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1.General Information

Unless otherwise noted, all reagents were obtained from commercial sources and used directly
without further purification. Non-aqueous reaction was conducted under an inert atmosphere of argon
in flame-dried glassware. Anhydrous solvents were treated as follow: dichloromethane and toluene
were distilled from calcium hydride under argon atmosphere; chloroform and carbon tetrachloride were
distilled from phosphorus pentoxide under argon atmosphere; tetrahydrofuran and diethyl ether were
distilled from sodium under argon atmosphere. Anhydrous 1,2-dichloroethane (Adamas-beta, SafeDry;,
with molecular sieves) was commercial available. Thin layer chromatography was conducted on Merck
60 F254 pre-coated silica gel plates. Column chromatography was carried out by normal silica gel
(40-60 pm, 200-400 mesh, Silicycle P60). NMR data including *H NMR or *C NMR spectra were
recorded on Bruker AVANCE IIl 500MHz. All of the *C NMR spectra were broad band
proton-decoupled. *H NMR Chemical shifts were reported in ppm relative to residual signals of the
solvents (CDCly: 7.26 ppm; (CD3),CO: 2.09 ppm; (CD,Cl,: 5.32 ppm). *C NMR chemical shifts were
reported in ppm relative to the solvent (CDCI5:77.36 ppm; (CD3),CO: 30.6 ppm; CD,Cl,: 53.84 ppm).
Multiplicities are reported using the following abbreviations: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, br = broad resonance. High resolution mass spectra were obtained from lonSpec
4.7 Tesla FTMS mass spectrometer (MALDI), Bruker APEXIII 7.0 TESLA FTMS (ESI). IR spectra
were obtained using a Bruker Tensor 27 FT-IR spectrometer with KBr pellets. The melting points of the
products were determined on an SGWg X-4 apparatus (Shanghai INESA Physico-Optical Instrument
Co., Ltd.). Photoirradiation was carried out with 24 W blue LED.
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2. Preparation of Substrates

General Procedure for Synthesis of 2-Aminochalcone 4a-4oMAE!,

- CHO
RI

o) o) A o)
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To a reaction tube equipped with a magnetic stir bar and 2-bromoacetophenone (1.0 equiv., 30 mmol)
dissolved in CH,CI, (1 M), a solution of triphenylphosphine (1.2 equiv.) in CH,Cl, (0.5 M) was added
dropwise and the mixture was stirred at room temperature for 24 h. After 2-bromoacetophenone was
consumed completely, diethyl ether (100 mL) was added and stirred for a further hour. The crude
triphenylphosphonium bromide salt was suspended in a mixture of water/methanol (100 mL, 1:1) and
stirred for 1 h. Aqueous NaOH (2 M) was then added until pH reached 7-8 and the mixture was stirred
at room temperature for another 5 h. Methanol was removed by rotary evaporator and the aqueous layer
was extracted 3x with CH,Cl,. The combined organic extracts were then dried with Na,SO, and
concentrated by rotary evaporator to afford the wittig reagent as a white solid.

2-Nitrobenzaldehyde (1.0 equiv., 10 mmol), phosphoris ylide (1.2 equiv.) and toluene (0.2 M) were
added to a reaction tube equipped with a magnetic stir bar. The mixture was stirred at 90 <T until
2-Nitrobenzaldehyde completely consumed. The solvent was removed by rotary evaporator and the
residue was purified by column chromatography on silica gel (EtOAc/petroleum ether = 1: 7) to
provide 2-nitrochalcone.

To a solution of 2-nitrochalcon (1.0 equiv.) in ethanol (0.1 M), iron powder (7.0 equiv.), acetic acid
(1.0 equiv.) and hydrochloric acid (1.5 equiv.) were added and the mixture was stirred at room
temperature for 4h. After 2-nitrochalcon was consumed completely, the mixture was filtered and
saturated sodium carbonate was added to basify the filtrate until pH reached 7-8. After an evaporation
of ethanol, the residue was exacted 3x with CH,Cl,, and the combined organic extracts were washed
with water, saturated brine and dried over anhydrous Na,SO,4. The organic solvent was removed by
rotary evaporator and the crude residue was recrystallized using Ethyl acetate/Petroleum ether to afford
the 2-aminochalcones.

To a solution of 2-aminochalcone (1.0 equiv.) in acetonitrile (1 M), potassium carbonate (1.0 equiv.)
and benzyl bromide (1.0 equiv.) were added and stirred at room temperature overnight. After
2-aminochalcone was consumed completely, the potassium carbonate was filter out and the solvent was
evaporated under reduced pressure. The residue was purified by column chromatography on silica gel
(EtOAc/petroleum ether = 1: 7) to give the desired product.
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Following the general procedure, compound 4a was isolated as a yellow solid in 42% yield (1.32 g).
M.p. 113.6-114.3 °C; IR (KBr) Vpax: 3448, 3018, 2852, 1653, 1576, 1505, 1444, 1334, 1207, 1011,
728, 684 cm™.

'H NMR (500 MHz, CDCls): § 8.10 — 7.98 (m, 3H), 7.64 — 7.45 (m, 5H), 7.43 — 7.34 (m, 4H), 7.33 —
7.23 (m, 2H), 6.78 (t, J = 7.5 Hz, 1H), 6.70 (d, J = 8.3 Hz, 1H), 4.63 (t, J = 5.5 Hz, 1H), 4.42 (d, J = 5.3
Hz, 2H).

BBC NMR (126 MHz, CDCly): & 190.36, 147.45, 140.31, 138.93, 138.66, 133.05, 132.28, 129.09,
128.93, 128.74, 128.62, 127.77, 127.73, 122.27, 120.73, 117.90, 112.26, 48.45.

HRMS (ESI): exact mass calcd for Cy,HyoNO: m/z 314.1545 [M+H]", found: m/z 314.1539.

O

T
NHBn

4b

Following the general procedure, compound 4b was isolated as a yellow solid in 40% yield (1.31 g).
M.p. 101.2-101.6 °C; IR (KBr) Vpax: 3355, 3026, 2854, 1658, 1563, 1509, 1452, 1319, 1223, 1168,
1072, 821, 738, 695, 465 cm™,

'H NMR (500 MHz, CDCls): 6 8.07 — 7.97 (m, 3H), 7.64 — 7.55 (m, 1H), 7.54 — 7.47 (m, 3H), 7.42 —
7.32 (m, 5H), 7.32 — 7.27 (m, 1H), 7.08 (dd, J = 8.5, 2.0 Hz, 1H), 6.61 (d, J = 8.3 Hz, 1H), 4.48 (t, J =
5.6 Hz, 1H), 4.40 (d, J = 5.5 Hz, 2H), 2.29 (s, 3H).

BC NMR (126 MHz, CDCly): & 190.40, 145.45, 140.39, 139.15, 138.73, 133.15, 133.02, 129.07,
128.93, 128.80, 128.75, 127.73, 127.71, 127.04, 121.97, 120.70, 112.56, 48.67, 20.65.

HRMS (ESI): exact mass calcd for C3H»,NO: m/z 328.1701 [M+H]", found: m/z 328.1696.

O

RO S
NHBn

4c

Following the general procedure, compound 4c was isolated as a yellow solid in 43% vyield (1.50 g).
M.p. 111.4-111.8 °C; IR (KBr) Vpay: 3367, 3055, 2858, 1658, 1593, 1497, 1313, 1179, 1020, 822, 740,
693, 466 cm™.

'H NMR (500 MHz, CDCl,): 6 8.02 (d, J = 7.6 Hz, 2H), 7.96 (d, J = 15.2 Hz, 1H), 7.64 — 7.56 (m,
1H), 7.53 — 7.46 (m, 4H), 7.39 — 7.33 (m, 4H), 7.33 — 7.27 (m, 1H), 7.18 (dd, J = 8.9, 2.5 Hz, 1H), 6.60
(d, J = 8.8 Hz, 1H), 4.63 (t, J = 5.4 Hz, 1H), 4.40 (d, J = 5.3 Hz, 2H).

BBC NMR (126 MHz, CDCly): & 189.97, 145.88, 138.58, 138.49, 138.34, 133.30, 131.73, 129.16,
129.01, 128.80, 127.90, 127.69, 127.65, 123.26, 122.76, 122.02, 113.54, 48.50.

HRMS (ESI): exact mass calcd for Cy,H;gCINO: m/z 348.1155 [M+H]", found: m/z 348.1150.

O

CrC
Br NHBnN

4d
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Following the general procedure, compound 4d was isolated as a yellow solid in 39% yield (1.53 g).
M.p. 105.4-106.0 °C; IR (KBr) Vpax: 3370, 3027, 2918, 1650, 1572, 1503, 1446, 1341, 1269, 1217,
1031, 858, 782, 696, 464 cm'™.

'H NMR (500 MHz, CDCl3): & 8.00 (d, J = 7.7 Hz, 2H), 7.92 (d, J = 15.2 Hz, 1H), 7.63 — 7.55 (m,
1H), 7.54 — 7.44 (m, 3H), 7.44 — 7.29 (m, 6H), 6.93 — 6.81 (m, 2H), 4.61 (t, J = 5.4 Hz, 1H), 4.37 (d, J
= 5.1 Hz, 2H).

BC NMR (126 MHz, CDCly): & 190.07, 148.19, 139.11, 138.43, 138.10, 133.23, 129.71, 129.25,

128.99, 128.74, 128.08, 127.88, 126.67, 122.57, 120.93, 119.60, 114.98, 48.43.
HRMS (ESI): exact mass calcd for C»,H:sBrNO: m/z 392.0650 [M+H]*, found: m/z 392.0645.

(0] OMe
CrLC
NHBnN
4e

Following the general procedure, compound 4e was isolated as a yellow solid in 42% vyield (1.44 g).
M.p. 67.3-67.6 °C; IR (KBr) V. 3405, 3018, 2931, 1648, 1596, 1456, 1333, 1246, 1198, 1022, 975,
747 cm™,

'H NMR (500 MHz, CDCls): 6 7.95 — 7.80 (m, 1H), 7.68 — 7.62 (m, 1H), 7.50 — 7.43 (m, 2H), 7.40 —
7.28 (m, 6H), 7.25 — 7.20 (m, 1H), 7.04 (t, J = 7.5 Hz, 1H), 6.97 (d, J = 8.4 Hz, 1H), 6.75 (t, J = 7.5 Hz,
1H), 6.67 (d, J = 8.3 Hz, 1H), 4.63 — 4.55 (m, 1H), 4.41 (d, J = 5.4 Hz, 2H), 3.83 (s, 3H).

BC NMR (126 MHz, CDCl,): 6 192.77, 158.48, 147.30, 139.03, 138.73, 133.28, 131.88, 130.87,
129.79, 129.09, 128.89, 127.74, 127.54, 121.14, 120.97, 117.84, 112.06, 111.96, 56.00, 48.47.

HRMS (ESI): exact mass calcd for C,3H,NO,: m/z 344.1651 [M+H]*, found: m/z 344.1645.

0]

CLoC
NHBnN OMe

4f

Following the general procedure, compound 4f was isolated as a yellow solid in 40% yield (1.37 g).
M.p. 114.6-115.0 °C; IR (KBr) Vpmax: 3436, 2922, 1650, 1599, 1510, 1454, 1342, 1266, 1222, 1166,
1027, 831, 745 cm™,

'H NMR (500 MHz, CDCl5): & 8.10 — 7.97 (m, 3H), 7.57 — 7.49 (m, 2H), 7.41 — 7.22 (m, 6H), 6.97 (d,
J=8.4Hz, 2H), 6.77 (t, J = 7.5 Hz, 1H), 6.68 (d, J = 8.3 Hz, 1H), 4.60 (t, J = 5.7 Hz, 1H), 4.42 (d, J =
5.4 Hz, 2H), 3.89 (s, 3H).

B3C NMR (126 MHz, CDCl): & 188.67, 163.71, 147.31, 139.48, 138.96, 132.04, 131.50, 131.05,
129.09, 128.52, 127.75, 122.31, 120.93, 117.84, 114.16, 112.14, 55.82, 48.44.

HRMS (ESI): exact mass calcd for Cy3H»NO,: m/z 344.1651 [M+H]", found: m/z 344.1645.
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Following the general procedure, compound 4g was isolated as a yellow solid in 45% yield (1.47 g).
M.p. 108.0-108.2 °C; IR (KBr) Vpax: 3428, 3026, 2916, 1651, 1576, 1511, 1454, 1338, 1173, 1030,
818, 747 cm™.

'H NMR (500 MHz, CDCls): 6 8.03 (d, J = 15.2 Hz, 1H), 7.96 — 7.90 (m, 2H), 7.57 — 7.48 (m, 2H),
7.43 -7.33 (m, 4H), 7.32 - 7.23 (m, 4H), 6.77 (t, J = 7.5 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H), 4.59 (t, J =
5.7 Hz, 1H), 4.42 (d, J = 5.4 Hz, 2H), 2.44 (s, 3H).

BBC NMR (126 MHz, CDCl): & 189.92, 147.39, 143.91, 139.91, 138.97, 136.10, 132.15, 129.66,
129.11, 128.91, 128.61, 127.78, 127.76, 122.46, 120.88, 117.90, 112.21, 48.49, 22.01.

HRMS (ESI): exact mass calcd for Cy3H»,NO: m/z 328.1701 [M+H]", found: m/z 328.1696.

O

- C
NHBn Cl

4h

Following the general procedure, compound 4h was isolated as a yellow solid in 48% yield (1.67 g).
M.p. 129.0-129.4 °C; IR (KBr) Vpax: 3399, 3021, 2919, 1651, 1587, 1510, 1338, 1217, 1086, 1035,
827, 743, 482 cm™.

'H NMR (500 MHz, CDCl5): & 8.10 — 7.99 (m, 1H), 7.98 — 7.91 (m, 2H), 7.54 (d, J = 7.8 Hz, 1H),
7.50 — 7.40 (m, 3H), 7.40 — 7.24 (m, 6H), 6.76 (t, J = 7.5 Hz, 1H), 6.69 (d, J = 8.0 Hz, 1H), 4.60 (t, J =
5.1 Hz, 1H), 4.42 (d, J = 5.0 Hz, 2H).

BBC NMR (126 MHz, CDCl): & 189.02, 147.52, 140.81, 139.48, 138.83, 136.94, 132.54, 130.15,
129.25, 129.13, 128.63, 127.84, 127.76, 121.54, 120.49, 117.94, 112.32, 48.45.

HRMS (ESI): exact mass calcd for Cy,H;oCINO: m/z 348.1155 [M+H]", found: m/z 348.1150.

0]

LT
NHBnN Br

4i

Following the general procedure, compound 4i was isolated as a yellow solid in 43% vyield (1.69 g).
M.p. 135.0-135.3 °C; IR (KBr) Vpax: 3432, 3025, 2920, 1650, 1584, 1512, 1338, 1218, 1034, 824, 750,
470 cm™.

'H NMR (500 MHz, CDCly): & 8.05 (d, J = 15.1 Hz, 1H), 7.89 — 7.84 (m, 2H), 7.70 — 7.58 (m, 2H),
7.57 — 7.51 (m, 1H), 7.44 (d, J = 15.4 Hz, 1H), 7.41 — 7.19 (m, 6H), 6.76 (t, J = 7.5 Hz, 1H), 6.69 (d, J
=8.3 Hz, 1H), 4.60 (t, J = 5.4 Hz, 1H), 4.41 (d, J = 5.4 Hz, 2H).

BC NMR (126 MHz, CDCly): & 189.23, 147.56, 140.91, 138.86, 137.40, 132.54, 132.24, 130.26,
129.13, 128.67, 128.16, 127.84, 127.76, 121.54, 120.53, 117.97, 112.36, 48.49.

HRMS (ESI): exact mass calcd for C»,H;sBrNO: m/z 392.0650 [M+H]*, found: m/z 392.0645.

O

- C
NHBn F

4j
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Following the general procedure, compound 4j was isolated as a yellow solid in 38% yield (1.26 g).
M.p. 100.3-100.6 °C; IR (KBr) Vpax: 3434, 3024, 2909, 1651, 1569, 1506, 1337, 1215, 1029, 832, 750
cm™.

'H NMR (500 MHz, (CD5),CO): & 8.32 — 8.23 (m, 2H), 8.18 (dd, J = 15.2, 2.8 Hz, 1H), 7.78 — 7.71
(m, 2H), 7.57 — 7.42 (m, 2H), 7.41 — 7.25 (m, 5H), 7.24 — 7.18 (m, 1H), 6.75 — 6.65 (m, 2H), 6.35 —
6.08 (m, 1H), 4.59 — 4.55 (m, 2H).

3C NMR (126 MHz, (CD5),CO): 5 189.01, 167.01 (d, J = 251.5 Hz), 149.46, 141.61, 141.56, 136.78,
133.38, 132.83, 132.76, 130.02, 129.61, 128.72, 128.41, 122.24, 121.80, 118.36, 117.19, 117.01,
113.72, 48.62.

F NMR (470 MHz, (CD;),CO): & -108.40.

HRMS (ESI): exact mass calcd for Cy,H;sFNO: m/z 332.1451 [M+H]", found: m/z 332.1445.

@)

X Me

NHBn
4k

Following the general procedure, compound 4k was isolated as a yellow solid in 30% yield (0.75 g).
M.p. 101.7-102.5 °C; IR (KBr) Vpay: 3416, 3025, 2926, 1640, 1600, 1513, 1453, 1361, 1266, 1172,
971, 734, 483 cm™.

'H NMR (500 MHz, CDCl3): 8 7.72 (d, J = 15.8 Hz, 1H), 7.41 (dd, J = 7.7, 1.7 Hz, 1H), 7.39 — 7.27
(m, 5H), 7.25 — 7.20 (m, 1H), 6.77 — 6.72 (m, 1H), 6.72 — 6.63 (m, 2H), 4.51 — 4.34 (m, 3H), 2.35 (s,
3H).

BC NMR (126 MHz, CDCl3): 6 198.37, 147.15, 138.94, 138.76, 132.14, 129.12, 128.63, 127.79,
127.67,127.31, 120.31, 118.10, 112.37, 48.52, 28.71.

HRMS (ESI): exact mass calcd for C,7H;sNO: m/z 252.1388 [M+H]", found: m/z 252.1383.

(e} Me
X Me
NHBnN
4]

Following the general procedure, compound 41 was isolated as a yellow solid in 20% yield (0.59 g).
M.p. 74.9-75.2 °C; IR (KBr) V. 3373, 2955, 1633, 1600, 1515, 1453, 1333, 1262, 1164, 977, 739
cm™.
'H NMR (500 MHz, CDCl,):  7.76 (d, J = 15.6 Hz, 1H), 7.42 (dd, J = 7.8, 1.6 Hz, 1H), 7.40 — 7.33
(m, 4H), 7.33 - 7.27 (m, 1H), 7.24 — 7.20 (m, 1H), 6.76 — 6.68 (m, 2H), 6.66 (dd, J = 8.3, 1.1 Hz, 1H),
4.48 (s, 1H), 4.41 (s, 2H), 2.49 (d, J = 7.0 Hz, 2H), 2.29 — 2.10 (m, 1H), 0.98 (d, J = 6.6 Hz, 6H).

3C NMR (126 MHz, CDCl): & 200.38, 147.23, 138.98, 137.77, 132.04, 129.11, 128.51, 127.78,
127.68, 126.68, 120.41, 117.99, 112.28, 51.33, 48.50, 25.67, 23.07.

HRMS (ESI): exact mass calcd for CyoH,NO: m/z 294.1858 [M+H]", found: m/z 294.1852.
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NHBnN
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Following the general procedure, compound 4m was isolated as a yellow solid in 22% yield (0.65 g).
M.p. 94.1-94.5 °C; IR (KBr) Vi 3442, 3025, 2964, 1668, 1580, 1511, 1467, 1336, 1083, 981, 752
cm™.

'H NMR (500 MHz, (CD5),CO): & 7.96 (d, J = 15.2 Hz, 1H), 7.62 — 7.58 (m, 1H), 7.49 — 7.44 (m,
2H), 7.39 — 7.33 (m, 2H), 7.29 — 7.23 (m, 2H), 7.19 — 7.14 (m, 1H), 6.66 (t, J = 7.4 Hz, 2H), 6.06 (t, J =
5.7 Hz, 1H), 4.54 (d, J = 5.8 Hz, 2H), 1.24 (s, 9H).

B3C NMR (126 MHz, (CD3),CO): & 204.29, 149.11, 141.62, 139.32, 132.84, 129.99, 129.24, 128.70,
128.36, 122.06, 121.85, 118.24, 113.50, 48.59, 44.27, 27.31.

HRMS (ESI): exact mass calcd for CyHoNO: m/z 294.1858 [M+H]", found: m/z 294.1852.
(0]

T
I}IH

Me 4n

Following the general procedure to afford corresponding 2-aminochalcone. To a solution of
2-aminochalcone (1.0 equiv.) in acetonitrile (1 M), potassium carbonate (1.0 equiv.) and iodomethane
(2.0 equiv.) was added and stirred at room temperature overnight. After 2-aminochalcone was
consumed completely, the potassium carbonate was filter out and the solvent was evaporated under
reduced presure. The residue was purified by column chromatography on silica gel (EtOAc/petroleum
ether = 1: 7) to give the desired compound 4n as a yellow solid in 55% yield (1.31 g).

M.p. 85.6-86.4 °C; IR (KBr) Vs 3336, 3226, 2923, 1654, 1577, 1453, 1340, 1211, 1013, 736, 684
cm™,
'H NMR (500 MHz, CDCl5): & 8.09 — 7.95 (m, 3H), 7.61 — 7.45 (m, 5H), 7.36 — 7.29 (m, 1H), 6.80 —
6.73 (m, 1H), 6.69 (d, J = 8.3 Hz, 1H), 4.28 (d, J = 6.5 Hz, 1H), 2.92 (d, J = 5.1 Hz, 3H).

BC NMR (126 MHz, CDCly): & 190.51, 148.65, 140.39, 138.72, 133.02, 132.38, 128.94, 128.76,
128.42,122.10, 120.48, 117.45, 111.26, 30.92.

HRMS (ESI): exact mass calcd for C16H1NO: m/z 238.1232 [M+H]", found: m/z 238.1227.

O

¢

NH

Boc 40
40 was prepared according to references! and obtained as a white solid in 60% yield
(1.94 g).

M.p. 97.2-97.8 °C; IR (KBr) Vi 3259, 2976, 1723, 1653, 1599, 1482, 1333, 1242, 1160, 1015, 751,
689 cm™.
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'H NMR (500 MHz, CDClI;):  8.06 — 8.02 (m, 2H), 8.00 (d, J = 15.3 Hz, 1H), 7.85 (d, J = 8.3 Hz,
1H), 7.65 (dd, J = 7.8, 1.5 Hz, 1H), 7.63 — 7.57 (m, 1H), 7.56 — 7.48 (m, 3H), 7.40 (td, J=8.3,7.8, 15
Hz, 1H), 7.15 (t, J = 7.5 Hz, 1H), 6.63 (s, 1H), 1.53 (s, 9H).

3C NMR (126 MHz, CDCls): & 190.18, 153.25, 139.49, 138.28, 137.53, 133.38, 131.46, 129.04,
128.85, 127.58, 126.72, 124.63, 124.32, 123.16, 81.43, 28.63.

HRMS (ESI): exact mass calcd for CyoH,NO3: m/z 324.1600 [M+H]", found: m/z 324.1595.

O

OO
NH
Ts 4p

4p was prepared according to references! and obtained as a white solid in 72% yield
(2.72 g).

M.p. 171.9-172.9 °C; IR (KBr) Vpay: 3184, 3065, 1655, 1596, 1454, 1339, 1216, 1159, 1020, 758, 689,
553 cm™.

'H NMR (500 MHz, (CD5),CO): & 8.94 (s, 1H), 8.15 — 8.08 (m, 2H), 7.96 (dd, J = 7.8, 1.6 Hz, 1H),
7.92 (d, J = 15.6 Hz, 1H), 7.72 — 7.66 (m, 1H), 7.65 — 7.51 (m, 5H), 7.44 (td, J = 7.6, 1.6 Hz, 1H), 7.38
(td, J=7.6, 1.4 Hz, 1H), 7.32 (dd, J = 7.9, 1.4 Hz, 1H), 7.27 (d, J = 8.0 Hz, 2H), 2.25 (s, 3H).

BC NMR (126 MHz, (CDj3),CO): 6 190.59, 145.12, 140.98, 139.73, 138.66, 137.75, 134.38, 133.83,
132.32,131.18, 130.29, 130.08, 129.77, 128.92, 128.82, 128.74, 125.09, 22.02.

HRMS (ESI): exact mass calcd for Cy,H,NO3S: m/z 378.1164 [M+H]", found: m/z 378.1158.
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3. Substrate Scope of the Visible-Light Driven Reaction

General Procedure for Visible-light driven Synthesis of flavonoids 11, 12, 14.

