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General Information: All the reactions were carried out either under an inert atmosphere
or air and monitored by TLC using Merck 60 F,s; pre-coated silica-gel plates and the
products were visualized by UV detection. Flash chromatography was carried out using silica
gel (200-300 mesh). 'H and 3C NMR spectra were recorded on 500 MHz and 125 MHz
spectrometers, respectively. Data for 'H NMR are reported as a chemical shift (6 ppm),
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constant
J (Hz), integration, and assignment, data for 1’C are reported as a chemical shift. High
resolution mass spectrometry (HRMS) data analysis was carried out using ESI-TOF-MS. The
UV-Vis experiments were monitored in a quartz cuvette (10 x 10 mm?) using a Varian carry
100 Bio UV—vis spectrophotometer. Cyclic voltammetry was measured by using Metrohm
Potentiostat/Galvanostat with the three-electrode system at room temperature. Melting points

were recorded on an Electro thermal melting points apparatus and are uncorrected.

Starting materials: All the iminoindoles (1a-i)! and alkylidene malononitriles (2a-x)> were
synthesized by literature known procedures. All the starting materials were known in the

literatures. All the catalysts were purchased from commercial suppliers.

General experimental procedure for the synthesis of a-carboline derivative (3). To a
stirred solution of compound iminoindole 1 (0.2 mmol), arylidene malononitrile 2 (0.24
mmol), DABCO (20 mol%) and NaHCOj; (50 mol%) in DCE (2.0 mL) was heated at 60 °C
under an argon-atmosphere. After completion of the reaction, the reaction mixture was
extracted with EtOAc (3x10 mL), washed with brine and dried Na,SO,. The combined
organic phases were evaporated by rotary evaporator under reduced pressure to give the
crude mass, which was purified by column chromatography over silica-gel using a mixture of
ethyl acetate and hexane to afford the pure a-carboline 3. The products were characterized by

their 'H, 3C NMR and HRMS data.

2-Amino-9-methyl-4-phenyl-9H-pyrido|2,3-b]indole-3-carbonitrile (3aa): White solid,;
mp 202-204 °C; yield = 77%; Ry= 0.35 (EtOAc/hexane = 25:75); 'H

Ph
_CN  NMR (500 MHz, DMSO-dg) § 7.71-7.60 (m, 3H), 7.59-7.53 (m, 2H),
' \ Ponm, 751 (=79 He, 1H), 7.32 (t,J = 7.3 Hz, 1H), 7.04-6.91 (m, 3H),
Mé 6.84 (d, J = 7.5 Hz, 1H), 3.78 (s, 3H) ppm; *C NMR (125 MHz,

DMSO-dg) 6 160.0, 153.4, 150.0, 140.0, 136.1, 129.8, 129.3, 128.7, 125.5, 120.9, 120.7,
119.9, 118.1, 110.1, 105.2, 83.3, 28.0 ppm; HRMS (ESI-TOF) m/z [M + Na]" calcd for
C19H14N4Na+ 32lllll,f0und 321.1131.
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2-Amino-9-methyl-4-(4-methylphenyl)-9H-pyrido|2,3-b]indole-3-carbonitrile (3ab):
White solid; mp 181-183 °C; yield = 78%; Ry= 0.35 (EtOAc/hexane =
25:75); '"H NMR (500 MHz, CDCl;) 6 7.49 (d, J = 7.8 Hz, 2H), 7.39
(d, J=17.8 Hz, 2H), 7.36-7.31 (m, 2H), 7.23 (d, J = 7.8 Hz, 1H), 7.02
(t, J=17.3 Hz, 1H), 5.26 (s, 2H), 3.83 (s, 3H), 2.50 (s, 3H) ppm; 13C
NMR (125 MHz, CDCls) & 158.7, 153.2, 150.0, 140.0, 139.6, 132.5,
129.6, 128.5, 125.5, 121.0, 120.9, 120.7, 118.2, 108.9, 106.9, 84.1,
27.6, 21.5 ppm; HRMS (ESI-TOF) m/z [M + Na]* calcd for CyoH;sN4Na* 335.1267, found
335.1266.

2-Amino-4-(4-methoxyphenyl)-9-methyl-9H-pyrido[2,3-b]indole-3-carbonitrile(3ac):

White solid; mp 196-198 °C; yield = 73%; R, = 0.33 (EtOAc/hexane
= 25:75); '"H NMR (500 MHz, CDCl;) ¢ 7.55 (d, J = 7.1 Hz, 2H),
7.36-7.28 (m, 3H), 7.11 (d, J = 7.1 Hz, 2H), 7.04-6.98 (m, 1H), 5.26
(s, 2H), 3.93 (s, 3H), 3.83 (s, 3H) ppm; *C NMR (125 MHz, CDCl;)
0 160.6, 158.8, 153.2, 149.7, 140.0, 130.1, 127.6, 126.5, 125.5, 121.0,
120.7, 118.4, 114.3, 108.9, 107.0, 84.2, 55.4, 27.66 ppm; HRMS
(ESI-TOF) m/z [M + Na]* calcd for CyoH;(N4sNaO" 351.1216, found

351.1202.

2-Amino-9-methyl-4-(4-(methylthio)phenyl)-9H-pyrido[2,3-b]indole-3-carbonitrile

MeS (3ad):White solid; mp 187-189 °C; yield = 73%; R, = 0.33
(EtOAc/hexane = 25:75); '"H NMR (500 MHz, CDCl3) 6 7.52 (d, J =
7.9 Hz, 2H), 7.43 (d, J = 7.9 Hz, 2H), 7.37 (t, J = 7.4 Hz, 1H), 7.32
(d, J =79 Hz, 1H), 7.25 (d, J = 5.1 Hz, 1H), 7.03 (t, J = 7.3 Hz,
1H), 5.28 (s, 2H), 3.82 (s, 3H), 2.59 (s, 3H) ppm; *C NMR (125
MHz, CDCl;) ¢ 158.7, 153.2, 149.2, 140.8, 140.0, 131.7, 129.1,
126.1, 125.6, 121.0, 120.8, 120.7, 118.2, 109.0, 106.8, 83.9, 27.6, 15.2 ppm; HRMS (ESI-
TOF) m/z [M + Na]* calcd for C,oH;sN4sNaS* 367.0988, found 367.0962.
2-Amino-4-(4-fluorophenyl)-9-methyl-9H-pyrido|2,3-b]indole-3-carbonitrile (3ae):
White solid; mp 185-187 °C; yield = 81%; R,= 0.36 (EtOAc/hexane =
25:75); "H NMR (500 MHz, CDCl3) 6 7.58 (dd, J = 8.4, 5.4 Hz, 2H),
7.38 (t, J= 7.5 Hz, 1H), 7.35-7.27 (m, 3H), 7.15 (d, J = 7.8 Hz, 1H),
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7.04 (t, J=7.4 Hz, 1H), 5.31 (s, 2H), 3.82 (s, 3H) ppm; 13C NMR (125 MHz, CDCl;) 6 163.4
(d, J =249.7 Hz), 158.7, 153.2, 148.6, 140.1, 131.4 (d, J = 3.3 Hz), 130.6 (d, J = 8.4 Hz),
125.7, 120.9, 120.7, 120.6, 118.0, 116.1 (d, J = 21.9 Hz), 109.1, 106.9, 84.0, 27.6 ppm; °F
NMR (470 MHz, CDCl;) 6 114.1 ppm,; HRMS (ESI-TOF) m/z z [M + H]" caled for CoH4F
N4 317.1197, found 317.1205.

2-Amino-4-(4-chlorophenyl)-9-methyl-9H-pyrido[2,3-b]indole-3-carbonitrile (3af):
White solid; mp 189-191 °C; yield = 84%; R,= 0.36 (EtOAc/hexane =
25:75); 'TH NMR (500 MHz, CDCl;) ¢ 7.58 (d, J = 8.3 Hz, 1H), 7.54
(d, J=8.3 Hz, 1H), 7.39 (t, /= 7.5 Hz, 1H), 7.33 (d, J = 8.0 Hz, 1H),
7.16 (d,J=7.8 Hz, 1H), 7.04 (t, J = 7.4 Hz, 1H), 5.31 (s, 1H), 3.82 (s,
1H) ppm; 3C NMR (125 MHz, CDCl;) 6 158.7, 153.2, 148.3, 140.1,
135.7, 133.9, 130.0, 129.3, 125.8, 120.9, 120.8, 120.5, 117.9, 109.1,
106.8, 83.8, 27.7 ppm; HRMS (ESI-TOF) m/z [M + H]* caled for
Ci9H14CINg™ 333.0902, found 333.0888.

