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ABSTRACT

A literature survey of the *C-n.m.r. chemical-shift data for aqueous solu-
tions of monosaccharides, disaccharides, oligosaccharides, and their methyl deriva-
tives is reported. Analysis of these data reveals a set of empirical rules which may
be used in the elucidation of the structure of trisaccharides of known monosac-
charide composition, and an example is reported. However, it is not possible to ex-
tend the rules to tetrasaccharides and higher saccharides without additional chemi-

1-chift data faor related model comnounds
1-SIIT Gata IO reialed moede: compounds,

INTRODUCTION

We have used '*C-n.m.r. spectroscopy to determine the structures of various
neutral tri- to hepta-saccharides obtained from the milk of marsupials and mono-
tremes' ~>. The method depends on the observation of a resolved resonance for
each carbon atom in the oligosaccharide, and subsequent assignment. The assign-
ment procedure was based initially on the assigned spectra of model compounds',
but generalisations and empirical rules were observed which allowed the analysis of
more-complex branched chains® without the need for detailed chemical-shift data
for model compounds.

Analysis of the '*C-n.m.1. chemical-shift data in the literature on monosac-
charides, disaccharides, and oligosaccharides enabled these empirical rules to be
refined. We now report the >C-n.m.r. data for small oligosaccharides, state the
empirical rules, and apply them to determine the structure of a trisaccharide of
known monosaccharide composition.

The data in Table 1 for monosaccharides, disaccharides, oligosaccharides,
their methyl and 2-acetamido-2-deoxy derivatives, and N-acetylneuraminic acid
were obtained for solutions in H,O, D,0, or H,0-D,0. Chemical-shift data for D
and L isomers are the same (see L-fucopyranose in Table I). Some data (not in-
cluded in Table 1) are available for solutions in dimethyl sulphoxide and, in gen-
eral, the observed chemical shifts are close to those obtained for aqueous solu-
tions®’. Internal standards (1,4-dioxane, methanol, and others) were used gener-
ally, but external Me,Si or 1,4-dioxane was used occasionally. All chemical shifts
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in Table I are in p.p.m. relative to that of Me,Si. In twelve entries in Table I,
reassignments of data have been made in order to achieve consistency with other
data therein. For B-L-Rha-(1—6)-A, where A is a-D-Gal, the reassignment has
been based on the empirical rules (see below).

EMPIRICAL RULES

(1) With the exceptions noted below, the chemical shift of a resonance from
a particular carbon atom of a particular sugar residue in an oligosaccharide (solvent
H,0/D,0) should be within +0.3 p.p.m. of that of the resonance of the C atom of
the monosaccharide (see Table II).

(2) The resonance of a carbon atom involved in a linkage or attached to a
methyl group (C—O-¢H, see Table III) is shifted downfield by 4-10 p.p.m.

{(2a) The resonances of the a- and B-anomeric forms of a carbon atom in-
volved in a linkage or attached to a methyl group are shifted downfield by the same
amount. This rule was true for 8 out of 11 examples of 2-linkages, and in all the 46
examples of 3-, 4-, and 6-linkages.

(2b) Since the chemical shifts of the resonances for C-4 and C-6 of pyranoid
a- and B-monosaccharides are similar (see Table II), substitution at position 4 and
6 of a reducing residue produces a pair of downfield-shifted resonances that are
nearly coincident.

(3) The resonances of carbon atoms adjacent to the linked carbon atom arc

TABLEII

13C-N M R. CHEMICAL SHIFTS OF THE MORE COMMON MONOSACCHARIDES?

