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ABSTRACT 

‘EL and “C-n_m_r_ spectra for 16 synthetic methyl manno-oligosaccharides 
were recorded, and the signals for the anomeric protons and anomeric carbon atoms 
in branched manno-pentaosides and -hexaosides were assigned, based on the data 
for methyl manno-biosides and -triosides. These n-m-r. data identified the branching 
pattern of high-mannose types of glycans of glycopeptides with those of unambigu- 
ously synthesized manno-oligosaccharides, and confirmed the structures proposed 
for such glycans. 

INTRODUCTION 

A variety of branched oligomannoside chains constitute part of the structure 

of such biologically important glycoconjugates as the high-mannose type of glycan 

of glycoproteins’ and the cell-wall proteomannans of Szcc/zaronzyces cerevisiae3 

and Piricularia oryzae4. Recently, ‘H-n.m.r. spectroscopy has been found to be a 

powerful, ana!ytical method for the elucidation of such glycan structures, mainly 
by Montreuil’, Vliegenthart 6, Ballou’, and their co-workers. In order to complement 
such studies, we now report ‘H- and 13C-n.m.r. data obtained for 16 structurally 
well-defined, model compounds that had been synthesized by unambiguous routes 
in our laboratory, ranging from methyl mannobiosides to methyl mannohexaosides. 
Abbreviations used are given in Table I. 

RESULTS AND DISCUSSION 

A. 1 H-N.m.r. spectra 
Four isomeric methyl a-D-mannopyranosyl-cr-D-mannopyranosides, compounds 

2 (ref. 8), 3 (ref. 9), 4 (ref. lo), and 5 (ref. 1 l), had been synthesized without ambiguity; 

*Part 12 in the series “Synthetic Studies on Cell-surface Glycans”. For Part 11, see ref. 1. 
**To whom enquiries should be addressed. 
***Present address: Sumitomo Chemical Co., Ltd., Fine Chemicals Div., Osaka Works, 3-l-98, 
Kasugade, Naka, Konohana-ku, Osaka, Japan. 
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TABLE I 

~UcTURES OF LWTHYL a-D-~o-ou~c~ ES AND ABBREVIATIONS 

Formula Abbreviation 

2 
3 
4 
5 
6 

7 

8 

9 

10 

11 

12 

a-D-Man-(l-2)-a-D-Man-l+OMe 
a-D-Man-(l-,3)-a-D-Man-l+OMe 
a-D-Man-(l-+4)-a-D-Man-IdOMe 
a-D-Man-(l+6)-a-D-Man-l+OMe 
a-D-Man-(1 

I 
6 
3)-a-D-Man-l+OMe 

7 
a-D-Man-(1 
a-D-Man-(1 

I 
6 
2)-a-D-Man-1+OMe 

f 
a-D-Man-(1 
a-D-Man-(1 

I 

t)-a-D-Man-l+OMe 

f 
a-D-Man-(1 
a-D-Man-(l+2)-a-D-Man-(1 

h 

t)-a-D-Man-l+OMe 

a-D-Man-(l+2) a D Ma&l” ___ 
a-D-Man-(1+2)-a-D-Ma&(1 

I 

$-a-D-Man-l+OMe 

f 
a-D-Man-(1+2)-a-D-Man-(1 
a-D-Man-(1-+2)-a-D-Man-(1 

h 

$a-D-Man-l+OMe 

7 
a-D-Man-(1+2)-a-D-Man+ 
a-D-Man-(1 

I 

$-a-D-Man-(1 

f 
I 

a-D-Marl-(1 6 
3)-a-D-Man-l+OMe 

f 
-a-~-Man+ 

b-&t 
b+6a 

b-+6 
c+3a 

b-+6, 
c+2 

b+4 
C+2a 

d+2b+6 
e-+2cd3a 

d+2b-+4 
e+2c +2a 



SYNTJBXIC STUDIES ON CELL-SURFACE GLYCANS, PART 12 207 

TABLE I (continued) 

