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A three-component reaction of O-tosyl carbohydrate derivatives with sodium azide and terminal
alkynes can be catalyzed by copper nanoparticles under ambient conditions. A series of 1,4-disubstituted-
1,2,3-triazoles were obtained regioselectively by this one-pot strategy in good to excellent yields
(70-90%). The salient features of the present protocol are mild reaction conditions, a shorter reaction
time, and its applicability to a wide range of substrates.
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PETMOCEJIEKTUBHA LUKJIOAJIUIAIA HA TEPMUHAJIHU ALIETUJIEHUA CO HATPUYM A3U/
BO IIPUCYCTBO HA O-TO3UJI-®JIYOPOKAPBOHATHU JEPUBATH KATAJTU3UPAHU
CO BAKAPHM HAHOYECTHYKH:
COCTABYBAIE HA HOBU EHAHTHOUYHMCTH ®JIYOPOMOHOCAXAPH/IM CO 1,2,3,-TPUA30JTHU
U 4-®EHUJI-OKCA30JIUIUH-2-OHCKHU MOJAEIMHULU

TpokommoneHTHaTta peaknuja Ha O-TO3WIOKApOOHATHH IEPHBAaTH CO HATPUYM asuja M Tep-
MHUHAJIHU aJIKHHA MOJKE J1a Ce KaTaJn3upa co OakapHW HAHOYECTHYKM BO amOMeHTanHu ycioBu. Co oBaa
cTpareruja e J00neHa PEernoceneKTHBHA CepHja BO €/IeH PEAKLMCKH cal co jo0ap 10 OJIMYEH IPHHOC
(70-90%). I'naBHUTE KapaKTEPUCTUKH Ha OBOj MIPOTOKOJI ce OJIaruTe PEeaKLUHCKH YCIOBH, TOKYCOTO BpeMe
Ha peakIifja U MPUMEHINBOCTA Ha IIMPOK OIICET Ha CYICTPATH.

KityuHnu 300poBHM: jaraeBoI0pOar; TEPMUHAITHU AJIKMHK, OaKapHU HAHOYECTHUIKH; IIMKII0aTUITHH;
1,2,3-tpuazonu

1. INTRODUCTION Many of the triazole derivatives find extensive

applications in the field of materials science [2].

Substrates containing an acetylene moiety Complex molecules containing a triazole unit act

are valuable building blocks for the synthesis of as glycosidase inhibitors, HIV protease inhibitors,

triazole derivatives [1] using ’click chemistry’. cell imaging agents and G-protein coupled receptor
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ligands [3]. Therefore, the synthesis of various
triazole derivatives is of major interest among syn-
thetic organic chemists. The Huisgen-type copper
catalyzed azide—-alkyne 1,3-cycloaddition (Cu-
AAC) reaction is the most efficient method for the
synthesis of 1,2,3-triazole derivatives, which have
found widespread industrial applications as agro
chemicals, dyes, corrosion inhibitors, optical
brighteners, photographic materials, etc. [4-6].
This method for the synthesis of 1,2,3-triazole
derivatives mimics the approach used by nature to
generate important compounds. Since its discovery
in 2002, a number of "CuAAC" procedures have
been developed for making the synthesis of 1,2,3-
triazoles more efficient and environmentally
friendly, and mechanisms of ‘click' reactions have
matured [7]. In most of the "CuAAC" reactions,
the Cu (1) species is generated from CuSO, and
sodium ascorbate; however, the main problem with
this method is the requirement of a large quantity
of the metal catalyst, which makes its removal
difficult at the later stage [8]. Recently, significant
attention also has been paid to the use of copper
nanoparticles (CuNPs) as catalysts in "CuAAC"
reactions in the synthesis of 1,2,3-triazoles; howev-
er, most of these reactions require reductants, organ-
ic solvents and high loading of CuNPs [9-11].

Taking into account the great potential of
triazoles as valuable building blocks for drug de-
sign, the substitution of hydrogen for fluorine in
organic compounds is widely used to modify the
physical, chemical and biological characteristics of
such compounds [12-13]; however, fluorine-
containing triazoles have received much less atten-
tion so far [14]. Therefore, in the present work, we
wish to report a straightforward, practical proce-
dure for the three-component reaction of O-tosyl
carbohydrate derivatives, sodium azide and termi-
nal alkynes, catalyzed by copper nanoparticles.

