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1. General considerations

All reactions were carried out under N, atmosphere. Materials were obtained from commercial
suppliers or prepared according to standard procedures unless otherwise noted. Solvents were
purified and dried according to standard methods prior to use. For product purification by flash
column chromatography, silica gel (200~300 mesh) and light petroleum ether (bp. 60~90) are used.
'H NMR spectra were recorded on a Bruker advance 11l 400 MHz in CDClzand *C{*H} NMR
spectra were recorded on 101 MHz in CDClzusing TMS as internal standard. Data for 'H NMR
are recorded as follows: chemical shift (8, ppm), multiplicity (s = singlet, d = doublet, t = triplet,
m = multiplet or unresolved, br = broad singlet, dd = doublet of doublet, dt = triplet of doublets,
ddd = doublet of doublet of doublets, coupling constant (s) in Hz, integration). Data for *C NMR
is reported in terms of chemical shift (8, ppm). IR spectra were recorded on a FT-IR spectrometer
and only major peaks were reported in cm™. High-resolution mass spectral analysis (HRMS) data
were measured on a Bruker Apex II.

2. Preparation of substrates

Substrates 1a-1l were purchased commercially. 1m-1r were synthesized from the corresponding
aniline derivatives according to the known literature.® Substrates 2a-2g were prepared from the
corresponding o,B-unsaturated aldehydes through the known literatures.?

3. Experiment procedure

| Pd(OAc), (10.0 mol %)

A 9 XX
A PPh3 (20.0 mol %
R AT NTSNNHTs a{ ) . r-I
OH/NHTs K>CO3 (3.0 equiv) Y™ CAr
1 2 toluene, 80 °C, N, 3
Y =0O; NTs

Substrates 1 (0.2 mmol, 1.0 equiv), a,pB-unsaturated N-tosylhydrazones 2 (0.4 mmol, 2.0 equiv), ,
Pd(OAC), (10 mol%), PPh; (20 mol%), K,CO3 (0.6 mmol, 3.0 equiv) were added to a sealed tube,
toluene (2.0 mL) were added via syringe. The mixture was flushed with N, and then heated at
80 <T in an oil bath about for 12 h until completion (monitored by TLC). After cooling at room
temperature, the reaction mixture was filtered through celite. The solvent in the filtrate was
evaporated under reduced pressure. The residue was purified through silica gel chromatography to
afford the products 3.

Pd(OAc), (10.0 mol %)

HO | . Ar<_0O
X
:@i AT N NHTs PPh; (20.0 mol %) m
| OH K2CO3 (4.0 equiv) X o” Sar
4

toluene, 80 °C, Ar
1s 2

Substrate 1s (0.2 mmol, 1.0 equiv), a,p-unsaturated N-tosylhydrazones 2 (0.6 mmol, 3.0 equiv), ,
Pd(OAC), (10 mol%), PPh; (20 mol%), K,CO3 (0.8 mmol, 4.0 equiv) were added to a sealed tube,
toluene (3.0 mL) were added via syringe. The mixture was flushed with N, and then heated at
80 <T in an oil bath about for 12 h until completion (monitored by TLC). After cooling at room
temperature, the reaction mixture was filtered through celite. The solvent in the filtrate was
evaporated under reduced pressure. The residue was purified through silica gel chromatography to
afford the products 4.
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4. Spectra data

\
: O: Ph
3a

2-phenyl-2H-chromene (3a)®: Purification by column chromatography on silica gel (petroleum
ether) affords the title compound as a colorless oil, 33 mg, 80% yield. *H NMR (400 MHz, CDCls)
§7.34 (d, J = 7.3 Hz, 2H), 7.23 (dt, J = 12.6, 6.9 Hz, 3H), 6.99 (td, J = 7.7, 1.7 Hz, 1H), 6.89 (dd, J =
7.4,1.6 Hz, 1H), 6.78-6.66 (m, 2H), 6.41 (dd, J = 9.8, 1.9 Hz, 1H), 5.80 (t, J = 2.6 Hz, 1H), 5.67 (dd, J
= 9.9, 3.4 Hz, 1H). “C{*H} NMR (101 MHz, CDCl5) & 153.2, 140.9, 129.6, 128.8, 128.5, 127.1,
126.7,125.0, 124.1, 121.4,121.3, 116.1, 77.2.

O™ 'Ph

3b

6-methyl-2-phenyl-2H-chromene (3b)*: Purification by column chromatography on silica gel
(petroleum ether) affords the title compound as a colorless oil, 32 mg, 73% vyield. '"H NMR (400
MHz, CDCls) § 7.36 (dt, J = 6.1, 1.5 Hz, 2H), 7.31-7.19 (m, 3H), 6.82 (dd, J = 8.2, 2.1 Hz, 1H), 6.73
(d, J = 2.1 Hz, 1H), 6.61 (d, J = 8.1 Hz, 1H), 6.40 (dd, J = 9.9, 1.9 Hz, 1H), 5.78 (dd, J = 3.4, 1.9 Hz,
1H), 5.70 (dd, J = 9.8, 3.4 Hz, 1H), 2.16 (s, 3H). “*C{*H} NMR (101 MHz, CDCl;) § 151.0, 141.0,
130.5, 130.0, 128.8, 128.4, 127.2, 127.1, 125.1, 124.2, 121.2, 115.8, 77.2, 20.7.

(@) Ph

3c

6-(tert-butyl)-2-phenyl-2H-chromene (3c)®: Purification by column chromatography on silica gel
(petroleum ether) affords the title compound as a colorless oil, 43 mg, 82% yield. '"H NMR (400
MHz, CDCls) & 7.35 (d, J = 7.5 Hz, 2H), 7.30-7.17 (m, 3H), 7.04 (dd, J = 8.5, 2.5 Hz, 1H), 6.92 (d, J
= 2.4 Hz, 1H), 6.64 (d, J = 8.4 Hz, 1H), 6.42 (dd, J = 9.8, 2.0 Hz, 1H), 5.79 (t, J = 2.6 Hz, 1H), 5.66
(dd, J=9.9, 3.3 Hz, 1H), 1.19 (d, J = 1.5 Hz, 9H). *C{"H} NMR (101 MHz, CDCl5) § 151.0, 144.0,
141.2,128.7,128.4, 127.1, 126.5, 124.9, 124.6, 123.7, 120.7, 115.4, 77.3, 34.2, 31.6.

