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SECTION 1. EXPERIMENTAL PROCEDURES AND SPECTRAL DATA
Experimental Procedures:

S1.1. General. The chemicals required for the study were obtained from Sigma-Aldrich Company
and were used as such without further purification unless otherwise mentioned. Thin Layer
Chromatography (TLC) performed on silica gel aluminium plates monitored the progress of the
reaction and visualization was done by UV chamber. '"H NMR and '*C NMR spectra were recorded
at 400 MHz and 100 MHz instrument respectively, with TMS as an internal standard. Chemical
data for protons are reported in parts per million (ppm) downfield from tetramethylsilane and are
referenced to the residual proton in the NMR solvent (CDCl3, 7.26 ppm; CD;OD, 3.31 ppm;
DMSO-ds 2.51 ppm). Chemical data for carbons are reported in parts per million (ppm, 6 scale)
downfield from tetramethylsilane and are referenced to the carbon resonance of the solvent
(CDCl3, 77.16 ppm; CD30D, 49.0; DMSO-ds 39.51 ppm). Coupling constants (J) were reported
in hertz (Hz). The abbreviations used to characterize the signals are as follows: s = singlet, m =
multiplet, d = doublet, br. s. = broad singlet, dd = doublet of doublet, t = triplet. ESI-MS spectra
were recorded on Agilent 1100 LC-Q-TOF. IR spectra were recorded on Perkin-Elmer IR

spectrophotometer.

Typical procedure for the synthesis of 2-phenyl-1H-benzo[d]imidazole: To the magnetically
stirred mixture of the o-phenylenediamine 1a (108.1 mg, 1 mmol) and benzylamine 2a (128.5 mg,
1.2 mmol, 131.07 pL) in DMSO (4 mL) was added ag. HCI (0.864 mg, 0.24 mmol, 24 mol%: 20
pL of ag. 12 N HCI) and the mixture was irradiated with visible light (White CFL, 32 W) for 30
h. After completion of the reaction (TLC), the mixture was diluted with water (5 mL) and extracted
with EtOAc (3 x 5 mL). The combined EtOAcextracts were dried (anh Na2S0O.), filtered,the filtrate
concentarted under rotary vacuum evaporation, and the residue was charged on to chromatography
(100-200 mesh silica gel) column and eluted with 12% EtOAc-hexaneto afford pure 3a (151.4 mg,
78%). All the remaining reactions were performed on 1 mmol scale following this general

procedure and. The spectral data of the synthesised compounds are provided below.

Experimental procedure for the synthesis of 2-aryl quinoxalines: To the magnetically stirred
mixture of the o-phenylenediamine 1a (108.1 mg, 1 mmol) and phenethylamine 4a (145.4 mg,
150.8 pL, 1.2 mmol) in DMSO (4 mL) was added HCI (0.864 mg, 0.24 mmol, 24 mol%: 20 pL of
ag. 12 N HCI) and irradiated under visible light (White CFL, 32 W) for 30 h. After completion of



the reaction (TLC), the mixture was diluted with water (5 mL) and extracted with EtOAc (3 x 5
mL). The combined EtOAc extracts were dried (anh Na2SO.), filtered, the filtrate was concentarted
under rotary vacuum evaporation, the residue was charged on to chromatography (100-200 mesh
silica gel) column and eluted with 10% EtOAc-hexane to afford pure 5a (154.6 mg, 75%). All the
remaining reactions were performed following this general procedure and on 1 mmol scale. The

spectral data of the synthesised compounds are provided below.

Separation of the regioisomeric mixtures of 5m & 5m! and of 5n & 5n' by column
chromatography: The separation of regioisomeric products was achieved by adsorbing the crude
reaction mixture on silica gel (60-120 mesh size) and charged on the column chromatography of
silica gel (230-400 mesh size) and eluting with hexane-EtOAc (98:2) to obtain the pure
regioisomers. In case of separation of the regioisomeric mixture of 5m and 5m?, the compound
5m eluted first (67 mg, 30% vyield) followed by the compound 5m* (89 mg, 40% yield). In case
of separation of the regioisomeric mixture of 5n and 5n?, the compound 5n eluted first (60 mg,
25% yield) followed by the compound 5nt (103 mg, 43% yield).

Spectral Data:

(Note: In general, in a *H NMR spectrum recorded in CDCls, a peak at around & 1.6 refers to
moisture in the solvent/sample and a peak at 6 1.2 refers to oil/grease present in the sample.
Similarly, in 'H NMR spectrum recorded in DMSO, a peak at around & 3.3 refers to moisture in

the solvent/sample.

2-Phenyl-1H-benzo[d]imidazole (3a)!
H

N
L0

N
White solid; 151.4 mg, 78%, m.p 294-297 °C (295-298 °C)%; 'H NMR (400 MHz, DMSO-de) &
12.93 [s, 1H (NH)], 8.21 (d, J = 8 Hz, 2H), 7.69 (d, J = 8 Hz, 1H), 7.58-7.48 (m, 4H), 7.23 (t, J =
8 Hz, 2H); BC NMR (100 MHz, CDC|3) 0 151.7, 144.3, 135.5, 130.6, 130.3, 129.4, 126.9, 122.9,

122.1, 119.3, 111.8; IR (CHCI3): vmax 2955.1, 2920.8, 2870.4, 1713.2, 1458.4, 1377.9, 1275,

1260.7, 1187.8, 1081.5, 1019 cm'; ESI-MS (m/z): 195.20 [M+H]*.



2-(4-Methylphenyl)-1H-benzo[d]imidazole (3b)?

N
O

N
Off white solid; 145.7 mg, 70%, m.p 266-268 °C (267-269 °C)? *H NMR (400 MHz, DMSO-ds)
§12.82 [s, 1H (NH)], 8.08 (d, J = 8 Hz, 2H), 7.65-7.51 (m, 2H), 7.37 (d, J = 8 Hz, 2H), 7.22-7.17
(m, 2H), 2.39 (s, 3H); 3C NMR (100 MHz, CDCl3) § 151.8, 144.3, 140, 135.4,129.9, 129.4, 127.9,
126.8, 122.8, 122, 119.2, 111.6, 21.4; IR (CHCI3): vmax3405.9, 2924.7, 2255, 1657.4, 1457.1,
1378.3, 1275.6, 1260.9, 1023.5, 999.1 cm*; ESI-MS (m/z): 209.06 [M+H]".

5,6-Dichloro-2-phenyl-1H-benzo[d]imidazole (3i)*
H

Cl N
—<0)

cl N

White solid; 188.6 mg, 72%, m.p 225-227 °C (226-227 °C)>; *H NMR (400 MHz, DMSO-de) &
13.3[s, 1H (NH)], 8.19 (d, J = 8 Hz, 2H), 7.95 (s, 1H), 7.91 (d, J = 8 Hz, 1H), 7.77 (s, 1H), 7.59-
7.54 (m, 2H); 13C NMR (100 MHz, CDCl3) § 154.6, 143.8, 135.3, 131, 129.7, 128.7, 127.7, 127.1,
120.2, 113.4; IR (CHCl3): vmax 2954.9, 2922.9, 2854.2, 1711.9, 1457.5, 1378, 1275.5, 1260.8,
1189, 1081.4, 1027.9 cm™; ESI-MS (m/z): 340.99 [M+H]".

5,6-Dimethyl-2-phenyl-1H-benzo[d]imidazole (3j)3
H

Me N
O
Me N

White solid; 151.0 mg, 68%, m.p 245-248 °C (246-248 °C)5; IH NMR (400 MHz, DMSO-de) 0
12.65 [S, 1H (NH)], 8.16 (d, J=8Hz, 2H), 7.55 (t, J = 8Hz, 2H), 7.48 (t, J =8 Hz, 2H), 7.30 (S,
1H), 2.34 (s, 3H), 2.32 (S, 3H); 13 C NMR (100 MHz, Dl\/ISO-de) 0 150.8, 142.9, 133.9, 131.6,
130.4, 130.8, 129.9, 129.3, 126.6, 119.4, 111.8, 205 IR (CHC|3): vmax 3434.9, 2251.8, 2125.6,

1770.3, 1658.4, 1451, 1376.3, 1240.2, 1031 cm™:; ESI-MS (m/z): 223.11 [M+H]".