Compound 
number 

Formula Abbreviation 

13 
a-D-Man<1 

I 

14 

15 

16 

17 

a-D-Man-(1 
I 

$-a-D-Man-l+OMe 

f 
$-a-o-Man-(1 

f 
a-D-Man-(1 
a-D-Man-(1 

I 

$-a-D-Man-(1 

f 
L 

a-D-Man+ 6 
3)-a-D-Man-l-+OMe 

f 
a-Ldvb.n-(1 

a-D-Man-(1 
I 

$-~+~-hhn-(l 

f 
I 

a-D-h&m-(1 a-~-Man-l +OMe 

7 
a-D-Man-(l+2)-a-D-Man-( 1 
a-D-Man-(l-*2)-a-D-Man-( 1 

I 

a-D-Man-(l 
h 

$-a-D-?&n-l-&Me 

$-a-D-hhn-(lf 

f 
a-D-Man-(1 

a-D-Man-(1 
I 

:)-a-D-h’kn-(1 

7 
I 

a-D-Man-(1 z)-a-Miktn-l-+oMe 

d+~j~+~ 
cd3a 

e-3 

d+2b+6 
e+6 a 
f-+3=+3 

f 
a-D-Man-(1~2)-a-D-M~-(l 
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DOI-I 

a 4.94 

4 p.p.m. 

Dot 3Me Mb-4Ma-OMe 

Mb-2Ma-OMe 

a 4.73 

b 5.21 

Mb-3Ma-OMe 

a 4.73 

b 5.12 
OMe 

5 4 3 p.p.m. 

;: 

Jl,, 
5 4 3 p.p.m. 

X)H 

J 
A 

3Me Mb--BMa-OMe 

a 4.74 

b 4.91 

- 
- 

3 p.p.m. 

Fig.1. ‘H-N.m.r. spectra of mannobiosides (chemical shirt values given in p.p.m.). 

TABLEII 

cHEhncALsHIFrs OF ANOhlERIC PROTONS OF METHYL hlANNOBIosT[3ES EN DzO AT 60” 

Proton Chemical shift (p_p.m.) for each structure 

b-+2a (2) b+3a (3) b+4a (4) bd6a (5) 1 

H-la 4.94 (+0.21)0 4.73 4.73 4.74 4.73 
H-lb 4.97 (t-0.24)* 5.12 (+0.39)* 521 (+0_48) * 4.91 (-l-0.18)* - 
OCH3 3.40 3.41 3.40 3.40 3.40 

QThe value in parentheses for H-la corresponds to the /kffect of mannosylation. *Values in paren- 
theses for H-lb correspond to the amount of glycosidation shift: da = 6 (H-lb) - 8 (H-l of 1). 
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the ‘H-n.m.r. spectrum of each is shown in Fig. 1, and the chemical shift for the 
signals of each anomeric proton is listed in Table II. In the spectrum of each of the 

biosides 3,4, and 5, a signal, observed at the same chemical shift (6 4.73-4.74 p.p.m.) 

as for the signal of H-l in methyl cc-D-mannopyranoside (I), was assigned to H-la 
of each bioside. The other signal for the anomeric proton in 3,4, and 5 was observed 
at 6 5.12, 5.21, and 4.91 p-p-m., respectively, and was assigned to H-lb. In the case 

of bioside 2, signals at 6 4.94 and 4.97 p-p-m_ were assigned to H-la and H-lb, 
respectively, by comparing the signals for the anomeric protons in compounds 9, 

10, and 11 (see Fig. 3), wherein all six anomeric protons of nonreducing mannosyl 

residues linked to O-2 of the internal mannosyl residsles, expected to be in a magnetic 
environment similar to that of H-lb of 2, gave signals at 6 5.00-5.03 p.p.m. (very 
close to 6 4.97). Deshielding of H-la in the spectrum of bioside 2 by 0.21 p.p.m., 

compared to H-l in 1, may be explained by the favored conformation Za, stabilized 

by the exo-anomeric effect”, wherein the ring-oxygen atom of the second mannosyl 

residue is close to H-la. It may be noted that the observed glycosidation shiftI 
[A6 = 6(H-lb) - 6(H-1 of l)] f or H-lb (see Table I) seems to be diagnostic in 
determining the site of mannosylation. 

