
Supplementary information 

Substrate Profiling of the Cobalt Nitrile Hydratase 

from Rhodococcus rhodochrous ATCC BAA 870 

Adelaide. R. Mashweu 1, Varsha P. Chhiba-Govindjee 1,2, Moira L. Bode 1,*,† and Dean Brady 1,*,† 

1 Molecular Sciences Institute, School of Chemistry, University of the Witwatersrand, Johannesburg 2050, 

South Africa; 1715870@students.wits.ac.za (A.R.M.); VChhiba@csir.co.za (V.P.C.-G.) 
2 CSIR Chemical Production Cluster, PO Box 395, Pretoria 0001, South Africa 

* Correspondence: Moira.Bode@wits.ac.za (M.L.B.); dean.brady@wits.ac.za (D.B.); Tel.: +27-117176745 (D.B.) 

† These two authors contributed equally. 

  



Spectroscopic data for compounds 3, 5 and 7 

 

[1,1'-Biphenyl]-4-carbonitrile (3a) [1] Yield 98% (white powder); mp  85-86˚C; 1H NMR (400 MHz, 

CDCl3) δ 7.71 (d, J = 8.4 Hz, 2H), 7.67 (d, J = 8.3 Hz, 2H), 7.58 (d, J = 7.1 Hz), 7.48 (t, J = 7.3 Hz, 2H), 7.42 

(t, J = 7.2 Hz, 1H); 13C NMR (101 MHz, CDCl3): δ 145.6, 139.1, 132.6, 129.1, 128.7, 127.7, 127.2, 118.9, 

110.9. 

3',4'-Difluoro-[1,1'-biphenyl]-4-carbonitrile (3b) [2]. Yield 98% (white powder); mp  105-106˚C;  

1H NMR (400 MHz, CDCl3): δ 7.76-7.71 (m, 2H), 7.65-7.60 (m, 2H), 7.40 (ddd, J = 11.2, 7.4, 2.2 Hz, 1H), 

7.36-7.29 (m, 1H), 7.26-7.29 (m, 1H); 13C NMR (101 MHz, CDCl3): δ 150.8 (d, JCF = 250.5, 12.6 Hz), 150.7 

(d, JCF = 251.5, 12.5 Hz), 143.5 (d, JCF = 1.7 Hz), 136.3 (dd, JCF = 5.9, 3.9 Hz), 132.8, 127.6, 123.4 (dd, JCF = 

6.4, 3.6 Hz), 118.6, 118.1 (d, JCF = 17.5 Hz), 116.3 (d, JCF = 18.1 Hz), 111.6. 

4'-Chloro-[1,1'-biphenyl]-4-carbonitrile (3c) [3]. Yield 77% (white powder); mp 129-132°C; 1H 

NMR (300 MHz, CDCl3): δ 7.76-7.70 (m, 2H), 7.68-7.62 (m, 2H), 7.55-7.49 (m, 2H), 7.48-7.43 (m, 2H, H 

9 & 13); 13C NMR (75 MHz, CDCl3): δ 144.7, 137.9, 135.3, 133.1, 129.7, 128.8, 127.9, 119.1, 111.6. 

3',4'-Dimethoxy-[1,1'-biphenyl]-4-carbonitrile (3d) [1]. Yield 55% (yellow powder); mp 139-

140°C; 1H NMR (300 MHz, CDCl3): δ 7.73-7.62 (m, 4H), 7.17 (dd, J = 8.3, 2.1 Hz, 1H), 7.09 (d, J = 2.0 

Hz, 1H), 6.97 (d, J = 8.3 Hz, 1H), 3.96 (s, 3H), 3.94 ( s, 3H); 13C NMR (75 MHz, CDCl3): δ 149.8, 149.5, 

145.4, 132.7, 131.9, 127.3, 119.9, 119.0, 111.6, 110.3, 56.1, 56.0. 

3-fluoro-[1,1'-biphenyl]-4-carbonitrile (3e).[4] Yield 82% (yellow powder); mp 102-104°C; 1H 

NMR (400 MHz, CDCl3): δ 7.67 (dd, J = 8.1, 6.7 Hz, 1H), 7.59-7.55 (m, 2H), 7.52-7.44 (m, 4H), 7.42 (dd, 

J = 10.2, 1.7 Hz, 1H); 13C NMR (101 MHz, CDCl3): δ 163.4 (d, J = 258.5 Hz), 148.6 (d, J = 8.1 Hz), 137.9 

(d, J = 2.0 Hz), 133.7, 129.25, 129.31, 127.2, 123.4 (d, J = 3.2 Hz), 114.8 (d, J = 20.2 Hz), 114.1, 99.7 (d, J = 

15.7 Hz). 

3,3',4'-Trifluoro-[1,1'-biphenyl]-4-carbonitrile (3f). Yield 98% (white powder); mp 154-156°C;  1H 

NMR (400 MHz, CDCl3): δ 7.71 (dd, J = 8.1, 6.6 Hz, 1H), 7.43 (dd, J = 8.1, 1.7 Hz, 1H), 7.42-7.39 (m, 1H), 

7.38-7.36 (m, 1H), 7.34-7.30 (m, 2H); 13C NMR (101 MHz, CDCl3): δ 163.5 (d, JCF = 259.4 Hz), 151.1 (dd, 

JCF = 250.7, 11.1 Hz), 150.8 (dd, JCF = 244.8, 7.7 Hz), 146.3 (d, JCF = 7.6 Hz), 135.1 (ddd, JCF = 6.1, 4.0, 2.1 

Hz), 134.0, 123.5 (dd, JCF = 6.6, 3.6 Hz), 123.3 (d, JCF = 3.3 Hz), 118.3 (d, JCF = 17.4 Hz), 116.4 (d, JCF = 18.3 

Hz), 114.8 (d, JCF = 20.6 Hz), 113.8, 100.6 (d, JCF = 15.6 Hz). 