5-Nitro-2-phenyl-1H-benzo[d]imidazole (3g)?
H

N
L~
O,N N

White solid; 181.7 mg, 76%, m.p 207-209 °C (208-209 °C)%; *H NMR (400 MHz, DMSO-ds)
8.44 (s, 1H), 8.21 (d, J = 8Hz, 2H), 8.11 (d, J = 8 Hz, 1H), 7.74 (d, J = 8 Hz, 1H), 7.59-7.57 (m,
3H); 13C NMR (100 MHz, DMSO-ds) 5 156.2, 144.3, 143.1, 139.5, 137.4, 131.4, 129.6, 127.4,
118.4, 116.3, 111.5; IR (CHCls): vmx3428.9, 2253.2, 2126.4, 1658.6, 1275.8, 1260.9, 1051.2,
1023.4, 1003.6 cm; ESI-MS (m/z): 240.06 [M+H]*.

5-Chloro-6-nitro-2-phenyl-1H-benzo[d]imidazole (3k)
H

02N N
O
cl N

Off white low melting solid; 188.4 mg, 69%; *H NMR (400 MHz, DMSO-ds) & 8.34 (s,
1H), 8.21 (d, J = 8Hz, 2H), 7.88 (s, 1H), 7.60-7.58 (M, 3H); 13C NMR (100 MHz, CDCls)
0 156.8, 143.1, 142.3, 138.2, 131.5, 129.6, 129.2, 127.5, 119.2, 117.1, 113.9; IR (CHCI5):
vmax 3440.1, 3049.4, 2299.9, 1646.5, 1275.1, 1052.7, 1026.3, 1007.4 cm™*; ESI-MS (m/z)):
274.03 [M+H]"; HRMS (ESI-TOF) m/z: [M+H]" calcd for C13HoCIN3O, 274.0378; Found

274.0375.

2-(3-Chlorophenyl)-1H-benzo[d]imidazole (3c)?

G

White solid; 175.6 mg, 77%, m.p 239-241 °C (238-240 °C)% *H NMR (400 MHz, DMSO-ds) &
13.07 (s, 1H), 8.24 (s, 1H), 8.16 (d, J = 4Hz, 1H), 7.70 (d, J = 4Hz, 1H), 7.61-7.55 (m, 3H), 7.26
(t, J = 8Hz, 2H); 3C NMR (100 MHz, CDCl3) § 150, 143.9, 135.5, 134.6, 132.7, 131.4, 129.9,
126.8, 125.6, 123.4, 122.8, 119.6, 111.9; IR (CHCls): vnax3434.9, 2252.6, 2126.3, 1658.2, 1441.4,

1275.9, 1027.1 cm’t; ESI-MS (m/z): 229.04 [M+H]".



2-(3-Chlorophenyl)-5-nitro-1H-benzo[d]imidazole (3h)*

H
N
L
O,N N

Cl
Off white solid; 218 mg, 80%; 'H NMR (400 MHz, DMSO-ds) & 8.50 (s, 1H), 8.25 (s, 1H), 8.19-

8.14 (m, 2H), 7.80 (d, J = 8Hz, 1H), 7.65-7.64 (m, 2H); 3C NMR (100 MHz, DMSO-ds) & 154.5,
142.8, 138.2, 133.9, 131.1, 131, 126.5, 125.9; IR (CHCls): vmax 3434.9, 2253, 2126.7, 1658.6,

1344.8, 1241.1, 1027, 1007 cm; ESI-MS (m/z): 273.98 [M+H]".

2-(2-Methylphenyl)-1H-benzo[d]imidazole (3d)°

N
CL;

N
Off white solid; 145.6 mg, 70%; ‘H NMR (400 MHz, DMSO-dg) & 7.76 (d, J = 4Hz, 1H), 7.63-
7.61 (m, 2H), 7.43-7.35 (m, 3H), 7.24-7.20 (m, 2H), 2.62 (s, 3H); 13C NMR (100 MHz, DMSO-
ds) 8 152.4,137.5,131.7,130.5, 129.9, 129.8, 126.4, 122.4, 21.5; IR (CHCI3): vmax 2923.4, 2853.9,

1733.9, 1457.1, 1378.2, 1260.3, 1025.2 cm™%; ESI-MS (m/z): 208.95 [M+H]".

2-(2,4-Dimethoxyphenyl)-1H-benzo[d]imidazole (3e)®
MeO

H

N
CLp—<O-on

N
Off white solid; 157.5 mg, 62%; *H NMR (400 MHz, DMSO-dg) & 8.27 (d, J = 8Hz, 1H), 7.60-
7.57 (m, 2H), 7.17-7.15 (m, 2H), 6.77-6.71 (m, 2H), 4.03 (s, 3H), 3.86 (s, 3H); 3C NMR (100
MHz, DMSO-ds) & 158.5, 149.6, 131.3, 121.9, 111.4, 106.7, 99, 56.3, 55.9; IR (CHCl3): vmax

3420.2, 3051.9, 1646.6, 1275.1, 1050.2, 1024.4, 1004.5 cm™; ESI-MS: 255.15 [M+H]".



2-(4-tert-Butylphenyl)-1H-benzo[d]imidazole (3f)°

N
CL—~O—<€

N
Off white solid; 180 mg, 72%; *H NMR (400 MHz, DMSO-dg) & 12.87 (s, 1H), 8.13 (d, J = 8Hz,
2H), 7.67 (d, J = 8Hz, 1H), 7.58 (d, J = 8Hz, 2H), 7.54 (d, J = 8Hz, 1H), 7.23 (t, J = 8Hz, 2H),
1.33 (s, 9H); 3C NMR (100 MHz, DMSO-ds) & 153, 1517, 144.1, 135.3, 127.9, 126.7, 126.2,
122.8,122.1, 119.2, 111.7, 35, 31.5; IR (CHCl3): vmax 3399, 1675.4, 1275.6, 1023.1, 996.4 cm™;

ESI-MS (m/z): 251.67 [M+H]*

6-Bromo-4-chloro-2-phenyl-1H-benzo[d]imidazole (3l)

Br H
/
N :

Cl
Off white solid; 214 mg, 70%; *H NMR (400 MHz, DMSO-de) & 13.40 (s, 1H), 8.29-8.19 (m, 2H),
7.68 (s, 1H), 7.57 (t, J = 8Hz, 3H), 7.46 )s, 1H); 13C NMR (100 MHz, DMSO-ds) & 153.4, 140.6,

137.4, 131, 129.6, 129.5, 127.3, 124.4, 124.2, 114.6, 113.7; ESI-MS (m/z): 306.95 [M+H]".

2-Phenylquinoxaline (5a)’

N\
L,
Off white solid; 154.6 mg, 75%, m.p 72-72 °C; 'H NMR (400 MHz, CDCls): § 9.35 (s, 1H),
8.23-8.13 (m, 4H), 7.82-7.74 (m, 2H), 7.60-7.52 (m, 3H); 13C NMR (100 MHz, CDCls): &
151.8, 143.4, 142.3, 141.6, 136.8, 130.3, 130.2, 129.6, 129.5, 129.1, 127.6 cm'}; ESI-MS

(m/z): 207 [M+H]"HRMS (ESI-TOF) m/z: [M+ H]*calcd for C14H11N2 207.0917; Found

207.0923.

