Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

Electronic Supplementary Information

Solvent-free one—pot synthesis of 1,2,3-triazole derivatives by
‘Click’ reaction of alkyl halides or aryl boronic acids, sodium azide
and terminal alkynes over Cu/Al,O3surface under ball-milling

Nirmalya Mukherjee, Sabir Ahammed, Sukalyan Bhadra and Brindaban C. Ranu*

Table of Contents

1. Characterization data of all known compounds listed in Table 2 and Table 4 2-3
2. 'H and *C NMR spectra of all the compounds mentioned in Table 2 4-19

3. 'H and *C NMR spectra of all the compounds mentioned in Table 4 20-26



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

Characterization data of all known compounds listed in Table 2 and Table 4
1-benzyl-4-(3-fluorophenyl)-1H-1,2,3-triazole (Table 2, entry 2)>2

White solid (87%); *H NMR (500 MHz, DMSO-ds) 5 5.64 (s, 2H), 7.12-7.15 (m, 2H), 7.29-7.39 (m, 5H), 7.44-7.48
(m, 1H), 7.63-7.69 (M, 2H), 8.71 (s, 1H); *°C NMR (125 MHz, DMSO-dg) & 53.0, 111.6, 11.8, 114.4, 114.6, 121.2,
122.2,127.9, 128.2, 130.9, 131.0, 133.0, 133.0, 135.8, 145.5, 161.6, 163.5.

1-benzyl-4-(4-bromophenyl)-1H-1,2,3-triazole (Table 2, entry 3)>"

White solid (90%); *H NMR (500 MHz, DMSO-ds) 5 5.65 (s, 2H), 7.36 (s, SH), 7.63 (s, 2H), 7.80 (s, 2H), 8.71 (s,
1H); ®C NMR (125 MHz, DMSO-dg) 8 53.7, 121.5, 122.6, 127.8, 128.6, 128.8, 129.4, 130.6, 132.5, 136.5, 146.2.

1-benzyl-4-(2-nitrophenyl)-1H-1,2 3-triazole (Table 2, entry 4)*°

White solid (94%) ; *H NMR (300 MHz, DMSO-dg) & 5.67 (s, 2H), 7.33-7.38 (m, 5H), 7.60-7.62 (m , 1H), 7.31 (d, J
= 12 Hz, 1H), 7.80 (t, J = 3 Hz, 1H), 7.88-7.91 (m, 1H), 8.60 (s, 1H); *C NMR (75 MHz, DMSO-ds), & 53.0, 123.4,
123.7,123.9, 127.9, 128.2, 128.8, 129.4, 130.3, 132.5, 135.8, 141.8, 148.1.

4-(1-benzyl-1H-1,2,3-triazol-4-yl) benzonitrile (Table 2, entry 5)**¢

White solid (87%); *H NMR (500 MHz, DMSO-ds) 5 5.66 (s, 2H), 7.31-7.38 (m, 5H), 7.87 (d, J = 5 Hz, 2H), 8.02
(d, J =10 Hz, 2H), 8.88 (d, J = 5 Hz, 1H); *C NMR (125 MHz, DMSO-d¢) & 53.7, 110.7, 119.4, 123.9, 126.3,
128.6, 129.8, 129.4, 133.6, 135.7, 136.3, 145.7.

1-benzyl-4-(4-methoxyphenyl)-1H-1,2,3-triazole (Table 2, entry 6)'*

White solid (86%); *H NMR (500 MHz, DMSO-dg) 8 3.75 (s, 3H), 5.58 (s, 2H), 6.94 (d, J = 10 Hz, 2H), 8.24 (s,
1H), 8.45 (s, 1H); *C NMR (125 MHz, DMSO-dg) 8 53.6, 55.7, 114.8, 121.0, 123.9, 127.1, 128.4, 128.7, 129.3,
136.6, 147.2, 159.6.

1-benzyl-4-(4-(thiophen-3-yl)phenyl)-1H-1,2,3-triazole (Table 2, entry 7)%¢

White solid (81%); *H NMR (500 MHz, DMSO-ds) & 5.63 (s, 2H), 7.32-7.39 (m, 5H), 7.50 (d, J = 5 Hz, 1H), 7.62
(t, 3 =3 Hz, 1H), 7.84 (d, J = 2 Hz, 1H), 8.48 (s, 1H); *C NMR (125 MHz, DMSO-ds) & 53.6, 121.5, 121.9, 126.4,
127.7,128.5, 128.8, 129.4.