4'-Chloro-3-fluoro-[1,1'-biphenyl]-4-carbonitrile (3g).[5] Yield 83% (white powder), mp 175-

177°C;  1H NMR (500 MHz, CDCl3): δ 7.69 (dd, J = 8.1, 6.6 Hz, 1H), 7.53-7.49 (m, 2H), 7.49-7.44 (m, 3H), 

7.40 (dd, J = 10.1, 1.7 Hz, 1H; 13C NMR: δ 163.5 (d, JCF = 259.2 Hz), 147.2 (d, JCF = 8.2 Hz), 136.4 (d, JCF = 

1.8 Hz), 135.7, 133.9, 129.5, 128.4, 123.2 (d, JCF = 3.5 Hz), 114.7 (d, JCF = 20.4 Hz), 113.9, 100.2 (d, JCF = 

15.8 Hz). 

3-Fluoro-3',4'-dimethoxy-[1,1'-biphenyl]-4-carbonitrile (3h). Yield 53% (yellow powder); mp 127-

128°C; 1H NMR (300 MHz, CDCl3): δ 7.64 (t, J = 7.1 Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.39 (d, J = 10.4 

Hz, 1H), 7.17 (d, J = 7.8 Hz, 1H), 7.08 (s, 1H), 6.97 (d, J = 8.2 Hz, 1H), 3.94 (s, 3H), 3.96 (s, 3H); 13C NMR 

(75 MHz, CDCl3): δ 163.5 (d, JCF = 258.0 Hz), 150.3, 149.5, 148.3 (d, JCF = 8.2 Hz), 133.6, 130.7 (d, JCF = 2.1 

Hz), 122.9 (d, JCF = 3.1 Hz), 119.9, 114.22, 114.20 (d, JCF = 20.2 Hz), 111.6, 110.1, 99.0 (d, JCF = 15.7 Hz), 

56.1, 56.0. 

[1,1'-Biphenyl]-3-carbonitrile (5a) [6]. Yield 59% (colourless oil); 1H NMR (400 MHz, CDCl3): δ 

7.85 (t, J = 1.7 Hz, 1H), 7.80 (dt, J = 7.8, 1.5 Hz, 1H), 7.61 (dt, J = 7.7, 1.4 Hz, 1H), 7.57-7.55 (m, 1H), 7.54-

7.53 (m, 2H), 7.50-7.44 (m, 2H), 7.43-7.40 (m, 1H); 13C NMR (101 MHz, CDCl3): δ 142.4, 138.8, 131.5, 

130.7, 129.6, 129.1, 128.4, 127.1, 118.8, 112.9. 

3',4'-Difluoro-[1,1'-biphenyl]-3-carbonitrile (5b) [7]. Yield 95% (white powder); mp 114-117°C; 1H 

NMR (400 MHz, CDCl3): δ 7.80 (t, J = 1.8 Hz, 1H), 7.75 (dt, J = 7.9, 1.6 Hz, 1H), 7.66 (dt, J = 7.7, 1.4 Hz, 

1H), 7.56 (t, J = 7.8 Hz, 1H), 7.41-7.34 (m, 1H), 7.24-7.31 (m, 2H); 13C NMR (101 MHz, CDCl3): δ 150.7 

(d, JCF = 251.5, 12.8 Hz), 150.6 (d, JCF = 250.5, 12.8 Hz), 140.4 (d, JCF = 1.7 Hz), 135.9 (dd, JCF = 5.9, 3.9 Hz), 

131.3, 131.3, 130.5, 129.9, 123.2 (dd, JCF = 6.4, 3.6 Hz), 118.5, 118.1 (d, JCF = 17.5 Hz), 116.2 (d, JCF = 18.1 

Hz), 113.3. 

4'-Chloro-[1,1'-biphenyl]-3-carbonitrile (5c) [8]. Yield 93% (white powder); mp 96-99°C;  1H NMR 

(400 MHz, CDCl3): δ 7.80 (t, J = 1.7 Hz, 1H), 7.76 (dt, J = 7.9, 1.6 Hz, 1H), 7.63 (dt, J = 7.8, 1.4 Hz, 1H), 



7.54 (t, J = 7.8 Hz, 1H), 7.50-7.42 (m, 4H); 13C NMR (101 MHz, CDCl3): δ 141.2, 137.3, 134.7, 131.3, 131.0, 

130.5, 129.7, 129.3, 128.3, 118.6, 113.1. 

3',4'-Dimethoxy-[1,1'-biphenyl]-3-carbonitrile (5d). Yield 98% (white powder); mp 120-123°C; 1H 

NMR (300 MHz, CDCl3):  δ 7.81 (t, 1H), 7.77 (dt, J = 7.7, 1.4 Hz, 1H), 7.57 (dt, J = 6.4, 1.3 Hz, 1H), 7.50 

(t, J = 7.6 Hz, 1H), 7.11 (dd, J = 8.3, 2.1 Hz, 1H), 7.06 (d, J = 2.0 Hz, 1H), 6.96 (d, J = 8.3 Hz, 1H), 3.95 (s, 

3H), 3.93 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 149.5, 149.4, 142.2, 131.6, 131.1, 130.3, 130.1, 129.5, 119.5, 

118.9, 112.8, 111.6, 110.1, 56.02, 55.99. 

6-(4-Chlorophenyl)picolinonitrile (5e). Yield 98% (white powder); mp 97-99°C;  1H NMR (400 

MHz, CDCl3): δ 8.01-7.96 (m, 2H), 7.93-7.89 (m, 2H), 7.63 (dd, J = 6.9, 1.7 Hz, 1H), 7.51-7.44 (m, 2H); 
13C NMR (101 MHz, CDCl3): δ 157.7, 137.9, 136.5, 135.6, 133.9, 129.2, 128.3, 126.8, 123.2, 117.3. 

