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Abstract—A convenient and efficient one step, base-catalyzed synthesis of 3,5-disubstituted 1,2,4-triazoles by the condensation of a
nitrile and a hydrazide is presented. A diverse range of functionality and heterocycles are tolerated under the reaction conditions
developed, and the reactivity of the nitrile partner is relatively insensitive to electronic effects.
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3,5-Disubstituted 1,2,4-triazoles are found in several
pharmacologically active compounds. Recent examples
include the selective adenosine A, receptor antagonist
1! and the phosphodiesterase V inhibitor 2> shown in
Figure 1. Triazole rings are typically synthesized by a
process that represents an overall dehydrative condensa-
tion between hydrazides and nitrile derivatives, with the
latter usually activated by, for example, conversion
to an imidate (3 in Scheme 1; Pinner reaction) or a
thioamide (Pellizzari reaction). These procedures, path
b-d, Scheme 1, are usually conducted at elevated tempera-
tures and depend upon a discrete step to derivatize the
nitrile and a subsequent step for the formation of the
acylamidrazone intermediate 4 prior to cyclization.
These conventional procedures not only often involve
high reaction temperatures and long reaction times but
also result in low yields of product.®#
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Scheme 1.

Prompted by the need for a more reliable and versatile
preparation of 3,5-disubstituted 1,2,4-triazoles in order
to rapidly probe structure—activity relationships in one
of our drug discovery programs, we investigated differ-
ent reaction conditions with the view to developing a
more convenient, one-step procedure that was amenable
to automated solution phase synthesis, analysis, and
purification.”> More specifically, we focused attention
on developing reaction conditions that would allow
the synthesis of the heterocycle directly from a nitrile
and a hydrazide, as depicted in path a, Scheme 1.
Although the reaction of a nitrile and a hydrazide has
been reported to provide 1,2,4-triazoles, the conditions
described are not general, very high temperatures
(230 °C) are typically employed, and yields are low.° Ini-
tially, we were interested in exploring the application of
microwave technology to the synthesis of triazoles>® as
recent examples suggest that microwave irradiation’
provides advantage with respect to reduced reaction
time, and increased product yields when compared to
conventional heating.
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Table 1. Results of the reaction of benzonitrile with benzoic hydrazide under different conditions

(o}

HoN. 150°C, pwave @_«N "NH
@CN + N)@ N7 :
H
5 6 7
Entry Solvent Base (equiv) Time (h) Yield (%)
1 — — 1 No reaction
2 "BuOH — 3 No reaction
3 EtOH K,CO; (2) — Incompatible
4 DMF K,CO;5 (2) 1.25 Little reaction
5 Ethylene glycol K,CO;5 (2) 1.25 26
6 "BuOH K,CO; (2) 2.5 74
7 BmimPF¢" K,COs (2) 1.25 1:1 triazole/oxadiazole
8 "BuOH Cs,CO; (2) 2.75 30
9 "BuOH Et;N (2) 1 No reaction
10 "BuOH K,CO; (1) 3 72
11 "BuOH K,CO; (0.5) 3 78 (80, ob)®
12 "BuOH K,CO; (0.1) 7 84 (49, 67°, ob)

These experiments were carried out using 0.33 mmol of benzoic hydrazide and 1 mmol of benzonitrile: see Ref. 9 for experimental procedure.

4 BmimPFg = 1-butyl-3-methylimidazolium hexafluorophosphate.
® ob = oil bath heating.
¢ Fresh bottle of K,;COs was used.

The reaction between benzonitrile (5) and benzoic
hydrazide (6) was used as a model system to identify
reaction parameters that would provide optimal results.
As presented in Table 1, condensation of the two reac-
tants, either neat (entry 1) or as a solution in "BuOH
(entry 2), was ineffective under microwave irradiation
at 150 °C. However, in the presence of 2equiv of
K,COj as base, the use of "BuOH as a solvent provided
3,5-diphenyl-1,2,4-triazole (7) in 74% yield (entry 6),
conditions superior to using either DMF (entry 4) or
ethylene glycol (entry 5) as the reaction medium, while
the lower boiling EtOH was incompatible with the reac-
tion conditions (entry 3). Interestingly, the use of the
ionic liquid, 1-butyl-3-methylimidazolium hexafluoro-
phosphate, led to a 1:1 mixture of 1,2,4-triazole
and 1,3,4-oxadiazole (entry 7), an outcome not observed
when using other solvents. The alternative bases Cs,CO;
and Et;N were also examined but found to be inferior to
K,COj; (Table 1, entries 8 and 9). The use of 1 equiv or a
sub-stoichiometric amount of K,CO3z was found to be
sufficient to provide satisfactory results (entries 10 and
11). Most significantly, the use of 0.1 equiv of K,CO;
provided the highest yield of product, albeit a longer
reaction time was required (entry 12). When conven-
tional oil bath heating was employed to conduct the
reaction, lower yields of the product were observed
when 0.1 equiv of K,CO3 were used but yields were
comparable in the presence of 0.5 equiv of K,CO;3; (com-
pare entries 11 and 12).% Based on these results, we chose
to use the optimized conditions of entry 11 as a protocol
to test the generality of the method and a survey of
select examples is compiled in Table 2.°

