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High Regioselective Synthesis of N2-Substituted-1,2,3-triazole via
N-Sulfonyl-1,2,3-triazole Coupling with Alcohol Catalyzed by
in-situ Generated Sulfonic Acid

Ji, Jian Liu, Jinhua Guan, Cong Chen, Xuwen Zhao, Yun Liu, Shunying*
(School of Chemistry and Molecular Engineering, East China Normal University, Shanghai 200062)

Abstract The green and highly efficient synthesis of N?-substituted 1,2,3-triazoles remains challenging due to the lower
electron density at the N?-atom than that at two terminal nitrogen atoms (N' and N?) of the triazole heterocycle. Cheap and
easily available alcohols were developed as starting points to couple with N-sulfonyl-1,2,3-triazole instead of halogenated
reagents catalyzed by in-situ generated sulfonic acid. The resulting products, N>-substituted 1,2,3-triazoles, were obtained with
high regioselectivity and in good yields (68%~83%) without any additional catalysts or additives. The reaction has a broad
substrate adaptability and functional group compatibility, including aryl benzyl and alkyl alcohols. Preliminary mechanistic
studies indicate that methanesulfonic acid (MsOH) which in situ produced by the hydrolysis of N-sulfonyl-1,2,3-triazoles
promoted the reaction, and high regioselectivity was promoted through the thermally stable intermediate N?H-1,2,3-triazole.
Keywords high regioselectivity; free-catalysis; N>-substituted 1,2,3-triazole; green synthesis

1 Introduction

N*-Substituted 1,2,3-triazoles are present in numerous
natural products, pharmaceuticals and functional materi-
als.l! Hence, it is extremely valuable to develop an effi-
cient and highly regioselective method for the preparation
of N?-substituted 1,2,3-triazoles. However, the synthesis of
N?-substituted 1,2,3-triazoles remains challenging due to
the lower electron density at the N?-atom than that at two
terminal nitrogen atoms (N' and N?) of the triazole hetero-
cycle, which has limited their further application.”)

* Corresponding author. E-mail: syliu@sist.ecnu.edu.cn

Several elegant strategies have been established to ac-
cess N-substituted 1,2,3-triazoles (Scheme 1). For exam-
ple, Wangll and Shi?! developed a method for the synthe-
sis of N?-substituted triazoles by introducing bulky groups
(such as bromine atom) at positions 4 and 5 of 1,2,3-tria-
zoles to lower the electron density or increase the steric
hindrance at N' and N (Scheme 1, a). The resulting en-
hanced reactivity at the N? atom enabled an efficient syn-
thesis of M-substituted 1,2,3-triazoles. However, the pro-
tocol suffered from a substrate scope limitation. Shi and
Chen’s group! also reported a high regioselective synthe-
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sis of M?-substituted triazoles by a base or acid-induced N?
nucleophilic addition of N-sulfonyl-1,2,3-triazoles to imi-
nium ion or olefins, respectively (Scheme 1, b). High regi-
oselectivity of this approach was dictated by the key in-
termediate 4-phenyl-2H-1,2,3-triazoles (4a), which was
generated from the hydrolysis of N-sulfonyl-1,2,3-triazole
as a more stable tautomer than the other one (4-phenyl-
1H-1,2,3-triazoles, 4a') at high temperature. Very recently,
our group developed an efficient strategy for the synthesis
of N?-substituted triazoles by oxidative C(sp*)—H amina-
tion of tetrahydrofuran via a radical-initiated Sx2-like cou-
pling. This approach also somewhat suffered from a sub-
strate scope limitation (Scheme 1, ¢).’! We then developed
an approach to orient highly regioselective N?-substituted
1,2,3-triazoles by a base-promoted Sn2-like nucleophilic
substitution of haloalkanes (Scheme 1, d).[! The developed
method is highly efficient under mild conditions (room
temperature) with a broad substrate scope. However, the
use of halogenated substrates has certain limitations, such
as the generation of toxic and harmful by-products, which
is not environmentally friendly. Thus, it is highly desirable
to develop alternative methods that are environmentally
friendly and process efficient, using readily available and
less toxic substrates, such as using alcohol as alkylating
reagents to replace organic halides.

N-Sulfonyl-1,2,3-triazoles, which can be easily prepared
from copper(I)-catalyzed azide-alkyne cycloadditions,!”!
have been utilized as one of the most important precursors
of carbene to access other heterocycles by a variety of
chemical transformations.®! Over the past decades, many
legend transformations of N-sulfonyl-1,2,3-triazoles were
developed by Fokin,®”! Gevorgyan,'” Lil''l and other
groups.['?l Despite the inherently strong C—O bonds in
alcohols, numerous methods via dehydroxylation of alco-
hols cross-coupling with nucleophiles to construct various
complex molecules have been established.!'3] Thus, we
were curious whether alcohols would react with N-sul-
fonyl-1,2,3-triazole via nucleophilic substitution reaction
to afford N-substituted 1,2,3-triazoles. It remains chal-
lenging to promote the envisioned reaction and several
main competitive transformations will occur. For example,
N-sulfonyl-1,2,3-triazoles readily undergo a ring-opening
process followed by a carbene or N-sulfonyl ketenimine
formation under heating.['* N' and N3-selective competi-
tive reactions are also big challenges.

