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A series of 1-aryl-5-trifluoromethyl (or difluoromethyl)e1,4,5-trisubstituted 1,2,3-triazoles were syn-
thesized in high yield by a novel one-pot three-component reaction of arylboronic acids, sodium azide,
and active methylene ketones, such as ethyl 4,4-difluoroacetoacetate or ethyl 4,4,4-trifluoroacetoacetate
in the presence of Cu(OAc)2 and piperidine using a DMSO/H2O (10/1) mixture as solvent.
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1. Introduction

1,4-Disubstituted 1,2,3-triazole derivatives have been found
widespread applications in a variety of areas including agrochem-
icals, polymers, dyes, and pharmaceuticals.1 The most common
method for the construction of 1,4-disubstituted 1,2,3-triazole
framework is the Cu(I)-catalyzed 1,3-dipolar cycloaddition of ter-
minal alkynes with azides.2 Recently, the synthesis and applica-
tions of 1,4,5-trisubstituted 1,2,3-triazoles have received much
attention.3 However, only a limited number of methods are avail-
able for the synthesis of 1,4,5-trisubstituted 1,2,3-triazoles com-
pared to their 1,4-disubstituted 1,2,3-triazoles analogues.4

Furthermore, some methods at present used for the synthesis of
1,4,5-trisubstituted 1,2,3-triazoles always involve the preparation
and isolation of toxic and unstable organic azide or the use of ex-
pensive metal catalysts.5 Therefore, there remains a need for more
efficient and simpler methods for the synthesis of structurally di-
verse 1,4,5-trisubstituted 1,2,3-triazoles.

-In recent years, the introduction of trifluoromethyl and difluor-
omethyl group (eCF3 andeCF2H) into biologically active compounds
has attracted much interest due to its special physical and chemical
properties, such as high electronegativity, increased lipophilicity, and
improvedbioavailability.6 Up till now, themethodof the introduction
of CF3 or CF2H to 1,2,3-triazole ring is very scarce.7 In addition, the
utility of organoboronic acids in synthetically valuable organic
t.edu.cn (S. Cao).
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transformations has flourished,8 particularly through the de-
velopment of SuzukieMiyaura cross-coupling reactions and allylbo-
ration.9 Nowadays, more andmore structurally diverse boronic acids
can be easily prepared from the corresponding aryl halides or pur-
chased commercially.10 Recently, we reported a general and efficient
method for the construction of difluoromethyl-containing 1,4-
disubstituted 1,2,3-triazoles.11 In continuation of our interest in the
synthesis of new trifluoromethyl and difluoromethyl containing
1,2,3-triazoles, herein we reported a facile and practical method for
the synthesis of CF3 or CF2H-containing 1-aryl-1,4,5-trisubstituted
1,2,3-triazole derivatives via a one-pot three-component reaction of
boronic acids, sodium azide, and active methylene ketones, such as
ethyl 4,4-difluoroacetoacetate or ethyl 4,4,4-trifluoroacetoacetate in
the presence of Cu(OAc)2 and piperidine by using the mixed solvent
dimethylsulfoxide/water (10/1) (Scheme 1).

Scheme 1. Synthesis of 1-aryl-1,4,5-trisubstituted 1,2,3-triazole via a one-pot three-
component reaction starting from boronic acids.
2. Results and discussion

In our previous paper, we developed a novel method for the
synthesis of 1,4,5-trisubstituted 1,2,3-triazoles by a one-pot, three-
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Table 1
Optimization of reaction conditions for the synthesis of 3aa

Entry Solventb Catalyst
(10 mol %)

Base
(0.2 equiv)

