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1,4-Disubstituted 1,2,3-Triazoles with Aryl Chlorides
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Introduction

1,2,3-Triazoles are often found in biologically active com-
pounds; hence, they are important heterocycles in medicinal
as well as organic chemistry. One of the representative
methods for the synthesis of 1,2,3-triazoles is the reaction of
alkynes with organic azides. Highly regioselective syntheses
of 1,4- and 1,5-disubstituted triazoles have been established
by using copper[1] and ruthenium[2] catalysts, respectively.
However, transition-metal-catalyzed as well as thermal cou-
pling reactions of internal alkynes with organic azides lack
regioselectivity and/or generality.[2,3] Little is known about
the regioselective synthesis of 1,4,5-trisubstituted 1,2,3-tri-
ACHTUNGTRENNUNGazoles. An alternative approach to such trisubstituted tri-
ACHTUNGTRENNUNGazoles is the use of metalated triazoles. The reaction of mag-
nesium acetylides with organic azides provides 1,5-disubsti-
tuted 4-magnesio-1,2,3-triazoles, which can react further
with various electrophiles.[4] However, this approach is limit-
ed because of the high reactivity of the magnesium species.
Transition-metal-catalyzed direct arylation reactions of ar-

omatic compounds with aryl halides have attracted increas-
ing attention.[5] Taking advantage of the ready availability of
1,4-disubstituted triazoles by the copper-catalyzed reac-
tion,[1] we report herein the palladium-catalyzed direct aryla-

tion of 1,4-disubstituted triazoles with aryl chlorides. The
ACHTUNGTRENNUNGarylation takes place at the 5-position and represents a
regioselective access to 1,4,5-trisubstituted triazoles. The
combined use of tricyclohexylphosphine as the ligand and
microwave heating[6] at 250 8C allowed us to employ aryl
chlorides as arylating agents[7] and to complete the reaction
within only 15 min. Gevorgyan and co-workers[8] independ-
ently reported similar arylation reactions, but these reac-
tions required aryl bromides and a prolonged reaction time
of 24 h. One palladium-catalyzed direct arylation of a 1,2,4-
triazole with an aryl chloride was reported,[9] although the
reaction took 24 h to complete.

Results and Discussion

A mixture of 1-benzyl-4-phenyl-1,2,3-triazole (1a) and o-
chlorotoluene (2a) was heated in toluene/DMF at 250 8C
under microwave irradiation for 15 min in the presence of
potassium carbonate and Pd ACHTUNGTRENNUNG(OAc)2/PACHTUNGTRENNUNG(c-C6H11)3 catalyst. Ex-
tractive workup followed by chromatographic purification
provided the corresponding arylated product 3aa in 99%
yield (Table 1, entry 1).
Various combinations of aryl chlorides and triazoles were

subjected to the palladium-catalyzed reaction. Aryl chlo-
ACHTUNGTRENNUNGrides with an electron-withdrawing or -donating group react-
ed smoothly (Table 1, entries 2 and 3). The ester functionali-
ty is compatible under the reaction conditions (Table 1, en-
tries 2 and 4). The phenylation reaction of 1a proceeded in
the presence of only 0.5 mol% of Pd ACHTUNGTRENNUNG(OAc)2 (Table 1,
entry 5). A decrease in the amount of catalyst led to incom-
plete conversion (Table 1, entry 6). Conversions of sterically
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demanding aryl chlorides 2 f and 2g were slow; they re-
quired 2 h for completion (Table 1, entries 7 and 8).
Besides 1a, hexyl-substituted 1b also participated in the

reaction, albeit with slightly lower efficiency (Table 1, en-
tries 9–13). The arylation reactions with 2a and 2b did not
proceed to completion within 15 min, and longer reaction
times were necessary (Table 1, entries 9 and 10). In other
cases, larger amounts of potassium carbonate and aryl chlo-
ACHTUNGTRENNUNGrides were essential to attain high yields (Table 1, entries 11
and 12). The phenylation of 1b was less efficient than that
of 1a : 5 mol% of Pd ACHTUNGTRENNUNG(OAc)2 was required (Table 1,
entry 13). Unfortunately, the reaction with p-chlorobenzyl
alcohol (2h) resulted not in the expected arylation but in
the formation of benzaldehyde by the palladium-catalyzed
oxidation reaction (Table 1, entry 14).[10]

Triazole 1c, which has a pyridyl group, underwent phenyl-
ation to afford the corresponding trisubstituted triazole in
high yield (Table 1, entry 15). The reaction of 1d, which
bears a tertiary alcohol moiety, proceeded smoothly
(Table 1, entry 16), whereas the presence of a hydroxymeth-
yl group completely retarded the reaction (Table 1,
entry 14). The reaction of 1-aryl-substituted 1e afforded 3ee
quantitatively (Table 1, entry 17). The present approach to
trisubstituted triazoles allowed for the selective preparation
of two regioisomers, 3ai and 3 fe (Scheme 1).

