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ABSTRACT

An efficient approach to novel cyclopropyl peptidomimetics has been developed. The synthetic route involves a cyclopropanation using ethyl
(dimethylsulfuranylidene)acetate (EDSA) as the key step and affords a cyclopropyl peptidomimetic core in three steps from protected amino acid
Weinreb amides.

The hydroxyethylene peptidomimetic core structure is
central to numerous drugs both on the market and in
development for a diverse number of conditions. Some
examples include HIV protease inhibitors, BACE inhibi-
tors, and renin inhibitors.1�3 Cyclopropyl peptidomimetics,
in particular, have been reported to have antitumor, anti-
viral, and antidepressant activity.4�7 Incorporation of the

cyclopropyl ring into the backbone of peptidomimetics has
been shown to increase stability toward degradation, as well
as decreasing conformational flexibility.8,9 Some examples
include Martin’s Ras farnesyltransferase and HIV protease
inhibitors, the natural product belactosin, andWipf’s cyclo-
propyl tripeptide isosteres (Figure 1).5�7,10

Prior approaches to cyclopropyl peptidomimetics in-
clude carbenoid cyclopropanations, as well as ylide addi-
tions to electron-deficient alkenes. As a general target, the

Figure 1. Cyclopropyl peptidomimetics and natural products.
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peptidomimetic shown in Figure 2, with three variable
positions, would allow access to a variety of potential
medicinal agents starting from the knownWeinreb amides
of protected amino acids.11

Anumber of carbenoid approacheswere investigated, as
well as Corey ylide cyclopropanation of an unsaturated
ester; however all suffered from low yields and numerous
steps.12 The most efficient route was found to be addition
of an enone to the stabilized sulfur ylide EDSA, followed
by ketone reduction, affording the cyclopropyl backbone
in just three steps.
As outlined in Scheme 1, conversion of Cbz-protected

amino acids to the corresponding Weinreb amides, fol-
lowed by addition of vinylmagnesium bromide, afforded
the enones 1. Cyclopropanation using EDSA afforded the
protected cyclopropyl ketones 3 in good yield as a 1:1
mixture of syn and anti isomers. In most cases, the ketones
were separable by HPLC. Reduction of the ketones af-
forded the protected cyclopropyl peptidomimetics.

As expected for addition to the terminalmethylene, none
of the cis-cyclopropyl analog of 2was observed.10b Reduc-
tion of the ketones with sodium borohydride was only

mildly stereoselective, typically affording a 2:1 mixture of
the 4R and 4S isomers of alcohol 3. Although not pre-
viously reported in peptidomimetic syntheses, EDSA and
chiral sulfur ylides have been used in the synthesis of many
cyclopropyl derivatives.10 The lack of stereocontrol at this
point is not an issue, since eventual conversion of com-
pounds such as 3 to products with potential bioactivity
may benefit from access to multiple stereoisomers.
This procedure allows for very efficient access to a

cyclopropyl peptidomimetic core from a variety of amino
acids.Five series havebeen completed, as shown inTable 1.

Stereochemistry of the phenylalanine series was con-
firmed by conversion of a pure alcohol (syn-4R-3a) to the
corresponding oxazolidinone, as shown in Scheme 2.

Final confirmation by X-ray crystallography (Figure 3)
established the stereochemistry of the cyclopropyl ring
relative to the benzyl group. Assignment of stereochemis-
try in the other series is based on similarities in the HPLC
behavior of the ketone isomers and in the 1HNMRpattern
of the cyclopropyl CH2. In particular, the syn isomers elute
first and show a separation of 0.7 ppm of the methylene
hydrogens, whereas the anti ketone isomers show one
multiplet for both of those hydrogens.13

The choice of base for ylide generation was found to be
critical in order to avoid racemization of the cyclopropyl
ketones. Initial conditions involved generation of the ylide
using DBU as base in chloroform, followed by addition of
the enone at room temperature. These conditions resulted

Figure 2. Cyclopropyl peptidomimetic core.

Scheme 1. General Synthesis of Cyclopropyl Peptidomimetics 3

Table 1. Yields for Conversion of Protected Amino Acids to
Compounds 1�3

amino acid

enone

1a�e

ketone

2a�e

alcohol

3a�e

L-Cbz-

phenyl-

alanine (a)

62% 69% 95%

L-Cbz-

leucine (b)

70% 78% 81%

L-Cbz-

valine (c)

66% 76% 96%

D-Cbz-

alanine (d)

99% 57% 95%

L-Cbz-

proline (e)

41% 31% 53%

Scheme 2. Confirmation of Stereochemistry
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in varying degrees of racemization. However, using either
LDA or sodium hydride as base, and a reduced tempera-
ture and reaction time, led to optically pure materials as
verified by chiral HPLC. The ketones were also found to
racemize upon storage for long periods of time, so sub-
sequent reduction is best carried out soon after preparation
of the ketones.

In summary, a very efficient synthesis of a series of novel
cyclopropyl peptidomimetics from amino acids has been
developed. The core structures should prove to be useful
intermediates for the synthesis of potential medicinal
agents.
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Figure 3. X-ray crystal structure of oxazolidinone (4R)-4a.


