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Abstract—We describe an efficient new approach for the enantioselective synthesis of (+)-(2R,3S,6R)-decarestrictine L from com-
mercially available starting material using our newly developed methodology based on the oxidation of a furan ring with singlet
oxygen followed by an intramolecular hetero Michael addition.
� 2005 Elsevier Ltd. All rights reserved.
Decarestrictine L is a minor component of the decare-
strictine family and was first isolated in 19921 from a
culture of Penicillium simplicissimus. While the major
components of the decarestrictine family show a 10-
membered lactone ring system, decarestrictine L is
unique in possessing a tetrahydropyranyl nucleus (Fig. 1).

Decarestrictine L has been shown to inhibit HMG-CoA
reductase, involved in the first step of the biosynthesis of
cholesterol.2 The interesting biological property of this
molecule, coupled with the extreme scarcity of the natu-
ral material make it an appealing synthetic target. Some
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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Figure 1.
good total syntheses of decarestrictine L can be found in
the literature.3 We recently described a new method-
ology for the synthesis of oxacyclic compounds using
either methoxyallene4a,e or furan4b,d as a starting mate-
rial. The scope and limitations of this very powerful
methodology are being determined and its application
to the synthesis of cyclic as well as polycyclic natural
products is currently under way in our laboratories.
We report herein a synthesis of (+)-decarestrictine L
using the furan approach.4b,d Furan 1 was chosen as a
chiral starting material and was synthesized according
to Scheme 1.

Commercially available chiral hydroxyester 3 reacted
with TBDPSCl to give 45 in 99% yield. Hydrolysis of
ester 4 with Dibal afforded 99% yield of alcohol 55 which
was easily converted into iodide 6.5,6 Lithiation of furan
7 and reaction with 6 afforded the targeted alkylated
furan 1.7a It was anticipated that oxidation of furan 1
with singlet oxygen followed by treatment with acetic
anhydride in pyridine, would lead to butenolide 8,
direct precursor of decarestrictine L (Scheme 2).

Indeed oxidation of 1 with singlet oxygen followed by
treatment with acetic anhydride in pyridine, afforded
butenolide 85 in excellent yield (99%). Removal of the
TBDPS group of 8 with TBAF gave the bicyclic lactone
95 through an intramolecular Michael addition (72%
yield, mixture of two diastereoisomeric compounds).
Lactone 9 was opened using LiAlH4 in the presence of
BF3ÆOEt2 to afford a 95% yield of 105 as a mixture of
diastereoisomeric diols.5,4c,d Selective protection of the
primary alcohol of 10 followed by oxidation with
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Scheme 1. Reagents and conditions: (i) TBDPSCl, Imid, DMF (99%); (ii) Dibal, CH2Cl2, �78 �C (99%); (iii) PPh3, I2, Imid, THF, 0 �C (93%); (iv) 7,
bipy, nBuLi, THF, 0 �C to rt (99%).
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Scheme 2. Reagents and conditions: (i) (a) 1O2, MeOH, rose bengal, hm; (b) Ac2O, py, DMAP (96%, two steps); (ii) TBAF, THF, rt (72%); (iii) LAH,
BF3ÆOEt2 (95%); (iv) (a) TBSCl, Imid, THF (91%); (b) TPAP, NMO, CH2Cl2 (83%); (v) NaBH4, MeOH–CH2Cl2, �78 �C (97% 12/13: 4.5/5.5); (vi)
(a) TBDPSCl, Imid, DMF (80%); (b) CSA, CH2Cl2/MeOH (1:1), 0 �C (90%); (vii) (a) TPAP, NMO, CH2Cl2 (90%); (b) MeLi, Et2O, �78 �C (99%);
(c) TPAP, NMO, CH2Cl2 (91%); (viii) TBAF, THF, rt (82%).
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tetrapropylammonium perruthenate (TPAP) afforded a
mixture of two diastereoisomeric ketones 11,5 which
on reaction with sodium borohydride in MeOH–CH2Cl2
at �78 �C gave a mixture of two diastereoisomeric alco-
hols 127b [Rf: 0.49 (50% EtOAc/hexane)] and 13.7c

[Rf: 0.59 (50% EtOAc/hexane), total yield 97%,
12/13 = 4.5/5.5] easily separable by column chromato-
graphy using 10% EtOAc/hexane as eluent. The relative
stereochemistry of 13 was established by NOE experi-
ments (Fig. 2).

Protection of the secondary alcohol of 13 and selective
removal of the TBS group afforded alcohol 14. TPAP
oxidation of alcohol 14 followed by reaction of the
resulting aldehyde with MeLi afforded a secondary alco-
hol which was oxidized to ketone 15.7d The stage was set
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Figure 2. NOE correlations for 13.
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for the final TBAF deprotection step which afforded
(+)-decarestrictine L (2) which was spectroscopically
identical to the natural product.1,3f

In conclusion, a new and efficient method for the enan-
tioselective synthesis of (+)-decarestrictine L (2) from
commercially available chiral hydroxyester 3 is
described. This synthesis enlarges the scope of our newly
developed methodology for the synthesis of oxacyclic
systems. The use of this methodology for the synthesis
of various natural products is now under way in our
laboratories.
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