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STUDIES DIRECTED TOWARDS THE SYNTHESIS OF TAXANE DITERPENES:

A REMARKABLE REARRANGEMENT1
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Abstract: Acid-catalyzed fragmentation of the intramolecular dioxolenone photocycloaddition
product 9 leads not to 10, the desired taxane skeleton, but instead to the remarkable
rearrangement product 11.

We have recently described the application of the intramolecular dioxolenone photocyclo-
addition,5 i.e, 13 (Scheme I), to the synthesis of the biecyclo[5.3.1]undecane ring
systen, 4,6 an important structural feature of the taxane diterpenes, of which taxol, 5,7
has been found to exhibit significant antitumor properties.8 In the course of the
application of this methodology to the construction of the taxane skeleton, we have

discovered a remarkable rearrangement reaction, which is the subject of this Letter.
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The substrate for the intramolecular dioxolenone cycloaddition was prepared as outlined
in Scheme IIg. Alkylation of the dianion of tert-butyl acetoacetate with geranyl
bromide,10 followed by cyclization to the bicyclic ketoester (SnClu, wet dichloro-
methane)11 and dioxolenone formation (acetone, acetic anhydride, sulfuric acid, OOC, 18h)
gave 6 in 20% overall yield. Treatment of the anion of 6 with 4-pentenyl iodide (LDA, THF,

-78°C) furnished the alkylated dioxolenones 7 and 8 in 80% yield as a 1:1 mixture of

diastereomers at the newly formed stereocenter, which could be separated by HPLC.
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While irradiation of 8 (10% acetone/acetonitrile, 450 W Hanovia lamp, pyrex filter) gave
a mixture of products, epimer 7, under identical conditions, afforded a single photoadduct
whose structure, 9, was determined by X-ray.u As we have observed in our earlier work,6

the stereochemistry of the fusion of the newly formed six and four membered rings is trans,
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so that this compound would be expected to unravel to a trans~bridged (inside-outside)
bieyclo[5.3.1]undecane ring system. However, when 9 was submitted to the usual fragmentation
conditions (p-toluenesulfonic acid in refluxing methanol) we obtained none of the expected
tricyclic ketoester 10 but instead the lactone 1112 (85% yield), the structure of which was
also determined by )(--t'ay.)‘l

We suggest that the driving force for this rearrangement is the relief of considerable
strain energy in going from the trans-fused [4.2.0] fragment in 9 to the cis-[4.2.0] bicyclo-

octane in 11. MM2 calculations13

show a ca. 5 kcal/mol difference in strain energy between
9 and 11.

The mechanism for this reaction presumably involves dioxolanone hydrolysis to a hydroxy
acid, displacement of the protonated hydroxyl by contraction of the six-membered ring to a

five-membered ring, and capture of the secondary carbonium ion by the carboxylic acid to form

the 7Y-lactone, as outlined in Scheme III.

SCHEME 111

Further studies in the photochemistry of 8 and the control of the stereochemistry of the
introduction of the appendage, 628, with the correct relative stereochemistry for the

synthesis of the taxanes, are currently underway and will be reported on in due course.

Acknoyledgements. We would like to thank Professor James White for valuable discussions.
Support from the Petroleum Research Fund, administered by the American Chemical Society, the
National Institutes of Health (CA40250 to J.D.W. and GMOT148 in the form of a training grant
fellowship to J.P.H.), an American Cancer Society Institutional Grant, and Merck, Sharp and
Dohme is gratefully acknowledged. The NMR instruments used were funded in part by the NSF



Chemical Instrumentation Program and by the NCI via the University of Chicago Cancer Research
Center (CA 14599).

References:

1.

10
11

12

13

.

-

Presented in part at the 190th National Meeting of the American Chemical Society,
Chicago, IL, Sept 8-13, 1985; paper ORGN 205.

Recipient of a Merck Grant for Faculty Development, 1385-1986.
National Institutes of Health Predoctoral Trainee (GMOT148).