&H, H&OH 6H 

1 2a 

TABLE III 

CHEMICAL SHIFFZ OF AKOhERIC PROTONS OF METHYL MANNOTRIOSIIXS IN Da0 AT 60” 

Proton Chemical shifr (p.p.m.) for each smcture 

b-6 
c+3a (Q 

b-+6 
c+p (7) 

b+4 
c+p (8) 

H-la 4.70 (0) 4.96 (+0.23)= 4.95 (+0.22) 
H-lb or c-+2 - 5.04 (+0.31)b 5.01 (t-0.28) 

+3 5.11 (-I-0.38) - - 

-4 - - 5.22 (+0.49) 
-6 4.91 (+0.18) 4.94 (+0.21) - 

OCH3 3.40 3.40 3.39 

Walues in parentheses for H-la correspond to the &effect. Walues in parentheses for H-lb and 
H-lc correspond to the glycosidation shift. 
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a 4.73 

b 4.91 

c 5/l 

5 4 3 
1 

2 
1 
1 p.p.m- 

5 4 3 2 1 p.p.m. 

\ OMe 

Mk4 

MC/* 
Ma-OMe 

a 4.95 

b 5.22 

Fig.2. ’ H-N.m.r_ spectra of mannotriosides. 
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TABLE IV 

GLYCOSIDATION SHIFTS (P-P-M.) OBSERVED FOR METHYL MANNOBIOSIDES AND METHYL hfANNOTRIOSIDES 

Proton Stractare 

Triosides Biosides Chemical 
shift (6) 

H-1+2 +0.31 (7)“, t-O.28 (8) +0.24 (2) 4.97-5.04 
H-1-3 +0.38 (6) GO.39 (3) 5.11-5.12 
H-l-4 +0.49 (8) +0.48 (4) 5.21-5.22 
H-1-d +0.18 (6), -i-O.21 (7) 1-O-18 (5) 4.91-4.94 

“Numbers in parentheses correspond to the compound that gave the data for the glycosidation shift. 

‘H-N.m.r. spectra for methyl mannotriosides 6 (ref. S), 7 (ref. IO), and 8 

(ref. 10) are shown in Fig. 2, and the chemical shifts for anomeric protons are assigned 

in Table III from the data for the biosides, as follows. For trioside 6, H-la should 

remain at 6 4.73 p-p-m_, as Man-a carries no mannosyl residue at O-2a. According 
to the.glycosidation shift in Table II, H-lb and H-lc should appear at 6 4.91 and 5.12 

p-p-m. Actually, two signals are present, at 6 4.9 1 and 5.11 p-p-m_, in good agreement 

with expectation_ 

In the same way, from the data in Table II, the chemical shift expected for 

H-la, H-lb, and H-lc for 10 and 11 will be 6 4.94, 4.91, and 4.97, and S 4.94, 5.21, 
and 4.97 p-p-m_, respectively. Actually, signals appear at b 4.96,4.94, and 5.04 p-p-m. 
for 10, and 6 4.95, 5.22, and 5.01 p_p.m_ for 11, in moderate to good agreement with 

expectation. 

For the biosides and triosides, the observed p-effect of mannosylation at 0-2a 

on the chemical shift of H-la was found to be in the range of f0.21 to f0.23 p-p-m_ 

Theglycosidationshifts observed for biosides and triosides are summarized in Table IV. 
Six methyl mannopentaosides 9 (ref. S), 10 (ref. lo), 11 (ref. lo), 12 (ref. 1 I), 

