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During the spectroscopic investigation of complex formation between OH acids and amines
in inert solvents, it was shown that a molecular-ionic tautomerism is possible in the complex-
es formed [1, 2]. The process of the tautomeric transformation consists in proton transfer
inside a complex with a strong hydrogen bond, and takes place immeasurably fast in the time
scale of the PMR method, even at a very low temperature (—170°C). With increase in the acid
- strength, the tautomeric equilibrium is shifted in the direction of ionic pairs [3].

“" 'The equilibrium between the molecular and ionic complexes was also found in systems with
hydrogen bond of type CH...N [4]. 1In this case, the proton transfer occurs in a very weak
hydrogen bond, and its kinetics can be measured at normal temperatures [5]. We should note
that the evolution of complex formation from the molecular to the ionic complex with gradual
increase.in complex strength though tautomeric equilibrium is not general in character. Thus
in systems with hydrogen bond of type OH...0, with increase in the complex formation energy,
a gradual change in the structure of the complex takes place, which acquires an increasingly
lonic character, but up till now no tautomerism has been detected.
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Fig. 1. IR spectra of solutions. a: 1) 0.01 M
methylnitramine in CCl, and C2Cl.,, layer thick-
ness d = 1.0 mm; 2) 0.04 M methylnitramine and

0.2 M dimethyl sulfoxide in CCl,, d = 0.3 mm.

b: 1) 0.003 M methylnitramine tetrabutylammonium
salt in CCl., d = 3.0 mm; 2) 0.04 M methylnitramine
and 0.1 M diiscamylamine in C2Cl., d = 0.2 mm. c:
0.1 M methylnitramine and 0.5 mole/liter of tri-
butylamine in C,Cl., d = 0.3 mm: 1) 5°, 2) 50°C.

In the present work, we used IR and PMR spectroscopy to study systems with a NH...N
hydrogen bond to find the type of complex formation. As NH acid, we chose the simplest
representative in the nitramine series, methylnitramine, and as proton acceptors we used
tertiary and secondary amines. The IR absorption spectra in the 1000-3600 cm~! region were
run on Perkin-Elmer 457 apparatus; the PMR spectra were run on a JEOL C-60 apparatus. At
temperatures of 5-70°C, we used tetrachloroethylene as the solvent, and at temperatures of
0 to —170°C, Freon-22 (CHF.CL). The technique of the operation in Freon solutions at low
temperature has already been described [6]. To interpret the spectra, we used model systems
(solutions containing methylnitramine and oxygenated proton acceptors as the models of molecu-
lar complexes, and a solution of methylnitramine tetrabutylammonium salt as the model of the

lonic pair).

During the reaction between methylnitramine and oxygenated proton acceptors (dimethyl
8ulfoxide-D¢, acetone—D¢), as expected, pronounced changes took place in the IR spectrum in
the region of the vyy band (Fig. la). Instead of the 3420 cm~! band, corresponding to free
Wolecules, there appears a broad band with a complex form of the contour in the 2800-3300 cm™!
region, which ig characteristic of complexes with a hydrogen bond of medium strength. Almost
no changes took place in the 1000-1700 cm—-' region. Only a decrease in the integral intensity
of the vaNO, band at 1585 cm-! is observed, as well as a shift in the 8yy 1393 cm~' band into
the short wavelength region by a value of the order of magnitude of 10-20 cm~'.
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Fig. 2. PMR spectra of a solution containing 0.05 mole/
liter of CHsNHNO, and 0.2 mole/liter of (CH3CH:)aN in CHF,-
Cl at different temperatures.

During the reactlon between methylnitramine with secondary amines (diethyl- and diiso-
amylamine) at room temperature and in the presence of an excess of the amine, bands appearec
in the spectrum similar to those of the anion in the ionic pair with a tetrabutylammonium
cation (but not identical with it; this indicates the presence of a fairly strong interionic
hydrogen bond in the ionic pair with the proton-containing cation (Fig. 1b)). Bands charact
istic of the molecular complex are completely absent. Bands are observed corresponding to
the vibrations of the NHY group in the hydrogen bond forming cation (the SNHt band at 163C
cm™?! and broad stretching vibrationm bands in the 2400-3000 cm—! region). We can conclude
that the complexes of methylnitramine with secondary amines at room temperature are purely

ionic in structure.

