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1. General Information 

All reagents and metal catalysts were obtained from commercial sources without further 

purification, and commercially available solvents were purified before use. All new compounds 

were fully characterized. All melting points were taken on a WRS-1A or a WRS-1B Digital 

Melting Point Apparatus without correction. Infrared spectra were obtained using an AVATAR 370 

FT-IR spectrometer. 1H, 13C, and 19F NMR spectra were recorded with a Bruker AV-500 

spectrometer operating at 500 MHz and 125 MHz, respectively, with chemical shift values being 

reported in ppm relative to chloroform (δ = 7.26 ppm), dimethyl sulfoxide (δ = 2.50 ppm), acetone 

(δ = 2.05 ppm) or TMS (δ = 0.00 ppm) for 1H NMR; chloroform (δ = 77.16 ppm), acetone (δ = 

29.84 and 206.26 ppm) or dimethyl sulfoxide (δ = 39.52 ppm) for 13C NMR; and C6F6 (δ = -164.9 

ppm) for 19F NMR. Mass spectra and high resolution mass spectra were recorded with an Agilent 

5975N using an Electron impact (EI) or Electrospray ionization (ESI) techniques. Elemental 

analyses were carried out on an Elementar Vario EL elemental analyzer. Silica gel plate GF254 

were used for thin layer chromatography (TLC) and silica gel H or 300-400 mesh were used for 

flash column chromatography. Yields refer to chromatographically and spectroscopically pure 

compounds, unless otherwise indicated. 
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2. Screening of the Reaction Conditions 

Table S1. Optimization of reaction conditionsa 

 

Entry Cu sources Solvent 
Time  

[h] 

Temp. 

[oC] 

Yield  

[%]b 

1 CuCl toluene 36 110 n.d. 

2 Cu(OAc)2 toluene 58 110 30c 

3 Cu(OAc)2 toluene 35 110 67 

4 Cu(OAc)2·H2O toluene 27 110 65 

5 Cu(OAc)2·H2O toluene 47 110 51d 

6 Cu(OAc)2·H2O PhCl 24 110 32 

7 Cu(OAc)2·H2O dioxane 35 110 trace 

8 Cu(OAc)2·H2O DMF 35 110 trace 

9 Cu(OAc)2·H2O toluene 59 100 59 

10 Cu(OAc)2·H2O toluene 36 120 48 

11 Cu(OAc)2·H2O toluene 24 110 19e 

12 Cu(OAc)2·H2O toluene 40 110 16f 

13 Cu(OAc)2·H2O toluene 39 110 traceg 

14 -- toluene 24 110 n.d. 

15 -- toluene 12 110 n.d.h 
a Reaction conditions: 1a (0.3 mmol), 2a (0.9 mmol), Cu source (0.6 

mmol), 110 oC, air, solvent (1.5 mL), dried through a calcium chloride 

tube. n.d. = not detected. b Isolated yield. c Cu(OAc)2·H2O (1.5 equiv). d 

Cu(OAc)2·H2O (2.5 equiv). e N2. 
f O2. 

g Cu(OAc)2·H2O (0.2 equiv), 

NaOAc (2.0 equiv). h Pd(OAc)2 (5 mol %), NaOAc (3.0 equiv).  
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3. Synthesis and characterization for starting materials 

 

Allyl-pyrimidin-2-yl-amine (1a)[1]: To an oven-dried flask containing 2-chloro-pyrimidine (1.145 

g, 10 mmol) was added allylamine (2.5 mL). The reaction mixture was stirred under reflux for 3 h 

and monitored by TLC. Upon completion, the mixture was washed with 10% NaOH aqueous 

solution and extracted with Et2O (3×30 mL). The combined organic phase was washed with brine 

and dried over Na2SO4. After that, the solid was filtered off through a thin pad of celite, and the 

filtrate was evaporated in vacuum to give the crude product which was purified by column 

chromatography on silica gel to give 1a as yellow liquid (1.318 g, 97%). IR (KBr, cm-1): 3264, 

1592, 1411, 1362, 919, 801; 1H NMR (CDCl3, 500 MHz): δ 8.25 (d, J = 5.0 Hz, 2H), 6.50 (t, J = 

5.0 Hz, 1H), 5.98-5.91 (m, 2H), 5.26-5.22 (m, 1H), 5.13-5.10 (m, 1H), 4.06-4.04 (m, 2H); 13C 

NMR (CDCl3, 125 MHz): δ 162.1, 158.0, 134.9, 115.7, 110.5, 43.7; LC-MS (ESI) m/z 136.1 

[M+H]. 

 

Butyl-pyrimidin-2-yl-amine (1b)[2]: To an oven-dried flask containing 2-chloro-pyrimidine (2.2 

g, 19.2 mmol), butylamine (1.4 g, 19.2 mmol) and triethylamine (6.0 mL) were added in 

n-butanol (40 mL) and the mixture was stirred at 110 oC for 18 h and monitored by TLC. Upon 

completion, the reaction mixture was extracted with ethyl acetate (3×30 mL). The combined 

organic phase was washed with brine and dried over Na2SO4. After that, the solid was filtered off 

through a thin pad of celite, and the filtrate was evaporated in vacuum to give the crude product 

which was purified by column chromatography on silica gel to give 1b as yellow liquid (2.3 g, 

79%). IR (KBr, cm-1): 3444, 3275, 2871, 1592, 801, 640; 1H NMR (CDCl3, 500 MHz): δ 8.26 (s, 

2H), 6.51 (t, J = 5.0 Hz, 1H), 5.46 (s, 1H), 3.42-3.38 (m, 2H), 1.62-1.56 (m, 2H), 1.45-1.37 (m, 

2H), 0.94 (t, J = 7.5 Hz, 3H); 13C NMR (CDCl3, 125 MHz): δ 162.3, 157.9, 110.2, 41.2, 31.7, 20.1, 

13.8; LC-MS (ESI) m/z 152.1 [M+H]. 

 

Benzyl-pyrimidin-2-yl-amine (1c)[2]: To an oven-dried flask containing 2-chloro-pyrimidine 

(230.0 mg, 2.0 mmol), benzylamine (107.0 mg, 1.0 mmol) and triethylamine (101.0 mg, 1.0 

mmol) were added in ethanol (2 mL) and the mixture was stirred at 78 oC for 24 h and monitored 

by TLC. Upon completion, the reaction mixture was extracted with ethyl acetate (3×30 mL). The 

combined organic phase was washed with brine and dried over Na2SO4. After that, the solid was 

filtered off through a thin pad of celite, and the filtrate was evaporated in vacuum to give the crude 

product which was purified by column chromatography on silica gel to give 1c as yellow solid 

(140.6 mg, 76%). M.p. 72-74 oC; IR (KBr, cm-1): 3241, 2874, 1592, 1261, 667, 537; 1H NMR 

(CDCl3, 500 MHz): δ 8.28 (s, 2H), 7.37-7.32 (m, 4H), 7.29-7.26 (m, 1H), 6.58 (t, J = 5.0 Hz, 1H), 

6.11 (s, 1H), 4.66 (d, J = 6.0 Hz, 2H); 13C NMR (CDCl3, 125 MHz): δ 162.1, 158.0, 139.0, 128.6, 
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127.6, 127.3, 110.6, 45.5; LC-MS (ESI) m/z 186.1 [M+H]. 

 

Phenyl-pyrimidin-2-yl-amine (1d)[3]: To an oven-dried flask containing aniline (6.975 g, 75 

mmol), 2-chloro-pyrimidine (5.725 g, 50 mmol) and acetic acid (50 mL) in 1,4-dioxane (130 mL) 

was added. The reaction mixture was stirred at 110 oC for 23 h and monitored by TLC. Upon 

completion, the mixture was extracted with CH2Cl2 (3×100 mL). The combined organic phase was 

washed with brine and dried over Na2SO4. After that, the solid was filtered off through a thin pad 

of celite, and the filtrate was evaporated in vacuum to give the crude product which was purified 

by column chromatography on silica gel and then recrystallization to give 1d as white solid (7.006 

g, 82%). M.p. 106-108 oC; IR (KBr, cm-1): 3441, 3258, 1613, 1252, 751, 640; 1H NMR (CDCl3, 

500 MHz): δ 8.43 (d, J = 4.8 Hz, 2H), 7.71 (br, 1H), 7.62 (d, 2H), 7.35 (t, J = 8.2 Hz, 2H), 7.07 (t, 

J = 7.4 Hz, 1H), 6.73 (t, J = 4.8 Hz, 1H); 13C NMR (CDCl3, 125 MHz): δ 160.2, 158.0, 139.4, 

129.0, 122.9, 119.8, 112.4; EI-MS m/z (%): 171 (46) [M+], 170 (100). 

 

Pyrimidin-2-yl-p-tolyl-amine (1e)[4]: Following the same procedure as for 1d with 

4-methylaniline (321.0 mg, 3 mmol), 2-chloro-pyrimidine (520.0 mg, 4.5 mmol), and acetic acid 

(270 mg, 4.5 mmol) in 1,4-dioxane (6.0 mL) for 9 h to give 1e as yellow solid (433.4 mg, 78%). 

M.p. 124-126 oC; IR (KBr, cm-1): 3443, 3259, 1617, 1252, 794, 640, 507; 1H NMR (CDCl3, 500 

MHz): δ 8.40 (d, J = 4.5 Hz, 2H), 7.95 (s, 1H), 7.49 (d, J = 8.5 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 

6.67 (t, J = 4.5 Hz, 1H), 2.33 (s, 3H); 13C NMR (CDCl3, 125 MHz): δ 160.4, 158.0, 136.7, 132.6, 

129.5, 120.3, 112.1, 20.9; EI-MS m/z (%): 185 (58) [M+], 184 (100). 

 
(4-Methoxy-phenyl)-pyrimidin-2-yl-amine (1f)[4]: Following the same procedure as for 1d with 

4-methoxyaniline (370.0 mg, 3.0 mmol), 2-chloro-pyrimidine (520.0 mg, 4.5 mmol), and acetic 

acid (270 mg, 1.5 mmol) in 1,4-dioxane (6.0 mL) for 18 h to give 1f as orange-red solid (509.0 

mg, 84%). M.p. 123-124 oC; IR (KBr, cm-1): 3442, 3258, 1617, 1424, 1243, 560; 1H NMR (CDCl3, 

500 MHz): δ 8.37 (d, J = 4.5 Hz, 2H), 7.95 (br, 1H), 7.48 (d, J = 8.4 Hz, 2H), 7.16 (d, J = 8.2 Hz, 

2H), 6.68 (t, J = 4.8 Hz, 1H), 3.80 (s, 3H); 13C NMR (CDCl3, 125 MHz): δ 160.6, 158.0, 155.9, 

132.3, 122.4, 114.2, 111.9, 55.6; LC-MS (ESI) m/z 202.1 [M+H]. 

