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In 1982, Fenical and co-workers elaborated the struc-
ture of pseudopterolide, a novel furanocyclic diterpene
obtained from the Caribbean gorgonian Pseudopterogor-
gia.? Subsequently, other members of this family were
isolated and characterized, including kallolide A and B.3

COzMe

o)

Pseudopterolide

Kallolide A, R = OH
Kallolide B, R = H

For several years, we have been interested in develop-
ing routes to these 12-carbon periphery furanocycles. An
initial approach to a kallolide A precursor II, through
[2,3] Wittig ring contraction of the 15-membered allylic
ether I, was not successful (eq 1).* Exposure of furan I

IVR=H

to a variety of basic conditions led to small amounts of
[1,2] rearrangement product and extensive decomposi-
tion. We subsequently found that the 15-membered
allylic propargylic ether III smoothly rearranges to the
cis propargylic alcohol IV upon treatment with BuLi in
THF—pentane.5

A successful application of the foregoing approach to
kallolide B would require that the new stereocenters at
C—7 and C—8 in IV orient anti to an existing isopropenyl
substituent at C-1. Such remote stereocontrol has previ-
ously been realized in our synthesis of the cembrane diol
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B-CBT.%7 In the case at hand, we carried out a Monte
Carlo global minimization® of ether III (R = MeC=CH})
which revealed that the propargylic H? is almost exactly
colinear with the 7-system of the starred vinylic center.
Hence, a concerted [2,3] Wittig rearrangement with a
reactant-like transition state would be expected to lead
to the cis-anti product IV (R = MeC=CH;).? To test this
prediction, we embarked upon a synthesis of ether 12
(ITII, R = MeC=CH,).

Aldehyde 1, available in five routine steps (72% yield)
from 4-pentynol,’® was converted to allenol 2 upon
treatment with 1-bromo-2-butyne and SnCly/Nal.l! Hy-
droxymethylation (BuLi, CH;O) and TBS protection
afforded the homologue 4, which was oxidized to ketone
5. Exposure to catalytic AgNQO; led smoothly to the furan
6.12 Desilylation followed by formylation of the furan and
subsequent Still-Horner-Emmons homologation yielded
the (Z)-ester 9 (57%).13
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Hydroxy ester 9 was converted to the chloride 10 (LiCl;
MsCl; 2,6-lutidine) and reduced (DIBAH). The resulting
chloro alcohol 11 cyclized in 83% yield upon exposure to
NaH/18-C-6 in refluxing toluene. Treatment of ether 12
with BuLi in THF —pentane afforded the cis,anti alcohol
13 as the only detectable product in 86% yield. The
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Conimunications

stereochemistry of 13 was confirmed by single crystal
X-ray structure analysis.??
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At this point, we planned to use a sequence for
butenolide construction previously employed in our syn-
thesis of aristolactone.!* However, attempted hydro-
alanation of propargylic alcohol 13 with Red-Al followed
by HsO quench gave only recovered starting material.
None of the olefin 17 was produced (eq 2). Accordingly,

1. Red-Al y

HO” ™\ n/ HO ]]/

13 17 E=H
+Mitsunobu 18E=|
N
T N
19 R = p-NO,CeH,CO 20

we did not even attempt to prepare the required vinylic
iodide 18 by this route. This unexpected turn of events
required a significant change in strategy.

We eventually discovered that exposure of the pro-
pargylic mesylate 14 to Pd(PPhs),, generated in situ from
Pdj(dba)s, in the presence of CO and various alcohols or
water afforded allenic esters such as 15 or the acid 16.15
Ester 15 was produced in ca. 70% yield. Although acid
16 was obtained from 14 in only 30% yield, no other
byproduct could be detected.1®

We suspected that the foregoing carbonylation se-
quence had proceeded with inversion of stereochemistry
but we could not be certain.!> Qur suspicions were
confirmed upon treatment of allenic acid 16 with catalytic
AgNOj;, whereupon butenolide 23 was produced as the
sole product.!” The 'H and 13C NMR spectra of 23 were
significantly different from those reported for kallolide
B.:
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We were now presented with the frustrating problem
of inverting what we had originally perceived to be the
desired stereochemistry at C-8 in alcohol 13. Several
attempts at Mitsunobu inversion to esters such as 19
were unsuccessful.’® A possible two-step inversion through
oxidation then reduction also was not feasible, as oxida-
tion of alcohol 13 was accompanied by double bond
migration affording the isopropylidene ketone 20.1° Hav-
ing failed in these obvious solutions, we turned to an
alternative possibility—inversion of the allenic ester.

Monte Carlo global minimization of allenic esters 15
(R = Me) and 21 (R = Me) revealed the latter to be the
more stable by over 3 kcal/mol.? In fact, when ester 15
was heated in benzene with Ph3P, a roughly 3:1 mixture
favoring the diastereomer 21 was produced.? Cleavage
of the TMS ethyl ester with TBAF enhanced this ratio
to ca. 10:1. On treatment with catalytic AgNQO; in
acetone, this mixture afforded racemic kallolide B (24)
and a small amount of the readily separable epimer 28.%
The reported 'H and 2C NMR spectra were in complete
accord with the spectra of our synthetic material.?

Although linear in nature, the foregoing synthetic
sequence is direct and efficient. The remarkably high
remote diastereocontrol of the ring contraction leading
to alcohol 13 is noteworthy, as is the efficient cyclization
of allenic acids 16 and 22 to the strained butenolides 23
and 24. Further applications of these constructs to
furanocembranes and pseudopteranes are clearly pos-
sible.

Acknowledgment. Support for these studies was
provided by research grant R01-GM-29475 from the
National Institute of General Medical Sciences. EM.W.
is the recipient of an NIH postdoctoral fellowship.

Supplementary Material Available: Experimental pro-
cedures and 'H NMR spectra for all intermediates and 1*C
NMR spectra for selected intermediates (45 pages).

J0942146K

(17) Although the yield (unoptimized) of this reaction was only 56%,
no significant by products could be detected by TLC. Furthermore, the
1H NMR spectrum of the crude product was comparable to that of the
purified material.

(18) Martin, S. F.; Dodge, J. A, Tetrahedron Lett. 1991, 32, 3017.

(19) For a closely related example of such an oxidation without
isomerization, see: Rayner, C. M.; Astles, P. C.; Paquette, L. A. J. Am.
Chem. Soc. 1992, 114, 3926,

(20) For the use of Ph3P in isomerizations of acetylenic esters and
ketones, see: (a) Rychnovsky, S. D.; Kim, J. J. Org. Chem. 1994, 59,
2659. (b) Trost, B. M.; Kazmaier, U. J. Am. Chem. Soc. 1992, 114, 7933.

(21) This is the second reported synthesis of a pseudopterane natural
product; for the first, see ref 19.

(22) The author has deposited atomic coordinates for 13 with the
Cambridge Crystallographic Data Centre. The coordinates can be
obtained, on request, from the Director, Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge, CB2 1EZ, UK.



