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1. General experimental details

Melting points were recorded on a BUCHI 535. NMR spectra were obtained on a
Bruker AVANCE DMX500 spectrometer operating at 500 MHz or 400 MHz for
'H-NMR, 125 MHz or 100 MHz for >C-NMR in CDCl;. Chemicals were either
purchased or purified by standard techniques without special instructions. Chemical
shifts were quoted in parts per million (ppm) referenced to the appropriate solvent
peak or 0.0 ppm for tetramethylsilane. The following abbreviations were used to
describe peak splitting patterns when appropriate: s = singlet, d = doublet, t = triplet,
m = multiple. Coupling constants J, were reported in hertz unit (Hz). Chemical shifts
(in ppm) were referenced to tetramethylsilane (6 = 0 ppm) in CDClI; as an internal
standard. ?C NMR spectra were obtained by using the same NMR spectrometers and
chemical shifts were reported in ppm referenced to the center line of a triplet at 77.36
ppm of CDCl;.

Typical procedure for the reaction of 2-arylpyridine and benzyl cyanide: A 10
mL round-bottom flask was charged with 2-arylpyridine (0.5 mmol), benzyl cyanide
(0.75 mmol), CuBr (0.6 mmol), and DMF (2 mL). The reaction mixture was stirred at
130 °C (oil bath) for 18 h. After cooling to room temperature, the resultant mixture
was added to water (30 mL), extracted with DCM (3x5 mL), and dried over Na,SO,.
The dichloromethane was evaporated under reduced pressure and the residue was
purified by flash column chromatography on a silica gel to give the products.
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2. Optimization of the reaction conditions

Table S1 Optimization of the reaction conditions *

Catalyst
Sol vent, T

Entry  Catalyst 2a Solvent  Time Temp  3a/Yield 4a/Yield  Recovery of
(equiv) (equiv) () O (%" (%)° 1a (%)
1 Cul (1) + Pd(OAc), (0.1) 15 DMF 12 130 30 41 0
2 CuBr (1) + Pd(OAc), (0.1) 1.5 DMF 12 130 53 ND 40
3 CuCl (1) + Pd(OAc), (0.1) 1.5 DMF 12 130 32 ND 50
4 CuBr (1) 1.5 DMF 18 130 80 ND 0
5 Cu,0 (1) 1.5 DMF 18 130 68 ND 0
6 CuOTf (1) 1.5 DMF 18 130 0 ND >95
7 Cu(OAc), (1) 1.5 DMF 18 130 0 ND 0
8 CuBr, (1) 1.5 DMF 18 130 <5 ND >95
9 CuBr (0.5) 1.5 DMF 18 130 38 ND 51
10 CuBr (1.2) 1.5 DMF 18 130 83 ND 0
11 CuBr (1.5) 1.5 DMF 18 130 63 ND 0
12 CuBr () 1.5 DMF 18 130 31 ND 36
13 CuBr(1.2) 12 DMF 18 130 75 ND 0
14 CuBr (1.2) 2 DMF 18 130 58 ND 10
15 CuBr (1.2) 1.5 DMSO 18 130 55 ND 0
16 CuBr (1.2) 1.5 DME 18 130 <5 ND >95
17 CuBr (1.2) 1.5 Toluene 18 reflux 34 ND 50
18 CuBr (1.2) 1.5 NMP 18 130 72 ND 0
19 CuBr (1.2) 1.5 DMF 24 130 61 ND 0
20 CuBr (1.2) 1.5 DMF 36 130 42 30 0
21 CuBr (1.2) 1.5 DMF 18 100 61 ND <5
22 CuBr (1.2) 1.5 DMF 18 160 53 ND 0
23°¢ CuBr (1.2) 1.5 DMF 18 130 <5 ND >95
244 CuBr (1.2) 1.5 DMF 18 130 0 ND >95
25°¢ CuBr (1.2) 1.5 DMF 18 130 0 ND >95
26" CuBr (1.2) 1.5 DMF 18 130 0 ND >95
27¢ CuBr (1.2) 1.5 DMF 18 130 0 ND >95
28" CuBr (1.2) 1.5 DMF 18 130 0 ND >95

# Reaction conditions: 2-phenylpyridine 1a (0.5 mmol), solvent (2 mL), air. ° Isolated yield. ¢ Under O,. ¢ Addition of DDQ (0.5
mmol). ¢ Addition of t-BuOOH (0.5 mmol). " Under N,. & Addition of 1,10-Phen (0.5 mmol). " Addition of K,CO5 (1 mmol).
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2. Spectral data for substrates and products:
2-(p-tolyl)pyridine (1b)

in
|
N

colorless oil.

