resulting solution was extracted with chioroform, the extract was evaporated, and the residue was chromatographed on a col-
umn of Al,O5 (elution with acetone). The fraction with R 0.75 was collected; 0.75 g (86%) of (IXa).

D. Following procedure C, but using 0.77 g (6 mmoles) of dimethyl sulfate instead of CHsl, 0.63 g (73%) of (IXa) was
obtained.
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SELECTIVE N(; ALKYLATION OF TETRAZOLE AND
5-SUBSTITUTED TETRAZOLES BY ALCOHOLS

A. O. Koren' and P. N. Gaponik UDC 547.796.1

Alkylation of tetrazole and its 5-substituted derivatives by 5-tert-butyl, isopropyl, and cyclohexyl alcohols
in concentrated H S0, results in high yields of the corresponding 2-alkyltetrazoles alone, irrespective of
electronic properties and size of the substituent at the 5-position of the tetrazole ring. The tert-butylation of
tetrazole in phosphoric acid results in the formation of a mixture of isomeric 1- and 2-substituted deriva-
tives, the concentration of the 1-isomer increasing with decrease in the concentration of the acid in the mix-
ture.

Alkylation is one of the main methods of the synthesis of N-substituted tetrazoles. Up to the present time the alkylation
of salts of tetrazoles by alky! halides and alkyl sulfates, which generally results in a mixture of isomeric 1- and 2-substituted
tetrazoles has been most extensively studied [1]. Practically all the described cases of selective alkylation of tetrazoles at the
N(z atom involve steric hindrances to the approach to the reaction center at N(;y and/or the presence of a strong electron-accep-
tor group at the 5-position of the tetrazole ring [1, 2]. The reactions of tetrazoles with other alkylating agents and in other
media (neutral, acidic) have been studied to a considerably lesser extent.

In [3-5] was described the alkylation of a series of tetrazoles with o-ferrocenyl alcohols in acetic and trifluoroacetic acids,
also leading to the formation of a mixture of isomeric 1- and 2-substituted derivatives in the absence of a bulky aryl sub-
stituent, or a strong electron-acceptor (NO,) at the 5-position of the tetrazole ring. Using the a-ferrocenylalkylation of tetra-
zole as an example, it was shown that on transition from acetic to trifluoroacetic acid, i.e., when the acidity of the medium is
increased, the proportion of the 1-isomer in the mixture substantially increases (4].

Scientific-Research Institute of Physicochemical Problems, V. 1. Lenin Belorussian State University, Minsk 220080.
Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 12, pp. 1643-1647, December, 1990. Original article submit-
ted May 15, 1989.
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- Taking into account the weak basic properties of the tetrazole ring and its high stability to the action of mineral acids [1],
we undertook in the present work the study of the alkylation of tetrazole and 5-substituted derivatives by alcohols in a highly
acid medium, ensuring the practically complete protonation of the tetrazole ring, and thus eliminating the possibility of the
presence of tetrazoles both in the form of tetrazolate anions and in a nonprotonated form. As such a medium we selected
H,S04, which in this reaction plays the additional role of a universal solvent and water binding agent.

It was found that the reaction of tetrazoles with alcohols having a structure promoting to a certain extent the stabilization
of carbenium ions formed from them (tert-butyl, isopropyl, cyclohexyl) proceeds successfully at room temperature in concen-
trated H,SO,. In all cases, irrespective of the character and size of the substituent at the S-position of the tetrazole ring, only
one of the two possible isomers was obtained (see Table 1), as indicated by the TLC and PMR spectroscopic data. All the N-
alkyltetrazoles obtained were assigned to 2-isomers.

From the characteristic proton signals of the substituents at the 5-position in the PMR spectra, tetrazoles I-VI (see Table
1) were assigned to 2-substituted compounds. Thus, the chemical shifts of protons at the ring carbon atom (5-H) of mono-
substituted tetrazoles I-1II lie within 8.64-8.67 ppm; under identical conditions, the corresponding signals of 1-alkyltetrazoles
are located in a weaker field (9.1-9.3 ppm) [3, 6]. Similar patterns, characteristic for 1- and 2-methyl derivatives of 5-methyl-
and 5-aminotetrazoles [7], made it possible to identify the compounds IV and VI structurally similar to them. In the PMR
spectrum of tetrazole V, the signals of the pheny! protons are represented in the form of two isolated multiplets, which is par-
ticularly characteristic of the 2-isomer and indicates its interannular conjugation [1, 7]. The coincidence of the physical con-
stants of tetrazole VI with those given in [8] also confirms the correctness of the assignments made. Moreover, the corre-
sponding 1-isomers for tetrazoles I1I-VI are already known [8-10], while 1-tert-butyltetrazole, isomeric to compound I, was
synthesized by us according to the method given in [11]. Comparison of the physicochemical and spectral characteristics of
these compounds and compounds I, III-VI with taking into account the known regularities [1, 2, 7, 8] also shows that the lat-
ter are in fact 2-substituted tetrazoles.

