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ABSTRACT

The 'H- and "*C-n.m.r. spectra of seven inositol methyl ethers were recorded
and assigned. They were classified into five types, and the effect of O-methylation
on the chemical shifts of each type is discussed.

INTRODUCTION

For the study’ of dcuterium labelling of carbohydrates, we needed the 'H-
and '*C-n.m.r. spectra of several mono-O-methylated 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 typcs.

The '3C-n.m.r. spectra of all of the inositols are well known'*, 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 XXXIX, see ref. 1.
“On the staff of Université Scientifique ct Médicale de Grenoble.
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Fig. 1. The possible sterie arrangemenis of a methoxyl group with two adjacent hydrowyt groups.,
viewed from the methoxyl oxygen atom along its bond to the nng-carbon atom The etfects of O-methy-
laon {wath + ar — signs), and the chemmcal shifte. are sadwated m square brackets for PO, and
parentheses for 'H. signals

the methyl ethers, the *C spectra of four isomers. and the 'H spectrum of only one
isomer, were previously known.

NCWN.mLr. spectra

The effect. on the chemical shifls of carbon atoms in six-membered, abeyvelic
rings., of methylating u secondary hydroxyl group has beon  extensively
studied™ " . The signal of the carbon atom carrving the methoxyl group shifis
downfield by ~10 p.p.m.; those of the adjucent carbon atoms usually shift upficld
to various extents, depending on the configuration causcd by the substituents. If
both adjacent carbon atoms bear cquatorial hydroxyl groups. the shift is small
(Types A and D, Fig. 1). When one adjacent carbon atom carries an axial sub-
stituent, its signal shifts upfield by —3.5 to —4.5 p.p.m.. but that of the uther adja-
cent carbon atom shifts by® % only —0.2 to ~ 1.0 p.p.m. (B and E) The arrange-
ments A—E show the rotational orientations of the methy] group that are most fre-
quently populated (by dotted lines. if therc are several such vnientations). The ef-
fect of the methyl group on the "’C-chemical shifts has been explained 1n terms of
an intcraction of the methyl group with a hydrogen atorm on the carbon atom con-
cerned'": when they are in a 1,3-parallel arrangement there is a substantial, upfield
shift

The spectra of the inositol methyl ethers have been assigned on the basis of
these methylation shifts {see Table I}, Those of 3-O-methylepi-. 2- and 3-0-
methyl-chiro-, and 1-O-methyl-myo-inositol (1) have been previously assigned?;
two values for the latter had to be interchanged. conseguent on the carrections re-
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TABLE

13C-SHIELDINGS OF INOSITOL METHYL ETHERS IN DEUTERIUM OXIDE*

Inosuol Type® C-1 C-2 C-3 C-4 C-5 C-6 Me

O-Methyl-scylio-
D-1-O-Methyl-myo- (1)
2-0O-Methyl-myo-
D-1-O-Methyl-chiro- (2)
L-2-O-Methyl-chiro-*
D-3-(J-Methyl-chtro-¢
3-O-Methyl-epi- (3)

84.2 737 743 743 743 737 60.6
813 [684] 7.8 731 752 72.4 575
72.4 [83.6] 72.4 735 752 735 63.0
[82.4] 71.0 739 734 714 [08.9] 59.4
[682] 811 729 738 714 [72.3] 57.8
[72.3] 707 835 729 714 [72.5] 605
72.6 [726] 764 [726] 72.6 711 567

ol a--Nol-R-Ird

“In p.p.m. from external Me,Si. Square brackets denote carbon atoms bearing axial hydroxyl (or
methoxyl) groups. ®According to Fig. 1. “Ref. 3. “Ref. 1.

aH OH
o) oK
HO 3 HO
HO \ OMe HO . 1
3
HO HO
OMe
1 2
Ho OH
[e 5]
> 3,
oH
HO
3
HO
3

cently made to the assignments for myo-inositol®. The spectra of the other methyl
ethers could be unambiguously assigned with one cxception, that of 1-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 ef al.® 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-O-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 be assigned. Nor were the assignments of C-2 and C-5 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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p.p.m. Because only half the time is the methyl group closce to each of the hydrogen
atoms on adjacent carbon atoms, the effect is smaller than it isin Types B and E.|
where it is close most of the time. (Sec. note added in proof.)

