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1. General information

1H NMR, 13C NMR and 19F NMR spectra were recorded on Bruker AV-400/500 MHz NMR 

spectrometers instrument using CDCl3 or DMSO-d6 as solvent and Me4Si as internal standard. High-

resolution mass spectra (HRMS) (ESI) were obtained with a Bruker Daltonics APEX II 47e and 

quadrupole Orbitrap Elite (Q-Exactive) mass spectrometer. Cyanamide was purchased from Aladdin 

Company (China, purity: 95%) and other commercially available reagents were purchased from Tansoole 

Chemicals, Macklin Biochemical Technology and used as received. Column chromatography was 

carried out on a flash chromatographic system using silica gel, petroleum ether (60-90 oC) and ethyl 

acetate as eluent. For thin layer chromatography (TLC), silica gel plates precoated with GF-254 were 

used.

2. General procedure for synthesis of compound 3, 4, 5:

2.1 The General Procedure for the Synthesis of 3

R
Br

+ NH2N N

K2CO3, CH3CN

80 oC, 5h
1 2 3

N

R R

  To a 25 mL quartz tube was charged with enzyl bromide compounds 1 (0.44 mmol, 

2.2 equiv.), cyanamide compound 2 (0.2 mmol), K2CO3 (0.6 mmol, 3.0 equiv.) and 

CH3CN (5 mL). Then the mixture was stirred for 5 h under air atmosphere at 80 ℃. 

Perform TLC testing every hour until the reaction is complete. After completion, 

distilled under reduced pressure to remove acetonitrile. Add water (10 mL) and ethyl 

acetate (10 mL) to extract and separate the phases. The mixture was extracted with ethyl 

acetate (10 mL × 3). The combined organic layers were dried with by Na2SO4, and 

concentrated under reduced pressure. The residue was purified by chromatography on 

silica gel, eluting with the mixture of ethyl acetate/petroleum ether (1:20) to give N,N-

dibenzylcyanamide compounds 3. 

2.2 The General Procedure for the Synthesis of 4
O

N NH2
DMSO, H2O2

r.t., 4h

4

N

3

N

R R R

R

K2CO3
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  To a 25 mL quartz tube was charged with N,N-dibenzylcyanamide compounds 3 (0.2 

mmol), hydrogen peroxide (0.24 mmol, 1.2 equiv., 30% aq.) and DMSO (3 mL). Then 

the mixture was stirred for 4 h under air atmosphere at room temperature. After 

completion, added water (10 mL) and ethyl acetate (10 mL) to extract and separate the 

phases. The mixture was extracted with ethyl acetate (10 mL × 3). The combined 

organic layers were dried with by Na2SO4, and concentrated under reduced pressure. 

The residue was purified by chromatography on silica gel, eluting with the mixture of 

ethyl acetate/petroleum ether (1:10) to give N,N-diphenylurea products 4. 

2.3 The General Procedure for the Synthesis of Derivatives 5a

O

N NH2

4d
Br

Br

O

N NH

Br

5a, 80%

CuI, DMSO
t-BuOK

130 oC

 To a 25 mL quartz tube was charged with 1,1-bis(2-bromobenzyl)urea compounds 4d 

(0.2 mmol), cuprous iodide (0.02 mmol, 0.1 equiv.), potassium tert-butoxide (0.6 

mmol, 3.0 equiv.) and DMSO (2 mL). Then the mixture was stirred for 8 h under air 

atmosphere at 130 oC. After completion, added water (10 mL) and ethyl acetate (10 

mL) to extract and separate the phases. The mixture was extracted with ethyl acetate 

(10 mL × 3). The combined organic layers were dried with by Na2SO4, and concentrated 

under reduced pressure. The residue was purified by chromatography on silica gel, 

eluting with the mixture of ethyl acetate/petroleum ether (1:5) to give product 5a. 

2.4 Gram-scale synthesis of 3a, 4a

Br
+ NH2N N

K2CO3, CH3CN

80 oC, 5h
1a 2a 3a, 81%

N
O

N NH2
DMSO, H2O2

r.t., 4h
4a, 84%

K2CO3

  To a 100 mL flask was charged with (bromomethyl)benzene 1a (22.0 mmol, 2.2 

equiv., 3.74g), cyanamide 2 (10.0 mmol, 0.42g), K2CO3 (30.0 mmol, 3.0 equiv., 4.17g) 

and MeCN (25mL). Then the mixture was stirred for 5 h under air atmosphere at 80 ℃. 