Carbon Fuc Fruf Gal Glc GIcNAc  Man Rha Xyl
atom
1 a 93.1 63.9 93.2 92.9 92.1 95.5 95.0 93.1
B 97.1 63.7 97.3 96.7 96.2 95.2 94.6 97.5
2 @ 69.1 105.4 69.4 72.5 55.3 72.3 719 72.5
B 727 102.4 72.9 751 58.0 7.8 72.4 751
3 @ 70.3 82.9 70.2 73.8 72.0 71.9 71.1 73.9
B 73.9 76.4 73.8 76.7 75.2 74.8 73.8 76.8
4 a 72.9 77.0 70.3 70.6 71.4 68.5 73.3 70.4
B 72.4 75.4 69.7 70.6 7.2 68.3 72.9 70.2
s a 67.8 82.2 7.4 723 72.8 73.9 69.4 61.9
B 7.7 81.6 76.0 76.8 77.2 71.6 73.1 66.1
6 a 16.6 62.0 62.2 61.6 61.9 62.6 18.0 —
B8 16.6 63.3 62.0 61.7 62.0 62.6 18.0 —
a — — — — 175.7 — — —
HNC=0 B — — — — 175.9 — — —
a — — — — 23.3 — — —
OCCH; 4 — — — - 235 — - -

“In the pyranose form, except for fructose. A full listing of monosaccharides is given in Table I.
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TABLE III

SHIFTS OF *C-N.M.R RESONANCES OF REDUCING SUGARS RESULTING FROM LINKAGE TO A CARBON ATOM BY
A SUGAR RESIDUE OR A METHYL GROUP

C-atom Group linked Shifts (in p.p.m.) of C-resonances at the link
linked to a C-atom*® and at adjacent positions (downfield positive,

upfield negative)

(link — 1) C* link C (link + 1) C*
C-2 a Sugar Rangeof 8 —2.2t0 +0.8 +43t0 +9.6 —1.4t0+0.9
Cc-2 BSugar Rangeof 8 —-1.0t0 +0.2 +7.7t0+10.2 —2.3t04+0.5
C-2 Methyl Range of 8 -4.0to +0.4 +9.1to +10.1 -1.0to +0.3
C-3 aSugar Range of 10 -1.7t0 -0.1 +5.0t0 +9.6 —3.4t0 +0.4
C-3 B Sugar Range of 15 —1.8tc 0 +6.6t0 +10.4 -29t0 —0.3
C3 Methyl Range of 6 —4.3t0+0.1 +9.1t0 +10.3 —4.6to 0
C-4 a Sugar Range of 16 —2.2t0+1.1 +6.5t0 +9.4 —-2.7t0 +0.3
C4 BSugar Range of 26 —1.9t0 +0.4 +7.1to +10.2 —2.2t0 0.7
C-4 Methyl Range of 4 —0.9t0 +0.1 +9.6t0 +9.9 -2.1t0-0.6
C-6 a Sugar Range of 8 —1.7t0 —0.8 +5.0t0 +6.7
C-6 BSugar Rangeof6 —0.8t0 +0.3 +7.1to +8.5
C-6 Methyl Range of 4 —2.1t0-0.9 +10.8to +11.0

“The sugar group is linked (a or 8) through position 1 to the numbered carbon on the reducing residue.
bThe large variations of these values are due to the different orientations (whether equatorial or axial)
of the carbon atoms adjacent 1o the linked carbon atom’>.

usually shifted upfield by a small, but not necessarily similar, amount (see Table
II).

(3a) The resonances of the a- and g-anomeric forms of carbon atoms adja-
cent to the carbon involved in a linkage are shifted (usually upfield) by the same
amount. This is true in all 46 examples of 3-, 4-, and 6-linkages, but is only valid
for about half of the 11 examples of 2-linked sugars.

(4) The C-1 resonances of aldoses are of particular importance since they are
readily observed due to their downfield positions (see Table IV).

(4a) The type of linkage (a or 8) may be distinguished by the chemical shift
of the C-1 resonance of pyranoses, except for such sugars as rhamnose and man-
nose where the values for C-1a and C-18 are indistinguishable (Table II). Substitu-
tion of the sugar at position 2 may cause a small upfield shift of the C-1 resonance
(rule 3) that may tend to confuse its assignment as a or B (e.g., ref. 5).