 
(4-Chloro-phenyl)-pyrimidin-2-yl-amine (1g)[4]: Following the same procedure as for 1d with 

p-chloroaniline (765.4 mg, 6.0 mmol), 2-chloro-pyrimidine (572.5 mg, 5.0 mmol), and acetic 

acid (300.3 mg, 5.0 mmol) in 1,4-dioxane (12.0 mL) for 29 h to give 1g as yellow solid (849.3 mg, 

83%). M.p. 172-174 oC; IR (KBr, cm-1): 3455, 3259, 1616, 1424, 790, 464; 1H NMR (CDCl3, 500 
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MHz): δ 8.43 (d, J = 4.8 Hz, 2H), 7.62 (br, 1H), 7.58 (d, J = 8.7 Hz, 2H), 7.30 (d, J = 8.7 Hz, 2H), 

6.76 (t, J = 4.8 Hz, 1H); 13C NMR (CDCl3, 125 MHz): δ 159.7, 158.0, 137.9, 128.9, 127.6, 120.7, 

112.8; EI-MS m/z (%): 207 (18) [M+ (37Cl)], 205 (58) [M+ (35Cl)], 204 (100). 

 

Pyrimidin-2-yl-m-tolyl-amine (1h)[4]: Following the same procedure as for 1d with 

3-methylaniline (385.7 mg, 3.6 mmol), 2-chloro-pyrimidine (343.5 mg, 3.0 mmol), and acetic 

acid (180.0 mg, 3.0 mmol) in 1,4-dioxane (7.2 mL) for 18 h to give 1h as yellow solid (245.0 mg, 

44%). M.p. 80-82 oC; IR (KBr, cm-1): 3314, 1614, 1254, 798, 519, 443; 1H NMR (CDCl3, 500 

MHz): δ 8.43 (d, J = 5.0 Hz, 2H), 7.49 (br, 1H), 7.44-7.42 (m, 2H), 7.23 (t, J = 8.0 Hz, 1H), 6.89 

(d, J = 8.0 Hz, 1H), 6.72 (t, J = 5.0 Hz, 1H), 2.37 (s, 3H); 13C NMR (CDCl3, 125 MHz): δ 160.3, 

158.0, 139.3, 138.8, 128.8, 123.8, 120.4, 116.9, 112.3, 21.7; LC-MS (ESI) m/z 186.1 [M+H]. 

 

(3-Chloro-phenyl)-pyrimidin-2-yl-amine (1i)[4]: Following the same procedure as for 1d with 

m-chloroaniline (765.0 mg, 6.0 mmol), 2-chloro-pyrimidine (572.5 mg, 5.0 mmol), and acetic 

acid (300.3 mg, 5.0 mmol) in 1,4-dioxane (12 mL) for 24 h to give 1i as yellow solid (906.5 mg, 

88%). M.p. 106-108 oC; IR (KBr, cm-1): 3445, 1617, 1432, 995, 793, 640; 1H NMR (CDCl3, 500 

MHz): δ 8.45 (d, J = 4.5 Hz, 2H), 7.86 (s, 1H), 7.73 (br, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.25 (t, J = 

7.5 Hz, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6.79 (t, J = 4.5 Hz, 1H); 13C NMR (CDCl3, 125 MHz): δ 

159.8, 158.0, 140.8, 134.6, 129.9, 122.5, 119.4, 117.4, 113.0; LC-MS (ESI) m/z 208.1 [M+H 

(37Cl)], 206.1 [M+H (35Cl)]. 

 
Pyrimidin-2-yl-o-tolyl-amine (1j)[3]: Following the same procedure as for 1d with 

o-methylaniline (642.9 mg, 6.0 mmol), 2-chloro-pyrimidine (572.5 mg, 5.0 mmol), and acetic 

acid (300.3 mg, 5.0 mmol) in 1,4-dioxane (12 mL) for 25 h to give 1j as white solid (493.3 mg, 

53%). M.p. 88-90 oC; IR (KBr, cm-1): 3444, 3230, 1583, 1257, 752, 639; 1H NMR (CDCl3, 500 

MHz): δ 8.40 (d, J = 5.0 Hz, 2H), 7.89 (d, J = 8.0 Hz, 1H), 7.22-7.26 (m, 3H), 7.07 (t, J = 7.4 Hz, 

1H), 6.72 (t, J = 5.0 Hz, 1H), 2.33 (s, 3H); 13C NMR (CDCl3, 125 MHz): δ 160.6, 158.1, 137.1, 

130.6, 129.8, 126.7, 124.3, 122.7, 122.2, 18.2; LC-MS (ESI) m/z 186.1 [M+H]. 

 
(2-Methoxy-phenyl)-pyrimidin-2-yl-amine (1k)[3]: Following the same procedure as for 1d with 

o-methoxyaniline (738.9 mg, 6.0 mmol), 2-chloro-pyrimidine (572.5 mg, 5.0 mmol), and acetic 

acid (300.3 mg, 5.0 mmol) in 1,4-dioxane (12 mL) for 18 h to give 1k as yellow solid (382.7 mg, 

38%). M.p. 54-56 oC; IR (KBr, cm-1): 3385, 2998, 1581, 1245, 749, 583; 1H NMR (CDCl3, 500 

MHz): δ 8.42-8.45 (m, 3H), 8.05 (br, 1H), 7.00-7.01 (m, 2H), 6.90-6.92 (m, 1H), 6.73 (t, J = 5.0, 
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1H), 3.91 (s, 3H); 13C NMR (CDCl3, 125 MHz): δ 159.9, 157.9, 148.0, 129.0, 122.0, 120.9, 118.9, 

112.3, 110.0, 55.7; LC-MS (ESI) m/z 202.1 [M+H]. 

 
(2-Chloro-phenyl)-pyrimidin-2-yl-amine (1l)[4]: To an oven-dried flask containing 

2-phenyl-pyrimidine (872.2 mg, 5.0 mmol), N-chlorosuccinimide (815.8 mg, 6.0 mg), Pd(OAc)2 

(59.9 mg, 0.25 mmol) were added in HOAc (50 mL). The reaction mixture was stirred at 110 oC 

for 17 h and monitored by TLC. Upon completion, the reaction mixture was extracted with ethyl 

acetate (3×30 mL). The combined organic phase was washed with brine and dried over Na2SO4. 

After that, the solid was filtered off through a thin pad of celite, and the filtrate was evaporated in 

vacuum to give the crude product which was purified by column chromatography on silica gel and 

then recrystallization to give 1l as white solid (404.4 mg, 39%). M.p. 94-96 oC; IR (KBr, cm-1): 

3445, 3226, 1596, 1289, 798, 600; 1H NMR (CDCl3, 500 MHz): δ 8.47-8.46 (m, 3H), 7.85 (br, 

1H), 7.40 (d, J = 7.0 Hz, 1H), 7.30 (t, J = 8.0 Hz, 1H), 7.00 (t, J = 5.0 Hz, 1H), 6.81 (t, J = 5.0 Hz, 

1H); 13C NMR (CDCl3, 125 MHz): δ 159.7, 158.0, 136.0, 129.2, 127.4, 122.9, 122.7, 120.5, 113.3; 

LC-MS (ESI) m/z 208.1 [M+H (37Cl)], 206.1 [M+H (35Cl)]. 

 
(3-Bromo-4-fluoro-phenyl)-pyrimidin-2-yl-amine (1m): Following the same procedure as for 

1d with 3-bromo-4-fluoro-phenylamine (912.1 mg, 4.8 mmol), 2-chloro-pyrimidine (458.0 mg, 

4.0 mmol), and acetic acid (24.2 mg, 4.0 mmol) in 1,4-dioxane (9.6 mL) for 23 h to give 1m as 

white solid (701.9 mg, 65%). M.p. 156-158 oC; IR (KBr, cm-1): 3440, 3263, 1614, 1253, 798, 556 

cm-1; 1H NMR (CDCl3, 500 MHz): δ 8.44 (d, J = 4.5 Hz, 2H), 7.98 (dd, 4JF-H = 6.0 Hz, 4JH-H = 2.5 

Hz, 1H), 7.74 (br, 1H), 7.45-7.42 (m, 1H), 7.08 (t, J = 8.5 Hz, 1H), 6.78 (t, J = 5.0, 1H); 19F NMR 

(CDCl3, 470 MHz): δ -115.0 (m, Ar-F); 13C NMR (CDCl3, 125 MHz): δ 159.5, 158.0, 155.0 (d, 
1JC-F = 237.5 Hz), 136.2 (d, 4JC-F = 3.8 Hz), 124.4, 120.1 (d, 3JC-F = 6.3 Hz), 116.3 (d, 2JC-F = 23.8 

Hz), 112.9, 108.9 (d, 2JC-F = 21.3 Hz); EI-MS m/z (%): 269 (62) [M+ (81Br)], 267 (64) [M+ (79Br)]; 

HRMS (EI) calcd for C10H6BrFN3 [M-H]+ 265.9729, found 265.9728. 

 

Pyrimidin-2-yl-quinolin-2-yl-amine (1n)[5]: To an oven-dried flask containing 2-chloroquinoline 

(589.0 mg, 3.6 mmol), 2-aminopyrimidine (285.3 mg, 3.0 mg), Pd2(dba)3 (41.2 mg, 0.045 mmol), 

DPPF (49.9 mg, 0.09 mmol) and t-BuOK (403.9 mg, 3.6 mmol) were added in toluene (30 mL). 

The reaction mixture was stirred at 80 oC for 27 h and monitored by TLC. Upon completion, the 

mixture was extracted with ethyl acetate (3×30 mL). The combined organic phase was washed 

with brine and dried over Na2SO4. After that, the solid was filtered off through a thin pad of celite, 

and the filtrate was evaporated in vacuum to give the crude product which was purified by column 

chromatography on silica gel and then recrystallization to give 1n as white solid (85 mg, 13%). 