2 Results and discussion

Benzyl carbocations are readily generated from benzyl
alcohols under an acidic environment and relatively stable
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Scheme 1 Highly regioselective synthesis of N?>-substituted 1,2,3-triazoles
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for fruitful transformations.''>) Then N-sulfonyl-1,2,3-tria-
zole (1a) and benzyl alcohol (2a) were used to test the re-
action. The coupling reaction of 1a (0.2 mmol) and 2a (2.0
mmol) was initially examined using dichloroethane (DCE)
as the reaction solvent and TsOH (0.4 mmol) as additive at
room temperature. No desired coupling products 3a/3a'
were observed (Table 1, Entry 1). Raising the reaction
temperature to 50 °C or 80 °C still failed to give the desired
product (Table 1, Entries 2, 3). Further raising the temper-
ature to 100 ‘C gratifyingly offered the desired N?-product
3ain 50% isolated yield (Table 1, Entry 4). The N'-product
3a' was also obtained in 5% isolated yield. The reaction
yield was further improved to 80% yield for 3a when the
reaction temperature was continuously raised to 120 C
(Table 1, Entry 5). At a higher temperature than 120 °C, the
yield decreased slightly (Table 1, Entry 6). Increasing the
amount of additive has no obvious effect on the yield (Table
1, Entry 7). Interestingly, the reaction even proceeded suc-
cessfully to afford the N*-product 3a in 82% yield in the
absence of TsOH (Table 1, Entry 8). With the optimal
temperature 120 ‘C, screening of solvent did not improve
the reaction yield (Table 1, Entries 9~12). Decreasing the
amount of benzyl alcohol to 5 equiv. did not affect the re-
action, but further decreasing the amount to 3 equiv. led to a
diminished yield of N*-product (Table 1, Entries 13, 14).

Table 1 Optimization of the reaction conditions”

Bn
3N 0 OH  Additive 3 N2
Jwsome + o G w
Ph o} Ph
Py 5 3a

3_N B”\3,N

Ph P

3a’ 3a"

. I C Yield?/%

Entry Additive Solvent Temp. 3 "
1 TsOH DCE 1t n.d. n.d.
2 TsOH DCE 50 n.d. n.d.
3 TsOH DCE 80 n.d. n.d.
4 TsOH DCE 100 50 5
5 TsOH DCE 120 80 8
6 TsOH DCE 130 76 10
7¢ TsOH DCE 120 80 10
8 None DCE 120 82 12
9 None PhMe 120 72 8
10 None CH3CN 120 63 10
11 None DMF 120 45 5
12 None DMSO 120 55 7
134 None DCE 120 82 12
14¢ None DCE 120 52 6
15 None DCE 120 45 5

4 Unless otherwise noted, all reactions were carried out on a 0.2 mmol scale
with n(1a) : n(2a)=1 . 10, and additive (0.4 mmol) in solvent (2.0 mL) at the
specified reaction temperature in air for 2 h. DMF = N,N-dimethylformamide,
DMSO=dimethyl sulfoxide. ? Isolated yield. ¢ Using 4.0 equiv. of TsOH.
4Using 5.0 equiv. of benzyl alcohol. ¢ Using 3.0 equiv. of benzyl alcohol.
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N-Tosyl-1,2,3-triazole was not well applicable in the re-
action due to the production of a-cyano sulfone via keteni-
mines pathway (Table 1, Entry 15).['1 Overall, it was found
that the optimal reaction conditions involved using DCE as
the solvent at 120 “C in air without any additives. The model
reaction was completed within 2 h. N'-Substituted triazole
was always observed as the main by-product and trace
amounts of N3-substituted triazole could be monitored by
liquid chromatograph mass spectrometer (LCMS) (=~2%).

With the optimized conditions in hand, the substrate
scope was subsequently investigated (Table 2). Neither
electron-withdrawing nor electron-donating substituents on
the phenyl group in N-sulfonyl-1,2,3-triazole affected the
yields (3b~3h, 76%~82%). Strong electron donor group
4-OMe substituent on the phenyl group in N-sulfonyl-1,2,3-
triazole was unfavorable for the reaction affording the
product in a low yield of 40% (3i). Either benzyl alcohols
containing electron-withdrawing or electron-donating sub-
stituents at the para or meta position of the phenyl group
transformed smoothly into the desired products in high
yields (3j ~3p, 76% ~ 82%). Naphthalene-2-ylmethanol
(2i) and [1,1'-biphenyl]-4-ylmethanol (2j) also afforded the
corresponding product in 72% (3q) and 65% (3r) yields,
respectively. In addition, aromatic heterocyclic alcohol,
including thiophene-2-ylmethanol (2k), furan-2-ylmethanol
(21), (4-morpholinophenyl)methanol (2m) and benzo[d]-
[1,3]dioxol-5-ylmethanol (2m), reacted well and afforded
moderate to good yields (3s~3v, 68%~78%). The N-
sulfonyl-1,2,3-triazole with biphenyl (1j) or naphthalene
(1k) substitution also delivered the desired product in good
yields (3w, 80% yield; 3x, 78% yield). The triazoles pos-
sessing heterocyclic groups at the 4-position of the phenyl
ring (11~10) were then examined and it was found that they
all reacted well with benzyl alcohol to afford the corre-
sponding products (3y~3ab) in good yields (68%~82%).
In all cases, the main by-product was N'-alkylated 3'. Trace
amounts of NH-1,2,3-triazole 4 from desulfonylation and
N3-alkylated byproduct were also observed in some cases.
The products were determined to be N*-selective using
single-crystal X-ray analysis of 3ab, and the other products
were tentatively assigned by analogy.