Tetrazoles VII and VIII were assigned to the 2-isomers since the corresponding 2-alkyl-S5-vinyltetrazoles with characteris-
tic proton signals of the vinyl group (trans, cis, gem) in the PMR spectra: 5.62, 6.28, 6.80 ppm were obtained from them
on deamination. For comparison, we cite the same signals of 2-methyl-5-vinyltetrazole at 5.63, 6.33, 6.82 ppm, and of 1-
methyl-5-vinyltetrazole - at 5.93, 6.40, 6.69 ppm [12].

Compound IX was identified as the 2-isomer on the basis of a comparison of the chemical shift of the ring carbon atom
in the 13C NMR spectrum (156.6 ppm) with the chemical shifts of the corresponding atoms in 2-methyl-5-trifluoromethylte-
trazole (157.2 ppm) and 1-methyl-5-trifiuoromethyltetrazole (146.3 ppm) synthesized by the method in [7].

The absence of isomerization of 1-substituted derivatives into 2-substituted ones during contact with H,SOy, as found by
special experiments using 1-tert-butyltetrazole as an example, indicates that, in a strongly acid medium, the tetrazoles are se-
lectively alkylated at the 2-position of the ring. This process can be outlined as follows, It is known that tetrazoles are
Hammet bases [13], and under the conditions of this reaction (96% H,S0,, Hy = —9.9) are practically completely protonated.
The protonation takes place at the Ny, atom [13] with the formation of tetrazolium cations with a symmetrical structure (A),
which is confirmed by the presence of not more than two signals in the >N NMR spectrum of a solution of 1.52 moles/liter
of 5-methyltetrazole in 84.4% H,SO, [230.8 (N(1y, Neay; 361.6 ppm (N(3), Ni3))]. The complete symmetry of the tetrazole
ring protonated at the N4y atom was also shown by quantum chemical calculation of the tetrazolium cation [14], whereby in
the latter the multiplicity indices of the N¢;y~N) and N3~Nq) bonds are practically equal to unity, while the multiplicity in-
dex of the N2~N(4) bond (1.82) is even higher than that of the nonprotonated tetrazole (1.75).

The carbocation R*, formed during the protonation and dehydration of alcohol ROH molecule, attacks a tetrazolium cation
(A) either at the unshared electron pair of the N3 atom (or, which is in effect the same, N3)) or at the n-bond between them,
followed by localization at Ny or Neay:

o) +_R 2 R R
HN — N~ HN— N7 % N N—N"
{ + RT - 1w, —_— I — 4 :
: N
R R

l&, {
C N, N Y
R \'};‘/ & ‘/(‘\.N’/ %) R‘/(\N//:‘

The intermediate (B) obtained is stabilized by the elimination of a proton, possibly from the position neighboring R,
forming a 2-substituted tetrazole protonated at N,y (C), which is deprotonated when the acidity of the medium decreases
(dilution of the reaction medium with water).
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The fact that the selective alkylation at the N, atom is caused by the complete protonation of the tetrazole ring is con-
firmed by the results of tert-butylation of tetrazole (pKpy = -2.70 [13}), carried out by the same method in 87 and 71% phos-
phoric acid (Ho -3.7 and 2.3, respectively). In both cases, in the spectra of the reaction products, the 5-H proton signals
were recorded not only of the 2-isomer (8.66 ppm), but also of the 1-isomer (9.15 ppm). The ratio of the isomeric 2- and 1-
tert-butyltetrazoles, estimated from the integral intensity of these signals, is ~15:1 in the first case and ~5:1 in the second,
which corresponds to the decrease in the degree of protonation of the initial tetrazole with decrease in the acidity of the
medium. Experiments on the tert-butylation (see Table 1) showed that with decrease in the concentration of H,SO, the iso-
meric homogeneity of the reaction products is retained as a result of fairly high H, values.