Perform TLC testing every hour until the reaction is complete. After completion, 

distilled under reduced pressure to remove acetonitrile. Add water (25 mL) and ethyl 

acetate (25 mL) to extract and separate the phases. The mixture was extracted with ethyl 

acetate (25 mL × 3). The combined organic layers were dried with Na2SO4, and 
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concentrated under reduced pressure. The residue was purified by chromatography on 

silica gel, eluting with the mixture of ethyl acetate/petroleum ether (1:20) to give N,N-

dibenzylcyanamide 3a (1.80 g, 8.1 mmol, 81%). To a 100 mL flask was charged with 

N,N-dibenzylcyanamide 3a (1.80g, 8.1 mmol), hydrogen peroxide (1.1g, 9.7 mmol, 1.2 

equiv., 30% aq.) and DMSO (15 mL). Then the mixture was stirred for 4 h under air 

atmosphere at room temperature. After completion, added water (25 mL) and ethyl 

acetate (25 mL) to extract and separate the phases. The mixture was extracted with ethyl 

acetate (25 mL × 3). The combined organic layers were dried with Na2SO4, and 

concentrated under reduced pressure. The residue was purified by chromatography on 

silica gel, eluting with the mixture of ethyl acetate/petroleum ether (1:10) to give 1,1-

dibenzylurea 4a (1.63 g, 6.8 mmol, 84%). 

3. Spectroscopic data for the products 3-5 

N

N

N,N-dibenzylcyanamide (3a)[1]

White solid; 33 mg, 75% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.41 - 7.35 
(m, 6H), 7.32 - 7.31 (m, 4H), 4.11 (s, 4H); 13C NMR (126 MHz, Chloroform - d) δ 
134.4, 128.9, 128.6, 128.6, 118.2, 54.4; HRMS (ESI): m/z calcd for C15H14N2 [M + 
H]+: 223.1230, found: 223.1226.

N

N

F F

N,N-bis(2-fluorobenzyl)cyanamide (3b)
White solid; 40 mg, 77% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.38 - 7.32 
(m, 4H), 7.16 (t, J = 7.5 Hz, 2H), 7.09 (t, J = 9.5 Hz, 2H), 4.23 (s, 4H); 13C NMR (126 
MHz, Chloroform - d) δ 161.2 (d, J = 249.5 Hz), 130.9 (d, J = 3.7 Hz), 130.7 (d, J = 
8.8 Hz), 124.6(d, J = 3.7 Hz), 121.7 (d, J = 13.9 Hz), 117.3, 115.8 (d, J = 21.4 Hz), 48.7 
(d, J = 3.7 Hz); 19F NMR (376 MHz, Chloroform - d) δ -117.3; HRMS (ESI): m/z 
calcd for C15H12F2N2 [M + H]+: 259.1041, found: 259.1036.

 

N

N

Cl Cl
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N,N-bis(2-chlorobenzyl)cyanamide (3c)
White solid; 38 mg, 65% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.43 - 7.41 
(m, 4H), 7.31 - 7.29 (m, 4H), 4.35 (s, 4H); 13C NMR (126 MHz, Chloroform - d) δ 
134.4, 132.2, 130.8, 130.2, 130.1, 127.4, 117.4, 52.7; HRMS (ESI): m/z calcd for 
C15H12Cl2N2 [M + H]+: 291.0450, found: 291.0442.

N

N

Br Br

N,N-bis(2-bromobenzyl)cyanamide (3d)

White solid; 56 mg, 74% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.60 (dd, J = 
8.0, 1.5 Hz, 2H), 7.42 (dd, J = 7.5, 1.5 Hz, 2H), 7.36 - 7.33 (m, 2H), 7.23 - 7.20 (m, 
2H), 4.35 (s, 4H); 13C NMR (126 MHz, Chloroform - d) δ 133.8, 133.4, 130.8, 130.4, 
128.0, 124.4, 117.3, 55.1; HRMS (ESI): m/z calcd for C15H12Br2N2 [M - H]-: 376.9294, 
found: 376.9290.

N

N

NO2 NO2

N,N-bis(2-nitrobenzyl)cyanamide (3e) [1]

Brown solid; 39 mg, 62% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.35 - 7.31 
(m, 4H), 7.28 - 7.27 (m, 2H), 7.20 - 7.18 (m, 2H), 4.10 (s, 4H); 13C NMR (126 MHz, 
Chloroform - d) δ 136.2, 135.0, 130.4, 129.1, 128.7, 126.8, 117.6, 54.2; HRMS (ESI): 
m/z calcd for C15H12N4O4 [M + H]+: 313.0931, found: 313.0930.

N

N
F F

N,N-bis(3-fluorobenzyl)cyanamide (3f)
White solid; 43 mg, 83% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.39 - 7.34 
(m, 2H), 7.10 - 7.00 (m, 6H), 4.13 (s, 4H); 13C NMR (126 MHz, Chloroform - d) δ 
163.1 (d, J = 248.2 Hz), 136.7 (d, J = 7.6 Hz), 130.8 (d, J = 7.6 Hz), 124.3 (d, J = 2.5 
Hz), 117.7 (d, J = 20.2 Hz), 115.6 (d, J = 22.7 Hz), 54.2 (d, J = 2.5 Hz); 19F NMR (376 
MHz, Chloroform - d) δ -111.7; HRMS (ESI): m/z calcd for C15H12F2N2 [M + H]+: 
259.1041, found: 259.1043.

