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Abstract 

Efficient and practical methodology for the construction of carbohydrates, including 
oligosaccharide derivatives and sphingoglycolipids, was established on the basis of a water- 
soluble polymer supports having unique linkers that can be cleaved by specific conditions. 
Novel glycomonomers for the construction of polymer supports were synthesized and 
copolymerized with acrylamide to give three types of water-soluble glycopolymers having 
primer sugars through the specific linkers containing (i) p-substituted benzyl group, (ii) 
L-phenylalanine residue, and (iii) ceramide-mimetic L-serine derivative, respectively. These 
glycopolymers were employed for sugar elongation reactions with glycosyl transferases such 
as GIcNAc /31,4-galactosyl transferase, /3Gall ~ 3 /4GlcNAc o~-2,6-sialyl transferase, and 
/3Gall ~ 3 /4GlcNAc a-2,3-sialyl transferase in the presence of each sugar nucleotide as 
glycosyl donor to afford polymers having N-acetyllactosamine, sialyl ce-(2 ~ 6) N-acetyllac- 
tosamine, and sialyl a-(2 --* 3) lactose residues in excellent yield. Subsequent hydrogenolysis, 
hydrolysis with o~-chymotrypsin, or transglycosylation to ceramide with ceramide glycanase 
proceeds smoothly to give N-acetyllactosamine, a versatile sialyl a-(2 ~ 6) N-acetyllac- 
tosamine derivative having a terminal amino group, and ganglioside GM3 in high yield. 
© 1998 Elsevier Science Ltd. 
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Easy, versatile, and practical methodology for the 
construction of glycoconjugates of higher structural 
complexity and in a combinatorial fashion is of par- 
ticular interest to carbohydrate chemistry and gly- 
cotechnology. Although several methods for poly- 
mer-supported chemical synthesis of oligosaccharides 

0008-6215/98/$19.00 © 1998 Elsevier Science Ltd All rights reserved. 
Pll S0008-62 I 5(97)1005 1-9 



444 K. Yamada et al./ Carbohydrate Research 305 (1998) 443-461 

have been reported [4-17], new technologies that 
advance this field are still very much in demand. On 
the other hand, enzyme-assisted strategy for the syn- 
thesis of oligosaccharides is recognized as one of the 
promising practical alternatives to chemical synthesis 
because of highly stereo- and regioselective reactions 
with no tedious protection/deprotection steps [18- 
20]. Glycosyltransferases have also become valuable 
reagents for the synthesis of carbohydrates due to 
increasing availability via recombinant DNA technol- 
ogy [21-23], however, no viable methodology with 
both satisfactory yield and ease of procedures has 
been reported for polymer-supported enzymatic syn- 
thesis of carbohydrates [24-28]. Therefore, the ad- 
vent of new technologies that amplifies efficiency 
and versatility of enzymatic strategies is strongly 
required recently. 

As part of an ongoing project on the synthesis of 
glycopolymers as convenient tools in glycobiology 
and glycotechnology [29], our attention has been 
focused on specific 'polymeric sugar-cluster effects' 
by these macromolecules on the interaction with pro- 
teins. It was clearly demonstrated that some plant 
lectins recognized specifically synthetic multivalent 
glycoconjugates with remarkably enhanced affinities 
(K a = l0 s ~  108 M-1). It was suggested that expo- 
nentially amplified affinities rather than those of the 
corresponding mono- or oligomeric sugar ligands at 
the same concentrations were observed in many cases. 
For example, it is now well accepted that some 
synthetic glycoconjugates having multivalent N- 
acetyl neuraminic acid (Neu5Ac) residues are novel 
class of potent inhibitors against infections of in- 
fluenza viruses through the specific interactions with 
hemagglutinins (HA) [30-34]. The inhibition con- 
stants of glycopolymers having a variety of sialosides 
against viral infections are reported to be l0 - 6 ~  
10 J0 M. Moreover, we also demonstrated that Glc- 
NAc residues attached to a water-soluble polyacryl- 
amide by a suitable spacer-arm allowed quantitative 
galactosylation with bovine galactosyl transferase, and 
partial sialylation of the Gal residue by Trypanosoma 
cruzi trans-sialidase [35]. The success of this enzy- 
matic assembly of oligosaccharides on flexible 
water-soluble polymer supports is also critically de- 
pendent on the 'polymeric sugar-cluster effects' 
which promote the successful binding of the sugar 
residues with enzymes. In this paper, we describe a 
facile and versatile strategy for enzymatic synthesis 
of glycoconjugates using specially designed water- 
soluble polymer supports having specific linkers that 
can manifest controlled release of carbohydrates. 

2. Results and discussion 

Fig. 1 illustrates the general concept of polymer- 
supported enzymatic synthesis (Fig. I A) and chemi- 
cal structures of three glycomonomers 1-3 designed 
in the present study (Fig. 1B). Water-soluble poly- 
acrylamide copolymers, prepared by radical copoly- 
merization of these glycomonomers with acrylamide 
as backbone structure were employed for sugar elon- 
gation reactions by some glycosyltransferases. Enzy- 
matic extension of the carbohydrate chains on water- 
soluble polymer with flexible anchors has advantages 
of facilitating efficient separation of the product from 
the reactants, and permitting high reactivity expected 
of simple soluble molecules and high efficiency based 
on 'polymeric sugar-cluster effects'. It should also be 
noted that easy monitoring and characterization of 
each reaction step can be carried out by NMR mea- 
surements due to excellent solubility and homogene- 
ity of glycopolymers. Since these glycomonomers 
contain unique linkers that can be selectively cleaved 
by some mild conditions such as hydrogenolysis, 
hydrolysis with proteases, and transglycosylations 
with carbohydrases, the present strategy will permit 
feasible and efficient procedures for the synthesis of 
a variety of carbohydrates. 

Hydrogen-sensitive primer.--The synthetic route 
for the glycomonomers containing a p-substituted 
benzyl group as a hydrogen-sensitive linker is shown 
in Scheme 1. Firstly, p-nitrobenzyl glycoside 5 was 
prepared by simple coupling of an oxazoline deriva- 
tive 4 with p-nitrobenzyl alcohol. Selective hydrogen 
transfer reaction and subsequent condensation with 
6-acrylamido hexanoic acid 8 afforded the intermedi- 
ate 9. Finally, de-O-acetylation under the Zemplen 
condition gave the polymerizable glycoside 1. Radi- 
cal copolymerization of 1 with acrylamide proceeded 
smoothly in the presence of ammonium persulfate 
(APS) and N,N,N',N'-tetramethylethylenediamine 
(TEMED) as promoters and yielded glycopolymers 
having GlcNAc branches 10 in high yield. To evalu- 
ate the importance of the flexible anchor between 
primer sugar and the polyacrylamide main chain, the 
water-soluble polymer 7 was also prepared from 6 in 
a similar manner. 

Enzymatic sugar elongation of primers 7 and 10 
was examined with bovine milk galactosyl trans- 
ferase according to the method reported previously 
[36-38]. As expected, the effect of the length of the 
spacer-arm moiety on the efficiency of the glycosyla- 
tion was evident, and quantitative galactosylation of 
the primer 10 was achieved in the presence of only a 
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Fig. 1. (a) Concept of polymer-assisted enzymatic synthesis and (b) structures of glycomonomers used in this study. 

small excess of uridine 5'-diphospho galactose (UDP- 
Gal) (1.2 mol/equiv,  to acceptor GIcNAc residues). 
On the other hand, only 30% galactosylation was 

observed in the case of the short-armed primer 7 
(Scheme 2). The I H NMR spectrum of 11 showed 
clearly that two equivalent integration of anomeric 
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Scheme 1. (i) HOCH2C6H4NO 2, CSA/dichloroethane, (ii) HCOONH 4, Pd/C, MeOH, then, (iii) CH 2 =CHCOC1, Et3N, 
MeOH for compound 6, or CH 2 =CHCONH(CH2)sCOOH (8), Et3N, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide HCI, 
CHzCI2-DMF for compound 9, (iv) NaOMe, MeOH. 

protons at 4.45 and 4.50 ppm were observed con- 
comitant with disappearance of a signal at 3.42 ppm 
attributable to the H-4 of an unsubstituted GlcNAc 
residue, suggesting a complete substitution of the 
GlcNAc residues with Gal residues. Hydrogenolysis 
in the presence of palladium on carbon generated a 
disaccharide product, N-acetyllactosamine, which was 
purified on Sephadex LH-20 with 95:5 ethanol-water 
as eluant with a high recovery ( >  95%). 

t~- Chymotrypsin- sensitive pr imer . - -As  an exten- 
sion of a novel strategy using water-soluble polymer 
supports, our interest was directed to the design of 
primers bearing linkers specifically cleaved by some 
peptidases. We selected and synthesized a polymer 
20 containing a L-phenylalanine residue in the spacer- 
arm moiety as a-chymotrypsin-sensitive structure. 

The synthetic route of the new primer GlcNAc- 
polymer having a peptidase-sensitive spacer moiety is 

shown in Scheme 3. The oxazoline derivative 4 was 
coupled with a readily preparable 1-amino-6-(N-ben- 
zyloxycarbonyl-L-phenylalanyl)-hexanol 13 to give 14 
in moderate yield. Next, N-deprotection of the 
phenylalanine segment and subsequent condensation 
with 6-acrylamido hexanoic acid 8 afforded a poly- 
merizable GlcNAc derivative 19. Finally, usual de- 
O-acetylation of 19 (83%) and copolymerization of 
the sugar monomer 2 (93%) gave the primer polymer 
20. The primer 17 was also prepared to discuss the 
effect of anchor moiety between phenylalanine and 
polymer main chain on the accessibility of a- 
chymotrypsin. 

