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Kôichi Ohkubo, † Takeyuki Suzuki, † and Tadashi Katoh* ,†

Tohoku Pharmaceutical UniVersity, 4-4-1 Komatsushima,
Aoba-ku, Sendai 981-8558, Japan, Department of Electronic Chemistry, Tokyo Institute
of Technology, Nagatsuta, Yokohama 226-8502, Japan, and Sagami Chemical
Research Center, 2743-1 Hayakawa, Ayase, Kanagawa 252-1193, Japan

katoh@tohoku-pharm.ac.jp

Received June 16, 2005

ABSTRACT

A convergent route to ( −)-candelalide A involved the union of a trans -decalin portion (AB ring) and a γ-pyrone moiety through the C16 −C3′
bond to assemble the whole carbon framework and subsequent formation of the dihydropyran ring (C ring) as the crucial steps. A strategic
[2,3]-Wittig rearrangement was employed for establishing the stereogenic center at C9 and an exo-methylene function at C8 present in the
decalin portion.

Candelalide A (1, Scheme 1), isolated from the culture broth
of Sesquicillium candelabrumby the Merck research group
in 2001,1 has been shown to be a novel blocker of voltage-
gated potassium channel Kv1.3. This channel plays pivotal
roles in the control of membrane potential in human T cells
where it sets the resting potential.2 Blockade of Kv1.3 causes
membrane depolarization of human T cells, and this prevents
the Ca2+ entry required for T cell activation.2 These processes
lead to diminution of lymphokine release and synthesis from
the calcium-dependent pathway, thus suppressing activation
and proliferation of human T cells.2 Consequently,1 is

expected to be a promising new agent for the treatment of T
cell-mediated autoimmune diseases such as multiple scle-
rosis, rheumatoid arthritis, and insulin-dependent diabetes.2

The gross structure of1 was determined by extensive
spectroscopic studies. It consists of a novel tricyclic decahy-
dro-1H-benzo[f]chromene skeleton (ABC ring system) ap-
pended to a fully substitutedγ-pyrone ring via a methylene
linkage, in which five contiguous asymmetric carbons are
involved.1 The attractive biological properties and unique
structural features prompted us to undertake a project directed
toward the total synthesis of candelalide A (1) in an
enantiomerically pure form. The elegant total synthesis of
(()-sesquicillin, a structurally related diterpenoidR-pyrone
isolated fromAcremoniumsp., was recently achieved by
Danishefsky and Zhang;3 however, no total synthesis of
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candelalide A (1) has been reported so far. In this com-
munication, we describe the first total synthesis of naturally
occurring (-)-candelalide A (1) using a convergent approach.

The retrosynthetic plan for candelalide A (1) is outlined
in Scheme 1. We envisioned that the target molecule1 would
be available through a coupling of the highly and ap-
propriately functionalizedtrans-decalin aldehyde3 (acces-
sible from the intermediate4) with the fully substituted
3-lithio-γ-pyrone 2, if followed by construction of the
characteristic dihydropyran ring (C ring). This coupling
reaction is synthetically challenging at the synthetic chemistry
level because the C9 formyl group in the decalin3 lies in a
sterically congested axial orientation. The advanced key
intermediate4, possessing both a hydroxymethyl group at
C9 and anexo-methylene moiety at C8, would be delivered
through the [2,3]-Wittig rearrangement of stannylmethyl
ether 5, which we expected to establish the requisite
asymmetric carbon center C9. The key intermediate5 would
be derived from the knowntrans-decalone6,4 which is

readily prepared from the enantiomerically pure (+)-5-
methyl-Wieland-Miescher ketone (7) (>99% ee),5 by
sequential functional group manipulation and deprotection,
or vice versa.

The synthesis began with the preparation of intermediate
5, the substrate for the key [2,3]-Wittig rearrangement,
starting from the known enantiomerically puretrans-decalone
65 (Scheme 2). Our route to the allyl alcohol17 was based
on Danishefsky’s synthesis of (()-sesquicillin.3 Stereose-
lective reduction of the C3 carbonyl group in6 by the use
of L-Selectride provided the desired alcohol8 in 91% yield
as the sole isolable product. Due to its instability, compound
8 was immediately subjected to hydroboration followed by
hydrogen peroxide oxidation to give the requisite diol9 in
69% yield. After deprotection of the ethylene acetal moiety
in 9 by acid hydrolysis (91%), the two hydroxy groups in
the resulting ketone10 were differentially protected as the
tert-butyldimethylsilyl (TBS) and triethylsilyl (TES) ethers,
which provided the corresponding disilyl ether12 in 76%
yield for the two steps. For the introduction of a formyl group
to the C8 position, compound12 was treated with ethyl
formate in the presence of potassium hydride to afford the
enol13 (97%), whose hydroxy group was then protected as
its ethoxyethyl (EE) ether to produce the enol ether14 in
96% yield. Subsequent sodium borohydride reduction of14
furnished the alcohol15 in 98% yield as a single stereoisomer
with respect to C9. Simultaneous dehydration of the C9
hydroxy function and deprotection of the EE group within
15was effected by treatment with methanesulfonyl chloride
in the presence of triethylamine at 0°C for 30 min, which
led to formation of the desiredR,â-unsaturated aldehyde16
in 88% yield. Finally, compound16 was converted to the
requisite stannylmethyl ether5 in 85% overall yield through
a two-step sequence involving sodium borohydride reduction
of the formyl group in16 followed by stannylmethylation6

of the resulting alcohol17 with iodomethyltributyltin in the
presence of potassium hydride and 18-crown-6.