Time/h Yield of
3a (%)d

1 MeOH Cu(OAc)2 Piperidine 24 0
2 Toluene Cu(OAc)2 Piperidine 48 0
3 THF Cu(OAc)2 Piperidine 48 0
4 DMFc Cu(OAc)2 Piperidine 24 0
5 DMSOc Cu(OAc)2 Piperidine 48 0
6 MeOH/H2O (10:1) Cu(OAc)2 Piperidine 24 0
7 DMF/H2O (10:1) Cu(OAc)2 Piperidine 24 72
8 DMSO/H2O (10:1) Cu(OAc)2 Piperidine 24 94
9 DMSO/H2O (10:1) None Piperidine 48 0
10 DMSO/H2O (10:1) Cu (powder) Piperidine 24 82
11 DMSO/H2O (10:1) CuI Piperidine 24 60
12 DMSO/H2O (10:1) CuBr Piperidine 24 56
13 DMSO/H2O (10:1) CuSO4 Piperidine 24 73
15 DMSO/H2O (10:1) Cu(OTf)2 Piperidine 24 24
16 DMSO/H2O (10:1) Cu2O Piperidine 24 69
17 DMSO/H2O (10:1) Ni(acac)2 Piperidine 48 0
18 DMSO/H2O (10:1) Pd(PPh)4 Piperidine 48 0
19 DMSO/H2O (10:1) Cu(OAc)2 None 48 0
20 DMSO/H2O (10:1) Cu(OAc)2 KOHe 48 0
21 DMSO/H2O (10:1) Cu(OAc)2 K2CO3

e 24 28
22 DMSO/H2O (10:1) Cu(OAc)2 DEA 24 45
23 DMSO/H2O (10:1) Cu(OAc)2 DABCOe 24 45
24 DMSO/H2O (10:1) Cu(OAc)2 DMA 24 66
25 DMSO/H2O (10:1) Cu(OAc)2 TEAe 24 82

a Reaction condition: phenylboronic acid (2 mmol), sodium azide (4 mmol), cat-
alyst (0.2 mmol), solvent, room temperature, 2 h. Then, ethyl trifluoroacetoacetate
(2 mmol), base (0.4 mmol) were added to the solution. Reaction was continued for
22 h at 80 �C.

b All organic solvents were dried. The 10 mL DMSO (or DMF, THF, MeOH, toluene)
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component cycloaddition of primary alcohols, sodium azide, and
active methylene ketones in the presence of N-(p-toluenesulfonyl)
imidazole, tetrabutylammonium iodide, and triethylamine in
DMF/DMSO.12 However, when primary alcohol was replaced by
phenol to undergo the reaction, the expected 1-phenyl-1,4,5-
trisubstituted 1,2,3-triazole was not detected. It indicated that the
scope of this method limited to the preparation of 1-alkyl-1,4,5-
trisubstituted 1,2,3-triazoles. Furthermore, the reaction also did
not proceed when ethyl 4,4-difluoroacetoacetate or ethyl 4,4,4-
trifluoroacetoacetate was used as substrates, and the desired CF3
or CF2H-bearing 1,4,5-trisubstituted 1,2,3-triazoles could not be
obtained. In 2011, Wang et al. have synthesized two
trifluoromethyl-containing 1,4,5-trisubstituted 1,2,3-triazoles by
treatment of phenyl azide with ethyl 4,4,4-trifluoroacetoacetate or
4,4,4-trifluoro-1-phenylbutane-1,3-dione, respectively.5b However,
drawback of this method is that the starting materials, various aryl
azides, which are unstable and toxic, should be prepared and iso-
lated in advance one by one. The review of literature indicates that
aryl azides could be efficiently prepared in high yields by a CuSO4-
catalyzed cross-coupling reaction between sodium azide and var-
ious arylboronic acids in methanol.13 In order to avoid the isolation
of unstable, hazardous, and potentially-explosive aryl azides, we
tried to prepare 1-aryl-1,4,5-trisubstituted 1,2,3-triazoles via a one-
pot reaction of boronic acids, sodium azide, and active methylene
ketones. Initially, phenylboronic acid, sodium azide, and ethyl tri-
fluoroacetoacetate were used as model substrates to examine the
compatibility among the catalyst, substrate, and solvent
(Scheme 2).
and 1 mL H2O was used as the mixed solvent.
c Both dry or ‘wet’ DMF and DMSO were used.
d Yields were based on GC analysis.
e Base (1 equiv) was used.