2-(4-Bromophenyl)quinoxaline (5b)’



Br
N
AN
©j©
N

Light brown solid; 215.8 mg, 76%; m.p 138-140°C (138 °C)!°; 'H NMR (400 MHz,
MeOD): & 9.42 (s, 1H), 8.24 (d, J = 8 Hz, 2H), 8.17 (d, J = 8 Hz, 2H), 8.13 (d, J = 8 Hz,
2H), 7.90-7.83 (m, 2H), 7.78 (d, J = 12 Hz, 2H); 3.CNMR (100 MHz, MeOD): & 150.8,
142.8, 142, 141.2,135.5, 132, 130.5, 129.9, 129.1, 128.9, 128.3, 124.6 cm™*; ESI-MS (m/z):
285 [M+2H]*; HRMS (ESI-TOF) m/z: [M+ H]*calcd for C14H10BrN, 285.0022; Found

285.0026.

2-(4-Methoxyphenyl)quinoxaline (5c)’

OCH,
N
AN
X Tg
N

Off white solid; 153.5 mg, 65%; m.p 96-98 °C (97-98 °C)*°; *H NMR (400 MHz, MeOD): § 9.33
(s, 1H), 8.22 (d, J = 8Hz, 2H), 8.10-8.04 (m, 2H), 7.82-7.76 (m, 2H), 7.12 (d, J = 2H), 3.90 (s,
3H); 13C NMR (100 MHz, MeOD): § 161.9, 151.7, 142.8, 142.1, 140.5, 130.3, 129.1, 128.8, 128.7,

128.1, 114.2, 54.5; ESI-MS (m/z): 237 [M+H]".

2-(4-Fluorophenyl)quinoxaline (5d)2

o

Off white solid; 172.5 mg, 77%, m.p 128-131; *H NMR (400 MHz, CDCls): § 9.28 (s, 1H), 8.21-
8.18 (m, 2H), 8.14-8.11 (m, 2H), 7.79-7.74 (m, 2H), 7.27-7.23 (m, 2H); 3C NMR (100 MHz,
CDCls): § 165.5 (Jcrs = 249 Hz), 150.7, 142.9, 142.2, 1415, 132.9 (4Jcr = 3Hz), 130.4, 129.6,

129.5, 129.4, 129.1, 116.3 (Xcr = 21 Hz); ESI-MS (m/z): 225 [M+H]*.



6-Nitro-2-phenylquinoxaline (5e)°

N

N

/©: ~
O,N N

Off white solid; 163.2 mg, 65%, m.p 199-202; *H NMR (400 MHz, CDCls): § 9.53 (s, 1H), 9.06
(s, 1H), 8.60 (d, J = 1H), 8.33-8.28 (m, 3H), 7.65-7.63 (m, 3H); 3C NMR (100 MHz, CDCl3): §

145.5, 140.1, 131.1, 129.4, 127.9, 125.6, 123.8; ESI-MS (m/z): 252 [M+H]".

6,7-Dichloro-2-phenylquinoxaline (5f)8

Cl N

CI:©:N/

White solid; 186 mg, 68%, m.p 158-161; 'H NMR (400 MHz, CDCl3): § 9.34 (s, 1H), 8.30
(s, 1H), 8.26 (s, 1H), 8.22 (d, J = 8 Hz, 2H), 7.61-7.59 (m, 3H); 3CNMR (100 MHz,
CDCls): 6 152.6, 144.3, 141.1, 140.3, 136, 134.9, 134, 130.8, 130.2, 129.8, 129.3, 127.6;

ESI-MS (m/z): 275 [M+H]"; HRMS (ESI-TOF) m/z: [M+H]calcd for Ci4HoCI2N2

275.0137; Found 275.0144.
6,7-Dichloro-2-(4-methoxyphenyl)quinoxaline (59)
OCHjg
cl N~
Off white solid; 185 mg, 61%, m.p 203-205; *H NMR (400 MHz, CDCls): § 9.29 (s, 1H), 8.24-

8.17 (M, 4H), 7.11-7.09 (m, 2H), 3.93 (s, 3H); 13C NMR (100 MHz, CDCls): § 161.9, 152.2, 143.9,

141.1, 139.6, 134.7, 133.3, 129.9, 129.7, 129.1, 128.4, 114.7, 55.5; ESI-MS (m/z): 305 [M+H]".

6,7-Dichloro-2-(4-fluorophenyl)quinoxaline (5h)

F
CI: : Nj/©/
N
/
cl N



Off white solid; 207 mg, 71%, *H NMR (400 MHz, CDCls):  9.31 (s, 1H), 8.28 (d, J = 12
Hz, 1H), 8.24-8.19 (m, 2H), 7.31-7.25 (m, 3H); 3C NMR (100 MHz, CDCls): 5 165.8 (Jcr1
=249 Hz), 151.5, 143.8, 140.9, 140.2, 135.1, 134.1, 132.1, 130.1, 129.8, 129.7, 116.5 (Jcr2
= 22 Hz); ESI-MS (m/z): 292 [M+H]"; HRMS (ESI-TOF) m/z: [M+H]*calcd for

C14HgCI2FN2 293.0043; Found 293.0035.

6,7-Dimethyl-2-phenylquinoxaline (5i)8

Off white solid; 170.9 mg, 73%: *H NMR (400 MHz, CDCls): 5 9.47 (s, 1H), 8.32-8.30 (m, 2H),
7.92 (s, 1H), 7.89 (s, 1H), 7.62-7.56 (m, 3H): 3C NMR (100 MHz, CDCls): 150.5, 143.1, 141.4,

140.8, 140.7, 136.8, 130.6, 129.6, 128.6, 128.2, 127.7, 20.3; ESI-MS (m/z): 235 [M+H]".

2-(4-Fluorophenyl)-6,7-dimethylquinoxaline (5j)°

F
JO®
N/
Off white solid; 191.6 mg, 76%; *H NMR (400 MHz, CDCl3): § 9.17 (s, 1H), 8.18-8.14 (m,
2H), 7.86 (d, J = 8Hz, 2H), 7.25 (t, J = 8Hz, 2H), 2.50 (s, 6H); **C NMR (100 MHz, CDCl3):
0 165.25 (Jcr1 = 248 Hz), 149.8, 141.9, 141.1, 140.9, 140.2, 129.3, 129.2, 128.5, 128.1,
116.2 (Jerz = 21 Hz), 20.4, 20.3; ESI-MS (m/z): 253 [M+H]*. HRMS (ESI-TOF) m/z: [M+

H]*calcd for C16H14FN2 253.1136; Found 253.1146.

2-(4-Chlorophenyl)-6,7-dimethylquinoxaline (5k)*°



Cl

Off white solid; 195.6 mg, 73%, 'H NMR (400 MHz, CDCls): 8 9.19 (s, 1H), 8.14 (d, J =
8 Hz, 2H), 7.89 (d, J = 12 Hz, 2H), 7.54 (d, J = 2H), 2.53 (s, 6H); 3C NMR (100 MHz,
CDCl3): 6 149.7, 141.9, 141.1, 140.6, 140.5, 135.5, 129.3, 128.6, 128.1, 20.4, 20.3; ESI-
MS (m/z): 269 [M+H]*; HRMS (ESI-TOF) m/z: [M+ H]"calcd for C16H14CIN2 269.0840;

Found 269.0838.

2-(4-Methoxyphenyl)-6,7-dimethylquinoxaline (5I1)8

OCHj;
JO®

N/
Off white solid; 163.7 mg, 62%; *H NMR (400 MHz, CDCl3): § 9.19 (s, 1H), 8.16 (d, J = 8 Hz,
2H), 7.88 (s, 1H), 7.84 (s, 1H), 7.12 (d, J = 8 Hz, 2H), 3.91 (s, 3H), 2.51 (s, 6H); *C NMR (100
MHz, CDCI3): 6161.2, 150.7, 142.1, 140.7, 140.1, 139.6, 129.6, 128.8, 128.5, 128.1, 114.5, 55 .4,

20.4, 20.3; ESI-MS (m/z): 265 [M+H]".