1-benzyl-5-(4-(1-benzyl-1H-1,2,3-triazole-4-yl)phenyl)-1H-1,2 3-triazole (Table 2, entry 8)**

White solid (87%); *H NMR (500 MHz, DMSO-ds) 8 5.65 (s, 1H), 7.36 (s, 10H), 7.53 (s, 2H), 7.85 (s, 2H), 8.77 (s,
2H); 3C NMR (125 MHz, DMSO-dg) 5 53.0, 122.2, 125.6, 127.9, 128.1, 128.8, 131.0, 135.9, 145.8.

1-cyclohexyl-4-phenyl-1H-1,2,3-triazole (Table 2, entry 9)*

White solid (78%), *H NMR (500 MHz, CDCly) § 1.29-1.35 (m, 1H), 1.45-1.53 (m, 2H), 1.76-1.84 (m, 3H), 1.94-
1.96 (M, 2H), 2.26 (d, J = 15 Hz, 2H), 4.47-4.52 (m, 1H), 7.32 (t, J = 5 Hz, 1H), 7.41 (t, J = 10 Hz, 2H), 7.75 (s,1H),
7.82 (d, J =5 Hz, 2H); *C NMR (125 MHz, CDCly) § 12.3,25.3, 33.8, 60.3, 117.4, 125.8, 128.1, 128.9, 131.1.

Bis (4-phenyl-1H-1,2,3-triazol-1-yl) methane (Table 2, entry 10)**°

Ivory solid (80%), *H NMR (300 MHz, CDCl3) & 5.57 (s, 2H), 7.30-7.40 (m, 8H), 7.70 (s, 2H), 7.83 (s, 2H); **C
NMR (75 MHz, CDCl3) & 54.4, 126.2, 128.2, 128.4, 129.0, 129.3, 132.3.
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(1-benzyl-1H-1,2,3-triazol-4-yl) methanol (Table 2, entry 11)'2

White solid (85%), "H NMR (500 MHz, DMSO-d¢) & 4.48 (d, J = 4 Hz, 2H), 5.23 (s, 1H), 5.56 (s, 2H), 7.26-7.33
(m, 5H), 8.06 (s, 1H); **C NMR (125 MHz, DMSO-dg) & 52.7, 54.9, 123.0, 128.0, 128.0, 128.7, 136.1, 148.1.

1-benzyl-4-butyl-1H-1,2,3-triazole (Table 2, entry 12)*2

White solid (80%), "H NMR (500 MHz, CDCl5), § 0.82 (t, J = 7 Hz, 3H), 1.27 (g, J = 7 Hz, 2H), 1.54 (t, J = 7 Hz,
2H), 2.60 (t, J = 8 Hz, 2H), 5.40 (s, 2H), 7.15 (d, J = 7 Hz, 3H), 7.26 (q, J = 7 Hz, 3H); °C NMR (125 MHz, CDCl5)
§13.8,22.3,25.4,31.5, 54.0, 128.0, 128.6, 129.0, 135.0.

Ethyl 1-benzyl-1H-1,2,3-triazole-4-carboxylate (Table 2, entry 13)*'

White solid (88%), "H NMR (500 MHz, DMSO-dg) & 1.27 (t, J = 7 Hz, 3H), 4.28 (q, J = 7 Hz, 2H), 5.67 (s, 2H),
7.33-7.37 (m, 5H), 8.90 (s, 1H); *C NMR (125 MHz, DMSO-dg) 5 14.7, 53.6, 61.1, 128.6, 128.8, 129.3, 129.7,
139.5, 160.8.

1-cinnamyl-4-phenyl-1H-1,2,3-triazole (Table 2, entry 14)*¢

White solid (70%), *H NMR (500 MHz, DMSO-dg) & 5.27 (d, J = 6Hz, 2H), 6.54-6.58 (m, 1H), 6.71 (d, J = 16 Hz,
1H), 7.26-7.36 (m, 4H), 7.42-7.49 (m, 4H), 7.86 (d, J = 7.5 Hz, 2H), 8.63 (s, 1H); *C NMR (125 MHz, DMSO-dg) 5
51.5,121.3, 1235, 125.2, 126.6, 127.9, 128.2, 128. 7, 128.9, 133.8, 135.8.