Cw
R CHClp, 4AMS R1+<j\/j<°
NH queLED RT Z N7 OR2

R3

2-Aminochalcone (0.1 mmol), bifunctional nucleophile (0.12 mmol), 4A molecular sieves (100mg) and
dichloromethane (3.0 mL) were added to a reaction tube equipped with a magnetic stir bar. The
mixture was stirred under the irradiation by blue LED at room temperature under argon overnight and
monitored by TLC. After 2-aminochalcone was consumed, the solvent was removed by rotary
evaporator. The residue was directly purified by column chromatography on silica gel (6aa-6am,
6co-6¢v, 6ba-6bn: EtOAc/Petroleum ether = 1: 10; 6¢ca-6¢cn: EtOAC/DCM = 1: 15) to yield the desired
products.

6aa

Following the general procedure, compound 6aa was isolated as a white solid in 99% vyield (40.8 mg).
M.p. 173.0-173.3 °C; IR (KBr) Vpax: 3024, 2937, 1651, 1615, 1491, 1453, 1379, 1178, 1059, 1025,
992, 861, 819, 753 cm™.

'H NMR (500 MHz, CDCls): § 7.69 — 7.50 (m, 2H), 7.52 — 7.29 (m, 4H), 7.21 — 7.04 (m, 3H), 6.98 (t,
J=7.9Hz, 1H), 6.91 (d, J = 6.8 Hz, 2H), 6.76 (t, J = 7.5 Hz, 1H), 6.68 (d, J = 8.1 Hz, 1H), 4.72 (d, J =
17.5Hz, 1H), 4.34 (d, J = 17.5 Hz, 1H), 4.16 (s, 1H), 2.55 — 2.24 (m, 4H), 2.14 — 1.85 (m, 4H).

BC NMR (126 MHz, CDCls): 6 196.90, 170.14, 142.06, 141.90, 139.42, 128.92, 128.80, 128.51,
128.38, 128.18, 127.20, 126.82, 126.69, 126.50, 118.90, 115.84, 112.97, 92.38, 50.37, 37.73, 37.18,
28.50, 21.17.

HRMS (ESI): exact mass calcd for CygHsNO,: m/z 408.1964 [M+H]", found: m/z 408.1958.
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Following the general procedure, compound 6ab was isolated as a yellow solid in 96% yield (40.4
mg).

M.p. 109.3-110.0 °C; IR (KBr) V. 3028, 2934, 1688, 1593, 1492, 1348, 1253, 1156, 1114, 1017,
881, 839, 700, 583 cm™.

'H NMR (500 MHz, CDCl5): & 7.55 (d, J = 7.5 Hz, 2H), 7.44 — 7.32 (m, 3H), 7.31 — 7.26 (m, 1H),
7.16 — 7.05 (m, 3H), 6.91 (d, J = 6.7 Hz, 3H), 6.79 (dd, J = 8.2, 2.3 Hz, 1H), 6.58 (d, J = 8.2 Hz, 1H),
4.69 (d, J = 17.4 Hz, 1H), 4.30 (d, J = 17.4 Hz, 1H), 4.11 (t, 1H), 2.53 — 2.26 (m, 4H), 2.25 (s, 3H),
2.14 — 1.86 (m, 4H).

BC NMR (126 MHz, CDCly): & 197.01, 170.31, 142.19, 139.63, 139.55, 128.89, 128.86, 128.74,
128.46, 128.37, 128.04, 127.73, 126.84, 126.65, 126.52, 115.81, 112.85, 92.53, 50.37, 37.88, 37.24,
28.53, 28.46, 21.19, 20.75.

HRMS (ESI): exact mass calcd for CygHsNO,: m/z 422.2120 [M+H]", found: m/z 422.2115.

Following the general procedure, compound 6ac was isolated as a white solid in 91% yield (40.1 mg).
M.p. 175.8-176.1 °C; IR (KBr) Vpa: 3056, 2952, 1650, 1616, 1485, 1379, 1179, 1024, 856, 805, 700
cm™,

'H NMR (500 MHz, CDCly): & 7.54 (d, J = 7.5 Hz, 2H), 7.46 — 7.35 (m, 4H), 7.20 — 7.07 (m, 3H),
7.01-6.82 (m, 3H), 6.56 (d, J = 8.8 Hz, 1H), 4.63 (d, J = 17.4 Hz, 1H), 4.34 (d, J = 17.4 Hz, 1H), 4.11
(t, 3 =3.1 Hz, 1H), 2.56 — 2.21 (m, 4H), 2.16 — 1.88 (m, 4H).

3C NMR (126 MHz, CDCls): 5 196.73, 170.26, 141.60, 140.45, 138.82, 130.30, 129.03, 128.67,
128.50, 127.90, 126.95, 126.89, 126.72, 126.38, 123.58, 115.19, 114.02, 92.14, 50.50, 37.46, 37.12,
28.47,28.37,21.12.

HRMS (ESI): exact mass calcd for C,gH»,CINNaO,: m/z 464.1393 [M+Na]", found: m/z 464.1388.
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Following the general procedure, compound 6ad was isolated as a white solid in 90% vyield (43.7

mg).

M.p. 167.8-168.2 °C; IR (KBr) Vi 3028, 2940, 1653, 1619, 1484, 1376, 1174, 1024, 818, 757, 696
cm™.

'H NMR (500 MHz, CDCl): 8 7.54 (d, J = 7.5 Hz, 2H), 7.45 — 7.34 (m, 3H), 7.31 (d, J = 7.9 Hz, 1H),
7.21-7.06 (m, 3H), 6.97 — 6.79 (m, 4H), 4.63 (d, J = 17.4 Hz, 1H), 4.31 (d, J = 17.4 Hz, 1H), 4.10 (t, J
=3.0 Hz, 1H), 2.52 — 2.19 (m, 4H), 2.09 — 1.84 (m, 4H).

BBC NMR (126 MHz, CDCly): & 196.81, 170.03, 143.37, 141.49, 138.68, 129.32, 129.03, 128.71,
128.55, 127.77, 126.99, 126.85, 126.39, 121.69, 120.87, 115.90, 115.44, 91.89, 50.33, 37.49, 37.10,
28.37, 28.15, 21.10.

HRMS (ESI): exact mass calcd for CygH,sBrNO,: m/z 486.1069 [M+H]", found: m/z 486.1063.

Following the general procedure, compound 6ae was isolated as a red solid in 95% yield (41.5 mg).
M.p. 136.5-136.8 °C; IR (KBr) Vpa: 3036, 2937, 1650, 1611, 1490, 1380, 1247, 1176, 1117, 1024,
815, 749 cm™.

'H NMR (500 MHz, CDCls): 6 7.84 (d, J = 7.3 Hz, 1H), 7.44 (dd, J = 7.4, 1.7 Hz, 1H), 7.39 — 7.32 (m,
1H), 7.15 — 7.00 (m, 4H), 6.95 — 6.89 (m, 4H), 6.71 (t, J = 7.3 Hz, 1H), 6.49 (d, J = 8.1 Hz, 1H), 4.53 —
4.40 (m, 2H), 4.14 (t, J = 3.0 Hz, 1H), 3.68 (s, 3H), 2.67 (dd, J = 12.9, 2.6 Hz, 1H), 2.61 — 2.51 (m, 1H),
2.46 — 2.26 (m, 3H), 2.06 — 1.87 (m, 3H).

BC NMR (126 MHz, CDCly): & 197.01, 169.60, 156.42, 141.52, 139.72, 129.99, 129.08, 128.87,
128.37, 127.63, 126.90, 126.72, 126.54, 120.80, 118.10, 115.97, 112.25, 111.61, 91.63, 55.91, 49.27,
37.30, 33.09, 28.81, 28.65, 21.31.

HRMS (ESI): exact mass calcd for CgHsNO3: m/z 438.2069 [M+H]", found: m/z 438.2064.
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Following the general procedure, compound 6af was isolated as a white solid in 87% yield (38.3 mg).
M.p. 172.8-173.5 °C; IR (KBr) Vpax: 3042, 2948, 1650, 1612, 1501, 1381, 1250, 1173, 1028, 846, 749
cm™.
'H NMR (500 MHz, CDCls): § 7.51 — 7.39 (m, 3H), 7.16 — 7.07 (m, 3H), 7.00 — 6.85 (m, 6H), 6.79 —
6.69 (m, 1H), 6.66 (d, J = 8.2 Hz, 1H), 4.69 (d, J = 17.5 Hz, 1H), 4.36 (d, J = 17.5 Hz, 1H), 4.13 (t, J =
3.1 Hz, 1H), 3.83 (s, 19H), 2.51 — 2.23 (m, 4H), 2.12 — 1.84 (m, 4H).

BC NMR (126 MHz, CDCls): 5 196.93, 170.26, 141.90, 139.49, 139.14, 138.29, 129.61, 128.81,
128.37, 128.15, 127.15, 126.81, 126.65, 126.39, 118.81, 115.79, 112.93, 92.43, 50.26, 37.77, 37.19,
28.54,28.51, 21.44, 21.18.

HRMS (ESI): exact mass calcd for CgHsNO3: m/z 438.2069 [M+H]", found: m/z 438.2064.

Following the general procedure, compound 6ag was isolated as a white solid in 79% yield (33.2 mg).
M.p. 196.5-197.0 °C; IR (KBr) Vs 3036, 2950, 1648, 1614, 1491, 1381, 1180, 1111, 1026, 814, 738
cm™.
'H NMR (500 MHz, CDCly): & 7.53 — 7.35 (m, 3H), 7.22 (d, J = 7.9 Hz, 2H), 7.17 — 7.06 (m, 4H),
6.98 (t, J = 7.8 Hz, 1H), 6.91 (d, J = 7.1 Hz, 2H), 6.75 (t, J = 7.3 Hz, 1H), 6.67 (d, J = 8.1 Hz, 1H),
470 (d, J = 17.5 Hz, 1H), 4.36 (d, J = 17.5 Hz, 1H), 4.15 (s, 1H), 2.48 (dt, J = 17.4, 5.9 Hz, 1H), 2.39
(s, 5H), 2.30 (ddd, J = 27.2, 11.1, 3.8 Hz, 2H), 2.14 — 1.86 (m, 3H).

BC NMR (126 MHz, CDCly): & 196.93, 170.26, 141.90, 139.49, 139.14, 138.29, 129.61, 128.81,
128.37, 128.15, 127.15, 126.81, 126.65, 126.39, 118.81, 115.79, 112.93, 92.43, 50.26, 37.77, 37.19,
28.54, 28,51, 21.44, 21.18.

HRMS (ESI): exact mass calcd for CygHsNO,: m/z 422.2120 [M+H]*, found: m/z 422.2115.
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Following the general procedure, compound 6ah was isolated as a white solid in 82% yield (36.3

mg).

M.p. 177.6-177.9 °C; IR (KBr) Vpax: 3054, 2952, 1654, 1620, 1489, 1380, 1180, 1105, 1023, 853, 745
cm™.

'H NMR (500 MHz, CDCly): & 7.54 — 7.41 (m, 3H), 7.37 (d, J = 8.4 Hz, 2H), 7.20 — 7.06 (m, 3H),
7.02 - 6.96 (m, 1H), 6.93 — 6.85 (M, 2H), 6.76 (t, J = 7.4 Hz, 1H), 6.70 (d, J = 8.1 Hz, 1H), 4.71 (d, J =
17.4 Hz, 1H), 4.29 (d, J = 17.4 Hz, 1H), 4.15 (s, 1H), 2.53 — 2.34 (m, 2H), 2.35 — 2.22 (m, 2H), 2.09 —
1.84 (m, 4H).

BC NMR (126 MHz, CDCly): & 196.84, 169.84, 141.79, 140.68, 139.24, 134.47, 129.11, 128.71,
128.45, 128.25, 128.04, 127.30, 126.82, 126.80, 119.15, 115.88, 113.09, 91.98, 50.36, 37.64, 37.13,
28.41, 28.39, 21.12.

HRMS (ESI): exact mass calcd for CygHosCINO,: m/z 442.1574 [M+H]", found: m/z 442.1568.

Following the general procedure, compound 6ai was isolated as a white solid in 85% yield (41.3 mg).
M.p. 187.8-188.0 °C; IR (KBr) Vpax: 3052, 2949, 1653, 1617, 1487, 1379, 1174, 1108, 1061, 996, 817,
738,615 cm™.

'H NMR (500 MHz, CDCls): 6 7.68 — 7.37 (m, 5H), 7.20 — 7.07 (m, 3H), 6.99 (t, J = 7.8 Hz, 1H),
6.96 — 6.85 (m, 2H), 6.76 (t, J = 7.4 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H), 4.71 (d, J = 17.4 Hz, 1H), 4.29
(d, J=17.4 Hz, 1H), 4.15 (s, 1H), 2.51 — 2.22 (m, 4H), 2.09 — 1.85 (m, 4H).

BC NMR (126 MHz, CDCly): & 196.84, 169.83, 141.73, 14121, 139.18, 132.07, 128.65, 128.44,
128.36, 128.23, 127.29, 126.81, 126.77, 122.64, 119.14, 115.84, 113.06, 91.99, 50.35, 37.58, 37.13,
28.38,21.11.

HRMS (ESI): exact mass calcd for CygH,sBrNO,: m/z 486.1069 [M+H]", found: m/z 486.1063.
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Following the general procedure, compound 6aj was isolated as a white solid in 96% yield (40.8 mg).
M.p. 164.5-165.2 °C; IR (KBr) V. 3037, 2936, 1651, 1613, 1498, 1381, 1220, 1174, 1109, 1060,
1024, 990, 804, 743 cm™.

'H NMR (500 MHz, CDCly): & 7.64 — 7.49 (m, 2H), 7.46 (d, J = 7.3 Hz, 1H), 7.19 — 7.04 (m, 5H),
7.03 - 6.88 (m, 3H), 6.76 (t, J = 7.5 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H), 4.71 (d, J = 17.4 Hz, 1H), 4.32
(d, J=17.4 Hz, 1H), 4.15 (s, 1H), 2.53 — 2.24 (m, 4H), 2.13 — 1.84 (m, 4H).

B3C NMR (126 MHz, CDCl5): 5 196.87, 169.93, 162.78 (d, J = 247.5 Hz), 141.85, 139.27, 137.82 (d,
J =209 Hz), 128.68, 128.41, 128.35, 128.21, 127.26, 126.77, 119.06, 115.85, 115.68, 113.05, 91.99,
50.28, 37.70, 37.12, 28.41, 21.12.

F NMR (470 MHz, CDCl,): & -113.96.

HRMS (ESI): exact mass calcd for CygH,sBrNO,: m/z 426.1869 [M+H]", found: m/z 426.1864.

Bn/ Me
6ak

Following the general procedure, compound 6ak was isolated as a white solid in 93% yield (32.1

mg).

M.p. 182.0-182.4 °C; IR (KBr) Vpax: 2947, 1644, 1609, 1493, 1383, 1289, 1160, 1114, 1057, 850, 745
cm™.
'H NMR (500 MHz, CDCl,): 8 7.41 (dd, J = 7.4, 1.9 Hz, 1H), 7.38 — 7.31 (m, 2H), 7.31 — 7.22 (m,
3H), 7.04 — 6.88 (m, 1H), 6.72 (t, J = 7.4 Hz, 1H), 6.52 (d, J = 8.1 Hz, 1H), 5.05 (d, J = 18.3 Hz, 1H),
4.46 (d, J = 18.3 Hz, 1H), 4.14 (t, J = 2.9 Hz, 1H), 2.46 — 2.23 (m, 5H), 2.06 — 1.90 (m, 3H), 1.68 (s,
3H).

BC NMR (126 MHz, CDCly): & 196.64, 170.28, 143.51, 140.04, 128.91, 128.30, 128.07, 127.32,
126.96, 126.23, 118.74, 116.05, 112.60, 88.65, 50.22, 36.94, 34.77, 28.68, 27.37, 27.07, 21.20.

HRMS (ESI): exact mass calcd for Cy3H24NO,: m/z 346.1807 [M+H]", found: m/z 346.1802.

Following the general procedure, compound 6al was isolated as a white solid in 92% yield (35.7 mg).
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M.p. 114.0-114.5 °C; IR (KBr) Vi 2957, 1645, 1610, 1493, 1455, 1381, 1241, 1122, 1032, 783cm™.
'H NMR (500 MHz, CDCl,): & 7.39 (dd, J = 7.5, 1.7 Hz, 1H), 7.32 — 7.25 (m, 2H), 7.24 — 7.20 (m,
1H), 7.17 (d, J = 7.5 Hz, 2H), 7.01 — 6.89 (m, 1H), 6.71 (t, J = 7.3 Hz, 1H), 6.57 (d, J = 8.1 Hz, 1H),
4.99 (d, J =18.0 Hz, 1H), 4.50 (d, J = 18.0 Hz, 1H), 4.11 (t, J = 3.0 Hz, 1H), 2.39 — 2.21 (m, 3H), 2.21
—2.06 (m, 3H), 2.00 — 1.84 (m, 4H), 1.81 — 1.69 (m, 1H), 0.95 (d, J = 6.6 Hz, 3H), 0.83 (d, J = 6.7 Hz,
3H).

BBC NMR (126 MHz, CDCly): & 155.59, 154.34, 145.45, 140.44, 134.00, 130.39, 128.25, 127.67,
126.80, 126.27, 124.70, 119.14, 117.83, 117.47, 108.80, 104.42, 91.72, 53.16, 40.74, 35.29, 32.64,
27.92.

HRMS (ESI): exact mass calcd for CosH3oNO,: m/z 388.2277 [M+H]", found: m/z 388.2271.

Following the general procedure, compound 6am was isolated as a white solid in 92% vyield (35.8

mg).

M.p. 151.8-152.3 °C; IR (KBr) Vi 2954, 1651, 1614, 1490, 1382, 1249, 1118, 1035, 993, 803, 737
cm™,

'H NMR (500 MHz, CDCls): 8 7.36 (d, J = 7.2 Hz, 1H), 7.25 — 7.12 (m, 3H), 7.08 (d, J = 7.4 Hz, 2H),
6.87 (t, J = 7.7 Hz, 1H), 6.71 (d, J = 8.1 Hz, 2H), 4.97 (d, J = 17.2 Hz, 1H), 4.62 (d, J = 17.2 Hz, 1H),
3.96 (s, 1H), 2.48 — 2.31 (m, 2H), 2.28 — 2.19 (m, 1H), 2.18 — 2.02 (m, 3H), 2.01 — 1.84 (m, 2H), 1.21
(s, 9H).

BBC NMR (126 MHz, CDCly): & 197.04, 170.23, 145.44, 140.76, 131.87, 128.50, 127.38, 127.23,
126.79, 126.60, 119.78, 116.53, 115.12, 94.38, 53.08, 40.44, 37.15, 31.70, 28.49, 28.16, 27.80, 21.16.

HRMS (ESI): exact mass calcd for CysH3oNO,: m/z 388.2277 [M+H]", found: m/z 388.2271.

6ba

Following the general procedure, compound 6ba was isolated as a yellow solid in 99% yield (45.3
mg).

M.p. 159.8-160.1 °C; IR (KBr) Vi 3032, 2897, 1701, 1617, 1489, 1386, 1167, 1037, 978, 920, 852,
793, 753 cm™.

'H NMR (500 MHz, CD,Cl,): 6 7.85 (dd, J = 7.9, 1.7 Hz, 1H), 7.73 (d, J = 7.5 Hz, 2H), 7.57 — 7.40
(m, 5H), 7.33 (d, J = 8.3 Hz, 1H), 7.29 — 7.23 (m, 1H), 7.03 — 6.97 (m, 1H), 6.95 — 6.81 (m, 5H), 6.78
(t, J=7.4 Hz, 1H), 6.71 (d, J = 8.2 Hz, 1H), 4.71 (d, J = 17.2 Hz, 1H), 4.48 (d, J = 17.2 Hz, 1H), 4.28
(t, J=3.0 Hz, 1H), 2.55 (dd, J = 13.4, 2.6 Hz, 1H), 2.36 (dd, J = 13.4, 3.4 Hz, 1H).
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B3C NMR (126 MHz, CD,Cl,): & 162.10, 159.00, 152.68, 141.89, 141.53, 138.77, 132.00, 129.16,
128.87, 128.33, 128.23, 127.70, 127.57, 126.86, 126.71, 126.63, 124.12, 123.14, 119.07, 116.78,
116.06, 113.42, 105.75, 93.50, 51.14, 37.27, 30.37.

HRMS (ESI): exact mass calcd for C3;H,4NO3: m/z 458.1756 [M+H]", found: m/z 458.1751.

6bb

Following the general procedure, compound 6bb was isolated as an orange solid in 84% vyield (39.6

mg).

M.p. 138.2-138.6 °C; IR (KBr) Vya: 3028, 2853, 1720, 1628, 1495, 1385, 1168, 1027, 978, 747, 692
cm™,

'H NMR (500 MHz, CD,Cl,): 5 7.84 (dd, J = 7.9, 1.7 Hz, 1H), 7.79 — 7.61 (m, 2H), 7.57 — 7.39 (m,
4H), 7.37 — 7.29 (m, 2H), 7.29 — 7.22 (m, 1H), 6.98 — 6.67 (m, 6H), 6.59 (d, J = 8.3 Hz, 1H), 4.67 (d, J
=17.2 Hz, 1H), 4.45 (d, J = 17.2 Hz, 1H), 4.23 (t, J = 3.0 Hz, 1H), 2.52 (dd, J = 13.4, 2.6 Hz, 1H), 2.34
(dd, J =13.3, 3.4 Hz, 1H), 2.25 (s, 3H).

B3C NMR (126 MHz, CD,Cl,): & 162.16, 159.11, 152.70, 141.71, 139.46, 139.00, 131.96, 129.14,
128.82, 128.79, 128.42, 128.31, 128.17, 127.55, 126.89, 126.66, 124.10, 123.16, 116.77, 116.13,
113.35, 105.72, 93.72, 51.12, 37.47, 30.38, 20.43.

HRMS (ESI): exact mass calcd for C3,HsNO3: m/z 472.1913 [M+H]", found: m/z 472.1907.

6bc

Following the general procedure, compound 6bc was isolated as a pink solid in 99% yield (48.6 mg).
M.p. 134.2-134.6 °C; IR (KBr) Vpna: 3030, 2865, 1706, 1622, 1488, 1388, 1170, 1028, 980, 798, 759,
698 cm™.

'H NMR (500 MHz, CD,Cl,): 6 7.84 (dd, J = 7.9, 1.6 Hz, 1H), 7.71 (d, J = 7.6 Hz, 2H), 7.58 — 7.40
(m, 5H), 7.39 — 7.30 (m, 1H), 7.29 — 7.22 (m, 1H), 6.96 (dd, J = 8.7, 2.6 Hz, 1H), 6.94 — 6.76 (m, 5H),
6.62 (d, J = 8.7 Hz, 1H), 4.65 (d, J = 17.3 Hz, 1H), 4.48 (d, J = 17.2 Hz, 1H), 4.24 (t, J = 3.0 Hz, 1H),
2.52 (dd, J = 13.5, 2.6 Hz, 1H), 2.36 (dd, J = 13.5, 3.4 Hz, 1H).

3C NMR (126 MHz, CD,Cl,): & 162.00, 159.17, 152.75, 141.14, 140.68, 138.26, 132.22, 129.27,
129.24, 129.05, 128.44, 127.79, 127.38, 126.89, 126.83, 126.58, 124.23, 123.68, 123.17, 116.89,
115.91, 114.68, 105.09, 93.30, 51.26, 37.02, 30.27.

HRMS (ESI): exact mass calcd for C3;H,;CINO3: m/z 492.1366 [M+H]", found: m/z 492.1361.
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6bd

Following the general procedure, compound 6bd was isolated as a yellow solid in 95% yield (51.0
mg).

M.p. 137.6-137.9 °C; IR (KBr) Vpna: 3071, 2941, 1713, 1623, 1486, 1387, 1166, 1028, 979, 864, 756,
696 cm™.

'H NMR (500 MHz, CD,Cl,): 5 7.81 (dd, J = 8.0, 1.6 Hz, 1H), 7.78 — 7.59 (m, 2H), 7.57 — 7.41 (m,
4H), 7.37 (d, J = 7.9 Hz, 1H), 7.32 (d, J = 8.3 Hz, 1H), 7.28 — 7.23 (m, 1H), 6.94 — 6.77 (m, 7H), 4.63
(d, J=17.2 Hz, 1H), 4.45 (d, J = 17.2 Hz, 1H), 4.24 (t, J = 3.0 Hz, 1H), 2.50 (dd, J = 13.5, 2.5 Hz, 1H),
2.36 (dd, J = 13.5, 3.5 Hz, 1H).