6-(3,4-Dimethoxyphenyl)picolinonitrile (5f). Yield 92% (yellow powder); mp 125-128°C; 1H 

NMR (400 MHz, CDCl3): δ 7.90 (dd, J = 8.2, 1.0 Hz, 1H), 7.83 (t, J = 7.8 Hz, 1H), 7.70 (d, J = 2.1 Hz, 1H), 

7.60-7.50 (m, 2H), 6.96 (d, J = 8.4 Hz, 1H), 4.01 (s, 3H), 3.95 (s, 3H); 13C NMR (101 MHz, CDCl3): δ 158.5, 

151.0, 149.5, 137.5, 133.6, 130.0, 126.0, 122.8, 119.7, 117.6, 111.1, 109.9, 56.1, 56.0. 

3',4,4'-Trifluoro-[1,1'-biphenyl]-2-carbonitrile (7a). Yield 70% (white powder); mp 119-121°C; 1H 

NMR (400 MHz, CDCl3): δ 7.49-7.44 (m, 2H), 7.41-7.30 (m, 2H), 7.29-7.25 (m, 2H); 13C NMR (101 MHz, 

CDCl3): δ 161.6 (d, JCF = 251.5 Hz), 150.6 (dd, JCF =251.5 , 55.4 Hz), 150.5 (dd, JCF = 251.5 , 55.5 Hz), 139.7 

(dd, JCF = 3.9, 1.7 Hz), 134.0 (dd, JCF = 6.2, 4.0 Hz), 132.0 (d, JCF = 8.2 Hz), 125.2 (dd, JCF = 6.6, 3.8 Hz), 

120.8 (d, JCF = 21.1 Hz), 120.4 (d, JCF = 24.8 Hz), 118.1 (d, JCF = 18.05), 117.9 (d, JCF = 17.7 Hz), 117.0 (d, JCF 

= 2.7 Hz), 112.7 (d, JCF = 9.4 Hz). 

4-Fluoro-3',4'-dimethoxy-[1,1'-biphenyl]-2-carbonitrile (7b). Yield 50% (yellow powder); mp 127-

129°C; 1H NMR (300 MHz, CDCl3): δ 7.49 (dd, J = 8.7, 5.3 Hz, 1H), 7.43 (dd, J = 8.1, 2.6 Hz, 1H), 7.34 

(td, J = 8.3, 2.7 Hz, 1H), 7.12-7.04 (m, 2H), 6.97 (d, J = 8.1 Hz, 1H), 3.93 (s, 3H), 3.94 (s, 3H); 13C NMR 

(75 MHz, CDCl3): δ 160.9 (d, JCF = 249.6 Hz), 149.7, 149.0, 141.8 (d, JCF = 3.6 Hz), 131.8 (d, JCF = 8.1 Hz), 

129.7, 121.4, 120.5 (d, JCF = 21.2 Hz), 120.2 (d, JCF = 24.6 Hz). 117.8 (d, JCF = 2.8 Hz), 112.3 (d, JCF = 9.2 Hz), 

111.9, 111.3, 56.1, 56.0. 

 

Spectroscopic data for compounds 12 

2-(Hydroxy(phenyl)methyl)acrylonitrile (12a) [34]. Yield 96% (colourless oil): 1H NMR (300 

MHz, CDCI3): δ 7.61-7.02 (m, 5H), 5.97 (d, J = 1.5 Hz, 1H), 5.89 (d, J = 1.3 Hz, 1H), 5.12 (s, 1H), 3.56 (s, 

1H); 13C NMR (75 MHz, CDCl3) :δ 139.1, 130.2, 128.8, 126.5, 126.1, 117.0, 73.8. 

2-((2-Bromophenyl)(hydroxy)methyl)acrylonitrile (12b) [9]. Yield 64% (colourless oil);  1H NMR 

(300 MHz, CDCI3): δ 7.60-7.52 (m, 2H), 7.38 (td, J = 7.6, 1.3 Hz, 1H), 7.20 (td, J = 7.7, 1.8 Hz, 1H), 6.06-

6.01 (m, 2H), 5.67 (s, 1H), 3.27 (s, 1H); 13C NMR (75 MHz, CDCl3): δ 138.0, 133.0, 131.7, 130.3, 128.3, 

128.1, 124.5, 122.7, 116.7, 72.5. 

2-(Hydroxy(4-methoxyphenyl)methyl)acrylonitrile (12c) [10]. Yield 88% (colourless oil); 1H 

NMR (300 MHz, CDCI3): δ 7.32-7.16 (m, 2H), 6.94-6.73 (m, 2H), 6.02 (d, J = 1.6 Hz, 1H), 5.94 (d, J = 1.4 

Hz, 1H), 5.14 (s, 1H), 3.76 (s, 3H), 3.33-3.28 (m, 1H); 13C NMR (75 MHz, CDCI3) :δ 159.8, 131.4, 129.6, 

127.9, 126.4, 117.1, 114.2, 73.5, 55.3. 

2-((4-Chlorophenyl)(hydroxy)methyl)acrylonitrile (12d).[11] Yield 95% (colourless oil);  1H NMR 

(300 MHz, CDCI3): δ 7.37-7.31 (m, 2H), 7.30-7.24 (m, 2H) 6.05 (d, J = 1.5 Hz, 1H), 5.98 (d, J = 1.1 Hz, 

1H), 5.20 (s, 6H), 3.34 (s, 1H); 13C NMR (70 MHz, CDCI3): δ 137.7, 134.4, 130.6, 128.9, 127.9, 125.8, 116.8, 

73.2. 

