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Catalyst loading and optimization study

For this, we first standardized the amount of complex [(PPh3z),Cu(u-tda)Cu(PPhs),].6H20O used in a prototype reaction, as
shown in Table S1. Compound 4a was formed in excellent yield in 18 hrs at room temperature at a low catalyst loading of 2
mol %. At 1 mol%, the product was isolated in 82 % yield (Table S1, entry 2). Further reducing the catalyst loading to 0.5
mol%, we were still able to achieve the click reaction, however, with somewhat reduced yield of 77% (Table S1, entry 3).
Therefore, using 2 mol % as the optimum catalyst concentration, we further optimized the time-period at room temperature
(Table S1, entries 5-9). The complex shows superb catalytic activity i.e. 2 mol % of catalyst 1 afforded 4a in excellent yield
(96 %) at room temperature, within 30 minutes (Table S1, entry 9). Interestingly, at the optimal catalyst loading of 2 mol %,
our complex was able to catalyse the cycloaddition even in the absence of a base. The reagents were totally converted into

product under base-free (Table S2, entry 12) as well as solvent-free conditions (Table S2, entry 13).
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Table S1
Entrya) Catalyst(mol%) Temp(°C) Time(h) Yield(%)b)
1 2 r.t. 18 97
2 1 r.t. 18 82
3 0.5 r.t. 18 77
4 0 r.t. 18 Trace
5 2 r.t. 7 97
6 2 r.t. 3 91
7 2 r.t. 2 97
8 2 r.t. 1 95
9 2 r.t. 0.5 96
10 ---C r.t. 0.5 93
11 - r.t. 0.5 89
12°¢ 2 r.t. 0.5 97
13 2 r.t. 0.5 96
148 2 r.t. 10 min 93

dMolar ratio: 2a (1 equiv.), 3a (1.2 equiv.), DIPEA (0.1 equiv.), DCM (2mL). ®Yields reported after purification by column
chromatography. 9Catalyst recovered from entry 1. “Catalyst recovered from entry 2 ®reaction without base. ? reaction

without solvent. 9 reaction in neat conditions.



Supplementary Information page 4 of 28

| - ]7
| JEOL Q

~=-- PROCESSING PARAMETERS ----

sexp( 0.2[Hz], 0.0(s] )

trapezoid( O[%], O[%], 80[%], 100(%] )
zerofill( 1 )

fft( 1, TRUE, TRUE )

machinephase
ppm

Spectrometer

7.255
7.248
7.242
7.225
7.209
7.194
7.181
7.148
5.833

X : parts per Million : Proton

5.825
5.102
5.083
4.683
4.660
4.612
4.605
4.563
4.557
4.544
4.538
4382
4.359

3.945

3.934
3.930

3.920
3.907
3.184
3.163
3.152
3.129
2.385

2.380
2.353
2.347

1.344

1

203
1.064

1.049

:

Dept of Chemistry

JNM-ECZ500R/S1

o~ Banaras Hindu University
o Filename = N-1-N3_1H-2.jdf
L Author = delta
o NMR Analyst:
& Dr.Nagendra Kumar
Mr.Shishir Kumar Singh
Field Strength = 11.7473579[T] (500 ([MHz])
Dim Title = Proton
Experiment = proton.j
Creation Time = 2-FEB-2017 17:59:04
Solvent = CHLOROFORM-D
Temp_Action = TEMP OFF
Temp_Get = 21[dC]
Temp_Set = 25[dC]
Temp_State = TEMP OFF
Temp_Status = TEMP OFF
X _Freq = 500.15991521 [MHz]
X_Sweep = 15.625[kHz]
=) <t gﬁm X Offset = 5.0[ppm]
= =3 BT~ X_Points = 16384
Li2) g X Acq Duration = 1.048576(s]
Scans = 16
g Relaxation Delay = 5[s]
e X _Angle = 45([deg]
Irr_Mode = Off
| E - S Irr_Freq = 500.15991521 [MHz]
= P J'o Irr_Domain = Proton
[t - — Irr Offset = 5.0([ppm]
- J 4
E=1
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Spectrum 1: 500 MHz 'H NMR of compound 4a
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Spectrum 2: 125 MHz **C NMR of compound 4a
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Spectrometer = JNM-ECZ500R/S1