2-Amino-4-(4-bromophenyl)-9-methyl-9H-pyrido[2,3-b]indole-3-carbonitrile (3ag):
White solid; mp 192-194 °C; yield = 78%; R, = 0.37
(EtOAc/hexane = 25:75); '"H NMR (500 MHz, CDCl3) 6 7.74 (d, J
= 8.3 Hz, 2H), 7.48 (d, J = 8.3 Hz, 2H), 7.39 (t, J = 7.5 Hz, 1H),
7.34 (d, J=8.0 Hz, 1H), 7.16 (d, /= 7.8 Hz, 1H), 7.05 (t, J= 7.4
Hz, 1H), 5.29 (s, 2H), 3.83 (s, 3H) ppm; '*C NMR (125 MHz,
CDCly) o 158.7, 153.2, 148.2, 140.1, 134.4, 132.2, 130.3, 125.8,
124.0, 120.9, 120.8, 120.5, 117.9, 109.1, 106.7, 83.7, 27.7 ppm;
HRMS (ESI-TOF) m/z [M + H]* caled for C;gH4BrN4* 377.0396, found 377.0414.

2-Amino-9-methyl-4-(4-(trifluoromethyl)phenyl)-9 H-pyrido[2,3-b]indole-3-carbonitrile
(3ah): White solid; mp 201-203 °C; yield = 77%; R, = 0.31
(EtOAc/hexane = 25:75); 'H NMR (500 MHz, CDCl3) 6 7.87 (d, J =
7.8 Hz, 2H), 7.73 (d, J = 7.8 Hz, 2H), 7.42-7.34 (m, 2H), 7.08 — 7.02
(m, 2H), 5.33 (s, 2H), 3.85 (s, 3H) ppm; 1*C NMR (125 MHz, CDCl3)
o 158.6, 153.2, 147.8, 140.2, 139.2, 131.8, 131.5, 131.3, 129.2,
126.88-125.84 (1C, q), 121.0, 120.7, 120.3, 117.7, 109.2, 106.7, 83.6,
27.7 ppm; HRMS (ESI-TOF) m/z [M + Na]* caled for C,0H;3F3N4Na™ 389.0985, found
389.0963.
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2-Amino-4-(4-cyanophenyl)-9-methyl-9H-pyrido[2,3-b]indole-3-carbonitrile (3ai):
White solid; mp 205-207 °C; yield = 82%; R, = 0.33 (EtOAc/hexane
= 25:75); '"H NMR (500 MHz, CDCl;) ¢ 7.91 (d, J = 8.1 Hz, 2H),
7.72 (d, J = 8.1 Hz, 2H), 7.44-7.32 (m, 2H), 7.09—6.96 (m, 2H), 5.33
(s, 2H), 3.84 (s, 3H) ppm; *C NMR (125 MHz, CDCl3) ¢ 158.6,
153.2, 147.0, 140.3, 140.2, 132.8, 129.6, 126.1, 121.1, 120.5, 120.1,
118.3, 117.5, 113.6, 109.3, 106.5, 83.2, 27.7 ppm; HRMS (ESI-TOF)
m/z [M + H]" calcd for CoH4Ns* 324.1244, found 324.1263.

2-Amino-9-methyl-4-(4-nitrophenyl)-9H-pyrido[2,3-b]indole-3-carbonitrile (3aj): White
solid; mp 210-212 °C; yield = 81%; R, = 0.34 (EtOAc/hexane =
25:75); 'TH NMR (500 MHz, CDCl3) ¢ 8.48 (d, J = 8.4 Hz, 2H), 7.79
(d, J=8.4 Hz, 2H), 7.47-7.32 (m, 2H), 7.11 — 6.91 (m, 2H), 5.34 (s,
NH, 2H), 3.85 (s, 3H) ppm; *C NMR (125 MHz, CDCl;) ¢ 158.6, 153.2,
148.6, 146.7, 142.1, 140.3, 129.9, 126.2, 124.3, 121.1, 120.5, 120.1,
117.4, 109.4, 106.6, 83.2, 27.7 ppm; HRMS (ESI-TOF) m/z [M +
Na]* calcd for C9H4NsO,Na*™ 366.0961, found 366.0946.

4-([1,1'-Biphenyl]-4-yl)-2-amino-9-methyl-9H-pyrido|[2,3-b]indole-3-carbonitrile (3ak):
White solid; mp 195-197 °C; yield = 79%; R,= 0.34 (EtOAc/hexane =
25:75); '"H NMR (500 MHz, CDCl;) 6 7.83 (d, J = 8.1 Hz, 2H), 7.74
(d, J=7.4 Hz, 2H), 7.69 (d, J = 8.1 Hz, 2H), 7.51 (t, J = 7.6 Hz, 2H),
7.43-7.33 (m, 3H), 7.29 (d, J = 7.9 Hz, 1H), 7.04 (t, J = 7.3 Hz, 1H),
5.32 (s, 2H), 3.84 (s, 3H) ppm; '3C NMR (125 MHz, CDCl;) 6 158.8,
153.2, 149.4, 142.3, 140.3, 140.1, 134.3, 129.1, 128.9, 127.8, 127.5,
127.2, 125.6, 121.0, 120.9, 120.8, 118.2, 109.0, 106.9, 83.9, 27.7 ppm; HRMS (ESI-TOF)
m/z [M + Na]" calcd for C,sH gN4Na* 397.1424, found 397.1401.

2-Amino-9-methyl-4-(4-(phenylethynyl)phenyl)-9H-pyrido[2,3-b]indole-3-carbonitrile

(3al): White solid; mp 208-210 °C; yield = 75%; R, = 0.36
(EtOAc/hexane = 25:75); 'TH NMR (500 MHz, CDCl3) 6 7.77 (d, J
= 7.9 Hz, 2H), 7.60 (d, J = 7.8 Hz, 4H), 7.40 -7.36 (m, 4H), 7.34
(d, J=8.0 Hz, 1H), 7.21 (d, J = 7.9 Hz, 1H), 7.04 (t, J = 7.4 Hz,
1H), 5.32 (s, 2H), 3.84 (s, 3H) ppm; 3C NMR (125 MHz, CDCl;)
o 158.7, 153.2, 148.9, 140.1, 135.3, 132.1, 131.7, 128.7, 128.5,
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128.4, 125.7, 124.7, 123.0, 121.0, 120.9, 120.6, 117.9, 109.1, 106.7, 90.9, 88.8, 83.7, 27.7
ppm; HRMS (ESI-TOF) m/z [M + Na]" caled for for C,;H;sNsNa® 421.1424, found
421.1450.

2-Amino-4-(2,5-dimethoxyphenyl)-9-methyl-9H-pyrido|2,3-b]indole-3-carbonitrile
(3am): White solid; mp 199-201 °C; yield = 62%; R, = 0.32
(EtOAc/hexane = 25:75); 'H NMR (500 MHz, CDCl;) ¢ 7.37 -
7.31 (m, 2H), 7.10-7.05 (m, 3H), 7.05-6.99 (m, 1H), 6.94 (s, 1H),
5.24 (s, 2H), 3.83 (s, 3H), 3.79 (s, 3H), 3.73 (s, 3H) ppm; *C
NMR (125 MHz, CDCl3) 0 158.5, 153.7, 153.2, 150.6, 146.4,

Me/ 140.0, 125.4, 124.9, 121.0, 120.9, 120.8, 118.0, 116.2, 115.4,
113.0, 108.8, 107.5, 84.9, 56.3, 55.9, 32.7, 27.6 ppm; HRMS (ESI-TOF) m/z [M + Na]" calcd
for C,1H;sN4NaO," 381.1322, found 381.1346.

