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Abstract. A face selective intramolecular Dicls- Alder reaction generates a 1-epi-baccatin IT1-steroid hybrid.

We have been investigating the possibility of exploiling an Intramolecular Diels Alder IMDA)! reaction
to generate constructs corresponding to the AB ring system of baccatin I112.3.4 which might probe structure-
activity relationships. In the rescarch described here, we attempted to fashion a steroid-baccatin IIT hybrid.

The possibility of an IMDA paradigm to address this problem had occurred to others. Shea and
colleagues established the gross fcasibility of generating the bridgehead olefin by such acycloaddition (see
1—>2).5:6 Subsequently, Jenkins and collaborators dealt with the crucial issue of face orientation governing
the eventual relationship between the emerging C] with that of Cg, and where appropriate, C3 (baccatin IIT
numbering).? Following NMR analysis, it was concluded that the IMDA reaction of 3 afforded 4 bearing the
cis backbone relationship between Cy and Cg.

A recent disclosure by Shea involving substrate § with potential Functionality which begins to approach
that required for a baccatin II1 synthesis atforded 6 bearing the 1-epi-baccatin IIT stereochemistry.8 In
attempting to reconcile Shea's finding in the context of Jenkins' report, one notes the presence of the 3,4
double bond in 5, in contrast to the rrans-disposcd Cg-C3 tethering arrangement in 3. While the presence or
absence of the 3,4 double bond may indeed be a tfactor, our work, described below, suggests that it is not the
sole determinant and that subtle structural variations profoundly influcnce the result.
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To build our steroidal construct, we started with A2-cholestenone (7).9 This was converted to the
acetonide 8 and thence, to the hydroxylated ketone 9 as shown. Addition of isopropenylmagnesium bromide
produced 10 which suffered cleavage with lead tetraacetate to afford enone aldehyde 11. The latter was
converted to 13.10 A variety of attempts to effect isopropylidenation of the keto group for purposes of
reaching a fully alkylated diene (bearing three methyl groups) were unsuccessful.ll As a temporary expedient
to probe the general feasibility issuc, we scttled for methylenation (via Peterson olefination).12 Cleavage of the
silyl group in 14, afforded 15.

8: R=1I
9 R=Ol{)c'd

14: R=OTES N ; 12 R=H 11
15: R=OH )’ 13 R=TES)h
Scheme 2

a) cat. OsO4, 3 eq. NMO, 1-3eq DABCO TIEF/20, 11, 72%. b) pTsQH, acetone, molecular sieves, 82%. ¢)

TBSOTS, E3N, E20, rt, 99%. ) 1. dimethyldioxiranc, acelone -78°C-->n1. ii. amberlyst-15®, i1, 81%. e)
isopropenyl grignard, THF, 0°C. ) Pb(OAc)4, bensene, 65%. g) Cli2=ClIMgBr, -78°C, 96 hrs. h) TESOTY,
2,6-lutidine, CH2Cl2, 72%. i) i. TMSCII2Li, THF, 0°C-->nt. ii. KI, THF, 0°C, 66%. j) TBAF, THF, rt,
100%.

Compound 15 was subjected to the action of chromic acid in pyridine!3 with a view toward reaching
our IMDA substrate 16 (Scheme 3). In the event, this rcaction did indeed generate 16. However, even under
the conditions of formation, isolation and purification, 16 was undergoing IMDA reaction at room temperature
to give adduct 17. Cycloaddition is complete after 24 hours at room temperature, or more conveniently, in
toluene at 90°C after 2 hours.

16 17: R=odl 19: not formed
18 R=aD

Scheme 3

a) CrO3-pyr, CH2Clp, rt, 84%. b) 1, 12-24 hrs or Y0°C, 2 hrs, toluene, 90%.
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The infrared, mass and NMR spectral propertics of this product readily confirmed its gross structure.
The occurrence of this reaction under the unprecedented mild conditions may be attributed to the entropy-
constraining acetonide group and the absence of the geminal methyl group on the diene.