6-Fluoro-2-phenylquinoxaline (5m)®

N\
A
Off white solid; 67 mg, 30%; H NMR (400 MHz, CDCls): § 9.35 (s, 1H), 8.22-8.17 (m, 2H), 7.79
(d, J = 8Hz, 1H), 7.63-7.56 (M, 4H); *C NMR (100 MHz, CDCls): 5 163.76 (Jcr1 = 250 Hz),
151.4, 144.1, 142.1, 139.5, 131.7, 130.3, 129.2, 122.4, 120.8, 120.6, 112.8 (Jcr2 = 22 Hz); ESI-

MS (m/z): 225 [M+H]*HRMS (ESI-TOF) m/z: [M+ H]" calcd for C14H10FN2 225.0823; Found

225.0829.



7-Fluoro-2-phenylquinoxaline (5m?)®

Off white solid; 89 mg, 40%; *H NMR (400 MHz, CDCls): & 9.27 (s, 1H), 8.18 (d,J =8Hz, 2H),
8.11 (dd, J = 4, 8 Hz, 1H), 7.76-7.74 (m, 1H); 7.57-7.48 (m, 4H); 3C NMR (100 MHz, CDCls): &
164.1 (Jcr1 = 201 Hz), 152.6, 144.1, 143.3, 142.7 (Jcra=3 Hz),138.9, 136.5, 131.3 (Jcrs = 8 Hz),

130.6, 129.3, 127.7, 120.1, 113.2 ESI-MS (m/z): 225 [M+H]".

6-Chloro-2-phenylquinoxaline (5n)’

Off white solid; 60 mg, 25%, *H NMR (400 MHz, CDCls): § 9.36 (s, 1H), 8.23-8.21 (m,
2H), 8.15 (m, 2H), 7.77 (dd, J = 4, 8 Hz, 1H), 7.63-7.56 (m, 3H); 13C NMR (100 MHz,
CDCls): 6 151.9, 144.2, 141.8, 140.8, 136.3, 135.2, 131.3, 130.8, 130.4, 129.4, 128.0,
127.5, ESI-MS (m/z): 241 [M+H]*; HRMS (ESI-TOF) m/z: [M+ H]* calcd for C14H10CIN>

241.0527; Found 241.0538.

7-Chloro-2-phenylquinoxaline (5nt)’
cl N
L
Off white solid; 103 mg, 43%; m.p 104-106 °C; 'H NMR (400 MHz, CDCls): § 9.33 (s,
1H), 8.22-8.20 (m, 2H), 8.18 (d, J = 4 Hz, 1H), 8.08 (d, J = 8 Hz, 1H), 7.72 (dd, J = 4, 8

Hz, 1H), 7.62-7.55 (m, 3H); 3C NMR (100 MHz, CDCls): § 152.6, 143.4, 142.7, 140.0,

136.3, 136.1, 130.6, 130.5, 130.3, 129.2, 128.5, 127.6; ESI-MS (m/z): 241 [M+H]*.



2-(4-Chlorophenyl)quinoxaline (50)’

Off white solid; 180 mg, 75%; 'H NMR (400 MHz, CDCls): & 9.30 (s, 1H), 8.17-8.12 (m, 4H),
7.83-7.75 (m, 2H), 7.56 (d, J = 12 Hz, 2H); 13C NMR (100 MHz, CDCls): 5 149.5, 141.8, 141.1,
140.6, 135.5, 134.1, 129.4, 128.7, 128.5, 128.3, 128.1, 127.7; ESI-MS (m/z): 241 [M+H]*; HRMS

(ESI-TOF) m/z: [M+ H]*calcd for C14H10CIN, 241.0527; Found 241.0536.

5,7-Dimethyl-2-phenylquinoxaline (5p)

Off white solid; 75 mg, 32%; *H NMR (400 MHz, CDCls): § 9.28 (s, 1H), 8.21 (d, J = 8 Hz, 2H),
7.79 (s, 1H), 7.60-7.51 (m, 3H), 7.44 (s, 1H), 2.81 (s, 3H), 2.58 (s, 3H); 3C NMR (100 MHz,
CDCl3): 151.3, 142.6, 141.1, 140.4, 139.3, 137.1, 136.7, 132, 129.9, 129.1, 127.5, 126.4, 21.9,
17.2; ESI-MS (m/z): 235 [M+H]"; HRMS (ESI-TOF) m/z: [M+ H]" calcd for C16H1sN2 235.1230;

Found 235.1236.

6,8-Dimethyl-2-phenylquinoxaline (5p?)
CHg
o
H,C N~
Off white solid; 82 mg, 35%; *H NMR (400 MHz, CDCls): § 9.29 (s, 1H), 8.27 (d, J = 8 Hz, 2H),
7.73 (s, 1H), 7.59-7.49 (m, 3H), 7.46 (s, 1H), 2.85 (s, 3H), 2.57 (s, 3H); 3C NMR (100 MHz,
CDCls): 149.4, 1425, 141.8, 139.8, 139.7, 137.3, 137.2, 132.5, 129.8, 129.0, 127.3, 125.7, 21.9,

16.9; ESI-MS (m/z): 235 [M+H]".



Section 2. Scanned 'H NMR, 3C NMR, and HRMS Spectra

'H NMR of 2-phenyl-1H-benzo[d]imidazole (3a)
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Expansion of aromatic region of *H NMR of 2-phenyl-1H-benzo[d]imidazole (3a)
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13C NMR of 2-phenyl-1H-benzo[d]imidazole (3a)
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'H NMR of 2-(4-methylphenyl)-1H-benzo[d]imidazole (3b)
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Expansion of aromatic region of *H NMR of 2-(4-methylphenyl)-1H-benzo[d]imidazole (3b)
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'H NMR of 5, 6-dichloro-2-phenyl-1H-benzo[d]imidazo
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Expansion of the aromatic region of the 'H NMR of 5,6-dichloro-2-phenyl-1H-

benzo[d]imidazole (3i)
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13C NMR of 5,6-dichloro-2-phenyl-1H-benzo[d]imidazole (3i)
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Expansion of the aromatic region of the *H NMR of 5, 6-dimethyl-2-phenyl-1H-

benzo[d]imidazole (3j)
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'H NMR of 5-nitro-2-phenyl-1H-benzo[d]imidazole (39)
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Expansion of the aromatic region of the 'H NMR of 5-nitro-2-phenyl-1H-benzo[d]imidazole
(39)
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13C NMR of 5-nitro-2-phenyl-1H-benzo[d]imidazole (3g)
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'H NMR spectra of 5-chloro-6-nitro-2-phenyl-1H-benzo[d]imidazole (3k)
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ARATR
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C:f Usersy Delf
Desitop(
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RV_RS_045(
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rs-D45Y 11/ fid

2 Tie ru-rs-045h
3 Conment ru-rs-045h
C13CPO512
DMSO {Dc)\ CILy
P\ Bharatam_10
B\ NMRA 2017,
MNowh
Administrator 50
4 Origin Biruker BoSpin
GrbH
5 Owner Administrator
6 She
7 Spactrometer  spect
8 Author
9 Solent DMSD
10 Temgerature 2950
11 Puke Sequence  zgpg3D
12 Number of Scans 512
13 Receiver Gain 203
14 Relaxation Delay 2.0000
15 Puse Width 9.5000
16 Acquistion Tme  1.3631
17 Acquistion Date  2047-11-25T12:
13:47
1B Modification Date 2017-11-29T12:
26:37
10 Spectrometer  100.62
Frequency
20 Spectral Width 240385
21 Lowest -1958.4
Frequency
22 Nuckeus 13C
23 Acquired Size 32768
24 Spectral Sze 65536
Parameter e
1 DataFieName C:f Users/ Dely
Desitop NMR]
rv-rs-046hy' 10/
fid
2 Tte rv-rs-046h
3 Comment ru-ss-046h
PROTON DMSO
{De\CILY
P\ Bharatam_1
08\ NMR, 2007,
Nov}
Adminitrator 68
4 Orign Bruker BloSpin
GmbH
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6 Ste
7 Spectrometer  spect
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9 Solent DMS0
10 Tempersture 2930

