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General experimental information

All the reactions were carried out under nitrogen atmosphere in a 25 mL two-necked round-
bottom flask with magnetic stirring. Quinoxalin-2(H)-one derivatives were synthesized
according to literature procedure.! Merck precoated silica gel plates (Art. 5554) with a
fluorescent indicator were used for analytical thin layer chromatography (TLC). Visualization
was done under a UV lamp (254 nm). Melting points were determined with micro-cover
glasses on a Fisher-Johns apparatus and are uncorrected. "H NMR and '*C NMR spectra were
recorded on Varian VNS or DPX (600 or 300 MHz and 150 or 75 MHz, respectively)
spectrometers in CDCl;. Chemical shifts for protons were reported as parts per million in &
scale using solvent residual peak (CHCls: 7.24 ppm or DMSO-ds: 2.50 ppm) as internal
standard. Chemical shifts of 13C NMR spectra were reported in ppm from the central peak of
CDClI; (77.00 ppm) or DMSO-d; (39.50 ppm) on the J scale. Data are represented as follows:
chemical shift, integration, multiplicity (s = singlet, d = doublet, dd = double of doublet, t =
triplet, ¢ = quartet, td = triplet of doublet, sept = septet, m = multiplet or overlap of non-
equivalent resonances), and coupling constant (J in Hz). IR spectra were recorded on a
PerkinElmer Spectrum Two™ IR spectrometer with frequencies expressed in cm™!. High-
resolution mass spectrometry (HRMS) were obtained with a JEOL JMS-700 spectrometer at
the Korea Basic Science Institute. X-ray diffraction (XRD) was performed using powdered
samples on a PANalytical X'PertPRO MPD (operating at 40 kV and 30 mA with Cu Ka as
the X-ray source (A=1.5406A) over the 20 angle range, 20° to 80°, and a scanning rate of

1.2°/min.

General procedure for the 3-arylation of quinoxalin-2(H)-ones

A mixture of quinoxalin-2(H)-one (1.0 mmol), Pd(TFA), (33 mg, 10 mol %) and Ag,0 (346
mg, 1.5 mmol) in arene (3.0 mL), taken in a 25mL two-necked round-bottom flask was
sealed and stirred at 110 °C for 20 h under nitrogen atmosphere. After completion of the
reaction, as monitored by TLC, solvent was evaporated in vacuum, and the residue was
subjected to column chromatography using ethyl acetate in hexanes as the eluent to afford

pure 3-aryl-quinoxalin-2(H)-one derivatives (3, 4, 5 and 7).
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Spectroscopic data of synthesized compounds

1-Methyl-3-phenylquinoxalin-2(1H)-one (3a): The compound was prepared according to
the general procedure. Yield: 75% (177 mg); Appearance: Light yellow
NI© crystalline solid; Mp: 133-135 °C; '"H NMR (600 MHz, CDCls): ¢ 8.31-
©:N o) 8.29 (2H, m), 7.91 (1H, dd, /="7.8, 1.2 Hz), 7.51 (1H, td, /= 7.2, 1.2 Hz),
7.47-7.45 (3H, m), 7.32 (1H, td, J = 7.8, 1.2 Hz), 7.27 (1H, dd, J = 8.4,

1.2 Hz), 3.71 (3H, s); 3C NMR (150 MHz, CDCl3): ¢ 154.6, 153.9, 135.9, 133.2, 132.9,
130.3, 130.2, 130.1, 129.5, 127.9, 123.6, 113.5, 29.2; IR: 1644, 1573, 1492, 1463, 1297, 1236,

1059, 948 cm™!; HRMS m/z (M*) caled for CsH{,N,O: 236.0950, Found: 236.0952.
1-Methyl-3-(p-tolyl)quinoxalin-2(1H)-one and 1-Methyl-3-(o-tolyl)quinoxalin-2(1H)-one

(3b): The compound was prepared according to the general procedure. The product was

HaC obtained as a regioisomeric mixture. The isomeric ratio was found to be
NI© 5:1 (p:0) as per NMR. Combined yield: 78% (195 mg); Appearance:
@EN o Light yellow crystalline solid; '"H NMR (300 MHz, CDCl;): ¢ 8.23 (2H, d,
| J=28.1Hz),7.92 (1H, d, J = 8.1 Hz), 7.55 (1H, t, J = 7.2 Hz), 7.38-7.25
(4H, m), 3.76 (3H, s), 2.41 (3H, s); 3C NMR (75 MHz, CDCl;): 6 154.8, 154.0, 140.6, 133.3,
133.3, 133.1, 130.3, 130.0, 129.5, 128.8, 123.6, 113.5, 29.3, 21.5; IR: 1629, 1590, 1462, 1290,
1230, 1180, 953 cm™'; HRMS m/z (M*) calcd for C14H4N,0: 250.1106, Found: 250.1103.
3-(4-Isopropylphenyl)-1-methylquinoxalin-2(1H)-one (3¢): The compound was prepared

according to the general procedure. Yield: 75% (208 mg); Appearance:
Np Yellow liquid; '"H NMR (600 MHz, CDCl): 6 8.22 (2H, d, J = 8.4 Hz),
@[ ) 791 (1H, d, J= 7.8 Hz), 7.53 (1H, t, J = 7.8 Hz), 7.53-7.29 (4H, m),
i 3.74 (3H, s), 2.96 (1H, sept, J = 6.6 Hz), 1.27 (6H, d, J= 7.2 Hz); 13C
NMR (150 MHz, CDCls): 6 154.7, 154.1, 151.4, 133.6, 133.2, 133.1, 130.3, 130.0, 129.5,

126.2, 123.6, 113.4, 34.1, 29.2, 23.8; IR: 1639, 1578, 1462, 1292, 1232, 841, 755 cm};
HRMS m/z (M") calcd for CgH;3sN,0: 278.1419, Found: 278.1422

3-(4-Methoxyphenyl)-1-methylquinoxalin-2(1H)-one (3d): The compound was prepared

o according to the general procedure. Yield: 80% (213 mg); Appearance:

N Light yellow crystalline solid; Mp: 128-130 °C; 'H NMR (600 MHz,
@ENIO()/ CDCl): 6 8.38 (2H, d, J= 7.8 Hz), 7.91 (1H, d, J= 7.8 Hz), 7.52 (1H,
t,J="7.8 Hz), 7.34 (1H, t, J = 7.2 Hz), 7.30 (1H, d, J = 8.4 Hz), 6.98
(2H, d, J= 7.8 Hz), 3.86 (3H, s), 3.75 (3H, s); *C NMR (150 MHz, CDCl;): 6 161.5, 154.8,
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153.2, 133.1, 133.0, 131.4, 130.1, 129.8, 128.6, 123.7, 113.5, 55.4, 29.3; IR: 1630, 1604,

1571, 1504, 1461, 1244, 1171, 1033 cm™'; HRMS m/z (M*) calcd for C¢H4N,0,: 266.1055,
Found: 266.1053.

3-(2,5-Dimethylphenyl)-1-methylquinoxalin-2(1H)-one (3e): The compound was prepared

according to the general procedure. Yield: 67% (177 mg); Appearance:

Light yellow crystalline solid; Mp: 135-137 °C; 'H NMR (600 MHz,

@:N\E@\ CDCly): 0 791 (1H, dd, J = 8.4, 1.2 Hz), 7.58 (1H, t, J = 8.4 Hz), 7.37-

' ° 7.34 (2H, m), 7.24 (1H, s), 7.17-7.13 (2H, m), 3.74 (3H, s), 2.33 (3H, s),

2.27 (3H, s); BC NMR (150 MHz, CDCl;): 0 158.6, 154.4, 135.9, 134.9, 133.5, 133.4, 132.8,

130.3, 130.3, 130.0, 129.4, 123.6, 113.6, 29.2, 20.8, 19.3; IR: 1646, 1599, 1462, 1305, 809,
759 cm™!; HRMS m/z (M*) caled for C7H ¢N,O: 264.1263, Found: 264.1260.

3-(2,4-Dimethoxyphenyl)-1-methylquinoxalin-2(1H)-one (3f): The compound was

o o prepared according to the general procedure. Yield: 83% (246 mg);

N Appearance: Yellow crystalline solid; Mp: 175-177 °C; 'H NMR
@Ng (300 MHz, CDCl;): 0 7.91 (1H, d, J= 7.8 Hz), 7.54 (1H, td, J = 9.0,
‘ 1.5 Hz), 7.39-7.31 (3H, m), 6.60-6.55 (2H, m), 3.84 (3H, s), 3.79 (3H,
s), 3.73 (3H, s); 3C NMR (75 MHz, CDCl;): ¢ 162.2, 159.2, 156.8, 154.5, 133.6, 132.9,
130.9, 130.2, 130.1, 123.4, 119.3, 113.6, 104.9, 99.1, 55.9, 55.5, 29.3; IR: 1661, 1609, 1576,

1507, 1309, 1255, 1026, 822 cm™!; HRMS m/z (M*) caled for C7H;6N,05: 296.1161, Found:
296.1159.

