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ABSTRACT 

13C-N.m.r. data for some ShigelZaflexneri 0-polysaccharides are reported. It 

is concluded that the chemical shifts observed for the linear Shigellupexneri type Y 

0-polysaccharide are similar to those calculated by adding substituent shifts, 

obtained from disaccharides with similar stereochemistry around the glycosidic 

linkage, to the chemical shifts for the monomers. The influence of substitution with 

a-n-glucopyranosyl and/or 0-acetyl groups in different positions of this poly- 

saccharide on the chemical shifts has been investigated. Possible interactions 

between sugar residues involved in the branching have been investigated by energy 

minimisations (GESA) of disaccharide and of trisaccharide elements. 

INTRODUCTION 

The 0-polysaccharides from different types of Shigella flexneri are composed 

of oligosaccharide repeating-units containing the element 1, substituted with (Y-D- 

glucopyranosyl and/or 0-acetyl groups in different positions’ (Fig. 1). 

1 

Substituent shifts introduced by the a-D-glucopyranosyl and 0-acetyl groups are 

determined by comparison of the chemical shifts of the signals from the different 

polysaccharides with those from the type Y 0-polysaccharide, in which 1 is unsub- 

stituted. In a previous ‘H-n.m.r. study* of these polysaccharides, substituent shifts 

for signals from protons were obtained and we now report a similar 13C-n.m.r. 

study. 

In our studies of the n.m.r. characteristics of the glycosidic bond, several 

(1+2)-3, (l-3)-3.4, (1+4)-5, and (l-+6)-linked6 disaccharides have been in- 

vestigated. The substituent shifts determined in these studies are used in a 

*Dedicated to Professor Bengt Lindberg. 
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computer program, CASPER, which predicts n.m.r. spectra of oligo- and poly- 

saccharides’. Special problems arise when branching points are involved and we 

are therefore investigating substituent shifts for “branched” trisaccharides. An 

alternative way of obtaining such information is to investigate branched poly- 

saccharides, and the Sh. Jlexneri 0-polysaccharides are suitable models. 

RESULTS AND DISCUSSION 

The chemical shifts of the signals from a glycosyl residue in an oligo- or poly- 

saccharide depend primarily upon the chemical shifts of this residue, substitution 

shifts, and shifts caused by different inter-residue interactions over the glycosidic 

linkages to the closest neighbours. As a first approximation, these substituent shifts 

are additive and, from data obtained from model disaccharides, the expected 

chemical shift displacements for ‘“C resonances in spectra of polysaccharides can 

be estimated. However, branched structures may cause problems, especially when 

vicinal hydroxyl groups are substituted. Additional interactions between the two 

sugar residues linked to the disubstituted sugar may then change the conformations 

around the glycosidic linkages involved and thereby the chemical shifts. This type 

of branching occurs in some of the Sh. flexneri 0-polysaccharides and causes 

deviations from pure additivity of substituent shifts, as will be discussed below. 

The structures of the S/z. jkxneri 0-polysaccharides studied are given in 

Fig. 1. The sugar residues will be designated RhaI, RhaII, RhaI11, GlcNAc, and 

Glc in the Tables and in the text. The W-n.m.r. chemical shift data for the O-poly- 

saccharides and relevant monomers are given in Table I. The substituent shifts. 

relative to those of the corresponding monomers, are given in Table II and 

additional substituent shifts caused by Glc or O-acetyl groups, relative to the 

l 0 @ @ 
Rha GlcNAc GIG OAc 

Fig. I. Structures of the Sh. fkxneri 0-polysaccharides investigated 
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chemical shifts observed for the type Y 0-polysaccharide, are given in Table III. 

Signals were assigned by 2D C-II shift-correlation spectroscopy, as assignment of 

the proton signals has already been performed2. 