Scheme 2. Model reaction for the synthesis of 3a.
According to literature, methanol can be used as solvent for the
reaction of sodium azides and boronic acids.13a,b Therefore, our
initial model experiment was carried out in methanol, however,
only intermediate phenyl azide was obtained, the desired cycliza-
tion product 3a wasn’t observed (Table 1, entry 1). When toluene,
THF, DMF, and DMSOwere used as solvents, no cyclization products
were isolated (Table 1, entries 2e5). Finally, to our delight, this
novel one-pot three-component reaction could be greatly im-
proved by the addition of a small amount of water in DMSO and
DMF, and 3a was obtained as the only major product (Table 1, en-
tries 7e8).

Next, we have studied the influence of catalyst on the model
reaction. In the absence of the catalyst, the reaction hardly pro-
ceeded and no cyclization product 3a was observed (Table 1, entry
9). Liu and Guo have successfully synthesized aryl azides by the
reaction of sodium azides with boronic acids in the presence of
CuSO4,13a but only moderate yield of 3a was obtained when we
used CuSO4 as catalyst in our novel three-component reaction
(Table 1, entry 13). It implied that CuSO4 is not compatible with the
novel reaction system. Thus, several different metal salts were
screened in our model reaction (entries 10e18). It was found that
Cu(OAc)2 exhibited high catalytic activity (entry 8). The copper
powder and copper (I) salts also had good catalytic effect on the
reaction. The nickel and palladium catalyst showed no catalytic
activity for the reaction.

The effect of basewas also examined in the presence of Cu(OAc)2
(Table 1, entries 20e25). Among the various bases tested (DEA:
diethylamine, DABCO: 1,4-diazabicyclo-[2.2.2]octane, DMA: dime-
thylamine, TEA: triethylamine), piperidine promoted the reaction
much more efficiently and 0.2 equiv of piperidine is enough to
make the reaction proceed smoothly (entry 8). Other base, such as
TEA could also improve the reaction but 1 equiv of TEAwas needed
(entry 25). In addition, only moderate yield of 3a was obtained
when DEA was used as the base (entry 22). To our surprise, in-
organic base, such as KOH, which was used in our previous paper,
has no effect on the reaction (entry 20). It indicated that the
mechanism might be involved in the formation of enamine rather
than enolate.5b

Under these optimized reaction conditions, the generality and
scope of this new one-pot three-component protocol was explored.
A range of structurally diverse arylboronic acids and several active
methylene ketones, such as ethyl 4,4-difluoroacetoacetate, ethyl
acetoacetate, acetylacetone, and 3-oxo-3-phenylpropanenitrile
were examined (Table 2). In all cases, the three-component re-
action proceeded smoothly to give the corresponding fully
substituted 1,2,3-triazoles in good to high yields, and no
regioisomers were observed. The presence of electron-
withdrawing or electron-donating substituents on the aromatic
ring of boronic acids makes no differences to the yields of reaction
(for example, entries 5 and 6). Much to our delight, no matter
whether the substrate is CF3COCH2CO2Et, HCF2COCH2CO2Et or
CH3COCH2CO2Et, the reaction proceeded satisfactorily, and the final
cyclization products were obtained in high yields (for example,
entries 1, 8, and 15).

