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General information

All the reactions were carried out under air and monitored by TLC using Merck 60 Fs4 pre-
coated silica-gel plates (0.25 mm thickness) and the products were visualized by UV detection.
Flash chromatography was carried out with silica-gel (200-300 mesh). *H and *C NMR spectra
were recorded on a BrukerAvance (111) 400 Hz spectrometer. Data for ‘H NMR are reported as a
chemical shift (6 ppm), multiplicity (s = singlet, d = doublet, g = quartet, m = multiplet),
coupling constant J (Hz), integration, and assignment, data for *3C are reported as a chemical
shift. High resolutions mass spectral analyses (HRMS) were carried out using ESI-QTOF-MS
(Microtof Q-I1 Bruker, condition: capillary voltage = —4500V, temperature = 250 °C, N, gas
flow = 7 lit/min, nebulizer pressure = 2 bar, instrument is calibrated using ESI tune low
calibration mixture before HRMS sample analysis). Melting points were recorded on an Electro
thermal melting point apparatus and are uncorrected. FT-IR spectra were recorded on a KBr

plate.
Experimental procedures

One-pot synthesis of compound 4a: A mixture of sulfonyl ketimine (1a, 0.2 mmol), MBH
carbonates (2a, 0.26 mmol), and DABCO (0.04 mmol) in anhydrous toluene (1.0 mL) was
heated at 60 °C for 6h. Then the crude product was directly purified by column chromatography
technique to give the product 4a as a mixture of diastereomer in 88% yield.

General procedure for the synthesis of compounds 5aa-5am: To a stirred solution of N-
sulfonyl ketimine® (1, 0.2 mmol), MBH carbonates? (2, 0.26 mmol), and DABCO (0.04 mmol) in
anhydrous toluene (1.0 mL) was heated at 60 °C. After completion of step | (monitored by TLC),
DBU (1.2 equiv) was added to the above reaction mixture at same temperature. After 67 h, the
reaction mixture was extracted with ethyl acetate (3 x 10 mL), washed with brined and dried
over anhydrous Na,SO,4. Afterwards, evaporation of organic solvent gave the crude product

which was purified through column chromatography over silica-gel to afford the pure product.
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Al the obtained products (5aa—5am) were characterized by IR, *H NMR, **C NMR and HRMS
data.

Characterization data

Ethyl 10-phenyl-9,10-dihydro-8H-benzo[e]pyrido[1,2-c][1,2,3]oxathiazine-9-carboxylate

0o 6,6-dioxide (4a): gummy liquid; yield 88%; R; = 0.67 (EtOAc:hexane = 1:6);
O)éfiN CO,E

O N O IR (KBr) v 1731, 1596, 1537, 1488, 1474, 1391, 1366 cm™ ; 'H NMR (400

MHz, CDCl3) 6 (major isomer) 7.61 (d, J= 8.0 Hz, 1H), 7.31-7.40 (m, 3H),

7.20-7.30 (m, 4H), 7.13 (d, J= 8.2 Hz, 1H), 5.89 (d, J= 3.5 Hz, 1H), 4.11-4.16 (m, 3H), 4.03-4.07
(m, 1H), 3.93-3.98 (m, 1H), 2.92-2.97 (m, 1H), 1.19 (t, J= 7.0 Hz, 3H) ppm; **C NMR (100
MHz, CDCls3) & (major isomer) 171.3, 148.5, 141.9, 132.4, 130.6, 128.9, 128.2, 127.5, 126.1,
124.1, 119.2, 118.8, 108.3, 615, 45.6, 43.5, 41.4, 140 ppm; HRMS (ESI) m/z calcd for
C20oH1gNOsS[M+H]" 386.1052, found 386.1065.

Ethyl 6-(2-hydroxyphenyl)-4-phenylnicotinate(5aa): colorless solid; mp 121-123 °C; vyield
76% (48.5 mg); R = 0.7 (EtOAc:hexane = 1:6); IR (KBr) v 3433, 1698,
1593, 1530, 1499, 1376 cm™;'H NMR (400 MHz, CDCls) 6 13.99 (s, 1H),

9.00 (s, 1H), 7.86 (s, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.46-7.46 (m, 3H), 7.35-

7.37 (m, 3H), 7.04-7.07 (m, 1H), 6.89-6.93 (m, 1H), 4.18 (q, J = 7.0 Hz, 2H), 1.09 (t, J = 7.0 Hz,
3H) ppm; *C NMR (100 MHz, CDCls) 6 165.9, 160.6, 159.8, 152.1, 148.1, 138.9, 132.6, 128.7,
128.4, 128.0, 126.7, 124.2, 120.4, 119.1, 118.9, 118.1, 61.4, 13.7 ppm; HRMS (ESI) m/z calcd

for CoH17NO3[M+Na]" 342.1101, found 342.1120.
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Ethyl 6-(2-hydroxyphenyl)-4-(4-methylphenyl)nicotinate (5ab): light yellow solid; mp 124-
126 °C; yield 73% (48.6 mg); Rt = 0.7 (EtOAc:hexane = 1:6); IR (KBr) v 3442,
1699, 1596, 1529, 1511, 1306 cm™; *H NMR (400 MHz, CDCls) 6 14.0 (s,

1H), 8.95 (s, 1H), 7.83 (s, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.31-7.35 (m, 1H),

7.22-7.26 (m, 4H), 7.03 (d, J = 8.0 Hz, 1H), 6.87-6.91 (m, 1H), 4.20 (q, J = 7.2 Hz, 2H), 2.42 (s,
3H), 1.13 (t, J = 7.0 Hz, 3H) ppm; *C NMR (100 MHz, CDCls)  166.0, 160.6, 159.7, 152.1,
148.0, 138.7, 135.9, 132.5, 129.1, 128.0, 126.7, 124.2, 120.4, 119.1, 118.9, 118.1, 61.4, 21.3,

13.7 ppm; HRMS (ESI) m/z calcd for Co1H19NOs[M+Na]” 356.1257, found 356.1270

Ethyl 6-(2-hydroxyphenyl)-4-(4-methoxyphenyl)nicotinate (5ac): yellow solid; mp 131-133
°C yield 69% (48.1 mg); R = 0.68 (EtOAc:hexane = 1:6); IR (KBr) v 3433,
1701, 1597, 1531, 1511, 1462, 1305 cm™; *H NMR (400 MHz, CDCl3) ¢ 14.02

(s, 1H), 8.95 (s, 1H), 7.84 (s, 1H), 7.82-7.82 (m, 1H), 7.31-7.36 (m, 3H), 6.98-

7.06 (m, 3H), 6.89-6.93 (m, 1H), 4.22 (g, J = 7.0 Hz, 2H), 3.87 (s, 3H), 1.16 (t, J = 7.0 Hz, 3H)
ppm; *C NMR (100 MHz, CDCls) ¢ 166.2, 160.6, 160.2, 159.7, 151.6, 148.0, 132.5, 131.0,
129.5, 126.7, 124.2, 120.3, 119.0, 118.9, 118.2, 113.9, 61.5, 55.4, 13.9 ppm; HRMS (ESI) m/z

caled for C1H1sNO4[M+Na]* 372.1206, found 372.1220.

Ethyl 4-(4-(benzyloxy)-3-methoxyphenyl)-6-(2-hydroxyphenyl)nicotinate (5ad): colorless

solid; mp 140-142 °C; yield 65% (59.2 mg); Rs = 0.60 (EtOAc:hexane = 1:6);
IR (KBr) v 3443, 1705, 1626, 1581, 1474, 1369 cm™; *H NMR (400 MHz,

CDCls) 6 13.80 (s, 1H), 8.92 (s, 1H), 7.85 (s, 1H), 7.82 (d, J= 8.0 Hz, 1H),

7.46 (d, J= 7.3 Hz, 2H), 7.32-7.40 (m, 4H), 7.04 (d, J= 8.3 Hz, 1H), 6.96 (d,
J=8.0 Hz, 1H), 6.86-6.93 (m, 3H), 5.22 (s, 2H), 4.19 (g, J= 7.0 Hz, 2H), 3.92 (s, 3H), 1.11 (t, J=

7.0 Hz, 3H) ppm; *C NMR (100 MHz, CDCls) ¢ 166.3, 160.6, 159.7, 151.5, 149.5, 148.8,
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147.8, 136.8, 132.5, 131.8, 128.6, 128.0, 127.3, 126.7, 124.5, 120.7, 120.2, 119.1, 118.9, 118.2,
113.6, 111.9, 71.0, 61.5, 56.2, 13.9 ppm. HRMS (ESI) m/z calcd for CasHasNOs[M+H]*

456.1805, found 456.1807.

