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Abstract—(R)-2,3-Cyclohexylideneglyceraldehyde 1 has been used in a simple and efficient synthesis of (�)-muricatacin 10. The
required chiron, syn-alkanetriol 2a was prepared by the reduction of a ketone 3 derived from 1.
� 2005 Elsevier Ltd. All rights reserved.
Muricatacin was isolated several years ago by
McLaughlin and co-workers from the seeds of Annona
muricata and was found to display cytotoxic activity
against certain tumor cell lines.1 The levorotatory natu-
ral material was shown to be a mixture of (4R,5R)-10
and its enantiomer, with a slight predominance of the
former. Muricatacin is a member of the hydroxy-lactone
class of compounds that are notable for their biological
activity and can be used as building blocks in the synthe-
sis of complex bioactive natural products.2 Further-
more, 10 is a good target to demonstrate the
applicability of a synthetic methodology for the con-
struction of functionalized c-lactones. Several syntheses
of either enantiomer of this chiral lactone 10 have been
reported employing various strategies, viz the exploit-
ation of chirons,3 application of kinetic resolution,4

stereo differentiating reactions,5 etc. We present herein
the preparation of 10 by a simple and efficient route
starting from DD-mannitol, which could also be applied
for stereodivergent syntheses of various other function-
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alized c-lactones.6 Incidentally, reports are available
on the use of DD-mannitol for the synthesis of (�)-muri-
catacin.3g,5e However, as is evident from the following
discussion our strategy is shorter, more straightforward
and amenable to achieve greater stereochemical flexi-
bility regarding the preparation of functionalized
c-lactones.

Retrosynthetic analysis of 10 (Scheme 1) suggested that
an essential prerequisite was the generation of a func-
tionalized (R,R)-1,2-diol. Earlier, we demonstrated that
the (R,R)-1,2-diol moiety can be obtained from easily
accessible (R)-2,3-cyclohexylideneglyceraldehyde 17a

(Scheme 1) via oxidation of its alkylated products and
syn-selective reduction of the resulting ketones with K-
Selectride.8 Compound 2a was previously prepared from
ketone 3 in high yield and with absolute stereoselectiv-
ity.8b For the present endeavor, reduction of 3 was
carried out with LiAlH4 and NaBH4,

9 both of which
afforded the desired products in good yields. From a
uction; Functionalized c-lactones; Stereodivergent; (�)-Muricatacin.
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stereochemical viewpoint, while NaBH4 reduction took
place with poor selectivity (2a:2b, 55:45, overall
yield 89%), reduction with LiAlH4 resulted in good
syn-selectivity (2a:2b, 85:15, overall yield 94%). High
syn-selectivity has also been observed in the reduction
of an a,b-unsaturated ketone obtained from 1, with
several hydrides.10 The good syn-selectivity in the
LiAlH4 reduction of ketone 3 suggests that hydride
addition takes place via a Felkin–Anh model11 as in
the case of K-Selectride reduction.8 The somewhat lower
syn-selectivity in this case suggests that there is a possi-
bility of an a-chelation controlled reduction12 in the
presence of LiAlH4. However, due to the presence of
the bulky cyclohexylidene moiety in 3, hydride attack
takes place predominantly via the thermodynamically
favorable conformation OC1 of the Felkin–Anh model
rather than theOC2 or a-chelate model in order to avoid
steric interactions (Scheme 2). However, the very poor
selectivity during NaBH4 reduction of 3 suggests an
appreciable degree of a-chelate attack by the reagent.

Silylation of 2a and deketalization of the resulting silyl
ether 4 afforded diol 5 in high yield, which was con-
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Scheme 3. Reagents and conditions: (i) RMgBr, 0 �C–rt, 76%; (ii) PCC, rt,

(v) column chromatography; (vi) TBDPSCl, Im, rt; (vii) CF3CO2H, H2O, 0

85% (two steps); (x) allylMgBr, CuBr, �40 �C to rt, 78%; (xi) O3, MeOH, N
verted to epoxide 713 in two standard steps. Regioselec-
tive ring-opening of the epoxide 7 with allylmagnesium
bromide produced 8.14 Following a known procedure15

compound 8 was subjected to ozonolysis under basic
conditions to afford the c-lactone 9 directly, in good
yield. This was then desilylated to produce the title com-
pound 10 (Scheme 3) in 72% yield whose spectral and
optical data were in conformity with those reported.3a

Thus a simple and efficient synthesis of 10, a represent-
ative chiral hydroxy c-lactone, has been developed
starting from easily accessible 1, itself derived from
DD-mannitol.7a The potential of LiAlH4 and NaBH4 for
syn-selective reduction of ketone 3 was explored with
LiAlH4 proving to be better. Compared to the corre-
sponding isopropylidene derivative,16 the use of 1 is
advantageous due to (i) the better stability of the cyclo-
hexylidene ketal functionality and (ii) easy column chro-
matographic separation of the carbinol epimers 2a and
2b. Furthermore, the easy availability of various anti-al-
kane-1,2,3-triols7 as the major products obtained from 1
and also of (S)-117 would extend the scope of the present
protocol for the synthesis of different stereoisomers of
the hydroxy c-lactones with varied functional features.
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