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Characterization data of products (3aa-3bb)

1-Phenyl-1H-imidazole (3aa): Dark brown oil [1]; IR (KBr) v (cm™): 3406 (NH),
1494 (C=C); '"H NMR (250 MHz, DMSO-dy): ¢ (ppm)= 8.26 (s, 1H), 7.74 (s, 1H),
7.66-7.62 (m, 2H), 7.54-7.47 (m, 2H), 7.37-7.31 (m, 1H), 7.10 (s, 1H); 3C NMR (63
MHz, CDCl;): 6= 118.2, 121.4, 127.5, 129.9, 130.4, 135.5, 137 .4.

1-(4-Nitrophenyl)-1H-imidazole (3ab): Yellow solid; M.P.=207-209 °C (207-209
°C [2]); IR (KBr) v (cm!): 3443, 2923, 1628, 1518, 1462, 1301, 829; 'H NMR (250
MHz, CDCl;): J (ppm) = 8.46-8.21 (m, 2H), 7.93 (s, 1H), 7.55-7.49 (m, 2H), 7.22-
7.20 (m, 2H); 3C NMR (63 MHz, CDCl;): o= 117.7, 121.7, 125.2, 130.9, 136.3,
142.9, 147.0; Anal. Calcd for CoH,N;O,: C, 57.14; H, 3.73; N, 22.21%. Found: C,
57.1; H, 3.69; N, 22.30%.

1-(4-Chlorophenyl)-1H-imidazole (3ac): Light brown solid; M.P.= 83-85 °C (85-
87 °C [1]); IR (KBr) v (cm): 3409, 3112, 1713, 1604, 1504, 1303, 1054, 961, 754,
684; '"H NMR (250 MHz, CDCls): 6 (ppm) = 8.48-8.26 (m, 2H), 8.10-7.91 (m, 1H),
7.62-7.54 (m, 2H), 7.39-7.36 (m, 1H), 7.27-7.25 (m, 1H); Anal. Calcd for CoH,CIN,:
C, 60.52; H, 3.95; N, 15.68%. Found: C, 60.48; H, 4.2; N, 15.49%.

1-(Naphthalen-1-yl)-1H-imidazole (3ad): Brown oil [3]; IR (KBr) v (cm™): 3056,
1631, 1577, 1442, 1136, 856, 801; 'H NMR (300 MHz, CDCls): J (ppm) = 7.95 (d,
J=6.0 Hz, 2H), 7.81 (s, 1H), 7.60-7.51 (m, 4H), 7.44 (d, /=9.0 Hz, 1H), 7.32-7.18
(m, 2H); BC NMR (75 MHz, CDCly): 6 (ppm) = 134.1, 133.9, 129.4, 129.2, 128.3,
127.7,127.0, 125.2, 123.7, 122.2, 121.8.

2-(1H-Imidazol-1-yl) pyridine (3ae): Dark brown oil [1]; IR (KBr) v (cm™'): 33369,
3059, 1682, 1594, 1478, 1156, 710, 654; 'H NMR (400 MHz, CDCl5): ¢ (ppm) =
8.55-8.27 (m, 2H), 7.81-7.76 (m, 1H), 7.66 (s, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.30-
7.18 (m, 2H); 3C NMR (101 MHz, CDCl;): ¢ (ppm)= 149.1, 139.0, 135.0, 130.5,
122.0, 116.4, 112.3.

1,4-Di(1H-imidazol-1-yl)benzene (3af): Yellow solid; M.P.= 208-209 °C (208-210
°C [4]); IR (KBr) v (cm!): 3409, 1496; 'H NMR (250 MHz, CDCl;): 6 (ppm) = 7.75
(s, 2H), 7.54-7.49 (m, 2H), 7.24-7.13 (m, 6H); Anal. Calcd for C;,H;(Ny: C, 68.56;
H, 4.79; N, 26.65%. Found: C, 68.52; H, 4.52; N, 26.42%.
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2-Methyl-1-phenyl-1H-imidazole (3ag): Yellow oil [5]; 'H NMR (300 MHz,
CDClL;): 6 (ppm) = 7.63-7.54(m, 2H), 7.46-7.37(m, 3H), 7.27-7.24 (m, 2H), 2.01 (s,
3H); BC NMR (63 MHz, CDCl;): 6= 13.7, 120.6, 125.5, 127.5, 128.2, 129.5, 137.8,
144.6.

