
SHORT COMMUNICATION

DOI: 10.1002/ejoc.200800334

Optically Active γ-Hydroxy Sulfone Julia Reagents for the Synthesis of
Peptidyl Olefin Peptidomimetics

Sima Mirilashvili,[a] Naama Chasid-Rubinstein,[a] and Amnon Albeck*[a]

Keywords: Asymmetric synthesis / Enzymes / Olefination / Stereocontrol / Peptidomimetics

Peptidyl olefin peptidomimetics serve as biologically active
compounds or as intermediates for other peptidyl isosteres.
We developed a chemoenzymatic stereoselective approach
to optically active γ-hydroxy sulfones to be assembled into
peptidyl olefins by the Julia reaction. Key enzymatic hydroly-
sis of prochiral diesters to the corresponding hydroxy esters
introduces optical activity. The sequence of the subsequent

Introduction

Peptides play a variety of important roles in biological
systems as hormones, neurotransmitters, modulators of bio-
logical processes, toxins, etc. Peptides are also used as thera-
peutic agents for various diseases (diabetes, growth disor-
ders). However, the medicinal usage of peptides is limited
due to biodegradation, low bioavailability, and several side
effects resulting from the conformational flexibility that en-
ables binding to several receptors.[1] Peptide isosteres con-
taining a replacement of a specific amide bond in the pep-
tide have been extensively used as protease and other en-
zyme inhibitors. Of special interest among these are pep-
tidyl olefin isosteres, in which a specific peptide bond is
replaced by a C=C bond. These materials may serve as
protease inhibitors[2,3] or as other biologically active com-
pounds,[4,5] as mechanistic probes,[6] or as intermediates for
the synthesis of other peptidyl isosteres such as ethylene,
diol, epoxide, and hydroxyethylene.[2a,2b,3a,4c,7]

It is relatively straightforward to control the stereochem-
istry of the chiral center of the P1 residue of the peptidyl
olefin (the chiral center adjacent to the olefin at its N-ter-
minal side), as it may originate directly from an optically
active α-amino acid. The situation is much different at the
other side of the double bond (the P1� residue replacement).
The vast majority of the synthetic procedures for peptidyl
olefins introduce either a glycine mimetic (=CCH2CO),
which is not chiral, at this position[2,3a,5a,5c,8] or a substitu-
tion (=CCHRCO) in a nonstereoselective manner to pro-
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chemical reactions, either protection–hydrolysis–functionali-
zation or functionalization–hydrolysis–protection, determines
the absolute stereochemistry of the final sulfone building
block.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

duce a diastereomeric mixture of the product. Many of
these procedures employ a Wittig or Emmons–Horner reac-
tion,[2,5c,7a–7c,9] or various alkylations.[5b,5d,10] Some meth-
ods provide optically active products after separation of ra-
cemic or diastereomeric intermediates.[11] Only a handful of
chiral methods have been introduced, based on alkylation,[6]

SN2� organocuprate addition,[4,12] sigmatropic rearrange-
ment,[13] ring-closing metathesis,[14] and Julia reaction be-
tween chiral N-terminal sulfone nucleophile and C-terminal
aldehyde.[3d,15] These methods require long procedures for
the preparation of optically pure starting materials, and
they provide the products in low overall yields. Thus, ef-
ficient stereoselective synthesis of peptidyl olefins still poses
a synthetic challenge and an important target. Here we de-
scribe a new synthetic approach for optically active γ-hy-
droxy sulfones to serve as C-terminal nucleophilic building
blocks for the synthesis of peptidyl olefins.

Results and Discussion

Analysis of the above synthetic methods towards pepti-
dyl olefins shows that most chiral methods rely on a key
rearrangement of a pre-existing, sterically well-defined C=C
bond. In contrast, most polar reactions between a nucleo-
phile and an electrophile to directly form the C=C bond
are not stereoselective. We explored the latter approach and
used a chemoenzymatic procedure to prepare optically
active P1� (C-terminal) γ-hydroxy sulfone building blocks.
These compounds could then be incorporated into peptidyl
olefins by a Julia reaction with N-protected α-amino alde-
hydes. These N-terminal (P1) residues are directly derived
from optically active α-amino acids. The dipeptidyl olefin
isostere could then be extended by standard coupling pro-
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cedures on both its N-terminal and C-terminal sides ac-
cording to the desired amino acid sequence. The retrosyn-
thetic analysis of this approach is described in Scheme 1.

Scheme 1. Retrosynthetic analysis for peptidyl olefin peptidomi-
metics.

The key step that determined the stereochemistry of the
product was a stereoselective hydrolysis of a prochiral dies-
ter, catalyzed by the enzyme lipase from Pseudomonas Sepa-
cia. This enzyme can either hydrolyze a prochiral diester to
an optically active hydroxy ester in aqueous medium or
acylate the corresponding diol to the enantiomeric hydroxy
ester in organic solvents (Scheme 2).[16] This approach pro-
vides a few advantages: (a) Facile entry to almost any pos-
sible substitution by alkylation of diethyl malonate, fol-
lowed by reduction to the corresponding diol and subse-
quent diacetylation (Scheme 2). (b) Full conversion to the
desired optically active product, which stems from the reac-
tion of the enzyme on a homogeneous prochiral compound
rather than enzymatic resolution of a racemic mixture. (c)
Control of the stereoselectivity by the mode of the applica-
tion of the enzyme – either as a hydrolase in aqueous solu-
tion or as an acylase in organic solvents (Scheme 2).