Based on the above results and literature, we tentatively suggest
a plausible mechanism analogous to that proposed for organo-
catalytic enamideeazide cycloaddition reaction by Wang et al.
(Scheme 3).5b First, small organic catalyst, piperidine, reacts with
active methylene ketone, such as ethyl trifluoroacetoacetate 2a to
produce the key intermediate enamine I. Subsequently, dipolar



Table 2
One-pot three-component synthesis of 5-aryl-1,4,5-trisubstituted 1,2,3-triazolesa

Entry R1 R2 R3 Product Yieldb (%)

1 C6H5 CF3 CO2Et 3a 90
2 p-FC6H4 CF3 CO2Et 3b 86
3 p-CH3C6H4 CF3 CO2Et 3c 84
4 3-Thiophen CF3 CO2Et 3d 79
5 p-CH3OC6H4 CF3 CO2Et 3e 80
6 m-NO2C6H4 CF3 CO2Et 3f 81
7 m-NH2C6H4 CF3 CO2Et 3g 77
8 C6H5 CF2H CO2Et 3h 84
9 p-FC6H4 CF2H CO2Et 3i 80
10 p-CH3C6H4 CF2H CO2Et 3j 81
11 p-CH3OC6H4 CF2H CO2Et 3k 82
12 m-NH2C6H4 CF2H CO2Et 3l 75
13 3-Thiophen CF2H CO2Et 3m 78
14 C6H5 CH3 COMe 3n 87
15 C6H5 CH3 CO2Et 3o 92
16 p-CH3OC6H4 CH3 COMe 3p 88
17 C6H5 C6H5 CN 3q 86
18 p-FC6H4 C6H5 CN 3r 83
19 p-CH3OC6H4 C6H5 CN 3s 82

a Reaction condition: arylboronic acid (2 mmol), sodium azide (4 mmol),
Cu(OAc)2 (0.2 mmol), DMSO/H2O (10 mL/1 mL), room temperature, 2 h. Then, active
methylene ketones (2 mmol), base (0.4 mmol) were added to the solution, reaction
was continued for 22 h at 80 �C.

b Isolated yield.
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cycloaddition of enamine I with the aromatic azide, which is ob-
tained by the reaction of phenylboronic acid with sodium azide in
the presence of Cu(OAc)2, to afford triazoline intermediate II. Fi-
nally, elimination of triazoline provides the desired product 3a and
regenerates the piperidine, closing the catalytic cycle.
Scheme 3. Proposed reaction mechanism.
In summary, we reported a novel approach for the synthesis of
CF2H or CF3 containing 1-aryl-1,4,5-trisubstituted 1,2,3-triazoles by
a one-pot three-component reaction of arylboronic acids, sodium
azide, and active methylene ketones in the presence of Cu(OAc)2
and piperidine using a DMSO/H2O (10/1) mixture as solvent. The
outstanding advantage of this method is that it avoids the isolation
of the unstable and hazardous aryl azides. It provides a new and
practical one-step route to synthesize the structural diversity of
1-aryl-1,4,5-trisubstituted 1,2,3-triazoles from easily commercially
available boronic acids.

3. Experimental section

3.1. General

All reagents were of analytic grade, obtained from commercial
suppliers, and used without further purification. Melting points
were measured in an open capillary with a B€uchi melting point
B-540 apparatus. 1H NMR and 13C NMR spectroscopic data were
recorded with a Bruker AM-400 spectrometer using TMS as an
internal standard. The 19F NMR spectroscopic data were recorded
with a Bruker AM-400 spectrometer, and the 19F NMR were mea-
sured with external CF3CO2H as the standard. Chemical shifts are
given in the d scale in parts permillion (ppm). High-resolutionmass
spectra (ESI) were recordedwith aMicroMass LCTTM spectrometer.
Column chromatography was carried out with Merck silica gel 60
(230e400 mesh).

3.2. General procedure for compounds 3aes

To a stirred solution of 1 (2mmol) in 10mL DMSO and 1mLH2O,
sodium azide (0.26 g, 4 mmol), Cu(OAc)2 (0.04 g, 0.2 mmol) were
added successively. The mixture was stirred for 0.5e4 h at room
temperature (TLC). Then, 2 (2 mmol), piperidine (0.03 g, 0.4 mmol)
were added to the solution. Reaction was continued for 2e20 h
(TLC), and quenched with H2O (20 mL). The resulting suspension
was filtered and the filtrate was diluted with CH2Cl2, washed suc-
cessively with H2O and brine, dried over anhydrous MgSO4, con-
centrated under reduced pressure to leave the crude product. The
resultant crude residue was purified by chromatography on silica
gel (petroleum ether/EtOAc¼5:1) to afford the product 3.