Alkyl-substituted alcohols have also been used to explore
the reactions (Table 3). When methanol was tested to react
with N-sulfonyl-1,2,3-triazole, N'-substituted 1,2,3-triazole
(3ac) was accidentally formed in 70% isolated yield with
by-product of 4-phenyl-1H-1,2,3-triazole (4a, 20% yield).
For the substrates with electron-withdrawing or electron-
donating groups on the aromatic ring of N-sulfonyl-1,2,3-
triazoles, the N'-products were afforded in moderate yields
(3ad, 65% yield; 3ae, 68% yield). Only a trace of N'-pro-
ducts (=5%) can be observed when ethanol reacted with
1a, which may be attributed to that ethanol can produce the
corresponding carbocation effectively in this reaction. The
product 3ae was determined to be an N'-substituted triazole
by single-crystal X-ray analysis. The mechanism of the
N'-selectivity for methanol is not clear, and it may be due to

Chin. J. Org. Chem. 2023, 43,1168~1176
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Table 2 Scope of substrates
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3k: R = 3-Br, 75% yield
3l: R = 3-Me, 83% vyield
3m: R = 4-Me, 82% yield
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3y 78% yield

N~
J N@QNA@
/ =N

3ab 82% yield

3z 68% yield

TS OO O ey

3s 78% yield
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single crystal X-ray structures of 3ab

the much lower D(R*-H") (heterolytic bond dissociation
energy) value of methyl carbocation.!”? The control ex-
periment was performed by using N2-methyl-1,2,3-triazole
to reflux under the identified conditions and no N'-methyl-
1,2,3-triazole was detected. The results exclude that the N!
product was yielded via the migration of methyl group from
N2 to N'! atom.

Table 3 Reaction of N-sulfonyl-1,2,3-triazole with methanol

2 2
SNE 120°c  ON=NC,
— N—§—Me + MeOH DOE _ N~Me
Ar’ Ar’
1a
N:N

3ac 70% yield

N:N

F

3ae 68% yield

CCDC 2183025

To demonstrate the practicality of the reaction for organic
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synthesis, a gram-scale synthesis was performed (Scheme
2). The coupling of 1a (3.0 mmol, 0.669 g) with 2a (15.0
mmol, 1.622 g) delivered the desired product 3a with a
comparable yield (0.565 g, 80% yield), and the coupling of
1a (3.0 mmol, 0.669 g) with methanol (15.0 mmol, 0.48 g)
also gave the N'-product 3ac with a moderate yield (0.287g,
65% yield).

To gain insight into the reaction mechanism, a series of
control experiments were conducted. First, N-sulfonyl-
1,2,3-triazole (1a) was desulfonylated in DCE for 2 h to
generate 4-phenyl-1H-1,2,3-triazole (4a') and 4-phenyl-2H-
1,2,3-triazole (4a), releasing 1 equiv. of methanesulfonic
acid (MsOH). When benzyl alcohol (2a) was subsequently
added, the coupling N*-product 3a and N'-product 3a' were
formed in 82% and 8% isolated yields, respectively
(Scheme 3, a). When 4a' was isolated to react with benzyl
alcohol without MsOH, the yield of 3a was reduced to 32%
(Scheme 3, b). In the presence of 1.0 equiv. of MsOH, 4a'
reacted with benzyl alcohol smoothly and a similar yield of
3a was obtained (83%, Scheme 3, c). Furthermore, the
reaction proceeded not well and only afforded the desired
product in 20% yield with ultra dry solvent and 4 A molec-
ular sieves within 2 h (Scheme 3, d). When methanol re-
acted with 4a' with and without methanesulfonic acid
(Scheme 3, e and f), the yields were 68% and 20%, respec-

http://sioc-journal.cn/ 1171
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Scheme 3 Control experiments

tively. These results demonstrated that 4a/4a' was the main
intermediate to couple with benzyl alcohol and methane-
sulfonic acid (MsOH) which was in situ produced by hy-
drolysis of N-sulfonyl-1,2,3-triazole to activate alcohol
hydroxyl groups and catalyze the transformation. In addi-
tion, N'-Bn-1,2,3-triazole (3a') was refluxed under the
identified conditions and no N?-product was observed
(Scheme 3, g).

Based on the above control experiments, the following
mechanism was proposed (Scheme 4). The sulfonyl group
of N-sulfonyl-1,2,3-triazoles can undergo elimination to
1172
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afford 4-phenyl-1H-1,2,3-triazoles, 4-phenyl-2H-1,2,3-tria-
zoles and 4-phenyl-3H-1,2,3-triazoles as nucleophilic in-
termediates at high temperature. The intermediates were
converted into a more stable form (4-phenyl-2H-1,2,3-
triazole) at a higher temperature.) Methanesulfonic acid
(MsOH) was in situ produced from the hydrolysis of N-
sulfonyl-1,2,3-triazole which promoted the protonation and
dehydroxylation of the alcohols to generate the carbocation.
Then, 4-phenyl-2H-1,2,3-triazole reacted with benzyl car-
bocations by Sx1 nucleophilic substitution reaction to af-
ford the N?-substituted triazoles.

Chin. J. Org. Chem. 2023, 43,1168~1176
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Scheme 4 Possible mechanism

3 Conclusions

An efficient, metal-free synthesis of N>-substituted 1,2,3-
triazoles with high regioselective from N-sulfonyl-1,2,3-
triazoles and aryl benzyl alcohol was developed. Me-
thanesulfonic acid (MsOH) which is in situ produced by
hydrolysis of N-sulfonyl-1,2,3-triazoles promotes the reac-
tion. In this reaction, a wide range of easily accessible and
environmentally friendly alcohols as starting materials can
tolerate this reaction well, and evaluations of the bioactivity
of the resulting products for anticancer activity are ongoing
in our laboratory.