2. EXPERIMENTAL PROCEDURE

2.1. General

Flash chromatography was performed using
silica gel (Merck, Kenilorth, NJ, USA; pore size 60
A, particle size 0.040-0.063 mm). All anhydrous
reactions were performed under nitrogen using
anhydrous solvents. NMR spectra were obtained
on a Bruker (Woodlands, TX, USA) AC 300 spec-
trometer operating at 300 MHz for 'H and at 75.47
MHz for **C. Melting points were determined on a
Buchi-510 (Kitmondo, USA) capillary melting
point apparatus. Chemical shifts are given in parts

per million relative to tetramethylsilane (TMS),
and the coupling constants (J values) are given in
hertz (Hz). The spectra were recorded using CDCl;
as the solvent at room temperature. Elemental
analysis was recorded on a Perkin—Elmer 240B
microanalyzer. Mass spectra were recorded on a
Finnigan LCQ DECA XP plus. TEM images were
recorded with a JEOL JEM 3010 instrument oper-
ated at an accelerating voltage of 300 kV.

2.2. Preparation of copper nanoparticles (CuNPs)

CuNPs were prepared according to previous-
ly published procedures [10] with some modifica-
tions. A 0.01 M solution of CuSO,-5H,0 in eth-
ylene glycol (3 ml) was mixed with 3 ml of an
ethylene glycol solution containing 0.005 M NaOH
and 0.015 M N,H4-H,O under magnetic stirring.
The mixture was reacted under microwave irradia-
tion at 100 W and ultrasound at 50 W for five
minutes, and turned from blue to brick red. The
mixture was cooled to room temperature, distilled
water was added, and the solution was filtered. The
resulting solid was repeatedly washed with dis-
tilled water, ethanol and acetone. The resulting
solid was placed in a vacuum oven, dried at 60 °C
for 2 hrs and used directly.

2.3. General procedure for the synthesis
of 1,2,3-triazoles

Sodium azide (0.6 mmol), tosyl-carbo-
hydrates (0.6 mmol) and 4-phenyl-3-prop-2-ynyl-
oxazolidin-2-one (0.5 mmol) were added into a
suspension of 0.025 mmol of CuNPs in methanol
(2 ml). The reaction mixture was stirred at room
temperature until completion, which was moni-
tored by TLC. Then the solution was filtered by
suction and the solvent was evaporated under re-
duced pressure. The residue was subjected to flash
column chromatography on silica gel to attain the
pure product.

(2'R, 4'R, 5'S, 5'R) Acetic acid 4,5-diacetoxy-6-[4-
(2-oxo0-5-phenyl-oxazolidin-3-ylmethyl)-[1,2,3]tri-
azol-1-ylmethyl]-tetrahydro-pyran-2-yl ester 4a

Yield (90 %), white solid. T,, = 179-180 °C, [a]*p
=55 (c 1, CH,CI,), Rf = 0.35 (cyclohexane/EtOAC
3:7). IR (KBr) vmax/cm™*: 1645 (triazole C=C);
1480 (triazole N=N); 1730 (C=0). NMR *H (400
MHz, CDCl,): & (ppm) 2.09 (s, 3H, CHy); 2.11 (s,
3H, CHy); 2.19 (s, 3H, CH3); 2.86 (m, 2H, H-3");
3.31 (s, 2H, NCH,); 3.41 (dd, 1H, J6'-6"a = 6.5,
J6"b-6"a = 13.0 Hz, H-6"a); 3.42 (dd, 1H, J6'-6"b
= 3.0 Hz, H-6"b); 3.77 (ddd, 1H, J5’-6' = 10.0 Hz,
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H-6); 4.12 (dd, 1H, J5a”-5b" = 7.8, J5"-4" = 8.7, H-
5b"), 4.47 (m, 1H, H-2"); 4.66 (t, 1H, J5"-4" = 8.7, H-
4"); 496 (dd, 1H, J5a"-5b" = 7.8, J5"-4" = 8.7, H-
5a”); 5.11 (dd, 1H, J4’-5' = 10.0 Hz, H-5); 5.41 (m,
1H, H-4%); 7.31-7.42 (m, 5H, Har); 7.70 (s, 1H, H-5).
NMR ®C (100.6 MHz, CDCL): & (ppm) 21.3
(CHg); 21.4 (CHy); 22.1 (CHg); 235 (C-2); 479
(CN); 69.1 (C-5"); 70.3 (C-5"); 73.3 (C-4"); 73.9 (C-
4'); 74.7 (C-6"); 88.3 (C-3'); 124.1 (C-4); 126.8 (C-
ar); 129.1 (C-ar); 129.9 (C-ar ); 136.1 (C-ar); 143.7
(C-5); 166.3 (CO); 170.1 (CO); 171.0 (CO); 171.4
(CO) HRMS Calcd for C24H28N409 516.1856.
Found: 516.1848. Elemental analysis: C,;H2sN4Oq
requires C, 55.81; H, 5.46; N, 10.85%; found C, C,
55.78; H, 5.44; N, 10.83%.

