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SYNTHESIS OF A TAXININE ANALOG VIA THE
INTRAMOLECULAR DIELS-ALDER CYCLOADDITION

Jeffrey D. Winkler*, Samit K. Bhattacharya and Robert A. Batey

Department of Chemistry, The University of Pennsylvania, Philadelphia, PA 19104

Abstract: The synthesis of the tricyclic ring system of the taxane diterpenes via an A—ABC
intramolecular Diels-Alder construction, and the elaboration of the cycloadduct 13 to taxinine analog
17 are described.  Copyright © 1996 Elsevier Science Ltd

The discovery of taxol (paclitaxel) 1 (Scheme I) has been an important breakthrough in cancer
chemotherapy. ! It is the only plant product known to promote the formation of microtubules and to interfere
with their disassembly by binding to p-tubulin.? Its remarkable clinical efficacy against breast and ovarian
cancer, coupled with its entirely novel mechanism of action, have resulted in a prodigious effort directed
towards both semi- and total synthesis of 1,3 which have recently culminated in the first three reported total
syntheses of taxol.4-6
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We have recently disclosed a verbenone-based route for the stereoselective synthesis of A-ring
synthon 3.7 We report herein the transformation of 3 to intramolecular Diels-Alder substrate 4, and the
subscquent transformation of the derived cycloadduct 5§ to 6, a highly functionalized analog of taxinine, 2,
as outlined in Schemes I and 1118

Oxidation of the terminal alkene of 3 via dihydroxylation (cat. OsO4) and cleavage of the resulting
diol (NalO4) resulted in the formation of aldehyde 7. Addition of either vinyl or isopropenyl Grignard to 7
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and protection of the resulting alcohol with 2-methoxypropene afforded acetal 8a and 8b, respectively
(MP=2-methoxypropyl). Lactone opening was achieved using the procedure of Danishefsky.? Reaction of
8a (R=H) with DIBAL-H followed by treatment of the lactol intermediate with vinyl lithium 9, obtained on
reaction of the corresponding stannane 10 with n-BuLi, gave alcohols 10a and 10b, as a 5:1 ratio of C-2 B and
o epimers, respectively (taxol numbering). Comparable selectivities were observed in the formation of 10¢
and 10d from 8b (R=Me).

Selective protection of the C-13 hydroxyl of 10a led to the formation of 11a. We have found that C-
2B stereochemistry of 11a could be cleanly inverted to the C-2a oxygen stereochemistry found in the
taxanes. Oxidation of 11a to the corresponding ketone, followed by carbonyl reduction with L-Selectride,
resulted in the exclusive formation of the C-2a alcohol, via addition of hydride to the ketone derived from
11a with the same facial selectivity as that observed on addition of 9 to the aldehyde derived from 8.
Methylation of the C-2a alcohol, followed by C-9 deprotection and oxidation provided the intramolecular
Diels-Alder substrate 12a. The isopropenyl dienophile 12b was prepared in the same manner from 10¢.
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10a: C-2p OH; R=H 11a R=H 12a R=H
10b: C-2a. OH; R=H 11b R=Me 12b R=Me

10c: C-28 OH; R=Me
10d: C-2a OH; R=Me

a)1) 2mol % 0sO4/H,0,NMO, Acetone : water (8:1);2) NalO4,0°C, 30 mins, THF:H,0 (1:1), 70%; b) 1)
CH,=CHMgBr, ether, -78°C, 61 %; 2)2-methoxy propene, cat. PpTs, 0°C, 93%; ¢) DIBAL, tol, -78°C, 1h;
R'Li, 18h, 60%; d) TBSOTf, 2,6-lutidine, -78°C, 68%; e)1) Dess-Martin periodinane, CHxCl», 93%.2)
L-Selectride, THF, -78°C, 89%,3) NaHMDS/THF, 0°C, Mel, 95%,4) cat. PpTs, MeOH-Et,O (1:1),0°C, 98%,
5) Dess-Martin periodinane, CHoCl,, 91%.

While cycloaddition of the isopropenyl dienophile 12b could not be achieved under a variety of
reaction conditions, heating 12a to 140°C in a sealed tube under scrupulously degassed conditions for 110h
led to a 95% yield of 7:2:0.5 mixture of diastercomers 13, 14, and 15, of which 13 was the major adduct
(Scheme HI). The stereochemical relationships was established by a combination of X-ray crystallographic,
NMR spectroscopic analysis and chemical correlation. Epimerization of 13 led to a 56:44 mixture of 13 and
the trans-fused product 15.