4 Experimental section
4.1

All reactions and manipulations were carried out under
an air atmosphere in a 4 mL sealed vial equipped with a stir
bar. 'H NMR, 'F NMR and '*C NMR spectra were rec-
orded using a Brucker 400 MHz spectrometer in CDCls.
Tetramethylsilane (TMS) served as an internal standard
(6=0) for 'H NMR, and CDCl; was used as internal
standard (6 =77.0) for '3C NMR. High-resolution mass
spectrometry (HRMS) was performed on an IonSpec
FT-ICR or a Waters Micromass Q-TOF micro Synapt High-
Definition mass spectrometers. Mass spectra were recorded
on the a HP-5989 instrument by ESI methods. The X-ray
diffraction analysis was performed using a Bruker Smart-
1000 X-ray diffractometer.

4.2 General procedures for products 3

In a 4 mL sealed vial equipped with a stir bar, N-sulfonyl-
1,2,3-triazoles 1 (0.2 mmol) and dichloroethane (2 mL)
were added. Then the benzyl alcohol 2 (1.0 mmol) were
added to the mixture. The vial was tightly capped and stirred
for 2 h at 120 ‘C. After completion of the reaction, the
mixture was cooled to room temperature and purified by
column chromatography using petroleum ether/ethyl ace-
tate mixture (V' . V=30 : 1) as eluent to afford products 3
in high yield and purity.

2-Benzyl-4-phenyl-2H-1,2,3-triazole (3a):l'8 82% yield
(38 mg) as a white solid. m.p. 78~79 C (lit.'8) 78~
80 ‘C); 'H NMR (400 MHz, Chloroform-d) J: 7.87 (s, 1H),
7.79 (d,J=7.4 Hz, 2H), 7.42 (t,J="7.5 Hz, 2H), 7.38~7.30
(m, 6H), 5.63 (s, 2H); '3C NMR (101 MHz, Chloroform-d)