Author to whom correspondence regarding the X-ray structures of 9 and 11 should be
addressed. Full details will be reported in the full paper.

a) J. Vinkler, J. Hey, F. Hannon, Heterocycles, 1986, in press; b) For the intermolecular
version of this reaction, see S. Baldwin, J. Wilkinson, J. Am. Chem. Soc. 1980, 102,

3634,
J. Winkler, J. Hey, J. Am. Chem. Soc. 1986, in press.

f

ot

Several approaches to the synthesis he taxanes have been reported: a) P. Brown, P.
Jenkins, J. Fawcett, D. Russell, J. S., Chem. Comm. 1984, 253; b) R. Holton, J. Am.
Chem. Soc. 1984, 106 5731; ¢) R. Andraimialisoca, M, Fetizon, I. Hanna, C. Pascard, T.
Prange, Tetrahedron 198h, 40, 4285; d) C. Swindell, J. DeSolms, Tet. Lett. 1984, 38C1; e)
B. Trost, M., Fray, M. Tet. Lett. 1984, 4605; f) A. Nagaoka, K. Ohsawa, T. Takata, Y.
Yamada, Tet. Lett. 1984, 5389; g) XK. Shea, P. Davis, Angew. Chem., Int. Ed. 1983, 22,
419; n) K. Sakan, B. Craven, B. J. Am, Chem. Soc. 1983, 105, 3732; i) B. Trost, H.
Hiemstra, J. Am. Chem. Soc. 1982, 104, 886; j) R. Gadwood, R. Lett, J. Org. Chem. 1982,
47, 2268; j) S. Martin, J. White, R. Wagner, J. Org. Chem. 1982, 47, 3190; 1) Y. Inouye,
C. Fukaya, H. Kakisawa, Bull. Chem. Soc. Japan. 1981, 54, 1117; m) S. Levine, R.
McDaniel, J. Org. Chem. 1981, 46, 2199; n) M, Kahn, Tet. Lett. 1980, 4547; o) I.
Kitigawa, H. Shibuya, H. Fujioka, A. Kejiwara, S. Tsujii, Y. Yamamoto, A. Takagi,
Chemistry Lett. 1980, 100%1; p) A. Kende, M. Benechie, D. Curran, P. Fludzinshi, W.
Swenson, J. Clardy, Tet. Lett. 1979, 4513; q) T. Kato, H. Takayanagi, T. Suzuki, T.
Uyehara, Tet. Lett. 1978, 1201; r) A. Kende, S. Johnson, P. Sanfilippo, J. Hodges, L.
Jungheim, J. Am. Chem. Soc. 1986, 108, 3513; s) H. Neh, S. Blechert, W. Schnick, M.

nnnnn Ob e Tt [~ Tanor ] 4n@h ol OOS. &Y o To Do rima A
uauocu, BHB LOCM. dniv.e Q. LOF1L. 130%, £33, YUD,; U, W, I.)CII\UW.L\/L, J. Per umabua.ul, R

Amarasekara, Tet. Lett. 1985, 3665; u) T. Kojima, Y. Inouye, Chem. Lett. 1985, 323.

Qo

a) M. Wani, H Tnv]nr M. Wall, P.

Coggon, A MvPh
b) R. Miller, R. Powell C. Smlth, J. Org

hem. Soco 1971 Q3
y &4 08 nem. S>o¢. 1Y/71, Ys

2325
y €322,

All new compounds were characterized by full spectroscopic (NMR, IR, MS) data. Yields
refer to spectroscopically and chromatographically homogeneous (>95%) materials.

S. Huckin, L. Weiler, J. Am. Chem. Soc. 1974, 96, 1082,
R. Skeean, G. Trammell, J. White, Tet. Lett. 1976, 525.

4
Spectral data for 7: 'H-NMR (500 MHz, CDCl,): 0.89 (s, 3H), 0.97 (s, 3H), 1.07 (m,
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