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Abstract: Solid phase synthesis of polylactosamine oligosaccharide was performed starting from resin
supported lactose 1a,b. Glycosylation of 1a with the lactosamine unit 6 followed by delevulinoylation
afforded tetrasaccharides, which were further converted into hexa- and octasaccharide and was cleaved
from resin by TrBF4 in CH2Cl2 to afford 7. Ester linked 1b was converted in a similar manner into
hexasaccharide that was liberated under basic conditions to give 8. Subsequent deprotection into 9 was
performed in three steps. Copyright © 1996 Elsevier Science Ltd

In order to delineate the numerous functions of structurally diverse glycoconjugates! precisely, a
convenient method for a facile supply of oligosaccharide with rigorously defined structure is highly
desired. With this respect, use of chemically synthesized oligosaccharide is of obvious advantage over
that of material isolated from natural source. In principle, one can make substantial amounts of
homogeneous materials, including non-natural structures, by chemical means. Quite intense effort has
been devoted in this area to develop novel methodologies useful for regio- and stereoselective
glycoside bond formation2. As a result, it is now possible to synthesize quite complex oligosaccharide
containing up to 25 sugar residues3. However, synthesis of oligosaccharide, in general, requires a large
number of operations, including repeated protection-deprotection of hydroxy groups and glycoside
bond forming transformations, and chromatographic purification is usually required after each step.
Therefore, the overall sequence inevitably becomes highly time- and labour-consuming. On the other
hand, the utility of solid phase synthesis technology has been convincingly demonstrated in the fields
of oligopetide* and oligonucleotideS, and very routine preparations of these biomolecules are now
possible using fully automated synthesizers. Based on such a background, several intriguing
approaches have been reported on polymer-support oligosaccharide synthesisS. Herein, we would like
to report some results of our own effort to explore the methodology for solid phase synthesis of
biologically relevant oligosaccharide.

Our basic strategy depicted in Scheme 1 utilises the p-alkyloxybenzyl type functionality as a
linker’, based on the expectation that assembled oligosaccharide can be cleaved from solid support
either under acidic, basic, or oxidative conditions. Polylactosamine type oligosaccharide was chosen as
a synthetic target, because glycan chains classified in this group 1) occur both in glycoproteins and
glycolipids and are related to a variety of biological events8, 2) consist of repeating lactosamine
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(—3PGall -4BGIcNAc1) units and suitable for the initial demonstration of the strategy, and 3) have
been a subject of extensive synthetic studies in solution phase3. The synthesis was started from the
resin-bound lactose unit 1 as the "primer”, so that the final product has structural similarity with
neolacto-type glycosphingolipid.
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Scheme 1

The disaccharide-resin conjugates la,b were prepared as shown in Scheme 2. Thus p-
allyloxybenzyl alcohol prepared from p-hydroxybenzaldehyde (1. allyl bromide, K2CO3 / acetone,
reflux; 2. LiAIHy / ether) was coupled (AgOTf-SnCly?, sym-collidine / CICH,CH,Cl, 55°C, 86%) with
the fluoride 2, which was prepared from lactose (1. BzCl / pyridine, 90°C, 1d, 95%; 2. HBr-AcOH /
CICH,CH;,Cl-Acy0, t.t. 3h, 99%; 3. ZnF,-2,2-bipyridinel0 / MeCN, reflux., used without
purification). Resultant B-glycoside 311 was deacylated and subjected to dibutyltin oxide mediated
regioselective allylation!2 followed by benzylation to afford 4, which was further transformed into diol
Sall. Subsequent coupling with Merrifield resin was performed in the presence of CspCO3 (DMF,
50°C, 18 h13 ) 10 afford 1a. On the other hand, preparation of ester-linked 1b was achieved in three
steps [1. Br(CH2)5COOEt, Cs»CO3 / DMF, 92%; 2. NaOH / aq. THF, quantitative; 3. Merrifield resin,
Cs,CO3 / DMF13] via ethyl ester 5b.

Extension of the glycan chain was performed using previously reported trichloroacetimidate 614 as a
glycosyl donor. Thus, the lactose-resin conjugate 1a was subjected to glycosylation (1.5 equiv. 6, 0.2
equiv. TMSOTf / CH,Cly, -78°C, 2h, repeated twice)-delevulinoylation!3 (NH,;NH;-AcOH!4 / EtOH,
r.t., 1d) cycle twice to afford what assumed to be resin-bound hexasaccharide. This material was
subjected to additional glycosylation step with 6 and then cleaved off from the solid support with
excess TrBF416 in CH,Cl, (r.t., 30min). Subsequent chromatographic purification afforded the
octasaccharide 7 (42% overall yield from 5a)!7.
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1) p-AllOCgH,CHOH, AgOT!, SnCl, s-collidine / CICH,CH,Cl, 4A MS (86%). 2) NaOMe / MeOH. 3) n-
Bu,SnO / toluene, reflux, then AlBr, n-Bu,;NBr (63%). 4) BnBr, NaH / DMF (96%). 5) i)
I{(COD)[PCH3Ph,),)PFg / THF. ii) HgCl,, HgO / ag. acetone (88%). 6) Br(CH,)sCOOEY, Cs,CO5 / DMF

(92%). 7) aq. NaOH / THF-EtOH.
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Above-mentioned experiments revealed that extension of polylactosamine-type glycan chain can be
performed in a practically acceptable efficiency. However, starting from ether-linked primer 1a, the
immediate oligosaccharide product after cleavage from the resin ought to be the reducing sugar (i.e. 7).
Therefore, further deprotection of phthaloyl groups should be preceded by the reprotection of thus
liberated anomeric hydroxy group. On the other hand, the use of ester-carrying 1b as a primer should
give us an additional option for the cleavage step, by which the oligosaccharide product can be
liberated as a p-substituted benzyl glycoside. Thus, 1b was subjected to the chain elongation process in
a similar manner as described for 1a. First cycle glycosylation18-delevulinoylation was followed by the
second glycosylation to give hexasaccharide!9. The product was cleaved under basic conditions
(NaOMe / MeOH, 45°C, 7h) to afford corresponding methyl ester 8 which was isolated in 56% overall
yield. Complete deprotection into 9 was achieved in three steps (56%) (Scheme 4).
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Scheme 4

Our results demonstrated the ability of existing methodology established in solution-phase synthetic
studies of polylactosamine-type glycans to be extended to solid-phase synthesis. There certainly exist a
number of problems in oligosaccharide synthesis yet to be solved, and it is premature to say that solid
phase synthesis can be applied to all types of glycoside. However, it may well be expected that
continuous improvement in solution phase oligosaccharide synthesis with respect to selectivity and
efficiency, coordinated with the progress in solid phase technology, will bear fruit into the
development of a widely applicable method of solid phase oligosaccharide synthesis.
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