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A large number of procedures reported rn the Irterature’ for the synthesis of I ,2- 
trons, di- and ohgosaccharides’ are based, for the most part, on the original Koenigs-ffiorr3 

and orthoester’ methods. Although many modlfkatlons have been introduced over the 

years, the combined features ofgenera& and ejfic~~q can rarely be attributed to any one 
method. In a continuation of our studies on novel methods of glycosylatron5-‘, we now 

report an efficient and appsrently general merhod for the synthesis of I,%trrms-linked di- 

sscctzrrrdr derivatives. The reactlon consists m lhe treatment of acetyldted glycosyl halides 

with a sugar dcrwatwe in rhe presence of silver trifluoromerhanesulfonate (triflate) as the 
catalyst, and 1 .1.3,3-tetramethylurea as the proton acceptor. Usmg this novel procedure, 

we hsve conducted systemstrc glycosylstions wrth 2,3,4,6-tztraO-ncetyl~-D-gluco- 

pyranosyl bronude (I), among other related compclunds. at the hydroxyl group situsted 

individually on C-2, C-3, Cd, and C-6 of sultably protected sugar derivatives. The resulting 

(I+?)-, (1+3)-, (l-M)-, and (I-+6)+‘-linked disaccharide derrvatlves were respectively 

formed in a tugh state of anomerx purrty, in preparatively sigruficant yields, and wrth much 

manipulative simplification compared to previously reported methods. 

In a typical procedure, a solution of I (0.3 1 g, 1 mmole) In dry dichloromethane 

(10 ml) was successively trested at 0” with methyl 4.6-Gbcnzylrdenea-D-glucopyranoside8 

(2; 0.56-l g. 2 mmoles). I .I ,3.3-tctrameth} lurea (0.33 ml, 3 mmoles), and silver triflate 

(0.567 0 c, 2.2 mmoles) under rigorously anhydrous conditions. The suspensron was stured 

in the dark for 4 h ar O”, wd filtered through a bed oiCd~re; the fiitrate was washed with 

aqueous sodrum hydrogencarbonate, and processed as usu3l. to g~\r: a syrup that contaIned 

2, traces of 2.3,4.6-terra-0-aset~ I-D-glucopyranose. and a major product, 3. The latter 

could be crystallrzed drzctly from the misture by trrturation with methanol. For more- 

consistent rxoverles, however, the syrup was chromstographed on silica (I :9 EtOAc- 

benzene), to give 3 as a clear syrup (0.29 g, 47%). Ctystalllzatlon from methanol gave the 

‘Porlions of this work were reported at the 171st Meeting oi the Ameriwn Chemical Society; 
Sympojlum on”New Synthetic Reactions”. New York, 1976. CARB-I 
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known drsaccharide dertvatrve” tn IWO crops (41%), m-p. 226-227O, [LY]~ +30.i” (~0.72, 

CHCI,); reported9 (40%). m.p. 227-228”, [a]: +42.4” (CHCIa). and” (21%), m.p. 
221-22-I”. [a] g t45O (CHCI,). Methyl 4,6-U-benzylidene-2-0(2,3,4,6-tetra-0-acetyl+3-D- 

ga.facropyr~osyl)~u-D_ducopyranoside was strmlarly prepared (4 h at 25”) in 15% yreid* I, 

m.p. 197-198O, [a] g +50-i” (c 0.55, CHCI,); reported” (15%), m.p. 197-198”, [aID 

t54.3” (CHCls). 

Srmilar glycosylation of methyl 4,6&benzyhdene-2-0p-tolylsulfonyi*D-gluco 

pyranoude” (I .7 mmoles) with 1 (2 mmoles) in the presence of silver tritlate (2 mmoles) 

and I ,I ,3,3-tetramethylurea (5 mmoles) for 6 h at 25O. followed by column chromate 

graphy, gave the disaccharide derivative 4 as a colorless, analyttcally pure foam m 86% 
yield (based on reacted a&con); Ia]: +9.2” (c I .63, CHCIs). Treatment of 4 with sodnrm 

amalgam in S’IT;; methanol for 3 h at X0, and acetylation, gave the known, crystalline 5 

(SOS), m.p. 162-l&“, [cr] g +21” (c I, CHCI,); reportedI m.p. 164.5-166.5”, [aID +2Z 

(CHCIs). 
The suttabihty of the method u-r the case of amrno sugar derivatrves was shown b) 

the preparation of the dkacchande derivatrve 6, isolated as a colorless, chromatographrcali~ 

homogeneous foam (82%) [a]: + 18.5’ (c 3.02, CHC13), essentially as just described.. 

