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‘3CN.m.r. data for 4&O-benzylidenehexopyranosides and some derivatives 
have been reported ‘3, and ‘H- and ljGn.m.r. spectrosqy has been employed to 
deiine the conformations of some cis- and tratwfuwd benzylidene acetals3-5. We 
now report ljCn.m.r. data for the 2-O- (2), 3-O- (3), 2,3-di-O-p-tolylsulfonyF (4), 

TABLB I 

‘cN.M.R. CHEMICAL SHIR DATA’ FGR - 4.6-O-mmL.lDENErslD~ 

compolmd SubsritrcmLr c-z c-2 c-3 Cd c-5 c-6 Z’hCYZ CH,O 

2 3 

a-galacto series 
1 HO HO 100.3 69.5 69.5 76.0 62.8 69.5 101.2 55.6 
2 TsO HO 98.4 76.2 66.5 77.8 62.4 69.0 101.2 55.9 
3 HO TsO 100.3 66.4 78.7 76.3 62.4 69.0 100.7 55.7 
4 TsO TsO 98.4 74.3 74.9 73.4 62.1 68.7 100.4 56.0 
s TsO AC0 98.2 74.2 74.2 68.9 62.0 68.0 100.7 55.9 

pgalaetoscrics 
6 HO HO 103.8 72.8 71.8 75.4 66.7 69.2 101.5 57.3 
7 HO TsO 103.6 68.3 80.5 74.0 66.0 68.8 100.8 57.2 
8 TsO TsO 101.1 77.2 76.4 73.9 65.7 68.4 100.7 57.8 

u-glwseriu 
9 HO HO 99.9 72.8 71.5 81.0 62.4 68.9 101.9 55.5 

lo ‘Lb0 HO 98.5 79.7 68.9 81.3 62.2 68.6 1m.1 55.7 
11 TsO TsO 98.5 75.8 74.9 79.0 62.4 68.6 101.9 55.9 

&bIe43seriLI 
12 104.2 74.4 72.9 80.3 65.9 68.3 101.7 56.8 
13 101.8 82.3 71.8 80.2 66.0 68.4 101.7 57.3 
14 HO TsO 104.2 72.9 82.1 77.9 65.9 68.5 101.6 57.7 
15 TsO TsO 102.0 79.3 78.8 78.2 65.7 68.3 101.6 57.3 

q.p.m. downfield from Me&. 
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and 3-0-acetyl-20-p-tolylsulfony17 (5) derivatives of methyl 4,6-O-benxylidene-a- 
D-galactopyranoside6 (1)) and the 3-O- (ref. 6) (7) and 2,3-di-O-p-tolylsulfony18 (8) 
derivatives of methyl 4,6-O-benxylidene-~D-galactopyranoside6~8 (6). Comparative 
data are reported for the 2-O- (ref. 9) (10) and 2,3-di-0-p-tolylsulfonyli” (11) deriv- 
atives of methyl 4,6-O-benxylidene-o-D-glucopyranoside11 (9), and for the 2-0- 
(ref. 12) (l3), 3-O- (ref. 12) (14), and 2,3-di-0-p-tolylsu!fonyli3 (W) derivatives of 
the corresponding fl-D-glucopyranosideri (l2). N.m.r. line-shifts (‘H) induced by 
Eu(fod)s were used for some derivatives for complete assignment of signals. Chem- 
ical-shift displacements of the 13C resonances of the ring carbons on p-tolylsulfonyl- 
ation of 1 to give 2-4 and on p-tolylsulfonylation of 6 to give 7 and 8 are discussed. 
As expected, comparison of the 13C data (Table I) for the epimeric pairs 1 and 9 
and 6 and l2 shows that the greatest difference in their relative chemical shift values 
occurs for the C-4 resonance, which is markedly shifted ugfield in 1(5 p.p.m.) and 
6 (4.9 p.p.m.). 

W-N.m.r. chemical shifts for the p-tolylsulfonates 25, 7,8,10,11, and l3- 
15 are given in Table I, together with data for 1,6 (both ref. 2), 9, and 12 (both ref. 
1). Selective iH-spin-decoupling and off-resonance experiments were used for some 
compounds. For example, the W-n.m.r. spectrum of 6 showed four signals at 
lowest field due to the six aromatic carbons [137.5 (quaternary carbon), 129.3 
(para), 128.3 and 126.5 p.p.m. (o&o and me&)] with little or no change in the 
positions of these signals throughout the series. Selective irradiation of the H-7 
signal confirmed that the signal at 101.5 was due to C-7. The signal at 103.8 was 
assigned to C-l following selective irradiation of the H-l signal. Likewise, the 
signals at 75.4 and 66.7 were assigned to C-4 and C-5, respectively. Since the 
resonances due to H-2 and H-3 could not be separated during the lanthanide shift 
study, the signals at 72.8 and 71.8 p.p.m. could not be assigned unambiguously. 
However, by comparison with related compounds, the peak at lower field was 
assigned to G2. Finally, examination of the off-resonance spectrum showed that 
the signal at 57.3 p.p.m. was due to the methoxyl carbon, and the signal at 69.2 
p.p.m. was assigned to G6. 

