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Abstract-Peptide mimics of substrates for HIV-proteases were prepared. These “norpeptides” are identical to a fragment of the 

HIV-polyprotein except that a crucial scissile bond was deleted, and an a$-disubstituted amino acid spans the PI and PI’ site. Thus 

all four stereoisomers of LeuY[]Ala (i.e. H2NCH(CH$Pr)CH(Me)COzH, 1) were incorporated into Ac-Ala-Arg-Val-LeuY[]Ala- 
Glu-Ala-NH2 (all other residues being ~-amino acids), and tested with respect to inhibition of HIV-l and HIV-2 proteases. 

Transition-state analogs are compounds designed to 
resemble intermediates in enzyme-mediated reactions and 
bind tightly to the enzyme in question, thus inhibiting it. 
This mode of thinking has dominated the search for HIV- 
protease inhibitors as tential pharmaceuticals for anti- 
AIDS chemotherapy, p” and other branches of medicinal 
chemistry for which beneficial effects might be obtained by 
impairing the action of a protease.2-16 Consequently, 
transition state analogs have been formed from 
phosphinates,8 sulfoxides,17 fluoroketones,8 hydroxy- 
ethylene-based compounds,6373 1211 8, lg and a variety of other 
structures. 

It occurred to us that for peptide-based substrates 
encapsulated in an enzyme, contacts at the active site may 
account for a relatively small firaction of the free energy of 
binding since the total number of interactions peripheral to 
the active site is relatively high. This might be particularly 
true for a heptapeptide bound in the “cylindrical pocket” 
formed by HIV-l protease.20-22 Transition-state mimics 
should only enhance binding to the enzyme functionalities 
directed towards the scissile bond, while the peripheral 
amino acids form a variety of hydrogen bonds, hydrophobic 
interfaces, and electrostatic complements along the enzyme 
cavity. 

This paper describes “norpeptides” designed to test for 
inhibition via substrate/enzyme interactions which exclude 
the active site. These peptidomimetics contain cr,p- 
disubstituted p-amino acids spanning the P1 and PI’ 
positions, hence there is no transition-state mimicry, and 
not even a carbonyl group to interact at this position; 
however, all the peripheral amino acids couid be retained. 
As a first test of this approach norpeptide mimics of Ac- 
Ala-Arg-Val-Leu-Ala-Glu-Ala-NH2 were prepared (Scheme 
I). This peptide is a direct analog of one of the sites in the 
HIV-polyprotein which is cleaved by HIV-protease~.~~ The 
peptidomimetics 1 incorporate the a,$disubstituted p- 

tThis paper is dedicated to Professor C. J. Sib. 

amino acids 2 at the Leu-Ala cleavage point in the parent 
peptide, but do not have an amide bond to be cleaved at 
this position. Consequently, inhibition of the parent 
enzyme is a very crude measure of how well the peripheral 
amino acids hold the peptide substrate in place. 

The required a$-disubstituted p-amino acids 2 were 
prepared via the hydroboration methodology previously 
developed in our laboratories, as summarized in Scheme 
II.24 The sequence beginning with a D-amino acid is 
shown, but in fact both D- and L-starting materials were 
used. Control of relative stereochemistry was achieved 
using 9-BBN to give the syn diastereomer, and BH3 to give 
the anti. 

The four stereoisomeric a$-disubstituted p-amino acids 2 
were incorporated into Ac-Ala-Arg-Val-LeuY[JAla-Glu- 
Ala-NH2 using a solid phase approach with MBHA 
resin,25 the (benzotriazolyloxy)tris(dimethylamino)- 
phosphonium hexafluorophosphate (BOP)/l-hydroxy- 
benzotriazole (HOBt) coupling system,26 tosyl side chain 
protection for arginine and benzyl protection for the 
glutamic acid side chain. 

The four diastereomeric “norpeptides” were originally tested 
for inhibition of HIV-l protcase using the published 
fluorogenic assay.27 Only one peptidomimetic, the one 
incorporating (2R,3S)-2, showed any activity, and that 
was very low (IC50 = 11 FM). Unfortunately this same 
assay was unavailable to us for screening for inhibition of 
HIV-2 protease. Consequently, a second assay was used 
with both enzymes. This assay apparently does not register 
low levels of activity because none of the peptidomimetics 
showed any inhibition of HIV- 1 or HIV-2 protease. 
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Scheme I. Transition state analogs, and “norpeptides” from a,&disubtituted p-amino acids (e.g. 2). 
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It is curious, though possibly fortuitous, that the only 
“norpeptide” stereoisomer in this series to show any hint 
of activity in this series was that wherein the absolute 
configuration most closely corresponds to the natural -Leu- 
Ala- junction (although one center has R-configuration 
because the priorities of the groups effectively change in 
the p-amino acid). Peptides containing the Leu-Ala scissile 
bond are more effectively processed by HIV-2 than by HIV- 
1,28 so lack of activity with the former enzyme is perhaps 
significant. However, the largely negative results obtained 
in this study do not prove that the concept of using p- 
amino acids at the cleavage point is generally inapplicable. 
The simplistic discussion of these peptidomimetics given 
in this paper ignores subtle conformational effects that are 
sequence dependent, and the fact that deletion of two atoms 
from the linear chain may significantly perturb the 
peripheral interactions in this case, though perhaps not in 
others. On this basis we present “norpeptides” as a 
possibility for further investigations. 

gradient of 5-65% acetonitrile/water/0.05% TFA with a 
flow rate of 2 mL/min and detector set at 230 nm. The 
desired peptide fraction was collected, lyophilized and 
characterized by amino acid analysis, and FAB mass 
spectroscopy (m/z = 727). 
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