Supporting Information
for

Ni nanoparticles on RGO as reusable heterogeneous
catalyst: effect of Ni particle size and intermediate
composite structures in C-=S cross-coupling
reaction

Debasish Sengupta*', Koushik Bhowmik*?, Goutam De and Basudeb Basu™
Address: ‘Department of Chemistry, University of North Bengal, Darjeeling 734013,
India. Fax: +91 353 2699001; Tel: +91 353 2776381 and *Nano-Structured Materials
Division, CSIR-Central Glass & Ceramic Research Institute, 196, Raja S. C. Mullick
Road, Jadavpur, Kolkata 700032, India. Fax: +91 33 24730957; Tel: +91 33

23223403.

Email: Goutam De’ - gde@cqcri.res.in; Basudeb Basu” - basu nbu@hotmail.com,

*Corresponding author

*These authors have contributed equally

Powder XRD patterns of Ni/RGO-20 and Ni/RGO-40; Table
showing comparative catalytic performance and effect of NP

sizes; *H and *C NMR spectral data for compounds 3a—p

S1


mailto:gde@cgcri.res.in
mailto:basu_nbu@hotmail.com

6000 20000
Ni (111)
(a) (b)
15000 |
4000 F RGO
= _ >
2 Ni (111) S 10000
2 f _
c = Ni (200)
= 2000 } -
5000 |-
Ni (200) RGO \
ok
o L L L L Il Il L L
20 30 40 50 60 70 20 30 40 50 60 70
20 20

Figure S1: P-XRD patterns of (a) Ni/fRGO-20 and (b) Ni/RGO-60.

Table S1:  Comparative Table showing catalytic performance and NP sizes.

Comparison of various heterogeneous nickel catalysts in C-S cross-coupling

reaction

Entry Ni-Catalyst Average Amount Temp Time Yield TOF Ref.
particle of Ni (°C) (h) (%) (h™)
size (mmol)
(nm)

1 Ni/RGO—40 11 0.15 100 2 93? 3.10 —~
2 After 1% cycle 12&4  0.15 100 2 93* 3.10 -

Ni/Ni(OH)»/RGO

3 Ni(OH),/RGO 13 0.15 100 2 822 2.73 -
(30 wt %)
4 NiO-ZrO, 7 0.078 80 24 89P 0.47 8§

4solated yield of (4—Methoxyphenyl)(phenyl)sulfane.
P|solated yield of (4—Chlorophenyl)(4—methoxyphenyl)sulfane.

8 Pal, N.; Bhaumik, A. Dalton Trans. 2012, 41, 9161-9169.
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NMR spectral data for compounds listed in Table 2
(4-Methoxyphenyl)(phenyl)sulfane (3a)*

Colourless liquid

'H NMR (CDCls, 300 MHz): d/ppm 3.82 (s, 3H, OCHs), 6.90 (dd, J = 2.1 and 6.6 Hz,
2H, ArH), 7.14-7.26 (m, 5H, ArH), 7.42 (dd, J = 2.1, 6.9 Hz, 2H, ArH); **C NMR
(CDCl3, 75 MHz): dlppm 55.3, 114.9, 124.1, 125.7, 128.1, 128.9, 135.3, 138.6, 159.7.
(3-Methoxyphenyl)(phenyl)sulfane (3b)?

Colourless liquid

'H NMR (CDCl3, 300 MHz): dppm 3.71 (s, 3H, OCHs), 6.75 (dd, J = 2.7 and 8.4 Hz,
1H, ArH), 6.85-6.91 (m, 2H, ArH), 7.14-7.37 (m, 6H, ArH); **C NMR (CDCls, 75 MHz):
dppm 55.1, 112.6, 115.8, 122.8, 127.1, 129.1, 129.8, 131.3, 135.2, 137.1, 159.9.
(2-Methoxyphenyl)(p—-tolyl)sulfane (3c)*

Colourless liquid

'H NMR (CDCls, 300 MHz): &/ppm 2.35 (s, 3H, CH3), 3.88 (s, 3H, OCHs), 6.80—6.88
(m, 2H, ArH), 6.94 (dd, J = 1.5 and 7.8 Hz, 1H, ArH), 7.13-7.20 (m, 3H, ArH), 7.31
(d, J = 8.1 Hz, 2H, ArH); **C NMR (CDCls, 75 MHz): &ppm 21.1, 55.8, 110.6, 121.2,
125.7,127.4, 129.7, 129.8, 130.1, 132.9, 137.7, 156.5.
(4-Fluorophenyl)(4-methoxyphenyl)sulfane (3d)?