2-((3-Bromophenyl)(hydroxy)methyl)acrylonitrile (12e) [50]. Yield 92% (colourless oil);  1H NMR 

(300 MHz, CDCI3): δ 7.55-7.36 (m, 2H), 7.34-7.14 (m, 2H), 6.05 (d, J = 1.5 Hz, 1H), 5.99 (d, J = 1.1 Hz, 

1H), 5.17 (s, 1H), 3.58 (d, J = 4.7 Hz, 1H); 13C NMR : δ 141.4, 131.8, 130.8, 130.4, 129.4, 125.5, 125.2, 122.8, 

116.7, 73.1. 

2-(Hydroxy(3,4,5-trimethoxyphenyl)methyl)acrylonitrile (12f).[12] Yield 60% (white powder); 

mp 100-105°C;  1H NMR (300 MHz, CDCI3): (60% yield): (white powder)  δ 6.56 (s, 2H), 6.08 (d, J = 1.5 

Hz, 1H), 5.98 (d, J = 1.2 Hz, 1H), 5.17 (d, J = 3.5 Hz, 1H), 3.82 (s, 6H), 3.79 (s, 3H), 3.77 (d, J = 3.6 Hz, 

1H); 13C NMR (75 MHz, CDCI3) :δ 153.2, 137.6, 135.4, 129.8, 126.3, 117.1, 103.4, 74.0, 60.8, 56.1. 

 

Spectroscopic data for compounds 17 



4-(3-(Cyclohexylamino)imidazo[1,2-a]pyridin-2-yl)benzonitrile (17a). Yield 25% (yellow 

powder); mp 189-193°C; 1H NMR (400 MHz, CDCl3): δ 8.32-8.18 (m, 2H), 8.05 (dt, J = 6.9, 1.2 Hz, 1H), 

7.75-7.65 (m, 2H), 7.53 (dt, J = 9.1, 1.1 Hz, 1H), 7.17 (ddd, J = 9.1, 6.6, 1.3 Hz, 1H), 6.81 (td, J = 6.8, 1.1 

Hz, 1H), 3.08 (br s, 1H), 2.94 (m, 1H), 1.89-1.54 (m, 5H), 1.33-1.09 (m, 5H); 13C NMR (101 MHz, CDCl3): 

δ 141.9, 139.1, 134.5, 132.2, 127.2, 126.2, 124.8, 122.7, 119.2, 117.7, 112.2, 110.3, 57.0, 34.3, 25.6, 24.8. 

4-(3-(Cyclohexylamino)-6-methylimidazo[1,2-a]pyridin-2-yl)benzonitrile (17b). Yield 21% 

(yellow powder); mp 230-240°C; 1H NMR (400 MHz, CDCl3): δ 8.40-8.15 (m, 2H), 7.92-7.78 (m, 1H), 

7.77-7.63 (m, 2H), 7.50-7.43 (m, 1H), 7.14-6.96 (m, 1H), 3.03-2.97 (m, 2H), 2.48-2.33 (m, 3H), 1.91-1.56 

(m, 5H), 1.39-1.13 (m, 5H); 13C NMR (101 MHz, CDCl3): δ 141.1, 139.3, 134.6, 132.2, 128.0, 127.1, 125.8, 

121.9, 120.2, 119.3, 117.1, 110.1, 57.0, 34.3, 25.7, 24.9, 18.5. 

4-(3-(Cyclohexylamino)-5-methylimidazo[1,2-a]pyridin-2-yl)benzonitrile (17d). Yield 25% 

(yellow oil);  1H NMR (400 MHz, CDCl3): δ 8.18 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 

9.0 Hz, 1H), 7.04 (dd, J = 9.0, 6.8 Hz, 1H), 6.46 (d, J = 6.8 Hz, 1H), 3.07 (s, 1H), 2.92 (s, 1H), 2.82-2.72 (m, 

1H), 1.76-1.47 (m, 5H) , 1.10-1.06 (m, 5H); 13C NMR (101 MHz, CDCl3): δ 143.7, 139.8, 137.1, 136.2, 

132.1, 128.0, 127.5, 124.9, 119.3, 116.2, 114.0, 110.4, 59.2, 33.3, 25.7, 24.9, 20.0. 

4-(5-Bromo-3-(cyclohexylamino)imidazo[1,2-a]pyridin-2-yl)benzonitrile (17e). Yield 42% 

(yellow powder); mp 165-168°C ; 1H NMR (400 MHz, CDCl3): δ 8.44 (d, J = 8.5 Hz, 2H), 7.69 (d, J = 8.5 

Hz, 2H), 7.53 (dd, J = 8.4 Hz , 1.7 Hz, 1H), 7.07-6.90 (m, 2H), 3.72 (d, J = 4.0 Hz, 1H), 2.96-2.86 (m, 1H), 

1.73-1.50 (m, 5H), 1.26-1.05 (m, 5H); 13C NMR (101 MHz, CDCl3): δ 144.4, 139.1, 137.2, 132.0, 128.4, 

128.1, 124.9, 119.3, 118.9, 117.7, 111.8, 110.6, 59.4, 33.0, 25.8, 24.9. 

4-(3-(Butylamino)imidazo[1,2-a]pyridin-2-yl)benzonitrile (17f). Yield 17% (yellow powder); mp 

124-126°C;  1H NMR (400 MHz, CDCl3): δ 8.18 (d, J = 8.2 Hz, 2H), 8.02 (d, J = 6.9 Hz, 1H), 7.69 (d, J = 

8.2 Hz, 2H), 7.54 (d, J = 9.1 Hz, 1H), 7.17 (ddd, J = 9.1, 6.6, 1.3 Hz, 1H), 6.83 (t, J = 6.7 Hz 1H), 3.11-3.02 

(m, 3H), 1.70-1.50 (m, 2H), 1.48-1.38 (m, 2H), 0.93 (t, J = 7.3 Hz, 3H); 13C NMR (101 MHz, CDCl3): δ 

141.9, 139.1, 133.8, 132.3, 127.5, 127.1, 124.7, 122.4, 119.2, 117.9, 112.2, 110.3, 48.1, 32.9, 20.2, 13.9. 