M.p. 180-182 oC; IR (KBr, cm-1): 3444, 3038, 1610, 1503, 1449, 1427, 1334, 817, 737; 1H NMR 

(CDCl3, 500 MHz): δ 9.48 (br, 1H), 8.69-8.67 (m, 3H), 8.14 (d, J = 9.0 Hz, 1H), 7.87 (d, J = 8.0 
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Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.64 (td, J = 7.5, 1.5 Hz, 1H), 7.39 (td, J = 7.5, 0.5 Hz, 1H), 

6.88 (t, J = 4.5 Hz, 1H); 13C NMR (CDCl3, 125 MHz): δ 159.5, 158.2, 152.4, 138.0, 129.8, 127.5, 

127.1, 125.4, 124.2, 114.1, 113.8; LC-MS (ESI) m/z 223.1 [M+H]. 

 

(2,6-Dichloro-phenyl)-pyrimidin-2-yl-amine (1o)[6]: Following the same procedure as for 1l 

with 2-phenyl-pyrimidine (872.2 mg, 5.0 mmol), N-chlorosuccinimide (815.8 mg, 6.0 mg), 

Pd(OAc)2 (59.9 mg, 0.25 mmol) in HOAc (50 mL) for 17 h to give 1o as white solid (244.0 mg, 

20%). M.p. 172-174 oC; IR (KBr, cm-1): 3453, 3063, 1589, 1519, 1445, 1413, 1250, 784; 1H NMR 

(CDCl3, 500 MHz): δ 8.37 (d, J = 5.0 Hz, 2H), 7.98 (br, 1H), 7.40 (d, J = 8.0 Hz, 2H), 7.16 (t, J = 

8.5, 1H), 6.71 (t, J = 4.5 Hz, 1H); 13C NMR (CDCl3, 125 MHz): δ 160.6, 158.2, 134.2, 133.9, 

128.6, 127.8, 112.7; EI-MS m/z (%): 241 (1) [M+ (37Cl, 35Cl)], 239 (3) [M+ (2×35Cl)], 204 (100). 

 
(5-Bromo-pyrimidin-2-yl)-phenyl-amine (1p)[7]: To an oven-dried flask containing 

5-bromo-2-chloro-pyrimidine (580.2 mg, 3.0 mmol), aniline (279.6 mg, 3.0 mmol) in n-butanol 

(3 mL) were added. The reaction mixture was stirred at 110 oC for 21 h and monitored by TLC. 

Upon completion, the mixture was filtered through a thin pad of celite, and the residue was 

purified by recrystallization to give 1p as yellow solid (418.2 mg, 56%). M.p. 122-124 oC; IR 

(KBr, cm-1): 3442, 3264, 1608, 1574, 1529, 1448, 1430, 753; 1H NMR (d6-Acetone, 500 MHz): δ 

8.89 (br, 1H), 8.53 (s, 2H), 7.81 (d, J = 7.5 Hz, 2H), 7.34 (t, J = 8.0 Hz, 2H), 7.03 (t, J = 7.5 Hz, 

1H); 13C NMR (d6-Acetone, 125 MHz): δ 158.8, 158.1, 140.0, 128.6, 122.2, 119.2, 107.8; LC-MS 

(ESI) m/z 252.0 [M+H (81Br)], 250.0 [M+H (79Br)]. 

 
Phenyl-(5-phenyl-pyrimidin-2-yl)-amine (1q)[8]: Following the same procedure as for 1p with 

2-chloro-5-phenyl-pyrimidine (190.6 mg, 1.0 mmol) and aniline (186.4 mg, 2.0 mmol) in 

n-butanol (1.0 mL) for 18 h to give 1q as white solid (137.3 mg, 56%). M.p. 166-168 oC; IR (KBr, 

cm-1): 3453, 3269, 3029, 1619, 1529, 1451, 756, 698; 1H NMR (CDCl3, 500 MHz): δ 8.67 (s, 2H), 

7.74 (br, 1H), 7.66 (d, J = 8.0Hz, 2H), 7.53-7.47 (m, 4H), 7,41-7.36 (m, 3H), 7.09 (t, J = 7.0 Hz, 

1H); 13C NMR (CDCl3, 125 MHz): δ 158.8, 155.9, 139.0, 134.8, 129.3, 129.1, 127.9, 126.1, 125.7, 

123.1, 119.7; EI-MS m/z (%): 247 (64) [M+], 246 (100). 

 
Phenyl-pyrazin-2-yl-amine (1r)[9]: Following the same procedure as for 1p with 

2-chloropyrazine (343.5 mg, 3.0 mmol) and aniline (279.6 mg, 3.0 mmol) in n-butanol (3.0 mL) 

for 52 h to give 1r as yellow solid (245.4 mg, 48%). M.p. 130-132 oC; IR (KBr, cm-1): 3473, 3283, 
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3101, 1626, 1584, 1521, 1498, 1352, 752; 1H NMR (CDCl3, 500 MHz): δ 8.25 (s, 1H), 8.10 (d, J 

= 1.5 Hz, 1H), 7.96 (d, J = 3.0 Hz, 1H), 7.43 (d, J = 8.5 Hz, 2H), 7.35 (t, J = 8.0 Hz, 2H), 7.10 (m, 

2H); 13C NMR (CDCl3, 125 MHz): δ 152.4, 141.9, 139.2, 134.7, 133.0, 129.4, 123.7, 120.4; 

EI-MS m/z (%): 171 (72) [M+], 170 (100). 

N N
H  

Phenyl-pyridin-2-yl-amine (1s)[3]: To an oven-dried flask containing 2-bromopyridine (4.74 g, 

30.0 mmol), aniline (2.794 g, 3.0 mmol) was added. The reaction mixture was stirred at 160 oC for 

7 h and monitored by TLC. Upon completion, saturate NaHCO3 was added, and the reaction 

mixture was extracted with ethyl acetate (3×30 mL). The combined organic phase was washed 

with brine and dried over Na2SO4. After that, the solid was filtered off through a thin pad of celite, 

and the filtrate was evaporated in vacuum to give the crude product which was purified by column 

chromatography on silica gel to give 1s as white solid (4.954 g, 97%). M.p. 106-108 oC; IR (KBr, 

cm-1): 3450, 3224, 1590, 1574, 1464, 1444, 1327, 770, 670; 1H NMR (CDCl3, 500 MHz): δ 8.17 

(d, J = 4.0 Hz, 1H), 7.51 (td, J = 5.5, 2.0 Hz, 1H), 7.36-7.32 (m, 4H), 7.09-7.05 (m, 1H), 6.98 (s, 

1H), 6.89 (d, J = 8.5 Hz, 1H), 6.75-6.73 (m, 1H); 13C NMR (CDCl3, 125 MHz): δ 156.1, 148.2, 

140.5, 137.9, 129.3, 122.9, 120.5, 114.9, 108.2; LC-MS (ESI) m/z 171.1 [M+H]. 

 
(6-Bromo-quinazolin-2-yl)-phenyl-amine (1t)[10]: Following the same procedure as for 1d with 

aniline (139.7 mg, 1.5 mmol), 2,6-dibromoquinazoline (287.9 mg, 1.0 mmol), and acetic acid 

(60.1 mg, 1.0 mmol) in 1,4-dioxane (3.0 mL) for 22 h to give 1t as yellow solid (208.0 mg, 70%). 

M.p. 154-156 oC; IR (KBr, cm-1): 3442, 3279, 1601, 1583, 1543, 1446, 1353, 747; 1H NMR 

(CDCl3, 500 MHz): δ 9.02 (s, 1H), 7.88 (d, J = 2.0 Hz, 1H), 7.82-7.79 (m, 3H), 7.63 (d, J = 9.0 Hz, 

1H), 7.55 (br, 1H), 7.39 (t, J = 8.0 Hz, 2H), 7.10 (t, J = 7.0 Hz, 1H); 13C NMR (CDCl3, 125 MHz): 

δ 160.9, 156.8, 150.1, 139.2, 137.7, 129.5, 129.0, 128.0, 123.0, 121.7, 119.3, 116.5; EI-MS m/z 

(%): 301 (1) [M+ (81Br)], 299 (1) [M+ (79Br)], 57 (100). 

 

Phenyl-quinolin-2-yl-amine (1u)[9]: To an oven-dried flask containing 2-chloroquinoline (327.2 

mg, 2.0 mmol), aniline (186.2 mg, 2.0 mmol) were added in ethanol (10 mL). The reaction 

mixture was stirred under reflux for 10 h and monitored by TLC. Upon completion, the reaction 

mixture was extracted with ethyl acetate (3×10 mL). The combined organic phase was washed 

with brine and dried over Na2SO4. After that, the solid was filtered off through a thin pad of celite, 

and the filtrate was evaporated in vacuum to give the crude product which was purified by column 

chromatography on silica gel to give 1u as white solid (409.2 mg, 93%). M.p. 94-96 oC; IR (KBr, 

cm-1): 3404, 3050, 1620, 1597, 1533, 1401, 823, 752; 1H NMR (CDCl3, 500 MHz): δ 7.95 (d, J = 

9.0 Hz, 1H), 7.79 (d, J = 8.5 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.61 (td, J = 8.0, 1.5 Hz, 1H), 7.55 

(dd, J = 8.5, 1.0 Hz, 2H), 7.37 (t, J = 8.5 Hz, 2H), 7.31 (td, J = 8.0, 1.0 Hz, 1H), 7.12 (tt, J = 7.0, 

1.5 Hz, 1H), 7.00 (d, J = 9.0 Hz, 1H), 2.50 (br, 1H); 13C NMR (CDCl3, 125 MHz): δ 154.5, 147.6, 
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140.2, 137.8, 129.9, 129.3, 127.5, 126.7, 124.2, 123.2, 123.1, 120.6, 111.8; LC-MS (ESI) m/z 

221.0 [M+H]. 

4. Synthesis of copper carboxylates 

General procedure: To a round-bottom flask, sodium carboxylates was dissolved in water, and 

aqueous CuSO4 was added. The reaction mixture was stirred at room temperature for 2 h. Upon 

completion, the reaction mixture filtered and washed with water and then dried in vacuum to give 

copper complex as copper (II) laurate monohydrate (3b),[11] copper (II) phenylacetate (3c),[12] 

copper (II) benzoate monohydrate (3d),[13] copper (II) crotonate monohydrate (3f),[14] and copper 

(II) phenylpropionate multihydrate (3g).[15] 

Copper (II) cinnamate monohydrate (3e)[16]: To a round-bottom flask, A solution of 

CuCl2·2H2O in ethanol was added to a solution of cinnamic acid and Et3N were added in ethanol. 

