Tetrahedron Letters, Vol. 35, No. 11, pp. 1665-1668, 1994
Pergamon Elsevier Science L

Printed in Great Britain
0040-403994 $6.00+0.00
0040-4039(94)E0155-Q

A Simple Synthesis of 10-Deacetoxytaxol Derivatives
Robert A. Holton," Carmen Somoza, and Ki-Byung Chai

Dittmer Laboratory of Chemistry
Florida State University
Tallahassee, Florida 32306

Abstract: The C-10 oxygen substituent can be reductively removed in high yield by reaction of taxol,
baccatin 1], or 10-deacetylbacecatin Il with samarium dilodide. This reaction pathway can be completely shut
down by protection of the C-7 hydroxyl group of baccatin lil as the triethylsilyl ether.

Taxol (1) and the semisynthetic analog, taxotere (2), continue to be the subject of intense
interest in the chemical, biological, and medical communities. Taxol is currently marketed for
treatment of refractory ovarian cancer, and it continues to show impressive clinical activity against
other cancers, particularly breast and lung cancer.! Since its isolation by Wall and Wani in 1971,2
it has been the subject of extensive chemical and biological studies, which have recently been
summarized in several reviews.3

The chemistry of taxol has been found to be particularly challenging, and unexpected
rearrangements to produce unusual structures are frequently encountered.4 The dense array of
nine reactive functional groups sprinkled around the perifery of the unusual taxane skeleton
provides a unique chalienge, and, as a result, the pharmacophore of taxol remains to be
completely defined. Selective manipulation of this array of functional groups is also an important
issue which must be addressed before a total synthesis of taxol can be realized.

An ongoing program in our laboratory has dual objectives: (a) to achieve a total synthesis
of baccatin 1l (4), and therefore taxol,5 and (b) to define the taxol pharmacophore as a first step in
developing a detailed understanding of its mechanism of biological action. in the course of these
endeavors we have discovered a simple and direct high yield route to 10-deacetoxytaxol (3) and
10-deacetoxybaccatin lll (5), and the results of these studies are reported herein.

Farina, et. al. have recently reported a synthesis of 10-deacetoxytaxol from taxol, and have
found its biological activity to be approximately equivalent to that of taxol.6 Independently,
Kingston, et. al. have reported an alternative synthesis of 10-deacetoxytaxol and 10-deoxytaxotere
(11) from 10-deacetylbaccatin 1ll, and have found 10-deoxytaxotere to possess superior activity.”
Both of these synthetic routes required several steps and proceeded in low overall yield.
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We have found that taxol (1) undergoes smooth reduction in the presence of 2.5 mol equiv
of samarium diiodide in THF solution at 0 °C for 45 min. Examination of the crude reaction mixture
by TH NMR indicated that a small amount of epimerization at C-7 had occurred (the ratio of 3 to 7-
epi-3 ranged from 6:1 to 9:1). Upon flash chromatography, the mixture partially epimerized back
to 3, and, typically, 3 could be obtained in ca. 91-92% yield along with 7-8% of 7-epi-3.

When baccatin Il (4) was subjected to identical conditions, simiiar results were obtained.
The crude reaction mixture contained 5 and 7-epi-5 in ratios ranging from 3.6:1 to 20:1. After
flash chromatography the yield of 5§ was ca. 92% and the yield of 7-epi-5 was ca. 8%.
interestingly, after purification, no epimerization of 7-epi-3 to 3 or 7-epi-5 10 5 was observed.
Perhaps the epimerization during chromatography is due to the presence of chelated Sm (+3)
salts. When the reduction was carried out at 25 °C, more epimerization (5:4 ratio of 5 to 7-epi-5)
was observed. Upon chromatography, a 2:1 ratio of 5 to 7-epi-5 was obtained.

The reduction of 10-deacetylbaccatin Il (6) was, as expected, more difficult, and the
reaction was very slow at 0 °C. Reduction of 6 was achieved with 5 mol equiv of samarium
diiodide in THF solution at 25 °C for 4 h, providing a crude mixture of 5 and 7-epi-5 in ratios
ranging from 2.5:1 to 2:3. After chromatography the yield of 5 was 60% to 75%. The undesired
C-7 epimerization appeared to be promoted by higher reaction temperatures. Therefore, 6 was
treated with 2.5 mol equiv of samarium diiodide in a mixture of 10:1 THF:HMPA at -23 °C for 0.5 h,
and 5 was obtained in 94% yield at 85% conversion with only a small amount (ca. 5% or less) of
C-7 epimerization.

Unexpectedly, 7-triethylsilyl baccatin Il (7) remained unchanged in the presence of
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samarium diiodide in THF at either 0 °C or 25 °C. Undoer reiatively harsh conditions (3.5 mol equiv
of samarium diiodide in THF solution at reflux for 5 h), only a smail amount of unreacted 7 (20%)
was recovared, along with many (>10) other products. The lack of reactivity of 7 is reminiscent of
that observed by Chen, et. al. during studies of the Lewis acid promoted methanolysis of the C-10
acetoxy group of baccatin Ill and 7-triethylsily! baccatin lil.8

Surprisingly, when 7 was treated with 4 mol equiv of samarium diiodide in a 10:1 mixture of
THF:HMPA at 25 °C for 1 h, the tetrahydrofuran 8 was obtained in 86% yield. An analogous
conversion of the oxetane to a 2-20 tetrahydrofuran has previously been observed as a
consequence of attempted basic methanolysis of baccatin derivatives.® It has been noted that the
oxygen at C-2 is almost perfectly aligned for backside opening of the oxetane. In this case, we
suspect that the reaction is promoted by Sm (+3) complexation with the oxetane oxygen after
reduction of the C-2 banzoate.10

10-Deacetoxybaccatin Il (5) was converted to 10-deoxytaxotere (11} in ca. 80% overall
yield via a three step sequence:S (a) protection of 5 as the 7-TES derivative 9 (TESCI, pyridine, 25
°C), (b) esterification of 9 with racemic p-lactam 10 (LHMDS, THF, 10, 0 °C), and {c) removal of 7
and 2° TES groups (HF, pyridine, acetonitrile, 25 °C). 10-Deoxytaxotere (11) showed slightly
better in vitro cytotoxicity than taxotere in a human colon cancer cell line {HCT116: IC5y, 0.002
pg/mi; taxotere, 0.003 pg/mlL), and its ability to polymerize tubulin was about twice that of taxotere.
These results are consistent with those reported by Kingston in the P-388 cell culture system.”?

