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Abstrrt: Tk preparation ofglycosidcs and or&wtcrs qftk monomrthy&thu qfpdycilrylcncglycd are dtscrikd. 
Tk atten@ed glycosylatbn qf tkse @ycosi&s nneqcMyIcdoglycaryluclwgc~~tkarpnrd 
oligo~~haridiv. Thix obsetwtion suggests that PEG aq a&on acts both as a kning pup and a nuclcophile. 
A &thcsiS ,Z@bd,,g W&?talh,?SiS of OligosrrcChWidCS id&? ~~W@ZliOll WdliORS ku b&?#l fO?ldZ&?d. 

An efficient xnetbq&logy for the prepatation of oligvhakies, and their incorporation into 
glycopeptides and glycolipids, is essential for the application of these unnpounds in biomedkal sciences.’ 
We have recently described a polymer-supported synthetic design combining the anomerk control of solution 
chemistry with the ease and speed of sol&state-supported work-up.’ The strategy employs as the supporting 
polymer pol+ethyleneglycol monomethykthe+ [HOCH.$X$(OC!H&H&~, r&&160; PEG, average MW 
J,KIO]~ and is based on solubility of a Carbohydrate-PEG synthon under restion conditions, and its 
insolubility d&ng work up. We have m linking PEG using succinate lb&z &I positions other than the 
anorneric carbon. Linked to an anomeric cz@on, PEG could be umsidered a convenient protective group. 
JVe d&be in this communication intetesting observations suggesting that PEG as aglycon acts 
simultaneously both as a leaving group and a nucleophile under several glycosylation conditions. Since PEG 

glyaxides em be easily isolated at any stage of the reaction by precipitation with an ether, and the ratio of 
exchanged to unexchanged PEG glycmides can be quantitatively measured by ‘H NMR PEG glycosides could 
be used for the evaluation of the nlative reactivities of differently pnXeckd glycosylating agents. 

Scheme I. 

Although the hydroxyl group on PEG is primary, its n?activity br glycosylation dons is reduced, 
in comparison with the usual reactivity of cmbohydmte primary hydroxy groups. For instance, reactions 
between 2,3,4,6-tetra-0-acetyl-a-D-rnannopyranosyl buomide (1) ar 23,4&etfa*acetyl-u-D-glucopyranosyl 
bromide (2) and PEG using silver trillate and 2.6-d&r-butyl4methylpyridine as a base (> 1 eq.) in CH$l, 
gives orthoesters, cf. 10. Trichlo 3,4 and 5, on the other hand, yield PEG rram giycosides eg. 
16, since the acidic conditions used for the reaction are not favourable for orthoester formation. However, 
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2,3,4,6-atra-o-~~l-a-~~~yl bromide (6) gives the &glycoside 14 even with AgTf and a ba~.~ 
PEG-sugar glycosides or PEG-sugar orthoesters wcre dcacetylated using l,8diazabicyclo[5,4,O]undec-7-ene 
(DBU) in methanol. Both Koenigs-Knor? and Schmid? glycosylation of these fully deacetylated 
PEG-orthoesters and PEG-glyaaides was expwtcd to take place regioq&ficallyon the primary hydroxyl. 
Surprisingly, mostly products of glycosyl exchange on PEG, rather than the expected disaccharides, were 
obtained (Scheme I): This occuned under a variety of conditions?” For exarhple, PEG~LBD- 
galactopyranoside (7) gave upon treatment with 2,3,4,6-tetra-o-~l-a-~~op~yl bromide (1)’ 
exchanged puacetylated trans mannoside of PEG 16, see scheme I. Moreover, 7 yielded trans glycosides of 
PEG with 2: 3,’ and e9 P8GyI c+D-~ (12) yielded peracetylated tronr glycosides of PEG with 
3* and 97 Similarly, orthocstem derived from glucose or mannose gave tram glycosides of PEG with 
peracetylated monosaccharides &I mament with 1,’ 2,’ 3’ and 6,’ for smu%xes seeschemeII. Inallthese 
exchanges no starting material was detectable. H&v is this happening? 

Scheme II. 

A glycosylation reaction is generaUy defined as a nucleophilic substitution by a hydroxyl group at the 
anon&c carbon as portrayed in Scheme III, X being a leaving group such as halogen or trichloroacetimde. 
The promoter MI is an electron deficient reagent such as BF, or Ag+ that generates an elecuophilic species 
A. In the PEG glycosidcs IW can coordinate to the oxygens of PEG and the sugar, leading to the activation 
of Wan-c carbon. Subsequent di ssocWon leads to an elecopphilic species B and nucleophilic PEG C. 

