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ABSTRACT 

Synthesis of two isomeric tetrasaccharides, namely NeuSAca(2+3)Galp( 1 -+ 
3)[Fuca( 1 -+4)]GlcNAc/3 (sLea) and NeuSAca(2-+3)Galp( 14) [Fuca(  1 -+3)]GIcNAcp 
(sLeX) as 3-aminopropyl glycosides is described. Preparation of these compounds was 
performed by sialylation of selectively protected trisaccharides Lea and LeX which 
contain three unsubstituted OH groups at positions 2, 3 and 4 of Gal residue. 
Glycosylation of LeX trisaccharide with ethylthio sialoside under promotion by MS and 
TfOH in acetonitrile was effective and regio- and stereose!ective to give sLeX derivative 
in 8 1% yield. In contrast, sialylation of the Lea acceptor was accompanied by a vaiiety of 
undesirable by-processes, namely, N-thioethylation of the GlcNAc residue, p-sialylation, 
and lactonisation. In order to improve the yield of sLea tetrasaccharide the glycosylation 
of Lea acceptor by sialyl donors of ethyl and phenyl thioglycoside (promoted by NIS- 
TfOH or NBS-BudNBr), xanthate (promotion by NIS-TfOH mixture or MeOTf) and 
phosphite (promoted by TMSOTf) types was also studied. Among the reactions 
investigated the glycosylation by phenyl thioglycoside sialoside promoted by NIS-TfOH 
gives the best yield (39%) of sLea tetrasaccharide product. 
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940 NIFANT'EV ET AL. 

INTRODUCTION 

sLea and sLeX tetrasaccharides were shown to be weak affinity ligands for 
selectins and some other cell-adhesion molecules.3d Several syntheses of these 
tetrasaccharides and larger oligosaccharides which contain them as terminal fragments 
have been pub l i~hed .~ - l~  

In this paper we describe the synthesis of sLea and sLeX tetrasaccharides as their 
3-aminopropyl glycosides (1) and (2) suitable for hrther conjugation with polymeric 
carriers in order to produce a variety of glycoconjugates for glycobiology research (see 
ref. 16-20). 

NeuSAca(S-B)Galp(1-3)GlcNAcp-O(CH2)3NH2 NeuMca(2-3)Ga1p(1-4)GlcNAcp-O(CH2)3NH2 
4 3 

I 
Fucal 

I 
Fuca 1 

1 2 

RESULTS AND DISCUSSION 

The synthesis of target compounds 1 and 2 was performed by sialylation of the 
selectively substituted spacergroup containing Lea (3)16 and LeX (4; preparation will be 
described elsewhere) trisaccharide derivatives, which contain free OH groups at positions 
2,3, and 4 of the Gal residues. These compounds were chosen taking into account high 
effectiveness of such triolic sialyl acceptors, which was shown previously.21 

Aiming at the synthesis of sLeX tetrasaccharide (8) containing a suitable spacer 
group we carried out the glycosylation of acceptor (3) by ethyl [methyl (5-acetarnido- 
4,7,8,~cetyl-3,5-d~deoxy-2-thio-~-glycero-~-galacto-2-nonulopyranos~de)onate]~~ 

