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1. General  
1
H NMR (400MHz) spectra were recorded on a Bruker Avance 400 spectrometers in CDCl3 

[using (CH3)4Si (for 
1
H, δ = 0.00) as internal standard]. 

13
C NMR (100 MHz) spectra on a Bruker 

Avance 400 spectrometers in CDCl3 [using CDCl3 (for 
13

C, δ = 77.00) as internal standard]. The 

following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, 

m = multiplet, br = broad. IR spectra were recorded on a Shimazu IR Prestige-21 FT-IR 

Spectrometer. Mass and high-resolution mass spectra were obtained with a Mariner ABI mass 

spectrometer. Melting points were uncorrected and were recorded on a Buchi B-54 melting point 

apparatus. 

Flash column chromatography was performed using Qingdao Haiyang silica gel (300-400) 

with distilled solvents. All chemical reagents were purchased from Alfa Aesar or Sigma-Aldrich 

Co., Inc. 

 

2. Synthesis of Biphenyl-2-carbonitrile Derivatives 

CN

R1
R1

I

CN

TFA
R2

R2

Pd(OAc)2, Ag2O

 

A seal tube (15 mL) initially fitted with a septum containing Pd(OAc)2 (22 mg, 0.10 mmol) 

and silver(I) oxide (231 mg, 1.00 mmol) was evacuated and purged with nitrogen gas three times. 

Trifluoroacetic acid (2.0 mL), aryl nitrile (1.00 mmol) and aryl iodide (2.00 mmol) were added to 

the system and the reaction mixture was stirred at 110 °C for 9 h. The mixture was filtered through 

a short Celite pad and washed with dichloromethane several times. The filtrate was concentrated 

by vacuum and separated on a silica gel column using hexane/EtOAc as eluent to give the 

corresponding pure biphenyl-2-carbonitrile derivatives. 

The spectral data and a copy of 
1
H and 

13
C NMR spectra of all compounds are listed below. 

 

biphenyl-2-carbonitrile (3aa) 

CN

 

Pale yellow oil;
1
 
1
H NMR (400 MHz, CDCl3): δ7.46-7.54 (m, 5H), 7.58 (d, J = 8.0 Hz, 2H), 7.66 
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(m, 1 H), 7.78 (d, J = 8.0 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 111.3, 118.7, 127.5, 128.3, 

128.6, 128.7, 130.1, 132.4, 132.8, 133.7, 138.1, 145.5; MS (ESI) m/z 179.2 (M
+
); IR (KBr): 2227, 

1610, 1495 cm
-1

. 

 

3'-methylbiphenyl-2-carbonitrile (3ab) 

CN CH3

 

Pale yellow oil;
2
 

1
H NMR (400 MHz, CDCl3): δ 2.44 (s, 3H), 7.29 (s, 1H), 7.36-7.47 (m, 4H), 

7.50 (d, J = 8.0 Hz, 1H), 7.63 (t, J = 7.2 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H); 
13

C NMR (100 MHz, 

CDCl3): δ 21.4, 111.3, 118.7, 125.8, 127.4, 128.6, 128.9, 129.4, 130.3, 132.7, 133.7, 138.1, 138.4, 

145.6; MS (ESI) m/z 193.2 (M
+
); IR (KBr): 2963, 2228, 1615, 1489 cm

-1
. 

 

4'-nitrobiphenyl-2-carbonitrile (3ac) 

CN

NO2

 

Pale yellow solid, mp 128-129 
o
C (lit.

3
 127-128 

o
C); 

1
H NMR (400 MHz, CDCl3): δ 7.56-7.59 (m, 

2H), 7.73-7.77 (m, 3H), 7.83 (d, J = 8.0 Hz, 1H), 8.34 (d, J = 8.8 Hz, 1H), 8.35 (d, J = 8.8 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 111.2, 118.1, 124.0, 129.0, 129.9, 130.0, 133.3, 134.0, 142.8, 

144.4, 147.9; MS (ESI) m/z 224.1 (M
+
); IR (KBr): 2227, 1617, 1525, 1489, 1342 cm

-1
. 