Ethyl 4-(4-fluorophenyl)-6-(2-hydroxyphenyl)nicotinate (5ae): white solid; yield 79% (53.3
mg); mp 112-114 °C; R¢ = 0.69 (EtOAc:hexane = 1:6); IR (KBr) v 3442,
1732, 1593, 1511, 1420, 1288 cm™; 'H NMR (400 MHz, CDCls) 6 13.9 (s,

1H), 9.0 (s, 1H), 7.82 (s, 1H), 7.81 (s, 1H), 7.34-7.35 (m, 3H), 7.14-7.19 (m,

2H), 7.05 (d, J = 8.0 Hz, 1H), 6.91-6.93 (m, 1H), 4.21 (q, J = 7.0 Hz, 2H), 1.15 (t, J = 7.0 Hz,
3H) ppm; *C NMR (100 MHz, CDCl3) 6 166.0, 163.1 (Jc.r = 247.2 Hz), 160.5, 160.0, 151.1,
148.3, 134.9, 132.7, 129.9 (Jc.r = 8.0 Hz), 126.7, 123.9, 120.4, 119.1, 119.0, 118.0, 115.4 (Jc.r =
21.8 Hz), 61.5, 13.9 ppm ; HRMS (ESI) m/z calcd for CyoHisFNO3s[M+Na]® 360.1006, found

360.1020.

Ethyl 4-(4-bromophenyl)-6-(2-hydroxyphenyl)nicotinate (5af): colorless solid; mp 144-146
°C; yield 74% (58.9 mg) ; Rf = 0.7 (EtOAc:hexane = 1:6); IR (KBr) v 3441,
1731, 1593, 1534, 1420, 1364 cm™; H NMR (400 MHz, CDCls) & 13.86 (s,

1H), 9.09 (s, 1H), 7.79-7.82 (m, 2H), 7.73 (d, J = 8.0 Hz, 2H), 7.48 (d, J= 7.8

Hz, 2H), 7.35-7.38 (m, 1H), 7.06 (d, J = 8.0 Hz, 1H), 6.89-6.93 (m, 1H), 4.19 (g, J = 7.0 Hz,
2H), 1.11 (t, J = 7.0 Hz, 3H) ppm; *C NMR (100 MHz, CDCls) § 166.6, 160.6, 159.9, 149.5,
147.7, 144.6, 138.3, 132.6, 126.8, 122.2, 119.2, 119.0, 118.3, 116.4, 113.2, 112.5, 62.0, 14.3
ppm; HRMS (ESI): m/z calcd for CooH1s *BrNOs[M+Na]* 420.0206, found 420.0219; m/z calcd

for CooH1e> BrNOs[M+Na]* 422.0185, found 422.0203.
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Ethyl 6-(2-hydroxyphenyl)-4-(4-nitrophenyl)nicotinate (5ag): yellow solid; mp 133-135 °C;
yield 76% (55.3 mg); R = 0.6 (EtOAc:hexane = 1:6); IR (KBr) v 3427, 1720,
1591, 1516, 1420, 1348 cm™; 'H NMR (400 MHz, CDCls) ¢ 13.90 (s, 1H),

9.03 (s, 1H), 7.81 (s, 1H), 7.79 (m, 1H), 7.60 (d, J= 8.3 Hz, 2H), 7.34-7.38 (m,

1H), 7.24 (m, 2H), 7.05 (d, J = 8.3 Hz, 1H), 6.90-6.93 (m, 1H), 4.21 (g, J = 7.0 Hz, 2H), 1.16 (t,
J = 7.0 Hz, 3H) ppm; *°C NMR (100 MHz, CDCls) J 166.5, 160.4, 159.8, 149.3, 147.6, 144.4,
138.2, 132.5, 126.7, 122.0, 119.1, 118.9, 118.2, 116.3, 113.1, 112.4, 61.9, 14.2 ppm; HRMS

(ESI) m/z calcd for CaoH1gN,Os[M+Na]* 387.0951, found 387.0962.

Ethyl 4-(4-cyanophenyl)-6-(2-hydroxyphenyl)nicotinate (5ah): yellow solid; mp 152-154 °C
yield 79% (54.3 mg) R = 0.55 (EtOAc:hexane = 1:6); IR (KBr) v 3404, 2224,
1713, 1599, 1534, 1474, 1302 cm™; *H NMR (400 MHz, CDCls) 6 13.80 (s,

1H), 9.11 (s, 1H), 7.78-7.80 (m, 3H), 7.75 (s, 1H), 7.47 (d, J = 8.0 Hz, 2H),

7.35-7.39 (m, 1H), 7.06 (d, J= 8.3 Hz, 1H), 6.90-6.94 (m, 1H), 4.21 (4, J= 7.0
Hz, 2H), 1.16 (t, J = 7.0 Hz, 3H) ppm; *C NMR (100 MHz, CDCls) ¢ 164.9, 160.7, 160.4,150.5,
148.8, 143.7, 133.1, 132.0, 128.9, 126.8, 123.0, 120.1, 119.3, 119.1, 118.4, 117.7, 112.5, 61.7,

13.9 ppm; HRMS (ESI) m/z calcd for CpH1gNoOs[M+H]" 345.1234, found 345.1250.

Ethyl 4-(furan-2-yl)-6-(2-hydroxyphenyl)nicotinate (5ai): brown solid; mp 119-121 °C; yield
68% (42.01 mg); Rs = 0.7 (EtOAc:hexane = 1:6); IR (KBr) v 3431, 1723,

1600, 1491, 1362 cm™;  'H NMR (400 MHz, CDCls) § 13.9 (s, 1H), 8.8 (s,

1H), 8.18 (s, 1H), 7.88 (d, J = 8 Hz, 1H), 7.61 (s, 1H), 7.33-7.37 (m, 1H),
7.02-7.05 (m, 2H), 6.93-6.96 (m, 1H), 6.58 (s, 1H), 4.40 (q, J = 7.0 Hz, 2H), 1.36 (t, J = 7.4 Hz,

3H) ppm; *C NMR (100 MHz, CDCls) 6 166.5, 160.4, 159.8, 149.3, 147.6, 144.4, 138.2,
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132.5, 126.7, 122.0, 119.1, 118.9, 118.2, 116.3, 113.1, 112.4, 61.8, 14.1 ppm; HRMS (ESI) m/z

caled for C1gH1sNO4[M+Na]™ 332.0893, found 332.0907.

Ethyl 6-(2-hydroxyphenyl)-4-(thiophen-2-yl)nicotinate (5aj): brown solid; mp 125-127 °C
yield 70% (45.6 mg); R¢=0.7 (EtOAc:hexane = 1:6); IR (KBr) v 3430, 1724,

1603, 1531, 1492, 1360 cm™;*H NMR (400 MHz, CDCls): 6 13.8 (s, 1H), 8.89

(s, 1H), 7.95 (s, 1H), 7.82 (d, J =7.8 Hz, 1H), 7.50 (d, J = 6.0 Hz, 1H), 7.34-
7.37 (m, 1H), 7.23-7.27 (m, 1H), 7.13-7.15 (m, 1H), 7.05 (d, J = 8.2 Hz, 1H), 6.91-6.95 (m, 1H),
4.29 (g, J = 7.3 Hz, 2H), 1.24 (t, J= 7.0 Hz, 3H) ppm; *C NMR (100 MHz, CDCl3) & 166.0,
160.5, 159.8, 147.8, 143.9, 138.9, 132.6, 128.3, 127.9, 127.7, 126.7, 124.4, 120.4, 119.1, 118.9,
118.0, 61.7, 13.9 ppm; HRMS (ESI) m/z calcd for CigHisNOsS[M+Na]® 348.0665, found

348.0680

Ethyl 6-(2-hydroxy-5-methylphenyl)-4-phenylnicotinate (5ba): colorless solid; mp 129-131