T
O Ph
3d
6-fluoro-2-phenyl-2H-chromene (3d): Purification by column chromatography on silica gel

(petroleum ether) affords the title compound as a colorless oil, 36 mg, 79% yield. '"H NMR (400
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MHz, CDCl3) & 7.37-7.33 (m, 2H), 7.31-7.22 (m, 3H), 6.74-6.61 (m, 3H), 6.45-6.35 (m, 1H), 5.78 (d,
J = 7.3 Hz, 2H). *C{*"H} NMR (101 MHz, CDCl5) & 157.5 (d, J = 239.1 Hz), 149.1 (d, J = 2.2 Hz),
140.4, 128.8, 128.6, 127.2, 126.4, 123.6 (d, J = 2.1 Hz), 122.4 (d, J = 8.4 Hz), 117.0 (d, J = 8.0 Hz),
1155 (d, J = 23.2 Hz), 112.9 (d, J = 23.9 Hz), 77.22. °F NMR (376 MHz, CDCl;)  -123.10. HRMS
(ESI-TOF) calcd for C15H1,FO [M+H]" : 227.0867, found: 227.0873.

RSS!
(0] Ph
3e

6-chloro-2-phenyl-2H-chromene (3e): Purification by column chromatography on silica gel
(petroleum ether) affords the title compound as a colorless oil, 35 mg, 72% yield. '"H NMR (400
MHz, CDCls) § 7.39-7.23 (m, 5H), 6.96 (dd, J = 8.6, 2.6 Hz, 1H), 6.90 (d, J = 2.6 Hz, 1H), 6.62 (d, J
= 8.6 Hz, 1H), 6.39 (dd, J = 9.9, 1.8 Hz, 1H), 5.86-5.72 (m, 2H). *C{"H} NMR (101 MHz, CDCl) §
151.7, 140.3, 129.1, 128.9, 128.7, 127.2, 126.3, 126.2, 125.9, 123.2, 122.7, 117.4, 77.4. HRMS
(ESI-TOF) calcd for C15H1,CIO [M+H]" : 243.0571, found: 243.0575.

@) Ph

3f

methyl-2-phenyl-2H-chromene-6-carboxylate (3f): Purification by column chromatography on
silica gel (petroleum ether/ethyl acetate = 50:1~20:1, v/v) affords the title compound as a colorless
oil, 40 mg, 75% yield. *H NMR (400 MHz, CDCl3) § 7.72 (dd, J = 8.4, 2.1 Hz, 1H), 7.63 (d, J = 2.2
Hz, 1H), 7.36-7.24 (m, 5H), 6.70 (d, J = 8.5 Hz, 1H), 6.47 (dd, J = 10.0, 1.9 Hz, 1H), 5.90 (dd, J = 3.3,
1.9 Hz, 1H), 5.74 (dd, J = 10.0, 3.4 Hz, 1H), 3.79 (s, 3H). *C{"H} NMR (101 MHz, CDCls) 5 166.8,
157.2, 140.3, 131.6, 128.88, 128.8, 128.4, 127.1, 125.2, 123.3, 123.1, 120.7, 116.0, 78.0, 52.0. HRMS
(ESI-TOF) calcd for C17H1505 [M+H]" : 267.1016, found: 267.1016.

O™ 'Ph

39

2-phenyl-6-(trifluoromethyl)-2H-chromene (3g): Purification by column chromatography on silica
gel (petroleum ether/ethyl acetate = 100:1~50:1, v/v) affords the title compound as a colorless oil,
32 mg, 58% yield. '"H NMR (400 MHz, CDCl3) § 7.37-7.25 (m, 6H), 7.20-7.15 (m, 1H), 6.74 (d, J =
8.5 Hz, 1H), 6.46 (dd, J = 9.9, 1.8 Hz, 1H), 5.90 (t, J = 2.6 Hz, 1H), 5.79 (dd, J = 9.9, 3.5 Hz, 1H).
BC{*H} NMR (101 MHz, CDCls) § 155.8, 140.2, 129.0, 128.9, 127.2, 126.7 (q, J = 3.9 Hz), 126.0,
125.7, 123.8 (q, J = 3.7 Hz), 123.4 (d, J = 32.7 Hz), 123.1, 121.2, 116.3, 77.8.'°F NMR (376 MHz,
CDCly) & -61.73. HRMS (ESI-TOF) calcd for C16H1,F;0 [M+H]" : 277.0835, found: 277.0833.
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m
HsCO,C 07 “ph

3h

methyl-2-phenyl-2H-chromene-7-carboxylate (3h): Purification by column chromatography on
silica gel (petroleum ether/ethyl acetate = 50:1~20:1, v/v) affords the title compound as a colorless
oil, 37 mg, 69% yield. '"H NMR (400 MHz, CDCls) § 7.47 (dd, J = 7.8, 1.6 Hz, 1H), 7.38-7.21 (m,
6H), 6.97 (d, J = 7.8 Hz, 1H), 6.52-6.43 (m, 1H), 5.85 (d, J = 8.4 Hz, 2H), 3.78 (s, 3H). *C{*H} NMR
(101 MHz, CDCl3) 5 166.7, 153.0, 140.3, 131.0, 128.8, 128.7, 127.5, 127.1, 126.5, 125.6, 123.4, 122.8,
117.2, 77.3, 52.2. HRMS (ESI-TOF) calcd for C17H;505 [M+H]" : 267.1016, found: 267.1016.