The reaction mixture was stirred at room temperature for 2 h. Upon completion, the reaction 

mixture filtered and washed with water and then dried in vacuum to give copper (II) cinnamate 

monohydrate (3e). 

5. Synthesis and characterization of ureas 

 
1-Acetyl-3-allyl-1-tert-butyl-3-pyrimidin-2-yl-urea (4a): To an oven-dried flask containing 1a 

(67.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol) and tert-butyl isocyanide (131.3 mg, 

1.5 mmol) was added in toluene (3.0 mL). The reaction mixture was stirred at 110 oC for 36 h in 

the presence of air which was dried through a calcium chloride tube and monitored by TLC. Upon 

completion, the reaction mixture was washed with dilute ammonia and extracted with CH2Cl2 

(3×10 mL). The combined organic phase was washed with brine and dried over Na2SO4. After that, 

the solid was filtered off through a thin pad of celite, and the filtrate was evaporated in vacuum to 

give the crude product which was purified by column chromatography on silica gel to give 4a as 

white solid (89.8 mg, 65%). M.p. 50-52 oC; IR (KBr, cm-1): 2979, 2964, 1675, 1568, 1415, 1315, 

825; 1H NMR (CDCl3, 500 MHz): δ 8.69 (d, J = 4.5 Hz, 2H), 7.16 (t, J = 4.5 Hz, 1H), 5.96-5.88 

(m, 1H), 5.24 (dd, J = 17.0, 1.0 Hz, 1H) 5.12 (dd, J = 10.0, 1.0 Hz, 1H), 4.68 (m, 2H), 2.18 (s, 3H), 

1.23 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 169.9, 160.2, 158.3, 156.4, 132.0, 118.6, 118.4, 58.3, 

50.8, 27.6, 25.3; LC-MS (ESI) m/z 299.1 [M+Na]; Anal. Calcd. For C14H20N4O2: C, 60.85; H, 7.30; 

N, 20.28. Found: C, 60.71; H, 7.29; N, 20.15. 

 
1-Acetyl-3-butyl-1-tert-butyl-3-pyrimidin-2-yl-urea (4b): Following the same procedure as for 

4a with 1b (75.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), tert-butyl isocyanide 

(131.3 mg, 1.5 mmol) in toluene for 66 h to give 4b as yellow liquid (97.6 mg, 67%). IR (KBr, 
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cm-1): 2961, 2933, 1693, 1670, 1565, 1417, 803; 1H NMR (CDCl3, 500 MHz): δ 8.70 (d, J = 4.5 

Hz, 2H), 7.16 (t, J = 5.0 Hz, 1H), 4.06-4.03 (m, 2H), 2.19 (s, 3H), 1.68-1.54 (m, 2H), 1.36-1.28 (m, 

2H), 1.21 (s, 9H), 0.88 (t, J = 7.5 Hz, 3H); 13C NMR (CDCl3, 125 MHz): δ 169.9, 160.5, 158.3, 

156.4, 118.6, 58.0, 48.5, 29.7, 27.5, 25.3, 20.1, 13.7; LC-MS (ESI) m/z 293.1 [M+H]; HRMS (ESI) 

calcd for C15H24N4NaO2 [M
+Na] 315.1797, found 315.1778. 

 

1-Acetyl-3-benzyl-1-tert-butyl-3-pyrimidin-2-yl-urea (4c)[17]: Following the same procedure as 

for 4a with 1c (92.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), tert-butyl isocyanide 

(131.3 mg, 1.5 mmol) in toluene for 19 h to give 4c as white solid (105.2 mg, 65%). M.p. 46-48 
oC; IR (KBr, cm-1): 2979, 2929, 1694, 1670, 1565, 1416, 1317, 700; 1H NMR (CDCl3, 500 MHz): 

δ 8.66 (d, J = 5.0 Hz, 2H), 7.35-7.31 (m, 2H), 7.26-7.21 (m, 3H), 7.11 (t, J = 5.0 Hz, 1H), 5.37 (A 

of AB, J = 14.5 Hz, 1H), 5.26 (B of AB, J = 15.0 Hz, 1H), 2.16 (s, 3H), 1.24 (s, 9H); 13C NMR 

(CDCl3, 125 MHz): δ 169.9, 160.1, 158.3, 156.9, 136.3, 128.5, 128.3, 127.6, 118.6, 58.4, 51.6, 

27.6, 25.4; LC-MS (ESI) m/z 349.1 [M+Na]; Anal. Calcd. For C18H22N4O2: C, 66.24; H, 6.79; N, 

17.17. Found: C, 66.20; H, 6.78; N, 17.28. 

 

1-Acetyl-1-tert-butyl-3-phenyl-3-pyrimidin-2-yl-urea (4d): Following the same procedure as for 

4a with 1d (85.5 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), tert-butyl isocyanide 

(131.3 mg, 1.5 mmol) in toluene for 25 h to give 4d as white solid (140.4 mg, 90%). M.p. 82-83 
oC; IR (KBr, cm-1): 2979, 2923, 1704, 1668, 1566, 1512, 1413, 1297, 1021, 763, 734; 1H NMR 

(CDCl3, 500 MHz): δ 8.73 (d, J = 5.0 Hz, 2H), 7.45-7.42 (m, 2H), 7.36-7.33 (m, 3H), 7.22 (t, J = 

5.0 Hz, 1H), 2.39 (s, 3H), 1.33 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 170.1, 160.8, 158.9, 156.2, 

140.4, 129.5, 128.0, 127.0, 119.4, 58.8, 27.7, 25.6; EI-MS m/z (%): 312 (1) [M+], 170 (100); Anal. 

Calcd. For C17H20N4O2: C, 65.37; H, 6.45; N, 17.94. Found: C, 65.57; H, 6.47; N, 18.14. 

 

1-Acetyl-1-tert-butyl-3-pyrimidin-2-yl-3-p-tolyl-urea (4e)[17]: Following the same procedure as 

for 4a with 1e (92.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), tert-butyl isocyanide 

(131.3 mg, 1.5 mmol) in toluene for 27 h to give 4e as yellow solid (156.8 mg, 96%). M.p. 

110-111 oC; IR (KBr, cm-1): 3007, 2979, 2924, 1704, 1668, 1565, 1513, 1413, 1298, 763, 734; 1H 

NMR (CDCl3, 500 MHz): δ 8.72 (d, J = 5.0 Hz, 2H), 7.23 (s, 4H), 7.20 (t, J = 5.0Hz, 1H), 2.38 (s, 

3H), 2.36 (s, 3H), 1.33 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 170.1, 160.9, 158.8, 156.3, 138.0, 

137.8, 130.0, 126.8, 119.2, 58.7, 27.7, 25.6, 21.2; EI-MS m/z (%): 326 (4) [M+], 184 (100); Anal. 
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Calcd. For C18H22N4O2: C, 66.24; H, 6.79; N, 17.17. Found: C, 66.36; H, 6.73; N, 17.27. 

 

1-Acetyl-1-tert-butyl-3-(4-methoxy-phenyl)-3-pyrimidin-2-yl-urea (4f)[17]: Following the same 

procedure as for 4a with 1f (100.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), 

tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene for 25 h to give 4f as white solid (145.2 mg, 

85%). M.p. 124-126 oC; IR (KBr, cm-1): 3010, 2977, 2933, 1699, 1672, 1565, 1510, 1411, 1295, 

828; 1H NMR (CDCl3, 500 MHz): δ 8.72 (d, J = 5.0 Hz, 2H), 7.28 (AA’ of AA’BB’, J = 9.5 Hz, 

2H), 7.20 (t, J = 5.0 Hz, 1H), 6.93 (BB’ of AA’BB’, J = 9.0 Hz, 2H), 3.80 (s, 3H), 2.38 (s, 3H), 

1.32 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 170.1, 160.9, 159.0, 158.9, 156.4, 133.0, 128.3, 

119.3, 114.7, 58.7, 55.5, 27.7, 25.6; LC-MS (ESI) m/z 365.2 [M+Na]; Anal. Calcd. For 

C18H22N4O3: C, 63.14; H, 6.48; N, 16.36. Found: C, 63.26; H, 6.67; N, 16.23. 

 

1-Acetyl-1-tert-butyl-3-(4-chloro-phenyl)-3-pyrimidin-2-yl-urea (4g): Following the same 

procedure as for 4a with 1g (102.8 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), 

tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene for 20 h to give 4g as yellow solid (124.9 

mg, 72%). M.p. 151-152 oC; IR (KBr, cm-1): 3007, 2979, 2922, 1705, 1673, 1566, 1490, 1416, 

1309, 835; 1H NMR (CDCl3, 500 MHz): δ 8.72 (d, J = 5.0 Hz, 2H), 7.38 (AA’ of AA’BB’, J = 8.5 

Hz, 2H), 7.27 (BB’ of AA’BB’, J = 8.5 Hz, 2H), 7.23 (t, J = 4.5 Hz, 1H), 2.36 (s, 3H), 1.31 (s, 9H); 
13C NMR (CDCl3, 125 MHz): δ 170.0, 160.5, 159.0, 156.2, 138.8, 133.8, 129.6, 128.4, 119.6, 58.9, 

27.7, 25.6; LC-MS (ESI) m/z 371.1 [M+Na (37Cl)], 369.1 [M+Na (35Cl)]; Anal. Calcd. For 

C17H19ClN4O2: C, 58.87; H, 5.52; N, 16.15. Found: C, 58.84; H, 5.45; N, 15.85. 

 

1-Acetyl-1-tert-butyl-3-pyrimidin-2-yl-3-m-tolyl-urea (4h)[17]: Following the same procedure as 

for 4a with 1h (92.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), tert-butyl isocyanide 

(131.3 mg, 1.5 mmol) in toluene for 22 h to give 4h as white solid (142.3 mg, 87%). M.p. 76-78 
oC; IR (KBr, cm-1): 3009, 2968, 2922, 1706, 1673, 1564, 1409, 727; 1H NMR (CDCl3, 500 MHz): 

δ 8.73 (d, J = 5.0 Hz, 2H), 7.31 (t, J = 7.5 Hz, 1H), 7.21 (t, J = 5.0 Hz, 1H), 7.16-7.12 (m, 3H), 

2.39 (s, 3H), 2.36 (s, 3H), 1.33 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 170.1, 160.9, 158.9, 156.2, 

140.2, 139.5, 129.3, 128.9, 127.5, 124.0, 119.4, 58.8, 27.7, 25.6, 21.4; LC-MS (ESI) m/z 349.1 
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[M+Na]; Anal. Calcd. For C18H22N4O2: C, 66.24; H, 6.79; N, 17.17. Found: C, 66.50; H, 6.88; N, 

17.35. 

