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INFRARED SPECTRA AND THE STRUCTURE OF SALTS OF IMIDAZOLES
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Khimiya Geterotsiklicheskikh Soedinenii, Vol, 3, No. 4, 716-723, 1967

UDC 547.781.1—38:543.422 .4

The IR spectra of nitro- and polynitroimidazoles, and their salts
are investigated. Salt formation with nitroimidazoles is shown to
involve one nitro group, with conversion of the imidazole ring to
an isoimidazole one. Assignment of frequencies to valence vibra-
tions of NO in charged and uncharged NO, groups, and to skeleton
vibrations of the ring, is made for nitroimidazoles, so that these
data can be used to identify newly synthesized compounds.

The IR spectra of imidazole, some derivatives of
it [1-4], benzimidazoles {5, 6], and heteroaromatic
systems resembling them [7], have been described in
the literature. Regarding the IR spectra of nitro deriv-
atives of imidazole, the literature records only the
spectra of 2-nitro- and 4(5)-nitroimidazoles [8].

The present work is devoted to a study of the spec-
tra of nitroimidazoles and the occurrence of regulari-
ties which can be used to identify nitro compounds of
the imidazole series. In addition, work on the founda-
tions of the particular IR spectra considers the struc-
ture of salts of mono- and polynitroimidazoles.

It is known that when anions of imidazoles are
formed, the negative charge does not remain on the
nitrogen atom from which the proton disengages, but
is distributed over the entire ring, due to the aroma-
ticity of the anion. In imidazole nitro derivatives,
nitro groups can also participate in distribution of the
anion's negative charge, e.g:

However the imidazole ring and the nitro group can
participate to a greater or lesser extent in this delo-
calization. Then the structure of the salt will approx-
imate one of the following structures:

N N 5O
@ Q;,]-NO, @:({0] x®
1 111

In the case of salt formation by the ring (II), only
an insignificant shift of the N—O valence vibrations
band would be expected, as for any conjugation with
an uncharged nitro group [9]. The actual formation of
salts by the nitro group* (III) must result in the appear-
ance in the spectra of absorption bands characteristic of

*A gsimilar structure is put forward for salts of
nitropyrroles [10, 11].

the charged NO, group (region ~1180 and 950 cm™})*
[13,14], and disappearance of N—O valence vibrations
absorption bands in the uncharged nitro group.

Furthermore, formation of a salt by the nitro group
is connected with conversion of the imidazole ring to
an isoimidazole one, which can give rise to changes in
the IR spectra.

o =g ="
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Bands characteristic of the imidazole and isoimidazole
rings are reported in [6]. The authors assign the band
in the 1502 em™?! region to imidazole ring skeleton
vibrations, and bands in the 1485 cm” ! region and 1594
and 1563 cm~1 regions can be assigned to vibrations

of 2N- and 4N-isoimdiazole rings respectively.

It is difficult to assign frequencies in the imidazole
series, due to the powerful effect of substituents in the
imidazole ring on the positions and intensities of many
absorption bands. Obviously this indicates that imida-
zole derivatives are not very much characterized by
absorption band frequencies.

Careful analysis of the spectra of a large number of
nitro derivatives of imidazole, as well as of literature
data, made it possible to assign frequencies to NO
valence vibrations in the charged and uncharged nitro
group, and to skeleton vibrations of the imidazole
ring. Assignment of frequencies to NO valence vibra-
tions in the uncharged NO group is aided by the fact
that these vibrations are rather intense. In addition,
the antisymmetric valence vibration lies in the 1520—
1650 cm ! region, where there are no other sufficient-
ly intense absorption bands. The table gives frequency
assignment data.

Assignment of absorption bands to NO valence vi-
brations in mononitroimidazoles (compounds nos. 2—
12) proceeded on the basis of comparison of spectra of
free nitroimidazoles and their salts. It can be seen
from the figure that in the case of 4(5)-nitroimidazole
and tabulated data for its derivatives, on passing from
free nitroimidazoles to their salts, the NO valence vi-
bration bands in the uncharged NO, group (regions

*The regions given are characteristic of saturated
aliphatic compounds. However, as was shown in a
paper [12], conjugation is practically without effect
on the positions of bands due to N—O vibrations in the
charged nitro group.
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~1550 and ~1350 cm™!) vanish, and NO vibration ab-
sorption bands in the charged NO, group (about 1180
and 950 cm™}) appear.