Dept of Chemistry
Banaras Hindu University

Filename = N-2-N3_1B-2.jdf
Author = delta

NMR Analyst:

Dr.Nagendra Kumar

Mr.Shishir Kumar Singh

Field Strength = 11.7473579(T] (500([MHz])
Dim Title = Proton
Experiment = proton.jxp
Creation_ Time = 23-FEB-2017 18:25:33
Solvent = CHLOROFORM-D
Temp_Action = TEMP OFF
Temp_Get = 23.1[d4C]
Temp_Set = 25[dC]

Temp State = TEMP OFF
Temp_Status = TEMP OFF

X F = 500.15991521 [MHz]
X_Sweep = 15.625(kHz]

X Offset = 5.0 [ppm]

X _Points = 16384

X_Acq Duration = 1,048576[s]
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Spectrum 3: 500 MHz *H NMR of compound 4b
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Spectrum 4: 125 MHz **C NMR of compound 4b
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Spectrum 5: 500 MHz *H NMR of compound 4c
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Spectrum 6: 125 MHz **C NMR of compound 4c
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Spectrum 7: 500 MHz *H NMR of compound 4d
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Spectrum 8: 125 MHz **C NMR of compound 4d
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Spectrum 9: 500 MHz *H NMR of compound 4e
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Spectrum 10: 125 MHz *C NMR of compound 4e
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Spectrum 11: 500 MHz *H NMR of compound 4f
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Spectrum 12: 125 MHz **C NMR of compound 4f
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Spectrum 13: 500 MHz *H NMR of compound 4g
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Spectrum 14: 125 MHz *C NMR of compound 4g
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Banaras Hindu University
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Dr.Nagendra Kumar
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Dim Title = Carbonl3
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Spectrum 15: 500 MHz *H NMR of compound 4h
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Spectrum 17: 500 MHz *H NMR of compound 4i
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1-(Ethyl-[3°-O-benzyl-5°,6’-dideoxy-1,2°-O-isopropylidine]-g-L-ido-heptofuranurn-ate-5-

yl)-4-(phenyl-1"-yl)-1H-[1,2,3]-triazole (4a)

A solution of ethyl-[5-(S)-azido-3-O-benzyl-5,6-dideoxy-1,2-O-isopropylidene]-4-L-ido-
heptofuranurnate (100mg, 0.253 mmol), phenylacetylene (33ul, 0.306 mmol) and Cu-catalyst 1
(7mg, 5umol, 3.5¢/L) in dry CH,Cl, (2 mL) was stirred at room temperature for 30 min. The
reaction monitored by TLC. Upon completion, solvent was removed under reduced pressure to
obtain the crude product. It was purified by flash chromatography (ethyl acetate: hexane) to
afford triazole derivative (97%). White solid ; R = 0.4 (35% ethyl acetate/n-hexane); ‘H NMR
(500 MHz, CDCls): & 7.80 (s, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.30-7.14 (m, 8H), 5.83 (s, 1H),
5.10-5.56 (m, 1H), 4.67 (d, J = 11.5 Hz, 1H), 4.61 (d, J = 3.5 Hz, 1H), 4.56-4.53 (m, 1H), 4.37
(d, J = 11.5 Hz, 1H), 3.94-3.12 (m, 3H), 3.18-3.12 (m, 1H), 2.38-2.34 (m, 1H), 2.34 (5,3H), 1.20
(s,3H), 1.04 (t, J = 7.5 Hz, 3H) ; *C NMR (75 MHz, CDCls): § 169.5, 146.8, 136.5, 133.9,
133.8, 130.9, 129.3, 128.8, 128.7, 128.64, 128.61, 127.9, 125.7, 122.0, 112.3, 105.0, 81.7, 80.8,

80.7,71.7,61.0,57.4, 34.9, 26.8, 26.4,14.1 ppm.