JO O
Cl (@) Ph

3i

7-chloro-2-phenyl-2H-chromene (3i): Purification by column chromatography on silica gel
(petroleum ether) affords the title compound as a colorless oil, 37 mg, 77% yield. '"H NMR (400
MHz, CDCls) & 7.41-7.22 (m, 5H), 6.83 (d, J = 8.0 Hz, 1H), 6.77-6.67 (m, 2H), 6.41 (dd, J = 9.9, 1.8
Hz, 1H), 5.82 (dd, J = 3.5, 1.8 Hz, 1H), 5.72 (dd, J = 9.9, 3.5 Hz, 1H). “C{*H} NMR (101 MHz,
CDCl3) & 153.8, 140.3, 134.4, 128.9, 128.7, 127.4, 127.1, 124.9, 123.2, 121.4, 119.9, 116.6, 77.4.
HRMS (ESI-TOF) calcd for C15H1,CIO [M+H]" : 243.0571, found: 243.0572.

m
NC (@) Ph

3]

2-phenyl-2H-chromene-7-carbonitrile (3j): Purification by column chromatography on silica gel
(petroleum ether/ethyl acetate = 100:1~50:1, v/v) affords the title compound as a pale yellow oil,
31 mg, 67% yield. '"H NMR (400 MHz, CDCl5) & 7.31 (m, 5H), 7.06 (dd, J = 7.7, 1.6 Hz, 1H), 6.98
(d, J = 7.7 Hz, 1H), 6.92 (d, J = 1.6 Hz, 1H), 6.51-6.44 (m, 1H), 5.95-5.84 (m, 2H). *C{*H} NMR
(101 MHz, CDCl3) & 153.2, 139.7, 128.98, 128.95, 128.2, 127.1, 125.6, 125.3, 122.9, 119.4, 118.8,
112.3, 77.6. HRMS (ESI-TOF) calcd for Cy5H1,NO [M+H]" : 234.0913, found: 234.0911.

m
O,N 07 “ph

3k

7-nitro-2-phenyl-2H-chromene (3k): Purification by column chromatography on silica gel
(petroleum ether/ethyl acetate = 50:1~20:1, v/v) affords the title compound as a yellow viscous oil,
29 mg, 57% yield. '"H NMR (400 MHz, CDCl,) § 7.65 (dd, J = 8.3, 2.2 Hz, 1H), 7.52 (d, J = 2.2 Hz,
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1H), 7.40-7.24 (m, 5H), 7.04 (d, J = 8.2 Hz, 1H), 6.53 (d, J = 9.2 Hz, 1H), 6.00-5.89 (m, 2H). *C{*H}
NMR (101 MHz, CDCls) & 153.4, 148.4, 139.5, 129.1, 129.0, 128.8, 127.2, 126.8, 122.7, 116.7, 111.6,
77.6. HRMS (ESI-TOF) calcd for C1sH1,NO; [M+H]" : 254.0812, found: 254.0816.

F
3l

8-fluoro-2-phenyl-2H-chromene (3l): Purification by column chromatography on silica gel
(petroleum ether) affords the title compound as a colorless oil, 32 mg, 71% yield. '"H NMR (400
MHz, CDCls) 5 7.40-7.34 (m, 2H), 7.31-7.22 (m, 3H), 6.83 (ddd, J = 10.3, 6.5, 3.3 Hz, 1H), 6.73-6.65
(m, 2H), 6.46 (dt, J = 9.9, 1.9 Hz, 1H), 5.88 (dd, J = 3.6, 1.8 Hz, 1H), 5.79 (dd, J = 9.9, 3.6 Hz, 1H).
Bc{*H} NMR (101 MHz, CDCly) § 151.1 (d, J = 245.7 Hz), 140.7 (d, J = 11.1 Hz), 140.2, 128.8,
128.7,127.1,125.7, 123.7 (d, J = 2.5 Hz), 123.6 (d, J = 3.8 Hz), 121.9 (d, J = 3.2 Hz), 120.8 (d, J = 7.1
Hz), 116.6 (d, J = 18.5 Hz), 76.85.'°F NMR (376 MHz, CDCl;) & -137.64. HRMS (ESI-TOF) calcd
for C1sH1,FO [M+H]" : 227.0867, found: 227.0867.

L
s
CH3

2-(p-tolyl)-2H-chromene (3m)?: Purification by column chromatography on silica gel (petroleum
ether) affords the title compound as a colorless oil, 34 mg, 76% yield. *H NMR (400 MHz, CDCls)
§7.25(d, J = 7.7 Hz, 2H), 7.09 (d, J = 7.7 Hz, 2H), 7.01 (t, J = 7.7 Hz, 1H), 6.91 (d, J = 7.5 Hz, 1H),
6.77 (t, J = 7.5 Hz, 1H), 6.68 (d, J = 8.1 Hz, 1H), 6.44 (d, J = 10.0 Hz, 1H), 5.85-5.76 (m, 1H), 5.69
(dd, J = 10.2, 3.4 Hz, 1H), 2.25 (s, 3H). *C{*H} NMR (101 MHz, CDCl5) & 153.3, 138.3, 137.9,
129.5,129.5, 127.2,126.7, 125.1, 124.0, 121.5, 121.2, 116.1, 77.1, 21.3.

L
0
OCHj,

3n

3m

2-(4-methoxyphenyl)-2H-chromene (3n)®: Purification by column chromatography on silica gel

(petroleum ether/ethyl acetate = 100:1~50:1, v/v) affords the title compound as a colorless oil, 41

mg, 87% yield. "H NMR (400 MHz, CDCl5) § 7.28-7.22 (m, 2H), 6.97 (td, J = 7.7, 1.7 Hz, 1H), 6.88

(dd, J = 7.4, 1.7 Hz, 1H), 6.79-6.71 (m, 3H), 6.65 (d, J = 8.1 Hz, 1H), 6.41 (dd, J = 9.8, 1.9 Hz, 1H),

5.74 (dd, J = 3.5, 1.9 Hz, 1H), 5.65 (dt, J = 9.8, 2.3 Hz, 1H), 3.64 (s, 3H). *C{*H} NMR (101 MHz,

CDCl3) 6 159.8, 153.1, 132.9, 129.5, 128.7, 126.6, 125.0, 124.1, 121.4, 121.1, 116.1, 114.0, 76.8, 55.3.
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2-(4-fluorophenyl)-2H-chromene (30)%: Purification by column chromatography on silica gel
(petroleum ether/ethyl acetate = 100:1, v/v) affords the title compound as a colorless oil, 32 mg,
70% vyield. '"H NMR (400 MHz, CDCl5) § 7.38-7.30 (m, 2H), 7.07-6.92 (m, 4H), 6.79 (td, J = 7.4, 1.1
Hz, 1H), 6.69 (d, J = 8.1 Hz, 1H), 6.47 (dd, J = 9.9, 1.9 Hz, 1H), 5.81 (dd, J = 3.5, 1.9 Hz, 1H), 5.68
(dd, J = 9.9, 3.5 Hz, 1H). *C{*H} NMR (101 MHz, CDCls) § 162.8 (d, J = 247.9 Hz), 153.0, 136.7
(d, J=3.2Hz),129.7,129.1 (d, J = 8.4 Hz), 126.8, 124.6, 124.4, 121.4, 121.3, 116.2, 115.7 (d, J = 21.6
Hz), 76.5.