3-(4-Chlorophenyl)-1-methylquinoxalin-2(1H)-one (3g): The compound was prepared

according to the general procedure. Yield: 58% (156 mg); Appearance:
1 Yellow crystalline solid; Mp: 180-182 °C; 'H NMR (600 MHz,
@[N\I@/ CDCl): 0 8.31 (2H, d,J=8.4 Hz), 7.88 (1H, d, /= 8.4 Hz), 7.53 (1H,
T t,J=7.2 Hz), 7.40 (2H, d, J = 8.4 Hz), 7.34 (1H, t, J = 6.6 Hz), 7.28

(1H, d, J= 8.4 Hz), 3.71 (3H, s); *C NMR (150 MHz, CDCly): 6 154.4, 152.4, 136.4, 134.3,
133.2, 132.8, 130.9, 130.4, 130.3, 128.1, 123.7, 113.5, 29.2; IR: 1628, 1598, 1582, 1460,

1284, 1225, 1093, 1012 cm™'; HRMS m/z (M*) caled for C;sH;;CIN,O: 270.0560, Found:
270.0562.
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3-(4-Fluorophenyl)-1-methylquinoxalin-2(1H)-one (3h): The compound was prepared

. according to the general procedure. Yield: 52% (132 mg); Appearance:

Ng yellow crystalline solid; Mp: 176-178 °C; 'H NMR (600 MHz,
@EN:(OC/ CDCls): 0 8.31 (2H, d, J=8.4 Hz), 7.88 (1H, d, J= 8.4 Hz), 7.53 (1H,
t,J=7.2 Hz), 7.40 (2H, d, J = 8.4 Hz), 7.34 (1H, t, J = 6.6 Hz), 7.28
(1H, d, J = 8.4 Hz), 3.71 (3H, s); *C NMR (150 MHz, CDCl;): ¢ 164.2 (d, J = 249.0 Hz),
154.6, 152.7, 133.3, 132.9, 132.1 (d, /= 1.5 Hz), 131.8 (d, /= 9.0 Hz), 130.4, 130.3, 123.8,

115.0 (d, J = 21.0 Hz), 113.5, 29.3; IR: 1629, 1596, 1501, 1294, 1226, 1159, 842 cm!;
HRMS (EI) m/z calcd for C;sH;FN,O: 254.0855, Found: 254.0853.

1-Methyl-3-(4-(trifluoromethyl)phenyl)quinoxalin-2(1H)-one (3i): The compound was

prepared according to the general procedure. Yield: 50% (152 mg);

N§/CF3 Appearance: Yellow crystalline solid; Mp: 168-170 °C; 'H NMR
@[N\ o (600 MHz, CDCl;): ¢ 8.44 (2H, d, J = 7.8 Hz), 7.94 (1H, d, J = 7.8
| Hz), 7.71 (2H, d, /= 7.8 Hz), 7.59 (1H, t, J= 7.2 Hz), 7.38 (1H, t, J
= 7.2 Hz), 7.34 (1H, d, J = 8.4 Hz), 3.76 (3H, s); 3C NMR (150 MHz, CDCly): ¢ 154.5,
152.5,139.2, 133.5, 132.9, 131.7 (q, J = 32.7 Hz), 131.0, 130.7, 129.8, 124.9 (q, J = 4.5 Hz),

124.3 (q, J = 378.5 Hz), 123.9, 113.6, 29.3; IR: 1651, 1635, 1599, 1320, 1293, 1163, 1100,
1070 cm™'; HRMS m/z (M™") caled for CisH;1F3;N,0O: 304.0823, Found: 304.0820.

3-(3,4-Dichlorophenyl)-1-methylquinoxalin-2(1H)-one (3j): The compound was prepared

according to the general procedure. Yield: 58% (177 mg); Appearance:
X ci| Yellow crystalline solid; Mp: 190-192 °C; 'H NMR (300 MHz,
@[N\Ii)/ CDCl): ¢ 8.55 (1H, d, J = 2.1 Hz), 8.30 (1H, dd, J = 8.4, 2.1 Hz),
N0 7.93 (1H, dd, J= 8.1, 1.2 Hz), 7.59 (1H, td, J = 8.4, 1.2 Hz), 7.52 (1H,
d, J= 8.7 Hz), 7.41-7.32 (2H, m), 3.76 (3H, s); *C NMR (75 MHz, CDCl;): 6 154.4, 151.1,
135.7, 134.5, 133.4, 132.8, 132.3, 131.4, 130.9, 130.6, 129.9, 128.8, 124.0, 113.7, 29.3; IR:

1655, 1583, 1478, 1383, 1300, 1140, 1025, 823, 749 cm™!; HRMS m/z (M*) calcd for
Ci5H0C1,N,0O: 304.0170, Found: 304.0168.
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1-Benzyl-3-(4-methoxyphenyl)quinoxalin-2(1H)-one (31): The compound was prepared
according to the general procedure. Yield: 70% (239 mg); Appearance:

O\ . . .
N\I@/ Light yellow crystalline solid; Mp: 169-171 °C; 'H NMR (600 MHz,
@[N o CDCl5): 0 8.38 (2H, d, /=9.0 Hz), 7.83 (1H, dd, /= 7.8, 1.2 Hz), 7.31

(1H, td, J = 9.0, 1.8 Hz), 7.23-7.15 (7H, m), 6.92 (2H, d, J = 9.0 Hz),
5.47 (2H, s), 3.78 (3H, s); *C NMR (150 MHz, CDCls): 6 161.5,
154.8, 153.1, 135.4, 133.3, 132.4, 131.4, 130.2, 129.7, 128.8, 128.6, 127.6, 126.9, 123.6,
114.2, 113.4, 55.3, 46.0; IR: 1643, 1598, 1499, 1456, 1303, 1239, 1170, 1035, 843, 748 cm;
HRMS m/z (M") caled for Co,H;sN,0,: 342.1368, Found: 342.1369.

1-Benzyl-3-(3,4-dichlorophenyl)quinoxalin-2(1H)-one (3m): The compound was prepared

according to the general procedure. Yield: 48% (183 mg); Appearance:
T c| Off white crystalline solid; Mp: 148-150 °C; 'H NMR (300 MHz,
@ENIij/ CDCl): ¢ 8.60 (1H, s), 8.34 (1H, d, J = 8.7 Hz), 7.92 (1H, d, J = 7.8
N~ "0 Hz), 7.52 (1H, d, J = 8.4 Hz), 7.48-7.43 (1H, m), 7.35-7.26 (7H, m),
b 5.54 (2H, s); BC NMR (150 MHz, CDCl;): ¢ 154.5, 151.1, 135.7,
135.0, 134.6, 133.1, 132.8, 132.3, 131.5, 130.9, 130.7, 130.0, 128.9,
128.9, 127.8, 126.8, 124.0, 114.4, 46.1; IR: 1647, 1457, 1381, 1293, 1235, 945, 756 cm™';

HRMS m/z (M") calcd for C,;H4CI,N,0: 380.0483, Found: 380.0484.
1-(4-Chlorobenzyl)-3-(2,4-dimethylphenyl)quinoxalin-2(1H)-one (3n): The compound

was prepared according to the general procedure. Yield: 60% (225 mg);
N\F/ Appearance: White crystalline solid; Mp: 145-147 °C; 'H NMR (600
C[N o) MHz, CDCly): 6 7.93 (1H, d, J = 8.4 Hz), 7.47-7.43 (2H, m), 7.33 (1H,
K@\ t,J=7.8 Hz), 7.29-7.28 (2H, m), 7.26-7.24 (3H, m), 7.12-7.10 (2H, m),

5.49 (2H, s), 2.37 (3H, s), 2.35 (3H, s); 13C NMR (150 MHz, CDCl;): 6
158.3, 154.5, 139.4, 136.7, 133.9, 133.6, 133.1, 132.9, 132.5, 131.4, 130.5, 130.3, 129.3,
129.0, 128.5, 126.3, 123.8, 114.1, 45.5, 21.3, 19.9; IR: 1658, 1600, 1492, 1434, 1300, 1255,
1059, 1011, 752 cm™'; HRMS m/z (M*) calcd for Cp3H;9CIN,O: 374.1186, Found: 374.1185.
(E)-1-(3,7-Dimethylocta-2,6-dien-1-yl)-3-phenylquinoxalin-2(1H)-one (30): The
N (222 mg); Appearance: Yellow liquid; '"H NMR (600 MHz, CDCls): ¢

C[N 8.31-8.29 (2H, m), 7.93 (1H, dd, J= 7.8, 1.2 Hz), 7.51 (1H, td, /= 8.4,

(6]
M 1.2 Hz), 7.47-7.45 (3H, m), 7.33 (1H, td, J= 8.4, 1.2 Hz), 7.27 (1H, d,

J=178Hz), 5.19 (1H, t, J = 6.0 Hz), 5.01 (1H, t, J = 6.6 Hz), 4.96

Cl

compound was prepared according to the general procedure. Yield: 62%
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(2H, d, J = 6.0 Hz), 2.08-2.01 (4H, m), 1.90 (3H, s), 1.60 (3H, s), 1.54 (3H, s); 3C NMR

(150 MHz, CDCly): 6 154.2, 154.1, 140.5, 136.1, 133.3, 132.6, 131.7, 130.5, 130.2, 130.1,

129.5, 127.9, 123.6, 123.5, 117.9, 114.0, 40.9, 39.4, 26.2, 25.6, 17.6, 16.8; IR: 1650, 1602,

1465, 1292, 1177, 1027, 749 cm™'; HRMS m/z (M*) caled for C4H 6N,0: 358.2045, Found:

358.2046.

1,6,7-Trimethyl-3-(p-tolyl)quinoxalin-2(1H)-one and 1,6,7-Trimethyl-3-(o-
tolyl)quinoxalin-2(1H)-one (4a): The compound was prepared

according to the general procedure. The product was obtained as an
;@:N\Ii) isomeric mixture of regioisomers. The isomeric ratio was found to be

N0 1:1 (p:o) as per NMR. Combined yield: 80% (222 mg); Appearance:
Light yellow crystalline solid; '"H NMR (300 MHz, CDCl;): ¢ 8.21 (2H, d, J = 8.4 Hz), 8.06
(2H, s), 7.68 (2H, d, J = 3.6 Hz), 7.35 (1H, m), 7.26 (3H, d, J= 8.1 Hz), 7.07 (2H, d, J = 3.0
Hz), 3.72 (3H, s), 3.71 (3H, s), 2.42 (3H, s), 2.41 (6H, s), 2.40 (3H, s), 2.35 (6H, s)."*C NMR
(75 MHz, CDCl,): ¢ 154.8, 153.2, 152.8, 140.2, 139.9, 137.5, 136.2, 133.5, 132.6, 132.6,
131.5, 131.5, 131.3, 131.3, 130.8, 130.4, 130.3, 129.8, 129.4, 128.7, 127.9, 126.6, 125.5,
114.1, 114.1,29.1, 21.5, 21.5, 20.6, 19.2; IR: 1649, 1616, 1570, 1462, 1298, 1242, 1007 cm™';
HRMS m/z (M?) caled for CgH;sN,O: 278.1419, Found: 278.1423.