The chemical shifts of the O-methyl group have been explained'” in terms of
1ts interaction with a substituent on the adjacent carbon atom. the 3, effect. The
chemical-shift values are diagnostic for the orientation of the methoxy! group and
of its neighboring substituents. The interaction is strong in 'Tvpes A and D, and the
methyl signal is found at low field (8§ >60). The methyl signal s at higher field (&
56.7) in the spectrum of 3-O-mcthyl-e¢pi-inositol (3) than iy that of any of the other
somers. In this type (C). there is no rotamer that has a3 8, effect: apparently. in
Type B, there is a small population of rotamers in which the 8, effect is operative.

The approximate valucs ot the mcthylation effect an ncighboring carbon

160

atoms, and the chemical shifts of the methyl group. are shown (in square brackets)
in Fig. | for cach type of methyl ether. These values arc also vahd for carbon
atoms. other than anomeric carbon atoms. in pyvranoid rings. if thev cach bear a hv-
droxyl group.

'H-N.m.r. spectra

The effect of O-methylation on the 'H-n.m.r. spectra of sugars has been
studied much less than that on '*C spectra, probably because fully resolved. 'H
spectra of sugars have become readily available only recently. Correlations have
been established concerning the chemical shifts of the methyl protons'' . but
there has been only onc detailed study of the methylation shifts of ring protons?*.
After methylation, the signal of the g-hvdrogen atom (that is. the onc attached to
the same carbon atom as the methoxyl group) shifts by ~ —0.3 p.p m . the y-hy-
drogen atom shifts to a varied extent. mostly downficld, depending on the configu-

TABLE 1]

'H SHIELDINGS OB INOSITOLS AND THFIR METHY L B THERSINDFUCTFRIUCM OXTDEY

Inosiol Type”  H-1 H-> H-3 2 H-3 H-6 Mo
scvilo 3 360 230 336 3 3 336 LT
—. (}-methyl- A 313 243 ERRY 3 36 336 343 360
myo- 254 {406) 354 363 38 3a2
—. D-1-(-methyl- {1} B 322 4 31] Aa2 .62 320 3o 344
— 2O methin - | 3] 350 |3.75) AS6 3 123 3 AT 15y
chure- [4.03] 373 356 35 TS 03]
—. -1-O-methyl- (2) ) ) [364] 37 3y B doe {422 3de
L1-2-0O-methyl- B {+.260] 340 -~ 3062 374 (4 un] 3 g
. D-3-O-ructhyl- A [+00] 3% 334 SA TS 0] 359
epi- 147 4 05] 372 14T O3NS
—. 3-()-methyl-* (3) [ 345 14214 A 37 RAS NS 3144

“In ppm trom internal sodium 4 d-dimethyl-4 wlapentane-1-wultanate  Sguare brackets denote
equatorial hydrogen atoms The coupling constants dre hsled n the Expenimental part "According to
Fig 1 ‘Ref 1
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ration, and the 8-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 (sce Table II). Two signals in the spectrum of 2-O-methyl-myo-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 er 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 Bruyn ef al. treated
the y-effect semi-quantitatively by the use of methylation shift-increments derived
from various derivatives of cyclohexane and 1,3-dioxane; the values of these incre-
ments were: ~ +0.03 for H(g,a)CH;, —0.22 for H(a,g)CHj;, 0 for H(a,a)CHsj,
+0.25 for H(g*,g7)CHa, and between —0.13 and —0.30 p.p.m. for H(g",g*)CHj;.
(The symbols describe the rotameric orientations, gauche 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*,g7)CH,; and
H(g.a)CHj; for the equatorial and the axial ncighboring 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-8-D-gulopyranose.

In Type C, there are two equivalent rotamers, and the increment should be
the average of H(g',g YCH; and H(g,a)CH,; the value found is slightly higher. A
similar value could be expected for (the as-yet-unexplored) Type F.

