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1. General remarks
All manipulations were carried out under air atmosphere unless otherwise specified. The reactions were monitored by GC 
and GC-MS. The 1H NMR and 13C NMR spectra were recorded on a Brucker ADVANCE III spectrometer at 400 MHz and 
100 MHz, respectively. HI-MS was recorded on MAT 95 XP. Flash column chromatography was performed using silica gel 
300-400 mesh, GC-MS results were recorded on GC-MS QP2010, and GC analysis was performed on GC 7820A. Amines 1 
were purchased from Energy Chemical, Alfa Aesar, Aladdin or Maya Reagent, arylacetic acid 2 were purchased from 
Aladdin.
2. General experimental procedure for the synthesis of N-heterocycle derivatives
A 10 ml Schlenk-type tube equipped with a magnetic stir bar was charged with substrate amine 1 (0.2 mmol) carboxylic acid 
derivatives 2 (0.22 mmol) and FeCl3 (10 mol%). The reaction tube was evacuated and back-filled with O2, under oxygen 
atmospheres, DMF (1 mL) was added at room temperature, then the reaction mixture was stirred at 100 ºC for 12-18 h. The 
reaction was monitored by GC or GC-MS. After completion of the reaction, the resulting solution was cooled to room 
temperature, and neutralized with saturated NaHCO3 solution. The product was extracted with EtOAc or CHCl3, dried over 
anhydrous Na2SO4 and concentrated in vacuo. The crude product was purified by flash column chromatography on silica gel 
to give analytically pure product.

3. Optimization of the reaction conditionsa

NH2

O

NH2

+ COOH [cat]

solvent, O2

NH

O

N

1a 2a 3a

Entry                            Cat                           Solvent                   Yieldb (%)
1 Fe2O3 60

FeCl2.H2O 88

FeSO4.7H2O

ferrocene 50

Ferrous acetylacetonate 53

CuCl2

2

3

4

5

7

10

6

30

FeCl3

PdCl2

NiCl2.6H2O

8

9

92

DMF

DMF

DMF

DMF

DMF

DMF

DMF

DMF

DMF

DMF

11

FeCl3 -DMSO12

FeCl3 -dioxane13

FeCl3 -CH3CN

-

14

FeCl3

-

toluene

19c FeCl3

-

DMF

-

-

-

-

-

21d FeCl3 DMF

21e FeCl3 -DMF

22f FeCl3 93DMF

15

FeCl3

-

EtOAc16

FeCl3

-

NMP17

FeCl3

-

p-xylene

FeBr3 86DMF

18

aReaction conditions: 1a (0.2 mmol), 2a (0.22 mmol), catalyst (0.02 mmol), O2 (1 atm) in a Schlenk tube (10 mL), 100 oC, 12 h. 
b GC yields based on 1a using dodecane as an internal standard. c 0.5 mmol mCPBA (m-chloroperbenzoic acid) or K2S2O8 
was employed as oxidant under N2 (1 atm) atmosphere. d0.5 mmol TBHP (tert-butylhydroperoxide) or DTBP was used as 
oxidant under N2 (1 atm) atmosphere. e80 oC. f120 oC.
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4. 1H NMR and 13C NMR data of products

2-phenylquinazolin-4(3H)-one (3a)1: Eluent: petroleum ether/ethyl acetate (10:1), white solid, m.p: 

O

N

NH

236-238 ºC. 1H NMR (400 MHz, DMSO-d): δ 12.56 (s, br, 1H), 8.17 (t, J = 8.6 Hz, 3H), 7.82 (t, J = 7.2 Hz, 1H), 7.73 (d, J 
= 8.0 Hz, 1H), 7.51 (q, J = 9.0 Hz, 4H); 13C NMR (100 MHz, DMSO-d6): δ 162.8, 152.8, 149.1, 135.0, 133.2, 131.8, 129.1, 
128.3, 128.2, 127.0, 126.3, 121.4. GC-MS: m/z = 222.

