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ABSTRACT

A multicomponent (single reactor) process for the synthesis of 1-aryl 1,2,4-triazoles was explored and developed. This transformation prepared
the 1,2,4-triazole directly from anilines, amino pyridines, and pyrimidines. The reaction scope was explored with 21 different substrates, and the
position of the nitrogen atoms in the newly formed ring was established by 15N labeling and NMR spectroscopy.

1,2,4-Triazoles are a class of heterocycles found in awide
range of biologically active molecules encompassing sev-
eral therapeutic areas, and as subunits of coordination
polymers.1,3d

Several methodologies to prepare this important motif
have been reported and reviewed in the literature.2,3d

Common methods to access aryl 1,2,4-triazoles include

the formation and condensationof a hydrazine derivative,3

transition metal mediated C�N bond coupling,4,5 and
SNAr-type chemistry of a halogenated arene with a 1,2,4-
triazole nucleophile.6 Some limitation of these approaches
include multiple steps to generate and activate the hydra-
zine for cyclization, or in the case of SNAr chemistry,
a mixture of N-regioisomers can be formed.6,7 General
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examples of methodologies used to prepare 1-aryl 1,2,4-
triazoles are depicted in Figure 1.
We envisioned that building the 1,2,4-triazole ring

directly from an aniline would provide an efficient
method to prepare 1,2,4-triazoles and hypothesized that
this could be effected as outlined in Scheme 1. Forma-
tion of an imidate (3) from the condensation of an aniline
(1) with triethylorthoformate is known to be a facile
process.8 We postulated that in the presence of a third
component, such as tosylamidoxime 5,9 imidate 3 could
condense first and then undergo a N�N bond-forming
cyclization reaction to generate aryl 1,2,4-triazole 6.10,11

However, it is known that, in the absence of excess
orthoester, imidate 3 will react with a second equivalent
of aniline to form a less reactive amidine product (4).12

Although this undesired condensation could occur
before the aniline is entirely consumed, imidate 3 can
slowly regenerate under the reaction conditions.12 We
were encouraged to investigate this process because the
1,2,4-triazole would be forged directly from an aniline
(convergently), efficiently (in one step) and without the
application of transition metal catalysts.

To begin this investigation, para-chloroaniline was cho-
sen as a model substrate (Table 1, entry 1).13 A mixture of
para-chloroaniline (1a), triethylorthoformate (HC(OEt)3),
and tosylamidoxime 5 in THFwas heated to 60 �C for 24 h
to produce the desired triazole 6a as a minor product. The
major components of the crude reaction mixture were
observed to be amidine 4a and imidate 3a. Aniline 1a

was completely consumed, and tosylamidoxime 5, which
was added in slight excess, was still present. Continued
heating was not beneficial, as it mainly led to the decom-
positionof 5, generated other side products, and consumed
amidine 4a. As previously reported, a protic environment
assists in the conversion of amidines such as 4a back to the
corresponding imidate.12 We hypothesized that by intro-
ducing an acid catalyst and facilitating this equilibrium,
greater conversion could be achieved. We were gratified
to discover that addition of ethanesulfonic acid (EtSO3H,
10 mol %) to a mixture of tosylamidoxime 5, aniline 1a,
HC(OEt)3, THF and heating at 60 �C for 24 h afforded
facile consumption of both amidine 4a and imidate 3a

with an excellent conversion to triazole 6a, in 93% isolated
yield.

The efficiency of this methodology was tested with a
series of anilines, and the outcomes are summarized in
Table 1. For substrates containing electron-withdrawing
groups, the desired 1,2,4-triazole products were generated
in very good to excellent yields (80�95%, Table 1 entries
1�6, 14). Not surprisingly the electronic nature of the ring
substituents impacts the time required for reaction com-
pletion. For example, para-nitro aniline (Table 1, entry 2)
reached completion after 4 h whereas substrates that
possess a less electronegative group (entries 3�6) required
∼6 h. Continued heating after most of the amidine had
been consumed led to decomposition of the 1,2,4-triazole
and a diminished product yield (54% after 24 h vs 93%
after 4 h; Table 1, entry 2). Thus, in order to maximize
product recovery, cooling the reactionmixture after reach-
ing completion is paramount.

Figure 1. General synthetic routes to 1-aryl 1,2,4-triazoles.

Scheme 1. Reaction Pathway Design
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In the case of electron-rich aniline substrates (1g�l) the
corresponding amidine intermediates (4g�l) were, as ex-
pected, more resistant to undergo the productive exchange
reaction, and a full equivalent of EtSO3H was necessary
to achieve high conversion to the 1,2,4-triazole products
(6g�l). In the ortho-substituted substrate series, which
include a sterically demanding 2,6-diisopropyl aniline,
diminished formation of the amidine was observed and
the 1,2,4-triazoles were furnished in good yields (76�87%)
after 6 h at 60 �C (Table 1, entries 9�12). For the para-
substituted series, the reaction conditions were fur-
ther modified to minimize amidine formation (Table 1,
entries 7�8). Thiswas achieved by slow addition of a dilute
THF solution of the aniline to a mixture of 5, EtSO3H,
triethylorthoformate, and THF at 50 �C. Again, the triazole
products were generated in good yields (70�75%) even
with the electron-rich anisidine substrate (entry 7). Lastly,
a unique p-pinacol boronate ester 1,2,4-triazole product
(Table 1, entry 13) was prepared using these reaction
conditions in moderate yield, 56%.