2-Amino-4-(4-(benzyloxy)-3-methoxyphenyl)-9-methyl-9 H-pyrido|[2,3-b]indole-3-
carbonitrile (3an): White solid; mp 180-182 °C; yield = 61%; Ry = 0.31 (EtOAc/hexane =

BnO 25:75); 'H NMR (500 MHz, CDCL3) 6 7.52-7.47 (m, 2H), 7.45-7.39
MeO O (m, 2H), 7.39-7.31 (m, 3H), 7.30-7.26 (m, 1H), 7.17-7.09 (m, 3H),
7.06-6.99 (m, 1H), 5.27 (s, 4H), 3.90 (s, 3H), 3.83 (s, 3H) ppm; 1°C

Q <N NMR (125 MHz, CDCly) & 158.8, 153.2, 149.7, 149.6, 149.2, 140.0,
N \ N~ NH, 136.8, 128.6, 128.2, 128.0, 127.5, 125.5, 121.3, 121.1, 120.9, 120.7,
: 118.3, 113.8, 112.3, 109.0, 106.9, 84.1, 71.1, 56.1, 27.6 ppm; HRMS
(ESI-TOF) m/z [M + Na]* calcd for C,;H,N4NaO," 457.1635, found 457.1612.
2-Amino-9-methyl-4-(3-nitrophenyl)-9H-pyrido[2,3-b]indole-3-carbonitrile (3a0):

NO, Light yellow solid; mp 210-212 °C; yield = 80%; R, = 0.34

O (EtOAc/hexane = 25:75); 'H NMR(500 MHz, CDCl;) ¢ 8.59-8.33 (m,

CcN 2H),7.94 (d, J=7.6 Hz, 1H), 7.82 (t, J = 7.9 Hz, 1H), 7.49-7.32 (m,

N \ N\/ NH, 2H), 7.08-6.88 (m, 2H), 5.34 (s, 2H), 3.85 (s, 3H) ppm; 3C NMR
Mé (125 MHz, CDCls) ¢ 158.3, 152.4, 147.3, 145.3, 139.1, 136.4, 134.0,

129.4, 124.8, 123.3, 122.6, 119.9, 119.1, 118.9, 116.6, 108.4, 104.9, 82.1, 26.7 ppm; HRMS
(ESI-TOF) m/z [M + H]" caled for C19HsNsO," 344.1142, found 344.1116.

S6



2-Amino-4-(2-fluorophenyl)-9-methyl-9H-pyrido|2,3-b]indole-3-carbonitrile (3ap):
White solid; mp 183-185 °C; yield = 83%; Ry = 0.36 (EtOAc/hexane
=25:75); '"HNMR (500 MHz, CDCl3) 6 7.67-7.57 (m, 1H), 7.52 (t,J
= 6.9 Hz, 1H), 7.40-7.32 (m, 4H), 7.08-7.01 (m, 2H), 5.32 (s, 2H),
3.83 (s, 3H) ppm; 13C NMR (125 MHz, CDCl;) 6 159.05 (d, J =
248.2 Hz), 158.6, 153.1, 143.1, 140.1, 131.7 (d, J = 8.0 Hz), 130.7
(d, J=2.6 Hz), 125.8, 124.7 (d, J = 3.6 Hz), 123.2 (d, J = 15.8 Hz),
121.0, 120.6, 120.5, 117.6, 116.51 (d, J = 21.3 Hz), 109.1, 107.6, 84.5, 27.6 ppm; '°F NMR
(CDCl;, 470 MHz) ¢ 113.6 ppm; HRMS (ESI-TOF) m/z [M + H]" calcd for C;oH4FN4*
317.1197, found 317.1205.

2-Amino-4-(2-chlorophenyl)-9-methyl-9H-pyrido|2,3-b]indole-3-carbonitrile aq):
White solid; mp 198-200 °C; yield = 80%; R,= 0.37 (EtOAc/hexane =
25:75); 'TH NMR (500 MHz, CDCl3) ¢ 7.65 (d, J = 8.0 Hz, 1H), 7.55—
7.43 (m, 3H), 7.40-7.31 (m, 2H), 7.03 (t, /= 7.4 Hz, 1H), 6.83 (d, J =
7.8 Hz, 1H), 5.34 (s, 2H), 3.84 (s, 3H) ppm; 13C NMR (125 MHz,
CDCly) 0 158.5, 153.1, 146.3, 140.1, 134.5, 132.6, 130.8, 130.2, 130.1,
127.4, 125.8, 121.1, 120.6, 117.4, 109.1, 107.4, 84.2, 27.7 ppm; HRMS (ESI-TOF) m/z [M +
Na]* calcd for C;oH3CINgNa*™ 355.0721, found 355.0706.

2-Amino-4-(2-bromophenyl)-9-methyl-9H-pyrido[2,3-b]indole-3-carbonitrile (3ar):
White solid; mp 205-207 °C; yield = 77%; R, = 0.37 (EtOAc/hexane =
25:75); "TH NMR (500 MHz, CDCl;) ¢ 7.83 (d, J= 8.0 Hz, 1H), 7.53 (t,
J=7.4Hz, 1H), 7.50-7.40 (m, 2H), 7.40-7.32 (m, 2H), 7.02 (t, J=7.4
Hz, 1H), 6.79 (d, J = 7.8 Hz, 1H), 5.34 (s, 2H), 3.84 (s, 3H) ppm; 13C
NMR (125 MHz, CDCl;) ¢ 158.5, 153.1, 147.8, 140.1, 136.6, 133.4,
130.9, 130.0, 128.0, 125.8, 122.0, 121.1, 120.7, 120.6, 117.4, 109.1, 107.3, 84.1, 27.7 ppm;
HRMS (ESI-TOF) m/z [M + H]" caled for C;gH4BrN4* 377.0396, found 377.0414.

2-Amino-4-(2,6-dichlorophenyl)-9-methyl-9H-pyrido[2,3-b]indole-3-carbonitrile  (3as):
White solid; mp 209-211 °C; yield = 71%; Rr = 0.36
(EtOAc/hexane = 25:75); 'H NMR (500 MHz, CDCl3) ¢ 7.56 (d, J
= 8.1 Hz, 2H), 7.51-7.43 (m, 1H), 7.41-7.31 (m, 2H), 7.04 (t, J =
7.3 Hz, 1H), 6.75 (d, J = 7.8 Hz, 1H), 5.32 (s, 2H), 3.85 (s, 3H)
ppm; 3C NMR (125 MHz, CDCl;) 6 158.6, 153.4, 143.5, 140.2,
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134.2, 133.3, 131.1, 128.6, 126.0, 121.3, 120.3, 120.1, 116.9, 109.2, 107.1, 83.8, 27.7 ppm;
HRMS (ESI-TOF) m/z [M + H]* caled for C1oH,;CLN,* 367.0512, found 367.0520.

2-Amino-9-methyl-4-(naphthalen-2-yl)-9H-pyrido[2,3-b]indole-3-carbonitrile (3at):

White solid; mp 190-192 °C; yield = 76%; Ry= 0.36 (EtOAc/hexane =

O 25:75); TH NMR (500 MHz, CDCl;) 6 8.13 (s, 1H), 8.10 (d, J = 8.1

O CN Hz, 1H), 8.01 (d, /= 7.4 Hz, 1H), 7.97 (d, /= 7.2 Hz, 1H), 7.71 (d, J

— = 8.1 Hz, 1H), 7.68-7.57 (m, 2H), 7.45-7.31 (m, 2H), 7.15 (d, J=7.4

O \ ,\1 Hz, 1H), 6.98 (d, J= 5.0 Hz, 1H), 5.37 (s, 2H), 3.88 (s, 3H) ppm; 13C

N NMR (125 MHz, CDCl;) ¢ 158.7, 153.2, 149.7, 140.1, 133.7, 133.2,

132.9, 128.7, 128.6, 128.2, 127.9, 127.1, 126.7, 126.0, 125.6, 121.0,

120.9, 120.8, 118.1, 109.0, 107.1, 84.2, 27.7 ppm; HRMS (ESI-TOF) m/z [M + H]" calcd for

Cyp3H17N4" 349.1448, found 349.1418.

2-Amino-9-methyl-4-(pyren-1-yl)-9H-pyrido[2,3-b]indole-3-carbonitrile (3au): White

solid; mp 180-182 °C; yield = 73%; R, = 0.35 (EtOAc/hexane =

25:75); 'TH NMR (500 MHz, CDCls) ¢ 8.30 (d, J= 7.6 Hz, 1H), 8.20

(d, /J=7.3 Hz, 1H), 8.17-8.10 (m, 2H), 8.10 (d, /= 7.3 Hz, 1H), 8.01

(d,J=7.7Hz, 1H), 7.97 (t, J=7.5 Hz, 1H), 7.88 (d, /= 9.1 Hz, 1H),

7.68 (d, J=9.1 Hz, 1H), 7.24 (d, J = 7.8 Hz, 1H), 7.21-7.12 (m, 2H),

6.57 (t,J=17.2 Hz, 1H), 6.15 (d, J= 7.6 Hz, 1H), 5.32 (s, 2H), 3.83 (s,

3H) ppm; 3C NMR (125 MHz, CDCl;) ¢ 158.8, 153.1, 148.6, 140.1,

132.1, 131.3, 130.9, 130.1, 128.7, 128.4, 127.4, 126.4, 126.3, 125.8, 125.7, 125.6, 125.1,

124.8, 124.7, 124.2, 121.0, 120.9, 120.7, 117.9, 108.9, 108.6, 85.6, 27.7 ppm; HRMS (ESI-
TOF) m/z [M + Na]* calcd for CoyH gN4Na*™ 445.1424, found 445.1396.