B3C NMR (126 MHz, CD,Cl,): & 161.97, 158.92, 152.69, 143.38, 140.97, 137.97, 132.17, 129.40,
129.26, 129.05, 128.45, 126.96, 126.87, 126.63, 126.54, 124.21, 123.11, 121.78, 121.28, 116.84,
116.35, 115.86, 105.28, 92.94, 51.09, 37.00, 29.97.

HRMS (ESI): exact mass calcd for C3;H,3sBrNO5: m/z 536.0861 [M+H]", found: m/z 536.0856.

Following the general procedure, compound 6be was isolated as an orange solid in 75% yield (36.6
mg).

M.p. 116.9-117.3 °C; IR (KBr) V. 2944, 1714, 1626, 1491, 1387, 1249, 1165, 1025, 977, 750 cm™.
'H NMR (500 MHz, CD.,Cl,): & 8.08 (dd, J = 7.9, 1.8 Hz, 1H), 7.94 (dd, J = 8.0, 1.7 Hz, 1H), 7.58 —
7.53 (m, 1H), 7.49 — 7.41 (m, 2H), 7.36 — 7.27 (m, 2H), 7.15 — 7.10 (m, 1H), 7.04 — 6.90 (m, 3H), 6.90
—6.80 (m, 4H), 6.77 — 6.72 (m, 1H), 6.56 (d, J = 8.2 Hz, 1H), 4.59 (d, J = 16.9 Hz, 1H), 4.49 (d, J =
16.9 Hz, 1H), 4.25 (t, J = 2.9 Hz, 1H), 3.74 (s, 3H), 2.90 (dd, J = 13.2, 2.6 Hz, 1H), 2.21 (dd, J = 13.1,
3.4 Hz, 1H).

BC NMR (126 MHz, CD,CL,): & 162.22, 158.66, 156.52, 152.84, 141.62, 139.24, 131.92, 130.46,
128.82, 128.61, 128.38, 127.91, 127.73, 127.50, 126.94, 126.67, 124.14, 123.14, 121.07, 118.40,
116.87, 116.39, 112.71, 111.96, 105.85, 92.92, 56.05, 49.98, 32.84, 30.60.

HRMS (ESI): exact mass calcd for C3,H,sNO,: m/z 488.1862 [M+H]", found: m/z 488.1856.
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OMe

Following the general procedure, compound 6bf was isolated as a yellow solid in 97% yield (47.3

mg).

M.p. 119.8-120.2 °C; IR (KBr) Vpax: 2940, 2848, 1705, 1620, 1500, 1389, 1254, 1169, 1031, 978, 754
cm™.

'H NMR (500 MHz, CD,Cl,): 8 7.83 (dd, J = 7.8, 1.7 Hz, 1H), 7.63 (d, J = 8.2 Hz, 2H), 7.56 — 7.50
(m, 1H), 7.48 (dd, J = 7.4, 1.7 Hz, 1H), 7.38 — 7.28 (m, 1H), 7.28 — 7.22 (m, 1H), 7.02 — 6.96 (m, 3H),
6.94 — 6.80 (m, 5H), 6.80 — 6.74 (m, 1H), 6.69 (d, J = 8.2 Hz, 1H), 4.69 (d, J = 17.2 Hz, 1H), 4.51 (d, J
= 17.2 Hz, 1H), 4.26 (t, J = 2.9 Hz, 1H), 3.84 (s, 3H), 2.53 (dd, J = 13.4, 2.6 Hz, 1H), 2.33 (dd, J =
13.4,3.4 Hz, 1H).

3C NMR (126 MHz, CD,Cl,): & 162.14, 160.11, 159.08, 152.68, 141.97, 138.92, 133.45, 131.96,
128.33, 128.22, 127.91, 127.67, 127.57, 126.86, 126.68, 124.09, 123.14, 119.00, 116.78, 116.10,
114.38, 113.42, 105.75, 93.45, 55.74, 50.91, 37.28, 30.43.

HRMS (ESI): exact mass calcd for C3,HsNO,: m/z 488.1862 [M+H]", found: m/z 488.1856.

Following the general procedure, compound 6bg was isolated as a white solid in 94% vyield (44.4

mg).

M.p. 117.5-118.0 °C; IR (KBr) Vpax: 3033, 2930, 1706, 1622, 1491, 1454, 1388, 1169, 1036, 979, 750
cm™.

'H NMR (500 MHz, CD,Cl,): & 7.84 (dd, J = 7.9, 1.7 Hz, 1H), 7.60 (d, J = 7.8 Hz, 2H), 7.56 — 7.50
(m, 1H), 7.48 (dd, J = 7.4, 1.7 Hz, 1H), 7.37 — 7.19 (m, 4H), 7.01 — 6.96 (m, 1H), 6.95 — 6.80 (m, 5H),
6.79 — 6.74 (m, 1H), 6.68 (d, J = 8.1 Hz, 1H), 4.68 (d, J = 17.2 Hz, 1H), 4.49 (d, J = 17.2 Hz, 1H), 4.26
(t, J = 3.0 Hz, 1H), 2.52 (dd, J = 13.4, 2.6 Hz, 1H), 2.41 (s, 3H), 2.33 (dd, J = 13.4, 3.4 Hz, 1H).

BC NMR (126 MHz, CD,Cl,): & 162.14, 159.09, 152.69, 141.90, 138.87, 138.57, 131.97, 129.81,
128.33, 128.21, 127.66, 127.60, 126.86, 126.69, 126.51, 124.10, 123.17, 119.00, 116.78, 116.10,
113.40, 105.73, 93.57, 51.04, 37.31, 30.42, 21.25.

HRMS (ESI): exact mass calcd for C3,HsNO3: m/z 472.1913 [M+H]", found: m/z 472.1907.
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Following the general procedure, compound 6bh was isolated as an orange solid in 99% vyield (48.6
mg).

M.p. 123.9-124.2 °C; IR (KBr) Ve 3029, 2937, 1709, 1622, 1489, 1387, 1167, 1036, 979, 755 cm™,
'H NMR (500 MHz, CD,Cl,): 6 7.80 (dd, J = 7.9, 1.5 Hz, 1H), 7.67 (d, J = 8.2 Hz, 2H), 7.56 — 7.51
(m, 1H), 7.49 (dd, J = 7.4, 1.7 Hz, 1H), 7.47 — 7.41 (m, 2H), 7.32 (d, J = 8.3 Hz, 1H), 7.27 — 7.22 (m,
1H), 7.04 - 6.98 (m, 1H), 6.94 — 6.76 (m, 6H), 6.73 (d, J = 8.2 Hz, 1H), 4.71 (d, J = 17.2 Hz, 1H), 4.44
(d, J=17.2 Hz, 1H), 4.28 (t, J = 3.0 Hz, 1H), 2.52 (dd, J = 13.4, 2.7 Hz, 1H), 2.34 (dd, J = 13.4, 3.5 Hz,
1H).

B3C NMR (126 MHz, CD,Cl,): & 162.01, 158.81, 152.69, 141.86, 140.25, 138.65, 134.74, 132.08,
129.32, 128.40, 128.30, 127.82, 127.52, 126.87, 126.82, 124.16, 123.07, 119.34, 116.83, 115.95,
113.56, 105.82, 93.14, 51.14, 37.19, 30.32.

HRMS (ESI): exact mass calcd for C3;H,;CINO3: m/z 492.1366 [M+H]", found: m/z 492.1361.

Following the general procedure, compound 6bi was isolated as a pink solid in 95% yield (50.9 mg).
M.p. 121.6-122.1 °C; IR (KBr) Vpma: 3031, 2938, 1712, 1626, 1489, 1389, 1167, 1034, 978, 752 cm™.
'H NMR (500 MHz, CD,Cl,): & 7.80 (dd, J = 8.0, 1.7 Hz, 1H), 7.67 — 7.57 (m, 4H), 7.56 — 7.48 (m,
2H), 7.32 (d, J = 8.3 Hz, 1H), 7.25 (t, J = 7.6 Hz, 1H), 7.04 — 6.98 (m, 1H), 6.98 — 6.75 (m, 6H), 6.72
(d, J=8.2 Hz, 1H), 4.71 (d, J = 17.1 Hz, 1H), 4.45 (d, J = 17.1 Hz, 1H), 4.28 (t, J = 3.0 Hz, 1H), 2.52
(dd, J = 13.4, 2.6 Hz, 1H), 2.34 (dd, J = 13.4, 3.4 Hz, 1H).

BC NMR (126 MHz, CD,Cl,): & 161.99, 158.77, 152.64, 141.77, 140.74, 138.59, 132.28, 132.07,
128.57, 128.38, 128.27, 127.79, 127.46, 126.83, 126.80, 124.14, 123.04, 122.90, 119.31, 116.81,
115.89, 113.52, 105.78, 93.14, 51.12, 37.10, 30.26.

HRMS (ESI): exact mass calcd for C3;H,3BrNO5: m/z 536.0861 [M+H]", found: m/z 536.0856.
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Following the general procedure, compound 6bj was isolated as a white solid in 98% yield (46.5 mg).
M.p. 171.8-172.0 °C; IR (KBr) Va: 3033, 2936, 1708, 1623, 1496, 1387, 1227, 1037, 981, 847, 754
cm™.
'H NMR (500 MHz, CD,Cl,): 5 7.81 (dd, J = 8.0, 1.6 Hz, 1H), 7.77 — 7.59 (m, 2H), 7.56 — 7.51 (m,
1H), 7.49 (dd, J=7.4, 1.7 Hz, 1H), 7.32 (dd, J = 8.4, 1.1 Hz, 1H), 7.29 — 7.23 (m, 1H), 7.19 — 7.12 (m,
2H), 7.04 — 6.97 (m, 1H), 6.94 — 6.76 (m, 6H), 6.72 (d, J = 8.2 Hz, 1H), 4.71 (d, J = 17.2 Hz, 1H), 4.46
(d, J=17.2 Hz, 1H), 4.28 (t, J = 3.0 Hz, 1H), 2.54 (dd, J = 13.4, 2.6 Hz, 1H), 2.34 (dd, J = 13.4, 3.4 Hz,
1H).

B3C NMR (126 MHz, CD,Cl,): 5163.05 (d, J = 247.1 Hz), 162.03, 158.85, 152.67, 141.92, 138.71,
137.45 (d, J = 3.2 Hz), 132.05, 128.72, 128.65, 128.37, 128.27, 127.78, 127.51, 126.85, 126.78, 124.14,
123.06, 119.26, 116.82, 116.04, 115.97, 115.87, 113.53, 105.81, 93.15, 51.06, 37.27, 30.33.

F NMR (470 MHz, CD,Cl,): 5 -114.35.

HRMS (ESI): exact mass calcd for C3;H,sFNO3: m/z 476.1662 [M+H]", found: m/z 476.1656.

Bi  Me
6bk
Following the general procedure, compound 6bk was isolated as a white solid in 88% vyield (34.8
mg).

M.p. 176.2-176.7 °C; IR (KBr) Vs 3038, 2937, 1696, 1622, 1491, 1387, 1283, 1159, 1044, 996, 755
cm™.

'H NMR (500 MHz, CD,Cl,): 6 7.85 (dd, J = 7.8, 1.7 Hz, 1H), 7.54 — 7.47 (m, 1H), 7.43 (dd, J = 7.4,
1.7 Hz, 1H), 7.37 — 7.22 (m, 7H), 6.99 — 6.92 (m, 1H), 6.76 — 6.67 (m, 1H), 6.52 (d, J = 8.2 Hz, 1H),
5.13 (d, J = 18.3 Hz, 1H), 4.46 (d, J = 18.3 Hz, 1H), 4.21 (t, J = 3.1 Hz, 1H), 2.49 (dd, J = 13.2, 2.8 Hz,
1H), 2.31 (dd, J = 13.2, 3.4 Hz, 1H), 1.86 (s, 3H).

BC NMR (126 MHz, CD,Cl,): & 162.10, 159.19, 152.66, 143.59, 139.84, 131.84, 128.98, 127.93,
127.89, 127.10, 127.07, 126.33, 124.01, 123.03, 119.02, 116.73, 116.24, 113.01, 105.65, 90.06, 50.40,
34.56, 29.63, 26.73.

HRMS (ESI): exact mass calcd for C,sH»,NO4: m/z 396.1600 [M+H]", found: m/z 396.1594.

S20



6bl Me

Following the general procedure, compound 6bl was isolated as a yellow solid in 80% vyield (35.1

mg).

M.p. 157.2-157.5 °C; IR (KBr) Vpay: 3032, 2962, 1710, 1622, 1493, 1456, 1389, 1108, 1037, 984, 759
cm™.
'H NMR (500 MHz, CD,Cl,): & 7.78 (dd, J = 8.1, 1.6 Hz, 1H), 7.53 — 7.47 (m, 1H), 7.43 (dd, J = 7.4,
1.7 Hz, 1H), 7.29 — 7.15 (m, 7H), 6.99 — 6.90 (m, 1H), 6.77 — 6.70 (m, 1H), 6.57 (d, J = 8.2 Hz, 1H),
5.08 (d, J = 18.1 Hz, 1H), 4.51 (d, J = 18.1 Hz, 1H), 4.22 (t, J = 3.1 Hz, 1H), 2.42 (dd, J = 13.2, 3.5 Hz,
1H), 2.35 (dd, J = 13.2, 2.8 Hz, 1H), 2.22 (dd, J = 14.8, 8.0 Hz, 1H), 2.07 (dd, J = 14.8, 4.0 Hz, 1H),
1.93-1.82 (m, 1H), 1.02 (d, J = 6.6 Hz, 3H), 0.89 (d, J = 6.7 Hz, 3H).

BC NMR (126 MHz, CD,Cl,): 8 162.12, 159.15, 152.69, 143.75, 139.94, 131.82, 128.80, 127.86,
127.79, 127.70, 126.96, 126.64, 124.04, 123.05, 119.12, 116.73, 116.27, 113.74, 105.60, 92.60, 50.37,
47.19, 31.61, 29.31, 25.22, 24.70, 23.92.

HRMS (ESI): exact mass calcd for CygHsNO3: m/z 438.2069 [M+H]", found: m/z 438.2064.

6bm

Following the general procedure, compound 6bm was isolated as an orange solid in 97% vyield (42.5
mg).

M.p. 164.3-164.7 °C; IR (KBr) Vax: 2964, 1709, 1619, 1490, 1455, 1388, 1160, 1114, 1038, 980, 808,
747 cm™,

'H NMR (500 MHz, CD,Cl,): 6 7.83 (dd, J = 7.9, 1.6 Hz, 1H), 7.54 — 7.49 (m, 1H), 7.39 (dd, J = 7.4,
1.7 Hz, 1H), 7.33 — 7.22 (m, 2H), 7.10 — 7.00 (m, 5H), 6.95 — 6.90 (m, 1H), 6.82 — 6.75 (m, 2H), 5.04
(d, J=17.2 Hz, 1H), 4.58 (d, J = 17.2 Hz, 1H), 4.07 (t, J = 3.1 Hz, 1H), 2.44 (dd, J = 13.3, 3.9 Hz, 1H),
2.29 (dd, J = 13.3, 2.5 Hz, 1H), 1.34 (s, 9H).

BC NMR (126 MHz, CD,Cl,): & 162.14, 159.03, 152.76, 145.87, 140.29, 131.87, 130.79, 128.41,
127.49, 127.41, 127.19, 126.65, 124.10, 122.88, 120.08, 117.00, 116.78, 116.31, 104.92, 95.68, 53.69,
40.94, 31.69, 29.79, 27.99.

HRMS (ESI): exact mass calcd for CygHsNO3: m/z 438.2069 [M+H]", found: m/z 438.2064.
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6ca

Following the general procedure, compound 6ca was isolated as a brown solid in 83% vyield (35.0
mg).

M.p. 95.7-96.1 °C; IR (KBr) Vi 3353, 3061, 2936, 1703, 1606, 1458, 1345, 1261, 1140, 1054, 1004,
877, 753, 699 cm™.

'H NMR (500 MHz, (CD3),CO): 8 8.45 (s, 1H), 8.11 (s, 1H), 7.71 (d, J = 7.7 Hz, 2H), 7.51 — 7.45 (m,
2H), 7.44 — 7.36 (m, 2H), 7.05 — 6.96 (m, 5H), 6.90 — 6.84 (m, 1H), 6.67 — 6.62 (m, 1H), 6.59 (d, J =
8.1 Hz, 1H), 6.14 (d, J = 2.4 Hz, 1H), 6.12 (d, J = 2.3 Hz, 1H), 4.59 (d, J = 17.1 Hz, 1H), 442 — 4.34
(m, 2H), 2.35 (dd, J =12.9, 2.6 Hz, 1H), 2.25 (dd, J = 12.9, 3.6 Hz, 1H).

BC NMR (126 MHz, (CD3),CO): & 158.68, 157.48, 155.71, 145.01, 143.60, 140.67, 131.45, 130.12,
129.38, 129.35, 128.80, 128.67, 127.83, 127.66, 118.86, 114.39, 106.59, 97.33, 97.15, 90.92, 52.25,
39.51, 31.16.

HRMS (ESI): exact mass calcd for CgHNO3: m/z 422.1756 [M+H]", found: m/z 422.1751.

Following the general procedure, compound 6cb was isolated as a brown solid in 51% vyield (22.3
mg).

M.p. 127.3-127.6 °C; IR (KBr) Vma: 3326, 3061, 2860, 1688, 1608, 1502, 1254, 1136, 1056, 1001,
853, 763 cm™.

'H NMR (500 MHz, (CD3),CO): & 8.46 (s, 1H), 8.12 (s, 1H), 7.70 (d, J = 7.7 Hz, 2H), 7.51 — 7.45 (m,
2H), 7.42 — 7.36 (m, 1H), 7.23 (d, J = 2.1 Hz, 1H), 7.07 — 6.96 (m, 5H), 6.68 (dd, J = 8.2, 2.1 Hz, 1H),
6.47 (d, J = 8.2 Hz, 1H), 6.15 — 6.09 (m, 2H), 4.56 (d, J = 17.0 Hz, 1H), 4.36 (d, J = 17.0 Hz, 1H), 4.31
(t, J=3.1Hz, 1H), 2.34 (dd, J = 12.9, 2.6 Hz, 1H), 2.23 (dd, J = 12.9, 3.5 Hz, 1H), 2.19 (s, 3H).

BBC NMR (126 MHz, (CD3),CO): & 158.64, 157.43, 155.79, 145.17, 141.26, 140.87, 131.39, 130.08,
129.39, 129.32, 128.82, 128.24, 127.83, 127.60, 127.44, 114.29, 106.65, 97.25, 97.14, 90.99, 52.25,
39.63, 31.14, 21.27.

HRMS (ESI): exact mass calcd for CygHsNO4: m/z 436.1913 [M+H]", found: m/z 436.1907.
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Following the general procedure, compound 6cc was isolated as a brown solid in 45% vyield (20.6
mg).

M.p. 94.3-94.7 °C; IR (KBr) Ve 3348, 3062, 2934, 1689, 1609, 1487, 1348, 1258, 1138, 1057, 1006,
884, 813, 700 cm™.

'H NMR (500 MHz, (CD5),CO): & 8.59 (s, 1H), 8.18 (s, 1H), 7.71 (d, J = 7.7 Hz, 2H), 7.52 — 7.47 (m,
2H), 7.43 — 7.38 (m, 2H), 7.06 — 7.00 (m, 3H), 6.98 — 6.93 (m, 2H), 6.87 (dd, J = 8.7, 2.6 Hz, 1H), 6.56
(d, J=8.7 Hz, 1H), 6.17 — 6.12 (m, 2H), 4.55 (d, J = 17.0 Hz, 1H), 4.40 (d, J = 17.0 Hz, 1H), 4.34 (t, J
= 3.1 Hz, 1H), 2.37 (dd, J = 13.1, 2.6 Hz, 1H), 2.27 (dd, J = 13.1, 3.6 Hz, 1H).

BC NMR (126 MHz, (CD3),CO): & 158.98, 157.50, 155.65, 144.54, 142.52, 140.11, 133.34, 130.20,
129.54, 129.45, 128.80, 128.18, 127.85, 127.80, 127.32, 123.04, 115.75, 105.78, 97.47, 97.25, 90.81,
52.30, 39.07, 31.04.

HRMS (ESI): exact mass calcd for CygH,3CINO3: m/z 456.1366 [M+H]", found: m/z 456.1361.

Following the general procedure, compound 6cd was isolated as a brown oil in 42% yield (21.1 mg).
IR (KBr) Vimax: 3343, 3064, 2942, 1703, 1601, 1484, 1357, 1221, 1142, 1057, 881, 822, 701, 537 em™,
'H NMR (500 MHz, (CD3),CO): 6 8.55 (s, 1H), 8.19 (s, 1H), 7.73 (d, J = 7.7 Hz, 2H), 7.54 — 7.47 (m,
2H), 7.44 — 7.38 (m, 1H), 7.31 (d, J = 7.9 Hz, 1H), 7.09 — 6.97 (m, 5H), 6.79 (dd, J = 7.9, 1.9 Hz, 1H),
6.75 (d, J = 1.9 Hz, 1H), 6.16 (d, J = 2.3 Hz, 1H), 6.13 (d, J = 2.3 Hz, 1H), 4.55 (d, J = 17.0 Hz, 1H),
4.41 (d, J = 17.0 Hz, 1H), 4.34 (t, J = 3.1 Hz, 1H), 2.34 (dd, J = 13.1, 2.5 Hz, 1H), 2.27 (dd, J = 13.1,
3.6 Hz, 1H).

BC NMR (126 MHz, (CD3),CO): & 158.92, 157.54, 155.47, 145.14, 144.40, 139.84, 130.76, 130.23,
129.92, 129.58, 129.51, 128.86, 127.97, 127.81, 121.39, 121.06, 117.20, 105.90, 97.48, 97.19, 90.65,
52.22, 39.13, 30.72.

HRMS (ESI): exact mass calcd for CygH,3BrNO5: m/z 500.0861 [M+H]*, found: m/z 500.0856.
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Following the general procedure, compound 6ce was isolated as a brown solid in 65% vyield (29.4
mg).

M.p. 119.7-120.2 °C; IR (KBr) Vpax: 3323, 3062, 2938, 1688, 1605, 1459, 1343, 1249, 1137, 1055,
872,750 cm™.

'H NMR (500 MHz, (CD3),CO): & 8.38 (s, 1H), 8.09 (s, 1H), 8.04 (dd, J = 7.6, 1.8 Hz, 1H), 7.45 —
7.33 (m, 2H), 7.16 — 7.06 (m, 2H), 7.05 — 6.90 (m, 5H), 6.89 — 6.80 (m, 1H), 6.66 — 6.54 (m, 1H), 6.49
(d, J = 8.1 Hz, 1H), 6.17 (d, J = 2.3 Hz, 1H), 6.12 (d, J = 2.4 Hz, 1H), 4.49 (d, J = 16.8 Hz, 1H), 4.39
(d, = 16.7 Hz, 1H), 4.32 (t, J = 3.1 Hz, 1H), 3.74 (s, 3H), 2.69 (dd, J = 12.5, 2.6 Hz, 1H), 2.09 — 2.04
(m, 1H, overlapped).

BC NMR (126 MHz, (CD3),CO): & 158.62, 157.89, 157.58, 155.60, 143.60, 141.30, 131.80, 131.62,
131.04, 129.99, 129.37, 128.78, 128.29, 127.57, 127.53, 122.05, 118.19, 113.72, 113.23, 106.64, 97.31,
97.26, 89.95, 56.90, 50.86, 34.93, 31.45.

HRMS (ESI): exact mass calcd for CygHsNO,: m/z 452.1862 [M+H]", found: m/z 452.1856.

OMe
Following the general procedure, compound 6cf was isolated as a brown solid in 80% vyield (36.1
mg).
M.p. 118.7-119.0 °C; IR (KBr) Vpax: 3310, 3062, 2939, 1689, 1606, 1502, 1457, 1346, 1254, 1136,
1055, 1003, 829, 748 cm™.
'H NMR (500 MHz, (CD5),CO): & 8.44 (s, 1H), 8.10 (s, 1H), 7.62 (d, J = 8.3 Hz, 2H), 7.40 (dd, J =
7.4, 1.7 Hz, 1H), 7.07 — 6.94 (m, 7H), 6.89 — 6.82 (m, 1H), 6.73 — 6.59 (m, 1H), 6.57 (d, J = 8.2 Hz,
1H), 6.15 — 6.08 (M, 2H), 4.58 (d, J = 17.1 Hz, 1H), 4.43 (d, J = 17.1 Hz, 1H), 4.34 (t, J = 3.2 Hz, 1H),
3.86 (s, 3H), 2.35 (dd, J = 13.0, 2.7 Hz, 1H), 2.22 (dd, J = 13.0, 3.5 Hz, 1H).
B3C NMR (126 MHz, (CD3),CO): & 160.99, 158.64, 157.46, 155.80, 143.70, 140.82, 136.90, 131.42,
129.35, 129.08, 128.78, 128.67, 127.79, 127.61, 118.77, 115.37, 114.36, 106.65, 97.25, 97.13, 90.78,
56.33, 52.04, 39.47, 31.19.
HRMS (ESI): exact mass calcd for CogHsNO,: m/z 452.1862 [M+H]", found: m/z 452.1856.
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6¢c
Me J

Following the general procedure, compound 6cg was isolated as a brown solid in 82% vyield (35.7
mg).