(4b) For a sugar linked to a reducing sugar residue, the resonance for C-1 is
split into a doublet by the nearby a and 8 anomers, the extent (p.p.m.) of which
depends on the linkage position: C-2, 0.5-1.5; C-3, 0.1-0.15; C-4, zero; and C-6,
0.04-0.3 (see Table I). If the reducing residue is a ketofuranose, an appreciable
splitting (0.5 p.p.m.) may occur even for a linkage at position 4. The splitting of the
C-1' resonance for kojibiose [a-D-Glc-(1—2)-D-Glc] and sophorose [B-D-Glc-
(1-2)-p-GlIc] at 20.0 and 67.9 MHz is 1.4 and 1.2 p.p.m., respectively, irrespective
of field strength. However, in spectra obtained at low field, the splitting is not al-
ways visible.
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TABLE IV

B3C-N M R CHEMICAL SHIFTS, ARRANGED IN NUMERICAL ORDER, OF C-1 RESONANCES OF SUGARS LINKED AT
THE C-1 ATOM?

Chemical

shuft
(p-p.m.)

1100 B-Glef-(1->CH;
109.7  a-Manf-(1>CH,

109.6  B-Galf-(1>CHa, B-Xylf-(1—CH;,

109.3  a-Araf-(1>CH;

109.0  B-Alf-(1->CH;

108.5  pB-Ribf-(1—CHj;

107.0  a-Ara(1>CH,

1059  B-Gal-(1-2)-a-Rha, B-Xyl-(1-2)-a-Xyl
105.4  —2)-8-Xyl-(1-CH;

1053  B-Gle-(1—2)-a-Rha, —3)-8-Xyl-(1—CHj,

1052  B-Gal-(1—3)-Rha, —4)-8-Xyl-(1>CH;

105.1  B-Gal-(1-3)-Gal, B-Gal-(1-2)-3-Rha, B-Gle-(1->2)-a-Gle, B-Xyl-(1->CHs,
—>4)-8-Xyl-(-~CHj

1050  B-Gle-(1-3)-Rha, a-Man-(1—2)-Man, —4)-B-Gal-(1-3)-GalNAcol,
-52)-8-Gle-(1>CH;

1049  B-Gal-(1>4)-Rha, —3)-8-Gal-(1-3)-Gal, 2)-8-Xyl-(1>CH;,
—3)-B-Xyl-(1>CHj

1048  B-Fuc-(1->CH,

1046  B-Gle-(1-2)-8-Rha

1045  B-Gal-(1—CHj, B-Gal-(152)-Gal, B-Gle-(1—3)-Gal, B-Xyl-(1-2)-8-Xyl,
B-Xyl-(1-3)-Xyl, —4)-8-Gle-(1—CH3, —6)-8-Gle-(1—CH;,
:ig>B.Xyl-(1—>CH3

104.4 B-Gal-(1-3)-GalNAcol, B-Gle-(1->4)-Rha, —4)-8-Gle-(1--CH;

1043 B-GkNAc-(1-3)-Gal

1042 B-Gal-(1—6)-GIcNAc, B-Gal-(1—4)-Man, §-Gle-(1—4)-Man, a-Ribf-(1->CHs,
—4)-B-Gle-(1—-4)-Man

1041  B-Gal-(1—3)-GlcNAc

1040  B-Gal-(1-4)-GlcNAc, §-Gle-(1—CHj, a-Glef-(1>CHj, ~>4)--Gal-(1-4)-GlcN Ac,
~>4)-B-Gal-(1-4)-Glc, —6)-B-Gal-(1>CH;

103.9  B-GleNAc-(1-3)-Rha, 8-Gle-(1-2)-8-Gle, B-Gle-(1=3)-Gle, S-Rib-(1—CH,
—3)-B-Gal-(1-4)-Glc, —3)-8-Gal-(1-CH;

103.8  a-Allf-(1-CH;, 8-Fuc-(1—-3)-Gal, B-Gal-(1-6)-Gal, B-Gle-(1-6)-Glc,
—>6)-B-Gal-(1-6)-Gal, —»4)-8-Gle-(1-CH;

