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1. General Information
Reactions were carried out in an oven dried reaction vessel. The starting materials, 3-(substituted) 1,4,2-dioxazol-5-one analogues were synthesized according to previously described procedures. Other chemicals were obtained from commercial sources and were used without further purification. Column chromatography purifications were performed using 200-300 mesh silica gel. NMR spectra were mostly recorded at 500 MHz for 1H NMR and at 125 MHz for 13C NMR. DMSO-d6 was used as solvent. Chemical shifts were referenced relative to residual solvent signal (DMSO-d6, 1H NMR: δ 2.50 ppm and 13C NMR: δ 39.52 ppm). The following abbreviations are used to describe peak patterns where appropriate: br = broad, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. Coupling constants (J) are reported in Hertz (Hz). HRMS were performed on Agilent Technologies 6224 TOF LC/MS apparatus (ESI).
2. Substrate Preparation
3-(substituted) 1,4,2-dioxazol-5-one was prepared based on the green protocol reported by Chang and co-workers.1
3. Preliminary Optimization
Table S1 Optimization of the reaction conditions


	Entry
	Basea
	Solventb
	Heat (oC)
	Time (h)
	Yield (%)c

	1
	K2CO3
	DCM
	60
	2
	81

	2
	K2CO3
	DCE
	60
	2
	78

	3
	K2CO3
	DMF
	60
	2
	0

	4
	K2CO3
	1,4 dioxane
	60
	2
	32

	5
	K2CO3
	toluene
	60
	2
	43

	6
	K2CO3
	CH3CN
	60
	2
	62

	7
	K2CO3
	THF
	60
	2
	76

	8
	K2CO3
	DMSO
	60
	2
	49

	9
	K2CO3
	EtOAc
	60
	2
	92

	10
	K2CO3
	MeOH
	60
	2
	94

	11
	K2CO3
	dry MeOH
	60
	2
	32

	12
	K2CO3
	EtOH
	60
	2
	62

	13
	K2CO3
	H2O
	60
	2
	51

	14
	Na2CO3
	MeOH
	60
	2
	76

	15
	CsCO3
	MeOH
	60
	2
	92

	16
	NaHCO3
	MeOH
	60
	2
	65

	17
	KOAc
	MeOH
	60
	2
	94

	18
	NaOAc
	MeOH
	60
	2
	96

	19
	K3PO4.3H2O
	MeOH
	60
	2
	81

	20
	pyridine
	MeOH
	60
	2
	86

	21
	Et3N
	MeOH
	60
	2
	59

	22
	DBU
	MeOH
	60
	2
	73

	23
	DMAP
	MeOH
	60
	2
	70

	26
	NaOAc
	MeOH
	25
	2
	32

	27
	NaOAc
	MeOH
	25
	15
	86

	28
	NaOAc
	MeOH
	45
	2
	94

	29
	NaOAc
	MeOH
	90
	2
	73

	30
	50% NaOAc
	MeOH
	60
	2
	78

	31
	25% NaOAc
	MeOH
	60
	2
	53

	32
	-
	MeOH
	60
	2
	22

	33
	NaOAc
	MeOH (2.0 mM)
	60
	2
	92

	34
	NaOAc
	MeOH (1.0 mM)
	60
	2
	96

	35d
	-
	-
	60
	0.5
	17


aEach reaction was added 1.0 equivalent of base, otherwise stated. bReaction concentration was 0.3 mM, otherwise stated. cYields referred to isolated yield. dUnder this condition, p-anisole was melt at 60 oC followed by the addition of dioxazolone and the major product was 1,3-bis(4-methoxyphenyl)urea (31%). 

4. Synthesis of unsymmetrically N,N’-substituted phenylurea derivatives
General Procedure (GP1):


3-substituted dioxazolone (0.2 mmol, 1) was weighed into an oven dried reaction vessel equipped with magnetic stirrer. Methanol (2 mL) was added followed by the addition of NaOAc (17 mg, 0.2 mol). The reaction mixture was stirred at room temperature until all solids were completely dissolved. Then, aniline (19 mg, 0.2 mmol, 2a) was added and the reaction was heated at 60 oC for 2 h. The reaction was monitored by thin-layer chromatography (TLC) using a mixture of petroleum ether and ethyl acetate as mobile phase. After completion, the reaction mixtures was concentrated to obtain a crude product, which was further purified by silica gel flash chromatography using a mixture of petroleum ether and ethyl acetate as mobile phase. In the case that the solid unsymmetrically N,N’-substituted phenylurea was formed in MeOH, the reaction was gradually cooled to room temperature. The desired arylurea product was separated by vacuum filtration. The substituted phenylurea derivatives (3a‒3aa) were afforded as an amorphous solid in 52‒98% yields.

General Procedure (GP2):


3-phenyl-1,4,2-dioxazol-5-one (38 mg, 0.2 mmol, 1a) was weighed into an oven dried reaction vessel equipped with magnetic stirrer. Methanol (2 mL) was added followed by the addition of NaOAc (17 mg, 0.2 mol). The reaction mixture was stirred at room temperature until all solids were completely dissolved. Then, the corresponding amine (0.2 mmol, 2) was added and the reaction was heated at 60 oC for 2 h. The reaction was monitored by thin-layer chromatography (TLC) using a mixture of petroleum ether and ethyl acetate as mobile phase. After completion, the reaction mixtures was concentrated to obtain a crude product, which was further purified by silica gel flash chromatography using a mixture of petroleum ether and ethyl acetate as mobile phase. In the case that the solid unsymmetrically N,N’-substituted phenylurea was formed in MeOH, the reaction was gradually cooled to room temperature. The desired arylurea product was separated by vacuum filtration. The substituted phenylurea derivatives (3a‒3ax) were afforded as an amorphous solid in 58‒96% yields.