°C; yield 77% (51.3 mg); R¢=0.67 (EtOAc:hexane = 1:6); IR (KBr) v 3457,

com| 1720, 1594, 1532, 1497, 1396 cm™; *H NMR (400 MHz, CDCls) 6 13.76 (s,

o 1H), 8.99 (s, 1H), 7.84 (s, 1H), 7.60 (s, 1H), 7.46-7.47 (m, 3H), 7.37-7.39

(m, 2H), 7.16 (d, J = 8.0 Hz, 1H), 6.94-6.97 (m, 1H), 4.18 (q, J = 7.0 Hz, 2H), 2.31 (s, 3H), 1.09
(t, J = 7.0 Hz, 3H) ppm; *C NMR (100 MHz, CDCl3) J 165.9, 159.9, 158.4, 152.0, 148.2, 139.0,
133.5, 128.6, 128.3, 128.1, 128.0, 126.8, 124.0, 120.3, 118.7, 117.7, 61.4, 20.7, 13.7 ppm;

HRMS (ESI) m/z calcd for CH1gNO3[M+Na]* 356.1257, found 356.1268
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Ethyl 6-(2-hydroxy-5-methylphenyl)-4-(4-methylphenyl)nicotinate (5bb): colorless solid; mp

Me 132-134 °C; yield 71% (49.3 mg); R; = 0.67 (EtOAc:hexane = 1:6); IR (KBr)
» .| v3438, 1729, 1608, 1483, 1427, 1387 cm™; *H NMR (400 MHz, CDCly) ¢
LT
" ™ 13.75 (s, 1H), 8.99 (s, 1H), 7.84 (s, 1H), 7.60 (s, 1H), 7.26-7.28 (m, 3H),
OH

7.15-7.17 (m, 2H), 6.94-6.96 (m, 1H), 4.20 (g, J = 7.0 Hz, 2H), 2.82 (s, 3H), 2.31 (s, 3H), 1.14 (t,
J = 7.0 Hz, 3H) ppm; *°C NMR (100 MHz, CDCls) J 165.7, 158.2, 150.1, 148.8, 139.5, 139.4,
135.9, 134.8, 129.9, 129.5, 127.1, 126.9, 120.9, 120.8, 61.8, 21.3, 21.2, 14.3 ppm; HRMS (ESI)

m/z calcd for CoHy1NO3[M+H]" 348.1594, found 348.1601.

Ethyl 4-(4-fluorophenyl)-6-(2-hydroxy-5-methylphenyl)nicotinate (5be): white solid; mp
110-112 °C; yield 77% (54.1 mg); R = 0.66 (EtOAc:hexane = 1:6); IR (KBr)

v 3439, 1730, 1597, 1491, 1366 cm™;'"H NMR (400 MHz, CDCls) 6 13.70 (s,

1H), 9.0 (s, 1H), 7.80 (s, 1H), 7.59 (s, 1H), 7.34-7.37 (m, 2H), 7.14-7.19 (m,
3H), 6.94-697 (m, 1H), 4.20 (q, J = 7.0 Hz, 2H), 2.32 (s, 3H), 1.15 (t, J = 7.0 Hz, 3H) ppm; *C
NMR (100 MHz, CDCls) 6 165.4, 162.7 (Jor = 247.1 Hz), 159.8, 158.1, 150.8, 148.1, 134.6,
133.3, 129.6 (Jc.r = 8.0 Hz), 127.8, 126.4, 123.4, 120.1, 118.6, 117.3, 115.1 (Jc..= 22.0 H2),
61.2, 20.4, 13.6 ppm; HRMS (ESI) m/z calcd for CyHigFNO3[M+Na]® 374.1163, found

374.1174.

Ethyl 4-(furan-2-yl)-6-(2-hydroxy-5-methylphenyl)nicotinate (5bi): brown solid; mp 100-102

°C; yield 67% (43.3 mg); Rf = 0.68 (EtOAc:hexane = 1:6); IR (KBr) v 3448,

= 1719, 1547, 1523, 1392 cm™; *H NMR (400 MHz, CDCls) 6 13.65 (s, 1H),

8.79 (s, 1H), 8.14 (s, 1H), 7.61-7.64 (m, 2H), 7.15-7.17 (m, 1H), 7.03 (d, J =

3.2 Hz, 1H), 6.94 (d, J = 8.3 Hz, 1H), 6.57-6.58 (m, 1H), 4.40 (g, J = 8.3 Hz, 2H), 2.35 (s, 3H),

1.36 (t, J = 7.3 Hz, 3H) ppm; *C NMR (100 MHz, CDCls) § 166.5, 159.9, 158.2, 149.4, 147.6,
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144.4,138.2, 133.4, 128.1, 126.7, 121.9, 118.6, 117.8, 116.2, 113.0, 112.4, 61.8, 20.7, 14.2 ppm;

HRMS (ESI) m/z calcd for C19H17NO4[M+Na]™ 346.1050, found 346.1062.

Ethyl 6-(2-hydroxy-5-methylphenyl)-4-(thiophen-2-yl)nicotinate (5bj): brown solid; mp 105-

IS 107 °C; yield 72% (48.9 mg); R; = 0.68 (EtOAc:hexane = 1:6); IR (KBr)
) A v 3422, 1719, 1596, 1523, 1487, 1364 cm™;*H NMR (400 MHz, CDCls):
© SN

on 5 13.8 (s, 1H), 8.89 (s, 1H), 7.93 (s, 1H), 7.59 (s, 1H), 7.49-7.51 (m, 1H),

7.15-7.18 (m, 2H), 6.95 (d, J = 8.0 Hz, 1H), 4.29 (g, J = 7.3 Hz, 2H), 1.24 (t, J = 7.0 Hz, 3H)
ppm; *C NMR (100 MHz, CDCls) ¢ 166.1, 159.9, 158.3, 147.9, 143.9, 139.1, 133.6, 128.3,
128.1, 127.8, 127.7, 126.7, 124.3, 120.4, 118.7, 117.6, 61.7, 20.7, 13.9 ppm; HRMS (ESI) m/z

calcd for C19H17NO3S[M+Na]" 362.0821, found 362.0833.

Ethyl 6-(2-hydroxy-5-methoxyphenyl)-4-phenylnicotinate (5ca): colorless solid; mp 118-120

O °C; yield 78% (54.5 mg); R; = 0.68 (EtOAc:hexane = 1:6); IR (KBr) v

oS CoE 3449, 1719, 1593, 1529, 1491, 1399 cm™;'H NMR (400 MHz, CDCls) 6

MeO. N/
L, 13.49 (s, 1H), 9.00 (s, 1H), 7.79 (s, 1H), 7.46-7.47 (m, 3H), 7.36-7.38 (m,

2H), 7.27-7.29 (m, 1H), 6.99-6.99 (m, 1H), 6.96-7.0 (m, 2H), 4.16 (q, J = 7.0 Hz, 2H), 3.80 (s,
3H), 1.08 (t, J = 7.0 Hz, 3H) ppm; *C NMR (100 MHz, CDCl3) § 165.9, 159.6 154.8, 152.4,
152.1, 148.2, 138.9, 128.7, 128.4, 128.0, 124.2, 120.5, 119.6, 119.4, 118.0, 111.0, 61.4, 56.1,

13.8 ppm; HRMS (ESI) m/z calcd for Co1H19NO4[M+Na]™ 372.1206, found 372.1220

Ethyl 6-(2-hydroxy-5-methoxyphenyl)-4-(4-methylphenyl)nicotinate (5cb): light yellow

Me solid; mp 125-127°C; yield 73% (52.3 mg); R; = 0.65 (EtOAc:hexane = 1:6);

[ com| IR (KBr) v 3438, 1721, 1595, 1514, 1462, 1387 cm™;*H NMR (400 MHz,

CDCls) 6 13.48 (s, 1H), 8.95 (s, 1H), 7.76 (s, 1H), 7.23-7.26 (m, 5H), 6.95-

OH

6.96 (M, 2H), 4.17 (g, J = 7.0 Hz, 2H), 3.78 (s, 3H), 2.41 (s, 3H), 1.12 (t, J = 7.0 Hz, 3H) ppm;
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3C NMR (100 MHz, CDCls) § 166.0, 159.5, 154.7, 152.3, 152.2, 148.1, 138.8, 135.9, 129.0,
128.0, 124.2, 120.5, 119.5, 119.3, 118.0, 111.0, 61.4, 56.1, 21.3, 13.8 ppm; HRMS (ESI) m/z

caled for CoH22NO,[M+Na]™ 386.1363, found 386.1275.

