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A Sterertchemically General Synthesis of Methyl 2,4,5-Trideoxy-4-methylthio-a- 
D-ribo-pyranoside, the Thio Sugar of Esperamicin A1 
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Department of Chemistry, Indiana University, Bloomington, Indiana 47405 

Actor. A sleazy general synthesis of methyl 2,4,~~xyJI_a-~~~p~oside 
(lb), the thio sugar isolated from esperamicin, is described. ‘I%e synthesis involves the neighbori& group assisted 
delivery of a sulfur nucleophile to C(5) of epoxyalcohol 6 via aniline promoted cyclization of thioimidamiide ‘7. 

The enediyne antitumo~ antibiotics have attracted considerable attention owing to their potent biological 

activity and novel mechmism of action as double strand DNA cleaving agents.l The ~ic~~s2 and 

esperamicins3 am of particular interest since they bind with high site selectivity in the DNA minor groove 

(calicheamicins > esptramicin s). with the aryl @msaccharide unit ofcalicheamicin yt serving as the major DNA 

recognition-binding domain.4 lSarts an ongoing in several laboratories to understand the n~~tum of the DNA- 

o~gos~~~ intmactions and to use the o~g~h~-DNA recognition pmperties in the design and synthesis 

of novel, highly specifii DNA binding ager~ts.~a?ktkj~ We nport hen& an asymmetric synthesis of methyl 2,4,6- 

trickmy-4-methylthio-cc-D&o-pyranoside (lb), the esperamicin thio sugar, by a stemchemically general mute 

that should be useful for the synthesis of analogs of the ABE con: trisacchtide substructum.~~ 

With the exception of the recent work of Beau ,7d all previous syntheses of the thio sugar components of 

calicheamicin and eqmmkin have utilix& carbohydrate starting rmmials.’ Our strategy called foa the development 

ofas~~~y~~~~s~l~~ pwzwors, since @is YouId facilitate the synthesis of 
analogs of the cozw ABE trisaccharide for use in DNA binding studies. In pmv$ous work on the synthesis of 2,6- 

dideoxyhexoses and amino sugars, we developed highly stemosekctive procedures for the neighboring group 

assisted delivery of oxygen and nitrogen nucleophiles to C(2) of epoxyalcohol derivatives (e.g., 2 + 3 and 4 + 

5).* We remgnizcd that this strategy would be applicable to the synthesis of 1 if a procedure for the delivery of a 

sulk n~l~~le to C(5) of e~xya~ho~ 6 could be devised. 

4931 



4932 

epoxyakohds 2,~11~2 and 13%~hi~bonatcs M&12, and 14, rtqmively. Tbconlyrca&mhatprwed 
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reported while our work was in progress_ t4 In that case, a ~~a~ ~~~ as the some of the n~~p~~ 
sulfur atom. Our original plan was to puform the cycli~m of epoxyalcohol 6 to thiocarbona@ 8 by treatment of 6 
with an isothiocyanate, by analogy to our cyclizations of epoxyalcohols to urethanes (c.f_ 4 -+ 51.8 However, 

matment of 6 with bemyl isothiocyanate in tobene at 80% for 4 days in the presence of Htinig's base gave 
essentially no mtction @O% txxovery of 6). Use of stmnger bases such as DBU or NaH in TRF, or use of 
acylation catalysts such as DMAP, gave a mixture of 20 (x = S and 0; SZ5% yield) in which the nitrogen a&m of 

the inmwdiate ~0~ 19 opewd the epoxkk. The reaction of the Bu3Sn-ether of 6 with l?hNC§ and DMAP 
provided a product analogous to 16 but in only 11% yield ts The cyclization via 7 described above is successful 
pnsumably because the ins phenyl thioumhane 21 is fcmed under very mild conditions with no tier 
opportunity for condensation of 21 or the cyclization product with additional isothiocymate.~~ 
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In ntmnary, a salty geneml 
epcxyakohois to 
Additional smdie 

has been developed for the ccmersion of 2,3- 

espemmkh thio sugar (lb) has beea ad&v& 

0~~~~s will be qxxted in due. cume. 

Acknowledgment: Financial support provided by the National Institute of General Medical Sciences (GM 

38907) is gratefully acknowledged. 



4934 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 
12. 
13. 

14. 
15. 

