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A library of 1,2,3-triazoles, including a series of triazolyl styrenes which have a structural relationship with
resveratrol, was synthesized through a novel solventless method that involves the straightforward treatment by grinding
of several azides and alkynes in the presence of catalytic amounts of copper iodide and N,N-diisopropylethylamine. On
the other hand, when sodium hydroxide was used as the base, a mixture of bistriazoles and triazoles was formed where
1,2,3-triazoles were the major products. This new solvent-free synthesis protocol is carried out under mild conditions

for short times, affording the 1,4-regioisomers in high yields.

Keywords: Triazole, Bistriazole, Alkyne, Azide, Solventless.

INTRODUCTION

Copper-Catalyzed Alkyne-Azide
Cycloaddition (CuAAC) is the best known example
of an ideal reaction for Click Chemistry and one of
the most important methods for molecular assembly
[1], as well as a significant source of potentially
active  compounds  [2-4].  Therefore, the
development of new procedures for this reaction is
highly desirable. Although several groups have
thoroughly studied this reaction, designing catalysts
and optimizing conditions, the research of this topic
is far from complete.

One of the challenges of this reaction,
sustainable by itself, is the exploration of the
reaction conditions close to the principles of Green
Chemistry, avoiding as far as possible, the
generation of dangerous products. In this context,
the development of solvent-free chemical processes
is important and many examples of solventless
chemical reactions are reported in the literature
[5,6].

These

reasons inspired us to start an

* To whom all correspondence should be sent:
E-mail: ecuevasy@uaemex.mx

investigation with the aim of exploring the
possibility to obtain 1,2,3-triazoles and bistriazoles
in high vyields through CuUAAC using solvent free
conditions. This work summarizes our recent
successful efforts in this area.

EXPERIMENTAL
Instrument and chemical materials

The starting materials were purchased from
Aldrich Chemical Co. and were used without
further purification. The solvents were distilled
before use. Silica plates of 0.20 mm thickness were
used for thin layer chromatography. The melting
points were determined with a Fisher-Johns melting
point apparatus and they are not corrected. 'H and
13C NMR spectra were recorded using a Bruker
Advance 300; the chemical shifts (8) are given in
ppm relative to TMS as an internal standard (0.00).
For analytical purposes the mass spectra were
recorded on a Shimadzu GCMS-QP2010 Plus in the
El mode, 70 eV, 200 °C via a direct inlet probe.
Only the molecular and parent ions (m/z) are
reported. The IR spectra were recorded on a Bruker
Tensor 27 equipment.
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Solventless copper-catalyzed cycloaddition of
alkynes and azides.

Typical procedure. Successively added in a
mortar were the corresponding alkyne (1 mmol),
azide (1 mmol), DIPEA (0.01 mL, 0.1 mmol) and
Cul (0.0095 g, 0.05 mmol). The mixture was
homogenized in a mortar during 5 minutes using a
pestle. The mixture was collected and the final
product was purified by crystallization.

1-Benzyl-4-phenyl-1,2,3-triazole  (3). White
solid; mp 130°C (lit. 130-130.9°C) [7] ; IR (ATR):
v =3128, 2927, 1461, 1269 cm*; 'H NMR (CDCI3,
300 MHz) & 7.67-7.60 (m, 2H), 7.55 (dd, J= 5.7,
3.3 Hz, 1H), 7.50 (s, 1H), 7.28-7.21 (m, 4H), 7.19-
7.13 (m, 3H), 5.43 (s, 2H); 3C NMR (CDCI3, 75
MHz)s 147.7 (C), 134.3 (C), 132.0 (C), 130.4
(CH), 130.1 (C), 128.7 (CH), 128.4 (CH), 127.7
(CH), 127.6 (CH), 125.3 (CH), 119.0 (CH), 53.8
(CHy); MS [EI'] m/z (%)235 [M]* (20), 206 [M-
HN:2]* (50), 116 [M - GCeHsNs]* (90), 91
[CeHsCH2]* (100).

