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Angiogenesis is essential to solid tumor growthInhibitors
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enoned be developed, and would the conjugate addition proceed
with the requisite high diastereoselectivity?

of angiogenesis are therefore under active investigation as This approach was particularly compelling because a potentially
antineoplastic agents. Preliminary evidence has recently been pukimple route to the cyclohexenodevas available (Scheme 1).

forward that angiogenesis inhibitors also effectively inhibit the
growth of atherosclerotic plagieFumagillin1, (eq 1) prepared

Enone4 could be derived from the cyclopentendy ozonolysis
followed by aldol condensation. We had already demonstfated

by fermentation, has been a primary lead compound in thesethat addition of strong base to a haloalkene suchasuld lead,

investigations. Semisynthetic derivatives such as TNPate
currently in clinical trial as antitumor agert$Both fumagillin

1* and the related ovalicir8® have been prepared by total
synthesis, and some preliminary structdeetivity studies have
been reported The recent discovery that methionine aminopep-
tidase-2 is the specific enzyme inhibited by fumagillin and
ovalicir? and the elucidation by X-ray crystallography of the
binding mode ofl to the enzym&make a convincing case for
the development of a flexible total synthesis.
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Retrosynthetic Analysis.We proposed to prepare fumagillin
1 by conjugate addition to the enantiomerically pure endne
followed by oxygenation of the derived enolate. There were two
key questions with this approach: Could an efficient route to

* Corresponding author: (tel.) 302-831-2433; (fax) 302-831-6335; (e-mail)
taberdf@udel.edu.

T X-ray crystallography.
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via the intermediate alkylidene carbeb@ to the C-H insertion
product and had also confirmed that this process proceeded with
retention of absolute configuration at the site of insertion. We
thought that it might be possible to extend this reaction to a simple
alkene such aé. Bromination should giv& and dehydrobromi-
nation would be expected to giv setting the stage for in situ
elimination and insertion.

Scheme 1

Construction of enone 4.We have prepare®® from (9-
glycidol 11 (Scheme 2) by Grignard opening followed by
ketalization. The acetonid@was purified on a multigram scale
by distillation.

As we had hypothesized, bromination followed by exposure
to KHMDS nicely cyclized6 to 7. This procedure required some
optimization. The ketal tended to participate in the bromination,
So it was necessary to effect brominatiaretherat —78 °C and
then immediately add the KHMDS (freshly titrated) before
allowing the reaction to come to room temperature. Under these
conditions, cyclization proceeded in good yield. Ozonolysis
followed by aldol condensation then gase

Conjugate addition to enone 8.The requisite side chain for
the conjugate addition was conveniently prepared in two steps
from dihydrofuranl2 (Scheme 3). Following the literature proce-
dure? lithiation of dihydrofuran followed by the addition of tri-
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butylstannyllithium gave an intermediate that was quenched with N \)\ Clwc'

methyl iodide to give the alcohdl3. Silylation then gavel4. fo) Y~ 'OCH,
With the side chain in hand, we were ready to attempt conjugate Y 'OCHs 75% O\H/NCOZH
addition to the enond. There was some literature precedént OH 23 1 9 4

for conjugate addition taking place anti to the oxygen of the
spirocyclic ether. In the event, conjugate addition/enolate trapping
proceeded smoothly to givEb and its easily separated diastere-
omer in a 96:4 ratio.

Rubottom oxidatioft of the silyl enol etherl5 (Scheme 4)
suffered somewhat from competing epoxidation of the double
bond. The most serious difficulty with this procedure for enolate
hydroxylation, however, was the removal of the secondary OTES
group in the presence of the primary OTBS group. We finally
found that TBAF/THF buffered with solid NiCI, a reagent
combination recently developed in our laborat&heffected the
selective desilylation. Methylation df7 followed by reduction
of the ketone provided8 asa single dlastereomer. Benzoylation to natural fumagillin in all respects (TLCH NMR, *C NMR).
of 18 followed by hydrolysis then gave the tri@b. Th thet terial hadl. — — 27,07 (Iit.3 — o>

At this point, we needed to convert the triol to the epox2@e e synthetic material hadJo = 0 (iit->[alo = -Z).

This transformation could proceed by inversion of the quaternary Conclusion

center. While this might be possible, we elected instead to cleave

the diol to the ketone, then establish the epoxide using the  The in situ bromination/dehydrobromination protocol intro-
equatorial-selectivé sulfoxonium ylide. We had been concerned  duced here offers a potentially very flexible route from 1,1-
that the intermediatgg,y-unsaturated ketone, from periodate djisubstituted alkenes to cyclopentenes. Ssdlycidol is inex-
cleavage of dioll9, would be unstable. As it turned out, this  pensive on a commercial scale ($18/mole), and since the ketone
ketone could be handled without d|ff|CU|ty Addition of the yllde 4is nice|y Crysta”ine, we expect thdtand its enantiomer will

to this ketone led to epoxid20 as a single diastereomer. become valuable chirons for natural product synthesis.

Following the literature precedehperacid oxidation o0 led
to 21, again as the only detected diastereomer. At this point we  Acknowledgment. We thank Dr. Gordon Nichol for high-resolution
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in this case thé,y-epoxy aldehyde from oxidation &1. These
fears proved to be well-founded, as the aldehyde was indeed very
unstable. Direct homologation of the crude aldehyde, however,
delivered the desired alker®2 in acceptable overall yield.

At this point, debenzoylation allowed us to compare our
synthetic ()-fumagillol 23 with authentic material prepared from
natural fumagillin. The two were indentical by TL& NMR,
and *C NMR. The synthetic material hadp = —68.8 (lit.3
[a]p = — 67.7). Conversion of the C-10 diacid (prepared from
natural fumagillin) to the acid chlorid&followed by acylation
of the syntheti@23 led to syntheticl, mp = 193-195 (lit.3 mp
= 194195 for natural material). This substance was identical
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