13

11 Puke Sequence 2030
12 Number of Scans 32

13 Receiver Gain 203
14 Refaxation Delay 1.0000

15 Fuke Width 12,2000

16 Acquisition Time  3.9846

17 Acquisition Date 2017-11-29T16:

8:26

18 Modfication  2017-11-29T21:
Date 58:26

10 Spectrometer 40013
Frequency

20 Spectral Width  B223.7

21 Lowest -1640.9
Frequency
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23 Acquired Se 32758

24 Spectral Size 65536




13C NMR of 5-chloro-6-nitro-2-phenyl-1H-benzo[d]imidazole (3k)
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uiskin  2017-11-28T11:21:10
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'H NMR of 2-(3-chlorophenyl)-1H-benzo[d]imidazole (3c)
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Expansion of the aromatic region of the *H NMR of 2-(3-chlorophenyl)-1H-

benzo[d]imidazole (3c)
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Parameter Vaiue
1 DataFiie Name C:f Users/
pvbharatam/
Deskiop/ NEW
NMR/ rv-
rs-1005 10/ Tid
2 Tie r-rs-1015
3 Commrent rv-r5-1015
PROTON DMS0
{D CILy
P\ Bharatam_1
1B, NMR, 2018Y,
Mar
Adrinistrator 5
4 Drigin Bruker BeSpin
GbH
5 Owner Adriinistrator
€& Ste
7 Specrometer spect
B Author
5 Salent DMS0
10 Temperature  673.2
11 Pulse Sequence 2930
12 Number of 16
Scans
13 Receiver Gain 161
14 Relaxation 1.0000
Delsy
15 Pulse Width 12.2000
16 Acguisition Time 3.0845
17 Acguisition Date 2018-03-16T15
{0550
18 Medification 2015-03-16T15
Date ‘0950
19 Spectrometer 40013
Fragquency
20 Spectral Width  8223.7
21 Lowest -1640.9
Frequency
22 Nudeus 1H
23 Acguined Sire 32768
24 SpeciralSee 65536
Parareter aue
1 Deta File Name C:f Users/
pvbharatany’
Desktop/ NEW
MR rv-
51015/ 10/ fid
2 e FrE1015
3 Comment rers-1015
PROTON DMSO
{D cy
®uBharatam_L
08| NMR), 2018),
Mar}
Administrator 5
4 Crigin Bruker BoSpin
GmkH
5 Cwner Administrator
6 Sle
7 Specirometer  spect
B Author
9 Solvent OMSO
10 Tenperature  673.2
11 Pulse Sequence 2930
12 Number of 16
Sears
13 Receiver Gain 161
14 Relwation 1.0000
Deley
15 Pulse Width 122000
16 Acguisition Time 3.6845
17 Acquisition Date 2015-03-16T15
09:50
18 Modification  2018-03-16T15
Date 05:50
19 Spectrometer  400.13
Fregquency
20 Spectral Width  8223.7
21 Lowest -1640.8
Fregquency
22 Nudeus H
23 Acguired Swe 32768
24 65535



13C NMR of 2-(3-chlorophenyl)-1H-benzo[d]imidazole (3c)
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Parameter Valine

Data File Mame  C:/f Usars/
v bharatany
Dessktop/ NMRS
P-r3-0101s
10/ rd
Ttk rv-rs-0101s
F-r3-0101s
C13CPD DMS0D
{Dey CIy,
PWBharatam_1
D&Y, NMRY,
2018\ Mar}
Admiristrator
56
Origin Bruker BioSpin
GrrbsH
Owrer Adinistrator
Ste

Specitrometer  epect
Authar

Sakvent S0

10 Temperatwe 6732
11 Pules Sequence zgpa30
12 Number of 56

Seans

13 Receiver Gain 203
14 Relaxation 2.0000

Delay

15 Pules Width  9.5000

16 hegquistion Tive 1.3631

17 hegquistion Dete 2018-03-20T17
128

B8:33

18 Modification 2018-03-20T17
Date 128:33

19 Spectrometer  100.62
Frequency

20 Spectral Width 240385

21 Livwsest -1958.4
Frequency

22 Nudeus 13C

23 Meruired Sze 32768
24 SpectralSize 65536




'H NMR of 2-(3-chlorophenyl)-5-nitro-1H-benzo[d]imidazole (3h)
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B Author
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15 Pulse Width  12.2000
16 Acguisition Time 3.9846
17 Acquisition Date 2017-12-18T21:17:33
18 Medification  2017-12-18T15:47:34

Date
! 19 Spectrometer 40013
| Frequency
i l 20 Spectral Width  8223.7
N L S l\\ L A 21 Lowest -1640.9
Frequency
P, R 22 Nudkeus 1H
Er el
83545 23 Acguired Sze 32768

T T T T T T T T T T T T T T T 24 SpediralSke 65536

Expansion of the aromatic region of the 'H NMR of 2-(3-chlorophenyl)-5-nitro-1H-
benzo[d]imidazole (3h)
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B Author
9 sahent DMsO
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11 Pulse Sequence 2030
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\ Scars
13 Receiver Gain 203
14 Relxation  1.0000
Delay
| 15 Puke With  12.2000
\ ﬂ 16 Acquisltion Tie: 3.5846
|| | 17 Acquisition Date 2017-13-18T21:17:33
| | I 18 Modification  2017-12-18T15:47:34
| |14 ! | | Date
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13C NMR of 2-(3-chlorophenyl)-5-nitro-1H-benzo[d]imidazole (3h)
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1 Data Fle Name C:f Users/
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2 Titke rvers-134
3 Commert rvers-134
C13CPD DMSD
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RuEharatam
108, NMR),
2018\ Mar}
Adsiristrator
1o
4 Orign Bruker BioSpin
GmbH
5 Owner Adsiristrator
6 Site
7 Spectrometer spect
8 Author
9 Sokent DMSO
10 Terperature  £73.2
11 Puke 29pg30
Sequence
12 Nusrber of 56
Seans

13 Receiver Gain 203

14 Relaxation 2.0000
Delay

15 Puke Wigtn 95000

16 Acquisition 13631

17 Acquisition 2018-03-04T1
Date 5:18:45

18 Modfication  2015-03-08T1
Date 5:28:34

19 Spectrometer 100,61
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'H NMR of 2-(2-methylphenyl)-1H-benzo[d]imidazole (3d)
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Data Fle Name  C:/ Users/ Firdous/

AppData/ Local Temp/
Rar$DR15.672/ Praject
01 Visible Light Mediated
Benzimidazoke
Synthesis/ Spec_Data/
RV-R5-142/ NMR/ 1H/
fid

2 Tite MR
| 3 Comment -rs-142
| PROTON DMSO {0t
[ | £1LY P U Bharatam 105\
o NMRY, 2018 Apr}
Administrator 16
4 Orign Bruker BioSpin GbH
5 Owner Administrator
& Site
7 Spectrometer  spert
a Author
3 Solent DM50
10 Temperature  284.2
11 Pulse Sequence 2930
12 Nusmber of 16
Scans
13 Recelver Gain 203
14 Relxation 1.0000
Delay
15 Puke Width  12.2000
16 Acquisition Time 3.5846
17 Acquisition B01E-D4-05T10: 39:05
I Date
18 Modiication  2016-04-05TD5:09:05
Date
19 Spectrometer  400.13
L L Frequency
20 Spectral Width  §223.7
- — 21 Lowest -1640.9
Freguency
g E i‘é E 22 Nudeus 1H
T ™ 23 Acquired Size 32768
T T T T T T T T T T T T T
24 Spectral Size 65536
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Expansion of the aromatic region of the *H NMR of 2-(2-methylphenyl)-1H-

benzo[d]imidazole (3d)
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Parameter Value
1 DataFieName C:f Usersf Firdous/
AppData/ Locall Temp/
RarsDR15.672/ Praject
01 Visible Light Mediated
Benzimidazole
Synthesis/ Spec_Data/
RV-RS-142/ NMR/ 1H/
fid
2 Ttk MR
3 Comment ry-rs-142
PROTON DMSO {00,
CILY v Bharatam_108Y
MR, 20184 Apr}
Administrator 16
4 Origin Bruker BioSpin GrbH
5 Owner Administrator
6 Site
7 Specirometer  spect
8 Author
9 Solent OMS0
10 Tempersture 2842
11 Pube Sequence 230
12 Number of 16
Scang
13 Receiver Gain 203
14 Relxation 1.0000
Delay
15 Pube Width  12.2000
16 Acquisition Time 3.5846
17 Acquisition 201B-04-05T10:39:05
Date
18 Modification 2018-04-05T0S:09:06
Date
19 Spectrometer  400.13
Fn
20 Spectral Width 8223.7
21 Lowest -1640.9
Frequency
22 Nudeus 1H
23 Acquired Size 32768
24 Spectral Sze 65536