(9, a$ -1:l) promoted by NIS and TfOH.2' This reaction was highly effective, stereo- 
and regiospecific and gave tetrasaccharide 8 in 81% yield. The latter was then subjected 
to hydrogenolysis and saponification to give target spacer group containing 
oligosaccharide 2 (92%), whose structure was determined using 'H and I3C NMR 
spectroscopy (Table 1 and 2). In particular, the a-configuration of neuraminic acid 
residue was confirmed on the basis of character is ti^^^ values of H-3-eq chemical shift (6 
2.78) and spin-spin coupling constant J c - 1 , ~ - 3 ~  (5.9 Hz). Substitution of the Gal unit at 
position 3 was followed fiom the low-field location (6 77.0) of the signal of C-3Gal. 'H 
and 13C NMR spectra of 2 are in good agreement with those of sLeX tetrasaccharide ethyl 
glycoside which were published previou~ly. '~ 
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Comparing the reaction between 4 and 9, the sialylation of Lea trisaccharide 3 by 
9 under the similar conditions (Table 3, run 1) was less effective and gave the target sLea 
tetrasaccharide 5 in a yield of only 19%. Removal of the blocking groups in 5 gave 
quantitatively the target aminopropyl glycoside of sLea tetrasaccharide 1. Its 'H and 13C 
NMR data (Tables 1 and 2) unambiguously confirmed a-configuration of Neu residue 
and (2+3)-linkage between Neu and Gal units. 

In addition to 5 two types of side products were obtained. The faster moving 
compound (see Experimental) was obtained in a yield of 29%, and is, presumably, the 
product of N-thioethylation of the NHAc group of the GlcNAc residue (6). It is unstable 
and decomposed during storage at room temperature with formation of 5 and expression 
of a strong mercaptan smell. Catalytic hydrogenolysis and subsequent saponification of 6 
gave compound 1 in 77% yield. 

The structure of 6 was deduced based on its 'H and I3C NMR spectral data. Its 
'H NMR spectrum contains signals of CH3CH2 group (6 1.20, m, 3H; 2.92, m, 2H; see 
Experimental). To determine the location of this fragment the 13C NMR spectra of 5 and 

6 (see Experimental) were compared and it was shown that they have several 
characteristic differences and the most informative one is the absence in the spectrum of 
6 of the C-2GlcNAc signal in the typical area at 6 50-60. At the same time, the 13C NMR 
spectrum of 6 contains a signal at 6 49.5 that is typical for the signal of CSNeu. These 

facts together with observed formation of 1 and 5 from 6 provides evidence that the most 
probable structure for compound 6 contains an EtS substituent which is connected to the 
acetamido group of GlcNAc residue. 

In the reaction of 3 with 9 a broad fraction of compounds with interstitial 
chromatographic mobility (as compared to that of 5 and 6 )  was also isolated. They are 

unstable during column and thin-layer chromatography. 'H and 13C NMR spectra of the 
whole fraction shows it contains several components and none of them has a MeO-group. 
These data allowed us to conclude that a mixture of isomeric tetrasaccharide lactones was 
formed during glycosylation of 3 by 9. One of the components of the mixture was 

isolated, after removal of benzyl groups, in individual form as compound 13. It was 
surprising that after catalytic hydrogenolysis and subsequent saponification of the entire 
lactonic fraction, only two tetrasaccharides, namely compounds 14 and 15, were 
obtained. Their structures were determined on the basis of 'H and 13C NMR spectra. In 

particular, P-configuration of Neu-residues was confirmed on the basis of characteristic23 
values of H3eq chemical shift in 'H NMR spectra of 14 and 15 (6 2.44 and 2.50, 
respectively, Table 1) and spin-coupling constant JC-1,H-3ax (<1 Hz) in 13C NMR spectra 
(Table 2). Substitution of the Gal unit at 0-2 in 14 and at 0-3 in 15 was followed from 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



946 NIFANT'EV ET AL. 

the low-field location of the signal of C-2Gal (6 76.0) in the 13C NMR spectrum of 14 

and of the signal of C-3Gal(6 79.1) in the 13C NMR spectrum of 15 (Table 2). 
The monosaccharide sequence in 13 was deduced taking into account the 

structure of tetrasaccharide 14 which was obtained by saponification of 13. The location 
of the lactone ring in 13 was confirmed fiom the low-field location of the H-3Gal signal 
in the 'H NMR spectrum (6 4.80, Table 1) that may be caused only by acylation by the 
carboxy function of the Neu residue. The formation of oligosaccharide lactones during 
glycosylation by sialyl donors and above self-lactonization of neuraminic acid containing 
oligosaccharides is well documented. 15724-26 

