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ABSTRACT

We have accomplished the total synthesis of (±)-culmorin from the readily available ketone (11 steps, 46% overall yield). The tricyclo[6.3.0.03,9]-
undecan-10-one skeleton, the culmorin framework, was constructed via the intramolecular double Michael addition of the cyclopentenone
having an r,â-unsaturated ester moiety by using LHMDS. The stereochemistry of newly generated four stereogenic centers was perfectly
controlled by the reaction.

(-)-Culmorin (1, Chart 1) is a sesquiterpene isolated from
Fusarium culmorumas a mold metabolite by Ashley et al.
in 19371 and its structure was determined by Barton and co-
workers in 1968.2 Culmorin has antifungal activity against
a variety of fungi, especially ones in wheat and corn.3 The
total synthesis of culmorin was reported by Roberts’ group
in 1969.4 They utilized the Dieckman condensation twice to
form a tricyclo[6.3.0.03,9]undecane framework, and therefore,
the chemical yield and the stereoselectivity were quite low.
Additionally, Nayak et al. reported the partial synthesis of
(+)-culmorin from naturally occurring (+)-longifolene (2),5

which has the same ring system as culmorin, in 10 steps
with low yield.6 Recently, we have reported highly stereo-

selective constructions of the tricyclo[5.3.0.03,8]decane and
tricyclo[6.3.0.03,9]undecane frameworks7 utilizing the in-
tramolecular double Michael addition8,9 under several condi-
tions. This strategy has advantages on the basis of the
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following reasons. First, the tricyclo system could be built
in a single operation. Second, several protective and depro-
tective processes could be omitted. Finally, the stereo- and
regioselectivities could be highly controlled. Herein, we
report an efficient synthesis of (()-culmorin by the applica-
tion of this methodology.

The retrosynthetic analysis for (()-1 using the intramo-
lecular double Michael addition as the key step is shown in
Scheme 1.1 would be derived through stereoselective

reduction of the ketone and oxidative decarboxylation from
the tricyclo[6.3.0.03,9]undecan-10-one derivativeA. A could
be obtained by the intramolecular double Michael addition
of the R,â-unsaturated esterB, which can be transformed
from the cyclopentenoneC. R-Alkylation of the known
ketone3 with the iodide4, which corresponds to the side
chain moiety, would affordC.

The construction of the tricyclo[6.3.0.03,9]undecan-10-one
derivative10, which has the culmorin framework, is depicted

in Scheme 2. Thus,5 was obtained byR-alkylation of 310

using the iodide411 and then transformed into6 by pyrolysis.
After 1,2-addition of MeLi to the enone6, the corresponding
allyl alcohol was oxidized by PCC in the presence of 4 Å
molecular sieves to give the O-migrated enone7. After its
deprotection, oxidation of8 with PCC in the presence of 4
Å molecular sieves, followed by the Horner-Wadsworth-
Emmons olefination, afforded the (E)-R,â-unsaturated ester
9 as the key substrate.

The intramolecular double Michael addition of9 was
examined under four representative methods A-D: (A)
LHMDS,8b (B) TMSI-HMDS,7,12,13(C) Bu2BOTf-HMDS,7,14

and (D) TMSCl-NEt3-ZnX2.7,15Method A, carried out with
LHMDS at -78 to 0 °C, gave the expected compound10
as the sole stereoisomer in a very high yield (94% yield).16

The same product10 was obtained in 39% yield by the
treatment of9 with TMSCl-NEt3-ZnBr2 at a refluxing
temperature (method D). The stereochemistry of10 was
confirmed on the basis of the long-range coupling (J ) 1.8
Hz) between the C(2) and C(11) equatorial hydrogens derived
from the W-shaped configuration in the1H NMR spectrum.
On the other hand, neither method B nor C gave the desired
compound10 (only produced complicated adducts as in-

(8) (a) Review: Ihara, M.; Fukumoto, K.Angew. Chem., Int. Ed. Engl.
1993,32, 1010-1022. (b) Ihara, M.; Makita, K.; Tokunaga, Y. Fukumoto,
K. J. Org. Chem.1994,59, 6008-6013 and reference therein.