It should be noted that with salts of mononitroimida-
zoles, any selective absorption is absent from the
1550 and 1350 cm™ ! regions, which at about 1180 and
950 cm™!, weak and medium intensity absorption bands
are sometimes seen even with the free compounds,
‘these being considerably strengthened on passing to
the spectra of the salts.

Differences found for imidazole and isoimidazole
rings in the. IR spectra of arylimidazoles [6] did not
appear in the case of mononitroimidazoles. Regarding
the analytical features of derivatives of mononitroimi-
dazoles and their salts, it is to be mentioned that they
show a strong stable band in the 1000 cm™! region,
lacking with all polynitro- and 2-nitroimidazoles.
Furthermore, in the 400-700 cm™! region (KBr
prism), mononitroimidazoles have two stable bands
in the 655 (strong) and 610 (medium) cm™ ! regions,
which are lacking with the rest of the derivatives.*

N-Nitroimidazoles (compounds nos. 29 and 30), can
be identified by the NO antisymmetric vibrations band
in the nitroamino group (region 1640 ecm™1). In the
regions ~1330 and 1280 cm™ !, the band of symmetric
vibrations is split into two.

Assigning absorption bands in IR spectra of poly-
nitrocimidazoles (2 or more nitro groups) was also
carried out by comparing the spectra of the free nitro
compounds with those of their salts. On passing to
the salts, one absorption band vanishes in each of the
1550 and 1360 cm™! regions, and bands appear in the
same region as in mononitro derivatives (compound
15), or are somewhat digplaced (compounds nos. 18,
22, 27, 28).

In the case of salts of dinitroimidazoles, it was
also impossible to find spectrum indications of the
isoimidazole ring [6]. Absorption bands character-
istic of the isoimidazole ring, were found only with
salts of dinitrotrinitromethylimidazole (compounds
nos. 27, 28), and salts of trinitroimidazole (compound
no. 22). Free polynitroimidazoles with the ordinary
imidazole ring have a strong absorption band of ring
skeletal vibration somewhat above 1500 cm™1, their
salts below 1500 cm™!, sometimes splitting into 2
bands.

A characteristic peculiarity of the spectra of ni-
troimidazoles is splitting of the N—O antisymmetric
valence vibrations absorption bands in the nitro group
into 2, and sometimes 3 bands, independent of the
number of nitro groups. Hence it is impossible to
judge the number and positions of nitro groups in the
imidazole ring from the IR spectra. Measurement of
the total intensity of the NO antisymmetric valence
vibrations would probably be an effective way of deter-
mining the number of nitro groups.

*In the case of 2-nitroimidazole, only 1 strong band,
at 665 em™!, is found,

KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

The presence of a trinitromethyl group in the imi-~
dazole ring leads to the appearance of 3 absorption
bands in the 1600~1630 cm™?! region, and as a rule,
two in the region 1300—1325 cm™!, when the 1300 cm™1
band is considerably weaker than the 1325 cm™! one.
The presence of such splitting can be used to identify
the trinitromethyl group, since imidazole ring ab-
sorption bands are absent in this region (1600—-1630
em™1,

On the basis of the absence of frequencies charac-
teristic of the uncharged NO, group and appearance of
frequencies of the charged NO; group in the spectra
of salts of mononitroimidazoles, it can be inferred
that the nitro group is involved in salt formation, e.g.:

N——
@:NOZ]eMee .

Hence salt formation must involve formation of an
isoimidazole ring, though as has already been pointed
out above, it did not prove possible to detect signs of
the isoimidazole ring with mononitroimidazole salts.

By analogy with the structure of salts of gem-
dinitro compounds [13,23] (IV), it might have been
expected that both nitro groups (V) would participate
in salt formation with polynitroimidazoles, especially
with 4, 5-dinitroimidazoles.

fo |
N=0 | ©
& e
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In structure V, the equalization of the two nitro
groups should proceed through the ring system of
conjugated bonds, but actually that does not take place.
On passing from polynitroimidazoles to their salts,
the absorption bands of only 1 nitro group vanish, the
bands of the other or others remain, and at the same
time bands of the charged nitro group appear. Hence
in salt formation with polynitroimidazoles, one nitro
group is involved, e.g.:

S
N =NO,] Me
QN/j— No!

Further, the IR spectra of salts of some polynitro
compounds (compounds nos. 22, 27, and 28) show
(see above) spectrum features of isoimidazoles.