3-(4-Methoxyphenyl)-1,6,7-trimethylquinoxalin-2(1H)-one (4b): The compound was

prepared according to the general procedure. Yield: 50% (147 mg);

NIC/O\ Appearance: Light orange crystalline solid; Mp: 214-216 °C; 'H
:@[N\ o NMR (600 MHz, CDCls): 0 8.36 (2H, d, J= 7.8 Hz), 7.71 (1H, s),
| 7.06 (1H, s), 6.96 (2H, d, J = 7.8 Hz), 3.85 (3H, s), 3.72 (3H, s),
2.41 (3H, s), 2.34 (3H, s); *C NMR (75 MHz, CDCl;): 6 161.4, 151.9, 139.8, 132.6, 131.4,

131.2, 129.9, 128.6, 114.1, 113.4, 55.3, 29.3, 20.6, 19.2; IR: 1618, 1459, 1177, 1243, 1026,
845 cm™'; HRMS m/z (M*) caled for C1gH sN,O,: 294.1368, Found: 294.1365.

3-(3,4-dichlorophenyl)-1,6,7-trimethylquinoxalin-2(1H)-one (4c): The compound was

prepared according to the general procedure. Yield: 48% (159 mg);
X cll  Appearance: Light yellow crystalline solid; Mp: 178-180 °C; 'H
ﬁ'\'\ﬁ/ NMR (300 MHz, CDCl;): 0 8.52 (1H, d, J=2.1 Hz), 8.28 (1H, dd, J
N o =8.7, 2.1 Hz), 7.64 (1H, s), 7.49 (1H, d, J = 8.4 Hz), 7.06 (1H, s),

3.71 (3H, s), 2.42 (3H, s), 2.35 (3H, s); *C NMR (75 MHz, CDCl3): § 154.4, 149.6, 141.2,

136.0, 134.0, 133.0, 132.2, 131.4, 131.3, 131.2, 130.5, 129.8, 128.7, 114.2, 29.2, 20.7, 19.2;
IR: 1643, 1616, 1571, 1461, 1380, 1292, 1229, 1021 cm™!; HRMS m/z (M") calcd for
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Ci7H14C1L,N,0: 332.0483, Found: 332.0486.
(E)-1-(3,7-Dimethylocta-2,6-dien-1-yl)-3-(4-methoxyphenyl)-6,7-dimethylquinoxalin-

2(1H)-one (4d): The compound was prepared according to the

NI©/O\ general procedure. Yield: 70% (291 mg); Appearance: Light yellow

:@:N\ . crystalline solid; Mp: 125-127 °C; 'TH NMR (600 MHz, CDCls):

i/\/k 8.36 (2H, d, J = 8.4 Hz), 7.67 (1H, s), 7.02 (1H, s), 6.96 (2H, d, J =

~ 8.4 Hz), 5.17 (1H, t, J= 5.4 Hz), 5.01 (1H, t, J = 6.6 Hz), 4.92 (2H,

d, J=6.0 Hz), 3.85 (3H, s), 2.39 (3H, s), 2.34 (3H, s), 2.07-2.00 (4H, m), 1.90 (3H, s), 1.59

(3H, s), 1.53 (3H, s); '*C NMR (150 MHz, CDCl;): 6 161.2, 154.5, 152.1, 140.2, 139.4, 132.4,

131.8, 131.3, 130.5, 130.1, 128.9, 123.6, 118.3, 114.5, 113.4, 55.3, 40.7, 39.4, 26.3, 25.6,

20.7,19.2, 17.7, 16.8; IR: 1606, 1567, 1505, 1451, 1243, 1172, 1027 cm™!; HRMS m/z (M")
calcd for C,7H3,N,05: 416.2464, Found: 416.2464.

6,7-Dichloro-1-methyl-3-phenylquinoxalin-2(1H)-one (4e): The compound was prepared
according to the general procedure. Yield: 73% (222 mg); Appearance:
ol NI© Light yellow crystalline solid; Mp: 168-170 °C; 'H NMR (300 MHz,
:@[N CDCl5): 0 8.26 (2H, dd, J = 6.0, 1.8 Hz), 7.94 (1H, s), 7.50-7.42 (3H,
m), 7.34 (1H, s), 3.64 (3H, s); *C NMR (75 MHz, CDCl;): 6 154.9,
153.9, 135.2, 134.1, 132.5, 131.9, 130.9, 130.8, 129.5, 128.2, 128.1, 127.8, 127.3, 114.9, 29.5;

IR: 1638, 1590, 1442, 1237, 882, 670, cm™'; HRMS m/z (M") calcd for C;sH;oCI,N,O:
304.0170, Found: 304.0167.

6,7-Dichloro-3-(4-methoxyphenyl)-1-methylquinoxalin-2(1H)-one (4f): The compound

was prepared according to the general procedure. Yield: 75% (251
o NI©/O\ mg); Appearance: Yellow crystalline solid; Mp: 228-230 °C; 'H

:@[ ) NMR (600 MHz, CDCls): 6 8.37 (2H, d, J = 8.4 Hz), 7.94 (1H, s),
7.36 (1H, s), 6.96 (2H, d, J = 9.0 Hz), 3.86 (3H, s), 3.68 (3H, s);
BC NMR (150 MHz, CDCl5): 6 161.9, 154.2, 154.0, 133.5, 132.4, 132.2, 131.5, 130.7, 128.0,
127.3, 114.9, 113.5, 55.3, 29.4; IR: 1658, 1601, 1506, 1255, 1241, 1173, 898, 831cm};

HRMS m/z (M") calcd for C;sH;,C1LN,0,: 334.0276, Found: 334.0279.
6,7-Dichloro-3-(2,4-dimethylphenyl)-1-methylquinoxalin-2(1H)-one (4g): The compound

was prepared according to the general procedure. Yield: 64% (212
o Np mg); Appearance: Yellow crystalline solid; Mp: 200-202 °C; 'H
:@[N NMR (600 MHz, CDCl;): 6 7.97 (1H, s), 7.86 (2H, s), 7.36 (1H, s),

7.12 (1H, s), 3.67 (3H, s), 2.37 (6H, s); 3C NMR (150 MHz,
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CDCly): 6 155.5, 154.1, 137.6, 135.2, 134.0, 132.6, 132.6, 132.1, 130.9, 127.3, 127.3, 114.9,
29.4,21.3; IR: 1661, 1597, 1564, 1458, 1302, 1195, 1114, 859 cm™!; HRMS m/z (M") caled
for C17H4CI,N,0: 332.0483, Found: 332.0486.

6,7-Dichloro-1-(4-methylbenzyl)-3-phenylquinoxalin-2(1H)-one (4h): The compound was

prepared according to the general procedure. Yield: 70% (276 mg);
cl N\§ Appearance: Yellow crystalline solid; Mp: 215-217 °C; '"H NMR (600

:C[N ¢ MHz, CDCl,): 6 8.35 (2H, dd, J=17.8, 1.8 Hz), 7.99 (1H, s), 7.52-7.46
K@\ (3H, m), 7.38 (1H, s), 7.16 (2H, d, J = 8.4 Hz), 7.13 2H, d, J=7.8
Hz), 5.43 (2H, s), 2.31 (3H, s); 13C NMR (150 MHz, CDCl5): 6 155.1,
154.2, 137.8, 135.3, 134.2, 132.4, 132.0, 131.5, 131.1, 130.9, 129.8, 129.7, 128.1, 127.5,
126.9, 115.7, 46.2, 21.1; IR: 1660, 1572, 1449, 1408, 1246, 1123, 1057, 886 cm™'; HRMS
m/z (M") calcd for C,,H 6CI,N,O: 394.0640, Found: 394.0638.

3-(2,4-Dimethylphenyl)-7-fluoro-1-methylquinoxalin-2(1H)-one (4i): The compound was

prepared according to the general procedure. Yield: 58% (163 mg);

N£©/ Appearance: White crystalline solid; Mp: 108-110 °C; 'TH NMR (600
F/©:N 0 MHz, CDCl;): 6 7.88 (1H, dd, J = 9.0, 6.0 Hz), 7.34 (1H, d, /= 7.2
Hz), 7.10- 7.05 (3H, m), 7.03 (1H, dd, J=10.2, 2.4 Hz), 3.71 (3H, s),
2.36 (3H, s), 2.30 (3H, s); *C NMR (150 MHz, CDCl3): § 163.5 (d, J = 249.8 Hz), 157.2,
154.5,139.4,136.7, 1349 (d, J=12.0 Hz), 132.9, 132.2 (d, /= 10.5 Hz), 131.4, 129.2, 127.1
(d, J=27.8 Hz), 126.3, 111.5 (d, J = 23.3 Hz), 100.6 (d, J = 27.8 Hz), 29.6, 21.2, 19.8; IR:

1656, 1611, 1583, 1453, 1304, 1238, 1185, 982 cm™!; HRMS m/z (M") calcd for C17H;5sFN,0O:
282.1168, Found: 282.1170.

