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The structure of salts formed from nitroform and a number of 4-amino-1, 2, 4-triazole bases has been
investigated. It was found that some of the salts contain two molecules of triazole base and one of
nitroform. From IR spectra it is inferred that the salts contain the nitroform anion, and a proton bound
to one of two triazole rings, the amino groups not participating in salt-formation. Formation of 2:1
salts of nitrogen bases is observed for the first time.

Recently the literature has recorded cases where salt formation has involved two molecules of base and one mole -
cule of a monobasic acid. Thus a number of 2:1 salts between N-tert -butylacetamide and hydrohalogen acids have
been prepared [1, 2]. There are antipyrine (2, 3-dimethyl-1-phenyl-5 -pyrazolone) salts derived from HAsF¢ and HSbFg
containing 2 molecules of base per molecule of acid [3]. N-oxides of pyridine, picoline, xylidine, quinoline, and

~ acridine [4-7], also give 2:1 salts with HSbFg, HAsFg, and HCIO,.

From the IR spectra and X -réy analysis data, the authors of these papers [2~7] conclude that salt formation in-
volves formation of short hydrogen bonds (~ 2.5 & ) with the oxygen of the base (RO...H.. .OR)+ MeF g.

We have now investigated salts of nitroform with a number of 4-amino-1, 2,4-triazoles, and found that some of
the salts consist of two molecules of triazole base and one molecule of nitroform. This is the first case of formation of
that kind of salt from nitrogen bases not containing oxygen.

As the free 4~amino-1, 2, 4-triazoles and their salts with nitroform were rather hygroscopic, steps were taken to
protect them from the moisture of the air during preparation, and when measuring the spectra.

Information about the composition of the salts was obtained from elementary analysis data, gravimetric de-
termination of nitroform with nitrone [8], and determination of the molecular weights of the salts using the UV spectra.
The analytical results are given in Table 1.

UV spectra were determined in highly dilute aqueous solution. The 4-amino-1, 2, 4-triazoles themselves absorb
very feebly (¢ 10-1) and nonselectively in the 220~400 my region, while the nitroform anion gives an absorption band
with A, ., 350 my, and molar extinction coefficient & 14800, so that the molecular weight can be determined spec-
g-c-l

D

the salt under investigation, ¢ is its concentration/( g/l ), and 1 the cell length (cm).

troscopically. The molecular weight was calculated from the formula M= , where D is the optical density of

As can be seen from Table 1, the nitroform salts of 4-amino-1, 2, 4-triazole and its 3, 5-dimethyl and 3, 5-di-
hydroxmethyl derivatives comprise two molecules of triazole base and one of nitroform, while the nitroform salts of
3, 5-diethyl, 3,5-di-n-propyl, 8,5-o,c'~dihydroxyethyl, and 3,5-8,B"' -dihydroxyethyl-4-amino-1, 2, 4-triazoles
are 1:1 compounds. Possibly the decrease in the molar base-acid ratio from 2:1 to 1:1 is connected with steric fac-
tors.

Study of IR spectra showed that the nitroform salts of 4-amino-1, 2, 4-triazoles have an ionic structure in the
solid state. The nitroform is present as an anion. This structure is confirmed by the spectra of the salts exhibiting ab-
sorption bands characteristic of the trinitromethyl anion (cf. the potassium salt of nitroform which is known to have an
fonic structure), and absence of absorption bands in regions characteristic of N=O valence vibrations in the unionized
trinitromethyl group (~ 1600 and ~ 1300 cm~) (cf. nitroform, with a trinitromethyl group of covalent structure).
Table 2 gives the experimental data. ’

Salt formation involving two molecules of 4-amino-1, 2, 4-triazole to one molecule of nitroform is rather un-
expected and interesting. Up to the present, the reasons for this peculiar behavior of 4-amino-1, 2, 4-triazoles is un-
clear. This laboratory is now trying to clear up the fine structure of the salts by other independent physicochemical
methods.

