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SYNTHESIS AND ABSORPTION SPECTRA OF 3,5-DIARYL-1,2,4-TRTAZOLES

V. A. Lopyrev, N. N. Chipanina, L. G. Rozinova, UDC 543.422,4.6:547,792.1.07
G. I. Sarapulova, R. G. Sultangareev, and M. G. Voronkov

1,2,4-Triazoles with symmetrical tolyl substituents were obtained from the
corresponding 1,3,4-oxadiazoles by reaction with formamide and subsequent
hydrolysis of the resulting formyl derivatives; 1,2,4-triazoles with unsym—
metrical substituents were obtained from iminoesters and hydrazides of acids.
A set of bands of the triazole ring at 1470-1480, 1390, 1270-1290, 1140-1150,
and 725-750 cm~' and of NH vibrations at 2400-3200, 1580-1620, and 830-900
cm~! are characteristic for the IR spectra of these triazoles. The UV spectra
of the triazoles are characterized by phenyl ring absorption at about 200 nm
and a band of electron transitions between the phenyl and triazole rings at
230-290 nm.

1,2,4-Triazole derivatives with various substituents (halo, nitro, amino, alkyl, and
other groups) attached to the carbon atoms and one of the nitrogen atoms have been suffi-
ciently adequately studied [1-4]. Not enough study has been devoted to triazoles with arom-
atic substituents attached to the heteroring carbon atoms.

We have synthesized a number of triazoles (Ia-p) with aromatic substituents in the 3
and 5 positions (Table 1). 3,5-Ditolyl-1,2,4-triazoles Ia,b were obtained by reaction of
the easily accessible ditolyloxadiazoles [5, 6] with formamide and subsequent hydrolysis of
the formyl derivatives [7]}. We were unable to obtain 3,5-di(o-tolyl)-1,2,4-triazole by this
method, possibly because of steric hindrance. Triazoles Ic-e were obtained by the method in
[8]. Oxidation of the corresponding triazoles was used for the synthesis of 3,5-bis(carboxy-
phenyl)-1,2,4-triazoles If,g. Partial decomposition of the starting triazoles to give iso-
or terephthalic acids occurs during the oxidation (they are the principal products in acidic
media). Pure acids If,g were obtained by saponification of their esters (Th-j). The di-
hydrazides (In,o) of the acids were also synthesized.

We investigated the IR and UV spectra of the synthesized compounds. The results of
calculations of the vibrational spectra of triazole and its 3~chloro and bromo derivatives
[4] and data from the spectroscopic studies of C-halogen-substituted triazoles and their
potassium salts [9] were taken into account in the assignment of the frequencies in the IR
spectra of the triazoles.

The bands of the NH stretching vibrations in the spectra of the investigated triazoles
are found over a wide range of frequencies (2400-3200 cm™'); this is due to the strong inter-
molecular association of these compounds. The bands at 1580-1620 and 830-900 cm™' correspond
to the NH deformation vibrations. A small long-wave shift of these bands is observed in the
spectra of the N-deuterated products.

1

The heteroring vibrations are represented by an intense band at 1470-1480 cm: , absorp-

tion of medium intensity at 1390 cm™!, and the most intense band at 1270-1290 cm™', which is

Irkutsk Institute of Organic Chemistry, Siberian Branch of the Academy of Sciences of
the USSR, Irkutsk 664033, Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 12,
pp. 1682-1685, December, 1977. Original article submitted December 3, 1976.
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often split into two bands. In the spectra of triazoles Ia,m this band retains its position
but becomes very weak and unsuitable for identification purposes. The band of ring pulsation
vibrations at 1020-1100 cm~* is of high intensity in the spectra of triazoles Ib,d. The sym-
metry of the orientation of the substituents has a large effect on the frequency of its max-
imum. Thus it is found at 1020 cm~! in the spectra of symmetrical triazoles Ia,b,m, whereas
it is found at 1070 cm™' in the spectra of unsymmetrical Ic-e. In addition, the band at
1140-1150 cm™*, which is frequently assigned to the vibrations of the triazole CH group [9],
is associated with the ring stretching vibrations. Calculations show [4] that this vibra-
tion is complex and includes ring stretching vibratiens and C-H bond deformation vibrations.

Bands of deformation vibrations of the CH group, the position of which is determined by
the character of the substitution in the aromatic ring, are found at 600-900 cm™'.

The most intense band in the spectra of the investigated triazoles is the band at 725~
750 cm™', which is due to ring y-deformation vibrations. Deuteration of triazole Ia leads
to an increase in its frequency from 725 to 755 cm~'. This band is of lower intensity in
the spectra of triazole itself (697 em™') and its C-halogen-substituted derivatives (715

cm™t) [11].

