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TOTAL SYNTHESIS OF THE IONOPHORE ANTIBIOTIC IONOMYCIN. 

ASYMMETRIC SYNTHESIS OF THE CpClo AND cl+16 SYNTHONS. 

David A. Evans* and Robert L. Dow 
Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138 

Abstract Asymmetric synthesis of the synthons 1 and 3 are described. Absolute stereochemical reia- 

tionships in these intermediates have been established via chiral enolate and directed hydrogenation 

processes. 

From the standpoint of chemical synthesis, the polyether antibiotics present a formidable chal- 

1enge.i In particular, the acyclic stereochemical issues which are manifest in any projected synthesis of 

even simpIe members of this class of natural products have stimulated the development of a host of new 

stereoselective reactions.2 In conjunction with our general interest in developing reaction methodology 

relevant to the synthesis of such target structures, we have been concerned with the asymmetric synthe- 

sis of the calcium-selective ionophore ionomycin.3 

Me 

MeH Me 
OTBS 

x 
C 

MeO’ 1 

Me Me 

1007 



1008 

The purpose of this Letter is to describe a successful strategy for the construction of 1,3-dimethyl 

relationships, a stereochemica1 issue of considerable relevance to the construction of the Cf-C10 and 

Cll-Cl6 ionomycin synthons. The synthesis of the keto ester 1 serves to illustrate how such problems 

might be successfully addressed (Scheme II). 
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(a) Bu,BOTf, Et3N, CH,CI,, MeCHO, -78-C ; (b) t-BuSiMe&I, imidazole, DMF ; (c) LiOBn, THF, 
0% ; (d) DIBAL, CH$&, -78 to O’C ; (e) (CICO),, DMSO, Et3N, CH,CI, ; (f) Et02CC(Me)=PPh3, 
toluene, 70°C ; (g) (PhO),P-Mel, DMF, 0°C ; (h) THF, -50-C, 10 h ; (i) Me02CCH=PPh3, CH&I, 
25X ; (j) HF (as), MeCN ; (k) [Rh(NBD)DIPHOS]BF4, CH,CI,, Hz at 15 psi. 

The stereoseiective synthesis of 1 was initiated with the aldol reaction of the boron enolated 4 (M = 

BBu2) with acetaldehyde (diastereoselection 98:2) to give the crystalline s addition product 5 (R = H), 
mp 116-117”C, in 93% yield.4 Although the hydroxyl group .in this intermediate will eventually be trans- 
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Scheme III 
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(a) LDA, THF, -40 to O’C ; (b) LiAIH4, THF, O’C ; (c) MeS02CI, Et3N, CH2CL2, O’C; Nal, Me&O, 
55’C; (d) See text. 

Both of the synthons whose syntheses have been described in the preceeding discussion have been 

successfully incorporated into a total synthesis of ionomycin. 12 These studies will be reported shortly. 

Acknowledgments. Support has been provided by the National Institutes of Health. The The NIH BRS 
Shared Instrumentation Grant Program 1 SIO RR01748-OIAI is also acknowledged for providing NMR 
facilities. The structures in this manuscript were prepared by CHEMDRAW developed by S. Rubenstein 
of Harvard University. 

References and Notes. 

1. “Polyether Antibiotics Carboxylic Ionophores” (Vol. I: Biology Vol. II: Chemistry) Westley, J.W., 
Ed. Marcel Dekker: New York, 1982. 

2. Bartlett, P.A. Tetrahedron 1980,%, 1. 

3. Liu, C.; Hermann, T.E. J. Biol. Chem. 1978, 253, 5892. Toeplitz, B.K.; Cohen, A.I.; Funke, P.T.; 
Parker, W.L.; Gougoutas, J.Z. J. Am. Chem. Sot. 1979,101, 3344. 

4. Evans, D.A.; Bartroli, J.; Shih, T.L. J. Am. Chem. Sot. 1981,103, 2127. 

5. Evans, D.A.; Ennis, M.D; Mathre, D.J. J. Am. Chem. Sot. 1982,104, 1737. 

6. Landauer, S.R.; Rydon, H.N. J. Am. Chem. Sot. 1953, 2224. Verheyden, J.P.H.; Moffatt, J.G. J- 
Org. Chem. 1970,x, 2319. 

7. (a) Evans, D.A.; Morrissey, M.M. J. Am. Chem. Sot. 1984,m,3866. 
(b) Evans, D.A.; Morrissey, M.M. Tetrahedron Lett. 1985,g, in press. 

8. Parikh, J.R.; von E. Doering, W. J. Am. Chem. Sot. 1967,g, 5505. 

9. Shih, T.L. Ph.D. Dissertation, The California Institute of Technology, 1983. 

10. Diastereomer analyses determined by capillary gas chromatography. 

II. Evans, D.A.; Takacs, J.M. Tetrahedron Lett. 1980,2l, 4233. 

12. Dow, R.L. Ph.D. Dissertation, Harvard University, 1985. 

(Received in USA 2 December 1985) 