1,4-diphenyl-1,2,3-triazole (4). Yellow solid,;
mp 65.0 °C; IR (ATR): v= 2958, 1598, 1462, 1272;
'H NMR (CDCI3, 300 MHz) & 8.22 (s, 1H), 7.95-
7.90 (m, 2H), 7.70 (dd, J=5.9, 3.8 Hz, 1H), 7.63-
7.59 (m, 1H), 7.50-7.45 (m, 5H), 7.41-7.33 (m,
1H); BC NMR (CDCI3, 75 MHz) $145.8 (CH),
130.6 (C), 128.9 (CH), 128.3 (CH), 127.9 (C),
126.7 (CH), 126.5 (CH), 126.1 (CH), 125.9 (CH),
119.7 (CH) ); MS [EI*] m/z (%) 221 [M]* (35), 116
[M — CeHsN2]* (100), 104 [M — C/HsN2]* (50), 77
[CeHs]* (90).

1-benzyl-4-[(4-bromophenoxy)methyl]-1,2,3-
triazole (5). White solid; mp 111.0 °C; IR (ATR):
v= 3138, 2873, 1687, 1581, 1486; H NMR
(CDCI3, 300 MHz) &7.51 (s, 1H), 7.37 (dt, J=5.7,
2.9 Hz), 7.28 (d, J= 3.3 Hz), 6.85 (d, J= 8.9 Hz),
5.53 (s, 2H), 5.15 (s, 2H); *C NMR (CDCI3, 75
MHz) $156.24 (C), 143.14 (C), 133.33 (C), 131.28
(CH), 128.11 (CH) 127.81(CH), 127.06 (CH),
121.54 (CH), 115.61 (CH), 112.45 (C), 61.22
(CHy), 53.23 (CH); MS [EI'] m/z (%)343 [M]*
(35), 314 [M-HN]* (3), 226 [M — CgHsN]" (3), 184
[C/HsBrO] *(4), 91 [CeHsCH2]* (100), 77 [CeHs]*
(35).

4-[(4-bromophenoxy)methyl]-1-phenyl-1,2,3-
triazole (6). White solid; mp 60.0 °C; IR (ATR): v=
3138, 2955, 1584, 1485; H NMR (CDCI3, 300
MHz) 88.05 (s, 1H), 7.68-7.31 (m, 5H), 7.40 (d, J=
8.9 Hz, 2H), 6.92 (d, J= 8.9 Hz, 2H), 5.29 (s, 2H);
13C NMR (CDCI3, 75 MHz) §156.4 (C), 142.7 (C),
133.9 (C), 130.0 (CH), 129.9 (CH), 128.9 (CH),
127.7 (C), 127.1 (CH) 126.9 (CH), 119.7 (CH),
61.3 (CHy); MS [EI'] m/z (%) 329 [M]* (10), 164
[CoHsBrNsO]* (100). Elemental analysis calculated:

