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Metal-Free Synthesis of 1,2,3-Triazoles in Pure Water via the
Enamine Modified Annulation Reactions with Tosyl Azide
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Abstract The synthesis of full substituted 1,2,3-triazoles has been accomplished with high efficiency through the reactions of
readily available f-substituted NH-enaminoesters and tosyl azide with Et3N catalysis. In this method, water was used as the
sole medium for the reactions which provide 1,2,3-triazole products with broad scope and moderate to excellent yield. Control
experiments disclose that the employment of stable NH-enamines as substrates is the key factor enabling the water mediated
synthesis probably via the hydrogen bonding effect between NH group and water. In addition, the novel and selective produc-
tion of N-alkyl sulfonamides via the reactions of corresponding N-alkyl enaminoesters and tosyl azide has been observed under
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identical conditions.
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1 Introduction

In the process of developing green organic synthesis, re-
placing organic solvent with water as the reaction medium
is inarguably the ultimate aim for those reactions requiring a
medium.[! In this context, revolutionary progress has been
gained in the area of water mediated sustainable synthesis.
Besides simply acting as alternative reaction medium, water
has also been found to be capable of accelerating reaction
processes and/or switching reaction selectivity in many
cases, thus demonstrating the high merits of water in or-
ganic synthesis.”!) To date, a number of organic reactions
featuring the construction of C—C,31 C—heteroatom,
heteroatom—heteroatom, chemical bond as well as other
important transformation in water medium have been dis-

* Corresponding author. E-mail: wanjieping@jxnu.edu.cn

closed.[¥) However, comparing with huge number of organic
reactions employing organic solvent(s) as medium, the
overall availability of practical water-mediated organic
reactions is yet scarce. Therefore, devising more practical
and sustainable organic reactions using pure water as me-
dium is yet highly desirable work.

As valuable heterocyclic scaffolds with widespread ap-
plications in multidisciplinary fields, 1,2,3-triazoles have
received extensive and everlasting attention from different
scientific communities,l”! which has driven accordingly the
splendid advances in the area of 1,2,3-triazole synthesis.
Particularly, the transition metal-free annulation reactions
have been proved as powerful tools in the synthesis of
1,2,3-triazoles with enriched substructure diversity.!*! Rep-
resentatively, the annulations of azide with aldehydes,"
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ketones,[' electron-deficient alkenes,!'!! cycloalkynes or
alkynes,[? enamines,!'¥! hydrazones,'¥ etc. have been
successfully developed as practical routes to access various
1,2,3-triazoles under metal-free conditions. Moreover, al-
ternative synthetic protocols without using azide as build
block have also been established as sustainable complement
to the common azide-based synthesis.'>) Regardless these
significant advances taking place in the synthesis of
1,2,3-triazoles, pure water mediated synthesis of 1,2,3-
triazoles without transition metal catalysis is yet hardly
available. Considering the incomparable advantages of
greenness and inherent safety of synthetic methods in pure
water, devising metal-free methods for the practical syn-
thesis of 1,2,3-triazoles with pure water as medium is in-
arguably highly desirable.

Over the past few years, our sustaining efforts in novel
synthetic and/or catalytic methods on enaminones have
disclosed that the hydrophilic effect of the enaminones
could facilitate their synthetic transformations in different
reactions providing sulfonyl pyrazoles, N-sulfonyl ami-
dines, a-diazoketones etc.['®) Being inspired by these re-
sults, we envision that the synthesis of 1,4,5-trisubstituted
1,2,3-triazoles which have been previously synthesized via
annulation reactions in volatile organic solvents may be
alternatively achieved in pure water medium. To further
disclose the magic application of stable enamines in the
synthesis of diverse organic products,!'’! herein, we report
our results on the green synthesis of these polyfunctional-
ized 1,2,3-triazoles via the annulation reactions of NH-
enaminones and tosyl azide in pure water using Et;N (10
mol%) as the only catalyst. In addition, the novel formation
of sulfonamides via the reactions of tosyl azide and N-alkyl
enaminones are also reported. Despite the splendid ad-
vances being achieved in the organocatalytic 1,2,3-triazole
synthesis, to the best of our knowledge, the present work is
the first example on the organocatalytic synthesis of 5-ester
functionalized 1,2,3-triazoles in pure water medium.