3-(2,5-Dimethylphenyl)-6-fluoro-1-methylquinoxalin-2(1H)-one (4j): The compound was
prepared according to the general procedure. Yield: 54% (152 mg);

K@[“‘@ Appearance: White Crystalline Solid; Mp: 105-107 °C; 'H NMR (600
N0 MHz, CDCls): 6 7.61 (1H, dd, J = 8.4, 2.4 Hz), 7.35-7.29 (2H, m),
7.24 (1H, s), 7.17-7.14 (2H, m), 3.74 (3H, s), 2.34 (3H, s), 2.27 (3H, s);
13C NMR (150 MHz, CDCl3): 6 160.0, 158.7 (d, J = 242.3 Hz), 154.2, 135.6, 135.0, 133.6,
133.3 (d, J=11.3 Hz), 130.5, 130.3, 130.2, 129.5, 118.2 (d, J = 24.0 Hz), 115.7 (d, J = 22.5

Hz), 114.7 (d, J = 8.3 Hz), 29.6, 20.9, 19.4; IR: 1651, 1593, 1497, 1266, 1054, 813 cm™;
HRMS m/z (M") caled for C7H;sFN,O: 282.1168, Found: 282.1168.
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6,7-Dibromo-3-(4-methoxyphenyl)-1-methylquinoxalin-2(1H)-one (4k): The compound

was prepared according to the general procedure. Yield: 53% (223
. NI©/O\ mg); Appearance: Yellow crystalline solid; Mp: 231-233 °C; 'H
B[ ) NMR (600 MHz, CDCls): ¢ 8.38 (2H, d, J = 8.4 Hz), 8.12 (1H, s),

| 7.55 (1H, s), 6.96 (2H, d, J = 9.0 Hz), 3.86 (3H, s), 3.68 (3H, s);

IBC NMR (150 MHz, CDCl;): 6 162.0, 154.1, 133.8, 132.9, 132.9, 131.6, 128.0, 125.7, 118.7,

118.0, 113.5, 110.0, 55.4, 29.4; IR: 1649, 1598, 1448, 1241, 1171, 1111, 1022, 896 cm™';
HRMS m/z (M*) caled for CigH1,Br;N,O,: 421.9266, Found: 421.9267.

Methyl 3-(4-methoxyphenyl)-1-methyl-2-o0xo0-1,2-dihydroquinoxaline-6-carboxylate (41):

The compound was prepared according to the general
MeO,C N\I@/OMQ procedure. Yield: 68% (220 mg); Appearance: Yellow solid;
\©:N . Mp: 165-167 °C; '"H NMR (600 MHz, CDCl;): ¢ 8.57 (1H, s),

| 8.40 (2H, d, J=8.4 Hz), 8.16 (1H, d, J=8.4 Hz), 7.32 (1H, d, J

= 8.4 Hz), 6.98 (2H, d, J = 8.4 Hz), 3.95 (3H, s), 3.86 (3H, s), 3.76 (3H, s); 3C NMR (150
MHz, CDCl;): 6 166.1, 161.8, 154.7, 153.7, 136.3, 132.4, 131.8, 131.5, 130.4, 128.1, 125.5,

113.5, 113.5, 55.3, 52.3, 29.5; IR: 1658, 1714, 1605, 1513, 1426, 1284, 1243, 1212, 1098
cm™!'; HRMS m/z (M") caled for CgH;¢N,Oy4: 324.1110, Found: 324.1112.

1-Methyl-3-phenylbenzo|g]quinoxalin-2(1H)-one (5a): The compound was prepared
according to the general procedure. Yield: 75% (214 mg);
N I@ Appearance: Yellow crystalline solid; Mp: 162-164 °C; 'H NMR
N\ o (600 MHz, CDCl;): 6 8.41 (1H, s), 8.33-8.31 (2H, m), 7.94 (1H, d, J
‘ = 7.8 Hz), 7.88 (1H, d, J = 8.4 Hz), 7.55-7.53 (2H, m), 7.50-7.48
(3H, m), 7.47-7.44 (1H, m), 3.77 (3H, s); 3C NMR (150 MHz, CDCly): ¢ 154.7, 154.5, 135.9,
133.7,132.3, 131.8, 130.5, 129.8, 129.7, 129.5, 128.5, 128.1, 127.8, 127.1, 125.2, 109.7, 29.2;
IR: 1645, 1622, 1595, 1463, 1255, 888, 748 cm™'; HRMS m/z (M") caled for Ci9H 4N,O:
286.1106, Found: 286.1109.

3-(4-Methoxyphenyl)-1-methylbenzo|g]quinoxalin-2(1H)-one (Sb): The compound was

o prepared according to the general procedure. Yield: 54% (170
N\I@/ ) mg); Appearance: Orange crystalline solid; Mp: 169-171 °C; 'H

N o) NMR (600 MHz, CDCl;): 6 8.41 (2H, d, J = 5.4 Hz), 8.39 (1H, s),

7.95 (1H, d, J = 8.4 Hz), 7.88 (1H, d, J = 8.4 Hz), 7.57 (1H, s),

7.53 (1H, t, J= 7.2 Hz), 7.45 (1H, t, J= 7.2 Hz), 6.99 (2H, d, J = 8.4 Hz), 3.87 (3H, s), 3.80
(3H, s); *C NMR (150 MHz, CDCLy): § 161.7, 154.7, 153.6, 133.5, 132.3, 131.7, 131.6,
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129.9, 128.9, 128.4, 127.6, 127.1, 125.2, 113.5, 109.7, 55.3, 29.2; IR: 1597, 1506, 1458, 1244,
1172, 1024, 832 cm™'; HRMS m/z (M") calcd for CoHsN,O,: 316.1212, Found: 316.1208.
3-(2,4-Dimethylphenyl)-1-methylbenzo|g]quinoxalin-2(1H)-one (5¢): The compound was
prepared according to the general procedure. Yield: 61% (191 mg);
Np Appearance: Yellow crystalline solid; Mp: 178-180 °C; 'H NMR
N o (300 MHz, CDCl5): 0 8.41 (1H, s), 7.98-7.91 (2H, m), 7.64 (1H, s),
7.57 (1H,t,J=7.2 Hz), 7.45 (1H,t,J=7.8 Hz), 7.41 (1H,d,J=7.5
Hz), 7.12-7.09 (2H, m), 3.81 (3H, s), 2.37 (3H, s), 2.35 (3H, s); '*C NMR (75 MHz, CDCl3):
0 158.8, 154.5, 139.4, 136.8, 133.7, 133.0, 132.1, 131.9, 131.4, 129.7, 129.5, 129.3, 128.5,
127.9, 127.2, 126.3, 125.3, 109.9, 29.4, 21.3, 20.0; IR: 1656, 1603, 1585, 1505, 1421, 1252,

1172, 1023, 819 cm™!; HRMS m/z (M*) calcd for Cy;H gN,O: 314.1419, Found: 314.1420.
3-(2,5-Dimethylphenyl)-1-methylbenzo[g]quinoxalin-2(1H)-one (5d): The compound was

prepared according to the general procedure. Yield: 63% (198
Ng\ mg); Appearance: Yellow crystalline solid; Mp: 155-157 °C; 'H
N0 NMR (600 MHz, CDCl;): ¢ 8.42 (1H, s), 7.96 (1H, d, J = 7.8 Hz),
791 (1H, d, J = 8.4 Hz), 7.62 (1H, s), 7.57 (1H, t, J = 7.2 Hz),
7.48 (1H, t,J=17.8 Hz), 7.31 (1H, s), 7.19-7.16 (2H, m), 3.80 (3H, s), 2.36 (3H, s), 2.32 (3H,
s); 3C NMR (150 MHz, CDCl3): 6 159.1, 154.4, 135.8, 134.9, 133.8, 133.7, 132.1, 131.9,
130.5, 130.2, 129.7, 129.6, 129.5, 128.5, 127.9, 127.1, 125.3, 109.9, 29.3, 20.9, 19.5; IR:
1661, 1627, 1601, 1462, 1256, 1049, 831 cm™'; HRMS m/z (M*) caled for C,H;sN,O:
314.1419, Found: 314.1418.
3-(2,4-Dimethoxyphenyl)-1-methylbenzo[g]quinoxalin-2(1H)-one (5e): The compound
o o was prepared according to the general procedure. Yield: 80% (277
Ny mg); Appearance: Yellow crystalline solid; Mp: 163-165 °C; 'H
Nﬁo\i:( NMR (300 MHz, CDCl;): 6 8.39 (1H, s), 7.94 (1H, d, J = 8.4 Hz),
7.88 (1H, d, J = 8.4 Hz), 7.57-7.41 (4H, m), 6.62-6.56 (2H, m),
3.85 (3H, s), 3.81 (3H, s), 3.77 (3H, s); *C NMR (75 MHz, CDCl3): J 162.3, 159.3, 157.4,
154.4, 133.6, 132.3, 132.1, 131.0, 129.65, 129.3, 128.5, 127.7, 127.1, 125.1, 119.3, 109.8,
104.9, 99.1, 55.9, 55.5, 29.3; IR: 1659, 1585, 1455, 1276, 1202, 1107, 1024, 822 cm};
HRMS m/z (M*) calcd for C,1H gN,O5: 346.1317, Found: 346.1320.
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1-Benzyl-3-(4-methoxyphenyl)benzo[g]quinoxalin-2(1H)-one (5f): The compound was

o prepared according to the general procedure. Yield: 75% (294
N\I@/ mg); Appearance: Yellow crystalline solid; Mp: 205-207 °C; 'H
N o) NMR (600 MHz, CDCls): ¢ 8.40 (2H, d, J = 9.0 Hz), 8.35 (1H,
b s), 7.86 (1H, d, J = 8.4 Hz), 7.69 (1H, d, J = 8.4 Hz), 7.47 (1H,
s), 740 (1H, t,J="7.2 Hz), 7.35 (1H, t, J= 7.8 Hz), 7.27 (2H, d,
J=172Hz), 724 2H, t,J=7.2 Hz), 7.17 (1H, t, J = 7.8 Hz), 6.94 (2H, d, J=9.0 Hz), 5.54
(2H, s), 3.81 (3H, s); *C NMR (150 MHz, CDCl;): 6 161.8, 154.8, 153.6, 135.4, 133.4, 132.7,
131.7, 130.9, 129.9, 129.2, 128.9, 128.5, 128.3, 127.6, 127.5, 127.3, 126.9, 125.2, 113.5,

110.6, 55.4, 46.1; IR: 1658, 1599, 1496, 1309, 1253, 1170, 1028, 847 cm™'; HRMS m/z (M*)
calcd for CyH,oN,O5: 392.1525, Found: 392.1523.

