Mxxx) 

2 CbzVal co cF2 co N-DMkHS 1 

3-z CbZVd CHOH a2 co f+-f&G& 5000’ 

LB CbzVal co 6 co Q=hL&w, 100’ 
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Ditluoromethylene-1,3diketone J_& was prepared as follows in 17 96 yield. 

LfBenzvlox ~)-4.4_Qiaupro-1.7_diohenvl_3_hvdroxv_5_k~. To a 

suspension of activated zinc (0.196 g, 3 mAtg) and titanium tetrachloride (0.019g. 0.1 eq) in 
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