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ABSTRACT 

1.r spectroscopy has been used to obtain frequency shifts and integrated in- 
tensities of the hydroxyl-stretching vibration band for intramolecular hydrogen- 
bonding in 14 phenyl mono-, di-, and tri-0-methyl-P-D-glucopyranosides in solu- 
tion in dilute carbon tetrachloride. Intramolecular hydrogen-bonding with charac- 
teristic differences were exhibited by these compounds and the results were inter- 
preted in terms of the conformation of the hydroxyl group. Forp-substituted phenyl 
3,4,6-tri-0-methyl-/3-D-glucopyranosides. the hydroxyl-stretching vibration bands 
were also measured for dilute solutions in carbon tetrachloride, and a linear re- 
lationship was found between the shift to a lower wave number and the Hammett 
ap constant. This shift was attributed to intramolecular hydrogen-bonding between 

HO-2 and O-l which has a weaker proton-accepting ability than that of MeO-3. 

INTRODUCTION 

Intramolecular hydrogen-bonding in alicyclic compounds has often been 
studied by i.r. spectroscopy because hydroxyl-stretching vibration bands provide 
much information on the molecular conformation1-5. However, although i.r. 
studies have been conducted on intramolecular hydrogen-bonds in sugars’je9, no 
systematic studies have been carried out on methylated derivatives of phenyl P-D- 
glucopyranoside which possess a bitter taste. We now report on intramolecular 
hydrogen-bonding in the phenyl mono-, di-, and tri-O-methyl-@D- 
glucopyranosides 1-14 and the p-substituted phenyl 3,4,6-tri-O-methyl-P-D- 

glucopyranosides 15-17. 

*To whom correspondence should be addressed. 
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1 H Me Me 
2 Me H Me 
3 Me Me H 
4 Me Me Me 
5 H H Me 
6 H Me H 
7 H Me Me 
8 Me H H 
9 Me H Me 

RESULTS AND DISCUSSION 
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The spectra of 1-17 showed only the hydroxyl-stretching vibration bands ( vOH 
band) of the intramolecularly hydrogen-bonded hydroxyl groups. The i.r. para- 
meters obtained are shown in Table I, together with the Hammett up constants’” of 
the substituents (X) in the p-substituted phenyl glycosides; vor, and A,, are the 

O 
I I 
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Fig. 1. 1.r. spectra (2-cm cell) of phenyl tri-0-methyl-/3-D-glucopyranosides in carbon tetrachloride: 1 
(2.893 mM. -------), 2 (3.245 mM, . .), 3 (3.104 mM, .-.-,-.-.), 4 (2 554 mM. -). 
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TABLE I 

1 R PARAMETERS’ 

Compound “OH hWb 

(cm-t) {cm - t) (Emo[-‘.drn3.cm-1) 
Av,,z IO-4 A,, UP’ 
(cm-‘) (moi-‘.dm’.cm-‘) 

Tri-O-methyl derivatives 
1 3610 16 91.8 22.4 0.79 0 

2 3598 28 15.3 33.5 0.91 

3 3600 26 60.0 35.5 0.77 

3528 98 29.6 57.0 0.61 

4 3606 34 87.3 21.4 0.68 

Di-O-methyl derivatives 
5 3612 

-3599 
6 3605 

3524 
7 3608 
8 3604 

3533 
9 3604 

10 3605 
-3562 

14 

-27 
202.0 

21 160.0 

102 29.5 

- 185.0 

22 196.0 

93 28.3 

- 157.0 

- 153.0 
-78 -14.7 

27.2 2.0 

30.2 1.7 
57.0 0.61 

22.8 1.5 
26.1 1.9 
61.0 0.62 
28.4 1.6 

30.6 1.7 
-42.2 -0.22 

Mono-O-methyl derivatives 
11 3608 18 - - - 

.3530 -96 
12 3603 - - - 
13 3605 - - 

14 3608 - 270.0 26.1 2.6 

p-Substituted phenyl3,4,6-tri-O-methyl derivatives 
15 3615 11 99.9 

-3593sh -33 

16 3611 15 91.2 

17 3608 18 102.0 

23.5 0.85 +0.778 

22.6 0.74 +0.227 

21.6 0.80 -0.170 

‘Concentration below 4mM. bAvo, = 3640 - voH or Au,, = 3626 - voH; 3640 and 3626 cm-l are the ho,, 

values of free primary and secondary alcohols, respectively”. CHammett uD constantlo. 