Ethyl4-(4-fluorophenyl)-6-(2-hydroxy-5-methoxyphenyl)nicotinate (5ce): colorless solid; mp

F 114-116 °C; yield 80% (58.7 mg); Rs = 0.65 (EtOAc:hexane = 1:6); IR

(KBr) v 3448, 1714, 1594, 1512, 1463, 1395 cm™; *"H NMR (400 MHz,

CDCls) § 13.41 (s, 1H), 9.01 (s, 1H), 7.75 (s, 1H), 7.33-7.36 (m, 2H), 7.26-

OH

7.28 (m, 1H), 7.14-7.19 (m, 2H), 6.97-6.99 (m, 2H), 4.20 (q, J = 7.0 Hz, 2H), 3.81 (s, 3H),

1.15 (t, J = 7.0 Hz, 3H) ppm; **C NMR (100 MHz, CDCls) 6 165.7, 163.1 (Jc.r = 247.9 Hz),
159.7, 154.8, 152.4, 151.2, 148.4, 134.8, 129.9 (Jc.r= 8.0 Hz), 124.0, 120.5, 119.6, 119.4, 117.9,
1154 (Jc/= 220 Hz), 111.2, 615, 56.1, 13.8 ppm; HRMS (ESI) m/z calcd for

C21H1sFNO4[M+Na]" 390.1112, found 390.1120

Ethyl 6-(5-bromo-2-hydroxyphenyl)-4-phenylnicotinate (5da) : colorless solid; mp 120-122

2 s 1731, 1594, 1536, 1472, 1390 cm™:*H NMR (400 MHz, CDCls) & 14.02 (s,

Br. \N
@ o 1H), 8.99 (s, 1H), 7.91 (s, 1H), 7.80 (s, 1H), 7.47-7.47 (m, 3H), 7.37-7.42

°C; yield 68% (54.1 mg); R¢ = 0.7 (EtOAc:hexane = 1:6); IR (KBr) v 3448,

(m, 2H), 6.94 (d, J = 8.2 Hz, 2H), 4.18 (q, J = 7.0 Hz, 2H), 1.08 (t, J = 7.0 Hz, 3H) ppm; °C
NMR (100 MHz, CDCls) 6 165.8, 159.6, 158.4, 152.4, 148.1, 138.6, 135.1, 129.1, 128.8, 128.4,
128.0, 124.8, 120.8, 120.5, 119.7, 110.9, 61.6, 13.7 ppm; HRMS (ESI) m/z calcd for
CaoH1s *BrNOs[M+Na]* 420.0206, found 420.0217; m/z calcd for CyoHic BrNOs[M+Na]*

422.0185, found 422.0197 .
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Ethyl6-(5-bromo-2-hydroxyphenyl)-4-(4-methoxyphenyl)nicotinate (5dc): pale yellow solid,;

mp 136-138°C; yield 65% (55.7 mg); Rt = 0.64 (EtOAc:hexane = 1:6); IR
(KBr) v 3443, 1706, 1653, 1581, 1515, 1474, 1338 cm™;*H NMR (400 MHz,

CDCls) 6 14.00 (s, 1H), 8.94 (s, 1H), 7.91 (d, J = 2.0 Hz, 1H), 7.78 (s, 1H),

7.41 (dd, J;= 2.0 Hz, J, = 7.6 Hz, 1H), 7.33 (d, J = 8.5 Hz, 2H), 7.0 (d, J = 8.5 Hz, 2H), 6.94 (d,
J=8.0 Hz, 1H), 4.22 (g, J = 7.04 Hz, 2H), 3.88 (s, 3H), 1.16 (t, J = 7.0 Hz, 3H) ppm; *C NMR
(100 MHz, CDCl3) ¢ 166.1, 160.4, 159.6, 158.2, 151.9, 148.0, 135.0, 129.5, 129.1, 124.9, 120.8,
120.4, 119.8, 114.0, 110.8, 61.6, 55.4, 13.9 ppm; HRMS (ESI) m/z calcd for
Co1H1s°BrNO,[M+Na]* 450.0311, found 450.0323; m/z calcd for CpHig™BrNOJM+Na]

452.0291, found 452.0309.

Ethyl6-(5-bromo-2-hydroxyphenyl)-4-(4-fluorophenyl)nicotinate (5de): colorless solid; mp
128-130 °C; yield 70% (58.2 mg); R = 0.68 (EtOAc:hexane = 1:6); IR (KBr)
v 3423, 1730, 1595, 1537, 1488, 1390 cm™; *H NMR (400 MHz, CDCl3) 6

13.96 (s, 1H), 9.0 (s, 1H), 7.90 (s, 1H), 7.76 (s, 1H), 7.40-7.43 (m, 1H), 7.34-

7.37 (m, 2H), 7.15-7.20 (m, 2H), 6.94 (d, J = 8.8 Hz, 1H), 4.21 (q, J = 7.04 Hz, 2H), 1.15 (t, J =
7.0 Hz, 3H) ppm; *C NMR (100 MHz, CDCls) 6 165.5, 163.2 (Jc.r = 247.8 Hz), 159.6, 158.4,
151.4, 148.3, 135.2, 134.5, 130.0, 129.9 (Jc.r = 8.0 Hz), 124.6, 120.9, 120.5, 119.6, 115.5 (Jc.r =
21.8 Hz),110.9, 61.6, 13.8 ppm; HRMS (ESI) m/z calcd for CaoHis "BrFNOs[M+Na]* 438.0112,

found 438.0102; m/z calcd for Cgong,SlBrFNog[M+Na]+ 440.0091, found 440.0078.

6-(5-bromo-2-hydroxyphenyl)-4-(thiophen-2-yl)nicotinate (5dj): brown solid; mp 108-110

= °C; yield 61% (49.3 mg); Rf = 0.68 (EtOAc:hexane = 1:6); IR (KBr) v 3457,
AN OF| 1720, 1594, 1532, 1497, 1396 cm™;'H NMR (400 MHz, CDCls) ¢ 13.88 (s,

on 1H), 8.88 (s, 1H), 7.89 (d, J = 7.8 Hz, 2H), 7.51-7.52 (m, 1H), 7.42 (d, J =
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8.0 Hz, 1H), 7.25-7.26 (m, 1H), 7.13-7.16 (m, 1H), 6.93-6.95 (m, 1H), 4.29 (g, J = 7.0 Hz, 2H),
1.23 (t, J=7.0 Hz, 3H) ppm; *C NMR (100 MHz, CDCls) 5 165.9, 159.5, 158.3, 147.8, 144.3,
138.6, 135.2, 129.1, 128.5, 128.2, 127.8, 125.1, 120.8, 120.5, 119.6, 110.9, 61.9, 13.9 ppm;
HRMS (ESI) m/z calcd for CigHi °BrNOsS[M+H]" 403.9951, found 403.9956; m/z calcd for

C1sH1.'BrNO5S[M+H]" 405.9930, found 405.9938.

Ethyl 6-(1-hydroxynaphthalen-2-yl)-4-phenylnicotinate (5ea): colorless solid; mp 139-141

°C; yield 71% (52.4 mg); Ry = 0.65 (EtOAc:hexane = 1:6); IR (KBr) v
3442, 1694, 1596, 1519, 1483, 1379 cm™; *H NMR (400 MHz, CDCls) ¢

15.49 (s, 1H), 9.04 (s, 1H), 8.50 (d, J = 7.6 Hz, 1H), 7.90 (s, 1H), 7.83 (d, J

= 9.0 Hz, 1H), 7.76 (d, J = 7.8 Hz, 1H), 7.47-7.57 (m, 5H), 7.33-7.40 (m,
3H), 4.18 (d, J = 7.3 Hz, 2H), 1.10 (t, J = 7.0 Hz, 3H) ppm; *C NMR (100 MHz, CDCl3) ¢
165.9, 160.1, 158.9, 152.2, 147.9, 139.1, 135.7, 128.6, 128.3, 128.3, 128.0, 127.3, 128.4, 125.6,
123.9, 123.4, 122.7, 120.2, 118.6, 110.7, 61.4, 13.8 ppm; HRMS (ESI) m/z calcd for

C24H1gNO3[M+H]" 370.1438, found 370.1443.