Dung glycosylation of PEG glycosides, the glycosylating agents become activated and are available for 
reaction with any nucleophiles psent, including the PEG species C. The relative stabilities of A and B, and 
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their relative electrophiliciti~, as well as the relative stabilitks of the final p@ucts A-C and B-C, will decide 
which PEG glycosides will be isolated. 

Scheme III. 

Thus it is understandable that the unpmtected monosacchafides in PEG glycosides are exchanged for 
the acetylated species since the hydmxy gmup containing motmaccharides m’not expected to exhibit 
particularly high solubility under the conditions of glycosylation mctions. The insolubility temoves this 
unprotected species fnnn the mmpetition with the acetylated donor saccharide. These principles are 
exemplifkd by glycosylation of PEGyl a-&s (12) widr a mixture of 2,3,4,&etra+acety1- 
a-D-galanopyranosy t (3) and 2de~xy-2-phthalimido 3,4.6-trio-acctyl-IL~galacmpyranosyl 
trichlomamimidate (W) in CH.&& plomoad by BF,.EbO (1 eq. to PEG). The PEG-bound reaction products 
included PEGyl 2,3,4,6-tetra-o-acetyl-8-wgalactopyran@ide (14) [4096; &H-l) 4.571, PEGyl 2-deoxy-2- 
phthalimido-3,4,atri-o-acetyl-aD-~ (W) [4096; &H-l) 5.371, and two diMc&uides; 
mannopyran~side~ giyc0syhtd with 2,3.4,6atnr-o-cscetyi-&Pgalactopyranose and 2deoxy-2-phthalimido- 
3,QWomtyl-&~‘galactopymose most likely in O-6 [20%; &Man Hl) 4.90 and 4.741. No starting PEGyl 
a-mnatumpyranoside (12) [&‘Hl) 4.831 could be detecmL Glycosylated mannose might be solubk enough 
to compete with both donors for PEG. Next, to pnwide a further exampk of the scenario whete all glycosyls 
wm endowed with similar reactivity, we have examined a reaction of PEGyl 2,3.4.6-tetra-o+cetyl-a-D- 
mannopyranoside (16) with 2,3,4,6-atra-0-acetylu-~~~~yl hichlotoacetimidate (3) using BF,.EbO 
as a vter. * A mixture of PEGyl 2,3,4,i%tetra-o-aoetyl-l3-Pgalactopyranoside (14) and PEGyl 2,3,4,6- 
ma-o-ace@-a-D-mannopyranoside (16) ( appt&mately 1:l) resulted. Similar ot49ervations were made with 
various combinations of gluco-, galacto-, and mannopynu&des. 

The reptnted findings help to explain ftquently observed -iti? of larger oligosaccharides used 
as reactants in glycosylation reactions. Such decompositions ate usually ascribed to hydrolysis due to a failure 
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to maintain the maction m&u@ rlgomusly anhydmus. The results *ported in this communication suggest, 

however, that a part of an oligosaccharide may act to a certain extent as a “leaving group” analogously to 
PEG. The glycosidic bond involved could split as shown in Scheme IIl giving A and D, and it could be either 
-ted to give back the original or the other anomer (or both), or the Yiagments” could undergo other 
reactions. The latter would lead to ireversible structural changes, in particular during tbe work-up of the 
reaction mixture. In order to simulate PEG, the oligosacchacide slmdd have the appropriate dihedml angle 
of vicinal ethers -O_CH-CH-Q, for instance 60” diquatorlal trans or axial-equatorial cis geomeUies for 
pyranosides. As an example f&m this labomtory, glycosylation of the disaccharide 17 with trisaccharide 
18-derived glycosylating agents” led to the extensive formation of not further identified monosaccharide and 
disaccharide derivatives (for general portrayal see Scheme III). 
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coaditions: Silver uiflate, 2,6di-r-butyl-4-methylpyridine, in CI-I& , room tmpaatm, using 1.2 eq. 
ofa&mide,for16+urs. 
eons: BF,.EbO m C&C!& at mom temperam using 1.1 eq. of a trichlomacetimidate for 16 

Co&ions: CH,I in C!H& at 50 “C for 72 hours in a sealed reaction ve&?l. 

Conditions: 7 or 8. 
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