4"R, 2'R, 3'S, 4'S, 5'R) Acetic acid 2'5'-
diacetoxy-3'-fluoro-6-[4""-(2""-oxo0-4-phenyl-oxazo-
lidin-3""-ylmethyl)-[1,2,3]triazol-1-ylmethyl]-tetra-
hydro-pyran-4'-yl ester 4b

Yield (75 %), white solid. T, = 162-163 °C, [a]*p
= 37 (c 1, CH,Cl,), Rf = 0.4 (cyclohexane/EtOAC
3:7). IR (KBr) vmax/cm™: 1640 (triazole C=C);
1475 (triazole N=N); 1730 (C=0). NMR 'H (400
MHz, CDClIy): 6 (ppm) 2.12 (s, 3H, CHa); 2.14 (s,
3H, CHjy); 2.20 (s, 3H, CHs); 3.33 (s, 2H, NCHy);
3.43 (dd, 1H, J6'-6"a = 6.5, J6"b-6"a = 13.0 Hz, H-
6"a); 3.45 (dd, 1H, J6'-6"b = 3.0 Hz, H-6"b); 3.79
(ddd, 1H, J5-6' = 10.0 Hz, H-6'); 4.14 (dd, 1H,
J5a"-5b" = 7.8, J5"-4" = 8.7, H-5b"), 4.47 (ddd, 1H,
J2'-3" = 4.0, J3’-4' = 10.0, J3'-F = 53.0 Hz, H-3");
4.66 (t, 1H, J5"-4" = 8.7, H-4"); 4.96 (dd, 1H, J5a"-
5b" =7.8,J5"-4" = 8.7, H-5a"); 5.14 (dd, 1H, J4'-5'
=10.0 Hz, H-5'); 5.44 (ddd, 1H, J4'-F = 14.0 Hz, H-
4"); 5.86 (dd, 1H, J2'-F = 3.0 Hz, H-2"); 7.33-7.45
(m, 5H, Har); 7.75 (s, 1H, H-5). NMR *C (100.6
MHz, CDCl;): 6 (ppm) 21.2 (CHs); 21.6 (CHy);
22.3 (CHg); 47.7 (CN); 69.2 (d, J5'-F = 7 Hz, C-5');
70.1 (C-5"); 73.3 (C-4"); 73.7 (d, J4'-F = 20 Hz, C-
4'); 74.8 (C-6"); 88.7 (d, J3'-F = 196 Hz, C-3'); 91.5
(d, J2'-F = 23 Hz, C-2%); 124.3 (C-4); 127.1 (C-ar);
129.2 (C-ar); 129.6 (C-ar); 136.7 (C-ar); 144.2 (C-5);
166.1 (CO); 170.5 (CO); 171.2 (CO); 171.4 (CO).
NMR “F (235 MHz, CDCly): & (ppm) - 206.4.
HRMS Calcd for C,H»;FN,Og534.1762. Found:
534.1759. Elemental analysis: CyH,7FN4Og re-
quires C, 53.93; H, 5.09; N, 10.48%; found C,
53.90; H, 5.05; N, 10.43%.