Galactosylation with bovine milk galactosyltrans- 
ferase and subsequent sialylation with rat liver ~r-2 

6 sialyl transferase were carried out according to 
the conditions shown in Scheme 4. A typical elution 
pattern of gel filtration chromatography on Sephadex 
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Scheme 2. (i) UDP-Gal, GaI-T, HEPES buffer (pH 6.0), 37 °C, 24 h, (ii) H 2, Pd/C, water-MeOH. 

G-25 after glycosylation reactions with galactosyl 
and sialyltransferases is shown in Fig. 2. As ex- 
pected, high efficiency of the sugar-transfer reactions 
was achieved using only a small excess of UDP-Gal 
or cytidine 5'-monophospho-N-acetyl neuraminic 
acid (CMP-Neu5Ac) yielding the polymer 22 bear- 
ing sialyl a-(2 ~ 6)-LacNAc branches. As shown in 
the ~ H NMR spectrum of 22, all protons were clearly 
assigned and quantitative transfers of Gal and Neu5Ac 
residues can also be estimated from the integration 
data of ring protons. Consequently, a useful sialyl 
a-(2 ~6 ) -LacNAc  derivative 23 having terminal 
amino group at the reducing end was successfully 
released from the polymer chains by treating with 
c~-chymotrypsin at 40 °C for 24 h in 72% overall 
yield from the primer polymer 20 (Fig. 3). It was 
preliminarily demonstrated that 6-aminohexyl glyco- 
side of sialooligosaccharide can be utilized for conju- 
gation with bovine serum albumin to give a novel 
type of neoglycoprotein [2]. On the contrary, al- 
though quantitative galactosylation was also observed 
in the case of the reaction of the primer 17, this 
disaccharide product could not be released from the 
polymer support by hydrolytic action of c~- 
chymotrypsin. This suggests the importance of a 

flexible spacer-arm between phenylalanine and the 
polymer backbone for rendering the releasing point 
accessible to the peptidase. 

Relationship between sugar-distribution and trans- 
fer efficiency.--Efficiency of sugar elongation reac- 
tion by glycosyl transferases seems to be significantly 
dependent on the sugar density and its distribution on 
the primers. To understand and regulate the distribu- 
tion and the density of primer sugars on polymer 
support, monomer reactivity ratio in copolymeriza- 
tion was determined according to the method by 
Fineman and Ross [39]. The copolymerization of two 
monomers M l (acrylamide) and M z (glycomonomer) 
is described schematically as follows: 

kll 
MI.+ Mj ~ M l . 

k12 
Ml.+ M 2 --+ M 2. 

k22 
M 2 - +  M 2 ---+ M 2 . 

k21 
M 2 . +  M 1 --+ M l. 
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Scheme 3. (i) Compound 13, CSA/CH2CI 2, (ii) H 2, Pd/C, MeOH, then, CH2=CHCOCI, Et3N, THF for 15, or 
compound 8, EEDQ, benzene-EtOH for 19, (iii) NaOMe/MeOH. 

The monomer reactivity ratios are given by r~ = 

kj l / k l 2  and r 2 = k22//k21 , and the copolymer compo- 
sition equation which relates the polymer composi- 
tion to the monomer composition is given by 

d[m,J/d[m2] = [ m , ] / [ m 2 ] { ( r , [ m , ]  + Ira2])  

/ ( [ M , ]  4- re [M2]) ) ,  (1) 

where [M l ] and [M 2] refer to the monomer composi- 
tion of M ~ and M 2 when the copolymerization started, 
and d[Mj] and d[M 2] to the compositions of M l and 
M 2 in the generated polymers at the initial stage 

( <  5% dp 2) of chain propagation reaction, respec- 
tively. If d[Mi] /d[M 2 ] = y  and [M1]/[M 2 ] = x, then 
Eq. (1) can be rewritten as 

x / y (  y - I) = r,( x 2 / Y  ) - r 2 (2) 

By using y values estimated from the integration 
data of IH NMR spectra, a plot of X2//y versus 

x / y ( y -  1) is a straight line whose slope is r I and 
whose intercept is minus r 2 (Fig. 4). Consequently, 
monomer reactivity ratios were determined to be 
rl = 0.62 and r 2 =0 .85 ,  suggesting that the gly- 
comonomer shows similar reactivity to that of acryl- 
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from polymer support in deuterium oxide at room temperature. 

amide and primer sugar residues distributed quite 
randomly in the polymer supports [40]. In addition, it 
was also suggested that the polymer composition (y)  
can be predicted and controlled by the composition of 
monomers (x)  as shown in Fig. 5 and 

y = 0.728 x logl0x + 4.798 (3) 

was obtained by curve fitting with the least-squares 
method, where x refers to the ratio of the composi- 
t ion o f  a c r y l a m i d e  and g l y c o m o n o m e r  
(acrylamide:glycomonomer) and y refers to the ratio 
of the composition of acrylamide unit and sugar unit 
in the polyacrylamide copolymers. 

2 The degrees of polymerization at 0, 5, 10, 20, 30, and 
60 min were estimated by the integration of the signals due 

JH to C=C double bond on NMR spectra. Since 3 ~ 5% 
of polymerization was observed from 10 to 20 rain after 
the initiation reaction, we employed the data at 10 min to 
determine the values of d[Mj] and d[M 2] at the initial 
stage. 

Next, several polymer supports having different 
sugar densities (1:4 ~ 1:46 sugar-acrylamide) were 
prepared on the basis of Eq. (3) and used for the 
enzymatic galactosylation reaction to optimize 'poly- 
meric sugar-cluster effect' on the interaction of gly- 
cosyl transferases with water-soluble glycopolymers 
as acceptor substrates. The results, obtained from I H 
NMR spectra, were in good agreement with those 
estimated from the sugar analysis of the products by 
DIONEX-PAD method [41] as shown in Fig. 6. It 
was clearly suggested that primers with a sugar ratio 
(sugar acrylamide) from 1:4 to 1:10 exhibited excel- 
lent property as substrates of galactosyl transferase 
and their yields were almost quantitative. However, 
the efficiency of enzymatic actions were apparently 
reduced by decrease of the ratio of sugar composition 
on the polymer supports. Interestingly, the polymer 
having 1:46 of low sugar density showed only 40% 
of galactosylation reaction. Therefore, it was con- 
cluded that primer sugars on the polymer supports 
should be distributed randomly and clustered with 
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relatively high density (1:4 ~ 1:10 sugar-acrylamide) 
to achieve satisfactory yields. It should also be noted 
that the polymers having different 'coiled' conforma- 
tion may influence the efficiency of enzymatic glyco- 
sylations. 

(C) Lactosyl ceramide mimetic primer.--In order 
to extend the polymer-supported enzymatic strategy 

to the synthesis of sphingoglycolipids, the am- 
phiphilic primer 28 was also designed and prepared 
as indicated in Scheme 5. The described strategy 
combines: (i) synthesis and utilization of a new lacto- 
syl ceramide-mimetic monomer 3 for polymer-sup- 
ported synthesis, (ii) high efficiency in glycosylation 
based on 'polymeric glycoside-cluster effects' and 



452 K. Yamada et al./ Carbohydrate Research 305 (1998) 443-461 

4.5 

4 
I 

3.5 

3 
>, 

~x 2.5 • 

2 

1.5 

1 

0.5 

-5 O 5 10 
x/y(y-1 ) 

Fig. 4. Plot of x2 /y  vs. x / y ( y -  1) for acrylamide (M l) 
glycomonomer (M 2) copolymerization with least squares 
straight line. 

easy purification of the products as suggested in the 
cases of both hydrogen-sensitive and a-chymotryp- 
sin-sensitive primers, and (iii) versatile and practical 
procedure for the transfer of carbohydrates from 
polymer to ceramides by unique transglycosylation 
activity of ceramide glycanase found by Zhou et al. 
[42], Li et al. [43] and Li and Li [44]. 

Ganglioside GM3 (30) was selected as a target for 
evaluation of the present synthetic methodology in 
comparison with chemical syntheses of this com- 
pound [45-49]. Although this trisaccharide sequence 

35 
30 

25 

>20 
15 
10 
5~ 

o 1'o 40 
xlogx 
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Fig. 6. Relationship between enzymatic galactosylation 
and the ratio of polymer composition (sugar unit:acryla- 
mide unit). ©; NMR method, 0 ;  DIONEX-PAD method. 

[a-NeuAc-(2 ~ 3)-/3-D-Gal (1 ~ 4)-/3-D-GIc] was 
synthesized previously from methyl lactoside and 
CMP-NeuAc [50] by use of rat liver /3Gall 
3 /4GlcNAc c~-2 --* 3-sialyltransferase [51] in modest 
yield (39%), the advent of new technologies that 
amplifies efficiency of enzymatic strategies is still 
very much in demand. 

For the purpose of the present technology, the 
polymerizable lactose derivative 3 was designed to 
allow simple preparation of water-soluble polyacryl- 
amide having lactose residues through a ceramide 
mimetic linker derived from a readily available L- 
serine derivative 25 (Scheme 5). The lactosyl ce- 
ramide (LacCer) mimetic glycopolymer 28 was ob- 
tained in 92% yield by radical copolymerization of 
the monomeric precursor 3 with acrylamide in deoxy- 
genated water according to the procedure as de- 
scribed above. This primer support was employed for 
sialylation reaction using porcine liver /3Gall 
3 /4GlcNAc c~-2 ~ 3-sialyltransferase in the pres- 
ence of CMP-NeuAc according to the previous re- 
port [51]. The product 29, obtained in quantitative 
yield, was conveniently isolated by a simple column 
of Sephadex G-25 gel, which can be monitored by 
NMR measurements. Finally, treatment of 29 with 
leech ceramide glycanase in the presence of an ex- 
cess of ceramide as an acceptor and subsequent chro- 
matography by a column of Sephadex LH-20 gel 
gave ganglioside GM3 (30) in 63% yield. 