3.2.1. Ethyl 1-phenyl-5-(trifluoromethyl)-1H-1,2,3-triazole-4-
carboxylate (3a).5b Colorless oil, 1H NMR: d 7.60e7.44 (m, 5H),
4.47 (q, J¼7.1 Hz, 2H), 1.41 (t, J¼7.2 Hz, 3H); 13C NMR: d 159.0, 139.4,
135.5, 131.2, 129.5 (q, 2JCF¼42.0 Hz), 129.4, 125.7, 118.8 (q,
1JCF¼271.2 Hz), 62.3, 14.0; 19F NMR: d �55.6 (s, 3F); GCeMS: m/
z¼285, 189, 165, 77.

3.2.2. Ethyl 1-(4-fluorophenyl)-5-(trifluoromethyl)-1H-1,2,3-
triazole-4-carboxylate (3b). Colorless oil, 1H NMR: d 7.50e7.25 (m,
4H), 4.50 (q, J¼7.0 Hz, 2H), 1.44 (t, J¼7.0 Hz, 3H); 13C NMR: d 163.9
(d, 10JCF¼252.9 Hz), 158.9, 139.5, 131.5 (d, 40JCF¼2.7 Hz), 129.6 (q,
2JCF¼42.1 Hz), 127.9 (d, 3

0
JCF¼9.2 Hz), 118.8 (q, 1JCF¼271.2 Hz), 116.7

(d, 2
0
JCF¼23.6 Hz), 62.4, 14.0; 19F NMR: d �55.6 (s, 3F), �108.0 (m,

1F); HRMS (ESI): calcd for C12H9F4N3O2Na (MþNa)þ 326.0529,
found: 326.0522.

3.2.3. Ethyl 1-(p-tolyl)-5-(trifluoromethyl)-1H-1,2,3-triazole-4-
carboxylate (3c). White solid, mp: 48.1e48.4 �C, 1H NMR:
d7.38e7.33 (m, 4H), 4.50 (q, J¼7.1Hz, 2H), 2.47 (s, 3H),1.45 (t, J¼7.1Hz,
3H); 13C NMR: d 159.1, 141.7, 139.3, 133.0, 130.1, 129.7, 118.9 (q,
1JCF¼271.3 Hz), 114.8, 62.3, 21.3, 14.0; 19F NMR: d�55.7 (s, 3F); HRMS
(ESI): calcd for C13H12F3N3O2Na (MþNa)þ 322.0779, found: 322.0764.

3.2.4. Ethyl 1-(thiophen-3-yl)-5-(trifluoromethyl)-1H-1,2,3-triazole-
4-carboxylate (3d). Colorless oil, 1H NMR: d 7.66e7.24 (m, 3H), 4.49
(q, J¼7.1 Hz, 2H), 1.43 (t, J¼7.1 Hz, 3H); 13C NMR: d 159.0, 139.3,
132.5, 129.4 (q, 2JCF¼42.7 Hz), 127.0, 124.2, 122.8, 118.8 (q,
1JCF¼271.3 Hz), 62.4, 14.0; 19F NMR: d �56.2 (s, 3F); HRMS (ESI):
calcd for C10H8F3N3O2S (MþNa)þ 314.0187, found: 314.0190.