5. Characterization of unsymmetrically N,N’-substituted phenylurea derivatives


1-(4-methoxyphenyl)-3-phenylurea (3a): The title compound was obtained as a white solid in 96% yield using general procedure GP1 and 95% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.57 (1H, s), 8.46 (1H, s), 7.43 (2H, d, J = 8.0 Hz), 7.35 (2H, d, J = 8.5 Hz), 7.26 (2H, t, J = 8.0 Hz), 6.94 (1H, t, J = 7.5 Hz), 6.86 (2H, d, J = 9.0 Hz), 3.71 (3H, s); 13C NMR (125 MHz, DMSO-d6): δ 154.4, 152.8, 140.0, 132.8, 128.7, 121.6, 120.0, 118.1, 114.0, 55.2; HRMS (ESI) m/z calcd for C14H15N2O2 [M+H]+ 243.1134, found 243.1142


1-(2-methoxyphenyl)-3-phenylurea (3b): The title compound was obtained as a white solid in 89% yield using general procedure GP1 and 94% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 9.31 (1H, s), 8.23 (1H, s), 8.15 (1H, dd, J = 8.0, 2.0 Hz), 7.47 (2H, dd, J = 8.5, 1.0 Hz), 7.28 (2H, t, J = 8.0 Hz), 7.01 (1H, dd, J = 8.0, 1.5 Hz), 6.95 (2H, m), 6.89 (1H, td, J = 7.5, 1.5 Hz), 3.88 (3H, s); 13C NMR (125 MHz, DMSO-d6): δ 152.4, 147.6, 139.9, 128.8, 128.7, 121.7, 121.7, 120.5, 118.3, 117.9, 110.7, 55.7; HRMS (ESI) m/z calcd for C14H15N2O2 [M+H]+ 243.1134, found 243.1137


1-phenyl-3-(o-tolyl)urea (3c): The title compound was obtained as a white solid in 91% yield using general procedure GP1 and 93% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 9.02 (1H, s), 7.92 (1H, s), 7.86 (1H, d, J = 8.0 Hz), 7.48 (2H, d, J = 7.5 Hz), 7.28 (2H, t, J = 8.0 Hz), 7.15 (2H, m), 6.94 (2H, m), 2.25 (3H, s); 13C NMR (125 MHz, DMSO-d6): δ 152.7, 139.9, 137.4, 130.2, 128.8, 127.5, 126.2, 122.6, 121.7, 121.0, 118.0, 17.9; HRMS (ESI) m/z calcd for C14H15N2O [M+H]+ 227.1184, found 227.1189


1-(2-fluorophenyl)-3-phenylurea (3d): The title compound was obtained as a white solid in 85% yield using general procedure GP1 and 78% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 9.10 (1H, s), 8.55 (1H, d, J = 2.0 Hz), 8.15 (1H, td, J = 8.5, 1.5 Hz), 7.45 (2H, d, J = 8.5 Hz), 7.29 (2H, td, J = 7.5, 2.0 Hz), 7.23 (1H, ddd, J = 12.0, 8.5, 1.5 Hz), 7.14 (1H, t, J = 8.0 Hz), 7.00 (2H, m); 13C NMR (125 MHz, DMSO-d6): δ 152.9, 152.2, 151.0, 139.4, 128.9, 127.6, 127.5, 124.5, 122.4, 122.4, 122.1, 120.1, 120.1, 118.1, 115.0, 114.9; HRMS (ESI) m/z calcd for C13H12FN2O [M+H]+ 231.0934, found 231.0937


1-(2-chlorophenyl)-3-phenylurea (3e): The title compound was obtained as a white solid in 65% yield using general procedure GP1 and 70% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 9.42 (1H, s), 8.32 (1H, s), 8.19 (1H, dd, J = 8.0, 1.5 Hz), 7.48 (2H, d, J = 7.5 Hz), 7.45 (1H, dd, J = 8.0, 1.5 Hz), 7.30 (3H, m), 7.00 (2H, m); 13C NMR (125 MHz, DMSO-d6): δ152.1, 139.5, 136.0, 129.2, 128.9, 127.6, 123.2, 122.1, 121.9, 121.3, 118.2; HRMS (ESI) m/z calcd for C13H12ClN2O [M+H]+ 247.0638, found 247.0636


1-(3-methoxyphenyl)-3-phenylurea (3f): The title compound was obtained as a white solid in 76% yield using general procedure GP1 and 92% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.66 (1H, s), 8.64 (1H, s), 7.45 (2H, dd, J = 8.0, 1.0 Hz), 7.28 (2H, t, J = 8.0 Hz), 7.19 (2H, m), 6.97 (1H, t, J = 7.5 Hz), 6.93 (1H, dd, J = 7.5, 1.5 Hz) , 6.55 (1H, dd, J = 8.0, 2.0 Hz), 3.73 (3H, s); 13C NMR (125 MHz, DMSO-d6): δ 159.2, 152.0, 140.4, 139.1, 129.0, 128.3, 121.4, 117.7, 117.7, 110.0, 106.7, 103.5, 54.4; HRMS (ESI) m/z calcd for C14H15N2O2 [M+H]+ 243.1134, found 243.1131


1-phenyl-3-(m-tolyl)urea (3g): The title compound was obtained as a white solid in 76% yield using general procedure GP1 and 93% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.63 (1H, s), 8.57 (1H, s), 7.45 (2H, dd, J = 8.5, 1.0 Hz), 7.27 (3H, m), 7.15 (1H, t, J = 7.5 Hz), 6.96 (1H, t, J = 7.5 Hz), 6.78 (1H, d, J = 7.5 Hz), 2.27 (3H, s); 13C NMR (125 MHz, DMSO-d6): δ 152.5, 139.7, 139.6, 137.9, 128.8, 128.6, 122.6, 121.8, 118.7, 118.1, 115.4, 21.2; HRMS (ESI) m/z calcd for C14H15N2O [M+H]+ 227.1184, found 227.1182


1-(3-fluorophenyl)-3-phenylurea (3h): The title compound was obtained as a white solid in 64% yield using general procedure GP1 and 67% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.89 (1H, s), 8.72 (1H, s), 7.50 (1H, dt, J = 12.0, 2.5 Hz), 7.45 (2H, d, J = 7.5 Hz), 7.29 (3H, m), 7.11 (1H, dd, J = 8.0, 1.0 Hz), 6.98 (1H, t, J = 7.5 Hz), 6.78 (1H, td, J = 8.5, 2.0 Hz); 13C NMR (125 MHz, DMSO-d6): δ 163.4, 161.5, 152.4, 141.7, 141.6, 139.4, 130.4, 130.3, 128.8, 122.1, 118.4, 113.9, 113.9, 108.2, 108.0, 104.9, 104.7; HRMS (ESI) m/z calcd for C13H12FN2O [M+H]+ 231.0934, found 231.0934




1-(3-chlorophenyl)-3-phenylurea (3i): The title compound was obtained as a white solid in 84% yield using general procedure GP1 and 69% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.86 (1H, s), 8.73 (1H, s), 7.72 (1H, t, J = 2.0 Hz), 7.45 (2H, dd, J = 8.5, 1.5 Hz), 7.29 (4H, m), 7.00 (2H, m); 13C NMR (125 MHz, DMSO-d6): δ 152.4, 141.3, 139.4, 133.2, 130.4, 128.8, 122.1, 121.4, 118.4, 117.5, 116.6; HRMS (ESI) m/z calcd for C13H12ClN2O [M+H]+ 247.0638, found 247.0641


