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BIOMIMETIC CYCLIZATION OF HEDYCARYOL DERIVATIVES.
UNEXPECTED CYCLIZATION OF PHENYL SULFIDES WITH METHYL IODIDE
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Department of Chemistry, Tohoku University

Sendai 980, Japan

Abstract:  Four isomeric hedycaryol phenyl sulfides, when reacted with Mel, yielded eudesmol derivatives
with different stereochemistry from that of the acid cyclization products of the corresponding hedycaryols.
New stereoisomers of a- and B-eudesmols, B-dehydroparadisiol and a defensive substance of termite were
synthesized. Nephthenol phenyl sulfide yielded a 14-membered tetraene.

Recently we have achieved an effective synthesis of hedycaryol, a germacradiene, and its all possible

1) 2)

geometrical isomers and established the stereochemical course in their conversion to eudesmols and elemols”™
Since cadinanes, another major sesquiterpene, are also derived biogenetically from germacradiene ions through
the ions C3), our effort was directed to realize such transformation ) by generating the ions from isomeric

hedycaryo! phenyl sulfides A via sulfonium ions B. However, when the methylation of A was attempted,
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unexpected cyclization to eudesmane carbon skeleton has occurred. This paper describes the stereochemistry

of the reaction and conversion of the products to natural products or their derivatives.
The reaction conditions were first elaborated using nephthenol phenyl suifide (1); the allylic cation in
the 14-membered ring diterpene carbon skeleton would not undergo cyclization but give an elimination

5)

product. Thus, ] was treated with Me!™ for 70 hrs at room temperature without solvent to afford the
conjugated diene 26) in 40% yield along with methyl| phenyl sulfide (75%).

The elimination reaction desired being observed, the reaction was examined next in sesquiterpene
series. When E, E-hedycaryol phenyl sulfide (3) was treated under the same conditions (100 hrs), two
products, i7) and §7), were formed in 38% and 30% yields, respectively. The alcohol 4 was dehydrated
to 5, w8h)ich in turn gave on desulfurization the dehydration product 6 of paradisiol obtained from CIL;JS-

7

paradisi 7, thus establishing structures of 4 and 5. Desulfurization of 4 offorded a new stereoisomer 7
of B-eudesmol. The reaction establishes the hitherto-unknown cis stereochemistry of PhS and —CMez(OH)

groups in 3; the coupling constant, J in 4 and 5 is 6 Hz and 5 Hz, respectively.
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Similar treatment of the 2Z,6E-isomer 8 yielded (64 hrs) three products, 27) (46%), LQ7) (25%) and

]l7) (16%). Dehydration of 9 afforded 10, while its desulfurization gave the known B-dihydrooccidenfclols,?

Treatment of 9 with HI yielded 11 along with 10. Third product 11 furnished on desulfurization the ether
10)

12 which was identical with a defensive substance of Amitermes evuncifer
The reaction of trans-2E,6Z-hedycaryol phenyl sulfide (13) (6 days) afforded four eudesmane derivatives,

9 (4%), 11 (5%), 1__57) (19%) and 127) (39%), and a cadinane-type ether ]_97) (19%). Again, the structures

of 14 and ]5 were determined by their interconversion and desulfurization to the mixture of a- and B-

eudesmols.  Spectra of 16 is consistent with the structure given, showing the presence of a sec-methyl, two

tert-methyls on the carbinyl carbon, a vinyl methy!, a trisubstituted double bond, and an ether ring.
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The cis-2E,6Z -hedycaryol phenyl sulfide (17) gave (6 days) the alcohol ]\8/7) in 40% yield as an only
isolable product. Iis structure was deduced from the spectral analyses and the fact that the desulfurization

1)

product 19 was not identical with any known stereoisomer’' '’ of a-eudesmol.

The reactions described above were likely to be induced by HI generated by the decomposition of the
sulfonium salt formed initially and slowly. In fact, no reaction occurred when E, E-hedycaryol (E, E-20) was
treated with Mel alone, but addition of geranyl phenyl sulfide induced the cyclization to eudesmols, and
anhydrous HI cyclized 3 and 8 rapidly to give the mixtures of similar composition described Qbove]2) The
rapid cyclization induced by the HI formed during the reaction must have competed with the slow formation
of sulfonium ion.

The reactions, essentially acid-catalyzed cyclization, of hedycaryol phenyl sulfides differ from fhose of

hedycaryols (20) in sfereochemlsfry The possible reacting conformations in both reactions are deplcted

l

Z,E-20: X=H EZZOXXH
X
X 8 (CC): X=SPh _=/\ 2 OH 13 (CO): X]—SPh,
=
X 17 (CC):X]=H,
E,E-20: X=H 13(CT) X,=SPh, X,=H -~
~ ~ ’ z X,=SPh
3 (CC): X=S5Ph 17€T) X;=H, X,=SPh 2
The cyclization had occurred in all cases from a crossed conformation, which requires less activation
energyM) than parallel form. Among two crossed forms in 3, the CC form in which E, E-20 undergoes

cyclization is not favored because of the interaction between PhS and C3-Me. The CC form in 8 has no
extra interaction, so that both 8 as well as Z, E-20 reacted through the same CC form. 17 reacted through
the CC form, one of the reacting conformations in E, Z-20, because the other (CT) has the same interaction
as in 3 (CC). In accord with the behavior of E,Z-20, 13 reacted through the CT form fo some extent.
However, the major path was not the CC but the TC form. This difference may be attributed to the forma-
tion of 16 through the CC form, suggesting that the elimination of sulfonium fon can compete with the acid-
cyclization if the latter process is not rapid enough‘s). In any case, it is interesting especially in E, E-
hedycaryol series which are most frequently found in nature that stereochemical course of the reaction is
completely changed by the introduction of a substituent to give another sesquiterpene carbon skeleton
(paradisane).
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