C, 54.56; H, 3.66; N, 12.73, found: C, 55.01; H,
3.75; N, 12.80.
4-[(4-bromophenoxy)methyl]-1-p-tolyl-1,2,3-
triazole (7). White solid; mp 98.0 °C; IR (ATR): v=
3139, 2958, 1589, 1518; 'H NMR (CDCI3, 300
MHz) 88.00 (s, 1H), 7.60 (d, J= 8.4 Hz, 2H), 7.40
(d, J= 9.0 Hz, 2H), 7.32 (d, J= 8.5 Hz, 2H), 6.91 (d,
J= 9.0, 2H), 5.27 (s, 2H), 2.42 (s, 3H); 3C NMR
(CDCI3, 75 MHz) $156.1 (C), 142.1 (C), 137.9 (C),
133.4 (C), 131.2 (CH), 129.0 (CH), 119.7 (CH),
119.3 (CH), 115.4 (CH), 112.3 (C), 61.0 (CH,),
19.8 (CHas); MS [EI"] m/z (%) 343 [M]* (40), 314
[M-HNz]* (10), 211 [M — C7H7N3]" (100), 172 [M
— C6H4BrO]* (70). Elemental analysis calculated:
C, 55.83; H, 4.10; N, 12.21, found: C, 56.13; H,
4.50; N, 12.30.
4-phenyl-1-p-tolyl-1H-1,2,3-triazole (8). White
solid; mp 121.0 °C; IR (ATR): v= 3124, 2956,
1605, 1482; *H NMR (CDCI3, 300 MHz) 5 8.16 (s,
1H), 7.67 (d, J= 8.4 Hz, 2H), 7.60-7.42 (m, 5H),
7.34 (d, J= 8.4 Hz, 2H), 2.44 (s, 3H); C NMR
(CDCI3, 75 MHz) 6148.1 (C), 138.9 (C), 134.6 (C),
132.4 (C), 130.85 (CH), 130.2 (CH), 128.9 (CH),
128.3 (CH), 125.9 (CH), 120.1 (CH), 22.6 (CHj3);
MS [EI*] m/z (%) 235 [M]* (20), 130 [M-C;H;N]*
(20), 91 [CeHsCH2]" (100).
[1-(4-methoxyphenoxy)-1,2,3-triazole-4-
yllmethanol (9). Yellow solid; 80 °C; IR (ATR): v=
2956, 2855, 1594, 1485; 'H NMR (CDCI3, 300
MHz) 88.03 (s, 1H), 7.40 (d, J= 9.0 Hz, 2H), 6.91
(d, J= 8.9 Hz, 2H), 5.27 (s, 2H), 4.89 (s, 1H), 3.87
(s, 3H); 3C NMR (CDCI3, 75 MHz) §157.40 (C),
154.70 (C), 142.36 (C), 119.77 (CH), 118.11 (CH),
113.98 (CH), 54.30 (CHa), 53.31 (CH2); MS [EI"]
m/z (%)205 [M]* (20), 149 [M — C3H4O]* (95), 57
[M — CgHsN2O]® (100).  Elemental analysis
calculated: C, 53.35; H, 3.92; N, 11.67, found: C,
53.85; H, 4.10; N, 12.02.
4-[(4-bromophenoxy)methyl]-1-(4-
methoxyphenyl)-1H-1,2,3-triazole ~ (10). White
solid; mp 109 °C; IR (ATR): v= 2958, 2854, 1590,
1485; *H NMR (CDCI3, 300 MHz) 85 7.96 (s, 1H),
7.63 (d, J= 9.0 Hz, 2H), 7.40 (d, J= 9.0 Hz), 7.02
(d, J=9.0 Hz, 2H), 6.91 (d, J= 9.0 Hz, 2H), 5.26 (s,
2H), 3.87 (s, 3H); C NMR (CDCI3, 75 MHz)
8158.7 (C), 156.1 (C), 143.0 (C), 131.2 (CH), 129.1
(C), 121.0 (CH), 119.9 (CH), 115.4 (CH), 113.6
(CH), 112.3 (C), 61.0 (CH>), 54.4 (CHs); MS [EI']
m/z (%)359 [M]* (5), 280 [M — Br]* (100).
4-[(4-bromophenoxy)methyl]-1p-tolyl-1,2,3-
triazole (11). White solid; mp 155°C; IR (ATR): v=
3123, 2921, 1608, 1460; 'H NMR (CDCI3, 300
MHz) 68.11 (s, 1H), 7.94-7.86 (m, 2 H), 7.69 (d, J=
9.0 Hz, 2H), 7.52-7.31 (m, 5H), 7.05 (d, J= 9.0 Hz,
2 H), 3.89 (s, 3H); 3C NMR (CDCI3, 75 MHz)
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8157.40 (C), 154.70 (C), 142.36 (C), 119.58 (CH),
114.19 (CH), 54.39 (CHa), 53.23 (CH2); MS [EI']
m/z (%) 251 [M]* (10), 149 [M — CsHs]* (80), 116
[M — C/H/N20]" (35), 102 [M — C7H/N30]* (15),
77 [CsHs]™ (100).

