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 The solvent effect of high resolution 

proton magnetic resonance has been investigat-
ed by many workers1-3), recently. We also 

reported that the HCN,-C-CH, and-CH3 

protons show quite large solvent shifts). In 
this paper, we will show the results of the 

investigations for methyl protons in varidus 

compounds. 

 Chemical shifts of the NMR spectra of 

methyl protons in a number of organic

Fig.1. Solvent shifts and Hammett's a of

 substituted toluenes.

compounds dissolved in solvents such as 
benzene, pyridine, dioxane, and carbon tetra-
chloride were measured by the internal reference 
method. Each sample consists of solute, 
solvent, and cyclohexane as the internal 
reference, with a molar ratio of 1: 9: 0.25, 
and is sealed in a glass tube of 3.5mm. 0. D. 
The apparatus of the NMR measurement is the 
one constructed by one of the authors (S. F.), 
and is operated at 27 Mc. The details of this 
set-up were reported elsewhere'). The chemical 
shifts of the methyl protons of the samples 
were measured on the recorded charts as the 
separations from cyclohexane by taking the 
separation between toluene CH3 and cyclohex-
ane as 0.75 p.p.m. This value of the reference 
was determined by the side-band techniques).

Fig. 2. Chemical shifts of CH3 protons
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Fig. 3. Chemical shifts of CH3 protons. Fig. 4. Chemical shifts of CH3 protons.

TABLE I. CHEMICAL SHIFTS OF METHYL PROTONS



February, 1961] Solvent Shift of Methyl Proton Nuclear Magnetic Resonance 145

TABLE I (Continued)

*Measurements for the compounds with asterisks were made at 17℃ .

TABLE II."SOLVENT SHIFTS"Δ δ OF METHYL PROTONS

* Values for the compounds with asterisks are for 17℃,
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The results of measurements are summarized

as shown in Table I. In meta-and para-

substituted toluenes, the solvent shifts of the

methyl protons, dd, which are defined as the

difference between the chemical shifts in any

two solutions of different solvents, are linearly

correlated with Hammett's sigma values as

shown in Fig.1. If we assume that the solvent

shift of cyclohexane is constant, and if this is

also the case with respect to the samples listed

in the same column of Table II, the Observed

values of dS will mainly refer to the solvent

shifts of the methyl protons.

In the results of Tables I and II, we notice

that the magnitudes of the solvent shifts of

the methyl protons are increased with the

acidity of the methyl protons of the solute

molecule. For example, the dS value of p一

nitrotoluene for the benzene-CC14 system is 
0.57 p.p.m. and that of p-toluidine is 0.02 p.p.m. 
This result coincides with the behavior of the 
solute parameter xi of the medium effect 
defined by Bothner-By'). 
 According to the results of the measurements, 
we can conclude that the chemical shift of 
methyl proton in acetic acid is a linear function 
of the mole fraction solute (Fig. 2), as in the 
cases of nitromethane and of acetonitrile5). In

acetic anhydride, or in acetone, the linear rela-
tion is not obtained with the simple mole 
fraction of the solute, but a fine linearity is 
obtained by taking the corrected mole fraction 
as abscissa, where one methyl group of the 
solute is taken into account as one solute 
molecule (cf. Figs. 2 and 3). In the cases of 
acetophenone and m-nitrotoluene, similar cor-
rections are also necessary, and we have used 
the corrected mole fractions as shown in Figs. 3 
and 4, where the number of the phenyl groups 
of the solute has been taken into account for 
the calculation as well as the solvent benzene. 

 In the case of o-toluidine, the chemical 
shifts of the methyl protons linearly depend 
on the simple mole fraction of the solvent 
(cf. Fig. 4) and, moreover, the magnitudes of 
the solvent shifts are anomalously large (cf. 
Table II). Similar results are observed with o-
cresole. 
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