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Selective Termination of a Polyene Cyclization by an
Internally Situated Allylsilane Group
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Abstract: The cyclization of epoxides 6 and 7, incorporating the intemally situated propenyl and allyisilane
terminator groups respectively, has demonstrated that the allylsilane function is the far superior group for
terminating the cyclization process, and does so in a highly efficient and selective manner. Thus, treatment of 6
with (i-PrO)TiCl, afforded bicyclic aicohols 23 in 79-82% yield.

Biomimetic polyene cyclizations have been successfully applied to the construction of natural products,
particularly steroids and polycyclic triterpenoids.! However, these synthetic cyclization substrates have
generally only a passing resemblance to 2,3-oxidosqualene (1), the enzymatic precursor to these natural
products.? The acid-catalyzed cyclization of 1 leads to just two tricyclic products, a result that has substantially
limited the use of 1 as & substrate for nonenzymic cyclization studies.? By appropriate functionalization of 1 it
may prove possible to design oxidosqualene derivatives which could poteatially undergo nonenzymic cyclization
to furnish predictable polycyclic materials that closely resemble the enzymatic (natural) products. Thus it was
our aim to design suitably functionalized polyene substrates which, upon acid-promoted reaction, would give
direct access to the tetracyclic triterpenoid dammaradienol (2).4

& R

(e ]
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Two fluorooxidosqualene derivatives 3 and 4 were selected as candidate substrates. Cyclization of either
polyene could potentially furnish fluorotetracycle §,5° and subsequent stereoselective reduction of the B-C13
fluorine atom, with retention of configuration,” would provide 2 (eq 1). The anticipated stercoselective
synthesis of 3 and especially 4 was not trivial and so two model epoxides 6 and 7 were prepared in order to
predict the cyclization behavior of the CD rings of 3 and 4.

Epoxide-initiated cationic cyclizations have proven to be capricious and yields of fully cyclized products
have been low,? however, recent studies have demonstrated that judicious choice of the acid used to promote the
cyclization can furnish two or three rings in good yield.? The selective termination of the cyclization would
require regioselective a-elimination of R from pro-C21' (IT) to create the C20'-21' alkene IIL Simple proton
elimination (6— II:R=H— III) may not be sufficiently selective because cations like II have a susceptibility to
undergo backbone rearrangements.3'1¢ Allylsilanes have proven to be effective terminators of polyene
cyclizations when appended at the terminus of the polyene substrate!! and could potentially selectively terminate
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the cyclization when situated internally along the polyene backbone (7— II:R=SiMe,— IIT). Although much
simpler than 3 and 4, it was expected that 6 and 7 would provide valuable empirical data on the ability of the
two groups -CH, and -CH,SiMe, located at pro-C20' to influence the S-membered D ring formation and to
terminate the polyene cascade.

H

m

2,3-Oxidodigeranyl (6) was synthesized from digeranyl (9)!2 by regioselective terminal bromohydrin
formation with NBS in THF-H,O to 10, and then treatment of 10 with methanolic K,CO, (Scheme 1).13 The
preparation of substrate 7 was more challenging as it required the stereospecific construction of the (Z)-
trisubstituted allylsilane moiety (Scheme 2).!? Thus, alkylation of lithium acetylide with 1-bromo-4-methyl-3-
pentene (11) gave enyne 1214 which was converted to the propargylic alcohol 13 by deprotonation with n-
BuLi, to generate the lithium acetylide 12a'4, and reaction with paraformaldehyde. Reduction of 13 with Red-
Al followed by reaction with N-iodosuccimide!S gave predominantly 3-iodo (Z)-allylic alcohol 14, along with
(E)-allylic alcohol 15 and the position isomeric 2-iodo alcohol (ratio, 20:2:1 respectively); distillation separated
14 in 81% yield. The reduction-iodination of 13 with Red-Al-NIS proved to be more selective for 14 than with
LiAlH,/NaOMe-1, (ratio, 9:3:2).16 Bromination of 14 with PBr; gave 16 which upon reaction with cyano-
methylcopper!” afforded nitrile 17 and then reduction with DIBALH gave aldehyde 18. Reaction of 18 with
CH,=C(Me)MgBr gave alcohol 19 which underwent orthoester Claisen rearrangement!® to ester 20 with high
trans stereoselectivity (97:3). Reduction of 20 with DIBALH, and alkylation of the resulting aldehyde 21, with
the sulfur ylide derived from Ph,SCHMe,*BF,,!? gave epoxide 22. The palladium-catalyzed coupling of
epoxy iodide 22 with Me,SiCH,MgCl gave epoxy allylsilane 7.2

