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Abstract

Aminopeptidase inhibitors, phebestin, probestin and bestatin have been prepared by stereospecific reduction of
o-keto amide precursors using zinc borohydride. © 1999 Elsevier Science Ltd. All rights reserved.

In recent years a number of natural products have been isolated from bacterial cultures showing
marked inhibition of aminopeptidases. These products such as phebestin,! probestin,? bestatin® and
amastatin® contain B-amino o-hydroxy amide residues which are key units in their biological activity.
Because of current interest in this class of bioactive systems, attention has been directed toward methods
for synthesizing them efficiently and in enantiomerically pure form. Earlier synthetic work on the
formation of B-amino x-hydroxy amides has included Sharpless asymmetric aminohydroxylation of ,B-
unsaturated amides,’ Ojima’s B-lactam ring-opening procedure,’ as well as microbial’ or asymmetric
catalytic® reduction of at-keto carboxylic acid derivatives. In addition, aldehydes or Weinreb amides
have been homologated using 2-(trimethylsilyl)thiazole® or lithium tris(alkylthio)methanes.!°

We have recently developed methods!! for the synthesis of ot-keto amides of interest as protease
inhibitors using the coupling of carboxylic acids with ylides. The ready availability of these products by
this facile procedure has prompted us to study the reduction of the ot-keto amides to the corresponding
enantiomerically pure &-hydroxy counterparts. We now report our synthesis of phebestin, probestin and
bestatin, aminopeptidase inhibitors containing B-amino «t-hydroxy amides.
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We explored two methods for forming the peptidic B-amino &-hydroxy products. In one procedure,
we synthesized the o-keto tripeptidic analog of phebestin and then studied methods for reducing this
keto precursor into the natural product using reducing agents such as complexes of rhodium with
chiral ligands, Dip-Cl, DIBAL-H, zinc borohydride, L-Selectride®, K-Selectride® and (Bu’O);BH-Li.
This approach appeared to be less satisfactory than an alternative method which accomplished the
stereospecific reduction at an early stage using a dipeptidic intermediate. In the following, we describe
the synthesis of our target molecules by the second route involving reduction of the dipeptides 2 and 5,
both containing the 3-amino-2-0xo0-4-phenylbutanoic acid amide residue.

Phebestin. Our synthesis, outlined in Scheme 1, began with N-Boc-D-phenylalanine, which was
coupled with triphenylphosphoranylideneacetonitrile to form the acyl cyano ylide 1 (88%). Ozonolysis
of 1 at —78°C was followed by coupling with the benzyl ester of L-valine at low temperature to yield the
dipeptidic «-keto amide 2. At this early point in the synthesis, we explored the use of reducing agents
for stereospecific conversion of the ot-keto group to the o-hydroxy counterpart.
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Scheme 1.

We found that among the above reducing agents, zinc borohydride!? was particularly effective in the
reduction of the keto substrate to the alcohol with high diastereomeric selectivity (92:8).13 The zinc
borohydride (0.15 M) in ether (2 equiv.) was added to the solution of the x-keto amide 2 in THF at
~78°C under N, and the mixture was stirred for 30 min. After separation of the desired diastereomer by
preparative TLC (ethyl acetate:hexane, 1:1), the product 3 was deprotected by hydrogenation and then
coupled with the benzyl ester of L-phenylalanine to yield the tripeptide 4. Removal of protecting groups
from 4 sequentially using hydrogenation and TFA yielded a product (80%) identical in every respect with
natural phebestin. The selectivity in the reduction of 2 to 3 may be explained on the basis of chelation
control in which the two carbonyl groups coordinate with the zinc ion permitting hydride attack at the
less hindered side of the &-carbonyl group.
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Probestin and bestatin. In the synthesis of the tetrapeptide probestin we also prepared the unnatural
B-amino a-hydroxy residue at the dipeptide stage for further coupling with a second dipeptidic unit. As
shown in Scheme 2, the doubly protected dipeptide 5 containing the ct-keto amide residue was subjected
to reduction by zinc borohydride to give the x-hydroxy product 6 with diastereomeric selectivity 93:7
(85%) (preparative TLC, eluting with ethyl acetate:hexane, 1:1). Further transformation of 6 to probestin
was accomplished by coupling with the benzyl ester of prolylproline followed by deprotection as
indicated.
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During the course of our probestin synthesis, we carried out the deprotection of the f-amino x-hydroxy
intermediate 6. The product was shown to be identical in every respect with an authentic sample (Sigma)
of bestatin by comparison of spectroscopic properties.
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