N~~~Ac~(~-~)G~~~~(I-~)G~cNAc~-O(CH~)~NH~ N ~ U ~ A ~ ~ ~ ( ~ - ~ ) G ~ ~ ~ ~ ( ~ - ~ ) G I C N A C ~ - O ( C H ~ ) ~ N H ~  
4 4 

FUCal 
I I 

Fuca 1 

14 15 

In order to improve the yield of the substituted SiLea tetrasaccharide 5, 

glycosylation of trisaccharide trio1 3 under modified reaction conditions has been also 
studied (Table 3, runs 2-6). In particular, glycosylation of 3 by phenyl thioglycoside 10 

also promoted by NIS-TfOH (Table 3, run 2) was investigated and as was recently 
shown27 has higher effectiveness when compared with that of ethyl thioglycoside 9. 
Glycosylation by 10 gave a better yield of target tetrasaccharide 5 (39%; 42% based on 
consumed 5) and no formation of the undesirable side product of N-thiophenylation (8) 
was observed. At the same time, the reaction of 5 with 10 was also characterized by the 
formation of a large lactonic fiaction (35%) which was higher than in run I (28%). 
Lactones were deprotected and the resulted tetrasaccharides 1, 14, and 15 were separated 
by HPLC in the yields of 13, 37, and 36%, respectively (see Experimental). Thus, on 
glycosylation by phenyl thioglycoside 10, which needs longer reaction time, the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



R
ea

ct
io

n 
C

on
di

tio
ns

 
Pr

od
uc

ts
 

Y
ie

ld
 

R
ec

ov
er

y 
of

 
A

cc
ep

to
r 

M
eC

N
, 

-4
oo

c 
5 

L
ac

to
ne

s 

5 
*o

AG
z&

rT
*m

 
d
/
 

11
 

M
eC

N
-C

H
2C

12
 

-7
8O

C
 

5 
L

ac
to

ne
s 

pa
ce

re
d 

Le
w

is
 A

 t 
Pr

om
ot

er
 

3.
 G

ly
co

sy
la

tio
n 
of
 se

le
ct

iv
e1

 
G

ly
co

sy
l 

su
bs

tit
ut

ed
 

D
on

or
/ 

A
cc

ep
to

r 

Ta
bl

a 

R
un

 

I 
M

eC
N

, 
-4

oo
c 
L
 

L
ac

to
ne

s 

1.7
 :

 1 
N

IS
-T

fO
H

 
19
% 

29
% 

28
% 

39
% N
o 

35
%*
 

11
% 

n.
d.

 

L
 

L
ac

to
ne

s 

1.
7:
 1
 

N
IS

-T
fO

H
 

M
eC

N
, 

-4O
O

C 
8 Y

o 

E
tC

N
, 

oo
c 

2.
8 
: 
1 

N
B

S-
B

u4
N

O
T

f 

2:
l 

N
IS

-T
fO

H
 

27
% 

23
 yo

 

36
% 

2:
l 

M
eS

O
T

f 
21
% 

n.
d.

 
28
 YO
 

T
M

SO
T

f 
1.
8:
 1
 

17
% 

37
% 

33
% 

M
eC

N
, 

-4O
O

C 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



948 NIFANT'EV ET AL. 

lactonization of both a- (in small part) and p-sialylated products takes place. This shows 
the lactonization of p-isomers is faster. 

The sialylation reactions of trisaccharide triol 3 by ethyl thioglycoside 9 under 
promotion with NBS-Bu4NOTf mixture2* (run 3), by sialyl xanthate 1122 under 
promotion with NIS-TfOH29 (run 4) and MeSOTf15>30*31 (mn 9, and by sialyl 
phosphite 1229>32,33 catalyzed by TMSOTf (run 6) were markedly less effective. In all 
these reactions lactonic fractions were isolated but were not analyzed separately. By 
deprotection of lactones Gom runs 3-6 the isomeric tetrasaccharides 14 and 15 were 
obtained in a similar ratio (1.1 : 1) to that in the case of runs 1,2 and no tetrasaccharide 1 
was indicated. 