Acknowledgement: We thank the Nationai Cancer Institute (CA 42031, CA 55131), Bristol-



1668

Myers Squibb Company, and private donors to the Taxol Research Fund for financial suipport of
our taxol programs. We are also grateful to Drs. Mamber and Fairchild of Bristol-Myers Squibb
Company for performing the cytotoxicity and tubulin assays.

REFERENCES AND NOTES

1.

10.

{a) Rowinsky, E. K.; Donehower, R. C. J. Natl. Cancer Inst., 1991, 83, 1778. (b) Holmes, F. A ;
Walters, R. S.; Theriauit, R. L.; Forman, A. D.; Newton, L. K.; Raber, M. N.; Buzdar, A. U.; Frye, D.
K.; Hortobagyi, G. N. J. Natl. Cancer Inst., 1891, 83, 1797. (c) Slichenmyer, W. J.; Von Hoff, D.
?égqﬂ-s%ansger Drugs, 1891, 2, 519. (d) Rowinsky, E. K.; Donehower, R. C. Pharmac. Ther.,

War‘lsi, M. C.; Taylor, H. L.; Wall, M. E.; Coggon, P.; McPhail, A. T. J. Am. Chem. Soc., 1971, 93,
2325.

(a) Suffness, M.; Cordell, G. A. in: The Alkaloids. Chemistry and Pharmacology; Brossi, A.,
Ed.; Academic Press: New York, 1985; vol. 25, p. 3. (b) Kingston, D. G. |.; Samaranayake, G.;
ivey, C. A. J. Nat. Prod., 1990, 53, 1. (c) Blechen, S.; Guenard, D. in: The Alkaloids.
Chemistry and Pharmacoiogy; Brossi, A., Ed.; Academic Press: San Diego, 1990; vol. 39, p.
195. (d) Kingston, D. G. I. Pharm. Ther.,1891, 52, 1. (e} Kingston, D. G. I.; Molinero, A. A;
Rimoldi, J. M. Prog. Chem. Org. Nat. Prod.,1993, 61, 1.

See, for example: (a) R. A. Holton, R. A_; Williams, A. D. J. Org. Chem. 1988, 53, 5881. (b)
Samaranayake, G.; Magri, N. F.; Jitransgri, C.; Kingston, D. G. I. J. Org. Chem. 1991, 56, 5114.
{c) Chen, S.-H.; Huang, S.; Wei, J.; Farina, V. J. Org. Chem. 1993, 58, 4520, and references
cited therein.

Semisynthesis of taxol: (a) Hoiton, R. A. “Advances in Taxane Synthesis” Midwestern
Regional ACS Meeting; June, 1989, Cleveland, Ohio. (b) Holton, R. A. “Progress in Taxol
Synthesis” National ACS Meeting; April, 1992, San Francisco, Ca. (¢) Hoiton, R. A., U. S.
Patent 5,015,744 (199 1); European Patent 0 400 971 (1990); (d) Holton, R. A., U. S. Patent
5,136,060 (1992); (e) Holton, R. A, U. S. Patent 5,175,315 (19892); (f) Holton, R. A., PCT
Patent Application International Publication Number WO 93/0607¢ (1993); (g) Holton, R. A,
U. 8. Patent 5,229,526 (1993); (h) other patents pending. (i) Subsequent to these
disclosures simitar findings have been reported: see Ojima, I.; Sun, C. M.; Zucco,M.; Park, Y.
H.; Duclos, O.; Kuduk, S. Tetrahedron Lett., 1993, 34, 4149, and references cited therein. (j)
For an alternate approach, see Commercon, A.; Bezard, D.; Bernard, F.; Bourzat, J. D.
Tetrahedron Lett., 1992, 33, 5185, and referances contained therein.

{a) Chen, S.-H.; Fairchild, C.; Mamber, S. W_; Farina, V. J. Org. Chem., 1993, 58, 2927. (b)
Chen, S.-H.; Wei, J.; Vyas, D. M.; Doyle, T. W,; Farina, V. Tetrahedron Lett., 1993, 34, 6845,

Chaudhary, A. G.; Kingston, D. G. |. Tetrahedron Lstit., 1993, 34, 4921.

(a) Chen, S.-H.; Huang, S.; Wei, J.; Farina, V. Tetrahedron, 1993, 49, 2805. (b)
Samaranayake, G.; Magri, N. F.; Jitrangsri, C.; Kingsten, D. G. I. J. Ong. Chem., 1991, 56, 5114.

(a) Farina, V.; Huang, S. Tetrahedron Lett., 1992, 33, 3979. (b) Wahl, A.; Gueritte-Voegelein,
F.; Guenard, D.; Le Goff, M. T.; Potier, P. Tetrahedron, 1992, 48, 6965.

Although we are aware of no literature precedent, we have observed that simple esters, e.g.
methy! benzoate, are reduced by samarium dilodide in THF/HMPA. Further exploration of this
observation is warranted.
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