2 Results and discussion

In an initial effort, the reaction of S-substituted NH-
enaminoester 1a and tosyl azide 2 (75% solution in ethyl
acetate) was tentatively run in water by heating at 80 °C for
12 h in the presence of 0.4 equiv. of EtsN, which provided
1,4,5-trisubstituted 1,2,3-triazole product 3a with 80% yield
(Entry 1, Table 1). A blank entry without using any catalyst
gave only trace 3a (Entry 2, Table 1). In addition, the
comparison using different base species such as K,COs,
Cs;CO3 and 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU)
proved that Et;N was the ideal catalyst for this reaction
(Entries 3~35, Table 1). Later, the same reaction conducted
at different temperature led to the observation of excellent
92% excellent yield by heating at 70 °C (Entries 6~8,
Table 1). Notably, the parallel entry in organic medium,
including EtOH, dimethyl sulfoxide (DMSO), N,N-
dimethylformamide (DMF) and toluene all gave evidently
inferior results to the reaction in water (Entries 9~12, Ta-
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ble 1). Moreover, shortening the reaction time of the
in-water entry to 40 min gave yet identically excellent yield
of the product, indicating that water could efficiently ac-
celerate the target reaction (Entry 13, Table 1). Finally,
varying the loading of Et;N confirmed that only 10 mol%
catalyst was abundant for the synthesis of 3a with excellent
yield (Entries 14~15, Table 1). However, product 3a could
not be afforded by using sodium azide and enaminoester 1a
under the optimized conditions.

Table 1 Optimization on reaction conditions”

N base N/’N’N’Ph
eo,c At N et =
1a 2 EtO,C 5
Entry Solvent Base 7/°C Yield”/%
1 H>0 Et:N 80 80
2 H>0 — 80 Trace
3 H>0 K2COs 80 39
4 H>0 Cs2C03 80 50
5 H20 DBU 80 46
6 H20 Et:N 60 76
7 H20 Et:N 70 92
8 H20 Et:N 90 78
9 EtOH Et:N 70 46
10 DMSO Et:N 70 78
11 DMF Et:N 70 70
12 Toluene EtsN 70 Trace
13¢ H20 Et:N 70 92
144 H20 Et:N 70 91
15¢¢ H>O Et:N 70 91

4 General conditions: 1a (0.5 mmol), 2 (1.25 mmol), base (0.2 mmol), stirred
for 12 h in 2.0 mL of solvent. ? Yield of isolated product based on 1a. ¢ The
reaction time was 40 min. ¢ Et;N (0.1 mmol). ¢ Et;N (0 .05 mmol).

Having the efficient and green reaction conditions in
hand, the scope of the green method on the synthesis of
1,2,3-triazoles was then investigated by employing enami-
nones 1 containing different substructures. The reactions of
enaminones derived from ethyl acetates and different ani-
lines were first performed (Table 2). As indicated by the
results (3a~3i), these reactions all provided the target
product with excellent yield. On other hand, the enami-
noesters functionalized with f-aryl structure were found to
be much less reactive toward the 1,2,3-triazole formation.
Prolonging the reaction time to 5 h could gave products with
moderate to good yields (3j~3r). Electron donating group
in the N-phenyl ring turned out to provide corresponding
products with better yields (3p~3r). Subsequently, the
reactions employing enaminoesters containing various al-
kyls in ester fragment also displayed fine tolerance to the
present protocol by affording 1,2,3-triazoles with excellent
yield (3s~3v). The alkyl group in this position showed no
evident effect to the reaction result. Moreover, when sub-
strates with different alkyl substituents in the S-site of 1
were used, the products were also provided with excellent
yield (3w ~ 3x). When an enaminone ((Z)-1-phenyl-3-
(phenylamino)but-2-en-1-one) was used to react with tosyl
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azide under the standard conditions, no such reaction
forming 1,2,3-triazole was observed. The reaction using
NH,-based enaminoester of type 1 (H instead of Ar, R'=Et
and R?=Me) with tosyl azide was also conducted, but the
expected NH-1,2,3-triazole was not produced therein, ei-
ther.

Table 2  Scope on the 1,2,3-triazole synthesis in pure water®”

N,
o unA EtN, 10 mol% N7 CN-AT
_ + T57N3 o s S
R'O R2 2 water, 70 °C R10,C R2
1 3
N = R=H, 3a,91% (75%°) R = 4-Br, 3e, 93%
N” *N—\. 7R R=4-Me, 3b,97% R =4-MeO, 3f 98%
R = 4-F, 3¢, 94% R =2-Ph, 3g, 95%
’ ’ = [
EtO,C R=4-Cl3d, 94% |- o ome: 3 4%
» 94, R = 2-OMe, 3i, 90%
R R =H, 3j, 40% , R=2Ph 30, 55%C
N7 TN ,\R R = 4-Me, 3k, 45(;% R = 4-OMe, 3p, 68%¢
_ R =4-F, 3l, 46% . R = 3-OMe, 3q, 62%¢
EtO,C Ph R=4-Cl, 3m, 43%° R = 2.0Me, 3r, 59%