In conclusion, the sialylation of Lea trisaccharide triol 5 by the different sialyl 
donors was most effective with the use of phenyl thioglycoside donor 10. It is 
noteworthy that on sialylation of compound 5 three types of side reactions, namely 
formation of p-sialosides, lactonization and N-thioethylation, were observed. These 
reactions are acceptor structure dependent and do not take place in the glycosylation of 
the similar trisaccharide triol but with the LeX backbone. 

EXPERIMENTAL 

General methods. TLC was performed on Silica Gel 60 F254 (E. Merck, 
Darmstadt, Germany) with benzene-acetone (3:2) and with detection by charring with 
H3P04. Medium pressure liquid chromatography was performed on Silica Gel L 40- 100 

pm (C.S.F.R.) by gradient elution with benzene-acetone. Optical rotations for substituted 
compounds 12-23 and 29 were determined on solutions in CHCl,, and for 

oligosaccharides 2-6 and 9 in water with a Jasco DIP-360 digital polarimeter at 26-30 "C. 

'H and I3C NMR spectra were recorded at 303 "K on a Bruker AMX 300 (300.13 
MHz for 'H and 75.47 MHz for 13C); CDC13 was used as the solvent for sdbstituted 
derivatives and D20 for unsubstituted tetrasaccharides 1, 2, 14, and 15. Assignmeqts of 
IH spectra (Table 2) were made using a combination of COSY and RCT 2D experiments 
(standard Bruker softwares for ASPECT-3000). The assignments of the I3C NMR 
spectra (Table 3) were made by using of 2D 'H -13C correlated spectroscopy. 

Glycosylation reactions were camed out under argon with freshly distilled 
absolute solvents. 

Sialylation of Lea trio13 (Table 3). 
Run 1. A mixture of triol 316 (215 mg, 0.19 mmol), thiosialoside 922 (170 mg, 

0.32 mmol), powdered molecular sieves 3A, and MeCN (7 mL) was stirred for 2 h at 20 
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"C under Ar. The mixture was cooled to -30 - -40 OC and NIS (181 mg, 0.80 mmol) 
together with TfOH (0.08 mmol, 7.1 pL) were added. The stimng was continued for 1 h 
at -30 - -40 OC, Py (0.2 mL) was added, the mixture was filtered through Celite, and 
washed with CHCl, (20 mL). The filtrate was washed with water (10 mL), aq Na2S203 
(2xlOmL) and water (IOmL), filtered through cotton wool and concentrated. The residue 
was subjected to column chromatography to give 3-(trifluoroacetamido)propyl 0-[methyl 
(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-~-glycero-a-~-galacto-2-nonulopyrano- 
syl)onate]-(2~3)-O-(6-O-benzyl-~-~-galactop~anosyl)-( 1 -+3)-0-[(2,3,4-tri-O-benzyl-a 
-L- fucopyranosyl) - ( 1 ~4)-2-(N-ethylthio)acetamido-6-O-benzyl-2-deoxy-~-~-glucopyra- 

.noside (6) (92 mg, 29%), fraction with R F  0.20-0.24 (solvent A) of lactones (83 mg, 
28%), and 3-(trifluoroacetamido)propyl 0-[methyl (5-acetamido-4,7,8,9-tetra-O-acetyl- 
3,5-d~deoxy-~-glycero-cr-D-ga~acto-2-nonu~opyranosyl)o~ate]-(2 -+ 3 )-0-(6-O-benzyi-P- 
D-galactopyranosy1)-( 1 -3)- 0-[(2,3,4-tri-O-benzyl-a-~-~copyranosyl)-( 1 +4)-2-aceta- 
mido-6-O-benzyl-2-deoxy-~-~-glucopyranoside (5) (58 mg, 19%). 