[1-(4-methoxyphenyl)-1,2,3-triazole-4-
yl]methyl butylcarbamate (12). White solid; mp
100 °C; IR (ATR): v= 3153, 2928, 1580, 1484; 'H
NMR (CDCI3, 300 MHz) §7.99 (s, 1H), 7.62 (d, J=
8.9 Hz, 2H), 7.02 (d, J= 9.0 Hz, 2H), 5.26 (s, 2H),
3.87 (s, 3H), 3.19 (m, 2H), 1.53-1.43 (m, 2H), 1.37-
1.29 (m, 2H), 0.91 (t, J= 7.1 Hz, 3H); C NMR
(CDCI3, 75 MHz) 6159.87 (C), 156.25 (C), 144.06
(C), 130.38 (C), 125.00 (C), 122.20 (CH), 114.76
(CH), 57.57 (CH,) , 55.61 (CHs), 40.82 (CH,),
31.94 (CH), 19.85 (CH>), 13.68 (CHs); ); MS [EI']
m/z (%) 304 [M]" (20), 266 (100). Elemental
analysis calculated: C, 59.20; H, 6.62; N, 18.41,
found: C, 60.05; H, 6.87; N, 18.10.

4-[(4-bromophenoxy)methyl]-1-(4-
bromophenyl)-1,2,3-triazole (13). White solid; mp
127 °C; IR (ATR): v= 3123, 2921, 1516, 1460; H
NMR (CDCI3, 300 MHz) 48.02 (s, 1H), 7.71-7.60
(m, 4H), 7.40 (d, J= 8.9 Hz, 2H), 6.91 (d, J= 8.9
Hz), 5.27 (s, 2H); *C NMR (CDCI3, 75 MHz)
0157.0 (C), 144.7 (C), 135.73(C), 132.8 (CH),
132.3 (CH), 122.5 (C), 121.8 (CH), 120.6 (CH),
116.4 (CH), 113.5 (C), 61.9 (CHy); MS [EI'] m/z
(%) 406 [M]" (10), 239 [M — CsH4BrN]* (4), 211
[M — CgH4BrNs]* (100), 156 [CeH4Br]* (40), 184
[C/HsBrO]* (80). Elemental analysis calculated: C,
44.04; H, 2.71; N, 10.27, found: C, 43.90; H, 2.81;
N, 10.90.

Ethyl 3-(4-chlorophenyl)-2-[4-phenyl-1,2,3-
triazole-1-yl]acrylate (14). White solid; mp 127 °C;
IR (ATR): v= 3137, 2925, 1725, 1645; 'H NMR
(CDCI3, 300 MHz) 67.98 (s, 1H), 7.93-7.88 (m,
3H), 7.84 (s, 1H), 7.48-7.33 (m, 4H), 6.87-6.82 (m,
2H), 4.34 (q, J= 7.1 Hz, 2H), 1.32 (t, J= 7.1 Hz,
3H); ¥C NMR (CDCI3, 75 MHz) §162.7 (C), 148.2
(C), 137.7 (C), 131.5 (CH), 130.8 (C), 130.0 (C),
129.4 (CH), 129.3 (C), 128.9 (CH), 128.8 (CH),
128.5 (CH), 125.8 (CH), 125.6 (C), 121.2 (CH),
62.5 (CHy), 14.1 (CHs); MS [EI'] m/z (%) 354
[M+1]* (2), 324 [M —HN:]* (30), 251 [M-CgHe]"
(40), 102 [|\/|-C11H10C|N302]+ (80) Elemental
analysis calculated: C, 64.50; H, 4.56;N, 11.88,
found: C, 64.00; H, 4.86; N, 10.90.