13C NMR of 2-(2-methylphenyl)-1H-benzo[d]imidazole (3d)
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Data File Name  C:f Users)

pubharatam’
Desktop/ r-
rE-1427 13/ fid

2 Tite rvrs-142

3 Comment rvrs-142
C13CPD DMSD
{00\ CILy
P\ Bharatam_1
08\, NMRY, 20018Y
Apr}
Administrator
16

4 Origin Bruker BloSpin
GrmbH

5 Ownes Adminitrator

6 Site

7 Spectrometer  spect

8 Author

9 Solent DMs0

10 Temperature  297.9

11 Puie Sequence  2gpg30

12 Numbes of 256
Scans

13 Recedver Gain 203
14 Relaxation 2.0000
Delay
15 Puse With  9.5000
! 16 Acquisition Tive 1.3631
17 Aequisition Diate 2018-04-D4T16
128:30
16 Modfication  2018-04-D4T16
Date 128:30

19 Spectrometer  100.62
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20 Spectral Width  24038.5
21 Lowest -1953.4
Frequency
22 Nuckeus 13C
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f1 (ppm)
'H NMR of 2-(2,4-dimethoxyphenyl)-1H-benzo[d]imidazole (3¢)
NMR REERALNSQLRELRRRE 38 2 2 Parameter Vele
rers-144 A A L 179 7 ,
PROTON DMSO {D:\CIL\PV,Bharatam_108\NMR)\2018\Mar} Afimini o " 1 Teln FleMame infp%aﬁ‘mﬂ“g -
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Adrinistrator 18
4 Orign Biuker BoSpin GrbH
5 Owner Adrinistrator
& Sie

7 Spectrometer  spect

8 Author

9 Solvent OMS0
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12 Number of 16
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14 Relwation  1.0000
Delay

15 Puke Width  12.2000

16 Acquistion  3.9846

Time

17 Acquistion 2018-03-27T18:15:40
Date

1B Modification 201B-03-27T12:45:42
Date

18 Spectrometer 40013
] L . Frequency

20 Spectral Width  8223.7

g‘ % 21 Lowest -1640.9
i Frequency
s
22 Nudeus 1H
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24 Spectral Sze 65536




Expansion of the aromatic region of the 'H NMR of 2-(2,4-dimethoxyphenyl)-1H-

benzo[d]imidazole (3e)

NMR £ EHAL nguy REZRER Paramter e
nﬂﬂrz L fdbchede %
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Administrator 18
4 Orign Bruker BoSpin GiibH
5 Owner Adninistrator
6 Site
7 Spactrometer  spect
8 uthor
9 Solvent DMS0
10 Temperature  293.2
11 Puse 2030
Sexquencs
12 Numberol 16
Scans
13 Receiver Gain 203
14 Relaxation 1.0000
Delay
| ] ! | 15 Pulse Width 12.2000
I| I 16 Moquistion 39646
[ Time
| 17 Aoquistion  2016-03-27T18:15:40
[ Date
| 18 Modfication  2016-03-27T12:45:42
Date
| | IJ L | [ If 18 Spectrometer 400,13
e N | Freueny
20 Spectral Width 8223.7
’—Er‘ T '? T‘ 21 Lowest -1640.9
3 ] ! ; Frequency
3 5 ~ ]
22 Nudeus 1H
T T T T T T T T T T T T T T T T T
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24 SpeciralSze 65536
13 i imi
C NMR of 2-(2,4-dimethoxyphenyl)-1H-benzo[d]imidazole (3e
NMR n 8 ] ] Q2R @ Farameter Value
8 8 'R g A&
144 B € A 0§ HE& g 6 1 DeinFle  Cxf Uisers/Del
C13CPD DMSO {D:\CIL\RV.Bharatan_10§\NMR\2018{Mar} Admirisiratpr LE? (¥ e e
06_Alied_Projects/ Project
01 Visible Light Mediated
Benzimidazole Synthesis/
Spec_Data/ RV-RS-144/
NMRS 11/ fid
2 Toe MR
3 Comment rv-rs-144
CA3CPD DMSD {4\ CILY
P\ Bharatam_108) NMRY
2015 Mar} Admiristrator 18
4 Origin Bruker BiaSpin GmbH
5 Owner Admiristrator
6 Ste
7 Specromeler spect
8 Author
9 Solvent DMSO
10 Temperature 294.9
11 Pulse 23pg30
Sequence
12 Number ol 256
Scars
13 Receiver Gain 203
14 Relaxation  2.0000
Delay
15 Pulse Width  5.5000
16 Acquistion 1.3631
Time
17 Aoquistion  2016-03-28T06:33:12
Date
18 Modification  2018-03-28T06:33:14
Date
19 Spectrometer 100.62
Fregquency
20 Spectral 24038.5
Width
21 Lowest -1958.4
Frequency
22 Nuckeus 13C

L e e e e |
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'H NMR of 2-(4-(tert-butyl)phenyl)-1H-benzo[d]imidazole (3f)
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Data Fie Name  C:f Users/ Firdous/
AppData/ Localf Tempy
Rar$DR14.453) Project
01 Visible Light Mediated
Berzimidazok:
Synthesk/ Sper_Data/
RV-R5-145] NMR/ 10/

fid

2 Ttk MR

3 Comment ru-s-145
PROTON DMSO {D:\,
CILY P Bharatam_ 108,
MR, 2018) Mar}
Administrator 19

4 Origin Bruker BioSpin GrrbH

5 Owner Administrator

6 Site

7 Spectrometer  spect

8 Auther

3 Solent DMSO

10 Temperature 2933

11 Pubie Sequence 2g30
12 Nmberof 16

Scans

13 Recever Gain - 144

14 Relaxation 1.0000
Dekey

15 Puke Width 12,2000

16 Acquisition Time 3.98496
17 Acquisition Date 2013-03-27T18:20:36

1B Medification H)13-03-27T1Z:50:36
Date

10 Spectrometer  400.13
Frequency

20 Spectral Width 82237

21 Lowest -1540.9
Frequency

22 Nudeus 1H

23 Acquired ke 32768
24 Spectrai Sk 65536

Expansion of the aromatic region of the 'H NMR of 2-(4-(tert-butyl)phenyl)-1H-

benzo[d]imidazole (3f)
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AppData/ Localf Tempy
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Berzimidazoie
Syrthesk/ Sper_Data/
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fid
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CIU, PV Bharatam_108,
NMRY 2018\, Mar}
Administrator 19
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7 Spectrometer  spect
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3 Sakent DMS0
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17 Acquisition Date 2018-03-27T18:20:36
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Date

19 Spectrometer  400.13
Fregquency

20 Spectral Width  8223.7
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22 Nudeus H
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13C NMR of 2-(4-(tert-butyl)phenyl)-1H-benzo[d]imidazole (3f)
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fid
NMR
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'H NMR of 6-bromo-4-chloro-2-phenyl-1H-benzo[d]imidazole (31)
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Expansion of the aromatic region of the *H NMR of 6-bromo-4-chloro-2-phenyl-1H-

benzo[d]imidazole (3l)
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13C NMR of 6-bromo-4-chloro-2-phenyl-1H-benzo[d]imidazole (3I)
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'H NMR of 2-Phenylquinoxaline (5a)
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13C NMR of 2-Phenylquinoxaline (5a)
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HRMS of 2-Phenylquinoxaline (5a)
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Mass Cale. Mass mDa PEM DBE i-FIT Narm Conf (%) Formula

