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ABSTRACT: A novel synthetic approach toward 1,4-disub-
stituted 1,2,3-triazoles and 1,5-disubstituted 1,2,3-triazoles by
aerobic oxidative cycloaddition of α-chlorotosylhydrazone with
primary aryl amine has been developed. Significantly, the
reaction proceeds smoothly to afford 1,4-disubstituted 1,2,3-
triazoles and 1,5-disubstituted 1,2,3-triazoles under catalyst-
free, metal-free, azide-free, and peroxide-free conditions.

1,2,3-Triazoles are significant five-membered ring heterocyclic
compounds, and they have been widely utilized in synthetic
intermediates, bioactive products, and pharmaceutical drugs.1 It
is well-known that the mixture of both regioisomers could be
obtained by Huisgen’s 1,3-dipolar cycloaddition of alkynes with
organic azides.2 The Cu(I)-catalyzed azide−alkyne cyclo-
addition has been exploited as a vigorous strategy for 1,4-
disubstituted triazoles with high regioselectivity indepently
developed by the groups of Sharpless and Meldal.3,4 The
CuAAC reaction has huge implications in organic synthesis
according to Sharpless’ concept of “Click Chemistry”.5

Subsequently, the 1,5-disubstituted triazole isomers were
achieved by the RuAAC reaction.6 Several other methods
including the IrAAC reaction, Pd-catalyzed alkenyl bromide−
azide cycloaddition, and Ce-catalyzed nitroolefin−azide [3 + 2]
cycloaddition have been developed for the regioselective
synthesis of triazoles.7−9 Nevertheless, all these reactions
could not avoid employing heavy metals, which restricted
their application in biological and life sciences. Metal-free
strategies containing an organocatalytic enamine-mediated
1,2,3-triazole synthesis, an enaminone-azide multicomponent
cascade reaction, and a TsOH-catalyzed nitroolefin−azide
cycloaddition have been reported for the preparation of specific
1,2,3-triazoles.10−12 However, all of these transformations are in
need of sodium azides or organic azides, which are explosive
and toxic. To the best of our knowledge, no literature reports
chemoselective construction of 1,4-disubstituted and 1,5-
disubstituted triazoles using the same strategy. Zhang and co-
workers provided a copper-mediated method to achieve the
desired 1,4-disubstituted 1,2,3-triazoles without the use of
azides.13 Westermann improved Sakai’s reaction and reported
the synthesis of 1,4-disubstituted 1,2,3-triazoles though the
condensation of α,α-dichlorotosylhydrazones and primary
amines under metal-free conditions (Scheme 1a).14,15 Recently,

Ramasastry summarized the synthetic methods for 1,2,3-
triazoles.16 There are rare methods to construct 1,2,3-triazoles,
especially the 1,5-disubstituted 1,2,3-triazoles under metal-free
and azide-free conditions. More recently, we reported a I2/
TBPB mediated oxidative reaction of N-tosylhydrazones with
arylamines, which provided a simple and general approach for
the establishment of 1,4-disubstituted triazoles (Scheme 1b).17

However, only 1,4-disubstituted isomers were obtained. On the
basis of our previous work, herein, we demonstrate a novel
synthetic approach toward 1,4-disubstituted and 1,5-disubsti-
tuted triazoles by the cycloaddition of α-chlorotosylhydrazones
with arylamines under metal-free and azide-free conditions
(Scheme 1c).
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Scheme 1. A Proposed Route to 1,2,3-Triazoles under Metal-
Free and Azide-Free Conditions
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We initiated our study by α-chlorotosylhydrazone and aniline
3a in the conditions of DMSO (1 mL), 50 °C for 3 h. As the α-
chlorotosylhydrazone could be easily generated from the
addition of α-chloroacetophenone 1a and p-toluene-
sulfonhydrazide 2a in the solvent Et2O (1 mL), we adopted a
one-pot method without isolating the intermediate. To our
delight, 1,4-diphenyl-1,2,3-triazole 4a was detected in 38% LC-
yield. With the aim to improve the yield of 4a, we examined the
influences of solvents, temperature, ratio of substrates, and so
on. Among the different solvents, it was found that DMF was
the suitable solvent for this reaction (Table 1, entries 1−10).