1-(Ethyl-[3°-O-benzyl-5°,6’-dideoxy-1,2°-O-isopropylidine]-g-L-ido-heptofuranurn-ate-5-

yl)-4-(hexan-1"’-yl)-1H-[1,2,3]-triazole (4b)

A solution of ethyl-[5-(S)-azido-3-O-benzyl-5,6-dideoxy-1,2-O-isopropylidene]-A-L-ido-
heptofuranurnate (100mg, 0.253 mmol), 1-octyne (45ul, .306 mmol) in presence of Cu-catalyst 1
(7mg, 5umol, 3.5¢/L) in dry CH,CI, (2 mL) was stirred at room temperature for 30 min. The
reaction monitored by TLC. Upon completion, solvent was removed under reduced pressure to
obtain the crude product. It was purified by flash chromatography (ethyl acetate: hexane) to

afford triazole derivative (98%). White solid ; R; = 0.4 (35% ethyl acetate/n-hexane); *H NMR
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(500 MHz, CDCls): 6 7.29-7.25 (m, 6H), 5.83 (d, J = 3.5 Hz, 1H), 5.21-4.91(m, 1H), 4.68 (d, J =
11.0 Hz, 1H), 4.60-4.50 (m, 1H), 4.39 (d, J = 11.5 Hz, 1H), 3.95-3.91 (m, 3H), 3.14-3.07 (m,
1H), 2.60-2.38 (m, 2H), 2.38-2.34 (m, 1H), 1.57 (m, 2H), 1.36 (m, 3H), 1.27-1.20 (m, 10H),
1.08-1.05 (m,3H), 0.81-0.78 (m,3H); **C NMR (75 MHz, CDCls): § 169.6, 147.4, 136.5, 128.7,
128.5, 128.64, 128.2, 122.7, 112.2, 105.0, 81.6, 80.9, 80.8, 71.7, 60.9, 57.0, 35.1, 31.6, 29.2,

29.0, 26.8, 26.3, 25.7, 22.6, 14.1, 14.0 ppm.

1-(Ethyl-[3°-O-benzyl-5°,6’-dideoxy-1,2°-O-isopropylidine]-g-L-ido-heptofuranurn-ate-5-

yl)-4-(1°’-phenyl-methan-1"-yl)-1H-[1,2,3]-triazole (4c)

A solution of ethyl-[5-(S)-azido-3-O-benzyl-5,6-dideoxy-1,2-O-isopropylidene]-4-L-ido-
heptofuranurnate (100mg, 0.253 mmol), prop-2-yn-1-ylbenzene (43ul, 0.306 mmol) in presence
of Cu-catalyst 1 (7mg, Sumol, 3.5g/L) in dry CH,Cl, (2 mL) was stirred at room temperature for
30 min. The reaction monitored by TLC. Upon completion, solvent was removed under reduced
pressure to obtain the crude product. The crude reaction mixture was purified by flash
chromatography (ethyl acetate: hexane) to afford triazole derivative (94%). White solid; R = 0.4
(35% ethyl acetate/n-hexane); *H NMR (500 MHz, CDCls): § 7.25-7.10 (m, 11H), 5.78 (d, J =
4.5 Hz, 1H), 4.96-4.94 (m, 1H), 4.63 (d, J = 11.5 Hz, 1H), 4.58 (d, J = 4.0 Hz, 1H), 4.50-4.48 (m,
1H), 4.34 (d, J = 11.5 Hz, 1H), 3.96-3.87 (m, 3H), 3.10-3.05 (m, 1H), 2.35-2.31 (m, 1H), 2.31 (s,
3H), 1.20 (s, 3H), 1.0 (t, J = 6.5 Hz, 3H) ; *C NMR (125 MHz, CDCls): 6 169.5, 146.4, 139.1,
136.5, 133.9, 128.8, 128.7, 128.6, 128.5, 128.2, 126.3, 123.7, 112.2, 105.0, 81.6, 80.86, 80.81,

71.7,60.9, 57.1, 35.1, 32.3, 26.8, 26.3, 14.0 ppm.
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1-(Ethyl-[3°-O-benzyl-5°,6’-dideoxy-1,2°-O-isopropylidine]-#-L-ido-heptofuranurnate-5-

yl)-4-(toluene-1°"-yl)-1H-[1,2,3]-triazole (4d)