 

3'-nitrobiphenyl-2-carbonitrile (3ad) 

CN NO2

 
Pale yellow solid,

4
 mp 155-156 

o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.59 (d, J = 8.0 Hz, 2H), 

7.72-7.75 (m, 2H), 7.85 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 8.34 (d, J = 8.0 Hz, 1H), 

8.43 (s, 1H); 
13

C NMR (100 MHz, CDCl3): δ 111.4, 118.0, 123.6, 123.8, 128.8, 129.9, 130.1, 

133.3, 133.9, 134.8, 139.7, 142.8, 148.4; MS (ESI) m/z 224.1 (M
+
); IR (KBr): 2228, 1615, 1523, 

1490, 1341 cm
-1

. 

 

2'-cyanobiphenyl-4-carboxylic acid ethyl ester (3ae) 

CN

COOEt
 

Pale yellow solid, mp 107-108 
o
C (lit.

5
 112 

o
C); 

1
H NMR (400 MHz, CDCl3): δ 1.43 (t, J = 7.2 Hz, 

3H), 4.43 (q, J = 7.2 Hz, 2H), 7.49-7.56 (m, 2H), 7.65 (d, J = 8.0 Hz, 2H), 7.67-7.71 (m, 1H), 7.80 

(d, J = 8.0 Hz, 1H), 8.19 (d, J =8.0 Hz, 2H); 
13

C NMR (100 MHz, CDCl3): δ 14.3, 61.2, 111.3, 

118.4, 128.2, 128.8, 130.0, 130.7, 133.0, 133.9, 142.4, 144.3, 166.1; MS (ESI) m/z 251.1 (M
+
); IR 

(KBr): 2226, 1728, 1617, 1487, 1280, 1182 cm
-1

. 

 



4'-chlorobiphenyl-2-carbonitrile (3af) 

CN

Cl
 

Pale yellow solid, mp 112-113 
o
C (lit.

6
 115-116 

o
C); 

1
H NMR (400 MHz, CDCl3): δ 7.46-7.55 (m, 

6H), 7.68 (t, J = 8.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 111.2, 

118.5, 127.9, 129.0, 129.9, 130.1, 133.0, 133.8, 135.1, 136.5, 144.2; MS (ESI) m/z 213.1 (M
+
); IR 

(KBr): 2230, 1613, 1495, 755 cm
-1

. 

 

4'-acetylbiphenyl-2-carbonitrile (3ag) 

CN

COCH3

 

Pale yellow solid,
1
 mp 70 

o
C; 

1
H NMR (400 MHz, CDCl3): δ 2.65 (s, 3H), 7.48-7.54 (m, 2H), 

7.65-7.70 (m, 3H), 7.79 (d, J = 8.0 Hz, 1H), 8.08 (d, J = 8.0 Hz, 2H); 
13

C NMR (100 MHz, 

CDCl3): δ 26.7, 111.3, 118.3, 127.4, 128.3, 128.7, 129.0, 129.1, 130.0, 133.0, 133.9, 137.0, 142.6, 

144.2, 197.5; MS (ESI) m/z 221.1 (M
+
); IR (KBr): 2985, 2232, 1689, 1610, 1495 cm

-1
. 

 

5-methylbiphenyl-2-carbonitrile (3ba) 

CN

H3C  

Pale yellow oil;
7
 

1
H NMR (400 MHz, CDCl3): δ 2.48 (s 3H), 7.26-7.33 (m, 2H), 7.46-7.51 (m, 

3H), 7.55-7.58 (m, 2H), 7.65 (d, J = 8.0 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 21.5, 108.0, 

118.7, 128.1, 128.3, 128.4, 128.7, 129.4, 130.5, 133.4, 138.0, 143.4, 145.1, 146.5; MS (ESI) m/z 

193.1 (M
+
); IR (KBr): 2983, 2230, 1612, 1488 cm

-1
. 

 

5-methyl-4'-nitrobiphenyl-2-carbonitrile (3bc) 

CN

H3C

NO2

 

Pale yellow solid, mp 132-133 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 2.52 (s, 3H), 7.36-7.38 (m, 2H), 

7.71-7.75 (m, 3H), 8.35 (d, J = 8.0 Hz, 2H); 
13

C NMR (100 MHz, CDCl3): δ 21.9, 108.2, 118.3, 

123.9, 129.8, 130.7, 133.9, 142.8, 144.4, 144.6, 147.9; HRMS (ESI) calcd for C14H10N2O2[Na] 

261.0634, found 261.0640; IR (KBr): 2993, 2228, 1607, 1523, 1489, 1345 cm
-1

. 