2-Amino-9-methyl-4-(pyridin-3-yl)-9H-pyrido|[2,3-b]indole-3-carbonitrile (3av): White
solid; mp 175-177 °C; yield = 78%; R,= 0.31 (EtOAc/hexane = 25:75);
'H NMR (500 MHz, CDCl3) ¢ 8.87 (d, /= 7.0 Hz, 2H), 7.97 (d, J=7.4
Hz, 1H), 7.62-7.55 (m, 1H), 7.42-7.33 (m, 2H), 7.09 (d, J = 7.6 Hz,
NHz  1H), 7.03 (t, J = 7.2 Hz, 1H), 5.33 (s, 2H), 3.85 (s, 3H) ppm; 13C NMR
(125 MHz, CDCl3) ¢ 158.7, 153.2, 150.7, 149.2, 145.6, 140.2, 136.3,
126.0, 123.7, 121.1, 120.6, 120.4, 117.6, 109.2, 107.1, 83.8, 27.7 ppm;
HRMS (ESI-TOF) m/z [M + H]* caled for CgH4Ns™ 300.1244, found 300.1238.
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2-Amino-9-methyl-4-(9-methyl-9H-carbazol-3-yl)-9H-pyrido|[2,3-b]indole-3-carbonitrile

Me

(3aw): White solid; mp 220-222 °C; yield = 66%; R, = 0.33
(EtOAc/hexane = 25:75); '"H NMR (500 MHz, CDCl;) ¢ 8.34 (s, 1H),
8.07 (d,J=7.7 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.59 (d, J = 8.4 Hz,
1H), 7.52 (t, J= 7.6 Hz, 1H), 7.46 (d, J= 8.2 Hz, 1H), 7.32 (d, J=3.9
Hz, 2H), 7.24 (t, J=3.5 Hz, 1H), 7.18 (d, /= 7.9 Hz, 1H), 6.92 — 6.88
(m, 1H), 5.29 (s, 2H), 3.95 (s, 3H), 3.84 (s, 3H) ppm; '3C NMR (125
MHz, CDCl;) ¢ 158.8, 153.2, 151.1, 141.6, 141.5, 140.0, 126.3,

125.8, 125.4, 123.0, 122.7, 121.2, 121.0, 120.9, 120.7, 120.6, 119.4, 118.6, 108.93, 108.9,
108.7, 107.3, 84.7, 29.3, 27.7 ppm; HRMS (ESI-TOF) m/z [M + HJ* calcd for CagHyNs*
402.1713, found 402.1685.

2-Amino-4-phenyl-9-propyl-9H-pyrido[2,3-b]indole-3-carbonitrile (3ba): White solid;

Ph

pu—

\
N

(

Me

CN

/
N

NH,

mp 173-175 °C; yield = 79%; R, = 0.35 (EtOAc/hexane = 25:75); 'H
NMR (500 MHz, CDCl3) ¢ 7.70-7.50 (m, 5H), 7.40-7.25 (m, 2H),
7.19-7.06 (m, 1H), 7.03—6.91 (m, 1H), 5.28 (s, 2H), 4.30 (s, 2H), 1.91
(s, 2H), 1.00 (s, 3H)ppm; '*C NMR (125 MHz, CDCl3) ¢ 158.7, 153.0,
149.7, 139.5, 135.6, 129.5, 128.9, 128.5, 125.4, 121.0, 120.9, 120.5,
118.1, 109.3, 106.8, 84.1, 43.1, 21.9, 11.6 ppm; HRMS (ESI-TOF) m/z

[M + H]" caled for C,1H 9Ny 327.1604, found 327.1619.

2-Amino-4-(2-chlorophenyl)-9-propyl-9H-pyrido|2,3-b]indole-3-carbonitrile (3bq):

White solid; mp 190-192 °C; yield = 80%; R,= 0.36 (EtOAc/hexane =
25:75); "H NMR (500 MHz, CDCl;) 6 7.65 (d, J = 8.0 Hz, 1H), 7.53 (4,
J=17.6 Hz, 1H), 7.48 (t, J= 7.4 Hz, 1H), 7.44 (d, J= 7.3 Hz, 1H), 7.35
(d, J=3.8 Hz, 2H), 7.01-6.98 (m, 1H), 6.82 (d, J = 7.8 Hz, 1H), 5.28
(s, 2H), 4.40-4.17 (m, 2H), 2.07-1.76 (m, 2H), 1.01 (t, /= 7.4 Hz, 3H)
ppm; 13C NMR (125 MHz, CDCls) 6 158.4, 152.9, 146.2, 139.5, 134.6,
132.6, 130.7, 130.2, 130.1, 127.4, 125.6, 120.8, 120.7, 117.5, 109.3,

107.3, 84.2, 43.2, 22.0, 11.6 ppm; HRMS (ESI-TOF) m/z [M + H]" calcd for C,H;3CIN,*
361.1215, found 361.1206.
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2-Amino-4-(naphthalen-1-yl)-9-propyl-9H-pyrido[2,3-b]indole-3-carbonitrile (3bx):
White solid; mp 182-184 °C; yield = 78%; R, = 0.36 (EtOAc/hexane =
25:75); 'TH NMR (500 MHz, CDCl3) ¢ 8.07 (d, J = 8.2 Hz, 1H), 7.99 (d,
J=28.2Hz, 1H), 7.66 (t,J= 7.6 Hz, 1H), 7.58 (d, /= 6.9 Hz, 1H), 7.55—
7.45 (m, 2H), 7.35-7.31 (m, 2H), 7.27-7.21 (m, 1H), 6.76 (t, J=7.5 Hz,
1H), 6.33 (d, /= 7.8 Hz, 1H), 5.31 (s, 2H), 4.54 — 4.21 (m, 2H), 2.08 —
1.81 (m, 2H), 1.04 (t, J = 7.4 Hz, 3H) ppm; 3C NMR (125 MHz,
CDCl5) 6 158.6, 152.8, 148.0, 139.5, 133.6, 133.2, 130.5, 129.7, 128.5,
126.9, 126.5, 126.4, 125.6, 125.4, 125.1, 121.1, 120.7, 120.6, 117.7, 109.2, 108.2, 85.2, 43.2,
22.0, 11.6ppm; HRMS (ESI-TOF) m/z [M + H]* caled for C,sH; N4~ 377.1761, found
377.1748.

2-Amino-9-propyl-4-(pyren-1-yl)-9H-pyrido[2,3-b]indole-3-carbonitrile (3bu): White

solid; mp 203-205 °C; yield = 71%; R, = 0.36 (EtOAc/hexane =

25:75); 'TH NMR (500 MHz, CDCl3) 6 8.36 (d, J = 7.8 Hz, 1H),

8.25 (d, J = 7.6 Hz, 1H), 8.22-8.16 (m, 2H), 8.15 (d, J = 7.5 Hz,

1H), 8.09 (d, J= 7.8 Hz, 1H), 8.02 (t, /= 7.6 Hz, 1H), 7.95 (d, J =

9.2 Hz, 1H), 7.78 (d, J= 9.1 Hz, 1H), 7.31 (d, J= 8.1 Hz, 1H), 7.23

N ONTONH 719 (m, 1H), 6.62 (t, J = 7.6 Hz, 1H), 6.23 (d, J = 7.9 Hz, 1H),

S 5.39 (s, 2H), 4.49-4.17 (m, 2H), 2.14-1.80 (m, 2H), 1.04 (t, J=7.4

Hz, 3H) ppm; *C NMR (125 MHz, CDCls) ¢ 158.8, 152.9, 148.5,

139.6, 132.1, 131.3, 131.0, 130.2, 128.7, 128.5, 128.4, 127.4, 126.4, 126.3, 125.7, 125.6,

125.4, 125.1, 124.9, 124.8, 124.3, 121.1, 120.8, 120.7, 117.9, 109.2, 108.5, 85.6, 43.2, 22.0,

11.7 ppm; HRMS (ESI-TOF) m/z caled for C;;Hp;NyNa®™ [M + NaJ* : 473.1737, found
473.1718.