2-(4-methoxyphenyl)quinazolin-4(3H)-one (3b)1: Eluent: petroleum ether/ethyl acetate (10:1), 

O

N

NH

OMe
white solid, mp: 248-251 °C. 1H NMR (400 MHz, DMSO-d ): δ 12.41 (s, br, 1H), 8.18 (d, J = 8.4 Hz, 2H), 8.12 (d, J = 7.6 
Hz, 1H), 7.80 (t, J = 7.4 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 7.2 Hz, 1H), 7.07 (d, J = 8.4 Hz, 1H), 3.84 (s, 3H); 13C 
NMR (100 MHz, DMSO-d6): δ 162.8, 162.3, 152.3, 149.4, 135.0, 129.9, 127.8, 126.6, 126.3, 125.3, 121.2, 114.5, 55.9. GC-
MS: m/z = 252.

2-(4-hydroxyphenyl)quinazolin-4(3H)-one (3c)2: Eluent: petroleum ether/ethyl acetate (3:1), 

O

N

NH

OH
yellow solid, mp: >300ºC. 1H NMR (400 MHz, DMSO-d6): δ 12.29 (s, br, 1H), 10.20 (s, br, 1H), 8.10 (s, 3H), 7.77 (s, 1H), 
7.67 (s, 1H), 7.45 (s, 1H), 6.91 (s, 2H); 13C NMR (100 MHz, DMSO-d6): δ 162.8, 161.0, 152.6, 149.5, 134.9, 130.1, 127.6, 
126.34, 126.28, 123.7, 121.0, 115.8. HRMS (EI): calcd for C14H10N2O2: 238.0742; found: 238.0740.

2-(4-aminophenyl)quinazolin-4(3H)-one (3d)4: Eluent: petroleum ether/ethyl acetate (3:1), 

O

N

NH

NH2
yellow solid, m.p: >300 oC. 1H NMR (400 MHz, DMSO-d6): δ 12.07 (s, br, 1H), 8.08 (d, J = 7.6Hz, 1H), 7.95 (d, J = 8.0 Hz, 
2H), 7.75 (t, J = 7.4 Hz, 1H), 7.61 (d, J = 8.4 Hz, 1H), 7.40 (t, J = 7.4 Hz, 1H), 6.63 (d, J = 8.0 Hz, 2H), 5.84 (s, 2H); 13C 
NMR (100 MHz, DMSO-d6): δ 162.9, 152.9, 152.6, 149.9, 134.9, 129.6, 127.4, 126.3, 125.8, 120.8, 119.2, 113.5. HRMS 
(EI): calcd for C14H11N3O: 237.0902; found: 237.0901.

 2-(4-nitrophenyl)quinazolin-4(3H)-one (3e)2: Eluent: petroleum ether/ethyl acetate (2:1), white 

O

N

NH

NO2
solid, m.p.>300ºC. 1H NMR (400 MHz, DMSO-d6): δ 12.83 (s, br, 1H), 8.39 (q, J = 6.6 Hz, 4H), 8.18 (d, J = 8.0 Hz, 1H), 
7.88 (t, J = 7.2 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.58 (t, J = 7.2 Hz, 1H); 13C NMR (100 MHz, DMSO-d6): δ. 162.6, 151.9, 
149.0, 135.1, 132.4, 132.1, 130.3, 127.9, 127.3, 126.4, 125.7, 121.5. GC-MS: m/z =267.
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2-(4-bromophenyl)quinazolin-4(3H)-one (3f)2: Eluent: petroleum ether/ethyl acetate (10:1), 

O

N

NH

Br
white solid, m.p: 294-296 ºC. 1H NMR (400 MHz, DMSO-d6): δ 12.61 (s, br, 1H), 8.13 (t, J = 9.4 Hz, 3H), 7.82 (d, J = 6.8 
Hz, 1H), 7.75 (d, J = 7.2 Hz, 3H), 7.53 (d, J = 6.4 Hz, 1H); 13C NMR (100 MHz, DMSO-d6,): δ 162.6, 151.9, 149.0, 135.2, 
132.4, 132.1, 130.3, 128.0, 127.3, 126.4, 125.7, 121.5. GC-MS: m/z = 299.