The reaction of 1-benzyl-5-hexyl-1,2,3-triazole (1g) was
sluggish and provided 4 in only 19% yield (Scheme 2). Mon-
osubstituted 1-benzyl-1,2,3-triazole (1h) reacted with chloro-
benzene (2e) to give 5-phenyl-substituted product 5 pre-
dominantly, along with diphenyl-substituted 3ae (Scheme 2).
No 4-phenyl-substituted isomer was detected. The low reac-
tivity of 1g and the regioselectivity in the reaction of 1h can
be explained by the plausible mechanism described below.
Among the ligands screened, P ACHTUNGTRENNUNG(c-C6H11)3 proved to be the

best (Table 2, entries 1–6). The molar ratio of Pd ACHTUNGTRENNUNG(OAc)2/PACHTUNGTRENNUNG(c-
C6H11)3 had a significant influence on the yield, and a ratio
of 1:2 was best (Table 2, entries 6–8). The yield depended
heavily on the base used. Potassium carbonate and cesium
carbonate promoted the reaction, whereas sodium carbonate
was much less effective (Table 2, entries 6, 9, and 10).

Abstract in Japanese:

Table 1. Pd-catalyzed arylation of 1,4-disubstituted 1,2,3-triazoles with
aryl chlorides under microwave irradiation.

Entry 1 R1 R2 2 3 Yield [%]

1 1a Ph Bn 2a 3aa 99

2 1a 2b 3ab 84

3 1a 2c 3ac 90

4 1a 2d 3ad 77

5[a] 1a 2e 3ae 98

6[b,c] 1a 2e 3ae 40

7[c,d] 1a 2 f 3af 81

8[c,d] 1a 2g 3ag 88

9[e] 1b n-C6H13 Bn 2a 3ba 93
10[f] 1b 2b 3bb 86
11[d] 1b 2c 3bc 90
12[d] 1b 2d 3bd 91
13 1b 2e 3be 88

14 1b 2h 3bh –

15 1c 4-pyridyl Bn 2e 3ce 89

16 1d Bn 2e 3de 77

17 1e Ph 4-tol 2e 3ee 100

[a] 0.0025 mmol of Pd ACHTUNGTRENNUNG(OAc)2 and 0.0050 mmol of P ACHTUNGTRENNUNG(c-C6H11)3 were used.
[b] 0.00025 mmol of Pd ACHTUNGTRENNUNG(OAc)2 and 0.00050 mmol of P ACHTUNGTRENNUNG(c-C6H11)3 were
used. [c] Performed for 2 h. [d] Aryl chloride 2 (1.0 mmol) and K2CO3

(1.0 mmol) were used. [e] Performed for 30 min. [f] Performed for
20 min. Bn=benzyl, DMF=N,N-dimethylformamide, tol= tolyl.

Scheme 1. Synthesis of 1,4,5-trisubstituted 1,2,3-triazole isomers 3ai and
3 fe.
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Weaker bases such as sodium acetate and triethylamine
failed to work (Table 2, entries 11 and 12). Palladium ace-
tate was the best precursor, and other palladium salts such
as PdCl2, PdACHTUNGTRENNUNG(OCOCF3)2, PdACHTUNGTRENNUNG(acac)2, [Pd2 ACHTUNGTRENNUNG(dba)3], and [PdCl-
ACHTUNGTRENNUNG(p-allyl)]2 (acac=acetyl acetonate, dba=dibenzylideneace-
tone) were much less active or completely inactive.
Notably, aryl chloride was superior to aryl bromide and

iodide when PACHTUNGTRENNUNG(c-C6H11)3 was used as a ligand (Scheme 3). A

lower rate of oxidative addition of aryl chloride would be
suitable for completing the catalytic cycle smoothly (see
below).
The reaction in toluene alone was difficult to perform be-

cause microwaves could not heat the reaction mixture to
250 8C. The reaction in DMF alone afforded the product in
very low yield, and most of the starting materials were re-
covered (Scheme 4).