2-Methyl-1-(4-nitrophenyl)-1H-imidazole(3ah): Yellow solid; M.P.= 128-130 °C
(128-130°C [6]); IR (KBr) v (cm™): 2916, 2848, 1695, 1501, 1417, 1339, 1175, 739,
696; 'H NMR (300 MHz, CDCl3): 6 (ppm) = 8.37 (d, J = 9.0 Hz, 2H), 7.51 (d, J =
9.0 Hz, 2H), 7.09 (s, 2H), 2.45 (s, 3H); *C NMR (75 MHz, CDCl;): J (ppm) = 146.9,
144.5,143.0, 128.5, 125.8, 125.2, 120.3, 14.1; Anal. Calcd for C;,HsN;0,: C, 59.11;
H, 4.46; N, 20.68%. Found: C, 589; H, 4.5; N, 20.72%.

2-(2-Methyl-1H-imidazol-1-yl)pyridine (3ai): Yellow oil; IR (KBr) v (cm™): 3365,
3113, 2930, 1671, 1529, 1473, 1377, 1185, 740, 679; '"H NMR (300 MHz, CDCl;):
0 (ppm) = 8.59-8.57 (m, 1H), 7.91-7.85 (m, 1H), 7.37-7.31 (m, 3H), 7.07 (d, J=7.5
Hz,1H), 2.64 (s, 3H); 3C NMR (75 MHz, CDCl;): 6 (ppm) = 150.3, 149.3, 144.9,
138.8,127.0, 122.7,119.1, 117.3, 15.1.

1-(4-Nitrophenyl)-1H-benzo[d]imidazole (3aj): Yellow solid, M.P. > 300 °C (>
300 °C [7]); IR (KBr) v (cm™): 1503, 1352, 867, 858, 731; 'H NMR (250 MHz,
DMSO-dy): 6 (ppm) = 8.72 (s, 1H), 8.46-8.40 (m, 2H), 8.04-7.98 (m, 2H), 7.81-7.74
(m, 2H), 7.41-7.30 (m, 2H); Anal. Calcd for C;3sHoN;O,: C, 65.27; H, 3.79; N,
17.56%. Found: C, 65.33; H, 3.62; N, 17.08%.

1-(p-Tolyl)-1H-benzo[d]imidazole (3ak): Yellow solid, M.P.> 300 °C, IR (KBr) ©
(em™): 3390, 2919, 2858, 1609, 1516, 1453, 1375, 1155, 819; 'H NMR (300 MHz,
CDCly): 6 (ppm) = 8.16 (s, 1H), 7.91 (s, 1H), 7.53-7.29 (m, 7H), 2.47 (s, 3H); 13C
NMR (75 MHz, CDCl): 6 (ppm) = 143.7, 142.4, 138.2, 133.7, 130.6, 124.0, 123.7,
122.8, 120.4, 110.6, 21.2; Anal. Calcd for C;;H2N,: C, 80.74; H, 5.81; N, 13.45%.
Found: C, 80.71; H, 5.82; N, 13.47%.

1-(4-Methoxyphenyl)-1H-benzo[d]imidazole (3al): Yellow solid; M.P.= 96-98 °C
(96-97 °C [8]); IR (KBr) v (cm™): 3448, 2927, 2800, 1613, 1515, 1458, 1334, 1247,
1177, 833;'H NMR (250 MHz, CDCls): ¢ (ppm) = 8.06 (s, 1H), 7.89-7.86 (m, 1H),
7.54-7.42 (m, 2H), 7.42-7.36 (m, 1H), 7.34-7.26 (m, 2H), 7.10-7.06 (m, 2H), 3.89
(s, 3H), 3C NMR (101 MHz, CDCl): J (ppm) = 158.3, 136.3, 132.9, 129.0, 128.3,
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126.0,122.2,121.1, 120.1, 114.8, 110.4, 102.9, 55.6; Anal. Caled for C,,H;,N,O: C,
74.98; H, 5.39; N, 12.49%. Found: C, 74.89; H, 5.25; N, 12.68%.