In 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 gauche ratamers contributed to the equilibrium, the y-shift
would be negative, being the average of H(g*,g")CH; and H(g,a)CHj. In fact, the
value is positive ( +0.07), indicating the presence of the gauche-gauche rotamer,
which causes a (positive) H(g',g7)CHj; increment. Using De Bruyn’s increment
values, the +y-shift observed would indicate that between 40 and 55% of the
methoxyl groups are in the gauche-gauche 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
(*J¢ 1) between the methoxyl-carbon atom and the closest ring-hydrogen atom in



28 5 P ANGY AL L ODIFR

r-1-methoxy-1-2 . -6-dimethyleyclohexance” was found to be 7.3 Hz. This valuc is far
too large for a gauche relationship''. and suggests that the methyl group and the
hydrogen atom arc astiperiplanar, as they would be in the ganche-gauche rotamer
of Type A. A further indication of the presence ot the gauciie-gauche rotamer is
given by some methylation shifts in the P*C-n.m.r <spectra. The methylation shift
of the adjacent carbon atom that bears an axial hydrogen atomis -1.01n Type B,
presumably due to the y-trans-effect of the methyl group'”. Because, in Type A.
the methyl group is frans to cach axial hydrogen atom for only half the time, the ef-
fect should be only —0.5 p.p.m.; the larger effect found can be cxplained by the
presence of the gauche-gauche rolamer.

In Type D. the y-cffect should also be negative, the average ot Ha,g)CHs
and H(a,¢)CHa; in fact, a small positive vaiue was found. This discrepancy suggests
that the preponderant orientation may not be one of the gauche orientations shown
in Fig. 1 (which have severe steric interactions), but, rather. onc in which the
methyl group and the ring-hydrogen atom arc almost celipsed. No inctement valuc
is known for such an orientation. This suggestion is supported by the finding'” that
ey for r-1-methoxy-c-2 c-6-dimethyleyclohexane (also o Type D compound) is
particularly large (9.2 Hz). This value cannot reflect a 180° dihedral angle (the
ganche-gauche rotamer being particularly hindered), but probuably corresponds to
an angle of (°. Several similar cyclohexane derivatives have large “J, gy values'”.
However, in the spectrum ot such an cclipsed rotamer, the methylation shift ot the
B-hydrogen atom should be larger'® than the value observed Clearly. the
rotameric distribution of Type I» requires further examination.

The B-cffect of methylation, that is, the shift of the hydrogen atom geminal
to the methoxyl group., is caused by the methyl group’s bueing syn-cfinael 1o the hy-
drogen atom, and has a valuc of —0.3 to 0.4 p.p.m. in most ¢

ases. Only in Type
A is it smaller, -~ —0.22 p.p.m., again suggesting that there s a considerable con-
tribution of the gaieche-gauche rotamer, in which the methyl group is antiperiplanar
to the hydrogen atom. and therefore causes a downticld shift!c.

The S-ctfect is small; when the methoxyl group is equatorial. it s negligable
(between —0.03 and +0.03 p.p.m.). but, when it is axial. there 1s a clearly distin-
guishable, upfield shift of the signal of the sva-axial hvdrogen atom { —0.04 to
—0.09 p.p.m.).

The chemical shift of the methyl group is also characteristic. In types A and
D, it is § 3.60. but, in the other types. it is 8 3.45. The former value reflects the ef-
tect of steric crowding.

All of these methylation changes are shown in Fig. I, in parcntheses., clas-
sified according to types of orientation. It is to be hoped that these values will also
be found valid for pyranoscs, but, apart from the examples given by De Bruyn ef
ul.'*. there seem 1o be few data against which they could be checked Agam, these
values do not apply to anomeric hvdrogen atoms.

FNotaton® ¢ = crs, r = reterence. £ = tramy
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EXPERIMENTAL

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 *C spectra, 1,4-di-
oxane (8¢~ 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, , 2.75, J, £ 9.9, and J, 5 9.2 Hz; for those of chiro-in-
ositol, J; 5 3.0, /33 9.5, J5 4, 9.5, and J, ; 3.2 Hz; and, for that of epi-inositol, J, 3
3.2,7,,2.75,and J| 4 10.0 Hz.
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NOTE ADDED IN PROOF

Type F, not encountered in our work, occurs in 1,6-anhydro-3-O-methyl-8-
D-glucopyranose; the y-effectis —3.6 and —3.7 p.p.m. The pyranoid chair is, how-
ever, somewhat distorted in this compound.
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