A solution of ethyl-[5-(S)-azido-3-O-benzyl-5,6-dideoxy-1,2-O-isopropylidene]-4-L-ido-
heptofuranurnate (100mg, 0.253 mmol) and 1-ethynyl-4-methylbenzene (38ul, 0.306 mmol) in
presence Cu-catalyst 1 (7mg, Sumol, 3.5g/L) in dry CH,CIl, (2 mL) was stirred at room
temperature for 30 min. The reaction was monitored by TLC. Upon completion, solvent was
removed under reduced pressure to obtain crude. The crude reaction mixture was purified by
flash chromatography (ethyl acetate: hexane) to afford triazole derivative (99%). oil ; R = 0.4
(35% ethyl acetate/n-hexane); *H NMR (500 MHz, CDCls): d 7.83 (s, 1H), 7.69 (d, J = 7.5 Hz,
2H), 7.36-7.32 (m, 5H), 7.18( d, J = 7.5 Hz, 2H), 5.91 (d, J = 4.0 Hz, 1H), 5.15- 4.97 (m, 1H),
4.76-4.61 (m, 3H), 4.43 (d, J = 11.5 Hz, 1H), 4.02-3.98 (m, 3H), 3.25-3.20 (m, 1H), 2.47-2.34
(m, 1H), 2.34 (s, 3H), 1.42 (s, 3H), 1.25 (s, 3H), 1.13 (t, J = 7.5 Hz, 3H) ; *C NMR (125 MHz,
CDCl3): 0 169.6, 146.8, 137.6, 136.5, 129.4, 128.8, 128.5, 128.3, 128.1, 125.6, 121.6, 112.3,

105.0, 81.7, 80.8, 80.7, 71.7, 61.0, 57.3, 35.0, 26.8, 26.3, 21.3, 14.1 ppm.

1-(Ethyl-[3°-O-benzyl-5°,6’-dideoxy-1,2°-O-isopropylidine]-g-L-ido-heptofuranurn-ate-5-

yl)-4-(octan-1"’-ol-8”’-yl)-1H-[1,2,3]-triazole (4e)

A solution of ethyl-[5-(S)-azido-3-O-benzyl-5,6-dideoxy-1,2-O-isopropylidene]-f-L-ido-
heptofuranurnate (100mg, 0.253 mmol), dec-9-yne-1-ol (54ul, 0.306 mmol) in presence of Cu-
catalyst 1 (7mg, Sumol, 3.5¢g/L) in dry CH,Cl, (2 mL) was stirred at room temperature for 30
min. The was reaction monitored by TLC. Upon completion, solvent was removed under reduced
pressure to obtain the crude product. It was purified by flash chromatography (ethyl acetate:

hexane) to afford triazole derivative 98%, White solid; R; = 0.4 (35% ethyl acetate/n-hexane); 'H
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NMR (500 MHz, CDCls): 6 7.33-7.28 (m, 6H), 5.86 (s, 1H), 5.05-5.01 (m, 1H), 4.71 (d, J = 11.0
Hz, 1H), 4.64 (d, J = 3.5 Hz, 1H), 4.56-4.53 (dd, J = 6.5,3.00 Hz, 1H), 4.32 (d, J = 11.5 Hz, 1H),
3.98-3.94 (m, 3H), 3.57 (t, J = 6.5 Hz, 2H), 3.15-3.12 (m, 1H), 2.62 (t, J = 7.5 Hz, 2H), 2.41-2.40
(m, 1H), 2.08 (bs, 1H), 1.60-1.59 (m,2H), 1.51-1.48 (m,2H), 1.39 (s,3H), 1.27-1.21(m,13H),
1.18-1.08 (m, 3H) ; *C NMR (75 MHz, CDCls): § 169.6, 147.2, 136.5, 128.7, 128.5, 128.2,
122.8, 112.2, 105.0, 81.6, 80.9, 80.8, 71.7, 62.8, 60.9, 57.0, 35.0, 32.8, 29.3, 2.18, 26.8, 26.4,

25.7, 25.6, 14.0 ppm.