Ethyl 4-(4-fluorophenyl)-6-(1-hydroxynaphthalen-2-yl)nicotinate (5ee): colorless solid; mp

136-138 °C; yield 74% (57.3 mg); R: = 0.65 (EtOAc:hexane = 1:6); IR
(KBr) v 3448, 1695, 1596, 1465, 1377 cm™;*H NMR (400 MHz, CDCls) ¢
15.45 (s, 1H), 9.05 (s, 1H), 8.50 (d, J = 7.8 Hz, 1H), 7.86 (s, 1H), 7.82 (d, J

= 8.8 Hz, 1H), 7.76 (d, J = 7.6 Hz, 1H), 7.58-7.51 (m, 2H), 7.39-7.33 (m,

3H), 7.19-7.15 (m, 2H), 4.20 (d, J = 7.0 Hz, 2H), 1.16 (t, J = 7.0 Hz, 3H) ppm; *C NMR (100
MHz, CDCls) & 165.7, 163.1 (Jo.r = 247.0 Hz), 160.3, 158.9, 151.2, 148.2, 135.7, 135.1, 129.9

(Jcr= 8.0 Hz), 128.4, 127.3, 126.4, 125.6, 123.9, 123.2, 122.7, 120.3, 118.6, 115.4 (Jc.r= 21.0
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Hz), 110.6, 61.5, 13.9 ppm; HRMS (ESI) m/z calcd for C4H1gFNOs[M+H]" 388.1343, found

388.1349.

6-(2-Hydroxyphenyl)-4-phenylnicotinonitrile (5ak): light yellow solid; mp 134-136 °C; yield

73% (39.7 mg) ; R = 0.6 (EtOAc:hexane = 1:6); IR (KBr) v 3443, 2225,

O 1595, 1529, 1497, 1371 cm™;*H NMR (400 MHz, CDCl3) 6 13.28 (s, 1H),
N CN
O | N 8.85 (s, 1H), 7.96 (s, 1H), 7.81 (d, J = 7.7 Hz, 1H), 7.64-7.67 (m, 2H), 7.37-
OH

7.41 (m, 1H), 7.27-7.29 (m, 3H), 7.05 (d, J = 8.0 Hz, 1H), 6.92-6.96 (m, 1H)
ppm; *C NMR (100 MHz, CDCls) ¢ 160.8, 160.7, 153.4, 151.0, 135.6, 133.5, 130.5, 129.3,
128.4, 126.9, 119.5, 119.2, 117.7, 116.5, 106.0 ppm; HRMS (ESI) m/z calcd for

Ci1gH12N,O[M+H]* 273.1022, found 273.1031.

6-(2-Hydroxy-5-methoxyphenyl)-4-phenylnicotinonitrile(5¢ck): light yellow solid; mp 152-

154 °C; yield 74% (44.7 mg); Rs = 0.58 (EtOAc:hexane = 1:6); IR (KBr)
v 3425, 2227, 1596, 1529, 1488, 1401 cm™;*H NMR (400 MHz, CDCls)

9 13.77 (s, 1H), 9.14 (s, 1H), 8.36 (s, 1H), 8.33 (s, 1H), 7.79-7.81 (m,

2H), 7.53 (d, J= 8.6 Hz, 2H), 7.36-7.40 (m, 1H), 7.07 (d, J = 8.3 Hz, 1H),
6.91-6.94 (m, 1H), 3.78 (s, 3H) ppm; *C NMR (100 MHz, CDCl3) 6 160.5, 154.8, 153.5, 152.5,
151.1, 135.6, 130.5, 129.3, 128.4, 120.2, 119.9, 119.3, 117.6, 116.5, 111.2, 106.0, 56.1 ppm;

HRMS (ESI) m/z calcd for C19H14N,0>[M+Na]* 325.0947, found 325.0963.

6-(2-Hydroxy-5-methoxyphenyl)-4-(4-methoxyphenyl)nicotinonitrile  (5cl): light yellow

solid ; mp 146-148 °C; yield 68% (45.2 mg); R¢ = 0.5 (EtOAC:hexane =
1:6); IR (KBr) v 3442, 2223, 1609, 1588, 1494, 1369 cm™; 'H NMR

(400 MHz, CDCl3) 6 12.92 (s, 1H), 8.83 (s, 1H), 7.91 (s, 1H), 7.65 (d, J
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= 8.0 Hz, 2H), 7.30 (s, 1H), 7.10 (d, J = 8.0 Hz, 2H), 7.02 (m, 2H), 3.91 (s, 3H), 3.83 (s, 3H)
ppm; C NMR (100 MHz, CDCls) ¢ 159.0, 153.8, 153.0, 150.8, 150.4, 136.6, 132.2, 128.9,
125.4, 125.2, 121.3, 116.9, 116.4, 116.1, 112.7, 109.2, 56.0 (2C) ppm; HRMS (ESI) m/z calcd

for C20H16N203[M+H]+ 333.1234, found 333.1245.

4-(4-Fluorophenyl)-6-(2-hydroxyphenyl)nicotinonitrile (5am): light yellow solid; mp 140-

142 °C; yield 76% (44.0 mg); R = 0.57 (EtOAc:hexane = 1:6); IR (KBr) v
3443, 2223, 1601, 1513, 1417, 1362 cm™; 'H NMR (400 MHz, CDCls) &

N1 13.30 (s, 1H), 8.86 (s, 1H), 7.98 (s, 1H), 7.83 (d, J = 7.8 Hz, 1H), 7.66-7.668

(m, 2H), 7.42-7.38 (m, 1H), 7.30-7.28 (m, 2H), 7.07 (d, J = 8.0 Hz,1H), 6.97-

OH

6.94 (m, 1H) ppm; *C NMR (100 MHz, CDCl3) *C NMR (100 MHz, CDCl3) 6 164.1 (Je.r =

250.8 Hz), 160.9, 160.7, 152.3, 151.1, 133.6, 131.7, 130.5 (Jo.r = 8.8 Hz), 126.9, 119.5, 119.2
(Jor = 21.0 Hz), 117.6, 116.7, 116.5, 116.4, 105.8 ppm; HRMS (ESI) m/z calcd for

Ci1gH11FN,O[M+H]" 291.0928, found 291.0921.

References

1. C. A.Osborne, T. B. D. Endean, E. R. Jarvo, Org. Lett. 2015, 17, 5340.
2. S. Kayal, S. Mukherjee, Org. Lett. 2017, 19, 4944.

S14



Lo R e R’ |
= od W
= ==
T4
e
]
| 1 1
1
. . Y
4.1% 1.1k = (] 3.2
H =i H = 1 0] e H
10 ] 3 T & 5 4 3 s 1 0
Chemical Shift {pipm)
Chloroform-d
|
N 8 K8HLWRLIBYD ¢ = ND O ~
o N ONAdNN OO0 00 N~ — O N N~
N S 9MO0OASTOO AN o N 283 Q
= 2 INIRRIREIZY & o O o3 o o
— — R B B B B B B B I I | — o < S < —
| e G/

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S15



Chloroform-d
@ ANONO DN O ® A LD D O © N < © ©
3 8%%?3%.388%88§ﬁ SERI8 8xR
o QRO MNMMNMANO QD N Qo Qo
a ONNNNNNNNNN O < S S S Anninl
(e Ak -
r N
|
|
[
L J
! Il
I
1
|
ML w“k "
1.01 1.00 3.06 1.01 2.02 3.02
= —l L | ] l
T T T T T T T T T T T T T T T
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Chemical Shift (ppm)

Chloroform-d
i

3 88 8 8&%%@%%‘3}’3% 0 -
< \—Ig D N O 0D — M - O M (] N~
9 X O 9 ONMOMONHYOH Q Ny
0 QD Ng W AN OXOPOWS OO

o O o n MOMOANNNNNN - — (32}
— — - — - A A A A d A A A © —
[~ =N [

Al

180 170 160 150 140 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S16



Chloroform-d

& wwmgﬁvxoammgﬁ ™m0 o o e
8 BRI deIINS NEEER] S §&9
< QRO MNANNQORN® NN ~ o
3 OMNNMNMNMNNMNNNNNDN OO S S S ~N il
\ (s e -
|
| |
I | J\