frequency and the integrated intensity of the vOH band, respectively, and Av,, is 
the magnitude of the shift to a lower wave number from the corresponding free vOH 
band. The v,, values for free hydroxyl groups were assumed to be 3640 and 3626 
cm-i for primary and secondary alcohols, respectively, as reported by Oki and 
Iwamurali. Typical spectra are shown in Fig. 1. 

In the tri-O-methyl derivatives 1-4, which have one unsubstituted hydroxyl 
group, two conformations containing the hydrogen bond are possible, as shown in 
the formulae la-db. The Avon value of 1 is the smallest in the series 1-4, and about 
half the value for 2 which has the hydrogen bond between hydroxyl and methoxyl 
groups. These findings suggest that HO-2 of 1 is hydrogen-bonded to O-l (la). In 
order to confirm this view, the effect of the substituent on the vOH band of the 
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~-substituted phenyl 3,4,6-tri-O-me?hyl-~-D-gIucopyranosides 1 and 15-17 was 
examined since the proton-accepting ability is proportional to the electron density 
on O-1. The Avon value in these compounds decreased as the electron-withdrawing 
character of the ~-substituent increased. As shown in Fig. 2, a good linear relation- 
ship (r 0.99) was obtained between the AvoW values and the Hammett rrn constants. 
Furthermore, a symmetrical vOH band was obtained for 1, 16, and 17, but not 15. 
These results indicate that. in these compounds, conformation la is preferred and 
lb does not exist, in spite of the fact that the pr~tol~“accepting ability of O-1 is 
weaker than that of O-3. However, 15, which has a p-nitro group, gives an unsym- 
metrical band at 3615 cm--r with a shoulder at 3593 cm-’ (dvo, 33). Since the latter 
absorption agrees with the hydrogen-bonded van band at 3592 cm-.’ f..Jvou 34) of 
3ff-methoxy-5~,25D-spirostan-Z~“ol~.~, which possesses a similar rel~~tionship of the 
hydroxyl and methoxyl groups, the band was assigned to the hydrogen-bonded 
hydroxyl group as in lb. indicating that an equiIibrium exists between la and Ib in 
15. 

For 2, a symmetrical troH band was observed at 3598 cm-’ (dv,, 28). in- 
dicative of a hydrogen bond involving HO-3 and O-2 or O-4, arId its absorption 
also agreed with the voH band of 3a-methoxy-S&ZD-spirostan-2@oP5. Therefore, 
2 may exist in conformation Za and/or 2b. 

As shown in Fig. 1, 3 gives two symmetrical bands, with peaks at 3600 (Au,,, 

26) and 3528 cm-’ (dvoH 98). The bands at 3600 and 3528 cm-’ were assigned to 
the hydrogen-bonded hydroxyl groups as in 3a and 3b, respectively. because the 
former absorption corresponds to that of 2 and the latter to the hydrogen-bonded 
vOH band of 3547 cm-l (Av,, 93) of 3-methoxypropanoP. Based on the A,,,, value 
of the van band of2, it is estimated that 3 consists of -85% of 3a and -15% of 3b. 

For 4, a symmetrical vgH band was recorded at 3606 cm-” (Avon 34). This 
band was assigned to HO-6 hydrogen-bonded to the ring oxygen (O-5) as in 4b, 