N

N
Cl Cl

N,N-bis(3-chlorobenzyl)cyanamide (3g)
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White solid; 42 mg, 72% yield; 1H NMR (500 MHz, Chloroform - d) δ 8.10 (d, J = 
8.5 Hz, 2H), 7.72 (t, J = 7.5 Hz, 2H), 7.65 (d, J = 7.5 Hz, 2H), 7.56 (t, J = 8.0 Hz, 2H), 
4.69 (s, 4H); 13C NMR (126 MHz, Chloroform - d) δ 148.4, 134.3, 130.9, 130.0, 
129.9, 125.8, 116.7, 53.3; HRMS (ESI): m/z calcd for C15H12Cl2N2 [M + H]+: 
291.0450, found: 291.0452.

N

N

N,N-bis(3-methylbenzyl)cyanamide (3h) [1]

White solid; 42 mg, 84% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.29 (t, J = 
7.5 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 7.13 - 7.10 (m, 4H), 4.09 (s, 4H), 2.39 (s, 6H); 
13C NMR (126 MHz, Chloroform - d) δ 138.7, 134.4, 129.4, 129.4, 128.8, 125.8, 
118.5, 54.3, 21.4; HRMS (ESI): m/z calcd for C17H18N2 [M + H]+: 251.1543, found: 
251.1540.

N

N
NO2 NO2

N,N-bis(3-nitrobenzyl)cyanamide (3i) 

Brown solid; 32 mg, 52% yield; 1H NMR (500 MHz, Chloroform - d) δ 8.23 - 8.21 
(m, 2H), 8.16 - 8.15 (m, 2H), 7.71 (d, J = 7.5 Hz, 2H), 7.61 (t, J = 8.0 Hz, 2H), 4.32 (s, 
4H); 13C NMR (126 MHz, Chloroform - d) δ 148.7, 136.2, 134.6, 130.5, 124.1, 123.6, 
116.8, 54.6; HRMS (ESI): m/z calcd for C15H12N4O4 [M + H]+: 313.0931, found: 
313.0932.

N

N

MeO OMe

N,N-bis(3-methoxybenzyl)cyanamide (3j) 

White solid; 44 mg, 78% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.29 (t, J = 
8.0 Hz, 2H), 6.89 - 6.87 (m, 4H), 6.84 - 6.83 (m, 2H), 4.08 (s, 4H), 3.79 (s, 6H); 13C 
NMR (126 MHz, Chloroform - d) δ 160.0, 135.9, 129.9, 120.8, 118.3, 114.1, 114.1, 
55.2, 54.3; HRMS (ESI): m/z calcd for C17H18N2O2 [M + H]+: 283.1441, found: 
283.1433.

N

N
FF

N,N-bis(4-fluorobenzyl)cyanamide (3k) [1]

White solid; 44 mg, 85% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.29 - 7.25 
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(m, 4H), 7.09 - 7.04 (m, 4H), 4.08 (s, 4H); 13C NMR (126 MHz, Chloroform - d) δ 
162.9 (d, J = 248.2 Hz), 130.5 (d, J = 8.8 Hz), 130.1 (d, J = 3.8 Hz), 117.8, 116.0 (d, J 
= 21.4 Hz), 53.8; 19F NMR (376 MHz, Chloroform - d) δ -112.7; HRMS (ESI): m/z 
calcd for C15H12F2N2 [M + H]+: 259.1041, found: 259.1033. 

N

N
ClCl

N,N-bis(4-chlorobenzyl)cyanamide (3l) [1]

White solid; 50 mg, 86% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.73 - 7.71 
(m, 4H), 7.04 - 7.02 (m, 4H), 4.04 (s, 4H); 13C NMR (126 MHz, Chloroform - d) δ 
138.3, 133.9, 130.6, 117.8, 94.7, 54.1; HRMS (ESI): m/z calcd for C15H12Cl2N2 [M + 
H]+: 291.0450, found: 291.0440.

N

N
Br Br

N,N-bis(4-bromobenzyl)cyanamide (3m) [1]

White solid; 63 mg, 83% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.51 (d, J = 
8.0 Hz, 4H), 7.16 (d, J = 8.0 Hz, 4H), 4.06 (s, 4H); 13C NMR (126 MHz, Chloroform 
- d) δ 133.2, 132.3, 130.4, 123.0, 117.7, 54.0; HRMS (ESI): m/z calcd for C15H12Br2N2 
[M - H]-: 376.9294, found: 376.9292.