Thus from a study of IR spectra of nitro deriva-
tives of imidazoles, it is shown that salt formation
with these compounds (at least in the crystalline state)
always takes place at one of the nitro groups, when
the imidazole ring changes to an isoimidazole one.

The IR spectra of compounds tabletted with KBr
were recorded using a UR-10 spectrophotometer.

After securing constant melting point, all com-
pounds for spectroscopic investigation were recrys-
tallized repeatedly. Potassium salts (table, nos. 9,
15, 18, 22, 27) were prepared from the free com-
pounds by dissolving in sodium carbonate solution,
then saturating with potassium chloride. The potassi-
um salts precipitated were separated off, and twice
recrystallized from water.



CHEMISTRY OF HETEROCYCLIC COMPOUNDS

0,

575

Transmission, %/,

1700 1500 1300 0D 900 700 400

500 400 A, mm

2

100

1700 1500 1300 1100 900 700 400 500 400 A,nm

3

Y700 1500 1300 0D 900 700 600 500 400 AN

IR spectra:
1) 4(5)-Nitroimidazole; 2) 1-methyl-4-nitroimidazole;
3) Na salt of 4(5)-nitroimidazole.

The ammonium salt of 2,5(4)~dinitro-4(5)-trinitro-
methylimidazole (no. 28) was made by dissolving the
free compound in aqueous ammonia, and purified by
recrystallization from water.

Since the potassium and sodium salts of 2-nitro-
imidazole are readily soluble even in cold water, the
sodium salt of that compound (no. 12) was made thus:
2-nitroimidazole was dissolved in an equimolecular
amount of sodium ethoxide in solution, after which
the solution was evaporated to dryness and dried over
calecium chloride.

REFERENCES

1. W. Otting, Chem. Ber., 89, 1956, 2887, 1940.

2. D. Gorfinkel and J. Edsall, J. Am. Chem. Soc.,
80, 3807, 1958.

3. A. Katritzky, Quart. Rev,, 13, 359, 1959.

4., C. Rao and R. Venkataraghavan, Can. J. Chem.,
42, 43, 1964.

5. K. Morgan, J. Chem. Soc., 2343, 1961.

6. D. White and J. Sonnenberg, J. Org. Chem.,
29, 1926, 1964.

7. L. J. Bellamy, Infrared Spectra of Complex
Molecules [Russian Translation], IL, Moscow, 1963.
8. J. Nakamura, Pharm. Bull., Japan, 3, 379,

1955,
97*J. Brown, J. Am. Chem. Soc., 77, 6341, 1955.
10. A. Augeli and L. Alessandri, Afti reali acad.
Lincei, 20[5], 311, 1911,

11. 8. S. Novikov, V. M. Belikov, Yu. P. Egorov,
E. N. Safonova, and L. V. Semenov, Izv. AN SSSR,
OKhN, 1438, 1959.

12. L. Kaplan, J. Org. Chem., 29, 1638, 1964,

13, V. I. Slovitskii, S. A. Shevelev, V. I. Erashko,
A. A, Fainzil'berg, and S. 8. Novikov, Izv. AN SSSR,
OKhN, 57, 1963,

14, N. Jonatan, J. Mol. Spectr., 7, 105, 1961.

15, Synthesis of Organic Preparations [in Russian],
3, 254, Moscow, 1952,

16. R. Fargher and F. Pyman, J. Chem. Soc., 115,
217, 1919.

17. G. Gallo, C. Pasquelucci, P, Radaelli and G.
Lancini, J. Org. Chem., 29, 862, 1964.

18. W. Forsyth and F. Pyman, J. Chem. Soc., 127,
576, 1925,

19, C. Hazeldine, F. Pyman, andJ. Winchester, J.
Chem. Soc., 125,1434, 1924,

20. K. Lehmstedt, Ann., 507, 213, 1933,

21. A, Beaman, W. Tautz, T. Gabriel, and R.
Duschinsky, J. Am. Chem. Soc., 87, 389, 1965.

22. G. Lancini and E. Lazzari, Experientia, 21,
831, 1965.

23. V. I. Slovitskii, L. I. Khmelmitskii, O. V.
Lebedev, T. S. Novikova, and S. S. Novikov, KhGS
[Chemistry of Heterocyclic Compounds], 835, 1965.

Zelingkii Institute of Organ-
ic Chemistry, AS USSR,
Moscow

19 October 1965