103.7  B-Gal(1-4)-Glc, a-Man-(1—3)-Man, —6)-8-Gle-(1—6)-Glc

103.6  B-Gle-(1-1)-a-Gle, B-Manf-(1—>CH,

1035  a-Galf-(1>CH;, —3)-8-Gal-(1-4)-Gle

1034 a-Rha(1-3)-Gal, —»2)-8-Gal-(1-2)-Gal

103.3 B-GalNAc-(1-6)-GalNAc, B-Gle-(1-4)-Glc, —2)-a-Man-(1—2)-Man,
—3)-8-Xyl-(1—4)-Xyl

1032 B-Araf-(1CH;, B-Lyxi-(1>CH;, a-Rha-(1—2)-a-Gal, —2)-8-Gal-(1>CH,,
—4)-B-Gle-(1—4)-Gle, —>4)-a-Rha-(1—3)-Gal

103.0  B-Ara-(1>CHj, a-Rha-(1-3)-Rha, a-Xylf-(1->CH;, —3)-8-Xyl-(1—4)-Xyl

1029 A-Xyk(1-4)-Xyl, -2)--Gal-(1—3)-GalNAcol, —>4)--Rha-(1—3)-B-Gal

1028  B-GleNAc-(1—6)-Gal, a-Rha-(1—2)-a-Rha, —4)-8-GleNAc-(1—4)-GIcN Ac,
—4)-B-Xyl-(1>4)-Xyl

102.7  B-GleNAc-(1-4)-GlcNAc, —4)-a-Rha-(1—3)-a-Gal

-2)

4y BXH(1-CHs
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TABLE 1V (continued)

Chemical
shift
(p-p.m.)

102.6 —4)-B-GleNAc-(1-4)-GlcNAc, —3)-a-Rha-(1—3)-Rha
102.5 B-GlcNA¢-(1-+CHj, a-Man-(1—4)-Rha, —3)-a-Rha-(1—2)-o-Rha.
—3)-a-Rha-(1—3)-Rha
—3)

1024 a-Rha-(1—4)-Rha, f-Rha-(1>CH,, 7> BXyk(14)-Xy1
1023 A-Man (1-CH;, —4)--GleNAe-(I—CH;, —6)-8-GleNAc-(1->CH;
1022 a-Man-(1->CHs, a-Rha-(1—2)-B-Rha, -3)-8-GleNAc-(1-»CH;, =)

—4)
=35 B-GIeNAc-(1CH;, ~ P> 6-GleNAc-(1-CH
—6) 1 56) 3

1021 a-Fue-(1—3)-Gal, a-Rha-(I->CH;

102.0  a-Lyx-(1—CH;j, —4)-8-GleNAc-(1—6)-GalN Acol, —4)-a-Rha-(1—>CH;

101.9 -3)-a-Rha-(1-2)-8-Rha

101.8  B-Man-(1-4)-Rha, a-Rha-(1-2)-3-Gal, 8-Rha-(1->4)-Rha, —4)-a-Rha-(1—>CHj,
—2)-B-Xyl-(1—4)-Xyl

1017 B-Man-(1->4)-Gle, a-Rha-(1—6)-a-Glc, —3)-8-Gal-(1—4)-Gic.
—>4)-8-Man-(1->4)-Glc, :8>B—Man—(lr—~>4)»GIcNAc

101.6 a-Glc-(1—4)-Fru, g-Man-(1—4)-Man, a-Rha-(1--6)-8-Glc,
—4)-B-Man-(1—4)-Man, —3)-a-Rha-(1-CH,

101.5 a-Gle-(1—5)-Fru, a-1do-(1-->CHj;, a-Xyl-(1—4)-Xyl

101.4 a-Gle-(1—4)-Gal, —»4)-a-Gal-(1—-CH;

