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ABSTRACT

A 13-step synthesis of ( +)-cyanthiwigin-AC (2) from ( +)-Hajos −Parrish ketone derivative 8b and dimesylate 9c employing deconjugative spiro-
bis-alkylation strategy is described.

In 1992,1 Green and co-workers isolated four novel diter-
penes containing a 5,6,7-tricarbocyclic skeleton1 (cyanthi-
wigins A-D) from the marine spongeEpipolasis reiswigi.
A decade later, Peng and co-workers isolated2a several
cyanthiwigins from the Jamaican spongeMyrmekioderma
styx. Since their first isolation, cyanthiwigins showed a
diverse range of biological activities2 ranging from cytotox-
icity to inhibition of Mycobacterium tuberculosisand nerve-
growth factor stimulation. Recently, Peng et al. have isolated
the completely novel diterpene, cyanthiwigin AC (2), along
with cyanthiwigin AD from the deep-reef collection of the
Jamaican spongeM. styx.2b Minute quantities of material
hampered further biological screening of these natural
products. Cyanthiwigin AC (2) is a member of a unique class
of natural products containing a [6,6]-spiro skeleton. It is
believed to be biogenetically derived from cyanthiwigin U
(3). Despite their biological properties there has been little
synthetic effort on these terpenes.3a Cyanthiwigin AC is a

synthetically complex molecule consisting of five stereogenic
centers, of which four are contiguous. In this array are two
quaternary carbons including a spiro ring fusion. Herein, we
report the first total synthesis of (+)-cyanthiwigin AC (2)
and the second reported synthesis of a cyanthiwigin.

Retrosynthetic analysis of cyanthiwigin AC (2) can be
envisioned from the commercially available (+)-Hajos-
Parrish ketone (Scheme 1).4 The target compound (2) would
be obtained by the regio- and stereoselective addition of
methyllithium or methyl Grignard reagent to cyclohexenone
4, which would arise from intermediate5 via dehydrogena-
tion of rings A and C (Scheme 1). Compound5 would be
prepared from precursor6 via a two-step sequence, 2-pro-
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penyl cuprate addition and hydrogenation of both double
bonds. The tricyclic core of cyanthiwigin AC (6) would be
constructed in enantiopure form from (+)-Hajos-Parrish
ketone via a sequence featuring deconjugative spiro-bis-
alkylation75,6 followed by isomerization of the double bond
in ring A.

Even though (+)-Hajos-Parrish ketone is commercially
available, it can be readily prepared in multigram quantities
with high optical purity.4 Both starting materials8a (R1,R2

) -OCH2CH2O-)7 and8b (R1 ) OTBS, R2 ) H)8 were
conveniently prepared from (+)-Hajos-Parrish ketone using
literature procedures. To our surprise, only a single report
of spiro annulation of a ketone similar to8b was known in
the literature.9 Our initial attempt at reaction of compound
8a and diiodide9b (Scheme 2) using 60% NaH in DME
provided a complex mixture, without any noticeable amount
of desired spiro ketone7. We undertook systematic optimi-
zation of several reaction parameters on compound8a
including variation of the base (KOtBu, KH, 95% NaH),
leaving group of9a-c, solvent (THF, THF-DME), reaction
time, and temperature. All attempts resulted in a mixture of

the starting material and partially alkylated products. How-
ever, reaction of TBS ether derivative8b with 95% NaH in
refluxing DME followed by diiodide9b addition afforded a
mixture of starting material and product (16%). Formation
of spiro ketone7b was significantly improved when alkylated
with mesylate9c6c to provide a∼1:2 mixture of starting
material and product (48%). However, the mixture of starting
material and product could be separated by neither column
chromatography nor HPLC. Therefore, it was essential to
drive the reaction to completion. After a few manipulations,
the best results were obtained by refluxing8b in THF (0.15
M) with 95% NaH (3.5 equiv) for 3 h, followed by addition
of mesylate (1.5 equiv) at 60°C for 2 h. Further addition of
0.5 equiv of the mesylate9c (0.5 equiv) over 2 h provided
a respectable yield of the spiro-product7b (60%, with an
average yield of 78% for each alkylation). Reaction can be
easily carried out on 5 g scale without deterioration of
reaction yields. Furthermore, excess dimesylate9c (0.5 equiv)
was easily recovered by trituration of the crude reaction
mixture with hexanes. After successful spiro annulation, we
focused on the olefination reaction of highly hindered spiro
ketone7b. Wittig olefination of spiro ketone7b using either
Corey’s reagent (Ph3PdCHLi)10a or the Tebbe10b reaction
provided only low conversion. We attempted the mild and
efficient direct methylenation reported by Yan.11 In our first
attempt, alkene10 was isolated in 40% yield (80% conver-
sion). This highly functionalized substrate7b seems to be
sensitive to the reaction conditions. After several attempts,
reaction of spiro-ketone7b with TiCl4 (4 equiv, 1 M THF),
Mg powder (10 equiv) in DCM-THF (1:1.5, 0.2 M) at 0
°C to rt delivered spiro-alkene10 (47% yield).