1-Phenyl-1H-indole (3am): Colorless oil [9]; IR (KBr) v (cm'): 694 , 748 , 1018,
1027, 1134, 1227, 1327, 1458 , 1504 , 1596 , 2923 , 3055 ; 'H NMR (250 MHz,
CDCly): & (ppm) = 7.77-7.68 (m, 1H), 7.62-7.58 (m, 1H), 7.56-7.50 (m, 4H), 7.43-
7.34 (m, 2H), 7.26-7.22 (m, 2H), 6.74-6.69 (m, 1H); 3C NMR (63 MHz, CDCl,):
0=103.6,110.5,120.4, 121.1, 122.4, 124.4, 126.4, 128.0, 129.3, 129.6, 135.8, 139.8.

1-(4-Nitrophenyl)-1H-indole (3an): Yellow solid; M.P.= 131-133 °C (131-132 °C
[10]); IR (KBr) v (cm'): 1641, 1594, 1566, 1505, 1456, 1326, 1137, 1069, 953, 854;
"H NMR (250 MHz, CDCl,): 6 (ppm)= 7.61-7.58 (m, 1H), 7.44-7.31 (m, 5H), 7.20-
7.06 (m, 3H), 6.61-6.59 (m, 1H); Anal. Calcd for C;4;H;(N,O,: C, 70.58; H, 4.23; N,
11.76%. Found: C, 69.84; H, 4.22; N, 11.53%.

1-(p-Tolyl)-1H-indole (3a0): Yellow solid; M.P.= 38-40 °C (38-39 °C [11]); IR
(KBr) v (cm'): 2921, 1608, 1519, 1457, 1333, 1213, 821, 740 ; 'H NMR (250 MHz,
CDClL;): 6 (ppm) = 7.63-7.56 (m, 1H), 7.49-7.41 (m, 1H), 7.32-7.27 (m, 2H), 7.23-
7.19 (m, 3H), 7.16-7.03 (m, 2H), 6.60-6.55 (m, 1H), 2.34 (s, 3H); '*C NMR (63
MHz, CDCl3): 6=21.1,103.2,110.5, 120.1, 121.1, 122.2, 124.3,128.1, 129.2, 130.1,
136.3, 137.3; Anal. Calcd for C;sH;3N: C, 86.92; H, 6.32; N, 6.76%. Found: C,
86.56; H, 6.54; N, 6.9%.

1-(4-Methoxyphenyl)-1H-indole (3ap): Yellow solid; M.P.= 56-59 °C (56-58 °C
[12]); IR (KBr) v (cm'): 3445, 2929, 2839, 1612, 1516, 1457, 1287, 1251, 1179,
835, 'TH NMR (250 MHz, CDCl;): ¢ (ppm) = 8.06 (s, 1H), 7.95-7.81 (m, 1H), 7.54-
7.38 (m, 3H), 7.36-7.26 (m, 2H), 7.15-7.03 (m, 2H), 3.90 (s, 3H); 13C NMR (101
MHz, CDCL): 6 (ppm) = 159.4, 143.8, 142.6, 134.2, 129.1, 125.7, 123.6, 122.6,
120.5, 115.1, 110.4, 55.7; Anal. Calcd for C;sH;3NO: C, 80.69; H, 5.87; N, 6.27%.
Found: C, 80.35; H, 5.89; N, 6.3%.