1-Benzyl-3-(4-chlorophenyl)benzo[g]quinoxalin-2(1H)-one (5g): The compound was

prepared according to the general procedure. Yield: 52% (206 mg);
I©/C' Appearance: Yellow crystalline solid; Mp: 203-205 °C; '"H NMR
N

(600 MHz, CDCl3): J 8.10 (1H, s), 8.05 (2H, dd, J = 9.0, 2.4 Hz),
N~ "0

7.60 (1H, d, J = 8.4 Hz), 7.43 (1H, d, J = 8.4 Hz), 7.16 (1H, t, J =
7.2 Hz), 7.14-7.09 (3H, m), 7.00-6.95 (4H, m), 6.91-6.89 (2H, m),
5.27 (2H, s); 3C NMR (150 MHz, CDCLy): 6 154.6, 153.2, 136.8, 135.2, 134.3, 133.8, 132.5,
131.2, 131.0, 129.9, 128.9, 128.4, 128.3, 127.9, 127.7, 127.3, 126.9, 125.4, 110.8, 46.2; IR:
1651, 1593, 1453, 1396, 1259, 1171, 1088, 834 cm™'; HRMS m/z (M*) caled for
C»sH,,CIN,O: 396.1029, Found: 396.1031.

2-(4-Methoxyphenyl)-4-methylpyrido[3,4-b]pyrazin-3(4H)-one (7): The compound was

prepared according to the general procedure. Yield: 52% (139 mg);
. I©/ o Appearance: White Crystalline Solid; Mp: 170-172 °C; 'H NMR
@N\ 5 (600 MHz, DMSO-dp): 6 9.05 (1H, s), 8.62 (1H, d, J = 2.4 Hz), 8.32
| (2H,d,J=9.0 Hz), 7.63 (1H, d, /= 5.4 Hz), 7.07 (2H, d, /= 9.0 Hz),
3.84 (3H, s), 3.63 (3H, s); *C NMR (150 MHz, DMSO-dy): 6 161.9, 154.8, 154.7, 149.2,

147.2,139.9, 131.7, 128.0, 113.9, 109.9, 55.8, 29.7; IR: 1652, 1603, 1587, 1505, 1421, 1251,
1173, 1023 cm™!; HRMS m/z (M") caled for C;sH;3N30,: 267.1008, Found: 267.1004.

S12



ITH NMR and 3C NMR spectra of synthesized compounds

3.709)

"H NMR of 3a
(600 MHz, CDCls)

a

T T 1 T T T T T T T
8.3 8.2 8.1 B8O 798 78 77 76 76 74 73 7.2

1 (ppm)
| |
l 1 L
B dJ
T T T — \7 T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.6 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 5 o 0.5 0.0
f1 (epm)
42 gnzBRZ2gahe sse [
N B S~
©:N
N
l}l (6]
3C NMR of 3a
(150 MHz, CDCl3)
I
1
(]
|
|
| ’ I
il
T ¥ T % T T L) T ¥ T ¥ T ¥ T T % T ¥ T T ¥ i L T ¥ T L T T T T ¥ T X T R T
200 180 180 170 160 150 140 130 120 110 100 S0 80 70 ED ED 40 30 20 10 o
11 {(ppm)

S13




m_-.Nu/u
8EKTS

190e—

0ST L~
OTL—

E60L—
sogL~"
FECL—
€584
RLECL

(ppm)

1

— ) 1

"H NMR of 3b
(300 MHz, CDCls)

g |

.

= I

]
=]

3}

GA'Z

=}
o

wy
o

G2'R

=1

10

=
]

1wy
)

ey
@

o
=l

5

PRy

0E1E—

96T —

xm.en./.

Mril—s
riL

)

BT
DR'RTL |
vg6TL |
£0r0EL
eoel
OFEET~_

1ororl—

FOEEL o
2evsr<"

TrEEl | o
nm.mn_M — =
e/
)
-
Hm
=
1
E
a o 1
5 a
@) o
o ©
N
Z z—| zZ
o =
® 0
<~ -

T
a0

T T T T T T T
180 170 160 180 140 130 120 1o

T
1480

200

f1 (ppm)

S14



0 —
o o
ool
oo

Y

Iil O

"H NMR of 3¢
(600 MHz, CDCl3)

3.748

279
267

1.2
1

<L

0~ e R B R R Il R Rl
o 0 O-rBNITONNNN= ==
oo LETE R R R R R R B R R R R R
o o NENNNNNNNNNNNN
|
e =
"
1
| ~
] S < 2
T T T T T T T T T T
| B2 B B0 7@ TE FT TE T5 T4 73
1 (pom)
L { ', .
&4 J7r d d
g 3 s 3 ] g
- - - - L) ©
T T T T T T '3 T T » T X T T L3 T T T T T T 2 T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 5 1.0 0.5 0.0
f1 (ppm)
i~ 0 R Y )
R § Cu~m3wano < ~00 0w v -
b & s QOOOOD Q0 ] O - o o
L ANDHDHA A < NN O < o o
ok il i o e gt e - [N N o o o
el ~7 e | ~N- I
o o~ o ol
ol - PoR1t:] o ©
RV R cSoa @ @
s 22 g d
N Y. \
: ‘ )
’il ¢}
1
3C NMR of 3¢ Ll
= L
(150 MHz, CDCl5) B N L
135 134 133 132 131 130 129 128 127 126 125 124 123
t1 (ppm)
|
T T T T T T T 1 T L T i T T ¥ T T T T T T T T T
180 180 170 160 150 140 130 120 110 100 g0 80 70 50 50 40 30 20 10 0
1 (ppm)

S15



8BVLE
zosE

&N

H NMR of 3d
(600 MHz, CDCl3)

f1 (ppm)

1 (ppm)

BE6T

LE'S8

avELL

soezL —
voseL
Gr6zL L
£00EL =
LVLEL
90°eEl 7
zLEEL

SLESE —
ZBYSE T

[ERE [ S

SN

3C NMR of 3d
(150 MHz, CDCl3)

1 (epm)

S16



LT T
BEE*E b
EPLTE lu
EET L
BYI L
=
38
—
@) o O
X N
S I
z— | Z2 =
g
<

00
EQT Y

= §0°

10

€

LT

TSEET— L
0£8°08— —

S5zt

S8L* 9L

000
hnn.hhl\n

BTILETT
E¥9°EET \

067" 62T
080°0ET
OPETOET

¥6e 08T -
qum.«ﬂ/

BEPTEET

068" MMC‘
LLE" _om~._" /
PO6-GET

LEFPST
8Z9°8ST

3C NMR of 3e
(150 MHz, CDCl3)

LIS L L L B L B

L L B L LA L LN

L LI O B I A

200

20

40

60

80

100

120

140

160

180

S17



SN

6.6
0.0 0.5

7.2 7.0 6.8
o 0.5

1 (ppm)

2.0

3.0

3.5

"H NMR of 3f
(300 MHz, CDCl3)

o
&

f1 (ppm)

6.0

6.5

9.0 8.5

9.5

10.0

ee6e—

oY'SS~_
68'65 "

wm.eh
00°LL W
evLL

LSYSE—
¥8'9GL —
02°65L —
61291 —

SN

13C NMR of 3f
(75 MHz, CDCl5)

110

180 170 160 150 140 130 120

190

200

1 (ppm)

S18



€g'6e

8L°9L
OO.NNW

12 2L

110
1 (ppm)

S/l°ecl
L1821 /
AN
8¥°0€ |
€6°0EL ~=
¥8°2El
L2°EEL 7

VET
Svoel

14Q

evest —

o
©
o
e
©
o
Mo
©
Mo
o
[F o
©
[F o
vize Fooe
<
AN = ¥
1822\ ﬂ:o.vﬁ
S2e L~ == N
B = 0 [}
ases o] [« L9~
oov'L 7T —— 0§~ 5
vivL 0 &
ves LN N -
L8527 \mmo. Lo~
6v5 L L@ 0
I
N
[~ E L9
Q 'e}
© 8
Fe 2
188°L ~ =Ko °
G682~ 0N Fo
S
[
- 0
Fo ©
€122 b
182°L o
5282 . S
ole's © ~
6£€° L s QA — 1 .r
0% # R
OOQYN/
vivs— — 0
vas L [~
18572 Q —_
6VSL o
18872~ D O oo
ses s~ 0 A oo_\w
—
@) o O
ore'8~ X N .
P 00z
v2e'8 S T 0
[T
>_| £
I o
- O
&) o
o
0
o

70

3C NMR|of 3¢
(150 MHZ, |CDCl5)

210

T
220

S19



952 — —=—Fz0'e
N
velrs~
fo) ————————— My
2est
o ~
: £
J o[- g
opzy— e &
o bat
EIWARN _ N7
AN e a
8Ye L ™~ /m
09 €0
eses” MH
0
Mw_.m vvSL ~
NL : Qm.u/
7 5 ~ -
oves mwmm\ ——[jvo
gle's oum.u\ N
oge’L by N
8ve'L
mwm.m ——==== WWS,N
S L ====| YO
19572 = oot
15572
mnn\\ —=== o't
et N |
806°L > - === F00'1L
1262 £ O
® A
—
19e8 o) c O
9/€'8 b —— ;
ose’s x m Fooz
o6e'8 7 =
z z—| 2=
I O
-~ O
©
=