Ethyl  (2-[4-((4-bromophenoxy)methyl)-1,2,3-
triazole-1-yl]-3-(4-chlorophenyl)  acrylate  (15).
White solid; mp 99 °C; IR (ATR): v= 3144, 1722,
1644, 1590; 'H NMR (CDCI3, 300 MHz) §7.94 (s,
1H), 7.64 (s, 1H), 7.39 (d, J= 9.0 Hz, 2H), 7.16 (d,
J=8.5 Hz, 2H), 6.88 (d, J=8.9 Hz, 2H,), 6.70 (d, J=
8.5 Hz, 2H), 5.30 (s, 2H), 4.30 (q, J= 7.1 Hz, 2H),
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1.29 (t, J= 7.1 Hz, 3H); C NMR (CDCI3, 75
MHz) 8162.6 (C), 157.0 (C), 144.4 (C), 139.2
(CH), 137.7 (C), 132.3 (CH), 131.3 (CH), 129.3
(CH), 129.1 (C), 125.4 (C), 124.6 (CH), 116.8
(CH), 113.6 (C), 62.5 (CHy), 62.0 (CHy), 14.1
(CHs); MS [EI'] m/z (%) 461 [M]* (5), 251 [M —
C11H1oCIO2]"  (4), 154 [M —C14H13CIN3Os]*
(100).Elemental analysis calculated: C, 51.91; H,
3.70; N, 9.08, found: C, 52.19; H, 3.79; N, 9.90.

Ethyl 3-(4-chlorophenyl)-2-[4-((4-
methoxyphenoxy)methyl)-1,2,3-triazole-1-yl]
acrylate (16). Yellow oil; IR (ATR): v= 2957, 2121,
1721, 823; 'H NMR (CDCI3, 300 MHz) §7.94 (s,
1H), 7.63 (s, 1H), 7.16 (d, J= 8.5 Hz, 2H), 6.93 (d,
J=9.1 Hz, 2H), 6.83 (d, J=9.2 Hz, 2H), 6.69 (d, J=
8.5 Hz, 2H), 5.28 (s, 2H), 4.31 (q, J= 7.1 Hz, 2H),
3.78 (s, 3H), 0.92 (t, J= 7.1 Hz, 2H); C NMR
(CDCI3, 75 MHz) 8162.7 (C), 154.3 (C), 151.9 (C),
145.2 (C), 139.1 (CH), 137.6 (C), 131.4 (CH),
130.8 (C), 129.3 (CH), 129.1 (C), 124.4 (CH),
116.1 (CH), 114.6 (CH), 62.6 (CH), 62.5 (CH,),
55.8 (CH3), 14.1 (CHs); MS [EI"] m/z (%) 413 [M]*
(10), 123 [M —Ci14H13CIN3O,]* (100). Elemental
analysis calculated: C, 60.95; H, 4.87; N, 10.15,
found: C, 60.98; H, 4.84; N, 10.80.

Ethyl 2-[4-(2-(butylcarbamoyloxy)ethyl)-1,2,3-
triazole-1-yl)-3-(4-chlorophenyl]  acrylate  (17).
Yellow solid; mp 129 °C; IR (ATR): v= 3156,
1642, 1581, 1487, 1197; *H NMR (CDCI3, 300
MHz) 67.95 (s, 1H), 7.68 (s, 1H), 7.23 (d, J= 8.6
Hz, 2H), 6.75 (d, J= 8.5 Hz, 2H), 5.27 (s, 2H), 4.76
(s, 1H), 4.32 (q, J= 7.1 Hz, 2H), 3.17 (m, 2H), 1.37-
1.21 (m, 6H), 0.91 (t, J= 7.1 Hz, 3H); C NMR
(CDCI3, 75 MHz) 8162.7 (C), 156.0 (C), 144.1 (C),
139.1 (CH), 137.6 (C), 135.2 (CH), 131.4 (CH),
130.8 (C), 129.3 (CH), 128.8 (C), 62.5 (CH8), 57.6
(CHy), 32.1 (CH,), 26.3 (CH,), 23.4 (CHy), 14.1
(CHs), 13.6 (CHs); MS [EI'] m/z (%) 405 [M-1]*
(4), 363 [M-C3H7]* (4), 349 [M-CsHq]* (3), 250 [M
—C7H11N205]* (35), 154 [M —C14H13CIN3Os]* (50),
57 [M —Ci15H14CIN4O4]* (100). Elemental analysis
calculated: C, 56.09; H, 5.70; N, 13.77, found: C,
56.80; H, 5.32; N, 14.01.