The results presented in Table 2, entries 1-7 demon-
strate that, in general, the success of this reaction proto-
col is not heavily dependent on electronic factors
associated with either reaction partner. Both electron-
donating and electron-withdrawing substitutions
deployed at different positions of the aryl ring of the

nitriles and the hydrazides are tolerated, as are 5- and
6-membered heterocycles, with synthetically useful
yields obtained.'® Compound 1lc (entry 4) and its
analogs have been evaluated as orally active xanthine
oxidase inhibitors that were prepared from an inter-
mediate acylamidrazone, obtained, in turn, via an
imidate, in yields of 15-32% by heating at 285 °C.3¢!!
The reaction between nitrile 12a and hydrazide 12b
was complete in 1 h but gave a mixture of acid 12¢, its
ethyl, and n-butyl esters in a ratio of 1:2:2 (entry 5). This
mixture was not purified but was subjected to saponifi-
cation with NaOH/MeOH to provide acid 12¢ in 82%
overall yield over the two steps. It is perhaps somewhat
surprising that the condensation between 12a and 12b
shows excellent chemoselectivity for the cyano group
over the activated carbonyl element presented by the
a-keto ester moiety since no product arising from this
alternative reaction manifold was detected. We attribute
the inertness of the a-keto ester moiety to a facile in situ
protection by the addition of "BuOH solvent to afford
the hemiketal derivative, a reaction facilitated by the
electron withdrawing cyano group.

The example provided by 13c¢ (entry 6) illustrates that a
relatively electron-rich nitrile of the type exemplified by
13a participates readily in this process to give the desired
product under both microwave and oil bath conditions.
However, an extended reaction time was required to
complete this reaction, presumably a reflection of unfa-
vorable steric interactions in the cyclization step and the
electron-rich nature of the nitrile. The aryl-substituted
acetonitrile derivatives 15a-18a (entries 8-11) reacted
with various hydrazide derivatives to afford products
15¢-18c in satisfactory yields. The results presented in
entries 8, 9, and 12 are particularly notable because p-
elimination of the nitrile starting materials might be
anticipated as a potential side reaction. Gratifyingly,
nitriles 17a and 18a (entries 10 and 11), both of which
contain acidic o-methylene protons, reacted smoothly
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Table 2. Direct synthesis of a variety of 3,5-disubstituted 1,2,4-triazoles from nitriles and hydrazides
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#See Ref. 9 for the experimental procedure; the reaction temperature for each individual example was not optimized.
®Isolated as TFA salt.

¢ Obtained after hydrolysis, see text.

40il bath heating and using a fresh bottle of K»,COs.
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under these conditions. Finally, the aliphatic nitrile 19a
(entry 12) also participated as a substrate, providing tri-
azole 19¢c, albeit in modest yield. This appears to be a
limitation of this process since the simpler aliphatic
derivatives, acetic, and formic hydrazide, reacted with
benzonitrile to provided triazole products in yields of
only 14% and 12%, respectively. However, the thiophenyl-
substituted acetic hydrazide derivative 14b participated
as a reaction partner to provide products 14c and 18c
in moderate yields (entries 7 and 11).

In summary, an expedient synthesis of 3,5-disubstituted
1,2,4-triazoles that proceeds by the direct reaction of a
nitrile and a hydrazide in the presence of catalytic
amount of K,CO; in "BnOH has been developed. The
scope of this process has been demonstrated by examin-
ing reaction partners that incorporate a range of elec-
tron-donating and withdrawing functional groups and
heterocycles, all of which are readily tolerated. The reac-
tion of nitriles anticipated to be relatively unreactive
also proceeded to provide the desired products. Thus,
diverse, small molecule, drug-like structures can be
assembled in a solution phase, automated synthesis
fashion enabling expeditious SAR studies.
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