The basic structure, Sh. flexneri type Y. - The 13C-n.m.r. spectrum of this 

polysaccharide has been analysed by Bock et aLx and most of our assignments agree 

with theirs. “C-N.m.r. substituent shifts (Table IV) for three of the four di- 

saccharide elements in this polysaccharide are available from authentic di- 

saccharide glycosides, namely, those corresponding to cy-t-Rhap-(l-+2)-cy-L-Rhapg, 
a-L-Rhap-(l-+3)-cr-L-Rhapg, and cz-I>-Rhap-(l-+3)-P-D-GlcpNAcs. Substituent 

shifts for the last element, /3-D-GlcpNAc-( l-+2)-cY-L-Rhap, were obtained from two 

derivatives (Table IV) as no direct comparison could be made. There was good 

agreement between the chemical shift observed for the type Y 0-polysaccharide 

and those calculated using the disaccharide models, thus confirming that short- 

range interactions predominate. 

We have shown that, by using disaccharides containing monosaccharide com- 

ponents other than those in the polysaccharide but with similar stereochemistry 

around the glycosidic linkage, good agreement between calculated and observed 

spectra may also be obtained. Such disaccharides, namely, glycosides of cr-L-Fucp- 

(l-+3)-/3-~-Glcp~ and cu-D-Fucp-(l+3)-cu-o-Manp4, have been used as models for 

a-L-Rhap-( 1+3)+r+GlcpNAc and cu-L-Rhap-( l-+3)-a-L-Rhap, respectively 

(Table IV). The comparison shows that there are only small differences between 

calculated and observed values at the linkage positions and those next to the linkage 

in the aglycon. In the glycosyl group, however, a deviation is observed for the C-2 

resonance, due to the different stereochemistry at this carbon. 

Substitution in the 3- and &positions of /3-D-GlcpNAc, Sh. flexneri type 4a. - 

In type 4a, the GlcNAc residue is substituted in the 6-position by a Glc group. The 

only residue in the basic structure for which significant substituent shifts are 

observed is GlcNAc. Thus, the induced shift values for the C-4 to C-6 resonances 

are close to the corresponding values in the model disaccharide methyl glycoside 

c~-~-Glcp-(lL+6)-/?-~-Glcp~. The substituent shifts observed for the glycosyl group 

of the disaccharide and the Glc group in the type 4a polysaccharide arc also similar, 

the largest difference (0.3 p.p.m.) being found for the C-l signal. As only small 

shifts for the signals from the other residues in the polysaccharide are observed, it 

can be concluded that the Glc group only has significant interaction with the 

GlcNAc residue and that additivity of substituent shifts holds for 3,6_disubstitution. 

Differences in rotamer distribution around the C-5-C-6 bond in the polysaccharide 

could be the reason for the differences between the substituent shifts observed for 

the carbons close to the linkage. 

Substitution in the 2- and 3-positions of a-L-Rhap, Sh. flexneri types X and 5a. 

- In type X, the RhaI residue in the linear structure is substituted in the 3-position 

by a Glc group (Fig. 1). As the RhaI residue is already substituted in the 2-position, 

by a GlcNAc residue, vicinal 2,3_disubstitution occurs, resulting in possible steric 

crowding and restricted rotation around the glycosidic linkages. 



T
A

B
L

E
 

II
I 

T
yp

e 
--

__
~_

 

X
 (

R
ha

I)
 

4a
 (

G
lc

N
A

c)
 

Sa
 (

R
ha

II
) 

3b
 (

R
ha

II
I)

 
4b

 (
R

ha
II

I 
cf

 
4a

) 

C
-l 

c-
2 

0.
23

 
-4

.4
6 

0.
38

 
-0

.0
2 

-0
.2

2 
-3

.5
1 

-2
.6

5 
1.

70
 

-2
.7

4 
1.

69
 

c-
3 

C
-4

 
__

. 

4.
14

 
-1

.5
4 

-0
.1

2 
-0

.0
7 

4.
03

 
-1

.6
4 

-1
.3

0 
0.

17
 

-1
.2

6 
0.

17
 

C
-5

 
C

-6
 

0.
31

 
-0

.0
3 

-1
.5

0 
5.

22
 

0.
02

 
0.