Increasing or decreasing the temperature did not have a
beneficial effect on the reaction (Table 1, entries 11−14).
Changing the amount of aniline 3a led to lower yields (Table 1,
entries 15−16). A higher yield was obtained in an atmosphere
of O2, while, in the Ar atmosphere, a trace of product 4a was
detected (Table 1, entries 17−18). Consequently, the
optimized conditions were obtained: 1a (0.3 mmol), 2a (0.3
mmol), Et2O (1 mL), 12 h, 3a (0.6 mmol), DMF (1 mL), 50
°C, 3 h.
Under our optimized experimental conditions, different

arylamines and α-chloroketones were tested. As listed in
Scheme 2, various arylamines were tested in the reaction of α-
chlorotosylhydrazones which could be in situ observed by the
condensation of α-chloroketones with p-TsNHNH2 and
directly used for the next step reaction without further
purification. lt was found that a range of arylamines could be
transformed into the corresponding 1,4-disubstituted-1,2,3-
triazoles in moderate to good yields. Arylamines bearing
electron-donating substituents (−CH3, −OCH2CH3) or

electron-withdrawing substituents (−Cl, −Br, −COOEt)
proceeded smoothly with good yields (4b, 4i, 4d−4f).
Similarly, when β-CH3 substituted arylamines were participat-
ing in the reactions, the desired products 4c and 4j were
obtained in 69% and 58% yields, respectively. Nevertheless,
when 2-bromoaniline with a sterically demanding substituent
group was used, the triazole 4h could also be observed in 38%
yield. 2-Naphthylamine also exhibited good reactivity to give
the product 4g. Unfortunately, 4-nitroaniline resulted in the
corresponding product 4k in 11% yield. These results indicated
that the electronic effect of the substituents of arylamines
influenced the yields. Subsequently, different in situ prepared α-
chlorotosylhydrazones were applied to the reaction with aniline
3. A longer reaction time was required when the benzene ring
of α-chloroketones was bearing a substituent group. In the case
of aromatic rings containing electron-donating groups (−CH3,
−OCH2CH3), the yields of the reaction decreased slightly. The
reactions were compatible with the substituents of 3-F and 4-
Br, giving the compounds 4o and 4p in good yields,
respectively. The reaction of 2-chloro-1-(4-nitropheyl)ethan-
1-one could also work. However, the yield of 4q was only 14%.
Unfortunately, the reaction of alkyl amine such as benzylamine

Table 1. Optimization of the Reaction Conditionsa

entry atmosphere temp (°C) solvent yield (LC)b

1 air 50 THF 57
2 air 50 toluene 33
3 air 50 MeCN 40
4 air 50 CH2Cl2 5
5 air 50 DMF 64
6 air 50 DMSO 38
7 air 50 1,4-dioxane 36
8 air 50 EA 21
9 air 50 MeOH 41
10 air 50 CHCl3 17
11 air 40 DMF 57
12 air 60 DMF 41
13 air 70 DMF 37
14 air 80 DMF 28
15 air 50 DMF 37c

16 air 50 DMF 51d

17 O2 50 DMF 75
18 Ar 50 DMF 8

aReaction conditions: 1a (0.3 mmol) and 2a (0.3 mmol) were
performed in Et2O (1 mL) at room temperature for 12 h. Then after
removal of the solvent, solvent (1 mL) and 3a (0.6 mmol) were added
at room temperature. The mixture was stirred at 50 °C for 3 h. bYields
were determined by LC analysis using biphenyl as the internal
standard. c2a:3a = 1:1.5. d2a:3a = 1:2.5