'H NMR (400 MHz, CDCls) & 8.68 (d, J = 4.7 Hz, 1H), 7.93 (d, J = 7.8 Hz, 2H), 7.63 (m, 2H),
7.28 (d, J=7.9 Hz, 2H), 7.13 (td, J=5.9, 3.7 Hz, 1H), 2.39 (s, 3H).

C NMR (100 MHz, CDCls) 8 157.06, 149.27, 138.62, 136.40, 136.29, 129.23, 126.50, 121.53,
119.93, 21.00.

2-(1,1'-biphenyl-4-yl)pyridine (1c) '

Q@
|
N

Ph

white solid, m.p. 142-143 °C.

'"H NMR (400 MHz, CDCL) § 8.75 (d, J = 4.7 Hz, 1H), 8.12 (d, J = 7.7 Hz, 2H), 7.7 (m, 4H),
7.69 (d, 1= 7.8 Hz, 2H), 7.49 (t, J = 7.5 Hz, 2H), 7.40 (t, I = 7.3 Hz, 1H), 7.26 (m, 1H).

BC NMR (100 MHz, CDCls3) & 157.01, 149.71, 141.70, 140.57, 138.26, 136.74, 128.82, 127.51,
127.44,127.29, 127.09, 122.09, 120.41.

2-(4-methoxyphenyl)pyridine (1d)

=
|
N
H,CO

colorless oil.

'H NMR (400 MHz, CDCL3) & 8.66 (d, J = 4.4 Hz, 1H), 7.97 (d, J = 8.7 Hz, 2H), 7.67 (m, 2H),
7.17-6.99 (m, 1H), 7.00 (d, J= 8.7 Hz, 2H), 3.85 (s, 3H).

C NMR (100 MHz, CDCl;) & 160.41, 157.03, 149.46, 136.56, 131.97, 128.09, 121.32, 119.69,
114.05, 55.25.

2-(4-chlorophenyl)pyridine (1e) >

Qﬁ
|
N

Cl

white solid, m.p. 44-45°C.

'H NMR (400 MHz, CDCl3) 6 8.69 (d, J = 4.4 Hz, 1H), 7.95 (d, J = 8.5 Hz, 2H), 7.78-7.73 (m,
1H), 7.70 (d, J = 7.9 Hz, 1H), 7.45 (d, J = 8.5 Hz, 2H), 7.25 (m, 1H).

BC NMR (100 MHz, CDCl;) & 156.16, 149.72, 137.76, 136.87, 135.08, 128.91, 128.15, 122.36,
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120.32.

2-(4-fluorophenyl)pyridine (1f)

=
|
N
F

white solid, m.p. 39-41°C.

'"H NMR (400 MHz, CDCl3) & 8.68 (d, J = 4.5 Hz, 1H), 7.99 (dd, J = 8.0, 5.7 Hz, 2H), 7.72 (t, J =
7.6 Hz, 1H), 7.66 (d, J = 7.9 Hz, 1H), 7.21 (m, 1H), 7.15 (¢, J = 8.5 Hz, 2H).

13C NMR (100 MHz, CDCly) 8 164.3 (d, Jor= 247 Hz), 156.3, 149.6, 136.7, 135.4 (d, Jo.p= 3.4
Hz), 128.6 (d, Jer= 8.7 Hz), 121.9, 120.1, 115.5 (d, Jcr = 21 Hz).

2-(4-(trifluoromethyl)phenyl)pyridine (1g) *

=
|
N
FsC

white solid, m.p.70-72 °C.

'"H NMR (400 MHz, CDCLy) & 8.72 (d, J = 4.5 Hz, 1H), 8.10 (d, J = 8.2 Hz, 2H), 7.75 (m, 4H),
7.27 (dd, J =8.4, 3.3 Hz, 1H).

13C NMR (100 MHz, CDCly) § 155.7, 149.8, 142.6, 136.9, 130.6 (q, Jo =32 Hz), 127.1, 125.5,
124.1 (q, Jer= 270 Hz), 122.9, 120.7.

4-(pyridin-2-yl)benzonitrile (1h)

/@/(j
o
N

NC

colorless oil

'H NMR (400 MHz, CDCL3) & 8.74 (d, J = 4.5 Hz, 1H), 8.12 (d, J = 8.2 Hz, 2H), 7.80 (m, 4H),
7.33(dd, J=6.4,5.5 Hz, 1H).

C NMR (100 MHz, CDCls) 8 155.09, 149.99, 143.39, 137.08, 132.51, 127.39, 123.32, 120.94,
118.80, 112.34.