The issue of the backbone stereochemical relationship between C] and the trans-disposed C8-C3
junction was addressed with a series of NMR experiments, specifically, 1H, 13C, HMBC, HETCOR, COSY,
DEPT 90, DEPT 135 and NOESY. All relevant signals in the AB region were assignable. Particularly crucial
in this regard were H; and H3. A NOESY spectrum showed an enhancement between Hj and Hj (as well as
the reverse) of 4 percent. This clearly defines the configuration of C| relative to C3 as cis and consequently the
C1-Cg (angular methyl) substituents arc anti as shown in 17. Further corroboration was achieved first by
distinguishing the facial identity of the two acctonide methyl groups. Proton 9, shows nuclear Overhauser
enhancements to one of the acetonide methyls as well as 1o the angular methyl indicating that all three groups lie
on the same side of the molecule. The lower l'ace acetonide methyl (relative to the angular methyl) showed a
nuclear Overhauser enhancement (from cross peaks in the NOESY spectrum) to H3 and to one of the Cj5
protons. In addition, H3 showed a correlation to this same Cj5 proton. The enhancement between Hy and H3
would not be possible in any of the available conformers bearing the C1-C3 anri relationship (see 19).

A chemical argument in favor of the assignment of 17 is the tact that the Cj proton is exchanged when
17 is exposed to NaOCD3 in CD30D at 90°C giving 18.14.15 Examination of Dreiding models shows the Cy
proton in 17 to be parallel with respect to the carhonyl ©t system at Cp. The realization of similar overlap
between the proton at Cj and the carbonyl m orbitals in 19 would carry with it a prohibitive abutment between
the Cg angular methyl and the bridging C15 methylene carbon. Based on these models it seems most unlikely
that deuterium exchange at C; in 19 would occur.16

Thus, the 1-epi-baccatin stereochemistry (see 17) has been produced from an IMDA reaction even in a
substrate lacking the C3-C4 double bond of the Shea case. This suggests that subtle structural details can
influence the outcome. In the case at hand, the alternative baccatin IIT analog, 19, would encounter a
particularly serious contact between the vinylic methyl (Cg) and the a disposed isopropylidene blocking
group. In 17, no such interaction is present.!? Studies on the factors which control the outcome in such
IMDA reactions are continuing.

Acknowledgments

This work was supported by NIH Grant No. Al 16943. An NSF Postdoctoral Fellowship to C.A.C.
is gratefully acknowledged. We wish to thank Dr. Jacques Y. Roberge for his assistance in interpreting the
HMBC spectrum. We wish to thank Dr. David Live tor acquiring the HMBC and the NOESY spectra.

References

1. Carlson, R.G. Ann. Rep. Med. Chem. 1974, 9, 270. Oppolzer, W. Angew. Chem. Int. Ed. Engl.
1977, 16, 10. Oppolzer, W. Synthesis, 1978, 793. Brieger, G.; Bennett, J.N. Chem. Rev. 1980, 80,
63. Funk, R.; Vollhardt, K.P.C. Chem. Soc. Rev. 1980, 9, 41. Ciganek, E. Org. React. 1984, 32, 1.
Fallis, A.G. Can. J. Chem. 1984, 62, 183. Taber, D.F. Intramolecular Diels-Alder and Alder Ene Reactions
Springer, Berlin, 1984. Craig, D. Chem Soc. Rev. 1987, 16, 187. Roush, W.R. in Advances in
Cycloaddition ed. D.P. Curran, Jai Prcss, Greenwich CT, 1990, vol. 2, p91.



2. Chan, W.R,; Halsall, T.G.; Homby, G.M.; Oxford, A.W.; Sabcl, W.; Bjamer, K.; Ferguson, G.;
Robertson, M. Chem. Commun, 1966, 923, Della Casa De Marcano, D.P.; Halsall, T.G. J. Chem. Soc. D
(Chem. Commun.) 1970, 1381.

3. Nicolaou, K.C.; Dai, W.-M.: Guy, R.K. Angew. Chem. Int. Ed. Engl. 1994, 33, 15.

4. Nicolaou, K.C.; Yang, Z_; Liu, J.1.; Ueno, H.; Nantermct, P.G.; Guy, R K.; Claiborne, C.F.; Renaud,
J.; Couladouros, E.A.; Paulvannan, K.; Sorcnsen, E.J. Narure 1994, 367, 630. Holton, R.A.; Somoza, C.;
Kim, H.-B.; Liang, F.; Biediger, R.J.; Boatman, P.D.; Shindo, M.; Smith, C.C.; Kim, S.; Nadizadeh, H.;
Suzuki, Y.; Tao, C.; Vu, P.; Tang, S.; Zhang, P.; Murthi, K.K.:; Gentile, L.N.; Liu, J.H. J. Am. Chem. Soc.
1994, 116, 1597. Holton, R.A.; Kim, H.-B.; Somoza, C.; Liang, F.; Biediger, R.J.; Boatman, P.D.;
Shindo, M.; Smith, C.C.; Kim, S.; Nadizadeh, H.; Suzuki, Y.; Tao, C.; Vu, P.; Tang, S.; Zhang, P.; Murthi,
K.K.; Gentile, L.N.; Liu, J.H. J. Am. Chem. Soc. 1994, 116, 1599.

