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ABSTRACT: To investigate the contribution of a key amide bond to HIV Protease inhibition, we
designed and synthesized a novel (E)-olefin hydroxyethylene analog. The stereoselective synthesis of
this interesting homoallylic alcohol structural motif as well as its biological activity are discussed.

Inhibition of human immunodeficiency virus type 1 (HIV-1) protease, an aspartyl protease responsible
for viral maturation and replication, has become an attractive strategy for the design of therapeutic agents for
the treatment of acquired immune deficiency syndrome (AIDS).1 A well studied class of potent HIV-1
protease inhibitors contains a hydroxyethylene dipeptide isostere in place of the scissile amide bond.2
Crystal structures of hydroxyethylene inhibitors complexed with HIV-1 protease have revealed that both the
carbonyl oxygen and the amide N-H of the P2-Py amide bond interact with portions of the enzyme active
site.3 The carbonyl oxygen is one of two oxygens involved in accepting hydrogen bonds from an embedded
water molecule, which in turn accepts two hydrogen bonds from the flap regions of the enzyme enclosing the
inhibitor in the active site. Likewise, the amide N-H has been shown in crystal structures of enzyme-
inhibitor complexes to form a hydrogen bond to an amide carbonyl in the enzyme.

To evaluate the contribution of the P2-P1 amide bond to HIV-1 protease inhibition, we designed a novel
hydroxyethylene analog containing an (E)-olefin replacement for the amide bond at this position. The
replacement of an amide bond with the isosteric (E)-olefin is recognized as a useful method for investigating
the importance of the amide bond to biological activity.# Herein, we describe the synthesis of the novel (E)-
olefin hydroxyethylene peptide mimetic 1 and compare its biological activity to the corresponding amide 2.
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Although a number of routes have been developed for the synthesis of both (E)-olefin3 and
hydroxyethylene® dipeptide isosteres, the synthesis of an (E)-olefin in conjunction with a hydroxyethylene
unit to mimic three contiguous amino acid residues has not been reported. The challenging feature in the
target 1 is the stereospecific synthesis of the homoallylic alcohol portion of the molecule containing the threo
related benzyl and hydroxyl groups adjacent to the (E)-olefin. Our strategy was to form the key bond
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between the benzyl and hydroxyl centers in a stereocontrolled fashion using Evans aldol chemistry7 and then
invert the alcohol under Mitsunobu conditions® to arrive at the desired threo configuration. The required
(E)-olefin would then be introduced via elaboration of the carbonyl! functionality present as a result of the

Evans chemistry.
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The synthesis of the desired target following our general strategy is outlined in Scheme 1. Condensation
of oxazolidinone 3 with aldehyde 49 following the Evans procedure using dibutylboron triflate and
diisopropylethylamine7 provided the erythro aldol product § in 75% yield10 with >95:5 diastereoselectivity.
Transamidation!! afforded the N-methoxy-N-methyl amide in 97% yield which, after protection of the



secondary alcohol with trimethylsilyl chloride (90%), was reduced to the aldehyde 6 with DIBAL (73%).
Incorporation of the (E)-hexenyl moiety was accomplished stereospecifically using dibenzophosphole ylide
chemistry. Thus, treatment of aldehyde 6 with the phosphorous ylide of DBP(pentyl);I!2 (NaNHj in
refluxing THF)!3 gave only a single product 7 in 50% yield, which, by analysis of the lH NMR spectrum of
a subsequent intermediate (vide infra), possessed the requisite (E)-stereochemistry. Alternatively, the
aldehyde could be reacted with 1,1-diiodopentane in the presence of CrClp14 in DMF to afford 7 in slightly
lower yield (35%).

Establishment of the desired threo stereochemistry required inversion of the secondary alcohol center.
Mild acidic treatment (0.5 M aq. HCl in EtOAc) selectively deprotected the TMS group (86%). Subsequent
reaction under Mitsunobu conditions8 using DIAD and Ph3P yielded the benzoate 8 (50%) containing the
necessary threo substituted homoallylic alcohol system. Deprotection of the TBDMS group with fluoride
(93%) and Jones oxidation (98%) provided the carboxylic acid 9. Basic hydrolysis of the benzoate (NaOH,)
and treatment with acid (p-TsOH) at room temperature gave the lactone 10 in 88% overall yield from 9. In
the lactone 10, the TH NMR coupling constants of the two olefinic protons (J = 15.4 Hz) supported the rrans
geometry of the olefin.

The completion of the synthesis was accomplished using a protocol worked out for the synthesis of
previous hydroxyethylene HIV protease inhibitors.32 Deprotonation of lactone 10 with LDA and alkylation
with benzyl bromide afforded the desired dibenzyl lactone 11 in 75% yield along with a trace (4%) of its
diastereomer. The major product was assigned as resulting from alkylation from the sterically less
encumbered face, by analogy to the synthesis of related hydroxyethylene isosteres.33.6¢ Lactone opening
with LiOH and treatment with rert-butyldimethylsily! triflate provided the free acid 12 (30%) along with
recovered lactone 10 (65%). Coupling under standard conditions (HOBT, BOP reagent, 75%), then
deprotection of the silyl group with fluoride (58% plus 33% recovered SM) afforded the final product 1.

When assayed for inhibition of HIV-1 protease,!5 compound 1 displayed a K; = 3.6 uM. For
comparison, the n-butyl amide analog 216 had a Kj = 37 nM. Thus, the amide bond appears to contribute
approximately two orders of magnitude worth of binding to this class of HIV protease inhibitors. This result
is consistent with the amide carbonyl playing a key role in engaging the flap regions of the enzyme and
holding the inhibitor in the active site.

In summary, a novel (E)-olefin hydroxyethylene peptide mimetic has been synthesized. The synthesis of
this compound, which contains four contiguous stereocenters as part of a homoallylic alcohol system,
employed an Evans aldol reaction followed by a Mitsunobu inversion to set the desired threo
stereochemistry, and a phosphorous ylide reaction to stereoselectively construct the (E)-olefin. Biological
assay of this novel HIV-1 protease inhibitor revealed a loss of activity compared to its amide counterpart,
supporting the notion that this amide carbonyl plays a key role in the binding of a hydroxyethylene inhibitor
in the active site.
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