The polymer-assisted enzymatic process described 
here afforded GM3 in three steps with 58% overall 
yield from a readily available precursor 3, a remark- 
able improvement in both ease of synthesis and over- 
all yield compared to those of chemical and /o r  enzy- 
matic synthesis reported previously. The versatility of 
this synthetic method in the synthesis of longer and 
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more complicated sphingoglycolipids are under in- 
vestigation and the results will be reported in else- 
where shortly. 

3. Conclusion 

A versatile and efficient technology for the synthe- 
sis of carbohydrates was established on the basis of 
newly prepared polymer-supports having specific 
linkers. It was clearly demonstrated that these high 
performance polymers facilitate enzymatic synthesis 
of oligosaccharides and sphingoglycolipids. The suc- 
cess of the present strategy is significantly dependent 
on the excellent water-solubility and the multivalency 
of clustered glycopolymers that provide enzymatic 
synthesis with high efficiency of the glycosylations 
and easy separations of the products. It should also be 
noted that each step for enzymatic sugar-elongations 
of water-soluble polymers can be clearly character- 
ized by NMR spectroscopy. Since large-scale prepa- 
ration of both recombinant glycosyltransferases and 
sugar nucleotides are now possible [21-23], the pre- 
sent methodology using water-soluble polymer-sup- 
ports should be widely applicable both for the synthe- 
sis of various naturally occurring glycoconjugates 
and combinatorial synthesis of carbohydrate libraries. 

4. Experimental 

Genera l  m e t h o d s . - - U n l e s s  otherwise stated, all 
commercially available solvents and reagents were 
used without further purification. CHC13, CH2C12, 
dichloroethane, MezSO, tetrahydrofuran, and MeOH 
were stored over molecular sieves 3 A before use. 
Et3N and pyridine were stored over NaOH pellets. 
MS 4 A was dried under reduced pressure at ca. 100 
°C overnight before use. Melting points (uncorrected) 
were determined with a Fisher-Johns apparatus. Opti- 
cal rotations were determined with a Perkin Elmer 
343 digital polarimeter at 23 °C. ~H and ~3C NMR 
spectra were recorded with JEOL EX-400 or a-400 
spectrometer at 400 MHz (JH NMR) and 100 MHz 
(13C NMR) in CHC13-d, MeOH-d3, Me2SO-d 6 or 
deuterium oxide using Me4Si or TSP-d 4 as internal 
standard. Assignment of the ring-protons was made 
by first-order analysis of the spectra, and was con- 
firmed by H - H  COSY spectra. Samples were dried 
(ca. 24 h) in vacuo (50 °C, 0.1 Torr) over P502 
powder before elemental analyses. Chemical reac- 
tions were monitored by thin-layer chromatography 

(TLC) on precoated plates of Silica Gel 60F254 (layer 
thickness, 0.25 mm; E. Merck, Darmstadt). Column 
chromatography was performed on silica gel (Silica 
gel 60; 0.015-0.040 mm, E. Merck). Average molec- 
ular weights were estimated by gel permeation chro- 
matography (GPC) with an Asahipak GS-510 col- 
umn, and pullulans (5.8, 12.2, 23.7, 48.0, 100, 186, 
and 380 K; Shodex Standard P-82) were used as 
standards. Enzymatic reactions were also performed 
using commercially available materials. Galactosyl 
transferase from bovine milk (Sigma), sialyl trans- 
ferase from rat liver (Sigma), sialyl transferase from 
porcine liver (Sigma), 3 and a-chymotrypsin from 
bovine pancreas (Wako pure chemicals) were used 
without further purification. Sugar compositions of 
glycopolymers were determined from both the inte- 
gration data of I H NMR spectra and high-perfor- 
mance anion exchange chromatography with pulsed 
amperometric detection (HPAEC-PAD) analysis ac- 
cording to the method described previously [41]. Acid 
hydrolysis of glycopolymers (1 mg of each polymer) 
was carried out under 2 M CF3COOH at 100 °C for 2 
h. After the hydrolysis reaction, the solution was 
filtered to remove the main polymer, and the filtrate 
was successively subjected to the HPAEC-PAD anal- 
ysis. HPAEC was carried out using Dionex Bio LC 
(Sunnyvale, CA) equipped with a carbopack PA-1 
column and a pulsed amperometric detector (PAD-II). 
The quantitative analysis was carried out using a 
standard solution of monosaccharides of 50 mM solu- 
tion, respectively. 

p -Ni t robenzy l  3, 4, 6- tri- 0 - ace tyl- 2 - ace tamido  - 2 - 

deoxv-~-D-glucopyranos ide  (2) . - -To a soln of 4 ( 1.4 
g, 4.25 mmol) in dichloroethane (20 mL) was added 
p-nitrobenzyl alcohol (5.2 g, 21.0 mmol) and D-cam- 
phor-10-sulfonic acid (110 mg, 0.47 mmol). The 
mixture was stirred at 80 °C for 2 h, then Et3N (2.0 
mL, 14.33 mmol) was added. The soln was concen- 
trated under reduced pressure to give a syrupy crude 
product. The residual syrup was directly chromato- 
graphed on a silica gel column and eluted with 
200:40:5 CHC13-EtOAc-MeOH to give the glyco- 
side 5 (1.82 g, 89%): [c~] 23 ~ 0 ° (c 0.10, CHCI3); IH 
NMR (CHC13) 6 8.19 (d, 2 H, -Ph-NO2m),  7.47 (d, 
2 H, - P h - N O  2o), 5.57 (d, 1 H, NH, Glc), 5.26 (t, 1 
H, H-3), 5.11 (t, 1 H, H-4), 5.01 (d, 1 H, -CH2-Ph) ,  

3 Although some of the sugar nucleotides are still not 
available, recombinant glycosyl transferases including sia- 
lyl transferases and glycosyl donors are now obtainable 
from Calbiochem ®. 
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4.77 (d, 1 H, H-l), 4.70 (d, 1 H, -CH2-Ph) ,  4.27 
(dd, 1 H, H-6a), 4.17 (dd, 1 H, H-6b), 4.02 (q, 1 H, 
H-2), 3.73 (ddd, 1 H, H-5), and 2.10, 2.05, 2.04, 1.96 
(each s, 12 H, 4 Ac). Anal. Calcd. for C21H26OllN2 : 
C, 52.28; H, 5.43; N, 5.81. Found: C, 52.26; H, 5.48; 
N, 5.81. 

p-Acrylamidobenzyl 3, 4,6-tri-O-acetyl-2-acetamido- 
2-deoxy-~-D-glucopyranoside (6) . - -To  a soln of 2 
(655.3 mg, 1.36 mmol) in MeOH (28 mL) was added 
ammonium formate (1.71 g, 27.2 mmol) and 10% 
Pd-C  (142 mg). The mixture was stirred at room 
temperature for 5 min, the mixture was filtered with 
celite and the filtrate was evaporated under reduced 
pressure. The residual syrup was dissolved in CHC13, 
washed with water and dried over Na2SO 4. The soln 
was filtered and evaporated to give p-aminobenzyl 
3,4,6-tri-O-acetyl-2-deoxy-/3-D-glucopyranoside. This 
intermediate was subsequently used for the next step 
without further purification. 

To the soln of amino component (615 mg, 1.36 
mmol) in MeOH (20 mL) was added Et3N (0.19 mL, 
1.36 mmol) and a soln of acryloyl chloride (137.9 
/zL, 1.63 mmol) in THF (5 mL) at 0 °C, dropwisely. 
The mixture was stirred for 2 h. The soln was poured 
into ice-water and extracted with CHC13. The organic 
layer was washed with brine, dried, and evaporated to 
give a quantitative yield of p-acrylamidobenzyl 
3,4,6-tri-O-acetyl-2-acetamido-2-deoxy-/3-~glucopy- 
ranoside 6 (688 mg, ~ 100%): IH NMR (CDC13) 6 
9.54 (s, 1 H, NHr, h), 7.71 (d, 2 H, -Ph-m),  7.19 (d, 2 
H, -Ph-o),  6.76 (d, 1 H, NH, GIc), 6.64 (dd, 1 H, 
CH=CH2) ,  6.41 (dd, I H, CH=CHztran~), 5.70 (dd, 
1 H, C H = C H 2 ~ ) ,  5.28 (t, 1 H, H-3), 5.05 (t, 1 H, 
H-4), 4.80 (d, 1 H, -CHz-Ph) ,  4.74 (d, 1 H, H-I), 
4.52 (d, 1 H, -CHz-Ph) ,  4.27 (dd, 1 H, H-6~), 4.13 
(dd, 1 H, H-6b), 3.98 (q, 1 H, H-2), 3.65 (ddd, 1 H, 
H-5), 2.10, 2.02, 2.01, 1.90 (each s, 12 H, 4 Ac). 

Polyacrylamide copolymer 7 from glycomonomer 
6 . - - T o  a soln of 6 (23.2 mg, 45.8 /zmol) in MeOH 
(5 mL) was added NaOMe (2.2 mg, 40.72 /zmol). 
The mixture was stirred at room temperature for 5 h. 
It was made neutral with Dowex 50W-X8 (H + )  
resin, filtered, and evaporated to give a quantitative 
yield of p-acrylamidobenzyl 2-acetamido-2-deoxy-/3- 
D-glucopyranoside. This deprotected glycomonomer 
was subsequently used for the next step without 
further purification. 