4-(3-(Isopropylamino)imidazo[1,2-a]pyridin-2-yl)benzonitrile (17g). Yield 22% (yellow powder); 

mp 122-124°C; 1H NMR (300 MHz, CDCl3): δ 8.32-8.18 (m, 2H), 8.07 (dt, J = 6.9, 1.2 Hz, 1H), 7.77-7.63 

(m, 2H), 7.54 (dt, J = 9.2, 1.1 Hz, 1H), 7.18 (ddd, J = 9.1, 6.6, 1.3 Hz, 1H), 6.82 (td, J = 6.8, 1.2 Hz, 1H), 

3.51-3.32 (m, 1H), 3.07 (d, J = 4.5 Hz, 1H), 1.12 (d, J= 6.2 Hz, 6H); 13C NMR (75 MHz, CDCl3): δ 142.0, 

139.1, 134.9, 132.2, 127.2, 126.3, 124.8, 122.7, 119.2, 117.7, 112.2, 110.2, 49.2, 23.4. 

4. -(3-(tert-Butylamino)imidazo[1,2-a]pyridin-2-yl)benzonitrile (17h). Yield 17% (yellow 

powder); mp 170-173°C ; 1H NMR (400 MHz, CDCl3): δ 8.28-8.03 (m, 3H), 7.82-7.63 (m, 2H), 7.54 (d, J 

= 9.0, 1H), 7.18 (ddd, J = 9.2, 6.5, 1.3 Hz, 1H), 6.81 (td, J = 6.8, 1.2 Hz, 1H), 3.02 (s, 1H), 1.07 (s, 9H); 13C 

NMR (101 MHz, CDCl3): δ 142.5, 140.0, 137.5, 132.0, 128.4, 124.8, 124.5, 123.4, 119.2, 117.7, 111.9, 110.5, 

56.7, 30.5. 

4-(3-(Pentylamino)imidazo[1,2-a]pyridin-2-yl)benzonitrile (17i). Yield 35% (yellow powder); mp 

120-122°C ; 1H NMR (300 MHz, CDCl3): δ 8.29-8.13 (m, 2H), 8.02 (dt, J = 6.9, 1.2 Hz, 1H), 7.73-7.65 (m, 

2H), 7.54 (dt, J = 9.1, 1.1 Hz, 1H), 7.18 (ddd, J = 9.1, 6.7, 1.3 Hz, 1H), 6.83 (td, J = 6.8, 1.1 Hz, 1H), 3.11 

(m, 1H), 3.09-2.97 (m, 2H), 1.67-1.55 (m,2H), 1.46-1.26 (m, 4H), 1.03-0.80 (m, 3H);13C NMR (75 MHz, 

CDCl3): δ 141.9, 139.1, 133.8, 132.3, 127.5, 127.1, 124.7, 122.4, 119.2, 117.8, 112.2, 110.3, 48.3, 30.5, 29.2, 

22.5, 14.0. 

3-(Cyclohexylamino)-2-phenylimidazo[1,2-a]pyridine-5-carbonitrile (17j); Yield 15% (yellow 

powder), mp 143-145°C;  1H NMR (400 MHz, CDCl3): δ 8.07 (d, J = 7.5 Hz, 2H), 7.81 (d, J = 8.6 Hz, 1H), 

7.47 (t, J = 7.6 Hz, 2H, 7.35-7.38 (m, 2H), 7.14 (t, J = 7.9 Hz, 1H), 3.37 (d, J = 4.9 Hz, 1H), 3.01 (s, 1H), 

1.87-1.48 (m, 5H), 1.30-1.09 (m, 5H); 13C NMR (101 MHz, CDCl3): δ 141.0, 139.7, 133.4, 128.6, 128.2, 

127.6, 126.7, 124.1, 122.8, 121.9, 114.2, 107.7, 57.4, 33.0, 25.7, 24.9. 

2-(sec-Butyl)-3-(cyclohexylamino)imidazo[1,2-a]pyridine-5-carbonitrile (17k). Yield 23% (yellow 

oil); 1H NMR (300 MHz, CDCl3): δ 7.74 (dd, J = 8.9, 1.2 Hz, 1H), 7.32 (dd, J = 7.0, 1.2 Hz, 1H), 7.07 (dd, 

J = 8.9, 7.1 Hz, 1H), 3.15-2.98 (m, 1H), 2.93-2.88 (m, 1H), 2.00-1.60 (m, 9H), 1.41-1.16 (m, 7H), 0.85 (t, J 

= 7.4 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 147.7, 141.3, 126.0, 123.5, 122.3, 121.0, 114.3, 107.4, 58.1, 

33.2, 33.2, 33.0, 29.8, 25.8, 25.1, 25.0, 20.6, 12.5. 

 

Spectroscopic data for compounds 18a, 18b and 19 



2,6-Bis-(4-chlorophenoxy)isonicotinonitrile (18a). Yield 99% (white oil); 1H NMR (300 MHz, 

CDCl3) δ 7.94 (d, J = 8.3 Hz, 1H), 7.25–7.22 (m, 2H), 6.98–6.93 (m, 2H), 6.91–6.87 (m, 2H), 6.63 (d, J = 

8.3 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 162.9, 151.1, 129.6, 122.8, 122.6, 119.9, 115.0, 112.1, 106.6. 