R = 4-Br, 3n, 38%¢

L
N, /@ R = Me, 3s, 92% N™ 'N
N“ N R =Pr, 3t, 86% —
ROQCH

MeOZC R

R = Et, 3w, 83%
R = Pr, 3x, 80%

R =i-Bu, 3u, 84%
R = t-Bu, 3v, 81%

¢ General conditions: enaminoester 1 (0.5 mmol), tosyl azide 2 (1.25
mmol), and Et;N (0.05 mmol) in H,O (2.0 mL), stirred for 40 min at
70 °C. »Isolated yield based on 1. ¢ The yield resulting from a 5 mmol
scale reaction. ¢ The reaction time was 5 h.

To testify the role of enamine structure for this pure wa-
ter-mediated synthesis, the reaction directly using ethyl
acetoacetate, aniline and tosyl azide was performed under
the standard conditions in pure water. In this entry, no
formation of product 3a was observed, confirming that the
modification using enaminoesters as starting materials was
crucial for the present method toward clean synthesis of
1,2,3-triazoles in pure water medium. The state-of-the-art of
green synthesis by means of substrate designation was thus
reflected in the work (Eq. 1). The hydrogen bond between
the enaminone substrate and water was crucial to the reac-
tion, the general mechanism of the present reaction was
similar with the reaction we previously reported in organic
medium involving a key Regitz diazo transfer.[!3!

standard

o) d
conditions
0,0 _J_ + Ph—NH, + TsN; — ot o g; 1)
(]

Based on the good results, the reaction was carried out
with N-alkyl enaminoesters, our attention was then turned to
the potential synthesis of N-alkyl 1,2,3-triazoles by using
N-alkyl enaminoesters. Amazingly, N-alkyl sulfonamides 5
were selectively afforded when the substrates were run
under the standard conditions. The expected 1,2,3-triazoles,
however, were not observed (Eq. 2). Such results indicated
the additional application potential of this water mediated
green system in the synthesis of sulfonamides.
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R
o HN-AKY EtsN, 10 mol% Q
+ Ts—N; ho0c S=NH )
EtO 2= O Akyl
4 2 5
0. .0 o. 0O o. 0
N\” N N”
S S SJ
VSO NRLN N/ﬁ}
H H H
5a, 42% 5b, 52% 5¢c, 56%

3 Conclusions

In conclusion, by making use of the featured hydrophilic
site in enaminones, we have developed a new and green
catalytic approach for 1,2,3-triazole synthesis via the an-
nulation of enaminones and tosyl azide. Most of the reac-
tions proceed efficiently in pure water medium by using
only low loading Et:N catalyst (10 mol%) and provide
target products with excellent yield. In addition, the novel
synthesis of N-alkyl sulfonamides via the reactions of
N-alkyl enaminones and tosyl azide has been discovered for
the first time. The clean operation as well as the low-cost
reagents make these methods highly attractive in the syn-
thesis of these triazole heterocycles and sulfonamides.

4 Experimental section

4.1 General experimental information

All experiments were carried out under air atmosphere.
The NH-enaminoesters 1 and 4 were synthesized following
literature process.['® All other chemicals and solvents used
in the experiments were obtained from commercial sources
and used directly without further treatment. The 'H NMR
and '*C NMR spectra were recorded in 400 MHz apparatus
at the frequencies of 400 MHz and 100 MHz, respectively.
The chemical shifts were reported with TMS as internal
standard. Melting points were tested in an X-4A instrument
without correcting temperature and the HRMS were ob-
tained under ESI model in a mass spectrometer equipped
with TOF analyzer.

4.2 General procedure for the synthesis of 1,2,3-tria-
zoles 3 and sulfonamides 5

To a 25 mL round-bottom flask were added enaminoester
1 or 4 (0.5 mmol), tosyl azide 2 (1.25 mmol) and pure water
(2.0 mL). Then the mixture was stirred at 70 °C for 40 min
or 5 h. Upon completion (TLC), the reaction mixture was
allowed to cool to room temperature and diluted with water
(5 mL). The resulting suspension was extracted with ethyl
acetate (8 mLX3). The combined organic solution was
dried over anhydrous Na,SOs. After filtration, the solvent
was removed at reduced pressure. Purification of the residue
by flash column chromatography using mixed ethyl acetate
(EA)/petroleum ether (PE) (VI V=1 I 10) as eluent af-
forded analytically pure products 3 and 5.