A soln of glycomonomer (17.42 mg, 45.8 /.tmol) 
and acrylamide monomer (32.55 mg, 458 /.tmol) in 
3:1 MezSO-water  (1 mL) was deaerated by a water 
aspirator for 20 min, to which were added 
N,N,N' ,N' - te t ramethyle thylenediamine (TEMED) 

(1.38 /xL, 9.06 ~mol)  and ammonium peroxodisul- 
fate (APS) (0.84 mg, 3.66 /xmol). The mixture was 
stirred at room temperature for 24 h, diluted with 
deionized water (1 mL), directly subjected to gel 
filtration chromatography on Sephadex G-50 column 
and eluted with 50 mM aq CH3COONH 4. The void 
fractions were collected and concentrated to 10 mL, 
and the syrupy soln was lyophilized to afford poly- 
mer 7 as an amorphous powder (30 mg, 61%): 1H 
NMR (deuterium oxide) ~ 7.37 (br d, 4 H, - P h - ) ,  
4.70 (br d, 2 H, OCH2Ph), 4.48 (d, 1 H, J 8 Hz, 
H-l), 3.89 (d, l H, J 12 Hz, H-6b), 3.70 (br d, 1 H, 
J 14 Hz, H-6a), 3.64 (t, 1 H, J 10 Hz, H-3), 3.53 (m, 
l H, H-2), 3.43 (br d, 2 H, H-4 and H-5), 2.3-2.1 (m, 
10.7 H, - C H - ) ,  1.90 (s, 3 H, COCH3), and 1.7-1.4 
(m, 26.9 H, -CH2-). 

6-N-Acrylamido hexanoic acid (8) . - -To a soln of 
6-amino-hexanoic acid (5.0 g, 38.1 mmol) in 1.27 M 
aq NaOH (30 mL) was added a soln of acryloyl 
chloride (3.87 mL, 45.7 mmol) in THF (10 mL) at 0 
°C for 2 h. The reaction mixture was adjusted to be 
pH 3 by addition of 1 N aq HC1. The mixture was 
poured into ice-water and extracted with EtOAc. The 
organic layer was washed with water, dried, and 
evaporated. The crude material was then recrystal- 
lized from EtOAc-hexane to afford pure 8 (4.8 g, 
68%): mp 65 ~ 66 °C; 1H NMR (CD3OD) 6 6.13 
(dd, 1 H, CH=CH2) ,  6.11 (dd, 1 H, CH=CH2t ..... ), 
5.55 (dd, 1 H, CH=CH2~) ,  3.16 (t, 2 H, CH2), 2.21 
(t, 2 H, CH2), 1.55, 1.47, 1.31 (each q, 6 H, 3 CH2). 

p-N-[( N-Acrylamido)-pentylcarbonyl]-benzyl 3,4,6- 
tri-O-acetyl-2-acetamido-2-deoxy-~-D-glucopyranoside 
(9) . - -Compound 2 (800 rag, 1.66 mmol) was hydro- 
genated according to the method described for the 
preparation of 6 to afford the intermediate. To the 
mixture of crude amino component (751 mg, 2.06 
mmol) and 8 (307 mg, 1.66 mmol) in 10:1 
dichloroethane-DMF (22.0 mL) was added Et3N 
(0.231 mL, 1.66 mmol) and 1-(3-dimetbylaminopro- 
pyl)-3-ethylcarbodiimide hydrochloride (EDC) (325 
mg, 1.66 mmol) at 0 °C. The mixture was stirred at 
room temperature for 22 h. The soln was diluted with 
CHCI 3 (30 mL), washed with 1 N aq H2SO 4, satu- 
rated aq NaHCO 3, and brine. The soln was dried over 
Na2SO 4, filtered, and the filtrate was evaporated. The 
residual syrup was directly chromatographed on a 
silica gel column and eluted with 30:1 CHC13-EtOH 
to give the glycoside 9 (520 mg, 51%): [~r] 23 -36.9° ;  
I H NMR (CDC13) 6 7.72 (s, 1 H, NH), 7.52 (d, 2 H, 
-Ph-m),  7.24 (d, 2 H, -Ph-o),  6.27 (dd, 1 H, 
CH=CH2) ,  6.10 (dd, 1 H, CH=CHztran~), 5.63 (dd, 
1 H, CH=CH2ci~), 5.19 (t, 1 H, H-3), 5.08 (t, 1 H, 
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H-4), 4.84 (d, 1 H, -CH2-Ph), 4.59 (d, 1 H, H-I), 
4.56 (d, 1 H, -CH2-Ph), 4.27 (dd, 1 H, H-6a), 4.16 
(dd, 1 H, H-6 b) 3.96 (q, 1 H, H-2), 3.64 (ddd, 1 H, 
H-5), 3.35 (q, 2 H, CH2), 2.38 (t, 2 H, CH2), 2.11, 
2.05, 2.02, 1.91 (each s, 12 H, 4 Ac), 1.77, 1.58, 1.42 
(each t, 6 H, 3 CH2). Anal. Calcd. for C3oH41OIIN3 : 
C, 58.15; H, 6.67; N, 6.78. Found: C, 57.80; H, 6.69; 
N, 6.50. 

p - N - [( N -Acrylamido) -pentylcarbonyl]- benzyl 2 - 
acetamido-2-deoxv-[3-D-glucopyranoside (1).--To a 
soln of 9 (132 rag, 0.213 mmol) in MeOH (15 mL) 
was added NaOMe (10.0 rag, 0.181 mmol). The soln 
was stirred at room temperature for 15 h. The mixture 
was neutralized with Dowex 50W-X8 (H + ). The 
filtrate was evaporated to afford the pure gly- 
comonomer 1 as an amorphous powder (104 mg, 
99%): [a]~ 3 -3.3°; IH NMR (Me2SO-d 6) 6 9.88 (S, 
1 H, NHph), 8.07 (t, 1 H, NH), 7.70 (d, 1 H, NH, 
GIc), 7.53 (d, 2 H, -Ph-m), 7.18 (d, 2 H, -Ph-o), 
6.19 (dd, 1 H, CH=CH2),  6.04 (dd, 1 H, 
CH=CH2tran~), 5.54 (dd, 1 H, CH=CHzci.~), 5.07 (br 
s, 1 H, OH), 4.99 (br s, 1 H, OH), 4.69 (d, 1 H, 
-CH2-Ph), 4.58 (br s, 1 H, OH), 4.44 (d, 1 H, 
-CH2-Ph), 4.31 (d, l H, H-I), 3.70 (ddd, 1 H, H-5), 
3.45 (dd, 2 H, H-3 and H-4), 3.39 (s, 6.6 H, 2.2 × 
CH3OH), 3.33 (m, 1 H, H-6,), 3.13-3.06 (m, 4 H, 
CH 2, H-6 b and H-2), 2.28 (t, 2 H, CH2), 1.79 (s, 3 
H, NAc), 1.57, 1.43, 1.30 (each dt, 6 H, 3 CH2). 
Anal. Calcd. for Cz4H35OsN 3 • 2.2MeOH: C, 55.79; 
H, 7.83; N, 7.45. Found: C, 55.54; H, 7.25; N, 7.61. 

Polyacrylamide copolymer 10 from the gly- 
comonomer 1.--A soln of 1 (62.0 rag, 125.6 /zmol) 
and acrylamide monomer (44.6 mg, 628 /xmol) in 
3:1 M%SO-water (1 mL) was deaerated by a water 
aspirator for 20 min, to which were added TEMED 
(7.52 /~L, 50.2 /~mol) and APS (4.6 mg, 20.1 txmol). 
The mixture was stirred at room temperature for 24 h, 
diluted with deionized water (2 mL), directly sub- 
jected to gel filtration chromatography on Sephadex 
G-50 column and eluted with 50 mM aq 
CH3COONH 4. The void fractions were collected and 
concentrated to 10 mL, and the syrupy soln was 
lyophilized, and substituted with deionized water 
twice, to afford polymer 10 as an amorphous powder 
(89 mg, 83%): I H NMR (D20) 6 7.36 (br d, 4 H, 
-Ph-) ,  4.60 (m, 2 H, OCH2Ph), 4.49 (br d, 1 H, 
H-l), 3.93 (br d, 1 H, J 12 Hz, H-6b), 3.74 (br d, 1 
H, J 12 Hz, H-6,), 3.68 (t, 1 H, J 10 Hz, H-3), 3.48 
(m, 1 H, H-2), 3.42 (m, 2 H, H-4 and H-5), 3.17 (br 
s, 2 H, NCH2), 2.4-2.1 (br m, 10.9 H, COCH 2 and 
-CH-) ,  1.92 (s, 3 H, Ac), 1.8-1.4 (br m, 20.5 H, 
CH2). 

Galactosylation of the primer polymer 10.--The 
primer polymer 10 (30.0 mg, ~ 33 ~mol of GlcNAc 
residue), uridine-5'-di-phospho-galactose (UDP-Gal) 
(22 mg, 40 /zmol), a-lactalbumin (200 /xg) and 
galactosyl transferase from bovine milk (0.5 unit) 
were incubated in 50 mM N-2-hydroxyethylpipera- 
zine-N'-2-ethanesulfonic acid (HEPES) buffer (pH 
6.0, 1.0 mL) at 37 °C for 24 h. The reaction mixture 
was directly purified by chromatography on Sephadex 
G-50 column (4) 25 mm × 1000 mm) and eluted with 
50 mM aq CH3COONH 4. The polymer fractions 
were collected and concentrated to 10 mL, and the 
syrupy soln was lyophilized to give a glycopolymer 
having LacNAc branches, 11 (32.0 mg, quantitative 
yield): I H NMR (D20) 6 7.38 (br d, 4 H, -Ph-) ,  
4.60 (m, 2 H, OCH2Ph), 4.50 (br d, 1 H, H-l), 4.47 
(d, 1 H, J 8 Hz, H-I'), 4.0 (br d, 1 H, H-6b), 3.91 (d~ 
I H, H-4'), 3.75-3.65 (m, 2 H, H-3 and H-4), 
3.55-3.50 (m, 2 H, H-2 and H-3'), 3.42 (br s, 1 H, 
H-5), 3.17 (br s, 2 H, NCH2), 2.4-2.1 (br b, 12.8 H, 
COCH 2 and -CH-) ,  1.91 (s, 3 H, Ac), 1.8-1.35 (br 
m, 18.0 H, CH2). 