The scope of this transformation was expanded to
include heterocycles such as pyridines and pyrimidines
(Scheme 2). For substrates containing electron-withdraw-
ing groups, formation of the 1,2,4-triazole products
(Scheme 2, structures 7 and 8) occurred in moderate yield
(∼60%). After 6 h at 60 �C, the reactions stalled, amidine
side products were only present in trace amounts, and
unconsumed aminopyridine starting materials (∼10% for
7 and ∼20% for 8) were observed. The position of the
amino group relative to the ring nitrogen atom also
impacted the reaction efficiency. Formation of the 1,2,4-
triazole product 10 (Scheme 2) from 3-amino-5-methyl-
pyridine occurred in low yield (7%). The major compo-
nents of this reaction were identified by LCMS as the
ethoxy-imidate intermediate and aminopyridine starting
material. Yields of the 1,2,4-triazoles prepared from pyr-
imidines were also modest (37%, 11), or in the case of
5-cyanopyrimidine, the triazole product was not observed
(12). In both experiments, mostly starting material was
present after 24 h. Further modifications of the reaction
conditions were not explored.

The mechanism of cyclization that forms the 1,2,4-
triazole can occur through two pathways as depicted in
Scheme 3. Isolation of condensation intermediates (such as
14 and 15) was not possible and their molecular mass was
not observed by LCMS, indicating that the cyclization is
virtually instantaneous. To identify the operative reaction
pathway, an experiment with 15N-labeled tosylamidoxime
was carried out, and the results are summarized in
Scheme 3. In PathwayA, if the less substituted 15N labeled
amino group in tosylamidoxime 18 condenses with the
imidate and then undergoes cyclization, triazole product
16 would be observed. Conversely in Pathway B, if the
more substituted unlabeled-nitrogen atom (N-OTs) is first

Table 1. 1-Aryl 1,2,4-Triazole Synthesis Substrate Scope with
Anilines

a Solution yields obtained byQNMRanalysis. bReaction conditions
A: 10 mol % EtSO3H, THF, 60 �C. cReaction conditions B: 100 mol %
EtSO3H, 50 or 60 �C. d Slow addition of aniline e 93% isolated yield.
f 93% isolated yield of triazole after 4 h, 54% isolated yield after 24 h at
60 �C. g 65% isolated yield of triazole. h 76% solution yield of triazole
product without slow addition of aniline. iWithout EtSO3H: 6a:4a:3a
ratio is 1:1:2. With EtSO3H: 6a:4a:3a ratio is >50:1:not detected.

Scheme 2. Multicomponent Synthesis of 1-Aryl 1,2,4-Triazoles
from Aminopyridines and Pyrimidines
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to react with the imidate and undergo electrocyclic cycliza-
tion and loss of TsOH, triazole product 17 would form.
The position of the 15N atom in the 1,2,4-triazole product
would indicate if either of these two pathways is preferred.
The labeled tosylamidoxime 18 was prepared in two

steps from the reaction of 15N-labeled acetonitrile with
hydroxylamine and subsequent tosylation of theN-hydro-
xylacetamide (Scheme 3). After subjecting this material
to the triazole reaction conditions, the 15N-position in the
triazole product was determined by 1-D and 2-D NMR
spectroscopy. The C1 triazole carbon gave a 13C singlet
at 142.5 ppm whereas splitting of 13C resonances at C2 (d,
161.1 ppm, J=4.6 Hz) and C3 (d, 13.6 ppm, J=7.3 Hz),
due to 15N�C coupling, was observed. The results clearly
indicate that product 17 was formed in >98% selectivity
and that Pathway B is in operation. This 1,2,4-triazole
synthesis takes place with complete regiochemical control
of the nitrogen atoms in the newly formed triazole ring.14

In conclusion, a multicomponent synthesis of 1-aryl
1,2,4-triazoles was described and its scope evaluated using
several substituted aryl amines. For anilines, the key step
was determined to be the consumption of an amidine
intermediate where the presence of electron-withdrawing
groups or ortho substitution in the aryl ring led to a more
efficient triazole reaction. The addition of an acid pro-
moted reaction throughput by facilitating the breakdown
of the amidine intermediate. Electron-donating groups
stabilized the amidine intermediate, and controlled addi-
tion of the aniline to the reaction mixture was required to
achieve efficient triazole synthesis. The behavior of hetero-
cycles, such as pyridines and pyrimidines, was more un-
predictable. For this substrate series, the ring substituents
influenced whether the limiting step was consumption
of amidine, ethoxy-imidate or if the substrate was un-
reactive. Through the preparation of a 15N-labeled 1,2,4-
triazole, the mode in which the tosylamidoxime reacts
with the intermediate imidate was elucidated. This multi-
component N�N bond forming reaction is exceptionally
regioselective with respect to the position of the nitrogen
atoms in the 1,2,4-triazole ring. Overall, an efficient multi-
component process for the preparation of 1-aryl 1,2,4-
triazoles has been defined.
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