According to the literature,[5,8] a plausible mechanism is
shown in Scheme 5. The key step is the reaction of the diva-

lent arylpalladium species with triazole (step B), which gen-
erates a delocalized cationic intermediate 7. The expanded
delocalization would explain the facile arylation at the 5-po-
sition. The arylation at the 4-position would be unfavorable
because of the more localized stabilization of the cationic
charge formed (Scheme 6).

It was reported that microwave heating is different from
conventional external heating and can have so-called non-
thermal microwave effects.[11] This is also the case for the
present reaction (Scheme 7). The reaction of 1b with 2e was
completed smoothly and quantitatively within 15 min in 1,2-
diphenylethane (b.p.: 284 8C)/N,N’-dimethylpropylene urea
(DMPU; b.p.: 146 8C/44 mmHg) by using microwave heating
at 250 8C, whereas the same reaction hardly proceeded by
classical heating for 30 min at 250 8C. A similar microwave

Scheme 2. Reactions of 1,5-disubstituted and 1-monosubstituted 1,2,3-tri-
azoles.

Table 2. Effect of ligand and base.

Entry Ligand Base Yield [%]

1 PPh3 Cs2CO3 56
2 PMe3 Cs2CO3 54
3 P ACHTUNGTRENNUNG(nBu)3 Cs2CO3 28
4 P ACHTUNGTRENNUNG(tBu)3 Cs2CO3 52
5 P ACHTUNGTRENNUNG(c-C5H9)3 Cs2CO3 7
6 P ACHTUNGTRENNUNG(c-C6H11)3 Cs2CO3 64
7 P ACHTUNGTRENNUNG(c-C6H11)3 (0.025 mmol) Cs2CO3 12
8 P ACHTUNGTRENNUNG(c-C6H11)3 (0.075 mmol) Cs2CO3 44
9 P ACHTUNGTRENNUNG(c-C6H11)3 K2CO3 77
10 P ACHTUNGTRENNUNG(c-C6H11)3 Na2CO3 14
11 P ACHTUNGTRENNUNG(c-C6H11)3 NaOAc 10
12 P ACHTUNGTRENNUNG(c-C6H11)3 Et3N 7

Scheme 3. Scope of halogens in the aryl halides used.

Scheme 4. Attempted reaction in DMF.

Scheme 5. Plausible catalytic cycle.

Scheme 6. Plausible cationic intermediate for arylation at the 4-position
of triazoles.
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effect was observed when the reactions were performed at
110 8C for 10 h. It is difficult to explain how nonthermal mi-
crowave effects operate in the present system. Possible non-
thermal microwave effects may be: 1) microwave-assisted
activation of the polar transition state of step B, which is
probably rate-determining, 2) prevention of the formation
of palladium black, and 3) intervention of localized micro-
scopic high temperatures.[11]

Conclusions

We have developed the microwave-assisted palladium-cata-
lyzed direct arylation of 1,4-disubstituted 1,2,3-triazoles with
aryl chloride. Copper-catalyzed formal [3+2] cycloaddition
of terminal alkynes with organic azides efficiently provided
a variety of 1,4-disubstituted 1,2,3-triazoles. The present re-
action thus offers a concise and rapid synthesis of 1,4,5-tri-
substituted 1,2,3-triazoles.

Experimental Section

General

Unless otherwise noted, all reactions were carried out with a focused mi-
crowave unit (Biotage InitiatorTM). The maximum irradiation power was
400 W. Each reaction was run in a 5-mL glass pressure vial, which is a
commercially available vial specially made for the Biotage InitiatorTM. It
took 6 min to reach 250 8C. After the indicated temperatures were
reached, controlled microwave irradiation started and was continued for
15 min to keep the reaction temperature constant. The classical heating
at 250 and 110 8C shown in Scheme 7 was performed in glassware heated
in a sand bath and an oil bath, respectively.
1H NMR (500 MHz) and 13C NMR (125.7 MHz) spectra were recorded in
CDCl3 on a Varian UNITY INOVA 500 spectrometer. Chemical shifts
(d) are reported in parts per million relative to tetramethylsilane at
0.00 ppm for 1H and CDCl3 at 77.0 ppm for 13C, unless otherwise noted.
IR spectra were recorded on a SHIMADZU FTIR-8200PC spectrometer.
Mass spectra were recorded on a JEOL Mstation 700 spectrometer. TLC
analysis was performed on commercial glass plates with a 0.25-mm layer
of Merck silica gel 60F254. Silica gel (Wakogel 200 mesh) was used for
column chromatography. Elemental analysis was carried out at the Ele-
mental Analysis Center of Kyoto University.