e
Cl

3p

2-(4-chlorophenyl)-2H-chromene (3p)* Purification by column chromatography on silica gel
(petroleum ether/ethyl acetate = 100:1, v/v) affords the title compound as a colorless oil, 36 mg,
75% vyield. "H NMR (400 MHz, CDCl3) § 7.32-7.22 (m, 4H), 7.03 (td, J = 7.7, 1.7 Hz, 1H), 6.93 (dd,
J =175, 1.7 Hz, 1H), 6.83-6.77 (m, 1H), 6.69 (d, J = 8.1 Hz, 1H), 6.46 (dd, J = 9.9, 1.9 Hz, 1H), 5.79
(dd, J = 3.5, 1.9 Hz, 1H), 5.68 (dd, J = 9.9, 3.5 Hz, 1H). *C{*H} NMR (101 MHz, CDCl3) & 153.0,
139.3, 134.3,129.7, 128.9, 128.6, 126.8, 124.5, 124.4, 121.5, 121.3, 116.1, 76.4.

2-(3-methoxyphenyl)-2H-chromene (3q)*: Purification by column chromatography on silica gel
(petroleum ether/ethyl acetate = 100:1~50:1, v/v) affords the title compound as a colorless oil, 31
mg, 66% yield. '"H NMR (400 MHz, CDCl3) & 7.20 (t, J = 7.9 Hz, 1H), 7.02 (td, J = 7.7, 1.7 Hz, 1H),
6.93 (ddd, J = 9.8, 7.4, 1.5 Hz, 3H), 6.78 (tdd, J = 6.1, 2.7, 1.2 Hz, 2H), 6.72 (dt, J = 8.1, 0.9 Hz, 1H),
6.43 (dd, J = 9.9, 2.0 Hz, 1H), 5.80 (dd, J = 3.4, 2.0 Hz, 1H), 5.70 (dd, J = 9.8, 3.4 Hz, 1H), 3.70 (s,
3H). *C{*H} NMR (101 MHz, CDCl3) 5 159.9, 153.3, 142.5, 129.8, 129.6, 126.7, 124.9, 124.1,
121.4,121.3,119.4, 116.1, 113.9, 112.6, 77.1, 55.3.

3r
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2-(furan-2-yl)-2H-chromene (3r): Purification by column chromatography on silica gel (petroleum
ether/ethyl acetate = 100:1~50:1, v/v) affords the title compound as a colorless oil, 23 mg, 57%
yield. 'H NMR (400 MHz, CDCls) & 7.35 (d, J = 1.8 Hz, 1H), 7.02 (td, J = 7.7, 1.7 Hz, 1H), 6.95 (dd,
J=75,1.7 Hz, 1H), 6.79 (td, J = 7.4, 1.1 Hz, 1H), 6.71 (d, J = 8.1 Hz, 1H), 6.53 (dd, J = 9.8, 1.6 Hz,
1H), 6.32-6.21 (m, 2H), 5.84 (dd, J = 4.0, 1.6 Hz, 1H), 5.76 (dd, J = 9.7, 4.0 Hz, 1H). *C{"H} NMR
(101 MHz, CDCls) 5 152.70, 152.68, 143.4, 129.6, 126.8, 125.6, 121.51, 121.45, 121.3, 116.4, 110.5,
109.6, 69.6. HRMS (ESI-TOF) calcd for C13H1;,0, [M+H]" : 199.0754, found: 199.0755.

m
N Ph
Ts
3s

2-phenyl-1-tosyl-1,2-dihydroquinoline (3s): Purification by column chromatography on silica gel
(petroleum ether/ethyl acetate = 5:1~3:1, v/v) affords the title compound as a white solid, Mp =
125-127 T, 46 mg, 64% yield. '"H NMR (400 MHz, CDCls) & 7.57 (d, J = 8.0 Hz, 1H), 7.26 (dd, J
= 7.4, 3.7 Hz, 4H), 7.20-7.11 (m, 4H), 7.08-6.98 (m, 3H), 6.89 (dd, J = 7.5, 1.7 Hz, 1H), 6.20 (d, J =
9.6 Hz, 1H), 5.95 (d, J = 5.9 Hz, 1H), 5.80 (dd, J = 9.6, 5.9 Hz, 1H), 2.27 (s, 3H). *C{*H} NMR (101
MHz, CDCIy) & 143.5, 138.5, 136.2, 133.0, 129.2, 128.8, 128.5, 128.4, 128.0, 127.8, 127.5, 127.3,
126.6, 126.4, 125.6, 57.0, 21.7. HRMS (ESI-TOF) calcd for C,,H,0NSO, [M+H]" : 362.1209, found:

362.1211.
H3Cm
N Ph

Ts
3t

6-methyl-2-phenyl-1-tosyl-1,2-dihydroquinoline (3t): Purification by column chromatography on
silica gel (petroleum ether/ethyl acetate = 5:1~3:1, v/v) affords the title compound as a white solid,
Mp = 138-140 <T, 50 mg, 66% yield. '"H NMR (400 MHz, CDCls) § 7.43 (d, J = 8.2 Hz, 1H),
7.30-7.20 (m, 4H), 7.13 (dtt, J = 8.2, 6.0, 3.0 Hz, 3H), 7.00 (d, J = 7.9 Hz, 2H), 6.91 (d, J = 7.9 Hz, 1H),
6.68 (s, 1H), 6.13 (d, J = 9.6 Hz, 1H), 5.90 (d, J = 5.9 Hz, 1H), 5.75 (ddd, J = 9.6, 5.9, 1.5 Hz, 1H),
2.25 (s, 3H), 2.17 (s, 3H). *C{*H} NMR (101 MHz, CDCl,) & 143.4, 138.5, 136.3, 136.2, 130.3,
129.2, 129.0, 128.5, 127.9, 127.54, 127.48, 127.3, 126.9, 126.4, 125.7, 57.0, 21.6, 21.1. HRMS
(ESI-TOF) calcd for Cp3H2,NSO, [M+H]" : 376.1366, found: 376.1366.

