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A Synthesis of the Ophiobolin Nucleus!

Summary: A ring contraction-ring expansion-annelation
reaction sequence was followed for the synthesis of func-
tionalized carbon skeleton of the ophiobolins.

Sir: The ophiobolins are the most abundant members of the
relatively new class of C-25 terpenoids known as sesterter-
penes.Z Representatives of this class of natural products are
ophiobolin A (1),3 a metabolite of the plant pathogenic fungus
Cochliobolus miyabeanus, and ceroplastol II (2),* a compo-
nent of the desiccant wax produced by females of insect family
Ceroplastes albolineatus.® The ring system of the ophiobolins
is also found in a large family of diterpene aglycones known
as fusicoccins.® The novel structure and biological activity’

of the ophiobolins make them attractive targets for total
synthesis. We would like to report the preparation of
tetraester 3, the first synthesis of the tricyclo{9.3.0.037]tet-
radecane ring system characteristic of the ophiobolins.8 The
synthesis described herein produces the trans BC ring
juncture present in all ophiobolins. The location of substitu-
ents on the tricyclic nucleus makes 3 a potential intermediate
in projected syntheses of several ophiobolins.

The known octahydronaphthalene 49 was reduced with
lithium in ammonia and the resulting enolate was trapped
according to established procedures!? to afford a high yield
of enol ether 5. The crude ether 5 was allowed to react with 1
equiv of p-bromobenzenesulfonyl azide in acetonitrile at 50
°C, followed by the addition of a small amount of water to
effect hydrolysis of the intermediate imino ether.!! The re-

Como—’ci::b/OR—»

5,R - SiM63

. CONHSO,PhpBr H COOCH,

o TG SR
<,o i 0 :
6 7
S. ! ‘ > —_—
(/s ‘ '
9



Communications

sulting N-acyl sulfonamide 6 [mp 185-188 °C; NMR (CDCls)
80.85 (s, 3), 1.1-2.5 (m, 12), 3.87 (m, 4), 7.63 (d, 2, J = 9 Hz),
7.91 (d, 2, J = 9 Hz), 8.55 (br s, 1)] was hydrolyzed with con-
commitant loss of the ketal and the resulting crude keto acid
was esterified to give the trans-fused hydrindan 7 in overall
yield of 42% from enone 4.12 The structure and stereochem-
istry of 7 was firmly established by converting it to the known
ester 913 via the crystalline thioketal 8 (mp 54-57 °C). The
ester 9 produced from 7 was identical (IR, TH NMR, 13C NMR,
VPC, TLC) with a sample of 9 prepared by an established
route.1314

Having established the crucial trans BC ring juncture, at-
tention was turned to expanding the six-membered ring to an
eight-membered ring via the well-known reaction between
enamines and acetylenic esters.!® It had been suggested that
a trans-fused hydrindanone such as 7 should enolize pre-
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dominantly away from the ring juncture.'® This suggestion
was primarily an extrapolation from results obtained with
trans-fused decalones and steroidal ketones. Thus, when a
mixture of keto ester 7 and morpholine was heated in refluxing
tetrahydrofuran over 4A molecular sieves, crude enamino ester
10 was obtained in a 90% yield. The appearance of the vinyl
proton as a doublet (J = 4.5 Hz) at § 4.50 (benzene-dg) in the
1H NMR spectrum of 10 confirmed that enamine formation
had occurred predominantly, if not exclusively, away from the
ring juncture. When crude 10 was allowed to react with di-
methyl acetylenedicarboxylate and the crude mixture of
products was hydrolyzed with aqueous acidic methanol, a 40%
yield of a mixture of 1:1 adducts between 7 and dimethyl
acetylenedicarboxylate was obtained. Keto ester 7 was also
obtained in an 8% yield. The mixture of adducts was 75-80%
dienol 11 which was obtained in pure form by crystallization
from petroleum ether [mp 114-117 °C; IR (CCly) 1730, 1658,
1610 cm~1; UV max (MeOH) 220 nm (e 7200), 264 (9100);
NMR (CDCl3) 6 0.93 (s, 3), 1.3-2.9 (m, 10), 3.78 (sharp m, 9),
7.08 (t, 1,J = 9 Hz), 13.0 (br s, 1); mass spectrum (70 eV) m/e
352 (M+)].17 The similarity between the spectral properties
of 11 and those of the related cyclooctadienols 1318 and 1419
support the assigned structure.

J. Org. Chem., Vol. 42, No. 5, 1977 923

The A ring was grafted onto dienol 11 in the following
manner. The mixture of adducts from the ring expansion was
hydrogenated at 45 psi over 5% palladium on alumina to give
a 90% yield of 8-keto ester 12 after chromatography over silica
gel. Sequential treatment of 12 with sodium hydride and 1-
carbethoxycyclopropyltriphenylphosphonium tetrafluoro-
borate?® gave a 30% yield of a single a,8-unsaturated ester 3
after chromatography over silica gel and recrystallization from
petroleum ether [mp 120-121 °C; UV max (MeOH) 237 nm
(e 8700); NMR. (CDCl3) & 0.82 (s, 3), 1.29 (t, 8, J = 7 Haz),
1.3-3.6 (m, 17), 3.70 (s, 3), 3.71 (s, 3), 3.74 (s, 3), 4.21 (q, 2, J
= 7 Hz); exact mass calced for Co4H3405 450.2254, found
450.2296].21
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Synthesis and Structural Determination
of Dehydrocyclobutatusin, a Diterpenoid with
a Four-Membered Ring

Summary: Irradiation of the diterpenoid, barbatusin (2),
produces dehydrocyclobutatusin (3), which contains a new
four-membered ring; the structure of 3 was determined by
x-ray methods.

Sir: Cyclobutatusin (1), a diterpenoid isolated from Coleus
barbatus,!? retains the basic spiro[2,5]octane system of bar-