Colourless liquid

'H NMR (CDCls, 300 MHz): &/ppm 3.80 (s, 3H, OCHs), 6.86-6.98 (m, 4H, ArH), 7.17-
7.22 (m, 2H, ArH), 7.34-7.37 (m, 2H, ArH); **C NMR (CDCls 75 MHz): dppm 55.3,
115.0, 116.0 (d, Jc.r = 21.8 Hz), 125.2, 131.0 (d, “Jcr = 7.9 Hz) , 133.1, 134.5,

159.6, 161.6 (d, 2Jc.r = 243.4 Hz).
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(4-Methoxyphenyl)(p-tolyl)sulfane (3e)*

Colourless liquid

'H NMR (CDCls, 300 MHz): dppm 2.29 (s, 3H, CHa), 3.79 (s, 3H, OCH,), 6.86 (d, J =
9.0 Hz, 2H, ArH), 7.05 (d, J = 8.1 Hz, 2H, ArH), 7.13 (d, J = 8.1 Hz, 2H, ArH), 7.35
(d, J = 9.0 Hz, 2H, ArH); *3C NMR (CDCl3, 75 MHz): dppm 20.9, 55.3, 114.8, 125.6,
129.3,129.7, 134.3, 136.1, 159.4.

(4-Methoxyphenyl)(2,5-dimethylphenyl)sulfane (3f)°

Colourless liquid

'H NMR (CDCls, 300 MHz): &/ppm 2.20 (s, 3H, CHs), 2.32 (s, 3H, CHa), 3.80 (s, 3H,
OCHs), 6.85-6.92 (m, 4H, ArH), 7.06 (d, J = 7.5 Hz, 1H, ArH), 7.29 (dd, J = 2.1 and
6.6 Hz, 2H, ArH); *C NMR (CDCls 75 MHz): dlppm 19.8, 20.9, 55.3, 114.9, 124.9,
127.2,130.1, 130.2, 133.9, 134.3, 136.0, 136.1, 159.2.
1-(4-(Phenylthio)phenyl)ethanone (3g)?

White solid, mp 62-63 (Lit. mp 63-64 °C)

'H NMR (CDCls, 300 MHz): dppm 2.52 (s, 3H, COCHa), 7.20 (d, J = 8.7 Hz, 2H,
ArH), 7.36-7.49 (m, 5H, ArH), 7.78-7.81 (m, 2H, ArH); **C NMR (CDCls 75 MHz):
dppm 26.3, 127.3, 128.6, 128.7, 129.5, 131.9, 133.7, 134.3, 144.7, 196.9.
(3-Nitrophenyl)(phenyl)sulfane (3h)°

Yellowish liquid

'H NMR (CDCls, 300 MHz): &/ppm 7.41-7.53 (m, 7H, ArH), 8.00-8.05 (m, 2H, ArH);
13C NMR (CDCl3, 75 MHz): dppm 120.9, 123.1, 128.9, 129.6, 129.8, 132.1, 133.4,
134.2, 140.6, 148.7.

(4-Chlorophenyl)(3-nitrophenyl)sulfane (3i)°

Yellow solid, mp 72-73 (Lit. mp 70-71 °C)
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'H NMR (CDCls, 300 MHz): dppm 7.36-7.51 (m, 6H, ArH), 8.03-8.06 (m, 2H, ArH);
13C NMR (CDCl3, 75 MHz): dlppm 121.3, 123.4, 129.8, 130.0, 130.8, 134.4, 134.5,
135.1, 139.7, 148.6.