2-(o-tolyl)pyridine (1i)

éfj
o
N

colorless oil

'H NMR (400 MHz, CDCl3) & 8.69 (d, J = 4.4 Hz, 1H), 7.72 (t, J = 7.7 Hz, 1H), 7.39 (d, J = 7.6
Hz, 2H), 7.25 (m, 4H), 2.36 (s, 3H).

C NMR (100 MHz, CDCls) 8 160.06, 149.19, 140.44, 136.10, 135.74, 130.72, 129.61, 128.25,
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125.86, 124.08, 121.60, 20.26.

2-(m-tolyl)pyridine (1j)
=

NS

N

colorless oil

'H NMR (400 MHz, CDCl3) & 8.71 (d, J = 4.7 Hz, 1H), 7.86 (s, 1H), 7.76 (m, 3H), 7.39 (t,J = 7.6
Hz, 1H), 7.24 (m, 2H), 2.46 (s, 3H).

C NMR (100 MHz, CDCls) 8 157.64, 149.60, 139.34, 138.46, 136.76, 129.75, 128.66, 127.67,
124.01, 122.05, 120.68, 21.55.

2-(3,5-dimethylphenyl)pyridine (1k)
=

NS

N

colorless oil

'H NMR (400 MHz, CDCl;) & 8.70 (d, J = 4.7 Hz, 1H), 7.70 (d, J = 3.6 Hz, 2H), 7.64 (s, 2H),
7.19 (dd, J =8.5,4.5 Hz, 1H), 7.07 (s, 1H), 2.41 (s, 6H).

C NMR (100 MHz, CDCls) 8 156.06, 149.78, 143.55, 137.77, 136.66, 134.78, 130.59, 128.49,
124.53,123.10, 118.20, 112.62, 20.05.

5-methyl-2-phenylpyridine (1I)
=

NS

N

colorless oil

'H NMR (400 MHz, CDCl;) & 8.54 (s, 1H), 8.00 (d, J = 7.5 Hz, 2H), 7.61 (d, J = 8.1 Hz, 1H),
7.49 (m, 3H), 7.40 (t, J = 7.3 Hz, 1H), 2.35 (s, 3H).

C NMR (100 MHz, CDCls) & 154.48, 149.83, 139.17, 137.07, 131.35, 128.48, 128.38, 126.46,
119.77, 17.90.

2-(naphthalen-1-yl)pyridine (1m)

colorless oil
"H NMR (400 MHz, CDCl;) 6 8.85 (d, J=4.7 Hz, 1H), 8.18 (d, J = 7.6 Hz, 1H), 7.96 (d, J = 8.4
Hz, 2H), 7.81 (dd, J = 10.7, 4.6 Hz, 1H), 7.66 (d, J = 7.0 Hz, 1H), 7.60 (m, 2H), 7.53 (dd, J= 9.5,
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5.3 Hz, 2H), 7.33 (m, 1H).
13C NMR (100 MHz, CDCLy) & 159.04, 149.35, 138.33, 136.26, 133.77, 130.98, 128.75, 128.22,
127.34, 126.35, 125.73, 125.45, 125.16, 124.89, 121.87.

2-(naphthalen-2-yl)pyridine (1n)
=

NS
Seh

colorless oil

'H NMR (400 MHz, CDCl3) & 8.78 (d, J = 4.6 Hz, 1H), 8.53 (s, 1H), 8.18 (d, J = 8.6 Hz, 1H),
7.97 (m, 2H), 7.90 (m, 1H), 7.85 (d, J = 7.9 Hz, 1H), 7.74 (m, 1H), 7.54 (m, 2H), 7.24 (m, 1H).
C NMR (100 MHz, CDCls) 8 157.13, 149.65, 136.72, 136.54, 133.53, 133.41, 128.64, 128.38,
127.59, 126.44, 126.22, 124.46, 122.07, 120.70.

2-phenylpyrimidine (10)

@xﬂ

colorless oil

'H NMR (400 MHz, CDCl3) 6 8.79 (d, J = 4.8 Hz, 2H), 8.47 (dd, J = 6.6, 3.0 Hz, 2H), 7.51 (m,
3H), 7.15 (t, J=4.8 Hz, 1H).

C NMR (100 MHz, CDCl;) 5 164.63, 157.16, 137.49, 130.72, 128.55, 128.07, 119.02.

2,6-diphenylpyridine (2s) *
=~

|
OO
white solid, m. P. 79-80 °C.
"H NMR (400 MHz, CDCl3) & 8.22 (d, J = 8.0 Hz, 4H), 7.83 (m, 1H), 7.73 (d, J = 7.8 Hz, 2H),
7.56 (t,J=7.5 Hz, 4H), 7.49 (dd, J = 10.6, 3.8 Hz, 2H).