Ethyl 5-methyl-1-phenyl-1H-1,2,3-triazole-4-carboxy-
late (32):'%1 Yield 91%, 105 mg, white solid, m.p. 56~
57 °C (lit. 46~48 °C). 'H NMR (400 MHz, CDCIls) 4:
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7.64~7.51 (m, 3H), 7.48~7.39 (m, 2 H), 4.47 (q, J=7.1
Hz, 2H), 2.60 (s, 3H), 1.45 (t, J=7.1 Hz, 3H); *C NMR
(100 MHz, CDCl3) 4: 161.7, 138.8, 136.7, 135.4, 130.1,
129.7,125.4, 61.0, 14.4, 10.0.

Ethyl 5-methyl-1-(p-tolyl)-1H-1,2,3-triazole-4-carboxy-
late (3b):['%! Yield 97%, 119 mg, white solid, m.p. 137~
138 °C (lit. 130~132 °C). 'H NMR (400 MHz, CDCl;) 6:
7.34 (q, J=28.0 Hz, 4H), 4.46 (q, J=7.1 Hz, 2H), 2.57 (s,
3H), 2.46 (s, 3H), 1.45 (t, J/=7.1 Hz, 3H); '*C NMR (100
MHz, CDCL) 6: 161.8, 140.3, 138.8, 136.6, 133.0, 130.2,
125.2,61.0, 21.3, 14.4, 10.0.

Ethyl 1-(4-fluorophenyl)-5-methyl-1H-1,2,3-triazole-4-
carboxylate (3c): Yield 94%, 117 mg, white solid, m.p.
126~127 °C. 'H NMR (400 MHz, CDCls) §: 7.53~7.41
(m, 2H), 7.34~7.23 (m, 2H), 4.46 (q, J=7.1 Hz, 1H), 2.59
(s, 1H), 1.45 (t, J=7.1 Hz, 1H); 3C NMR (100 MHz,
CDCl;) d: 163.2(d, 'Jcr=249.7 Hz), 161.6, 138.9, 136.7,
131.5 (d, “Jcr=3.1 Hz), 127.4 (d, *Jcr=8.9 Hz), 116.7 (d,
2Jcr=23.2 Hz), 61.1, 14.3, 9.9; ESI-HRMS calcd for
Ci,H15FN;0, [M+H]" 250.0986, found 250.1000.

Ethyl 1-(4-chlorophenyl)-5-methyl-1H-1,2,3-triazole-4-
carboxylate (3d):['°Y Yield 94%, 125 mg, white solid, m.p.
165~166 °C (lit. 168~170 °C). 'H NMR (400 MHz,
CDCl;) d: 7.56 (d, J=8.6 Hz, 2H), 7.42 (d, J=38.7 Hz, 2H),
4.47 (q, J=17.1 Hz, 2H), 2.60 (s, 3H), 1.45 (t, J/=7.1 Hz,
3H); 3C NMR (100 MHz, CDCI;) &: 161.6, 138.8, 136.9,
136.2, 133.9,129.9, 126.6, 61.1, 14.4, 10.0.

Ethyl 1-(4-bromophenyl)-5-methyl-1H-1,2,3-triazole-4-
carboxylate (3e):[1%! Yield 93%, 144 mg, white solid, m.p.
179~180 °C (lit. 176 ~178 °C). '"H NMR (400 MHz,
CDCl;) 6: 7.72 (d, J=8.7 Hz, 2H), 7.36 (d, J=38.7 Hz, 2H),
4.46 (q, J=7.1 Hz, 2H), 2.60 (s, 3H), 1.45 (t, J=7.1 Hz,
3H); 3C NMR (100 MHz, CDCI;) &: 161.6, 138.8, 136.9,
134.4,132.9, 126.8, 124.2,61.2, 14.4, 10.0.

Ethyl 1-(4-methoxyphenyl)-5-methyl-1H-1,2,3-triazole-
4-carboxylate (3f):1'%! Yield 98%, 128 mg, white solid, m.p.
140 ~141 °C (lit. 140~142 °C). '"H NMR (400 MHz,
CDCl3) d: 7.36 (d, J=8.9 Hz, 2H), 7.06 (d, /=8.9 Hz, 2H),
4.46 (q, J=7.1 Hz, 2H), 3.89 (s, 3H), 2.55 (s, 3H), 1.44 (t,
J=7.1 Hz, 3H); C NMR (100 MHz, CDCl3) é: 161.8,
160.7, 139.0, 136.5, 128.2, 126.7, 114.7, 61.0, 55.7, 14.4,
9.9.