10-Phenyl-10H-phenothiazine (3aq); Dark brown solid; M.P.=90-92 °C (90-91°C
[13]); IR (KBr) v (cm™): 434, 529, 625, 707, 744 , 931, 1041, 1128, 1243, 1305,
1457, 1585, 2924, 3057; 'H NMR (250 MHz, CDCl3): 6 (ppm) = 8.30-8.26 (m, 1H),
8.15-8.02 (m, 2H), 7.97-7.91 (m, 1H), 7.76-7.54 (m, 5H), 7.51-7.27 (m, 4H), 6.77-
6.72 (m, 1H); Anal. Calcd for C;gH3NS: C, 78.51; H, 4.76; N, 5.09%. Found: C,
78.62; H, 4.83; N, 4.73%. .
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10-(4-Nitrophenyl)-10H-phenothiazine (3ar): Yellow solid; M.P= 156-158 °C
(156-157 °C [14]); '"H NMR (250 MHz, CDCl;): ¢ (ppm) = 7.42 (d, J = 7.5 Hz, 1H),
7.31-7.26 (m, 1H), 7.05-6.99 (m, 1H), 6.91-6.74 (m, 2H), 6.22 (d, J = 7.5 Hz, 1H)
Anal. Calcd for C;sH,N,O,S: C, 67.48; H, 3.78; N, 8.74%. Found: C, 67.23; H, 3.11;
N, 8.61%.

10-(4-Chlorophenyl)-10H-phenothiazine(7s): White solid; M.P.= 120-122 °C
(120-121°C [14]); IR (KBr) v (cm'): 3448, 2923, 1625, 1462, 1090, 913; 'HNMR
(250 MHz, CDCl;): 6 (ppm) = 7.60-7.47(m, 1H), 7.42-7.32 (m, 1H), 7.00-6.88 (m,
1H), 6.82-6.68 (m, 2H), 6.18-6.06 (m, 1H); 3C NMR (101 MHz, CDCls): d (ppm) =
143.9,139.6, 133.8, 132.4, 131.0, 126.9, 126.3, 122.9, 120.9, 116.3; Anal. Calcd for
CgH,CINS: C, 69.78; H, 3.90; N, 4.52%. Found: C, 69.74; H, 3.92; N, 4.51%.

1-Phenylpiperidine (3at): Yellow oil[15]; IR (KBr) v (cm™): 3448, 2923, 1625,
1462, 1090, 913; 'HNMR (250 MHz, CDCl;): J (ppm) = 7.22-7.17 (m, 2H), 6.68-
6.61 (m, 3H), 2.97 (t, J=5.0 Hz, 5H), 1.61-1.52 (m, 4H), 1.49-144 (m, 1H).

1-(4-Nitrophenyl)piperidine (3au): Yellow oil ( [16]); IR (KBr) v (cm™): 2939,
1601, 1514, 1477, 1326, 1114, 821; '"H NMR (250 MHz, CDCl;): 6 (ppm) = 8.15-
8.05 (m, 2H), 6.82-6.85 (m, 2H), 3.46 (s, 4H), 1.69 (s, 6H) ; *C NMR (101 MHz,
CDCl;): 6 (ppm) = 154.9, 137.3, 126.1, 112.3,48.4, 25.3, 24.2.

1,4-Di(piperidin-1-yl)benzene (3av): Yellow solid; M.P.=104-106 °C (104-106 °C
[16]); IR (KBr) v (cm™): 3338, 2921, 1598, 1462, 1180, 699, 721; '"H NMR (250
MHz, CDCl): 6 (ppm) = 7.19-7.14 (m, 2H), 6.65-6.59 (m, 2H), 2.95 (t, 5Hz, 8H),
1.64-1.31 (m, 12H); Anal. Calcd for C;cHyyNy: C, 78.64; H, 9.90; N, 11.46%. Found:
C, 78.36; H, 10.4; N, 11.13%.