C NMR (100 MHz, CDCl3) & 156.75, 139.43, 137.48, 128.97, 128.68, 126.97, 118.62, 77.36,
77.04, 76.73.

2-methyl-6-phenylpyridine (2t)
=

NS

N

colorless oil
"H NMR (400 MHz, CDCl;) 6 8.01 (d, J = 7.3 Hz, 2H), 7.65 (t, J = 7.7 Hz, 1H), 7.51 (m, 3H),
7.42 (t,J=7.2Hz, 1H), 7.11 (d, J= 7.6 Hz, 1H), 2.66 (s, 3H).

S7



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

C NMR (100 MHz, CDCly) & 158.27, 156.88, 139.70, 136.82, 128.62, 126.94, 121.54, 117.56,
24.70.

2-methoxy-6-phenylpyridine (2u)
=

S
N~ OCH;

colorless oil

'H NMR (400 MHz, CDCl;) & 8.10 (d, J = 8.2 Hz, 2H), 7.66 (t, J = 7.8 Hz, 1H), 7.51 (t, J = 7.7
Hz, 2H), 7.44 (dd, J = 10.6, 3.8 Hz, 1H), 7.38 (d, J= 7.4 Hz, 1H), 6.74 (d, J= 8.2 Hz, 1H).

C NMR (100 MHz, CDCl;) & 163.70, 154.60, 139.13, 139.02, 128.81, 128.58, 126.66, 112.74,
109.21, 53.16.

2-(anthracen-9-yl)pyridine (2v) °
| X
_N

white solid, m. p. 165-167 °C.

'"H NMR (400 MHz, CDCly) & 8.96 (d, J = 4.8 Hz, 1H), 8.58 (s, 1H), 8.09 (d, J = 8.4 Hz, 2H), 7.92
(dd, J =11.0, 4.2 Hz, 1H), 7.65 (d, J = 8.8 Hz, 2H), 7.55 (d, J = 7.7 Hz, 1H), 7.46 (ddd, J = 22.9,
15.3, 7.2 Hz, 5H).

BC NMR (100 MHz, CDCl;) & 158.13, 149.98, 136.20, 134.99, 131.29, 129.95, 128.41, 127.52,
126.74, 125.91, 125.81, 125.05, 122.28.

2-(pyridin-2-yl)benzonitrile (3a)

colorless oil

'"H NMR (400 MHz, CDCl3) 6 8.77 (d, J = 4.7 Hz, 1H), 7.85-7.76 (m, 4H), 7.71-7.67 (dd, J = 8.0,
4.4 Hz, 1H), 7.50 (m, 1H), 7.37-7.34(m, 1H).

C NMR (100 MHz, CDCls) & 155.18, 149.86, 143.39, 136.80, 134.07, 132.79, 129.91, 128.71,
123.29,123.18, 118.64, 110.98.

2-(pyridin-2-yl)isophthalonitrile (4)
CN ¢ |
N

CN
white solid, m. p. 141-142 °C.
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'"H NMR (400 MHz, CDCL;) & 8.86 (d, J = 3.9 Hz, 1H), 8.02 (d, J = 7.9 Hz, 2H), 7.94 (td, J = 7.8,
1.4 Hz, 1H), 7.75 (d, = 7.8 Hz, 1H), 7.66 (dd, J = 7.9 Hz, 1H), 7.50 (dd, J = 7.1, 5.2 Hz, 1H).

3C NMR (100 MHz, CDCls) § 152.17, 150.31, 146.97, 137.31, 137.10, 129.34, 124.76, 124.57,
116.50, 114.20, 77.36, 77.11, 76.85.

HRMS (EI) Caled. for [C13H7N3] ([M]) : 205.0640, found: 205.0636.

5-methyl-2-(pyridin-2-yl)benzonitrile (3b) *

=
|
N
CN

white solid, m. p. 61-62 °C.

'"H NMR (400 MHz, CDCL3) & 8.77 (d, J = 4.4 Hz, 1H), 7.83 (dd, J = 10.8, 4.5 Hz, 1H), 7.76 (m,
2H), 7.61 (s, 1H), 7.50 (d, J = 8.0 Hz, 1H), 7.34 (dd, J = 6.6, 5.5 Hz, 1H), 2.44 (s, 3H).

13C NMR (100 MHz, CDCLy) & 155.16, 149.78, 140.61, 139.05, 136.75, 134.39, 133.72, 129.79,
123.05, 123.03, 118.88, 110.65, 20.82.