M.p. 123.2-123.5 °C; IR (KBr) V. 3314, 3028, 2945, 1690, 1607, 1499,1459, 1345, 1258, 1140,
1059, 1006, 822, 743 cm™.

'H NMR (500 MHz, (CD5),CO): & 8.44 (s, 1H), 8.10 (s, 1H), 7.58 (d, J = 7.8 Hz, 2H), 7.41 (dd, J =
7.4, 1.7 Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 7.05 — 6.96 (m, 5H), 6.89 — 6.83 (m, 1H), 6.66 — 6.60 (m,
1H), 6.57 (d, J = 8.2 Hz, 1H), 6.15 — 6.08 (m, 2H), 4.57 (d, J = 17.1 Hz, 1H), 4.41 (d, J = 17.1 Hz, 1H),
4.34 (t, J = 3.1 Hz, 1H), 2.39 (s, 3H), 2.33 (dd, J = 13.0, 2.6 Hz, 1H), 2.23 (dd, J = 12.9, 3.6 Hz, 1H).
BC NMR (126 MHz, (CD3),CO): & 158.66, 157.48, 155.79, 143.61, 142.10, 140.75, 138.92, 131.45,
130.73, 129.35, 128.80, 128.66, 127.79, 127.76, 127.63, 118.79, 114.35, 106.62, 97.29, 97.15, 90.92,
52.18, 39.54, 31.19, 21.85.

HRMS (ESI): exact mass calcd for CygHsNO3: m/z 436.1913 [M+H]", found: m/z 436.1907.

Following the general procedure, compound 6ch was isolated as a brown oil in 62% yield (30.9 mg).
IR (KBr) Vina: 3325, 3062, 2936, 1687, 1606, 1488, 1345, 1256, 1140, 1058, 1005, 823, 744 cm™.

'H NMR (500 MHz, (CD5),CO): & 8.48 (s, 1H), 8.13 (s, 1H), 7.70 — 7.60 (m, 4H), 7.41 (dd, J = 7.3,
1.6 Hz, 1H), 7.06 — 6.95 (m, 5H), 6.91 — 6.84 (m, 1H), 6.68 — 6.62 (m, 1H), 6.59 (d, J = 8.2 Hz, 1H),
6.15 — 6.09 (m, 2H), 4.61 (d, J = 17.1 Hz, 1H), 4.40 — 4.34 (m, 2H), 2.36 (dd, J = 13.0, 2.6 Hz, 1H),
2.25(dd, J =12.9, 3.6 Hz, 1H).

3C NMR (126 MHz, (CD5),CO): & 158.70, 157.46, 155.45, 144.41, 143.51, 140.52, 133.14, 131.38,
130.15, 129.37, 128.77, 128.70, 127.88, 127.71, 122.95, 119.08, 114.53, 106.53, 97.44, 97.11, 90.63,

52.22,39.22, 31.03.
HRMS (ESI): exact mass calcd for CygHy3BrNO3: m/z 500.0861 [M+H]", found: m/z 500.0856.
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Following the general procedure, compound 6¢i was isolated as a brown solid in 69% vyield (30.3
mg).

M.p. 155.4-155.7 °C; IR (KBr) Vs 3256, 3060, 2937, 1687, 1600, 1498, 1458, 1344, 1254, 1142,
1057, 1006, 829, 730 cm™.

'H NMR (500 MHz, (CD5),CO): & 8.46 (s, 1H), 8.11 (s, 1H), 7.79 — 7.70 (m, 2H), 7.41 (dd, J = 7.3,
1.6 Hz, 1H), 7.25 - 7.19 (m, 2H), 7.05 — 6.96 (m, 5H), 6.91 — 6.85 (m, 1H), 6.68 — 6.62 (m, 1H), 6.59
(d, J = 8.1 Hz, 1H), 6.15 — 6.09 (m, 2H), 4.61 (d, J = 17.1 Hz, 1H), 4.41 — 4.34 (m, 2H), 2.38 (dd, J =
12.9, 2.7 Hz, 1H), 2.24 (dd, J = 13.0, 3.5 Hz, 1H).

B3C NMR (126 MHz, (CD;),CO): 8163.89 (d, J = 244.6 Hz), 158.69, 157.45, 155.55, 143.66, 141.06
(d, J = 3.2 Hz), 140.63, 131.40, 130.10, 130.03, 129.36, 128.78, 128.71, 127.87, 127.69, 119.03,
116.79, 116.61, 114.52, 106.61, 97.40, 97.13, 90.58, 52.14, 39.35, 31.08.

F NMR (470 MHz, (CD5),CO): & -116.51.
HRMS (ESI): exact mass calcd for CgHxsFNO3: miz 440.1662 [M+H]", found: m/z 440.1656.

HO
SaaWa
/N @)
Bn Me

6c¢j
Following the general procedure, compound 6cj was isolated as a brown solid in 33% vyield (11.9
mg).
M.p. 153.2-153.6 °C; IR (KBr) V. 3285, 3065, 2936, 1604, 1463, 1358, 1218, 1151, 1055, 1008,
818, 747 cm™.
'H NMR (500 MHz, (CD5),CO): & 8.42 (s, 1H), 8.03 (s, 1H), 7.35 (dq, J = 13.0, 7.3, 6.6 Hz, 5H), 7.29
—7.23 (m, 1H), 6.93 — 6.81 (m, 1H), 6.62 (t, J = 7.3 Hz, 1H), 6.42 (d, J =8.1 Hz, 1H),5.99 (d, J = 2.3
Hz, 1H), 5.94 (d, J = 2.3 Hz, 1H), 5.12 (d, J = 18.3 Hz, 1H), 4.39 (d, J = 18.3 Hz, 1H), 4.30 (t, J = 3.2
Hz, 1H), 2.34 (dd, J = 12.9, 2.8 Hz, 1H), 2.21 (dd, J = 12.8, 3.5 Hz, 1H), 1.69 (s, 3H).
BC NMR (126 MHz, (CD3),CO): & 158.26, 157.04, 155.70, 145.68, 142.10, 130.74, 129.97, 128.47,

128.05, 127.91, 127.73, 118.81, 113.63, 107.26, 96.67, 96.64, 86.63, 50.94, 36.05, 30.19, 28.48.
HRMS (ESI): exact mass calcd for Cy3H»,NO4: m/z 360.1600 [M+H]", found: m/z 360.1594.
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Following the general procedure, compound 6ck was isolated as a brown oil in 62% yield (25.0 mg).
IR (KBr) Vpa: 3278, 2962, 1687, 1618, 1487, 1255, 1145, 1060, 822, 745 cm™.,

'H NMR (500 MHz, (CD3),CO): & 8.31 (s, 1H), 7.99 (s, 1H), 7.28 (dd, J = 7.6, 1.7 Hz, 1H), 7.08 —
7.01 (m, 3H), 6.88 — 6.83 (m, 2H), 6.76 — 6.71 (m, 1H), 6.62 — 6.57 (m, 2H), 6.10 (d, J = 2.4 Hz, 1H),
6.04 (d, J =2.4 Hz, 1H), 4.90 (d, J = 16.3 Hz, 1H), 4.71 (d, J = 16.2 Hz, 1H), 4.16 — 4.12 (m, 1H), 2.35
(dd, J=12.9, 4.0 Hz, 1H), 2.12 — 2.09 (m, 1H, overlapped), 1.28 (s, 9H).

B3C NMR (126 MHz, (CD3),CO): & 158.72, 157.86, 156.31, 146.67, 142.05, 135.23, 129.33, 127.49,
127.39, 127.20, 119.80, 118.48, 105.85, 97.22, 97.20, 92.71, 54.02, 41.82, 34.10, 30.98, 28.65.

HRMS (ESI): exact mass calcd for CygHsNO3: m/z 402.2069 [M+H]", found: m/z 402.2064.

Following the general procedure, compound 6cn was isolated as a yellow solid in 59% yield (20.4
mg).

M.p. 112.1-112.5 °C; IR (KBr) Vpa: 3309, 2940, 1692, 1605, 1485, 1342, 1262, 1143, 1066, 1019,
880, 821, 755, 699 cm™.

'H NMR (500 MHz, (CD3),CO): & 8.41 (s, 1H), 8.04 (s, 1H), 7.67 — 7.60 (m, 2H), 7.52 — 7.46 (m, 2H),
7.43 - 7.36 (m, 2H), 7.11 — 7.05 (m, 1H), 6.81 (d, J = 8.0 Hz, 1H), 6.69 (td, J = 7.3, 1.1 Hz, 1H), 6.13
(d, J=2.3 Hz, 1H), 6.04 (d, J = 2.2 Hz, 1H), 4.28 (t, J = 3.0 Hz, 1H), 2.77 (s, 3H), 2.23 — 2.15 (m, 2H).
BBC NMR (126 MHz, (CD3),CO): & 158.48, 157.24, 155.69, 146.10, 145.02, 131.11, 130.08, 129.28,

128.45, 128.38, 127.79, 118.75, 113.07, 107.06, 97.11, 97.01, 90.18, 39.27, 34.94, 31.02.
HRMS (ESI): exact mass calcd for C,HxNO4: m/z 346.1443 [M+H]*, found: m/z 346.1438.
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Following the general procedure, compound 6co was isolated as a brown solid in 95% vyield (38.5

mg).

M.p. 158.4-158.9 °C; IR (KBr) Vyax: 3523, 3028, 1595, 1495, 1452, 1291, 1113, 1009, 872, 763, 696
cm™.

'H NMR (500 MHz, CDCly): 6 7.67 (d, J = 7.6 Hz, 2H), 7.46 — 7.38 (m, 2H), 7.37 — 7.31 (m, 1H),
7.28-7.25(m, 1H), 7.12 (d, J = 8.1 Hz, 1H), 7.03 — 6.98 (m, 3H), 6.95 (td, J = 7.8, 1.6 Hz, 1H), 6.80 —
6.70 (m, 3H), 6.56 (d, J = 8.1 Hz, 1H), 6.47 — 6.40 (m, 2H), 4.55 (d, J = 17.2 Hz, 1H), 4.43 (d, J =17.2
Hz, 1H), 4.02 (t, J = 3.0 Hz, 1H), 2.44 — 2.34 (m, 2H).

BBC NMR (126 MHz, CDCls): & 155.51, 153.84, 143.02, 142.30, 138.95, 130.21, 130.11, 128.79,
128.26, 128.20, 127.42, 127.09, 126.65, 126.44, 126.09, 118.41, 118.30, 113.48, 108.91, 104.40, 89.84,
51.11, 38.04, 36.09.

HRMS (ESI): exact mass calcd for CygH24NO,: m/z 406.1807 [M+H]", found: m/z 406.1802.

6cp

Following the general procedure, compound 6¢cp was isolated as a red oil in 98% yield (41.1 mg).

IR (KBr) Vmax: 3333, 3025, 2927, 1701, 1618, 1500, 1452, 1352, 1228, 1156, 1010, 874, 806, 698
cm™.

'H NMR (500 MHz, CDCly): § 7.67 (d, J = 7.6 Hz, 2H), 7.44 — 7.37 (m, 2H), 7.37 — 7.32 (m, 1H),
7.13(d, J=8.1Hz, 1H), 7.09 (d, J = 2.1 Hz, 1H), 7.06 — 6.97 (m, 3H), 6.84 — 6.75 (m, 3H), 6.52 — 6.39
(m, 3H), 4.54 (d, J = 17.2 Hz, 1H), 4.41 (d, J = 17.2 Hz, 1H), 3.98 (t, J = 3.0 Hz, 1H), 2.46 — 2.33 (m,
2H), 2.27 (s, 3H).

BBC NMR (126 MHz, CDCly): & 155.45, 153.93, 143.16, 139.93, 139.19, 130.09, 130.02, 128.75,
128.24, 128.15, 127.88, 127.40, 127.10, 126.87, 126.66, 126.39, 118.54, 113.35, 108.81, 104.38, 89.95,
51.12, 38.15, 36.09, 20.73.

HRMS (ESI): exact mass calcd for CgHsNO,: m/z 420.1964 [M+H]", found: m/z 420.1958.

6cq

Following the general procedure, compound 6cq was isolated as a yellow solid in 96% yield (46.4
mg).

M.p. 98.0-98.5 °C; IR (KBr) Vma: 3288, 3026, 2933, 1687, 1594, 1489, 1452, 1320, 1155, 1115, 1017,
880, 698 cm™.

'H NMR (500 MHz, (CD3),CO): & 8.32 (s, 1H), 7.70 (d, J = 7.6 Hz, 2H), 7.49 — 7.43 (m, 2H), 7.41 —
7.34 (m, 1H), 7.25 (d, J = 7.9 Hz, 1H), 7.14 (d, J = 8.2 Hz, 1H), 7.05 — 6.95 (m, 3H), 6.93 — 6.85 (m,
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2H), 6.78 (dd, J= 7.9, 1.8 Hz, 1H), 6.70 (d, J = 1.8 Hz, 1H), 6.53 (d, J = 2.4 Hz, 1H), 6.47 (dd, J = 8.3,
2.5 Hz, 1H), 453 (d, J = 17.1 Hz, 1H), 4.37 (d, J = 17.1 Hz, 1H), 4.08 (t, J = 3.0 Hz, 1H), 2.39 — 2.28
(m, 2H).

BC NMR (126 MHz, (CD3),CO): & 158.98, 154.73, 144.92, 144.11, 139.67, 131.46, 131.41, 130.24,
129.65, 129.51, 128.75, 128.69, 127.99, 127.82, 121.89, 121.50, 117.90, 117.41, 110.66, 105.43, 90.63,
52.17, 39.07, 36.37.

HRMS (ESI): exact mass calcd for CogHy3BrNO,: m/z 484.0912 [M+H]", found: m/z 484.0907.

Following the general procedure, compound 6cr was isolated as a brown solid in 86% vyield (36.2
mg).

M.p. 192.9-193.3 °C; IR (KBr) Vs 3516, 3025, 2929, 1596, 1496, 1453, 1345, 1290, 1148, 1112,
1063, 1014, 877, 763 cm™.

'H NMR (500 MHz, CDCls): 8 7.55 (d, J = 7.8 Hz, 2H), 7.27 — 7.24 (m, 1H), 7.22 (d, J = 8.0 Hz, 2H),
7.12 (d, J = 8.1 Hz, 1H), 7.05 — 6.97 (m, 3H), 6.94 (td, J = 7.8, 1.6 Hz, 1H), 6.81 — 6.74 (m, 2H), 6.73 —
6.69 (M, 1H), 6.54 (d, J = 8.1 Hz, 1H), 6.46 — 6.39 (m, 2H), 4.53 (d, J = 17.3 Hz, 1H), 4.45 (d, J = 17.2
Hz, 1H), 4.01 (t, J = 3.1 Hz, 1H), 2.42 — 2.33 (m, 5H).

BC NMR (126 MHz, CDCly): & 155.49, 153.94, 142.27, 140.13, 139.03, 137.93, 130.23, 130.12,
129.49, 128.25, 127.37, 127.09, 126.55, 126.40, 126.06, 118.42, 118.20, 113.45, 108.84, 104.40, 89.87,
51.01, 38.10, 36.14, 21.46.

HRMS (ESI): exact mass calcd for CyH,sNO2: m/z 420.1964 [M+H]*, found: m/z 420.1958.

Following the general procedure, compound 6cs was isolated as a brown solid in 93% vyield (40.9
mg).

M.p. 180.7-181.0 °C; IR (KBr) V. 3518, 3023, 2928, 1595, 1493, 1452, 1288, 1111, 1061, 1010,
875, 767 cm™.

'H NMR (500 MHz, CDCl5): & 7.60 (d, J = 8.1 Hz, 2H), 7.40 — 7.33 (m, 2H), 7.28 — 7.24 (m, 1H),
7.15-7.10 (m, 1H), 7.06 — 6.99 (m, 3H), 6.96 (td, J = 7.8, 1.6 Hz, 1H), 6.79 — 6.71 (m, 3H), 6.57 (d, J
=8.2 Hz, 1H), 6.45 — 6.40 (m, 2H), 4.54 (d, J = 17.2 Hz, 1H), 4.40 (d, J = 17.2 Hz, 1H), 4.01 (t, J = 3.0
Hz, 1H), 2.42 — 2.31 (m, 2H).

C NMR (126 MHz, CDCly): § 155.52, 153.57, 142.18, 141.60, 138.75, 134.11, 130.09, 130.07,
128.95, 128.31, 128.18, 127.51, 127.04, 126.55, 126.15, 118.57, 118.32, 113.60, 109.07, 104.36, 89.50,
51.09, 37.92, 35.97.
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HRMS (ESI): exact mass calcd for CogHasCINO,: m/z 440.1417 [M+H]", found: m/z 440.1412.

Following the general procedure, compound 6ct was isolated as a brown oil in 90% yield (34.8 mg).
IR (KBr) Vma: 3359, 2967, 1702, 1597, 1495, 1456, 1358, 1226, 1154, 1115, 1077, 1027, 848, 745
cm™.
'H NMR (500 MHz, CDCly): § 7.16 (dd, J = 7.3, 1.6 Hz, 1H), 7.10 — 7.04 (m, 4H), 6.82 (td, J = 7.8,
1.6 Hz, 1H), 6.72 — 6.65 (m, 3H), 6.58 (d, J = 8.1 Hz, 1H), 6.45 — 6.39 (m, 2H), 4.85 (d, J = 16.6 Hz,
1H), 4.67 (d, J = 16.6 Hz, 1H), 3.86 (t, J = 3.1 Hz, 1H), 2.44 (dd, J = 12.8, 4.0 Hz, 1H), 2.17 (dd, J =
12.9, 2.3 Hz, 1H), 1.25 (s, 9H).

BC NMR (126 MHz, CDCly): & 155.51, 154.36, 145.45, 140.44, 134.00, 130.41, 128.26, 127.68,
126.82, 126.28, 124.70, 119.16, 117.91, 117.48, 108.80, 104.43, 91.74, 53.16, 40.75, 35.29, 32.65,
27.93.

HRMS (ESI): exact mass calcd for CygHsNO,: m/z 386.2120 [M+H]", found: m/z 386.2115.

Following the general procedure, compound 6cu was isolated as a brown oil in 57% yield (23.9 mg).
IR (KBr) Vpma: 3379, 3031, 2939, 1704, 1593, 1491, 1454, 1343, 1208, 1058, 879, 751, 698 cm™.

'H NMR (500 MHz, (CD3),CO): & 8.45 (s, 1H), 7.73 (d, J = 7.6 Hz, 2H), 7.51 — 7.37 (m, 4H), 7.05 —
6.92 (m, 5H), 6.92 — 6.84 (m, 2H), 6.65 (td, J = 7.4, 1.2 Hz, 1H), 6.60 (d, J = 8.2 Hz, 1H), 6.43 (s, 1H),
6.37 (s, 1H), 4.60 (d, J = 17.1 Hz, 1H), 4.43 — 4.35 (m, 2H), 2.39 (dd, J = 13.0, 2.5 Hz, 1H), 2.28 —
2.25 (m, 1H), 2.24 (s, 3H).

BBC NMR (126 MHz, (CD3),CO): & 156.64, 154.95, 144.94, 143.81, 140.66, 138.73, 131.06, 130.11,
129.40, 129.30, 128.83, 128.79, 127.94, 127.84, 127.65, 118.90, 114.41, 112.03, 110.73, 109.73, 90.73,
52.20, 39.20, 31.34, 22.13.

HRMS (ESI): exact mass calcd for CygHsNO,: m/z 420.1964 [M+H]", found: m/z 420.1958.
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Following the general procedure, compound 6cv was isolated as a brown oil in 42% yield (17.6 mg).
IR (KBr) Vima: 3377, 3029, 2935, 1701, 1596, 1488, 1455, 1350, 1216, 1134, 1055, 986, 885, 751, 696
cm™.

'H NMR (500 MHz, (CD5),CO): & 8.19 (s, 1H), 7.69 (d, J = 7.6 Hz, 2H), 7.53 — 7.46 (m, 2H), 7.43 —
7.36 (m, 2H), 7.05 — 6.97 (m, 3H), 6.97 — 6.89 (m, 3H), 6.70 (td, J = 7.4, 1.2 Hz, 1H), 6.63 (d, J=8.1
Hz, 1H), 6.45 (d, J = 2.5 Hz, 1H), 6.40 (d, J = 2.5 Hz, 1H), 4.54 (d, J = 17.0 Hz, 1H), 4.39 (d, J = 17.0
Hz, 1H), 4.25 (t, J = 3.1 Hz, 1H), 2.46 (s, 3H), 2.35 — 2.28 (m, 2H).

B3C NMR (126 MHz, (CD3),CO): & 158.11, 155.21, 144.80, 143.75, 140.51, 139.73, 130.86, 130.18,
129.43, 129.39, 128.81, 128.23, 128.16, 127.75, 118.95, 116.46, 114.71, 112.28, 103.40, 90.30, 52.07,
40.27, 34.02, 20.66.

HRMS (ESI): exact mass calcd for CygHsNO,: m/z 420.1964 [M+H]", found: m/z 420.1958.

‘ \

e
iy O
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2-Aminochalcone 40 (0.1 mmol, 32.3 mg), phloroglucinol (0.12 mmol, 15.1 mg), 4A molecular sieves
(100mg) and dichloromethane (3.0 mL) were added to a reaction tube equipped with a magnetic stir bar.
The mixture was stirred under the irradiation by Blue compact fluorescence lamp (CFL) at room
temperature under argon overnight and monitored by TLC. After 2-aminochalcone was consumed, the
solvent was removed by rotary evaporator. The residue was directly purified by column
chromatography on silica gel to yield 2-phenylquinoline 10 as a white solid in 88% yield (18.1 mg).
The spectrum data of 10 were consistent with the referencel®..

'H NMR (500 MHz, CDCl5): & 8.22 (d, J = 8.6 Hz, 1H), 8.21 — 8.15 (m, 3H), 7.88 (d, J = 8.5 Hz, 1H),
7.83(d, J=8.1 Hz, 1H), 7.76 — 7.71 (m, 1H), 7.58 — 7.52 (m, 3H), 7.51 — 7.45 (m, 1H).

BC NMR (126 MHz, CDCly): & 157.69, 148.62, 140.02, 137.09, 130.08, 129.97, 129.64, 129.17,
127.90, 127.78, 127.51, 126.60, 119.33.
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4. Procedure for 1 mmol Scale Synthesis of 6aa, 6ba, 6¢co
o
/©\ CHzCIZ, 4A MS
NH que LED, RT

B

To a 50 ml round-bottom flask equipped with a magnetic stir bar was added 2-aminochalcone (1.0
mmol), bifunctional nucleophile (1.2 mmol), 4A molecular sieves (1.0 g) and dichloromethane (30 mL).
The mixture was stirred under the irradiation by Blue compact fluorescence lamp (CFL) at room
temperature under argon overnight and monitored by TLC. After 2-aminochalcone was consumed, the
solvent was removed by rotary evaporator. The residue was directly purified by column
chromatography on silica gel to yield 6aa (99%, 403.4 mg), 6ba (89%, 407.2 mg) and 6co (93%, 377.1
mg) respectively.
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5. Mechanistic Studies

The synthesis of quinolinium salt

(CD3),CO m
que LED
NHBn
73% by "H R 11

The 2-aminochalcone 4a (0.03 mmol, 9.4 mg) and (CD3),CO (0.6 mL) were added to a NMR tube. The
mixture was irradiated by blue LED at room temperature for 40 minutes and monitored by *H NMR.
After the 2-aminochalcone was consumed, the novel compound was identified to be 11 by the NMR
spectrum, and the yield of 11 was confirmed to be 73% through adding dimethyl sulfone as the interior
label.

\
[I LPh
N

i OH
Bn

1

IH NMR (500 MHz, (CD;),CO): § 7.62 (d, J = 7.6 Hz, 2H), 7.35 (t, J = 7.6 Hz, 2H), 7.31 (d, J = 7.6
Hz, 2H), 7.27 (d, J = 7.4 Hz, 1H), 7.25 — 7.20 (m, 2H), 7.16 (d, J = 7.4 Hz, 2H), 6.99 (t, J = 7.7 Hz,
1H), 6.73 — 6.64 (m, 2H), 6.44 (d, J = 8.3 Hz, 1H), 5.71 (d, J = 9.7 Hz, 1H), 4.58 (s, 2H).