2-(3-chlorophenyl)quinazolin-4(3H)-one (3g)2: Eluent: petroleum ether/ethyl acetate (5:1), white solid, 

O

N

NH

Cl
m.p: 296-197 oC. 1H NMR (400 MHz, DMSO-d6): δ 12.63 (s, br, 1H), 8.24 (s, 1H), 8.15 (d, J = 6.4 Hz, 2H), 7.85 (t, J = 7.6 
Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.53-7.60 (m, 2H); 13C NMR (100 MHz, DMSO-d6): δ 163.6, 
152.9, 150.0, 136.2, 133.4, 133.1, 131.3, 129.0, 128.3, 127.4, 126.7, 122.5. GC-MS: m/z = 256.

2-(2-iodophenyl)quinazolin-4(3H)-one (3h)2 Eluent: petroleum ether/ethyl acetate (5:1), yellow solid, 

NH

O

N

I
m.p: 216-217 oC. 1H NMR (400 MHz, CDCl3): δ 12.62 (s, br, 1H), 8.24 (s, 1H), 8.17 (s 2H), 7.85 (t, J = 7.6 Hz, 1H), 7.84 (d, 
J = 7.2 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.52-7.60 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 162.6, 151.5, 135.22, 135.18, 
133.9, 131.6, 131.0, 127.9, 127.5, 126.9, 126.3, 121.5. GC-MS: m/z = 347.

2-(naphthalen-1-yl)quinazolin-4(3H)-one (3i)3: Eluent: petroleum ether/ethyl acetate (4:1), white solid, 

O

N

NH

m.p: 286-287 oC. 1H NMR (400 MHz, DMSO-d6): δ 12.68 (s, br, 1H), 8.22 (d, J = 8.0 Hz, 1H), 8.17 (d, J = 7.6 Hz, 1H), 8.12 
(d, J = 8.0 Hz, 1H), 8.04 (d, J = 7.2 Hz, 1H), 7.87 (t, J = 7.4 Hz, 1H), 7.79 (d, J = 7.2 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.64 
(t, J = 8.2 Hz, 1H), 7.56-7.60 (m, 3H); 13C NMR (100 MHz, DMSO-d6): δ 162.4, 154.1, 149.2, 135.0, 133.6, 132.2, 130.9, 
130.7, 128.8, 128.2, 127.9, 127.6, 127.3, 126.9, 126.3, 125.7, 125.6, 121.7. GC-MS: m/z = 272.

  2-(naphthalen-2-yl)quinazolin-4(3H)-one (3j)3: Eluent: petroleum ether/ethyl acetate (10:1), 

O

N

NH

white solid, m.p: 213-215 oC:. 1H NMR (400 MHz, DMSO-d6): δ 12.69 (s, br, 1H), 8.22 (d, J = 8.0 Hz, 1H), 8.16 (d, J = 7.2 
Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H), 8.04 (d, J = 7.2 Hz, 1H), 7.87 (t, J = 7.2 Hz, 1H), 7.79 (d, J = 6.8 Hz, 1H), 7.73 (d, J = 8.0 
Hz, 1H), 7.65 (t, J = 8.8 Hz, 1H), 7.56-7.60 (m, 3H); 13C NMR (100 MHz, DMSO-d6): δ 162.4, 154.1, 149.2, 135.0, 133.6, 
132.2, 130.9, 130.7, 128.8, 128.2, 127.9, 127.6, 127.3, 126.9, 126.3, 125.7, 125.6, 121.7. GC-MS: m/z = 272.
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 2-(thiophen-2-yl)quinazolin-4(3H)-one (3k)1: Eluent: petroleum ether/ethyl acetate (20:1), white solid, 

O

N

NH
S

m.p: 277-278 ºC. 1H NMR (400 MHz, DMSO-d6): 1H NMR (400 MHz, DMSO-d6): δ 12.65 (s, br, 1H), 8.22 (d, J = 3.6 Hz, 
1H), 8.11 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 4.8 Hz, 1H), 7.80 (t, J = 7.6 Hz, 1H), 7.64 (d, J = 8.4 Hz, 1H), 7.48 (t, J = 7.4 Hz, 
1H), 7.23 (t, J = 4.2 Hz, 1H); 13C NMR (100 MHz, DMSO-d6): δ 162.3, 149.0, 148.3, 137.8, 135.2, 132.6, 129.9, 129.0, 
127.4, 126.8, 126.5, 121.3. GC-MS: m/z = 228.