N Ph

Ts
3u

methyl-2-phenyl-1-tosyl-1,2-dihydroquinoline-6-carboxylate  (3u): Purification by column
chromatography on silica gel (petroleum ether/ethyl acetate = 3:1~1:1, v/v) affords the title
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compound as a white solid, Mp = 114-116 <C, 49 mg, 58% vyield. "H NMR (400 MHz, CDCl,) &
7.77 (dd, J = 8.5, 2.1 Hz, 1H), 7.67-7.59 (m, 2H), 7.30-7.22 (m, 4H), 7.18-7.13 (m, 3H), 7.02 (d, J =
8.0 Hz, 2H), 6.29 (d, J = 9.6 Hz, 1H), 6.01 (d, J = 6.0 Hz, 1H), 5.89 (dd, J = 9.6, 6.0 Hz, 1H), 3.79 (s,
3H), 2.26 (s, 3H). *C{*H} NMR (101 MHz, CDCl;) & 166.5, 144.0, 138.2, 137.3, 136.0, 129.43,
129.42, 128.7, 128.3, 128.2, 127.9, 1275, 127.4, 127.2, 127.0, 125.1, 57.3, 52.3, 21.6. HRMS
(ESI-TOF) calcd for C,4H2»NSO, [M+H]" : 420.1264, found: 420.1266.

N Ph

Ts
3v

2-phenyl-1-tosyl-6-(trifluoromethyl)-1,2-dihydroquinoline ~ (3v):  Purification by  column
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1~5:1, v/v) affords the title
compound as a white solid, Mp = 133-125 <C, 44 mg, 51% yield. '"H NMR (400 MHz, CDCl;) &
7.70 (d, J = 8.5 Hz, 1H), 7.37 (dd, J = 8.4, 2.1 Hz, 1H), 7.30 (d, J = 8.0 Hz, 2H), 7.25 (dd, J = 7.3, 2.0
Hz, 2H), 7.22-7.17 (m, 4H), 7.07 (d, J = 8.0 Hz, 2H), 6.29 (d, J = 9.5 Hz, 1H), 6.01 (d, J = 6.0 Hz, 1H),
5.94 (dd, J = 9.5, 5.9 Hz, 1H), 2.30 (s, 3H). *C{*H} NMR (101 MHz, CDCl,) § 144.1, 138.0, 136.2,
136.1, 129.6, 128.8, 128.7, 128.5, 128.4 (d, J = 3.1 Hz), 127.6, 127.5, 127.2, 125.1 (t, J = 3.7 Hz),
124.8, 123.4 (d, J = 3.9 Hz), 57.2, 21.7. ®F NMR (376 MHz, Chloroform-d) & -62.45. HRMS
(ESI-TOF) calcd for Cy3H19FsNSO, [M+H]" : 430.1083, found: 430.1083.

RO
N Ph
Ts

3w

6-chloro-2-phenyl-1-tosyl-1,2-dihydroquinoline (3w): Purification by column chromatography on
silica gel (petroleum ether/ethyl acetate = 10:1~5:1, v/v) affords the title compound as a white
solid, Mp = 117-119 <, 55 mg, 70% yield. '"H NMR (400 MHz, CDCl5) § 7.51 (dd, J = 8.7, 1.6 Hz,
1H), 7.31-7.22 (m, 4H), 7.21-7.14 (m, 3H), 7.12-7.02 (m, 3H), 6.90 (t, J = 2.1 Hz, 1H), 6.15 (d, J = 9.5
Hz, 1H), 5.95 (d, J = 5.9 Hz, 1H), 5.86 (ddd, J = 9.6, 5.9, 1.7 Hz, 1H), 2.29 (s, 3H). *C{*H} NMR
(101 MHz, CDCl5) 6 143.9, 137.9, 136.0, 132.0, 131.5, 130.1, 129.4, 129.1, 128.7, 128.3, 128.2, 128.1,
127.5, 127.3, 126.1, 124.8, 57.1, 21.7. HRMS (ESI-TOF) calcd for C,,H1sCINSO, [M+H]" :

396.0820, found: 396.0821.
Fm
N Ph

Ts
3x

6-fluoro-2-phenyl-1-tosyl-1,2-dihydroquinoline (3x): Purification by column chromatography on
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silica gel (petroleum ether/ethyl acetate = 10:1~5:1, v/v) affords the title compound as a white
solid, Mp = 110-112 <C, 49 mg, 65% yield. '"H NMR (400 MHz, CDCl5) § 7.52 (dd, J = 8.9, 5.1 Hz,
1H), 7.27-7.21 (m, 4H), 7.16 (qd, J = 6.2, 3.2 Hz, 3H), 7.03 (d, J = 8.1 Hz, 2H), 6.82 (td, J = 8.6, 2.9
Hz, 1H), 6.60 (dd, J = 8.5, 2.9 Hz, 1H), 6.14 (d, J = 9.5 Hz, 1H), 5.94 (d, J = 5.9 Hz, 1H), 5.85 (dd, J =
9.5, 5.9 Hz, 1H), 2.28 (s, 3H). *C{"H} NMR (101 MHz, CDCls) & 160.9 (d, J = 246.7 Hz), 143.8,
137.9, 135.9, 130.4 (d, J = 8.8 Hz), 129.7 (d, J = 8.7 Hz), 129.3, 128.7 (d, J = 2.9 Hz), 128.6, 128.2 (d,
J =75 Hz), 127.5, 127.4, 125.0 (d, J = 2.51 Hz), 115.0 (d, J = 22.6 Hz), 112.7 (d, J = 22.9 Hz), 57.0,
21.7."°F NMR (376 MHz, CDCls) § -115.03. HRMS (ESI-TOF) calcd for Cy,H1sFNSO, [M+H]" :
380.1115, found: 380.1116.