1013 a-Gal-(1-4)-Gal, a-Rha-(1—6)-a-Gal, B-Rha-(1—6)-Glc

1012 B-Rha-(1-»6)-Gal, —3)-a-Rha-(1->6)-Ga!

1011 a-Alt-(1CHj, a-Gle{(1—3)-Fruf, a-Gle-(1—4)-Gle. e-Rha-(1—4)-Gal,
a-Rha-(1-6)-Gal, —2)-8-Gal-(1-3)-GleNAc, —4)-a-Gle-(1->4)-Glc,
—4)-a-Gle-(1->CH;. —>6)-a-Gle-(1>4)-Gle, :2;>Q-Man—(l—>6)-Man

101.0  a-Fuc-(1-»2)-Gal, »3)-a-Rha-(1-CHj, —4)-a-Rha-(1—6)-Gal, -»4)-a-Rha-(1—CH,

1009  a-Gle-(1—1)-8-Glc

1008  —6)-a-Gle-(1->CH;

100.6  o-Man-(1—6)-Man, a-Xyl-(1->CH;

1005  a-Fue-(1->CHs, a-Gal-(1—>4)-Rha, —2)-c-Rha-(1->CHj

1004 a-Al-(1>CH;, —4)-o-Gal-(1->CHj

100.1 a-Gal-(1-CH3;, a-Xyl-(1-3)-Xyl, —6)-a-Gle-(1-CHj;

100.0  a-Gle-(1->CHj, —3)-a-Gal-(1-CH;, —2)-a-Gle-(1->CHs

99.9 a-Fuc-(1—6)-GlcNAc, —2)-a-Rha-(1—-6)-a-Gal

99.8 a-Fue-(1-+4)-GleNAc, a-Gle-(1-3)-Gle, »2)-a-Rha-(1—6)-8-Gal

99.6 a-Glc-(1—6)-a-Fruf

99.5 a-Gle-(1—6)-Gal

99.4 a-Glc-(1-4)--Fruf, a-Gle-(1-6)-Glc

99.3 a-Glc-(1-26)-B-Fruf

99.1 a-Xyl-(1-2)-8-Xyl

9.0  a-Gal-(1-6)-Gle, a-Gle-(1-2)-8-Glc

98.9 a-GleNAc-(1—-CHj, a-Gle-(1—4)-a-Fruf

987  a-GleNAe-(1—4)-Gal, —3)-a-GleNAc-(1->CH,
:i;>a-(}lcNAc-(l-—>CH3. :8>a-(;1cNAc-(1—>CH3
985  —6)-a-GleNAe-(1-CH,

98.4 ——r>4)-a-GlcNAc—(l——>CH3,:

>B-GleNAc-(1->CHs,

8>a-GlcNAc-(l—-)CH3
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TABLE IV (continued)

Chemical
shift
(p-p-m.)

98.1  —4)-8-Rha-(1-3)-Gal
98.0 —2)-a-Rha-(1-CH,

978  B-Rha-(1—3)-8-Gal, a-Xyl-(1-2)-a-Xyl
977  B-Rha-(1-3)--Gal

97.0  —2)a-Gle-(1-6)-Gle

96.9 a-Gle-(1-2)-a-Glc

9.7  a-Gle-(1->3)-Gal

94.7 a-All-(1-1)-a-Glc

946  a-Gle-(1>1)-a-Gle, a-Xyl-(1-1)-a-Gle
94.5 a-Gle-(1->1)-a-Man,

94.0 a-Gle-(1-1)-a-Glc

“The sugar residue is printed in bold-face type, and the type of linkage to the adjacent residue is also
recorded. Residues also substituted at another position are indicated, e.g., —6)-8-Gal-(1—4)-Glc; all
sugars are pyranoid unless indicated with f.