2,6-Bis(4-chlorophenoxy)nicotinonitrile (18b). Yield 78% (white oil); 1H NMR (300 MHz, CDCl3) 

δ 7.94 (d, J = 8.3 Hz, 1H), 7.25–7.22 (m, 4H), 6.98–6.93 (m, 2H), 6.91–6.87 (m, 2H), 6.63 (d, J = 8.3 Hz, 

1H); 13C NMR (75 MHz, CDCl3) δ 164.1, 161.1, 150.8, 145.9, 132.1, 131.1, 129.4, 123.0, 114.8, 104.8. 

6-(4-Chlorophenoxy)-2-((2-cyano-5-methylphenyl)amino)nicotinonitrile (19). Reaction of 6-(4-

chlorophenoxy)nicotinonitrile (133 mg, 0.5 mmol) with 2-amino-4-methylbenzonitrile (80 mg, 0.6 

mmol) using  a similar method to that described for 18a and 18b gave product 19 (133 mg, 87%) as a 

yellow oil. 1H NMR (300MHz, CDCl3): δ 7.94 (d, J = 8.3 Hz, 1H), 6.63 (d, J = 8.3 Hz, 1H), 7.26–7.21 (m, 

2H), 6.98–6.94 (m, 1H), 6.91–6.86 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 160.1, 154.9, 151.2, 145.2, 143.9, 

141.7, 132.2, 131.2, 129.8, 127.9, 123.8, 123.6, 120.1, 117.2, 115.4, 106.0, 98.9, 22.2. 

 

Spectroscopic data for amide products 8, 9, 13, 22, 23 and 25 

[1,1'-Biphenyl]-4-carboxamide (8a): [13] Yield 22% (white powder); 1H NMR (400 MHz, DMSO): 

δ 8.02 (br s, 1H), 7.97 (d, J = 8.4 Hz, 2H), 7.77-7.70 (m, 4H), 7.49 (t, J = 7.5 Hz, 2H), 7.40 (t, J = 7.3 Hz, 

1H, 7.38 (br s, 1H); 13C NMR (101 MHz, CDCl3): δ 167.5, 142.7, 139.2, 133.1, 129.0, 128.2, 128.0, 126.9, 

126.4. 

3',4'-Difluoro-[1,1'-biphenyl]-4-carboxamide (8b). Yield 31% (white powder); 1H NMR (500 

MHz, DMSO-d6): δ 8.04 (br s, 1H), 7.97 (d, J = 8.5 Hz, 2H), 7.86 (ddd, J = 12.2, 7.7, 2.2 Hz, 1H), 7.78 (d, 

J = 8.5 Hz, 2H), 7.61 (dddd, J = 7.9, 4.5, 2.3, 1.1 Hz, 1H), 7.57-7.50 (m, 1H), 7.41 (br s, 1H); 13C NMR (125 

MHz, DMSO-d6): δ 167.3, 150.6 (dd, JCF = 48.3, 12.7 Hz), 148.6 (dd, JCF = 49.8, 12.7 Hz), 140.4, 136.8 (dd, 

JCF = 6.2, 3.7 Hz), 133.5, 128.2, 126.6, 123.7 (dd, JCF = 6.5, 3.2 Hz), 117.9 (d, JCF = 17.2 Hz), 115.9 (d, JCF = 

17.9 Hz). 

4'-Chloro-[1,1'-biphenyl]-4-carboxamide (8c).[14] Yield 42% (white powder);  1H NMR (500 MHz, 

DMSO-d6): δ 8.03 (br s, 1H), 7.99-7.93 (m, 2H), 7.79-7.71 (m, 4H), 7.57-7.51 (m, 2H), 7.40 (br s, 1H); 13C 

NMR (125 MHz, CDCl3) :δ 167.4, 141.4, 138.0, 133.4, 132.9, 129.0, 128.7, 128.2, 126.4. 

3-Fluoro-[1,1'-biphenyl]-4-carboxamide (8e). Yield 13% (yellow powder);  1H NMR (400 MHz, 

DMSO-d6): δ 7.76-7.73 (m, 3H), 7.70 (br s, 1H), 7.65 (br s, 1H), 7.63-7.57 (m, 2H), 7.52-7.48 (m, 2H), 7.45-

7.40 (m, 1H); 13C NMR (101 MHz, DMSO-d6): δ 164.9 (d, JCF = 1.4 Hz), 159.8 (d, JCF = 249.2 Hz), 144.4 

(d, JCF = 8.4 Hz), 137.9 (d, JCF = 1.8 Hz), 130.9 (d, JCF = 3.5 Hz), 129.1, 128.6, 126.9, 122.4 (d, JCF = 3.0 Hz), 

122.3 (d, JCF = 14.4 Hz), 114.0 (d, JCF = 23.9 Hz). 

3,3',4'-Trifluoro-[1,1'-biphenyl]-4-carboxamide (8f). Yield 23% (white powder);  1H NMR (500 

MHz, DMSO-d6): (23% yield): (White powder): δ 7.91 (ddd, J = 12.2, 7.7, 2.3 Hz, 1H), 7.74 (t, J = 7.9 Hz, 

2H), 7.68 (dd, J = 12.1, 1.7 Hz, 1H), 7.64-7.62 (m, 2H), 7.58-7.52 (m, 1H); 13C NMR (125 MHz, DMSO-

d6): δ 164.8 (d, JCF = 1.26 Hz) , 159.7 (d, JCF = 249.4 Hz), 149.8 (dd, JCF = 245.7, 12.5 Hz), 146.7 (dd, JCF = 

248.2, 12.8 Hz), 142.0 (d, JCF = 8.5 Hz), 135.4, 130.9 (d, JCF = 3.5 Hz), 123.9 (dd, JCF = 6.7, 3.3 Hz), 122.8 

