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The concentration dependence of the chemical shifts of the protons of imidazole in six
polar organic solvents and water has been studied. In aqueous solutions an exchange

of the NH protons between the imidazole and the water molecules takes place. In or-
ganic solvents, the position and half-width of the NH line of imidazole depend on the con~
centration. With an increase in the concentration, this line shifts in the downfield di-
rection. The shift A (1 ppm for a solution of imidazole in DMSO) may be due to the for-
mation of an ordinary hydrogen bond (> NH---N <) between the imidazole molecules.

Imidazole and its derivatives have been widely studied by the PMR method. The main attention of the
authors of the majority of the relevant papers is devoted to the CH protons of the imidazole nucleus [1-5].
Zimmerman et al. [6-8] have studied the dependence of the position of the line of the NH proton on the con-
centration of imidazole in acetone and have observed a change in the chemical shift § over a range of 5
ppm with a variation of the concentration. This change is due to the formation of a hydrogen bond between
the NH proton of one imidazole molecule and the nitrogen atom of another. The large shift of the NH line
in the downfield direction in concentrated solutions resulting from the formation of such a hydrogen bond,
in contrast to the chemical shifts usually observed in such cases, is due to a peculiarity of the hydrogen
bond considered. The state of the proton in this hydrogen bond is composed of the states of two limiting

structures: (>NH.---N <) and (> Noeeo H?\-I<)-, which are represented with approximately equal weights.

In the polar limiting structure {(>N.... H1<Ir< ), the proton is present in the neighborhood of a nitrogen atom
that possesses a deficiency of electrons. In this position the proton must be subject to weak screening,

and since this structure takes part to the extent of almost one half in the hydrogen bond, the NH signal must
be present in an unusually weak field.

We have studied the dependence of the chemical shifts of the protons of imidazole on the concentra-
tion in six polar organic solvents and in water. Figure 1 shows the PMR spectra of imidazole at various
concentrations in dimethyl sulfoxide (DMSO). The PMR spectrum of imidazole contains three absorption
lines, which relate to the protons present in positions 4(5), 2, and 1. With a decrease in the concentration
there is a shift of the line of the NH proton in the upfield direction and a considerable broadening of it; at
the same time, the absorption line of protons 4 and 5 does not change its position, and the line of proton 2
shifts in the upfield direction by approximately 0.1 ppm. Figure 2 shows the dependence of the chemical
shifts of the protons of imidazole on the concentration for organic solvents. The dependence of the chemi-
cal shifts of the CH protons on the concentration is given only for solutions of imidazole in DMSO, since
their values are approximately the same for all the solvents considered. The ranges of the change in the
chemical shift of the line of the NH proton with a change in the concentration are different for different
solvents. For the case of imidazole in acetone, this range is 1.5 ppm and in DMSO it is 1 ppm. The unusual
behavior of the line of the NH protons with a change in the concentration for various solvents can be ex-
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Fig. 1. PMR spectra of imidazole at various concentrations in DMSO;
¢ represents the concentration of imidazole, mole %.

Fig. 2. Dependence of the chemical shifts of the protons of imidazole
on its concentration in various solvents: x) DMEA; A) acetone;
®) acetonitrile; O) tetraethylene sulfone; 0) nitromethane; M) DMSO.
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Fig. 3. Dependence of the chemical shift of the NH proton on the
concentration of imidazole in DMSO for solutions purified in dif-
ferent ways. Different symbols denote results obtained in different
series of experiments., The samples for the dependences denoted
by circles were prepared in a chamber filled with Ar.

Fig. 4. Dependence of the observed chemical shift of the line of the
NH proton on the concentration of imidagzole in water.

plained by the fact that imidazole forms hydrogen bonds of the type > NH-...-X, where X is a molecule of
the solvent. However, it has been noted that the position of the line of the NH proton depends on the con-
ditions under which the sample was prepared. Figure 3 shows the dependence of the chemical shift of the
line of the NH protons on the concentration of imidazole in DMSO for the solvent and imidazole purified in
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different ways. If can be seen from the figure that with a decrease in the amount of impurities in the so-
lution (the amount of impurities decreases from a to c) the line of the NH proton of imidazole shifts in the
downfield direction, and the dependence of the chemical shift on the concentration becomes considerably
less. In view of this, it may be assumed that the change in the position of the line of the NH proton with a
change in the concentration takes place because of foreign impurities present in the solvent and in the
imidazole itself. Impurities of the type of RH, which may be responsible for the change in the position
of the NH line must contain protons capable of exchange. One of the main RH impurities is water, the
influence of which has been studied in the present work.