(9) Recent efforts of intermolecular version: (a) Nagaoka, H.; Shibuya,
K.; Kobayashi, K.; Miura, I.; Muramatsu, M.; Yamada, Y.Tetrahedron
Lett.1993, 34, 4039-4042. (b) Maiti, S.; Bhaduri, S.; Achari, B.; Banerjee,
A. K.; Nayak, N. P.; Mukherjee, A. K.Tetrahedron Lett.1996,37, 8061-
8062. (c) Hagiwara, H.; Yamada, Y.; Sakai, H.; Suzuki, T.; Ando, M.
Tetrahedron1998,54, 10999-11010.

(10) Takano, S.; Moriya, M.; Ogasawara, K. J. Org. Chem.1991,56,
5982-5984.

(11) The side chain moiety4 was synthesized, as follows, from the readily
available alcohol20 in four steps.

(12) Miller, R. D.; McKean, D. R.Synthesis1979, 730-732.
(13) (a) Ihara, M.; Taniguchi, T.; Makita, K.; Takano, M.; Ohnishi, M.;

Taniguchi, N.; Fukumoto, K.; Kabuto, C.J. Am. Chem. Soc.1993,115,
8107-8115. (b) Ihara, M.; Taniguchi, T.; Tokunaga, Y.; Fukumoto, K.J.
Org. Chem.1994,59, 8092-8100.

(14) Ihara, M.; Taniguchi, T.; Yamada, M.; Tokunaga, Y.; Fukumoto,
K. Tetrahedron Lett.1995,34, 8071-8074.

(15) (a) Ihara, M.; Makita, K.; Takasu, K.J. Org. Chem.1999,64, 1259-
1264. (b) Snowden, R. L.;Tetrahedron Lett.1981, 22, 97-100; (c)
Tetrahedron1986,42, 3277-3290.

Scheme 1. Retrosynthetic Analysis of (()-Clumorin (1)
Scheme 2. Construction of the Culmorin Skeleton
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separable mixtures). The complete stereoselectivity under
these conditions can be explained by a chelated transition
state. The chelation among one oxygen of the ester group,
another oxygen of the enolate derived from the enone, and
the countercation should fix the conformation of the transition
state.

The total synthesis of culmorin was accomplished as
follows (Scheme 3). Hydrolysis of10 quantitatively gave

11. Conversion of the carboxylic group into the hydroxyl
function at the C(2) position of11was performed by Barton’s
oxidative decarboxylation method. A typical Barton proce-
dure17 utilizing 2-mercaptopyridineN-oxide gave the desired
alcohol12 in 48% yield as the sole stereoisomer. Recently,
Garner and co-workers reported an improved Barton’s

method employingS-(1-oxido-2-pyridinyl) 1,1,3,3-tetra-
methylthiouronium hexafluorophosphate (HOTT,14).18 We
applied this method to the oxidative decarboxylation of11
under an O2 current. When the reaction was carried out in
THF-benzene, the desired alcohol12and the regioisomeric
alcohols136 were obtained in 38 and 10% yields, respec-
tively. However, when 1,4-dioxane was employed as the
solvent, the yield of12 increased to 82% yield and13 was
provided in 8% yield.19 The stereochemistry of12 was
characterized by1H NMR, which also exhibited long-range
coupling (J) 1.6 Hz) between the hydrogens at C(2) and
C(11). The generation of byproduct13 could be explained
by the [1,5]-hydrogen shift (C(6) to C(2)) of the radical
intermediate, followed by reaction with an O2 molecule.

Barton and co-workers have briefly mentioned the reduc-
tion of 12 to 1 with Na andi-PrOH; however, its yield was
quite low (ca.14% yield) and the stereoselectivity at the C(10)
position was not described.2b We achieved an improvement
in this transformation. Thus, Birch reduction at low temper-
ature quantitatively gave only the desired stereoisomer1.
Spectral data of the synthetic compound1 were very
consistent with those reported.2

In conclusion, the application of the intramolecular double
Michael addition of cyclopentenones having anR,â-unsatu-
rated ester moiety permits the rapid assembly of the tricyclo-
[6.3.0.03,9]undecan-10-one system with complete stereo-
selectivity. We have thus achieved the total synthesis of (()-
culmorin from the known ketone3 (11 steps, 46% overall
yield!).
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Scheme 3. Total Synthesis of (()-Culmorin (1)
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