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Abstract: The glycosyl trichlotnacetimidate of 2,3,4,6-tetra-O-acetyl-S-~io~u~p~~ when used to glycosylste 
selectively protected ghtcopyranosyl acceptors with the 2-OH and 6-OH positions free affords the 1.2~liied and the 
1,6-kked disaccharides as a 3:l and I.51 a$ mixture, respectively. 

The design of reversible and irreversible inhibitors of glycoside hydrolysis and glycoprotein-ptocessing enzymes continues 

to be an active atea of tesearch.2 Much of the activity has centted on derivatives of nojirimycm and deoxynojhimycin, 

that is, compounds containing nitrogen in the sugar ting.3 However, extension to derivatives containing sulfur in the sugar 

ring is somewhat limited. Most of the latter studies have dealt with the synthesis, reactions, conformational properties, 

enzyme complementatity, and biological activity of monosaccharide derivatives.45 Two notable exceptions are the 

recently-repotted enzymatic syntheses of disaccharides containing sulfur in the ring of the reducing6 and non-reducing7 

monosaccharide units. We now repott the first chemical glycosidation of S-thioglucose to give disaccharides containing 

sulfur in the ring of the non-reducing unit Hashimoto and co-workers have also recently disclosed their results on the 

chemical glycosidation of S-thio-Lfucoses and the synthesis of 5’-thioisomahoside via an acyclic precursor.9 

Our initial efforts have focused on the use of the a-glycosyl trichloroacetimidate of 

2,3,4,6-tetra-0-acetyl-S-thioglucopyranose. This hitherto unkown glycosyl donor 1 was prepared from the corresponding 

hemiacetal by treatment with potassium catbonate and trichlotoacetonitrile.lo~r’ The hemiacetal was obtained, in turn, by 

selective I-0-deacetylation of the peracetylated sugar.12 We realized that the presence of a participating group at C-2 of 

1 might favour the formation of 1,2-tmns pmducts but were also aware of the possibility of the formation of the 

thermodynamically more stable product. l3 precedent for preferential a-glycosidation of the a-glycosyl trichlotoacetbnidate 

of the oxygen analog is available.17 

Glycosidation of the acceptor 2 (0.5 mmol)” with donor 1 (0.45 mmol) in dichlotomethane (4 ml) containing 4x 

molecular sieves, and with sequential addition of two aliquots of 0.1 equivalents of triethylsilyl tritlate (-78 “C, 3.5 h) 

afforded the a- 3 and b 4 disaccharides in 70% and 21% yield, respectively, as well as the. 1,2-orthoester 5 in 3% yield.19 

The preponderance of the a-anomer is noteworthy, as is the formation of the otthoester 5. Indeed, in a separate 

experiment employing thme aliquots of 0.07 equivalents of acid, the or&rester 5 was isolated in 55% yield and the a- 

to &disaccharide ratio was l&l (44%). The tearrangement of l&otthoesters to give mixtures of l.Zcis and 1,2-tram 

glycosides with certain alcohols and under certain conditions has been noted pmviously?o although the method has 

generally evolved to give highly stereoselective syntheses of 1,2-trans glycosides?l 

Glycosidation of the more reactive acceptor 6” with donor 1 gave a 1.5: 1 a$ mixture of the 5’-thioisomaltosides 7 and 

8 in 46% and 34% yield, respectively?3 
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The exact mechanism and the origin of the stereochemical outcome of the reactions described here is currently under 

investigation. It is likely that the a-stereoselectivity results from thermodynamic control in the glycosidation reaction.13 

It is noteworthy that Hashimoto and Isumi’ have also observed a preference for 1,Zcis glycosidation with the glycosyl 

trichloroacetimidate of a 5-thio-L-fume derivative containing a 2-acetoxy function, that is, a preference for the axial 

disposition of the aglycon. 
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The mixture Of compounds 3 and 4 was treated with 8096 aqueous acetic acid and then acetylamd. The Q and p 

disaccharides were separated and treated separately with NsIliquid NHs to afford the fully depmmcted a-disacchar& 9 

(a sulfur analog of methyl kojibioside) and the &disaccharide 10. Compounds 7 and 8 were separated and were 

debenzylated as above to give a- and B-linked disaccharides 11 and 12. respectively. 

The pioneering work of Whistler et aftp on the enzyme complementanty and biological activity of thio sugars containing 

sulfur in the tig was carried out on monosaccharide derivatives. The disaccharides with sulfur in the ring synthesized 

in the pmsent study provide the next generation of candidates for evaluation as inhibitors of glucosidases and 

glycopmtein-processing enzymes as well as for probing the effects of glycosylation on metabolic pathways and the 

induction of disease states. The chemical glycosidation reaction developed hem also provides a ready method for the 

intmduction of 5-thioghtcose into a variety of aberrant stxuctutes of biological intemst. 