2-(4-fluorophenyl)-1-tosyl-1,2-dihydroquinoline (3y): Purification by column chromatography on
silica gel (petroleum ether/ethyl acetate = 10:1~5:1, v/v) affords the title compound as a pale white
solid, Mp = 117-119 <T, 45 mg, 60% yield. *H NMR (400 MHz, CDCls) & 7.55 (d, J = 8.0 Hz, 1H),
7.28-7.20 (m, 4H), 7.14 (td, J = 7.7, 1.6 Hz, 1H), 7.09-7.00 (m, 3H), 6.90 (dd, J = 7.5, 1.7 Hz, 1H),
6.84 (t, J = 8.6 Hz, 2H), 6.22 (d, J = 9.6 Hz, 1H), 5.91 (d, J = 5.9 Hz, 1H), 5.77 (dd, J = 9.6, 5.9 Hz,
1H), 2.28 (s, 3H). *C{"H} NMR (101 MHz, CDCls) & 162.6 (d, J = 247.5 Hz), 143.7, 136.1, 134.1 (d,
J=3.2Hz),132.7,129.4 (d, J = 8.4 Hz), 129.3, 128.6, 128.5, 127.8, 127.3, 126.7, 126.4, 126.3, 125.9,
115.4 (d, J = 21.6 Hz), 56.4, 21.7. %F NMR (376 MHz, CDCl;) & -114.32. HRMS (ESI-TOF) calcd
for Cy,H1oFNSO, [M+H]" : 380.1115, found: 380.1115.

o®
N
Ts
Cl

3z

2-(4-chlorophenyl)-1-tosyl-1,2-dihydroquinoline (3z): Purification by column chromatography on
silica gel (petroleum ether/ethyl acetate = 10:1~5:1, v/v) affords the title compound as a pale white
solid, Mp = 129-131 <C, 43 mg, 55% yield. '"H NMR (400 MHz, CDCls) § 7.56 (d, J = 8.0 Hz, 1H),
7.22 (dd, J = 15.1, 8.2 Hz, 4H), 7.17-7.10 (m, 3H), 7.09-6.99 (m, 3H), 6.90 (dd, J = 7.6, 1.6 Hz, 1H),
6.22 (d, J = 9.5 Hz, 1H), 5.90 (d, J = 5.9 Hz, 1H), 5.77 (dd, J = 9.6, 5.9 Hz, 1H), 2.27 (s, 3H). *C{*H}
NMR (101 MHz, CDCls) & 143.7, 137.0, 136.0, 133.9, 132.7, 129.3, 129.0, 128.7, 128.6, 127.7, 127.3,
126.8, 126.5, 126.1, 126.0, 56.3, 21.7. HRMS (ESI-TOF) calcd for C,H1gCINSO, [M+H]" :
396.0820, found: 396.0824.
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3aa

2-(3-methoxyphenyl)-1-tosyl-1,2-dihydroquinoline (3aa): Purification by column chromatography
on silica gel (petroleum ether/ethyl acetate = 10:1~5:1, v/v) affords the title compound as a white
solid, Mp = 127-129 <C, 52 mg, 67% yield. '"H NMR (400 MHz, CDCls) & 7.58 (d, J = 8.0 Hz, 1H),
7.25 (d, J = 8.1 Hz, 2H), 7.17-6.99 (m, 5H), 6.93-6.79 (m, 3H), 6.66 (dd, J = 8.2, 2.6 Hz, 1H), 6.18 (d,
J = 9.5 Hz, 1H), 5.91 (d, J = 5.9 Hz, 1H), 5.79 (dd, J = 9.6, 5.9 Hz, 1H), 3.64 (s, 3H), 2.27 (s, 3H).
Bc{*H} NMR (101 MHz, CDCl3) & 159.7, 143.6, 140.1, 136.2, 133.0, 129.5, 129.2, 128.7, 128.4,
127.7, 127.3, 126.6, 126.5, 126.4, 125.7, 119.8, 113.4, 113.2, 56.9, 55.3, 21.7. HRMS (ESI-TOF)
calcd for Cp3H»NSO; [M+H]" @ 392.1315, found: 392.1315.

X
N (@)
Ts | /
3ab

2-(furan-2-yl)-1-tosyl-1,2-dihydroquinoline (3ab): Purification by column chromatography on
silica gel (petroleum ether/ethyl acetate = 10:1~5:1, v/v) affords the title compound as a white
solid, Mp = 110-112 <, 34 mg, 49% yield. *H NMR (400 MHz, CDCls) & 7.58 (d, J = 8.1 Hz, 1H),
7.29-7.22 (m, 3H), 7.17-7.12 (m, 1H), 7.07 (td, J = 7.4, 1.3 Hz, 1H), 7.01 (d, J = 8.1 Hz, 2H), 6.91 (dd,
J=175,1.6 Hz, 1H), 6.17 (d, J = 9.5 Hz, 1H), 6.09 (dd, J = 3.3, 1.9 Hz, 1H), 6.04 (d, J = 5.8 Hz, 1H),
5.96 (d, J = 3.3 Hz, 1H), 5.72 (dd, J = 9.5, 5.8 Hz, 1H), 2.27 (s, 3H). *C{"H} NMR (101 MHz,
CDCl3) 6 150.6, 143.7, 143.3, 136.1, 133.1, 129.2, 128.4, 128.2, 127.4, 126.6, 126.3, 124.0, 110.3,
109.0, 52.0, 21.7. HRMS (ESI-TOF) calcd for C,oH1gNSO3 [M+H]" : 352.1002, found: 352.1002.