Release of N -  acetyllactosamine from the gly- 
copolymer 12.--To a soln of polymer 11 (28.0 mg, 
25.9 /zmol) in 3:1 water-EtOH (10 mL) was added 
10% Pd/C (50 mg). The mixture was stirred under 
H 2 atmosphere at room temperature for 24 h. The 
mixture was filtered with celite, and the filtrate was 
evaporated under reduced pressure. The residual syrup 
was subjected to gel filtration chromatography on 
Sephadex LH-20 column and eluted with 95:5 
EtOH-water to afford disaccharide 12 (9.4 mg, 95%): 
I H NMR (deuterium oxide) 6 5.20 (d, I H, J 2.3 
Hz, H-I,~), 4.46 (d, 2 H, J 7.7 Hz, H-113 and H-I'), 
2.04 (s, 3 H, COCH3); 13C NMR (deuterium oxide) 
177.1 (C--O), 105.6 (C-I), 97.5 (C-1~3), 93.2 (C-1,), 
81.4 (C-4,~), 81.0 (C-4/3), 78.0 (C-5'), 77.5 (C-5~), 
75.1 (C-3~), 73.6 (C-2'), 72.9 (C-5) ,  71.9 (C-3,), 
71.2 (C-4'), 63.6 (C-6'), 62.6 (C-6), 58.8 (C-2~), 
56.3 (C-2,), 24.8 (CH3). 

N-(Benzyloxycarbonyl-L-phenylalanyl)-6-amino- 1- 
hexanol (13).--To a soln of N-benzyloxycarbonyl- 
phenylalanine (2.99 g, 10.0 mmol) and 6-amino-l- 
hexanol (1.29 g, 11.0 mmol) in 1:1 benzene-EtOH 
(20 mL) was added N-ethoxycarbonyl-2-ethoxy-l,2- 
dihydroquinoline (EEDQ) (2.47 g, 10.0 mmol). The 
mixture was stirred at room temperature for 24 h. The 
clear soln was concentrated to give a residual syrupy 
material. The crude product was then recrystallized 
from benzene to afford the pure compound 13 (3.39 
g, 85%): mp 109-110 °C; [a]~ ~ +7.6 ° (c 0.71, 
CHCI3); IH NMR (CDC13) 6 7.29 (m, 10 H, -Ph), 
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5.72 (br s, 1 H, NH), 5.44 (br s, 1 H, NH), 5.09 (s, 2 
H, OCH2-Ph), 4.34 (q, 1 H, CH~ph~), 3.62 (t, 2 H, J 
6.6 Hz, CH2OH), 3.08 (m, 4 H, CH2N, CHCH2-Ph), 
1.40 (m, 8 H, 4 CH2). Anal. Calcd. for C23H3004N2 
• 0.2H20: C, 68.70; H, 7.62; N, 6.97. Found: C, 
68.80; H, 7.76; N, 6.99. 

N - ( B e n z y l o x y c a r b o n y l -  L - p h e n y l a l a n y l )  - 6 - a m i n o -  

h e x v l  2 - a c e t a m i d o  - 3, 4, 6 -  t r i -  0 - a c e t y l -  2 - d e o x y -  ¢1 - D - 

g l u c o p y r a n o s i d e  (14).--To a soln of the oxazoline 
derivative 4 (1.56 g, 4.56 mmol) and 13 (3.63 g, 9.12 
mmol) in dichloroethane (20 mL) was added DL-cam- 
phor-10-sulfonic acid (CSA) to be pH 2-3 at 70 °C. 
After 30 rain, the mixture was cooled down to room 
temperature, and diluted with CHCI 3, and the organic 
layer was washed with saturated NaHCO 3 solution 
(×  2). The soln was dried over MgSO 4, filtered and 
evaporated. The residual syrup was chromatographed 
on a silica gel column and eluted with CHC13 to give 
the glycoside 14 (2.0 g, 60%): [o~]23 D - 0 . 3  ° (c 
0.59, CHC13); IH NMR (CDC13) 6 7.43-7.32 (m, 10 
H, 2-Ph), 6.28 (br d, 1 H, NH~I~), 6.03 (br s, 1 H, 
NHh~), 5.61 (br d, 1 H, NHphe), 5.36 (t, 1 H, H-3), 
5.20-5.03 (m, 3 H, H-4 and OCH2-Ph), 4.71 (d, I 
H, H-l), 4.42 (dd, 1 H, H,~,h~), 4.30 (dd, 1 H, H-6a), 
4.17 (d, 1 H, H-6b), 3.72 (m, 1 H, H-5), 3.32-3.07 
(m, 4 H, H/3ph e and NCH2), 2.09-1.94 (m, 9 H, 3 
OAc), 1.74 (s, 3 H, NAc), 1.36-1.14 (m, 8 H, 4 
CH2). Anal. Calcd. for C37H49OI2N3 : C, 61.06; H, 
6.79; N, 5.77. Found: C, 60.87; H, 6.83; N, 5.73. 

N - ( A c r y l a m i d o - L - p h e n y l a l a n y l ) - 6 - a m i n o h e x v l  2 -  

a c e t a m i d o  - 3, 4, 6 - t r i  - 0 - a c e t y l  - 2 - d e o x y  - ¢1 - D - 

g l u c o p y r a n o s i d e  (15).--Palladium on carbon--10% 
(100 mg) was added to a solution of 14 (1.04 g, 1.42 
mmol) in MeOH (30 mL) and the mixture was stirred 
under hydrogen atmosphere at room temperature for 
24 h. The mixture was filtered with celite and the 
filtrate was evaporated to give crude 6-N-(L-phenyl- 
alanyl)-aminohexyl 2-acetamido-3,4,6-tri-O-acetyl- 
2-deoxy-/3-D-glucopyranoside. This intermediate was 
used for the next step without further purification. 

To a mixture of the crude amino component (843 
rag, ~ 1.42 mmol) in THF (20 mL) was added Et3N 
(0.20 mL, 1.44 mmol) and a soln of acryloyl chloride 
(144.7 /.tL, 1.71 mmol) in THF (5 mL) at 0 °C, 
dropwise. To maintain the pH of the reaction mixture 
at pH 8.5, Et3N was added appropriately and the 
mixture was stirred for 2 h. The soln was then 
evaporated under reduced pressure and extracted with 
CHC13 and it was washed with saturated aq NaHCO 3 
and brine. The soln was dried over MgSO 4, filtered, 
and evaporated. The residual syrup was chromato- 
graphed on a silica gel column and eluted with 50:1 

CHC13-MeOH to give compound 15 (428 mg, 46%): 
[oz] 23 - 16.6 ° (c 0.28, CHC13); ~H NMR (CDCI 3) 
7.31-7.20 (m, 5 H, -Ph), 6.26 (dd, 1 H, 
COCH=CH2), 6.17 (dd, 1 H, COCH=CHztra.~), 5.66 
(dd, 1 H, COCH=CH2c~), 5.32 (t, 1 H, H-3), 5,09 (t, 
1 H, H-4), 4.75 (m, 1 H, H~Phe), 4.64 (d, 1 H, H-l), 
4.27 (dd, 1 H, H-6a), 4.13 (dd, 1 H, H-6b), 3.85-3.80 
(m, 1 H, H-5), 3.71-3.67 (m, I H, H-2), 3.27-3.01 
(m, 4 H, NCH 2 and Hl3phe), 2.17, 2.08, 2.03 (each s, 
9 H, 30Ac) ,  1.91 (s, 3 H, NAc), 1.54-1.17 (m, 8 H, 
4 CH2). Anal. Calcd. for C32H45OIIN3 " 0.2H20: C, 
59.01; H, 6.99; N, 6.45. Found: C, 58.92; H, 6.98; N, 
6.45. 

N - ( A c r y l a m i d o - L - p h e n y l a l a n y l ) - 6 - a m i n o h e x y l  2 -  

a c e t a m i d o - 2 - d e o x y - ~ - D - g l u c o p y r a n o s i d e  (16).--To a 
soln of 15 (416 mg, 0.64 mmol) in 1:1 THF-MeOH 
(10 mL) was added NaOMe (12.9 mg, 0.23 mmol). 
The soln was stirred at room temperature for 1 h. The 
mixture was neutralized with Dowex 50W-X8 (H + ). 
The filtrate was evaporated to afford the pure gly- 
comonomer 16 as an amorphous powder (335 mg, 
> 99%): [0/]23 D - 9 . 0  ° (c 0.69, Me2SO); IH NMR 
(Me2SO-d 6) 6 8.36 (br d, 1 H, NHphe), 8.02 (br s, 1 
H, NHhex), 7.74 (br d, 1 H, NH~lc), 7.24-7.19 (m, 5 
H, -Ph), 6.28 (dd, 1 H, J 6.6 and 10.3 Hz, 
COCH=CH2),  6.03 (dd, 1 H, J 16.5 Hz, 
COCH=CH2t  . . . . .  ) ,  5.57 (dd, 1 H, J 9.9 Hz, 
COCH=CH2~i~), 4.53 (br s, 1 H, H,Phe), 4.27 (d, 1 
H, J 8.1 Hz, H-l), 3.70-3.26 (m, 6 H, J 7.7, 8.8, 
9.5, and 11.7 Hz, H-6a, H-6 b, H-5, H-4, H-3 and 
H-2), 3.08-2.77 (m, 6 H, NCH 2, OCH 2 and H/3Phe), 
1.81 (S, 3 H, NAc), 1.41-0.86 (m, 8 H, 4 CH2). 
Anal. Calcd. for C26H39OsN 3 • 0.9H20: C, 58.07; H, 
7.83; N, 7.81. Found: C, 58.04; H, 7.36; N, 7.81. 