Acknowledgment& We am grateful to the Natural Sciences and Engineering Research Council of Canada for financial 

support in the form of a Strategic Reseamh Grant 

References and Notes 

(1) Ptwented at the XVlth ht. Curbohydr. Symp.. Paris, France, July 1992, Abstr. A163. 

(2) Legler, G. Adv. Carbohydr. Chem. Biochem. 1990.48,319. 

(3) For recent referenoes. see Fund, H.; Kiso, M.; Hasegawa. A. Carbohydr. Res. 1992,229. Cl; 

Ganem. B.; Papandteou, G. J. Am. Chem. Sot. 1991.113,8984; Tong, M.K.; Papandteou, G. J. Am. Chem. Sot. 

1990,112. 6137; Fleet, G.W.J.; Katpas, A.; Dwek. R.A.; Fellows, L.E.; Tyms, A.S.; Petursson. S.; Namgoong. 

SK.; Ramsden, N.G.; Smith, P.W.; Son, J.C.; Wilson, F.; Witty, D.R.; Jacob, G.S.; Rademacher, T.W. FEBS 

Letters 1988,237, 128. 

(4) For example: a) Feather, M.S.; Whistler, R.L. Tetrahedron Lett. 1962,667; b) Nayak, U.G.; Whister, R.L. J. Org. 

Chem. 1969.34, 97; c) Chiu, C.W.; Whistler, R.L. J. Org. Chem. 1973,38. 832; d) Whistler, R.L.; Lake, W.C. 

Metho& in Carbohydr. Chem. Vol D, Whistler, R.L.; Wolfmm. M.L., Eds.; Academic Peas: New York. 1963. 

p 287; e) Ab El-Rahman, M.M.A.; Whistler, R.L. Org. Prep. Prep. inc. 1973, 5, 245; f) Al-Masoudi, N.A.L. 

Carbohydr. Res. 1992, 228, 339; g) Lambert, LB.; Whany, SM. J. Org. Chem. 1981. 3193; h) Braun, S.; 

Kinkldei, J. Tetrahedron 1977. 33. 3127; i) Shin, J.E.N.; Perlin, A.S. Carbohydr. Rw. 1979. 76, 165; j) 

Hashimoto, H.; Kawanishi, M.; Yuasa, H. Tetrahedron Lett. 1991, 7087; k) Whistler, R.L.; Van Es, T. J. Org. 

Chem. 1963,28,2303; 1) Al-Masoudi, N.A.L.; Hughes, N.A. J. Chem. Sot. Per&n Trans I 1987,2061. and mfs. 

therein; m) Hashimoto, H.; Yuasa, H. Tetrahedron kc. 1988,29,1939; n) Whistler, R.L.; Stark, J.H. Carbohydr. 

Res. 1970,13, 15; o) Hashhnoto, H.; Fujimori, T.; Yuasa. H. J. Carbohydr. Chem. 1990,9,683; p) Graham, T.L.; 

Whistler, R.L. Arch. Biochem. Biophys., 1975.171,721; q) Graham, T.L.; Whistler, R.L. Biochemistry 1976.15, 

1189; r) Pitt& M.J.; Chemielewski, M.; Chen, M.S.; Abd El-Rabman, M.M.A.; Whistler, R.L. Arch. Biochem. 

Biophys. 1975. 169. 384; s) Ckn, M.; Whistler, RL. Arch. Biochem. Biophys. 1975, 169, 392; t) Shin, J.E.N.; 

Maradufu, A.; Marion, 1,; Perlin, A.S. Carbohydr. Res 1980.84328; II) Grimshaw, C.E.; Whistler, R.L.; Cleland, 

W.W J. Am. Chem. Sot. 1979,101, 1521; v) Grimshaw, C.E.; Clehnd, W.W.; Whistler, R.L. Carbohydr. Res. 

1980,82,353; w) Kim, 1.H.; Kim, S.H.; Hahn, E.W. Science 1978,200,206. 



7678 

0 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

m 

(16) 

(17) 

(18) 

(19) 

(21) 

cm 

(23) 

Driguez. H.; Hem&at, B. Tetrahedron Len. 1981.22,5061. 

Wmg. C.-H.; Krach, T.; Gautheron-Le Narvor. C.; Ichikawa, Y.; Look, G.C.; Gaeta, F.; Thompson, D.; Nicolaou, 

ICC. Tetruhedron L&t. 1991,32.4867. 

Yuasa, H.; Hindsgaul. 0.; Pal& MM. J. Am. Chem. Sot. 1992.114, 

Hashimoto, H.; Isumi, M. XV&h Inr. C&o/@. Symp., Paris, France, July 1992, Abstr. A134. 

Hashimoto. H.; Kawanishi, M. XVIth fnt. Curbohydr. Symp., MS, France, July 1992, Abstr. A132. 

Schmidt, RR. Angew. Chem. Inr. Ed. Engl. 1986.25.212. 