X (0] Ph
4a

2,7-diphenyl-2,7-dihydropyrano[2,3-g]chromene (4a): Purification by column chromatography on
silica gel (petroleum ether) affords the title compound as a colorless oil, 39 mg, 57% yield. 'H
NMR (400 MHz, CDCls) & 7.37 (d, J = 7.3 Hz, 4H), 7.33-7.24 (m, 6H), 6.42 (d, J = 1.9 Hz, 2H),
6.40-6.34 (m, 2H), 5.79-5.70 (m, 4H). *C{"H} NMR (101 MHz, CDCly) § 147.42, 147.35, 140.74,
140.69, 128.8, 128.5, 127.23, 127.22, 125.7, 125.6, 124.17, 124.15, 122.20, 122.18, 113.8, 113.7, 77.1,
77.0. HRMS (ESI-TOF) calcd for CysH160, [M+H]" : 339.1380, found: 339.1383.
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2,7-di-p-tolyl-2,7-dihydropyrano[2,3-g]chromene (4b): Purification by column chromatography
on silica gel (petroleum ether) affords the title compound as a colorless oil, 31 mg, 43% vyield.'H
NMR (400 MHz, CDCls) § 7.29-7.23 (m, 4H), 7.10 (d, J = 7.8 Hz, 4H), 6.46-6.31 (m, 4H), 5.79-5.65
(m, 4H), 2.27 (s, 6H). *C{"H} NMR (101 MHz, CDCl,) 5 147.3, 138.4, 137.7, 129.4, 127.31, 127.29,
125.72, 125.66, 124.15, 124.11, 122.21, 122.18, 113.73, 113.70, 77.4, 76.9, 21.4. HRMS (ESI-TOF)
calcd for CagH230, [M+H]" : 367.1693, found: 367.1697.

2,7-bis(4-chlorophenyl)-2,7-dihydropyrano[2,3-g]Jchromene  (4c): Purification by column
chromatography on silica gel (petroleum ether) affords the title compound as a colorless oil, 32
mg, 39% yield. '"H NMR (400 MHz, CDCls) § 7.34-7.25 (m, 8H), 6.39 (d, J = 12.3 Hz, 4H), 5.72 (m,
4H). ®C{"H} NMR (101 MHz, CDCl5) & 147.20, 147.15, 139.1, 139.0, 134.3, 128.9, 128.7, 128.6,
125.1, 125.1, 124.47, 124.45, 122.2, 113.9, 113.8, 76.2, 76.1. HRMS (ESI-TOF) calcd for
C24H17Cl1,0, [M+H]" : 407.0600, found: 407.0603.

2,7-di(furan-2-yl)-2,7-dihydropyrano[2,3-g]Jchromene  (4d): Purification by  column
chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the title
compound as a colorless oil, 34 mg, 54% yield. 'H NMR (400 MHz, CDCl5) & 7.35 (d, J = 1.8 Hz,
2H), 6.43 (q, J = 3.7 Hz, 4H), 6.31-6.14 (m, 4H), 5.92-5.67 (m, 4H). *C{*"H} NMR (101 MHz,
CDCl3) 6 152.5, 146.9, 143.44, 143.40, 125.5, 122.2, 121.97, 121.95, 114.1, 110.5, 109.7, 69.5, 69.4.
HRMS (ESI-TOF) calcd for CoH150, [M+H]" : 319.0965, found: 319.0968.

Pz
N Ph

5
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6-methyl-2-phenylquinoline (5): Purification by column chromatography on silica gel (petroleum
ether/ethyl acetate = 100:1, v/v) affords the title compound as a colorless oil, 29 mg, 66% vield. 'H
NMR (400 MHz, CDCls) & 8.07-8.01 (m, 2H), 7.98 (dd, J = 8.9, 3.5 Hz, 2H), 7.70 (d, J = 8.5 Hz, 1H),
7.42 (dd, J = 14.9, 7.4 Hz, 4H), 7.38-7.31 (m, 1H), 2.42 (s, 3H). “C{*H} NMR (101 MHz, CDCl) §
155.4, 145.8, 138.7, 135.1, 135.0, 130.9, 128.3, 128.1, 127.7, 126.4, 126.1, 125.3, 117.9, 20.5. HRMS
(ESI-TOF) calcd for CygH1aN [M+H]" : 220.1121, found: 220.1123.
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6. NMR spectra

'H NMR (400 MHz, CDCls) Spectrum of 3a

0000 —

259'S
099’
9.9'S
G89'S

L6L'S
BEW
8085
mmm.m/
Siy'9
omv.mN
8997
86997
6.9
892°97
0889
889
8689
206'9 1
€26'9
266'9
9669 1
00Z°L
8122
zee s
2872 ]
0sz'L
8922
NR,&
0eg'
8veL]
€5€°L

=

N20230404-FC0673-WXX-PYY-31.1.fid

ot

Fooz
801
Bovb
yeee
902

£1 (ppm)

B3C{1H} NMR (101 MHz, CDCI;) Spectrum of 3a

2v8'9L
09LLL
82T LL

8LV LL

GL0°9LL
QNN._\N_\/
18¢°12L
mmo,vm_\/
o6 vel
889°9Z1 V
8017221 —¢
L5v'82L
252821

295621
268071 —

2EeTESL —

N20230407-FC0724-WXX-PYY-31.1.fid

Ph

-10

10

40

100 90 80 70 60

£1 (ppm)

110

190 180 K 160 150 140 130

200

210

S15



'H NMR (400 MHz, CDCls) Spectrum of 3b

T
-0.5

0.0

5

0

€590 —

e— T————————— Fsoe

L€8°9L
Syl LL
09122
909 LL

189G
069°G 1
90251 s
yLLG <
YIR-E
082S 1
¥8L'G Fa
68L'S
88€'9
£6€'9 ©
€19 N o0
660 ] - = Lo
6199 <
LEL'9
9€2'9
6089
7189\
0€8'9
5679
[k AN
RN.TW

£1 (ppm)

GL8'GLL
w—N‘rNr/
gzevel
990°S2L
geLleL
mt,nm_\/.
Ly8zL ~
svL8TL 7
086621
99t°0€ L
88601 —

J

FeoL e
960 [
¥160
JSA

I
Ph

€v0'LSL —

BN
N20230413-FCO777-WXX-PYY-44.1 fid [ /

Te
0z [

B3C{1H} NMR (101 MHz, CDCI;) Spectrum of 3b

vez' L
8c2'2 ]
2ve L
€52'2
1522
1922 1
zLT L
¥82'2
682'L ]
€622
1res ]
1982
05€'L
¥GE'L
298,
1982
V1872

3b

H;C

10

0

10

20

30

50

60

70

80

90

100
£1 (ppm)