P o l y a c r v l a m i d e  c o p o l y m e r  17 from the gly- 
comonomer 16.--To a soln of 16 (100 mg, 0.192 
mmol) in Me2SO (1.5 mL) was added a soln of 
acrylamide (54.30 mg, 0.764 mmol) in water (0.6 
mL). This clear solution was deaerated for a while 
using water pump, to which was added TEMED 
(11.52 /xL, 76.4 /xmol) and APS (6.96 mg, 30.56 
/_tmol). The solution was stirred at 50 °C for 24 h. 
The reaction mixture was directly subjected to gel 
filtration chromatography on a Sephadex G-25 col- 
umn (~b 30 m m ×  400 mm) and eluted with 10 mM 
aq CH3COONH 4. The polymer containing fractions 
were collected and evaporated to small volume ( ~  10 
mL), and the syrupy soln was lyophilized to afford 
polymer 17 as an amorphous powder (131 rag, 85%): 
Molecular weight ~ 380,000 (GPC method); l H NMR 
(deuterium oxide) ~ 7.30 (br d, 5 Iq, -Ph), 4.49 (br s, 
1 14, H-l), 3.44 (br s, l H, H-4), 2.03 (s, 3 H, NAc). 
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Galactosy la t ion  o f  the p r i m e r  p o l y m e r  17.--Primer 
polymer 17 (10.0 rag, 13.58 /xmol of GlcNAc 
residue), uridine-5'-diphospho-galactose (UDP-Gal) 
(10.38 mg, 17.65 /zmol), a-lactalbumin (80.4 ~g) 
and galactosyl transferase from bovine milk (1 unit) 
were incubated in 50 mM N-2-hydroxyethylpipera- 
zine-N'-2-etbanesulfonic acid (HEPES) buffer (pH 
6.0, 1.0 mL) at 37 °C for 24 h. The reaction mixture 
was directly purified by chromatography on Sephadex 
G-25 column 4 (~  30 mm X 400 mm) eluted with 10 
mM aqueous CH3COONH 3. The polymer fractions 
were pooled and lyophilized to give a glycopolymer 
having LacNAc branches (12 mg): 1H NMR (de- 
uterium oxide) ~ 7.35 (br d, 5 H, -Ph), 4.49 (m, 2 H, 
H-I and H-I'), 3.94 (d, 1 H, H-4'), 3.85 (br s, 1 H, 
H-3'), 3.51 (t, 1 H, H-2'), 2.03 (s, 3 H, NAc). 

N - ( N - Acry lamido  - hexanoyl )  - L - pheny la lany l  - 6 - 

aminohexv l  2-acetamido-3,4,6-tri-O-ace~l-2-deoxy-~-D 

-g lucopyranos ide  (19).--Compound 14 (1.50 g, 2.06 
mmol) was hydrogenated according to the procedure 
described for the preparation of 15 to afford an 
intermediate. To the mixture of crude amino compo- 
nent (I.22 g, ~ 2.06 mmol) and 8 (420 mg, 2.23 
mmol) in 1:1 EtOH-benzene (40 mL) was added 
EEDQ (550 mg, 2.23 mmol). The mixture was stirred 
at room temperature for 24 h. The clear soln was 
evaporated. The crude material was then recrystal- 
lized from EtOH to afford the pure compound 19 (1.2 
g, 77%): [a]~ 3 -4 .5  ° (c 0.83, Me2SO); IH NMR 
(CDCI 3) 6 8.00-7.84 (m, 4 H, 4 NH), 7.25-7.14 (m, 
5 H, -Ph), 6.19 (dd, 1 H, COCH=CH2), 6.06 (dd, 1 
H, COCH=CH2t .... ), 5.54 (dd, 1 H, COCH=CH2cis) , 
5.07 (t, 1 H, H-3), 4.80 (t, 1 H, H-4), 4.58 (d, 1 H, 
H-I), 4.47-4.41 (m, 1 H, H,~p,~), 4.17 (dd, 1 H, 
H-6a), 3.99 (dd, 1 H, H-6b), 3.82-3.77 (m, 1 H, 
H-5), 3.72-3.64 (m, 1 H, H-2), 3.07-2.89 (m, 5 H, 2 
NCH 2 and H~phe), 1.20, 1.95, 1.90 (each s, 9 H, 3 
OAc), 1.74 (s, 3 H, NAc), 1.45-1.07 (m, 14 H, 7 
CH2). Anal. Calcd. for C38Hs6012N4.0.5H20: C, 
59.28; H, 7.46; N, 7.28. Found: C, 59.39; H, 7.30; N, 
7.22. 

N - ( N - A c r y l a m i d o  - hexanoyl )  - L -pheny la lany l  - 6 - 

aminohexv l  2-acetamido-2-deoxy-1f-D-glucopyranoside 

(2).--Treatment of the peracetylated derivative 19 
(590 mg, 0.78 mmol) with NaOMe (16.9 mg, 0.31 
mmol) in dry MeOH, as described for the preparation 

4 Recently, the reaction mixtures are heated at 100 °C for 
30 min before chromatography to remove denatured pro- 
tein contamination by simple filtration. 

of 1, gave the glycomonomer 2 (413 mg, 83%): [a]~ ~ 
- 1 . 5  ° (c 0.29, Me2SO); IH NMR (MezSO-d 6) 
7.95 (m, 2 H, NHCOCH=CH 2, NHphe), 7.85 (s, 1 
H, J 8.4 Hz, NH~jc), 7.18 (m, 5 H, -Ph), 6.18 (dd, 1 
H, COCH=CH2), 6.03 (d, 1 H, J 16.8 Hz, 
COCH=CH2trans), 5.52 (d, 1 H, J 9.6 Hz, 
COCH=CHzc~), 4.87 (d, 2 H, OCH2), 4.46 (m, 2 H, 
H-4 and H~phe), 4.23 (d, 1 H, J 7.5 Hz, H-l), 3.67 
(s, 1 H, H-3), 3.40 (m, 2 H, H-2 and H-5), 2.96-2.71 
(m, 8 H, H-6a,b, 2 × CH 2, and CH2-Ph), 2.00 (s, 2 
H, COCH2), 1.80 (s, 3 H, NAc), and 1.34-1.10 (m, 
16 H, 8 × CH2). Anal. Calcd. for C32HsoOgNa: C, 
60.55; H, 7.94; N, 8.83. Found: C, 60.23; H, 7.89; N, 
8.71. 

P o l y a c ~ l a m i d e  copo lymer  f r o m  the g l y c o m o n o m e r  

2.--To a soln of the glycomonomer 2 (150 mg, 
0.236 mmol) in Me2SO (2.0 mL) was added an aq 
soln of acrylamide (67.19 mg, 0.945 mmol) in water 
(1.0 mL). This clear soln was deaerated for a while 
using water pump, to which was added TEMED 
(14.25 /xL, 94.4 /zmol) and APS (8.62 mg, 37.76 
/zmol). The soln was stirred at 50 °C for 24 h. The 
reaction mixture was directly subjected to gel filtra- 
tion chromatography on Sephadex G-25 column (~b 
30 m m × 4 0 0  ram) and eluted with 10 mM aq 
CH3COONH 4. Polymer containing fractions were 
collected and evaporated to a small volume (~  10 
mL), and the syrupy soln was lyophilized to afford 
polymer 20 as an amorphous powder (202 mg, 93%): 
Mw ~ 380,000 (GPC); 1H NMR (D20) 6 7.29 (m, 5 
H, -Ph), 4.50 (br t, 2 H, H-1 and Haphe), 3.89 (m, 1 
H, H-4), 3.71 (m, 1 H, H-2), 3.44 (br d, 3 H, H-3, 
and OCH2), 3.12-2.86 (m, 4 H, CH2N, CHCH2-Ph), 
2.20 (br s, 5 H, 5 CH), 1.80-1.15 (m, 26 H, 13 × 
CH2). 

Galactosylat ion and  sialylation o f  the p r i m e r  poly-  

m e r  20.--Primer polymer 21} (15.0 mg, ~ 16.3 /zmol 
of GlcNAc), uridine-5'-diphospho-galactose (UDP- 
Gal) (12.48 mg, 21.22 /zmol), cMactalbumin (130 
/xg), galactosyltransferase (1 unit) were incubated in 
50 mM HEPES buffer (1.0 mL) at 37 °C. After 
reaction for 24 h, the mixture was directly purified by 
chromatography on Sephadex G-25 column (q5 30 
mm X 400 mm) and eluted with 10 mM aq 
CH3COONH 4. The polymer fractions were collected 
and lyophilized to give a glycopolymer having Lac- 
NAc branches (17.2 mg). The efficiency of the galac- 
tosylation reaction was estimated by the integration 
data of anomeric protons of I H NMR spectrum: ~H 
NMR (deuterium oxide) 6 7.26 (br d, 5 H, -Ph), 
4.48 (m, 2 H, H-1 and H-I'), 3.94 (d, 1 H, H-4'), 3.56 
(t, 1 H, H-2'), 2.02 (s, 3 H, NAt). This material was 
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used for subsequent sialylation without further char- 
acterization as follows. 