‘All new compounds gave correct mlcroanalyszs. AU compounds evhrblkd n.m.r.-specual chsracter- 
rstics that were rn accord with theu structures. Yields were not optimized. 
**Obtained by direct cry~tAliz~tion. Chromatographic purfication of a crude reaction-mixrun gsve a 
svrup (4(r;E) that had chromntographic proper&s identxal to those of the crystatlmc product. 



Methyl ~,3,b-lrrU-benro~l~-D-gal~ctopyranos~~ie’J (7) was chosen a3 a model ior 

gljyax~ lat~on at the -I-hydro\yI group of a hcxopyrano,tde dcrl\dllie, pJrllsuiarlj 35, III 

thus case. the sterlc rcquwemr‘nls of ltlc a\131 tlydroxyl group would be expcckd IO be a 

crltnl factor. Tre3lmen[ of 1 (2 mmoles) with 7 ( I mmole), c~scnli311~ as alrc.idy de- 

scrlbcd’. gee. aiter column chromdrogrsph\v. mcrllyl 2,3,6-~rr0-brlnzoyi;K)-(~,~.J.6-teir~ 

~-3ct-iyt~-D-gl~lcOpyrdnc~syt)a-D-g~t~~lopyrar,osrdz (8) as an anslvrrcatty purr: ioam(7?1). 
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bl:j +56.6O (c- 0.5, CHCII). Under srmutakd resstroncondllrons, bu! In the absence oi 1. 

the aglycon was recovered unchanged (4 h ar 25”). drmonstra!mg IIS stabdily, and preclud- 

mg any posslblhty of ester mlgratlon during the glycosylatron. Treaunenf of8 with t . t 3 

(v/v) M H2SOJ III I +diohane dunng I8 h under retlux gave crystalhne 7. The ( I-+4)- 

linkage was also hewn by mass-spectral data” on the permeLhylated analog of 8; [cI]~ 

+72.3O (c 0.54, CHC&). De-esterificarron of 8 (NaOhle. MeOH) gave the corrzspondlng d!- 

saccharrde derivative as a syrup [methyl cr-D-I]cobrosrde”, [a]; t94.9” (c 1.36, H,O)] 

which, upon acid hydrolysis. gave D-glucose and D-galaclose, rdentlfied chromato- 

graphically”. 

Fmally, glycosytation of 1,7:3,~dlU-lsopropy!Idrne~-D-galacropyr~nose’8 

(1.1 mmoles) with 1 (1.3 mmoles), in the presence of siher iriflate (1 A mmoles) and 

1,1,3,3-ietramelhylurea (3 rnmoles) for 6-8 h dt O” gave, after chromalographrc purrfica- 

tion (72%). the known crystalline disaccharrde derlsatlve 9, m.p. 140- I4 I”, [al; -50” (~1 

1, CHCI,); reported rolrg (5 I-605). m.p. 1-l 1” [tilD -54.5” (CHC13). 
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The new catalyst-acid acceptor combtnauon reported heretn should prove usefu! 

in the syntheses of d vanety of 1 ,Zrra?u-lmked ohgosaccharides by utthzmg glycosyl hahde 

derivatives confining a participating ester function at C-,. 3 The method IS also suitable for 

the preparauon of ol-glycosides III the absence of a partrcipatmg group, particularly when 

stereoelectronic conditions are favorable, as exemplitied by the synthesis of novel glycosrdz 

analogs of the ontitumor substance adrlamycin ” The mclusion of I ,I ,3,3-tetrsmethylurca . 

*An acid acceptor was no1 necessary In LOIS case. provided that Lhc condluorx were anhldrous. 
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in the reaction mivture is particularly advantageous with aglycons that contaln acld-sensi- 
tive groups (e.g.. 2,3,4. and 6), as, despite its very weak basicity, it is still capable of con- 
slderably ~~ITUIIS~III~ the acidity of the triflic acid produced during the reaction. In addi- 

tion, it does not interfere in the glycosy!stion reaction, and it is freely water-soluble, thus 

facilitating the isolation of the glycoside. 
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