= E P
8sell — —= |3 e
< [= 3
E | © £ )
3 - E3 -
Zle 3
ES 3 F&
(o -
> N
\1“ - £
2862 — 3 \nm — FS
Z| a
E[_.a
o8'€gl — = —= o - m
E -~ R o
<
© =
| Sa\}
3 o — F0
seoel - ;.
8e°0€ T ° 53
6L71El E R
sgiel —_— = - L |8
vigel M E
o
sieel - Lo 3
86'2el \| 3
i T = r~
8292\ E
&
1272 3 +8
E
kS °
o
RS
hntll =
Q
=
2 o -
p—
o
M | B}
4 &
3 o
| )
o
=t
o
vi2st — —
S9vGlL ——E
)
—_ = |-©
V] = =
i o7 —_— = =
20°591 :o..lv m J—
o [SI®) Z LR
N
W T
> o
Z— O o 3 Fo
e B i
/ ~ -
Z °
Lo
)
= | e}
- o
k3 [«

S20



0.0

9e€'62 T

ppm)

1

82681

@
I~
18872\
15872~ - %ma, o
082~ Lo
€8s 7, —_— N °
s6eL
0 L2
b ) -
n
28572 © ~ 0
16572 = I FNoE M-
60972~ g
N = o
e [~ Foi
6127 -
®
r~ ©
[Ty
@
[~ o
S5e6°L~~ P — [o
6
o
La .
o™
69L°€ d Fue3
<
<
0~
[« E
Q
2
o =
[[w
0
[[w
<
T o
©
[T©o
ove L
L8872 e
1582 O L2
0L€°L — ~
€86/ g JE—
sees s 9 = 66'0
28572 A === K&,
1652 B O Fr
609°/ @) ¢ - ——===| EeoL
90272 > N MJ Froz
61274 y =T
GE6'L zZ — - Ll e
sv6 L~ Zz— = Froul 2
I o
- o
e
1ry8 — oz ©
vsrg” i
=
o
0
o

6279/
00724 W

| X AVVA

N
@
<
I

o

140 130 120 110 100

1150

f1 (ppm)

95251 —
€S vSL

160

170

3C NMR of 3i
150 MHz, CDDCl3)

180

190

200

210

S21



9le—

WIL—

sl
LN
SBELe
o
L0
605'L
._F,g#
895t
e

ses1/p
192
(I

016°L
v.mn”V.
2561

.«,mmﬂ

Cl

Cl

"H NMR of 3j
(300 MHz, CDCl3)

74 73 T2

75

7778

75 78

8.0

f1 {ppm)

=608

Fare
50'} |-
BL'L

kil

Egn'l

el DI

8.0 i) 7.0 85 6.0 B.A 5.0 4.5 4.0
i1 {(ppm)

85

FE6T—

LTYL,
iy

BHFLL:
Nv‘hhmn

EEI—
GOFEL

SHHTL
96671
O0EL
L60EL
OETEL
LETEL
18Tel
£L5EL

e

S0is—
OFFSI—

o
(@)
P Lo
—_ o =2
& S
—_ (@]
—
O [Sa]
o |x© -
= N
% Zz T
z z—| 0= -— | O
@ 10 FEE
=
Lo
=t
Lo
w
Lo
w
Lo
=
N
.o
o
.
m
o
=
o
o
= I
- =
E——
—
=
=
oz — e
=
—3 [
SHHTI~_ |,
SF6TL -
s
AT
LEI - L2
orl S =
[
52.% =
eEL -
esrer
€LEl— o
L&
=
(e
o

f1 (ppm)

S22




PRUE—

iy
58172
HE1E]
1891724
ROI°LA
sore
RYANE
URITLS
L6174
HOTLS
wTe

TETLS
160L

¥Rz L
roEsd
sograd

LTL
=ma‘nur.

bvn.nﬂu
THEL

S

T
fi {opm}

"H NMR of 31
(600 MHz, CDCls)

=108

oz

F-00'd

.—H.s.u
201
o0l

Fooz

1y

[ts]

[ e

[t}
[t}

4

11 {ppm

10y —

FEeE—

BLGL
BUEL W
1oLl

SKEll~_
gur
.s_.c.n../.
hm.h.m—#
TRl
SRRTL V
80621
9U0gL
HIEL

FEEEL
6ESEL

[3 &35 Eon
mu.vm—L\

[ I

SFEIL~_
-

SUET[—

ENSTL

nm.nﬂ-#
n‘.aﬂ—:/
SHRTI-"
wﬂ.mﬂ—k.\-.\

E.E,..\
!..::\‘
Mv‘ﬂﬂ—x\\

vn.mm-n\u
HESEL

13C NMR of 3l
(150 MHz, CDCl3)

T T T T T T
180 170 160 150 140 130

T
190

S23



5¥5°¢
€T L
Em.ﬁw/
78T L Y
652" L

TEE" L\
Em.ﬁy/
967 L ~ N8
P97 L
687 L
PTG L
AT

mﬁm.ﬁu\
TP6°L
92e"8

G5€°8
ocor8g

Cl

"H NMR of 3m
(300 MHz, CDCls)

|

b

ppm

66T 9 -,
S8L°9L

Cl

Cl

3C NMR of 3m
(150 MHz, CDCly)

sTZ-LL
STV PIT
TLO"DET \
9L8°9ZT
vo8- LZT
. £56° 82T
666°8ZT [
£00"0€T
zoL° 08T n e
LLE"OET
9ES TET
vee eet—7//
TE8 BT
STT €€T
989" pET
TS0'SET /
S0L°SET /
TLT ST
025+ PeT

L L I I L B L L L B BB SR
40

(RN BN B L B

20

60

80

i00

120

140

160

180

200

S24



LT
m.wm;m..k/\u

Cl

EDUE~_
GLLIE~"
SETEy

WL
FTL
12 n./.

HET L—
RETE
vt

Gmm..h\ﬁ

mmw.h./n
L AN
BEF LT

wnv‘n.\‘

"H NMR of 3n
(600 MHz, CDCl3)

[13)

e
M.oo.m

=10l

10

[t}

40

[t}
b

i

[}
G}

tppmy

$661 ~_
ST

sk—
BL9L
nx..hnv
1Tid

20p1L
oweel
6T9TL

1<%z .//
en-.mN—W
EE6EL
TEOED
PEOEL
BEEET
Ne'EEl
FLoEl

95 PSl—
PEREL—

IREL—

GTYTT—
1s8il
wg.amp/.
£E6T1 .4_
=

TE0ET
A\

FE0EL =

331 ES BN

el —

Cl

3C NMR of 3n
(150 MHz, CDCl3)

]

ok
]

@
-
&

\ppmy

S25



TSHF
e
E66'F
L0
RIS
9LI'S—
L
GRS
i8S
961'S
FOTL
LLT'L
BTEL
(3 8
REFL
9L
£okL
0sL
EISL

1Te'L
ET6L
FER'L
9E6'L
£6T'R
L6T'R

AV

"H NMR of 30
(600 MHz, CDCl3)

Tao
Fa

Fav
a0

T

fas

Regs

660

#RO'L

=760 |

a6l

=}
[}

[}
[}

(63}
[t}

)
@

=
ro

1 (ppm)

RELOI~
TEwLi~"

Htm.mﬂ/
¥EIGT

096 65~
YRk

HRLOL-
n-cﬁ.hhv
TITLL

:\v..NM_M
BLEEEl
ELOWEL \
a8t Url

LSIFE1
EE vm_v

.
=
e —— R 0
o
f O~
€ESETI~_ -
Taongl [}
,R_.::V = M=
L9017 -
)
THLTEI— — |
-
Tl — -
=
BIEEEl — —_—
)
L
- 071
w0
SLOGE]— ——d
)
o <
\ 83
.
° 0O
[hd -
(@] = W
— zZ s
Z z P
2 o
Z

f1 {ppm)

70

T
a0

f1 (ppm)

S26



1 {ppm)

S27

=l
1
e
o
42 -
- =]
0 - ./.
i 81 3/. /
19t / e )
h:m/. W — S
L= 7 -
. 51T —~
sh6E— - Lo
231
. I3} W
3 5
o
T i —
:._..u/ e r &
::V i
6Ty
ek Ly
o o @
|2 :
7=
o 2
_— B sm.en/. 1
wﬂh,nv. Foars _.:.RM“ -
J & i - &
-2
A6 -
<t
& [
> & E L8
O (o) © n|.u i = © m -4 -
™ < Aa &) < O
I o (@]
[3e] N D o
% o O | i T ° 0 s
=z = X 0 n..._.:v, 7 x . i
= T S0°F11 z z—| =¥
zZs . 099zl = < Lo
T o o LTl O F o
oL - S zoRTt & W0
S0 Q o - N _ =
~ i LEGTL -~ = =
1502 = cestl = L&
BLT'L sToet =
i | o LE0ET — o
Ee o BLOET :
1552 = - oan'g
@ = G0
9LEL" mw_..J_ [ o - | w 3 I=}
9L < g ko 2
V. o Fo Fow'l E.mmnV s
$9YL 15224 | r 7
PR P L6l = e .
61 a/. Lo - Foanf @ L2
i i i :
Fied P vu.w.-/. = I ol - -y 3
cTTR SEEL—E =1 a0 < = 0 1
GEW ek oo le
- a ¥
9 [ o=
9L k = =
w0 = [ Mo L L2
| e 4
~
3
=) L
I @ (=]
FOUR ~_ - ool ™ [
2618, &
ST = — 00 o |l M
. G
od