(4"R, 2'S, 3'S, 4'S, 5'R) Acetic acid 2',5'-diacetoxy-
3'-fluoro-6-[4"-(2""-oxo0-4-phenyl-oxazolidin-3"'-
ylmethyl)-[1,2,3]triazol-1-ylmethyl]-tetrahydro-
pyran-4'-yl ester 4c

Yield (70 %), white solid. T,, = 156-166 °C, [a]*p
=41 (c 1, CH,CIy), Rf = 0.3 (cyclohexane/EtOAcC
3:7). IR (KBr) vmax/cm™: 1645 (triazole C=C);
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1475 (triazole N=N); 1735 (C=0). NMR *'H (400
MHz, CDCl3): & (ppm) 2.09 (s, 3H, CHy); 2.12 (s,
3H, CHy); 2.21 (s, 3H, CHy); 3.32 (s, 2H, NCH,);
3.44 (dd, 1H, J6'-6"a = 6.5, J6"b-6"a = 13.0 Hz, H-
6"a); 3.45 (dd, 1H, J6'-6"b = 3.0 Hz, H-6"b); 3.80
(ddd, 1H, J5-6' = 10.0 Hz, H-6"); 4.13 (dd, 1H,
J5a"-5b” = 7.8, J5"-4" = 8.7, H-5b"), 4.47 (ddd,
1H, J2'-3' = 8.0, J3’-4' = 10.0, J3’-F = 53.0 Hz, H-
3"); 4.67 (t, 1H, J5"-4" = 8.7, H-4"); 4.93 (dd, 1H,
J5a"-5b" = 7.8, J5"-4" = 8.7, H-5a"); 5.15 (dd, 1H,
J4'-5'=10.0 Hz, H-5"); 5.40 (ddd, 1H, J4'-F = 14.0
Hz, H-4'); 5.81 (dd, 1H, J2'-F = 3.0 Hz, H-2");
7.32-7.47 (m, 5H, Har); 7.71 (s, 1H, H-5). NMR
3C (100.6 MHz, CDCls): & (ppm) 21.1 (CHy);
21.3 (CHj3); 22.1 (CH3); 48.0 (CN); 68.9 (d, J5'-F =
7 Hz, C-5"); 70.1 (C-5"); 73.2 (C-4"); 73.5 (d, J4'-F
= 20 Hz, C-4"); 74.5 (C-6); 88.6 (d, J3'-F = 196
Hz, C-3"); 91.1 (d, J2'-F = 23 Hz, C-2'); 123.7 (C-
4); 126.5 (C-ar); 129.3 (C-ar); 129.6 (C-ar ); 136.5
(C-ar); 144.0 (C-5); 165.9 (CO); 171.0 (CO); 171.2
(CO); 171.3 (CO). NMR *F (235 MHz, CDCly):
d (ppm) - 206.6. HRMS Calcd for C,,HxFN4Oq
534.1762. Found: 534.1757. Elemental analysis:
Ca4H27FN4Og requires C, 53.93; H, 5.09; N,
10.48%; found C, 53.95; H, 5.11; N, 10.42%.

(4"R, 2'R, 3'S, 4'S, 5'R) Acetic acid 4,5-diacet-
oxy-3-fluoro-6-{2-[4-(2-ox0-4-phenyl-oxazolidin-
3-ylmethyl)-[1,2,3]triazol-1-yl]-ethoxymethyl}-
tetrahydro-pyran-2-yl ester 4d