A soln of bovine serum albumin (BSA) (10.0 rag), 
NaN 3 (4.67 mg, 71.9/xmol) and manganese(II) chlo- 
ride tetrahydrate (1.56 rag, 7.9/xmol) dissolved in 50 
mM sodium cacodylate buffer (5.0 mL) was prepared 
and the pH of the soln was adjusted to 7.40 with aq 
HC1. To the above described soln (1 mL) was added 
the glycopolymer carrying LacNAc residues (35.3 
rag, ~ 32.6 /xmol of LacNAc residues), cytidine-5'- 
monophospho-N-acetyl neuraminic acid ( C M P -  
Neu5Ac) (32.5 rag, 52.9 ~mol),  carf intestinal alka- 
line phosphate (CIAP) (20 unit) and rat liver or-2 -~ 
6-sialyltransferase (0.1 unit). The mixture was incu- 
bated at 37 °C for 48 h. The reaction mixture was 
directly purified by chromatography on Sephadex 
G-25 column (~b 30 m m ×  400 ram) eluted with 10 
mM aq CH3COONH 4. The polymer fractions were 
collected and lyophilized to give a glycopolymer 
having sialyl-LacNAc branches, 22 (33.0 mg, quanti- 
tative yield from the integration data of J H NMR 
spectrum); ~H NMR (deuterium oxide) 6 7.26 (br d, 
5 H, -Ph),  4.48 (m, 2 H, H-1 and H-I'), 3.94 (d, 1 H, 
H-4'), 3.56 (t, 1 H, H-2'), 2.68 (dd, 1 H, H-3"q), 2.02 
(s, 3 H, NAc), 1.74 (d, 1 H, H-3~' x). 

Treatment of  the LacNAc carrying polymer 17 and 
sialyl- LacNAc carrying polymer 22 with o~- chy- 
motrypsin.- -Polymer 17 (20.0 mg, 22.3 /xmol) and 
cr-chymotrypsin (1.0 rag, 1000 unit) were incubated 
in 80 mM Tris-HC1 buffer (pH 7.8, 1.0 mL) contain- 
ing 0.1 M CaC12 at 40 °C for 48 h. Similarly, 
polymer 22 (33.0 mg, 24.0 /.tmol) and cr- 
chymotrypsin (1.0 rag, 1000 unit) were incubated in 
80 mM Tris-HC1 buffer (0.1 M CaC12) (1.0 mL) at 
40 °C for 24 h. The reaction mixture was directly 
purified by chromatography on Sephadex G-15 col- 
umn (~b 25 mm × 350 ram) and eluted with deion- 
ized water. The sugar fractions were collected and 
lyophilized. Compound 23 (15.0 mg, 87%): IH NMR 
(deuterium oxide) 6 4.56 (d, 1 H, J 7.3 Hz, H-l), 
4.45 (d, 1 H, J 8.0 Hz, H-I'), 4.00 (br d, 3 H, H-6 b, 
H-4, and H-6b), 3.97 (m, 1 H, H-4'), 3.92 (br d, 1 H, 
J 3.81 Hz, H-5"), 3.72 (dd, 1 H, J 10 Hz, H-2), 
3.67-3.62 (m, 3 H, H-3, H-3', H-4"), 3.59-3.52 (m, 
5 H, H-5, H-2', H-3, H-6'a, and H-7"), 3.00 (t, 2 H, J 
7.5 Hz, NCH2), 2.67 (dd, 1 H, J 4.7 and 12.5 Hz, 
H-3"q), 2.06-2.03 (each s, 2 H, 2 COCH3), 1.74 (d, 
1 H, J 12.4 Hz, H-3"x), 1.68-1.37 (m, 8 H, 4 CH2); 
J3C NMR (D20) 8 177.8, 177.3, and 176.4 (C=O),  
106.4 (C-I'), 103.8 (C-l), 103.0 (C-2"), 83.7 (C-4), 
77.4 (C-5), 76.6 (C-5), 75.4 (C-if'), 75.3 (C-3'), 74.6 
(C-3), 73.7 (C-8"), 73.2 (C-2"), 71.3 (C-4, C-4"), 

71.1 (C-7"), 66.3 (C-6"), 65.5 (C-9"), 63.3 (C-6), 
57.8 (C-2), 54.7 (C-5"), 43.0 (OCH2), 42.3 (C-3"), 
31.2, 29.5, 28.1, and 27.5 (CH2), 25.2 and 24.9 
(CH3). 

N-Benzyloxycarbonyl-L-serinoctylamide (25) . - -To 
a soln of N-benzyloxycarbonyl-L-serine (3.0 g, 12.5 
retool) and n-octylamine (2.28 mL, 13.8 retool) in 
1:1 EtOH-benzene (30 mL) was added EEDQ (3.4 g, 
13.8 retool). The mixture was stirred at room temper- 
ature for 24 h. The clear soln was concentrated to 
give a syrupy crude product. The crude material was 
then recrystallized from benzene to afford the pure 
compound 25 (3.4 g, 78%): mp 95 °C; [or] D - 14.1 ° 
(c 0.21, CHC13); IH NMR (CDC13) ~ 7.34 (m, 5 H, 
-Ph),  6.59 (br s, l H, NHser), 5.87 (br d, 1 H, NH), 
4.17 (ddd, 1 H, H,ser), 4.09 (dd, 1 H, H/~ser), 3.62- 
3.65 (dd, H~ser), 3.22 (dd, 2 H, NHCH2), 1.48-1.26 
(m, 14 H, 7 × CH2), 0.88 (t, 3 H, CH3). Anal. Calcd. 
for C I9H3004Ne.0.2H20: C, 64.45; H, 8.65; N, 
7.91. Found: C, 64.39; H, 8.69; N, 7.98. 

N-( Benzyloxycarbonyl)-O-( 2',3', 4',6 '-tetra-O-acetyl- 
~-D-galactopyranosyl)-(1 ~ 4 )-( 2,3,6-tri-O-acetyl-~-D- 
glucopyranosyl)-L- seffinoctylamide (26) .--Powdered 
molecular sieves 4 A was added to a soln of the 
readily available lactosyl bromide 24 (3.1 g, 4.43 
retool) and 25 (1.03 g, 2.95 retool) in CH2C12 (20 
mL). Silver triflate (1.14 g, 4.43 retool) was then 
added to the mixture at - 2 0  °C. The reaction mix- 
ture was stirred under nitrogen atmosphere at - 2 0  
°C for 24 h. The mixture was filtered with celite, and 
the filtrate was washed with brine. The soln was 
dried over MgSO 4, filtered, and evaporated. The 
residual syrup was chromatographed on a silica gel 
column and eluted with 2:1 toluene-EtOAc to give 
the glycoside 26 (1.49 g, 48%): [a]~ 3 +6.8  ° (c 0.25, 
CHC13); IH NMR (CDC13) ~ 7.35 (m, 5 H, Ph), 
6.33 (br s, 1 H, NH), 5.62 (br s, 1 H, NH), 5.35 (dd, 
l H, H-4'), 5.17-5.07 (m, 2 H, H-3 and H-2'), 4.96 
(dd, 1 H, H-3'), 4.86 (dd, 1 H, H-2), 4.54-4.47 (m, 4 
H, H-I, H-I', H-6 b and H-6'b), 4.15-3.66 (m, 8 H, 
H c~ser, H-6 a, H-6'~, H-5', H-5, H-4 and COCH2), 
3.21 (br t, 4 H, 2 × N H C H 2 ) ,  2.78 (t, 2 H, 2X 
COCH2), 2.20-1.93 (m, 21 H, 7 X OAc), 1.62-1.28 
(m, 10 H, 5 × CH2), 0.88 (t, 3 H, CH3). Anal. Calcd. 
for C45H64021N 2 "0.8H20: C, 54.96; H, 6.72; N, 
2.85. Found: C, 54.89; H, 6.63; N, 2.72. 

N-[( N-Acrylamido)-pentanoyl]-O-(2',3',4',6'-tetra- 
O-acetyl-~-D-galactopyranosyl)-(1 ~ 4)-(2,3,6-tri-O- 
acetyl - ~ - D - glucopyranosyl) - L - serinoctylamide 
(27) . - -10% Palladium on carbon (300 mg) was added 
to a solution of 26 (1.5 g, 1.55 retool) in MeOH (40 
mL) and the mixture was stirred under hydrogen 
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atmosphere at room temperature for 2 h. The mixture 
was filtered with celite and the filtrate was evapo- 
rated to give crude O-(2',3',4',6'-tetra-O-acetyl-/3- 
D-galactopyranosyl)-(1 ~ 4)-(2,3,6-tri-O-acetyl-/3-D- 
glucopyranosyl)-L-serinoctylamide. This intermediate 
was used for the next step without further purifica- 
tion. 