 

1-Acetyl-1-tert-butyl-3-(3-chloro-phenyl)-3-pyrimidin-2-yl-urea (4i)[17]: Following the same 

procedure as for 4a with 1i (102.8 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), 

tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene for 25 h to give 4i as yellow solid (160.4 

mg, 93%). M.p. 122-124 oC; IR (KBr, cm-1): 2968, 2925, 1709, 1661, 1565, 1411, 1311, 785, 704; 
1H NMR (CDCl3, 500 MHz): δ 8.74 (d, J = 4.5 Hz, 2H), 7.38-7.31 (m, 3H), 7.26-7.24 (m, 2H), 

2.37 (s, 3H), 1.32 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 170.0, 160.4, 159.0, 156.2, 141.3, 

134.9, 130.3, 128.2, 127.3, 125.3, 119.7, 58.9, 27.7, 25.6; LC-MS (ESI) m/z 371.1 [M+Na (37Cl)], 

369.1 [M+Na (35Cl)]; Anal. Calcd. For C17H19ClN4O2: C, 58.87; H, 5.52; N, 16.15. Found: C, 

58.81; H, 5.46; N, 16.01. 

 

1-Acetyl-1-tert-butyl-3-pyrimidin-2-yl-3-o-tolyl-urea (4j): Following the same procedure as for 

4a with 1j (92.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), tert-butyl isocyanide 

(131.3 mg, 1.5 mmol) in toluene for 23 h to give 4j as white solid (129.8 mg, 80%). M.p. 102-104 
oC; IR (KBr, cm-1): 3007, 2969, 2925, 1700, 1667, 1566, 1409, 1310, 730; 1H NMR (CDCl3, 500 

MHz): δ 8.70 (d, J = 5.0 Hz, 2H), 7.51 (s, 1H), 7.32-7.26 (m, 3H), 7.17 (t, J = 5.0 Hz, 1H), 2.41 (s, 

3H), 2.22 (s, 3H), 1.35 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 170.2, 160.4, 158.6, 156.2, 139.1, 

136.2, 131.4, 128.9, 127.0, 118.9, 58.8, 27.9, 25.7, 18.3; LC-MS (ESI) m/z 349.1 [M+Na]; Anal. 

Calcd. For C18H22N4O2: C, 66.24; H, 6.79; N, 17.17. Found: C, 66.12; H, 6.75; N, 17.04. 

 

1-Acetyl-1-tert-butyl-3-(2-methoxy-phenyl)-3-pyrimidin-2-yl-urea (4k): Following the same 

procedure as for 4a with 1k (100.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), 

tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene for 24 h to give 4k as white solid (129.1 mg, 

76%). M.p. 132-133 oC; IR (KBr, cm-1): 2972, 2928, 1693, 1671, 1564, 1412, 1313, 750; 1H NMR 

(CDCl3, 500 MHz): δ 8.66 (d, J = 5.0 Hz, 2H), 7.39 (d, J = 8.0 Hz, 1H), 7.35 (t, J = 8 Hz, 1H), 

7.12 (t, J = 4.5 Hz, 1H), 7.04 (t, J = 7.5 Hz, 1H), 6.98 (d, J = 8.0 Hz, 1H), 3.73 (s, 3H), 2.37 (s, 

3H), 1.35 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 170.2, 160.7, 158.3, 155.9, 155.1, 129.8, 129.3, 

129.2, 121.0, 118.5, 112.6, 58.6, 55.8, 27.8, 25.5; LC-MS (ESI) m/z 365.1 [M+Na]; Anal. Calcd. 

For C18H22N4O3: C, 63.14; H, 6.48; N, 16.36. Found: C, 63.09; H, 6.49; N, 16.29. 
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1-Acetyl-1-tert-butyl-3-(2-chloro-phenyl)-3-pyrimidin-2-yl-urea (4l): Following the same 

procedure as for 4a with 1l (102.8 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), 

tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene for 21 h to give 4l as white solid (135.9 mg, 

78%). M.p. 132-134 oC; IR (KBr, cm-1): 2980, 2915, 1703, 1679, 1567, 1411, 1304, 732; 1H NMR 

(CDCl3, 500 MHz): δ 8.68 (d, J = 5.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 1H), 7.47-7.41 (m, 2H), 7.36 

(dt, J = 8.0, 1.5 Hz, 1H), 7.16 (t, J = 5.0 Hz, 1H), 2.39 (s, 3H), 1.37 (s, 9H); 13C NMR (CDCl3, 

125 MHz): δ 159.8, 158.5, 158.4, 156.3, 137.8, 132.5, 130.9, 130.6, 129.8, 127.8, 118.7, 58.9, 

27.9, 25.7; LC-MS (ESI) m/z 371.1 [M+Na (37Cl)], 369.1 [M+Na (35Cl)]; Anal. Calcd. For 

C17H19ClN4O2: C, 58.87; H, 5.52; N, 16.15. Found: C, 58.60; H, 5.52; N, 15.92. 

 

1-Acetyl-3-(3-bromo-4-fluoro-phenyl)-1-tert-butyl-3-pyrimidin-2-yl-urea (4m)[17]: Following 

the same procedure as for 4a with 1m (142.6 mg, 0.53 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 

mmol), tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene for 22 h to give 4m as white solid 

(198.0 mg, 91%). M.p. 88-90 oC; IR (KBr, cm-1): 2981, 2925, 1707, 1676, 1566, 1412, 1309, 730; 
1H NMR (CDCl3, 500 MHz): δ 8.74 (d, J = 4.5 Hz, 2H), 7.56 (dd, 4JF-H = 6.0, 4JH-H = 3.0 Hz, 1H), 

7.33-7.30 (m, 1H), 7.26 (t, J = 5.0 Hz, 1H), 7.18 (t, J = 8.5 Hz, 1H), 2.36 (s, 3H), 1.31 (s, 9H); 19F 

NMR (CDCl3, 470 MHz): δ -107.2 (m, Ar-F); 13C NMR (CDCl3, 125 MHz): δ 169.9, 160.3, 159.0, 

158.4 (d, 1JC-F = 247.5 Hz), 156.3, 136.8 (d, 3JC-F = 3.8 Hz), 132.4, 128.0 (d, 3JC-F = 7.5 Hz), 119.7, 

117.0 (d, 2JC-F = 23.8 Hz), 109.5 (d, 2JC-F = 22.5 Hz), 58.9, 27.7, 25.6; LC-MS (ESI) m/z 433.0 

[M+Na (81Br)], 431.0 [M+Na (79Br)]; Anal. Calcd. For C17H18BrFN4O2: C, 49.89; H, 4.43; N, 

13.69. Found: C, 50.09; H, 4.64; N, 13.77. 

 
1-Acetyl-1-tert-butyl-3-pyrimidin-2-yl-3-quinolin-2-yl-urea (4n): Following the same 

procedure as for 4a with 1n (77.8 mg, 0.35 mmol), Cu(OAc)2·H2O (139.8 mg, 0.7 mmol), 

tert-butyl isocyanide (90 mg, 1.05 mmol) in m-xylene at 130 oC with O2 balloon for 11 h to give 

4n as white solid (39.1 mg, 31%) together with recovered 1n (34.1 mg, 56% conversion). M.p. 

148-150 oC; IR (KBr, cm-1): 2976, 1688, 1670, 1566, 1404, 765; 1H NMR (CDCl3, 500 MHz): δ 

8.76 (d, J = 5.0 Hz, 2H), 8.25 (d, J = 8.5 Hz, 1H), 7.82 (d, J = 8.0 Hz, 2H), 7.70 (d, J = 9.0 Hz, 
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1H), 7.64 (td, J = 7.0, 1.5 Hz, 1H), 7.52 (td, J = 7.5, 1.0 Hz, 1H), 7.26 (t, J = 4.5 Hz, 1H), 2.46 (s, 

3H), 1.39 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 170.2, 160.7, 158.8, 156.5, 152.9, 147.0, 138.4, 

130.0, 129.0, 127.4, 127.0, 126.9, 119.4, 118.6, 59.4, 27.9, 25.9; LC-MS (ESI) m/z 364.0 [M+H]; 

HRMS (ESI) m/z Calcd. for C20H22N5O2 [M
+H] 364.1773, found 364.1768. 

 
1-Acetyl-1-cyclohexyl-3-phenyl-3-pyrimidin-2-yl-urea (5a)[17]: Following the same procedure 

as for 4a with 1d (85.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), cyclohexyl 

isonitrile (163.8 mg, 1.5 mmol) in toluene for 23 h to give 5a as white solid (134.3 mg, 79%). M.p. 

112-114 oC; IR (KBr, cm-1): 2967, 2930, 1707, 1688, 1564, 1410, 1226, 702; 1H NMR (CDCl3, 

500 MHz): δ 8.65 (d, J = 4.5 Hz, 2H), 7.44 (t, J = 7.5 Hz, 2H), 7.34 (t, J = 7.5 Hz, 1H), 7.25 (d, J 

= 7.5 Hz, 2H), 7.12 (t, J = 5.0 Hz, 1H), 3.96-3.91 (m, 1H), 2.30 (s, 3H), 1.74-1.57 (m, 7H), 

1.27-1.06 (m, 3H); 13C NMR (CDCl3, 125 MHz): δ 170.9, 161.4, 158.6, 157.1, 140.8, 129.5, 127.8, 

127.1, 118.2, 58.3, 30.1, 26.3, 25.4, 24.7; EI-MS m/z (%): 338 (3) [M+]; HRMS (EI) m/s calcd for 

C19H22N4O2 338.1743, found 338.1742. 

 
1-Acetyl-3-phenyl-3-pyrimidin-2-yl-1-o-tolyl-urea (5c): Following the same procedure as for 4a 

with 1d (85.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), 2-methylisonitrile (175.7 mg, 

1.5 mmol) in toluene for 19 h to give 5c as yellow liquid (86.3 mg, 50%). IR (KBr, cm-1): 3039, 

1702, 1594, 1564, 1410, 1242, 724; 1H NMR (CDCl3, 500 MHz): δ 8.55 (d, J = 4.5 Hz, 2H), 

7.29-7.28 (m, 3H), 7.14 (t, J = 7.0 Hz, 1H), 7.07-7.04 (m, 3H), 6.99 (t, J = 5.0 Hz, 1H), 6.89 (d, J 

= 4.5 Hz, 2H), 2.45 (s, 3H), 1.90 (s, 3H); 13C NMR (CDCl3, 125 MHz): δ 172.9, 161.4, 158.3, 

157.1, 139.9, 137.0, 136.7, 130.8, 129.3, 128.3, 128.1, 127.7, 127.6, 126.4, 117.1, 25.0, 17.9; 

EI-MS m/z (%): 346 (5) [M+], 170 (100); HRMS (EI): m/s Calcd. for C20H18N4O2: 346.1430, 

found: 346.1428. 

