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ABSTRACl 

The ‘H- and “C-n.m.r. spectra of seven in&lo1 methyl ethers were recorded 
and assigned. They were classified into five types, and the effect of 0methyl&ion 
on the chemical shifts of each type is discussed. 

INTRODUCTION 

For the study’ of dcuterium labelling of carbohydrates, we needed the ‘H- 
and ‘sC-n.m.r. spectra of several mono-O-mcthylated inositols. When these 

spectra had been assigned, we found ourselves with a collection of data that threw 

some light on a much studied and often discussed subject, namely, the effect of O- 
methylation on the chemical shifts of carbon atoms and of the hydrogen atoms at- 
tached to them 

There are six possible geometrical arrangements of a methoxyl group and of 
one other substituent on each of the adjacent carbon atoms in a six-membered ring; 
they are shown in Fig. 1. Our compounds included five of these arrangements, 
more than those encountered in previous studies; we therefore used this opportu- 
nity to revise and update the existing data. The sixth arrangement (F) is not found 
among the (monocyclic) inositols or pyranoses; the similarity of its geometry to 
that of Type C suggests that the effect of methylation would be similar for these 
two types. 

The ‘“C-n.m.r. spectra of all of the inositols are well known’.3, but the ‘H- 
n.m.r. spectrum of only one isomer (epi) has been described’; those of the others 
are, however, first-order at 250 MHz, and are therefore readily assigned. Among 

‘Cyclitols, Part XL. For Part XXXTX, see ref. 1. 
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TABLE I 

rnosrro1 T>&’ C-l C-2 C-3 C-4 C-5 C-6 Me 

O-Methyl-scyllo- A 84.2 73.1 74.3 74.3 74.3 73.7 60.6 
o-l-0-Mrthyl-myo- (I) B Xl.3 [6X.4] 71.X 73.1 75.2 72.4 57.5 
Z-O-Methyl-myo- D 72.4 [83.6] 72.4 73.5 75.2 73.5 63.0 
o-I-0-Mcll~yl-chiru- (2) E [82.4] 71 II 73 9 73.4 71.4 [68.9] 59.4 
~-_23-_~~-_M~e~tth~yyl,-_~~~~~~~r~~~-_~- ‘ B A [72.3] [6X 21 70.7 81.1 72.9 83.5 73.8 72.9 71.4 71.4 [72.3] [72.5] 60.5 57.8 

3-O-Mrthyl-epi-n (3) C 72.6 [72.h] 7h.4 (72 61 72.6 71.1 56.7 

?n p.p,m_ from external Me,Si. Square brackets denote carbon atoms hearing axial hydroxyl (IX 

methoxyl) group “Accordmg to Fig. 1. ‘Ref. 3. “Ref. 1. 

cently made to the assignments for myo-inositolz. The spectra of the other methyl 
ethers could be unambiguously assigned with one exception, that of l-O-methyl- 
chiro-inositol (2). In the nonmethylated parent compound, C-3 and C-4 are mag- 
netically equivalent. The signal of C-4 should not be altered by methylation, owing 
to its distance from O-1. Blunt et a1.s assumed that methylation of an axial hydroxyl 
group does not affect the signal of the y-carbon atom, and we found that this was, 
indeed, true for 2-0-methyl-myo-inositol: hence. the signal of C-3 should not be 

shifted, either. However, two separate signals were found for C-3 and C-4, and 
they could not he assigned. Nor were the assignments of C-2 and C-S fully convinc- 
ing. We were unable to assign this spectrum until the ‘H-n.m.r. spectrum was as- 

signed, and partial deuterium labelling had been performed’. 
A case of methylation shifts not previously encountered is that (C) of an 

equatorial methoxyl group between two axial hydroxyl groups. This occurs in 3-O- 
methyl-epi-inositol (3), and the shift of the neighboring carbon atoms is -2.9 
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ration, and the a-hydrogen atom shows a small upfield shift if it is syn-axial with the 
methoxyl group. 

On the basis of these correlations, and after matching the coupling constants, 
it was possible to assign the signals in the ‘H-n.m.r. spectra of all of the inositol 
methyl ethers (see Table II). Two signals in the spectrum of 2-O-methyl-myn-in- 

ositol were very close to each other. even at 250 MHz. and the chemical-shift 
values are only approximate. Several signals in the spectrum of 1-O-methyl-chiro- 
inositol have similar chemical shifts, and the assignments were therefore checked 
by progressive decoupling; they proved to be correct. 

De Bruyn et al.” discussed the correlation between conformation and methy- 
lation shifts as applied to five monomethylated aldoses. The y-effect, that is, the 
change in the shift of a hydrogen atom on the adjacent carbon atom, depends on 
the proximity of the methyl group to that hydrogen atom. De Rruyn et al. treated 
the y-effect semi-quantitatively by the use of methylation shift-increments derived 
from various derivatives of cyclohexane and 1.3-dioxanc; the values of these incre- 
ments were: - fO.03 for H(g,a)CH3, -0.22 for H(a,g)CH,, 0 for H(a,a)CH,, 
+0.25 for H(g+,g-)CH1, and between -0.13 and -0.30 p.p.m. for H(g’,g*)CH3. 
(The symbols describe the rotameric orientations, gnu&e or anti, along the C-C 

and the C-O bonds, viewed from the hydrogen atom.) 
The methylation shifts due to the y-effect in the various types of inositol 

methyl ethers are shown in Fig. 1, in parentheses. In Types B and E, where only 
one rotamer needs to be considered, the increments are H(g+,gm)CHS and 
H(g,a)CH, for the equatorial and the axial neighboring hydrogen atoms, respec- 
tively, and these are in good agreement with our observed data (see Fig. 1). Similar 
values were found by De Bruyn et al. for 3-O-methyl-P-D-gulopyranose. 