(d, JCF = 14.4 Hz), 122.5 (d, JCF = 3.0 Hz), 118.1 (d, JCF = 17.2 Hz), 116.2 (d, JCF = 18.1 Hz), 114.3 (d, JCF = 

24.5 Hz). 

4'-Chloro-3-fluoro-[1,1'-biphenyl]-4-carboxamide (8g). Yield 15% (yellow powder); 1H NMR (400 

MHz, DMSO-d6): δ 7.81-7.77 (m, 2H), 7.75 (t, J = 8.0 Hz, 1H), 7.72 (br s, 1H), 7.68-7.59 (m, 2H), 7.57-

7.53 (m, 2H); 13C NMR (101 MHz, DMSO-d6): δ 165.2 (d, JCF = 1.4 Hz), 160.0 (d, JCF = 249.5 Hz), 143.3 

(d, JCF = 8.5 Hz), 136.9, 133.7, 131.2 (d, JCF = 3.4 Hz), 129.3, 128.9, 122.7 (d, JCF = 3.0 Hz), 122.7 (d, JCF = 

14.3 Hz), 114.3 (d, JCF = 24.2 Hz). 

[1,1'-Biphenyl]-3-carboxamide (9a). Yield 20% (white powder); 1H NMR (400 MHz, DMSO-d6): δ 

8.16 (t, J = 1.7 Hz, 1H), 8.09 (d, J = 9.2 Hz, 1H), 7.90-7.84 (m, 1H), 7.82 (dd, J = 7.9, 1.6 Hz, 1H), 7.77-7.69 

(m, 2H), 7.58-7.47 (m, 3H), 7.41 (dt, J = 8.1, 5.2 Hz, 2H); 13C NMR (101 MHz, DMSO-d6): δ 167.8, 140.1, 

139.6, 134.9, 129.4, 129.0, 128.9, 127.7, 126.8, 126.6, 125.7. 

3',4'-Difluoro-[1,1'-biphenyl]-3-carboxamide (9b). Yield 42% (white powder);  1H NMR (500 

MHz, DMSO-d6): δ 8.16 (t, J = 1.7 Hz, 1H), 8.10 (br s, 1H), 7.90-7.83 (m, 3H), 7.61-7.60 (m, 1H), 7.59-

7.52 (m, 2H), 7.46 (br s, 1H); 13C NMR (126 MHz, CDCl3): δ 167.6, 149.6 (dd, JCF = 247.0 , 67.9 Hz), 149.5 

(dd, JCF = 247.0, 69.2 Hz), 137.9, 137.2 (dd, JCF = 6.3, 3.6 Hz, C8), 135.0, 129.4, 129.1, 127.2, 125.6, 123.6 

(dd, JCF = 6.5, 3.3 Hz), 118.0 (d, JCF = 17.2 Hz), 115.9 (d, JCF = 17.8 Hz). 



4'-Chloro-[1,1'-biphenyl]-3-carboxamide (9c). Yield 11% (White powder);  1H NMR (500 MHz, 

DMSO-d6): δ 8.16 (t, J = 1.9 Hz, 1H), 8.11 (br s, 1H), 8.08 (br s, 1H), 7.79-7.76 (m, 2H), 7.58-7.53 (m, 3H), 

7.47-7.39 (m, 2H); 13C NMR (126 MHz, DMSO-d6) δ 167.6 , 138.7 , 138.4 , 135.0, 133.9 , 132.6 , 130.5 , 

128.9 , 128.6 , 126.5 , 125.6. 

6-(4-Chlorophenyl)picolinamide (9e). Yield 5% (white powder);  1H NMR (400 MHz, DMSO-d6): 

δ 8.39-8.31 (m, 3H), 8.18 (dd, J = 7.9, 1.1 Hz, 1H), 8.06 (t, J = 7.8 Hz, 1H), 7.99 (dd, J = 7.6, 1.0 Hz, 1H), 

7.70 (br s, 1H), 7.58-7.51 (m, 2H); 13C NMR: δ 166.2, 153.8, 150.3, 139.0, 136.5, 134.5, 128.94, 128.88, 

122.7, 120.9. 

2-(Hydroxy(phenyl)methyl)acrylamide (13a) [10]. Yield 84% (colourless oil);  1H NMR (300 MHz, 

DMSO-d6): δ 7.46 (s, 1H), 7.38-7.27 (m, 4H), 7.27-7.20 (m, 1H), 7.00 (s, 1H), 5.81 (t, J = 1.2 Hz, 1H), 5.70 

(d, J = 4.9 Hz, 1H), 5.62 (t, J = 1.4 Hz, 1H), 5.51 (dt, J = 4.9, 1.2 Hz, 1H); 13C NMR (75 MHz, DMSO-d6) 

δ 139.2, 130.0, 128.9, 128.8, 126.5, 126.2, 117.0, 74.0. 

2-((2-Bromophenyl)(hydroxy)methyl)acrylamide (13b). Yield 93% (white powder);  1H NMR 

(300 MHz, DMSO-d6): δ 7.60-7.50 (m, 2H), 7.46-7.32 (m, 2H), 7.20 (ddd, J = 7.9, 7.1, 2.0 Hz, 1H), 7.02 

(br s, 1H), 5.84-5.83 (m , 1H), 5.80-5.73 (m, 1H), 5.70 (d, J = 5.8 Hz, 1H), 5.28-5.21 (m, 1H); 13C NMR (75 

MHz, DMSO-d6): δ 168.7, 146.4, 141.9, 132.4, 129.1, 128.7, 127.5, 123.2, 118.6, 70.0. 

