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Summary: A novel and practical synthesis of hydroxy-
ethylene dipeptide isostere 9 from L-phenylalanine via
the formation and stereospecific reduction of an enami-
none is described.

Recently, several potent inhibitors of aspartic proteases
such as HIV protease and renin have been reported!
which incorporate a nonhydrolyzable hydroxyethylene
isostere as a key structural component. In light of this,
considerable effort has been invested into the develop-
ment of syntheses of dipeptide isosteres of general
structure 1. Synthetic approaches disclosed to date,?
however, are not amenable to large scale production. We
wish to describe herein a novel and general method to
produce these isosteres that does not involve sensitive
intermediates, expensive reagents, or chromatographic
separations and has been readily applied to large scale
(>100 kg) reactions.

Our initial target was isostere 1 in which R;, R; = Bn.
The key element of our synthetic strategy was to use the
established stereocenter at C-1 in enaminone 2 to dictate
the generation of stereocenters at C-2 and C-4. The C-1
stereocenter, in turn, would be derived from the optically
pure commodity item L-phenylalanine.
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In order to ensure that eventual reduction of the
carbonyl would produce the desired p-alcohol, it was
necessary to protect the a-amine in such a way as to bias
the system against chelation-controlled addition. It is
well documented?® that ketones having a disubstituted
amino group o to the carbonyl can be reduced to give
threo rich products, particularly if the substitution is
bulky. In light of this, the amine was protected as the
dibenzyl* derivative. Phenylalanine (8) was trialkylated
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with BnCV K;COj; in water at reflux to afford benzy! ester
4 (Scheme 1) in 94% yield and >99.5% ee.’

It has long been known® that cyanomethyl ketones” can
be prepared by addition of acetonitrile nitrile anions to
esters at elevated temperatures, but to our knowledge
this approach has never been developed for use on an
optically active amino ester.®! We have found that this
addition proceeds quite readily at low temperatures in
THF, although temperature and mode of addition are all
critical to minimization of racemization during this
reaction. A solution of acetonitrile anion® in THF was
added to benzyl ester 4 at less than —40 °C° to afford
nitrile 5 in 78—85% crystallized yield and >98% ee.

The reaction of Grignard reagents with cyanomethyl
ketones is relatively unknown, except in the case of
benzoylacetonitrile where addition of Grignard reagents
yields either 1,3-diketones!! or dimers!? depending upon
the conditions. We have found that Grignard reagents
add quite cleanly to S-keto nitriles similar to § at ambient
temperature to afford keto enamines after mild acid
quench. For example, reaction of nitrile § with 3 equiv?!?
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of BnMgCl in THF at 20 °C followed by aqueous citric
acid quench afforded enaminone 8 in 94% crystallized
yield and >99.5% ee. No racemization was ever ob-
served!* in this step.

The first three steps had effectively pieced together the
necessary skeleton of the final product, but the critical
challenge in this synthesis was to generate the C-2 and
C-4 centers stereoselectivly via reduction of 6. The
enaminone!?® system is unusually resistant to reduction,
although examples of the reduction of N-alkylated® and
N-acylated!” compounds have been published. Hydro-
genation of an unprotected cyclic enaminone to an amino
alcohol has been reported,'® but very little diastereose-
lectivity was observed and metal hydrides were found to
be ineffective. We have found that addition of enaminone
6 in THF/iPrOH to a solution of NaBH, (2.5 equiv) and
MsOH (6.3 equiv) in THF at 5 °C afforded intermediate
ketones!® 7a and 7b in a 17-19:1 ratio (Scheme 2). It
has been established that enaminones exist predomi-
nantly in the carbonyl form* and, therefore, are presum-
ably fixed in a hydrogen-bonded, ciscoid conformation.
It is most likely the rigidity of the system that allows for
the remarkable 1,4-stereoinduction that is seen in this
reduction. No further reduction of the ketones occurs
under these conditions, presumably because it is bound
as an unreactive boron enolate. It was found that this
boron complex could be broken and reduction of the
ketone could proceed by addition of a preformed solution
of NaBH3(OTFA)?\(4 equiv). This afforded a mixture of
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amino alcohols composed of 93% of the desired B,5-
hydroxy amine 8a along with 7% of the three undesired
diastereomers.?? The crude mixture was debenzylated
(Pd/ C, HCO;NH,), and the product was purified by
precipitation from iPrOH/ HCI (aq) to afford hydroxy
diamine 9 in >99% purity and in 60% overall yield from
enaminone 8.

In summary, novel chemistry has been developed to
provide an efficient, flexible, and economical five-step
synthesis of isostere 9. Potentially, this protocol could
provide access to an unlimited number of isosteres of type
1, the only limits being that R; must be incorporated into
the side chain of an amino acid and that R; must derive
from a Grignard reagent. Current investigations will
expand the scope of this approach.
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