Cyclization of epoxide 6 with (2-propoxy)titanium trichloride® (3.0 eq) in CH,Cl, at -78 °C for 10 min
gave a complex mixture of components [GC ratio: 13:15:12:11:6:8 (%) as the major products, plus 11 minor
products (1-5%)], and none of the major products were consistent with the desired bicyclic alcohol 23. In
contrast, cyclization of epoxide 7 with (i-PrO)TiCl, (3.0 eq, CH,Cl,. -78 °C, 10 min), followed by basic
aqueous work-up (NaHCO,) and chromatography, afforded bicyclic alcohols 23 (60%), bicyclic TMS ethers
24 (23%), and bicyclic ether 25 (6%) (eq 2).}* Both 23 and 24 were formed as a mixture of the Clo and C1B
epimers (1:1, 1:1, respectively) (indene numbering).2! Exposure of TMS ethers 24 to aqueous HCl in THF
gave alcohols 23 (94%). Hence the overall isolated yield of alcohols 23 from 7 was 82%. Cyclization of 7 with
(i-PrO)TiCl, (as above) followed by treatment with aqueous acid (HCI) directly furnished the bicyclic alcohols
23 (1:1) in 79% isolated yield. The cyclization of 7 was highly selective for the formation of the trans-fused
A/B ring junction giving rise to only two bicyclic products 23. The formation of an epimeric mixture at the
center equivalent to C1 is commonly observed when attempting to create a S-membered ring by a cationic
polyene cyclization.!''! There were no other major products observed resulting from either cationic backbone
rearrangement or involvement of the terminal olefin in the cyclization cascade.

In conclusion, methodology for the stereoselective construction of functionalized trisubstituted (Z)-
allylsilanes has been developed. The cyclization of epoxides 6 and 7 has demonstrated that the internally situated
allylsilane function is the far superior group for selectively terminating the cyclization process. In addition, the
yield of the cyclization 7— 23, 79-82%, is very respectable for an epoxide-initiated process.?2

Acknowledgements: This work was carried out in the laboratories of Professor William 8. Johnson, to whom I
am very grateful for encouragement and helpful discussions. Support was provided by the National Institutes of
Health (DK 03787) and the National Science Foundation (grants to W.S.J.).



7184

10.
11.
12,
13.
14.
15.
16.

17.
18.

19.
20.

21.
22.

References and Notes

For reviews, see: (a) Johnson, W. S. Tetrahedron 1991, 47(41}, xi-1. (b) Sutherland, 3. K. Polyene Cyclizations. In
Comprehensive Organic Synthesis; Trost, B. M., Ed.; Pergamon Press: Oxford, 1991; Vol. 3, pp 341-377. (c) Bardeu, P.
A. Olefin Cyclization Processes That Form Carbon-Carbon Bonds. In Asymmeiric Synthesis: Morrison, J. D., Ed.;
Academic Press: New York, 1984; Vol. 3, pp 341-408. (d) Sutherland, J. K. Chem. Soc. Rev. 1980, 9, 265-280. (¢)
Johnson, W. S. Angew. Chem. Int. Ed. Engl 1976, 15, 9-17. (f) Johnson, W. S. Bioorg. Chem. 1976, 5, 51-98.
(g) Johnson, W. S. Acc. Chem. Res. 1968, i, 1-8.

(a) Hill, R. A; Kirk, D. N.; Makin, H. L. J.; Murphy, G. M. Dictionary of Steroids; Chapman and Hall: London, 1991.
(b) Hanson, J. R. Nat. Prod. Rep. 1993, 10, 311-325. (c) Dev, S.; Gupta, A. S.; Patwardhan, S. A. Triterpenoids. In
CRC Handbook of Terpenoids, Dev, S., Ed.; CRC Press, Inc.; Boca Raton, FL, 1989; Vol. I and Ii. (d) Cennolly, J. D,;
Hill, R. A.; Ngadjui, B. T. Nat. Prod. Rep. 1994, 11, 91-117.

van Tamelen, E. E.; Willet, J.; Schwartz, M.; Nadeau, R. J. Am. Chem. Soc. 1966, 88, 5937-5938.

Mills, J. S. J. Chem. Soc. 1956, 2196-2202.