N

N
II

N,N-bis(4-iodobenzyl)cyanamide (3n) 
White solid; 59 mg, 62% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.33 (d, J = 
8.0 Hz, 4H), 7.21 (d, J = 8.5 Hz, 4H), 4.05 (s, 4H); 13C NMR (126 MHz, Chloroform 
- d) δ 134.7, 132.7, 130.0, 129.2, 117.6, 53.8; HRMS (ESI): m/z calcd for C15H12I2N2 
[M - H+]: 472.9017, found: 472.9013.

N

N
MeMe

N,N-bis(4-methylbenzyl)cyanamide (3o)[1]

White solid; 40 mg, 80% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.20 (s, 8H), 
4.06 (s, 4H), 2.37 (s, 6H); 13C NMR (126 MHz, Chloroform - d) δ 138.6, 131.5, 129.7, 
128.8, 118.6, 54.1, 21.3; HRMS (ESI): m/z calcd for C17H18N2 [M + H]+: 251.1543, 
found: 251.1540.

N

N
t-But-Bu

N,N-bis(4-(tert-butyl)benzyl)cyanamide (3p)
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White solid; 58 mg, 87% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.41 - 7.38 
(m, 4H), 7.25 - 7.23 (m, 4H), 4.08 (s, 4H), 1.33 (s, 18H); 13C NMR (126 MHz, 
Chloroform - d) δ 151.7, 131.6, 128.5, 125.9, 118.6, 54.0, 34.7, 31.4; HRMS (ESI): 
m/z calcd for C23H30N2 [M + H]+: 335.2482, found: 335.2474.

N

N
CF3F3C

N,N-bis(4-(trifluoromethyl)benzyl)cyanamide (3q)
White solid; 59 mg, 82% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.65 (d, J = 
8.0 Hz, 4H), 7.43 (d, J = 8.0 Hz, 4H), 4.21 (s, 4H); 13C NMR (126 MHz, Chloroform 
- d) δ 138.2, 131.2 (q, J = 32.8 Hz), 129.0, 126.1 (q, J = 3.8 Hz), 122.7 (q, J = 272.6 
Hz), 117.5, 54.4; 19F NMR (376 MHz, Chloroform - d) δ -62.8; HRMS (ESI): m/z 
calcd for C17H12F6N2 [M + H]+: 359.0977, found: 359.0980.

N

N
OCF3F3CO

N,N-bis(4-(trifluoromethoxy)benzyl)cyanamide (3r)
White solid; 63 mg, 81% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.35 - 7.32 
(m, 4H), 7.23 (d, J = 8.0 Hz, 4H), 4.14 (s, 4H); 13C NMR (126 MHz, Chloroform - d) 
δ 149.5 (q, J = 2.5 Hz), 132.9, 130.1, 121.4, 120.4 (q, J = 258.3 Hz), 117.6, 53.9; 19F 
NMR (376 MHz, Chloroform - d) δ -57.9; HRMS (ESI): m/z calcd for C17H12F6N2O2 
[M + H]+: 391.0876, found: 391.0865.

N

N
NO2O2N

N,N-bis(4-nitrobenzyl)cyanamide（3s）

Brown solid; 50 mg, 76% yield; 1H NMR (500 MHz, Chloroform - d) δ 8.26 - 8.24 
(m, 4H), 7.52 (d, J = 8.5 Hz, 4H), 4.29 (s, 4H); 13C NMR (126 MHz, Chloroform - d) 
δ 148.4, 141.0, 129.5, 124.4, 116.8, 54.4; HRMS (ESI): m/z calcd for C15H12N4O4 [M 
+ H]+: 313.0931, found: 313.0922.

N

N

N,N-bis([1,1'-biphenyl]-4-ylmethyl)cyanamide (3t)

White solid; 62 mg, 83% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.66 - 7.62 
(m, 8H), 7.50 - 7.47 (m, 4H), 7.44 - 7.38 (m, 6H), 4.22 (s, 4H); 13C NMR (126 MHz, 
Chloroform - d) δ 141.7, 140.5, 133.4, 129.2, 128.9, 127.7, 127.7, 127.2, 118.4, 54.2; 
HRMS (ESI): m/z calcd for C27H22N2 [M - H]-: 373.1710, found: 373.1708.
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O

N NH2

1,1-Dibenzylurea (4a)[2] 
White solid; 41 mg, 85% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.31 - 7.28 
(m, 4H), 7.25 - 7.19 (m, 6H), 5.07 (s, 2H), 4.23 (s, 4H); 13C NMR (126 MHz, 
Chloroform - d) δ 159.7, 137.3, 128.8, 127.5, 127.2, 50.2; HRMS (ESI): m/z calcd 
for C15H16N2O [M + H] +: 241.1335, found: 241.1329.

