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On heating with a catalytic quantity of the corresponding
alkyl or phenacyl halides, 4-alkyl- or 4-phenacyl-1,2,4-triazoles
isomerize via quaternary salts to their 1-substituted isomers.
Thus, the 1-substituted compounds can now be obtained regiospecifi-

cally from 1,2,4-triazole by alkylation-isomerization.

Many 1-substituted-1,2,4~triazoles are important to the pharmaceuticals and
agrochemicals industries,1) since they show fungicidal, herbicidal, plant growth
regulatory and other useful properties. Unfortunately, the synthesis of such
compounds wia direct alkylation of 1,2,4-triazole frequently produces a mixturez)
in which the 1-isomer (2) is contaminated with 3 - 30% of the 4-isomer (1) and
removal of the unwanted isomer may be difficult or expensive to achieve. We now
report that 4-alkyl- and 4-phenacyl-1,2,4-triazoles (1) readily isomerize to their
1-substituted analogues (2) on heating with a catalytic quantity of the corre-

sponding organic halides (Eq. 1).
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Alternatively, the 1-isomer can be obtained regiospecifically by direct
alkylation of 1,2,4-triazole at elevated temperatures with a slight excess of
alkylating agent (Eq. 2). The reactions proceed through the intermediacy of

quaternary salts.
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In the course of our attempts to find a regiospecific approach to 1-substi-
tuted triazoles we were attracted by literature accounts which reported that 1-
trimethylsilyl-1,2,4-triazole (3)3) and 1—tributylstannyl—1,2,4—triazole4)
regiospecifically with halogenocalkanes and a-halogenocarbonyl compounds to give

react

high yields of the corresponding 1-substituted derivatives. However, in our hands
the reaction of benzyl bromide with 3 under the stated conditions (10 h at 120 T)3)
gave less than a 20% yield of 1-benzyl-1,2,4-triazole (5) and even this was con-
taminated with its 4-substituted isomer (6). The major product was a quaternary
salt (4), the possible formation of which is specifically rejected in the original

3)  Dpetails of the procedure for isolation of 5 from this

literature report.
reaction are not recorded in the report.3) However, by analogy with an earlier
procedure4) it appeared likely that isolation involved distillation of the reaction
mixture at 162-164 /18 mmHg. Indeed, distillation of our reaction mixture under

such conditions provided a good yield of pure 5, probably by the route shown in Eq.
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Moreover, 5 was also produced regiospecifically and in high yield by reaction
of unsubstituted 1,2,4-triazole with benzyl bromide at 180 <, thus demonstrating
that the trimethylsilyl group is not essential for the reaction. Furthermore, a
mixture of 4, 5,and 6 was again produced when triazole and benzyl bromide were
heated to 110 €. This discovery opened up the possibility that 6 could be iso-
merized to its 1-isomer by heating together with a small amount of benzyl halide
(Eq. 1). This proved to be the case. Compound 6 was converted into a mixture
containing 5 (94%) and 6 (6%) on heating at 180 € for 2.5 h with 3.3 mole per cent
of benzyl bromide (Eq. 4). Further heating converted the remaining 6 into 5, with
ca. 3% of the salt (4) present as the only significant impurity at the end of the
reaction. The reaction worked equally well with benzyl chloride as the catalyst

and N-methylpyrrolidone could also be used as a solvent without detriment.
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A number of other 4-alkyl- and 4-phenacyl-1,2,4-triazoles were subjected to

the isomerization reaction (Eg. 1) in order to test its generality. The results
are recorded in Table 1.

Table 1. Conversion of 1 into 2 via isomerization according to Eq. 1

mol% Reaction Product ratio 2:1
conditions
o a) alkylation b)
R X RX temp/ C, time/h isomerization of triazole
PhCH2 Br 3.3 180, 5 >98:<2 (88:12)
- c) . .

n C6H13 I 15 160, 40 92:8 (86:14)

PhCH(Me) Br 6 160, 220) >97:<3 (89:11)

PhCOCH2 Cl 14 180, 7 >99:<1 (87:13)

" " 10 150, 30°) 92:8 (")
4—C1C6H4COCH2 Ccl 16 170, 2.50) >99:<1 (91:9)
4-FC_H,COCH, cl 20 160, 1°) >99:<1 (92:8)
4-BrC6H4COCH2 Br 5.7 160, 30) >99:<1 (91:9)

a) Proportions in the crude product mixture after isomerization of pure 4-isomer (1). The
proportions were determined by NMR, hplc or gc as appropriate. In addition to 2 and 1 there
was also present a quantity of gquaternary salt corresponding to the amount of catalyst added.
The amount of catalyst was determined by the quantity present in a single small addition since
reactions were carried out on a very small scale.

b) The proportions obtained on direct alkylation of 1,2,4-triazole under moderate conditions (our
results), reported for comparison.

c) These reactions were carried out in the presence of a minimal quantity of N-methylpyrrolidone

as solvent. Other reactions were carried out without solvent.



350 Chemistry Letters, 1990

It is clear that isomerization of 4-alkyl- and 4-phenacyltriazoles is a
general process, and gives rise consistently to the more stable 1-substituted
isomers. We have made no attempt to optimize individual reactions, but it appears
that heating for several hours at 160-180 €, in the presence of a few per cent of
the corresponding halide, is sufficient to allow almost complete isomerization in
most cases. In the case of 4-phenacyl-1,2,4-triazole we have carried out the
reaction on a larger scale and isolated the product. 1-Phenacyl-1,2,4-triazole was
obtained pure in 64% isolated yield after chromatography on silica and recrystalli-
sation.

These results now offer two possibilities for improvement in recovery of 1-
substituted-1,2,4-triazole products from alkylation reactions of 1,2,4-triazole:
(1) the reaction can be carried out with excess halide and the mixture heated
directly to ca. 180 € so that isomerization takes place prior to isolation; or (2)
the initial reaction can be carried out at lower temperature, the mixture can be
separated to give pure 1-substituted compound, and the residue, which is rich in 4-
isomer, can then be isomerized.

These results have obvious commercial potential for the synthesis of 1-substi-
tuted 1,2,4—triazoles.5) It is also likely that similar isomerizations are
possible for imidazoles and related compounds.
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