In Type C, there arc two equivalent rotamers, and the increment should be 
the average of H(g+,g )CH, and H(g,n)CH,; the value found is slightly higher. A 

similar value could be expected for (the as-yet-unexplored) Type F. 
Tn the case of Type A, there are three rotamers to be considered (see Fig. 1). 

Dorman and Roberts” concluded, from the observed chemical-shift changes of the 
carbon atoms, that the population of the gauche-gauche rotamer must be substan- 
tially smaller than that of the two other rotamers. Yet it is hard to see why it should 
not make a significant contribution to the equilibrium, as its two gauche interac- 
tions are less unfavorable than the 1,3-parallel interactions in the other two rotam- 
ers. If only the two guuche rotamers contributed to the equilibrium, the y-shift 
would be negative, being the average of H(g+,g+)CH, and H(g,o)CH,. In fact, the 
value is positive ( +0.07), indicating the presence of the gauche-gauche rotamer, 
which causes a (positive) H(gt,gm)CH3 increment. Using De Bruyn’s increment 
values, the y-shift observed would indicate that between 40 and 55% of the 
methoxyl groups arc in the gauche-gnu&e orientation. 

There is also an indication in Haines and Shandiz’s work’” for the presence 

of the gauche-gauche rotamer in Type A compounds. The three-bond coupling 
(3Jc,H) between the methoxyl-carbon atom and the closest ring-hydrogen atom in 
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EXPEKIMENI’AL 

N.m.r. spectra were recorded with a Cameca 250 spectrometer in Grenoble, 

and with a JEOL JNM-FX-100 spectrometer in Sydney. For the ‘%Z spectra, 1,4-di- 

oxane (6, 67.4) was used as the internal standard. The coupling constants, not 

shown in Table II, are listed here: for the methyl ether of scyllo-inositol, J 9.2 Hz; 

for those of myo-inositol, J,,2 2.75, J,,, 9.9, and JJ,s 9.2 Hz; for those of chiro-in- 
ositol, J,,* 3.0, J2.3 9.5, Jj.4 9.S, and JI,h 3.2 Hz; and, for that of eppi-inositol, Jz,? 

3.2,J,,,2.75, andJI,hlO.OHz 
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NOTE ADDED IN PROOF 

Type F, not encountered in our work, occurs in 1,6-anhydro-3-O-methyl-& 

D-glucopyranose; the y-effect is -3.6 and -3.7 p.p,m. The pyranoid chair is, how- 

ever, somewhat distorted in this compound. 

REFERENCES 

I S. J. ANOYALANDL. Oorm, Corbohydr. Res., 100 (19X2) 4s-54. 
2 S. J. ANGYALANDL. ODIER. Carbohvdr Res.. 123 (1983) 13-22. 
3 D. E. DORMAN, S. .I. AN~‘AL,ANDJ:D. Ro&us,i. Am. Chem SM.. 92(1970) 1351-1354. 
4 S. J. ANGYALANDR. J. HICKMAN. Aust. .I. Chem.. 28 (1975) 1279-1287. 
5 D. E. DORMANA~DJ. D. ROBERTS, J. Am Chem Sot.. Y2(1970) 1355-1361. 
6 D. E. DOKMANANDJ. D. ROHPRTS,J Am Chem. So<., 91(1971)44634%72. 
7 W. VOBLTER, E. BREI~AIER. E. B. RATHBOZIE. AND A. M. STEPHEN, Tetruhrdrun, 2Y (1973) 3845 

3848. 

8 .I. W. BLIINT, M. H. G. Mu~no, AND A. J. PAT~SON, Atut. 1. Chem.. 29 (1976) I 115-I 118. 
Y S. A. ABBAS, A. H. HAINES.ANDA. G. WELLS, J Chevn. Sot., Perkin Trot&s. I, (1976) 1351Ll357. 

10 A. H. HAINE~ AND M. S. SH~NDIZ, J. Chum. Sot , Pm&in ‘nuns. I, (19111) 1671&1678. 
11 E B. RAIIIUONE. A. M. S.I.BPH~N. AND K. G. R. PACHLEK. Curbohydr. Res.. 20 (1971) 357-367; 23 

(1972) 275-282. 
12 J. ~~AVERKAMP. I. C. P.M. VANDONFEN.ANO J. F. G. “uec~mk,anr, Corbohydr. Res.. 33 (1974) 

319-327. 
13 A. DE BRIIYN, M. ANTEUNIS, AND P. KovAe, Coilat. Czech. Chem. Commun.. 42 (1977) 3057- 

3068. 
14 G. K. HAMEK, F. B&m, N. CYK. AN” A. S P~KLIN, Can. .I. Chem 56 (1978) 3109-3116. 
15 E L. ELIEI., W. F. BAILEY, L. D KOPP, R. L. WILLER, D. M. GRANT, R. BFRTRAN~. K. A. CHKIS- 

TENSES, D K Dal I INO, M W DIIUI, E WI-NKF~I-. F. M. S~HFII nunD W. C~CHRAN. 3. Am. 

Chem. Sot., 97 (1975) 322Z330. 
16 M. ANTEUNISANDD. DANEELS, Org Mugn. Rewn., 7 (lY75) 345-348. 
17 H PAULSCN. V. SINNWI%L.AND W. Ci~tv~. C’urbohydr R,,s 4’) (1076) 27-35; N. GIILLYEV. A. YA. 

Smavnri-a. A. F SYIKIUOV, A. S. SIIA~HK~V. AND 0. S. Cwzmv, Bworg Kh’him.. 3 (1977) 50-54. 
Chem. A&r.. 86 (lY77) 121.647~ 