20 I- 

Fig. 2. Plots of the AvoH vatues against Hammett o,, ccmstants IIY ~-suh~t~tllted phenyl 3,J.&trl-O- 
methyl-gn-glucopyranosides $7 (X = MC), 1 (X = H), 16 (X = Cl), and 15 (X = NO:) 
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because the band corresponds to that at 3607 cm-’ (Av 33) for 2-methoxyethanoP 

and indicates a preference for the formation of a five-membered rather than a six- 

membered ring in 4. 
The di-O-methyl derivatives 5-10 have two hydroxyl groups, which are 

vicinal in 5, 8, and 10. The spectral data (uOH and A,,) of 6, 7, and 9 agree well 

with the values estimated from the sums of those of the corresponding tri-O-methyl 
derivatives 1 and 3, 1 and 4, and 2 and 4, respectively, indicating that, in these 
compounds, the conformations of the two hydroxyl groups are identical to those in 
the tri-O-methyl derivatives described above. The spectral data of 5 and 8, but not 
of 10, agree approximately with the values estimated from the sums of those of the 
corresponding derivatives 1 and 2, and 2 and 3, respectively, suggesting that the 
conformations of the two hydroxyl groups are similar in these two series of com- 
pounds. However, the spectral data of 10 do not agree with the sum of the values 
for 3 and 4. 
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For 10, the three conformations 5a-c are possible. The band at 3562 cm-’ of 

10 is very close to that of the hydrogen-bonded hydroxyl group at 3565 cm-’ (Au,, 

75) of 1,3-propanediol 12. Thus, this band was assigned to the hydroxyl group that 

functions as a proton donor in conformation 5a, in which hydrogen bonding can 

occur between HO-4 and O-6, or in 5b, between HO-6 and O-4. The conformation 

Sa should show a free vOH band for HO-6, since the distance between HO-6 and 

O-5 is greater than the maximum for hydrogen-bonding1,5. Consequently, the 

absence of the free vOH band in the spectrum of 10 was regarded as evidence of the 

absence of conformation 5a, corresponding to 3b, whereas the hydrogen-bonded 

vOH band at 3562 cm-’ (AL+,, 78) was regarded as being for 5b, corresponding to 

4a which does not occur, with the band at 3605 cm-’ being mainly for 5c. Based on 

the relationship5 of AvoH and A,,, conformation Sb was estimated to be -15% 

and SC 85% for 10. 
The Lou values of mono-O-methyl derivatives 11-14 having three hydroxyl 

groups were obtained, but not their A,, values, except for 14, because of their low 

solubilities in carbon tetrachloride. Only 11 showed a main vOH band at 3608 cm-l 

and a weak vOH band at 3530 cm-’ (AvoOH 96); the latter corresponds to the vOH 

band in 3b, but the others, 1214, showed only one van band at 3603, 3605, and 

3608 cm-‘, respectively. Therefore, clear relationships between the hydrogen- 

bonding patterns and the conformation equilibria could not be established, al- 

though these compounds may be distinguishable from each other. 

The A,, values for the vOH band at wave numbers higher than 3598 cm-’ in 

the di-O-methyl derivatives 5-10 and mono-O-methyl derivative 14 are about two 

and three times greater, respectively, than those of the tri-O-methyl derivatives 

l-4. 

The findings reported here should be useful for understanding the i.r. 

behaviour in analogous systems and for investigating intramolecular hydrogen- 

bonding. 

EXPERIMENTAL 

General methods. - Melting points (uncorrected) were determined with a 

Shimazu MM-2 apparatus. ‘H-N.m.r. spectra (internal Me,Si) were recorded with 

a JEOL PS-100 spectrometer. Optical rotations were determined with a Union PM- 

101 polarimeter. Routine i.r. spectra were obtained with an Hitachi Model 215 

instrument. Measurements of intramolecular hydrogen-bonding were carried out 

using a JASCO DS-403G spectrometer calibrated in the usual manner, t4mM so- 

lutions in carbon tetrachloride (distilled from and stored over P,O,), and a cell 

length (I) of 2 or 5 cm. Ramsay’s methodi was used to calculate the values of A,,, 
defined as A = (7r/2)[In (ZJI)lc . I]A+ (mol-‘.dm3.cm-2), where In (Z,JZ)c . 1 is the 

absorption coefficient (mol-1.dm3.cm-1) at the band maximum and Av,,~ is the band 

width (cm-‘) at half intensity. The accuracies of van and A,, are within 41 cm-l 

and t3%, respectively. All measurements were carried out at -27”. 
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The phenyl P-D-glucopyranoside derivatives 1-14 were purified by recrystalli- 
sation until their physical constants agreed with the published values14. 