N

N

N

O

N

Ac

 
1-Acetyl-3-allyl-1-(2,6-dimethyl-phenyl)-3-pyrimidin-2-yl-urea (5d)[17]: Following the same 

procedure as for 4a with 1d (72.4 mg, 0.54 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), 

2,6-xylyl isocyanide (196.8 mg, 1.5 mmol) in toluene for 13 h to give 5d as white solid (157.8 mg, 

90%). M.p. 82-84 oC; IR (KBr, cm-1): 2956, 2916, 1706, 1677, 1562, 1442, 1233, 808, 764; 1H 

NMR (CDCl3, 500 MHz): δ 8.53 (d, J = 4.5 Hz, 2H), 7.13 (A of ABB’, J = 7.5 Hz, 1H), 7.06 (BB’ 

of ABB’, J = 7.5 Hz, 2H), 6.93 (t, J = 5.0 Hz, 1H), 6.00-5.92 (m, 1H), 5.27 (dd, J = 18.0, 1.5 Hz, 

1H), 5.09 (dd, J = 10.5, 1.5 Hz, 1H), 4.76 (d, J = 5.5 Hz, 2H), 2.31 (s, 6H), 1.88 (s, 3H); 13C NMR 

(CDCl3, 125 MHz): δ 172.6, 160.7, 157.6, 154.1, 137.7, 136.8, 133.5, 128.8, 128.5, 116.9, 116.4, 

51.1, 24.8, 18.7; LC-MS (ESI) m/z 325.2 [M+H]; Anal. Calcd. For C18H20N4O2: C, 66.65; H, 6.21; 

N, 17.27. Found: C, 66.65; H, 6.25; N, 16.97. 
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1-Acetyl-3-butyl-1-(2,6-dimethyl-phenyl)-3-pyrimidin-2-yl-urea (5e)[17]: Following the same 

procedure as for 4a with 1d (80.6 mg, 0.53 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), 

2,6-xylyl isocyanide (196.8 mg, 1.5 mmol) in toluene for 13 h to give 5e as white solid (158.1 mg, 

88%). M.p. 106-108 oC; IR (KBr, cm-1): 2960, 2931, 1702, 1676, 1561, 1423, 1246, 806, 782; 1H 

NMR (CDCl3, 500 MHz): δ 8.51 (d, J = 5.0 Hz, 2H), 7.12 (t, J = 7.5 Hz, 1H), 7.04 (d, J = 7.5 Hz, 

2H), 6.92 (t, J = 5.0 Hz, 1H), 4.12 (t, J = 7.5 Hz, 2H), 2.30 (s, 6H), 1.90 (s, 3H), 1.62 (quint, J = 

7.5 Hz, 2H), 1.33 (sext, J = 7.5 Hz, 2H), 0.88 (t, J = 7.5 Hz, 3H); 13C NMR (CDCl3, 125 MHz): δ 

172.6, 160.9, 157.6, 154.5, 137.7, 136.8, 128.8, 128.4, 116.2, 49.1, 30.7, 24.8, 20.1, 18.7, 13.9; 

LC-MS (ESI) m/z 341.2 [M+H]; Anal. Calcd. For C19H24N4O2: C, 67.04; H, 7.11; N, 16.46. Found: 

C, 66.86; H, 7.08; N, 16.19. 

 
1-Acetyl-1-(2,6-dimethyl-phenyl)-3-phenyl-3-pyrimidin-2-yl-urea (5f): Following the same 

procedure as for 4a with 1d (85.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), 2,6-xylyl 

isocyanide (196.8 mg, 1.5 mmol) in toluene for 13 h to give 5f as white solid (167.2 mg, 93%). 

M.p. 148-150 oC; IR (KBr, cm-1): 2920, 1718, 1684, 1578, 1563, 1419, 1238, 712; 1H NMR 

(CDCl3, 500 MHz): δ 8.52 (d, J = 4.5 Hz, 2H), 7.30-7.29 (m, 3H), 7.07 (t, J = 7.5 Hz, 1H), 

6.97-6.92 (m, 5H), 2.38 (s, 3H), 2.09 (s, 6H); 13C NMR (CDCl3, 125 MHz): δ 173.3, 161.7, 158.0, 

156.7, 139.8, 137.2, 136.3, 129.3, 128.5, 128.4, 128.3, 127.9, 116.7, 25.3, 18.5; EI-MS m/z (%): 

360 (10) [M+], 170 (100); Anal. Calcd. For C21H20N4O2: C, 69.98; H, 5.59; N, 15.55. Found: C, 

69.90; H, 5.63; N, 15.29. 

 
1-Acetyl-3-(2,6-dichloro-phenyl)-1-(2,6-dimethyl-phenyl)-3-pyrimidin-2-yl-urea (5g): 

Following the same procedure as for 4a with 1d (84.0 mg, 0.35 mmol), Cu(OAc)2·H2O (140.0 mg, 

0.7 mmol), 2,6-xylyl isocyanide (137.7 mg, 1.1 mmol) in toluene for 14 h to give 5g as white solid 

(114.6 mg, 76%). M.p. 196-198 oC; IR (KBr, cm-1): 3033, 2917, 1724, 1691, 1565, 1417, 1311, 

1234, 782, 772; 1H NMR (CDCl3, 500 MHz): δ 8.58 (d, J = 5.0 Hz, 2H), 7.29 (m, 2H), 7.19 (t, J = 

8.0 Hz, 1H), 7.11 (t, J = 7.5 Hz, 1H), 7.02 (t, J = 4.5 Hz, 1H), 6.98 (d, J = 5.5 Hz, 2H), 2.24 (s, 

9H); 13C NMR (CDCl3, 125 MHz): δ 172.8, 160.4, 158.0, 137.3, 136.3, 135.7, 129.3, 128.8, 128.7, 

128.5, 117.0, 25.1, 18.5; EI-MS m/z (%): 430 [M+ (37Cl, 35Cl)], 428 [M+ (2×35Cl)]; HRMS (EI) 

m/s calcd. for C21H18Cl2N4O2 428.0807, found 428.0804. 
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1-tert-Butyl-1-dodecanoyl-3-phenyl-3-pyrimidin-2-yl-urea (5i): Following the same procedure 

as for 4a with 1d (85.6 mg, 0.5 mmol), copper (II) laurate monohydrate (424.1 mg, 1.0 mmol), 

tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene for 23 h to give 5i as yellow liquid (144.8 

mg, 64%) together with recovered 1d (22.9 mg, 74% conversion). IR (KBr, cm-1): 2925, 2854, 

1701, 1675, 1565, 1409, 722; 1H NMR (CDCl3, 500 MHz): δ 8.70 (d, J = 5.0 Hz, 2H), 7.43 (t, J = 

8.0 Hz, 2H), 7.35-7.32 (m, 3H), 7.20 (t, J = 5.0 Hz, 1H), 2.77-2.74 (m, 1H), 2.59-2.58 (m, 1H), 

1.70-1.66 (m, 2H), 1.35-1.25 (m, 25H), 0.87 (t, J = 6.5 Hz, 3H); 13C NMR (CDCl3, 125 MHz): δ 

172.9, 160.9, 158.8, 156.1, 140.4, 129.4, 127.9, 127.0, 119.3, 58.7, 37.4, 31.9, 29.7, 29.7, 29.6, 

29.5, 29.4, 29.3, 27.8, 25.1, 22.7, 14.1; LC-MS (ESI) m/z 475.2 [M+Na]; HRMS (ESI) m/s calcd 

for C27H41N4O2 [M
+H] 453.3230, found 453.3222. 

 

1-tert-Butyl-3-phenyl-1-phenylacetyl-3-pyrimidin-2-yl-urea (5j): Following the same 

procedure as for 4a with 1d (51.4 mg, 0.3 mmol), copper (II) phenylacetate monohydrate (250.4 

mg, 0.75 mmol), tert-butyl isocyanide (74.8 mg, 0.9 mmol) in toluene at 90 oC for 41 h to give 5j 

as white solid (66.2 mg, 57%) together with recovered 1d (5.7 mg, 89% conversion). M.p. 

128-130 oC; IR (KBr, cm-1): 2977, 1704, 1674, 1564, 1409, 1320, 720; 1H NMR (CDCl3, 500 

MHz): δ 8.75 (d, J = 5.0 Hz, 2H), 7.46 (t, J = 7.5 Hz, 2H), 7.41 (d, J = 8.5 Hz, 2H), 7.38-7.32 (m, 

5H), 7.26 (d, J = 6.5 Hz, 1H), 7.23 (t, J = 5.0 Hz, 1H), 4.25 (d, J = 15.5 Hz, 1H), 3.96 (d, J = 16.0 

Hz, 1H), 1.34 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 170.7, 160.9, 158.9, 156.1, 140.3, 135.5, 

130.0, 129.5, 128.3, 128.1, 127.0, 126.6, 119.5, 59.1, 43.8, 27.8; LC-MS (ESI) m/z 389.1 [M+H]; 

Anal. Calcd. For C23H24N4O2: C, 71.11; H, 6.23; N, 14.42. Found: C, 71.18; H, 6.41; N, 14.44. 