Solventless copper-catalyzed cycloaddition of
alkynes and azides with NaOH.

Typical procedure. Successively added in a
mortar were the corresponding alkyne (1 mmol),
the azide (1 mmol), NaOH (0.40 g, 10.0 mmol) and
Cul (0.0095 g, 0.05 mmol). The mixture was
homogenized in a mortar for 5 minutes using a
pestle. The mixture was collected and the final
products were purified by column chromatography
(SiO2, hexane/AcOEt 8:2).
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3,3'-dibenzyl-5, 5'-diphenyl -[4,47 bi [(1,2,3)-
triazolyl (Table 4, Entry 1). White solid; mp 65 °C;
IR (ATR): v= 2953, 2852, 1602, 1456; 'H NMR
(CDCI3, 300 MHz) 67.45 (m, 4H), 7.28-7.20 (m,
6H), 7.14 (m, 2H), 7.09 (m, 4H), 6.81 (d, 4H, J =
8.0 Hz), 5.57 (s, 2H,), 5.26 (s, 2H); *C NMR
(CDCI3, 75 MHz) 8147.52 (C), 132.57 (C), 128.93
(C), 128.66 (CH), 128.52 (CH), 128.47 (CH),
128.41 (CH), 127.87 (CH), 125.49 (CH), 119.59
(C), 52.37 (CH2); MS [EI'] m/z (%) 468 [M]* (40),
349 [M - C/H7N2]* (35), 321 [M - C/H7/N4]* (35),
91 [CeHsCH:]* (100).

3,5,3",5'-tetraphenyl-[4,4bi[(1,2,3)-triazolyl]
(Table 4, Entry 2). White solid; mp 68 °C; IR
(ATR): v= 2957, 2855, 1514, 1461; ‘H NMR
(CDCI3, 300 MHz) 88.27 (d, J= 7.2 Hz, 3H), 7.76
(d, J=8.3 Hz, 4H), 7.55-7.42 (m, 11H), 2.47 (s, 6H);
3C NMR (CDCI3, 75 MHz) §139.12 (C), 133.73
(C), 131.01 (CH), 130.40 (C), 129.82 (CH), 129.34
(CH), 129.12 (CH), 128.25 (CH -35), 123.21 (CH),
121.14 (C), 20.56 (CHzs); MS [EI'] m/z (%) 468
[M]* (40), 349 [M - CsH/N2]* (35), 321 [M -
C7H7N4]* (35), 91 [CeHsCH_]* (100).

3,3"-dibenzyl-5,5'-bis[(4-
bromophenoxy)methyl]-4,4'-bi[(1,2,3)-triazolyl]
(Table 4, Entry 3). White solid; mp 179 °C; IR
(ATR): v= 3063, 2921, 1581, 1484; H NMR
(CDCI3, 300 MHz) 6 7.23-7.33 (m, 10H), 6.87-6.89
(d, 4H), 6.44- 6.47 (d, 4H), 5.01 (s, 2H), 4.96 (s,
2H), 4.47 (s, 4H); C NMR (CDCI3, 75 MHz)
0156.6, 145.5, 133.6, 132.3, 129.1, 129.0, 128.1,
122.1, 116.1, 113.7, 61.1, 52.6; MS [EI*] m/z (%)
686 [M]" (2), 92 [CeHsCHs]* (100).