Unless otherwise noted, materials obtained from commercial suppliers
were used without further purification. Toluene was stored over slices of
sodium. Palladium acetate and tricyclohexylphosphine were obtained
from TCI. Tricyclohexylphosphine was diluted to 0.50m in toluene and
stored under argon. Triazoles 1a–f were prepared under copper catalysis

according to the literature.[1] Triazole 1g was prepared by the reported
procedure.[4] Triazole 1h was prepared in 58% yield by treatment of
1,2,3-triazole with benzyl bromide (2 equiv) in the presence of potassium
carbonate (2 equiv) in refluxing acetone for 24 h.

Caution: Organic azides can be explosive. Only a small amount of mate-
rial should be prepared. We prepared the azide compounds on the 5-
mmol scale. They should be handled with care.

Syntheses

Typical procedure for the arylation reaction: The reaction in Table 1,
entry 2 is representative. Potassium carbonate (83 mg, 0.60 mmol), palla-
dium acetate (5.6 mg, 0.025 mmol), and 1a (120 mg, 0.50 mmol) were
placed in a 5-mL glass pressure vial. The vial was flushed with argon and
sealed with a polytetrafluoroethylene (PTFE)/silicone septum. Toluene
(2.0 mL) and tricyclohexylphosphine (0.50m in toluene, 0.10 mL,
0.050 mmol) were added, and the mixture was stirred for 1 min. Ethyl p-
chlorobenzoate (2b ; 94 mL, 0.60 mmol) and DMF (0.40 mL) were added.
The suspension was heated at 250 8C with stirring for 15 min in the micro-
wave reactor. The mixture was then cooled to room temperature. Hydro-
chloric acid (1m, 3 mL) was added, and the product was extracted with
ethyl acetate (3L5 mL). The organic layer was then washed with brine
(5 mL) and dried over anhydrous sodium sulfate. The solvent was evapo-
rated. Purification by silica-gel column chromatography (hexane/ethyl
acetate=3:1) provided 3ab (0.16 g, 0.42 mmol) in 84% yield.

Compounds 1a,[2] 1e,[12] 1h,[13] 3ac,[14] 3ae,[2] and 3ee[15] showed spectra
identical to those reported in the literature.

1b : 1-Benzyl-4-hexyl-1,2,3-triazole: M.p.: 54.9–55.6 8C; IR (nujol): ñ=

1557, 1214 cm�1; 1H NMR (CDCl3): d=0.86 (t, J=7.0 Hz, 3H), 1.26–1.36
(m, 6H), 1.63 (quint, J=7.5 Hz, 2H), 2.68 (t, J=7.5 Hz, 2H), 5.49 (s,
2H), 7.17 (s, 1H), 7.23–7.27 (m, 2H), 7.32–7.38 ppm (m, 3H); 13C NMR
(CDCl3): d =14.2, 22.7, 25.9, 29.1, 29.5, 31.7, 54.1, 120.6, 128.1, 128.8,
129.2, 135.2, 149.2 ppm; elemental analysis: calcd (%) for C15H21N3: C
74.04, H 8.70; found: C 74.16, H 8.76.

1c : 1-Benzyl-4-(4-pyridyl)-1,2,3-triazole: M.p.: 127.9–129.1 8C; IR (nujol):
ñ=1610, 1563, 1208, 1087, 1045 cm�1; 1H NMR (CDCl3): d =5.60 (s, 2H),
7.32–7.34 (m, 2H), 7.39–7.43 (m, 3H), 7.68 (d, J=6.0 Hz, 2H), 7.79 (s,
1H), 8.64 ppm (d, J=6.0 Hz, 2H); 13C NMR (CDCl3): d =54.6, 120.1,
121.1, 128.4, 129.2, 129.5, 134.4, 138.0, 145.9, 150.6 ppm; elemental analy-
sis: calcd (%) for C14H12N4: C 71.17, H 5.12; found: C 71.32, H 5.08.

1d : 1-Benzyl-4-(2-butyl-2-hydroxyhexyl)-1,2,3-triazole: M.p.: 69.9–
70.1 8C; IR (nujol) ñ=3372, 3123 cm�1; 1H NMR (CDCl3): d =0.87 (t, J=

7.0 Hz, 6H), 1.28–1.65 (m, 12H), 2.17 (s, 2H), 2.75 (br s, 1H), 5.51 (s,
2H), 7.22–7.23 (m, 2H), 7.32–7.39 ppm (m, 4H); 13C NMR (CDCl3): d=

14.1, 23.2, 25.9, 35.3, 39.0, 54.4, 74.1, 124.3 (br), 127.9, 128.6, 129.0, 134.9,
146.9 ppm (br); elemental analysis: calcd (%) for C19H29N3O: C 72.34, H
9.27; found: C 72.19, H 9.09.