20
 

0.
12

 
-0

.2
3 

-0
.0

5 
-0

.0
7 

__
_.

-_
__

. 
__

- 

-0
.5

5 
(C

-l
, 

G
lc

N
A

c)
 

-0
.1

9 
(C

-1
, 

R
ha

I)
 

0.
59

 
(C

-3
, 

G
lc

N
A

c)
, 

0.
21

 
(C

-l
, 

R
ha

II
) 

0.
57

 
(C

-3
, 

G
lc

N
A

c)
, 

0.
26

 
(C

-l
, 

R
ha

II
) 

T
A

B
L

E
 

IV
 

T
yp

e 
C

-l
 ’

 
C

-2
’ 

C
-3

’ 
C

-4
’ 

C
-5

’ 
C

-6
’ 

C
-l

 
c-

2 
c-

3 
c-

4 
C

-5
 

C
-6

 

a-
r-

R
ha

p-
(l

-t
2)

-a
-L

-R
ha

p-
O

M
e 

a-
I.-

R
ha

p-
(l

-,3
)-

cu
-L

-R
ha

p-
O

M
e 

cu
-L

-R
ha

p-
(1

+3
)-

P-
D

-G
lc

N
A

cO
R

b 
p-

D
-G

lc
N

A
c-

(l
-2

)-
(y

-t
_-

R
ha

p-
O

R
 

P-
u-

G
lc

N
A

c-
(l

&
2)

-c
u-

L
-R

ha
pd

 
u-

~-
Fu

cp
-(

1~
3)

-P
-~

-G
lc

~ 
u-

D
-F

uc
~~

-(
1~

3)
-a

-D
-M

an
p 

a-
L

-F
uc

p-
(l

j3
)-

n-
D

-M
an

p 
a-

o-
Fu

cp
-(

 
1-

3)
~a

-D
-G

al
p 

a-
D

-G
lc

p-
( 

1-
6)

~p
-D

-G
lc

p 

7.
9 

-0
.8

 
-0

.2
 

-0
.4

 
0.

3 
-0

.2
 

-1
.4

 
8.

0 
-0

.4
 

-0
.2

 

7.
9 

-0
.9

 
-0

.3
 

0.
2 

-0
.2

 
-0

.3
 

-0
.2

 
7.

5 
-0

.9
 

0.
1 

1.
2 

-1
.0

 
-0

.5
 

0.
1 

-0
.6

 
c 

0.
1 

7.
8 

-1
.2

 
0.

5 
0.

3 

7.
3 

-1
.3

 
-0

.7
 

-0
.6

 
-0

.6
 

-0
.5

 
c -1

.2
 

8.
5 

-0
.4

 
0.

3 
0.

1 
-0

.1
 

1.
2 

0.
2 

0.
3 

0.
7 

-0
.2

 
-0

.2
 

0.
3 

1.
2 

-1
.4

 
8.

5 
0.

4 
0.

2 
-0

.1
 

0.
7 

-0
.2

 
-0

.2
 

8.
0 

-0
.8

 
0.

1 

3.
8 

-0
.2

 
0.

2 
0.

6 
-0

.3
 

-0
.3

 
-3

.2
 

5.
7 

-1
.7

 
0.

1 
3.

2 
-0

.2
 

0.
2 

0.
6 

-0
.2

 
-1

.6
 

5.
2 

-3
.5

 
-0

.2
 

5.
8 

-0
.1

 
0.

3 
-0

.1
 

0.
4 

-0
.2

 
0.

1 
0.

2 
-0

.2
 

-1
.6

 
5.

0 

tiT
he

 
su

bs
tit

ue
nt

 
sh

if
ts

 
w

er
e 

ob
ta

in
ed

 
by

 
co

m
pa

ri
so

n 
of

 
th

e 
ch

em
ic

al
 

sh
if

ts
 

fo
r 

th
e 

di
sa

cc
ha

ri
de

 
w

ith
 

th
os

e 
of

 
th

e 
re

le
va

nt
 

m
on

os
ac

ch
ar

id
e 

w
hi

ch
 

w
er

e 
ob

ta
in

ed
 

fr
om

 
re

f.
 

14
. 

bR
 

= 
(C

H
,)

,C
O

,M
e.

 
“N

ot
 

ap
pl

ic
ab

le
 

du
e 

to
 

la
ck

 
of

 r
el

ev
an

t 
m

on
om

er
. 