We have converted 13 to 17 (Scheme III), an analog of taxinine, 2 (Scheme I).11 Direct
methylenation of 13 with Eschenmoser’s salt,12 or reaction of 13 with a variety of formaldehyde equivalents
was not successful. However, cyclopropanation of 13 gave 16, via reaction from the sterically less hindered
convex o-face of the silyl enol ether. Treatment of 16 with Zeise's dimer, based on work by Ryu et al.,

provided stereoselectively the C-5ao allylic ether corresponding to 17, the stereochemistry of which is

established by migration of the C-4p hydrogen in 16.13 The C-5 TIPS ether was selectively deprotected to

give 17, the stereochemistry of which was unequivocally established by X-ray crystallographic analysis.
Scheme III
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a) Toluene, 140°C, 110h, 95% overall; b) 2.5% NaOMe/MeOH, reflux, 20h; c) EtZn, ICHLCI,
1,2-dichloroethane, 0°C, 100%;d)1)P{{CHo=CHJ)CiJl>, 5 mol%, CHaCl, 80%; 2) TBAF (10 eq.), 0°C, 7h, 60%

The construction of this cis-fused C-ring analog of taxol via intramolecular Diels-Alder
cycloaddition that we have described here stands in striking contrast to related reports by Sakan32 and
Fallis8b (Scheme IV). Sakan reported that cycloaddition of 18 leads to the exclusive formation of 19,
containing both the C-8 angular methyl group and the trans B/C ring fusion, although the bicyclooctane
framework of 19 cannot be readily transformed to the geminal dimethyl-substituted A ring of taxol. In the
more recent report by Fallis, cycloaddition of 20 occurred only to give 21 with the acetylenic dienophile
under microwave irradiation and in modest yield. In the present study, we have demonstrated that the
cycloaddition of 4 generates the tricyclic ring system of the taxanes in excellent yield, without recourse to
either a bicyclooctane A ring construct or the sterically undemanding acetylenic dienophile. This reaction
leads to the establishment of oxygen functionalities at C-2, C-5, C-9 and C-13, as well as a A*53 enol ether to
facilitate introduction of the oxetane ring. Further studies on the introduction of the C-8 methyl group and
the establishment of the trans-B/C ring fusion in this system are currently underway, and our results will be
reported in due course.
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Scheme IV

160°C o}

toluene microwave

70% = 35-40%

Aol —_—

\
H H H
MOMO MOMO
19 20 21

Acknowledgments: We are very grateful for the invaluable assistance of Dr. George Furst (NMR), Dr. Pat
Carroll (X-Ray) and Dr. John Dykins (MS) in obtaining spectral data. Financial support from the National
Institutes of Health (CA40250) and the Upjohn Company is gratefully acknowledged.

References

1
2

3

6

Rowinsky, E. and Donehower, R. The New England Journal of Medicine, 1995, 332, 1004-1014.

a) Schiff, P. and Horwitz, S. Proc. Natl. Acad Sci. 1980, 77, 1561; b) Wilson, L. and Jordan, M. Chemistry & Biology, 1995 2,
569.

For exccllent recent reviews on the synthesis of taxanes, see a) Swindell, C. S. Org. Prep. Procedures Intl. 1992, 23, 465; b)
Nicolaou, K. C.; Dai, W.; Guy, R. Angew. Chem. Intl. Ed. 1994, 33, 15; ¢) Boa, A. N.; Jenkins, P. R.; Lawrence, N. J.
Contemporary Organic Synthesis , 1994, 1,47,

a) Holton, R.A.; Somoza, C.; Kim, H.-B.; Liang, F.; Biediger, R.J.; Boatman, P.D.; Shindo, M.; Smith, C.C.; Kim, S.C,;
Nadizadeh, H.; Suzuki, Y.; Tao, C.L.; Vu, P,; Tang, S.H.; Zhang, P.S.; Murthi, K.K_; Gentile, L.N,; Liu, J.H. J. Am. Chem.
Soc. 1994,116, 1597, b) Holton, R.A_; Kim, H.-B.; Somoza, C.; Liang, F.; Biediger, R.J.; Boatman, P.D.; Shindo, M.; Smith,
C.C,; Kim, S.C.; Nadizadeh, H.; Suzuki, Y.; Tao, C.L.; Vu, P,; Tang, S.H.; Zhang, P.S.; Murthi, K. K.; Gentile, L.; Liu, J H. J.
Am. Chem. Soc. 1994, 116, 1599,