Yield (85 %), white solid. T, = 174175 °C, [a]*p
=57 (c 1, CH,CI,), Rf = 0.35 (cyclohexane/EtOACc
3:7). IR (KBr) vmax/cm™: 1645 (triazole C=C);
1470 (triazole N=N); 1730 (C=0). NMR 'H (400
MHz, CDCl3): & (ppm) 2.10 (s, 3H, CHy); 2.15 (s,
3H, CHy); 2.21 (s, 3H, CHy); 3.34 (s, 2H, NCH,);
3.40 (dd, 2H, J7-8= 5.0 Hz, H-8); 3.44 (dd, 1H,
J6'-6"a = 6.5, J6"b-6"a = 13.0 Hz, H-6"a); 3.44
(dd, 1H, J6'-6"b = 3.0 Hz, H-6"b); 3.59 (dd, 2H,
J7-8 = 5.0 Hz, H-7); 3.79 (ddd, 1H, J5'-6' = 10.0
Hz, H-6"); 4.15 (dd, 1H, J5a"-5b" = 7.8, J5"-4" =
8.7, H-5b"), 4.45 (ddd, 1H, J2'-3" = 4.0, J3'-4'
10.0, J3'-F = 53.0 Hz, H-3'); 4.65 (t, 1H, J5"-4" =
8.7, H-4"); 4.94 (dd, 1H, J5a"-5b" = 7.8, J5"-4" =
8.7, H-5a"); 5.16 (dd, 1H, J4'-5’" = 10.0 Hz, H-5");
5.45 (ddd, 1H, J4'-F = 14.0 Hz, H-4"); 5.84 (dd,
1H, J2'-F = 3.0 Hz, H-2"); 7.31-7.44 (m, 5H, Har);
7.72 (s, 1H, H-5). NMR **C (100.6 MHz, CDCls):
& (ppm) 21.4 (CHs); 21.6 (CHy); 22.3 (CHy); 47.7
(CN); 50.8 (C-8); 69.4 (d, J5'-F = 7 Hz, C-5'); 70.2
(C-5"); 70.6 (C-7); 73.3 (C-4"); 73.8 (d, J4'-F = 20
Hz, C-4%); 74.7 (C-6"); 88.7 (d, J3'-F = 196 Hz, C-
3); 91.9 (d, J2'-F = 23 Hz, C-2'); 124.1 (C-4);
126.4 (C-ar); 128.9 (C-ar); 129.5 (C-ar ); 136.5 (C-
ar); 144.1 (C-5); 165.1 (CO); 170.7 (CO); 171.3
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(CO); 171.7 (CO). NMR "F (235 MHz, CDCly):
(ppm) - 206.7. HRMS Calcd for C25H31FN4010
578.2024. Found: 578.2021. Elemental analysis:
Ca6H3:FN4Oy requires C, 53.98; H, 5.40; N, 9.68%;
found C, 53.94; H, 5.36; N, 9.66%

(4"R, 2'S, 3'S, 4'S, 5'R) Acetic acid 4,5-di-
acetoxy-3-fluoro-6-{2-[4-(2-oxo0-4-phenyl-oxazo-
lidin-3-ylmethyl)-[1,2,3]triazol-1-yl]-ethoxyme-
thyl}-tetrahydro-pyran-2-yl ester 4d

Yield (90 %), white solid. T, = 191-192 °C, [a]*
= 44 (c 1, CH,Cl,), Rf = 0.4 (cyclohexane/EtOAC
3:7). IR (KBr) vmax/cm™: 1640 (triazole C=C);
1470 (triazole N=N); 1730 (C=0). NMR *H (400
MHz, CDCl3): & (ppm) 2.08 (s, 3H, CHa); 2.10 (s,
3H, CH,); 2.20 (s, 3H, CHy); 3.31 (s, 2H, NCH,);
3.43 (dd, 1H, J6'-6"a = 6.5, J6"b-6"a = 13.0 Hz, H-
6"a); 3.44 (dd, 1H, J6'-6"b = 3.0 Hz, H-6"b); 3.79
(ddd, 1H, J5'-6' = 10.0 Hz, H-6'); 4.12 (dd, 1H,
J5a"-5b” = 7.8, J5"-4" = 8.7, H-5b"), 4.45 (ddd,
1H, J2'-3' = 8.0, J3’-4' = 10.0, J3’-F = 53.0 Hz, H-
3'); 4.66 (t, 1H, J5"-4" = 8.7, H-4"); 4.92 (dd, 1H,
J5a"-5b" = 7.8, J5"-4" = 8.7, H-5a"); 5.14 (dd, 1H,
J4'-5"=10.0 Hz, H-5"); 5.39 (ddd, 1H, J4'-F = 14.0
Hz, H-4'); 5.79 (dd, 1H, J2'-F = 3.0 Hz, H-2");
7.35-7.49 (m, 5H, Har); 7.75 (s, 1H, H-5). NMR
BC (100.6 MHz, CDCly): & (ppm) 21.3 (CHy);
21.3 (CH3); 22.2 (CH3); 48.0 (CN); 68.7 (d, J5'-F =
7 Hz, C-5); 70.2 (C-5"); 73.3 (C-4"); 73.5 (d, J4'-F
= 20 Hz, C-4"); 74.6 (C-6"); 88.3 (d, J3'-F = 196
Hz, C-3"); 91.3 (d, J2'-F = 23 Hz, C-2'); 123.2 (C-
4); 127.1 (C-ar); 128.9 (C-ar); 129.3 (C-ar ); 136.3
(C-ar); 144.1 (C-5); 165.7 (CO); 171.1 (CO); 171.6
(CO); 171.4 (CO). NMR *F (235 MHz, CDCly):
d (ppm) - 206.7. HRMS Calcd for CysH3FN4O4p
578.2020. Found: 578.2024. Elemental analysis:
C26H31FN4010 requil’es C, 53.98; H, 5.40; N,
9.68%; found C, 53.90; H, 5.35; N, 9.64%