O

N NH2

F

F
1,1-Bis(2-fluorobenzyl)urea (4b) 
White solid; 40 mg, 72% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.32 - 7.29 
(m, 2H), 7.25 - 7.20 (m, 2H), 7.10 - 7.07 (m, 2H), 7.02 - 6.98 (m, 2H), 5.17 (s, 2H), 
4.52 (s, 4H); 13C NMR (126 MHz, Chloroform - d) δ 160.8 (d, J = 245.7 Hz), 159.5, 
129.3 (d, J = 3.8 Hz), 129.2 (d, J = 8.8 Hz), 124.5 (d, J = 3.8 Hz), 124.2 (d, J = 15.1 
Hz), 115.4 (d, J = 21.4 Hz), 44.3 (d, J = 5.0 Hz); 19F NMR (376 MHz, Chloroform - 
d) δ -118.4; HRMS (ESI): m/z calcd for C15H14F2N2O [M + H] +: 277.1147, found: 
277.1141.

O

N NH2

Cl

Cl
1,1-Bis(2-chlorobenzyl)urea (4c) 
White solid; 48 mg, 78% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.36 - 7.33 
(m, 4H), 7.29 - 7.27 (m, 2H), 7.24 - 7.20 (m, 2H), 4.79 (s, 2H), 4.61 (s, 4H); 13C NMR 
(126 MHz, Chloroform - d) δ 159.3, 134.4, 133.2, 129.8, 128.9 128.1, 127.4, 48.8; 
HRMS (ESI): m/z calcd for C15H14Cl2N2O [M + H] +: 309.0556, found: 309.0547.

O

N NH2

Br

Br
1,1-Bis(2-bromobenzyl)urea (4d)

White solid; 59 mg, 75% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.50 (d, J = 
7.5 Hz, 2H), 7.34 (d, J = 4.5 Hz, 4H), 7.17 - 7.15 (m, 2H), 4.60 (s, 4H), 4.54 (s, 2H); 
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13C NMR (126 MHz, Chloroform - d) δ 158.9, 135.7, 133.1, 129.1, 128.0, 127.9, 
123.1, 51.2; HRMS (ESI): m/z calcd for C15H14Br2N2O [M + H] +: 396.9546, found: 
396.9540.

O

N NH2

NO2

O2N

1,1-Bis(2-nitrobenzyl)urea (4e)
Brown solid; 43 mg, 65% yield; 1H NMR (500 MHz, Chloroform - d) δ 8.09 (dd, J 
= 8.5, 1.5 Hz, 2H), 7.72 - 7.69 (m, 2H), 7.55 (d, J = 8.0 Hz, 2H), 7.50 - 7.47 (m, 2H), 
4.92 (s, 4H), 4.77 (s, 2H); 13C NMR (126 MHz, Chloroform - d) δ 159.0, 148.3, 134.5, 
132.8, 128.7, 128.2, 125.8, 49.1; HRMS (ESI): m/z calcd for C15H14N4O5 [M + H] +: 
331.1037, found: 331.1041.

O

N NH2

F

F

1,1-Bis(3-fluorobenzyl)urea (4f)
White solid; 47 mg, 85% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.30 - 7.25 
(m, 2H), 6.99 (d, J = 2.0 Hz, 2H), 6.98 - 6.92 (m, 4H), 5.17 (s, 2H), 4.44 (s, 4H); 13C 
NMR (126 MHz, Chloroform - d) δ 163.2 (d, J = 247.0 Hz), 159.5, 139.9 (d, J = 6.3 
Hz), 130.4 (d, J = 8.8 Hz), 122.8 (d, J = 3.8 Hz), 114.5 (d, J = 20.2 Hz), 114.1 (d, J = 
21.4 Hz), 50.0 (d, J = 1.3 Hz); 19F NMR (376 MHz, Chloroform - d) δ -122.3; HRMS 
(ESI): m/z calcd for C15H14F2N2O [M + H] +:277.1147, found: 277.1141.

O

N NH2

Cl

Cl

1,1-Bis(3-chlorobenzyl)urea (4g)
White solid; 53 mg, 86% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.24-7.22 (m, 
4H), 7.19 (d, J = 2.5 Hz, 2H), 7.10 - 7.08 (m, 2H), 5.09 (s, 2H), 4.41 (s, 4H); 13C NMR 
(126 MHz, Chloroform - d) δ 159.4, 139.3, 134.9, 130.2, 127.9, 127.3, 125.4, 50.0; 
HRMS (ESI): m/z calcd for C15H14Cl2N2O [M + H] +: 309.0556, found: 309.0550.
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O

N NH2

1,1-Bis(3-methylbenzyl)urea  (4h)
White solid; 49 mg, 91% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.22 (t, J = 
7.5 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 7.06 - 7.03 (m, 4H), 4.86 (s, 2H), 4.45 (s, 4H), 
2.34 (s, 6H); 13C NMR (126 MHz, Chloroform - d) δ 159.7, 138.6, 137.4, 128.7, 
128.3, 127.9, 124.4, 50.4, 21.5; HRMS (ESI): m/z calcd for C17H20N2O [M + H] +: 
269.1648, found: 269.1643.