5. Shea, K.J.; Wise, S. J. Am. Chem. Soc. 1978, 100, 6519. Shea, K.J.; Wise, S.; Burke, L.D.; Davis,
P.D.; Gilman, J.W.; Greeley, A.C. J. Am. Chem. Soc. 1982, 104, 5708. Shea, K.J.; Gilman, JW.
Tetrahedron Len. 1983, 657. Shea, K.J.; Davis, P. D. Angew. Chem. Int. Ed. Engl. 1983, 22, 419. Shea,
K.J.; Gilman, IJW. J. Am. Chem. Soc. 1985, 107, 4791. Shea, K.J.; Gilman, J.W.; Haffner, C.D.;
Dougherty, T.K. J. Am. Chem Soc. 1986, 108, 4953. Shea, K.J.; Haffner, C.D. Tetrahedron Lett. 1988,
1367. Jackson, R.-W_; Higby, R.G.; Gilman, J.W.; Shca, K.J. Tetrahedron 1992, 48, 7013.

6. Yadav, 1.S.; Ravishankar, R. Terrahedron Lert. 1991, 2629.

7. Brown, P.A.; Jenkins. P.R.; Fawccit. J.; Russcll, D.R. J. Chem Soc. Chem. Commun. 1984, 253.
Brown, P.A.; Jenkins, P.R. J. Chem Soc., Perkin Trans. 1, 1986, 1303. Bonnert, R.V.; Jenkins, P.R. J.
Chem Soc. Chem. Commun. 1987, 1540). Bonnert, R.V_; Jenkins, P.R. J. Chem Soc. Perkin 1 1989, 413.
8. Jackson, R.W.; Shea, K.J. Tetrahedron Lerr. 1994, 1317.

9. Dijerassi, C.; Scholz, C.R. J. Am. Chem. Soc. 1948, 70, 417.Green, G.F.H.; Long, A.G. J. Chem. Soc.
1961, 2532.

10. Addition of vinylmagnesium bromide must be done under very controlled conditions. Portion-wise
addition of the Grignard reagent over several days while maintaining a wemperature of -78°C until starting
material is consumed is necessary to prevent significant formation of a byproduct (resulting from an
intramolecular Meerwein-Ponndorf-Verley type reaction producing a vinyl enone dienophile bearing an
isopropenylcarbinol which could not be converted to the diene component).

11. Brown, P.A.; Bonnert, R.V.; Jenkins, P.R.; Sclim, M.R. Terrahedron Letr. 1987, 28, 693. Van Ende,
D.; Dumint, W.; Krief, A. Angew. Chem., Intenat. Ed. 1975, 14, 700. Cohen, T.; Sherbine, J.P.; Matz,
J.R.; Hutchins, R.R.; McHenry, B.M.; Willcy, P.R. J. Am. Chem. Soc. 1984, 106, 3245.

12. Peterson, D.J. J. Org. Chem. 1968, 33, 780. Agcr, D.). Synthesis, 1984, 384.

13. Collins, J.C.; Hess, W.W.; Frank, F.J. Tetrahedron Lert. 1968, 3363. Hudlicky, M. "Oxidations in
Organic Chemistry” ACS Monograph [86, Amecrican Chemical Socicty, Washington, 1990,

14. Wender, P.A.; Mucciaro, M.P. J. Am. Chem. Soc. 1992, 114, 5878.

15. Thus far the only reaction which has been achieved at Cyp is deuterium exchange. Several attempts at
oxygenation were unsuccesslul.

16. We note that at this writing no onc has demonstrated enolization or exchange at Cy in a substrate which
contains the angular methyl (Cig).

17. This interaction was not present in the Jenkins example 3-->4.

(Received in USA 2 June 1994; revised 14 July 1994, accepted 20 July 1994)