3C NMR (126 MHz, (CD3),CO): & 148.26, 143.56, 141.02, 130.38, 129.65, 129.50, 129.01, 128.91,
128.08, 128.02, 127.82, 127.79, 125.33, 120.94, 118.20, 113.62, 88.23, 50.79.

o]
TFA (1 equi N
. e
+ 2
L. g
NHBn 1. blue LED, RT, 85% TFA &
4a 2. in dark, RT, ND 12

To a solution of 2-aminochalcone 4a (0.3 mmol, 93.9 mg) in DCM (6 ml), TFA (0.3 mmol, 22.5 pL)
was added. After stirred for 1h with irradiation by blue LED at room temperature under argon, After
the 2-aminochalcone was consumed completely, the solvent was removed by rotary evaporator to
afford the desired quinolinium salt 12 as a brown oil in 85% yield (104.3 mg).

X

+

N
TFA Bn

12

IR (KBr) Vima: 3420, 3060, 1687, 1600, 1520, 1352, 1197, 762 cm™.

'H NMR (500 MHz, CDCl5): & 9.42 (d, J = 8.2 Hz, 1H), 8.40 (d, J = 8.0 Hz, 1H), 8.30 (d, J = 8.9 Hz,
1H), 8.02 (d, J = 8.0 Hz, 1H), 7.96 (t, J = 7.9 Hz, 1H), 7.78 (t, J = 7.5 Hz, 1H), 7.60 — 7.53 (m, 3H),
7.52 - 7.46 (m, 2H), 7.26 — 7.19 (m, 3H), 6.94 — 6.88 (m, 2H), 6.41 (s, 2H).

BBC NMR (126 MHz, CDCls): & 160.59, 148.71, 139.40, 136.77, 134.34, 132.93, 132.18, 131.55,
130.27, 129.86, 129.81, 129.68, 128.80, 128.77, 125.77, 125.57, 120.91, 57.71.

F NMR (470 MHz, CDCls): & -74.80.
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X
O o O in dark
+ +
- N U 1. none, 4d, 84%
TFA Bp 2. Et;N (1 equiv.), 10 min, 99%
Bn Ph
12
6aa
To a reaction tube equipped with a magnetic stir bar was added the quinolinium salt (0.1 mmol, 40.9
mg), 1,3-cyclohexanedione (0.12 mmol, 13.5 mg) and DCM (3.0 mL). The mixture was stirred in dark,
using aluminium foil to wrap up the reaction flask, at room temperature under argon for 4 days and
monitored by TLC. After quinolinium salt was consumed, the solvent was removed by rotary
evaporator. The residue was directly purified by column chromatography on silica gel
(EtOAc/petroleum ether = 1: 8) to afford 6aa in 84% yield (34.2 mg).
To a reaction tube equipped with a magnetic stir bar was added the quinolinium salt (0.1 mmol, 40.9
mg), 1,3-cyclohexanedione (0.12 mmol, 13.5 mg), EtzN(0.1 mmol, 16.7 puL) and DCM (3.0 mL). The
mixture was stirred in dark, using aluminium foil to wrap up the reaction flask, at room temperature
under argon for 10 min and monitored by TLC. After quinolinium salt was consumed, the solvent was
removed by rotary evaporator. The residue was directly purified by column chromatography on silica
gel (EtOAc/petroleum ether = 1: 8) to afford 6aa in 99% yield (40.3 mg).

o}
N o) O TEMPO (1.0 equiv.)
Ph -
* U DCM, 4A MS
NHBn blue LED, RT
4a 7

6aa

2-Aminochalcone 4a (0.1 mmol, 31.3 mg), 1,3-cyclohexanedione 7(0.12 mmol, 13.5 mg),
2,2,6,6-tetramethylpiperidinooxy (0.1 mmol, 15.6 mg), 4A molecular sieves (100mg) and
dichloromethane (3.0 mL) were added to a reaction tube equipped with a magnetic stir bar. The
mixture was stirred under the irradiation by blue LED at room temperature under argon overnight and
monitored by TLC. After 4a was consumed, the solvent was removed by rotary evaporator. The residue
was directly purified by column chromatography on silica gel to yield 6aa in 96% yield (39.2 mg).
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7. NMR Spectra

XWQ-20180918-HY-1-29Ji42/10 — PROTON D20 {D:\2018-3} ZHL 28
BN ONOXENT -~ =0 N—-0QXENAN—OROINARO =~ @A @A
SccotummnunnninnATTIOammmmaANNNERRN OSSO T T
Lo S S S S e e T S S e S S S S S L L S S SNV RV RN BV IV B e i
k11000
) N\ ————
k- 10000
L 9000
O
W
L s000
MNHER
4a
k7000
k6000
k5000
k4000
L 3000
' L 2000
k1000
) Lo
2L
Qe
-«
T T T T T T T T T T T T T T
10.5 10,0 9.5 9.0 85 6.0 .5 5 4. 4.0 3.0 2.5 2.0 .0
f1
XWQ-20180918-HY-1-29Ji42/11 — PROTON D20 {D:\2018-3} ZHL 28
o N =N VoA~ on o0
« Toaoavcaoanonnan k]
) N R R BN R <
& TITO MMM NAAANNN A~ — %
2 BUSRUBNARNABRIBLIIA RO SR BAL B A R I Jhn F _
e N e [ 550
k500
O k450
W
k400
MNHER
4a
k350
k300
250
L 200
k150
k100
k50
. \ o
Ll e v ™
L-s0
T T T 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 40 30 20 10
£1 (ppm)

S36



18

ZHL

XWQ-20181225-HY-11-99/10 — PROTON CDC13 {D:\2018-3}

I 28000
L 26000

L 24000

L 22000

L 20000

L 18000

L 16000

L 14000

L 12000

L 10000

L 8000
L 6000
L 4000
L 2000
2000

L 600
5

L 500

L 450

L 400

L350

L 300

L 250

L 200

L 150

L 100

90°8

Ma

NHBn

4b

10T

2560

5.5

6.

o

8.

9.

i}

S

(ppm)

£1

18

ZHL

XWQ-20181225-HY-11-99/11 — C13CPD CDC13 {D:\2018-3}

$9°0T —

L98Y —

ot'061 —

Ma

NHBn
4b

¥

W

20

30

70

140 130 120 110

150

T T
200 190 180 170

210

(ppm)

£1

S37



22

ZHL

{D:\2018-3}

XWQ-20180918-ZLM-T1-45JiK4%/10 — PROTON CDC13

g ° ° ° ° ° ° ° ° °
g 3 E 8 3 E 8 3 3 g s 2 2 s 2 5 5 e s o o o = -
g g g g g g g g g g S 8§ g8 2% 8 8 g 8 8 8 8 8§ g8 ¢ 3
E g E E g g g § g - e & g & & &8 g & g & § B 8 g o F
, , , , , , , , , , , L A A T S S P ,
]
-
_ LS
L2
-
—J
-
o
- 05°8% — -
Mo
-
s
6€Y N
o'y \J 0T | w
9 Fe
M@.HW - o1 [T
9y | =2 :
b
b — -
. 0Tzl
< Q9LTTI ~ ——
2 cm,mﬁ\m
. o N 69 LTl
659~ ~ ke ~
o’ - oot [© Feouctf —
972 e Zoerzf —
Lre 60 e 2 ogger ]
srLf — Nmﬁ Zent f _
- ‘€le  wloreerd
i S, — Jwr [ Ehte] o
se] o g e |
—= o Le 2 0geel
omiﬁ o 52 e »Mo,ﬁ 2 Zpesel] © &3
St'L 7oz 6Tr  Tersen] 4z
6L | Fe | gs'get |
0s'L O BRSO O
0s°L B g
152 ] / s ¥ \
s < . I ©
wm...L Lz Deeesi—
65°L | 3
vo'L | s =
L67L 1 : 3
208 | e 3
> §
B
g

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)

210

£1

S38



XWQ-20171229-ZLM-11-56/10 — PROTON CDC13 {D:\2017-3} ZHL 39

L 20000

3

8
4.62
4.61
4.60
4.38
4.37

J
7
fos
{
kY

k- 19000
L 18000
L 17000
16000
T 15000
O O L 14000
Br NHEn
4d L 13000
E 12000
E 11000
£ 10000
£ 9000
£ 8000
L 7000
L 6000
L 5000
L 1000
] L 3000
L 2000

L 1000

A A — A Lo

L ~1000

2,
3
"
2.001
1.00]
2.087

2.0;
1.11
1.0
6.0

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
1 (ppm)

N

ZIM-T1-56/iK4/11 — C13CPD CDC13
=

D:\2!

S

XWQ-20171229 7-3

L 850

138.43
128.99
128.74
128.08
127.88
126.67
122.57
120.93
119.60
114.98

{
o~ ]
- a
% o )
A =
I /

N 138.10

|

—48.43

L 800

/

—190.0

L 750

L 700

o
C O k600
Br NHEn

L 400

L 300

L 200

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 40 30 20 10 [ 10
1 (ppm)

S39



L 10000
L 9000
L 8000
L 7000
L 6000
1000

L 4000
L 3000
L 2000
L 1000

L 250

0.0

0.5

(ppm)

£1

17
17

ZHL
ZHL

Ohde

de
CI3CPD CDC13 {D:\2018-3}

MHER

XWQ-20181206-HY-T11-81/10 — PROTON CDC13 {D:\2018-3}

XWQ-20181206-HY-T1-81/11

LY 8y —

0095 —

96111 7
90°TI1
PSLIT
L6021
PIITI
vSLTI
vL LTI ﬁ
68821
60°621 ;
6L°621 Y
L870E1 P
88 1€l ~
sceel 7
€L8¢€1
€0°6€1
0€LYT —

8¥'8ST —

LLTOT —

L 200
L 150
L 100

1 (ppm)
5S40

110

120

Ohde
160 150 140 130

MHER
e
170

200 190 180

210




39

ZHL

{D:\2017-3}

XWQ-20171113-ZLM-T1-13Jig4/10 — PROTON CDC13

nnnnnoo u
g g g g g 8 g g g g g g g g g g g ° o ° o ° o ° o ° o ° o
g 8 & g § £ g g g g g g &g g g ¢t S g g 8 g g g g8 g g8 8 8 ¢ 2
e & X 2 & - S § g§ & 8 B8 g 8 8 £ o S - e g 2 g8 B § & S g8 o ;
| | | | | | | | i i i fi | i | | i N i i i i i i i | | | | | i \
o
o
| L
©
e
°
°
o
Pp 8y —
e 855 —
°
Fe
68°€ — —— Too€ | o
Iy -
MM.H Fsoz | =
o1 | T
E.ww 20 .
9 Lss PITII
L9791 o o;:/
699 1 - sﬁ:/
SL9q Fu £6°0CT / -
LL9 1€721 L B
8L°9 LS 2 sLLTl
969 = TS'8TI~
869 1 - S 60621 ==
mNAEW Fé @ sorgl
STLA w/oo; Z0S'1€l -
9TLAL Fl01 13 Zroze
SA\ . 10 2 96'8¢€1 .
0L £ heo [, =spes £
e . #10°T [ 2 reLpl .
- -
9€°L S 8 1L°€91 —
w:q Feoe [« 5
- o S | T -
R€°L PR - 4%
ov'L = [ = =
0s°L 1 £
- ° =4
£s'L | LS B
mms_ L L9881 — -
108 - o
No.ﬂ b ]
¥0'8 A
° =
L g
-5
I &
Fo =

110

130

140

210

(ppm)

£1

41



14

ZHL

XWQ-20170725-ZLM-11-9/10 — PROTON CDC13 {D:\2017-1}

s s s s s s s s s s R s
S £ £ § £ £ g £ & & g g g s E - S S o -
S g 3 B 5 3 3 ) B S 2 3 < ] ° D 2 8 5 = S 2
| | | | | | | | ) | | ! i | i | i | | | | |
I
B
D [
Fs
R 107 —
J =
5
[ o
6187 —
3 n
T =o€ |2
BT 5
£v'p
097 1 Lo
899
899
0L'9
0L'9
B
SL9 LS
LL9
8L9 \J =0T | =
€TL - o'l |
voL oz 17Tl
STL Fa s 06°L11
sTL ] | z 88°0C1
st | 9r'TTl
LT “ 9L°LT1
LTLA ° 8LLTl
8T s ~19'8T1
0€'L 1 C 16’8t
1€°L Lo S 1rect
SEL = oo.owﬂ\
SELA - o m_.Nﬂ\
9€°L [+ mo_.cﬂ
L€ L~ S L6°8E1
] @ n - . o
wms\w = Fo = 16°6€1 =
¢ L 2 16°€r1
ov'] O s  ZeELpl O
o:% o % 2
es ] £% - &%
vSL ] 4z Fe z
vS'L =
a o a
. b
s ¥
6L Lo Zze681—
€6°L ] 5 0
v6L ] o hy
v6L] LS 8
S.f 2
S0'8 ° S
L 3
g

110

120

130

150

170

210

(ppm)

£1

542



26

{D:\2018-1} ZHL

XWQ-20180302-ZLM-T11-15/10 — PROTON CDC13

nuouononu
g g8 g8 g8 g8 g8 g8 g8 g8 35 g 2 g 2 g 2 o @
& 8 & g8 & ¢ & & & 2 g 2 g =2 g 2 g 2 o o o o o o o o o
] g g 2 k1 B ] b S 2 2 2 2 B E 2 ] 2 ° 2 3 < E 2 g S =] S 3 °
AN S S SN SR S S P i i ! i ; N ! | | i i
o
o
I L
[
o
o
<
z St8y —
©
[M o
o
[ od
o
W F2
W
ey \Jﬁi L=
65y - | Ty At
0% =& Yo'LIT
197 L) 6v°0C1
. vsiITl
o 9L°LT1
89'9 v8'LTI
oL9 L © €9'821
oL9 © g Erezi
SL'9 - ~svetl
LL9 s mm_.oi\
8L'9 Z psTel \
8§47 L2 2 p6'ocl
oz \ 2 eggel
osL o] . ZsPecl -
9€°L 7| [ 5180t
| & &
S€'L o 5
. Le g
vyL «© b}
v e == i e ==
] i - | i
9L § T be = 4z
- ~
LhL ] S
€L | O s ¥
Ss'L Fo B O
v6'L 5 20681
6L =
96'L % &
. o
96'L 1 LS g
€0'8 | z
90'8 - g
: 5
re =

(ppm)
543

£1

170 160 150 140 130 120 110

180

190




XWQ-20180918-ZLM-T1-20JiK4%/10 — PROTON CDC13
O o>

{D:\2018-3} ZHL 21

COM == FTOAYNARO OO N O R — oo a=
SSc®XXSLLVnmnIIMmadoh &R S cewnT T
BXNNNNNNENNNNNNNS NS 8880 o F
R — —

1.03=
2.14=

<
T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 50 4.5 4.0 3.5 3.0 2.0 1.5 10O 0.5 0
1 (ppm)
XWQ-20180918-ZLM-11-20Ji4%/25 — C13CPD CDC13 {D:\2018-3} ZHL 21
] O - VO TTONEOTFTOT MO
a NAXYTNAA=OV=QEF NN A 2
I NS XN AS B NN~ O A A
% TITOo A AANNN A~ — %
u]
O b O
NHBn Br
4i
L .
T T T T 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 40 30 20 10
1 (ppm)

s44

L 7000

L 6000

L 5000

L 4500

L 4000

L 3000

L 2500

k2000

L 1500

L 1000

L 400

L350

L 300

L 250

L 200

L 100




27

D:\2019-1} ZHL

XWQ-20190307-ZLM-T11-5/10 — PROTON Acetone

L 6500

L 6000

L 5000

L 4500

L 4000

L 3000

L 2500

L 2000

L 1500
L 1000
0

L -500

k1400
L 1300

k1200

L1100

L 1000

L 900
L 800
L 700
L 600
0
L 400
L 300
L 200
L 100

100

95

~
©
—

6T'L
1€°L 1
TEL
€L
YeELA
SEL
LE LA
8€L AW

0.

0

8.0

8.5

(ppm)

£1

27

D:\2019-1} ZHL

— C13CPD Acetone

M-T1-5/11

XWQ-20190307-Z

98y —

10681 —

10

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

190

£1

545



XWQ-20200428-ZIM-11-5/10 — F19CPD Acetone

—-108.40

Q
Cro 0
NMHER F
4
T T T T T T T
20 10 0 10 20 30 10

(ppm)

vy 0 oenoen
R
NS

6.76
6.76
6.75
6.75
6.73
6.73
6.71
6.70
6.68
6.68
6.66
6.66
4.46
4.41

L235

37

190

e

MHEn
4k

3

0.6
2.1

3.011

4.5 4.
(ppm)

546

@

L 3600

L 3400

L 3200

L 3000

L 2800

L 2600

L 2400

L 2200

L 2000

L 1800

L 1600

L 1400

L 1200

L 1000

L 800

L 600

L 400

L 200

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000




XWQ-20190118-ZLM-11-55/11 — C13CPD CDC13 {D:\2019-1} ZI
o~ )
)

132.14

©
=
%
)

198
—147.1
138.94

e

MHEn
4k

127.79

127.67

127.31

120.31
118.10
112.37
—48.52
28.71

L 260

L 240

L 220

L 200

L 180

L 160

L 140

L 120

L 100

L 8o

L 60

T T T T T T
210 200 190 180 170 160 150 140

XWQ-20190117-HY-11-88/10 — PROTON CDC13 (D:\2019-1} ZHL 49
Dt Aa>T0VV0Vo v~ —nn <
RN RERN
N L N NS~

<+
aneanaaq o =
N NN =8 3
—— _

130

L 6.73
L 6.72
L 6.70
L 6.67
L 6.67

T
120

T T T
110 100 90 80 70 60 50 40 30
1 (ppm)

1)
N
°

L6.65

o=
)
_

S

—— L )

e

MHBR
4

)
b
<+

\

~ 4.41

T
5.0 4
1 (ppm)

S47

£ 21000

L 20000

L 19000

L 18000

L 17000

L 16000

L 15000

L 14000

L 13000

L 12000

L 11000

L 10000

k9000

L 8000

{7000

L 6000

L 5000

L 4000

L 3000

L 2000

k1000

Lo

L ~1000




XWQ-20190117-HY-T1-88/11 — C13CPD CDC13 {D:\2019-1}
0 N ®
S}

ZHL 49

137.77
132.04
128.51
127.78
127.68
126.68
120.41
117.99
112.28

! O
oo
A

—200.3
— 147

|

e

MHBR
4

—~51.33
~48.50
_-25.67
~23.07

T T T
210 200 190

T T T T T
160 150

T
140 130 120 110 100 90 80 70 60
1 (ppm)

T T
180 170

XWQ-20190222-

ZIM-TT1-19/10 — PROTON Acetone (D:\2019-1}
NN R N A BN A N
NN N

NN NN

ZHL 34

I N
ceee
RCRERY

6.05
455
4.54

RRRRERCE
N N L N SR
—

L7
7.3

I

%
x

—1.24

L 1800

L 1700

L 1600

L 1400

L 1300

k1200

L1100

L 1000

L 900

L 800

L 700

L 600

L 400

L 300

L 200

L 100

L -100

L —200

L 35000

L 30000

L 25000

L 20000

L 15000

L 10000

T T
0 5.5 5.0 4.5 4.0 3.5 3.0
1 (ppm)

S48




S g2 2 8 8 8 28 8 28 g8 28 g8 8 8 88 s 8
g 8 B g8 & 8 £ 8 5 § § § 8 & g _ B RN EREEREEREEREREEENIEN
i SN S P S S U S R A AN S )
o
Lo
-
l Fo
Le
s
| o
. <
€L — Lo )
| o
- =3
] IR
LTy — ) i
658t — — Lg
Le
16T~ Eqet
iy
Lo [T
899
0L9
Lg .
vL9 .
vL9 =
Ls R
LL9 I
o LL9
FS 2 .
) cmng °
- 1€ L
oz .
ow.m:/ L= ~MM4
vT811 — 2L
mfﬁ/ — L2 e
90°CCl — E.WMAMA \M
98T\ B . 2 9rLy
« _——— L £ .
= 0L'STIF — 2 Sere
Sy mﬁ* § 7oL
~ 66'6T - A_VMMJ
2 pg p— 8 1e ] [
5 rrert 8TsL N
D zeeel o B
g :,mvﬁ\ R m #muhw Lo
H s o L2 zose O
2 RV SisL -
o = o 2 5L o - :
: °© 55 r= I 852 =+
2 53 N 1 §/ ZTe L
© 4 = . 2ssL ==
L2 S8
g 21031 o
g 3 o
T =3
, HE
g n
.ﬂ =
7 g
) FS
°
8 szvor— — ks
3 6zvoz P :
z B o
B .
g Fs
z

(ppm)
549

£1



g
g
g
2
g
]
¥
?
7
S
®
)
g
3
&
g
g
2

L 300

L 250

L 150

L 100

L 34000
L 32000

L 30000

L 28000

L 26000

L 24000

L 20000

L 18000

L 16000

L 14000

L 12000

L 10000

L 8000

L 6000

L 4000

L 2000

L —2000

60 —

Is'061 —

60 50 40

70

110

130

140

150

170

210

(ppm)

£1

19

ZHL

{D:\2020-1}

Q
a
5}
g
o
N
N
T
=
1
<1
&
T
Bl
S
S
Q
o
3
=

€S —

€99

do

éoc

2 =206

o

o
<

(ppm)

£1

S50



19

ZHL

{D:\2020-1}

2
5}
2
s}

GJM-20200312-GYQ-VIT-72/11

L 800

L 750

L 700

L 650

L 600

L 450

L 400

L 300

L 250

L1s0

L 100

~ 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

L -1000

€9°8C—

I8 —

9r°€ect
cevel
€9vCl
cLatt
8S°LTT
S$8'8CI
0°6C1
o 1El
8E'EET
€S°LET
8T'8ET
67 6€1
STEST —

81°061 —

do

éoc

o

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

(ppm)

£1

17

ZHL

{D:\2020-1}

GJM-20200312-GYQ-VIT-63/10 — PROTON Acetone

sTCT
LTL
8T'L
1€°L
1€L
€eL
€EL
9¢L
9¢L
LEL
8¢°L
6E°L
6E°L
L
€L
ty'L
ry'L
oL
oL
SSL
LSL

8S°L
6S°L

9L
9L

89°L
89°L

69'L
69°L 1
0LL A
L
1L
L
06'L 1
€6°L 1
S6'L 7

S6'L
L6'L
L6'L
118
118
€1'8
€1'8
6’8 —

(ppm)

£1

S51



17

ZHL

|
o
Q
S
51
=

— C13CPD Acetone

GJM-20200312-GYQ-VIT-63/11

oLLen ]

I 2600
L 2400

L 2200

k2000

L 1800

L 1600

L 1400

L 1200

L 1000

L 800

L 600

L 400
L 200

L —200

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 4000

L 3000

L 2000

L 1000

- -1000

e —

60°ST1 |
PLSTI
78821
T6'8T1
LL'6TT A
80°0€1
6T°0E1
ST 1€l
TeTEn
€8°€€1
seper ]

S

99'8€T 1
€L°6€1 ]
86°0v1
syl

657061 —

4p

I
Ts

10

30 20

10

120 110 100 90 80 70 60
(ppm)

130

140

200 190 180 170 160

210

£1

{D:\2017-3} ZHL 45

cnel3

3/10 — PROTON

I
.
Q
B
=
S
3
<3
=
=

==

(ppm)

£1

S52



45

{D:\2017-3} ZHL

XWQ-20171227-ZLM-11-33/11 — CI13CPD CDC13

L 450

L 400

L350

L 300

L 250

L 200

L 150

L 100

L 11000

L 10000

L 9000
L 8000

L 7000

L 6000

L 5000

L 1000

L 3000
L 2000
L 1000
Lo

- -1000

LTTT—
0S'8C —

SI'LE~
sLLe’

LEOS —

8€'T6
LTIl /
p8'SIl
06'811
05921
69°9C1
89zl
o0z'LTl
81'8T1
8€'8TI
15821
08'8Z1
68Tl
6L\
06'1%1
90°TH1

YIOLT —

06961 —

T
100

(ppm)

T
140 130 110

150

170

210

£1

20

ZHL

XWQ-20190110-HY-TT1-7/10 — PROTON CDC13 {D:\2019-1}

oo.:

cre

Me

= 0% | =

(ppm)

£1

6.0

5

6.