4-(pyridin-2-yl)-(1,1'-biphenyl)-3-carbonitrile (3c)

J@f@
o
N
Ph CN

colorless oil

'"H NMR (400 MHz, CDCl3) & 8.81 (s, 1H), 8.03 (d, ] = 1.4 Hz, 1H), 7.93 (q, ] = 8.1 Hz, 2H), 7.86
(s, 2H), 7.64 (d,J =7.2 Hz, 2H), 7.51 (t, J = 7.4 Hz, 2H), 7.44 (t, ] = 7.3 Hz, 1H), 7.38 (s, 1H)..
C NMR (100 MHz, CDCls) 8 154.93, 150.00, 141.95, 138.36, 136.89, 132.64, 131.43, 130.49,
129.21, 128.58, 127.07, 123.38, 123.19, 118.84, 111.49.

5-methoxy-2-(pyridin-2-yl)benzonitrile (3d) *

~
|
N
H,CO CN

white solid, m. p. 102-103 °C.

'H NMR (400 MHz, CDCL3) 5 8.75 (d, J = 4.5 Hz, 1H), 7.80 (m, 3H), 7.31 (dd, J = 11.7, 5.6 Hz,
1H), 7.28 (d, J = 2.5 Hz, 1H), 7.22 (dd, J = 8.7, 2.5 Hz, 1H), 3.89 (s, 3H).

BC NMR (100 MHz, CDCls) & 159.61, 155.05, 149.85, 136.84, 136.10, 131.43, 122.93, 122.89,
119.47, 118.73, 118.56, 111.80, 55.82.

5-chloro-2-(pyridin-2-yl)benzonitrile (3e) *

gﬁ@
|
N
Cl CN
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white solid, m. p. 166-167 °C.

'"H NMR (400 MHz, CDCls) & 8.78 (d, J = 4.7 Hz, 1H), 7.82 (m, 4H), 7.67 (dd, J = 8.5, 2.0 Hz,
1H), 7.38 (m, 1H).

3C NMR (100 MHz, CDCls) & 154.14, 150.10, 141.88, 137.03, 134.99, 133.66, 133.24, 131.36,
123.67, 123.14, 117.51, 112.46.

5-fluoro-2-(pyridin-2-yl)benzonitrile (3f) *
Z
|

N

F CN

white solid, m. p. 130-131 °C.

'"H NMR (400 MHz, CDCls) § 8.76 (d, J = 4.4 Hz, 1H), 7.84 (dt, J = 7.6, 5.5 Hz, 2H), 7.75 (d, J =
7.9 Hz, 1H), 7.49 (dd, J = 8.0, 2.4 Hz, 1H), 7.39 (m, 2H).

3C NMR (100 MHz, CDCl3) 8 161.9 (d, Jor = 252 Hz), 154.1, 149.9, 139.8 (d, Jer= 3.4 Hz),
136.9, 132.1 (d, Jer= 8 Hz), 123.3, 123.0, 120.6 (d, Jer = 25 Hz), 120.4 (d, Jor= 22 Hz), 117.4,
112.3 (d, Jor = 10 Hz).

2-(pyridin-2-yl)-5-(trifluoromethyl)benzonitrile (3g)
=

NS

N

FoC CN

white solid, m. p. 58-59 °C.

'"H NMR (400 MHz, CDCl3) § 8.82 (d, J = 4.7 Hz, 1H), 8.08 (s, 1H), 8.03 (d, J = 8.2 Hz, 1H),
7.95 (d, J = 8.3 Hz, 1H), 7.90 (t, J = 7.2 Hz, 1H), 7.85 (d, J = 7.4 Hz, 1H), 7.44 (m, 1H).

BC NMR (100 MHz, CDCls) 6 153.8, 150.3, 146.6, 137.1, 131.4 (q, Jc.r=26 Hz), 131.1 (q, Jcr=
3.4 Hz), 130.8, 129.5 (q, Jer= 2.6 Hz), 124.1, 123.4, 123.0 (q, Jor = 217 Hz), 117.4, 112.0.
HRMS (EI) Caled. for [C13H,N,Fs] ([M]) : 248.0561, found: 248.0561.

4-(pyridin-2-yl)isophthalonitrile (3h) *
4

NS

N

NC CN

white solid, m. p. 155-156 °C.

'"H NMR (400 MHz, CDCl5)  8.80 (s, 1H), 8.07 (s, 1H), 8.01 (d, J = 8.2 Hz, 1H), 7.94 (d, J = 8.1
Hz, 1H), 7.88 (m, 2H), 7.43 (s, 1H).

BC NMR (100 MHz, CDCls) & 153.28, 150.39, 147.07, 137.52, 137.26, 135.82, 131.06, 124.49,
123.45,116.75, 116.68, 113.33, 112.59.

