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Abstract

Using a synthetic equivalent of chiral 2-cyclopentenol, (+)-curcuphenol, a cytotoxic bisabolane type sesquiter-
pene isolated from the marine sporigjeiscus flavushas been synthesized through a concurrentretro-Diels—Alder
reaction and Claisen rearrangement reaction. © 1998 Elsevier Science Ltd. All rights reserved.

Enantiomerically pure ketodicyclopentadieheaccessible in both enantiomeric forms, is used in the
construction of a variety of natural products as a synthetic equivalent of chiral cyclopentadiénione.
has also been used as a synthetic equivalent of chiral 2-cyclopentenol after chemo- and stereoselective
reductiorf to chiral endealcohof 2. We report here an alternative utilization Bfas an equivalent
of chiral 2-cyclopentenol tolerated under the Mitsunobu reaction conditions. Although the Mitsunobu
reactior? is one of the best methods for the preparation of aryl ethers from phenols and alcohols with
inversion of the latter's configuration, a considerable racemization is sometimes observed when chiral
allylic alcohols are used as substratéswe describe here a new synthesis of a cytotoxic bisabolane
sesquiterpene (+)-curcupher®lisolated from the marine spongadiscus flavug—! starting with the
Mitsunobu reaction of the allyl alcohol equivalent)(2 which proceeded without any racemization
(Scheme 1).
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Thus, the reaction of<)-2, mp 96°C, ]p?® —13.1 € 0.5, CHC}) (prepared from enantiomerically
pure (+)-KDP 1: >99% ee by HPLC'?), with two equivalents each of 3-methylphenol, diisopropyl
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azodicarboxylate (DIPAD) and triphenylphosphine (TPP) in THF at room temperature furnished the
exoaryl ether4, [«]p?® +44.7 € 1.2, CHC}), in 77% yield after 24 h (Scheme 2). The reaction was
found to proceed without losing the original chiral integrity ef){2 as confirmed by HPLC analysis
using a chiral columtf (>99% ee).
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Scheme 2Reagents and condition§) 3-MeC;H,OH (2 equiv.), DIPAD (2 equiv.), TPP (2 equiv.), THF, room temp., 24 h
(77%); (i) diphenyl ether, reflux, 50 min (51%; 68% based on consudiiedii) O3, MeOH, —78°C, then NaBHlj, —78°C to
0°C (88%); (iv) MeC(OMe),, PPTS (cat.), CkLCl,, room temp., then benzeney70°C; (v) SiQ, CH,Cl,, room temp. £6 h)
(76% from7); (vi) SO;—pyridine, DMSO, E$N, room temp., 40 min; (vii) iPrfPhl~, BuLi, THF, 0°C, 45 min (78% from
9); (viii) 1 N HCLI:THF (1:2), room temp., 45 min (94%); (ix) NaOH (2 equiv.),d€:7)sN*MeCI~ (0.1 equiv.), MeOCHCI (4
equiv.), room temp., 1 h (47%; 66% based on consud®d(x) TsCl, EgN, DMAP (cat.), CHCIl,, room temp., 24 h; (xi)
NaBH,;, DMSO, 70°C, 1.5 h (90% fror3); (xii) conc. HCI (cat.), MeOH:THF (1:4), room temp., 24 h (88%)

Upon thermolysis in boiling diphenyl ether280°C) for 50 min, the 3-arylcyclopenterte [«]p2°
+105.5 € 1.1, CHC}), was obtained in 51% yield in one step as the single product with some recovery
of the starting material<20%) by concurrent retro-Diels—Alder reaction and Claisen rearrangérent.
Prolonged heating did not increase the amousifnificantly though the starting material disappeared.
Since 3-methylphenol was detected from the reaction mixture, a competitive elimination reaction of the
allyl ether4 was presumed to occur under the thermolysis conditions. Regioselective generation of the
single 2,5-disubstituted phen6lmay be reasoned by preferential intervention of the less hindsved
of two possible transition state§g and5b) having orbitally favored chair-like conformatiorisin the
Claisen rearrangement. Disappointingly, the enantiomeric excess of the péogastfound to be 88%
ee indicating about 6% loss of the original chiral integrity during the thermolysis conditions which may
be due to a competitive [1,3]-sigmatropic rearranged®dntthe Claisen rearrangement.

In order to confirm the absolute configuration as well as to utilize the rearrangement product, the
cyclopentenes thus obtained was transformed into (+)-curcuph&r®lvhose absolute configuration
had already been establishedOn sequential single-flask ozonolysis and sodium borohydride reduction,

6 afforded the triol7, [x]p?°® +19.3 € 1.6, MeOH), in 88% yield. To discriminate the three hydroxy
functionalities in the molecul€] was reacted with 2,2-dimethoxypropane in the presence of PR3'S
afford the diacetonid®, which on brief exposure to silica gel suspended in dichloromethane allowed
specific deacetalization to give selectively the primary alcdholax]p?® —18.4 € 1.4, CHCE), in
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satisfactory overall yield. Oxidatidh of 9 followed by the Wittig reaction of the resulting aldehyde
10 gave the isopropylidene produtt, []p2° +4.8 (€ 0.7, CHC}), which, on acid-hydrolysis, afforded

the diol12, [«]p?’ +32.6 € 1.0, CHCE). The overall yield ofL.2 from 7 was 55%. The phenolic hydroxy
functionality of12was selectively protected by treating with methoxymethyl chloride in the presence of a
phase transfer cataly8tto give the aryl ethet3in 47% yield with some recovery of the starting material
(~20%), although the yield of3 was less than satisfactory. While the phenolic hydroxy functionality
was blocked, the primary hydroxy functionality was removed by its tosylation followed by borohydride
reductiod® of the resulting tosylatd 4 to give the penultimate intermediaf, [x]p?’ +7.9 € 0.1,
CHCI), bearing a secondary methyl functionality, in 90% yield. Findllywas acid-hydrolyzed to give
(+)-curcuphenoB, [&]p?’ +26.0 € 0.3, CHC}), ([«]p +24.6+2 for the natural product;«]p?® +29.5

(c 0.2, CHCE}) for the enantiomerically pure sample after purification by preparative HPLC using a chiral
column?), in 88% yield. Enantiomeric excess of the product was determined to be 90% ee byHPLC
using a chiral column which corresponded to that of the thermolysis préduct
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