2-(pyridin-3-yl)quinazolin-4(3H)-one (3l)1: Eluent: petroleum ether/ethyl acetate (10:1), white solid, 

O

N

NH

N
m.p: 273-274 ºC. 1H NMR (400 MHz, DMSO-d6): δ 12.7 (s, 1H), 9.25 (s, 1H), 8.71 (d, J = 4.0 Hz, 1H), 8.43 (d, J = 8.0 Hz, 
1H), 8.12 (d, J = 8.0 Hz, 1H), 7.81 (t, J = 7.6 Hz, 1H), 7.71 (d, J = 8.0 Hz, 1H), 7.48-7.56 (m, 2H); 13C NMR (100 MHz, 
DMSO-d6): δ 162.6, 152.3, 151.2, 149.2, 135.9, 135.2, 129.2, 127.9, 127.4, 126.3, 124.0, 121.6. GC-MS: m/z = 223.

2-(1H-indol-3-yl)quinazolin-4(3H)-one (3m)5 Eluent: petroleum ether/ethyl acetate (10:1), faint 

O

N

NH

NH
yellow solid, m.p: >300 oC. 1H NMR (400 MHz, DMSO-d6): δ 12.16 (s, br, 1H), 11.88 (s, 1H), 8.70 (d, J = 6.8 Hz, 1H), 8.56 
(s, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.78 (t, J = 7.6 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.48 (d, J = 6.8 Hz, 1H), 7.41 (t, J = 7.2 
Hz, 1H), 7.20-7.24 (m, 2H); 13C NMR (100 MHz, DMSO-d6): δ 162.6, 150.8, 150.2, 137.3, 134.9, 129.6, 127.4, 126.2, 126.0, 
125.6, 123.1, 122.9, 121.4, 120.9, 112.5, 109.1. GC-MS: m/z = 261.

2-(4-bromophenyl)-3-methylquinazolin-4(3H)-one (3n)6: Eluent: petroleum ether/ethyl acetate 

O

N

N

Br
(20:1), white solid, m.p: >300 oC. 1H NMR (400 MHz, CDCl3): δ 8.22 (d, J = 7.2 Hz, 1H), 7.60-7.66 (m, 4H), 7.41 (d, J = 
7.6 Hz, 3H), 3.42 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 162.5, 155.0, 147.1, 134.4, 134.2, 132.1, 129.8, 127.4, 127.2, 
126.6, 124.5, 120.4, 34.2. GC-MS: m/z = 315.

6-methyl-2-(thiophen-2-yl)quinazolin-4(3H)-one (3o): Eluent: petroleum ether/ethyl acetate (30:1), 

O

N

NH
S

white solid, m.p.:266-267 oC. 1H NMR (400 MHz, DMSO-d6): 12.56 (s, br, 1H), 8.18 (s, 1H), 7.90 (s, 1H), 7.82 (d, J = 4.8 
Hz, 1H), 7.59 (d, J = 8.4 Hz, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.21 (s, 1H), 2.42 (s, 3H); 13C NMR (100 MHz, DMSO-d6): δ 
162.2, 147.5, 147.0, 137.9, 136.5, 136.4, 132.3, 129.5, 128.9, 127.3, 125.9, 121.0, 21.3. HRMS (EI): calcd for C13H10N2OS: 
242.0514; found: 242.0513.
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6-chloro-2-(4-methoxyphenyl)quinazolin-4(3H)-one (3p)7: Eluent: petroleum ether/ethyl 

NH

O

N

Cl

O

acetate (20:1), white solid, m.p: >300 oC. 1H NMR (400 MHz, CDCl3): 12.58 (s, br, 1H), 8.18 (s, 2H), 8.05 (s, 1H), 7.82 (s, 
1H), 7.72 (s, 1H), 7.09 (s, 2H), 3.85 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 162.5, 161.8, 152.8, 148.2, 135.1, 130.7, 130.0, 
125.3, 124.9, 122.4, 114.5. GC-MS: m/z = 286.