The bands that characterize the triazole ring vibrations are also weak in the spectra
of triazoles If-j, which contain carboxyl and carbalkexy groups in the aromatic ring: the
absorption of the ring y vibrations at 720-75Q0 cm™' remains the most intense absorption in
the spectra. The stretching vibrations of the OH groups in these compounds appear with a
considerable increase in the absorption intensity in the left-hand wing of the broad band
of stretching vibrations of the NH groups of the triazole ring (2500-2800 cm~'). The bands
of the stretching vibrations of the NHNH, groups of 3,5-bis(p-carboxyhydrazidophenyl)tri-
azole In are overlapped by heteroring NH bands. The bands at 1630, 1552, and 780 cm~' cor-
respond to the NH deformation vibrations of the hydrazide grouping of this compound. This
assignment was made on the basis of a comparison of the spectra of p-toluic acid hydrazide
and its N—-deuterated analog.

Short-wave absorption at 200 nm (Epax 2.5-5¢10*) and long-wave absorption at 230-290
nm (€pax 1.4-3.7¢10%) are observed in the electronic spectra of all of the investigated com~
pounds (Table 1).

In addition to the band at about 200 nm, the spectra of monophenyl-substituted triazoles
[10] and 3-amino-5-phenyltriazole [11l] contain a broad band at 240-260 nm (epax 100-140 nm).
Quantum~—chemical calculations show that the first band is associated primarily with electron
transitions in the phenyl group and that the long-wave absorption is due to two electron
transitions between the phenyl and triazole rings [12]. The introduction of a methyl group
in the benzene ring does not affect the extinction of the second band in the spectrum of 3-
amino-5-phenyltriazole but increases it to 2¢10“ in the spectrum of 3-chloro-5-phenyltriazole.
The largest absorption coefficient is observed in the spectrum of triazole Ik. The spectrum
of Im contains two bands (at 234 and 255 nm), the extinction of each of which is 2.2¢10* and
corresponds to the overall absorption of two phenyl groups. A hyperchromic effect for both
maxima is observed in the spectra of Ia,e,i.

The observed changes in the extinctions of the long-wave absorption of mono- and diphenyl-
substituted triazoles I constitute evidence for different degrees of conjugation between the
benzene and triazole rings.

EXPERIMENTAL

The unsymmetrically substituted triazoles were obtained by reaction of the iminoesters
and hydrazides of the corresponding acids by the method in [8]. The physical constants and
the results of elementary analysis of some of the triazoles were previously described in
{12]; the data for the remaining compounds are presented in the present paper (Table 1). The
IR spectra of KBr pellets and Nujol suspensions of the compounds were obtained with a UR-20
spectrometer at 400-3700 cm~*. The electronic absorption spectra of ethanol solutions of
the compounds were obtained with a Specord UV-vis spectrophotometer with quartz cuvettes.
The purity of the substances was monitored by repeated recrystallization from suitable solv-
ents and by determination of the melting points.

3,5-Ditolyl-1,2,4~triazoles (Ia,b). A mixture of 30 mmole of the corresponding 2,5-
ditolyl-1,3,4-oxadiazole [5] and 70 ml of formamide was heated with stirring to 170-180°C
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for 8 h, after which it was cooled. The mixture began to crystallize as it was cooled. It
was treated with water, and the precipitate was removed by filtration, washed with water,
and refluxed with 107 HCl. It was washed once again with water, dried, and recrystallized
from Methyl Cellosolve.

3,5-Bis (carboxyphenyl)~1,2,4-triazoles (If,g). A) A mixture of 12 mmole of triazole Ia
or Ib, 56 mmole of KMnO,, 1-2 g of NaHCOs, and 100 ml of H,0 was heated for 8 h, after which
the Mn0O, was removed by filtration and washed with hot water. The filtrate and the wash
waters were evaporated to 50 ml, and dilute HCl was added with stirring., The resulting pre-
cipitate was removed by filtration, washed with water, and dried. The product was repre-
cipitated from a hot solution in Methyl Cellosolve by the addition of water.

B) The calculated amount of 10% alcoholic KOH was added dropwise in the course of 15-20
min to a hot solution of 20 mmole of triazole Ii or Ij in methanol, after which the mixture
was cooled and acidified with HCl. The resulting precipitate was removed by filtration and
washed with water.

3, 5-Bis(carbalkoxyphenyl)-1,2,4~triazoles (Th-j). A) A mixture of 13 mmole of acid If
or Ig, 15 ml of methanol or ethanol, and 0.5 ml of concentrated HzS0, was refluxed for 4 h,.
after which it was cooled and neutralized to pH 6-7 with alcoholic KOH solution. The result-
ing ester was recrystallized from methanol.

B) Excess dry HCl was bubbled into a suspension of 78 mmole of the dipotassium salt of
If in 90 ml of methanol, after which the mixture was poured into water, and the precipitate
was removed by filtration and washed with water. Ester Ii was recrystallized from methanol.

3,5-Bis(carbohydrazidophenyl)-1,2,4~triazoles (In,o0). A mixture of 10 mmole of ester
Ii or Ij and 50 ml of hydrazine hydrate was refluxed for 6 h, after which the excess hydraz-
ine hydrate was removed by vacuum distillation. When the residue was cooled, it yielded
fine acicular crystals, which were recrystallized from formamide.
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