O

N NH2

NO2

NO2

1,1-Bis(3-nitrobenzyl)urea  (4i)
Brown solid; 45 mg, 68% yield; 1H NMR (500 MHz, DMSO - d6) δ 8.09 - 8.06 (m, 
2H), 8.03 - 8.03 (m, 2H), 7.67 (d, J = 7.5 Hz, 2H), 7.59 (t, J = 8.0 Hz, 2H), 6.35 (s, 2H), 
4.61 (s, 4H); 13C NMR (126 MHz, DMSO - d6) δ 158.5, 147.7, 141.2, 134.1, 129.8, 
121.9, 121.8, 49.2; HRMS (ESI): m/z calcd for C15H14N4O5 [M + H] +: 331.1037, 
found: 331.1030.

O

N NH2

OMe

OMe

1,1-Bis(3-methoxybenzyl)urea  (4j)
White solid; 53 mg, 88% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.24 (t, J = 
8.0 Hz, 2H), 6.83 - 6.77 (m, 6H), 4.76 (s, 2H), 4.46 (s, 4H), 3.76 (s, 6H); 13C NMR 
(126 MHz, Chloroform - d) δ 160.2, 159.6, 139.1, 130.0, 119.6, 113.2, 112.9, 55.3, 
50.6; HRMS (ESI): m/z calcd for C17H20N2O3 [M + H] +: 301.1547, found: 301.1539.

O

N NH2

F

F
1,1-Bis(4-fluorobenzyl)urea (4k)
White solid; 45 mg, 81% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.18 - 7.16 
(m, 4H), 7.01 - 6.96 (m, 4H), 5.05 (s, 2H), 4.39 (s, 4H); 13C NMR (126 MHz, 



S12

Chloroform - d) δ 162.3 (d, J = 247.0 Hz), 159.5, 133.0, 132.9, 129.0, 128.9, 115.8, 
115.7, 49.7; 19F NMR (376 MHz, Chloroform - d) δ -114.8; HRMS (ESI): m/z calcd 
for C15H14F2N2O [M + H] +: 277.1147, found: 277.1140.

O

N NH2

Cl

Cl
1,1-bis(4-chlorobenzyl)urea (4l)

White solid; 54 mg, 87% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.33 - 7.30 
(m, 4H), 7.18 - 7.16 (m, 4H), 4.59 (s, 2H), 4.43 (s, 4H); 13C NMR (126 MHz, 
Chloroform - d) δ 159.1, 135.6, 133.7, 129.2, 128.7, 50.0; HRMS (ESI): m/z calcd 
for C15H14Cl2N2O [M + H] +: 309.0556, found: 309.0548.

O

N NH2

Br

Br
1,1-Bis(4-bromobenzyl)urea (4m)

White solid; 70 mg, 88% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.46 - 7.43 
(m, 4H), 7.09 (d, J = 8.5 Hz, 4H), 4.89 (s, 2H), 4.38 (s, 4H); 13C NMR (126 MHz, 
Chloroform - d) δ 159.3, 136.1, 132.2, 129.0, 121.7, 49.9; HRMS (ESI): m/z calcd 
for C15H14Br2N2O [M + H] +: 396.9546, found: 396.9538.

O

N NH2

I

I
1,1-Bis(4-iodobenzyl)urea (4n)

White solid; 83 mg, 84% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.66 (d, J = 
7.5 Hz, 4H), 7.97 (d, J = 8.0 Hz, 4H), 4.63 (s, 2H), 4.39 (s, 4H); 13C NMR (126 MHz, 
Chloroform - d) δ 159.1, 138.1, 136.8, 129.3, 93.2, 50.2; HRMS (ESI): m/z calcd for 
C15H14I2N2O [M + H] +: 492.9268, found: 492.9255.

O

N NH2

Me

Me
1,1-Bis(4-methylbenzyl)urea (4o)

White solid; 45 mg, 84% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.16 - 7.12 
(m, 8H), 4.63 (s, 2H), 4.44 (s, 4H), 2.34 (s, 6H); 13C NMR (126 MHz, Chloroform - 
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d) δ 159.5, 137.3, 134.4, 129.6, 127.4, 50.2, 21.2; HRMS (ESI): m/z calcd for 
C17H20N2O [M + H] +: 269.1648, found: 269.1642.