For examples of fluorine-assisted cyclizations, see: (a) Johnson, W. S.; Chenera, B.; Tham, F. S.; Kullnig, R. K. J. Am.
Chem. Soc. 1993, 115, 493-497. (b) Jobnsop, W. S.; Fletcher, V. R.; Chenera, B.; Bartlett, W. R.; Tham, F. §;
Kullnig, R. K. J. Am. Chem. Soc. 1993, 115, 497-504. (¢) Johnson, W. S.; Buchanan, R. A,; Bartlett, W. R.; Tham,
F. S8, Kullmg. R. K. J. Ant. Chem. Soc. 1993, 115, 504-515. (d) Johnson, W, S,; Plummer, M. §,; Reddy, S. P;
Bartlett, W. R. J. Am. Chem. Soc. 1993, 115, 515-521. (e) Kish, P. V.; Jopnson, W. S. Tetrahedron Let:. 1994,
35, 1469-1472. (f) Fish, P. V.; Johnson, W. S. J. Org. Chem. 1994, 59, 2324.2335.

The formation of the trans-anti-trans-anti-trans stereochemistry of the A/B-B/C-C/D ring junctions would be expected by
the cyclization of an all-trans polyene via a chair-chair-chair transition state. (a) Stork, G; Burgstahler, A. W. J. Am.
Chem. Soc. 1955, 77, 5068-5077. (b} Eschenmeser, A.; Ruzicka, L.; Jeger, O.; Arigoni, D. Helv. Chim. Acta 1955,
38, 1890-1904.

Ohsawa, T.; Takagaki, T.; Haneda, A.; Oishi, T. Tetrahedron Lett. 1981, 2583-2586,

For reviews, see: (a) Taylor, S. K. Org. Prep. Proc. Int. 1992, 24, 247-284. (b) van Tamelen, E. E. Pure Appi. Chem.
1981, 53, 1259-1270. (c) van Tamelen, E. E. Acc. Chem. Res. 1975, 8, 152-158. (d) van Tamelen, E. E. Acc.
Chem. Res, 1968, I, 111-120.

(a) Tanis, S. P.; Herrinton, P. M. J. Org. Chem. 1983, 48, 4572-4580. (b) Tanis, S. P.; Chuang, Y -H.: Head, D. B.
J. Org. Chem. 1988, 53, 4929-4938. (c), Corey, E. 1.; Sodeoka, M. Tetrahedron Lets. 1991, 32, 7005-7008. (d)
Corey, E. I.; Lee, J. J. Am. Chem. Soc. 1993, 115, 8873-8874. (¢) Fish, P. V.; Sudhakar, A. R., Johnson, W. S.
Tetrahedron Lett. 1993, 34, 7849-7852.

Parker, K. A.; Johnson, W. S. J. Am. Chem. Soc. 1974, 96, 2556-2563.

Hughes, L. R.; Schmid, R.; Johnson, W. S. Bioorg. Chem. 1979, 8, 513-518.

Kitagawa, Y.; Oshima, K.; Yamamoto, H.; Nozakl. H. Tetrahedron Lets. 1975 1859-1862.

Satisfactory spectroscopic data, together wuh nuqmanalyucal and/or HRMS data, were obtained for all new compounds.
Jacobi, P. A.; Kaczmarek, C. S. R.; Udodong, U. E. Terrahedron 1987 43,5475-5488.

Marshall, J. A,; Lebreton, J; DeHoff, B. S.; Jenson, T. M. Tesrahedron Lets. 1987, 28, 723-726.

Corey, E. J.; Katzenellenbogen, J. A; Gilman, N. W.; Roman, §. A.; Erickson, B. W. J. Am. Chem. Soc. ]968 '90,
5618-5620.

Corey, E. J.; anajima, 1. Tetrahedron Lett. 1972 487-489.

Jobhnson, W. S.; Wcrﬂlemann, L.; Bartlett, W. R Brocksom, T. J.; Li, T.-t.; Faulkner, D. J.; Petersen, M. R. J. Am.
Chem. Soc. 1970, 92 741.743.

(a) Corey, E. 1; Jauteiat, M.; Oppolzer, W. Tetrahedron Lett. 1967, 2325-2328. (b) Badet, B_; Julia, M. Tetrahedron
Lert. 1979, 1101-1104.

Negishi, E.-i.; Luo, F-T.; Rand, C. L. Tetrahedron Leu. 1982, 23, 27-30.

Attempts to separate alcohols 23 (or the cormresponding acetates) by chromatography or crystallization proved unsuccessful,
Carrespondence regarding this Letter should be addressed to W. S. Johnson, Stanford University.

(Received in USA 5 July 1994; revised 25 July 1994; accepted 4 August 1994)