Otting [9] previously observed association of 1,2, 4-triazoles unsubstituted at position 4. From the IR spectra he
concluded that 1, 2, 4-triazoles not substituted at position 4 have a so-called ionogenic structure both in the solid state,
and in non-polar solvents. This implies that the imino hydrogen of one molecule, in the form of a proton, links to the
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Table

2

Absorption Bands of Nitroform Salts of 4-Amino-1, 2, 4-triazoles in
Regions Characteristic of Nitroform and its Anion

Absorption bands
C(NOy)g, cm™!

Absorption bands of the

Compound . - -1
P Antisymm | Symm anion [C(NOy)3] » cm
~ 1600 ~ 1300

Nitrofornjx salt of 4-amino- 1510s, 1290s, 11885 d
1,2,4-triazole None None 1170s
Nitroform salt of 3, 5-dimeth- 14955, 1255s. w. 11555} d
yl-4-amino-1, 2, 4-triazole Nore None 11525
Nitroform salt of 3, 5-diethyl- 1487s, 1290 vs.w. 11755} d
4-amino-1, 2, 4-triazole None None 1160s
K salt of nitroform None None 1520s, 1283s, 11825
Nitroform 16055 1305¢ None None None

vs—very strong, s—strong, w—wide, d—doublet

Table 3

Some Absorption Bands in the IR Spectra of 4~Amino-1, 2, 4-triazoles
and their Nitroform Salts (cm -1

N-—H valence vibrations

Absorption bands characteristic

Compound Antisymm | Symm  |of ionogenic structures

4-Amino-1, 2, 4-triazoles 3330m 3221m } d None None
3280m

Nitroform salt of 4-amino- | 3333m | 3%65m 2015 vs,w 2500 vs,W
"o 2,4 -triazole
3,5-Dimethyl-4-amino-1, 3250m 3154m None None
2,4-triazole
Nitroform salt of 3,5-di- 3337m 3187 m 1960s, w 2400 vs,w
methyl-4-amino-1, 2,4-
triazole ) v
3,5-Ety -4-NH, -1, 2,4-tria- | 3250m | 3145m None None
zole
Nitroform salt of 3, 5-Et,- 3348m 3195 m, w 1944m 2552 m
4-NH,-1, 2, 4-triazole

vs—very strong, s-strong, m—medium, w—wide, d—doublet



pyridine nitrogen of the other:

il

Formation of such a structure is accompanied by the appearance of two bands characteristic of the imino group

+
>N—H: at about 1800 cm™ with a wide band at 2500-2850 cm ™ [10].

The 4-amino-1, 2, 4-triazoles which we have investigated lack absorption bands in the solid state at 1800 cm -
and 2500-2850 cm ™, So, judging by their spectra, they do not have the ionogenic structure. Apparently, this is
connected with the considerable decrease in mobility of the hydrogen atom in the amino group of 4-amino-1, 2, 4-tria-
zoles, as compared with the hydrogen atom at position 4 in 1, 2, 4-triazole.

The picture changes sharply as we move to the nitroform salts of 4-amino-1, 2, 4-triazoles. Nitroform has a very
mobile hydrogen, and the IR spectra of the salts show absorption bands in the same regions as with the ionogenic struc-
tures (see Table 8). This can be taken to indicate that in those salts the proton interacts with the triazole ring.

IR spectra data in the N—H valence vibrations region are evidence against protonization at the amino group.
Table 3 shows that the N—H valence vibrations absorption bands in the salts are somewhat higher than in the free 4-
amino-1, 2, 4-triazoles, whereas salt formation involving the amino group should lead to lowering of these frequencies,
and further, the ammonium group generally does not absorb above 3250 em-t [11,12].

So it follows, from the evidence considered, that in solid salts the proton interacts with the thiazole ring. The
amino group does not participate in salt formation.
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