(3-Bromophenyl)(p-tolyl)sulfane (3j)’

Colourless liquid

'H NMR (CDCls, 300 MHz): &/ppm 2.36 (s, 3H, CH3), 7.10-7.18 (m, 4H, ArH), 7.24—
7.28 (m, 1H, ArH), 7.32-7.35 (m, 3H, ArH); *C NMR (CDCls, 75 MHz): dppm 21.2,
122.9,127.2,129.0, 129.4, 130.2, 130.3, 131.1, 133.2, 138.5, 140.3.
(3-Chlorophenyl)(p-tolyl)sulfane (3k)®

Colourless liquid

'H NMR (CDCls, 300 MHz): dppm 2.36 (s, 3H, CHs), 7.07-7.19 (m, 6H, ArH), 7.34
(dd, J = 1.8 and 6.3 Hz, 2H, ArH); **C NMR (CDCl; 75 MHz): &ppm 21.2, 126.1,
126.7,128.3, 129.4, 129.9, 130.3, 133.3, 134.8, 138.6, 140.0.
(4-Methoxy-3-methylphenyl)(phenyl)sulfane (3I)

Colourless liquid

'H NMR (CDCls, 300 MHz): dppm 2.22 (s, 3H, CHs), 3.87 (s, 3H, OCHs), 6.85-7.35
(m, 8H, ArH); *C NMR (CDCl; 75 MHz): dppm 16.1, 55.4, 110.8, 123.6, 125.6,
128.1, 128.9, 132.9, 136.3, 138.9, 158.1.

1,2-Bis(p-tolylthio)benzene (3m)°

White solid, mp 76-77 °C (Lit mp. 75.5 °C)

'H NMR (CDCl3, 300 MHz): dppm 2.34 (s, 6H, CHa3), 7.04-7.05 (m, 4H, ArH), 7.13-
7.17 (m, 4H, ArH), 7.28-7.31 (m, 4H, ArH); 3C NMR (CDCl3, 75 MHz): dppm 21.1,

127.0, 130.1, 130.5, 132.5, 137.5, 137.8.
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1,3-Bis(p-tolylthio)benzene (3n)*

White solid, mp 84-85 °C

'H NMR (CDCls, 300 MHz): &/ppm 2.34 (s, 6H, CHs), 6.98-7.01 (m, 2H, ArH), 7.06—
7.13 (m, 6H, ArH), 7.27 (dd, J = 1.5 and 6.3 Hz, 4H, ArH); **C NMR (CDCl; 75 MHz):
Sdppm 21.1, 126.6, 129.0, 129.3, 130.1, 132.9, 138.0, 138.7.
(4-Methoxyphenyl)(pentyl)sulfane (30)*°

Colourless liquid

'H NMR (CDCls, 300 MHz): d/ppm 0.88 (t, J = 7.2 Hz, 3H, CH3), 1.26-1.40 (m, 4H,
CH,—CHy), 1.56-1.61 (m, 2H, CH,), 2.81 (m, 2H, S—CH,), 3.79 (s, 3H, OCHs), 6.83
(dd, J = 2.1 and 6.6 Hz, 2H, ArH), 7.33 (dd, J = 2.1 and 6.6 Hz, 2H, ArH); *C NMR
(CDCl3, 75 MHz): dppm 13.9, 22.2, 29.0, 30.8, 35.7, 55.3, 114.4, 126.9, 132.9,
158.6.

(3-Methoxyphenyl)(heptyl)sulfane (3p)

Colourless liquid

'H NMR (CDCls, 300 MHz): &§/ppm 0.85-0.90 (m, 3H, CHs), 1.26-1.68 (m, 10H, —
(CH2)s—, 2.91 (t, J = 7.2 Hz, 2H, S—CH,), 3.79 (s, 3H, OCHys), 6.696 (ddd, J = 0.9, 2.4
and 8.1 Hz, 1H, ArH), 6.85-6.91(m, 2H, ArH), 7.16-7.25 (m, 1H, ArH); *C NMR
(CDCl3, 75 MHz): dppm 14.0, 22.6, 28.8, 29.1, 31.3, 31.7, 33.3, 55.2, 111.2, 114.0,

120.8, 129.6, 138.5, 159.8.
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