 

5-methyl-3'-nitrobiphenyl-2-carbonitrile (3bd) 

CN

H3C NO2  

Pale yellow solid, mp 146-147 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 2.50 (s, 3H), 7.34-7.36 (m, 2H), 



7.66-7.71 (m, 2H), 7.93 (d, J = 8.0 Hz, 1H), 8.30 (d, J = 8.0 Hz, 1H), 8.38 (s, 1H); 
13

C NMR (100 

MHz, CDCl3): δ 21.9, 108.3, 118.3, 123.4, 123.7, 129.6, 129.8, 130.8, 133.8, 134.8, 139.8, 142.7, 

144.4, 148.4; HRMS (ESI) calcd for C14H10N2O2[Na] 261.0634, found 261.0622; IR (KBr): 2989, 

2227, 1605, 1530, 1490, 1342 cm
-1

. 

 

2'-cyano-5'-methylbiphenyl-4-carboxylic acid ethyl ester (3be) 

CN

H3C

COOEt

 

Pale yellow solid, mp 106-107 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 1.41 (t, J = 7.2 Hz, 3H), 2.47 (s, 

3H), 4.40 (q, J = 7.2 Hz, 2H), 7.28 (d, J = 8.0 Hz, 1H), 7.33 (s, 1H), 7.61 (d, J = 8.0 Hz, 2H), 7.66 

(d, J = 8.0 Hz, 1H), 8.15 (d, J = 8.0 Hz, 2H); 
13

C NMR (100 MHz, CDCl3): δ 14.3, 21.8, 61.2, 

108.2, 118.7, 128.8, 129.0, 129.9, 130.5, 130.7, 133.7, 142.5, 144.0, 144.2, 166.2; HRMS (ESI) 

calcd for C17H15NO2[Na] 288.0995, found 288.1001; IR (KBr): 2953, 2228, 1725, 1612, 1489, 

1280, 1132 cm
-1

. 

 

5-methyl-4'-chlorobiphenyl-2-carbonitrile (3bf) 

CN

H3C

Cl

 

Pale yellow solid, mp 88-89 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 2.49 (s, 3H), 7.29-7.31 (m, 2H), 

7.46-7.52 (m, 4H), 7.67 (d, J = 8.0 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 21.9, 108.2, 118.8, 

128.7, 128.9, 130.1, 130.7, 133.7, 134.9, 136.7, 143.9, 144.1; HRMS (ESI) calcd for C14H10NCl[H] 

228.0575, found 228.0568; IR (KBr): 2955, 2226, 1617, 1489, 758 cm
-1

. 

 

5-methoxylbiphenyl-2-carbonitrile (3ca) 

CN

H3CO  

Pale yellow solid, mp 82-83 
o
C (lit.

8
 85-86 

o
C); 

1
H NMR (400 MHz, CDCl3): δ 3.92 (s, 3H), 7.96 

(d, J = 8.0 Hz, 1H), 7.01, (s, 1H), 7.47-7.51 (m, 3H), 7.58 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.0 Hz, 

1H); 
13

C NMR (100 MHz, CDCl3): δ 55.2, 102.8, 113.2, 114.5, 115.2, 118.8, 128.3, 128.4, 128.5, 

128.6, 135.1, 137.9, 147.3, 162.4; MS (ESI) m/z 209.1 (M
+
); IR (KBr): 2963, 2228, 1615, 1487 

cm
-1

. 

 

5-methoxyl-4'-nitrobiphenyl-2-carbonitrile (3cc) 

CN

H3CO

NO2

 

Pale yellow solid, mp 165-166 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 3.95 (s, 3H), 7.02-7.07 (m, 2H), 



7.74-7.78 (m, 3H), 8.37 (d, J = 8.8 Hz, 2H); 
13

C NMR (100 MHz, CDCl3): δ 55.8, 103.0, 114.3, 

115.9, 118.4, 124.0, 129.8, 135.8, 144.4, 145.0, 148.0, 162.9; HRMS (ESI) calcd for 

C14H10N2O3[Na] 277.0584, found 277.0573; IR (KBr): 2962, 2227, 1605, 1528, 1490, 1345 cm
-1

. 