General information
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0: 148.1, 135.3, 131.4, 130.3, 128.8, 128.7, 128.4, 128.3,
127.9,125.9, 58.7.
2-Benzyl-4-(2-bromophenyl)-2H-1,2,3-triazole (3b):
76% yield (40 mg) as a white solid. m.p. 76~78 C; 'H
NMR (400 MHz, Chloroform-d) ¢: 8.14 (s, 1H), 7.75 (d,
J=7.7 Hz, 1H), 7.66 (d, J=38.0 Hz, 1H), 7.39~7.32 (m,
6H), 7.21 (t, J=7.7 Hz, 1H), 5.65 (s, 2H); *C NMR (101
MHz, Chloroform-d) d: 146.5, 135.1, 134.4, 133.6, 131.34,
131.0, 129.6, 128.8, 128.3, 128.0, 127.5, 121.8, 58.7;
HRMS (ESI) caled for C;sH;sBrN3Na [M + Na] *
314.0212, found 314.0217.
2-Benzyl-4-(3-chlorophenyl)-2H-1,2,3-triazole (3o):
78% yield (42 mg) as a white solid. m.p. 86~88 C; 'H
NMR (400 MHz, Chloroform-d) ¢: 7.85 (s, 1H), 7.79 (s,
1H), 7.65 (d, J=7.2 Hz, 1H), 7.39~7.28 (m, 7H), 5.62 (s,
2H); 3C NMR (101 MHz, Chloroform-d) J: 146.8, 135.1,
134.8, 132.1, 131.5, 130.1, 128.8, 128.4, 128.1, 126.1,
124.0, 58.8; HRMS (ESI) calcd for C;sH;2CINsNa [M—+
Na]® 292.0612, found 292.0620.
2-Benzyl-4-(3-bromophenyl)-2H-1,2,3-triazole (3d):
77% yield (48 mg) as a white solid. m.p. 64~66 C; 'H
NMR (400 MHz, Chloroform-d) d: 7.96 (s, 1H), 7.85 (s,
1H), 7.70 (d, J=7.7 Hz, 1H), 7.47 (d, J=7.9 Hz, 1H),
7.38~7.32 (m, 5H), 7.31~7.25 (m, 1H), 5.62 (s, 2H); 13C
NMR (101 MHz, Chloroform-d) d: 146.6, 135.1, 132.4,
131.5, 131.3, 130.4, 128.9, 128.8, 128.4, 128.1, 124.4,
123.1, 58.9; HRMS (ESI) caled for C;sH;3BrN; [M+H]"
314.0287, found 314.0279.
2-Benzyl-4-(4-fluorophenyl)-2H-1,2,3-triazole (3e):
80% yield (40 mg) as a white solid. m.p. 52~54 ‘C (lit.l"®]
53~55 C); 'H NMR (400 MHz, Chloroform-d) 6: 7.81 (s,
1H), 7.78~7.72 (m, 2H), 7.37~7.32 (m, 5SH), 7.11 (t, J=
8.7 Hz, 2H), 5.61 (s, 2H); °F NMR (376 MHz, Chloro-
form-d) §: —113.13; 3C NMR (101 MHz, Chloroform-d)
0: 162.8 (d, J=247.6 Hz), 147.2, 135.2, 131.1, 128.8,
128.3, 128.1, 1257.7 (d, J=8.2 Hz), 126.6 (d, /=3.3 Hz),
115.8 (d, J=21.7 Hz), 58.7.
2-Benzyl-4-(4-trifluoromethylphenyl)-2H-1,2,3-triazole
(3f): 76% yield (46 mg) as a white solid. m.p. 55~56 C
(1it."8 55~57 C); '"H NMR (400 MHz, Chloroform-d) &:
791 (d, J=3.3 Hz, 2H), 7.88 (s, 1H), 7.67 (d, J=8.2 Hz,
2H), 7.38~7.31 (m, 5H), 5.63 (s, 2H); '’F NMR (376 MHz,
Chloroform-d) §: —62.62; '3C NMR (101 MHz, Chloro-
form-d) 0: 146.7, 135.1, 133.8, 131.8, 130.2 (d, /=32.6
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Hz), 128.8, 128.4, 128.1, 126.1, 125.8 (q, J=3.8 Hz), 124.1
(d, J=271.9 Hz), 58.9.
2-Benzyl-4-(p-tolyl)-2H-1,2,3-triazole (3g): 82% yield
(41 mg) as a white solid. m.p. 64~66 C (lit.l’l 64~66 C);
"H NMR (400 MHz, Chloroform-d) d: 7.82 (s, 1H), 7.67 (d,
J=38.1 Hz, 2H), 7.35~7.31 (m, 5H), 7.22 (d, J=7.9 Hz,
2H), 5.61 (s, 2H); 3C NMR (101 MHz, Chloroform-d) J:
148.1, 138.3, 135.4, 131.2, 129.5, 128.7, 128.2, 127.9,
127.5,125.8, 58.6, 21.3.
2-Benzyl-4-(4-ethylphenyl)-2H-1,2,3-triazole (3h): 82%
yield (41 mg) as a white solid. m.p. 73~75 °C (lit.[¥) 73~
75 °C); '"H NMR (400 MHz, Chloroform-d) J: 7.83 (s, 1H),
7.68 (d, J=17.6 Hz, 2H), 7.35~7.31 (m, 5H), 7.23 (d, J=
7.7 Hz, 2H), 5.62 (s, 2H), 2.38 (s, 3H); '3C NMR (101 MHz,
Chloroform-d) 6: 148.1, 144.7, 135.4, 131.2, 128.7, 128.3,
128.2,127.9,127.7,125.9, 58.6, 28.7, 15.5.
2-Benzyl-4-(4-methoxyphenyl)-2H-1,2,3-triazole  (3i):
40% yield (21 mg) as a white solid. m.p. 78~79 ‘C (lit.['®
79~81 °C); '"H NMR (400 MHz, Chloroform-d) J: 7.78 (s,
1H), 7.71 (d, J/=28.6 Hz, 2H), 7.36~7.28 (m, 5H), 6.94 (d,
J=38.6 Hz, 2H), 5.60 (s, 2H), 3.83 (s, 3H); '*C NMR (101
MHz, Chloroform-d) J: 159.8, 147.9, 135.4, 130.9, 128.7,