1-(3-bromobenzyl)-4-phenyl-1H-1,2,3-triazole (Table 2, entry 15)%

White solid (92%), "H NMR (500 MHz, CDCl3) & 5.51 (s, 2H), 7.22-7.28 (m, 2H), 7.33 (t, = 6 Hz, 1H), 7.42 (t, J =
7.5 Hz, 2H), 7.47-7.51 (m, 2H), 7.71 (s, 1H), 7.82 (d, J = 7 Hz, 2H); *C NMR (125 MHz, CDCl5) § 53.5, 119.6,
123.3,125.9, 126.7, 128.4, 128.9, 130.5, 130.8, 131.1, 132.0, 137.0, 148.6.

1-(3-(trifluoromethyl)benzyl)-4-phenyl-1H-1,2,3-triazole (Table 2, entry 16)%*

_Ivory solid (91%), "H NMR (500 MHz, CDCly) § 5.78 (s, 2H), 7.32 (t, J = 7 Hz, 1H), 7.43 (t, J = 7.5 Hz, 2H), 7.64
(t, J =6 Hz, 2H), 7.71 (d, J = 6.5 Hz, 1H), 7.77 (s, 1H), 7.84 (d, J = 7.5 Hz, 2H), 8.73 (5, 1H); *C NMR (125 MHz,
DMSO-dg) 5 52.8, 122.4, 125.1, 125.5, 125.5, 125.7, 128.5, 129.4, 130.5, 131.1, 132.7, 137.9, 147.3.

4-phenyl-1-p-tolyl-1H-1,2,3-triazole (Table 4, entry 2)*f

White solid (90%), *H NMR (500 MHz, CDCly) § 2.43 (s, 3H), 7.33-7.38 (m, 3H), 7.45 (t, = 7.5 Hz, 2H), 7.66 (d,
J=8.5Hz, 2H), 7.90 (d, J = 7.5 Hz, 2H), 8.153 (s, 1H); *C NMR (125 MHz, CDCl5) § 21.2, 117.8, 120.6, 126.0,
128.5, 129.0, 130.4, 130.5, 135.0, 139.0, 148.4.
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FL2 1.00 g8
PL1Z 16.50. 48
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300 MHz, CDClg
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Entry 10, Table 2 ooy 1S
Pl $.26 ugec
75 MHZ! CDCI3 PLH1 34.00000000 W
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Entry 11, Table 2
500 MHz, DMSO-dg
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500 MHz, CDCly
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Entry 13, Table 2
500 MHz, DMSO-dg
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Entry 13, Table 2
125 MHz, DMSO-dg

—Gl.08
—— 821,62

e 14T

HRME HHLT=13C
ExPNO 1
PRGGHD 1
Date_ 10110728
Thme 14.19
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Entry 14, Table 2

500 MHz, DMSO-dg
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Entry 15, Table 2
500 MHz, CDClg
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Entry 15, Table 2 sFol 125, TT03643 Miiz
emsmmmms CHANNEL 2 msmssssnd
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Entry 16, Table 2
500 MHz, DMSO-dg
1 Jh_ l
T T T T T T T T L] L) T T L] T T L T
2.0 6.5 1.0 6.5 6.0 5.8 5.0 4.5 4.0 5.5 EN 2.5 z.0 1.5 1.0 0.5 0.0 pem
[ind
=
E‘ i
L HAME WL 3T-13EC
9 REZRIRENZAS o ZDREAES EXEHO }
e it S S B amasane
T GEGRRRERERAS @ FEEEaER Tate_ 20020105
Time 14.84
S = INSTA apect
PRORHD 5 mm DRBED BE-
FULEROG zgeg 30
™ 32768
BOLVENT CHE50
oS 431
OF 4
W 25761.504 He
FIDRES a.508Z6L He
a0 0.5805524 sec
(13 iz
o 16800 nmec
OE 6, 50 omes
N E 25B.3 H
N~ Bl 2_OHI0000 ses
N N pil 0.930M000 aec
o0 1
—
s=mmmmem CHENKEL £l ==cssm=s
KUCL 130
Fl .86 usec
CF FL1 0.5%0 &8
3 FLLW 02,16106415 W
P01 125, TTDIG43 MEz
I £2
CPDPRGE waltzlé
BUC E
FCRDE BO.00 usee|
45
Entry 16, Table 2 F',:ﬁ 20,00 B
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500 MHz, CDCl;