1 f : 1-Benzyl-4-(p-tolyl)-1,2,3-triazole: M.p.: 151.4–152.6 8C; IR (nujol):
ñ=1221, 1041 cm�1; 1H NMR (CDCl3): d =2.36 (s, 3H), 5.57 (s, 2H), 7.21
(d, J=8.0 Hz, 2H), 7.30–7.32 (m, 2H), 7.37–7.41 (m, 3H), 7.62 (s, 1H),
7.69 ppm (d, J=8.0 Hz, 2H); 13C NMR (CDCl3): d=21.4, 54.4, 119.3,
125.8, 127.9, 128.2, 128.9, 129.3, 129.6, 134.9, 138.2, 148.5 ppm; elemental
analysis: calcd (%) for C16H15N3: C 77.08, H 6.06; found: C 76.78, H 5.99.

1g : 1-Benzyl-5-hexyl-1,2,3-triazole: IR (neat): ñ =2931, 1457, 1237 cm�1;
1H NMR (CDCl3): d=0.78 (t, J=7.0 Hz, 3H), 1.10–1.22 (m, 6H), 1.44
(quint, J=7.5 Hz, 2H), 2.41 (t, J=7.5 Hz, 2H), 5.43 (s, 2H), 7.07–7.08
(m, 2H), 7.21–7.28 (m, 3H), 7.41 ppm (s, 1H); 13C NMR (CDCl3): d=

14.1, 22.5, 23.2, 27.9, 28.8, 31.4, 51.7, 127.2, 128.3, 129.0, 132.7, 135.2,
137.6 ppm; elemental analysis: calcd (%) for C15H21N3: C 74.04, H 8.70;
found: C 73.80, H 8.92%.

3aa : 1-Benzyl-4-phenyl-5-(o-tolyl)-1,2,3-triazole: IR (neat): ñ =1457,
1353, 1244, 1026 cm�1; 1H NMR (CDCl3): d=1.61 (s, 3H), 5.27 (d, J=

15.0 Hz, 1H), 5.36 (d, J=15.0 Hz, 1H), 6.94–6.96 (m, 2H), 7.09–7.11 (m,
1H), 7.18–7.13 (m, 8H), 7.40–7.43 (m, 1H), 7.53–7.55 ppm (m, 2H);
13C NMR (CDCl3): d=19.2, 52.4, 125.9, 126.7, 127.6, 127.8, 128.2, 128.4,
128.7, 128.7, 130.3, 130.5, 130.9, 131.4, 133.0, 134.9, 138.6, 144.6 ppm; ele-
mental analysis: calcd (%) for C22H19N3: C 81.20, H 5.86; found: C 81.47,
H 5.91%.

Scheme 7. The nonthermal microwave effect.
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3ab : 1-Benzyl-5-(p-ethoxycarbonylphenyl)-4-phenyl-1,2,3-triazole: M.p.:
108.8–110.1; IR (nujol): ñ =1715, 1273 cm�1; 1H NMR (CDCl3): d =1.42
(t, J=7.0 Hz, 3H), 4.42 (q, J=7.0 Hz, 2H), 5.43 (s, 2H), 7.01–7.03 (m,
2H), 7.22–7.26 (m, 8H), 7.51 (d, J=8.0 Hz, 2H), 8.08 ppm (d, J=8.0 Hz,
2H); 13C NMR (CDCl3): d=14.4, 52.4, 61.6, 126.9, 127.5, 128.1, 128.4,
128.7, 128.9, 130.3, 130.4, 130.6, 131.9, 132.6, 133.0, 135.2, 145.1,
166.0 ppm; elemental analysis: calcd (%) for C24H21N3O2: C 75.18, H
5.52; found: C 73.35, H 5.54%.