 

1-Benzoyl-1-tert-butyl-3-phenyl-3-pyrimidin-2-yl-urea (5k): Following the same procedure as 

for 4a with 1d (85.6 mg, 0.5 mmol), copper (II) benzoate monohydrate (323.8 mg, 1.0 mmol), 

tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene for 33 h to give 5k as white solid (165.2 mg, 

88%). M.p. 110-111 oC; IR (KBr, cm-1): 2983, 1702, 1648, 1565, 1405, 1314, 697; 1H NMR 

(CDCl3, 500 MHz): δ 8.56 (d, J = 4.5 Hz, 2H), 7.48-7.43 (m, 3H), 7.37 (t, J = 7.5 Hz, 2H), 

7.28-7.21 (m, 3H), 7.04 (t, J = 4.5 Hz, 1H), 6.65 (d, J = 6.5 Hz, 2H), 1.70 (s, 9H); 13C NMR 

(CDCl3, 125 MHz): δ 170.0, 160.4, 158.1, 155.6, 140.3, 138.0, 131.0, 129.1, 128.2, 127.9, 127.7, 

127.3, 117.6, 60.4, 28.7; LC-MS (ESI) m/z 375.1 [M+H]; Anal. Calcd. For C22H22N4O2: C, 70.57; 

H, 5.92; N, 14.96. Found: C, 70.83; H, 6.13; N, 14.68. 
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1-tert-Butyl-3-phenyl-1-(3-phenyl-acryloyl)-3-pyrimidin-2-yl-urea (5l): Following the same 

procedure as for 4a with 1d (85.6 mg, 0.5 mmol), copper (II) cinnamate monohydrate (375.9 mg, 

1.0 mmol), tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene for 33 h to give 5l as white solid 

(157.0 mg, 78%). M.p. 146-148 oC; IR (KBr, cm-1): 2974, 2930, 1693, 1664, 1567, 1410, 1193, 

762, 703; 1H NMR (CDCl3, 500 MHz): δ 8.70 (d, J = 5.0 Hz, 2H), 7.62 (d, J = 15.0 Hz, 1H), 7.58 

(d, J = 6.5 Hz, 2H), 7.42 (t, J = 8.0 Hz, 2H), 7.38-7.34 (m, 6H), 7.27 (d, J = 14.0 Hz, 1H), 7.16 (t, 

J = 5.0 Hz, 1H), 1.48 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 165.4, 161.0, 158.8, 156.0, 142.0, 

140.3, 135.3, 129.7, 129.5, 128.8, 128.2, 128.1, 127.5, 121.7, 119.1, 59.3, 28.0; LC-MS (ESI) m/z 

401.1 [M+H]; Anal. Calcd. For C24H24N4O2: C, 71.98; H, 6.04; N, 13.99. Found: C, 71.85; H, 6.17; 

N, 13.78. 

 

1-But-2-enoyl-1-tert-butyl-3-phenyl-3-pyrimidin-2-yl-urea (5m): Following the same 

procedure as for 4a with 1d (85.6 mg, 0.5 mmol), copper (II) crotonate monohydrate (233.7 mg, 

1.0 mmol), tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene at 90 oC for 26 h to give 5m as 

white solid (78.7 mg, 47%). M.p. 116-118 oC; IR (KBr, cm-1): 2973, 2925, 1689, 1672, 1565, 1407, 

1330, 1191, 723; 1H NMR (CDCl3, 500 MHz): δ 8.69 (d, J = 5.0 Hz, 2H), 7.42 (t, J = 7.5 Hz, 2H), 

7.35-7.33 (m, 3H), 7.16 (t, J = 4.5 Hz, 1H), 6.84 (dq, J = 15.0, 7.5 Hz, 1H), 6.53 (dq, J = 15.0, 2.0 

Hz, 1H), 1.87 (dd, J = 7.0, 2.0 Hz, 3H), 1.40 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 165.5, 160.9, 

158.7, 156.1, 141.1, 140.4, 129.4, 128.0, 127.3, 125.7, 119.1, 59.0, 27.9, 18.1; LC-MS (ESI) m/z 

339.1 [M+H]; Anal. Calcd. For C19H22N4O2: C, 67.44; H, 6.55; N, 16.56. Found: C, 67.70; H, 6.42; 

N, 16.57. 

 

1-tert-Butyl-3-phenyl-1-(3-phenyl-propynoyl)-3-pyrimidin-2-yl-urea (5n): Following the same 

procedure as for 4a with 1d (85.6 mg, 0.5 mmol), copper (II) phenylpropionate multihydrate 

(851.7 mg, 2.0 mmol), tert-butyl isocyanide (249.4 mg, 3.0 mmol) in toluene at 90 oC for 22 h to 

give 5n as white solid (93.5 mg, 47%). M.p. 37-39 oC; IR (KBr, cm-1): 2981, 2927, 2211, 1703, 

1646, 1565, 1407, 691; 1H NMR (CDCl3, 500 MHz): δ 8.67 (d, J = 5.0 Hz, 2H), 7.57 (d, J = 7.5 

Hz, 2H), 7.40-7.30 (m, 8H), 7.14 (t, J = 4.5 Hz, 1H), 1.57 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 

160.8, 158.4, 154.5, 151.8, 140.8, 132.9, 130.1, 129.3, 128.4, 128.0, 127.6, 120.4, 118.7, 88.3, 

83.6, 60.1, 27.7; LC-MS (ESI) m/z 399.1 [M+H]; HRMS (ESI) m/s calcd for C24H23N4O2 [M
+H] 

399.1821, found 399.1807. 
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1-tert-Butyl-3-phenyl-3-pyrimidin-2-yl-1-(2,2,2-trifluoro-acetyl)-urea (5o): Following the 

same procedure as for 4a with 1d (85.6 mg, 0.5 mmol), copper (II) trifluoroacetate (289.6 mg, 1.0 

mmol), tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene at 90 oC for 45 h to give 5o as white 

solid (58.2 mg, 32%) together with recovered 1d (26.6 mg, 69% conversion). M.p. 118-119 oC; IR 

(KBr, cm-1): 2977, 2934, 1721, 1695, 1570, 1409, 1325, 1134, 725; 1H NMR (CDCl3, 500 MHz): 

δ 8.68 (d, J = 5.0 Hz, 2H), 7.46 (t, J = 7.0 Hz, 2H), 7.39 (t, J = 7.5 Hz, 1H), 7.32 (d, J = 7.5 Hz, 

2H), 7.18 (t, J = 5.0 Hz, 1H), 1.35 (s, 9H); 19F NMR (CDCl3, 470 MHz): δ -70.74 (s); 13C NMR 

(CDCl3, 125 MHz): δ 160.2, 158.5, 157.0 (q, 2JC-F = 36.8 Hz), 151.9, 139.9, 129.6, 128.5, 127.5, 

119.0, 116.0 (q, 1JC-F = 287.5 Hz), 61.5, 27.1; LC-MS (ESI) m/z 367.0 [M+H]; Anal. Calcd. For 

C17H17F3N4O2: C, 55.74; H, 4.68; N, 15.29. Found: C, 55.88; H, 4.90; N, 15.20. 

 

1-Acetyl-3-(5-bromo-pyrimidin-2-yl)-1-tert-butyl-3-phenyl-urea (6a)[17]: Following the same 

procedure as for 4a with 1p (125.0 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), 

tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene for 21 h to give 6a as white solid (97.3 mg, 

50%). M.p. 94-96 oC; IR (KBr, cm-1): 2984, 2955, 1705, 1665, 1539, 1412, 1017, 731; 1H NMR 

(CDCl3, 500 MHz): δ 8.75 (s, 2H), 7.44 (t, J = 8.0 Hz, 2H), 7.36-7.31 (m, 3H), 2.35 (s, 3H), 1.36 

(s, 9H); 13C NMR (CDCl3, 125 MHz): δ 169.9, 159.5, 159.1, 156.1, 140.0, 129.6, 128.2, 127.1, 

117.9, 59.0, 27.8, 25.5; EI-MS m/z (%): 392 (0.6) [M+ (81Br)], 390 (0.6) [M+ (79Br)], 251 (100); 

HRMS (EI) m/z Calcd. for C17H19BrN4O2 390.0691, found 390.0695. 

 

1-Acetyl-1-tert-butyl-3-phenyl-3-(5-phenyl-pyrimidin-2-yl)-urea (6b)[17]: Following the same 

procedure as for 4a with 1q (86.6 mg, 0.35 mmol), Cu(OAc)2·H2O (139.8 mg, 0.7 mmol), 

tert-butyl isocyanide (91.9 mg, 1.1 mmol) in toluene for 12 h to give 6b as yellow liquid (86.4 mg, 

64%). IR (KBr, cm-1): 2978, 1705, 1672, 1424, 1302, 1191, 758, 694; 1H NMR (CDCl3, 500 MHz): 

δ 8.93 (s, 2H), 7.56 (d, J = 7.5 Hz, 2H), 7.52 (t, J = 7.5 Hz, 2H), 7.49-7.44 (m, 3H), 7.40 (d, J = 

7.5 Hz, 2H), 7.35 (t, J = 7.0 Hz, 1H), 2.44 (s, 3H), 1.38 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 

170.1, 159.6, 156.6, 156.3, 140.4, 133.1, 132.3, 129.6, 129.5, 129.4, 128.0, 127.0, 126.9, 58.9, 

27.8, 25.6; LC-MS (ESI) m/z 411.2 [M+Na]; HRMS (ESI) calcd for C23H24N4NaO2 [M+Na] 

411.1797, found 411.1791. 
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1-Acetyl-1-tert-butyl-3-phenyl-3-pyrazin-2-yl-urea (6c)[17]: Following the same procedure as 

for 4a with 1r (85.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), tert-butyl isonitrile 

(131.3 mg, 1.5 mmol) in toluene for 18 h to give 6c as yellow solid (93.4 mg, 60%). M.p. 80-82 
oC; IR (KBr, cm-1): 2979, 1702, 1674, 1405, 1294, 1016, 728; 1H NMR (CDCl3, 500 MHz): δ 8.57 

(s, 1H), 8.47 (s, 2H), 7.44 (t, J = 7.5 Hz, 2H), 7.35 (t, J = 7.5 Hz, 1H) 7.30 (d, J = 7.0 Hz, 2H), 

2.33 (s, 3H), 1.31 (s, 9H); 13C NMR (CDCl3, 125 MHz): δ 169.6, 156.6, 143.2, 143.0, 142.5, 

140.4, 129.8, 128.3, 127.2, 58.9, 27.8, 25.6; LC-MS (ESI) m/z 335.1 [M+Na]; HRMS (ESI) calcd 

for C17H20N4NaO2 [M
+Na] 335.1484, found 335.1483. 