2-methylquinazolin-4(3H)-one (3q)1: Eluent: petroleum ether/ethyl acetate (5:1), m.p.: 235-239 ºC. 1H NMR 

NH

O

N
(400 MHz, CDCl3): δ 12.22 (s, br, 1H), 8.28 (d, J = 8.0 Hz, 1H), 7.77 (t, J = 7.6 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.47 (t, J 
= 7.6 Hz, 1H), 2.61 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 164.4, 153.4, 149.4, 134.9, 127.0, 126.4, 126.2, 120.2, 22.1. 
GC-MS: m/z = 160.

2-phenylquinazoline (4a)10 Eluent: petroleum ether/ethyl acetate (50:1), white solid, m.p: 98-100 oC. 

N

N

1H NMR (400 MHz, CDCl3): 9.41 (s, 1H), 8.64 (d, J = 7.2 Hz, 2H), 8.06 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 7.6 Hz, 2H), 7.54 
(d, J = 7.2 Hz, 4H); 13C NMR (100 MHz, CDCl3): 160.8, 160.3, 150.6, 137.9, 133.9, 130.5, 128.49, 128.45, 127.1, 126.9, 
123.4. GC-MS: m/z = 206

. 2-(4-methoxyphenyl)quinazoline (4b)10 Eluent: petroleum ether/ethyl acetate (20:1), white 

N

N

OMe
solid, m.p. 96-98 oC.:. 1H NMR (400 MHz, CDCl3): 9.40 (s, 1H), 8.57 (d, J = 7.6 Hz, 2H), 8.03 (d, J = 8.4 Hz, 1H), 7.86 (d, 
J = 8.0 Hz, 2H), 7.55 (t, J = 7.2 Hz, 1H), 7.04 (d, J = 7.2 Hz, 2H), 3.89 (s, 3H); 13C NMR (100 MHz, CDCl3): 161.8, 160.9, 
160.4, 150.8, 134.0, 130.7, 130.2, 128.4, 127.2, 126.8, 123.3, 114.0, 55.4. GC-MS: m/z = 236.

 4-(quinazolin-2-yl)phenol (4c) Eluent: petroleum ether/ethyl acetate (10:1), yellow solid, m.p: 

N

N

OH
155-157 oC 1H NMR (400 MHz, DMSO-d6)): 10.03 (s, 1H), 9.60 (s, 1H), 8.41 (d, J = 8.4 Hz, 2H), 8.08 (d, J = 8.0 Hz, 1H), 
7.97 (d, J = 2.8 Hz, 2H), 7.63-7.67 (m, 1H), 6.93 (d, J = 8.4 Hz, 2H); 13C NMR (100 MHz, DMSO-d6): 161.5, 160.6, 160.5, 
150.4, 135.1, 130.4, 128.9, 128.2, 128.1, 127.4, 123.4, 115.9. HRMS (EI): calcd for C14H10N2O: 222.0793; found: 222.0786.

4-(quinazolin-2-yl)aniline (4d) Eluent: petroleum ether/ethyl acetate (20:1), yellow solid, m.p: 

N

N

NH2
176-178 oC:. 1H NMR (400 MHz, CDCl3): 9.52 (s, 1H), 8.28 (d, J =8.4 Hz, 2H), 8.03 (d, J = 8.0 Hz, 1H), 7.90 (q, J = 5.6 Hz, 
2H), 7.56-7.60 (m, 1H), 6.70 (d, J = 8.4 Hz, 2H), 5.71 (s, 2H); 13C NMR (100 MHz, CDCl3): 161.2, 161.0, 152.1, 150.6, 
134.8, 130.2, 128.1, 127.8, 126.7, 125.1, 123.1, 113.9. HRMS (EI): calcd for C14H11N3: 221.0953; found: 221.0947.
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 2-(4-nitrophenyl)quinazoline (4e)10 Eluent: petroleum ether/ethyl acetate (15:1), white solid, 

N

N

NO2
m.p: 219-220 oC. 1H NMR (400 MHz, CDCl3): 9.50 (s, 1H), 8.80 (s, 2H), 8.36 (s, 2H), 8.12 (s, 1H), 7.97 (s, 2H), 7.70 (s, 
1H); 13C NMR (100 MHz, CDCl3): 160.7, 158.8, 150.6, 149.2, 143.8, 134.6, 129.4, 128.8, 128.3, 127.2, 123.9, 123.7. GC-
MS: m/z = 251.

