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ABSTRACT

A novel synthetic path to sequosempervirin A was established by employing a samarium diiodide promoted intramolecular Barbier-type reaction
of the lactonic iodide, in which the key structural feature, a spiro[4.5]decane ring system, could be constructed by controlling the stereochemistry
of the hydroxyl group at the 8-position. The absolute configuration of natural sequosempervirin A was revised to be 4S based on this synthesis.

Sequosempervirin A 1 was isolated from dried and
powdered branches and leaves of Sequoia sempervirens
(Taxodiaceae) as the first naturally occurring norlignan
compound.

The structure of sequosemperivirin A, including its
absolute configuration, was determined to be (4R)-4-(4-
hydroxybenzyl)spiro[4.5]dec-1-en-8-ol on the basis of re-
sults obtained by using spectroscopic methods and results
of its X-ray crystallographic analysis (Figure 1).1 Acetone
extracts of S. sempervirens exhibited antifungal activities
toward Candida glabrata (IC50= 15.98 μg/mL), and both
the acetone and MeOH extracts were found to inhibit the
proteolytic activity of cathepsin B (IC50 = 4.58 and 5.49
μg/mL, respectively).2

Synthesis of sequosempervirin A has been reported by
Maity and Ghosh in 2007,3 in which an orthoester Claisen
rearrangement and a ring-closing metathesis were exploited
as the key reactions to construct the basic carbon frame-
work. In their synthesis, however, deoxygenation at the
3-position (sequosempervirin A numbering) and also reduc-
tion of the ketone at the 8-position resulted in themixture of
regio- and stereoisomeric compounds, respectively, provid-
ing the target compound in 2% overall yield in 13 steps.
The crucial step for synthesis of sequosempervirin A

obviously lies in the facile constructionof a spiro[4.5]dec-1-
ene systemby controlling the stereochemistry of the hydro-
xyl group at the 8-position, since this stereogenic center
was located far from any functional groups in the target
compound.
Our own interest in construction of this unique structur-

al feature grew out of a desire to develop an entirely new
route for the total synthesis of sequosempervirin A with
integrated stereocontrol of all of the stereogenic centers.
The retrosynthetic route to sequosempervirin A is illu-

strated in Scheme 1.
Approaching the synthesis from a retrosynthetic per-

spective, we envisioned the following scheme: the target

Figure 1. Originally proposed structure for the natual sequo-
sempervirin A 1.
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compound 1 would be derived from an alcohol A by
employing a hydroxyl group-directed hydrogenation to
control the stereochemistry at the 4-position, followed by
dehydration. A benzylidene derivative A would be ob-
tained from a cyclopentanone derivative B by installation
of a benzylmoiety. CompoundBwould be accessible from
a bicyclo-compoundC via a samarium diiodide promoted
Barbier-type reaction. A bicyclic halide C would be pre-
pared from a 4-oxocyclohexane-1,1-dicarboxylate E, via a
bicylic lactoneD, by several steps involving reduction of a
ketone, lactonization, two-carbon elongation, and so on.
A principal advantage offered by Scheme 1 is the ready

construction of the key spiro[4.5]decane ring system by
controlling the stereochemistry of the hydroxyl group at
the 8-position via a samarium diiodide promoted Barbier-
type reaction of a bicyclic compound C in one step.
Our synthesis commencedwith the synthesis of a bicyclic

lactone, which was easily accessible from 4-oxocyclohex-
anone-1,1-dicarboxylate, as follows (Scheme 2).
Reduction of 24 with NaBH4, followed by lactonization

of the resulting alcohol 3 with p-TsOH in refluxing ben-
zene, afforded the bicyclic acid 4. Treatment of 4 with
oxalyl chloride gave the acid chloride, which was then
coupled with (tributylvinyl)stannane in the presence of
tetrakis(triphenylphosphine)palladium in THF5 to pro-
vide acrylate derivative 5. After addition of hydrogen
chloride to 5, the resulting keto-chloride was reduced with
NaBH4 to give secondary alcohol 6 in 97% yield from 5.
Chloride 6 was further converted to the corresponding
iodide 7 with NaI in acetone.

First, we attempted a samarium diiodide promoted
Barbier-type reaction6,7of 7 in THF in the presence or
absence of an additive under various reaction conditions;
however, formation of a reductive dehalogenation com-
pound was observed as the major isolable product in these
reaction conditions, probably due to the presence of the

Scheme 1. Retrosynthetic Route to Sequosempervilin A Scheme 2. Preparation of Bicyclic Iodo-lactone 7
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secondary hydroxyl group which might act as a proton
donor. Therefore, triethylsilyl derivative 8 was employed
to find the best conditions for a samarium diiodide pro-
moted Barbier-type reaction, and we found that nickel(II)
iodide was the best additive8 for this conversion to furnish
the desired product 9 in high yield (Scheme 3).