3ad : 5-{p-(Acetoxymethyl)phenyl}-1-benzyl-4-phenyl-1,2,3-triazole: M.p.:
107.1–108.4 8C; IR (nujol): ñ=1741, 1252 cm�1; 1H NMR (CDCl3): d=

2.17 (s, 3H), 5.18 (s, 2H), 5.41 (s, 2H), 7.03–7.05 (m, 2H), 7.15 (d, J=

8.0 Hz, 2H), 7.24–7.29 (m, 6H), 7.39 (d, J=8.0 Hz 2H), 7.54–7.56 ppm
(m, 2H); 13C NMR (CDCl3): d=21.2, 52.2, 65.7, 127.0, 127.6, 127.8, 128.0,
128.4, 128.7, 128.7, 128.9, 130.5, 131.0, 133.6, 135.5, 137.9, 144.8,
170.9 ppm; elemental analysis: calcd (%) for C24H21N3O2: C 75.18, H
5.52; found: C, 74.88 H, 5.46.

3af : 1-Benzyl-5-(o-biphenylyl)-4-phenyl-1,2,3-triazole: M.p.: 124.9–
126.1 8C; IR (nujol): ñ =1607, 1496, 1354, 1242 cm�1; 1H NMR (CDCl3):
d=4.88 (d, J= 15.0 Hz, 1H), 5.27 (d, J=15.0 Hz, 1H), 6.89–6.91 (m,
4H), 7.11–7.28 (m, 10H), 7.35 (td, J=7.0, 2.0 Hz, 1H), 7.54–7.60 ppm (m,
4H); 13C NMR (CDCl3): d=52.2, 126.2, 126.5, 127.5, 127.7, 128.0, 128.0,
128.2, 128.4, 128.5, 128.5, 128.6, 130.4, 130.9, 131.1, 131.7, 133.2, 134.8,
139.5, 142.4, 145.3 ppm; elemental analysis: calcd (%) for C27H21N3: C
83.69, H 5.46; found: C 83.82, H 5.39.

3ag : 1-Benzyl-5-(2,6-dimethylphenyl)-4-phenyl-1,2,3-triazole: IR (neat):
ñ=1608, 1498, 1352, 1243 cm�1; 1H NMR (CDCl3): d=1.67 (s, 6H), 5.21
(s, 2H), 6.97 (d, J=7.0 Hz, 2H), 7.12 (d, J=7.0 Hz, 2H), 7.17–7.25 (m,
6H), 7.34 (t, J=7.5 Hz, 1H), 7.55 ppm (dt, J=6.5, 1.5 Hz, 2H); 13C NMR
(CDCl3): d =19.6, 52.5, 125.3, 127.0, 127.7, 128.2, 128.5, 128.6, 128.7,
128.7, 130.2, 131.3, 132.0, 134.4, 138.5, 144.0 ppm; elemental analysis:
calcd (%) for C23H21N3: C 81.38, H 6.24; found: C 81.22, H 6.29.

3ba : 1-Benzyl-4-hexyl-5-(o-tolyl)-1,2,3-triazole: IR (neat): ñ=2928,
1456 cm�1; 1H NMR (CDCl3): d=0.81 (t, J=7.0 Hz, 3H), 1.14–1.31 (m,
6H), 1.56 (quint, J=7.5 Hz, 2H), 1.72 (s, 3H), 2.40 (quint, J=7.5 Hz,
1H), 2.54 (quint, J=7.5 Hz, 1H), 5.22 (d, J=14.5 Hz, 1H), 5.27 (d, J=

14.5 Hz, 1H), 6.89–6.96 (m, 3H), 7.15–7.23 (m, 5H), 7.34–7.37 ppm (m,
1H); 13C NMR (CDCl3): d =14.2, 19.3, 22.7, 25.4, 29.1, 29.2, 31.6, 52.4,
126.2, 127.1, 128.2, 128.2, 128.6, 129.9 130.5, 130.8, 133.6, 135.2, 138.5,
146.6 ppm; elemental analysis: calcd (%) for C22H27N3: C 79.24, H 8.16;
found: C 79.37, H 8.25.

3bb : 1-Benzyl-5-(p-ethoxycarbonylphenyl)-4-hexyl-1,2,3-triazole: IR
(neat): ñ=2930, 1718, 1275, 1107 cm�1; 1H NMR (CDCl3): d=0.82 (t, J=

7.0 Hz, 3H), 1.18–1.26 (m, 6H), 1.41 (t, J=7.0 Hz, 3H), 1.61 (quint, J=

7.5 Hz, 2H), 2.60 (t, J=7.5 Hz, 2H), 4.41 (q, J=7.0 Hz, 2H), 5.41 (s,
2H), 6.98–7.00 (m, 2H), 7.19 (d, J=7.5 Hz, 2H), 7.23–7.25 (m, 3H),
8.07 ppm (d, J=7.5 Hz, 2H); 13C NMR (CDCl3): d=14.2, 14.5, 22.7, 25.3,
29.1, 29.7, 31.6, 52.3, 61.5, 127.4, 128.3, 128.9, 129.8, 130.1, 131.3, 132.4,
133.6, 135.6, 146.7, 166.1 ppm; elemental analysis: calcd (%) for
C24H29N3O2: C 73.63, H 7.47; found: C 73.58, H 7.44.