1,4-Diphenylpiperazine (3aw): Yellow solid; M.P.=150-152 °C (150-153 °C [17]);
IR (KBr) v (cm™): 2829, 1597, 1429, 1454, 1389, 1324, 1223, 1154, 1031, 984, 924,
765, 691, 527, 'H NMR (300 MHz, CDCl;): ¢ (ppm) = 7.38-7.33 (m,4H), 7.19
(s,6H), 3.40-3.14 (m,8H); *C NMR (75 MHz, CDCl): ¢ (ppm) = 160.7, 129.7,
123.6, 118.2, 44.6; Anal. Calcd for C;sH3N,: C, 80.63; H, 7.61; N, 11.75%. Found:
C, 80.59; H, 7.64; N, 11.78%.
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4-(4-Nitrophenyl)morpholine (3ax): Yellow solid; M.P.= 147-150 °C (147-149 °C
[18]); IR (KBr) v(cm'): 2935, 1657, 1590, 1452, 1322, 1151, 843; '"H NMR (250
MHz, CDC): 6 (ppm) = 8.28-8.05 (m, 2H), 6.87-6.80 (m, 2H), 3.91-3.83 (m, 4H),
3.37 (t,J=5.0 Hz, 4H); BC NMR (101 MHz, CDCl;): ¢ (ppm) = 154.9, 137.3, 126.1,
112.3,48.4,25.3; Anal. Calcd for C,(H,N,05: C, 57.69; H, 5.81; N, 13.45%. Found:
C, 57.61; H, 5.93; N, 13.51%.

1,4-Dimorpholinobenzene (3ay): White solid; M.P.= 191-193 °C (191-192 °C
[19]); IR (KBr) v (cm!): 1583, 1511, 1296, 1114, 857;'H NMR (250 MHz, CDCl;):
o (ppm) = 7.19-7.14 (m, 2H), 6.65-6.60 (m, 2H), 2.95 (t, J=5.0 Hz, 8H), 1.56-1.42
(m, 8H); Anal. Calcd for C4H,0N,O,: C, 67.72; H, 8.12; N, 11.28%. Found: C,
68.02; H, 7.83; N, 11.41%.

N,N-Dimethylaniline (3az): Colorless liquid [20]; '"H NMR (400 MHz, CDCl;): 0
(ppm) = 7.44 (dd, J= 8.0 Hz, 2H), 6.93 (t, J= 8.0, 3H), 3.11(s, 6H); 3C NMR (101
MHz, CDCl;): ¢ (ppm) = 150.8, 129.2, 116.7, 112.8, 40.7.

N,N-Dimethyl-4-nitroaniline (3ba): Yellow solid; M.P.= 162-164 °C (162-163 °C
[21]); IR (KBr) © (cm!) : 3086, 2833, 1911, 1603, 1591, 1584, 1536, 1454, 823, 755
: 'H NMR (400 MHz, DMSO-dj): d (ppm) = 8.05 (d, J = 9.3 Hz, 1H), 6.76 (d, J =
9.5 Hz, 1H), 3.09 (s, 3H); '*C NMR (101 MHz, DMSO-dy): § (ppm) = 154.3, 135.5,
125.7, 110.6, 30.6; Anal. Calcd for CgH,oN,O5: C, 57.82; H, 6.07; N, 16.86%. Found:
C, 57.82; H, 6.13; N, 16.54%.

N,N-Diethylaniline (3bb): Yellow oil [1]; '"H NMR (400 MHz, CDCl;): d (ppm) =
7.41-7.31 (m, 2H), 6.84- 6.77 (m, 3H), 3.48 (q, J= 8.0 Hz, 4H), 1.30 (t, J= 8.0, 6H)
; BC NMR (101 MHz, CDCly): 6 (ppm) = 148.0, 129.4, 115.5, 112.0,44.4, 12.7.
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1'H, 3C, and IR spectra of products

=
| @
<
s
E
-—
g
s
=
Z
—
3900 3400 2900 2400 1900 1400 900 400

Wavenumber em!