Deprotection of the TBS ether10 with TBAF followed
by oxidation of the resultant secondary alcohol with Dess-
Martin (D-M) periodinane afforded cyclopentanone deriva-
tive 11 (68% yield from TBS ether). Now the stage was set
for the isomerization of the trisubstituted double bond.
Attempts to isomerize the double bond using either KOH in
methanol12 or concd HCl failed. However, stirring of
cyclopentanone derivative11 with NaOMe in methanol at
rt cleanly deliveredcis-hydrindenone derivative6 (95%
yield) as the sole product. Tentative assignment of thecis-
ring junction for compound6 is based on literature prece-
dence,12 which secures the natural product stereochemistry.
After obtaining enone6 in sufficient quantities, introduction
of the isopropyl group via a 1,4 addition to the unsaturated
ketone was examined. In order to avoid complications,
2-propenyl cuprate was used instead of isopropyl cuprate,
as the former can be easily hydrogenated to the latter. The
alkenyl cuprate was preformed in situ from 2-bromopropene,
n-butyllithium (2-propenyl lithium at-68 °C), and copper(I)
cyanide. Cuprate addition13 to enone6 at -68 °C for 2 h
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Scheme 1. Retrosynthesis
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provided product12 (85% yield) as a single isomer. The
configuration of the 2-propenyl group was assigned thesyn-
relation to the quaternary methyl group as the reagent
approaches from the convex face. Reduction14 of both double
bonds in compound12 with Adam’s catalyst (PtO2) in
methanol cleanly provided a∼2:1 mixture of 5a/5b in
quantitative yield which was easily separated by silica gel
column chromatography. The relative stereochemistry of the
minor isomer 5b was unambiguously established using
NOESY, COSY, HSQC, and HMBC.15 Accordingly, the
relative stereochemistry of the secondary methyl group of
major isomer5a is syn to the quaternary methyl group, ring
junction hydrogen (4-H), and isopropyl side chain.

After securing the stereochemistry of all chiral centers,
the major isomer5a was carried forward. Introduction of
the two double bonds on5a proved to be more challenging
than expected. Acidic hydrolysis of compound5a and one-
pot IBX oxidation16 of resultant diketone did not provide
dienone4. Direct IBX oxidation of cyclopentanone of5a
prior to acidic hydrolysis of the ketal failed to provide
cyclopentenone. Palladium(II) acetate catalyzed oxidation17

of TMS ether derived from5a provided only small amounts
of the desired cyclopentenone. We then focused our attention
on installing the cyclopentenone double bond prior to
cyclohexenone via sulfenylation-dehydrosulfenylation meth-
odology.18

Reaction of compound5a with LDA (3.0 equiv) at-70
°C followed by quenching with PhSSO2Ph provided phenyl
sulfide derivative13 (86% yield) as the sole product (Scheme

3). No attempt was made to establish the stereochemistry of
phenyl sulfide. Acidic hydrolysis of compound13 with aq
HCl-THF afforded ketosulfide14 in quantitative yield. IBX
oxidation of ring C in14, followed by sulfoxide formation
with magnesium monoperoxyphthalate (MMP) in ethanol and
dehydrosulfenylation with K2CO3 in refluxing toluene,
furnished an∼1.2:1 mixture of spiro dienones4a/4b (64%
yield from 14).19 Stereochemistry of the spiro centers was
established on the basis of 2D NMR experiments and the
major isomer contained desired stereochemistry at C-5.
Having established the stereochemistry of the dienones4a

(14) Reaction with 10% Pd-C gave an∼5:1 mixture of5a/5b in small
scale reaction. Large-scale reaction gave partial isomerized products which
were difficult to reduce.

(15) The major isomer5ahad confounding conformers which precluded
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Scheme 3
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and 4b, there was one stereocenter that needed to be
introduced on cyclohexenone via methyl addition. Finally,
regioselective addition of methyl magnesium chloride on
cyclohexenone of4a at -100 to -80 °C afforded a 2:1
separable mixture of cyanthiwigin AC (2) and 12-epi-
cyanthiwigin AC (15) (91% yield).1H and13C NMR spectra
of synthetic cyanthiwigin AC (2) were identical to spectra
obtained from the authentic natural product.2b

The first total synthesis of (+)-cyanthiwigin AC (2)20 was
accomplished in 13 steps with 2.0% overall yield starting
from the known TBS ether derivative8b. Our synthetic
strategy, relying on the efficient spiroannulation step, is

expected to provide rapid access to other unnatural isomers.
Biological screening and syntheses of other isomers of
cyanthiwigin AC are in progress. Optimization of stereo- and
regioselectivities will be addressed after identifying the most
promising isomer by biological screening.
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(19) Oxidation of ring C was critical prior to dehydrosulfenylation of
ring A (14). If the sequence is inverted, the olefinic proton of ring A
disappears during IBX oxidation for a compound obtained from5b.
Presumably, the absence of olefinic proton in1H and 13C NMR spectra
indicated the formation of tetracylic compound arising from the Michael
addition of cyclohexanone enol onto cyclopentenone.

(20) Spectral data of all compounds are consistent with their structures.
Yields refer to isolated yields.
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