It is noteworthy that the samarium diiodide promoted
Barbier-type reaction of 8 led to the construction of a spiro-
[4.5]decane ring system, in which the hydroxyl group at the
8-position was fixed as only one diastereoisomeric form.
To synthesize the target compound, a stereoselective in-

stallation of a benzyl moiety at the carbonyl carbon of 10,
derived from 9 by methoxymethylation, would be required.
The attempted preparation of a benzylidene-type deri-

vative (A in Scheme 1) by Wittig reaction of 10 with p-
methoxybenzyltriphenylphosphonium bromide in the
presence of a base gave none of the desired product,
unfortunately. Treatment of 10 with p-methoxybenzyl-
magnesium bromide provided a small amount of an
addition product. A samarium diiodide promoted Barb-
ier-type reaction of 10with p-methoxybenzyl bromide also
unfortunately gave the addition product in low yield.
To our delight, a coupling reaction of triflate 11 derived

from 10 with p-methoxybenzylmagnesium chloride in the
presence of a palladium catalyst9 afforded cyclopentene
derivative 12, in goodyield,whichwas further transformed
to alcohol 13 upon treatment with TBAF (Scheme 4).

The stereochemistry at the 4-position was successfully
controlled byahydroxyl groupdirectedhydrogenationwith
Crabtree’s catalyst10 to give 14 as a single stereoisomer.

The stereochemistry of 14 was determined by NOE
experiments by comparison with its diastereoisomeric
derivative 15 obtained from 14 and 4-nitrobenzoic acid
by a Mitsunobu reaction,11 as depicted in Scheme 5.
By establishing a synthetic route to the basic skeleton of

the natural product with the desired stereochemistries, we
completed the synthesis of racemic sequosempervirin A as
follows.

Dehydration of the secondary hydroxyl group was
achieved in two steps involving mesylation of 14, followed
by elimination of the mesylate to provide cyclopentene
derivative 16 in 84% yield from 14 (Scheme 6). Finally,
sequential removal of the protecting groups of 16 upon
treatment with conc. hydrochloric acid and potassium
1-dodecanethiolate12with the resulting alcohol 17afforded
racemic sequosempervirin A, mp 141�144 �C [lit.,1 172�
174 �C (optically active); lit.,3 169�170 �C (racemic)] in 18
steps in 28.9% overall yield. The spectroscopic data of the

Scheme 3. SmI2-Promoted Barbier-Type Reaction of 8

Scheme 4. Preparation of Homoallyl Alcohol 13

Scheme 5. Stereochemical Determination of 14

Scheme 6. Synthesis of Sequosempervirin A 1
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synthesized compound were comparable with those re-
ported in the literatures.1,2

To accomplish the total synthesis of natural sequosem-
pervirin A, the requisite chirality was constructed by an
asymmetric reduction of the prochiral ketone 18, derived
from alcohol 13 by Dess�Martin periodinane oxidation.
Treatment of 18 with (R)-Me-CBS and a BH3�THF
complex13 in THF at �20 �C afforded chiral 13 with
91% ee14 (Scheme 7).
Although the absolute configuration of the newly gen-

erated chiral center could not be determined, it was
assumed to be (R) on the basis of the previous systematic
work.13 Conversion of chiral 13 to the natural 1 was
achieved by adopting the same procedures as those de-
scribed for the synthesis of racemic 1. The spectroscopic
data of the chiral compound 1, mp 180�181 �C [lit.,1

172�174 �C], were similar to those of the natural 1;
however, the sign of the optical rotation, [R]D �39.4
(c 0.6, MeOH), was opposite to the reported value for
the natural product {lit.,1 [R]D þ24.7 (c 0.6, MeOH)}.
To solve this confusion stemming from the different

optical rotation values, we decided to determine the abso-
lute configuration of our synthesized compound by X-ray
crystallographic analysis, and the results of X-ray analysis
clearly showed that the synthesized compound has an (R)-
configuration at the 4-position.15 The ORTEP drawing of

the synthesized compoundwas depicted in Figure 2. These
results clearly indicated that the original assignment1 for
the absolute configuration of the natural product was not
correct, and it should be revised to (4S)-4-(4-hydro-
xybenzyl)spiro[4.5]dec-1-en-8-ol, an enantiomer of 1.16

In summary, we were able to establish an entirely new
and stereocontrolled route for construction of a spiro-
[4.5]decane ring skeleton with a reasonably high yield, in
which a samarium diiodide promoted intramolecular
Barbier-type reaction was involved as the key step. By
exploiting this strategy, we succeeded in a concise stereo-
controlled synthesis of a norlignan, (�)-sequosempervirin
A, starting from the known cyclohexanone derivative 2 in
20 steps in 26.6% overall yield. This synthesis also proved
that the natural compound is an enantiomer of the origin-
ally proposed structure 1 and should be revised to (4S)-
4-(4-hydroxybenzyl)spiro[4.5]-dec-1-en-8-ol.
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Scheme 7. Preparation and Asymmetric Reduction of
Homoallyl Alcohol 18

Figure 2. ORTEP drawing of (�)-1.
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