a) Nicolaou, K.; Yang, Z.; Liu, J.; Ueno, H.; Nantermet, P.; Guy, R.; Claibomne, C.; Renaud, J.; Couladouros, E.; Paulvannan,
K.; Sorensen, E. Nature 1994, 367, 630; b) Nicolaou, K.C.; Nantermet, P.G.; Ueno, H; Guy, R K.; Couladouros, E.A.;
Sorensen, EJ. J. Am. Chem Soc. 1995, 117, 624-633; ¢) Nicolaou, K.C.; Liu, J.J.; Yang, Z.; Ueno, H.; Sorensen, EJ.;
Claibome, C.F.; Guy, R.K.; Hwang, C.; Nakada, M.; Nantermet, P.G. J. Am. Chem Soc. 1995, 117, 634; d) Nicolaou, K.C;
Yang, Z.; Liu, J.J.; Nantermet, P.G.; Claiborne, C.F.; Renaud, J.; Guy, R.K.; Shibayama K. J. Am. Chem Soc. 1995, 117, 645;
¢) Nicolaou, K.C.; Ueno, H.; Liu, J.J.;Nantermet, P.G.; Yang, Z.; Renaud, J.; Paulvannan, K.; Chadha, R. J. Am. Chem Soc.
1995, 117, 6653.

a) Masters, I.J., Link, J.T., Snyder, L.B., Young, W.B., Danishefsky, S.J. Angew. Chem. Intl. Ed. 1995, 34, 1723; b)
Danishefsky, S.; Masters, J.; Young, W ; Link, J.; Snyder, L.; Magee, T.; Jung, D.; Isaacs, R.; Bornmann, W.; Alaimo, C.;
Coburm, C.; Di Grandi, M. J. Am. Chem. Soc. 1996, 118, 2843.

Winkler, J.D., Bhattacharya, $.K., Liotta, F., Batey, R.A., Heffeman, G.D., Cladingboel, D.E. and Kelly, R.C., Tetrahedron
Lett., 1995, 36, 2215.

For related approaches to the synthcesis of the C-ring of the taxanes via intramolecular Diels-Alder cycloaddition, see a) Sakan,
K; Craven, BM. J. Am .Chem. Soc. 1983, 105, 3732; and b) Lu, Y-F.; Fallis, A. G. Tetrahedron Letr. 1993, 34 , 3367.

Askin, D.; Angst, C.; Danishefsky, S. J. Org. Chem. 1987, 52, 622.

Hydrostannylation of (£)-2-butynol, oxidation of the major (E)-isomer and subsequent treatment with LHMDS / TIPSOT{
afforded the stannylated diene, from which 9 is derived on reaction with n-BuLi.

All new compounds were characterized by tull spectroscopic (NMR, IR, high resolution MS) data. Yields refer to
spectroscopically and chromatographically homogeneous (>95%) materials. Spectral data for allylic alcohol 17: g NMR
(CDCl 3, 500 MHz): §4.96 (d,J 1.7 Hz, 1H), 4.95 (d, J 1.6 Hz, 1H), 4.6 (br unresolved multiplet, 1H), 4.02 (br m, 1H), 3.90 (br
m, 1H), 3.55 (d, J 15.6 Hz, 1H), 3.24 (m partly hidden, 1H), 3.22 (s, 3H), 3.14 (dd, J 6.8, 2.6 Hz, 1H), 2.27-2.42 (m, 3H), 2.1
(m, 1H), 1.98 (dd, J 8.9, 1.9 Hz, 1H), 1.9 (s, 3H), 1.71 (dd, J 15.3, 6.1 Hz, 1H), 1.60 (m, 2H), 1.1 (m, 1H), 1.03 (s, 3H), 1.01 (s,
3H), 0.93 (s, 9H), 0.11 (s, 3H) and 0.09 (s, 3H).; 13C NMR (CDCl3, 125.7 MHz): § 209.9, 153.7, 137.0, 1307, 106.2, 79.5,
71.3,68.0, 57.1, 57.0, 49.0, 47.3, 42.5, 37.8, 35.1, 31.3, 29.1, 26.6, 26.0, 23.0, 18.1, 15.5, -4.2, -5.1. FT-IR (film, cm-!): 3508,
2923, 2851, 1681, 1470, 1360, 1253, 1086, 1067, 1035, 1001.; exact mass calculated for C2Hg45i04 (M+NH4*): 466.3352;
found: 466.3359.

a) Danishefsky, S.; Prisbylla, M.; Lipisko, B. Tetrahedron Lett. 1980,21, 80S; b) Wada, M.; Nishihara, Y.; Akiba, K.
Tetrahedron Leut. 1984,25, 5405.

a) Denmark, S.E.; Edwards, J.P. J. Org. Chem. 1991, 56, 6974. b) Ikura, K; Ryu, I.; Kambe, N.; Sonoda, N. J. Am. Chem.
Soc. 1992, 114,1520.

(Received in USA 26 July 1996; revised 9 September 1996; accepted 10 September 1996)