 

5-methoxyl-3'-nitrobiphenyl-2-carbonitrile (3cd) 

CN

H3CO NO2  

Pale yellow solid, mp 153-154 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 3.96 (s, 3H), 7.04-7.07 (m, 2H), 

7.70-7.78 (m, 2H), 7.95 (d, J = 6.8 Hz, 1H), 8.34 (d, J = 6.8 Hz, 1H), 8.42 (s, 1H); 
13

C NMR (100 

MHz, CDCl3): δ 55.8, 103.1, 114.3, 115.8, 118.3, 123.6, 123.7, 129.8, 134.7, 135.7, 139.7, 144.8, 

148.4, 163.0; HRMS (ESI) calcd for C14H10N2O3[Na] 277.0584, found 277.0577; IR (KBr): 2968, 

2225, 1608, 1526, 1488, 1346 cm
-1

. 

 

2'-cyano-5'-methoxylbiphenyl-4-carboxylic acid ethyl ester (3ce) 

CN

H3CO

COOEt

 

Pale yellow solid, mp 85-86 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 1.43 (t, J = 7.2 Hz, 3H), 3.91 (s, 

3H), 4.42 (q, J = 7.2 Hz, 2H), 6.98 (d, J = 8.4 Hz, 1H), 7.00 (s, 1H), 7.63 (d, J = 8.4 Hz, 2H), 7.71 

(d, J = 8.4 Hz, 1H), 8.17 (d, J = 8.4 Hz, 2H); 
13

C NMR (100 MHz, CDCl3): δ 14.3, 55.7, 61.2, 

103.0, 113.9, 115.6, 118.7, 128.7, 129.9, 130.7, 135.6, 142.4, 146.4, 162.8, 166.1; HRMS (ESI) 

calcd for C17H15NO3[Na] 304.0944, found 304.0955; IR (KBr): 2976, 2224, 1723, 1612, 1490, 

1283, 1128 cm
-1

. 

 

5-methoxyl-4'-chlorobiphenyl-2-carbonitrile (3cf) 

CN

H3CO

Cl

 

Pale yellow solid, mp 107-108 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 3.92 (s, 3H), 6.97-9.99 (m, 2H), 

7.47-7.53 (m, 4H), 7.72 (d, J = 6.4 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 55.7, 103.0, 113.6, 

115.5, 118.9, 129.0, 130.0, 135.1, 135.5, 136.6, 146.3, 162.8; HRMS (ESI) calcd for 

C14H10ClNO[H] 244.0524, found 244.0521; IR (KBr): 2975, 2226, 1615, 1493, 765 cm
-1

. 

 

5-chloro-4'-nitrobiphenyl-2-carbonitrile (3dc) 

CN

Cl

NO2

 

Pale yellow solid, mp 187-188 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.57 (d, J = 7.2 Hz, 1H), 7.58 (s, 

1H), 7.76 (d, J = 8.8 Hz, 2H), 7.79 (d, J = 7.2 Hz, 1H), 8.40 (d, J = 8.8 Hz, 2H); 
13

C NMR (100 



MHz, CDCl3): δ 109.7, 117.2, 124.2, 129.3, 129.8, 130.3, 135.1, 139.9, 143.2, 144.5; HRMS (ESI) 

calcd for C13H7ClN2O2[Na] 281.0088, found 280.9993; IR (KBr): 2223, 1624, 1522, 1491, 1349, 

760 cm
-1

. 

 

5-chloro-3'-nitrobiphenyl-2-carbonitrile (3dd) 

CN

Cl NO2  

Pale yellow solid, mp 210-211 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.56 (d, J = 8.0 Hz, 1H), 7.59 (s, 

1H), 7.74-7.80 (m, 2H), 7.94 (d, J = 8.0 Hz, 1H), 8.38 (d, J = 8.4 Hz, 1H), 8.42 (s, 1H); 
13

C NMR 

(100 MHz, CDCl3): δ 109.8, 117.2, 123.7, 124.1, 129.2, 130.1, 130.3, 134.6, 135.0, 138.3, 139.9, 

144.3, 148.5; HRMS (ESI) calcd for C13H7ClN2O2[Na] 281.0088, found 281.0094; IR (KBr): 

2226, 1620, 1526, 1492, 1347, 762 cm
-1

. 