13 (ref. 9), and 14 (ref. 14), and three methyl mannohexaosides 15 (ref. 1 I), 16 (ref. V), 

and 17 (ref. 14) had been synthesized, and the ‘H-n.m.r. spectra of these oligosacchar- 

ides are shown in Figs. 3,4, and 5. Signals for the anomeric protons were assigned by 

summing the glycosidation shift and p-effect of mannosylation observed for manno- 

biosides and -triosides. Thus, for pentaoside 9, the signal for H-la was expected to 

appear at 6 4.73 p.p_m_, and the signals for H-id and H-le were expected to appear 

at 6 4.97-5.04 p-p-m_ In actual fact, signals were observed at 6 4.70 p.p.m. for H-la, 

and at S 5.01 p-p-m. corresponding to two protons for H-ld and H-le. The chemical 

shift for the signals of H-lb and H-lc on the internal mannosyl residues may be 

calculated by summing the glycosidation shift and /J-effect due to 2-O-mannosyla- 

tion. The expected chemical shifts are, then, (4.9 14.94) + (0.21 - 0.23) = 5.12-5.17 

p.p.m. for H-lb and (5.11-5.12) + (0.21-0.23) = 5.32-5.35 p.p.m. for H-lc. Signals 
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for H-lb and H-lc were actually observed at 6 5.13 and 5.32 p_p.m., in good agree- 

ment with expectation. 
In the same way, the chemical shifts expected and the data observed For the 

anomeric protons of methyl mannopentaosides and methyl mannohexaosides (see 
Table V) are in generally good agreement. The observation of the p-effect of manno- 

sylation on the chemical shift of anomeric protons for the internal mannose residues 

of pentaosides and hexaosides strongly indicates that the orientation of intergIycosidic 
linkages in manno-oligosaccharides is defined by the exo-anomeric effect, as in the 
case of bioside 2 (see 2a). A deviation of over 0.05 p_p_m_ between the expected and 
the observed chemical shifts is found for the signals at 6 5.05 p.p.m. (H-lb) for 11, 
5.03 p.p.m. (H-le) for 13, 4.85 p.p.m. (H-ib) for 15, and 5.03 p-p-m_ (H-lc) for 16. 
These discrepancies may be ascribed to the specific conformations of the glycan 
chains. 

In conclusion, t!re ‘H-n.m.r. signals of nine synthetic methyl manno-oligo- 
saccharides having branched structures were reasonably assigned from the data 
for methyl manno-biosides and -triosides. These assignments were found to be in 

agreement with the signal assignments for the high-mannose type of glycans of glyco- 
peptides recently reported by Montreui15, Vliegenthart 6, Ballou7, and their co-workers, 
thus providing solid support, based on chemical synthesis, for their proposed struc- 
tures_ 

TABLE VI 

13c-CHEt41CAL SHIFTS FOR METHYL hlANNOBI0SIDE.S IN De0 AT 2.5” 

Carbon atom Chemical shifts /p_p.m.) for eacb strrrcture 

b-2a b-3a b-4a b-6a 1 

la 
‘JCH (Hz) 

23 

3a 
4a 
Sa 
6a 
lb 
‘JCH (I-W 
2b 
3b 
4b 
Sb 
6b 
OMe 

100.1 (-l.S)= 
171.9 
79.3 (f8.1) 
70.8 (-1.0) 
67.8 (-0-2) 
73.4* (-0.3) 
61.9** (-0.2) 

103.0 (t 1 _I) 
170.4 
71.7 (iO.5) 
71.7 (-0.1) 

67.8 (-0.2) 
74.1* (-+0.4) 
61-s** (-0.3) 
55.7 

101.0 (-0.9) 
170.9 
69.8 (-1.4) 
78.5 (;6.7) 

66.4* (-1.6) 

73.0** (-0.7) 
61.1 (-1.0) 

102.6 (i-0.7) 
171.9 
70.3 (-0.9) 
70.6 (-1.2) 

67.0* (- 1 .O) 
73.6** (-0.1) 
61.1 (-1.0) 
55.0 

101.8 (-0.1) 
171.9 

71.4 ($-O-2) 
70.7 (-1.1) 

74.5 (i-6.5) 
71.4 (-1-3) 
61.3 (-0.8) 