Me

2-Amino-6-bromo-9-methyl-4-phenyl-9H-pyrido[2,3-b]indole-3-carbonitrile (3da):
Bh CN White solid; mp 193-195 °C; yield = 70%; R, = 0.36
=\ _NH (EtOAc/hexane = 25:75); '"H NMR (500 MHz, CDCl;) ¢ 7.64-7.59

Br / 2
\ N (m, 3H), 7.57-7.55 (m, 2H), 7.45 — 7.43 (m, 1H), 7.23-7.19 (m,
NI\\/Ie 1H), 7.18 (d, J = 8.5 Hz, 1H), 5.35 (s, 2H), 3.80 (s, 3H) ppm; 13C

NMR (125 MHz, CDCl;) ¢ 158.9, 153.2, 150.4, 138.7, 134.9, 130.0, 129.0, 128.4, 128.2,
123.5, 122.5, 117.7, 113.7, 110.4, 105.8, 84.6, 27.7 ppm; HRMS (ESI-TOF) m/z [M + H]*
calcd for CioH4BrN4* 377.0396, found 377.0414.
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2-Amino-9-benzyl-4-phenyl-9H-pyrido|2,3-b]indole-3-carbonitrile(3ca): White solid; mp

Ph CN 208-210 °C; yield = 73%; R;= 0.35 (EtOAc/hexane = 25:75); '"H NMR

\’ »—NH, (500 MHz, CDCl3) 6 7.67-7.54 (m, 5H), 7.33 — 7.20 (m, 7H), 7.14 (d,

N J=17.9 Hz, 1H), 6.97 (t, J = 7.2 Hz, 1H), 5.56 (s, 2H), 5.30 (s, 2H)

'} ppm; 3C NMR (125 MHz, CDCls) 6 158.8, 153.1, 150.0, 139.3, 136.6,

Fh 135.5, 129.6, 128.9, 128.7, 128.5, 127.6, 127.0, 125.6, 121.1, 121.0,

120.9, 118.0, 109.8, 106.8, 84.5, 45.0 ppm; HRMS (ESI-TOF) m/z [M + H]" caled for
CysH 9Ny 375.1604, found 375.1599.

2-Amino-6-chloro-9-methyl-4-phenyl-9H-pyrido|2,3-b]indole-3-carbonitrile (3ea): White

Ph CN solid; mp 189-191 °C; yield = 71%; R, = 0.36 (EtOAc/hexane =

cl \’ »—NH, 25:75); "H NMR (500 MHz, CDCl3) 8 7.66 — 7.53 (m, SH), 7.32
y N (d, J= 8.4 Hz, 1H), 7.24 (d, J = 8.7 Hz, 1H), 7.08 (s, 1H), 5.34 (s,

Me 2H), 3.82 (s, 3H) ppm; '*C NMR (125 MHz, CDCly) 6 158.9,

153.4, 150.4, 138.4, 134.9, 129.9, 129.1, 128.4, 126.2, 125.5, 121.9, 120.6, 117.7, 109.9,
106.0, 84.6, 27.7 ppm; HRMS (ESI-TOF) m/z [M + H]" caled for C;oH4CIN" 333.0902,
found 333.0888.

2-Amino-6-chloro-9-methyl-4-(4-chlorophenyl)-9H-pyrido|2,3-b]indole-3-carbonitrile
(Bef): Light yellow solid; mp 215-217 °C; yield = 75%; R, =
0.33 (EtOAc/hexane = 25:75); '"H NMR (500 MHz, CDCl;) ¢
7.64-7.57 (m, 2H), 7.56 — 7.49 (m, 2H), 7.33 (d, J = 5.7 Hz,
1H), 7.26 — 7.23 (m, 1H), 7.12 (s, 1H), 5.34 (s, 2H), 3.82 (s,
3H) ppm; *C NMR (125 MHz, CDCls) ¢ 158.9, 153.4, 148.9,
138.4, 136.1, 133.3, 129.9, 129.5, 126.4, 125.8, 121.7, 120.4,
117.6, 110.0, 105.8, 84.4, 27.8 ppm; HRMS (ESI-TOF) m/z [M
+ Na]* calcd for C;9H;,CI,N4Na* 389.0512, found 389.0306.

2-Amino-9-benzyl-4-(2-chlorophenyl)-9H-pyrido|2,3-b]indole-3-carbonitrile (3cq):
White solid; mp 185-187 °C; yield = 78%; R,= 0.37 (EtOAc/hexane =
25:75); 'TH NMR (500 MHz, CDCl;) ¢ 7.65 (d, J = 7.2 Hz, 1H), 7.53 —
7.46 (m, 3H), 7.37-7.11 (m, 7H), 7.01-6.90 (m, 1H), 6.83 (d, J = 7.0
Hz, 1H), 5.63-5.49 (m, 2H), 5.30 (s, 2H) ppm; 3C NMR (125 MHz,
Ph) CDCly) 0 158.6, 153.1, 146.5, 139.4, 136.5, 134.5, 132.6, 130.8, 130.2,

130.1, 128.8, 127.6, 127.4, 127.1, 125.8, 121.2, 120.8, 120.7, 117.3,

S11



109.9, 107.4, 84.7, 45.0 ppm; HRMS (ESI-TOF) m/z [M + H]" calcd for C,sH;gCIN4*
409.1215, found 409.1210.

2-Amino-9-benzyl-4-(naphthalen-1-yl)-9H-pyrido[2,3-b]indole-3-carbonitrile (3¢ex):
White solid; mp 199-201 °C; yield = 72%; Ry= 0.36 (EtOAc/hexane =
25:75); '"H NMR (500 MHz, CDCl;) ¢ 8.07 (d, J = 8.0 Hz, 1H), 8.00
(d, J=7.9 Hz, 1H), 7.67 (t, J = 7.5 Hz, 1H), 7.61 (d, J = 6.8 Hz, 1H),
7.52 (t, J=17.5 Hz, 2H), 7.38-7.31 (m, 5H), 7.29 — 7.25 (m, 1H), 7.22
(d, J=7.8 Hz, 1H), 7.17 (t, J= 7.5 Hz, 1H), 6.75 (t, J = 7.3 Hz, 1H),
6.34 (d, J = 7.7 Hz, 1H), 5.65-5.54 (m, 2H), 5.34 (s, 2H) ppm; 13C
NMR (125 MHz, CDCl;) ¢ 158.8, 152.9, 148.3, 139.3, 136.6, 133.6,
133.1, 130.4, 129.8, 128.8, 128.6, 127.6, 127.1, 127.0, 126.5, 126.4, 125.5, 125.0, 121.1,
121.0, 120.9, 117.6, 109.7, 108.2, 85.7, 45.1ppm; HRMS (ESI-TOF) m/z [M + H]" calcd for
CyoH2 N4 425.1761, found 425.1786.

2-Amino-6-methoxy-9-methyl-4-phenyl-9H-pyrido[2,3-b]indole-3-carbonitrile (3fa):
White solid; mp 194-196 °C; yield = 76%; R, = 0.33

Ph. CN
_ (EtOAc/hexane = 25:75); '"H NMR (500 MHz, CDCl;) 6 7.71—
NH
MeO \ ,\1 2 749 (m, 5H), 7.20 (d, J = 8.7 Hz, 1H), 6.97 (d, J = 8.6 Hz, 1H),
N 6.63 (s, 1H), 5.33 (s, 2H), 3.77 (s, 3H), 3.61 (s, 3H) ppm; '3C
Me

NMR (125 MHz, CDCl;) o 158.6, 154.5, 153.2, 149.8, 135.3,
134.7, 129.6, 128.8, 128.6, 121.3, 118.1, 113.4, 109.5, 106.8, 105.0, 83.6, 55.6, 27.7 ppm;
HRMS (ESI-TOF) m/z [M + Na]* caled for C,0H,N4NaO* 351.1216, found 351.1202.