1-phenyl-3-(p-tolyl)urea (3j): The title compound was obtained as a white solid in 67% yield using general procedure GP1 and 91% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.60 (1H, s), 8.54 (1H, s), 7.44 (2H, dd, J = 8.5, 0.5 Hz), 7.33 (2H, d, J = 8.5 Hz), 7.27 (2H, t, J = 7.5 Hz), 7.08 (2H, d, J = 8.0 Hz), 6.95 (1H, t, J = 7.5 Hz), 2.24 (3H, s); 13C NMR (125 MHz, DMSO-d6): δ 152.6, 139.8, 137.1, 130.6, 129.2, 128.8, 121.7, 118.3, 118.1, 20.35; HRMS (ESI) m/z calcd for C14H15N2O [M+H]+ 227.1184, found 227.1186


1-(4-fluorophenyl)-3-phenylurea (3k): The title compound was obtained as a white solid in 92% yield using general procedure GP1 and 94% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.69 (1H, s), 8.65 (1H, s), 7.46 (4H, m), 7.27 (2H, t, J = 8.0 Hz), 7.12 (2H, t, J = 8.5 Hz), 6.96 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 158.3, 156.4, 152.6, 139.7, 136.1, 136.0, 136.0, 128.8, 121.8, 120.1, 120.0, 119.9, 118.2, 115.4, 115.2; HRMS (ESI) m/z calcd for C13H12FN2O [M+H]+ 231.0934, found 231.0935


1-(4-chlorophenyl)-3-phenylurea (3l): The title compound was obtained as a white solid in 88% yield using general procedure GP1 and 72% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.80 (1H, s), 8.69 (1H, s), 7.48 (2H, d, J = 8.5 Hz), 7.45 (2H, dd, J = 8.5, 1.0 Hz), 7.32 (2H, d, J = 8.5 Hz), 7.28 (2H, t, J = 8.0 Hz), 6.97 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.4, 139.5, 138.7, 128.8, 128.6, 125.3, 122.0, 119.7, 118.3; HRMS (ESI) m/z calcd for C13H12ClN2O [M+H]+ 247.0638, found 247.0639


1-(4-nitrophenyl)-3-phenylurea (3m): The title compound was obtained as a white solid in 64% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 9.42 (1H, s), 8.91 (1H, s), 8.19 (2H, d, J = 9.5 Hz), 7.69 (2H, d, J = 9.5 Hz), 7.48 (2H, dd, J = 8.5, 1.0 Hz), 7.31 (2H, t, J = 8.0 Hz), 7.02 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.0, 146.4, 141.0, 139.0, 128.9, 125.2, 122.5, 118.6, 117.5; HRMS (ESI) m/z calcd for C13H12N3O3 [M+H]+ 258.0879, found 258.0879


1-(4-cyanophenyl)-3-phenylurea (3n): The title compound was obtained as a white solid in 50% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 9.19 (1H, s), 8.85 (1H, s), 7.73 (2H, d, J = 9.0 Hz), 7.63 (2H, d, J = 8.5 Hz), 7.46 (2H, dd, J = 8.5, 1.0 Hz), 7.30 (2H, t, J = 8.0 Hz), 7.00 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.1, 144.2, 139.1, 133.3, 128.8, 122.4, 119.3, 118.5, 118.0, 103.2; HRMS (ESI) m/z calcd for C14H12N3O [M+H]+ 238.0980, found 238.0979


1-([1,1'-biphenyl]-4-yl)-3-phenylurea (3o) : The title compound was obtained as a white solid in 72% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 8.79 (1H, s), 8.71 (1H, s), 7.63 (2H, dd, J = 8.5, 1.0 Hz), 7.58 (4H, m), 7.47 (2H, dd, J = 8.5, 1.0 Hz), 7.44 (2H, t, J = 8.0 Hz), 7.30 (3H, m), 6.98 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.5, 139.8, 139.7, 139.2, 133.5, 128.9, 128.8, 127.0, 126.8, 126.1, 121.9, 118.5, 118.2; HRMS (ESI) m/z calcd for C19H17N2O [M+H]+ 289.1341, found 289.1340


1-(naphthalen-2-yl)-3-phenylurea (3p): The title compound was obtained as a white solid in 91% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 9.00 (1H, s), 8.86 (1H, s), 8.13 (1H, s), 7.84 (1H, d, J = 9.0 Hz), 7.80 (2H, t, J = 8.5 Hz), 7.52 (3H, d, J = 7.5 Hz), 7.45 (1H, t, J = 7.5 Hz), 7.35 (1H, t, J = 7.5 Hz), 7.30 (2H, t, J = 8.0 Hz), 6.99 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.7, 139.7, 137.4, 133.7, 129.1, 128.8, 128.4, 127.4, 127.0, 126.3, 123.9, 121.9, 119.7, 118.2, 113.4; HRMS (ESI) m/z calcd for C17H15N2O [M+H]+ 263.1184, found 263.1184


1-(benzo[d][1,3]dioxol-5-yl)-3-phenylurea (3q): The title compound was obtained as a white solid in 98% yield using general procedure GP1 and 68% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.73 (1H, s), 8.69 (1H, s), 7.44 (2H, d, J = 7.5 Hz), 7.26 (2H, t, J = 8.0 Hz), 7.21 (1H, d, J = 2.0 Hz), 6.95 (1H, t, J = 7.5 Hz), 6.82 (1H, d, J = 8.5 Hz), 6.77 (1H, dd, J = 8.5, 2.0 Hz), 5.96 (2H, s); 13C NMR (125 MHz, DMSO-d6): δ 152.7, 147.2, 142.0, 139.8, 134.2, 128.7, 121.7, 118.1, 111.0, 108.1, 100.9, 100.8; HRMS (ESI) m/z calcd for C14H13N2O3 [M+H]+ 257.0926, found 257.0927


1-(4-chloro-3-(trifluoromethyl)phenyl)-3-phenylurea (3r): The title compound was obtained as a white solid in 83% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 9.15 (1H, s), 8.83 (1H, s), 8.10 (2H, d, J = 2.5 Hz), 7.63 (2H, m), 7.46 (2H, d, J = 8.5 Hz), 7.29 (2H, t, J = 8.0 Hz), 7.00 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.2, 139.2, 139.0, 131.8, 128.6, 126.7, 126.4, 123.7, 122.9, 122.1, 121.6, 118.5, 116.6, 116.6, 116.5, 116.5; HRMS (ESI) m/z calcd for C14H11ClF3N2O [M+H]+ 315.0512, found 315.0514


1-isopropyl-3-phenylurea (3s): The title compound was obtained as a white solid in 70% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 8.26 (1H, s), 7.36 (2H, dd, J = 8.5, 1.0 Hz), 7.20 (2H, t, J = 8.0 Hz), 6.87 (1H, t, J = 7.5 Hz), 5.97 (1H, d, J = 7.5 Hz), 3.74 (1H, m), 1.09 (6H, d, J = 6.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 154.5, 140.5, 128.6, 120.9, 117.5, 40.9, 23.0; HRMS (ESI) m/z calcd for C10H15N2O [M+H]+ 179.1184, found 179.1187