O\
O
N
N0
"H NMR of 4b Tn
(600 MHz, CDCl5) a3
. a
"
ibg
5 R
3
g 3
@ W 3
J " T
s
H
i A A_JL LLUJ | e o
‘I ||]II I| T ‘ T \l\l |\ | I‘I I‘ ‘I\Il‘
10 k] 8 7 5 4 3 2 1
L e iy ¢ ik 1 pm
H b4 a8 28 an
r; s S o “r
O\
N £gsg
Ry
N0
\
3C NMR of 4b
(150 MHz, CDCl3)
=3
4
- a
ga o
38 2/
P 7 =
a3 [ 78 3 s ]
R 1 & 48
L A 8 . 19
s &8 7 g i
g 8 8
i .
' | |
o - | HJ' ‘ IJJ " i A N T‘i. .liu‘w
LI L L I e B P VL G 7 8 5 5 55 ) G ot 5 o A 0 L ), A O s | LA L I L B L
200 180 160 140 120 100 80 ' 60 40 20 Ppm

S28




BT
LIFT"

BOLE—

SO0 L
0STLA
e
ssL—
"

BETR
mam.n/
LETR
q?m,ﬂll\w

Zm‘a*
BTE'R

£90'L—

0STL—

Ire—

mmﬂ.ﬂ.,_
mcm.x/ﬂr
nmﬂ.tuu
PR

lzes
nﬁm.tv

Cl

Cl

—an

oo

Lo

— G

"H NMR of 4¢
(300 MHz, CDCl3)

===T|0]
G600

LR
W.\S €

Froe

60|

Fan

00|

0a

0.5

6.5 G0 5.5 6.0 45 4.0 35 30 28 20 1.5

7.0

a5 9.0 8.5 8.0

10:.0

f1 (ppm)

GU6L~_
£ S

OT'6T —

Wm,chV
(LA

f.v&“\

SUFIL—
ac.xﬁ-._
ER6TL
1570gln
NH‘_HFJ
Lraiy
EFIELS
»._...:,_“\‘
SO9EL

z—‘_vn..\\

56T —

EFFSL—

SIFLL—

HARTIL
EHATL
1501
TTleL
9114
1€

FA Rd s e
£OEEL
m.:.vm—n\_n
<rogl
SRl —

LEEFT—

FrSl—

Cl

Cl

3C NMR of 4¢
(75 MHz, CDCl3)

(ppm)

1

10 —— 3

=1
&l

=
m

S29



seel
BRE'L

:.3/
100°T4(
£10T
20T

n...c,dﬂ.
FEO'T

LO0'T
9LE'T
BEET

1S8E—

h.—«.,?_
LTHF
S66'F
S00'S.
9IS

BST'S
6O'E
RIS

£56'9

L96° ev
BLO h\
:WH.N\

1i—

NEE's
Fog ﬁv

"H NMR of 4d
(600 MHz, CDCl3)

E=00 '8

=813

Eal L

g
uwM_\o_

ARl

=6 |

2.0

w3
ol

o

]
)

(ppm}

i1

[
hc.mun(
LN B

1 n.._«\
HEETF
aﬂ.en\.

FH6E~_
sLup-"

FESES—
[T
cc.hnv
i 43

REEIL,

SEF1L
LTRIT

L) mw—‘/
A6HTL
w_ﬁv.—‘/
B0ELA)
LTIEL
L7 1 B
orzer s
:)...n—l(
ozl "

rest-"
15°%51 -
0T'191~_

BEELT—

CET—

LTRII—

el —

REHLIL

FLOEE ./
E #
LTI —
v

.\?n.—m._R
LardN |

P68~
foal S

o<

13C NMR of 4d
(150 MHz, CDCly)

T
190

T
200

S30



BEVE—

SHTL
eL
STH' Ly
FrFL
Lo L
S05°LS

LE6L
4]

BFTR
me,nW
PLDR

ovee s
sovi

‘..:.ﬁ

ht—..n\
SOS™L

LE6L—

BFTR
»\m.w.zlv
vhw.x\ﬁ

Cl

Cl

"H NMR of 4e

CDCly)

(300 MHz,

)

T-nz0d

| o

= ZR0|
Fozog @

Froo| =

Foon

4

I ippmy

96T —

HE9L
A\

My £L—=

m—;_.h\

£UBET
1seld

PEESL_
<gPEl"

Cl

Cl

3C NMR of 4e
(75 MHz, CDCl3)

GETEL—

£5TEl—

£IPEl—

1TEEL—

120

140

=1

T
180

4

{ppm)

i1

S31



Cl

Cl

3
NM 669762 —
o] o
88£°59
m
089 ¢ L o 86°F mmp.wp)
£98°E— IM - 00°€ 000°LL
-« L0Z*LL
n
$95°ETT
9E6°PTT— e
© SLE'LTT
970" 97T —)
TOL°0ET I/[l =
zes TET | S -
unw.«ﬁ% =
- ovy ZET—
V.IJ T S6°T PS EET
} 5
PE L —————— - 56
/ vI0TPST n
o un«.-mdb
~ | vE'0
I — Y86 TOT: =—
) r Y 03
% O MHMU\“ —_— L et Jo) ya
| o
« 0O O
o O 7 o -
- s N
X z Z— | = L
= T - =
z = O o
™
I o < o
- m =
=
o ©O
o
L2}

UL L L S

T

LI T O

TTT TR T

e
180

i

TTT

T

20

40

60

80

100

120

140

160

200

S32



BLE T I
R
——=
TET A =
QPE L -
[ e llnm_
v98° L 7
g ————— —
=
20
I a
o 5 O
/ ¥
z Zz—
z =
g
©
O O

“_Yoo-w

QYMM.N

-¥8'0

>-s8'0

> T9°T
- LL0

10

Cl

Cl

3C NMR of 4g
(150 MHz, CDCl3)

£8€"T2

Z6%° 6T

mmh-mh[/

ao0*
LOZT LL

FLETPIT

90€* LET—

TP ZET

06E° LET
PEEOET—

LIS ZET —

889°ZET I
ZV0°VET—/
ESTTGET
6T9° LET—

¥IT°PST— 000 _ 3
TO05°S§ST—/

L I R O R A

20

LI B B L

LN L L B

180

TT T T ET T TS

40

60

80

100

120

140

160

200

S33



90T —

]
1

L5
1

-
=l

¥S
TI'L
L

s
-

1o
E&. h._
ied
ki
06k L
[
LS
[

.

P05 L=

E66L
N

EFER
9L R,
YSE'R
BSE'R

L 2
LETL
hm_.h./.

ﬁh_.h/.

(3
Sig H;
£9b'L
L
0282
VL
(02 7ﬁ
0612
E6F Ly
961°L|
6682
P05

HOSL
vpm.ax
91s°L

Cl

Cl

'H NMR of 4h
(600 MHz, CDCl3)

|

=L

—— gl

—— a7

00w

80 1T—

SU%—

6L0L
n.c.nhw
1T'éL

ITFEL—

EESEl —

bl —

Cl

Cl

13C NMR of 4h
(150 MHz, CDCly)

(ppm}

51

I3}
- m

(ppm

11

S34




L6 T~
9STTA"

90LE—

RINL
LI L
SEONL
BENL
LE0°L
190 L
124
9L
SH0L
060°L.
nars
05T L~
HEEL
188°L
coR's
SINL
gL
DR L

HIOL
TT0L
SEOL
BEUL

LEL
EG.NM
r2ors
QLUL
SROE
060°L
1L

0T —

BEEL~

16€%2~"

"H NMR of 4i
(600 MHz, CDCl3)

S«

—— 00

Faoe |

3]

00

[ta}

[t=]
]

40

[te]
[t}

[t}
I~

1t (ppm)

6L~
STIT-"

16T —

L9L
ma.chv
[irar¥2

PO6TL

IF1€r
amﬂm—W
LTTEL

Hm_ﬂnmw
ma.—.mn\
mu.cﬂ\v

EEREL

SPPSI—
LULST——
FOTOL
NEFIT—

3C NMR of 4i
(150 MHz, CDCl3)

T
130

140

170

T
180

T
200

11 (ppm)}

S35



W T~

9ECT~"

SHIE—

F

"H NMR of 4j
(600 MHz, CDCl3)

»EL'E

=00'g

=t B

\

Lppmy

OF6l -~
BROT

19°6T —

6292
n-_u.nnv
WL

0crie

aLFIL
1osit
9.6l

RO'RIT

PORIL
616L1 /_

o9l 8

13C NMR of 4j
(150 MHz, CDCls)

@
- ol

100

-0

1

=}

\ppmy

S36



SN

Br-

Br

"H NMR of 4k
(600 MHz, CDCl3)

£89° €

998" €-

ovT L

€86 L

{44983

08E"8—
regTg—

B

= EL°E
2 007€

[ +S6°T

-—68'0

=- 880

= 16T

10

Liv'6e —

L0P'GS —

88L°9L
000°LL
MTLL

800°0HL —
Z85°ELE ~
6602l
rrLiBlL V
gclazl
oko'ezl
Llolel ./
Ev6'CEL
mmm.Ner
irgreel

L8LySLE—

ze0gal —

Br:

Br

13C NMR of 4k
(150 MHz, CDCl3)

S37



= e 5=
N0 ©OW ONT ©ON n oo
n<sm —r— MO0ON OO [OREN
0o ©wo NNN 0o & oo
NV Y VI
OMe
MeO,C N
N
o -n  ro cao  ro
2 5 53 2de  EP
o w0 e RN @0
N o © ® © © © NSNS ©©
‘ VY Y \/
"H NMR of 41
(600 MHz, CDCls)
I
~ ~ [} [} T -
© < © © <
T T T T T h)
8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0
f1 (ppm)
o \ I l
I
L4 | |
B W i
4T d ] A
© o © < © egoo
23 2 ¢ 3 Soa
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
— v o IR m
— [oe} N~ MTOOT—0 n v (oo Nee) oo <
© = < o Gall-~0c oW 0o R « 0
$ 5 593 Sibnssq| oo Sdo 3 K
- - - — - —-— N~ ~ n o
Y SN2 v | I
OMe
MeO,C N 8 8% 9 ~ 3
N ) o= d © 9
™ momom | S S
N0 I\
3C NMR of 4l
(150 MHz, CDCl3)
|
e AT rwh"n ‘L “‘Avu.qumnmj..'H-H ‘-,LH‘W
T T T T T T T T T T T T
137 136(135 1 183 132 131 (13D 129 128 127 126 125
210 200 190 180 170 160 150 140 130 120 11 100 90 80 70 60 5 40 30 20 10
1| (ppm)