1.00 1.00 2.00 4.00 2.02 3.04 3.03

E Ll il WA l | l

LB L L L R L B R AR S R R A R AR R AR RN R RN RN EEER RN RE RN
15 14 12 11 10 9 6 4 3 2 1 0
Chemical Shift (ppm)
Chloroform-d

§ 2% 38 85938885853 o @ o
o) MO ONTdOXANO o~ © IN] o]

) N H 0 NRNOONYON g & 2
8 88 BS 8BHAIREKIKZTEY o o o
A A A HAAdAd A A A A A A A © ~ i

LT T T SRR P e I

Me
N CO,Et

L | e

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S17



Chloroform-d
8 LM 0OMONL STOMAdN — O O
S BLY 58238835 HASGR &35
< QXX HMNNOO O NN N o Ehals
-~ OMNMN MNNMNNMNNMNNNN~O© RSl S S i op) o
(L DU -
I
l
j& \ J \“U
1.01 1.00 2.03 3.03 3.03 3.00
=l I ] HoR | |
T T T T T T T T T T T T T T T T T T T T T T T T T T T
15 14 13 12 11 10 4 2 1 0
Chemical Shift (ppm)
Chloroform-d
K385 § PRBIRSILBS N ®© o
< d M bl HNOMONITNO [{s] Q (@)
n owmao ™ VOO OMANLAN ~ ™ Te)
[N eoNoNe g ANONNT OO o0 N~ N
O © O O MOANNNAN A A A A — n <t
~ — Rl B B B B B B B | © [Tel —
I N B Il
DY
OMe
N CO,Et
L
L
OH
J
I I
" | | } B \l‘ j Lo |
" 0 N “W In J .y u,“AL'“.! 1" 11 e o L"'“ " Jm”ln M" TP IMMM'M"'W'FLH'W pom
P T T I T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

518



Chloroform-d
\
2 2 HIIIZSLAZNNG T OO MmN~ N < O -
Q DINIRLCRIRRIALSY D OKQNd D = M
<] AN IOOROMI O ® N d90®ON ISR
] DRVAOTMNMNNO DN X N NAATR O
B BNNNNNNN GGG O TR A ) LR
(SN N W RS S
|
|
[
‘ n I | il ) J‘
1.00 1.00 1.014.063.08 204 3.04 3.07
I Hl I | 4 |
o L B B R R R A R A R R R AR R R AR R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2
Chemical Shift (ppm)
Chloroform-d
\
8%‘38‘;‘%88’&%%83&%&'%9ﬁ%8 ~ N1 ©
AWOUNSNNANDDT IO IMNONORT ~ ~ 3
MODOBTORONOONOINNOO AN 8 5 9 I
CORHAONONTOONOCT OO W00 M 8 o o
COMISIITINNOANNNNNN A Ao < — O o
e B B B B B B B B B B B B B B B B B B B | N~ e} n -
[ /T Wy B MM M \ [

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

519



Chloroform-d

9 VONOVDOWLANL o4O < NN - m S
& aNgbgssssdha 5283 IRBSE 8
o QRO MNOHANAAAO R NANNA RS S
4 ONNMNNMNNNNNNNOO < S S e v
e T L Ve
|
|
|
|
I
| |
i |
W
1.00 1.00 2.043.05 2.03 3.02
Ll El LR il 1
T T T T T T T
15 14 13 12 11 10 9 8 7 6 5 4

Chemical Shift (ppm)

Chloroform-d

88583 2833888385832 8 o =
oMo Id vl ALDOHMOOM = o
©MOOA M O~ NONAY OO M N 5
BIBBRY ISAILRIRISIYY o o5
A A A A A A A A A A A A A AAAA (e} —
B B A ISR A
DY
F
X CO,Et
P
S
OH
L
. ‘\ ‘|\“H‘ﬂ | I
Ll ) Jll\\”l“ |

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S20



Chloroform-d

g o HIIRBREEREY 9888 £3g
@ o N vwgpgor\m\—c Nggl\ ™ - O
5 S ANRNNIIONMNO0O NS =
1 O MNNNMNNNNNNNOO < S S o
| e R -
[ |
I
-
) i | u
1.01 1.00 2.03 1.0 201 3.01
Il Ll i il l
R o I N o LA o e e R e R S a R N n s E e e
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Chemical Shift (ppm)
Chloroform-d
N~ D~ 0 O© N Q DN AN 00
© N N~ D N~ (32} A OO ITIONOANNN o [l
N L <t © - . o OO AN®M O N N I ~
© B YR & SRANEHFSAW g S
8 88 253 8 §8]AZRSAY N <
- — o i En e B B B B B B | e} —
N L A B o T e [ \

A\ T YRR L frpen bk o b
L‘W Ghkd g WP I

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S21



Chloroform-d

2 N 0ONODNHANON O 0N 0N 0 M~
o ¥ QAN ONQMO NN 0
~ o QOODHVODONA gmgw o @8R
o3 d ANNNNYSYOONOR NANAN -
p1 [ S O T e e e e e N ] S S S o
| G L -
|
|
I |
| |
I
. J
|
Iy | v
1.00 1.00 3.06 1.01 2.00 3.01
| = I i H l
T T T T T T T T T T T T T
15 14 13 12 11 10 9 8 7 6 5 4 3

Chemical Shift (ppm)

Chloroform-d
5‘&% 23 BARLEIBIRIIII < o
n o DN NN ANDODODOOO M- — —
QRS YO NOOONOSOSNAINLWD ) 5%
233 32 LIS XEYR2IESY i o
— e A A A A A A A A A A A A © -
T B \
'a DY
CN
X CO,Et
L
S
OH
L J |
I
| | | [ I | |
| ﬂ I ‘ \(‘\ |
NSRS N FUON 1 50 ORUN V1 N OO, SO |

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S22



Chloroform-d

$ NN~ DOLW S 0 O oM - © O
8 BB HRLLSBRBE Y FEE8 8IS
o SXBOHMNNMAHNNS O AN ==
- Lo I e O e e e O T S Ye) < S o
\ | e R -
e DY
| \ I |
| % ]
8 | | | )
1.00 1.00 2.05 2.40 2.02 3.00
=l 4 [ (A N il Il
T T T T T T T [ e T
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
& Ak RERN 8 2 8BTBGIRA o ™
(=) N moog - NV OANODOO -~ D — ~
N Yo 0Onus N SOOOQNNO®M 5 ~
€ 88 253 8§ §L§383889y o 3
- — - - - R B B B B B B B | O -
N i Y I RN B
Chloroform-d
. “ Loy o | |
L N R A | l
PO T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 50 40 10

Chemical Shift (ppm)

S23



Chloroform-d
8 NTDOAONON OO M © D N © 0 M~
8 SEYINOARHEIBBNEE 8 IS5 2 Q8T
& D HOOVOWMNMMNMNOOONA << Mm® N oMM
— WONMNNMNNMNNMNNMNNMNNMNNMNNMOO © TS —
L PREREL -
|
p
o~
CO,Et
L
N
[
OH |
L

| |
J ) ) L o

1.06 1.00 1.00 2011.00 2.00 3.04

&l Ll L B il ll
LI L L L L L L L L e N R R RN R R R RN RR R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

Chloroform-d

S 9383 IFY8 L aRIFIYNBS o @
o o N < O © N ONSOHdMmOooO O [ee] P
n 0 OO NSTCOARNNO T 5 o
8 88 253 ¥ 858YJX8I¥88Yy o <
— — - — A A A A A A A A A [{e] —
[ L e e (A |
(O~
|\ CO,Et
~
N
OH
I Lo bt | [
oo L L

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S24



Chloroform-d

lQ OQOMN~NANMNLDOLWLWN 0 W [N oNe] - O
(3] [To RSl ei g Q QO N 2] ~ O M
o CRURNITNNAOOD 0o NN
— ONNNMNNMNNNNNNNNGO < < S S — -
L ) ) -
I
'a DY
ENGZ
N CO,Et
P
N
OH
~ g |
|
) J,‘\‘JH J J M
1.00 1.00 1.03 1.05 2.03 3.02
i =l LRI il 1
T T T T T T T T T T T T T T T T T T T T
15 14 13 12 11 10 7 5 4 3
Chemical Shift (ppm)
Chloroform-d
® 39 %8&1@%8%&5885@8 o o
~ N O vagmm‘—immmﬁ' o N~ N
S WVRNRRNOMONOIMAHNO N S
8 3883 O8O YRRE{IKZTES i o]
- — AA A A A A AAAAAAA (e} —
Lol (N )
SN~
CO,Et
L
N
OH
I |
| I !
|
I
I
NN ‘ Hl
P T T T T T T T T
180 170 160 150 140 130 120 110 100 70 50 10