1-cyclohexyl-3-phenylurea (3t): The title compound was obtained as a white solid in 82% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 8.27 (1H, s), 7.36 (2H, d, J = 8.5 Hz), 7.20 (2H, t, J = 8.0 Hz), 6.87 (1H, t, J = 7.5 Hz), 6.05 (1H, d, J = 7.5 Hz), 3.46 (1H, m), 1.80 (2H, m), 1.65 (2H, m), 1.53 (1H, m), 1.31 (2H, m), 1.16 (3H, m); 13C NMR (125 MHz, DMSO-d6): δ 154.4, 140.6, 128.6, 120.8, 117.4, 47.5, 33.0, 25.2, 24.4; HRMS (ESI) m/z calcd for C13H19N2O [M+H]+ 219.1497, found 219.1497


1-benzyl-3-phenylurea (3u): The title compound was obtained as a white solid in 62% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 8.55 (1H, s), 7.40 (2H, dd, J = 8.5, 1.0 Hz), 7.32 (4H, m), 7.23 (3H, m), 6.89 (1H, t, J = 7.5 Hz), 6.60 (1H, t, J = 6.0 Hz), 4.30 (2H, d, J = 6.0 Hz); 13C NMR (125 MHz, DMSO-d6): δ 155.2, 140.5, 140.4, 128.7, 128.3, 127.1, 126.7, 121.1, 117.7, 42.7; HRMS (ESI) m/z calcd for C14H15N2O [M+H]+ 227.1184, found 227.1183


1-phenethyl-3-phenylurea (3v): The title compound was obtained as a white solid in 52% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 8.46 (1H, s), 7.38 (2H, d, J = 7.5 Hz), 7.31 (2H, t, J = 7.5 Hz), 7.22 (5H, m), 6.88 (1H, t, J = 7.5 Hz), 6.10 (1H, t, J = 6.0 Hz), 3.30 (2H, m), 2.75 (2H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 155.1, 140.5, 139.6, 128.7, 128.6, 128.4, 126.1, 121.0, 117.6, 40.6, 35.9; HRMS (ESI) m/z calcd for C15H17N2O [M+H]+ 241.1341, found 241.1341


(E)-1-phenyl-3-styrylurea (3w): The title compound was obtained as a white solid in 77% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 8.76 (2H, m), 7.45 (2H, dd, J = 8.5, 1.5 Hz), 7.31 (1H, dd, J = 14.5, 10.5 Hz), 7.28 (6H, m), 7.10 (1H, t, J = 7.5 Hz), 6.97 (1H, t, J = 7.5 Hz), 6.01 (1H, t, J = 14.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 151.9, 139.5, 137.2, 128.8, 128.6, 125.4, 124.8, 124.7, 122.0, 118.3, 107.8; HRMS (ESI) m/z calcd for C15H15N2O [M+H]+ 239.1184, found 239.1189


1-(furan-2-yl)-3-phenylurea (3x): The title compound was obtained as a white solid in 65% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 9.03 (1H, s), 8.69 (1H, s), 7.43 (2H, dd, J = 8.5, 1.0 Hz), 7.27 (3H, m), 6.97 (1H, t, J = 7.5 Hz), 6.41 (1H, dd, J = 3.0, 2.0 Hz), 6.02 (1H, d, J = 3.0 Hz); 13C NMR (125 MHz, DMSO-d6): δ 151.3, 146.7, 139.4, 135.8, 128.8, 122.1, 118.3, 111.3, 94.0; HRMS (ESI) m/z calcd for C11H11N2O2 [M+H]+ 203.0821, found 203.0822


1-phenyl-3-(thiophen-2-yl)urea (3y): The title compound was obtained as a white solid in 75% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 9.61 (1H, s), 8.71 (1H, s), 7.45 (2H, dd, J = 8.5, 1.0 Hz), 7.28 (2H, t, J = 8.0 Hz), 6.98 (1H, t, J = 7.5 Hz), 6.87 (1H, dd, J = 5.5, 1.0 Hz), 6.81 (1H, dd, J = 5.5, 4.0 Hz), 6.55 (1H, dd, J = 3.5, 1.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 151.7, 141.0, 139.4, 128.8, 124.1, 122.1, 118.3, 116.0, 109.3; HRMS (ESI) m/z calcd for C11H11N2OS [M+H]+ 219.0592, found 219.0590


1-(1H-indol-3-yl)-3-phenylurea (3z): The title compound was obtained as a white solid in 66% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 10.73 (1H, s), 8.59 (1H, s), 8.45 (1H, s), 7.50 (4H, m), 7.34 (1H, d, J = 8.0 Hz), 7.27 (2H, t, J = 8.0 Hz), 7.10 (1H, t, J = 7.5 Hz), 7.02 (1H, t, J = 7.5 Hz), 6.94 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.8, 140.1, 133.8, 128.8, 121.4, 121.3, 120.9, 118.1, 117.8, 116.9, 115.1, 114.1, 111.5; HRMS (ESI) m/z calcd for C15H14N3O [M+H]+ 252.1137, found 252.1139


1-(5-methylpyrazin-2-yl)-3-phenylurea (3aa): The title compound was obtained as a white solid in 94% yield using general procedure GP1. 1H NMR (500 MHz, DMSO-d6): δ 9.51 (1H, s), 9.38 (1H, s), 8.95 (1H, d, J = 1.5 Hz), 8.20 (1H, d, J = 0.5 Hz), 7.50 (2H, dd, J = 8.5, 1.0 Hz), 7.32 (2H, t, J = 8.0 Hz), 7.03 (1H, t, J = 7.5 Hz), 2.42 (3H, s); 13C NMR (125 MHz, DMSO-d6): δ 151.9, 147.2, 146.3, 140.8, 139.0, 134.0, 129.1, 122.8, 118.8, 20.3; HRMS (ESI) m/z calcd for C12H13N4O [M+H]+ 229.1089, found 229.1089


1-(2-bromophenyl)-3-phenylurea (3ab): The title compound was obtained as a white solid in 82% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 9.47 (1H, s), 8.14 (1H, s), 8.08 (1H, dd, J = 8.5, 1.5 Hz), 7.61 (1H, dd, J = 8.0, 1.5 Hz), 7.48 (2H, d, J = 8.0 Hz), 7.31 (3H, m), 6.98 (2H, m); 13C NMR (125 MHz, DMSO-d6): δ 152.2, 139.5, 137.1, 132.5, 128.9, 128.1, 124.0, 122.2, 122.1, 118.2, 113.0; HRMS (ESI) m/z calcd for C13H12BrN2O [M+H]+ 291.0133, found 291.0131