“O
bt

ai
ne

d 
by

 
co

m
pa

ri
so

n 
be

tw
ee

n 
/3

-D
-G

lc
N

A
c-

(1
+2

)+
x-

~-
 

R
ha

p-
(1

-2
)-

u-
r.-

R
ha

p 
an

d 
cu

-r
,-R

ha
p-

(1
+2

)-
a-

L
-R

ha
p.

 



Shigellaflexneri 0-POLYSACCHARIDES 365 

Comparison of the spectra from type X and type Y shows that resonances for 

C-2 to C-4 in RhaI and for C-l in the GlcNAc residue have significant shifts (Table 

III). In order to obtain a correct comparison of substituent shifts in the side-chain 

group, the disaccharide cy-D-Glcp-( 1+3)-a-L-Rhap, or a similar disaccharide, 

should be used. As this was not available, suitable disaccharides are cu-L-Fucp- 

(l-3)-a-D-Manp4 and cw-D-Fucp-(l-3)-cY-D-Galp4 (Table IV), which have similar 

stereochemistry around the glycosidic linkage. 

a-o-Fuc-(l-3)-n-Gal a-L-Fuc-(1---L3)-o--Mo” 

The substituent shifts are of the same order of magnitude but still differ 

significantly. Thus, in type X, the induced shifts are -4.5, 4.1, and -1.5 p.p.m. 

for C-2 to C-4 in the RhaI residue, compared to -3.5, 5.2, and -1.6 p.p.m. and 

-3.2, 5.7, and - 1.7 p.p.m., respectively, for the corresponding signals in the di- 

saccharides. For the C-l resonance in the Glc group, the shift is 2.6 p.p.m. for the 

polysaccharide and 3.8 p.p.m. and 3.2 p.p.m., respectively, for the disaccharides. 

The deviations for resonances from C-2 and C-3 in RhaI and the linkage carbons 

C-l in GlcNAc and Glc and C-2 in RhaII are derived from additional interactions 

between the Glc, RhaI, RhaII, and GlcNAc residues due to the vicinal di- 
substitution. 

In type 5a, the RhaII residue in the basic structure is substituted in the 3- 

position by a Glc group (Fig. 1). Again, steric crowding is expected since RhaII is 

also substituted in the 2-position. The natures of the substituting sugars differ from 

those in corresponding positions in type X, however. Thus, substituents in the 3- 

and the 2-position are an (Y-D and an (Y-L sugar in type 5a, but an a-D and a P-D 

sugar residue in type X. This difference is not as large as it may seem, however, 

because, in the preferred conformation, the ring oxygen is located on the same side 

in the a-~- and the P-D-glyCOSy1 residue. Similar substituent shifts were also 

observed for disaccharide glycosides with a-D and P-L, as well as for p-D and (Y-L, 

stereochemistry of the glycosidic linkage3J. 

Some of the accessible space for the p-D-glycosyl residue is not available for 

the Lu-L-glycosyl residue, however, because H-5 in the latter interacts with RhaII, 

resulting in restricted mobility. By comparison of spectra of the 5a and Y poly- 

saccharides, substituent shifts for the resonances of C-2 to C-4 in the RhaIT residue 

are obtained. Substituent shifts for the Glc group are compared with those for the 

Fuc group in a-L-Fucp-(l-3)-cu-D-Manp4 for which a different shift of the C-l 

resonance is observed. The shift for the C-l resonance in the RhaI residue, which 

corresponds to the GlcNAc residue in type X, is small. The shifts altogether are 

similar to those in type X, thus the indicated similarity between a-~ and P-D- sugars 

resulted in similar substituent shifts in the “branched” trisaccharides. 
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Fig. 2. Minimum energy conformations of trisaccharides representing the branching region in 
Sh. flexneri types X (a) and 5a (b). 