Comparison of the IX-n.m.r. data for 1 and the p-tolylsulfonyl derivatives 
24 showed that sulfonylation caused an up-field shift of 1.9-3.1 p.p.m. in the 
resonances of the pcarbons (C-1 in 2 and 4 compared to 1, and C-2 in 3 compared 
to 1) and strong deshielding of the cr-carbons [shifts ranging from 4.8 p.p.m. (for 
G2 in 4 compared to 1) to 9.2 p.p.m. (for G3 in 3 compared to l)]. A similar trend 
was observed on sulfonylation of HO-3 and HO-2 in 2 and 3, respectively @-car- 
bons: 1.9 p.p.m. for C-l in 3 compared to 4, and 4.4 p.p.m. for C-4 in 2 compared 
to 4; a-carbons: 7.9 p.p,m. for C-2 of 3 relative to 4, and 8.4 p.p.m. for G3 of 2 
relative to 4). 

Comparison of the data for the ED-g&&o derivative 6 and the p-tolyl- 
sulfonates 7 and 8 shows that sulfonylation caused up-field shifts in the resonances 
of the @-carbons (2.7 p.p.m. for C-l in 8 compared to 6, and 4.5 p.p.m. for C-2 in 
7 compared to 6) and strong deshielding of the a-carbons (shifts of 4.4 p.p.m. for 
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TABLE II 

OBSERVQ% RELATMZ SH~GRADlENI+* (‘Ii) FUR COMPOUNDS l-&6,7, AND s14 

coltlpound H-I H-2 n-3 H-4 H-5 H& H+Sc H-7 OH OiUe 

1 4.5 10 10 3.9 2.8 1.3 1.5 1.6 2.1 
2c 3.3 10 9.2 3.5 1.4 0.8 1.0 1.1 0.7 
3 6.6 6.9 10 3.3 3.6 1.7 1.7 1.6 28.1 2.1 
6 5.0 10 10 3.4 2.1 1.3 1.3 1.4 1.8 
7 9.1 10 6.2 2.3 2.7 1.3 1.7 1.4 17.7 4.14 

I2 4.8 9.4 10 4.2 2.8 1.6 1.3 1.4 1.5 
13 3.8 10 5.6 0.9 2.2 0.01 0.5 -0.2 19.0 1.3 
14 7.0 10 8.9 4.4 2.4 1.5 1.7 1.8 22.6 1.8 

q.p.m. per mol of Eu(fod), per mol of substrate. bAll shifts for a given compound arc normakd to 
tbe hydrogen(s) which exhibit the greatest induced shift. %xurate shift data could not be obtained for 
the hydroxyl proton since its signal broadened almost to tbe baseline with iweasiq Eu(fod)~substrate 
ratio. 

G2 in 8 compared to 6, and 7 p.p.m. for G3 in 7 compared to 6). Sulfonylation of 
HO-2 in 7 caused an upfield shift in the resonance of the @-carbon (2.5 p.p.m. for 
Gl in 7 compared to 8) and a down-field shift in the resonance of the a-carbon (8.9 
p.p.m. for C-2 in 7 compared to 8). Similar changes in the direction and relative 
magnitudes of shifts were observed for the D-gluwpyranoside sulfonates, 10, 11, 
and l3-I!!. 

The characteristic chemical-shift data provided in this report should wn- 
tribute to future ‘3Gn.m.r. assignments for more complex carbohydrate structures 
having selectively O-sulfonylated D-gluw- and D-galactopyranose units. 

Eu(fod),-induced shifrs. -Table II shows the relative shift gradients for l-3, 
6,7, and 1214 derived from the experimental plots of induced shift vs. molar ratio 
of shift reagent to substrate. The large shift values for the resonances of H-2 and 
H-3 in 12 and the wrrespondingly large shift value for H-2 and H-3 in 1 and 6, 
which were not individually resolved throughout the entire study, together with the 
relatively small value for the methoxyl group in each compound, indicate exclusive 
binding with the shift reagent by the hydroxyl groups. The results indicate that the 
shift reagent may occupy a position equally close to H-2 and H-3 and slightly nearer 
to H-l than to H-4. The large shift value for the hydroxyl signal for 3,7,X$ and 14 
indicates strong association of the shift reagent with the hydroxyl oxygen in each of 
these compounds. However, the shift-gradients for the resonances of the methoxyl 
protons in 3 and 7 (relative to the methoxyl signals for 2,6,12,13, and 14), together 
with the not kignikmt shift-gradients derived from a prehminary Eu(fodk 
induced shift study of ethyl p-tolylsulfonate, indicate a degree of competitive bind- 
ing with the shift reagent between the dominant hydroxyl and the methoxyl and 
p-tolylsulfony114 groups. 



EXPERIMENTAL 

‘H-N.m.r. spectra were recorded with JEOL MH-100 and GX-270 spectro- 
meters. W-N.m.r. spectra were recorded with the JEOL GX-270 spectrometer. 
Spectra were obtained for solutions in CDCl, (internal Me,Si). 
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