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Abstract: An advanced intermediate 22 for lactacystin synthesis,
containing the full carbon skeleton of the pyrrolidinone component,
has been achieved in four steps from a protected glycine ester.
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(+)-Lactacystin (1) is a microbial metabolite isolated by
Omura from the culture broth of a Streptomyces species.2

It inhibits cell growth and induces neurite outgrowth in
the murine neuroblastoma cell line (Neuro 2a), and this
property has prompted study of the utility of the com-
pound in treating neurologically-related diseases, includ-
ing Alzheimer’s.3 (+)-Lactacystin is a uniquely selective
and powerful inhibitor of the 20S proteasome,4 which is
part of a 28-protein complex that is involved in control-
ling cell growth and metabolism, and which is responsible
for the normal turnover of cellular proteins and the remov-
al of damaged proteins.5 As a result, lactacystin is in de-
mand in many laboratories; a number of synthetic
approaches to the compound have been reported,6,7 and
the synthetic work has been reviewed.8 The b-lactone 2,
known as clasto-lactacystin b-lactone (omuralide), into
which lactacystin is converted in vivo prior to hydrolysis
to clasto-lactacystin dihydroxyacid, is the active mole-
cule, and also inhibits the 20S proteasome (Figure 1).

Figure 1

Our approach to the synthesis of lactacystin involves a
new route to the advanced intermediate 3,9 from which the
natural product can be obtained in two steps by a docu-
mented procedure.6 We first envisaged an aldol condensa-
tion of 4 to form the C-5 quaternary centre of 3; reduction
of the b-keto ester 5 would provide the b-hydroxyester 4.
The pyrrolidinone ring would be formed by a Dieckmann
cyclization of the diester 6, which would in turn be pre-

pared by condensation of a protected glycine ester 7 with
activated malonate 8. We anticipated that a blocking
group X would be required at position C-3 of 5 to avoid
problems during the subsequent aldol or other enolate re-
actions, and an ester moiety was chosen for this purpose
as this would aid pyrrolidinone formation and would be
potentially removable by subsequent decarboxylation
(Scheme 1).

Scheme 1

After some experimentation, benzyl groups were chosen
for the protecting groups of 7 and 8. Benzyl malonyl
chloride (11) was generated by careful partial hydrolysis
of commercial dibenzyl malonate (9) followed by treat-
ment with oxalyl chloride. N-Benzyl glycine ethyl ester
(13) is commercial but expensive, but can be easily pre-
pared from a condensation of ethyl bromoacetate (12)
and benzylamine.10 The precursor 14 to the Dieckmann
cyclization (Scheme 2) was prepared by condensation of
benzyl malonyl chloride 11 with N-benzyl glycine ethyl
ester (13) in 95% yield.
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Scheme 2

The Dieckmann cyclization proved problematic under
standard conditions, but was found to be successful using
TBAF, producing the tetrabutylammonium salt 15. This
compound can be treated in situ with methyl iodide to pro-
duce 16 in 73% yield from 14, together with the regioiso-
mer 17 as an easily separable 3.5:1 mixture (Scheme 3). It
is pleasing to note that this is the first stage where purifi-
cation by column chromatography is required.

Scheme 3

Addition of the C-5 ester functionality was achieved using
Mander’s protocol: generation of the enolate from 16 us-
ing LHMDS in THF in the presence of DMPU was fol-
lowed by addition of methyl cyanoformate to give 18 in
70% yield (Scheme 4).11 This short sequence provides the
pyrrolidinone ring, the C-5 ester unit, and the C-3 methyl
group along with a blocking group at the same position in
the form of a benzyl ester labile towards hydrogenolysis
and decarboxylation.

Scheme 4

We were unable to achieve the envisaged aldol condensa-
tion with 18 to form the C-5 quaternary centre. Using
isobutyraldehyde under various conditions including
Mukaiyama’s protocol failed in our hands.12 Having suc-
cessfully C-alkylated 16 with methyl cyanoformate, we
attempted acylation with isobutyryl cyanide,13 but no re-
action was observed. Attempted acylations using Katritz-
ky’s benzotriazole procedure also gave no reaction.14

Acylation of 18 with isobutyryl chloride, however, gave
rise exclusively to 19 through O-acylation, in 68% yield.
Attempted hydrogenolysis and decarboxylation of the
benzyl ester of 19 over palladium with concomitant hy-
drogenation of the enol ether double bond gave only 20,
in which the enol ether is still intact but the benzyl ester
had been removed, in 98% yield (Scheme 5).

Scheme 5

O-Acylation is therefore feasible. Similar introduction of
an allyl substituent could give either O-alkylation or C-
alkylated compound 21.

Scheme 6
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Testing the reaction by deprotonation with sodium hy-
dride in DMF at room temperature followed by addition
of allyl bromide gave exclusively C-allylated compound
21 in 44% yield. To our delight, repeating the reaction
with methallyl bromide gave the analogous compound 22
in 75% yield (Scheme 6),15 the structure of which was
confirmed by single crystal X-ray diffraction.16 A com-
pound containing all of the carbon atoms present in the
carbon skeleton of clasto-lactacystin dihydroxyacid, suit-
ably functionalized for further elaboration, has thus been
constructed in only four steps from glycine ester. We have
further shown that hydrogenolysis of 22 gives rise as ex-
pected to decarboxylation in situ, with concomitant reduc-
tion of the double bond, to give 23 in 90% yield
(Scheme 7).

Scheme 7
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