O

N NH2

t-Bu

t-Bu
1,1-Bis(4-(tert-butyl)benzyl)urea (4p)

White solid; 57 mg, 81% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.38 - 7.35 
(m, 4H), 7.19 (d, J = 8.5 Hz, 4H), 4.81 (s, 2H), 4.47 (s, 4H), 1.33 (s, 18H); 13C NMR 
(126 MHz, Chloroform - d) δ 159.7, 150.5, 134.4, 127.1, 125.8, 50.2, 34.6, 31.5; 
HRMS (ESI): m/z calcd for C23H32N2O [M + H] +: 353.2587, found: 353.2580.

O

N NH2

F3C

CF3

1,1-Bis(4-(trifluoromethyl)benzyl)urea (4q)

White solid; 62 mg, 82% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.59 (d, J = 
8.0 Hz, 4H), 7.35 (d, J = 8.0 Hz, 4H), 4.91 (s, 2H), 4.53 (s, 4H); 13C NMR (126 MHz, 
Chloroform - d) δ 159.3, 141.2, 130.3 (q, J = 32.8 Hz), 127.6, 126.0 (q, J = 3.8 Hz), 
124.1 (q, J = 272.2 Hz), 50.4; 19F NMR (376 MHz, Chloroform - d) δ -62.6; HRMS 
(ESI): m/z calcd for C17H14F6N2O [M + H] +: 377.1083, found: 377.1075.

O

N NH2

F3CO

OCF3

1,1-Bis(4-(trifluoromethoxy)benzyl)urea (4r)

White solid; 65 mg, 80% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.27 (d, J = 
8.5 Hz, 4H), 7.20 (d, J = 8.0 Hz, 4H), 4.92 (s, 2H), 4.49 (s, 4H); 13C NMR (126 MHz, 
Chloroform - d) δ 159.3, 148.8 (q, J = 2.1 Hz), 135.9, 128.7, 121.5 (q, J = 258.3 Hz), 
50.0; 19F NMR (126 MHz, Chloroform - d) δ -58.0; HRMS (ESI): m/z calcd for 
C17H14F6N2O3 [M + H] +: 409.0981, found: 409.0972.

O

N NH2

O2N

NO2
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1,1-Bis(4-nitrobenzyl)urea (4s)

Brown solid; 52 mg, 79% yield; 1H NMR (500 MHz, Chloroform - d) δ 8.22 - 8.19 
(m, 4H), 7.42 (d, J = 8.5 Hz, 4H), 4.72 (s, 2H), 4.60 (s, 4H); 13C NMR (126 MHz, 
Chloroform - d) δ 158.7, 147.8, 144.3, 128.0, 124.4, 50.5; HRMS (ESI): m/z calcd 
for C15H14N4O5 [M + H] +: 331.1037, found: 331.1029.

O

N NH2

1,1-Bis([1,1'-biphenyl]-4-ylmethyl)urea (4t)

White solid; 63 mg, 80% yield; 1H NMR (500 MHz, Chloroform - d) δ 7.60 - 7.58 
(m, 8H), 7.47 - 7.44 (m, 4H), 7.38 - 7.35 (m, 6H), 4.76 (s, 2H), 4.58 (s, 4H); 13C NMR 
(126 MHz, Chloroform - d) δ 159.5, 140.8, 140.7, 136.4, 128.9, 127.8, 127.7, 127.5, 
127.2, 50.4; HRMS (ESI): m/z calcd for C27H24N2O [M + H] +: 393.1961, found: 
393.1952.

N

Br

NH

O

3-(2-Bromobenzyl)-3,4-dihydroquinazolin-2(1H)-one (5a)

White solid; 51 mg, 80% yield; 1H NMR (500 MHz, DMSO - d6) δ 9.41 (s 1H), 7.65 
(d, J = 8.0 Hz, 1H), 7.38 (t, J = 7.5 Hz, 1H), 7.27 - 7.22 (m, 2H), 7.15 (t, J = 7.5 Hz, 
1H), 7.05 (d, J = 7.5 Hz, 1H), 6.88 - 6.83 (m, 2H), 4.60 (s, 2H), 4.42 (s, 2H); 13C NMR 
(126 MHz, DMSO - d6) δ 153. 6, 137.5, 136.0, 132.7, 129.1, 128.2, 128.0, 127.9, 125.6, 
122.6, 121.1, 117.5, 113.4, 49.8, 48.1; HRMS (ESI): m/z calcd for C15H13BrN2O [M 
+ H] +: 317.0284, found: 317.0280.