The PMR spectrum of an aqueous solution of imidazole contains one common line relating to the NH
protons and to the protons of the water. Figure 4 shows the dependence of the chemical shift of this line
(Sobs) on the concentration of imidazoline in water. The relationship marked by the crosses in the figure
relate to solutions of imidazole in water and that marked by dots to a mixture of imidazole and water dis-
solved in DMSO, If GHZO and 8y denote the chemical shifts for the protons of pure water and the protons

of the NH group in imidazole and szo and pyy the fractions of these protons, the relationship shown in
Fig. 4 can be written in the form

0 obs =PH,00H,0+ Pnudnn.

This equation describes the transition of a proton between two positions: in the water and in the
imidazole. On comparing the relationships shown in Figs. 2 and 4, it may be assumed that the value of the
chemical shift of the line of the NH proton of imidazole in dilute solutions must lie inthe region of —12
ppm. An accurate value of the chemical shift of the line of the NH proton cannot be given because two types
of hydrogen bonds may be formed in solution. At low concentrations hydrogen bonds are formed mainly be-
tween the imidazole and the solvent (> NH----X), and at high concentrations predominantly between the
molecules of imidazole (= NH----N ) . From the results obtained in this work it follows that the change
in the position of the NH line over a very wide range (5 ppm) with a change in the concentration, as shown
by Zimmerman et al. [6, 7] is due to foreign impurities present in the imidazole solutions.

EXPERIMENTAL

The PMR spectra were obtained on a TsLA spectrometer with a working frequency of 40 MHz at
23°C. The calibration of the spectra was carried out by means of a 3G-11 device. The chemical shifts
were measured relative to the line of the CH (4, 5) protons, no change in the position of which was ob-
served with a change in the concentration. TMS was used to determine the position of the line of the CH(4,5)
protons as an internal standard. The chemical shift () was determined from the formula

s=labs—=Hst 105 ppm,
Hy

and was measured with an accuracy of +2%. The filling of the tubes was performed in an atmosphere of
air, with the exception of the case specially mentioned (Fig. 3). The purification of the imjdazole and
DMSO for the relationships shown in Fig. 3 was carried out in three ways: a) commercial DMSO and com-
mercial imidazole (99%) were dried in a vacuum desiccator at 60°C; b) the DMSO was distilled in vacuum
and the middle fraction was collected, and the imidazole was dried in a vacuum desiccator at 60°C; c) the
DMSO was distilled in vacuum and the imidazele was subjected to vacuum distillation. The purification of
the other five solvents was carried ouf by published methods, and the imidazole was previously subjected
to vacuum distillation.

The samples for the relationship shown by dots in Fig. 4 were prepared in the following way: first
solutions with different ratios of water to DMSO were prepared in amounts of 2 ml each, and then equal
amounts of imidazole were dissolved in them so that 5 M solutions were obtained.

LITERATURE CITED

R. J. Gillespie, A. Grimison, J. H. Ridd, and R. ¥. M. White, J. Chem. Soc., 3228, 1958.
H. A. Staab and A. Mamnshreck, Tetrah. Lett., 913, 1962.

C. 8. Reddi, R. T. Hobgood, and J. A. Goldstein, J. Am. Chem. Soc., 84, 336, 1962.

G. B. Barlin and T. J. Batterham, J. Chem, Soc. (B), 516-518, 1967.

B D

752



Ww o ~J3> Ul
P

J. 8. Cohen, Bioch. Bioph. R. Comm., 33, 3, 476, 1968.

N. Loop and H. Zimmerman, Z, Elektrochem., 66, 541, 1962.
H. Zimmerman, Angew. Chem., 76, 1, 1964.

N. Joop and H. Zimmerman, Z. Elektrochem., 66, 440, 1962.

A. Weissberger, E. Proskauer, J. Riddick, and E. Toops, Organic Solvents [Russian translation], IL,
Moscow, 1958.

7563