In the IR spectra of solutions containing nitramine and a tertiary amine (tributyl-,
triethylamine) bands of both the ionic and molecular complexes are observed simultaneously
(Fig. 1le¢). Thus, the spectrum includes the vygt and vyy bands and the stretching vibration
bands of the NO, group of the ionized and nonionized forms of nitramine. With increase in

_temperature, bands of the free nitramine appear at 3425 cm—' and 1393 cm~!. With decrease
in temperature, bands of the ionic form increase somewhat in intensity, while the band
intensities of the molecular complexes decrease. Thus, molecular-ionic tautomerism exists i
complexes. of methylnitramine with tertiary amines:

AH+B=AH...B=A-.. HB*.

. The two equilibria are shifted to the right with decrease in temperature. It should be
noted that in the OH...N systems, the tautomerism begins to be apparent at very high strengt
of the complex (the shift of the Vg-y band has an order of magnitude of 1000 cm~!), while in
the NH...N system studied, proton transfer takes place in a hydrogen bond of a medium
strength (a shift of vyy band of about 300 cm~'). This again indicates that the acidity and
the proton-donating capacity in the hydrogen bond are determined by different factors.

.. Figure 2 illustrates the PMR spectra of a solution containing methylnitramine and tri-
‘ethylamine in Freon. The temperature changes in the spectrum are similar to those in the
carboxylic acid—amine systems [6]. The quadruplet corresponding to u-methylene protons of
‘the triethylamine molecule shifts into the weaker field with decrease in temperature. In th
-120° to —130°C region, this signal splits into two. The high-field signal corresponds to
molecules of the free amine (6§ = 2,5), and the low—field to molecules included in the compo-
sition of the complex (both molecular and ionic). The splitting 1is the result of retardatio
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of the molecular exchange between the complexes (process [). The temperature at which it is
ohserved depends on the gtrength of the complex, For example, {n carboxylic acid—amine
gystems, the molecular exchange proceeds slowly even at —70°C.. With further decrease in
temperature, the triethylamine signal contlinues to be shifted with ghift fn equilibrium TI
to the right. The signal of the moblle proton (of the NH and Nt proups Ln the complex) is
ghifted to the stronger fleld, since the magnetic sgcreenlng of thig proton [s stronger in
the lonic pair than Ln the molecular complex (as in the OH...N ==Ni*...0” systems also). In
the temperature range of —140° to —155°C, this signal splits Into two. This cannot be
explained by the presence of complexes of different composition In the solution, since the
relative intensity of the individual signals 1s lndependent of the ratlio between the concen-—
trations of the acld and the base, as well as the absolute concentrations. 1In the case of
tributylamine, when the equilibrium at temperatures lower than ~90°C is completely shifted
in the direction of the fonic form, the low-field signal 1s always -absent. We can thus
attribute the low-field signal to the NH proton of the molecular complex, and the high-
field signal to the NHT proton of the ilonic pair. Hence, the proton transfer in the NH...N

hydrogen bond can take place quite slowly at low temperatures.

The evaluation of the mean lifetime of the molecular complex of mecthylnitramine with
triethylamine at coalescence point of the signals (—145°C) gives the value t = 8¢10™° gec.
No splitting of the signal of o-methylene protons of triethylamine bound into a complex was
observed in the accessible range of temperatures because of the small difference between the
chemical shifts of the molecular and the ionic forms, but only a broadening, compared with
the signal of the free amine, is noted. At —160°C, equilibrium IT is completely shifted in
the direction of the ionic pair, while the low-field signal of the NH proton disappears.

hydrogen bond can undergo a molecular-ionic tautomerism,
The rate of proton transfer in the NH...N
.N and CH...N systems. The decrease in
It is possible that these facts

Thus, complexes with NH...N
which can be observed by IR and PMR spectroscopy.
system is intermediate between the rates in the OH..
the strength of the complex occurs in the same sequence.
are interrelated. ‘
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