Chemical Shift (ppm)

S25



13.7606

)

Chloroform-

|

g 9838548
8 gorx@oor\
D VOT MM
cr [ S A A

1.0

1

—

7.2600

f
|

7.1766 =
6.9696
6.9489
4.2060
j¥1%4
4.1709
T:4.1527

2.3180

1.1094
1.0918
1.0736

[

AN

L

3.01

14

I
||
I
|
|
) jJ‘ j uUU
1.00 3.02 1.00 201 3.03
(- [ Rl i [
T T T T T T T T T T T T I T
11 4 2
Chemical Shift (ppm)
Chloroform-d
NBEBI38Y85 ~ o
HOANANMNOMOOD (2] <
BOHMONONMK O R 5
SLEKQIREG o S
A A A A A A A A A © N
e \

13 12

—165.9571
,159.9198
—158.3886
—152.0304
—148.1659

139.0296

|

"

—13.7544

0

ot Ll !

e e

190 180

170

160 150

140

130

120

110 100 90
Chemical Shift (ppm)

S26

80 70 60

50

40

30

20

10

0



Chloroform-d

% (o] ~NOON~NOMN~NN MDD <t o D 0
n [ NDODO QO A M [TpNNe)] ~ w0 [ee]
o = OO NN GO N P & =
- [ce] [ e e e D N e} < < NN —
SR L = S B
I
|
|
| [ i Jk I
! A U} J/&k / /
1.00 1.01 1.00 451 2.00 3.02 3.01
= £ Al 4 il 4
T T T T T T T T T I T T T T T
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
g 8§ 2883332358388 © © @
o (<] ~ w0 goooorxomo [e0] N () © Q
™~ — SN Y ON®QY 0N b by < K
8 B I[ISZBIJIXIRNESR o S 49 <
- — i B B B B B B B B B B | © N N -
| | e ML e e \ [
v
|
‘ Chloroform-d
I
I
I
) - "

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S27



Chloroform-d

g 8 5hEYF8SRE 8¢ 8325 S 888
] S MMM AO A &0 NN ™ =
k| O NNNNNMNNNN © O < < N —
(ARSI W ek R
[
I
1.00 1.00 1.04 3.07 2.04 3.02 3.04
L [ [ U | [
T T T T T T T T T T T T T T T T T T T T T T
15 12 11 10 9 5 4 1 0
Chemical Shift (ppm)
Chloroform-d
M <t © N~ < ONTHON~-HO 00O LW
SEONYUER §9eRN5EBREs B g
IRHLORE CadyYI8RRSY Q e 15
BB RBIRE IAIREILIZEYVT o S o
A A A A A AAd A A A A A A A © N —
B S T A I
DY
F
T T T I T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

528



Chloroform-d

2 8338 $E8398Y &R 3 238
2 8298 F58298Y R®IgR 2 288
o NIQOA H09aawmy SIM0 M MO0
- 0 O M~~~ M~ © oo oo < ST S N -
\ (bl 2t L R
|
o~
CO,Et
Me | pZ
N
OH
|
I |
i
| [l
Y
1.01 1.00 1.04 2.041.03 1.01 2.05 3.06 3.01
il Il | LI I | I
T T T T T T e e e e e e
15 14 13 12 11 10 9 8 7 5 4 0
Chemical Shift (ppm)
Chloroform-d
€ BF 288 $88R33NE83 N o 9
D &Y 388 dS56RIR]EN § & B
o os'%@' oir\'g: B MO N O 0N @ ~ oA
O < < MO MONANNAAAAA — o <t
— - e B B B B B B B B | © N —
ST ST T VRN RSy I
(ONgZ”
{-CO2Et
Me ‘N/
OH
|
| |
| [l
|
| ‘ |
‘ ‘ ‘ |
oo " " o ‘ A1 N e ” M“HJ VS p—— " M W
T T T T T T e e e e e e e e e e e e e
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

S29



Chloroform-d
g ~ MMM MO O N ~N oW o < LDCDg
& S 838338 5888 5 B85S
o © OLBLINGSHP @A« ® NN
a9 ] MNINNNNNDN~ OO < S S N o
| A —
SNGZ
CO,Et
Me ‘N/
OH
I
Lol !
[
[
Y a8
I | LV
1.00 1.00 1.00 2.03 2.02 3.01 3.09
= — [ S i i | [
T T T T T T T T T T T T T
15 14 13 12 11 10 9 8 7 4 3
Chemical Shift (ppm)
Chloroform-d
) Bgﬂ%%%%@%%%% © n o
~ © O P OO NSNS NN, o o N
o 0m O OO ANdONNMMNLW — - [aY)
QO D 9 r\'%icn'cdodw'r\'co'&dool\' r~ ™~ [
O 1w <t MHOOMOANNNNNN A I o (32}
— A A A A A A A A A A A © N —
S N = I
SNGZ
\ CO,Et
Me | pZ
N
OH
.
A T T T O
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

S30



Chloroform-d
8 o L\')O’NO(")(")O% [(=] DM M 0 o~
@ 8 HRBLEII SERBA S8R
] © MNYYMOANNSD N 0o Qo
— o NN~~~ O < < <t o -
| e Ll )
| I
w |
= ’ :
0.98 1.00 3.011.04 3.01 3.00
— H [T 4o il
R L L L L o e e e R S e e R R RN R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 1 0
Chemical Shift (ppm)
Chloroform-d
8 I880e SLIoBBIFBI ® Q
AN 0NN Nr\(ogmoﬁc\l\—cm Q o %
@ whoModN DOMNMONTOY OO S o K
8 BIHHE BIJIIKRIAST o o o
— E i B B B | A A A AAAA A A [{e} [Te) -
1P AN B I \
'a R
MeO.
. J
I
» | | I | | | |
Lo | [ L [
R T A 1 \ | ok, )
T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

S31



Chloroform-d

& © <+ omd Jeand o ~ o ©
= 2 5 335 953888 3 g]8
o = R N dN < = =
- oo} N~ M~~~ I ™ N o~
\ \ | 3 -
|
s B
Me
|\ CO,Et
MeO _
oy |
OH |

JL A“e r'L )

1.08 1.00 1.045.39 3.02 3.03 3.02

—I —l I 14 il 1 i
L L L B R L A A R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

Chloroform-d

X {3 55 82RSBNRID © o N
S ¥ N~ N® SOATWMOQ I 8 2 3
e B I3NX W AXIRLYY - o © -
— — — - e A A A A A A A [{e} [Ye) N —
\ [ VoSS N [ \ \
' 7
J
I
I ¥ | I
o ) L] .
Lo L] i [ ] X

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S32



Chloroform-d
5 I $3332988% BRENY £83
< <t anogmooon\@cn INENE2 R O 0
o S MNMOOOANAAA0 NAN—HH®X ERERE
— o O e e e L (o] ™ o
[N S S P
|
Il
I
|
|
| ! I
I |
i w“\f‘ L | /\JL It
1.00 1.00 201 3.02 3.02
El il L] L H
LI L L R R R R R R R RN R N N N N R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

Chloroform-d

%:am%&m%gmagmgasamg o ~ 3
r\mmmmmmg_ LN A0 M — o

OMOORNRMAT OO TOTOHW O A N o)
R L R LR EREEEEEEE S e &
A A A A A A A A A A A A A A A A [{e] n —
L e E I I I |

i l’A | L |

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S33



Chloroform-d

& S 882 88 88y
o o OHAHNSD AN ® NN
- o] [ e Dl Al ae (e < < [32] -
\ L . R
I
S
|\ CO,Et
MeO
e N/
OH ! |
!
)U / Il JL./Q~ _
1.01 1.00 1.03 2.02 2.013.02 3.02
] J— I = I | [
A B B R B B I A o B R Raa s n s R e aa
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
Chloroform-d
g 83358 SYS33888388 o ® o
Yol (=) O O NOANO®OOMS O <t Yo} N
S ¥ ©mM9 S ogma~nnhINNON 0y S
€ B ARSI 8YJ/RIKZZST R o
— o A A A A A A A A A A A © [Te) -
T N B e s [
SNGZ
| x CO,Et
MeO P
N
OH
| I I | P |
I
e Ll L]
O R T .