Compound 5: [aID -28' (c 1, CHCl,), RF 0.12; selected 13C NMR data: 6c 16.6 
(C6Fuc), 20.6-2 1 .O (4COCH3), 23.1 and 23.3 (2NHCOCH3), 27.7 (OCH2CH2CH2N), 
36.6 (3Neu), 37.1 (OCH2CH2CH2N), 49.3 (CSNeu), 53.0 (OCH3), 54.6 (C2GlcN), 62.6 
(C9Neu), 97.5 (ClFuc), 98.7 (C2Neu), 100.1 and 100.5 (C1 of GlcN and CIGal). 

Anal. Calcd for compound 5; CsOH98N3028F3 (1606.66): C, 59.81; H, 6.15; N,  
2.62. Found: C, 59.49; H 6.38; N 2.40. 

Compound 6:  [ a ] ~  -26" (c 1, CHCl,), R F  0.31; selected 'H NMR data: 6 H  1.20 
(m, 3H, SCH2CH3), 2.92 (m, 2H, SCHzCH3); selected I3C NMR data. 6c 11.4 
(SCHZCH~), 16.8 (C6Fuc), 20.7-21.2 (4COCH3), 23.2 (NHCOCH3), 28.4 
(OCH2CH2CH2N), 37.4 (3Neu), 37.6 (OCHZCH~CH~N), 49.5 (CSNeu), 53.1 (OCH3), 
62.1 (C9Neu), 97.8 (ClFuc), 97.9 (C2Neu), 99.4 and 100.1 (Cl of GlcN and ClGal). 

Run 2. Glycosylation of trisaccharide 3 (215 mg, 0.19 mmol) by phmylthlo 
sialoside (187 mg, 0.32 mmol) was performed as in run 1, but with 3.5 h duration 
of the glycosylation step, to give tetrasaccharide 5 (1 19 mg, 39%), starting tnol 4 ( 1  7 
mg, 8%), and lactonic fraction (105 mg, 35%). 

Run 3. A mixture of ethylthio sialoside 9 (101 mg, 0.19 mmol), trisaccharide 3 

(75 mg, 0.07 mmol), powdered molecular sieves 3A, and EtCN (1 mL) was stirred for 3 
h at 20 OC under Ar. The mixture was cooled to -78 OC and the solution of N- 
bromosuccinimide (34.3 mg, 0.19 mmol) and Bu4NOTf (25.1 mg, 0.07 mmol) in EtCN 
(0.6 mL) was added. The stirring was continued for 7 h at -78 OC, then for 12 h at -40 - 
-50 OC, and finally for 48 h at room temperature. The mixture was diluted with CH2Cl2 
(20 mL), filtered through Celite, and washed with CHC13 (30 mL), the filtrate was 
washed with aq. NaHC03 (2x15 mL) and water (20 mL), filtered through cotton wool 
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and concentrated. The residue was subjected to column chromatography to give 
tetrasaccharide 5 (12 mg, ll%), and starting trio1 3 (41 mg, 54%); lactones were not 
separated in this experiment due to their marked destruction during workup of the 
reaction mixture. 

Run 4. Glycosylation of trisaccharide 3 (140 mg, 0.12 mmol) by xanthate 1122 
(142 mg, 0.24 mmol) in the presence of NIS (1 10 mg, 0.48 mmol) and TfOH (5 pL, 0.06 
mmol) was performed like in run 1 to give tetrasaccharide 5 (53 mg, 27%), starting triol 
3 (68 mg, 36%), and lactonic fiaction (32 mg, 23%). 