2-Amino-4-(4-chlorophenyl)-9H-pyrido[2,3-b]indole-3-carbonitrile (3if): Yellow solid;
mp 203-205 °C; yield = 83%; Ry = 0.31 (EtOAc/hexane = 25:75);
'"H NMR (500 MHz, DMSO-d¢) ¢ 10.98 (s, 1H), 8.10-9.99 (m,
1H), 7.81 — 7.64 (m, 4H), 7.54-7.38 (m, 2H), 7.27-7.08 (m, 1H),
6.43 (s, 2H) ppm; 3C NMR (125 MHz, DMSO-dy) 6 156.5, 143.6,
143.5, 136.4, 134.8, 132.8, 131.6, 129.5, 129.2, 124.7, 121.4,
120.6, 119.8, 118.0, 112.7, 87.4 ppm; HRMS (ESI-TOF) m/z [M +
Na]* calcd for CgH;1CINyNa*™ 341.0564, found 341.0547.

2-Amino-4-phenyl-5H-indeno[1,2-b|pyridine-3-carbonitrile(3ga): White solid; mp 191-

NH, 193 °C; yield = 76%; R, = 0.36 (EtOAc/hexane = 15:85); 'H NMR (500
N~ | eN MHz, CDCIs) ¢ 8.02 (d, J = 6.8 Hz, 1H), 7.58-7.48 (m, 6H), 7.48-7.42
NS

Ph
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(m, 2H), 5.49 (s, 2H), 3.71 (s, 2H) ppm; *C NMR (125 MHz, CDCl;) 6 162.9, 160.9, 150.4,
145.8, 139.6, 135.6, 130.0, 129.5, 128.8, 128.4, 127.5, 125.2, 125.1, 121.9, 117.5, 88.0, 33.7
ppm; HRMS (ESI-TOF) m/z [M + H]" calcd for CoH4N3™ 284.1182, found 284.1179.

2-Amino-4-(4-(phenylethynyl)phenyl)-SH-indeno[1,2-b]pyridine-3-carbonitrile(3gl):
Light yellow solid; mp 195-197 °C; yield = 72%; R, =
0.36 (EtOAc/hexane = 15:85); 'H NMR (500 MHz,
CDCl) ¢ 8.10-8.01 (m, 1H), 7.71 (d, J = 7.9 Hz, 2H),
7.60-7.50 (m, SH), 7.49 — 7.43 (m, 2H), 7.40 -7.30 (m,
3H), 5.50 (s, 2H), 3.74 (s, 2H) ppm; '3C NMR (125
MHz, CDCls) 6 160.7, 149.8, 145.8, 139.4, 135.1, 132.0,
131.7, 130.2, 128.6, 128.5, 128.4, 127.6, 125.2, 125.1, 124.8, 122.9, 122.1, 117.3, 91.1, 88.6,
87.7, 33.7 ppm; HRMS (ESI-TOF) m/z [M + H]" calcd for C,;H gN;* 384.1495, found
384.1523.

2-Amino-4-phenylbenzofuro[3,2-b]pyridine-3-carbonitrile(3ha):> White solid; mp 201-

NH, o 203 °C; yield = 75%; Ry = 0.34 (EtOAc/hexane = 25:75); 'H NMR (500

N\/ | MHz, CDCl;) ¢ 8.12 (d, J = 6.3 Hz, 1H), 7.83 — 7.78 (m, 2H), 7.66 —
Ph

0 7.48 (m, 5H), 7.42 (d, J= 5.1 Hz, 1H), 5.37 (s, 2H) ppm; 3C NMR (125

MHz, CDCl3) 6 159.1, 158.0, 146.1, 144.2, 141.0, 130.9, 130.7, 130.4,
129.6, 128.9, 123.7, 122.2, 122.0, 117.1, 112.5, 88.3 ppm; HRMS (ESI-TOF) m/z [M + HJ*
caled for CisH,,N;0* 286.0975, found 286.0998.

5-(4-Chlorophenyl)-10-methyl-10H-pyrimido[5’,4’:5,6]pyrido[2,3-b]indol-4-amine (S5af):
Yellow solid; mp 260-262 °C; yield = 91%; R,= 0.35 (EtOAc/hexane =
80:20); "H NMR (500 MHz, CDCl;) 6 8.64 (s, 1H), 8.21 (d, J=13.0 Hz,
2H), 7.71 (d, J = 8.1 Hz, 1H), 7.52 (dd, J = 18.4, 7.9 Hz, 2H), 7.41 (d, J
= 8.1 Hz, 1H), 7.03 (t, J= 7.6 Hz, 1H), 6.61 (d, /= 7.8 Hz, 1H), 5.70 (s,
2H), 3.98 (s, 3H) ppm; *C NMR (125 MHz, CDCl;) ¢ 162.9, 158.2,
157.3, 154.5, 142.6, 140.5, 136.2, 135.7, 130.6, 129.5, 128.3, 122.4,
121.0, 120.2, 116.7, 109.3, 102.1, 27.8 ppm; HRMS (ESI-TOF) m/z [M+H]" calcd for
Cy0H15CIN5s™ 360.1010, found 360.1040.

S13



The relative quantum yield was evaluated by employing the following equation:
o= (DS- I/IS ODS / OD. 112/1]52

where, @ is the quantum yield, I is the integrated intensity at a specified wavelength, OD is
the optical density at the same excitation wavelength and n is the refractive index of the
solvent used for dissolution. The subscript S refers to the standard quinine sulfate (® = 0.54
in 0.1M H,SOy,).
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€1SSPST
L¥99°8ST

CN

Ph

/
\ N
N

NH,

Me 3fa

3C NMR (125 MHz, CDCly)

MeO

180 170 160 150 140 130 120 110 100
f1 (ppm)
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€086'€ —

1869°'G —

1£09°9~
9/
66397
9505/
5925/
67bS'L
€20L'L
TN

9961°8
gzzes

€0v9'8 —

9961'8
922T'8\.

78 7.6 74 72 70 68 66
f1 (ppm)

8.0

8.2

"H NMR (500 MHz, CDCl3)

Loo'e

[z

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

YSL8°LT—

13 C NMR (125 MHz, CDCly)

L0PT20T —

§o1-601

0167°021

88_:%
b96E T —
1266871
1585671 —
se19°0e7T/
L6651 f
g
/8501 \

0759°CvT

665051~
€05€°£ST —
62851/
L16679T

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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6LTy9—

oww:
9e8T'L >
655k L
68¢L' L~
€608

Nomo.wv

6086'0T —

Cl

H NMR (500 MHz, DMSO-dg)

6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

11.0 10.5 10.0

11.5

8EH' (18—

654711
£100°8TT
8718'611
£665°0C1
8y8y'121
SOTL YT
SSLTLT
18£5'60T -
msﬁm&
bhO8'ZET
£798'bET \
6+85'9€T
eSS EHT
££99°€pT