128.2,127.9,127.2,123.0, 114.2, 58.6, 55.3.
4-Phenyl-2-(3-trifluoromethylbenzyl)-2H-1,2,3-triazole
(3j): 72% yield (43 mg) as a white solid. m.p. 73~75 C;
'"H NMR (400 MHz, Chloroform-d) J: 7.89 (s, 1H), 7.81~
7.77 (m, 2H), 7.63 (s, 1H), 7.59 (d, J=7.6 Hz, 1H), 7.54~
7.46 (m, 2H), 7.43 (t, J=7.4 Hz, 2H), 7.39~7.33 (m, 1H),
5.68 (s, 2H); '*C NMR (101 MHz, Chloroform-d) J: 148.44,
136.23, 131.75, 131.32 (d, J=1.0 Hz), 131.04, 130.12,
129.37, 128.92, 128.62, 12598, 125.23 (q, J=3.7 Hz),
124.81 (q, J=3.7 Hz), 58.10; HRMS (ESI) calcd for
Ci6Hi3F3N; [M+H]" 304.1022, found 304.1026.
2-(3-Bromobenzyl)-4-phenyl-2H-1,2, 3-triazole 3k):
75% yield (47 mg) as a white solid. m.p. 55~57 C; 'H
NMR (400 MHz, Chloroform-d) J: 7.88 (s, 1H), 7.79 (d,
J=1.5 Hz, 2H), 7.50 (s, 1H), 7.47~7.40 (m, 3H), 7.35 (t,
J=17.3 Hz, 1H), 7.29~7.19 (m, 2H), 5.59 (s, 2H); *C NMR
(101 MHz, Chloroform-d) o: 148.3, 137.4, 131.6, 1314,
131.1, 130.3, 130.1, 128.9, 128.5, 126.5, 125.9, 122.8, 57.9;
HRMS (ESI) caled for CisHi;BrN; [M+H]" 314.0220,
found 314.0225.
2-(3-Methylbenzyl)-4-phenyl-2H-1,2,3-triazole 31):
83% yield (41 mg) as a white solid. m.p. 52~54 C; 'H
NMR (400 MHz, Chloroform-d) J: 7.86 (s, 1H), 7.79 (d,
J=17.8 Hz, 2H), 7.42 (t, J=7.6 Hz, 2H), 7.35 (d, J="7.5 Hz,
1H), 7.26~7.21 (m, 1H), 7.18~7.10 (m, 3H), 5.58 (s, 2H);
3C NMR (101 MHz, Chloroform-d) d: 147.9, 138.5, 135.2,
131.4,130.4, 129.1, 128.8, 128.7, 128.4, 125.9, 125.1, 58.7,
21.4; HRMS (ESI) caled for Ci¢Hi;sNsNa [M + Na] *
272.1158, found 272.1149.
2-(4-Methylbenzyl)-4-phenyl-2H-1,2,3-triazole ~ (3m):
82% vyield (40 mg) as a white solid. m.p. 58~60 C; 'H
NMR (400 MHz, Chloroform-d) d: 7.84 (s, 1H), 7.79~7.78
(m, 1H), 7.77 (s, 1H), 7.45~7.39 (m, 2H), 7.36~7.30 (m,
1H), 7.25 (s, 2H), 7.15 (d,J=7.9 Hz, 2H), 5.58 (s, 2H), 2.33
(s, 3H); C NMR (101 MHz, Chloroform-d) J: 147.9,
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138.1, 132.3, 131.3, 130.4, 129.4, 128.8, 128.3, 128.1,
125.9, 58.5,21.1; HRMS (ESI) caled for Ci¢HisN3Na [M+
Na]" 272.1158, found 272.1153.
2-(4-Chlorobenzyl)-4-phenyl-2H-1,2,3-triazole (3n):
78% yield (42 mg) as a white solid. m.p. 50~52 C; 'H
NMR (400 MHz, Chloroform-d) d: 7.86 (s, 1H), 7.80~7.76
(m, 2H), 7.42 (t, J=7.5 Hz, 2H), 7.38~7.26 (m, 4H), 5.58
(s, 2H); 3C NMR (101 MHz, Chloroform-d) J: 148.2,
134.3, 133.7, 131.5, 130.2, 129.4, 129.1, 128.9, 128.5,
125.9, 57.9; HRMS (ESI) calcd for CisH;3CIN; [M+H]"
270.0707, found 270.0702.
2-(4-Bromobenzyl)-4-phenyl-2H-1,2,3-triazole 30):
77% yield (48 mg) as a white solid. m.p. 60~62 C; 'H
NMR (400 MHz, Chloroform-d) J: 7.86 (s, 1H), 7.77 (d,
J=7.2Hz, 2H), 7.48 (d, /=8.4 Hz, 2H), 7.42 (t,J=7.4 Hz,
2H), 7.35 (t, J=7.3 Hz, 1H), 7.28~7.20 (m, 2H), 5.57 (s,
2H); '3C NMR (101 MHz, Chloroform-d) J: 148.2, 134.2,
131.9,131.6,130.2, 129.7, 128.9, 128.5, 125.9, 122.4, 58.1;
HRMS (ESI) caled for C;sH;sBrN; [M+H]" 314.0228,
found 314.0221.
2-(4-Fluorobenzyl)-4-phenyl-2H-1,2,3-triazole 3p):
79% yield (40 mg) as a white solid. m.p. 46~48 C; 'H
NMR (400 MHz, Chloroform-d) J: 7.86 (s, 1H), 7.78 (d,
J=7.4 Hz, 2H), 7.42 (t, J=7.5 Hz, 2H), 7.35 (dd, J=8.1,
5.5 Hz, 3H), 7.03 (t, J=8.6 Hz, 2H), 5.58 (s, 2H); 3*C NMR
(101 MHz, Chloroform-d) J: 162.7 (d, J=247.0 Hz), 148.1,
131.5, 131.1 (d, J=3.2 Hz), 130.2, 129.9 (d, /=8.3 Hz),
128.9, 128.5, 125.9, 115.7 (d, J=21.7 Hz), 57.9; HRMS
(ESI) caled for C;sH;sFN; [M+H] " 254.1025, found
254.10209.
2-([1,1'-Biphenyl]-4-ylmethyl)-4-phenyl-2H-1,2,3-tria-
zole (3q): 72% yield (45 mg) as a white solid. m.p. 56~
58 ‘C; '"H NMR (400 MHz, Chloroform-d) 6: 7.90 (s, 1H),
