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ABSTRACT: A p-TsOH-mediated 1,3-dipolar cycloaddition
of nitroolefins and sodium azide for the synthesis of 4-aryl-NH-
1,2,3-triazoles has been developed. p-TsOH was discovered as
a vital additive in this type of 1,3-dipolar cycloaddition. This
novel cycloaddition reaction is a good method for the rapid
synthesis of valuable 4-aryl-NH-1,2,3-triazoles in high yields.

1,2,3-Triazoles are one of the most valuable compounds and
have been widely applied in diverse areas of chemistry such as

medicinal chemistry, agrochemistry, and materials chemistry.1

Therefore, methods for the synthesis of 1,2,3-triazoles have
gained much attention in the past decades.2 The Huisgen
azide−alkyne 1,3-dipolar cycloaddition (AAC)3 and later
developed Cu-4 or Ru-catalyzed5 azide−alkyne cycloadditions
(CuAAC, RuAAC) are the most commonly utilized methods
for the synthesis of N-substituted 1,2,3-triazoles. However,
most of these protocols employ alkynes and organic azides as

the substrates, thus restricting the synthesis of N1-substituted
1,2,3-triazoles. And the employed transition-metal catalysts are
not compatible with some biological applications. Recently,
complementary methods, such as organocatalyzed azide−
ketone cycloaddition,6 the three-component reaction,7 thermo-
dynamic cycloaddition of α,β-disubstituted nitroolefins and
sodium azide,8 Cu-catalyzed cyclization of N-tosylhydrazones
and anilines,9 Ir-catalyzed azide−alkyne cycloaddition
(IrAAC),10 and functionalization of simple 1,2,3-triazoles,11
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Figure 1. Several 4-aryl-NH-1,2,3-triazoles and their derivatives.

Scheme 1. Strategies for the Synthesis of 4-Aryl-NH-1,2,3-
triazoles

Table 1. Optimization of the Reaction Conditionsa

entry acid (equiv) solvent temp (°C) yield (%)b

1 DMSO 110 30c

2 FeCl3 (0.1) DMSO 110 66
3 ZnBr2 (0.1) DMSO 110 52
4 HOAc (0.1) DMSO 110 56
5 PivOH (0.1) DMSO 110 55
6 TFA (0.1) DMSO 110 76
7 p-TsOH (0.1) DMSO 110 83
8 p-TsOH (0.3) DMSO 110 86
9 p-TsOH (0.5) DMSO 110 90
10 p-TsOH (0.5) DMSO 60 92
11 p-TsOH (0.5) DMSO rt 80
12 p-TsOH (0.5) DMF 60 93
13 p-TsOH (0.5) CH3OH 60 24
14 p-TsOH (0.5) CH3CN 60 7
15 p-TsOH (0.5) H2O 60 trace

aReaction conditions: 1a (0.3 mmol), NaN3 (1.5 equiv), and acid
(indicated amount), in solvent (3 mL) in air. bIsolated yield. c48% of
3a was isolated
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have emerged. However, versatile and practical methods for the
synthesis of substituted 1,2,3-triazoles are still desirable.
4-Aryl-NH-1,2,3-triazoles are a class of important triazoles,

which were discovered to be potent inhibitors of cobalt-
activated human methionine aminopeptidase type 2 (hMe-
tAP2) a and indoleamine 2,3-dioxygenase (IDO) b−c; thus,
they have great potential to become anticancer drugs.12 They
are also important precursors to synthesize bioactive N-
substituted triazoles, such as antibacterial agent d, anticancer
agents e, and endocannabinoid biosynthesis probes f (Figure
1).13 However, the preparation of this class of simple molecules
(4-aryl-NH-1,2,3-triazoles) is still a challenging task. Methods
for the synthesis of 4-aryl-NH-1,2,3-triazoles are still mainly
limited to cycloaddition of TMSN3 (trimethylsilyl azide)-
alkynes followed by deprotection of the TMS (trimethylsilyl)
group,14 and palladium-catalyzed cyclization of vinyl bromides
and sodium azide.15 In this paper, we describe the development
of a p-TsOH-mediated 1,3-dipolar cycloaddition of nitroolefins
with NaN3 for the synthesis of 4-aryl-NH-1,2,3-triazoles
(Scheme 1).