DETERMINATION OF THE STRUCTURE OF TRISACCHARIDES OF KNOWN MONOSAC-
CHARIDE COMPOSITION

For a reducing trisaccharide consisting of 3 hexoses, there will be 12 '*C-reso-
nances for the o and B forms of the reducing residue, and 12 resonances for the two
other residues. The former resonances are readily identified because their inten-
sities are smaller than those of the latter. Usually, the intensities of the resonances
of the @ and B anomers are different, and hence the a and B resonances may be
distinguished. However, the intensities of resonances are not strictly proportional
to the number of carbon atoms because of differences in n.O.e. values and relaxa-
tion times of different nuclei.

The analysis commences with the 12 resonances of the reducing residue, the
chemical shifts of which are compared with those of the three component monosac-
charides. After due allowance for the shifts of resonances at, and adjacent to, the
linkage position (rules 2 and 3), the residue with the best fit of the data must be the
reducing-end residue. If there is no fit of the data, then the reducing residue may
be branched and this can be treated” using the same general rules.

The twelve single-carbon resonances are then compared with those of the
two remaining sugar residues (both « and 8 forms). The residue at the non-reduc-
ing end may often be identified next because it is linked only through position 1 and
hence only the C-1 and C-2 resonances should be shifted (rules 2 and 3). Finally,
the data for the central, disubstituted residue are compared with those for the ap-
propriate monosaccharide in order to determine the  or 8 configuration and also
the position of the linkage.

The procedure is illustrated for a trisaccharide, consisting of L-fucose, D-
galactose, and D-glucose, that was chosen from the literature®. The chemical-shift



152 1. H. BRADBURY, G. A. JENKINS

TABLEV

STRUCTURAL ANALYSIS, FROM THE '>C-N.M R. DATA, OF A TRISACCHARIDE CONTAINING L-FUCOSE, D-GALAC-
TOSE, AND D-GLUCOSE ¢

Chemical shift Assignments®
Reducing Non-reducing-end Central residue
residue residue (B-D-Galactose)
(D-Glucose) (a-L-Fucose)
103.9 Iy
102.1 1"
97.0r° 18
93.0r la
81.6 3
79.8r 4da
79.7t a8
76.5 5
76.0r 58
75.6r 38
75.1r 28
73.0 4"
2.7t 3a
T2.4r 2a
71.7 2
71.3r Sa
70.7 3
69.9 4
69.7 2"
68.4 5
62.2 6'
6l.4r 68
61.3r 6a
16.6 6

“C, C', and C" denote carbon atoms in the reducing, second, and third residues, respectively. "Reducing
sugar.

data are given in Table V. When the twelve resonances associated with the reducing
residue are compared with the chemical-shift data for L-fucose, D-galactose, and
D-glucose in Table II, L-fucose can be eliminated because the C-6 resonances of the
reducing residue occur at § 61.4 and 61.3. The resonances at 6 79.8, 79.7 are clearly
associated with the linkages (because they are considerably downfield of the C-2 to
C-6 resonances of Gal and Glc in Table IT). Because the resonances are nearly
coincident, the linkage must be at position 4 or 6 (rule 2b), and position 6 is
excluded because the C-6 resonances occur at 8 61.4 and 61.3. Small, equal shifts
of the 3a and 38, and the 5a and 58, resonances would therefore be expected (rule
3a). This would be true for glucose (3a, 38, Sa, and 58 resonances each move up-
field by 1.1 p.p.m.) but not for galactose (the 3a, 38, and Sa resonances are shifted
downfield by 2.2, 1.8, and 1.3 p.p.m., respectively, but the 58 resonance is not
shifted). Furthermore, the resonance assignments for C-2 and C-6 in galactose do
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not fit (rule I). It is concluded that the reducing residue is D-glucose and that it is
linked at position 4.