1-(3-bromophenyl)-3-phenylurea (3ac): The title compound was obtained as a white solid in 94% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.85 (1H, s), 8.73 (1H, s), 7.87 (1H, t, J = 2.0 Hz), 7.46 (2H, dd, J = 8.5, 1.0 Hz), 7.29 (3H, m), 7.23 (1H, t, J = 8.0 Hz), 7.14 (1H, m), 6.98 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.3, 141.4, 139.4, 130.7, 128.8, 124.3, 122.1, 121.7, 120.4, 118.4, 117.0; HRMS (ESI) m/z calcd for C13H12BrN2O [M+H]+ 291.0133, found 291.0132


1-(4-bromophenyl)-3-phenylurea (3ad): The title compound was obtained as a white solid in 92% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.81 (1H, s), 8.70 (1H, s), 7.45 (6H, m), 7.28 (2H, t, J = 8.0 Hz), 6.97 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.4, 139.5, 139.1, 131.5, 128.8, 122.0, 120.1, 118.3, 113.2; HRMS (ESI) m/z calcd for C13H12BrN2O [M+H]+ 291.0133, found 291.0137


1-phenyl-3-(4-(trifluoromethyl)phenyl)urea (3ae): The title compound was obtained as a white solid in 61% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 9.09 (1H, s), 8.79 (1H, s), 7.64 (4H, m), 7.46 (2H, dd, J = 8.5, 1.0 Hz), 7.30 (2H, t, J = 8.0 Hz), 6.99 (1H, t, J = 8.0 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.3, 143.5, 139.3, 128.8, 126.1, 126.1, 126.1, 126.0, 125.6, 122.2, 121.8, 118.4, 118.2, 117.8; HRMS (ESI) m/z calcd for C14H12F3N2O [M+H]+ 281.0902, found 281.0904


1-(2-hydroxyphenyl)-3-phenylurea (3af): The title compound was obtained as a white solid in 67% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 9.95 (1H, s), 9.33 (1H, s), 8.21 (1H, s), 8.10 (1H, dd, J = 8.0, 2.0 Hz), 7.49 (2H, d, J = 8.0 Hz), 7.28 (2H, t, J = 8.0 Hz), 6.96 (1H, t, J = 7.5 Hz), 6.87 (1H, dd, J = 8.0, 2.0 Hz), 6.81 (1H, td, J = 7.5, 2.0 Hz), 6.77 (1H, td, J = 7.5, 1.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.7, 145.7, 140.1, 128.9, 127.9, 121.8, 121.7, 119.2, 118.7, 118.0, 114.5; HRMS (ESI) m/z calcd for C13H13N2O2 [M+H]+ 229.0977, found 229.0974


1-(4-hydroxyphenyl)-3-phenylurea (3ag): The title compound was obtained as a white solid in 79% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 9.08 (1H, s), 8.53 (1H, s), 8.32 (1H, s), 7.42 (2H, dd, J = 8.5, 1.0 Hz), 7.25 (2H, t, J = 8.0 Hz), 7.21 (2H, d, J = 9.0 Hz), 6.93 (1H, t, J = 7.5 Hz), 6.69 (2H, d, J = 9.0); 13C NMR (125 MHz, DMSO-d6): δ 152.8, 152.6, 140.0, 131.1, 128.8, 121.5, 120.4, 118.0, 115.2; HRMS (ESI) m/z calcd for C13H13N2O2 [M+H]+ 229.0977, found 229.0976


1-(2-mercaptophenyl)-3-phenylurea (3ah): The title compound was obtained as a white solid in 62% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 9.37 (1H, s), 8.40 (1H, s), 7.96 (1H, dd, J = 8.0, 1.5 Hz), 7.44 (2H, dd, J = 8.5, 1.5 Hz), 7.31 (4H, m), 6.97 (2H, m); 13C NMR (125 MHz, DMSO-d6): δ 152.5, 139.6, 139.6, 133.7, 130.2, 128.8, 124.8, 123.2, 122.0, 121.8, 118.3; HRMS (ESI) m/z calcd for C13H13N2OS [M+H]+ 245.0749, found 245.0750


1-(5-hydroxynaphthalen-1-yl)-3-phenylurea (3ai): The title compound was obtained as a white solid in 68% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 10.18 (1H, s), 9.07 (1H, s), 8.65 (1H, s), 8.01 (1H, dd, J = 7.5, 0.5 Hz), 7.89 (1H, d, J = 8.5 Hz), 7.56 (1H, d, J = 8.5 Hz), 7.51 (2H, d, J = 8.0 Hz), 7.39 (2H, m), 7.31 (2H, t, J = 8.0 Hz), 6.98 (1H, t, J = 7.5 Hz), 6.92 (1H, d, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 153.6, 152.9, 139.9, 134.0, 128.9, 127.3, 126.1, 125.3, 124.3, 121.8, 118.1, 117.6, 117.0, 111.8, 108.1; HRMS (ESI) m/z calcd for C17H15N2O2 [M+H]+ 279.1134, found 279.1136


1-(4-bromo-2-methylphenyl)-3-phenylurea (3aj): The title compound was obtained as a white solid in 88% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 9.07 (1H, s), 7.98 (1H, s), 7.86 (1H, d, J = 8.5 Hz), 7.45 (2H, d, J = 8.0 Hz), 7.39 (1H, d, J = 1.5 Hz), 7.30 (3H, m), 6.97 (1H, t, J = 7.5 Hz), 2.24 (3H, m); 13C NMR (125 MHz, DMSO-d6): δ 152.5, 139.7, 137.0, 132.5, 130.0, 128.9, 128.8, 122.4, 121.9, 118.1, 114.1, 17.6; HRMS (ESI) m/z calcd for C14H14BrN2O [M+H]+ 305.0290, found 305.0287


1-(3-chloro-4-fluorophenyl)-3-phenylurea (3ak): The title compound was obtained as a white solid in 91% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.87 (1H, s), 8.76 (1H, s), 7.80 (1H, dd, J = 7.0, 2.5 Hz), 7.45 (2H, dd, J = 8.5, 1.0 Hz), 7.30 (4H, m), 6.98 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 153.3, 152.5, 151.4, 139.4, 137.1, 137.0, 128.8, 122.1, 119.5, 119.2, 119.1, 118.5, 118.5, 118.4, 117.0, 116.8; HRMS (ESI) m/z calcd for C13H11ClFN2O [M+H]+ 265.0544, found 265.0541