101.0 (-0.9) 
170.9 
70.7 (-0.5) 
71.4 (-0.4) 
70.7 (t2.7) 
74.0 (+-O-3) 
61.3 (-0.8) 
55.0 

101.8 (-0.1) 101.9 
170.9 
70.8 (-0.4) 71.2 
71.5*” (-0.3) 71.8 
67.4*** (-0.6) 68.0 
71.6* (-2.1) 73.7 
66.5 (;_4.4) 62.1 

100.3 (-1.6) 
170.3 
70.8 (-0.4) 
71.5* (-0.3) 
67.7** (-0.3) 
73.6 (-0.1) 
61.8 (-0.3) 
55.7 

Walues in parentheses correspond to dS = S(Cn) - d(Cn of 1). 6Assignments marked with * or ** 
may have to be interchanged. 
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B. L3C-iV.m.r. spectra 

h 1973, Gorin15 reported the rationalization of the ‘3C-n.m.r. data for non- 
branched manno-oligosaccharides derived from yeast mannans by partial acetolysis. 
We now report the ‘3C-n.m.r. data obtained for sixteen synthetic methyl manno- 
oligosaccharides. The 13C-n.m.r, spectra of four methyl mannobiosides (2, 3, 4, 
and 5) are shown in Fig. 6. The assignment of each signal was based on the data 
published r6 for methy Cc-D-m annopyranoside, shown in Table VI, from which the 
following important observations were made. First, ‘JCH values for all anomeric 
carbon atoms of a-D-mannopyranosyl residues were found to be between 170.4 and 
171.9 Hz, in agreement with an observation of Bock and co-workers17. Second, the 
chemical shift of the carbinol carbon atom of a methyl cr-D-mannopyranoside residue, 
to which another cr-D-mannopyranosyl residue is linked, was found to be significantly 
deshielded (a-effect), and these signals could be readily differentiated from other 
signals of ring-carbon atoms. ‘These data demonstrated that the substitution pattern of 
such compounds as biosides 2,3,4, and 5 could be assigned from the magnitude of the 
or-effect. ‘third, signals for C-la, on mannosylation at O-2a or O-3a, were shielded (fi-, 
or y-effect) by 1.8 and 0.9 p-p-m., whereas on mannosylation at 0-4a or 0-6a, they are 
uninfluenced. Fourth, signals for C-lb were shifted depending on the site of manno- 
sylation (glycosidation shift), and those linked to O-2a and O-3a were deshielded 
by 1.1 and 0.7 p-p-m_, whereas those linked to 0-4a and O-6a were shielded by 0.9 
and 1.6 p.p_m., respectively. 

TABLE VII 

13ckX3fMICAL SHUITS FOR hElHYL hfANNOTRIOSIDES IN DzO AT 25” 

Carbon atom Chemical shifts (p.p.m.) for each structure 

b-6 
c_3a (6) 

b-6 
c_2a (7) 

b-4 
c_2a (8) 

la 

‘JCH (*I 

2a 

3a 
4a 
6a 
lb,c+2 

‘JCH (Hz) 

lb,c+3 
VCH (Hz) 
lb,cd4 

‘JCH (Hz) 
lb,c+6 

lJcH (Hz) 
OMe 

101.8 (-O.l)= 
172.9 

- 

103.2 (; 1.3) 
171.9 
- 
- 
100.2 (-1.7) 
169.9 
55.7 

99.8 (-2.1) 
171.9 
79.0 (17.8) 

65.4 (+3.3) 
102.6 (+0.7) 
169.9 

99.8 (-2.1) 
171.9 
55.2 

99.4 (-2.5) 
172.0 
79.4 (f8.2) 