3-methyl-2-(pyridin-2-yl)benzonitrile (3i)
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colorless oil

'H NMR (400 MHz, CDCLy) & 8.77 (d, J = 4.4 Hz, 1H), 7.85 (td, J = 7.7, 1.7 Hz, 1H), 7.61 (d, J =
7.6 Hz, 1H), 7.52 (d, J="7.7 Hz, 1H), 7.39 (m, 3H), 2.24 (s, 3H).

C NMR (100 MHz, CDCls) 8 156.06, 149.78, 143.55, 137.77, 136.66, 134.78, 130.59, 128.49,
124.53,123.10, 118.20, 112.62, 20.05.

4-methyl-2-(pyridin-2-yl)benzonitrile (3j)

colorless oil

'"H NMR (400 MHz, CDCl5) & 8.60 (s, 1H), 7.80 (dd, J = 16.1, 7.8 Hz, 2H), 7.66 (dd, J = 18.5, 8.0
Hz, 3H), 7.48 (t,J = 7.6 Hz, 1H), 2.41 (s, 3H).

C NMR (100 MHz, CDCls) 8 155.19, 149.73, 143.74, 143.15, 136.68, 133.85, 130.57, 129.45,
123.17,123.14, 118.87, 107.80, 21.68.

2,4-dimethyl-6-(pyridin-2-yl)benzonitrile (3Kk)

light yellow oil

'H NMR (400 MHz, CDCl3) & 8.73 (d, J = 3.3 Hz, 1H), 7.77 (m, 2H), 7.40 (s, 1H), 7.31 (m, 1H),
7.17 (s, 1H), 2.57 (t, J = 4.2 Hz, 3H), 2.40 (t, J = 4.2 Hz, 3H).

C NMR (100 MHz, CDCly) & 155.81, 149.61, 143.78, 143.03, 143.01, 136.58, 130.75, 128.03,
123.32, 123.01, 117.73, 108.34, 21.54, 20.80.

2-(5-methylpyridin-2-yl)benzonitrile (31)
=

NS

N
CN

colorless oil

'H NMR (400 MHz, CDCl5) & 8.54 (s, 1H), 7.75 (dd, J = 15.6, 7.8 Hz, 2H), 7.60 (dd, J = 18.4, 8.2
Hz, 3H), 7.42 (t, J =7.6 Hz, 1H).

C NMR (100 MHz, CDCls) 8 152.46, 150.38, 143.52, 137.28, 134.04, 133.14, 132.79, 129.79,
128.44,122.68, 118.84, 110.88, 18.27.

S11



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

1-(pyridin-2-yl)-2-naphthonitrile (3m) °

CN
white solid, m. p. 156-157 °C.

'"H NMR (400 MHz, CDCl5) § 8.84 (d, J = 4.5 Hz, 1H), 7.91 (m, 3H), 7.69 (m, 2H), 7.60 (dd, J =
14.4,7.2 Hz, 2H), 7.50 (t, J= 7.7 Hz, 1H), 7.43 (dd, J= 7.5, 5.0 Hz, 1H).

BC NMR (100 MHz, CDCl;) & 155.23, 149.96, 144.41, 136.72, 134.97, 131.10, 129.38, 128.73,
128.27, 127.87, 126.76, 126.67, 125.60, 123.47, 118.49, 109.69.

2-(pyridin-2-yl)naphthalene-1,3-dicarbonitrile (4b)
CN = |
NS
L,
CN
white solid, m. p. 201-202 °C.
'H NMR (400 MHz, CDCl3) & 8.91 (d, J = 4.4 Hz, 1H), 8.58 (s, 1H), 8.42 (d, J = 8.4 Hz, 1H),
8.06 (d, J = 8.2 Hz, 1H), 7.95 (dt, J=16.7, 7.7 Hz, 2H), 7.81 (dd, J = 14.9, 7.4 Hz, 2H), 7.52 (dd,
J=17.5,5.0 Hz, 1H).
C NMR (100 MHz, CDCls) 8 152.93, 150.34, 144.20, 139.77, 137.08, 133.78, 132.22, 131.40,

129.51, 129.11, 126.14, 125.01, 124.63, 116.94, 115.56, 111.72, 110.57, 77.36, 77.11, 76.85.
HRMS (EI) Caled. for [C17HsN3] ([M]7) : 255.0796, found: 255.0803.

2-(pyrimidin-2-yl)benzonitrile (30) °

N;j

~ |

N
CN

white solid, m. p. 136-137 °C.