7.0

S53



20

ZHL

XWQ-20190110-HY-TT1-7/11 — C13CPD CDC13 {D:\2019-1}

oouummnnooo )-) o
s 2o 2 2 2 2 o o o o o o 9 o g 8 g8 8 g g 8 g g &8 g g8 g8 g g8 g g g8 g g g
e & ¢ & & & & E &8 & R E & 8 § #8852 8 f 8 8 28 88 88§ 8 8RR 2 o 7
P S S SR SR S W R S | A S S S SR S P S S
61
€61
re 86'1
66'1 1
Le 00Z |
0T
. S0'C
SL0TN Ls mo.NA
611t |
98T 0T
. Le 80°C
€5°8T - i
€1'C
YTLE S.%
e = | o 1
88°LE = o
€TTA - T_.v
LEOS — [ st~ -
sz = To,w
Ls €€ -
€T
sez
Fe 6€T ]
0t'C |
Lo e
€576 Mwwu
S8'TIILY Lg cea Rzo'1
18°ST19 Ny Mo
: o1y f 10°1
TSOTI o My 0'1
$9°971 1 Frei v I
Y8791 | : 1t
€L°1T11 lec ]
H0'STI il
LESTI R 19|
'S8T | LS vy
PLSTI A wmw
98'8T1 L&
8 e
688717 umm.w
SsT6ET g ~
co6eT = N 689 Mo
erzor /. 7 om.f To.m
2 Z 169 ylo€
2 a_ .o Jf .
iy \ 10
- €69 = 6l
' FE  Zar] i
o _ g e
- O
1€°0LT 5 mﬂi .
- Bl 2
O & " [ orL] &
@ rs o LEL
= < ges
° € oL ]
L TeceL
m?.&
10°L61 — 2 N L
rs S €L
. SrL
L2 gesL
&ssiL
H

3.0

3.5

o

5.

£1

5

15

0
S}

S54



39

ZHL

XWQ-20180305-ZLM-1V-6/12 — C13CPD CDC13 {D:\2018-1}

L 450

L 400

L 350

L 300

L 250

k200

k150

L 100

k50
0

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000
L 3000
L 2000
L 1000
L -1000

Lo

[ARTAS
Le8T
L'8T
[V
opLe”

0S50S —

v1'T6
Rat /
61°ST1
8s'€TI
€971
L9zt
68'921
691
06'LT1
0s'8T1
L9'8T1
€0'621 £
ocoe1 7
I8'8E1
SPor1 —
09'1t1

9TOLT —

€L°961 —

Gac

60

70

130 120 110

140

150

170

210

(ppm)

£1

12

ZHL

|
o
S
51
=

(M-T11-94/10 — PROTON CDC

XWQ-20180110-Z

Gad

H\cc.ﬁ
10°¢
01
0°€
0°C

(ppm)

£1

S55



12

ZHL

D:\2018-1}

g
g8
g
g
g
|

XWQ-20180110-ZLM-TT1-94/11

L 500
L 450
L 400
L 350
L 300
L 250
L 200
L 150

L-50

13000
L 12000

L 11000

L 10000
L 9000
L 8000

{7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

L -1000

o1l ~
S1'8T

nm,wNV
orLE~
ov'Le”

€€°0S —

6816
PrSIT /
06'ST1
L8701
69121
6£9¢1
$8°9C1
6691
LLLen
$5°8Tl
L8l
€0'6T1
ceoer )
89'8ET
6V TPT ~
Lesvt

€0°0LT —

18961 —

Ll

u

LT

Gad

60

80

110

T T T T
200 190 180 170 160 150 140 130

210

(ppm)

£1

14

ZHL

{D:\2018-3}

XWQ-20181226-GYQ-VI-81/10 — PROTON CDC13

10b

06'1

6’1l

€61
L6711
661 1
1€°C
[A%a
YET
SETY
9€°T
1+°CH

)
S
<+ <
R

=

=3

"

©
—_

Gae

H/N_,m

e

01
101

=001

Foz

[

N

7.0

8.0

(ppm)

£1

S56



14

ZHL

{D:\2018-3}

XWQ-20181226-GYQ-VI-81/22 — C13CPD CDC13

10b

u u o
g 8 g8 g8 8 8 8 g8 g8 8 8 ¢ <2 2 9o 9o o 2 o o g 8 g g g g g g g g g g g g
2 5§ £ £ 8 8 $ 8 § 8 8 38838 8 88 8 g s s g = g g g g g g g g g g g
g & 2 £ & & 3 AR 8 2 8§ 3 28 58 g8 28 & 8 § & . ; z g g g g g g g g g g ,
NS SN S SN S S S S P L , , : , : , , , ; ) . ,
061
° 10T
w0t
ﬁo.mg
°
0T
0T
2 STT
97T
17~ S 8CTT Y
1€1T 677 1
s9'82 . 0£721
e — - T e
s ‘ vz} .
os'LE B mwfr brev
i Fv
LT6h — - 8 Erv]
a2
16°ss — — - sev
£ SV |
L7
2 Ly
soo
€9'16 2 99 |
19111 4 L9
sTTIl g s Lok
L6ST1 - - o
01°811 1 JE 9]
. £ o
08°0T1 2 27
psoTl | = SL9 Y
et - = 689 7
06'9z1 [ T 689
oLz — g 069
LESTI — 8 069 |
L8'8T1 ;W D C— L 909
80°621 -7 —_— a - 269 1
66621 J56197
CLoei~ T Tl
= E L R
s Il S Lo f
2 7 a0
E Z869
951 — — 2 %.Tﬁ
g2 ZeoL]
S 01L]
z -
o ~ e G
09691 £ 2
NAVE
o ._
I cartL
2 N_.L
R
0 ?.f
10°L61 — — s S €L
S gL
. Ewe
H S stL
g LYL
z

o

0.0

0.

6.0

o

8.

(ppm)

£1

S57



10

{D:\2017-3} ZHL

XWQ-20170822-ZLM-11-29/11 — CI13CPD CDC13

L 1000

L 900

L 800

L 700

L 600

L 500

L 400

L 300
L 200
L 100

L -100

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

1000

€726
€611 N
6LST1
18811
6£9z1
59°9C1
18921
srLTl
S1°8C1
LE8TT
18°8T1 ~
19°621
6T'8ET
PI6ET T
ow.of%

06°1¥1

9TOLT —

€6°961 —

40

90

110

140

150

170

210

(ppm)

£1

{D:\2017-3} ZHL 40

cnel3

M-11-76/10 — PROTON

XWQ-20171117-Z

=)

@

o
=

(ppm)

£1

S58



10

{D:\2017-3} ZHL

XWQ-20171117-ZLM-11-76/11 — CI13CPD CDC13

° ° ° ° ° g g ° ° ° ° ° ° ° ° ° g
§ 0§ £ 8 g g g g g g g g s E g g g H H H H H H : H ]
2 ! = g 2 8 4 8 2 S 2 8 E ° 2 g 8 2 2 8 2 e 8 g =l
| | | i | i i i i ! | | i \ ! | | | i i | i ; | ) |
ow.:
Lo Oo.:
mo.:
- co.:
r- L6'1
10T
81T~ B Le 20T
lLatad €0°C
158 . $0'T 1
vS'8T Le ro ]
61°LE~ _ SO'T
e’ e ooa,w
LOT A .
. o vTT TMM
9705 — — re ¥T'T WM .
E ZAN% 0T
Lg Lzt
0gT
o 1€ ]
[ €T
L£T
g 8€C |
wm.ﬂ
mw.uo/ | o 6T 250'T
€6°Cll - - e 001
6LSTI . 8Y°C
18811 Fe2 STy 1660
6€°9C1 2 LTV
$9'9T1 ez €y
18921 - - oLy
SILTl - N €LYy
s1'8zl — 3] 69'9
LE'STI oL9
188C1 L e L3 _SL9
19'6T1 - 5919
6T'8EL - g 8L9 o1
PI6ET E— FE 56897 mmo;
ov.om_\ <689 .
06" 11 L2 m 069 Mm ﬁmm
5069 0°€
- o K.c% o
HE 3L69 e
- 669 ]
0/ ] — Le £ 669 |
9TOLI = £ o0z |
o]
2 sTlL
Sere
Lz fwred
- o cmi
£6'961 — o  8E°L
Lg .
=
5

(ppm)

£1

S59



21

{D:\2017-3} ZHL

XWQ-20170925-ZLM-11-61/11 — CI13CPD CDC13

L 450

L 100

L 350

L 300

L 250

L 200

L 16000

L 15000

L 14000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 1000

L 3000

L 2000

L 1000

L ~1000

e~
6£'8C
I¥°8C

erLE~
voLe

9€°0S —

86'16 —

60°€TT
88°CI1
Srell
08'9C1
°89cl
0€’LTT
¥0'8C1
ST'8TI
SY'8TI
1L°8C1
1rect
A adat
yTeel
89°0t1
6L TY1

78691 —

8961 —

110

140 130

150

T T
200 190 180 170

210

(ppm)

£1

26

ZHL

ZIM-TV-3/10 — PROTON CDC13 {D:\2018-1}

51
1)
%
S
3
=4
=
=

«
<
o

—

ke

T

b

0°T
0°T
(e
0’1
0°¢
0°S

(ppm)

£1

S60



26

ZHL

XWQ-20180123-ZLM-TV-3/11 — C13CPD CDC13 {D:\2018-1}

L 450
L 400
L350
L 300

L 250
L 200

L-50

L 15000

L 14000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

L -1000

8¢'8CT —

€rLE~
sse”

SE0S —

6616 —

90°€T T
P8 SIT
vI'6ell
r9ccl
LL9T1
18°9C1
6TLTl
€C'8C1
9€'8C1
P'8C1
S9'8CI
LOTET
81°6€1
1T1P1
€L TV

e Ny

£€8°691 —

78961 —

110

140

170

210

(ppm)

£1

27

ZHL

{D:\2018-1}

(M-TV-4/10 — PROTON CDC13

27,

XWQ-201803

ow,:

<+
A4
o
—
—

©°
<
o
L
==

(ppm)

1

S61



XWQ-20180302-ZLM-TV-4/11 — C13CPD CDC13 {D:\2018-1}
[5d

)
@
o

|

~

196.8

Ve 163.76
— 161

[=}
3}

141.85
139.27

137.84

ZHL

137.81

128.41

|

128.35
128.21

127.26

126.77

119.06

115.85
115.68
113.05

N91.99

—50.28

3770
3702

—28.41

—21.12

L 650

L 600

L 500

L 450

L 400

L 350

L 300

L 200

L 150

L 100

XWQ-20200428-7

210

200

T
190

T
180

17

0

160

M-1V-4/10 — F19CPD CDC13 {D:\2020-1}

ZHL

25

110

£1

T
100 90
(ppm)

-113.96

L 26000

L 24000

L 22000

L 20000

L 18000

L 16000

L 14000

L 12000

L 10000

L 8000

L 6000

L 4000

L 2000

L —2000

£1

T
100 110
(ppm)

S62

T
130

T
140

T
1

51

0

T
160

T
170

T
180

T
190

T
200

T
210

T
220



10

ZHL

XWQ-20180305-ZLM-1V-7/10 — PROTON CDC13 {D:\2018-1}

L 17000

L 16000

L 15000

L 14000
L 13000
L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

1000

L 700

L 650

L 600

L 450

L 400

L 350

L 300
L 250
L 200
L 150
L 100

0

[
<
o

)

-0
< F
oA
—

F00°1T

Feo1

2.

0

o

5.5

6.0

o

8.

8.

9.0

(ppm)

£1

10

ZHL

(M-TV-7/12 — C13CPD CDC13 {D:\2018-1}

2
%
S
3
g
=
=

988 —

09°CIL
SO911
YL'8IL
€C9C1 /
96'9C1
ceLel
LO'8CTI %
0€'8CL *
16'8C1
ro'orl —
Isevl —

8TOLT —

| ¥9'961 —

70

80

110

130

150

210

(ppm)

£1

S63



24

ZHL

D:\2017-3}

XWQ-20171108-ZLM-T11-34/10 — PROTON CDC13

s 2 2 9 2 9 2 9o ¢ °
g8 8 8 8 g8 8 g8 8 &8 o 9 o 9 o g o g 9 g s s s o s s s s s s s
g 8 g 8 g 8 g 8 g g8 g g g g g g g g g g g g g g g g g g g o ° ° ° g
g =T 2 8 g8 g8 § 2 8 g g8 g8 g g g g g ¢t S 2 2 g IS g 2 2 g 5 8 g g g g S
£ 5 g 2 I 2 8 - g 8 g & g 8 & &8 § & o 7 g g 3 B ] g g 3 S S 2 2 g ] o
T SO NSy R SRR S SN . | | | | | | | | | | i | | | i .
780 L2
€8°0 1
670 1 o
S60 1 Fs
881
68°1 Le _
681 1
061 7 | -
1671 =
261 R WL —
¥6'1 o vo'TeE — B
S6°1 6TSE
L67T o vLOY — -
TE o
°t e
€1'C Fo 91°€ES
o
€1'C
sz LS B
91T -
sTT .
TeT Le
mm.NL B ————
MWNA B
wm.ﬁ -
SE€T .
i w6 — -
ocT ] Le
Iy 2
ey L2 Tro1r —
Y “a )
P 08'801 — -
424 Ly'LTT
L6b e3LI P—
10°s - PI6ll
Lc9 [e L oLvel — [—
859 8LzoTt —_—
oo La Z 08921 -—
:.oV = L9LTl
€L°9 ° © ST'8TI
ma.@\ﬂ [ § 6€°0€1 I
0 5 00PET
€69 - =
. Lo . Provl [—
s Lz, Lz,
96'9 o o = | o z vm.wﬁ 2
t.ﬁ z s g 65°SST 2
81 | = - 3 ~
L @ K3 | @
. -
€TL o
- B >
9T'L L2 =
R.L & L
om.: I
0g'L N
€L . 2
6€L Lo S
oL - g
(i © ¢
L E

70

80

110

0 140 130

T
B

1

T
160

T T
200 190 180

210

(ppm)

£1

S64



a7

ZHL

D:\2017-3}

XWQ-20171227-ZLM-T11-30/10 — PROTON CDC13

L 19000

L 18000

L 17000

L 16000

L 15000

L 114000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

1000

L 2000
0

L -1000

L 650

L 600

0
L 450

L 400

L 350
L 300
L 250
L 200
L 150
L 100

0

L-50

—

SRR |

Fot
Teot

2.

5

°

(ppm)

£1

a7

ZHL

{D:\2017-3}

g
]
3
g
8
|

(M-TT1-30/11

XWQ-20171227-7

91 1T\
08°LT

91'8T

68T 7,
oL1E
srLe”
vror

80°¢€S —

8€16 —

Trstn
€5°911
8L611
09921 /
6L9T1
€TLTT
8€LT1 N
05°8TI
L8IET
9L OVT —
PhSHT —

€TOLT —

YO'L6T —

60

70

140 130 120 110

150

210

(ppm)

£1

S65



24

ZHL

\2019-1}

XWQ-20190123-GYQ-VIT1-2/10 — PROTON CD2C12

1la

g g g g g g g g g g g g g ° g o ° < ° o ° o ° o ° o o o ° o

e & g E & & & & g & § & & 8§ s B & B & § & 8 &8 B B B B B 8§ g . 8§

. , , , . , . : . . . , i i , : . , , , , , , , : . . , , , : ,
pET L2
seC
LeT o
8€C re
€57 E
vsT Lo
95T |
957 s
STH r-
8Ty LE°0E —
6Tt Lo m
o = LTLE— 3
0s¥ o
69t e
wy ) PIIS —

R

8.9 o %y
089 e 3
289

€89 Lo

¥8'9 -

$8'9 o

98°9 re 1

wm.w MNW o 05°€6 — —s
889 e e SL501 E

88°9 1 JE el

0691 S 90911 —]

2691 = SLOTT

0oL | o LO6TT / I —
10 | @ L preet / P —

vt | . Jerve _ 3
Bz ] (5 il ] T
Mmﬁ o fogozi -

: Fo S ez B ——
o —
YL il
LLA L2 o €T8T1 |
6L ¢ 5 mm,wﬁ_ ~ ‘
a:)w | e m»wwﬁ%
o0c L = goreti |
ow»% . 2 00Tl % -—

S LS LL'SET 1
e = e =
1oL E < 6811 ] E W
Nmuﬁ F 2 sozst
M.M_ R z oo”%&

e ] LS gorzon

e 8

ﬁi Lo % 3
veL ] g

v8L o g

owi re - 3
98°L E M

70 60

80

110

150

210

(ppm)

£1

S66



29

ZHL

{D:\2019-1}

XWQ-20190123-HY-111-8/10 — PROTON CD2C12

11k

g g g g g g g g g g g g 2 g 2 g 2 g 2 g 2 s < 2
g g g g g § 2 E - g g 2 E g § 2 E -
, , , , , , , , , , , , - , , , , , , , , , , , , ,
sTT Fs
€T
€T -
S€'T [
S€T
0s [ Fe
15T .
mmAL B €402
€57 -
<y 8€°0€ —
€Ty =
ez LLe—
e |
s o s
) Y
659
099 Lo
089 “
189
289
)
i
vw.o Lo 3
MMW =001 | 1
980 ioq Fo TLE6 — ‘W
989 | o TLS01 1
1591 B wmm:/
159 ] o Eon ]
659 1 — LL9TT
16 | H 91°€Tl - 1
7 01'bTl 3
oz s | < i 99921
o
o] s [ sesad
el ] Fo g 1e'sel
e 109 e m@wﬁ%
L W 201 L 6LsTl
o ¥ Lot [o Hovscr]
Ny Revp e Svrec
iy Moz 2 961€1
st% Nor S Eovest %
piy 2 E ov,mmJ 2
ccs | @ o ! 1L ] =
cos | 4 Zotst
vor ] . fuest
oL L] LS oo
1L E
L] L2 8
2] - 8
mwi - 3
€L | Fs &
S¥L . .
S8'L I

110

150

170

210

(ppm)

£1

S67



32

ZHL

{D:\2018-3}

XWQ-20181218-GYQ-VI-68/10 — PROTON CD2C12

11m

E £ 2 £ g8 §E §E g g g g g g8 g g g g g S 8 g8 2 8 8 28 8 8 5 5 s = s o = s o g
£ ¢ = : E 8§ 2 S § § B g% 8 £ § § £ o = £ g F £ 2 5§ 2 B8 g g 8 g8 g 8 g g & _ =
PR U S U AU SR SO S A S O S R U S SR SR SO S A
sez Fe

sez

L£T Lo

86T 1 ©

05T | -

_ng re

€5z

¥S'T | e

€TY -

vy LT0E—

YTy =

9y oL —

05t | | o

€9 B

99y = 2601 | w 971§ —

19°9 J o Fo

€99

6L9 | e

6L'9 -

089

89 b

89

989 -

989 <

189 - =00'1

189 R +€0°1 0€°€6 — -
069 — 01| -

MM.W # Fa - 60°S01 —

o691 ] = wﬁ:/

069 ] = 16T\

160 ] : 68911 =

oz | o omirEsy

LT IR ey _—
s Fagdl % =
s ] L= 5 85971

. ¢ 2 €891

gLy S 689zt % ———
SE'L oz o8l

pirll e Sseue

| s ouLT |

N | = mi;ﬁ;

avs ] T D o6t

osL . greeti |

ocs ] e See

1o - | cezen |

pes = \M M ON.wmﬁg

ccs ] o wo.owﬁg

mm.h; - M vﬁ.:l;

ocs | Lo BsLes

~h.h_ Mhﬁ.omﬁg

2] Lo gooor

€3 | %

€L ° 2

] Le 2

veL S 3

S8'L 2

Q
a

60

70

110

150

210

(ppm)

£1

S68



13

ZHL

sl
S
Q
=

XWQ-20181228-GYQ-VI-69/10 — PROTON CD2C12

11n

L 14000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000
L 1000

L ~1000

- 1300
L 1200

L1100

L 1000

L 900

L 800

L 700

L 600

L 400

L 300

L 200
L 100

100

Ghd

=01
€01

=00'T
=0'1
0T

3

0.0

0.5

o

8.0

8.5

(ppm)

£1

13

N

{D:\2018-2

“PD CD2C12

XWQ-20181228-GYQ-VI-69/11

11n

L6'6T —

00°LE —

60°'1S —

¥6'C6 —

)
N
%
a

Ghd

40

60

80

110

140

150

210

(ppm)

£1

S69



37

ZHL

{D:\2019-1}

XWQ-20190118-GYQ-VIT-3/10 — PROTON CD2C12

11b

S g 3 g g g S IS S 8 3 g o S ° ° o ° ° ° ° s ° ° ° ° ~ °
8 3 B 3 € < 2 2 S 5 3 S 2 ° i 8 3 8 3 < < 8 2 8 S ] S 2 ° P
, , , , , , , , ) , , , , , , , , , , , ) , , ) , , , , , ,
vLE | =
YTy ?
sty
-
9TY Fe
15t
LSt o
959 s
159
-
vL9 L2
M 09°0€ ~
oL'9 © v8'TE -
289 -
289 .
89 _ LS .
o080 —' Too1 86°6v — -
989 Fo S0'9§ —
189
889 —= 1001 | o
889 Fa 3
689 3
269 L2 3
69 ﬁ
S6'9 -
969 Le
L6'9 o 2626 —
L69 L .
. < $8°501
00°L T 9errl 3
1021 L°°  en —
0L ) 8 3
ot 6£911 1
N:g »w,o:% =
b VIR —
€1 ] 5lo01e1 — i —
67L1 S it
. LS Evreat ]
€6°L ° O v KW =
€L > L9921 | E
S S eon
seL 5 v6'9T1
) 50521 —3
5L A o ELCl] 1
. L2 Lecat
€FL = . y
. S 6Lzl
ev'L Ak 2 gt | _
o o Zsesai —
cwn‘ﬁ ~  siosa —
by g \
NM.M J R z8°8¢1 % ﬁ —2
st% b | orost |
o | leeten
el o Zpzect
el * T 291w |
s ] . FvRTst] 1
€6'L ] Fa 2 25951
s ] b cc.xmi
s ] Ls g E
108 | H
ol o &
L0'8 1 I
80°8 | =

110

130

o
I

T T
200 190 180

210

(ppm)

£1

S70



25

ZHL

{D:\2019-1}

XWQ-20190123-HY-111-2/10 — PROTON CD2C12

1le

8 8 g 8 8 g 8 8 g 8 8 g 8 g ° 8 ° ° ° ° o ° ° ° ° ° o
S 2 4 8 8 2 B E S 8 ] 8 ks E 2 ° P 8 8 B E ES K B 8 3 S 2 P
| | | | i i | | i | | | | | i i | i | | | i i | | | | i \
veT Ls
SET
Ts'T °
T [
¥S'T
¥8°€
STH
9TY °
LT =
a4 £7°0€ —
Mww 8T'LE—
iy °
89'9 [
699 - 01 [ 1605 —
9L'9 M €0 [ pLSS —
LL9
789 °
€89 [
89 .
$8°9 o
sso
L8°9 =$0€ | o
L8°9 [~
88°9 =00°1 .
88'9 #2017 12 A
069 o1 |z SLSO
269 1 o8  THEIL
1691 s - 8T
1691 01911
86'9 1 Lo 8L911 =
860 1 L0061~ -
669 o S preTIN _
669 s £ 60¥CI \\
669 01 le Tomom Kw
00°L A 01 [ 2 ow.cﬁ _w
00 e § Lsieny
STL e le & |LoLel ﬁ
€L H\vm.m = Leer
100 No.” g ceser |
eL R 5 €€8zcl ﬁ
m:% 0l S 96'1€1 1
Dl:m 0L Eerect
sv°L H/_M.” B No.me
] L6 1HT
MH.M J Lo = 89°TST
ccr ] 7807651 |
co B g :.oc_u
b e 2 p1Tol
9L .8
o] Fo 2
Nwi g
8L LS g
v8L] =
8L © 2
s =

30

70

80

140 130 120 110

150

170

210

(ppm)

£1

S71



29

ZHL

\2019-1}

XWQ-20190116-GYQ-VI-99/10 — PROTON CD2C12

11d

L 19000

L 18000

L 17000

L 16000

L 15000

L 14000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 4000

L 3000

L 2000

k1000

L -1000

L 400

L350

L 300

L 200

L 150

L 100

[43%4

101
200°€

H/vog

=001
F10°1T
F00°T

©

7.0

9.0

(ppm)

£1

29

ZHL

{D:\2019-1}

cDp2C12

2

XWQ-20190116-GYQ-VI-99/11 —

11d

sTlc—

woe —

1€°LE —

Y0°1S —

LS€6 —

€L°S01
ot'€ll /

%

=N

a
—

——

80 70 60 50 40

90

110

140

150

210

(ppm)

