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A simple procedure for the synthesis of
c-hydroxy-a,b-(E)-alkenoic esters: formal synthesis

of (+)-macrosphelides A and Bq
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Abstract—A highly trans-selective conjugate reduction of c-hydroxy-a,b-alkynoic esters to produce c-hydroxy-a,b-(E)-alkenoic
esters using LiAlH4 is reported. The application of this methodology is demonstrated by a formal synthesis of the potent cell–cell
adhesion inhibitors (+)-macrosphelides A and B.
� 2005 Elsevier Ltd. All rights reserved.
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c-Hydroxy-a,b-alkenoic esters are versatile building
blocks in the synthesis of complex natural products
and heterocycles.1 However, there are only limited meth-
ods available to access this important group of com-
pounds.2 The most popular is the Wittig method for
the synthesis of c-hydroxy-a,b-alkenoic esters but it suf-
fers from the limitation that the starting a-hydroxy alde-
hydes are prone to epimerization under basic
conditions.2

In this letter, we disclose a general method for the effi-
cient and highly trans-selective conjugate hydride addi-
tion on c-hydroxy-a,b-alkynoic esters using LiAlH4 as
the hydride source (Scheme 1).3,4 The potential use of
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the resulting c-hydroxy-a,b-alkenoic esters in complex
natural product synthesis was demonstrated by a formal
synthesis of (+)-macrosphelides A and B, which are po-
tent, orally bioavailable, inhibitors of cell–cell adhesion.

Initially, we chose a phenyl substituted acetylene sub-
strate and carried out LiAlH4 reduction to produce
the corresponding (E)-alkenoic ester 1 in 75% yield with
>95% (E)-selectivity. After a few attempts, we found
that the use of one equivalent of LiAlH4 in dry THF
or diethyl ether at 0 �C to rt were the optimum condi-
tions for this method.5 Next we generalized the method
for other substrates. All the starting c-hydroxy-a,b-alky-
noic esters (A) were synthesized from the corresponding
aldehydes by coupling with ethyl propiolate in the pres-
ence of LDA as previously described.6 We found that
our procedure worked well with a variety of R groups,
which include phenyl, alkyl, and vinyl groups (see 2–8
in Scheme 2). Stereoelectronic factors had little or no ef-
fect on this reaction and it is worth mentioning that the
product 9 could be readily obtained from the corre-
sponding tertiary alcohol in good yield (Scheme 2). In
spite of the moderate yields in these reactions, we did
not observe significant amounts of over-reduced by-
products.

The excellent E-stereoselectivity (>95%) in these reac-
tions may arise due to reasons reported earlier by others
ii. DIBAL- H,
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in a similar hydride mediated reduction.3,4 In another
example (conversion of 10 to 1), we showed that
c-keto-a,b-alkynoic esters7 can be directly reduced to
c-hydroxy-a,b-alkenoic esters without effecting the
selectivity (Scheme 3).

The utility of the c-hydroxy-a,b-alkenoic esters was
readily demonstrated by a formal synthesis of (+)-mac-
rosphelides A and B via Omura�s advanced intermediate
(+)-21. Macrosphelides are novel 16-membered macro-
lides isolated from Microspheraeropsis sp. FO-5050
and have been reported to inhibit strongly the adhesion
of human leukemia HL-60 cells to human-umbilical-
vein endothelial cells (HUVETC). Thus, these macro-
lides may serve as valuable leads for the development
of anticancer drugs.8 In addition to their biological pro-
file, the presence of three lactone moieties along with
four stereogenic centers offers an attractive synthetic
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challenge as demonstrated earlier during the first synthe-
sis by the combined effort of Omura and co-workers and
Smith and co-workers.9,10

Our synthesis commenced from the known aldehyde
(�)-12,11 which was prepared from commercially avail-
able ethyl lactate (�)-11. The c-hydroxy-a,b-alkynoic
esters (+)-13 and (+)-14 were prepared by the coupling
of aldehyde (�)-12 with t-butyl and ethyl propiolates,
respectively, in the presence of LDA.6 The desired major
erythro isomers were cleanly separated by column chro-
matography of the resulting mixture (Cram selectivity
erythro:threo � 5:1). As expected, conjugate reduction
of (+)-13 and (+)-14 using the present protocol fur-
nished cleanly c-hydroxy-a,b-alkenoic esters (+)-15
and (+)-16, respectively.12 Compound (+)-15 was trans-
formed to (�)-19 via protection of the free alcohol with
MEMCl and deprotection of the TBS ether. The carbox-
ylic acid (�)-20 obtained from (+)-16 after MEM pro-
tection and hydrolysis, was coupled with (�)-19 under
Keck�s conditions9,13 to furnish the advanced intermedi-
ate (+)-21 for the synthesis of macrosphelides A and B.
The spectral data (1H and 13C NMR and optical
rotation) of (+)-21 were compared with that of the
Omura�s intermediate9 and they were found to be iden-
tical (Scheme 4).

In short, we have developed a simple procedure for the
synthesis of c-hydroxy-a,b-(E)-alkenoic esters from the
corresponding acetylenic esters using LiAlH4 as the hy-
dride source. As a direct application of this method, we
have demonstrated a formal synthesis of (+)-macrosphe-
lides A and B through one of Omura�s advanced inter-
mediate. The synthesis of other related natural
products using this procedure will be the subject of
future work.
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