6655°9ST —

Cl

3i

13C NMR (125 MHz, DMSO-dg)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190
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Intens. m chem ss-rl-3-139-c-1_RC3_01_22987.d: +MS, 0.1min #5
1+ Ph CN
S T detected by HRMS) HRMS
6000 | \ (detected by
\“ \ NH (ESI-TOF, m/z): Calculated for
|| N~ N 2| C1oH14NyNa*[M + Na]*:
4000 “‘ Mé 3aa 321.1111, found 321.1131.
|
2000- I "
[ 322.1172
| I 1+ 324.2167
" A | ".\ ) 323.1153 f\,\
" 3205 3210 3215 3220 3225 3230 3235 3240 3245  mfz
Intenséi H chem S5-RL-3-153_RC7_01_10638.d: +MS, 0.3min #17
x10
1.0 3351.-:266 (detected by HRMS) HRMS (ESI-
1 TOF, m/z): Calculated for
081 CyoH¢NyNa* [M + Na]*: 335.1267,
| found 335.1266.
0.6 |
0.4 | I
| | | 1Me 3ab
‘ 336.1290
0.2
| ‘ 1+
00 | \ 337.1320
' 334 335 33 337 38 339 mz
Intens. m chemn ss-rl-3-159_RC2_01_5627.d: +MS, 0.2min #11
x104 | MeQ
1+ detected by HRMS) HRMS (ESI-TOF,
0.8 351.1202 Y
' | O m/z): Calculated for C,0H;(N,NaO* [M
+Na]*: 351.1216, found 351.1202.
0.6 CN
O \_ 7 ~nH,
0.4 l?l N
Me 3ac 1+
0.2 352.1219
0.0 : : : : : : : : :
350.75 351,00 351.25 351.50 351.75 352.00 352,25 352.50 m/z
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Intens. ] m chem ss-rl-3-157_RCL_01_5626.d: +MS, 0.9min #54
2500
1 MeS
1 367.0962 (detected by HRMS) HRMS (ESI-TOF,
2000 O m/z): Calculated for C,0H;sN,NaS* [M
CN + Na]": 367.0988, found 367.0962.
1500 —
] O \ P —nH,
1000 N N
] Mé 3ad
500 368.0957
oE 368.2537
366.8 367.0 367.2 367.4 367.6 367.8 368.0 3682 3684 3686 m/z
Intens. h chem ss-rl-3-155_RE1_01_5812.d: +MS, 0.1min #6
x10% R
1+
317.1205 O (detected by HRMS) HRMS
1004 (ESI-TOF, m/z): Calculated for
— N CioH14sFNg™ [M +H]™:
0751 \ 317.1197, found 317.1205.
/" ~NH,
N N
0.50 | b 3ae
1+
0.25 318._1212
1+
0.00 g
315 316 317 318 319 320 321 m/z
Intens. h chem ss-rl-2-146_RD6_01_6431.d: +MS, 0.2min #12
25001 5
333.0888 (detected by HRMS) HRMS (ESI-
20001 TOF, m/z): Calculated  for
CioH4CINS® [M + HJ* : 333.0902,
1500 | found 333.0888.
1000 ‘
335.0881
1+
- | 334.0026
336.0921
3325 333.0 333.5 334.0 334.5 335.0 335.5 336.0 336.5 myz
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Intens. | m chem ss-rl-3-174_RC7_01_2773.d: +MS, 0.1min #8
] 37715414 B (detected by HRMS) HRMS
000 ' (ESI-TOF, m/z): Calculated
for C19H14BI'N4+ [M + I‘I]Jr :
3000 CN 377.0396, found 377.0414.
2000 O \ N/ NH;
N
Mé 3ag 1+
1000 378.0450
377.2074
0 : : : : : : :
376.8 377.0 377.2 377.4 377.6 377.8 378.0 m/z
Intens. m chem ss—rl-3-171_GB2_01_5662.d: +MS, 0.1min #6
FsC
15001 e (detected by HRMS) HRMS
(ESI-TOF, m/z): Calculated
CN for C20H13F3N4Na* [M + Na]*
1000 O = : 389.0985, found 389.0963.
\ N/ NH,
N
500- Me  3ah
390.0986
388.1545
0l N S S— — — ‘ —— 2 ‘
388.25 388.50 388.75 389.00 389.25 389.50 389.75 390.00 390.25 m/z
IntEnS.: h chem ss-rl-3-170_RE2_01_5813.d: +MS, 0.1min #7
1 1+
1250 3241263
] (detected by HRMS) HRMS
10001 (ESI-TOF, m/z): Calculated
; for (:20H14N5Jr [M + H]Jr .
7501 324.1244, found 324.1263.
500 14
] 325.1378
250; 1+
] 326.1568
01— : - ‘ : : : : . :
324.00 324.25 324.50 32475 325.00 325.25 325.50 325.75 326.00 m/z
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Intens-r;; HRMS PDF FILE\H chem SS-RL-3-175_RC6_01_10637.d - Copy: +MS, 0.3min #18
x10- ]
p 1+
] 366.0946 (detected by HRMS) HRMS (ESI-TOF,
3] m/z): Calculated for C;9H3NsNaO," [M
45 + Na]*: 366.0961, found 366.0946.
31
2;
1 1+
5 367.0967
1_
1 1+
. 364.1523 365.1554 368.1017
362 363 364 365 366 367 368 369 370 m/z
Intens. | Ph m chem ss-rl-3-154_RB8_01_5625.d: +MS, 0.2min #13
5000+
397.1401 O
4000 (detected by HRMS) HRMS
] e (ESI-TOF, m/z): Calculated
3000 O \ J~NH for C25H18N4Na+ [M + Na]+ .
] N N 2| 397.1424, found 397.1401.
2000 Me  3ak
] 398.1431
1000
0: 395.2127 396.0916 399.1568 400.1642 401.2564 4p2.1984 403.1494 404.1738
394 395 396 397 398 399 400 401 402 403 404 m/z
Intens. ] m chem ss-rl-3-199_BD8_01_5752.d: +MS, 0.3min #18
5000 ] (detected by HRMS) HRMS 511458
1 (ESI-TOF, m/z): Calculated
40005 for C27H18N4Na+ [M + Na]* .
1 421.1424, found 421.1450.
3000
2000 420.7404
1 420.1409
1 422.1512 \
1000 /\ Me 3al
] 419.0751 423.6692
1 419.5808
olad o~ o ab & i N T - .
418 419 420 421 422 423 424 m/z
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Intens. ]

h chem ss-rl-3-143_RC1_01_23361.d: +MS, 0.1min #4

250 sl Meo O .| (@etected by HRMS) HRMS (ESL-TOF.
] ® | m/z): Calculated for C,;H,;sN,NaO," [M
1000 O N | +Na]*: 381.1322, found 381.1346.
: \ J—nH
4 2
750 N N
] Me 3am
500 ] s
] 382.1388
250
1 1+
0: 380.3061 383.1339
3800 3805 381.0 3815 382.0 3825 3830 3835  m/z
Intens. 4 m chem ss-rl-3-145_RB6_01_5623.d: +MS, 0.3min #19
x10H]
j Az s ad (detected by HRMS) HRMS (ESI-TOF,
15] m/z): Calculated for C,;H»,N4NaO,* [M +
1 Na]*:457.1635, found 457.1612.
1.0
1+
0.5: 458.1653
1 1+ 1+
1 459.1708 460.2190
457.0 457.5 458.0 458.5 459.0 459.5 460.0 460.5 461.0 4615  m/z
Intens. H chem SS-RL-3-144_RC6_01_10637.d: +MS, 0.3min #18
x10°
1+
0.8 344.1116 (detected by HRMS) HRMS (ESI-
TOF, m/z): Calculated for
0.6 C19H14N502+ [M + H]+ :344.1 142,
found 344.1116.
0.4-
1+
0.2 345.1152
1+
0.0 342.5753 343.4607 346.1046 347.1246
R 344 345 346 347 m/z
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Intens. ] h chem ss-rl-3-148 RE1 01 5812.d: +MS, 0.1min #7
x104
1.25- 1+
317.1205 (detected by HRMS) HRMS (ESI-TOF,
it} m/z): Calculated for C;oH4FN," [M + HJ*
' :317.1197, found 317.1205.
0.75-
Mé 3ap
1+
0.50 339.1034
0.257 ’ 357.1124
0.00 ‘ 051574 . ! i |1| \3‘6.2[?274 380';1.294. . . ‘ L,
300 320 340 360 380 400 m/z
Intens. | h chem ss-rl-2-156_RD6_01_6431.d: +MS, 0.3min #16
2000 (detected by HRMS) HRMS (ESI-TOF,
1 355.9706 Cl m/Z): Calculated for C19H|3C1N4N.':1Jr
1500 CN [M + Na]*:355.0721, found 355.0706
O \ N/ NH,
1000+ N
1 Me 3aq
357.0707
5001 356.0785
0l : : .| : i ‘
354.5 355.0 355.5 356.0 356.5 357.0 m/z
Intens. { m chem ss-rl-3-150_RC7_01_2773.d: +MS, 0.1min #5
—_— 37715414 (detected by HRMS)
] 5 1+
HRMS (ESI-TOF, .-
4000 m/z): Calculated for
CioHi4BrNy" [M +
3000 H]:377.0396,
NH, found 377.0414.
2000 ,
1
Me 3ar 378.5444
1000 377.2115
378.2177
0 ; : . ‘ ; .
377.0 377.5 378.0 378.5 379.0 379.5 m/z
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Intens. | HRMS PDF FILE\H chem $S-RL-3-172_RC4_01_10635.d - Copy: +MS, 0.9min #55
3000
] Cl
2500+ Cl CN
2000] O o (detected by HRMS) HRMS
] 367.0520 N N NH, (ESI-TOF, m/z): Calculated
1500{ M, 3as for C19H13C12N4+ [M + H]+ .
| © 367.0512, found 367.0520.
1000
5005 367.3437
] 367.5576
LS e e e ., aiipc
367.0 367.1 367.2 367.3 367.4 367.5 367.6 367.7 367.8 m/z
Intens. | h chem ss-rl-3-173_BE1_01_6052.d: +MS, 0.3min #15
1500j O 349.1418
\ (detected by HRMS) HRMS (ESI-
] TOF, m/z): Calculated for
10004 CN C23H17N4+ [M + H]+ . 3491448,
1 O = \ found 349.1418.
\ NH, [ 1)
. N |
500 N / \
1 Me 3at |
R | | I
348.4 348.6 348.8 349.0 349.2 349.4 349.6 349.8 m/z
Intens. m chem ss-rl-3-162_RC3_01_5628.d: +MS, 0.4min #23
X104 O
] A4 508 O (detected by HRMS) HRMS
- (ESI-TOF, m/z): Calculated
0.8 for C29H18N4Na+ [M + NEI]Jr .
’ CN 445.1424, found 445.1396.
0.61 =
O \ N/ NH,
0.4 N 446.1407
Me a
0.2
447.1454
0.0 ‘ : : : : ‘ : ’ .
444.0 444.5 445.0 4455 446.0 446.5 447.0 447.5 4480 m/z