- 

74.9 (f6.9) 
- 
102.6 (+0.7) 
169.9 
- 
- 
101.8 (-0.1) 
170.9 
- 
- 
55.2 

uValues in parentheses correspond to dci = 6(Cn) - (Cn of 1). 
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The r3C-n.m_r_ spectra of methyl mannotriosides 6,7, and $ are shown in Fig. 7. 
Signal assignments, based on the data given in Table VI are shown in Table VII. 
Thus, for trioside 6, C-la should be shielded by 0.9 p.p_m_ due to the y-effect of 

mannosylation at O-3a, and should appear at 6 - 101.0 p.p_m_ The signal for C-lb 
may be similar to that of 5, and should appear at b - 100.3 p-p-m. The signal for 

C-lc should appear at 6 - 102.6 p.p.m_, as in the case of 3. Three signals were actually 

observed, at 6 100.2, 101.8, and 103.2 p-p-m., which were therefore assigned to C-lb, 
C- 1 a, and C-l c, respectively. 

For trioside 7, the signal for C-la would be expected to be shielded, due to 
the p-effect of 2-O-mannosylation, and to appear at 6 - 100.1 p.p.m. along with 
C-lb at 6 100.3, and C-lc at 6 103.0 p-p-m., as with biosides 5 and 2, respectively_ 
In actual fact, two signals were observed, at 6 99.8 p-p-m. for two carbon atoms, and 
at 8 102.6 p-p-m_ for one carbon atom, which were therefore assigned to C-la and 

C-lb, and C-lc, respectively. 
Similarly, for the trioside 8, signals for C-la, C-lb, and C-ic would be expected 

to appear at 6 100.1, 101.0, and 103.0 p-p-m., respectively, according to the data for 

methyl mannobiosides. In fact, three signals were observed, at 6 99.4, 101.8, and 

102.6 p-p-m_ As the signals at 6 99.4 and 102.6 p-p-m_ could be assigned to C-la and 
C-lc, that at 6 101.8 p_p.m_ was assigned to C-lb. 

From the 13C-n.m.r. data for methyl mannobiosides and methyl mannotrio- 
sides, shown in Tables VI and VII, the following empirical rules may be advanced_ 

(i) u-Eflect of mannosylation. - On cc-D-mannopyranosylation, signals for 

C-2, C-3, C-4, and C-6 of the a-D-mannopyranosyl residue are deshielded by 7.7-8.8, 

6.7-7.5, 6.5-7.2, and 3.3-4.4 p-p-m_, and appear at 6 78.9-80.0, 78.5-79.3, 74.5-75.2, 
and 65.4-66.5 p.p_m., respectively. 

(ii) @- and y-EN t f ec 0 mannosyIation_ - On a-D-mannopyranosylation at O-2a 
and O-3a, signals for C-la are shielded by 1.7-2.2 and O-O.6 p.p.m. (p- and y-effect), 

whereas no shielding of the signal of C-la is observed on a-D-mannopyranosylation 
at 0-4a or O-6a. 

(iii) Gljcosidatiun shift_ - The chemical shifts for the signals of C-l are de- 

pendent on the site of glycosidic linkage. When compared with the signal for the 
anomeric carbon atom of methyl a-D-mannopyranoside, signals for anomeric carbon 

atoms attached at O-2 and O-3 of cr-D-mannopyranosyl residues are deshielded by 

0.1-l-i and 0.6-1.4 p-p-m_, and appear at b 102.5-103.0 and 102.5-103.3 p-p-m., 
respectively_ On the other hand, the signals for anomeric carbon atoms linked to 

O-4 and O-6 are shielded by 0.1-0.9 and l-7-2.3 p.p.m., and appear at 6 101.0-101.8 
and 99.6-100.2 p-p-m., respectively_ 

The r3C-n.m.r. spectra of methyl mannopentaosides 9-14 and methyl manno- 
hexaosides 15-17 are shown in Figs. 8, 9, and 10. The assignments for the anomeric 

carbon atoms of these methyl manno-oligosaccharides are based on the afore- 

mentioned, empirical rules ii and iii. 
The chemical shift expected for C-l of internal a-D-mannopyranosyl residues 

situated in the- a-mannan chains may be calculated by summing the glycosidation 
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TABLE VIII 