Ethyl 1-([1,1'-biphenyl]-2-yl)-5-methyl-1H-1,2,3-triazo-
le-4-carboxylate (3g): Yield 95%, 146 mg, colorless liquid.
'H NMR (400 MHz, CDCl;) ¢: 7.65 (t, J=7.5 Hz, 1H),
7.60~7.52 (m, 2H), 7.45 (d, J=7.3 Hz, 1H), 7.27~7.20
(m, 3H), 7.07 (dd, J/=6.4, 3.0 Hz, 2H), 4.37 (q, J=7.1 Hz,
2H), 1.98 (s, 3H), 1.39 (t, J/=7.1 Hz, 3H); '*C NMR (100
MHz, CDCL) é: 161.5, 140.0, 139.1, 136.8, 136.0, 132.8,
131.1, 130.9, 128.7, 128.6, 128.2, 128.2, 128.1, 60.8, 14.2,
9.1; ESI-HRMS calcd for CisH;sN3O, [M+H]" 308.1394,
found 308.1409.

Ethyl 1-(3-methoxyphenyl)-5-methyl-1H-1,2,3-triazole-
4-carboxylate (3h): Yield 94%, 123 mg, colorless liquid. 'H
NMR (400 MHz, CDCls) d: 7.47 (t, J=8.3 Hz, 1H), 7.08 (d,
J=8.5 Hz, 1H), 7.01 (d, J=7.7 Hz, 2H), 4.46 (q, J=7.1
Hz, 2H), 3.87 (s, 3H), 2.60 (s, 3H), 1.45 (t, J=7.1 Hz, 3H);
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13C NMR (100 MHz, CDCls) d: 161.7, 160.4, 138.8, 136.6,
136.3, 130.4, 117.3, 115.8, 111.2, 61.0, 55.6, 14.3, 10.0;
ESI-HRMS caled for Ci3HigN3Os [M+H]" 262.1186,
found 262.1206.

Ethyl 1-(2-methoxyphenyl)-5-methyl-1H-1,2,3-triazole-
4-carboxylate (3i): Yield 90%, 117 mg, colorless liquid. 'H
NMR (400 MHz, CDCl) d: 7.54 (td, J=8.2, 1.6 Hz, 1H),
7.36 (dd, J/=17.7, 1.5 Hz, 1H), 7.12 (t, J=8.3 Hz, 2H), 4.46
(q,J=7.1Hz,2H), 3.80 (s, 3H), 2.43 (s, 3H), 1.45 (t, J=7.1
Hz, 3H); *C NMR (100 MHz, CDCls) J: 161.9, 153.9,
140.9, 135.9, 132.1, 128.4, 124.0, 121.0, 112.2, 60.9, 55.8,
14.4, 9.4; ESI-HRMS caled for Ci3HigN;Os [M+H]"
262.1186, found 262.1198.

Ethyl 1,5-diphenyl-1H-1,2,3-triazole-4-carboxylate
3j):' Yield 40%, 59 mg, white solid, m.p. 127~128 °C
(lit. 95~97 °C). '"H NMR (400 MHz, CDCl;) J: 7.45~7.35
(m, 6H), 7.32~7.26 (m, 4H), 4.37 (9, J=7.1 Hz, 2H), 1.33
(t, J/=7.1 Hz, 3H); 3C NMR (100 MHz, CDCl;) §: 161.0,
140.9, 137.0, 135.8, 130.3, 129.9, 129.5, 129.3, 128.4,
125.8,125.2,61.2, 14.2.

Ethyl 5-phenyl-1-(p-tolyl)-1H-1,2,3-triazole-4-carboxy-
late (3k): Yield 45%, 69 mg, white solid, m.p. 119~120 °C.
"H NMR (400 MHz, CDCls) §: 7.44~.34 (m, 3H), 7.29 (d,
J=17.5Hz, 2H), 7.15 (s, 4H), 4.36 (q, J/="7.1 Hz, 2H), 2.35
(s, 3H), 1.32 (t, J=7.1 Hz, 3H); 3C NMR (100 MHz,
CDCl) d: 161.0, 140.8, 139.7, 136.9, 133.4, 130.3, 129.8,
129.8, 128.3, 125.9, 125.0, 61.1, 21.2, 14.2; ESI-HRMS
caled for C1gHsN30, [M+H]" 308.1394, found 308.1414.