‘H NIvIR (400 MHz): 1.99, 2.02, 2.05.2.07 (4x3H, s, COcH3). 3.63 (lH, m, H-S), 4.07 (lH, dd, Js,&= 3.OHz, 

Jtie,,= 12.1 Hz. Hda), 4.39 (IH, dd, Jspb= 4.8 Hz, H-6b). 5.30 (lH, dd. JIp 3.2, J,,p 10.0 Hz, H-2), 5.37 (lH, 

dd, J3.4+4,5= 20.4 Hz. H-4) 5.56 (IH, t, J,,,,,,= 19.7 Hz. H-3), 6.34 (lH, d, J12= 3.2 Hz, H-l), 8.68 (lH, s, 

GCNJfcCl+ 13C NMR (100 MHz): 75.8 (J,~_,,.t= 167 Hz, C-l). 

Excoffier, G.; Gagnaim, D.; Utille, J.-P. Curbohydr. Res. 1975,39,368. 

Whereas D-glucose exists as the a-anomer to the extent of 36% in aqueous solution,‘4 5-thioglucose exists as the 

a-anomer to the extent of 80%.4s This likely results from the dominance of the lesser steric effect in the latter 

compound. For example, the A values in 2-methyl-oxacyclohexane and -thiacyclohexane am 2.86 kcal mol-’ l5 

and 1.40 kcal mo1-‘,16 respectively. 

Lemieux, R U.; Stevens, J. D. Can. J. Chem.. 1966,44,249; Rudrum, M.; Shaw, D.F. J. Chem. SOC., 1965,52; 

Angyal, S. J.; Pickles, V. A. Aust. J. Chem.. 1972,25, 1695. 

Eliel. E. L.; Hargrave. K. D.; Pietrusiewicz, K. M.; Manoharan, M. J. Am. Chem. Sot., 1982, 104, 3635. 

Wiier, R. L.; Eliel, E. L. J. Am. Chem. Sot., 1977, 99, 1925. 

Sate, S.; Ito. Y.; Nukada, T.; Nakahara, Y.; Ogawa, T. Carbohydr. Res. 1987, 167, 197. 

Garegg, P.J.; Iversen, T.; Oscarson, S. Curbohydr. Res. 1976. 50, C12. 

‘H NMR 3: 4.77 (lH, d. J 1,~ 3.1 Hz, H-l), 5.05 (lH, d, J1,2= 3.0 Hz. H-l’); 4: 4.82 (1H. d. Jt3= 3.5 Hz, H-l), 

5.03 OH, d, J,F 8.5 Hz, H-l’); 5: 1.73 (3H. s. C(OR)(OR’)(OR”)C&), 2.03 (3H, s. Cot&), 2.07 (6H, s 

COW& 4.80 (lH, d. Jt,*= 3.6 Hz. H-l), 5.35 (lH, d. J1,2= 5.5 Hz, H-l’). 

13C NMR 5: 121.9 (C(OR)(OR’)(OR”)CH3). 

Fish, H.L.; Isbell, H.S. J. Res. Nud. Bw. Srd. 1941,27,413, Garegg, P.J.; Kvarnstmm, I. Acta Chemica Scar&. 

B 1976.30.655; Actu Chemicu Scund. B 1977,31,509; Garegg, P.J.; Konradsson, P.; Kvarnstmm, I.; No&erg, 

T.; Sven~s~n, S. C. T.; Wigilius, B. Acta Chemicu Sand. B 1985.39,569; Lemieux, R.U.; Morgan, A.R. IUPAC 

Symp. Chem. Nutl. Prod., Kyoto, Japan. April, 1964. 

Ko~hetkov, N.K.; Khodln, A.J.; Bochov, A.F. Tetrahedron 1967, 23, 693; Kochetkov, N.K.; Bochkov. A.F.; 

! Sokolovskaya, T.A.; Snyatkova, V. J. Carbohydr. Res. 1971, 16, 17; Franks, N.E.; Montgomery, R. Carbohydr. 

Res. 1968.6, 286; Banoub, J.; Bundle, D.R. Can. J. Chem. 1979,57,2091; Lemieux, R.U. Explorudons With 

Sugars In Profiles, Puthwuys, and Dreams; Seeman, J.I., Ed.; Am. Chem. Sot.: Washington. DC, 1990, p 61. 

Liptak, A.; Jodal, I.; Nanasi, P. Curbohydr. Res. 1975.44, 1. 

‘H NMR 7: 4.57 (IH, d, J,,p 3.5 Hz, H-l), 5.0 (1H. d, J1,*= 3.0 Hz; H-l’); 8: 4.58 (IH. d, J1,z= 3.5 Hz, H-l), 

4.59 (lH, d, J1~ 8.0 Hz, H-l’). 

(Received in USA 6 August 1992; accepted 9 September 1992) 