3.2.5. Ethyl 1-(4-methoxyphenyl)-5-(trifluoromethyl)-1H-1,2,3-
triazole-4-carboxylate (3e).7a White solid, mp: 82.3e82.8 �C, 1H
NMR: d 7.39 (d, J¼8.3 Hz, 2H), 7.05 (d, J¼8.2 Hz, 2H), 4.51 (q,
J¼7.0 Hz, 2H), 3.90 (s, 3H), 1.45 (t, J¼6.8 Hz, 3H); 13C NMR: d 161.5,
159.1, 139.5, 129.6, 128.2, 127.1, 118.9 (q, J¼271.2 Hz), 114.6, 62.3,
55.7, 14.0; 19F NMR: d�55.8 (s, 3F). GCeMS:m/z¼315, 219, 200,107.

3.2.6. Ethyl 1-(3-nitrophenyl)-5-(trifluoromethyl)-1H-1,2,3-triazole-
4-carboxylate (3f). White solid, mp: 70.7e71.1 �C, 1H NMR:
d 8.53e7.86 (m, 4H), 4.52 (q, J¼7.0 Hz, 2H), 1.46 (t, J¼7.0 Hz, 3H); 13C
NMR: d 158.6, 148.5, 140.3, 136.2, 131.6, 130.9, 129.8, 126.0, 121.3,
118.7 (q, J¼271.6 Hz), 62.6, 14.0; 19F NMR: d �55.2 (s, 3F); HRMS
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(ESI): calcd for C12H9F3N4O4Na (MþNa)þ 353.0474, found:
353.0460.

3.2.7. Ethyl 1-(3-aminophenyl)-5-(trifluoromethyl)-1H-1,2,3-
triazole-4-carboxylate (3g). Colorless oil, 1H NMR: d 7.32 (t,
J¼8.0 Hz,1H), 6.91e6.77 (m, 3H), 4.51 (q, J¼7.2 Hz, 2H), 3.83 (b, 2H),
1.46 (t, J¼7.1 Hz, 3H); 13C NMR: d 159.2, 147.6, 139.3, 136.3, 130.1,
129.4 (q, J¼42.0 Hz), 118.8 (q, J¼271.1 Hz), 117.3, 115.2, 111.7, 62.3,
14.0; 19F NMR: d �55.8 (s, 3F); HRMS (ESI): calcd for
C12H11F3N4O2Na (MþNa)þ 323.0732, found: 323.0717.

3.2.8. Ethyl 5-(difluoromethyl)-1-phenyl-1H-1,2,3-triazole-4-
carboxylate (3h). Colorless oil, 1H NMR: d 7.57e7.54 (m,5H), 7.51
(t, J¼52.5 Hz, 1H), 4.49 (q, J¼7.1 Hz, 2H), 1.44 (t, J¼7.1 Hz, 3H); 13C
NMR: d 160.3, 139.0 (t, 3JCF¼4.6 Hz), 135.9, 133.5 (t, 2JCF¼25.4 Hz),
130.8, 129.4, 125.5, 106.7 (t, 1JCF¼238.9 Hz), 62.2, 14.2; 19F NMR:
d �113.4 (d, J¼52.7 Hz, 2F); HRMS (ESI): calcd for C12H11F2N3O2Na
(MþNa)þ 290.0717, found: 290.0717.

3.2.9. Ethyl 5-(difluoromethyl)-1-(4-fluorophenyl)-1H-1,2,3-triazole-
4-carboxylate (3i). Colorless oil, 1HNMR: d 7.60e7.57 (m, 2H), 7.54 (t,
J¼52.5 Hz, 1H), 7.28e7.24 (m, 2H), 4.52 (q, J¼7.1 Hz, 2H), 1.48
(t, J¼7.1 Hz, 3H); 13C NMR: d 163.7 (d, 1

0
JCF¼252.1 Hz), 160.3, 139.0

(t, 3JCF¼4.7 Hz), 133.7 (t, 2JCF¼25.2 Hz), 131.9 (d, 4
0
JCF¼3.2 Hz), 127.7

(d, 3
0
JCF¼9.1 Hz),116.5 (d, 2

0
JCF¼23.4Hz),106.7 (t, 1JCF¼238.9 Hz), 62.3,

14.2; 19F NMR: d �108.9 (m, 1F), �113.3 (d, J¼52.6 Hz, 2F); HRMS
(ESI): calcd forC12H10F3N3O2Na (MþNa)þ308.0623, found: 308.0622.