Run 5. A mixture of trio1 3 (80 mg, 0.07 mmol), xanthate 11 (84 mg, 0.14 
mmol), powdered molecular sieves 3A, CHzC12 (0.75 mL) and MeCN (0.3 mL) was 
stirred for 30 min at 20 "C under Ar. AgOTf (38 mg, 0.15 mmol) was added, the mixture 
was cooled to -78 OC and stirred 10 min, and then 4.4 M solution of MeSBr (0.035 mL) 
in 1,2-dichloroethane. The stirring was continued for 2 h at -78 OC, iso-Pr2NH (0.2 mL) 
was added, the mixture was stirred 2 h, diluted with CHC13, filtered through Celite, and 
washed with CHCI, (30 mL).The filtrate was washed with aq NaHCO, (2x15 mL) and 
water (20 mL), filtered through cotton wool and concentrated. The residue was subjected 
to column chromatography to give tetrasaccharide 5 (24 mg, 2 1 %) and starting triol 4 (22 
mg, 28%); lactones were not separated in this experiment due to their marked destruction 
during workup of the reaction mixture. 

Run 6. A mixture of triol 3 (200 mg, 0.18 mmol), sialosyl phosphite 1229>32 (200 
mg, 0.32 mmol), powdered molecular sieves 3A, and MeCN (4 mL) was stirred for 30 
min at 20 "C under Ar. The mixture was cooled to -30 - -40 "C and 0.1 M solution of 
TMSOTf (0.3 mL) in MeCN was added. The stirring was continued for 1 h a\ -30 - -40 
'C, Et3N (0.2 mL) was added, the mixture was filtered through Celite, and Concentrated. 
The residue was subjected to column chromatography to give 5 (50 mg, 17%), starting 
triol 4 (60 mg, 33%), and lactonic fraction (105 mg, 37%). 

3-Aminopropyl 0-[Potassium (5-Acetamido-3,5-dideoxy-D-gCyccro-a-~-gu~uc- 
to-2-nonulopyranosyI)onate]-(2 -+ 3)-0-(~-~-galactopyranosyl)-(l-+3)-0-((a-~-fuco- 
pyranosyl)-(l~4)-2-acetamido-2-deoxy-~-~-glucopyranoside (I). a). Compound 5 
(120 mg, 0.075 mmol) was subjected to catalytic hydrogenolysis in EtOH-EtOAc (1:2, 
12 mL) under 10% Pd-C at 41 OC and atm. pressure for 4 h [RF -0.15 (solvent B)]. The 
mixture was filtered and the solvent was evaporated in vucuo, a solution of the residue in 
aqueous 0.15M KOH (4.4 mL) was kept for 2 h at 20 "C. A mixture was neutralized with 
AcOH and concentrated to dryness. HPLC of the residue on the column (250x25 mm) 
with Silasorb C-18 (5 pm) with elution by pure water gave 1 (61 mg, 89%), [ a ] ~  -57" (c 

1, H20). The 'H and 13C NMR data are presented in Tables 1 and 2. 
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Anal. Calcd for compound 1; C34H58N3023K (955.04): C, 44.59; H, 6.38; N, 4.59. 

b). Compound 6 (44 mg, 0.03 mmol) was subjected to catalytic hydrogenolysis 
and subsequent saponification as described above (see run a) to give 1 (19 mg, 77%). 

Deprotection of lactonic products from run 1. a). Lactonic products (145 mg, 
0.092 mmol) were subjected to catalytic hydrogenolysis and subsequent saponification as 
described for the preparation of 1 to give 3-aminopropyl 0-[potassium (5-acetamido-3,5- 
d~deoxy-D-g~cero-~-D-ga~acto-2-nonu~opyranosyl)onate]-( 2+2)-0-( P-D-galactopyrano- 
syl)-( 1 +3)-0-[(a-~-fucopyranosyl)-( 1 +4)-2-acetamido-2-deoxy-~-~-glucopyranos~de 
(1423 mg, 45%, [ a ] ~  -65" (c 2, HzO)} and 3-aminopropyl 0-[potassium (5-acetamido- 
3,5-d~deoxy-D-glycero-~-D-galacto-2-nonulopyranosyl) onate]-(2+3)-O-(P-~-galactopy- 
ranosy1)-( 1 +3)-0-[ (a-L-fucopyranosy1)-( 1 +4)-2-acetamido-2-deoxy-~-~-glucopyrano- 
side (15, 19 mg, 38%, [ a ] ~  -64" (c 2, H20)}. The 'H and 13C data for 14 and 15 are 
presented in Tables 1 and 2. 