Ethyl 1-(4-fluorophenyl)-5-phenyl-1H-1,2,3-triazole-4-
carboxylate (31): Yield 46%, 72 mg, white solid, m.p. 101~
102 °C. 'H NMR (400 MHz, CDCls) 6: 7.40 (dt, J=14.4,
7.0 Hz, 3H), 7.32~7.24 (m, 4H), 7.07 (t, J=8.4 Hz, 2H),
4.36 (q, J=7.1 Hz, 2H), 1.31 (t, J=7.1 Hz, 3H); *C NMR
(100 MHz, CDCl3) 6: 162.7 (d, 'Jer=249.2 Hz), 160.8,
140.9, 137.0, 131.9(d, “Jcr=2.9 Hz), 130.2, 130.0, 128.4,
127.2 (d, 3Jcr=8.9 Hz), 125.6, 116.4 (d, 2Jcr=23.0 Hz),
61.2, 14.1; ESI-HRMS calcd for C;7H;sFN;0, [M+H]"
312.1143, found 312.1155.

Ethyl 1-(4-chlorophenyl)-5-phenyl-1H-1,2,3-triazole-4-
carboxylate (3m): Yield 43%, 70 mg, white solid, m.p. 96~
97 °C. '"H NMR (400 MHz, CDCl;) 6: 7.47~7.34 (m, 5H),
7.30~7.26 (m, 2H), 7.22 (d, J/=8.3 Hz, 2H), 4.37 (q, J=
7.1 Hz, 2H), 1.32 (t, J=7.1 Hz, 3H); 3C NMR (100 MHz,
CDCl) d: 160.8, 140.8, 137.2, 135.6, 134.3, 130.2, 130.1,
129.6, 128.5, 126.3, 125.5, 61.3, 14.2; ESI-HRMS calcd for
Ci7H;5CIN;0, [M+H]" 328.0847, found 328.0864.

Ethyl 1-(4-bromophenyl)-5-phenyl-1H-1,2,3-triazole-4-
carboxylate (3n): Yield 38%, 70 mg, white solid, m.p.
106~107 °C. 'H NMR (400 MHz, CDCls) §: 7.57~7.38
(m, 5H), 7.29 (d, /=7.4 Hz, 2H), 7.16 (d, J/=8.4 Hz, 2H),
4.36 (q, J=6.7 Hz, 2H), 1.31 (t, J=6.9 Hz, 3H); *C NMR
(100 MHz, CDCl3) d: 160.8, 140.8, 137.2, 134.8, 132.6,
130.2, 130.1, 128.5, 126.6, 125.5, 123.6, 61.3, 14.1; ESI-
HRMS calcd for C7H;sBrN;O, [M+H]" 372.0342, found
372.0354.

Ethyl 1-([1,1'-biphenyl]-2-yl)-5-phenyl-1H-1,2,3-triazo-
le-4-carboxylate (30): Yield 55%, 101 mg, colorless liquid.
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"H NMR (400 MHz, CDCl;) §: 7.59~7.52 (m, 1H), 7.46~
7.37 (m, 2H), 7.20~7.16 (m, 1H), 7.13~7.06 (m, 2H), 6.97
(dt, J=15.6, 7.6 Hz, 4H), 6.56~6.41 (m, 4H), 4.19 (q, J=
7.0 Hz, 2H), 1.16 (t, J=7.1 Hz, 3H); 3*C NMR (100 MHz,
CDCl;) 0: 160.9, 142.2, 138.6, 136.8, 136.0, 133.4, 130.8,
130.7,129.6, 129.2, 128.5, 128.1, 127.6, 127.5, 124.8, 61.0,
14.1; ESI-HRMS calcd fOI‘ C23H20N302 [M + H] *
370.1550, found 370.1568.

Ethyl 1-(4-methoxyphenyl)-5-phenyl-1H-1,2,3-triazole-
4-carboxylate (3p):*® Yield 68%, 110 mg, white solid, m.p.
112~113 °C (lit. 83~85 °C). 'H NMR (400 MHz, CDCl;)
0: 742~7.34 (m, 3H), 7.29 (d, J=6.5 Hz, 2H), 7.18 (d,
J=8.9 Hz, 2H), 6.86 (d, /=8.9 Hz, 2H), 4.36 (q, J=7.1
Hz, 2H), 3.80 (s, 3H), 1.31 (t, J=7.1 Hz, 3H); *C NMR
(100 MHz, CDCI3) 4: 161.0, 160.2, 140.8, 136.8, 130.3,
129.8, 128.8, 128.3, 126.6, 125.9, 114.4, 61.1, 55.5, 14.1.