4. X-raySpectra

Single crystal data for compound 3m

N

N
Br Br

3m 3m X-ray(CCDC 2324482)
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Single crystal data for compound 3s
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N

N
O2N NO2

3s 3s X-ray(CCDC 2324486)
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Single crystal data for compound 4b

N NH2

4b 4b X-ray(CCDC 2324490)

O

F

F
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6. NMR spectra 

3a 1H NMR (500 MHz, CDCl3) 
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3b 13C NMR (126 MHz, CDCl3)
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3b 19F NMR (376 MHz, CDCl3)
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3c 13C NMR (126 MHz, CDCl3)
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3d 1H NMR (500 MHz, CDCl3) 
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3e 1H NMR (500 MHz, CDCl3)
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3e 13C NMR (126 MHz, CDCl3) 
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3f 13C NMR (126 MHz, CDCl3)
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3f 13F NMR (376 MHz, CDCl3)
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3g 13C NMR (126 MHz, CDCl3)

3h 1H NMR (500 MHz, CDCl3) 



S35

3h 13C NMR (126 MHz, CDCl3)

3i 1H NMR (500 MHz, CDCl3) 
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3i 13C NMR (126 MHz, CDCl3) 

3j 1H NMR (500 MHz, CDCl3) 
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3j 13C NMR (126 MHz, CDCl3)

3k 1H NMR (500 MHz, CDCl3) 
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3k 13C NMR (126 MHz, CDCl3)

3k 19F NMR (500 MHz, CDCl3) 
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3l 1H NMR (500 MHz, CDCl3) 

3l 13C NMR (126 MHz, CDCl3)
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3m 1H NMR (500 MHz, CDCl3)

3m 13C NMR (126 MHz, CDCl3)
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3n 1H NMR (500 MHz, CDCl3) 

3n 13C NMR (126 MHz, CDCl3)
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3o 1H NMR (500 MHz, CDCl3)

3o 13C NMR (126 MHz, CDCl3)
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3p 1H NMR (500 MHz, CDCl3) 
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3q 1H NMR (500 MHz, CDCl3)

3q 13C NMR (126 MHz, CDCl3) 
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3q 19F NMR (376 MHz, CDCl3) 

3r 1H NMR (500 MHz, CDCl3) 
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3r 13C NMR (126 MHz, CDCl3)

3r 19F NMR (376 MHz, CDCl3)
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3s 1H NMR (500 MHz, CDCl3)

3s 13C NMR (126 MHz, CDCl3)                                                                   
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3t 1H NMR (500 MHz, CDCl3)

3t 13C NMR (126 MHz, CDCl3)
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4a 1H NMR (500 MHz, CDCl3)

4a 13C NMR (126 MHz, CDCl3)



S50

4a High Resolution Mass Spectrometry

4b 1H NMR (500 MHz, CDCl3)
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4b 13C NMR (126 MHz, CDCl3)
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4b 19F NMR (376 MHz, CDCl3)

4c 1H NMR (500 MHz, CDCl3)
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4c 13C NMR (126 MHz, CDCl3)

4d 1H NMR (500 MHz, CDCl3)
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S54

4d 13C NMR (126 MHz, CDCl3)
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4e 1H NMR (500 MHz, CDCl3)

4e 13C NMR (126 MHz, CDCl3)
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4f 1H NMR (500 MHz, CDCl3)

4f 13C NMR (126 MHz, CDCl3)
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4f 19F NMR (376 MHz, CDCl3)

4g 1H NMR (500 MHz, CDCl3)
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4g 13C NMR (126 MHz, CDCl3)

4h 1H NMR (500 MHz, CDCl3)
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4h 13C NMR (126 MHz, CDCl3)
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4i 13C NMR (126 MHz, DMSO-d6)

4j 1H NMR (500 MHz, CDCl3)
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4j 13C NMR (126 MHz, CDCl3)

4k 1H NMR (500 MHz, CDCl3)
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4k 13C NMR (126 MHz, CDCl3)

4k 19F NMR (376 MHz, CDCl3)
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4l 1H NMR (500 MHz, CDCl3)

4l 13C NMR (126 MHz, CDCl3)
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4m 1H NMR (500 MHz, CDCl3)

4m 13C NMR (126 MHz, CDCl3)
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4n 1H NMR (500 MHz, CDCl3)

4n 13C NMR (126 MHz, CDCl3)
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4o 1H NMR (500 MHz, CDCl3)

4o 13C NMR (126 MHz, CDCl3)
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4p 1H NMR (500 MHz, CDCl3)

4p 13C NMR (126 MHz, CDCl3)
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4q 1H NMR (500 MHz, CDCl3)

4q 13C NMR (126 MHz, CDCl3)
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4q 19F NMR (376 MHz, CDCl3)

4r 1H NMR (500 MHz, CDCl3)
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4r 13C NMR (126 MHz, CDCl3)

4r 19F NMR (376 MHz, CDCl3)
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4s 1H NMR (500 MHz, CDCl3)

4s 13C NMR (126 MHz, CDCl3)
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4t 1H NMR (500 MHz, CDCl3)

4t 13C NMR (126 MHz, CDCl3)
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5a 1H NMR (500 MHz, DMSO - d6)
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5a HRMS spectra
1 #23 RT: 0.24 AV: 1 SB: 4 0.02-0.10 NL: 8.10E8
T: FTMS + c APCI corona Full ms [50.0000-750.0000]
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