1-(2,6-diisopropylphenyl)-3-phenylurea (3al): The title compound was obtained as a white solid in 58% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.74 (1H, s), 7.63 (1H, s), 7.44 (2H, d, J = 7.5 Hz), 7.24 (3H, m), 7.15 (2H, d, J = 7.5 Hz), 6.92 (1H, t, J = 7.5 Hz), 3.17 (2H, m), 1.15 (12H, d, J = 7.0 Hz); 13C NMR (125 MHz, DMSO-d6): δ 154.3, 146.6, 140.4, 132.4, 128.7, 127.2, 122.9, 121.3, 117.7, 28.0, 23.7, 23.3; HRMS (ESI) m/z calcd for C19H25N2O [M+H]+ 297.1967, found 297.1964


1-(2-chloro-4-hydroxyphenyl)-3-phenylurea (3am): The title compound was obtained as a white solid in 93% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 9.61 (1H, s), 9.11 (1H, s), 7.99 (1H, s), 7.73(1H, d, J = 9.0 Hz), 7.44 (2H, dd, J = 8.5, 1.0 Hz), 7.27 (2H, t, J = 8.0 Hz), 6.96 (1H, t, J = 7.5 Hz), 6.84 (1H, d, J = 2.5 Hz), 6.72 (1H, dd, J = 9.0, 3.0 Hz); 13C NMR (125 MHz, DMSO-d6): δ 153.7, 152.6, 139.8, 128.8, 127.3, 124.5, 124.3, 121.8, 118.0, 115.4, 114.5; HRMS (ESI) m/z calcd for C13H12ClN2O2 [M+H]+ 263.0587, found 263.0586


1-pentyl-3-phenylurea (3an): The title compound was obtained as a white solid in 68% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.36 (1H, s), 7.37 (2H, dd, J = 8.5, 1.0 Hz), 7.20 (2H, t, J = 8.0 Hz), 6.87 (1H, tt, J = 7.5, 1.0 Hz), 6.09 (1H, t, J = 5.5 Hz), 3.06 (2H, m), 1.42 (2H, m), 1.28 (4H, m), 0.88 (3H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 155.2, 140.6, 128.6, 120.9, 117.5, 29.5, 28.6, 21.9, 14.0; HRMS (ESI) m/z calcd for C12H19N2O [M+H]+ 207.1492, found 207.1491




1-(furan-2-ylmethyl)-3-phenylurea (3ao): The title compound was obtained as a white solid in 79% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.50 (1H, s), 7.58 (1H, d, J = 1.0 Hz), 7.39 (2H, d, J = 8.0 Hz), 7.22 (2H, t, J = 8.0 Hz), 6.90 (1H, t, J = 7.5 Hz), 6.53 (1H, t, J = 6.0 Hz), 6.39 (1H, dd, J = 3.0, 2.0 Hz), 6.25 (1H, d, J = 3.0 Hz), 4.29 (2H, d, J = 6.0 Hz); 13C NMR (125 MHz, DMSO-d6): δ 154.9, 153.1, 142.0, 140.3, 128.7, 121.2, 117.7, 110.5, 106.5, 36.1; HRMS (ESI) m/z calcd for C12H13N2O2 [M+H]+ 217.0977, found 217.0975


1-phenyl-3-(pyridin-2-ylmethyl)urea (3ap): The title compound was obtained as a white solid in 59% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.78 (1H, s), 8.52 (1H, d, J = 5.0 Hz ), 7.77 (1H, td, J = 7.5, 2.0 Hz), 7.41 (2H, dd, J = 8.5, 1.0 Hz), 7.34 (1H, d, J = 8.0 Hz), 7.27 (1H, m), 7.22 (2H, t, J = 8.0 Hz), 6.89 (1H, t, J = 7.5 Hz), 6.76 (1H, t, J = 5.5 Hz), 4.40 (2H, d, J = 5.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 158.9, 155.3, 148.8, 140.5, 136.8, 128.7, 122.1, 121.1, 121.1, 117.6, 44.6; HRMS (ESI) m/z calcd for C13H14N3O [M+H]+ 228.1131, found 228.1134


1-(2-(1H-indol-3-yl)ethyl)-3-phenylurea (3aq): The title compound was obtained as a white solid in 86% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 10.84 (1H, s), 8.47 (1H, s), 7.57 (1H, d, J = 8.0 Hz), 7.38 (2H, dd, J = 8.5, 1.0 Hz), 7.35 (1H, d, J = 8.0 Hz), 7.21 (2H, t, J = 8.0 Hz), 7.18 (1H, d, J = 2.0 Hz), 7.07 (1H, td, J = 7.5, 1.0 Hz), 6.98 (1H, td, J = 8.0, 1.0 Hz), 6.88 (1H, t, J = 7.5 Hz), 6.12 (1H, t, J =6.0 Hz), 3.40 (2H, m), 2.86 (1H, t, J = 7.0 Hz); 13C NMR (125 MHz, DMSO-d6): δ 155.2, 140.6, 136.3, 128.6, 127.2, 122.8, 120.9, 120.9, 118.4, 118.2, 117.6, 111.8, 111.4, 25.89; HRMS (ESI) m/z calcd for C17H18N3O [M+H]+ 280.1450, found 280.1451


1-phenyl-3-(pyridin-3-yl)urea (3ar): The title compound was obtained as a white solid in 75% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.87 (1H, s), 8.83 (1H, s), 8.60 (1H, d, J = 2.0 Hz), 8.18 (1H, dd, J = 4.5, 1.0 Hz), 7.94 (1H, m), 7.46 (2H, d, J = 7.5 Hz), 7.30 (3H, m), 6.98 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.6, 142.9, 140.1, 139.5, 136.5, 128.8, 125.2, 123.6, 122.1, 118.4; HRMS (ESI) m/z calcd for C12H12N3O [M+H]+ 214.0975, found 214.0974


1-phenyl-3-(quinolin-8-yl)urea (3as): The title compound was obtained as a white solid in 89% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 9.87 (1H, s), 9.71 (1H, s), 8.92 (1H, dd, J = 4.5, 1.5 Hz), 8.57 (1H, dd, J = 6.0, 3.0 Hz), 8.39 (1H, dd, J = 8.5, 1.5 Hz), 7.64 (1H, dd, J = 8.0, 4.0 Hz), 7.55 (4H, m), 7.31 (2H, t, J = 7.5 Hz), 6.99 (1H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 152.4, 148.3, 139.9, 137.7, 136.7, 135.9, 128.9, 127.9, 127.3, 122.1, 121.9, 119.8, 118.1, 114.4; HRMS (ESI) m/z calcd for C16H14N3O [M+H]+ 264.1137, found 264.1134