RESULTS AND DISCUSSION

The first studies were carried out using
phenylacetylene (1) and benzyl azide (2) as starting
materials (scheme 1). Among many plausible co-
reactants to carry out CUAAC under solventless
conditions, we decided to use Cul-DIPEA as a
catalyst system which represents one of the
simplest protocols when this reaction is performed
in the presence of a solvent [8].

Cul I
Ph——== 4 Ph"™" "N, Nhiﬁ
1 7 DIFEA N
Sokentless |\ 3

Fh

Scheme 1. Solventless cycloaddition between azide 2
and alkyne 1.

Moreover, we determined to place the alkyne,
the azide, the copper salt and the base on a mortar
and the resulting reaction mixture was
homogenized by grinding with a pestle for a certain
time. This procedure was essentially the same

during the course of the experiments in solvent-free
conditions, and for this case, the direct reaction
between alkyne 1 and azide 2 yielded 1-benzyl-4-
phenyl-1,2,3-triazole (3) as the only reaction
product. The effect of the concentration of both
Cul and DIPEA was studied, and the results in table
1 show that the reaction is efficient with
concentrations of 5 % mol Cul and 10% mol
DIPEA.

Table 1. Effect of the concentration of Cul and
DIPEA in the synthesis of triazole 3 under solventless
conditions.

DIPEA .
Cul (mmol/ (mmol/ Rea_ctlo vield
Entry mmol n Time
alkyne) mmol (min) (%)
alkyne)
1 0.1 1 2 95
2 0.05 1 2 95
3 0.025 1 2 88
4 0.0125 1 2 83
5 0.1 1 5 98
6 0.05 1 5 98
7 0.025 1 5 86
8 0.0125 1 5 82
9 0.1 0.1 5 98
10 0.05 0.1 5 98
11 0.025 0.1 5 85
12 0.0125 0.1 5 84

In addition, other bases were tested and the
results are presented in table 2. Although triazole 3
was obtained in all cases, the use of DIPEA as a
base afforded the best yields.

cul Ph
__ u I
Ph— + Ph"'ﬂNS — N” ]'L
1 2 Base ‘NL\ 3
Solventless
Ph

Scheme 2. Solventless cycloaddition between azide 2
and alkyne 1 in the presence of a base.

Table 2. Effect of the base in the synthesis of triazole
3 under solventless conditions.

Entry Base Yield (%)
1 DIPEA 98
2 EtsN 88
3 Pyridine 70
4 K2CO3 62
5 Na2C03 52
6 NaHCO; 53

In order to explore the reaction scope, we
performed solventless CuAAC reactions with
diverse alkynes and azides and the results in table 3
demonstrate that this procedure is broad in scope
affording the corresponding 1,2,3-triazoles in high
yields which were fully characterized by the
conventional spectroscopic techniques.
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Table 3. Synthesis of 1,2,3-triazoles under solventless conditions.

Compound R? R? Yield (%)
3 Ph PhCH 98
4 Ph Ph 95
5 4-BrCeHOCH PhCH 57
6 4-BrCgH4OCH Ph 61
7 4-BrCeH4OCH 4-CH3CoHa 75
8 Ph 4-CH3CsH4 92
9 CH,OH 4-CH30CgH4 87
10 4-BrCsH4OCH 4-CH30CsHq 71
11 Ph 4-CH30CeHs 88
12 NBUNHCO,CH, 4-CH30CeHq 91
13 4-BrCeH4OCH 4-BrCeHa 72

N3
14 Ph m 87
CO,Et
Cl 2
N3
15 4-BrCsHOCH, /@A\( 75
CO,Et
cl 2
Vs
16 4-CH3CeHOCH, /@A( 82
CO,Et
Cl 2
N3
17 NBUNHCO,CH, o 80
ol CO,Et

Table 4. Synthesis of triazoles and bistriazoles using solventless conditions.