562



Intens. . =N m chem ss-rl-3-163_RC4_01_5629.d: +MS, 0.2min #9
x10%
\_
0.8 300.1238 cN
— (detected by HRMS) HRMS
\ (ESI-TOF, m/z): Calculated
0.6 N NH, for CisH4Ns* [M + HJ* :
I 300.1244, found 300.1238.
Me 3av
0.4
301.1274
0.2
302.1251
300.0 300.5 301.0 301.5 302.0 302.5 m/z
Intens. h chem ss-rl-3-216_BEZ2_01_6053.d: +Ms, 0.5min #28
1200
10004 10265 (detected by HRMS) HRMS
(ESI-TOF, m/z): Calculated
800+ for CzéHzoNs+ [M + H]Jr .
402.1713, found 402.1685.
6001
e 3N NH,
400 203.1689
200
/ 404.1721
0 : ; . i : :
402 403 404 405 406 m/z
Intens. m chem ss-rl-3-182_BE1_01_5753.d: +MS, 0.2min #13
x10%
O 327.1619
L5 (detected by HRMS) HRMS
— CN (ESI-TOF, m/z): Calculated
1.0 O \ for C;HioNg" [M + HJ' :
] N NH, 327.1604, found 327.1619.
i \) 3ba
0.0 : : : : : . ’ :
327.05 327.10 327.15 327.20 327.25 327.30 327.35 327.40 m/z
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Intens. | h chem ss-rl-3-183_RC8_01_5987.d: +MS, 0.2min #11
(detected by HRMS) HRMS
3000 ] O o SeLLane (ESI-TOF, m/z): Calculated
1 CN for ClelgCH\uJr [M + H]+ .
= 361.1215, found 361.1206.
2000 O \ NH,
4 N N
] \/, 3bq
1000
1 383.1031
328.1445 343.1130 ” 373.1858 4011235
ﬂil i iniw . ‘ounllu‘. i ll.\: |H 4 Il.A L I)\‘Il Y Y 42]"'1839 ?33]2.257
320 340 360 380 400 420 myz
Intens. h chem ss-rl-3-254_BA2_01_6188.d: +MS, 0.1min #6
1500
1+
12501 377.1748
O (detected by HRMS) HRMS
1000 oN (ESI-TOF, m/z): Calculated
— for (125H2]N4Jr [M + H]Jr :
& O \ 377.1761, found 377.1748.
N NH,
500 N
\/, 3bx
2501
399.1538
g 365.0999 3722426 | ! i 383.1198 391]2379 g |
355 360 365 370 375 380 385 30 395 400 m/z
Intens. m chem ss-rl-3-230_BC7_01_5912.d: +MS, 1.7min #104
4000
1+
473.1718
(detected by HRMS) HRMS
SLily (ESI-TOF, m/z): Calculated
for C31H221\I41\12fr [M + Na]*
2000 _ CN :473.1737, found 473.1718.
1+
\ //~NH, 474.1714
N
1000+ N
\/’ 3bu 1+
475.1744 1+ 476.9033
0 . 476.2200
472 473 474 475 476 477 m/z
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Intens.

1500
1000

500

Ph

N

k 3ca

Ph

CN

NH,

h chem ss-rl-2-243_RD4_01_6429.d: +MS, 0.7min #44

(detected by HRMS) HRMS (ESI-TOF,
m/z): Calculated for C,sHoN," [M + HJ*
: 375.1604, found 375.1599

389.3023

397.1514  400.1490
A A

380

390 395 400 m/z

Intens. ]

2500
2000
1500
10002

500

0l

335.0881

336.0921

h chem ss-rl-2-244_RD6_01_6431.d: +MS, 0.2min #12

(detected by HRMS) HRMS
(ESI-TOF, m/z): Calculated
for (:|9H14(:1N4Jr [M + H]Jr .
333.0902, found 333.0888.

341.2640
339.1743

338.1860 340.1828

336
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Intens. h chem ss-rl-2-245_RD5_01_6430.d: +MS, 0.2min #13
1+ O Cl
3000 | A0 CN (detected by HRMS) HRMS
=\ (ESI-TOF, m/z): Calculated
N\ ,\/‘ 2 for C25H18C:1N44r [M + I‘I]+ .
20001 409.1215, found 409.1210.
N
3cq
1+ Ph
10001 411.1180
431.1051
AagpLoe 4331026
ol .| La . s e Lol oy 2™
405 410 415 420 425 430 435 m/z
Intens. m chem ss-rl-3-258_BA3_01_6038.d: +MS, 0.5min #30
425.1786
1500 (detected by HRMS) HRMS
(ESI-TOF, m/z): Calculated
] for C29I‘121N4+ [M + H]Jr .
1000+ 425.1761, found 425.1786.
426.1860
500
427.1900
5 4223249 429.0630
421 422 423 424 425 426 427 428 429 m/z
Intens. m chem ss-rl-3-258_RC2_01_5627.d: +MS, 0.2min #13
5000 MeO, P CN 1+
= 351:1203 (detected by HRMS) HRMS
\  ~nH, (ESI-TOF, m/z): Calculated
6000+ I,\l N for C20H1(,N4Na0+ [M+H]+
Me s :351.1216, found 351.1202.
a
4000
| 1+
2000 ‘ 352.1222
\
6 347.1103 349}1755 “ /\ “[\ 354.0805 360.1312 |
346 348 350 352 354 356 358 360  m/z

S66




Intensﬁi’ m chem ss-rl-3-203_RD5_01_2806.d: +MS, 0.1min #6
x10
1+ NH,
286.0998 CN
1.5 NZ (detected by HRMS) HRMS
™ o (ESI-TOF, m/z): Calculated
for C:181‘1121\13O+ [M + I‘I:rr .
1.0 286.0975, found 286.0998.
3ga
1+
305.0878
E 1+
0:s it 4421246 1t
464.1077
364.1594
391.2763 5061132 ¢35 nosg
0.0 ‘ , ‘ . | et - :
250 300 350 400 450 500 550m/z
Intens. | m chem ss-rl-3-200_RD1_01_2800.d: +MS, 0.1min #5
x104
1.5 NH, 1+
384.1523
] (detected by HRMS) HRMS (ESI-TOF, m/z):
107 Calculated for Co;H;gNs* [M + H]": 384.1495,
found 384.1523.
0.5
1+ 1+
331.2766 406.1344 5071;317
J ‘ 349.1861 430.9124 h L — |
0.0 H‘Inll SYPTTIPOUT ERTOROOEL [ TGP |l‘LnJ ik ul‘ll 1 ‘I‘ill J..:Mi |n\ll‘ cherptli i “\.. .‘Ju m‘...;\ RTIISTIR AR CPTTO0 (1 " ]
300 325 350 375 400 425 450 475 500 525 m/z
Intens. | m chem ss-rl-3-203_RD5_01_2806.d: +MS, 0.1min #6
x10%
1+ NH;
286.0998 CN
15 NZ (detected by HRMS) HRMS
U (ESI-TOF, m/z): Calculated
O O for C,sH,,N;O*  [M + H]* :
1.0 0 286.0975, found 286.0998.
n 3ha
305.0878
i 1+
0:s 1% 4421246 1t
464.1077
364.1594
- 391.2763 5061132 ¢35 1059
250 300 350 400 450 " 500 550my/z
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Intens. m chem ss-rl-3-231_RC7_01_2406.d: +MS, 0.2min #12
x10%1
| 1+
3 360.1040
(detected by HRMS) HRMS
2] (ESI-TOF, m/z): Calculated
1 14 for CyoH,;5CINs* [M + H]":
| 362.1049 360.1010, found 360.1040.
1_
n ‘ 382.0855
0 : Aﬁ' A ; : z : ’l I .
355 360 365 370 375 380 385 m/z
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