2-(Hydroxy(4-methoxyphenyl)methyl)acrylamide (13c) [10]. Yield 57% (white powder);  1H 

NMR (300 MHz, DMSO-d6): δ 7.40 (br s, 1H), 7.27-7.15 (m, 2H), 6.95 (br s, 1H), 6.89-6.79 (m, 2H), 5.76 

(t, J = 1.3 Hz, 1H), 5.62-5.51 (m, 2H), 5.43 (d, J = 4.7 Hz, 1H), 3.72 (s, 3H); 13C NMR (75 MHz, DMSO-

d6) :δ 168.7, 158.3, 147.7, 135.2, 127.9, 116.9, 113.3, 70.7, 55.0. 

2-((4-Chlorophenyl)(hydroxy)methyl)acrylamide (13d) [15]. Yield 61% (white powder); mp 132-

134;  1H NMR (500 MHz, DMSO-d6): δ 7.45 (s, 1H), 7.38 – 7.33 (m, 2H), 7.33 – 7.26 (m, 2H), 6.99 (s, 1H), 

5.81 (t, J = 1.1 Hz, 1H), 5.77 (d, J = 4.9 Hz, 1H), 5.62 (t, J = 1.4 Hz, 1H), 5.48 (d, J = 4.8 Hz, 1H); 13C NMR 

(126 MHz, DMSO-d6): δ 168.5, 147.1, 142.4, 131.4, 128.6, 127.9, 117.6, 70.4. 

2-(Hydroxy(4-methoxyphenyl)methyl)acrylamide (13e) [10]. Yield 57% (white powder); 1H 

NMR (300 MHz, DMSO-d6): δ 7.40 (br s, 1H), 7.27-7.15 (m, 2H), 6.95 (br s, 1H), 6.89-6.79 (m, 2H), 5.76 

(t, J = 1.3 Hz, 1H), 5.62-5.51 (m, 2H), 5.43 (d, J = 4.7 Hz, 1H), 3.72 (s, 3H); 13C NMR (75 MHz, DMSO-

d6) :δ 168.7, 158.3, 147.7, 135.2, 127.9, 116.9, 113.3, 70.7, 55.0. 

2,6-Bis(4-chlorophenoxy)isonicotinamide (22a). Yield 73% (yellow oil); 1H NMR (500 MHz, 

DMSO-d6) δ 9.63 (br s, 2H), 7.88 (s, 2H), 7.17 (d, J = 8.4 Hz, 4H), 6.75 (d, J = 8.3 Hz, 4H); 13C NMR (126 

MHz, DMSO-d6) δ 162.8, 156.8, 150.7, 143.8, 129.6, 123.2, 122.8, 117.4. 

2,6-Bis(4-chlorophenoxy)nicotinamide (22b). Yield 50%; 1H NMR ( 500 MHz, CDCl3): 𝛿 8.35 (s, 

1H), 8.33 (s, 1 H), 7.94-7.92 (m, 3H), 7.41-7.39 (m, 2H), 7.38-7.10 (m, 2 H), 6.92-6.90 (m, 1H), 6.77 (s, 

1H), 5.96 (s, 1H); 13C NMR (126 MHz, CDCl3): 151.7, 151.1, 150.6, 131.3, 130.9, 130.8, 130.0, 129.9, 129.6, 

122.8, 122.6, 118.9, 113.9, 110.1. 

6-(4-Chlorophenoxy)-2-((2-cyano-5-methylphenyl)amino)nicotinamide (23). Yield 64% (light 

yellow solid); mp 204–205°C; 1H NMR (500 MHz, DMSO-d6) δ 9.40 (br s, 1H), 8.18 (d, J = 8.4 Hz), 7.51–

7.45 (m, 3H), 7.43–7.40 (m, 2H), 7.31 (s, 1H), 7.26–7.21 (m, 2H), 6.91 (d, J = 7.9 Hz), 6.77 (d, J = 8.4 Hz, 

1H), 2.12 (s, 3H); 13C NMR (126 MHz, DMSO-d6) δ 165.2, 159.5, 155.6, 152.2, 144.4, 143.1, 142.1, 142.3, 

133.2, 129.7, 129.5, 124.7, 124.5, 123.4, 117.9, 107.9, 105.8, 101.8, 21.8. 

2-(2-Cyanophenyl)acetamide (25p). Yield 10%; 1H NMR (500 MHz; CDCl3): δ 7.68-7.61(m, 1H), 

7.60-7.58 (m, 1H), 7.54-7.53 (m, 1H), 7.42-7.39 (m, 1 H), 5.63 ppm (s, 1H), 5.47 ppm (s, 1H), 3.79 ppm 

(s, 2H); 13C NMR (126 MHz, CDCl3): δ 170.6, 138.5, 133.3, 132.8, 130.9, 127.9, 117.9, 112.9, 41.3. 

4-Cyanatophenyl carbamate (33). Yield 21%;  1H NMR (500 MHz, CDCl3): δ 7.93-7.90 (m, 2 H), 

7.78-7.75 (m, 2H), 6.00 (s, 1H), 5.69 (s, 1H); 13C NMR (101 MHz, CDCl3): 167.2, 137.2, 132.5, 128.0, 117.8, 

115.8. 

1H-pyrrolo[2,3-b]pyridine-4-carboxamide (35). Yield 22% (Brown powder);  1H NMR (300 MHz, 

DMSO-d6): δ 11.83 (s, 1H), 8.28 (d, J = 4.9 Hz, 1H), 8.00 (s, 1H), 7.63-7.46 (m, 3H), 7.39 (d, J = 4.9 Hz, 

1H), 6.81 (d, J = 3.4 Hz, 1H); 13C NMR (75 MHz, DMSO-d6): δ 168.3, 149.7, 142.2, 133.4, 127.5, 117.4, 

113.5, 100.6 . 
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