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Abstrad.-The chemical shifts of 13C in natural abundance have been obtained
from nuclear magnetic resonance spectra of scyllo-, myo-, chiro-, and epi-inositols
at 15.1 MHz. A set of empirical substituent parameters were derived and shown
to be moderately successful in correlating the 13C resonance-line positions for
these substances. The substituent parameters conform generally to the idea that
steric hindrance or proximity effects are of special importance in influencing
chemical shifts of carbons in cyclohexane systems.

As part of our investigation of 13C0NMR spectra of biologically important
compounds,' we have examined several of the inositols. These substances are
convenient models for the monosaccharides, and study of their spectra has been
instrumental in the interpretation of the 13C spectra of sugars.2
The 13C spectra of scyllo- (1), myo- (2), chiro- (3), and epi-inositol (4) were

taken in approximately 5 M aqueous solutions, using single-frequency proton
decoupling1' 3 with the digital-frequency sweep spectrometer described pre-
viously.4 Identification of the resonances was accomplished by the relative
positions of single decoupling frequencies and the study of some 0-methylated
inositols. The chemical shifts so obtained are given in Table 1, and it will be
seen that, in contrast to the proton resonances of the same substances, the peaks
are generally very well separated (the spectrometer resolution is normally better
than 0.1 ppm).

llH H H1H H HOH H

HO /JSOH HO
3 OH HO 2 OH

HO OH H OH HN OH
H OH H OH HH

scyllo- myo- chiro-
1 2 3

HH H H1H OH
HO OH HO 4H

H OH H /OH
OH HOH OH SIH

epi- neo-
4 5

612



VOL. 63, 1969 CHEMISTRY: DORMAN, ANGYAL, AND ROBERTS

TABLE 1. 'IC chemical shifts of inositols.
Inositol Carbon no.* Equationt Acs (ppm) 4lo
8se1lo 1-6 118.2 (118.2)
myo 1, 3 119.5 119.9

2 119.7 (119.7)
4, 6 7 120.8 121.0
5 a 117.6 117.5

chiro 1, 6 120.3 120.3
2, 5 + z 121.4 122.7
3, 4 -r + a 119.1 120.3

epi 1, 5 a + a 120.2 119.2
2,4 xi 117.4 117.4
3 2,8 121.8 121.6
6 2e 125.1 123.8

* Carbons are numbered as in 1-4.
t Not including references values of 118.2 or 119.9 ppm as appropriate.

The data in Table 1 permit derivation of a set of empirical constants which can
be used to correlate and predict the spectra of the inositols as well as many of
those carbohydrates which occur with pyranose rings.2 5 For carbons carrying a
single equatorial hydroxyl group and surrounded by carbons all with equatorial
hydroxyls, the position (118.2 ppm) of the single carbon resonance of scyllo-
inositol (1) provides an obvious reference point. Changes in chemical shift will
be expected with changes in the configurations of the hydroxyls in the molecules
while the hydroxyl on the carbon under consideration is kept in the equatorial
position. In the ensuing discussion, we will let 13 represent the shift in ppm
caused by a change in hydroxyl configuration on the immediately adjacent car-
bon,6 while 'y and 5 will represent the shifts associated with changes in configura-
tion of hydroxyls on -y and 5 carbons, respectively. On this basis, the C-1 reso-
nance of epi-inositol (4) will be expected to be observed at ,1 + a ppm relative to
the carbon resonance of scyllo-inositol (1).
For carbons having an axial hydroxyl group, another reference point is re-

quired and we will use the C-2 resonance (119.7 ppm) of myo-inositol (2) for this
purpose. The changes in shift connected with changes of configuration of other
hydroxyls in the molecule will be designated as 1', y', and 5'. The shift of the
C-2 resonance of epi-inositol (4) will then be y'.

Best values for the constants 8, 13', -y, etc., obtained by the method of least
squares in ppm are as follows: 13 = 1.7 0.3, y = 2.8 i 0.3, 5 = -0.7 d 0.5,
A' = +0.6,5and a' =-2.3 8

Unfortunately, neo-inositol (5) was not sufficiently soluble to permit a deter-
mination of 6'. The chemical shifts calculated for the inositol carbon resonances
are compared with the experimental values in Table 1. The agreement corre-
sponds to a linear correlation coefficient of 0.93 with a standard deviation of 0.8
ppm. This is not itself an especially impressive achievement in that it involves
the fitting of a five-parameter equation to ten independent chemical shifts.
Nonetheless, the parameters so obtained have proved very useful in correlating
the carbon chemical shifts of monosaccharides.2
The pattern of the parameters 1, y, etc., generally conforms to the idea that

steric hindrance or proximity effects are especially important. Thus 'y and y'
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have the largest numerical values, as befits 1,3-diaxial interactions in these sys-
tems,5' 7 9. lo while 6, the long-range parameter, is small.
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(Reich, H. J., M. Jautelat, and J. D. Roberts, manuscript in preparation).