3.2.10. Ethyl 5-(difluoromethyl)-1-(p-tolyl)-1H-1,2,3-triazole-4-
carboxylate (3j). White solid, mp: 70.7e71.2 �C, 1H NMR: d 7.52 (t,
J¼52.5 Hz, 1H), 7.47e7.35 (m, 4H), 4.52 (q, J¼7.1 Hz, 2H), 2.47 (s,
3H), 1.48 (t, J¼7.1 Hz, 3H); 13C NMR: d 160.4, 141.2, 138.9 (t,
3JCF¼4.6 Hz), 133.5 (t, 2JCF¼25.2 Hz), 133.4, 129.9, 125.3, 106.7 (t,
1JCF¼238.8 Hz), 62.2, 21.3, 14.2; 19F NMR: d �113.5 (d, J¼52.6 Hz,
2F); HRMS (ESI): calcd for C13H13F2N3O2Na (MþNa)þ 304.0874,
found: 304.0862.

3.2.11. Ethyl 5-(difluoromethyl)-1-(4-methoxyphenyl)-1H-1,2,3-
triazole-4-carboxylate (3k). White solid, mp: 95.9e96.3 �C, 1H
NMR: d 7.52 (t, J¼52.5 Hz, 1H), 7.51e7.05 (m, 4H), 4.53 (q, J¼7.1 Hz,
2H), 3.91 (s, 3H), 1.49 (t, J¼7.1 Hz, 3H); 13C NMR: d 161.2, 160.4, 138.8
(t, 3JCF¼4.6 Hz), 133.5 (t, 2JCF¼25.3 Hz), 128.7, 126.9, 114.4, 106.8 (t,
1JCF¼238.6 Hz), 62.1, 55.6, 14.2; 19F NMR: d �113.6 (d, J¼52.2 Hz,
2F); HRMS (ESI): calcd for C13H13F2N3O3Na (MþNa)þ 320.0823,
found: 320.0810.

3.2.12. Ethyl 1-(3-aminophenyl)-5-(difluoromethyl)-1H-1,2,3-
triazole-4-carboxylate (3l). White solid, mp: 97.9e98.1 �C, 1H
NMR: d 7.45 (t, J¼52.5 Hz, 1H), 7.30e6.80 (m, 4H), 4.49 (q, J¼7.1 Hz,
2H), 3.93 (b, 2H), 1.45 (t, J¼7.1 Hz, 3H); 13C NMR: d 160.3, 147.4,
138.8, 136.5, 133.3 (t, 2JCF¼25.9 Hz), 129.9, 117.2, 115.1, 111.7, 106.7 (t,
1JCF¼239.0 Hz), 62.2, 14.2; 19F NMR: d �113.7 (d, J¼52.3 Hz, 2F);
HRMS (ESI): calcd for C12H12F2N4O2Na (MþNa)þ 305.0826, found:
305.0821.

3.2.13. Ethyl 5-(difluoromethyl)-1-(thiophen-3-yl)-1H-1,2,3-triazole-
4-carboxylate (3m). White solid, mp: 47.3e47.6 �C, 1H NMR:
d 7.72e7.71 (m, 1H), 7.57 (t, J¼52.4 Hz, 1H), 7.49e7.47 (m, 1H),
7.39e7.38 (m, 1H), 4.49 (q, J¼7.1 Hz, 2H), 1.45 (t, J¼7.2 Hz, 3H); 13C
NMR: d 160.3, 138.8 (t, 3JCF¼4.6 Hz), 133.3, 132.9 (t, 2JCF¼25.3 Hz),
126.6, 124.0, 121.5, 106.7 (t, 1JCF¼238.6 Hz), 62.2, 14.2; 19F NMR:
d �114.4 (d, J¼52.1 Hz, 2F); HRMS (ESI): calcd for C10H9F2N3O2SNa
(MþNa)þ 296.0281, found: 296.0270.