p-Nitrophenyl3,4,6-tri-O-methyl-~-D-glucopyranoside (15). - A suspension 
of 3,4,6-tri-O-methyl-/3-D-glucose1s (1.20 g) and anhydrous sodium acetate (1.32 g) 
in acetic anhydride (8.2 mL) was stirred at 100” for 1 h, cooled, and poured into ice 

and water. After being stirred for 3 h. the mixture was extracted with ethyl acetate, 
and the extract was washed with water, aqueous NaHCO,, and water, dried 
(Na,SO,), and concentrated under reduced pressure. A mixture of a portion (1.40 
g) of the resulting acetate (1.48 g), p-nitrophenyl (4.04 g), and toluene-p-sulfonic 
acid (0.04 g) was stirred at 80” for 1 h, and then extracted with ethyl acetate. The 
extract was washed with water, aqueous 5% NaOH, and water, dried (Na,SO,), 
and concentrated under reduced pressure. The yellowish, oily residue was sub- 
jected to column chromatography (silica gel 30 g; hexane-thy1 acetate) to give a 
major (520 mg, 30%) and a minor product (239 mg, 14%). A solution of the minor 
product in methanolic 0.1~ sodium methoxide (5 mL) was stirred at room temper- 
ature for 20 min, neutralised with Amberlite IR-120 (H+) resin, filtered, and con- 
centrated under reduced pressure. The residue (189 mg) was purified by column 
chromatography (silica gel, 10 g; chloroform-ethyl acetate) to give 15 (149 mg, 
62%), m-p. 118.3-119.3” (from carbon tetrachloride), [(u]h7 -81” (c 0.7, 
chloroform); z&~~‘~ 3600 (OH), 1590 (C=C, phenyl), 1340 (NO,), and 1079 cm-’ 
(C-O-C). ‘H-N-m-r. data (CDCI,): 6 3.39, 3.56, and 3.70 (3 s, 9 H, 3 OMe), 4.94 
(d, 1 H, J,,, 9 Hz, H-l), 7.08 and 8.14 (2 d, each 2 H, J 9 Hz, aromatic protons). 

Anal. Calc. for C,,H,,NO, (343.34): C, 52.47; H, 6.17; N, 4.08. Found: C, 
52.25; H, 6.14; N, 4.06. 

p-Chlorophenyl 3,4,6-tri-0-methyl-P-D-glucopyranoside (16). - This com- 
pound, synthesised as described above but using p-chlorophenol, had m.p. 120.0- 
120.5” (from ethanol), [cx]F 37.5” (~0.5, chloroform); v$!$‘s 3580 (OH), 1580 
(C=C, phenyl), and 1058 cm-’ (C-O-C). ‘H-N.m.r. data (CDCI,): 6 3.40, 3.56, 
and 3.69 (3 s, 9 H, 3 OMe), 4.78 (d, 1 H, J,., 8 Hz, H-l), 6.95 and 7.24 (2 d, each 
2 H, J 9 Hz, aromatic protons). 

Anal. Calc. for C,,HZIC1O, (332.786): C, 54.14; H, 6.36. Found: C, 54.38; H, 
6.38. 

p-Methylphenyl 3,4,6-tri-0-methyl-P-~glucopyranoside (17). - This com- 
pound, synthesised as described above but using p-toluol, had m.p. 92.5-93.5” 
(from benzene-light petroleum), [a];’ -49” (c 0.8, chloroform); v$Z~‘~ 3575 (OH), 
1611 (C=C, phenyl), and 1055 cm-’ (C-O-C). lH-N.m.r. data (CDCI,): 6 2.30 (s, 
3 H, p-Me), 3.39, 3.56, and 3.68 (3 s, 9 H, 3 OMe), 4.74 (d, 1 H, J1,2 8 Hz, H-l), 
6.44 and 7.02 (2 d, each 2 H, J 9 Hz, aromatic protons). 

Anal. Calc. for C16HZ406 (312.368): C, 61.52; H, 7.75. Found: C, 61.51; H, 
7.73. 
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