'"H NMR (400 MHz, CDCl3) § 8.92 (d, J = 4.0 Hz, 2H), 8.36 (d, J = 7.9 Hz, 1H), 7.85 (d, J = 7.7
Hz, 1H), 7.71 (t, 3 = 7.7 Hz, 1H), 7.57 (t, = 7.5 Hz, 1H), 7.33 (m, 1H).

13C NMR (100 MHz, CDCLy) § 162.72, 157.29, 140.21, 134.98, 132.52, 130.36, 130.17, 120.11,
118.88, 111.70.

2-(1H-pyrazol-1-yl)benzonitrile (3p)
L,
CN

colorless oil

'H NMR (400 MHz, CDCL3) & 8.14 (d, J = 2.4 Hz, 1H), 7.79 (m, 3H), 7.71 (td, J = 8.0, 1.1 Hz,
1H), 7.43 (t, J=7.7 Hz, 1H), 6.55 (m, 1H).

3C NMR (100 MHz, CDCls) & 142.17, 141.90, 134.39, 133.95, 129.46, 127.19, 124.17, 116.94,
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108.42, 105.24.

2-(3-methyl-1H-pyrazol-1-yl)benzonitrile (3q)

=y
S

CN
colorless oil
'"H NMR (400 MHz, CDCl5) & 8.07 (d, J =2.3 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.75 (dd, J = 7.8,
0.9 Hz, 1H), 7.68 (td, J = 8.2, 1.2 Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H), 6.34 (d, J = 2.3 Hz, 1H), 2.40
(s, 3H).
C NMR (100 MHz, CDCl;) & 151.85, 142.13, 134.38, 134.00, 130.23, 126.70, 124.04, 117.23,
108.65, 104.62.

benzo[h]quinoline-10-carbonitrile (3r)
‘ \
/
O |
CN

white solid, m. p. 132-133 °C.

'"H NMR (400 MHz, CDCLy) 5 9.12 (m, 1H), 8.20 (d, J = 8.0 Hz, 1H), 8.12 (dd, J = 15.6, 7.7 Hz,
2H), 7.78 (q, J = 8.8 Hz, 2H), 7.71 (t, = 7.7 Hz, 1H), 7.61 (dd, J = 8.0, 4.3 Hz, 1H).

BC NMR (100 MHz, CDCl;) & 148.41, 144.37, 136.19, 135.68, 133.98, 132.71, 130.63, 127.33,
127.19, 127.05, 126.90, 123.01, 120.81, 108.81.
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5. Detection of CN" by indicator paper
Table S2 Detection of CN” by indicator paper”

Entry Benzyl Cyanide [Cu] Solvent Air /N, Turn Red °
1 ©ACN CuBr DMF air Y
2 ©ACN CuBr, DMF air N
3 ©ﬂm CuBr DMF N, N
4 o CuBr DMF air Y
5 o CuBr;, DMF air N
6 é CuBr DMF air Y
©)\CN
7 ) - DMF air Y
©)\<m
8 2 CuBr DMF air Y
CN
9 2 - DMF air Y
CN
Ej)L (deep red)

?Reaction conditions: The mixture was heated at 130 °C in DMF (2 mL) for 3 h before the test.

> CN™ was detected according to the published procedure ((a) J. Kim, J. Choi, K. Shin, Sukbok Chang, J.
Am. Chem. Soc., 2012, 134, 2528; (c) G, Zhang, X. Ren, J. Chen, M. Hu, J. Cheng, Org. Lett., 2011, 13, 5004);

“N” means negative result and “’Y”” means positive result.
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6. GC-MS data and possible formation pathway for by-products

0, OH
Ph™ >CN PhCHO + CN + H*
[Cu]| O [O]

o H,0
P'Y PhCO,H + CN

PhCONMe, + CN°

Figure S1 GC-MS data for benzaldehyde, benzoic acid, N,N-dimethylbenzamide and cis- and
trans-2,3-diphenylfumaronitrile as the by-products
(a) GC data for the reaction mixture

CONMe;

) .J_|||| .30 2.00 250 3,00 3.50 400 4.50 500 550 600 650 7.00 7.30 S8.00 K30 9.00 950 10.00 10.30 11.00

ziju M Tue May 22 12:34:13 2012 VNP
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(b) MS data for benzaldehyde
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(c) MS data for benzoic acid
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(d) MS data for N,N-dimethylbenzamide
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(e) MS data for cis- or trans-2,3-diphenylfumaronitrile
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(f) MS data for trans- or cis-2,3-diphenylfumaronitrile
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7. Kinetics Investigation Data
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Figure S2 CuBr-catalyzed cyanation of 1a with 2a
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Figure S4 Cu(OAc),-catalyzed cyanation of 1a with 6
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8. Copies of 'H and *C NMR for substrates and products