1-(1H-indol-5-yl)-3-phenylurea (3at): The title compound was obtained as a white solid in 84% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 10.94 (1H, s), 8.56 (1H, s), 8.39 (1H, s), 7.68 (1H, d, J = 1.5 Hz), 7.46 (2H, dd, J = 8.5, 1.0 Hz), 7.28 (4H, m), 7.08 (1H, dd, J = 8.5, 2.0 Hz), 6.94 (1H, t, J = 7.5 Hz), 6.35 (1H, t, J = 2.0 Hz); 13C NMR (125 MHz, DMSO-d6): δ 153.0, 140.2, 132.3, 131.4, 128.7, 127.7, 125.7, 121.4, 117.9, 114.7, 111.2, 109.9, 100.9; HRMS (ESI) m/z calcd for C15H14N3O [M+H]+ 252.1131, found 252.1130


1-(9-ethyl-9H-carbazol-4-yl)-3-phenylurea (3au): The title compound was obtained as a white solid in 68% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.66 (1H, s), 8.62 (1H, s), 8.27 (1H, d, J = 2.0 Hz), 8.10 (1H, d, J = 7.5 Hz), 7.56 (2H, m), 7.50 (2H, d, J = 7.5 Hz), 7.44 (2H, m), 7.29 (2H, t, J = 8.0 Hz), 7.17 (1H, t, J = 8.0 Hz), 6.97 (1H, t, J = 7.5 Hz), 4.42 (2H, q, J = 7.0 Hz), 1.31 (3H, t, J = 7.0 Hz); 13C NMR (125 MHz, DMSO-d6): δ 153.1, 140.1, 140.0, 135.7, 131.5, 128.8, 125.7, 122.1, 122.0, 121.5, 120.3, 118.8, 118.4, 118.1, 110.7, 109.1, 37.0, 13.7; HRMS (ESI) m/z calcd for C21H20N3O [M+H]+ 330.1606, found 330.1605


1-methyl-3-phenyl-1-propylurea (3av): The title compound was obtained as a white solid in 91% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.17 (1H, s), 7.45(2H, dd, J = 8.5, 1.0 Hz), 7.21 (2H, td, J = 7.5, 1.0 Hz), 6.91 (1H, tt, J = 7.5, 1.0 Hz), 3.26 (2H, t, J = 7.5 Hz),2.92 (3H, s), 1.51 (2H, m), 0.85 (3H, t, J = 7.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 155.3, 140.7, 128.2, 121.5, 119.8, 49.6, 34.3, 20.6, 11.1; HRMS (ESI) m/z calcd for C11H17N2O [M+H]+ 193.1341, found 193.1337




1,1-diethyl-3-phenylurea (3aw): The title compound was obtained as a white solid in 88% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.12 (1H, s), 7.47(2H, dd, J = 8.5, 1.0 Hz), 7.21 (2H, td, J = 7.5, 1.0 Hz), 6.91 (1H, tt, J = 7.5, 1.0 Hz), 3.33 (4H, q, J = 7.0 Hz), 1.08 (6H, t, J = 7.0 Hz); 13C NMR (125 MHz, DMSO-d6): δ 154.4, 140.7, 128.1, 121.5, 120.0, 40.5, 13.9; HRMS (ESI) m/z calcd for C11H17N2O [M+H]+ 193.1341, found 193.1342


1-phenylurea (3ax): The title compound was obtained as a white solid in 64% yield using general procedure GP2. 1H NMR (500 MHz, DMSO-d6): δ 8.50 (1H, s), 7.38(2H, dd, J = 8.5, 1.0 Hz), 7.21 (2H, t, J = 8.0 Hz), 6.88 (1H, t, J = 7.5 Hz), 5.83 (2H, s); 13C NMR (125 MHz, DMSO-d6): δ 156.0, 140.5, 128.6, 121.1, 117.7; HRMS (ESI) m/z calcd for C7H9N2O [M+H]+ 137.0715, found 137.0715

6. Synthetic application for practically large-scale and continuous processes
6.1 Gram-scale synthesis of linuron


3-(3,4-dichlorophenyl)-1,4,2-dioxazol-5-one (1 g, 4.31 mmol, 1ab) was weighed into an oven dried reaction vessel equipped with magnetic stirrer.  Methanol (12 mL) was added followed by the addition of NaOAc (0.35 g, 4.31 mol). Then, N,O-dimethylhydroxylamine (0.26 g, 4.31 mmol, 2ay) was added and the reaction was heated at 60 oC for 2 h. The reaction was monitored by TLC using a mixture of petroleum ether and ethyl acetate as mobile phase. After completion, the reaction mixtures was concentrated to obtain a crude product, which was further purified by silica gel flash chromatography using a mixture of petroleum ether and ethyl acetate as mobile phase. Linuron (4) was obtained as white powder in 82% yield (0.88 g). 


3-(3,4-dichlorophenyl)-1-methoxy-1-methylurea (linuron, 4) 
1H NMR (500 MHz, DMSO-d6): δ 9.34 (1H, s), 7.96 (1H, d, J = 2.5 Hz), 7.64 (1H, dd, J = 9.0, 2.5 Hz), 7.51 (1H, d, J = 9.0 Hz), 3.67 (3H, s), 3.07 (3H, s); 13C NMR (125 MHz, DMSO-d6): δ 156.5, 139.5, 130.6, 130.2, 123.9, 120.7, 119.6, 61.5, 34.3; HRMS (ESI) m/z calcd for C9H11Cl2N2O2 [M+H]+ 249.0198, found 249.0195
6.2 Gram-scale synthesis of daimuron


3-(p-Tolyl)-1,4,2-dioxazol-5-one (1 g, 5.64 mmol, 1ac) was weighed into an oven dried reaction vessel equipped with magnetic stirrer.  Methanol (15 mL) was added followed by the addition of NaOAc (0.47 g, 5.64 mol). Then, 2-phenylpropan-2-amine (0.76 g, 5.64 mmol, 2az) was added and the reaction was heated at 60 oC for 2 h. The reaction was monitored by TLC using a mixture of petroleum ether and ethyl acetate as mobile phase. After completion, the reaction mixtures was concentrated to obtain a crude product, which was further purified by silica gel flash chromatography using a mixture of petroleum ether and ethyl acetate as mobile phase. Daimuron (5) was obtained from as white powder in 98% yield (1.51 g). 