A mixture of crude amino component (1.29 g, 
~ 1.55 mmol), 8 (315 mg, 1.70 mmol), and EEDQ 
(421 mg, 1.70 mmol) in 1:1 EtOH-benzene (40 mL) 
was stirred at room temperature for 24 h. The clear 
solution was concentrated under reduced pressure. 
The residue was purified by silica gel chromatogra- 
phy with 50:1 CHC13-MeOH as eluant to give com- 
pound 27 (1.21 g, 78% from compound 26): [ce]~ ~ 
+3.8 ° (c 0.37, CHCls); ~H NMR (CDC13) 6 6.43 (t, 
1 H, NH), 6.39 (d, 1 H, NHser), 6.28 (dd, 1 H, 
CH=CH2), 6.10 (dd, 1 H, CH=CHzt .... ), 5.62 (dd, 
1 H, CH=CHzcI~), 5.35 (dd, 1 H, H-4'), 5.20-5.09 
(m, 2 H, H-3 and H-2'), 4.97 (dd, 1 H, H-3'), 4.86 
(dd, l H, H-2), 4.62-4.49 (m, 4 H, H-l, H-I', H-6 b 
and H-6'b), 4.16-4.05 (m, 3 H, Hc~se r, H-6 a and 
H-6'a), 3.95 (dd, 1 H, H-5'), 3.88 (dt, 1 H, H-4), 
3.81-3.66 (m, 3 H, H-5 and COCH2), 3.36-3.15 (m, 
4 H, 2 × NHCH2), 2.23 (t, 2 H, 2 × COCH2), 2.16- 
1.97 (m, 21 H, 7 ×OAc), 1.73-1.29 (m, 18 H, 
9 × CH2), 0.88 (t, 3 H, CH3). Anal. Calcd. for 
C46H71021N3-0.33H20: C, 54.81; H, 7.16; 4.17. 
Found: C, 54.82; H, 7.16; N, 4.12. 

N- [ ( N - Acrvlamido) - pentanoyl]- O- ~- D- galacto- 
pyranosyl)-( l ~ 4)-( ~-D-glucopyranosyl)-L-serinocty- 
lamide (3).--To a soln of 5 (394 mg, 0.39 mmol) in 
1:1 THF-MeOH (10 mL) was added NaOMe (8.49 
mg, 0.157 mmol). The mixture was stirred at room 
temperature for ! h. The soln was neutralized with 
Dowex 50W-X8 (H + ) and filtered with celite. The 
filtrate was evaporated to afford the pure gly- 
comonomer 3 as an amorphous powder (278 mg, 
>99%): [a]~s +8.2 ° (c 0.25, Me2SO); IH NMR 
(Me2SO-d 6) 6 8.04 (t, 1 H, NH), 7.91 (d, 1 H, 
NHs~r), 7.74 (t, 1 H, NH), 6.21 (dd, 1 H, J 7.0 and 
10.1 Hz, CH=CH2), 6.06 (dd, 1 H, J 2.3 and 14.8 
Hz, CH=CH2trans), 5.55 (dd, 1 H, J 2.3 and 7.8 Hz, 
CH=CH2cis), 5.19 (br s, 2 H, CH2), 5.10 (br s, 2 H, 
CH2), 4.61 (br t, 2 H, H-1 and H-I'), 4.52 (d, 1 H, 
H-4), 4.43 (ddd, 1 H, J 5.3 Hz, H~ser), 4.18 (m, 2 H, 
CH2), 3.91 (dd, 1 H, Ht~se~), 3.77 (m, 1 H, J 11.5 
Hz, H-2), 3.62-3.29 (m, 7 H, H-3, H-2', Ht~se r and 
2 X CH2), 3.10 (dd, 2 H, NHCH2), 3.04 (dd, 2 H, 
NHCH2), 2.15 (t, 2 H, COCH2), 1.53-1.24 (m, 8 H, 
4 × CH2), 0.86 (t, 3 H, CH3); 13C NMR (Me2SO-d 6) 

172.2, 169.3, and 164.4 (C=O), 131.9 (CH=CH2), 

124.7 (CH--CH2), 103.9 (C-I), 103.2 (C-I'), 80.6 
(C-4), 75.5 (C-4'), 74.8 (C-5'), 74.6 (C-5), 73.2 
(C-3'), 73.0 (C-3), 70.5 (C-2'), 69.8 (C-2), 68.1 
(C-6'), 67.4 (C-6), 60.4 (C~ser), 52.5 ( C a s e r )  , 38.6, 
38.4, 35.1, 31.2, 28.9, 28.8, 28.7, 28.6, 26.3, 26.1, 
24.8, and 22.1 (CH2), 13.9 (CH3). Anal. Calcd. for 
C32H57OI4N3: C, 54.30; H, 8.12; N, 5.94. Found: C, 
54.88; H, 8.20; N, 5.06. 

Polyacrylamide copolymer 28 from the gly- 
comonomer 3.--To a soln of 3 (150 mg, 0.21 mmol) 
in Me2SO (2.0 mL) was added an aqueous soln of 
acrylamide (60.3 mg, 0.84 mmol) in water (2.0 mL). 
This clear soln was deaerated for a while using water 
pump, to which was added TEMED (12.7 /zL, 84.0 
/zmol) and APS (7.67 mg, 33.6 /zmol). The soln was 
stirred under nitrogen atmosphere at 50 °C for 24 h. 
The reaction mixture was directly subjected to gel 
filtration chromatography on Sephadex G-25 column 
(q5 30 mm × 400 mm) and eluted with deionized 
water. Polymer containing fractions were collected 
and concentrated to small volume, and the syrupy 
soln was lyophilized to afford polymer 28 as an 
amorphous powder (193 mg, 92%): Mw > 380,000 
(GPC method). I H NMR (deuterium oxide) ~ 4.34- 
4.32 (m, 4 H, H-I, H-I', H-4 and H,ser), 4.02 (br d, 2 
H, H-3 and H-3'), 3.84-3.78 (m, 4 H, H-2, H-2', H-6 
and H-6'), 3.61 (m, 2 H, H-5 and H-5'), 3.50-3.39 
(m, 2 H, H-4' and H/?ser), 3.19 (d, 1 H, Hl3ser), 3.04 
(m, 2 H, CH2), 2.19 (m, 4 H, 2 × NHCH2), 2.06 (m, 
2 H, COCH2), 1.61-1.35 (m, 13 H, 3 × CH 2 and 
7XCH),  1.12 (s, 12 H, 6XCH2),  0.71 (s, 3 H, 
CH3). 

Polyacrylamide having GM3 trisaccharides (29). 
--Primer polymer 28 (22 mg, ~ 20 /xmol of lactose 
residue), cytidine-5'-monophospho-N-acetyl neu- 
raminic acid (CMP-NeuAc) (15.0 mg, 24.4 /xmol), 
ce-(2 ~ 3)-sialyltransferase (0.3 unit), bovine serum 
albumin (BSA) (4.0 mg), and carl intestinal alkaline 
phosphatase (CLAP) (20 unit) were incubated in 50 
mM sodium cacodylate buffer (pH 7.4, 2.0 mL) 
containing manganese(II) chloride (0.62 mg) and Tri- 
ton CF-54 (10 tzL) at 37 °C for 72 h. The reaction 
mixture was directly purified by chromatography on 
Sephadex G-25 column (4) 30 mm × 400 mm) eluted 
with deionized water. The polymer fractions were 
collected and lyophilized to give a glycopolymer 
having GM3 trisaccharide, 29 (22.0 mg, quantitative 
sialylation was estimated from integration data of ~H 
NMR spectrum): IH NMR (D20) ~ 4.16-3.57 (m, 
11 H, H-I, H-I', H-2, H-3, H-3', H-4, H-4", H-5, 
H-5", H-6 and H-7"), 3.35 (d, 1 H, Ht~s~r), 3.23-3.18 
(m, 2 H, CH2), 2.77 (dd, 1 H, H-3"q), 2.35-2.14 (m, 
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2 × NHCH 2 and COCH2), 2.05 (s, 3 H, NHAc), 
1.81 (t, 1 H, H-3a×), 1.66-1.13 (m, 34 H, 14 X CH 2 
and 6 × CH), 0.79 (t, 3 H, CH3); 13C NMR (D20) 6 
182.2, 177.9, and 176.6 (4 X C=O),  105.7 (C-l), 
105.1 (C-I'), 104.9 (C-2"), 81.5 (C-4), 65.5 (C-6'), 
63.8 (C-6), 63.1 (Ct~ser), 54.6 (C~ser), 46.4 (C-3"), 
44.7, 42.3, 38.1, 37.5, 34.0, 31.3, 28.8, 27.6, and 
24.9 (CH2), 16.6 and 16.4 (CH3). 

Transglycosylation reaction by ceramide gly- 
canase . - -To  a mixture of glycopolymer 29 (22.0 mg, 
~ 16.2 /xmol of sialyllactose residue) and ceramide 
(Funakoshi, Japan) (50 mg, 78.7 /xmol) in 50 mM 
sodium citrate buffer (pH 6.0, 1 mL) was added 
Toriton CF-54 (1 drop), and the mixture was soni- 
cated for 1 min in an ultrasonic water bath. The 
reaction was initiated by the addition of ceramide 
glycanase from leech (0.01 unit) and incubated at 37 
°C for 17 h. This mixture was directly chromato- 
graphed on Sephadex LH-20 column and eluted with 
60:30:4.4 CHC13-MeOH-water to give GM3 (1) (12 
mg, 63% calculated from glycopolymer 29). A faint 
amount of hydrolytic product such as sialyllactose 
was obtained by the chromatographic purification: 1H 
NMR (49:1) Me2SO-d6-deuterium oxide 6 5.55 (dt, 
1 H, J 6.6 Hz, H-5cer), 5.37 (dd, 1 H, J 6.8 Hz, 
H-4cer), 4.20 (d, 1 H, J 7.8 Hz, H-I'), 4.14 (d, l H, 
J 7.8 Hz, H-l), 2.75 (dd, 1 H, J 5.0 and 12.0 Hz, 
H-3~q), 1.89 (s, 3 H, NAc), 1.38 (t, 1 H, J 12.0 Hz, 
H-3"ax), 1.25 (br s, CH 2 of ceramide), and 0.85 (t, 6 
H, J 6.8 Hz, CH 3 X 2). Anal. Calcd. for 
C63Hj16021N2: C, 61.14; H, 9.45; N, 2.26. Found: C, 
61.36; H, 9.49; N, 2.22. 
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