The twelve single-carbon resonances in Table V are now compared with the
chemical-shift data for the & and 8 forms of L-fucose and D-galactose in Table II.
The identity of the non-reducing-end residue is indicated by a comparison of the
chemical shifts of the C-1 resonances § 103.9 and 102.1 with those in Table IV (rule
4). That for B-D-galactose linked to D-glucose is found at or near to & 103.9, and
there is one entry of B-L-fucose linked to D-galactose at § 103.8. However, B-L-
fucose is eliminated as the non-reducing-end residue because of the poor fit of the
C-3,4,5 resonances to those at § 73.0, 71.7, and 70.7 in the unknown. At é 102.1
(Table IV) is C-1 of a-L-fucose linked to D-galactose, and there are no entries near
6 102.1 for a-D-galactose links. This eliminates a-D-galactose and leaves a-L-fucose
and B-D-galactose as possibilities for the non-reducing-end unit. a-L-Fucose gives
a better fit of the chemical-shift data (however, C-5 shows a difference of 0.6
p.p-m.) than does B-D-galactose (where C-3 and C-5 show differences of 0.8 and
0.5 p.p.m., respectively); hence, it is concluded that a-L-fucose is the non-reduc-
ing-end residue.

The central residue is B-D-galactose, and the six remaining single-carbon re-
sonances at § 103.9, 81.6, 76.5, 71.7, 69.9, and 62.2 are assigned to B-D-galactose
(1—4)-linked to D-glucose (8 103.9 fits C-1 exactly, see Table IV). The resonance
at 0 81.6 is that for the linkage carbon which fits well with C-3. Linkage through
position 4 is precluded because the downfield shift of 11.9 p.p.m. (from § 69.7 to
81.6) associated with such a linkage exceeds the maximum of 9.4 p.p.m. given in
Table III. Also, the C-4 resonance at 8 69.7 fits the resonance at § 69.9. Linkage
through position 2 is not possible because it would require the C-1 resonance to
occur in a more upfield position (e.g., 8 103.4, see Table IV) and would also re-
quire the C-3 resonance to be at 8 71.7, which is 2.1 p.p.m. upfield of its normal
position. This is greater than the largest recorded value (1.4 p.p.m.) in Table III
and is further evidence against linkage through position 2. The full structure of the
trisaccharide is thus a-L-Fuc-(1—3)-8-D-Gal-(1-4)-D-Glc, which agrees with the
published findings®*.

This type of analysis has been made for five other examples drawn from the
literature!36-53-56:64 and for one trisaccharide B-D-Gal-(1—4)-8-D-Gal-(1->4)-D-
Glc obtained from Dr. P. A. J. Gorin; in each case, it accorded with the structure
determined by chemical methods. In applying the rules to non-reducing trisac-
charides, account would need to be taken of differences in the *C-n.m.r. spectra
of non-reducing and reducing trisaccharides.

Attempted application of *C-n.m.r. analysis to two tetrasaccharides
failed because of the additional possibilities introduced by the presence of an extra
sugar residue. The analysis was much more complex and, even if the reducing and
the non-reducing end residues can be identified, there is still the problem of the se-
quence of the internal residues. As with the trisaccharide, branching may also
cause difficulties in the analysis. Overlapping of signals is also more likely for tetra-

44,51
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saccharides, and resonances of lower intensity from the & and 8 forms of the reduc-
ing-end unit may be obscured by the more-intense single and double carbon reso-
nances.

The analysis of the structure of tetrasaccharides and larger oligosaccharides
cannot therefore be resolved ab initio by this type of analysis, but has been carried
out by ourselves® ~> and by others®>!°2:35:56.64 by working with a series of oligosac-
charides of similar structure and building-up from the trisaccharide. The data in
Table I may be useful in this context. Elaboration of other n.m.r. procedures
(n.O.e., T; measurements, deuterium isotope effects’®, and two-dimensional
n.m.r.>), as well as combination with other techniques, should allow the extension
of the range of application of *C-n.m.r. spectroscopy to the solution of the struc-
tures of larger oligosaccharides.
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