Figure 1. IR spectrum of anti-2-((3-nitrophenyl) (phenylamino) methyl)
cyclohexan-1-one in KBr.
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Figure 2. '"H NMR spectrum (250 MHz) of 1-(4-nitrophenyl)-1H-imidazole

in CDC13.
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Figure 3. IR spectrum of 1-(4-nitrophenyl)-1H-imidazole in KBr.
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Figure 4. '"H NMR spectrum (300 MHz) of 1-(naphthalen-1-yl)-1H-
imidazole in CDCls;.
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Figure 5. 3C NMR spectrum (75 MHz) of 1-(naphthalen-1-yl)-1H-
imidazole in DMSO-d.
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Figure 6. IR spectrum of 1-(naphthalen-1-yl)-1H-imidazole in KBr.
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Figure 7. '"H NMR spectrum (400 MHz) of 2-(1H-imidazol-1-yl)pyridine in
CDCl.
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Figure 8. 3C NMR spectrum (101 MHz) of 2-(1H-imidazol-1-yl) pyridine

in CDC13
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Figure 9. IR spectrum of 2-(1H-imidazol-1-yl)pyridine in KBr.
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Figure 10. '"H NMR spectrum (300 MHz) of 2-methyl-1-(4-nitrophenyl)-
1H-imidazole in CDCls.
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Figure 11. 3C NMR spectrum (75 MHz) of 2-methyl-1-(4-nitrophenyl)-1H-
imidazole in CDCl;.
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Figure 12. IR spectrum of 2-methyl-1-(4-nitrophenyl)-1H-imidazole in
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Figure 13. '"H NMR spectrum (75 MHz) of 2-(2-methyl-1H-imidazol-1-
yl)pyridine in CDCl;.
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Figure 14. 3C NMR spectrum (75 MHz) of 2-(2-methyl-1H-imidazol-1-

yl)pyridine in CDCl;.
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Figure 15. IR spectrum of 2-(2-methyl-1H-imidazol-1-yl)pyridine in KBr.
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Figure 16. '"H NMR spectrum (300 MHz) of 1-(p-tolyl)-1H-
benzo[d]imidazole in CDCl;.
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Figure 17. 3C NMR spectrum (75 MHz) of 1-(p-tolyl)-1H-benzo[d]

imidazole in CDCls.
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Figure 18. IR spectrum of 1-(p-tolyl)-1H-benzo[d]imidazole in KBr.
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Figure 19. '"H NMR spectrum (250 MHz) of 1-(4-methoxyphenyl)-1H-
benzo[d]imidazole in CDCl;.
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Figure 20. 3C NMR spectrum (101 MHz) of 1-(4-methoxyphenyl)-1H-
benzo[d]imidazole in CDCl;.
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Figure 21. IR spectrum of 1-(4-methoxyphenyl)-1H-benzo[d]imidazole in
KBr.
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Figure 22. 'H NMR spectrum (250 MHz) of 1-(4-methoxyphenyl)-1H-
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Figure 23. 3C NMR spectrum (101 MHz) of 1-(4-methoxyphenyl)-1H-

indole in CDCls.

S20



Transmittance [%]

3400 2400 1400 400
Wavenumber cm!

Figure 24. IR spectrum of 1-(4-methoxyphenyl)-1H-indole in KBr.
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Figure 25. '"H NMR spectrum (250 MHz) of 10-(4-chlorophenyl)-10H-
phenothiazine in CDCl;.
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Figure 26. °C NMR spectrum (101 MHz) of 10-(4-chlorophenyl)-10H-

phenothiazine in CDCl;.
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Figure 27. IR spectrum of 10-(4-chlorophenyl)-10H-phenothiazine in KBr.
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Figure 28. 'H NMR spectrum (250 MHz) of 1-(4-nitrophenyl)piperidine in
CDCls.
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Figure 29. 3C NMR spectrum (101 MHz) of 1-(4-nitrophenyl)piperidine in
CDCls.
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Figure 30. IR spectrum of 1-(4-nitrophenyl)piperidine in KBr.
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Figure 31. '"H NMR spectrum (250 MHz) of 1,4-di(piperidin-1-yl)benzene
in CDC13.
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Figure 32. IR spectrum of 1,4-di(piperidin-1-yl)benzene in KBr.
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Figure 33. '"H NMR spectrum (250 MHz) of 4-(4-nitrophenyl)morpholine
in CDC13.
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Figure 34. 3C NMR spectrum (101 MHz) of 4-(4-nitrophenyl)morpholine
in CDC13
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Figure 35. IR spectrum of 4-(4-nitrophenyl)morpholine in KBr.
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