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S34



Chloroform-d

8 HF NERE8323Y eoeq S8
< S ORI INNDOD N EReXe]
3 o] NNNNNNNOO© < < —

JRESTSE R 2 R

] N J J [

1.01 1.00 3.05 101 2.00 3.03

H b=l e H i
B L R N R e R AR RN R R R R R RRRR R AR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

Chloroform-d

@ B8 3 SNBRRRLINELR < N
K 2995 53939332838 % ~ Yo}
N ©M Y O NOHOYO QXL ©® 2 N
8 R8N Y FYIIBNTISLESS 0 ~
© MmO OOHANNNANNN A A i o
— e B I e | A A A A A A A A A A (e} —
T T ] S LSS e
( 7
I
. J
I |
|
|
|
| |
| ‘ | | |

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S35



Chloroform-d
i
g 3 %8 9985389 2389¢ 389
o Lé) «— 0O ?N%HG’)U‘)E& ﬁmx—iog CDLO@
< S AN NNNOSHIO NN NN ® ==
3 W NN NNNNOCOO ™ —
[ L) -
I

J‘k MM LW, S \ UWUL_J

1.00 1.00 1.04 2.02 3.01 3.01

L =l How W i ll
L L R B R e R RN e N R RN R R R R R R RS R R R AR RN
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

Chloroform-d

BLE8 3 NEO29NIBI 3R o o ©
OO O D DHANDOVDOOMOONM N (2] <
ONHON O O HONONVDT N~ O 5 @ =
CORP o I~ IE828F/ L8289 0 A o
OCOnmHw < MOANNNANNAAA — n (32}
L e B B B e | L e B B B B B B B B [{e} [Te) -
LSl T eSS Y e [

OMe

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S36



Chloroform-d

:ri NONNDDHOON S 00 nm N N MO N
o SOARTMOM NG00 AN 0o
- ONNNNNNNNNOO < < < < R |
N - D

I

Jo ML ) -

1.00 1.01 2.04 2.02 3.01

4 [ I i i
N L M R L L e R e R R R AR LR RN R R RS R RRRR RN
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

Chloroform-d

Oﬁm@(’\lgf\l [} ™ MWW~ M (2] o
NSO MO T MOS0 NN N A [}
NSOOINM NS00 QINEY o 3 S
83IZZREE  BIIARIg83498S g 5
R B B e B e | i B B B B e B B B B B | [{e] -
STV T SO e \ \

L T

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S37



8 g I\NLDQQ.OKDEH O N LW O I~
8 950330 N8 &R B8
b ® SRBIINAS S RN AN
a W NMNNNMNNMNNNN~OO < < -
\ ISR L) R
|
SN
CO,Et
Br | pZ
N
OH ‘ |y
I
|
| |
1.01 1.00 2.08 1.45 . .
H I i =N i l
I o R AR R AN e R e R R AR R R e ]
15 14 13 12 11 9 8 7 5 4 0
Chemical Shift (ppm)
Chloroform-d
g 28 8BRIIINILS2YS 2 N
o <t © O OMN OO o O w0 oo N e} o
S M DANTHOMANORXNENOD 5 S
8 BB SIBYIXNIREYKRKSS i o
— — - A A A A A A A A A A A (e} —
T A VP \
e
S .~
CO,Et
Br. | Pz
N
OH
.
il |
I
I
NI H! |
T T T T O O T
180 170 160 150 140 130 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

S38



g 8 2825 258
& g S8LY S8
%o} < AN N == 0o Q
— =] < S S —

_k ‘ / f
Z ) (LI !
1.00 1.00 1.02 5.08 2.02
Ll =l B ]
T T T e
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
Chloroform-d
I8N SHRS¥EA8 3&%§§;§8 - ~
O MO MNANT10OO0OANSOO oo MmO Mm n —
D HO0 OO OMON O MN~NLWMNS ~ ©
oW ANWOBWOWON~ WHOANSWCS «® ™~
© © LS OOMOANNNN NNNNNAA I (32}
— A A A A A A A A A A A A A A [{e} —
IR R A AR A
CO,Et
I
TR I MW h | ! ‘
L A ol . P " " N . | )

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S39



Chloroform-d

8 cgEILOIE ORI BRI 22338

5 SIhRRIOWMMN MM A NN DN A

— CONNNNNNNNNN < < & < s R R R

\ S UI —L] e
|

] |

X J I
1.00 1.00 1.08 1.033.05 2.04 3.03
= i i B4 i I
R e e L R e R e R e R R R R AR RN R AR R R A
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

Chloroform-d

ROESOYLYN VUHINBF2E2TR g Y

NNONMORKON NNOOOWITOAAN O LW Q o2}

\—cagoomﬂwm LRI NN @R @ Q

MNOOANDINAAS QMMM OAONOL N L B

CITSBRHEN AAARLUAN{EEES o o

Addddddd Adddddddd A A A © —
( R

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

540



Chloroform-d

—13.2846
8.8457
7.9638
7.8227
7.8033
7.6546
7.3880
7.2839
7.2638
7.0644
7.0443
6.9577
6.9396

|

1.01 1.00 1.03 3.46

Il ] [RE R
R R e o L ML I o s o e e B R AMRARANRERRSESERNRERESEsRssEEsssnass
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

Chloroform-d
|
N8 28 B839HCERBE &
0O <O OEIONITAINGOY &
88 81 RNR8K8X¥LK3IITFS 8
— - — - A A A A A A A A A A —
N

il | |

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S41



Chloroform-d

—13.7726
9.1404
8.3558
8.3344
7.8138
7.7900
7.5423
7.5209
7.3854
7.3673
7.0819
7.0612
6.9470
6.9282

—3.7801

| x CN
MeO Z
L
OH
[
K L Jbb
1.00 100 200 201 102 3.03
k l i I |
T T T T T T T e e e e e
16 15 14 13 12 11 10 9 8 5 4 1 0
Chemical Shift (ppm)
Chloroform-d
82835 LRABLHYISHESH )
Z353s 98855855933 g
X8B3 R8XJKIZTYIE8 <
R e B B R | AAd A A AAAAAA A Te}
| =N S s A \
[
[
| | i | |
oo [ H [ [
" | HL‘ ’ . M lih I ) | "
L L0 0 T 00 LT 00 [0 L [ [ [
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

542



Chloroform-d
Q [s2} OMANMAN - oM
& S F8gsass o8
& X 90O MASQ o ®
— o O e e R [Ser]
[N =
'a DY
MeO
I
. J
I
! [
| | LﬂL J m
| 1
1 [ L |
1.00 1.00 201 2.01 3.00
Il Il [ T I
T T T T T T T T T T T T T T T T T T
15 14 13 12 11 10 9 8 7 6 5 4 3
Chemical Shift (ppm)
Chloroform-d
DO MM~ O TOANMNONT O LN
ﬁﬂ%a‘g QS’%%@SE’%’:‘B%E %
o~onN S NS AN OMNN 5
BRRIB 85LLEIY88S8 3
B B B B A A A A A A A A A A [Te)
N e
'a DY
OMe
| x CN
MeO =
Sy
OH
. J
I
I
| | ‘\ | |
L L |

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

543



Chloroform-d
3 58N 39838388
8 LDODWNODNOOW% Yo
o3 QRO OTNNNQOG
B ONNNNNNNNNNO
| B

|

|

I
c‘ J MU J
1.01 1.00 1.04 2.00
Il il [ e P

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Chemical Shift (ppm)

Chloroform-d

e =t
162 5501
160 9479
e BT
152 3430
151.0670
JecReErE]
316552
30 50E
jask= ear)
[ERTa ]
92015
9. CET
7.o0E2
(2x4m)
477
H5314

=

1

1

1

1

6

i

05
—2a715

—119.5249
—119.2915
—119.0874

119 118 117 116
Chemical Shift (ppm)

Y N i

LA N BB BN B B BB B LB L L LI BN L LB L N LN BN B LN LN L LN B B L B L L N BB BB B |
180 180 140 120 100 B0 80 40 20 0
Chemical Shift {ppm)

S44