Scheme 2. Substrate Scope of Reactiona

aReaction conditions (unless otherwise noted): 1a (0.3 mmol) and 2a
(0.3 mmol) were performed in Et2O (1 mL) at room temperature for
12 h. Then removing the solvent, DMF (1 mL) and 3 (0.6 mmol)
were added at room temperature. The mixture was stirred at 50 °C for
3 h. Isolated yield. b3 (0.3 mmol) was used. cThe reaction was
performed for 6 h. dThe reaction was performed for 20 h. eThe
reaction was performed for 8 h.
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failed to give the desired products under the identical
conditions.
Since 1,4-disubstituted 1,2,3-triazoles could be obtained by

the cyclization of α-chloroketones derived tosylhydrazones with
arylamines under mild conditions, we reasoned that 1,5-
disubstituted triazoles could also be obtained utilizing the same
strategy by the reaction of α-chloroaldehyde derived tosylhy-
drazones and arylamines. Considering that α-chloroaldehydes
were easily oxidized, the required α-chlorotosylhydrazones 5
were synthesized separately in Et2O in good yields. Fortunately,
this idea worked well. The reaction of 2-chloro-3-phenypropa-
nal derived tosylhydrazone 5a and aniline 4a proceeded
smoothly to give the desired 5-benzyl-1-phenyl-1,2,3-triazole
6a in 60% isolated yield (Scheme 3). With this promising result

in hand, we next explored a range of arylamines with 5a. The 4-
substituted anilines with electron-donating groups (−CH3,
−OCH2CH3) provided the product 6b and 6i in good yields,
respectively. The substrates of 4-bromoaniline and ethyl 4-
aminobenzoate could also be converted to the desired products
in lower yields for their poor nucleophilicity. Moreover, the
transformation was not influenced by the position of the
substituent groups, even the steric hindrance at the β-position
on benzene rings (6e, 6f, 6g, 6h). 2-Chlorooctanal derived
tosylhydrazone 5b could also take part in the reactions to give
the 1,5-disubstituted 1,2,3-trazoles 6j and 6k smoothly in good
yields, respectively.
To further understand the reaction mechanism, the control

experiments of B have been carried out as shown in Scheme 4.
It was found that the intermediate B failed to result in the
triazole 4a under the standard conditions (Scheme 4, eq 1).

Meanwhile, the intermediate B also could not lead to 4a in the
presence of anline (Scheme 4, eq 2). To our surprise, the
reaction of intermediate B with aniline hydrochloride (1 equiv
or 20 mol %) gave 4a in 92% and 90% yields, respectively
(Scheme 4, eqs 3 and 4). These results indicated that a proton
has a significant role in the reactions.
Based on the results at hand and the literature reports, a

plausible reaction pathway is proposed in Scheme 5. α-

Chlorotosylhydrazone easily converts to the azoalkene A and
leaves aniline hydrochloride by the reaction with anline. The
1,4-addition of A with amine gives B.18 B (Ts functional group
of B) is protonated by benzenaminium to give the activated
intermediate C. After intramolecular cyclization of C with the
leaving of 4-methylbenzenesulfinic acid, D is formed. D loses
H+ to give the neutral intermediate E. Following subsequent
further oxidation by O2, E converts to the desired 1,2,3-triazole.
In summary, we have developed a new methodology for the

synthesis of 1,4-disubstituted and 1,5-disubstituted 1,2,3-
triazoles from arylamines with α-chloroketone derived tosylhy-
drazones and α-chloroaldehyde derived tosylhydrazones.
Significantly, this transformation provides selective synthesis
of both regioisomers of 1,2,3-triazoles under metal-free and
azide-free conditions. Further investigations to establish other
heterocylic compounds by α-chlorotosylhydrazones under mild

Scheme 3. Substrate Scope of Reactiona

aReaction conditions (unless otherwise noted): 3 (0.6 mmol) was
added to a stirred ice-cooled (0 °C) solution of 5 (0.3 mmol) in DMF
(1 mL). The mixture was stirred for at 0 °C for 1 h and then warmed
to 50 °C for 4 h. Isolated yield. b3 (0.3 mmol) was used. cThe reaction
was performed for 8 h.

Scheme 4. Control Experiments

Scheme 5. Mechanism Studies
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conditions are ongoing in our laboratory and will be reported in
due course.
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