£1

572



29

ZHL

{D:\2018-3}

XWQ-20181213-GYQ-VI-67/10 — PROTON CD2C12

1le

S 8§ 5 8 5 5 8 £ 8 % 5 g g g8 g 8 g g 8 g < - < - < - < - <
2 5 E F E R Z € 8 2 F 2 E E S § o2 o ¢ ] g g g g g g g ®
P S S S S S U S SR S SR S , , , , , , , , ,
€T L2
€T
sez -
96z re
_m.mg
152 Le
5T
ST o
LTY [~
szp z€08 —
MMW [~ 61°LE—
ot -
69t [
Ly _ w201 [ . PI1s —
2o — oA N
€9
6L9 -
6L'9 [
089 .
1879 b
1879
789 °
€89 [~
589 - ~00°1 e —
]
L8°9 = T E ggen
L8917 Lo S6'ST1
8891 = €8°911
6891 — o pe6ll
169 [ L0°€T1 /
697 E,vﬁ%
10°2 LS zzsoTi~
10°2 Sgont f
STL e Tesuaf
1L [< Z 8Lzt
1esy S ocser
Nm.h h wm 2 op8z1 ]
mm.h % m zc6z1
UED = Sgozer
iy © Slhrver ]
v _ fam)
; Lo Zszopl
8L ] | 98TPT |
o] Lo zevzst
ocs ] * 5 18851
cos ] - = 10791
a1 e m,«
vS'L %
99 | . =
wc.& o m
6LL B
I o B
6L 1 s 3
08°L | E
18°L E

110

130

140

150

170

(ppm)

£1

S73



26

ZHL

{D:\2019-1}

XWQ-20190123-HY-111-5/10 — PROTON CD2C12

11r

g g H g g g g g 2 2 s 2 g 2 g 2 s - 2
E g g B g E - g g g E g g 2 g 8 - ;
, , , ) , , , , , , , , , , , , , , , , ,
€T
€T .
sez o 3
96z E
0521 L=
. S
s [
£67C .
€5 =
LT
ST | = 9T°0€ — =
8Tt -
or'LE— —_—
el
Lbt Lo :
69t
€LY M FEO'L | [48 4
L9 = 01 [ o
€9 R
8L9 e 3
6L9
1879
89 [ H
€89
989 I
989
. =00'L 3
mm.w - 2ol F o Y6 —
50 _ 01| . 8Lsor 3
T6o oF  zsern B}
oo ] I -
oa.og _ B 18911
oo.ﬁ 1611
SRA om,mﬁ/ -
:EA o g0t
b Fre 2 vivel
§0LY S ogozt f
S0 L= Tesoztdf
YTLA < 2 losr y
. 2 ovLTl
STy Z Lzt
. .z
Lol Fe Sizserd
Tmh;r BRYRYAE
geL— © S roser ]
6t°L ] e 6 B.N.:;
MM& o € szsr %
ocr ] Fe T 65°8€E1 |
s ] | pLop1
iy =R
I * ¢ v9°TST
veL L e ]
e ] o ZLLBST
s LA
192 ] . 3
19° ] Fo 3
E.L g
6LL >z
4 s ¢
08'L |

11r

90

110

130

150

170

(ppm)

£1

S74



31

ZHL

{D:\2019-1}

XWQ-20190116-HY-111-1/10 — PROTON CD2C12

llg

g g s s g g s s g g - - < - < - < -
g g B g g g g g g g B g g 2 g g <
7 i i 1 i i T T N N T 0 T i o N N N 4 i
€T o
€T re
sez
96z He
T
€57 1 -
ssz s
95T | R
LT Le o -
g €€°0€
www L LoLs— -
o :
Ly A 90° 1S —
19 M =01 | »
€L°9 oL
6L9 .
6L9 Fa
289
289
89
989 .
989 ke
L8°9 - =001 [, SI'E6—
889 NI 18°501
689 =01 § 0 gsErn
689 7 | o° LSS
169 °q L6'STI
691 Y0911
10°2 7 8911 —
10°L < oz611
10°L Lo zooet ] =
1L S Sevaf
oL o1 [ TsLotd
o1LY Fo 2 s8'9z1 ]
Lrey w;msmﬁ;
81L B mwnsﬁ;
seLy| - 2 rzser ]
Mw bi [ Seesa i -
Iy S _
e S sl
oy Ll 2 mo,mﬂ_ﬁ
ovs ] , m:m:
o] o zovier]
ol 4 g Isen
potd . g
o LS st
Pee] Tsssst |
e [« g ooy
e -
s ] . lrovor
A Fs Z
e8|
L o

110

T
130

140

150

170

210

(ppm)

£1

S75



GJM-20200430-HY-TT1-1/10 — F19CPD CD2C12 {D:\2020-1}

—-114.35

20 10 0 10 20 30 40 50

11h  XWQ-20190116-GYQ-VI-100/10 — PROTON CD2
ConYTaa—~SaaT [N
] "N

T
100 -110

1 (ppm)

6bk

1.041
1.031

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

L -1000

L 15000

L 14000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

{1000

L ~1000

T T
5.0 4.
1 (ppm)

@

S76




30

ZHL

{D:\2019-1}

C13CPD CD2C12

XWQ-20190116-GYQ-VI-100/11 —

11h

L 100

L 350

L 300

L 250

L 200

L 150

L 100

L 21000

L 20000

L 19000

L 18000

L 17000

L 16000

L 15000

L 14000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

1000

1000
L —2000

€L'9T —
€9°6T
9SvE —

0t'0S —

90°06
S9°S0T1
T10°€TT
vTorl
€LOTT
coert
€0°€CT
10°¥C1
€€°9C1
LoLzct
or’.Lct
68°LT1
€6°LT1
86'8CI1
Y8 1€l
¥8'6€1
6S°Evl
99°CST —
61°6ST ~_
01291 ~

R

6bk

80 70 60

90

110

T
140 130

150

210

(ppm)

£1

40

ZHL

sl
S
Q
=

XWQ-20181224-GYQ-VI-92/10 — PROTON CD2C12

11i

880
0601
01

=001
o't

=10°1

(ppm)

£1

S77



40

N

{D:\2018

XWQ-20181224-GYQ-VI-92/12 — C13CPD CD2C12

11i

° ° ° ° g g g g g g g g g ° g
g g H o ° s ° ° o ° s ° g g g g H g H g g g g g
&z &g ¢ ¢ & & & & & § & . = 2 & g £ H & g 2 s 2 i
| | | | i i i i i ; | | \ i ! ! | | | | | | fi \
Lo
Le
weey Fs
0LvT _—
s, Lo
Z,QN\ - a =16
191
Le
61°Ly~ - -
LE0S — re €01
E0'T
L2
°
Le
lo
0926 ) ®
09°501
pLELL A/ LS
LTOTT
€L°9TT -
Trell ; res
so€el -
YOvTI L
$9'91 1
96'9T1 1 = -
oLLTl 1 r=
6L°LTI A — =g
it ¢ R = LO°L
ogLel L2 = 807,
08'8T1 - N g0
. = 1
o e i
- r= S LTLA
SLEp — - Z 8TLA
o RN
L2 L 8L
69°TS1 g aa.»%
SI'6ST~ _ g 6L
L o
TITor ~ - E 1y |
S gL _
Le = oL ] H
I ovL ]
o 2 6L
re g oL
sise
lg @ E.L
- s
z e ]
N gesL]
FS g T¥L]
= mw.:
e  ot8L
5 =

3.5

o

(ppm)

£1

S78



a1

ZHL

{D:\2018-3}

— C13CPD €D2C12

XWQ-20181214-VI-70/11

11]

° ° ° - o o o o °
g g g g g g 2 2 ° ° ° ° g
s s 2 g = s s s 3 s 3 s s s s g g N ] N g g g 2 2 2 2 g
[ S 3 3 B 2 < e 3 2 8 S = g 3 ) P B B S 2 g ) B g 2 3 K B B
! ! ! i ! i ! . i ; N ! ! ! ! ) . ! ! ! ! ! | | ! i i i ! |
T €T
vTT
o 9TT
BN.NQ
- ﬁm.mg
= vET |
9¢'T
S LETH
. sey
P S
601 - Loy
S€Y
o .
v6or — s vy
LS - 10T
3 3 09t 201
69°€5 — cro
. 9
e 19 —
v1'9
E g8 g e 859
- €99
r * +9'9
[2 ¥9°9
g g 999 = FToz
89°56 — [ 2 = 00T
69°€S — - L e 559 |
6 V01 — 2 - z Nm.wg
) r ok - 1
_m.c: [2- = L8791
8L9T1 s 4 L6'9 1
00°LIT — S - 2 869 1
80°0C1 7 - - 8691 )
88°CCl wﬁ [ o g 6691 ol
- g P 60
oﬁ.wNﬁ ) S — 3 5669
S99l % 00°L 101
6rizl _ 2 S 10°L A 2001
ezt L 2102 101
svicifr P Aeo's
1+'821 L 5 lzor
hodel g[eoL ¥S0°T
Lot SeoL m oz
L871ET — 8 z 6L Reo
620t % oty | we
et | g
Ly . e St 60
9L°TST 1 = - | WL
€0'6sT | “ N SwLy 160
YI'Tol 2 E v
=L
s gL
T ﬁi
o 505
S Ny
Ty
s 2 ]
St's

o

0.0

5

S

i)

7.

8.0

(ppm)

£1

S79



43

ZHL

{D:\2018-3}

XWQ-20181214-GYQ-VI-77/12 — C13CPD Acetone

9a

k1700
L 1600
L 1500
L 1400
L 1300
k1200
L1100
L 1000
L 900
L 800
L 700
L 600
L 500
L 400
L 300
L 200
L 100
100
L 24000
L 23000
L 22000
L 21000
L 20000
L 19000
L 18000
L 17000
L 16000
L 15000
L 14000
L 13000
L 12000
L 11000
L 10000
L 9000
L 8000
L 7000
L 6000
L 5000
L 4000
L 3000
L 2000
1000
1000
L —2000

10

10
<

Y
[
T

\
20
wy
i
o
\
1

30
=
“@
<

5

91'1E— = Lep -
15°6€ — — e rer o¢ [
01

§TTS — - LSV 1

k2000

L 1500

L 1000
00
]
©

0

T
70
@
°
5

80
%
<
)

€606 L9°9 °
SIUL6 £9°9 T
os901 : — e = %o :

re 699 — Fe
6£p11 - — 001
98°811
99°L21 ]
€8°LT1 s
L9°8T1 g R o0 | |

90

£1 (ppm)
(ppm)

110
1

=

Y

°

16

088zl I g si0s]
se6el 91'1€— - - Z0°L
8621
zroel — =—
e/
L90FI L
09°€p1 ~ -

10s%1 7
115§~
8t LST —
308517

ZHI

140

{D:\2019-1
@
{ @
=
_

150

|
<
N
~
_
T ———

6ea
Geh

XWQ-20190117-GYQ-VIT-4/10 — PROTON Acetone
<
<
~

210

9]

(ppm)
S80

£1



16

ZHL

{D:\2019-1}

— C13CPD Acetone

XWQ-20190117-GYQ-VIT-4/11

9j

200

o o o o
g g g g g g g g ° ° o ° ° ° ° ° ° g g g g g g g g g g g g g g
€ g 8§ £ g8 § S & g8 g8 g8 g g g g g 8 L g L g g g g g g g g g g L
T g & ¥ 2 8 = § g g £ 2 8 g 8 8§ S o 7% 2 z L g 2 2 2 2 g g = = o
P SR SN S S A R | ! ! ! i ! ! i i ; ! ! i )

B 9T
9T'T
8T'T
° 67T
97 |
° 9€T
8€°C 1
. vEY
LTI — o ey
se'
e 3 8€h
vIie o
£9°6€ — -— € ey
N LSV .
¥1°9 Mwo,ﬁ
o ] 2 S19 0l
sTTs S1'9
g S1'9
g g ° SS9
E E 8 o - LS9
S S N S — — .
= 98°9
98°9
S 2 889
6606 kg @ oo
vi'L6 69 B J20'1
STL6 " 2 - .

§ L — ) o'l
$9'901 g : Mo00'1
6Tl N o 969
vrLTl ©3 2 L679 ]
09°LT1 res ] - 10°L
€8°LT1 z 3 'L
v7'8T1 | = — 0L
z8'8Cl 8 s 5 0L
Rt . - SJE0L ;

6621 L2 — . S6EL =161

80°0€1 — - - — = 5 Y

oc1e1” b1 — _ . z VL ol

LSOPI o B = Sfer'iy JE0T

oy E — - 5 8L .
9T 11 i a3 90T
Lrsyt” . MMMJW o

2 5 A .

. H 0T
6L'SST N\ ] SrsL MMO.N
PLST — = 8 ILL~ :

L 3 z o
$9'8ST S’

2 2 | 818 — 980

b =}
2 5658 — F80

=%

g g

- M

§

%

2

g

&

2

210

>

(ppm)

£1

S81



38

N

{D:\2018

— C13CPD Acetone

XWQ-20181221-GYQ-VI-84/11

91

L 1300

L 1200

L1100
L 1000
L 900
L 800
L 700

L 600

L 400

L 300

L 200
L 100

100

L 24000

L 23000

L 22000

L 21000

L 20000

L 19000

L 18000

L 17000

L 16000

L 15000

L 14000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

000

L 4000

k3000

L 2000

L 1000

Lo

L -1000
L —2000

v0'1€ —

LO6E —

0€Cs —

ot wo
A ¥ e
S X%
A adaa

L 1000
L 500
Lo

YO 1E — =

bee

(ppm)

£1

10

10

20

40

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

210

£1

17

N

{D:\2018

XWQ-20181220-GYQ-VI-76/10 — PROTON Acetone

9m

P SOLA

@N.Ng

Y0°L
Y0°L
SO'L Y

90°L

210'1
00'1

00T
S0t

101
16°0

10°1

01
Mo
P01
€01
Aoz

0T

0

S

0

(ppm)

£1

S82



° ° ° ° ° ° ° ° ° g &8 g8 g8 8 8 8 8 88 <o o o o o o o o o g
g 8 g g g8 g &8 g8 & g 2 = ] g 8§ 8 &8 & & g8 g & g g 2 2 g g g g g 28
g F g & ¢ % 8 &g g g & § . ¥ € £ g & % 8 8 2 8 &8 B 8 B 8 g8 &8 g 8 o %
L N . SRR SRRV SR SR P S S SRR SR S SR P R S
o
= 9072 L
hc.mg
o 60T
L9°7 |
89T 1
°
= 0Lz
0LT
2 vLE
1€y
o a4
TLoE — - (X4
S€Y
€1°6€ — — = W —— =T
Ly
: % 8 & 3 s ol
wes— S 5 c i z19 00'1
9
°
- e 919
[ L19
L2 e 89
, : ool .
$9°06 [2 R 659 oo
61°L6 8 8 09'9
. «
wwgy Fo 799 01
06501 : ] g €89 — 0’1
om,tjﬁ s~ ¥8'9 01
90°1TI 7 © & — sz $8°9
6€'1¢1 ; = =8 5891
18°L21 4 - - oz 669 1
LELTIY  7)0e — - [8 = 66'9 1
98871 [ = 00°L
- 15°6T1 8 B g 2007 7
. 8S°6CT1 L2 T - = 10°L Y
g ze6tl JW z = o Yoy 01
£coct L2 = = 5 FeoLy 60
9L°0tl . 2 80°L - 01
PRI6ET N\ Fo — g 2180°L - oot
EXA240N - o 201LA 201
s vlsyl 7 2 £01L = WS.W
H = S .
FLrssin __ 0] - LN.M
ZpsLST— e s Sy
£ zess1/ E gy
g 2eL
| g ,xmiﬁ - WMZ
- o 6€°L] L0
Ay Ay S —. .
I b | 0
T = TovL
z T L]
g & Zwe]
s © €08 1
2 s 2 €08
5 8 Elhoee
8 mqow_
b - 5 v0'8
= £ Zeos]

3

9b

(ppm)

£1

S83



13

ZHL

sl
S
Q
=

— C13CPD Acetone

XWQ-20181226-GYQ-VI-79/11

9b

° ° o s ° ° o o s s s s ° ° ° °
g g g H g g g ° g g g g g g g g g
g £ & g g 2 E 2 - g E g g 2 g H g g -
i ; ; | | | \ i i | i i i f i | | | i
=
172y
172 |
° .
€T Ng
vTT
e €€
YT
o 9€'T |
- 9€°T
98¢
° .
SHIE~ = 8 €€y
€6'7E — — ey
e SEv
84 m 200'T
v - 01
4 .
98°05 — — E 95t | J
. 65t
0695 — . . . . - - oro ] _ )
- - ¢ A
T T e
$6°68 7 ° c s
. Fs [A%)
9T'L6 s 9s o
1€°26 [ 3 Lo €0'€
97901 - 199
. «
€TEIL ; LS ° €99 = 70!
TLELL s ] e 99 — Sot
. © —
o:w:; Ls o ~ b0 20
0TI 1 °3 CERted
esuzf L25 E 2]
. g2 N - 989 |
LS'LTI A S E B e 98°9
6Tzl L2 ] = o
. o —_— LS89 7
88Tl o N 5570 |
LE6TI A : 8 )
. - — 869
66671 )W « 2669 1
L _ N 86'1
o X shie— -~ [= —_—— 2 00Lq
T9 1€l © o
. L= o CO'L | 0’1
08°1€1 E o S o
0E° 11 ~ _— g gy 0°1
- 5 €0°L A 0"
09°€p1 2. 01
- 6L Ao
09°SS1T / B ov.»/
8STLST -— WL 01
68°LST N =5 8 L Tooz
29'8s1 Es\
° £9°L
S 018§ — Fego
g P8 — €80

200 190

210

9
9
<
z
S
o
@
g
T
7
&
%
e
B3
5
S
3
8
)
g
=

9c

5.0

5.5

6.0

6.5

7.0

7.5

(ppm)

£1

S84



33

ZHL

{D:\2018-3}

— C13CPD Acetone

XWQ-20181218-GYQ-VI-78/11

9c

s 2 2 9 2 2 2 @ 2 2 2 g 2 s o
s ° ° o £ 2888888288288 88 s 23 9 g9 s 2 2 s g g
g 8 g s ° ° o o ° ° s ° g S €S 888gg8sgsg2ggeggze¢g ¢ ¢z S
B} = E g 2 e 2 2 2 2 S E o T ¥ 53 8§ 2 2 £ 22 2 2 28 2 2 8 882283 28288 2 o 17 F
P S S U S SRR S SN \ NN A S S S P S N SR
Lo
°
Ls
LS
61°1€— °
LY'6€ — I le
= Zn
v0'Ts — - (1
£€°96 — - 0°€
° ]
e
g g
= n —_—
S S S S—— 0 o
N e
.
b Lg
8L°06 ~ rs - e £l
€1°L6 ) M b0 1
sTLe EE T L8+ T 001
59901 — igs 3 ..
9EYIT e r=-
»m.m:V ° —= i
LL8IT— [= — LS 5 1074
19°LT1 N N
6L°LTT 61'1€ — [ - - S COL Y
= —— . .
L9°8T1 — = ; 66'1
8L°8TT % 8CTLY .
80°6T1 3 le  50ELy %mﬁ
SE6TT — £ 0vLY ot
TIET L 0L Reo.
069€1 L2 § 1L 0's
T8 ovl ] Ha g »T MMMM
E.mi\ = e zist> wot
08°SST - = SesL
9’ LST R =
$9°8S1 LE | o1 — 6870
. °
66'091 S g — F68'0
° 8
L2 i
- =
&
ls ¢
.-
%
L8 S
59
. E
L2 B
3

(ppm)

£1

S85



9d  XWQ-20181220-GYQ-VI-82/11 —
%
<

©13CPD Acetone (D:\2018-;

S wvan k- 2600
=

143.61 ~
L1421
130.73
129.35
127.76 »
127.63 =
N 118.79 ©
N\ 114.35
- 106.62

o
=
v
"

158.66

o
6 —
)

97.29
21.85

~
w

| 140.7

L 2400

[
[
[
r
97.15
~90.92
52.18
—39.54

—31.19

|
|
%

<

L 2200

3000
L 2000

31.19

2000 L 1800

1000 L 1600

0 L 1400

T T T T T
31.4 31.2 31.0 30.8 30.6 30.4 30.2 30.0
£1 (ppm)

L 1000
L 800
L 600

L 400

T :

L —200

|

|

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 40 30 20 10 0 10
1 (ppm)

9f  XWQ-20181214-GYQ-VI-75/10 — PROTON Acetone
© o 9w
+ =

o
I

=
©
S
3
1
N

i 24000

6.99
6.99
6.97
6.97
6.88
6.88
6.86
6.67
6.65
6.65
6.60
6.59
6.12
6.12
4.63
4.60
439
437
436
435

| 2.37

L — ——— L 23000

L 22000

L 21000

L 20000

L 19000

L 18000

L 17000

L 16000

L 15000

L 14000

L 13000

L 12000
L 11000
L 10000
L 9000
L 8000
L 7000
L 6000
L 5000
L 4000
L 3000

k2000
L | L 1000
A Lo
& £ -1000
ISR

L ~2000

1.00z

2.01x

2.0 1.5 1.0 0.5 0.0

T T
5.5 5.0 4.5 4.0 3.5 3.0
1 (ppm)

S86



42

ZHL

{D:\2018-3}

XWQ-20181214-GYQ-VI-75/12 — C13CPD Acetone

ar

S ¢ o 9o ©o 9o o o 2 o o o o o o g g g g ° ° ° ° ° ° ° ° ° g
S g2 g E =85 288 g ggeesge A = 5 =2 ¢ g § £ g & < g & = o =
A R SR S S S S S R | | | | | | i i fi ! ; | i i \
2 €T
€TC
o sTT
cN.Ng
. 9€°T 1
= LET
6€°C 1§
5 0¥'TH
SEv
o oY
€0 1€ — e LEY
o'y
TT6E — B 65t
€9y =101
s 119 2001
s — — <9
. €19
2 €19 —
S g 659
8 = e 099
S S S B €9'9
e o ¥9'9
“ $9'9
[ 599
£9°06 ~ re — 8 99'9 M 0T
Trien F _ R L99 -—= =00'1
P L6~ © i = 9891
£5°901 32 ) 989 1
€SIl [ 2 —] .- 88'9 1
80°611 / .z = 889 1
S6'CCI [ 2 I— 689 1
F.R_/ [ — 8 5169
wm.»m_/ ] - = 869
0L'8Tl [ - = 3 ~ 1669 1 002
LL'STI L — - 7
LE6T1 €0 1€ — = - . 5 10y
SI'0€1 [= — = Z[T0°LA .
e Tel \“ IR Jmo 1
PIEET 2 2 €0°L 20'1
zsopl - g oL \ﬂ ol
I1S°€p1 P - ZozL 1S
aed! T Z Zore ;n u, 0
N&1]! E Nm.iﬁ 'l
9t'LST g o] 1oc
0L'8ST SR | 180
s m c*.bu H\Nwo
- L ﬁ
. z ﬂn.ﬂ
8 Z L
Ly
s Yt
S zZ5/ ]
goLL]
L
g 28
9t'g

w
o

(ppm)

£1

S87



XWQ-20181221-GYQ-VI-83/11

Acetone

n 9

0
Q<
o=
<+ <

—31.08

—52.14

—39.35
—31.08

{D:\2020-1}

210 200 190 180 150
XWQ-20200428-GYQ-VI-83/10 — F19CPD Acetone
OH
T T T T T
10 0 10 20 50

ZHL
MOX = Mo = A=
SOn 0o Yn o2 nx
LR R NN R - e
AAANNN— == =30 NS
SONTEEZZZZ=S3R
2000
1000
0
T T T T T T
3 30.7 30.5 30.3 30. 1
£1 (ppm)
|
|
T T T T T
110 100 90 80 70
1 (ppm)
7
©
T T T T T T
90  -100 -110 -120 -130 -140
1 (ppm)

S88

L2100

L 2000

L 1900

L 1800

L1700

L 1600

L 1500

L 1400

L 1300

k1200

L1100

L 1000

L 900

L 800

L 700

L 600

L 500

L 400

L 300

L 200

L 100

L -100

k200

- 15000

L 14000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

L -1000

T
220



° o ° °
g 8 g g o
g g g g g ° ° ° ° ° ° ° ° o
5 s g g H - g H g g g g 5 s g -
| | | | i | i | | i i i | | |
o
[
[
s
L= 81'8T ~ ———
691 — Tloe MMMM - -
61T | o
0TT =
. = =101
e = MO | e .
€T Fa v6°0S —
€€°T 3
€€°T -
S€T — [~ g s
. g g
9€°T = @ °
6Tt -
ogy e
ogy | o 6106 — <t
8€Y < o - B
Iy B S00°T £9'98 Fe —
s = qle i
1o oot L2 ¥9°96 -
. E L9°96 Lo
¥6'S 5 g2
vec Les  oziot 7 g
66°c = 001 | <= €9°€11 .~ B
66'c N E.x:/ rg=
150 o €LLTl / L

8. g 16°LTI S T
w9 . .