1-(2,3,4,6-Tetra-O-acetyl-g-D-glucopyranosyl)-4-phenyl- [1,2,3]-triazole (4f)

A solution of 2,3,4,6-Tetra-O-acetyl-p-d-glucopyranosyl azide (100mg, 0.268 mmol),
phenylacetylene (33 pl, 0.322 mmol) in presence of Cu-catalyst 1 (7mg, Sumol, 3.5¢/L) in dry
CHCl; (2 mL) was stirred at room temperature for 30 min. The reaction was monitored by TLC.
Upon completion, solvent was removed under reduced pressure to obtain crude product. It was
purified by flash chromatography (ethyl acetate: hexane) to afford triazole derivative yield
(99%); oil, Rt = 0.5, (50% ethyl acetate/n-hexane); *H NMR (500 MHz, CDCls): & 8.00 (s, 1H),
7.81 (d, J = 6.5 Hz, 2H), 7.40 (t, J = 8.0 Hz, 2H), 7.38-7.31 (m, 1H), 5.93 (d, J = 10 Hz, 1H),
5.51 (t, J = 9.5 Hz, 1H), 5.42 (t, J = 9.5 Hz, 1H), 5.25 (t, J = 9.5Hz, 1H), 4.32-4.28 (m, 1H),
4.14-4.12 (m, 1H), 4.04-4.00(m, 1H), 2.05 (d, J = 6.5 Hz, 6H), 2.01 (s, 3H), 1.85 (s, 3H); **C
NMR (75 MHz, CDCl3): 6 170.6, 170.0, 169.4, 169.1, 148.5, 129.9, 128.9, 128.6, 125.9, 117.8,

85.8,75.2,72.8,70.2, 67.8, 61.6, 20.7, 20.62, 20.60 and 20.3 ppm.
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1'-(4-(((Phenylcarbamoyl)oxy)methyl)-1H-1,2,3-triazol-1-yl)-2,3,4,6-tetra-O-acetyl-a-d-

glucopyranose (49)

A solution of 2,3,4,6-Tetra-O-acetyl-B-d-glucopyranosyl azide (100mg, 0.268 mmol), Prop-2-
yn-1-yl phenylcarbamate (56mg, 0.322 mmol) in presence of Cu-catalyst 1 (7mg, Sumol, 3.5g/L)
in dry CH,Cl; (2 mL) was stirred at room temperature for 30 min. of The reaction was monitored
by TLC. Upon completion, solvent was removed under reduced pressure to obtain crude product.
This was purified by flash chromatography (ethyl acetate: hexane) to afford triazole derivative
(92%). Oil, Ry = 0.5, (60% ethyl acetate/n-hexane); *H NMR (300 MHz, CDCls): § 7.91 (s, 1H),
7.32 (d, J = 7.0 Hz, 2H), 7.24-7.19 (m, 2H), 7.05 (bs, 1H), 7.00-6.97 (m, 1H) 5.78 (d, J = 9.5Hz,
1H), 5.46 (m, 2H), 5.29-5.16 (m, 3H), 4.17- 4.02 (m, 3H), 2.13 (s, 3H), 2.00-1.92 (m, 6H), 1.78
(s, 3H); °C NMR (125 MHz, CDCls): § 170.4, 170.1, 169.9, 169.1, 153.2, 143.7, 137.7, 129.1,

123.7,122.7, 118.9, 86.3, 74.1, 70.8, 67.9, 66.9, 61.2, 57.8, 20.8, 20.7, 20.5 and 20.2 ppm.

1'-(4-((((4-bromophenyl)carbamoyl)oxy)methyl)-1H-1,2,3-triazol-1-yl)-2,3,4,6-tetra-O-

acetyl-a-D-glucopyranose (4h)

A solution of 2,3,4,6-Tetra-O-acetyl-B-d-glucopyranosyl azide (100mg, 0.268 mmol), Prop-2-
yn-1-yl (4-bromophenyl)carbamate (82mg, 0.322 mmol) in presence of Cu-catalyst 1 (7mg,
Sumol, 3.5g/L) in dry CH,CI, (2 mL) was stirred at room temperature for 30 min. The reaction
monitored by TLC. Upon completion, solvent was removed under reduced pressure to obtain
crude product. It was purified by flash chromatography (ethyl acetate: hexane) to afford triazole
derivative yield (94%); oil, R¢= 0.5, (50% ethyl acetate/n-hexane); *H NMR (500 MHz, CDCl5):
§ 7.90 (s, 1H), 7.35 (d, J = 8.5 Hz, 2H), 7.23-7.22 (m, 2H), 6.91 (bs, 1H), 5.77 (d, J = 9.5 Hz,

1H), 5.48-5.44 (m, 2H), 5.29 (d, J = 13.5Hz, 1H), 5.21-5.16 (m, 2H), 4.17-4.05 (m, 3H), 2.15 (s,
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3H), 1.97-1.94 (m, 6H), 1.80 (s, 3H): 3C NMR (75 MHz, CDCly): & 170.4, 170.0, 169.8, 169.1,
153.0, 143.5, 136.8, 132.1, 122.6, 120.4, 116.3, 86.4, 74.2, 70.7, 67.9, 66.8, 61.2, 58.0, 20.8,

20.7, 20.5 and 20.3 ppm.