OBSERVED AND CALCULATED ‘3C-CHEhUCAL SHIFlX OF THE ANOMWC CARBON ATOMS FOR INTERNAL 

hfANNOSE RESDUES (it&C I%‘f) 

Strcfctwe Chemical shift (p.p_m_) 

Calculated 
(glycosidatiotz shift) i (fi- and r-effect) 

Observed 

- 

M1+2M1+6Ma (99.6 - 100.2) - (1.7 - 2.2) = 97.4 - 98.2 98.7(9), 98.3(11), 98.2(16) 
MI-+2MI+4M (101.i) - 101.8) - (1.7 - 2.2) = 98.8 - 100.1 99_4(10) 
M1+2MI+3M (102.5 - 103.3) - (1.7 - 2.2) = 100.3 - 101.6 101.6(9), 101.1(15), 101.2(H) 
M1+2MI-r2M (102.5 - 103.0) - (1.7 - 2.2) = 100.3 - 101.3 101.0(10), 100.9(11) 
Ml 

\ 
6 
3M1+6M (99.6 - 100.2) - (0 - 0.6) = 99.0 - 100.2 100.2(12), 99.6(E) 

Yf 
MI 
Ml 

L 

;M1+3M (102.5 - 103.3) - (0 - 0.6) = 101.9 - 103.3 102.8(13), 102.7(W) 

f 
Ml 
MI 

\i 
6 
,M1-+6M (99.6 - 100.2) - (1.7 - 2.2) = 97-4 - 98.5 98.2(14), 98.2(17) 

7 
Ml 

=‘M represents an a-D-mannopyranosyl residue. 

shift and the j?- or y-effect. For example, for the sequence cr-D-Man-(1+2)-a-D- 
Man-(1+6)-a-D-Man-, the signal for the anomeric carbon atom of the internal 
mannose residue should appear at “glycosidation shift” (996400.2) + “p-effect” 
[--(1.7-2.2)] = 97.4-98.5 p.p.m. Similarly, several signals for the anomeric carbon 
atoms of internal mannose residues were calculated, as shown in Table VIII. By using 
the data in Table VIII and empirical rules ii and iii, signals of the anomeric carbon 
atoms for methyl mannohexaoside 15, for example, were assigned as follows_ The 
signal for C-la was expected to appear at 6 101.0-101.8 p-p-m., and signals for C-ld, 
C-le, and C-lf, at 6 99.8-100.3, 102.6-103.2, and 102.6-103.0 p-p-m_ From Table IX, 
signals for C-lb and C-lc were expected to appear at 6 99.0-100.2 and 100.3-101.6 
p.p_m. Therefore, the signals observed were assigned as C-la at 8 101.3, C-lb at 
99.6, C-k at 101.1, C-ld at 99.6, and C-le and C-lf at 102.5 p.p.m. (The assignments 
for C-la and C-lc may have to be interchanged.) 

Similarly, all anomeric signak for methyl mannopentaosides and hexaosides 
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could be assigned. Both the calculated and the observed chemical shifts for anomeric 

carbon atoms are shown in Table IX. 

In conclusion, it was demonstrated that the assignment of signals for the 
anomeric carbon atoms in the 13c-n_m_r_ spectra of branched methyl x-D-IIIaIIIIO- 

oligosaccharides may be deduced by using the data for methyl mannobiosides and 
methyl mannotriosides as modek. 

EXPERIMENTAL 

N.m.r. spectra (‘H and 13C) were recorded, for solutions in D,O, with a JNM- 
FXIOOFT spectrometer operating at 25.05 MHz. The values of aH are expressed in 
p-p-m_ downward from the internal standard, sodium 2,2,3,3-tetradeuterio-4,4- 
dimethykl-silapentanoate. Samples were prepared by “exchanging” them with DzO, 
i.e. by dissolving them several times in 99.8 oA D,O and evaporatingirt VQCZIO. The values 
of 6, are expressed in p_p.m_ downward from tetramethyisilane, referenced indirectly 
with an internal standard of 1,Cdioxane (6 66.9 p_p.m.). 
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