2-(4-bromophenyl)quinazoline (4f)10 Eluent: petroleum ether/ethyl acetate (20:1), white solid, 

N

N

Br
m.p: 157-159 oC. 1H NMR (400 MHz, CDCl3): 9.43 (s, 1H), 8.48 (d, J = 7.2 Hz, 2H), 8.05 (d, J = 8.4 Hz, 1H), 7.90 (t, J = 
7.4 Hz, 2H), 7.60-7.66 (m, 3H); 13C NMR (100 MHz, CDCl3): 160.5, 160.1, 150.6, 136.9, 134.2, 131.8, 130.1, 128.6, 127.5, 
127.1, 125.4, 123.6. GC-MS: m/z = 283.

2-(3-chlorophenyl)quinazoline (4g)10. Eluent: petroleum ether/ethyl acetate (20:1), white solid, m.p. 

N

N

Cl
149-150 oC. 1H NMR (400 MHz, CDCl3): 9.40 (s, 1H), 8.57 (s, 1H), 8.44 (d, J = 3.2 Hz, 1H), 8.03 (d, J = 8.8 Hz, 1H), 7.87 
(t, J = 8.6 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.41 (s, 2H), 7.19 (s, 1H); 13C NMR (100 MHz, CDCl3): 159.6, 158.8, 149.7, 
138.9, 133.8, 133.3, 129.5, 128.8, 127.70, 127.67, 126.6, 126.1, 125.6, 122.8. GC-MS: m/z = 240.

2-(naphthalen-2-yl)quinazoline (4h)11 Eluent: petroleum ether/ethyl acetate (30:1), white solid, 

N

N

m.p:120-121 oC. 1H NMR (400 MHz, CDCl3): 9.60 (s, 1H), 8.71 (t, J = 4.6 Hz, 1H), 8.16-8.19 (m, 2H), 7.93-8.03 (m, 4H), 
7.69 (t, J = 7.6 Hz, 1H), 7.62 (t, J = 7.6 Hz, 1H), 7.53-7.56 (m, 2H); 13C NMR (100 MHz, CDCl3): 163.5, 160.5, 150.6, 
136.3, 134.4, 134.2, 131.2, 130.4, 129.6, 128.7, 128.6, 127.8, 127.2, 126.9, 125.9, 125.4, 123.2, 114.9. GC-MS: m/z = 256.

2-(thiophen-2-yl)quinazoline (4i)10 Eluent: petroleum ether/ethyl acetate (20:1), faint yellow solid, m.p: 
N

N
S

130-131 oC. 1H NMR (400 MHz, CDCl3): 9.35 (s, 1H), 8.15 (d, J = 3.6 Hz, 1H), 8.01 (d, J = 8.8 Hz, 1H), 8.86-8.89 (m, 2H), 
7.67 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 4.8 Hz, 1H), 7.19 (t, J = 4.4 Hz, 1H); 13C NMR (100 MHz, CDCl3)): 160.5, 157.8, 
150.6, 143.8, 134.4, 129.9, 129.3, 128.4, 128.2, 127.3, 127.0, 123.4. GC-MS: m/z = 212.

2-(4-methoxyphenyl)benzo[d]thiazole (5a)8: Eluent: petroleum ether/ethyl acetate (50:1),  

S

N
OMe

white solid, m.p. 123-125 ºC. 1H NMR (400 MHz, CDCl3): δ 8.03 (d, J = 7.2 Hz, 3H), 7.86 (d, J = 7.6 Hz, 1H), 7.47 (t, J = 
7.4 Hz, 1H), 7.35 (t, J = 7.4 Hz, 1H), 6.99 (d, J = 7.2 Hz, 1H), 3.87 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 167.9, 161.9, 
154.2, 134.9, 129.1, 126.4, 126.2, 124.8, 122.8, 121.5, 114.4, 55.5. GC-MS: m/z = 241.