3.2.14. 1-(5-Methyl-1-phenyl-1H-1,2,3-triazol-4-yl)ethanone
(3n).5b White solid, mp: 101.5e101.8 �C, 1H NMR: d 7.60e7.45 (m,
5H), 2.77 (s, 3H), 2.60 (s, 3H); 13C NMR: d 194.4, 137.4, 135.4, 130.1,
129.7, 125.3, 27.8, 10.1; GCeMS: m/z¼201, 158, 130, 77.

3.2.15. Ethyl 5-methyl-1-phenyl-1H-1,2,3-triazole-4-carboxylate
(3o).5b White solid, mp: 60.4e60.8, 1H NMR: d 7.54e7.41 (m, 5H),
4.42 (q, J¼7.1 Hz, 2H), 2.55 (s, 3H), 1.41 (t, J¼7.1 Hz, 3H); 13C NMR:
d 161.7, 138.8, 136.7, 135.4, 130.1, 129.7, 125.3, 61.0, 14.4, 10.0;
GCeMS: m/z¼231, 158, 130, 77.

3.2.16. 1-(1-(4-Methoxyphenyl)-5-methyl-1H-1,2,3-triazol-4-yl)
ethanone (3p).4a White solid, mp: 113.4e113.7 �C, 1H NMR:
d 7.36e7.04 (m, 4H), 3.88 (s, 3H), 2.74 (s, 3H), 2.55 (s, 3H); 13C NMR:
d 194.4, 160.7, 143.5, 137.6, 128.1, 126.7, 114.8, 55.7, 27.8, 10.1;
GCeMS: m/z¼231, 188, 146, 107.

3.2.17. 1,5-Diphenyl-1H-1,2,3-triazole-4-carbonitrile (3q).5b White
solid, mp: 160.4e161.2 �C, 1H NMR: d 7.54e7.44 (m, 6H), 7.37e7.35
(m, 4H); 13C NMR: d 143.1, 135.3, 131.1, 130.3, 129.8, 129.4, 129.0,
125.2, 123.3, 120.6, 112.1; GCeMS: m/z¼246, 218, 190, 77.

3.2.18. 1-(4-Fluorophenyl)-5-phenyl-1H-1,2,3-triazole-4-carbonitrile
(3r). White solid, mp: 162.5e162.9 �C, 1H NMR: d 7.55e7.45 (m,
3H), 7.38e7.35 (m, 4H), 7.20e7.16 (m, 2H); 13C NMR: d 163.2 (d,
1JCF¼252.1 Hz),143.2,131.4 (d, 4JCF¼3.4 Hz),131.3, 129.5,128.9,127.2
(d, 3JCF¼9.0 Hz), 123.1, 120.6, 116.9 (d, 2JCF¼23.4 Hz), 112.0; 19F NMR:
d�109.0 (m,1F); HRMS (ESI): calcd for C15H9FN4 (MþH)þ 265.0889,
found: 265.0887.

3.2.19. 1-(4-Methoxyphenyl)-5-phenyl-1H-1,2,3-triazole-4-carbon-
itrile (3s).5b White solid, mp: 144.5e144.9 �C, 1H NMR: d 7.48e7.34
(m, 5H), 7.25 (d, J¼8.29 Hz, 2H), 6.95 (d, J¼8.30 Hz, 2H), 3.84 (s, 3H);
13C NMR: d 160.8, 143.0, 131.0, 129.4, 128.9, 128.1, 126.6, 123.4, 120.2,
114.9, 112.3, 55.7; GCeMS: m/z¼276, 248, 233, 205, 115, 77.
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