Ethyl 1-(3-methoxyphenyl)-5-phenyl-1H-1,2,3-triazole-
4-carboxylate (3q): Yield 62%, 100 mg, white solid, m.p.
126~127 °C; 'H NMR (400 MHz, CDCl;) d: 7.45~7.36
(m, 3H), 7.31 (d, J/=7.0 Hz, 2H), 7.24 (t, J=8.1 Hz, 1H),
6.92 (d, /=9.0 Hz, 1H), 6.82 (d, /=7.3 Hz, 2H), 4.36 (q,
J=7.1 Hz, 2H), 3.69 (s, 3H), 1.31 (t, J=7.1 Hz, 3H); 13C
NMR (100 MHz, CDCls) d: 160.9, 160.0, 140.8, 137.0,
136.7, 130.2, 130.0, 129.9, 128.3, 125.9, 117.3, 115.6,
110.7, 61.1, 55.5, 14.1; ESI-HRMS caled for CisHi3N30;3
[M-++H]" 324.1343, found 324.1358.

Ethyl 1-(2-methoxyphenyl)-5-phenyl-1H-1,2,3-triazole-
4-carboxylate (3r): Yield 59%, 95 mg, white solid, m.p.
123~124 °C; '"H NMR (400 MHz, CDCl;) §: 7.38 (t,J=17.7
Hz, 2H), 7.35~7.25 (m, 5H), 7.01 (t, J=7.6 Hz, 1H), 6.85
(d, /=8.2 Hz, 1H), 4.36 (q, J/=7.1 Hz, 2H), 3.46 (s, 3H),
1.32 (t, J=7.1 Hz, 3H); '3C NMR (100 MHz, CDCl;) 6:
161.2, 153.6, 142.7, 136.0, 131.8, 129.6, 129.5, 128.5,
127.8, 126.2, 124.7, 120.8, 112.2, 61.0, 55.4, 14.2; ESI-
HRMS caled for CisHsN3O3 [M+H]" 324.1343, found
324.1359.

Methyl 5-methyl-1-phenyl-1H-1,2,3-triazole-4-carboxy-
late (3s):'% Yield 92%, 100 mg, white solid, m.p. 50~
51 °C; '"H NMR (400 MHz, CDCl) é: 7.58 (d, J=7.1 Hz,
3H), 7.46 (dd, J=7.6, 1.8 Hz, 2H), 3.98 (s, 3H), 2.60 (s,
3H); '3C NMR (100 MHz, CDCI5) é: 162.0, 139.0, 136.4,
135.3, 130.1, 129.7, 125.3, 51.9, 9.9.

Propyl 5-methyl-1-phenyl-1H-1,2,3-triazole-4-carboxy-
late (3t): Yield 86%, 105 mg, coloeless liquid. 'H NMR
(400 MHz, CDCl3) d: 7.50~7.42 (m, 3H), 7.38~7.31 (m,
2H), 4.28~4.19 (m, 2H), 2.50~2.44 (m, 3H), 1.78~1.67
(m, 2H), 0.98~0.88 (m, 3H); *C NMR (100 MHz, CDCI;)
o: 161.7, 138.7, 136.7, 135.4, 130.0, 129.6, 125.3, 66.5,
22.0, 10.4, 10.0; ESI-HRMS calcd for Ci3H N3O, [M—+
H]" 246.1237, found 246.1255.

Isobutyl  5-methyl-1-phenyl-1H-1,2,3-triazole-4-carb-
oxylate (3u): Yield 84%, 109 mg, yellow liquid. '"H NMR
(400 MHz, CDCl3) d: 7.46 (t, J=6.3 Hz, 3H), 7.35 (t, J=
6.3 Hz, 2H), 4.07 (t, J=6.2 Hz, 2H), 2.48 (d, /=5.2 Hz,
3H), 2.03 (dq, J=12.6, 6.5 Hz, 1H), 0.92 (t, J/=6.0 Hz,
6H); 3C NMR (100 MHz, CDCI5) &: 161.7, 138.6, 136.7,
135.4, 130.0, 129.6, 125.3, 70.9, 27.8, 19.1, 10.0; ESI-
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HRMS caled for C14HisN3;0, [M+H]" 260.1394, found
260.1410.

tert-Butyl  5-methyl-1-phenyl-1H-1,2,3-triazole-4-car-
boxylate (3v): Yield 81%, 105 mg, white solid, m.p. 77~
78 °C; 'H NMR (400 MHz, CDCl3) 6: 7.50~7.41 (m, 3H),
7.33 (td, J=5.1, 3.1 Hz, 2H), 2.45 (d, J/=3.4 Hz, 3H), 1.54
(d, J=3.7 Hz, 9H); '*C NMR (100 MHz, CDCls) é: 160.9,
138.1, 137.8, 135.6, 129.9, 129.6, 125.3, 82.0, 28.3, 10.1;
ESI-HRMS caled for Ci4HisN3O," [M+H]" 260.1394,
found 260.1408.