Entry 1, Table 4 a.
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n 2. 00040000 sec
B1l . 03040000 sec
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Entry 1, Table 4 ! T !
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PL2 1,00 HE
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Entry 2, Table 4
500 MHz, CDCl,
A L“ I.
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SOLVENT CDC13
NS 1024
Pd Ds 4
N/ . SWH 29761.904 Hz
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AQ 0.5505524 sec
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Entry 2, Table 4 bl 5.3 use
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Entry 3, Table 4
300 MHz, CDCly
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Entry 4, Table 4
500 MHz, CDCly
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Entry 5, Table 4
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Current Data Parametera
HAME ¥M-283-13C
REFHO 1
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Entry 5, Table 4 AQ 0.5087655 suc
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Entry 6, Table 4
300 MHz, CDCl;
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Entry 6, Table 4 pi1 0.03000000 zec
1
75 MHz, CDCI
’ 3 ‘CHA £1
apod 75 . 4753545 MHz
WUC1 13c
Pl .15 usec
PLIL 3400000000 W
vasmwes OHAHNEL f2 ssssssss
aF02 300.1313005 MHZ
W2 1%
CPOFRE (2 waltzld
FCRDZ - u
PLW2 &. 99040021 W
PLWLZ 0.17545000 W
FLW13 0.14211001 W
F2 - Proceesing
5T 32766
&F tOTB.AETTATY MHz
WDW L]
BER [

18 1.00 Wz
|| || | H Gh ]
PC 1.40
T

T T T T T T T
150 1dg 130 120 110 104 50 -] T4 &0 1] 40 EN 0 1% o ppm




Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

26

N=N
/
////A\\\\////;:::L// N ///
Entry 7, Table 4
500 MHz, CDCl3

i.011
0,996
0.5l

<

T T T T T T T T T T T T T T T
1.5 7.0 €.5 6.0 5.5 5.0 1.5 4.0 4.5 3.0 2.5 2.0 1. 1.0 B.5 0.0 ppm
F;F# kj kzl Efl tj
I ; i - .
o
- O A oh - o o - Ll
S e % - -
L A R TR Ll — End Ll
e Lt e o —
N N | e 292136
EXFRO 1
PROCHO 1
Date__ 20120910
Tame 17.249
THETHELM spect
FROBHD 5 mm PREBEC BA-
PULERCG zgpga3n
s JZTOE
SOLVENT CDCLE
HE 1024
o 4
N/N SWH. 28761.904 Ha
= FIDRES 0D.5%08281 H2
/ AQ 0.5505524 sac
\\\\ Pd /// AG az
/\/\/ el 16. 800 uses
CE B ST usec
TE 298.9 K
D1 2.00000000 sec
Entry 7, Table 4 T ¢.03000000 sec
125 MHz, CDCl, e CHANNE, 1 mmmemnn
HUCl 13C
Pl 9.8 umecs
ELL D.50 48
© PLLW B2.16106415 W
SFOL 125.7T03643 Mz
mnmssmss CHANHEL 2 ssmsosmes
CEDPRG2 waltzlé
WOCE 1H
BOED2 80.00 usec
FL2 1.00 &8
FL1Z 16.50 daB
FL13 20.00 &B
FLZW 15.50318E1F W
BL12W D.43ES3921 W
PLLIH 0.195173858 W
fiavied SO0, 1320005 MHz
5L IEIEY
SF 1Z5.7577718 MHz
WD - EM
F38 Q
1,00 He
GB a
(2= L.40
T T T T T T T T T T T T T T T T T
190 1a0 130 140 130 iz 110 100 g 850 T (14 S0 40 n 20 1o o ==