3. RESULTS AND DISCUSSION

Copper nanoparticles were prepared by re-
ducing copper sulfate pentahydrate with hydrazine
hydrate in ethylene glycol under combined of mi-
crowave irradiation (100 W) and ultrasound (50
W) at 120-125 °C for 5 min. This method provid-
ed stable CuNPs with a narrow particle size distri-
bution that can be kept for several months in air.
The copper nanoparticles were characterized by X-
ray diffraction (XRD) and transmission electron
microscopy (TEM) [15]. The powder X-ray dif-
fraction (XRD) studies of the precipitates showed
the presence of diffraction peaks located at 26 val-
ues of 43.6, 50.4 and 73.8 (Fig. 1A), which sug-
gested the formation of pure copper. Thus, XRD
studies confirm the formation of CuNPs. The TEM
image of CuNPs showed the presence of nano-
spheres. The resulting particle size was found to be
18 to 23 nm (Fig. 1B).

For our initial study, we chose (R)-4-phenyl-3-
prop-2-ynyl-oxazolidin-2-one 1, acetic acid 4,6-dia-
cetoxy-2-(toluene-4-sulfonyloxymethyl)-tetrahydro-
pyran-3-yl ester 2a and sodium azide 3 to optimize
the reaction conditions. The results are shown in
Table 1. We found that all of the Cu(l) and Cu(ll)
salts could effectively catalyze the click reaction of
(R)-4-phenyl-3-prop-2-ynyl-oxazolidin-2-one 1 and
acetic acid 4,6-diacetoxy-2-(toluene-4-sulfonyl-
oxymethyl)-tetrahydro-pyran-3-yl ester 2a to ob-
tain 1,2,3-triazole 4a exclusively in good yields in
methanol at room temperature (Table 1, entries 1
4). When CuNPs were used, an excellent yield
(90%) was achieved with the same amount of the
catalysts (5 mol %, Table 1, entry 5).
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Fig. 1. XRD pattern (A) and TEM images (B) of CuNPs
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Table 1

Screening of the catalyst for the three-component click reaction

OTs N j/\ \\/o

catalyst

0
A ' /
\\/N +  AcO o+ NaNg ——> , 5 Q P
/ \\ AcO CH3OH, rt AcO
z 3
Ph OAc
2a OAc
1
4a
Entry Catalyst Yield (%)
1 CuBr 40
2 CuCl 50
3 CuSO, 5H,0 70
4 CuO 65
52 CuNPs 90
6 CuNPs 85
7° CuNPs 80
2 Catalyst (0.05 mmol).
bCatalyst (0.03 mmol).
¢ Catalyst (0.01 mmol).
Table 2
Azide-alkyne cycloaddition catalyzed with CuNPs
AcOo R
OACOAc
o0,
0
o//< /// ~ CuNPs (5%)
+ NaN
\\/N + R OTs : CH30H rt
B 2b-e 3
Ph
1 'a
Ph
4b-e
Triazole n Yield (%)
4b 1 75
4c 1 70
4d 2 85
4e 2 90
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This illustrates that the particle size and sur-
face properties played an essential role in this
transformation. Next, we studied the loading of
CuNPs and the results showed that 5 mol % of
CuNPs is the optimized quantity (Table 1, entries
5, 6 and 7). This showed that steric hindrance of
the carbohydrate also has no significant effect on
the reaction [16].

Under the optimized conditions, different
carbohydrates were used in this click reaction and
an array of 1,4-disusbstituted 1,2,3-triazoles were
synthesized efficiently in good to excellent yields.
These results are presented in Table 2. The length
of the alkyl chain did not noticeably affect the
yield of the product (Table 2, entries 1, 5, and 9).
In all cases the cycloaddition was accomplished
with complete regioselectivity.

4. CONCLUSION

In conclusion, we have developed a simple
and highly efficient one-pot method to synthesize
complex 1,2,3-triazoles regioselectively from or-
ganic tosyl carbohydrates, terminal alkynes, and
sodium azide. The reactions were performed under
ambient conditions in methanol at room tempera-
ture, using CuNPs as catalysts.
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