Methyl  5-ethyl-1-phenyl-1H-1,2,3-triazole-4-carboxy-
late (3w):l"'¥ Yield 83%, 96 mg, yellow liquid. '"H NMR
(400 MHz, CDCl3) 6: 7.62~7.56 (m, 3H), 7.45 (dd, J=6.8,
2.9 Hz, 2H), 4.00 (s, 3H), 3.01 (q, J=7.5 Hz, 2H), 1.17 (4,
J=17.5 Hz, 3H); *C NMR (100 MHz, CDCl3) é: 161.9,
144.6, 135.7,135.4, 130.3, 129.7, 125.6, 51.9, 16.9, 13.1.

Methyl 1-phenyl-5-propyl-1H-1,2,3-triazole-4-carboxy-
late (3x):!''4 Yield 80%, 98 mg, white solid, m.p. 72~
73 °C; 'H NMR (400 MHz, CDCl3) 6: 7.61~7.56 (m, 3H),
7.43 (dd, J=6.5, 2.9 Hz, 2H), 4.00 (s, 3H), 2.97 (t, J=7.8
Hz, 2H), 1.57 (dt, J=15.2, 7.5 Hz, 2H), 0.86 (t, /J=7.4 Hz,
3H); '3C NMR (100 MHz, CDCl;) &: 162.0, 143.4, 136.1,
135.5,130.3, 129.7, 125.7, 51.9, 25.1, 22.1, 13.7.

N-Butyl-4-Methylbenzenesulfonamide (5a):!'!  Yield
42%, 48 mg, colorless liquid. "H NMR (400 MHz, CDCl;)
0:7.75 (d, J=8.2 Hz, 2H), 7.31 (d, J/=8.1 Hz, 2H), 4.62 (s,
1H), 2.96~2.89 (m, 2H), 2.43 (s, 3H), 1.47~1.40 (m, 2H),
1.33~1.25 (m, 2H), 0.84 (t,/=7.3 Hz, 3H); '*C NMR (100
MHz, CDCl;) ¢: 143.3, 137.1, 129.7, 127.1, 42.9, 31.59,
21.5,19.7,13.5.

N-Hexyl-4-methylbenzenesulfonamide (5b):["!  Yield
52%, 66 mg, colorless liquid. '"H NMR (400 MHz, CDCl;)
0:7.76 (d, J=8.1 Hz, 2H), 7.30 (d, /=8.0 Hz, 2H), 4.94 (s,
1H), 2.91 (q, J=6.5 Hz, 2H), 2.42 (s, 3H), 1.43 (q, J=7.0
Hz, 2H), 1.27~1.16 (m, 6H), 0.83 (t, J/=6.7 Hz, 3H); 3C
NMR (100 MHz, CDCl;) d: 143.2, 137.1, 129.6, 127.1,
43.2,31.2,29.5,26.2,22.4,21.5,13.9.

4-Methyl-N-propylbenzenesulfonamide (5¢):['! Yield
56%, 95 mg, white solid, m.p. 70~71 °C (lit. 73 °C); 'H
NMR (400 MHz, CDCls) d: 7.69 (d, J=8.2 Hz, 2H), 7.21
(d, J/=8.1 Hz, 2H), 5.05 (s, 1H), 2.89~2.76 (m, 2H), 2.33
(s,3H), 1.34 (q,J=7.0 Hz, 2H), 1.13 (d, /=21.4 Hz, 18 H),
0.79 (t, J=6.8 Hz, 3H); '3C NMR (100 MHz, CDCl;) &:
143.1,137.1,129.6,127.1,43.2,31.9, 29.6, 29.6, 29.5, 29.5,
29.4,29.3,29.1,26.5,22.7,21.4, 14.1.

4.3 5 mmol scale reaction for the synthesis of 3a

To a 100 mL round-bottom flask were charged with
enaminoester 1a (5 mmol), tosyl azide 2 (12.5 mmol), Et;N
(0.5 mmol) and H,O (20 mL). The resulting mixture was
stirred at 70 °C for 40 min (TLC) under air atmosphere.
After cooling down to room temperature, the suspension
was extracted with ethyl acetate (80 mL X 3). The combined
organic solution was dried over anhydrous Na,SO,. After
filtration, the solvent was removed from the solution at
reduced pressure. Purification of the residue by flash col-
umn chromatography using mixed ethyl acetate (EA)/pe-
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troleum ether (PE) (V' . V=1 : 10) as eluent provided pure
product 3a.

Supporting Information The 'H NMR and '*C NMR
spectra of all products. The Supporting Information is
available free of charge via the Internet at http://sioc-
journal.cn/.
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