S38




OFT L
WL

L

£ 92
ParL
99K L
2oL
RVL

enr L
SR L ]
06F' 4
6L

9TE L+
BIS L~
:vw.g&
THEL
alf
sz
oL ﬁ
#E6° L4
156744
90854
01534
TIER
Fiesd
BLEH
TER
—

—é,«..h./.
TR
SHF L
ek L
L
[
5L
6L
BB LT
Nfd.hl\ﬂ
FE6'L
156°L-
Elie
OTE8-
TIEs:
pies:
BT
Fad 2

LR i e s Ril

"H NMR of 5a
(600 MHz, CDCls)

T
Fou

n
[

Lo

—10'8

10
Fo

0.0

L

[t}

=3
@

w0
@

o

tppmy

HTHT—

FAd |
LOR'LTI
90RTI
UZFRTL
Fs6TL
TouaLl
QIf'ATI
18roel
BTLEEL
LTH'SEL

1ks¥sl
RO

N Nl

0]

N
N
I

3C NMR of 5a
(150 MHz, CDCl3)

160

200

Lepmy

S39



&N

"H NMR of 5b
(600 MHz, CDCl3)

008 €
wom.p

FLBE

LU

S6E°E

686°9
EDO" L
arz L
a5 A
BSD*

[

F

el

LLE"L—/

088" L .
-mw.hU '
Sa._T\
T96°L
86€°8

£Iv'E
zTE'8

]

zes L .
mnm...,H.nI.llﬂh

[ o 60

10

‘T

L]

LLZ ST

96E"SS

saL 9L
000" LL
ST LL
ZEL' 60T
65T ETT-
£TZ°SET
€81 LET
6§89 LET
ovETBIT
316" 82T
czeteTT Y —_
789 TET—
TBLTIET =
mﬂm‘um.—.lN
95" EET
O\ vE9EST—
ssL vst— 3
a w S8L°THT —
O 24 :
[S@]
4 X g
z Zz— = T
z =
(|98
ol

PR

LA L L L L L L L A . ) B

L LI B B

180

TTTT

20

40

60

80

100

120

140

160

200

S40



ER L
RITL"

OFTL—

9T
£9E nv

SIRE—

ey
BLlLy
__vH..J
L68°L

whs
¥ L
BV Lo
S L
RISL

S |

865" L
LE9 L}

6067~
956 ...HW
mran%“
ER6'L

FIFE— 7

6}

N
N
I

"H NMR of 5¢
(300 MHz, CDCl5)

[t}
o

Fooe

=}

]

=}
[}

[}
[}

(G}

ol

Ta oA

Foot | n

=}
=]

tppmy

100~ _
e

HEHL —

BEYL
S

Bil—

TFLL \

o601 —
[iae-ra §

RT9TI
LlLTt
L6ETL
£SHTL
16T
L
EL6TL il
mv._e_\
A §
BL9EL-
el

5Pl —

FREl—

REQET—

EVOET =

136

T
138

140

142

N
N
I

3C NMR of 5¢
(75 MHz, CDCl3)

80

=1

=}
™

180

\ppmy

fi

S41



£EET~
1967

THE—

6512
7] L
L
<61 L
_..w:._
1
12
FOF L
stz
6812
955°2
695
1852+
SV
%06L
0T6L

wvaﬁ%-
696°L

T E—

"H NMR of 5d
(600 MHz, CDCly)

A0

—a0°

0

5
1

Lppm

i1

2o

=001

e50d

[t}
[t}

y

tppmy

Pl
BT

RTHT—

BLYL
n-O.NMW
ITLL

s
T
PELTL
6FRTI
FERTL
19671
TL6TL
woel
9F T
69EEL
LLeel
LHFEL
BEPSL—

orest—

aTsTI—

N_..n.n../u

FOLTL

L% /.
FE6TL ./
19°6T1 /
LRI —
ol —

aboel v

I 1€~

HIEEL e
Legers”

LEFEL—

ORGE ] =

3C NMR of 5d
(150 MHz, CDCls)

4
3

ppm

™

40

\ppmy

fi

S42



mth,m./.

YOHE—

mve_n\

EATR—

m:,.h./.
r
NE..r./
0LVLn
USLy
Sls' L
m&m.hL\
-

698 L
6L~
£T6L—
1562

"H NMR of 5e
(300 MHz, CDCl3)

| w

20

[t}
[t}

1
[t}

=}

)

LE6T —

se
wess

REYL
cc....hw

Nu.hh\

n-_u..._a\v
06 H01 ~
L4601 e

8T6I1L
orsti

1] aaa §
FLLTN
LFRTL
BT6TL~E
SO6T1 kﬁ
EOIEL

£l
SETEL
oeeld

LEBSTA_
THLEL~_
PEREL
Gl

orstr—

ozt
vzt
LFRTI L\|
SRS
STl \r
£ IEL—
OITEL
SETEL—

Toesl
N

13C NMR of 5e

o
r s
@
L
- o
ol
= —
E 3
[+3
=
o
L8
————
B
3 [
L& - E
mm
3
3 w
3
F
3
3
) ——
(&) i
o o
8 £
N
T
=
0
=

o
~at

=}
It

80

90

160

\ppmy

S43



LB Em—

LEOG—
PEs'Y

BYE'D
TLlL
'L
TETL
€904
SLTL
£58°L
0L
PEFL

BLFL
Nahﬁn
2
agﬁhv
€508

cmm,ﬁn/:
7

1iFs:

PE69~_

£160"
[FA WA

SRIL:
LTT L
DET L
50
£9TL
SLT'L:
L
m.u.m.h#
P L~
O6E" LT
m.uv.u“n
g1 w.h\-
(74 s

"H NMR of 5f
(600 MHz, CDCls)

—

*=50'8

FG00E

[T}
o

40

0

[}
i

[}

1t (ppm)

9 —

B9
./

DY LL
_N.\.nﬂ-

E9OIL—

FEEIT—
TUsEl,

9Tl
Lragad |
£57LTL
LLpedl
LE8TL
ezl
RIGTI
@.:_.T_,
opeer
LEES L
LEFSI"

L0191 —

BHUTE -~
oLl —
nm.n:ﬁ-
sezzt e
It z~_$
mm.zn_\w
zeserd)
srsand]
nﬁ.mﬂ_%\
RENEL .\
69 1EL

1reen"
6UEEL-

OFSEl —

N
N

—3
\l_l
-
n O
50
X -
=T
Z =
&)
g B

1w
ol

m
M

[ts)
m

;-

=}

=1

140

180

=]
&

Lppmy

S44



Cl

"H NMR of 5g
(600 MHz, CDCly)

PLE'S

68T 0———

e T————

A

0EE" 9%

SBLSL
L0Z"LL
e 0TT
PP SET Y
L06°92T
9EELET
TIL'LET
086" LZT
8ve"8ET
oLy eeT —
766" 8T
VE6" 6T
LOO*TET 3
...m«.aﬂ.L\
BLS EET
0EBTEET -
OTE"PET
@) 9LZ"SET
588 9ET / 3
— szz e5T—//
...va QS £¥9°3ST
(@] w
© O
7 [N
P4 =z =T
Z =
(Y |28
© 0
W )

80

LA I A

LA L R

20

40

60

100

120

140

160

180

S45



662 —

§G°6€
69°6€
€8°6€

()
Liov
veov

8€° 0V

28°'6S —

©
Fo
|
<
o
0
o
<
©
<
1 o
0
J Moy
<
o™
0
[T
L89°€ — *=gl'e
Sv8'e — Jmﬁo.m s
<
0
<
<
[[wn
o€
e §
8
O.H
"o
0
"o
N
¥90°2 I N N
62027 voz
©
. [~
Ge9°L = =001
i\@\v
<
[T
s> =
229’8 / —_ ~] o [ ®
mmm.mv @) :Wo ot
1 o
9506 — ~ O ~<]Fso1 [ @
5 )
M ['e}
@) ¥ O ro
=N
% Z T o
z z—| T = re
o
Q ©
78I\ %) o
= 2
—=Z Q
©
<
o

70

66°601 —
et —

110

f1 (ppm)

|20 82T

6.7 1€1L T

96°6E1 —

62 /71 —
v 6Y L

SZ VST
98° VS|

/6°191

3C NMR of 7
(150 MHz, DMSO-dy)

210

S46



X-Ray diffraction (XRD)

After the completion of the reaction between 1a and 2h, the leftover mixture of the catalyst
and the oxidant was filtered off, washed several times with ethanol, and dried in vacuo. The
X-Ray diffraction (XRD) of the dried powder was taken and compared with the XRD pattern
of the mixture of catalyst and oxidant before the reaction. The powder XRD patterns of silver
before and after reaction showed well resolved peaks (Figure S1). The XRD peaks of silver
after reaction at 38.2, 44.5, 64.6, and 77.4 26 were indexed to the (111), (200), (220), and
(311) crystalline planes, respectively, corresponding to the face centered cubic (fcc)
arrangement of Ag® state.”? The corresponding XRD peaks of Ag" before the reaction was

observed to be changed after the reaction, which confirms the generation of Ag’.

— Before reaction (Ag,0)
— After reaction Ag{0)
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Fig. S1. XRD patterns of the Ag* (before the reaction) and Ag® (after the reaction).
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