3bc : 1-Benzyl-4-hexyl-5-(p-methoxyphenyl)-1,2,3-triazole: IR (neat): ñ=

2930, 1507, 1252 cm�1; 1H NMR (CDCl3): d=0.82 (t, J=7.0 Hz, 3H)
1.16–1.29 (m, 6H), 1.62 (quint, J=7.5 Hz, 2H), 2.59 (t, J=7.5 Hz, 2H),
3.84 (s, 3H), 5.37 (s, 2H), 6.91–6.93 (m, 2H), 7.00–7.03 (m, 4H), 7.23–
7.26 ppm (m, 3H); 13C NMR (CDCl3): d=14.2, 22.7, 25.3, 29.1, 29.7, 31.6,
52.0, 55.5, 114.4, 119.7, 127.5, 128.1, 128.8, 131.2, 134.3, 136.0, 146.2,
160.4 ppm; elemental analysis: calcd (%) for C22H27N3O: C 75.61, H
7.79; found: C 75.84, H 7.81.

3bd : 5-{p-(Acetoxymethyl)phenyl}-1-benzyl-4-hexyl-1,2,3-triazole: IR
(neat): ñ=2930, 1744, 1227, 1030 cm�1; 1H NMR (CDCl3): d=0.82 (t, J=

7.0 Hz, 3H), 1.16–1.31 (m, 6H), 1.62 (quint, J=7.5 Hz, 2H), 2.14 (s, 3H),
2.59 (t, J=7.5 Hz, 2H), 5.15 (s, 2H), 5.39 (s, 2H), 6.99–7.01 (m, 2H), 7.11
(d, J=8.5 Hz, 2H), 7.24–7.25 (m, 3H), 7.39 ppm (d, J=8.5 Hz, 2H);
13C NMR (CDCl3): d=14.2, 21.1, 22.7, 25.2, 29.1, 29.7, 31.6, 52.1, 65.7,
127.4, 127.6, 128.2, 128.5, 128.8, 130.0, 134.1, 135.8, 137.3, 146.4,
170.9 ppm; elemental analysis: calcd (%) for C24H29N3O2: C 73.63, H
7.47; found: C 73.35, H 7.52.

3be : 1-Benzyl-4-hexyl-5-phenyl-1,2,3-triazole: IR (neat): ñ=2929,
1455 cm�1; 1H NMR (CDCl3): d=0.82 (t, J=7.0 Hz, 3H), 1.16–1.28 (m,
6H), 1.62 (quint, J=8.0 Hz, 2H), 2.60 (t, J=8.0 Hz, 2H), 5.40 (s, 2H),
6.98–7.01 (m, 2H), 7.10–7.12 (m, 2H), 7.22–7.25 (m, 3H), 7.38–7.44 ppm
(m, 3H); 13C NMR (CDCl3): d =14.2, 22.7, 25.2, 29.1, 29.7, 31.6, 52.1,
127.5, 127.8, 128.1, 128.8, 129.0, 129.3, 129.8, 134.5, 135.9, 146.3 ppm; ele-
mental analysis: calcd (%)for C21H25N3: C 78.96, H 7.89; found: C 79.02,
H 7.93.

3ce : 1-Benzyl-5-phenyl-4-(4-pyridyl)-1,2,3-triazole: M.p.: 155.4–156.7 8C;
IR (nujol): ñ=1602 cm�1; 1H NMR (CDCl3): d=5.41 (s, 2H), 7.01–7.03
(m, 2H), 7.14–7.16 (m, 2H), 7.24–7.28 (m, 3H), 7.41–7.47 (m, 4H), 7.53–
7.56 (m, 1H), 8.48 ppm (d, J=5.0 Hz, 2H); 13C NMR (CDCl3): d =52.4,
120.7, 127.2, 127.8, 128.5, 129.0, 129.7, 130.0, 130.5, 135.1, 138.8, 138.8,
142.1, 150.1 ppm; elemental analysis: calcd (%) for C20H16N4: C 76.90, H
5.16; found: C 76.79, H 5.20.