Figure S5 '"H-NMR spectrum of 1b
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Figure S7 "H-NMR spectrum of 1c
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Figure S9 'H-NMR spectrum of 1d
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Figure S11 "H-NMR spectrum of 1e
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Figure S13 'H-NMR spectrum of 1f
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Figure S15 "H-NMR spectrum of 1g
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Figure S17 "H-NMR spectrum of 1h
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Figure S19 "H-NMR spectrum of 1i
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Figure S21 "H-NMR spectrum of 1j
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Figure S23 'H-NMR spectrum of 1k
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Figure S24 “C-NMR spectrum of 1k
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Figure S25 "H-NMR spectrum of 11
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Figure S26 “C-NMR spectrum of 11
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Figure S27 "H-NMR spectrum of 1m
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Figure S29 "H-NMR spectrum of 1n
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Figure S31 "H-NMR spectrum of 10
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Figure S33 'H-NMR spectrum of 1s
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Figure S35 "H-NMR spectrum of 1t
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Figure S37 '"H-NMR spectrum of 1u
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Figure S39 '"H-NMR spectrum of 1v
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Figure S41 "H-NMR spectrum of 3a
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Figure S43 "H-NMR spectrum of 3b
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Figure S45 'H-NMR spectrum of 3¢
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Figure S47 "H-NMR spectrum of 3d
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Figure S49 'H-NMR spectrum of 3e
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Figure S51 "H-NMR spectrum of 3f
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Figure S53 "H-NMR spectrum of 3g

N
F [
N |
F Sy
F
| ‘\
I-\
| 1\
IUI
T
1 =
| ‘ ‘ —— - ; ‘ ;
3.10 8.05 8.00 7.95 7.90 7.85 7.80 T7.T:
£1 (ppw)
.l ‘L |
U s )
T T T T T T T Ia fDHTB-HIH T T T T T T T T T T T T T T T
12.5 11.5 10.5 9.5 8.5 7.5 .5 5.5 45 3.5 2.5 1.5 0.5 -0.5
f1 (ppm)
. 13
Figure S54 “C-NMR spectrum of 3¢
F FhG SLOERANIIES o-m
| GRS SomRdAsiane cog
\ (77 a2 ~
N
.
N
F . =y

nm _J

r T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S46



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

Figure S55 "H-NMR spectrum of 3h
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Figure S57 "H-NMR spectrum of 3
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Figure S59 'H-NMR spectrum of 3
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Figure S61 'H-NMR spectrum of 3k
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Figure S63 "H-NMR spectrum of 3
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Figure S65 'H-NMR spectrum of 3m
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Figure S67 'H-NMR spectrum of 3na+3nb
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Figure S69 *C-NMR spectrum of 3n
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Figure S71 PC-NMR spectrum of 30
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Figure S72 "H-NMR spectrum of 3p

T,
= e iR e A s |
N # “

N,

gengnssee gos
PR RS TS
T 7
]
|
n
I ‘r
. (LR il
JVL VR VWA I
& = - £ =
- : —————
7.8 7.7 7.6 7.5 7.4 7.3 1.2
f1 (ppm)
e e oo .
PN £
T T T T T T T T 1&;1 T H| T T T T T T T T T T T T T T
11.5 10.5 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 40 35 3.0 2.5 2.0 L5 1.0 05 0.0

1 (ppo)

S55



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

Figure S73 *C-NMR spectrum of 3p

= DR angz=g 93 oo

G- TmOomTE  ww =3

Ne # II oomaoes 2c sl

N R S e ~
\?\\N

Ay P T o i N A M

T T T T T T T T T T

T
0 -10

T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 S0 8O 70 60 50 40 30 20 10
1 (ppm)
H 1
Figure S74 "H-NMR spectrum of 3q
= B EP ST TIOORELYRAUTL T @ 2
R e R e o
- SRR l
Sy
—ovevssocom®mog omo
Wy ey e D0 8D ]
s~ e
A _/
| '
i I
| ] |
|||||| i“? Il
_eiUEL R
7.8 7.7 7.6 T35 7.4 1.3 1.2
f1 (ppm)
I
|
i |
i J| |
oML B ¥
sisie s €
T T T T T T T T A‘HAH‘H T IH T T T T T T T [(‘H T T T T T T
11.5 10.5 9.5 8.5 7.5 6.5 4.5 3.5 2.5 15 0.5 -0.5

S56



Figure S75 C-NMR spectrum of 3q
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Figure S77 "C-NMR spectrum of 3r
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