207.0923 207.0922 0.1 0.5 10.5 1352.3 nfa nfa Cl4 H11 N2



H NMR of 2-(4-Bromophenyl)quinoxaline (5b)
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Expansion of the aromatic region of the *H NMR of 2-(4-Bromophenyl)quinoxaline (5b)

fe-5 &

Parareter
Data Fie ame

w

Camment

5

L]

7 Spactrometer

8 huthor

9 Sowvent

10 Temperature

11 Puise Sequence

12 Nurvber of
SCars

13 Receiver Gak

14 Ralaxation
Delay

15 Pulse Width
16 Acquistion Time
17 herquistion Date

16 Moification
Date

19 Spactrometer
Frequancy

20 Spactral Wicth

21 Lowest
Frequency

22 Muckis

23 hequired Size

24 Spactral Size

ke

C3f usars/
pebharatamy
Dkt fa-5
10/ fid
[
55
PROTON MeOD
(b CIy,
P Bharatam |

',
2018\ June}
Adminstratar
4
Bruker BiaSok
GbH
Administrator

spedt

MeOD
1.4
230
16

03
1.0000

12.2000
3.96846
2018-06-D5T 16
728
H01A-D6-D5T1E
BEEL)

400,13

B223.7
-1640.9

H
3ares
[T

! 4 BE BE
fo-5 & 17 Ry
PROTON MeQD {D\CIL\PA Bharatam_1DB\MRI2D18\lune) Administrator 40 ) Vo

b i e
& & 5 B
- A oA

T

T T T T T T T T T T T T T T T T T T T
99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 B4 83 82 B1
f1 {ppm)




13C NMR of 2-(4-Bromophenyl)quinoxaline (5b)
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'H NMR of 2-(4-methoxyphenyl)quinoxaline (5¢)
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Expansion of the aromatic region of the 'H NMR of 2-(4-methoxyphenyl)quinoxaline (5c)

e 9 EELELEH a3 — s
! o A1 | DataFle €y Users/
PROTON MeOD {D:\CILVAV:Bharatam_108\NMR\2018\June} Administrator 473 o e o esiton
-y 10/ fid
2 Tite fs-8
3 Corment fs-B
PROTOMN MeQO {0y
CILy
P Bharatam 108,
KR, 2018, June)
Admintrator 42
4 Orgin Bruker BaSein Gnith
5 Owner Adminktrator
& Site
7 Spectromater spect
8 Author
9 Sowert MEOD
10 Tamparature  301,2
11 Puse 2530
Sequanca
12 Nurber of 16
Scans
13 Receler Gain 203
14 Relaxation 1.0000
Delay
15 Puse Width  12.2000
16 Acquskion 39846
Time
17 Acquiskion  2018-06-05T16:28:29
Date
18 Madfication  2018-D6-05T16:28:30
1 19 Spectrometer 400,13
Frequency
] 1 20 Spectral Width 82237
21 Lawest -1640.9
- — P ey PR — - ____JJL,______H, [ Frequancy
21 Nuchaus 1H
';"' : & g "E 23 Aqured Siee 32768
- ~ - ~ ~ 24 Spectral See 65536

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.8 96 9.4 9.2 9.0 a8 8.6 4 8.2
f1 {ppm)



13C NMR of 2-(4-methoxyphenyl)quinoxaline (5c)
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'H NMR of 2-(4-fluorophenyl)quinoxaline (5d)
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Expansion of the aromatic region of 'H NMR of 2-(4-fluorophenyl)quinoxaline (5d)
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'H NMR of 6-nitro-2-phenylquinoxaline (5e)
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Expansion of the aromatic region of the *H NMR of 6-nitro-2-phenylquinoxaline (5¢)
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13C NMR of 6-nitro-2-phenylquinoxaline (5€)
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'H NMR of 6,7-dichloro-2-phenylquinoxaline (5f)
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Expansion of the aromatic region of the *H NMR spectra of 6,7-dichloro-2-

phenylquinoxaline (5f)
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HRMS of 6,7-dichloro-2-phenylquinoxaline (5f)

Elemental Composition Report

Single Mass Analysis

Tolerance = 50.0 PPM / DBE: min
Element prediction: Off

Number of isotope peaks used fori-FIT =3

-1.5, max = 50.0

Monoisotopic Mass, Even Electron lons

41 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:11-30 H:7-35 N:0-5 CL0-2
Sample Name : F5-2

Test Name : HRMS-1

IITRPR

Page 1

XEVO G2-XS QTOF

071119-FS-2 76 (0.726) AM (Top,4, Ar,10000.0,0.00,0.00); Cm (76:88) 1: TOF MS ES+
1.12e+008
100+ 275.0144
277.0104
9]
279.0068
280.0094
oL 137.0014158.0027 235,198 320.0038 4252149 489.3113511.3260 952400 eo4350 777.0007
LN AR A LAY R LA KRN L) R WAy Y LR IR SRR MRS L] ) AR RNy L RS LA LAY AR RS LA R LR L
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Minimum: -1.5
Maximum: 5.0 50.0 50.0
Mass Calc. Mass mDa FPM DEE i-FIT Norm Conf (%) Formula
275.0144 275.0143 0.1 0.4 10.5 1280.3 n/a n/a Cl4 HY N2 Cl2

'H NMR of 6,7-dichloro-2-(4-methoxyphenyl)quinoxaline (5g)
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Expansion of the aromatic region of the!H NMR of 6,7-dichloro-2-(4-

methoxyphenyl)quinoxaline (5g)
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13C NMR of 6,7-dichloro-2-(4-methoxyphenyl)quinoxaline (5g)
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'H NMR of 6,7-dichloro-2-(4-fluorophenyl)quinoxaline (5h)
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13C NMR of 6,7-dichloro-2-(4-fluorophenyl)quinoxaline (5h)
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HRMS of 6,7-dichloro-2-(4-fluorophenyl)quinoxaline (5h)

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min=-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

152 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:11-30 H:7-35 N:0-5 F:0-3 Cl:o0-2

Sample Name : FS-11 ITRPR XEVO G2-XS aQTOF
Test Name : HRMS-1
071119-FS-11 12 (0.131) AM (Top.4, Ar_10000.0,0.00,0.00); Cm (9:19) 1: TOF MS ES+
B.49e+007
100— 274.2715
2593.0035
295.0004
427.3743
a5 307.0200
309.0172 449,
465.3318
230.2463
391.2825
3402581 475.3233
1490215 212051 [ 527.3004
4 I L l i 607 3875 527_4?30
LR AN L ey L s e Y Y A e e . 7
100 150 200 250 300 350 400 450 500 550 600 650
Minimum: -1.5
Mazximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm  Conf (%) Formula

293.0033  293.0049 -1.4 -4.8 10.5 120%.7 n/fa nfa Cl4 HEB W2 F Cl2



'H NMR of 6,7-dimethyl-2-phenylquinoxaline (5i)
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Expansion of the aromatic region of the 'H NMR of 6,7-dimethyl-2-phenylquinoxaline (5i)
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13C NMR of 6,7-dimethyl-2-phenylquinoxaline (5i)
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'H NMR of 2-(4-fluorophenyl)-6,7-dimethylquinoxaline (5j)
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Expansion of the aromatic region of the *H NMR of2-(4-fluorophenyl)-6,7-

dimethylquinoxaline (5j)
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HRMS of 2-(4-fluorophenyl)-6,7-dimethylquinoxaline (5j)

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

52 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:11-30 H:7-35 N:0-5 F:0-3

Sample Name : FS-10 IITRPR
Test Name : HRMS-1

071119-FS-10 24 (0.245) AM2 (Ar,22000.0,0.00,0.00); Cm (24:27)

