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ABSTRACT

The tricyclic core of phomactin A was synthesized from 6,6-dimethyl-2-cyclohexen-1-one. Key reactions include the addition of a
cyclohexenyllithium reagent to an epoxyaldehyde and a regioselective intramolecular epoxide opening to install the oxadecalin core.

The phomactins are a novel class of platelet activating factor
(PAF) antagonists that were isolated from the marine fungus
Phomasp. in the early 1990s.1 Of the seven phomactins
isolated, phomactin A (1) is the most structurally complex
and is the only phomactin to possess a tetracyclic structure
and a hydrated furan ring (Figure 1). Although a total

synthesis of phomactin A has not yet been reported, there
have been several reported approaches2-4 to the oxadecalin

core. Recently, several reports5 have also addressed the
construction of the phomactin macrocycle using transition-
metal-mediated cyclizations and ring-closing metathesis. A
Suzuki macrocyclization has also been employed toward
phomactin D,6 the only phomactin that has been synthesized
to date.7

This letter describes the synthesis of22, a simplified
oxadecalin-dihydrofuran system found within phomactin A,
starting from 6,6-dimethyl-2-cyclohexen-1-one.8 The syn-
thetic strategy is outlined in Scheme 1. Starting from enone
2, conversion to vinyl halide3 (M ) halogen) should be
straightforward, and it is anticipated that addition of the
corresponding organometallic reagent (M) metal) to ep-
oxyaldehyde4 can be realized. Intramolecular epoxide
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Figure 1. Structures of representative phomactins.
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opening of the addition product5 would then give the pyran
6. With the oxadecalin core in place, Suzuki macrocyclization
would provide7. Global deprotection and hemiketal forma-
tion would then generate phomactin A(1).

The synthesis of vinyl bromide14 (representing the
cyclohexenyl unit3) is outlined in Scheme 2. Tin-lithium

exchange of [(methoxymethoxy)methyl]tributylstannane9 and
addition of the resulting anion to 6,6-dimethylcyclohex-2-
en-1-one8 provided tertiary allylic alcohol9. Oxidative
rearrangement with PCC10 gave10, which was brominated
to provide 11. This bromination was carried out using
pyridinium tribromide, a mild alternative to Br2. Reaction
of 10 with Br2 led to decomposition, a problem that was
previously reported with a similar substrate.11 An enanti-
oselective reduction12 was then carried out with the (S)-CBS13

catalyst, and the resulting alcohol12 was protected as the
tert-butyldimethylsilyl ether13. At this point in the synthesis,
the protecting group on the primary alcohol was exchanged.
The MOM group introduced early in the synthesis could not
be successfully removed at an appropriate later stage.
Therefore, it was removed from13 using magnesium
bromide,14 and the resulting free alcohol was reprotected as
a 3,4-dimethoxybenzyl (DMB) ether to give the fully
elaborated vinyl bromide14. After considerable study, it was
determined that the DMB group was stable until the end of
the sequence and could also be removed successfully at a
suitable point.15

The synthesis of epoxyaldehyde18 (representing4) is
outlined in Scheme 3. Alcohol1516 was protected as the
benzyl ether, and subsequent desilylation gave allylic alco-
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Scheme 2a

a Reagents and conditions: (a)n-BuLi, Bu3SnCH2OCH2OCH3,
THF, -78 °C (78%); (b) PCC, CH2Cl2, rt (90%); (c) pyridinium
tribromide, pyridine, CH2Cl2, rt to 40 °C (60%); (d) (S)-CBS,
BH3‚THF, THF, rt (92%, 80%ee); (e) TBS-Cl, imidazole, DMF, rt
(85%); (f) MgBr2‚Et2O, BuSH, Et2O, rt (70%); (g) NaH, DMB-
Br, THF, rt (95%).

Scheme 1
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hol 16. A Sharpless asymmetric epoxidation17,18 provided
epoxide17, which was oxidized19 to give epoxyaldehyde
18.

The coupling of the two components (14+ 18) is outlined
in Scheme 4. Lithium-halogen exchange of14 was per-
formed in ether at-78 °C, and the addition of the resulting
vinyllithium reagent to aldehyde18 was carried out in the
presence of TMEDA. In the absence of TMEDA, the yield
of addition product19 was 15-20% lower. The resulting
alcohol19 was isolated as a 10:1 mixture of diastereomers
at the newly formed carbinol center. This mixture was then
simultaneously oxidized20 without separation to give enone
20 as a single diastereomer. The silyl group was then
removed with fluoride, and the resulting alcohol under-
went an intramolecular epoxide opening under acidic con-
ditions to give bicyclic compound21. None of the product
of 5-exo epoxide opening was observed.5a,21 With the
oxadecalin core now in place, the relative stereochemistry
was confirmed using coupling constant analysis and NOE
studies.22

The final conversion of21 to 22was carried out with DDQ
to successfully remove the DMB group and spontaneously
form the dihydrofuran, completing the synthesis of the
tricyclic core of phomactin A. This efficient deprotection

was carried out in only 20 min at room temperature. Longer
reaction times led to the formation of other products,
primarily compound23 (Scheme 5). The desired dihydro-

furan22was extremely unstable, even after purification, and
dehydrated readily1a,2,23to provide the more stable furan23.
Short reaction times and immediate purification of22 were
both necessary to isolate the tricyclic core of phomactin A
in high yield.

In summary, the tricyclic core of phomactin A was
synthesized. Key reactions include the addition of a cyclo-
hexenyllithium reagent to an epoxyaldehyde and an intramo-
lecular epoxide opening. The strategy employed here is
currently being adapted to an enantioselective total synthesis
of phomactin A.
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Scheme 3a

a Reagents and conditions: (a) NaH, BnBr, THF, rt (95%); (b)
TBAF, THF, rt (90%); (c) TBHP, (-)-DIPT, Ti(O-i-Pr)4, 4 Å
sieves, CH2Cl2, -18 °C (92%, 84% ee); (d) Pyr‚SO3, Et3N, DMSO,
CH2Cl2, 0 °C (75%).

Scheme 4a

a Reagents and conditions: (a)t-BuLi, Et2O, -78 °C, then
TMEDA, 18 (60%); (b) Dess-Martin periodinane, NaHCO3,
CH2Cl2, rt (90%); (c) TBAF, THF, 0°C (90%); (d) 1% HCl,
i-PrOH, 0 °C to rt (77%); (e) DDQ, 20:1 CH2Cl2/H2O, 0 °C to rt
(60%).

Scheme 5. Furan Formation
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