2 01 | = 2 50°8C1 [8

5099 60 [ ¢ g7

=799 _Lysel - L

& €99 _ Too1 L2 4 L6'6Tl wm

2 oo Fe S pLOET s

: Mm.w - Mot MS.NEO - -

01 E 7
989 7 ro Lo L 89K — —
L£8°9 7] z . 5 T

o o _ = 01 2 0LSSTA o
88'9 oc | w Kot i
gs'0 FE Sousi =
ez 597881

o =) o - = =) .
9TL + 23 - 60 [« T

~
R
~

—

ol 0o
on N
~ o
e
M
Bri
|
=
S
T
8.5

XWQ-20190123-GYQ-VI1-8/10 — PROTON Acetone
)
]
~

&

,

se'r = g
] ra %
9€°L | b
9L 5
] e =
8€°L e 8
] 3
8EL | 8
. =] =4
wOw_ Fe =

9h
9h

10

90 80 70 60 50 10 30 20 10
S89

100

(ppm)

£1

200 190 180 170 160 150 140 130 21 110

210




10

10

20

30

40

S90

100

(ppm)

£1

180 170 160 150 140 130 120 110

190

200

g g g8 g g g &8 & g 8 <o o o e g s ¢ 2 o 9o o o o 2o o o o o o
g g & g g g g g g g g g g g g £ 88 8 8 8 8 8 8 88 8 3 g g g s 2 2 2 g 8
g ¢ & § & g g = 5§ g8 & g g & S S £ 8 g &8 g2 2 8 g8 8 S g g g g g g g8 g ¢ S s
g & § § § & ¢ & & e g 8 8 8§ o 5 8§ 2 & & g & F 2 3 = ¢ g g g 8 ¢ 8 8 ¢ T8
P S S U S SR S S S SR A R S S S S S R
°
— e
Fs
J.r
8T1— = 806 [
60T o S9'8T—
e wm,omw
e | o 01'v€
€€T M =801 | (4
o = o[,
[ o
9€T 1 205 —
691 °
€L [
68 1 g g
67 S S °
709 ]
5091 o
6091 Cr=
019 | — =001
859 1 L L6~ -
sso{l _ o 0T'L6 Lo
. E 01 | 2 . g
om.ci _ 001 | © & L6 R
Mw.ﬁ o sgs01— o &
659 L Tz
. 099 L BY8IIN x
L9 - — 08611 — re
€99 60 2 20TLTIA
vL9+ 0'1 _6€°LTL 5605 — 2 =
o e P ovsﬁ\ s
sLoqt - #T0T < g 6Tl
9= 201  €Tsel o
9L'9 & Lo
L 89 £ _ WS.N e mo,miw s
5 o 10°¢ 5 L99v1
g osodf z B0 [ Freesia z
< 989 [~ 2 o8LSIS
I O £ Tsst O
£ €0L ] ® - 060 |2 g .
o L] © o L]
:\os; T ke | = @g
° o =w© - Fzo0 - =w©
18$ﬁ Iy = Z
5 50" S [ 3 S
8 50L ] = g 5
H@Oh; =
w»oﬁ L2 &
2 LoL ?
il &
ST © B
% 8TL [ )
S6TL S
s o 3
i re =
66'L |
5 1€8 5

210




36

ZHL

{D:\2019-1}

XWQ-20190118-GYQ-VIT-5/10 — PROTON Acetone

9p

L 25000

L 20000

L 15000

L 10000

L 5000

L 850
L 800

L 750

L 700
L 650
L 600

L 450

L 400

L 350

L 300

L 250

L 150
L 100
0

81T

oT'c
0TT
LL'T
8TV
8TV

€09
09
€19
€1°9
899
600
699
oL9
L9
089
089
18°9
89
LOL
LO°L
80°L
60°L
8€'L
8€'L

ov'L

or'L

'L
7L
LY'L |
8Y°L |
6L |
61'L |
0S°L
€9°L
€9°L
€9°L
9L A
vo'L~
S9°L /
0’8 —

'8 —

=<0'¢

i

3.

9.

9.

(ppm)

£1

{D:\2019-1}

N

— C13CPD Acetone

XWQ-20190118-GYQ-VIT-5/11

9p

co'Te —
rove —
LT6E —

81°06 ~
10'L6
L6
90°L01
LOETT
SL8TI /
6L°LTI /
8€'8T1
St'8Tl
8ot
80°0€T
Il 7

TOSHT ~
ororr
69°SST~\

e —

Gen

£1 (ppm)

10

30 20 10

40

100 90 80 70 60
(ppm)

110

120

200 190 180 170 160 15 140

210

£1

S91



28

ZHL

{D:\2018-3}

XWQ-20181213-GYQ-VI-74/10 — PROTON CDC13

9q

L 15000

L 14000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

L -1000

L 650
L 600
5
0
L 450
L 400
L 350
L 300

L 250

L 200

L 150

L 100

L-50

©
=
©

6co

oz

001
JEUT

#80°1

5.5

(ppm)

£1

28

ZHL

2018-3}

i

C13CPD CDC13

XWQ-20181213-GYQ-VI-74/11

1

9q

60°9¢ ~
¥0'8€ -~

s —

7868 1

0 b01 1
16°801 1
8LET1 4/
0€°811 1

15811 1
60971 1
ozl 1
59921 1
60°LT1 1
LTl
02871 4
97°8T1
6L°8T1
1ot

120€l

S6'8ET
0€THT ~
wert 7

P8 EST ~
1$°sS1~

40

80 70

90

110

120

150 140

T
160

T T
200 190 180

210

(ppm)

£1

S92



XWQ-20200225-GYQ-VIT1-6/11

— COSYGPMFSW

{D:\2020-1)

4

LU

XWQ-20200225-GYQ-VITI-6/12 — HSQCGP CDC13

{D:\2020-1}

ZHL

°

T
5.0 1.5
£2 (ppm)

T
4.

o

oo

k20

k40

L 60

F70

F 80

L 100

Lito

L1zo

L 150

6.

5

6.

o

o

T
5.0 1.5
£2 (ppm)

S93

3.0 2.

@
o

.0 1.

@

.0 0.

@

E




225-GYQ-VITI-6/13 — HMBCGP CDC13 {D:\2020-1} ZHL 4

40
9 k50

o F-60
70

Lso

L 100

— 0 ® :Z
—_— o #.4; in g ”

L 150

L 160
k170

§

E1so

L 190

L 200

k210

XWQ-20190114-HY-T11-13/10 — PROTON CDC13 (D:\2019-1} ZHL 26
XV AoV Lo LT TTOomFTORRT A
COYELEITNnNmaqnnmag1—900Q9Q
N N N A O e e A I S e A e N L
e —— PR,

aa =
N .
NN L 13000

L 6.80
| 6.79
| 6.79
6.78
6.78
6.76
6.76
6.48
6.46
6.46
6.45
6.45
6.43
6.43

L 6.81

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

1.00=
out

& o L -1000

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

1 (ppm)

S94



26

{D:\2019-1} ZHL

C13CPD CDC13

13/11

XWQ-20190114-HY-TTT

g s s 8 & g g g§ g 8 s 2 g g g g g H g g g g g g
i i g T T i i B o i i it \ n i 7 it i i g 1 i 0 i .
0€T
. [
[
reT
Le SET
LET
1 < LETH
€L0c— —_ re L0h
3 30t
s 80t
60°9€ ~ cey
S18e " - = oy
134
9%
o .
Tris — [ L2 ww.w W o
s Lv9
L)
)
. Fe €59
6768 1 oL9
BEPOL ) . 120
18801 1 £ 510
mm,m: 4/ 8L°9 Lt
PSSII / L 610 o
65921 | 610 Yoo
00,©N~4 Lgz ww.og
Lgocif -2 889 1
orzif - 069 |
oveetf : 3= £69 1
88°LT1 | 69 1
srszif _ B 66'9 1
YT STI Y = 669 |
SLSTIN _ I OR
20°0€T —— R
60051 S oA
mﬁ.@mﬁv _ |2 w €1°L
€6651 7 - = ey
o1 €p1 3 B
L2 gl . v
€6°€ST ~ _ - oS8ty g
et £ ocL g
StSST IE ‘e
b xm.ﬁ
o EseeL
r= 2 6L
| o:;
L8 oL
S st ]
E= T
3 E D\.L
L§ = Ly
5692
o FoLL
5 Lees)
H

0

L]

(ppm)

£1

S95



28

ZHL

{D:\2019-1}

C13CPD Acetone

XWQ-20190114-HY-TT1-14/11

L1100

L 1000

L 900
L 800
L 700
L 600

0
L 400
L 300
L 200
L 100

F-100

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

LE9E ~
LO6E

LTS —

£€9°06 |
€701 q
99°011 1
L1T ;
06°L11 1

0S°121 1
68121 1
T8LT
66'LTI
69821 1
SL'8TI
15621 7
S9°6T1
PTOEI
I 1€l

At

L96ET ~
IRZAEN
A ed

e p—

€LPST —
86'8ST —

beq

40

50

70

90

110

130

140

150

170

210

(ppm)

£1

26

ZHL

5
%
S

9

{D:

XWQ-20181213-GYQ-VI-71/10 — PROTON CDC13

9r

144
9¢'C
LET
6€'C
or'c
'y

00'1

S

=00°1T

0.

0.

(ppm)

£1

S96



26

{D:\2018-3} ZHL

cne13

— C13CPD

XWQ-20181213-GYQ-VI-71/11

9r

2 s s s e - - s - E 8 § g8 8 & g g & g g s g
: s : < B : : 2 | P S . S SR SR SR SR S S SR
vET LS
Le s€T
LET o
o L€T — re
[~ oﬁﬁ .
(U Fe
9r' 1T — - F8 Loy
104 o
o 20t =
[ R€'Y
P19€~ b | o
01'8g be €5y B
95t -
) o 9 Fa
101s — - [ €79 ﬁ .
9 === 1907 | =
5] b9 h
LS9 .
- 859 o
[ L9
L9 Lo
e €L'9 2
vL'9 ﬁ R
1868 — - Lg SL9 01 [ ¥
0v'v01 sLo SOl
vm.wo_/ s MM.W vl |2
SrEll =% .
0z811 - s L9y -
T8Il Les wn.f Lo
90°9T1 v6'9
0v'9T1 - s v69 ]
ssotl r= 969
60Tl 5 R = MM.MA R
LeLel L2 24077 rs
ST'8TI L6917 20
et - Le Ho; \M
croct - - m\mo.m
€TOE1 . o Q0L [
€6°LET . e 20°€ e
€0°6€1 gLy 2201
€ropl g S0 H/ RN
s R %No.m o
$6°€ST . 2 ﬂv.w ] 20T [
6v'sST L [ o
€rL
. sser] .
FZ g szL] Fo
2 cmi
lg gLlTL B
- ¢ cer] e
- E oc'L |
rs m LEL
S
le Zese LS

(ppm)

£1

S97



17

ZHL

{D:\2018-3}

XWQ-20181130-GYQ-VI-66/12 — C13CPD CDC13

9s

o m o u o o o o
° o ° o ° o ° < o o g g S g S g g g g
g g 2 g g g g - 2 g g 2 g g B g =
E g E g g g B z E - , E g g g g g g E g
, , , , , , , , , , , , , , , , , , , , ,
Lo
Le
L
E L2 ST — =€0'6
L6'SE~ .
— s1z
Joz -
w6LE Le s
81T
. E L2 81T =00'1
6015 e o
N €T
re Stz
H a4
E [
Ls s8¢
ow.mw =00'1
. 98¢
0568 — L
98701 H cop
LO°601 [82  6op~ =20'1
mwmﬂ E g €8Y 7 =00'1
LS8T1 IR 2
srozl 9 1
ssocl g €799
v0'LT1 s LS9
[IAAR\E . o 8579
81821 F2  E L9994 )
1€'821 : Je0T
$6'8C1 le /001
L0°0EL - T Jroe
60°0¢€1 Z0L97 o 10°1
RS ; L2 - 19 Woo.w
SL8ET z E.i O 10°1
. S (g 2
09°'1t1 e 189] o £
81°TH1 £ = £ 2Z
S lcood
LS€S1 2 €89 =2
zssst Le | soL] O &
° moi
L = Tt
3 wol
=3 3 80
Ze0L
s s
Szt
3 SLIL
; LS L
-
3 E

(ppm)

£1

S98



27

ZHL

{D:\2018-3}

— C13CPD CDC13

XWQ-20181213-GYQ-VI-72/11

9u

L 450

L 400

L 350

L 300

L 200
L 150
00
0

L 26000

L 24000

L 22000

L 20000

L 18000

L 16000

L 14000

L 12000

L 10000

L 8000

L 6000

L 4000
L 2000

L —2000

€6'LT—
S9'TE —
6TsE”
SLOY ~

91'€s —

YL16 —

W

iy

70

130 120 110

140

150

170

(ppm)

£1

17

ZHL

{D:\2019-1}

XWQ-20190117-HY-T1T1-12-1/10 — PROTON Acetone

9y

Geu

—

0°€
6'0
o'l

10T
F00°1

01
fse0
20°1
01
20°1
10°S
Moy
Fooz

FL80

o

9.

(ppm)

£1

S99



9y XWQ-20190117-HY-111-12-1/11 — CI3CPD Acetone {D:\2019-1} ZHL 17
TUT QYOO -0 MAT TS~ ma @
LAY ECAYNXT RO YO < I S I @
ST S-SR BIENENNSSF NS = N N o =
M FFOanmAAANANNN—~ — = = O S o =y — I {1700
RARRARRERUSRUBHISRCENERA R0 JRA A SRS JR0 R0 i fhn i & n @ . ]
RN
e SN I [ I N
L 1600
L 1500
¥ L 1400
bt
— 1500
“ f 1300
1000 1200
L1100
500
E 1000
0
k900
T T
31 30.
£1 (ppm) - 800
700
k600
L 500
L 100
k300
k200
|
‘ Lo ‘ k100
Ll il
oL Lo
L -100
T T T 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 10 30 20 10 10
1 (ppm)
XWQ-20200225-HY-TT1-12-1/11 — NOESYPHSW Acetone (D:\2020-1} ZIL
Lo
L1
0
-2
% o .
B
_ b
La
- N " @
— . 0 W ow
Ls
Le
— ’ w
. [ 4 "
ﬁ [} L7
" : .
&
L8
U T T T T T T T T T T T T T T
9.0 85 80 7.5 7.0 6.5 .0 5.5 50 45 4.0 3.0 2.0 1.5 1.0 .5 .5

£2 (ppm)

5100

3
e




|
@
S
51
=
9
9
2
3
o
<
N
|
Bl
|
|
T
.
o
@
S
S
<3
=
=

9y

g 8 &8 g8 8 &8 8 ¢ o <o ¢ s o o o g S o 9 2 2 © 2 2 2 2 o o o o o )
e & S E 5 2 5 g g g g € g £ & o = S E§ g gE£ 8= =8 zc8828E88ggEgeLE A
P SR SR S N SR NN NN R S S P S S N S T
€T
1€C o
€T B Fs
E\Ng
STh L
ST
9Ty - 9907 — -
LEY Fo
'y
€Sy © . ]
oct = 20vE
6€9 . LTOY — —
or'9 ] LS
b9 .
st \MM ol L0725 — —3
299 B
¥9'9 .
oL9 Fa
oL9
L9 ©
TL9 [
069 R 0£°06
069 J F< 0v'€01
w69 _ 001 8TTII —
269 m_u o'l | = ILb1T
69 = Ao | T 9911
€69 Kl S6'8I1 ? ]
£€6'9 1 Lo s SLLT
69 z orsTi
| e €8Tl | —
e @ 1881 L -
= 6£°6T1
Lo N eveTt %
10°L = 810€1 ¥ |
1029 2 og0c1 7
10°L — ZEL6ET N ]
T0°L A 2 1s0v1 — T
€0°L = g sLEvl w ]
8E°L 2 08ppl
mew S 1Tssi~ ]
ovL ] _ ZIrssi— -
ov'L ] °©
ovL B ,
7L . 3
Nw.ﬁ o B
8L T
St'L lo =
6L 1 s 2
05 | . <
%.L o 3
1S, H
b s
89°L 1 | e 4
oLL E =
o181

9y

80 70 60 50 40 30

90

110

130

140

150

210

(ppm)

£1

5101



YPHSW Acetone {D:\2020-1} ZHL 6

(VI

I

85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 2.5 20 L5 1.0 0.5 0.0
£2 (ppm)
GJM-20161201-GYQ-11-22/10 — PROTON CDC13 {D:\2016-3} ZHL 29
B R NN NN B N R S A A N B S N S B N
N i e iri i R R N N NN L 26000
06060006060 0 NNNNNNNNNNNN NSNS NNNNNNNNNN NN =
S N T S ST
L 24000
k22000
k- 20000
L 18000

.
O -
0

e L 16000
10

L 14000
L 12000
L 10000
L 8000
L 6000
L 4000

L 2000

ISESESESRS)
222322 L ~2000

2.0

5.0 4.5 4.0 .5 3.0
1 (ppm)

5102

(ppm)

1



129.97 ¢

GJM-20161201-GYQ-T1-22/11 — CI3CPD CDC13 {D:\2016-3} ZI

[N a E
oo L 3400

129.64

129.17
127.90
127.78
127.51
126.60
119.33

o
2 22
o g
F @

BN

L 3200

— 148.62

|

— 157.6

L 3000
L 2800
L 2600

L 2400

e
k2200
-
N
10 L 2000

L 1800
L 1600
L 11400
L 1200
L 1000
L 800
L 600
L 400

L 200

L -200

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 20 10 0 10

1 (ppm)

L 14000

—4.58

L 13000

L 12000

L 11000

L 10000

Bn £ 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

2.04=

L ~1000

T T
5 5.0 4.5 4.0
1 (ppm)

5103



XWQ-20191228-GYQ-VIT1-23-2/11 — CI13CPD Acetone {D:\2019-3} ZHL 44
COCANXNO -~ AN T S A
NnoMmunoaoSahngawm Iy
B = SN KRR NS K = 500
Frraadaadaaaaa=—%0 2 r
VN T heee————— I
k450
&
gi . k100
= Impurity L 100
k300
2
" Ph k350
. OH
Bn k200
11
L 300
k100
\l | k250
Lk
et i W W W o W -0
T T T T T T T T T T .
132130 128 126 124 122 120 118 116 114 112 [ 200
£1 (ppm)
k150
L 100
k50
’
L-50
T T T T T T 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 10 30 20 10 0 10
1 (ppm)
XWQ-20191228-GYQ-VIT1-23-2/21 — CI13CPD Acetone {D:\2019-3} ZIL 46
D0V " ANXANRN NN — 0
NnomonoaocSahma Y- 2
BN =S ANARRB R BN NS N *®
Fyyadddadaaaaa=—ge g k900
VN T heee————— I
k800
=~
a
Q . k400
a
) Impurity
k700
2 k300
" Ph
i, OH .
Bn k200 [- 600
11
100
L 500
n ekl Ll juku R M Lo
U i) AR L
T T T T T T T T T T [-400
132 130 128 126 124 122 120 118 116 114 112
1 (ppm)
k300
k200
L 100
0

T T T
200 190 180

T T T
170 130 120

T
110

T
100 90 80 70 60

1 (ppm)

5104



XWQ-20191228-GYQ-VIT1-23-3/10 — PROTON Acetone

L 19000

L 18000

L 17000

L 16000

L 15000

L 14000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

Lo

L ~1000

L 15000

L 14000

L 13000

L 12000

L 11000

L 10000

L 9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

1000

BEMAAnMRIddadsnt38RRBEBTHR a 3
L N e R A A N A N A S S S N N N S = RV VR e =V ) < -
NN A | ‘
)
=
% (CD3l2C0
Ph
O O blue LED R
NHEn RT Bn
1a 73% by 'HNMR b
a
=]
—— : ‘
11.0 10.5 10.0 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. 0.
f1 (ppm)
XWQ-20190412-GYQ-VI1-29-2/10 — H
N~ N = VOFTOoOWXWDDWOFTOoOIIWUM T —~A AN —~ —~
4338 mA835833ERRAARIT4ad588aT
R LBRBBSNENENNNNNNNNNNNNN NG GG O
N G Ny S NN
-
+/
M
|
3.
FzC7 "0 12
———— ————————— ‘ ‘
11.0 10.5 10.0 6.0 5.5 5.0 4.5 4.0 3.0 0.

5.
£1 (pi

pm)

5105




XWQ-20190412-GYQ-VIT-29-2/11 — C

o) — O NN O —=~0o>>S—
n R R R B B B A R B <
=3 LT —~SARRN XL NS =
° I I I s T S I S I e I I S s I I ;
I [N rrrr——————
SR
+/
M
|
j\ Bn
FiC o 12
rh A " ! ( { ' Ao iy 4 m |
I LT f WY VMM h
T T T T 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 40 30 20 10 10
1 (ppm)
XWQ-20200225-GYQ-VII /10 — F19CPD CDC13 {D:\2020-1} ZHL 1
(=3
*®
<
~
B
s
F3C
T T T T T T T T T T T T T T T T T T
72.8 0 4 -73.6 ~73.8 -74.0 -74.2 ~74.4 -74.6 ~-74.8 -75.0 -75.2 ~75.4 76.2 ~76.4 ~76.6 ~76.8 -77.0 -77.2 -77. 77.
£1 (ppm)

5106

L 800

L 700

L 650

L 600

L 400

L 300

L 200

L 150

L 100

L 17000

L 16000

L 15000

L 14000

L 13000

L 12000

L 11000

L 10000

L9000

L 8000

L 7000

L 6000

L 5000

L 4000

L 3000

L 2000

L 1000

L1000




8. OTEP Drawing of 6aa, 6ba, 6co

Figure S1 compound 6aa

Table 1 Crystal data and structure refinement for compound 6aa.

Identification code
Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

78

v/°

Volume/A3

YA

Peaicg/cm’

w/mm™

F(000)

Crystal size/mm’

Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [1>=20 (l)]
Final R indexes [all data]
Largest diff. peak/hole / e A

6aa

CZSHZSNOZ

407.49

296.(2)

monoclinic

P2./c

12.1612(13)

11.5968(12)

14.9705(14)

90

90.2700(5)

90

2111.3(4)

4

1.282

0.080

864.0

0.250 x 0.230 x 0.230
MoKa (A = 0.71073)

4.86 to 50.28
-14<h<13,-11<k<13,-16<1<17
14169

3732 [Rin; = 0.0692, Rgigma = 0.0822]
3732/0/280

1.014

R1=0.0602, wR, = 0.1274
R; =0.1296, wR, =0.1546
0.56/-0.24
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Figure S2 compound 6ba

Table 2 Crystal data and structure refinement for compound 6ba.

Identification code
Empirical formula

Formula weight
Temperature/K
Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 67.679
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on FA2

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

6ba

C31H23NO3

457.50

293(2)

1.54178 A
Monoclinic, P2(1)/n
a=14.9496(3) A
b=9.5237(2) A
c=17.4300(4) A
2303.64(9) A”3
4, 1.319 Mg/m*3

0.675 mm~-1

960

0.28 x0.24 x0.22 mm

3.337 t0 72.627 deg.

-18<=h<=18, -11<=k<=11, -21<=I<=21
25350 / 4535 [R(int) = 0.0736]

99.8 %

None

alpha =90 deg.
beta = 111.831(1) deg.
gamma = 90 deg.

Full-matrix least-squares on FA2
4535/0/317

1.068

R; =0.0490, wR, = 0.1288
R;=0.0848, wR, = 0.1590
0.0015(2)

0.203 and -0.221 e.A"-3
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Figure S3 compound 6co
Table 3 Crystal data and structure refinement for compound 6co.

Identification code 6co

Empirical formula CasH23NO;

Formula weight 405.47

Temperature/K 293(2)

Wavelength 1.54178 A

Crystal system, space group Monoclinic, P2(1)/n

Unit cell dimensions a=10.1842(6) A  alpha=90deg.

b=20.0153(11) A  beta =95.242(4) deg.
c=10.5231(6) A gamma =90 deg.

Volume 2136.1(2) A*3

Z, Calculated density 4, 1.261 Mg/m”3

Absorption coefficient 0.620 mmA~-1

F(000) 856

Crystal size 0.220 x 0.160 x 0.080 mm

Theta range for data collection 4.418 to 73.078 deg.

Limiting indices -12<=h<=12, -24<=k<=23, -12<=I<=12

Reflections collected / unique 17833 /4023 [R(int) = 0.1281]
Completeness to theta =67.679 96.3 %

Absorption correction None

Refinement method Full-matrix least-squares on FA2
Data / restraints / parameters 4023 /0/ 285

Goodness-of-fit on FA2 0.948

Final R indices [I>2sigma(l)] R: =0.0880, wR, =0.2222

R indices (all data) R;=0.2382, wR, = 0.3359
Extinction coefficient 0.0059(9)

Largest diff. peak and hole 0.200 and -0.264 e.AM-3
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