References 

(a) Nicolaou, K. C.; Smith, A. L.; Yue, E. W. Proc. Natl. Acad. Sci. USA, 1993, 90,588l. (b) Nicolaou, 
K. C.; Dai, W.-M. Angew. Chem. ht. Ed. En@. 1991.30,1387. (c) Lee, M. D.; Ellestad, G. A,; 
Borders, D. B. Act. Chem. Res. 1991.24. 235. 
(a) Lee, M. D.; Dune, T. S.; Chang. C. C.; Ellestad, G. A.; Siegel, M. M.; Morton, G. 0.; McGahren, W. 
J.; Borders, D. B. J. Am. Chem. Sot. 1987,109,3466. (b) Lee, M. D.; Dunne, T. S.; Chang, C. C.; 
Siegel, M. M.; Morton, G. 0.; Ellestad, G. A.; McGahmn, W. J.; Borders, D. B. Ibid. 1992,114,985. 
(a) Golik. J.; Dubay. G.; Groenewold, G.; Kawaguchi, II.; Konishi, M.; Krishnan, B.; Ohkuma, H.; 
Saitoh, K.; Doyle, T. W. J. Am. Chem. Sot. 1987, 209, 3462. (b) Chrismer, D. F.; Frank, B. L.; 
Kozarlch, J. W.; Stubbe, J.; Golik, J.; Doyle, T. W.; Rosenberg, I. E.; Krishnan, B. Ibid. 1992,114, 
8763. 
(a) Zein, N.; Sinha, A. M.; McGahren. W. J.; Ellestad, G. A. Science 1988,240, 1198. (b) Z&n, N.; 
Poncin. M.; Nilakantan. R.; Ellestad, G. A. Ibid. 1989,244,697. (c) Hawley, R. C.; Kiessling, L. L.; 
Schreiber. S. L. Proc. Natl. Acad. Sci. U.S.A. 1989.86, 1105. (d) Walker, S.; Valentine, K. G.; Kahne. 
D. J. Am. Chem. Sot. 1990,112, 6428 (e) Walker, S.; Yang, D.; Kahne, D. Ibid. 1991,113, 4716.(f) 
Drak, J.; Iwasawa, N.; Dauishefsky, S.; Crothers, D. M. Proc. Nuti. Acad. Sci. U.S.A. 1991,88, 7464. 
(g) Aiyar, J.; Danishefsky. S. J.; Crothers, D. M. J. Am. Gem. Sot. 1992,114, 7552. (h) Nicolaou. K. 
C.; Tsay, S.-C.; Suzuki, T.; Joyce. G. F. Ibid. 1992,114, 7555. (i) Walker, S.; Murnick, J.; Kahne, D. 
Ibid. 1993. IZ5. 7954. 
(a) Nicolaou, K. C.; Schreiner, E. P.; Stahl, W. Angew. Gem. Inr. Ed. Era@. 1991,30, 585. (b) 
Nicolaou. K. C.; S&miner. E. P.; Iwabuchi, Y.; Suzuki, T. fbid. 1992,31, 340. 
(a) Total synthesis of calicheamicin ~1 I: Nicolaou, K. C.; Hummel, C. W.; Nakada, M.; Shibayarna, K.; 
Pitsinos, E. N.; Saimoto, H.; Mixuno, Y.; Baldenius, K.-U.; Smith, A. L. J. Am. Chem. Sot. 1993,115, 
7625. (b) Syntheses of the calicheamicin atyl tetrasaccharidez Groneberg, R. D.; Miyaxaki. T.; Stylianides, 
N. A.; Schulxe, T. J.; Stahl, W. S&miner, E. P.; Suzuki, T.; Iwabuchi, Y.; Smith, A. L. Nicolaou. K. C. 
J. Am. Chem. Sot. 1993,215,7593. (c) Halcomb, R. L.; Boyer, S. H.; Danishefsky, S. J. Angew. 
Chem. ht. Ed. Engl. 1992,31, 338. (d) Yang, D.; Kim, S-H.; Kahne, D. J. Am. Chem. Sot. 1991,113, 
4715; Kim, S.-H.; Augeri, D.; Yang, D.; Kahne, D. Ibid. 1994,116, li66. 
For previous syntheses of 1: (a) Whittman, M. D.; Halcomb, R. L.; Danishefsky, S. J. J. Org. Chem. 
1990,55, 1979. (b) Laak, K. V.; Scharf, H.-D. Tetrahedron Letr. 1989,30,4505. (c) Nicolaou, K. C.; 
Groneberg, R D. J. Am. C&m. Sot. 1990.112.4085. (d) Dupradeau, F.-Y.; Allaire, S.; Prandi, J.; 
Beau, J.-M. Tetrahedron Lett. 1993,34,4513. 
(a) Roush. W. R.; Brown, R. J.; DiMare, M. J. Org. Chem. 1983,48,5083 and 5093. (b) Roush, W. R.; 
Adam, M. A. Ibid. 1985,50, 3752. 
Epoxyalcohol 6 ([&I +17.5’ (c 0.12, CHCl3)) was prepared in 66% yield by Mitsunobu inversion of 2 
(prepared via Sharpless kinetic resolution-asymmetric epoxidation as described in ref. 8a) using p- 
N@C&L&@H, Ph3P and EtG$N=NCQEt in toluene followed by cleavage of the p-nitrobenzoate with 
catalytic NaOMe in MeGH 
The spectroscopic properties (1H NMR, 13C NMR, lR, HRMS and/or C,H combustion analysis) of all new 
compounds were in complete agmement with the assigned suuctures. 
Rasmussen, J. R.; Slinger, C. J.; Kordish, R. J.; Newman-Evans, D. D. J. Org. Chem. 1981,46, 4843. 
Roush, W. R.; Straub, J. A.; VanNieuwenhxe, M. S. J. Org. Chem. 1991,56, 1636. 
(a) Baker, B. R.; Hewson, K.; Goodman, L.; Benitez, A. J. Am. Chem. Sot. 1958.80,6577. (b) 
Goodman, L.; Ben&z, A.; Anderson, C. D.; Baker, B. R. Ibid. 1958,80,6582. 
Hart, D. W.; Vachet, B Tetrahedron Len. 1992,33,3CW. 
Mukerjee, A. K.; Ashare, R. Chem. Rev. 1991,91,8. 

(Received in USA 12 April 1994; revised 9 May 1994; accepted 18 May 1994) 