7.86 (d, J=8.3 Hz, 2H), 7.67 (s, 1H), 7.64 (d, J=4.7 Hz,
2H), 7.62 (s, 1H), 7.45 (t, J="7.6 Hz, 2H), 7.35 (td, J=6.8,
5.2, 3.3 Hz, 6H), 5.64 (s, 2H); '3C NMR (101 MHz, Chlo-
roform-d) J: 147.7,141.2,140.5,135.3, 131.5, 129.3, 128.9,
128.8, 128.3, 128.1, 127.6, 127.5, 127.1, 126.3, 58.7;
HRMS (ESI) caled for CyHisN3 [M+H] " 312.1503,
found 312.1495.
2-(Naphthalen-2-ylmethyl)-4-phenyl-2H-1,2,3-triazole
(3r): 65% yield (37 mg) as a white solid. m.p. 62~64 C;
'"H NMR (400 MHz, Chloroform-d) J: 8.24 (d, J/=8.3 Hz,
1H), 7.91~7.85 (m, 3H), 7.80 (d, /=7.2 Hz, 2H), 7.56 (d,
J=7.2 Hz, 1H), 7.53~7.48 (m, 2H), 7.47~7.42 (m, 3H),
7.36 (d, J=7.3 Hz, 1H), 6.10 (s, 2H); 3*C NMR (101 MHz,
Chloroform-d) d: 147.9, 133.8, 131.3, 131.1, 130.4, 129.3,
128.9, 128.8, 128.4, 127.6, 126.8, 126.1, 125.9, 1254,
123.3, 56.8; HRMS (ESI) calcd for C19H;sN3;Na [M+Na]"
308.1158, found 308.1151.
4-Phenyl-2-(thiophen-2-ylmethyl)-2H-1,2,3-triazole (3s):
78% yield (38 mg) as a white solid. m.p. 65~67 C (1it.[%
64~66 C); '"H NMR (400 MHz, Chloroform-d) J: 7.86 (s,
1H), 7.79 (d, J/=1.4 Hz, 1H), 7.78~7.77 (m, 1H), 7.44~
7.39 (m, 2H), 7.37~7.32 (m, 1H), 7.28 (dd, J=5.1, 1.2 Hz,
1H), 7.17~7.14 (m, 1H), 6.98 (dd, J=5.1, 3.5 Hz, 1H),
5.79 (s, 2H); 3C NMR (101 MHz, Chloroform-d) J: 148.2,
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136.8, 131.5, 130.2, 128.8, 128.5, 127.6, 127.1, 126.5,
125.9, 53.2.
2-(Furan-2-ylmethyl)-4-phenyl-2H-1,2,3-triazole  (3t):
78% yield (32 mg) as a white solid. m.p. 66~68 C; 'H
NMR (400 MHz, Chloroform-d) ¢: 7.86 (s, 1H), 7.79 (d,
J=1.4 Hz, 1H), 7.78~7.76 (m, 1H), 7.45~7.39 (m, 3H),
7.37~7.33 (m, 1H), 6.46 (d, J=3.3 Hz, 1H), 6.37 (dd, J=
3.2, 1.9 Hz, 1H), 5.62 (s, 2H); *C NMR (101 MHz, Chlo-
roform-d) J: 148.2, 148.1, 143.2,131.6, 130.2, 128.8, 128.5,
126.1, 110.6, 109.8, 51.3; HRMS (ESI) calcd for Ci3H2Ns-
ONa [M+Na]" 248.0794, found 248.0788.
4-(4-((4-Phenyl-2H-1,2,3-triazol-2-yl)methyl)phenyl)-
morpholine (3u): 68% yield (44 mg) as a white solid. m.p.
62~63 “C; 'H NMR (400 MHz, Chloroform-d) 6: 7.86 (s,
1H), 7.82~7.78 (m, 2H), 7.44 (t, J=7.4 Hz, 2H), 7.36~
7.32 (m, 3H), 6.90 (d, J/=8.7 Hz, 2H), 5.56 (s, 2H), 3.88~
3.85 (m, 4H), 3.18~3.15 (m, 4H); '3C NMR (101 MHz,
Chloroform-d) d: 151.2, 147.8, 131.3, 130.4, 129.3, 128.8,
128.3, 126.4, 125.9, 115.6, 66.8, 58.3, 49.1; HRMS (ESI)
caled for CioH2N4O [M+H]" 321.1710, found 321.1718.
2-(Benzo[d][1,3]dioxol-5-ylmethyl)-4-phenyl-2H-1,2,3-
triazole (3v): 78% yield (43 mg) as a white solid. m.p. 56~
58 °C; '"H NMR (400 MHz, Chloroform-d) &: 7.85 (s, 1H),
7.78 (d, J=17.3 Hz, 2H), 7.42 (t, J=7.5 Hz, 2H), 7.34 (4,
J=7.3 Hz, 1H), 6.87 (d, J=8.2 Hz, 2H), 6.78 (d, J=7.7
Hz, 1H), 5.94 (s, 2H), 5.52 (s, 2H); *C NMR (101 MHz,
Chloroform-d) d: 148.1, 147.9, 147.7, 131.4, 130.3, 128.9,
128.8, 128.4, 125.9, 121.8, 108.6, 108.4, 101.2, 58.5;
HRMS (ESI) caled for Cj6Hi3N30:Na [M + Na] *
302.0900, found 302.0897.
4-([1,1'-Biphenyl]-4-yl)-2-benzyl-2H-1,2,3-triazole (3w):
80% yield (50 mg) as a white solid. m.p. 95~97 C; 'H
NMR (400MHz, Chloroform-d) ¢: 7.90 (s, 1H), 7.86 (d,
J=8.3 Hz, 2H), 7.67 (s, 1H), 7.64 (d, J=4.7 Hz, 2H), 7.62
(s, 1H), 7.45 (t, J=7.6 Hz, 2H), 7.38~7.32 (m, 6H), 5.64
(s, 2H); 3C NMR (101 MHz, Chloroform-d) J: 147.7,
141.2, 140.5, 135.3, 131.5, 129.3, 128.9, 128.8, 128.3,
128.0, 127.6, 127.5, 127.1, 126.3, 58.79; HRMS (ESI)
caled for CoiHisN; [M+H]" 312.1452, found 312.1458.
2-Benzyl-4-(naphthalen-2-yl)-2H-1,2,3-triazole (3x):
78% yield (40 mg) as a white solid. m.p. 90~92 C (lit.['8)