S16

110

120

200 190 180 170 160 150 140 130

210

N20230413-FC0838-WXX-PYY-44.1 fid




'H NMR (400 MHz, CDCls) Spectrum of 3c
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'H NMR (400 MHz, CDCl5) Spectrum of 3d

0000 —

652'G 1
892°G 1|
982'G |
S6L°S
02£'9 1
61£°9
86€°9 |
90v'9 |
21991
¥29'9 1
1£9'9
7£9'9
Sv9'9 1
259'9 1
€199
0899 |
769'9
2029~
5197
€229
g€l
RPAPAS
922 ]
vz’ L
6vzL
€52,
1521
€92'L ]
9922
921
z82L
€622 ]
862°L ]
z0e°2 ]
zeeL
@mml
ove's ]
ves ]
zse's ]
18€°L

N20230413-FC0777-WXX-PYY-41.1 fid

re0€
Tord

£1 (ppm)

B3C{1H} NMR (101 MHz, CDCl;) Spectrum of 3d

€v8'9L
19L°LL
2z LL

8LV LL

ceLell
696°CLL
6LY'SLL
6v9'GLL
606911
886°9LL

zseeeh
seveeh
Loezt A\

ze9eTh
€Yozl 7
99lL°L2L \
€€9'821
818'8CL
69€°0VL —

€vo6vL
S90°6v1 >

092951 —
129'85L —

N20230413-FC0838-WXX-PYY-41.1.fid

Ph

3d

20 10 0 10

30

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
£1 (ppm)

210

S18



F NMR (376 MHz, CDCl3) Spectrum of 3d
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'H NMR (400 MHz, CDCls) Spectrum of 3e
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'H NMR (400 MHz, CDCl5) Spectrum of 3f
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'H NMR (400 MHz, CDCls) Spectrum of 3g
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F NMR (376 MHz, CDCl3) Spectrum of 3g
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'H NMR (400 MHz, CDCl5) Spectrum of 3h
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'H NMR (400 MHz, CDCl5) Spectrum of 3i
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'H NMR (400 MHz, CDCl5) Spectrum of 3j
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'H NMR (400 MHz, CDCl5) Spectrum of 3k
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'H NMR (400 MHz, CDCl5) Spectrum of 3l
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F NMR (376 MHz, CDCl3) Spectrum of 3l
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'H NMR (400 MHz, CDCl5) Spectrum of 3m
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'H NMR (400 MHz, CDCl5) Spectrum of 3n
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'H NMR (400 MHz, CDCls) Spectrum of 30
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'H NMR (400 MHz, CDCl5) Spectrum of 3p
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'H NMR (400 MHz, CDCl5) Spectrum of 3q
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'H NMR (400 MHz, CDCls) Spectrum of 3r
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'H NMR (400 MHz, CDCls) Spectrum of 3s
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'H NMR (400 MHz, CDCl5) Spectrum of 3t
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'H NMR (400 MHz, CDCl5) Spectrum of 3u
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'H NMR (400 MHz, CDCls) Spectrum of 3v
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F NMR (376 MHz, CDCl3) Spectrum of 3v
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'H NMR (400 MHz, CDCls) Spectrum of 3w
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'H NMR (400 MHz, CDCls) Spectrum of 3x
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F NMR (376 MHz, CDCl3) Spectrum of 3x
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'H NMR (400 MHz, CDCls) Spectrum of 3y

@
e
0000 — - Fo
-
-
- 61912 —
@
fe >
ol o
. . Y
S22 — _ 20
=]
£e =
= 17€°95 —
o S
L~ +—
& O
(5]
o
L wn EV8'9L\
- — 09k2L
o 81v1L
2 O
F e 6LEGLL
£€5°GLL
73 O 969521
Fog - 118921
< &
~ N StrozL
G I 0e2'9z)
e ziezL
° = 2L002L
-/ — 805’821
SSL'S fo m_u £09°821
Mm_m% i = en
£6L°6 H oot fo o vev'ezl
20657 Re60 [ o S oLrzEL~
226'S 0L SoLvEL
9029/ — i re Z LeLveL

. - .
ity c = mal
6£8'9 .

. 61
2680 T veofe Ny
m%.mkw T e ke O

0L
ey o —— . [0}

94 oY I, — zLel9L ~
5169 i oL
200 — 0L [T coLeok
1202
€902 \

1902 2 NE Lo
] &
580°L -
18172 3 >
$ ™~
LyLL] > e
vmr.& £
viz'L )
ONN.L 3 fe
22e 2] 3 @
eez's u
6v2L N P
sz’ S Fo
qu.: Q
2952 < -
z L=

-10

60 50 10 30 20 10

70

90 80

100
£1 (ppm)

S44

110

140 130

0

51

190 180 170 160 18

200

210

N20230424-FC0984-WXX-PYY-58.1.fid




F NMR (376 MHz, CDCl3) Spectrum of 3y
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'H NMR (400 MHz, CDCls) Spectrum of 3z
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'H NMR (400 MHz, CDCl5) Spectrum of 3aa
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'H NMR (400 MHz, CDCl5) Spectrum of 3ab
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'H NMR (400 MHz, CDCls) Spectrum of 4a
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'H NMR (400 MHz, CDCls) Spectrum of 4b
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'H NMR (400 MHz, CDCls) Spectrum of 4c

6.405
6.380
6.374
738
729
718
712
699

/
k
;
\

N20240723-FC2890-WXX-PYY-10.1.fid

Cl

4c Cl

8.151
4.06]
4.009

-0.000

N20240723-FC2890-WXX-PYY-10.2.fid

Cl

4c Cl

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

£1 (ppm)

S51



'H NMR (400 MHz, CDCl5) Spectrum of 4d

N20230522-FC1525-WXX-PYY-80.1.fid

2,00
o] 400

4.03]
14 03{

T T T T T T T
5.5 5.0 4.5 1.0 3.5 3.0 2.5
£1 (ppm)

BC{1H} NMR (101 MHz, CDCl,) Spectrum of 4d

- 0o
1SR=-R5] ~Oo- ¥
R Rl NOY @
N©®o Te0 @
DY TS ~NNG @
B NNR ©
Y N

N20230522-FC1540-WXX-PYY-80.1.fid

T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
£1 (ppm)

S52



'H NMR (400 MHz, CDCl5) Spectrum of 5
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