Ethyl 1',2'-isopropylidine-3'-O-benzyl-5'-(4-((((4-bromophenyl)carbamoyl)oxy)methyl)-1H-

1,2,3-triazol-1-yl)-5'-deoxy-a-D-xylo-heptofuranuronoate (4i)

A solution of ethyl-[5-(S)-azido-3-O-benzyl-5,6-dideoxy-1,2-O-isopropylidene]-4-L-ido-
heptofuranurnate (100mg, 0.253 mmol), Prop-2-yn-1-yl (4-bromophenyl)carbamate (77mg,
0.306 mmol) in presence of Cu-catalyst 1(7mg, Sumol, 3.5¢/L) in dry CH,Cl, (2 mL) was stirred
at room temperature for 30 min. The reaction monitored by TLC. Upon completion, solvent was
removed under reduced pressure to obtain the crude product. It was purified by flash
chromatography (ethyl acetate: hexane) to afford triazole derivative 93%, Oil, R; = 0.5, (60%
ethyl acetate/n-hexane); *H NMR (300 MHz, CDCls): & 7.70 (s, 1H), 7.31-7.19 (m, 10H), 5.82
(d, J = 3.5 Hz, 1H), 5.21-5.16 (m, 2H), 5.04-5.03 (m, 1H), 4.68 (d, J = 11.0 Hz, 1H), 4.68 (d, J =
3.5 Hz, 1H), 4.51-4.49 (m, 1H), 4.38 (d, J = 11.5 Hz 1H), 3.93-3.89 (m, 3H), 3.12-3.07 (m, 1H),
2.35 (dd, J = 13.0, 3.0 Hz, 1H), 1.34 (s, 3H), 1.22-1.18 (s, 5H), 1.03 (t, J = 7.5 Hz, 3H); *C
NMR (75 MHz, CDCls3): 6 169.4, 153.2, 141.8, 137.2, 136.4, 131.9, 128.8, 128.6, 128.3, 126.2,

120.3, 115.8, 112.3, 105.0, 81.6, 80.7, 80.5, 71.7, 61.1, 58.1, 57.4, 34.9, 26.8, 26.3 and 14.0 ppm.
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Click reaction catalysed by CuOAc

At 2 mol % loading, the cycloaddition reached completion in 8 hrs. The experimental details are

as follows:

The reaction was carried out under Argon atmosphere and in dry DCM. A solution of ethyl-[5-
(S)-azido-3-O-benzyl-5,6-dideoxy-1,2-O-isopropylidene]-f-L-ido-heptofuranurnate (500 mg,
1.265 mmol), phenylacetylene (1.65ul, 1.53 mmol) and CuOAc (3mg, 25umol) in dry CH,Cl; (5
mL) was stirred at room temperature. The reaction was monitored by TLC . We found complete

conversion in about 8 hrs.
Click reaction in presence of Acetic acid

We also carried out our optimization reaction with Cu-catalyst 1 (2 mol%) and acetic acid (2
equiv.) in dry CH,Cl, (2 mL). It was found that addition of acetic acid slows down the reaction

and complete conversion occurs after 6 hours. The experimental details are as follows:

A solution of ethyl-[5-(S)-azido-3-O-benzyl-5,6-dideoxy-1,2-O-isopropylidene]-A-L-ido-
heptofuranurnate (100mg, 0.253 mmol), phenylacetylene (33ul, 0.306 mmol), Cu-catalyst 1
(7mg, Sumol) and acetic acid ( 29ul, 2equiv.) in dry CH,Cl, (2 mL) was stirred at room
temperature and reaction monitored by TLC . We found that complete disappearance of

starting material took about 6 hours.