Entry R? R? % Triazole % Bistriazole
1 Ph PhCH; 30 15
2 Ph 4-CH3CsH4 35 20
3 4-BrCgH4sOCH: PhCH, 27 10

In these examples, triazoles 14-17 derived from
ethyl 2-azido-3-(4-chlorophenyl)acrylate are similar
to other heterocyclic analogs like resveratrol and
have an important activity against lung and colon
cancer cells.

R1
5% Cul M
Rl—= + R2-N i N’:ﬁ
10% DIPEA M
42
Sohentless R

Scheme 3. Synthesis of 1,2,3-triazoles under
solventless conditions.

Other outstanding characteristic of the process is
that the reaction times are short, and in the best of
the cases these do not exceed 5 minutes. In
addition, the purification of the final products is
simple, in accordance with the essence of Click
Chemistry.
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On the other hand, we examined the use of
sodium hydroxide in solventless CUAAC reactions.
Previous reports described the formation of
bistriazoles in the presence of inorganic bases [9],
in particular, through the use of a high
concentration of sodium hydroxide at low
temperatures [10]. Thus, the solventless treatment
of some alkynes and azides with excess sodium
hydroxide and catalytic Cul yielded a mixture of
triazoles and bistriazoles (scheme 4). In these
processes, the yields of bistriazoles did not exceed
20% and in most cases the triazoles were obtained
as only reaction products in low yields (table 4).

N

R Rz_Ng Cul
MNaOH
solventless

Scheme 4. Solventless synthesis of 1,2,3-triazoles
and bistriazoles.



Despite these results, this method offers an
alternative, direct and rapid protocol for the
synthesis of these kinds of compounds with
promising applications and the possibility of
obtaining bistriazoles as major products of these
processes that represent a great motivation to
continue the studies in this area.

CONCLUSION

In summary, appropriately constituted alkynes
and azides are easily converted to the
corresponding 1,2,3-triazoles through a novel
method that does not require the use of solvents in
the presence of catalytic amounts of both Cul and
DIPEA. This process combines short reaction times
and high efficiency. In addition, when NaOH is
used as the base, bistriazoles could be obtained
through a solvent-free process. All the triazoles and
bistriazoles described have biological potential
activities and promise a broad application.
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CHUHTE3A BE3 PA3TBOPUTEJI HA TPUA30JIN U BUC-TPUA30JIN YPE3 AJIKH-
A311‘OBO HUKJIO-ITPUTBKMABAHE, KATAJIM3UPAHO OT MEL
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(Pesiome)
=M
IE" o1 R Cul 1 5% Cul =X
Rz~ . ZF'Y'N NaOH R1—= 10% DIPEA ZT':"N
. + B
2 [+ M
=X 7 R Lo Solventless R2~N5 snlventless 1o
N R 5 min & min R
Ni

Cunresupanu ca 1,2,3-Tpua3ony, BKIIOYHTETHO CEpUs OT TPHA30J-CTUPEHH, KOUTO MMAaT CTPYKTypHa BpB3Ka C
pecBepaTpoi Ype3 HOB MeTo 0e3 M3I0I3BaHe Ha pa3TBOpUTEL. MeTOIbT BKIIOYBA NPSKO TPETHPAaHE Ype3 CMUJIAHE Ha
HSKOJIKO a3WHHU WM QJIKWHU B NPHCHCTBHE HA KaTanu3aTop oT MeaeH Woxua u N,N-au-m3onpommi-erninamud. OT npyra
CTpaHa, KOraTo Ce M3I0JI3Ba HATPHEBA OCHOBA KATO AJKAIEH areHT ce MOoJIydaBa CMEC OT OHMC-TPHA30JId M TPHUA30IIH,
npu kosTo 1,2,3-Tpuazonure ca riaBHUAT NPOAYKT. T03M HOB IPOTOKOJ Ha CHHTE3aTa CE U3BBPILBA IIPH MEKHU YCIOBHUS
3a KpaTko BpeMme, Joirycka 1,4-TI03UIIMOHHN H30MEPH C BUCOKH JOOHBH.
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