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Total Synthesis of (+)-Lactacystin from (R)-Glutamate
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The discovery by Omural of (+)-lactacystin (1) in Strepto-
myces sp. OM-6519 and the finding that it possesses neurotrophic
activity have created much excitement, since the role of neu-
rotrophic proteins, such as nerve growth factors (NGFs), in
diseases is the center of much current interest.2 This substance
consists of two a-amino acids, (R)-/N-acetylcysteine and a novel
pyroglutamic acid derivative 2. The combination of biological
activity and the unique structure of lactacystin encouraged us to
develop a synthesis which could permit variations of both the
substituents and their stereochemistry. During the course of our
work two elegant syntheses were reported,®# which are strate-
gically different from our route. Thekey reactionin our synthesis
involves the stereoselective aldol reaction of a siloxypyrrole, readily
available from pyroglutamate, with an aldehyde, thereby as-
sembling the quaternary center and secondary alcohol in the
correctstereochemical form, Scheme 1. The bicyclic oxazolidine
3was prepared from (R)-glutamic acid in three steps (57%)° and
was elaborated to the unsaturated derivative 4 by sequential
methylation® and selenenylation/ozonolysis (65%, Scheme 2).
The key siloxypyrrole § was obtained as a crystalline solid (89%)
by treatment with TBSOTf and 2,6-lutidine.” The aldol reaction
of § with isobutyraldehyde was achieved at =78 °C in ether in
the presence of 2 equiv of SnCl, to afford 6% and its secondary
alcohol epimer? in theratio9:1. The major isomer 6 was obtained
as a crystalline solid after chromatography (55% yield). The
surprising w-facial selectivity observed here, i.e., addition to the
same face as the phenyl substituent, was revealed by X-ray
crystallography of the p-bromobenzoate derivative of ent-6.9 Use
of other Lewis acids and solvents led to the formation of other
isomers atthe quaternary and secondary alcohol centers,!? thereby
permitting access to these substances. Following acetylation 7
was converted tothediol 8 as a single isomer (87%) by osmylation
(0sO4, N-methylmorpholine N-oxide). The tertiary hydroxyl
group was removed via the cyclic thiocarbonate with Bu;SnH in
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4 (a) LDA, Mcel, THF, -78 °C; 95%. (b) LDA, PhSeBr, THF, -78
°C; 79%. (c) O3, CH:Cly, -78 °C; pyridine, — room temperature; 87%.
(d) TBSOTH{, 2,6-lutidine, CH,Cly, room temperature; 89%. (e¢) i-PrCHO,
SnCly, ether, -78 °C; 55%. (f) Ac20, pyridine, room temperature; 99%.
(8) OsO4, N-methylmorpholine N-oxide, aqueous acetone, room tem-
perature; 87% (two cycles). (h) N,N-Thiocarbonyldiimidazole, THF,
room temperature; 91%. (i) Bu;SnH, AIBN, toluene, reflux; 94%. (j)
2N NaOH/MeOH (1:3), 0-3 °C; 94%. (k) Hy, Pd/C, HC], MeOH,
room temperature; 87%. (1) Et3SiCl, pyridine; Ac20, room temperature;
89%. (m)40% HF, CH;CN, room temperature; 91%. (n) Jones’ reagent,
acetone, 0 °C — room temperature; 91%. (o) 0.2 N NaOH, room
temperature; quantitative. (p) (R)-N-Acetylcysteine allyl ester, BOPCI,
Et;N, CH,Cls, room temperature; 60%. (q) Pd(PPh;)4, HCO;HNEt;,
THEF, room temperature; 88%.

toluene at reflux (AIBN catalyst, 94% yield),!! which resulted
inanapproximately equal ratio of the C6 epimers of 9.8 However,
treatment of this mixture with 0.5 N NaOH in aqueous MeOH
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at 0-3 °C epimerizes C6 to the more stable and desired syn-
isomer 10 (syn-10:anti-10:syn-9 = 73:10:11, 94%), along with a
small amount (5%) of elimination product 6. This mixture was
hydrogenated (10% Pd/C) under acidic conditions to give a
mixtureof 11and its C3 epimer (87%). Althoughrecrystallization
gave pure 11 in 66% yield, removal of the undesired epimer was
more easily achieved by chromatography following the next step.
Selective protection of the primary hydroxyl as its Et;Si ether
and the secondary alcohols as acetates was performed in one
operation by sequential addition of Et;SiCl and then excess Ac,O
to a solution of 11 in pyridine to give 12 (89%) after chroma-
tography. On treatment of 12 with 40% HF in CH;CN, the
primary hydroxyl group was regenerated, which was then
converted into a carboxylic acid by excess Jones’ reagent (91%).
Saponification of the diacetate acid 14 with 0.2 N NaOH provided
the lactam 2 as white powdery crystals [mp 241-242 °C dec,
[«]p?! +18.5° (¢ 1.0, MeOH)]. The spectroscopic data for 2
were identical to those reported previously?# in all respects. Final
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transformation of 2 into (4)-lactacystin (1) was carried out
according to Corey’s protocol.3. Coupling of 3 with (R)-N-
acetylcysteine allyl ester12(BOPCI, Et;N) followed by deallylation
[Pd(PPh;),, HCO,H, Et3N] gave (+)-lactacystin (1) as colorless
needles [mp 235-237 °Cdec, [a]p?! +75° (¢0.28, MeOH)]. The
identity of this compound was confirmed by detailed comparison
with the reported data2 and an authentic sample, generously
provided by Dr. S. Omura.

In summary, we have achieved an efficient total synthesis of
(+)-lactacystin (7.5% overall yield from 3) by a route which
should be applicable to the synthesis of a number of its analogues
and stereoisomers.
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