3de : 1-Benzyl-4-(2-butyl-2-hydroxyhexyl)-5-phenyl-1,2,3-triazole: IR
(neat): ñ=3448, 2955, 1456, 1240 cm�1; 1H NMR (CDCl3): d=0.80 (t, J=

7.5 Hz, 6H), 1.04–1.43 (m, 12H), 2.73 (s, 2H), 3.82 (s, 1H), 5.43 (s, 2H),
6.97–7.00 (m, 2H), 7.09–7.11 (m, 2H), 7.22–7.26 (m, 3H), 7.40–7.47 ppm
(m, 3H); 13C NMR (CDCl3): d =14.2, 23.4, 26.1, 34.2, 38.9, 52.3, 74.5,
127.3, 127.5, 128.3, 128.9, 129.2, 129.7, 129.9, 135.6, 136.0, 143.4 ppm;
HRMS (FAB): m/z calcd for C25H33N3O: 391.2624; found: 391.2617.

3 fe : 1-Benzyl-5-phenyl-4-(p-tolyl)-1,2,3-triazole: M.p.: 125.8–127.0 8C; IR
(nujol): ñ=1256, 1156, 1064 cm�1; 1H NMR (CDCl3): d=2.30 (s, 3H),
5.41 (s, 2H), 7.02–7.04 (m, 2H), 7.06–7.08 (m, 2H), 7.13–7.16 (m, 2H),
7.24–7.27 (m, 3H), 7.39–7.49 ppm (m, 5H); 13C NMR (CDCl3): d=21.4,
52.2, 126.8, 127.6, 128.1, 128.2, 128.3, 128.8, 129.3, 129.3, 129.7, 130.3,
133.7, 135.6, 137.6, 144.8 ppm; elemental analysis: calcd (%) for
C22H19N3: C 81.20, H 5.86; found: C 80.97, H 5.90.

3ai : 1-Benzyl-4-phenyl-5-(p-tolyl)-1,2,3-triazole: M.p.: 113.2–114.9 8C; IR
(nujol): ñ=1366, 1313, 1016 cm�1; 1H NMR (CDCl3): d=2.43 (s, 3H),
5.40 (s, 2H), 7.04–7.08 (m, 4H), 7.21–7.28 (m, 8H), 7.60–7.62 ppm (m,
2H); 13C NMR (CDCl3): d=21.5, 51.9, 124.7, 126.7, 127.5, 127.6, 128.1,
128.4, 128.7, 129.9, 130.0, 131.1, 134.1, 135.6, 139.8, 144.4 ppm; elemental
analysis: calcd (%) for C22H19N3: C 81.20, H 5.86; found: C 80.93, H 5.94.

3bi : 1-Benzyl-4-hexyl-5-(p-tolyl)-1,2,3-triazole: IR (neat): ñ=2927,
1455 cm�1; 1H NMR (CDCl3): d =0.82 (t, J= 7.0 Hz, 3H), 1.17–1.29 (m,
6H), 1.62 (quint, J=7.5 Hz, 2H), 2.40 (s, 3H), 2.60 (t, J=7.5 Hz, 2H),
5.38 (s, 2H), 6.99–7.02 (m, 4H), 7.20–7.26 ppm (m, 5H); 13C NMR
(CDCl3): d=14.0, 21.3, 22.5, 25.1, 28.9, 29.6, 31.5, 51.8, 124.6, 127.3,
127.9, 128.6, 129.5, 129.6, 134.4, 135.8, 139.2, 146.0 ppm.; elemental analy-
sis: calcd (%) for C22H27N3: C 79.24, H 8.16; found: C 78.99, H 8.14.

4 : 1-Benzyl-5-hexyl-4-phenyl-1,2,3-triazole: IR (neat): ñ=2930, 1497,
1245 cm�1; 1H NMR (CDCl3): d=0.83 (t, J=7.0 Hz, 3H), 1.12–1.26 (m,
6H), 1.35 (quint, J=8.0 Hz, 2H), 2.71 (t, J=8.0 Hz, 2H), 5.56 (s, 2H),
7.21 (d, J=7.0 Hz, 2H), 7.32–7.37 (m, 4H), 7.43 (t, J=8.0 Hz, 2H),
7.71 ppm (d, J=7.0 Hz, 2H); 13C NMR (CDCl3): d=14.1, 22.6, 23.4, 28.5,
29.2, 31.3, 52.2, 127.2, 127.3, 127.8, 128.5, 128.8, 129.1, 132.0, 133.9, 135.5,
144.9 ppm; elemental analysis: calcd (%) for C21H25N3: C 78.96, H 7.89;
found: C 79.02, H 7.93.
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