 
1-Acetyl-1-tert-butyl-3-phenyl-3-pyridin-2-yl-urea (6d)[17]: Following the same procedure as for 

4a with 1s (85.1 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), tert-butyl isocyanide 

(131.3 mg, 1.5 mmol) in toluene for 26 h to give 6d as white solid (110.5 mg, 71%). M.p. 92-94 
oC; IR (KBr, cm-1): 2961, 2925, 1695, 1665, 1469, 1318, 783, 711; 1H NMR (CDCl3, 500 MHz): δ 

8.52-8.51(m, 1H), 7.72 (dt, J = 8.0, 1.5 Hz, 1H), 7.40 (t, J = 7.5 Hz, 2H), 7.32-7.29 (m, 3H), 

7.23-7.21 (m, 1H), 7.17 (d, J = 8.0 Hz, 1H), 2.37 (s, 3H), 1.31 (s, 9H); 13C NMR (CDCl3, 125 

MHz): δ 169.8, 156.5, 154.9, 149.3, 141.4, 138.3, 129.5, 127.6, 126.9, 122.6, 121.6, 58.6, 27.7, 

25.7; LC-MS (ESI) m/z 312.1 [M+H]; Anal. Calcd. For C18H21N3O2: C, 69.43; H, 6.80; N, 13.49. 

Found: C, 69.26; H, 6.78; N, 13.31. 

 

1-Acetyl-3-(6-bromo-quinazolin-2-yl)-1-tert-butyl-3-phenyl-urea (6e): Following the same 

procedure as for 4a with 1t (150.1 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), 

tert-butyl isocyanide (131.3 mg, 1.5 mmol) in toluene for 24 h to give 6e as yellow liquid (90.9 

mg, 41%). IR (KBr, cm-1): 2977, 2927, 1700, 1669, 1569, 1420, 836; 1H NMR (CDCl3, 500 MHz): 

δ 9.28 (s, 1H), 8.09 (d, J = 2.0 Hz, 1H), 7.99 (dd, J = 9.0, 2.0 Hz, 1H), 7.86 (d, J = 9.0 Hz, 1H), 

7.45-7.39 (m, 4H), 7.34 (t, J = 7.5 Hz, 1H), 2.47 (s, 3H), 1.31 (s, 9H); 13C NMR (CDCl3, 125 

MHz): δ 170.0, 161.4, 157.1, 156.3, 149.7, 140.3, 138.7, 129.9, 129.4, 129.3, 128.0, 127.1, 123.8, 

122.3, 58.8, 27.8, 25.8; LC-MS (ESI) m/z 465.1 [M+Na (81Br)], 463.1 [M+Na (79Br)]; HRMS (ESI) 

calcd for C21H21BrN4NaO2 [M
+Na] 463.0746, found 463.0738. 

 

1-Acetyl-1-tert-butyl-3-phenyl-3-quinolin-2-yl-urea (6f): Following the same procedure as for 

4a with 1u (110.1 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), tert-butyl isocyanide 

(131.3 mg, 1.5 mmol) in toluene for 18 h to give 6f as yellow solid (122.6 mg, 68%). M.p. 90-92 
oC; IR (KBr, cm-1): 2978, 2928, 1698, 1669, 1593, 1501, 1296, 1193, 824, 756; 1H NMR (CDCl3, 

500 MHz): δ 8.13 (d, J = 8.5 Hz, 1H), 8.02 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.74 (td, 

J = 7.0, 1.0 Hz, 1H), 7.57 (td, J = 8.0, 1.0 Hz, 1H), 7.42 (t, J = 7.0 Hz, 2H), 7.37 (d, J = 7.5 Hz, 
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2H), 7.32 (t, J = 8.0 Hz, 1H), 7.12 (d, J = 8.5 Hz, 1H), 2.47 (s, 3H), 1.31 (s, 9H); 13C NMR 

(CDCl3, 125 MHz): δ 169.7, 156.6, 153.1, 146.9, 141.0, 138.7, 130.5, 129.5, 129.2, 127.8, 127.4, 

127.3, 127.0, 126.6, 119.1, 58.6, 27.9, 25.9; LC-MS (ESI) m/s 384.0 [M+Na]; HRMS (ESI) calcd 

for C22H23N3NaO2 [M
+Na] 384.1688, found 384.1679. 

 

N-acetyl-N-tert-butylmorpholine-4-carboxamide (6g): Following the same procedure as for 4a 

with morpholine (43.6 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 1.0 mmol), tert-butyl 

isocyanide (131.3 mg, 1.5 mmol) in toluene for 22 h to give 6g as pale yellow oil (79.7 mg, 70%). 

IR (KBr, cm-1): 2967, 2924, 2856, 1681, 1426, 1364, 1317, 1273, 1220, 1196, 1117, 1027, 597; 1H 

NMR (CDCl3, 500 MHz): δ 3.73-3.53 (m, 8H), 2.00 (s, 3H), 1.45 (s, 9H); 13C NMR (CDCl3, 125 

MHz): δ 168.7, 156.3, 66.7, 66.4, 57.9, 47.1, 43.8, 28.1, 24.0; LC-MS (ESI) m/s 251.1 [M+Na]; 

HRMS (ESI) calcd for C11H20N2NaO3 [M
+Na] 251.1368, found 251.1366. 

6. Mechanistic Studies 

 

Following the same procedure as for 4a with 1v (16.9 mg, 0.1 mmol), Cu(OAc)2·H2O (40.0 mg, 

0.2 mmol) and tert-butyl isocyanide (26 mg, 0.3 mmol) in toluene for 20 h, no desired urea 

product was detected by TLC and LC-MS.  

 

Following the same procedure as for 4a with 1d (342.4 mg, 2.0 mmol), Cu(OAc)2·H2O (798.6 mg, 

4.0 mmol) in toluene for 1 h and monitored by TLC. Upon completion, the reaction mixture 

filtered and washed with water to give copper complex. Then the given copper complex and 

tBuNC was mixed in toluene and was stirred under 110 oC for 24 h, only trace amount of 4d was 

detected which was monitored by TLC. 

 

Synthesis of copper complex from Cu(OAc)2 and isocyanide. To an oven-dried flask containing 

Cu(OAc)2·H2O (399.3 mg, 2.0 mmol), tert-butyl isocyanide (277.2 mg, 3.0 mmol) was added in 
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toluene (3.0 mL). The reaction mixture was stirred at 110 oC for 4 h in the presence of air which 

was dried through a calcium chloride tube. Upon completion, filtrated the reaction and the filtrate 

was cooled to give a crystal. Filtrated to give the Cu(II) complex, which was used directly for next 

step without further purification. 

Following the same procedure used for 4a with 1d (34.2 mg, 0.2 mmol) and Cu(II) complex 

(113.1 mg, 0.4 mmol) in toluene (1.8 mL). After 22 h at 110 °C, purification by column 

chromatography on silica gel yielded 4d (55.8 mg, 89%) as a white solid. 

 

Synthesis of Cu(I) complex [AcOCu(I)•(C≡N-Bu-t)].[18] Under nitrogen, a mixture of acetic 

acid (17 mmol), Cu2O (8.5 mmol), and t-BuNC (17 mmol) was heated in 12 mL of benzene at 80 
oC for 3 h. After filtration, the filtrate was subjected to evaporation in vacuo. Then benzene (10 

mL) was added and recrystallization was carried out by warming the mixture up to 80 oC. The 

procedure was repeated for three times to give Cu(I) complex as a white solid. IR (KBr, cm–1): 

2174, 1581, 1562, 1410; 1H NMR (d6-DMSO, 500 MHz): δ 1.46 (s, 9H); 13C NMR (d6-DMSO, 

125 MHz): δ 57.1, 29.9. 

 

Following the same procedure used for 4a with 1d (34.2 mg, 0.2 mmol) and  above prepared 

[AcOCu(I)•(C≡N-Bu-t)] (82.3 mg, 0.4 mmol) in toluene (1.2 mL) under air or N2 atmosphere. 

After stirred at 110 °C, purification by column chromatography on silica gel yielded 4d as a white 

solid in 84% and 83% yield, respectively. 

 

Following the same procedure as for 4a with 1d (85.5 mg, 0.5 mmol), Cu(OAc)2·H2O (199.7 mg, 

1.0 mmol), tert-butyl isocyanide (131.3 mg, 1.5 mmol)，TEMPO ( 78.2 mg, 0.5 mmol) in toluene 

for 16 h to give 4d as white solid (135.6 mg, 87%).  

7. X-ray crystal structure for compounds 4e, 5g and 5m 
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Crystallographic data for 4e: C18H22N4O2, M = 326.40, monoclinic, P 21/n (No. 14), a = 10.438 (2) 

Å, b = 8.222 (1) Å, c = 20.993 (4) Å, β = 94.658(2)o, V = 1795.7 (5) Å3, Z = 4, Crystal size: 0.30 

 0.25  0.20 mm, T = 295 K, ρcalcd = 1.207 g·cm-3, R1 = 0.0528 (I>4σ(I)), wR2 = 0.1700 (all data), 

GOF = 1.046, reflections collected/unique: 4120 / 2824 (Rint = 0.0261), Data: 2824, restraints: 0, 

parameters: 218. CCDC 882910 contains the supplementary crystallographic data for this paper. 

The data can be obtained free of charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam. ac.uk/data_request/cif 

   

Crystallographic data for 5g: C21H18Cl2N4O2, M= 429.29, monoclinic, P 21/c (No. 14), a = 15.245 

(5) Å, b = 8.417 (5) Å, c = 16.508 (5) Å, β = 104.637 (5)o, V = 2049.5 (15) Å3, Z = 4, Crystal size: 

0.30  0.25  0.20 mm, T = 295 K，ρcalcd = 1.391 g·cm-3, R1 = 0.0421 (I>4σ(I))，wR2 = 0.1278 (all 

data), GOF = 1.041, reflections collected/unique: 4697 / 3685 (Rint = 0.0200), Data: 3685, 

restraints: 0, parameters: 262. CCDC 883162 contains the supplementary crystallographic data for 

this paper. The data can be obtained free of charge from The Cambridge Crystallographic Data 

Centre via www.ccdc.cam.ac.uk/date_request/cif. 

    

N

N

N

Ph

N

O O

 

Crystallographic data for 5m: C19H22N4O2, M = 338.41, monoclinic, P21/n (No. 14), a = 10.47 (2) 

Å, b = 13.29 (3) Å, c = 14.71 (3) Å, β = 105.91 (3)o, V = 1969 (8) Å3, Z = 4, Crystal size: 0.28  

0.25  0.21 mm, T = 295 K, ρcalcd = 1.142 g·cm-3, R1 = 0.1526 (I>4σ(I)), wR2 = 0.4040 (all data), 

GOF = 1.223, reflections collected/unique: 8416 / 3226 (Rint = 0.0637), Data: 3226, restraints: 0, 

parameters: 227. CCDC 888379 contains the supplementary crystallographic data for this paper. 

The data can be obtained free of charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam. ac.uk/date_request/cif. 
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