This protocol was applied to five different diethyl malon-
ate compounds substituted with methyl, isopropyl, isobutyl,
benzyl, and ethyl groups. When incorporated into peptidyl
olefins, these building blocks would mimic the natural
amino acids alanine, valine, leucine, and phenylalanine, and
the unnatural amino acid ethylglycine, respectively. Both the
reduction step to the diol and the diacetylation step pro-
ceeded in excellent yields (typically �90%) for all the deriv-
atives (Scheme 2 and Table 1). Racemic monoacetates were
separately synthesized by partial acetylation of the corre-
sponding diols. These compounds were used as references
for chiral HPLC analysis.
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Scheme 2. Lipase hydrolysis of prochiral diacetates and lipase
acetylation of the corresponding prochiral diols produce enantio-
meric hydroxy esters.

Table 1. Reaction yields for the preparation of the diester lipase
substrates.

R Yield of diol 1 [%] Yield of diester 2 [%]

Me –[a] 92
Et 95 88
iPr 94 87
iBu 92 90
Bn 97 96

[a] Commercially available.

The enzymatic hydrolysis of the diacetyl substrates
yielded the best results in terms of conversion and ee when
carried out in aqueous solution of 40-m NaCl, 5-m

CaCl2, and 0.07% BSA, with 12.5–40 mg of the enzyme
and 100–1000 mg of the substrate. Chiral HPLC analysis
identified a single isomer of the products at conversion rates
of 30–50%. The absolute S configuration of the products
was assigned by comparison to literature data.[16b] When
carried out further, the hydrolysis of benzyl derivative 2e at
65% conversion yielded 94%ee of the desired monoester
product, and hydrolysis of ethyl derivative 2b at 90% con-
version provided the product in 72%ee. Lipase catalyzed
acylation of prochiral diols 1 proceeded with poorer
enantioselectivity (40–60%ee for 1e), and therefore was not
elaborated further.

The enzymatic reaction determined the absolute stereo-
chemistry of hydroxy ester product 3. The order of further
chemical manipulations provided a second opportunity to
control the stereochemistry of the final C-terminal nucleo-
philic sulfone building block. Thus, protection (silylation)
of the free hydroxy group, followed by acetyl hydrolysis and
transformation of the new free hydroxy group into the final
sulfone would provide one enantiomer of the final product.
Alternatively, transformation of the original free hydroxy
group into the desired sulfone, followed by hydrolysis of the
acetate and protection (silylation) of the free hydroxy group
would yield the opposite enantiomer. This was demon-
strated in the stereoselective preparation of the two oppo-
site isomers of the benzyl building block (phenylalanine an-
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alog) modified by two different aryl sulfone functional
groups: 8 (a Julia–Kocienski reagent) and 13 (a “classical”
Julia reagent; Scheme 3). The C-terminal building block
could be utilized in the synthesis of a peptidyl olefin by the
Julia reaction (with phenyl sulfone 13) or its Julia–Kocien-
ski modification (with phenyl tetrazol analog 8).[17]

Scheme 3. Stereoselective synthesis of the two isomers of the C-
terminal (P1�) sulfone building blocks.

A similar approach involving the sulfone introduction–
hydrolysis–silylation sequence, provided the S enantiomer
of the ethylglycine C-terminal building block (the ethyl de-
rivative modified by the phenyl tetrazol sulfone, analogous
to 8) in five steps and 68% overall yield from the corre-
sponding hydroxy ester starting material 3b. All of the ben-
zyl derivative intermediates were analyzed by chiral HPLC
for their steric integrity. This analysis demonstrated reten-
tion of optical purity to at least 90% in each of the chemical
transformations leading to final sulfone products 8 and 13.

In order to demonstrate their utility as C-terminal build-
ing blocks for the synthesis of peptidyl olefins by the Julia–
Kocienski reaction, we treated the lithium salt of sulfone
8 with N-tritylalaninal[18] in THF (Scheme 4). The desired
product (2S,5S)-N-trityl-5-amino-2-benzyl-1-(tert-butyldi-
methylsilyloxy)hex-3-ene (14), the olefin isostere of N-trityl-
alanylphenylalaninol, was obtained as a 1:1 mixture of E/Z
isomers (which were separated by chromatography) in 68%
yield. No racemization at the chiral centers was detected.
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The product could then be transformed into the dipeptidyl
olefin by alcohol deprotection and oxidation, as previously
demonstrated.[3c,7b,10]

Scheme 4. The Julia–Kocienski reaction of C-terminal (P1�) sulfone
building block 8 towards a dipeptidyl olefin.

Optically active β-alkyl-γ-hydroxy sulfones could also
find other applications. For example, such compounds were
previously used as Julia reagents for the synthesis of various
natural products or their analogs.[19]

Conclusions

In this study we developed a new approach for the prepa-
ration of optically active γ-hydroxy sulfone C-terminal (P1�)
building blocks for the synthesis of peptidyl olefin peptido-
mimetics. This approach is based on a key enzymatic step:
stereoselective hydrolysis of prochiral diesters to optically
active hydroxy esters. The role of the enzymatic reaction is
only to provide high optical activity, rather than to define
the stereochemistry of the final sulfone product. The abso-
lute configuration is determined by the sequence of the sub-
sequent chemical reactions towards the final sulfone build-
ing block: either protection–hydrolysis–functionalization or
functionalization–hydrolysis–protection. The optically
active sulfone could be used in the Julia reaction with an α-
amino aldehyde to form a precursor of a dipeptidyl olefin
isostere in pure enantiomeric form.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedures and spectroscopic data for all new
compounds.
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