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Asymmetric synthesis of (−)-acaterin�
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Abstract—The asymmetric synthesis of (−)-acaterin, an inhibitor of acyl-CoA cholesterol acyl transferase has been achieved
starting from the commercially available starting materials, octan-1-ol and methyl (R)-lactate. The key steps are a Sharpless
asymmetric dihydroxylation and a Wittig olefination.
© 2003 Elsevier Ltd. All rights reserved.

Acyl-CoA cholesterol acyl transferase (ACAT) plays an
important role in cholesterol ester accumulation in
atherogenesis1 and in cholesterol absorption from the
intestines.2 Inhibitors of ACAT activity are expected to
be effective for the treatment of atherosclerosis and
hypercholesterolemia. Acaterin (Fig. 1) is one of the
ACAT inhibitors isolated from a culture broth of Pseu-
domonas sp. A92 by Endo and co-workers.3 Acaterin
has a butenolide skeleton with an alkyl chain at the C-2
position, which is related to Annonaceous acetogenins,4

and has remarkable antitumor activity.3 While Kita-
hara and co-workers5 established the absolute stereo-
chemistry after the synthesis of all the diastereomers of
acaterin, the biosynthesis of acaterin was investigated
by Fujimoto.6 Synthetic strategies based on the Baylis–
Hillman reaction have recently been reported for this
molecule simultaneously by two different research
groups.7 As part of our research program aimed at
developing enantioselective synthesis of naturally occur-
ring lactones8 and amino alcohols,9 we became inter-
ested in developing a simple and feasible route to
acaterin. In this paper we report a concise synthesis of
(−)-acaterin employing the Sharpless asymmetric dihy-
droxylation procedure and a Wittig olefination as key
steps.

The synthesis of (−)-acaterin started from commercially
available octan-1-ol 4 as illustrated in Scheme 1. Com-
pound 4 was oxidized to the aldehyde and subsequently
treated with (methoxycarbonylmethylene)triphenyl-
phosphorane in THF under reflux to give the Wittig

product 5 in 93% yield. The dihydroxylation of olefin 5
with osmium tetroxide and potassium ferricyanide as
co-oxidant in the presence of (DHQD)2PHAL as chiral

Figure 1.

Scheme 1. Reagents and conditions : (a) (i) P2O5, DMSO,
CH2Cl2, Et3N, 0°C, 4 h, 96%; (ii) Ph3P�CHCOOMe, THF,
reflux, 12 h, 93%; (b) (DHQD)2PHAL, OsO4, CH3SO2NH2,
K3Fe(CN)6, K2CO3, t-BuOH:H2O (1:1), 24 h, 0°C, 98%; (c)
HBr/AcOH, dry MeOH, 40°C, 24 h, 83%; (d) TBDMSCl,
imidazole, DMAP (cat.), CH2Cl2, 36 h, 92%; (e) PPh3,
CH3CN, reflux, 12 h, 66%.
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ligand under the Sharpless asymmetric dihydroxylation
conditions10 gave the diol 6 in excellent yield, [� ]D25

+11.23 (c 1, CHCl3) [lit.11 [� ]D25 +10.1 (c 1.42, CHCl3)].
Regioselective conversion of the diol 6 to bromohydrin
7 was achieved employing the protocol developed by
Sharpless.12 Thus, treatment of 6 with hydrogen bro-
mide in acetic acid gave 713 in 83% yield. Subsequently,
the hydroxyl group was protected as a silyl ether using
tert-butyldimethylsilyl chloride and imidazole in the
presence of a catalytic amount of DMAP to afford 8 in
92% yield which on treatment with triphenylphosphine
in acetonitrile under reflux conditions furnished the
phosphonium salt 9 in good yield.

Scheme 2 summarizes the preparation of fragment 13
from the commercially available methyl (R)-lactate.
Hydroxyl protection of 10 as the THP ether was fol-
lowed by reduction of the ester to the corresponding
alcohol 12 in good yield. The subsequent PCC oxida-
tion resulted in the formation of the aldehyde 13, which
was used in the next reaction without any further
purification.

The final step involved the coupling of phosphonium
salt 9 with aldehyde 13 and subsequent cyclization. To
this end, the Wittig olefination between 9 and 13 was
carried out in the presence of LiHMDS at −78°C to
give the olefin 1414 in 73% yield. Subsequent cyclization
using a catalytic amount of p-TsOH in methanol fur-
nished (−)-acaterin in 68% yield, [� ]D25 −21.33 (c 0.3,
CHCl3) [lit.5 [� ]D25 −19.7 (c 0.61, CHCl3)] (Scheme 3).
The physical and spectroscopic data of 1 were in full
agreement with the literature data.5

In conclusion, we have developed a new synthetic route
to (−)-acaterin employing Sharpless asymmetric dihy-
droxylation and Wittig olefination as key steps. A short
reaction sequence and high yielding steps to (−)-aca-
terin renders our strategy a good alternative to the
known methods. Currently, studies are in progress for
the synthesis of other isomers of acaterin including
4-dehydroacaterin, using an intermolecular Refor-
matsky reaction as the key step.
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Scheme 2. Reagents and conditions : (a) DHP, p-TsOH (cat.),
dry CH2Cl2, 96%; (b) LiAlH4, dry THF, 0°C–rt, 12 h, 92%;
(c) PCC, anhydrous CH3COONa, Celite, 4 h.

Scheme 3. Reagents and conditions : (a) LiHMDS, dry THF,
−78°C, 30 min then 13, 10 h, 73%; (b) cat. p-TsOH, MeOH,
overnight, 68%.
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14. Compound 14: [� ]D
25 −12.67, IR (neat): 1723, 1666; 1H

NMR (500 MHz): 0.03 (s, 3H), 0.08 (s, 3H), 0.86–0.89 (t,
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456 (M+). Anal. calcd for C25H48O5Si (456.73) C, 65.74;
H, 10.59. Found C, 65.52; H, 10.21%.
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