1-(2-phenylpropan-2-yl)-3-(p-tolyl)urea (daimuron, 5) 
1H NMR (500 MHz, DMSO-d6): δ 8.29 (1H, s), 7.39(2H, d, J = 7.0 Hz), 7.30 (2H, t, J = 7.5 Hz), 7.18 (3H, m), 6.98 (2H, d, J = 8.5 Hz), 6.53 (1H, s), 2.19 (3H, s), 1.59 (6H, s); 13C NMR (125 MHz, DMSO-d6): δ 154.1, 148.5, 138.0, 129.5, 129.0, 127.9, 125.8, 124.8, 117.4, 54.2, 29.8, 20.3; HRMS (ESI) m/z calcd for C17H21N2O [M+H]+ 269.1654, found 269.1654
6.3 One-step and gram-scale synthesis of sorafenib


3-(4-chloro-3-(trifluoromethyl)phenyl)-1,4,2-dioxazol-5-one (1.3 g, 4.90 mmol, 1r) was weighed into an oven dried reaction vessel equipped with magnetic stirrer.  Methanol (15 mL) was added followed by the addition of NaOAc (0.41 g, 4.90 mmol). Then, 4-(4-aminophenoxy)-N-methylpicolinamide (1.199 g, 4.90 mmol, 2aaa) was added and the reaction was heated at 60 oC for 2 h. The reaction was monitored by TLC using a mixture of petroleum ether and ethyl acetate as mobile phase. After completion, the reaction mixtures was concentrated to obtain a crude product, which was further purified by silica gel flash chromatography using a mixture of petroleum ether and ethyl acetate as mobile phase. Sorafenib (6) was obtained from the one-step synthesis as pale yellow powder in 86% yield (1.95 g). 


4-(4-(3-(4-chloro-3-(trifluoromethyl)phenyl)ureido)phenoxy)-N-methylpicolinamide (sorafenib, 6)
1H NMR (500 MHz, DMSO-d6): δ 9.23 (1H, s), 9.01 (1H, s), 8.78 (1H, d, J = 5.0 Hz), 8.50 (1H, d, J = 6.0 Hz), 8.12 (1H, d, J = 2.5 Hz), 7.62 (4H, m), 7.38 (1H, d, J = 2.5 Hz), 7.17 (2H, d, J = 9.0 Hz), 7.14 (1H, dd, J = 6.0, 2.5 Hz), 2.78 (3H, d, J = 4.5 Hz); 13C NMR (125 MHz, DMSO-d6): δ 166.4, 164.2, 152.9, 152.9, 150.8, 148.2, 139.8, 137.5, 132.4, 127.3, 127.1, 124.4, 123.5, 122.8, 122.2, 122.0, 121.9, 117.3, 117.2, 114.5, 109.1, 26.5; HRMS (ESI) m/z calcd for C21H17ClF3N4O3 [M+H]+ 465.0941, found 465.0936.
6.4 Two-step and gram-scale synthesis of sorafenib


3-(4-chloro-3-(trifluoromethyl)phenyl)-1,4,2-dioxazol-5-one (1.5 g, 5.65 mmol, 1r) was weighed into an oven dried reaction vessel equipped with magnetic stirrer.  Methanol (15 mL) was added followed by the addition of NaOAc (0.47 g, 5.65 mol). Then, 4-aminophenol (0.62 g, 5.65 mmol, 2ag) was added and the reaction was heated at 60 oC for 2 h. After completion, 1-(4-chloro-3-(trifluoromethyl)phenyl)-3-(4-hydroxyphenyl)urea (6a) was purified based on above method and afforded as white powder in 80% yield (1.49 g). Next, 6a was conjugated with 4-chloro-N-methylpicolinamide in the presence of cesium carbonate (CsCO3) using N,N’-dimethylformamide (DMF) as the solvent and heating at 90 oC based on the reported method by La and co-workers.2 To the solution of 6a (0.14 g, 1.0 mmol) in DMF (5 mL) was added CsCO3 (0.98 g, 3.0 mmol) and 4-chloro-N-methylpicolinamide (0.24 g, 1.0 mmol), respectively. Then, the reaction mixture was heated at 90 oC and stirred under N2 atmosphere for 10 h.  After completion, the reaction mixture was cooled to room temperature and quenched by the addition of water. The resulting solution was extracted with EtOAc (50 ml, 3 times). The organic layers were combined, dried over anhydrous sodium sulfate (Na2SO4), filtered and concentrated under reduced pressure. The crude product was purified by silica gel flash chromatography using a mixture of petroleum ether and ethyl acetate as mobile phase. Sorafenib (6) was obtained from the two-step synthesis as pale yellow powder in 75% yield (348.5 mg).



1-(4-chloro-3-(trifluoromethyl)phenyl)-3-(4-hydroxyphenyl)urea (6a) 
1H NMR (500 MHz, DMSO-d6): δ 9.13 (1H, s), 9.03 (1H, s), 8.49 (1H, s), 8.09(1H, d, J = 2.5 Hz), 7.60 (2H, m), 7.22 (2H, d, J = 9.0 Hz), 6.69 (2H, d, J = 9.0 Hz); 13C NMR (125 MHz, DMSO-d6): δ 153.4, 153.1, 140.1, 132.4, 130.9, 127.2, 127.0, 123.3, 121.5, 117.0, 117.0, 117.0, 116.9, 115.7; HRMS (ESI) m/z calcd for C14H11ClF3N2O2 [M+H]+ 331.0461, found 331.0463

6.5 Gram-scale continuous and recycle synthesis of daimuron


3-(p-tolyl)-1,4,2-dioxazol-5-one (1 g, 5.64 mmol) was weighed into an oven dried reaction vessel equipped with magnetic stirrer.  Methanol (20 mL) was added followed by the addition of NaOAc (0.46 g, 5.64 mol). Then, 2-phenylpropan-2-amine (0.76 g, 5.64 mmol) was added and the reaction was heated at 60 oC. After 10 min, the solid daimuron was formed. The reaction mixture was stirred at 60 oC for 2 h. The solid product was separated by vacuum filtration. The remaining MeOH filtrate containing dissolved NaOAc was reused for the next synthetic cycle. The next batch was started by the addition of 3-(p-tolyl)-1,4,2-dioxazol-5-one (1 g, 5.64 mmol) and 2-phenylpropan-2-amine (0.76 g, 5.64 mmol), respectively. Daimuron (6) was obtained as white powder in 81% (1.22 g), 82% (1.24 g), and 79% (1.20 g) yields from cycle 1-3, respectively.

7. References
1.	Y. Park, S. Jee, J. G. Kim and S. Chang, Org. Process Res. Dev., 2015, 19, 1024-1029.
2.	D. S. La, J. Belzile, J. V. Bready, A. Coxon, T. DeMelfi, N. Doerr, J. Estrada, J. C. Flynn, S. R. Flynn, R. F. Graceffa, S. P. Harriman, J. F. Larrow, A. M. Long, M. W. Martin, M. J. Morrison, V. F. Patel, P. M. Roveto, L. Wang, M. M. Weiss, D. A. Whittington, Y. Teffera, Z. Zhao, A. J. Polverino and J. C. Harmange, J. Med. Chem., 2008, 51, 1695-1705.
8. NMR Spectra
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