Due to the explosive and toxic nature of hydrazoic acids,
Brønsted acids should not be mixed with NaN3. Therefore, the
reaction of NaN3 has always been conducted under basic or
neutral conditions.14b However, the cycloaddition of simple
arylnitroolefin and NaN3 resulted in significant cyclotrimeriza-
tion of nitroolefin under neutral conditions (Table 1, entry 1).8a

We hypothesized that the undesired cyclotrimerization of
nitroolefin 1a may be inhibited under acidic conditions.
Therefore, various Lewis acids and Brønsted acids were
screened under careful operation (Table 1, entries 2−7).
Indeed, the efficiency of the 1,3-dipolar cycloaddition was
dramatically improved in the presence of 10 mol % of a Lewis
acid or a Brønsted acid. Especially, p-TsOH gives an 83% yield
of the 4-phenyl-NH-1,2,3-triazole 2a (Table 1, entry 7). Then,
the amount of p-TsOH and the reaction temperature were
optimized; a 92% yield of 2a was obtained in the presence of
0.5 equiv of p-TsOH at 60 °C (Table 1, entry 10).
Furthermore, various solvents were also screened (Table 1,
entries 12−15). It was found that the side product 3a was

Table 2. p-TsOH-Mediated 1,3-Dipolar Cycloaddition of Nitroolefins with NaN3 for Synthesis of 4-Aryl-NH-1,2,3-triazoles
a

aReaction conditions: 1 (0.3 mmol), NaN3 (1.5 equiv), p-TsOH (0.5 equiv), DMF (3 mL) at 60 °C for 1−3 h, in air. bIsolated yield. cThe reaction
was performed at 100 °C.
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totally suppressed when DMF was used as the solvent and a
slightly higher yield (93%) was isolated (Table 1, entry 12).
With the optimized reaction conditions established, we have

investigated the reaction scope (Table 2). This new p-TsOH-
mediated 1,3-dipolar cycloaddition reaction displayed good
functional-group tolerance and proved to be a general method
for the synthesis of 4-aryl-NH-1,2,3-triazoles. Nitroolefins with
electron-neutral or -donating groups on aryl rings, such as
methyl, methoxyl, and hydroxyl, all gave the corresponding 4-
aryl-NH-1,2,3-triazoles 2b−2f in high to excellent yields (Table
2, entries 2−6). Nitroolefins with electron-withdrawing groups
on aryl rings, such as fluoro, chloro, bromo, and nitro, reacted
smoothly and resulted in the 1,3-dipolar cycloaddition products
2g−2l in 66−96% yields, thus implying that the electronic
nature of the substrates has little influence on the cycloaddition
reaction (Table 2, entries 7−12). However, a higher reaction
temperature was needed when the strongly electron-poor p-
cyano-substituted nitroolefin 1m and (E)-methyl 4-(2-
nitrovinyl)benzoate 1n were used as the substrates (Table 2,

entries 13−14). In addition, heterocyclic substituted or vinyl
substituted nitroolefins such as 1o−1r also proceeded smoothly
in the reaction to give the NH-1,2,3-triazoles 2o−2r in 74−87%
yields (Table 2, entries 15−18). However, aliphatic nitroolefins
were inactive in the reaction.
Furthermore, disubstituted nitroolefins were investigated to

explore the reaction scope (Table 3). Disubstituted nitroolefins
1s−1v could be used in the 1,3-dipolar cycloaddition reaction
and provided the corresponding 4,5-disubstituted-NH-1,2,3-
triazoles in nearly quantitative yields under the standard
conditions.
It should be noted that organic azides were also tolerated in

this p-TsOH-mediated cycloaddition. As expected, 1-benzyl-4-
phenyl-1,2,3-triazole 4a was obtained in 60% yield when benzyl
azide was used as the substrate (Scheme 2).
To demonstrate the synthetic utility of this reaction, a gram-

scale (70 mmol) reaction was performed (Scheme 3). The 4-
phenyl-NH-1,2,3-triazole 2a was achieved in 81% yield by
crystallization of the crude product.
In summary, we have developed a novel and efficient p-

TsOH-mediated 1,3-dipolar cycloaddition of nitroolefins and
inorganic NaN3 for the synthesis of valuable 4-aryl-NH-1,2,3-
triazoles. p-TsOH was discovered as a vital additive in the
reaction. This novel cycloaddition reaction tolerates a wide
range of functional groups and is a reliable method for the rapid
elaboration of readily available nitroolefins and NaN3 into a
variety of NH-1,2,3-triazoles in high yields under mild
conditions. The reaction is complementary for the well-
known 1,3-dipolar cycloaddition. Further scope and mecha-
nistic studies of the reaction are underway.
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