With the key intermediate5 in hand, the stage was set for
the critical stereocontrolled [2,3]-Wittig rearrangement7,8 of
5 to construct the requisite decalin system4 possessing both
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Scheme 1. Retrosynthetic Plan for Candelalide A (1)
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a hydroxymethyl group at C9 with the correct stereochem-
istry and anexo-methylene moiety at C8 (Scheme 3). After
screening several reaction conditions, we were very pleased
to find that the designed [2,3]-Wittig rearrangement of5
proceeded smoothly and cleanly by treatment withn-
butyllithium in hexane9 at -40f0 °C for 16 h, leading to
the desired4 (78%) with a small amount of its C9 epimer
(not depicted) (9%) and the hydroxy compound17 (cf.
Scheme 2) (3%); these products were readily separated by

column chromatography on silica gel. The configuration of
the newly formed C9 stereocenter in4 was confirmed by
NOESY experiments in the 500 MHz1H NMR spectrum.10

The stereochemical outcome observed for this [2,3]-Wittig
rearrangement can be rationalized by considering that the
attack of the carbanion, generated in situ by tin/lithium
exchange of the stannane5, on the C9 olefinic carbon occurs
preferentially from the less hinderedR-face of the molecule
under the influence of theâ-oriented axial methyl group at
the decalin junction, leading to4 as the major product. To(9) In this reaction, the use of hexane as the solvent was crucial. When

THF or Et2O was used instead of hexane, the yields of the desired
rearrangement product4 were reduced to∼30%. Detailed results and
discussion will be reported in a full account.

(10) See Supporting Information for NOESY experiments of the [2,3]-
Wittig rearrangement product4 and its C-9 epimer.

Scheme 2. Synthesis of the Key Intermediate5a Scheme 3. Synthesis of Candelalide A (1)a
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continue the synthesis, the rearrangement product4 was then
subjected to Dess-Martin oxidation to afford the desired
decalin aldehyde3 in 98% yield.

The challenging coupling reaction of3 with the 3-lithio-
γ-pyrone2 was successfully achieved by an initial bromine/
lithium exchange on 3-bromo-2-methoxy-5,6-dimethyl-4H-
pyran-4-one11 and subsequent reaction with3 at-78f -30
°C for 2 h. The desired coupling product1812 was obtained
as a single diastereomer in 95% yield. It is noteworthy that
the regiochemical integrity of the sensitiveexo-methylene
moiety was maintained during the coupling reaction. Re-
moval of the sterically hindered hydroxy group in18 was
carried out smoothly by applying the Barton-McCombie
procedure13 with some improvements of the reaction condi-
tions. Thus, treatment of a mixture of18and carbon disulfide
with sodium bis(trimethylsilyl)amide [NaN(SiMe3)2] at -78
°C, followed by addition of iodomethane at the same
temperature, afforded the corresponding methyl xanthate19
in 93% yield, which was further treated with tri-n-butyltin
hydride and 2,2′-azobis(isobutyronitrile) (AIBN) in refluxing
toluene to furnish the desired deoxygenated product20 in
77% yield.

Having successfully obtained the advanced key intermedi-
ate 20 possessing the whole carbon framework with the
requisite substituents and asymmetric carbons, we next
investigated the final route that led to completion of the
projected synthesis; the sequence involved the crucial
construction of the characteristic dihydropyran ring (C ring).
Toward this end, selective deprotection of the TBS group in
20 through exposure to aqueous acetic acid in THF and
Dess-Martin oxidation of the resulting alcohol21provided
the corresponding aldehyde22 in 81% yield for the two steps.
Subsequent deprotection of the TES group in22 with

tetrabutylammonium fluoride resulted in the production of
the expected cyclized hemiacetal23 in 99% yield. Finally,
the dehydration of23 was efficiently achieved by treatment
with methanesulfonyl chloride (MsCl) in THF containing
triethylamine at 0°C f room temperature for 1 h, leading
to the formation of the target (-)-candelalide A (1) in 87%
yield. The spectroscopic properties (IR,1H and 13C NMR,
HRMS) of the synthetic sample1 were fully identical with
those of the natural product1. The optical rotation of the
synthetic1 ([R] 22

D -25.1° (c 0.35, CH3OH)) showed good
accordance with that of natural1 (lit.1 [R]22

D -23.1° (c 0.26,
CH3OH)).

In conclusion, we have accomplished the first total
synthesis of (-)-candelalide A (1) starting from the known
trans-decalone6 in a convergent fashion. The key steps of
the synthesis were (i) the stereocontrolled [2,3]-Wittig
rearrangement of the stannylmethyl ether5 (5 f 4), (ii) the
coupling reaction of thetrans-decalin aldehyde3 with the
3-lithio-γ-pyrone 2 (3 + 2 f 18), and (iii) the efficient
construction of the dihydropyran ring (C ring) (22 f 23 f
1). The explored synthetic route should hold promise for
preparing various candelalide A analogues in enantiomeri-
cally pure forms due to its generality and flexibility.
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two-step sequence of reactions [(a)N-bromosuccinimide, Et3N, THF, 0°C;
(b) CH2N2, MeOH, 0 °C, 43% (two steps)] (see Supporting Information
for experimental details).

(12) Stereochemistry at C16 (candelalide A numbering) in the coupling
product18 was tentatively assigned on the basis of the usual Felkin-Anh
model.
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