Anal. Calcd for compound 14; C&,&O2$ (955.04): C, 44.59; H, 6.35; N, 
4.59. Found: C, 44.87; H 6.51; N4.73. 

Anal. Calcd for compound 15; C3,H,8N3023K (955.04): C, 44.59; H, 6.38; N, 

b). Lactonic products (70 mg, 0.045 mmol) were subjected to catalytic 
hydrogenolysis as described for preparation of 1, from the resulting mixture the (1+3)- 
lactone 13 was separated (25 mg, [aID -15" (c 2, H20)} in individual form by HPLC on 
the column (250x25 mm) with Silasorb C-18 (5 pm) with elution by MeOH-water 
(9:ll). Saponification of 13 gave 14 (20 mg, 90%). The 'H data for 13 are pxesented in 
Table 1. 

Deprotection of lactonic products from run 2. Lactonic products (105 mg, 
0.067 mmol) were subjected to catalytic hydrogenolysis and subsequent saponification as 
described for preparation of 1 to give isomeric tetrasaccharides 1 (8 mg, 13%; 5% 
calculated to starting trisaccharide 3), 14 (23 mg, 37%) and 15 (22 mg, 36%). 

3-(Trifluoroacetamido)propyl @[Methyl (5-Acetamido-4,7,8,9-tetra-O-ace- 
tyl-3,5-dideoxy-D-glyce~~~-~gu~uc~~-2-nonulopyranosyl)onate]-(2~3)-0-(6-0-ben- 
zyl-~-r+galactopyranosyl)-(1+4)-0-[ (2,3,4-tri-0-benzyl-a-~-fucopyranosyl)-( 1 +3)- 
2-acetamido-6-O-benzyl-2-deoxy-~-~-glucopyranoside (8). Glycosylation of trisac- 
charide 4 (synthesis of 4 will be described elsewhere) (124 mg, 0.11 mmol) by 
thiosialoside 9 (99 mg, 0.19 mmol) as described in run I (see above) to give amorphous 
8 (143 mg, 81%), [ a ] ~  -43' (c 1, CHC13), RF 0.26 (solvent A). 

2.62. Found: C, 59.64; H 6.43; N 2.51. 

Found: C, 44.31; H 6.10; N 4.71. 

4.59. Found: C, 44.30; H 6.24; N 4.74. 

Anal. Calcd for compound 8; C80H98N3028F3 (1606.66): c ,  59.81; H, 6.15; N, 
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3-Aminopropyl 0-[Potassium (5-Acetamido-3,5-dideoxy-~-g&cero-a-~-g~luc- 
to-2-nonulopyranosyl)onate]-(2~3)-0-(~-~-galactopyranosyl)-(l-+4)-0-[ (a-~-fuco- 
pyranosyl)-(l~3)-2-acetamido-2-deoxy-~-~glucopyranoside (2). Compound 8 (1 15 
mg, 0.072 mmol) was subjected to catalytic hydrogenolysis and subsequent 
saponification as described for the preparation of 1 to give 2 (76 mg, 92%), [aID -42" (c  
2, H,O). The 'H and 13C NMR data are presented in Tables 1 and 2. 

Anal. Calcd for compound 1; C34H58N3023K (955.04): C, 44.59; H, 6.38; N, 4.59. 
Found: C, 44.36; H 6.24; N 4.38. 
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