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Chiral Models of the Furenone Moiety of
Germacranolide Sesquiterpenes

Summary: A procedure is outlined for converting
2,3:5,6-di-O-isopropylidene-D-mannose (4, diacetone man-
nose), by a series of simple, efficient steps, into the un-
saturated hydroxy esters 14 and 15, which are then oxi-
dized by Fetizon’s reagent to afford the dienones 3a and
3b, these being analogues of the furenone system found
in many germacranolide sesquiterpenes.

Sir: The plant metabolites known as the germacranolide
sesquiterpenes are among some of the most intriguing
natural products.! Many are of special interest because
of their biological? and specifically antitumor® activity, and
the majority possess structures which pose daunting
challenges to the synthetic organic chemist. Eremano-
tholide A32 (1) and ciliarin!® (2a) and its recently isolated

congener'® 2b typically exemplify their structural com-
plexity. The origin of their biological activity is still a
matter of speculation. This is particularly so in relation
to antitumor activity, since most members of the family
possess a-methylene lactone and dienone functionalities,
each of which could conceivably act as an alkylating agent

for terminating DNA synthesis, in the context of Kup-
chan’s hypothesis.®

In spite of the foregoing there have been very few® re-
ported synthetic ventures related to these substances. In
order to acquaint ourselves with the idiosyncracies of such
complex molecules, we have divided the molecules into
upper and lower halves, noting that we thereby separate
the two alkylating moieties. In this communication we
describe the synthesis of a model of the lower half by a
route which gives the material 3 in the chiral form that
is congruent with most germacranolides.” Interestingly,
the procedure can be adapted for preparing the enantiomer
of 3 corresponding to the unnatural series.

For our approach the furenone 3 was viewed as a highly
modified C-glycofuranoside, a class of sugar derivatives
that has received much attention recently since they
provide ready access to the pharmacologically important
C-nucleosides.? It would obviously be judicious to intro-
duce the angular methyl group at an early stage so as to
avoid aromatization of the furan ring.

The model substance 3 is seen to have a two-carbon
fragment at each end, one (C4—C,) being saturated and the
other (C,~C;5) unsaturated. One of these could conceivably
be derived from the Cs~C; moiety of a hexofuranose, while
the other could be elaborated from the anomeric center.
For the latter objective 2,3:5,6-di-O-isopropylidene-b-
mannofuranose (4, diacetone mannose) seemed a logical
choice since the anomeric center is not protected.

We therefore had two alternatives for proceeding from
4 to 3 (Scheme I). In pathway a, 4 — 5 — 6 — 3, the
anomeric center of 4 becomes the unsaturated “end”
(C4—C,—Cys) of 3, while the C5—C; unit of 4 ends up as Cs-Cy
of 3. In pathway b, 4 — 7 — 3, the C;;—Cy—C;g moiety of
3 is elaborated from the anomeric center of 4, while the
unsaturated “end” is derived from Cs;—Cs In either
pathway, the addition of the two-carbon unit at the
anomeric center could be carried out by means of tandem
Wittig and Michael reactions developed by Moffatt and
co-workers.” Actually these investigators had examined
only aldoses, e.g., 4, and an attractive feature is that the
C; epimers of 5 produced could both be utilized since H-3
of 6 would be lost in going to 3. These considerations
would seem to recommend pathway a, but a further re-
quirement would be the attachment of a methyl group at
Cyo of 5. Although this has in fact been done by us in
another study,'? the difficulties encountered caused us to
explore pathway b as shown in Scheme II

Diacetone mannose 4 was oxidized with Collins reagent
to the known!! lactone 8 which upon treatment with me-
thyllithium gave the 3-b-ketose 9 as the exclusive prod-
uct.!213  Attempts to react 9 with methyl (triphenyl-
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phosporanylidene)acetate in refluxing benzene or aceto-
nitrile, conditions which had succeeded with aldoses (e.g.,
4 — 5),% led to complete recovery of the starting material,
and although the Wadsworth—-Emmons—Horner procedure
did succeed somewhat, the product, 10, was irretrievably
contaminated with several byproducts.
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However, it was found that the Wittig reaction could be
successfully carried out in acetonitrile in a glass-lined
pressure vessel at 160 °C, the internal pressure attained
being 125 psi.’®* Under these conditions the acyclic in-
termediate 10 was bypassed, and a 2.2:1 mixture of 7a and
7b was obtained in 52% yield.!? These isomers could be
separated chromatographically, and the structures were
assigned (see Scheme II) on the basis of comparisons with
the stereochemically related compounds 5 prepared from
diacetone mannose 4 by Moffatt and co-workers.® Ac-
cordingly, the AB quartet for the methylene protons of 7a
appears at higher field (2.73 ppm) than that of 7b (2.50
ppm). Upon equilibration of the minor isomer 7a with
sodium methoxide in methanol, a 2.5:1 mixture of 7b and
7a was obtained. Thus the major isomer 7b can be accu-
mulated by sequential equilibration and fractionation, and
this is considered advantageous since in this isomer the
angular methyl group is chirally congruent with the cor-
responding center in the germacranolides.’

Compound 7b was converted into the methyl ketone 11
by six simple, standard procedures in excellent overall
yield. Elimination to the enone 12 was effected smoothly
by using sodium methoxide in methanol for 30 min,

Reaction of 12 with methylenetriphenylphosphorane
gave the dienol 13 which proved to be unstable, and at-
tempts at oxidation with a variety of reagents led to com-
plete degradation.’® In order to obtain a more stable diene
system, we used a stabilized Wittig reagent, whereupon
the E and Z esters 14 and 15 were isolated as an inse-
parable mixture.

The oxidation of this mixture proved to be surprisingly
troublesome. Manganese dioxide and chromium(VI)
reagents led to massive decomposition. However, Fetizon's
reagent!” was found to be successful if a generous excess
of the carefully dried oxidant was added in portions to a
solution of the mixture of 14 and 15 in dry refluxing
benzene over 8 h. The yield was 68.5%, and the isomers
3a and 3b were separated by preparative layer chroma-
tography. The ratio of 3a to 3b was 8:1, and their spec-
troscopic data!® are entirely consistent with the assigned
structures.

The fact that the minor anomer 7b can also be obtained
in pure form means that the enantiomer of 3 may also be
prepared by a route identical with that outlined in Scheme
II for 7a.

Compounds 14 and 15 are currently undergoing tests for
biological activity and the results will be disclosed in due
course.
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