In order to appreciate similarities and differences between the trisaccharides 

representative for the branching sugar residue and its two glycosyl substituents in 

type X and 5a, energy minimisation of the glycosidic bonds using the GESA 

program i0 was performed. The resulting conformations are shown in Fig. 2. The 

q/t,!-values obtained for the disaccharide elements a-r.-Rhap-(l-+2)-cu-L-Rhap, P-D- 

GlcpNAc-(l&+2)-a-L-Rhap, and cr-D-Glcp-(l-+3)-a-L-Rhap, 47”/15”. 53”/8”, and 

-48”/-27”, respectively, are essentially maintained in the polysaccharide. Thus, 

for the type X polysaccharide, the values are 47”/6” and -51”/-29” for the 2- and 

the 3-linkage, respectively. The corresponding values for the 5a polysaccharide are 

44”/9” and -54”/-32”. Thus. the observed changes in chemical shift differences are 
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not due to large changes in conformation. Restricted rotation around the glycosidic 

bonds will, however, occur due to interactions between the two vicinally sub- 

stituting residues. 

Trisaccharides, representative for the branching sugar residue and its two 

glycosyl substituents in type X and Sa, have been synthesised”. On comparison of 

the chemical shifts of the resonances from linkage carbons C-l’ (Rha or GlcNAc), 

C-l” (Glc), and C-2 and C-3 (Rha), in the polysaccharides and in the trisaccharides, 

deviations of less than 0.5 p.p.m. are observed for type X. For type 5a, however, 

deviations up to 1.5 p.p.m. are observed, and it thus seems possible that inter- 

actions additional to those observed in the trisaccharide are present in the 5a poly- 

saccharide. 

The substituent shift for “branched” trisaccharides with long-range inter- 

actions cannot be predicted at present, but studies of a number of such tri- 

saccharides are now in progress in the authors’ laboratory. 

The influence of the 0-acetyl group. - The only difference between the poly- 

saccharide pairs Y-3b and 4a-4b, respectively, is the presence of an 0-acetyl group 

in 3b and 4b (Fig. 1). This O-acetyl group is located in the 2-position of RhaIII. 

The substituent shifts caused by the 0-acetyl group are given in Table III. The 

induced shifts for both polysaccharides are similar, indicating that the Glc group in 

the 6-position of the GlcNAc residue does not significantly interact with the O- 

acetyl group. 

The influence on chemical shifts of an 0-acetyl group in methyl gluco- and 

galacto-pyranosides has been studied I*. It was concluded that, inter alia, the 

position of the 0-acetyl group and the presence of eventual axial substituents were 

essential for the shifts of resonances from the substituted a-carbon and the 

neighbouring p-carbons. No mannopyranosides were investigated, but suggested 

approximation rules give an indication of the magnitude of the shifts on (Y- and 

P-carbon resonances in the 3b and 4b polysaccharides. Substituent shifts for the 

C-l-C-3 resonances are calculatedI to be -2.4, 2.7, and -1.4 p.p.m., 

respectively. The fit for the signals given by the p-carbons (C-l and C-3) is good, 

but the deviation for the C-2 resonance is -1 p.p.m. This may be due to the fact 

that the 0-acetyl group is axial and near the anomeric center, or to the influence of 

the glycosyl residue in the 3-position. Small shifts for all resonances of atoms in the 

RhaII residue support the latter explanation. Some other signals also shift slightly, 

,but the only pronounced value is observed for the C-3 resonance in the GlcNAc 

reiidue, namely, 0.6 p.p.m. 

EXPERIMENTAL 

N.m.r. spectra were recorded on a JEOL GX-400 instrument at 70”. The 

0-polysaccharides were dissolved in D,O (40-80 mg/mL), using 1,Cdioxane (6 

67.40) as internal reference. Chemical shifts were taken from the lD-n.m.r. spectra 

with a digital resolution of 0.6 Hz. For complete assignment of all 13C resonances, 
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2D C-H shift-correlation spectroscopy was performed. For the assignment of 

signals from anomeric and ring carbons, 128 spectra were accumulated, each con- 

sisting of 1024 data points, and zero-filled into a 1024 x 256 data matrix with a 

frequency range of 5000 Hz and 800 Hz for the& and thef, dimension, respectively. 

For assignment of the 6-deoxy carbons, 64 spectra, each consisting of 1024 data 

points, were accumulated and zero-filled into a 1024 x 128 data matrix with a 

frequency range of 700 Hz and 300 Hz for thef, and thef, dimension, respectively. 
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