QUESTION OF THE MECHANISM OF THE FORMATION OF 5-
HYDRAZINO-TETRAZOLE FROM 5-
DIAZOMETHYLAZOTETRAZOLE IN ACIDIC MEDIA
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The heating of the hydrate of 5-diazomethylazotetrazole in an aqueous medium led to the isolation, for the first
time, of 5-hydroxymethylazotetrazole — the proposed intermediate product in the isolation of 5-
hydrazinotetrazole from 5-diazomethylazotetrazole in acidic media. It was established that 5-hydrazinotetrazole
is not formed when 5-hydroxymethylazotetrazole is treated with hydrochloric acid under different conditions.
In this connection, an improved reaction mechanism, not including S5-hydroxymethylazotetrazole as an
intermediate compound, was proposed. It was shown that not all of the 5-diazomethylazotetrazole enters into
the reaction with water. The proposition was expressed that the product which did not enter into the reaction
is the Z-isomer.

According to the hypothetical mechanism in [1], the treatment of 5-diazomethylazotetrazole (I) with aqueous solutions
of acids leads to the formation of the intermediate 5-hydroxymethylazotetrazole (II), which is further converted to 5-
hydrazinotetrazole (III).
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With the object of synthesizing the compound (II), we studied the reaction of the compound ()-H,0 with water. The
aqueous suspension of the diazo compound (I)-H,O was heated for 1 h and 2.5 h. Part of the substance thereby reacted with
water and went over into the solution, and the other part remained unreacted. The results of the experiments showed that the
amount of the unreacted diazo compound (1) is virtually independent of the reaction time and comprises 9-14%. The compound
(ID) was successfully isolated from the aqueous solution and identified, whereby its yield was also virtually independent of the
reaction time and comprised 82-86%. The comparison of the temperatures of decomposition and the IR spectra of the samples
of the diazo compound (I)-H,O, which did not enter into the reaction, and of the initial material showed their regular change,
namely the significant decrease in the decomposition temperature from 164-168°C [the initial (I)-H,O] to 152-156°C (the
unreacted substance) and the marked increase in the difference of the intensity of the bands of the stretching vibrations of the

Samara Polytechnical Institute, Samara 443010. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 10, pp-
1351-1353, October, 1992. Original article submitted May 5, 1992.

0009-3122/92/2810-1149%$12.50 ©1993 Plenum Publishing Corporation 1149



azo group (1584 cm™!) and the diazo group (2160 cm™1) for the unreacted sample, As was indicated in the work [1], changes
in the temperatures of decomposition and the comparative intensity of the absorption bands of the azo and diazo groups in
different samples of (I)-H,O are evidently associated with the change in the quantitative proportion of the isomers (differences
in the frequencies of the absorption bands could not be found; this is probably associated with their large width). Proposing
an analogy with the data on the Z- E-isomerism of derivatives of five-membered heterocycles containing unsaturated substituents
[2, 3], as well as taking into account the possibility of the intramolecular H...N interaction with the formation of rings more
than six-membered [4], the occurrence of the diazo compound (I) in the following Z- and E-isomeric forms should be
considered probable (the Z- and E-conformations characteristic of conjugated, sterically hindered diazo compounds [5] can be
ignored due to the absence of steric hindrance in the given case).
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The possible formation of the N-H...N™ hydrogen bond is determined by the acidic character of the hydrogen of the
NH group of the tetrazole ring [6]. For the structures presented, the Z-isomer should have lower reactivity since it is known
that the intramolecular hydrogen bond prevents the interaction of the compound with both the reagent molecules and with the
solvent molecules [7]. The same isomer should also probably have a lower decomposition temperature since it is known that
the Z-isomers of azo compounds are usually Iess stable [8]. An indirect argument in favor of the identity of the unreacted
sample of (I)-H,0 as the Z-isomer is also its low quantity (~ 12%), since it is known that the synthesis of azo compounds leads
preferentially to the isolation of the more stable E-isomer [9]. Therefore, it can be assumed that the E-isomer reacts more
rapidly in the treatment of the mixture of isomers of the diazo compound (I)-H,O with water, and the Z-isomer remains
unreacted.

The study of the reaction of the isolated compound (II) with aqueous solutions of hydrochloric acid was conducted
under different conditions with the variation in the concentration of the acid, the ratio of the reagents, and the temperature.
The results of the experiments thereby showed that the hydrazino derivative (II), expected according to the scheme of [1], is
not formed; an unidentified resin-forming substance was isolated in all cases. Starting from that, we considered it expedient
to propose an improved scheme for the formation of the hydrazino derivative (III) from compound (I) not including the
intermediate compound (II).
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The Michael reaction — the acid-catalyzed addition of water at the —N=N— activated bond of the compound (I) with
the formation of the diazo derivative (IV) — probably proceeds in the initial stage; the Michael reaction is described in the
literature for compounds containing the activated azo bond [10]. The direction of the hydration is determined by the presented
distribution of the charges (5- and 6+) at the nitrogen atoms of the azo group of the compound (I), on account of the electron-
acceptor character of the tetrazole ring [11] and the electron-donor character of the diazo group [12]). Further, it is evident that
the intermediate diazo compound (IV) decomposes in an acidic medium with the release of nitrogen and the formation of the
carbocation (V) according to the generally accepted mechanism for the decomposition of diazo compounds in an acidic medium
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[13]. The subsequent rearrangement of the cation (V) may lead to the intermediate (VI) figuring in the known scheme [1]. In
this connection, the proposed mechanism of the reaction corresponds with the literature data [1].

EXPERIMENTAL

The IR spectra were taken on the UR-20 spectrophotometer using KBr tablets. The initial compound (I)-H,O was
obtained according to the method of [1] with the utilization of sulfuric acid.
The data of the elemental analysis of the compound (II) for C, H, and N correspond with the calculated data.

5-Hydroxymethylazotetrazole (II) (CH;N¢O). The suspension of 1.0 g (7.81 mmole) of the compound (I)-H,O in
70 ml of water is heated at ~95°C. The hot reaction mass is then filtered from the unreacted compound (I)-H,0, and the water
is removed from the filtrate. The compound (II) remaining has the decomposition temperature of 170°C; after crystallization
from water, the decomposition temperature is 173°C. The IR spectrum is as follows: 995 cm ™!, 1060 cm™!, 1205 cm™! (the
tetrazole ring), 1585 cm™! (the azo group), and 3230 cm™! broad (OH).
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