 

5-chloro-4'-chlorobiphenyl-2-carbonitrile (3df) 

CN

Cl

Cl

 

Pale yellow solid, mp 148-149 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.45-7.49 (m, 6H), 7.71 (d, J = 

8.4 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 109.6, 117.7, 128.3, 129.2, 130.0, 130.2, 134.9, 

135.2, 135.7, 139.5, 145.8; HRMS (ESI) calcd for C13H7Cl2N[Na] 269.9948, found 269.9954; IR 

(KBr): 2225, 1623, 1482, 768 cm
-1

. 

 

5-chloro-4'-acetylbiphenyl-2-carbonitrile (3dg) 

CN

Cl

COCH3

 

Pale yellow solid, mp 108-109 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 2.69 (s, 3H), 7.50 (d, J = 8.0 Hz, 

1H), 7.56 (s, 1H), 7.67 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.0 Hz, 1H), 8.11 (d, J = 8.4 Hz, 2H); 
13

C 

NMR (100 MHz, CDCl3): δ 26.8, 109.7, 117.6, 128.3, 128.7, 129.0, 129.9, 130.2, 131.5, 134.9, 

137.4, 139.6, 141.2, 145.8, 197.4; HRMS (ESI) calcd for C15H10ClNO[Na] 278.0343, found 

278.0340; IR (KBr): 2953, 2226, 1685, 1623, 1489, 765 cm
-1

. 

 

4-methylbiphenyl-2-carbonitrile (3ea) 

CN

Me

 

Pale yellow solid, mp 76-77 
o
C (lit.

9
 79-80 

o
C); 

1
H NMR (400 MHz, CDCl3): δ 2.45 (s 3H), 

7.45-7.52 (m, 5H), 7.56-7.59 (m, 3H); 
13

C NMR (100 MHz, CDCl3): δ 20.5, 110.7, 118.7, 128.2, 

128.4, 129.7, 133.5, 133.7, 137.4, 137.8, 138.9, 142.4; MS (ESI) m/z 193.1 (M
+
); IR (KBr): 2982, 

2232, 1615, 1488 cm
-1

. 



 

2'-cyano-4'-methylbiphenyl-4-carboxylic acid ethyl ester (3ee) 

CN

COOEtMe
 

Pale yellow solid, mp 127-128 
o
C (lit.

10
 133-134 

o
C); 

1
H NMR (400 MHz, CDCl3): δ 1.44 (t, J = 

7.2 Hz, 3H), 2.47 (s, 3H), 4.43 (q, J = 7.2 Hz, 2H), 7.43-7.51 (m, 2H), 7.62-7.65 (m, 3H), 8.17 (d, 

J = 8.0 Hz, 2H); 
13

C NMR (100 MHz, CDCl3): δ 14.1, 20.5, 60.9, 110.7, 118.3, 128.5, 129.6, 

130.1, 133.6, 133.9, 138.2, 141.2, 142.1, 165.9; MS (ESI) m/z 265.1 (M
+
); IR (KBr): 2950, 2228, 

1722, 1615, 1491, 1280, 1128 cm
-1

. 

 

4-methyl-4'-chlorobiphenyl-2-carbonitrile (3ef) 

CN

Me Cl
 

Pale yellow solid, mp 107-108 
o
C (lit.

10
 112-113 

o
C); 

1
H NMR (400 MHz, CDCl3): δ 2.46 (s, 3H), 

7.38 (d, J = 8.0 Hz, 1H), 7.46-7.51 (m, 5H), 7.59 (s, 1H); 
13

C NMR (100 MHz, CDCl3): δ 20.5, 

110.6, 118.4, 128.7, 129.5, 129.7, 133.6, 133.8, 134.4, 136.2, 137.8, 141.1; MS (ESI) m/z 227.1 

(M
+
); IR (KBr): 2955, 2225, 1618, 1489, 756 cm

-1
. 
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