100~ 253.1146

254.1152

158.0032

| 254.2744
235.121% . 302.3053 391.1953 427_?770?49.3589 498.2270541.2422

Page 1

XEVO G2-XS QTOF

1: TOF MS ES+
6.21e+007

631.3055

0 T T T T T T T T T T T T T T T T T

T
100 150 200 250 300 350 400 450 500

Minimum: -1.5
Maximum: 5.0 5.0 50.0

T T
550

Mass Calc. Mass mDa EEM DEE i-FIT Norm Conf (%) Formula

253.1146 253.1141 0.5 2.0 10.5 1142.1 n/a nfa Clé H14 N2

'H NMR of 2-(4-chlorophenyl)-6,7-dimethylquinoxaline (5k)
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Expansion of the aromatic region of the *H NMR spectra of 2-(4-chlorophenyl)-6,7-

dimethylquinoxaline (5k)
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HRMS of 2-(4-chlorophenyl)-6,7-dimethylquinoxaline (5k)

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM [/ DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

26 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:11-30 H:7-35 N:0-3 Cl0-2

Sample Name : FS-13 IITRPR
Test Name : HRMS-1
071119-FS-13 18 (0.183) AM2 (Ar,22000.0,0.00,0.00); Cm {18:21)
100 269.0838
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283.0983
2351218 (
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100 150 200 250 300
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PFM DEE i-FIT Norm Conf(%) Formula
269.0838 2659.0846 -0.8 -3.0 10.5 1107.9 n/fa nfa Cl6 H14 N2 Cl

H NMR of 2-(4-Methoxyphenyl)-6,7-dimethylquinoxaline (51)
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Expansion of the aromatic region of the *H NMR spectra of 2-(4-Methoxyphenyl)-6,7-

dimethylquinoxaline (5I)
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'H NMR of 6-fluoro-2-phenylquinoxaline (5m)
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Expansion of the aromatic region of the *H NMR of 6-fluoro-2-phenylquinoxaline (5m)

T |24 Spectral Sre.

islue
Cif Usersf
pvbharatamy Desiton/
-6/ 10/ fid
[

Is-f

PROTON COCE {07y
iy
PABharatam_ 108}
MR 2018\ Judy}
Adrinistrator 26

Bruker BioSpin GrbH
Adrinistrater

spert

Cocn
2058
2530

16

203
1.0000

12.2000
3.9846

2018-07-04T12:20:17
2018-07-04T12:20:17
400.13

82237

-1640.9

1H
32768
65536

fs-6 4 CEEEEE Farameter e
fs s . RS 1 DataFle  CyUsers/
PROTON CDCI3 {D:\CIL\PV.Bharstam_10B\NMR\2018\uly} Administrator 26 Name: vbharatam Desston/
16/ 104 1id
2 e 156
3 Comment  fs6
PROTON COCE {0x\
i)
R\ Bharatam_108}
I’ HMA, 2018 July }
- Adminktrator 26
J )I 4 Orign Brubier BoSpin GrbH
5 Owner Adrinitrator
6 Ste
7 Spertrometer spect
B Auther
9 Saent coce
10 Temperature  295.8
11 Puse. 30
Sequence
12 Number ol 16
Scans
13 Recsiver Gain 203
14 Releation  1.0000
Delay
15 Pulse Width 122000
16 Acquistion  3.9846
Time
17 hcquistion  201B-07-04T12:20:47
Date
16 Modfication  2018-07-04T12:20:47
Date
10 Spactrometer 400,13
Frequency
y 20 Spectral 82237
Width
{21 Lowest -1640.9
Frequency
5 & 22 Nudeus 1H
E 3 Acquired Siee 32768
LA B B e B B L S NI B p e e S m T4 Spectral See 65536
9.9 9.7 95 9.3 9.1 89 87 83 8.1

85
1 (ppm)




13C NMR of 6-fluoro-2-phenylquinoxaline (5m)

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

41 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:11-30 H:7-35 N:0-5 F:0-3
Sample Name : FS-6a
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'H NMR of 7-fluoro-2-phenylquinoxaline (5m?)
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13C NMR of 7-fluoro-2-phenylquinoxaline (5m?)
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'H NMR of 6-Chloro-2-phenylquinoxaline (5n)
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13C NMR of 6-Chloro-2-phenylquinoxaline (5n)
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HRMS of 6-Chloro-2-phenylquinoxaline (5n)

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM [/ DBE: min=-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

33 formulale) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:11-30 H:7-35 MN:0-5 Cl0-2

Sample Mame : FAS-OP1 NTRPR XEVO G2-XS QTOF
Test Name : HRMS-1
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Mass Calc. Mass mDa PFM DBE i-FIT Norm Conf (%) Formula
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'H NMR of 7-Chloro-2-phenylguinoxaline (5n?)
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13C NMR of 7-Chloro-2-phenylquinoxaline (5n?)
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Expansion of the aromatic region of the *H NMR of 2-(4-Chlorophenyl)quinoxaline (50)
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HRMS of 2-(4-Chlorophenyl)quinoxaline (50)

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min=-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
33 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:11-30 H:7-35 N:0-5 Clo0-2
Sample Name : FS-12 IITRPR XEVO G2-XS QTOF
Test Name : HRMS-1
071119-F5-12 24 (0.245) AM2 (Ar,22000.0,0.00,0.00); Cm (24:28) 1: TOF MS ES+
B.60e+007
100 241.0536
2430493
a5
2531127
427.3773 449.3503
207.0908 254 1159 607.3909
o148 02t 185.1175 3152527 sqi 0574 | (. . 5513285 /628 5551

mRaams BAARIREEEEazSy! 1 IRARANEAZEEEAREY) T BRBRIREEEE LELE naRY IRARRNRRREIRARLY) T + miz

100 150 200 250 400 450 500 550 600 650
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa FFM DBE i-FIT Norm  Conf (%) Formula
241.0536  241.0533 0.3 1.2 10.5 1271.1 n/fa n/a c14 H10 N2 Cl



'H NMR of 5,7-Dimethyl-2-phenylquinoxaline (5p)
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13 Receiver Gain 203

14 Relaxation Delay 1.0000

15 Pulse Width 12.2000

16 Aequisition Time  3.9846
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19 Spectrameter 400,13
Frequency

20 Spectral Width  B223.7

21 Lowest -1640.9
Frequency

22 Mudieus H

23 Acquied Sire 32768

24 Spectral Size 65536




fs-4a

13C NMR of 5,7-Dimethyl-2-phenylquinoxaline (5p)
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HRMS of 5,7-Dimethyl-2-phenylquinoxaline (5p)

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

33 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:11-30 H:7-35 N:0-5 Cl0-2
Sample Name : FS-4A

Test Name HRMS-1

IITRPR XEVO G2-XS QTOF

071119-FS-4A 24 (0_245) AM2 (Ar,22000.0,0.00,0.00); Cm (24:26) 1: TOF MS ES+
4.41e+007
100+ 2351236
%
236.1250
158.0033 2571285 3912844
! 234.1147. N - 427.3770448.3589 goq 5pe7 663.4527 pg5 4364 1962250
s Ly L L s Ly s Lo AL Al e LAy LARRY g s Ly LA Ly Liend LAass LS Lo Lo Eatag vt niss ate Lacsy 11023
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PEM DBE i-FIT Norm Conf (%) Formula
235.1236 235.1235 0.1 0.4 10.5 1153.9% n/fa nfa Cl16 H15 N2



'H NMR of 6,8-Dimethyl-2-phenylquinoxaline (5p')

-y §  GHYRERbERAEaEE

AMR\ZO19IN) AEMEEST 1L

—5

fs=db
PROTON CDCIZ {D:\CIL\RV.Bharatam_108Y

—

208

L4~  S—
13 -
-y B =g
315-c

1M

Expansion of the aromatic region of the *H NMR of 6,8-Dimethyl-2-
(5p1)
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13C NMR of 6,8-Dimethyl-2-phenylquinoxaline (5p*')
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