2-(4-bromophenyl)benzo[d]thiazole (5b)8: Eluent: petroleum ether/ethyl acetate (50:1), white 

S

N
Br

solid, m.p. 129-131 oC: 1H NMR (400 MHz, CDCl3): δ 8.06 (d, J = 8.0 Hz, 1H), 7.93 (d, J = 8.4 Hz, 2H), 7.88 (J = 8.0 Hz, 
1H), 7.60 (d, J = 8.4 Hz, 2H), 7.49 (t, J = 7.6 Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 166.7, 154.1, 
135.0, 132.5, 132.3, 128.9, 126.5, 125.5, 125.48, 125.4, 123.3, 121.7. GC-MS: m/z = 290.
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2-(4-nitrophenyl)benzo[d]thiazole (5c)8: Eluent: petroleum ether/ethyl acetate (50:1), white 

S

N
NO2

solid, m.p. m.p. 141-143 oC: 1H NMR (400 MHz, CDCl3): δ 8.35 (d, J = 8.0 Hz, 2H), 8.26 (d, J = 7.6 Hz, 2H), 8.12 (d, J = 
8.4 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.60 (t, J = 7.2 Hz, 1H), 7.54 (t, J = 7.2 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ. 
165.3, 153.9, 149.2, 138.8, 135.6, 128.8, 127.6, 126.9, 125.1, 123.9, 123.1. GC-MS: m/z = 256.

2-(naphthalen-1-yl)benzo[d]thiazole (5d)8: Eluent: petroleum ether/ethyl acetate (50:1), white solid, 

S

N

m.p. 126-127 oC. 1H NMR (400 MHz, CDCl3): δ 8.96 (d, J = 8.4 Hz, 1H), 8.22 (d, J = 8.0 Hz, 1H), 7.93-8.01 (m, 4H), 7.64 
(t, J = 7.6 Hz, 1H), 7.55-7.59 (m, 3H), 7.46 (t, J = 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 167.6, 154.1, 135.4, 133.9, 
131.0, 130.8, 130.6, 129.4, 128.4, 127.6, 126.5, 126.2, 125.8, 125.3, 124.9, 123.5, 121.4. GC-MS: m/z = 261.

2-(4-methoxyphenyl)-1H-benzo[d]imidazole (5e)9: Eluent: petroleum ether/ethyl acetate 

H
N

N
OMe

(50:1), white solid, m.p:223-225 oC. 1H NMR (400 MHz, DMSO-d6): δ 12.93 (s, br, 1H), 7.76 (d, J = 7.2 Hz, 2H), 7.67 (s, 
1H), 7.53 (d, J = 5.2 Hz, 1H), 7.46 (t, J =7.8 Hz, 1H), 7.21 (s, 2H), 7.05 (d, J = 8.0 Hz, 1H), 3.86 (s, 3H); 13C NMR (100 
MHz, DMSO-d6): δ 160.1, 151.5, 131.9, 130.6, 123.1, 122.2, 119.3, 119.2, 116.3, 111.8. GC-MS: m/z = 224.

2-(pyridin-3-yl)-1H-benzo[d]imidazole (5f)9: Eluent: petroleum ether/ethyl acetate (50:1), white solid, 

H
N

N N
m.p: 224-246 oC. 1H NMR (400 MHz, DMSO-d6): δ 13.12 (s, br, 1H), 9.36 (s, 1H), 8.68 (t, J = 2.4 Hz, 1H), 8.50 (d, J = 8.0 
Hz, 1H), 7.64 (s, 2H), 7.57-7.60 (m, 1H), 7.24 (t, J = 3.0 Hz, 2H); 13C NMR (100 MHz, DMSO-d6): δ 150.9, 149.3, 147.9, 
134.2, 126.6, 124.5, 122.9. GC-MS: m/z = 195.
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6. Copies of 1H and 13C NMR spectra
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