91~93 'C); '"H NMR (400 MHz, Chloroform-d) : 8.26 (s,
1H), 8.00 (s, 1H), 7.96~7.83 (m, 4H), 7.54~7.47 (m, 2H),
7.43~7.32 (m, 5H), 5.68 (s, 2H); 3*C NMR (101 MHz,
Chloroform-d) d: 148.1, 135.3, 133.5, 133.3, 131.7, 128.8,
128.6, 128.3, 128.2, 128.1, 127.8, 127.7, 126.5, 126.3,
124.7,123.9, 58.8.
2-Benzyl-4-(thiophen-3-yl)-2H-1,2,3-triazole (3y): 78%
yield (37 mg) as a white solid. m.p. 55~57 ‘C; 'H NMR
(400 MHz, Chloroform-d) ¢: 7.76 (s, 1H), 7.63~7.61 (m,
1H), 7.45 (d, J/=4.9 Hz, 1H), 7.40~7.37 (m, 1H), 7.36~
7.32 (m, 5H), 5.61 (s, 2H); *C NMR (101 MHz, Chloro-
form-d) o: 144.2, 135.3, 131.6, 131.6, 128.8, 128.3, 127.9,
126.4,125.9, 121.6, 58.6; HRMS (ESI) calcd for Ci3H2N3S
[M-+H]" 242.0707, found 242.0715.
4-(Benzofuran-2-yl)-2-benzyl-2H-1,2,3-triazole ~ (3z):
88% vyield (37 mg) as a white solid. m.p. 53~55 C; 'H
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NMR (400 MHz, Chloroform-d) J: 7.96 (s, 1H), 7.59 (d,
J=7.4 Hz, 1H), 7.54 (d, J=38.1 Hz, 1H), 7.39~7.27 (m,
6H), 7.26~7.21 (m, 1H), 7.08 (s, 1H), 5.65 (s, 2H); 13C
NMR (101 MHz, Chloroform-d) d: 154.8, 147.6, 140.2,
134.9, 132.3, 128.8, 128.5, 128.4, 128.1, 124.8, 123.2,
121.2, 111.4, 103.5, 58.9; HRMS (ESI) calcd for Ci7Hi4-
N;O [M+H]" 276.1122, found 276.1128.
4-(Benzo[b]thiophen-3-yl)-2-benzyl-2H-1,2,3-triazole
(3aa): 77% yield (44 mg) as a white solid. m.p. 62~63 C;
'"H NMR (400 MHz, Chloroform-d) J: 8.47 (d, J/=8.0 Hz,
1H), 7.96 (s, 1H), 7.92 (d, J=8.0 Hz, 1H), 7.73 (s, 1H),
7.51~7.46 (m, 1H), 7.45~7.32 (m, 6H), 5.71 (s, 2H); 13C
NMR (101 MHz, Chloroform-d) ¢: 143.7, 140.5, 136.9,
135.3, 132.6, 128.8, 128.4, 128.1, 126.5, 124.8, 124.8,
124.5,123.9, 122.7, 58.8; HRMS (ESI) calcd for Ci7H14N3S
[M+H]" 291.0809, found 291.0812.
4-(4-(2-Benzyl-2H-1,2,3-triazol-4-yl)phenyl)morpholine
(3ab): 82% yield (52 mg) as a white solid. m.p. 68~70 C;
"H NMR (400 MHz, Chloroform-d) d: 7.78 (s, 1H), 7.69 (d,
J=28.7 Hz, 2H), 7.36~7.29 (m, 5H), 6.94 (d, /=8.7 Hz,
2H), 5.60 (s, 2H), 3.89~3.85 (m, 4H), 3.23~3.15 (m, 4H);
13C NMR (101 MHz, Chloroform-d) 6: 151.3, 148.1, 135.5,
130.8, 128.7, 128.2, 127.9, 126.9, 121.9, 115.5, 66.8, 58.6,
48.9; HRMS (ESI) caled for CioHyN4O [M + H] *
320.1678, found 320.1689.
1-Methyl-4-phenyl-1H-1,2,3-triazole (3ac): 70% yield
(22 mg) as a white solid. m.p. 111~113 C (1it..""1 112~
115 °C); 'H NMR (400 MHz, Chloroform-d) 6: 7.82 (d, J=
7.3 Hz, 2H), 7.74 (s, 1H), 7.42 (t, J=7.6 Hz, 2H), 7.33 (t,
J=7.4 Hz, 1H), 4.14 (s, 3H); '*C NMR (101 MHz, Chlo-
roform-d) ¢: 148.1, 130.6, 128.8, 128.1, 125.7, 120.6, 36.7.
1-Methyl-4-(p-tolyl)-1H-1,2,3-triazole (3ad): 65% yield
(22 mg) as a white solid. m.p. 131~133 °C (lit..'"" 132~
134 °C); '"H NMR (400 MHz, Chloroform-d) J: 7.70 (s, 1H),
7.68 (s, 2H), 7.21 (d, J=7.9 Hz, 2H), 4.07 (d, J=2.3 Hz,
3H), 2.36 (s, 3H); '3C NMR (101 MHz, Chloroform-d) J:
148.1,137.9, 129.5, 127.8, 125.6, 120.3, 36.7, 21.2.
4-(4-Fluorophenyl)-1-methyl-1H-1,2,3-triazole ~ (3ae):
68% yield (24 mg) as a white solid. m.p. 111~112 C
(1it.l"%1 112~113 °C); 'H NMR (400 MHz, Chloroform-d)
0:7.76 (dd, J=8.6, 5.4 Hz, 2H), 7.69 (s, 1H), 7.08 (t,J=8.7
Hz, 2H), 4.11 (s, 3H); 3C NMR (101 MHz, Chloroform-d)
0: 162.6 (d, J=247.2 Hz), 147.1, 127.4 (d, J=28.1 Hz),
126.8 (d, J=3.2 Hz), 120.4, 115.8 (d, J=21.8 Hz), 36.7.

Supporting Information The detailed procedure for the
synthesis of 3, copies of 'H NMR, *C NMR, and °F NMR
of compounds 3a~3ae. The Supporting Information is
available free of charge via the Internet at http://sioc-
journal.cn.
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