EXPERIMENTAL

The PMR spectra were obtained on a JEOL JNM-PS-100 spectrometer, using solutions in acetone-Dg and HMDS as in-
ternal standard. The 13C and !N NMR spectra were recorded on a Bruker WM-360 spectrometer with working frequencies of
90.56 and 36.50 MHz, respectively. For the 13C NMR spectroscopy solutions in CDCl; were used. The chemical shifts of
the 15N nuclei were measured as recommended in [15), relative 1o external standard (nitromethane, 8y = 380.23 ppm) and are
given with reference to anhydrous liquid ammonia at 25°C (8y = 0 ppm). Tetrazole and substituted tetrazoles were obtained
by known methods; the properties of the compounds corresponded to the data in [16-19).

The results of the elemental analysis for C, H, N correspond to the calculated data.

1-tert-Butyltetrazole (CsH,;(Ng), mp 37-38°C; bp 105°C (1 mm Hg). PMR spectrum: 9.15 (1H, s, CH); 1.70
ppm (9H, s, t-Bu).

General Method for the Preparation of Tetrazoles I-IX. A 27.5 mmole portion of the alcohol was added
dropwise, with stirring over a period of 10 min, to a solution of 25 mmoles of tetrazole or a 5-substituted tetrazole in 17-18
ml of an acid, while maintaining the temperature at 20-25°C. The reaction mixture was stirred for 20-60 min, and then
poured into 100 g of ice water and extracted with methylene chloride (4 x 25 ml). The combined extract was washed with 10
ml of water, 10 ml of a 3% Na,CO, solution, 10 ml1 of water, and dried over anhydrous MgSO,. In the case of aminotetra-
zoles VI-VIII, the reaction mixture after the dilution was neutralized with 110 g of a 25% NaOH solution with cooling, ex-
tracted with benzene (6 X 25 ml), and the combined extract was dried over anhydrous K,CO;. The solvent was evaporated and
the residue was distilled in vacuo.
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1H AND 13C NMR STUDY OF AZIDO-TETRAZOLE TAUTOMERISM
OF 2-AZIDO-4-METHYLPYRIMIDINE

V. P. Krivopoalov, V. O. Mamatyuk, UDC 543.422.25:541.623:547.855.7
and V. P. Mamaev*

Using 'H and 13C NMR and IR spectroscopic methods, it was found that 2-azido-4-methylpyrimidine exists
in solutions in tautomeric equilibrium with two tetrazole forms, the ratio between which is determined by
the polarity of the solvent, while in a crystalline state, according to the 13C NMR CP MAS data it has the
structure of the 7-methyltetrazolo[1,5-a]pyrimidine isomer.

It was previously reported [1] that the condensation of 5-aminotetrazole with 4,4-dimethoxybutan-2-one or nitrosation of
2-hydrazino-4-methylpyrimidine produces one and the same product which, according to the authors, has the structure of 5-
methyltetrazolo(1,5-a]pyrimidine (IB). However, it was found in [2] by 'H and !3C NMR methods that by the first method
instead of compound IB, the isomeric 7-methyltetrazolo[1,5-a]pyrimidine (IC) is formed, existing in a CDCl, solution in

equilibrium with 2-azido-4-methylpyrimidine (IA):

Scheme 1
CH,4 (IIX13
< kl h 3\ 3 S\N
—ig e l
= (] == [
kK, \.\ N3 ky M \31\
18 =1
iB

In discussing the scheme of formation of compound I, the authors of [1] did not take into account the ability of the
substituted S-aminotetrazoles to undergo the thermally reversible Dimroth rearrangement, proceeding via the intermediate
formation of substituted C-azidoformamidine ("guanylazide™) (3, 4], and also the possibility of reversible recyclization of the
IC = IB isomers, which possibly is the cause for the inconsistency with [2].

On analyzing the data for the tautomeric equilibrium of compound I [2] and 2-azido-4,6-dimethylpyrimidine (II) in a
CDCl, solution [5), it was pointed out that the amounts of the azide forms are comparable in both cases, although a decrease
in the relative stability of the azide tautomer, symbatical to the number of the electron-donor methyl group: 2-
azi.opyrimidine (IMA) > (IA) > (IIA), should have been expected.

In view of the above contradictory data, we undertook a detailed investigation of the tautomeric equilibrium IC = JA «
IB in solvents of various polarities, and also determined the structure of compound I in the crystalline state.

*Deceased.
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