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1. General

Commercial reagents and solvents were obtained from the commercial providers and used without
further purification. The products were purified using a commercial flash chromatography system
or a regular glass column. TLC was developed on silica gel 60 F254 glass plates. 'H NMR (400
MHz or 500MHz) and 3C NMR (101 MHz or 126MHz) spectra were recorded on a Bruker NMR
apparatus. The chemical shifts are reported in 6 (ppm) values (‘H and 13C NMR relative to CHCls,
6 7.26 ppm for 'H NMR and & 77.0 ppm for 1*C NMR). Or alternatively, 'H NMR chemical shifts
were referenced to tetramethylsilane signal (0 ppm). Multiplicities are recorded by s (singlet), d
(doublet), t (triplet), q (quartet), p (pentet), h (hextet), m (multiplet) and br (broad). Coupling
constants (J), are reported in Hertz (Hz). GC analyses were performed using a Shimadzu GC-2010
ultra gas chromatography—mass spectrometry instrument equipped with a Shimadzu AOC-20s

autosampler.

2. Preparation of starting materials - cinnamic acid derivatives

(1) NaH (2.5 equiv)
Triethylphosphonoacetate (1.5 equiv) o

0°tort,1-3h
O (2) 1 M NaOH aq. (2 equiv), rt, 6- 24 h /f‘\OH

N

Ar R Ar R

General procedure A.l'l To a mixture solution of NaH (2.5 equiv, 60% dispersion in mineral) in
dry THF, triethylphosphonoacetate (1.5 equiv) was added dropwise before cooled the reaction
mixture in an ice bath. After 30 min, the corresponding aldehyde or ketone (1.0 equiv) was added
to the reaction mixture before agitated for 1-3 hours at room temperature. After the reaction was
completed, the reaction mixture was quenched with AcOH and water. THF was evaporated under
reduced pressure, and the residue was extracted with dichloromethane. The organic layer was dried
by solvent-switch with ethyl acetate. The crude product was purified by the column
chromatography on silica gel using petroleum ether and ethyl acetate (v/v, 10:1) as eluent yielding

compound 1.

Dissolve compound 1 in ethanol and 1M NaOH agq. (2.0 equiv), stir the solution for 6 to 24 h at

room temperature. After the reaction was completed, adjust the pH of the reaction mixture with
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2M HCI aq. to 1-2, then filter the mixture and wash the wet cake with water. Compound 2 was
obtained after dry in vacuum at 45 to 50 degrees centigrade. If necessary, purified compound 2

with the column chromatography on silica gel using petroleum ether and ethyl acetate as eluent.

(1) TiCl, (2.0 equiv), 0°C, 0.5 h O

0 (2) TEA (4.0 equiv), rt, 4 h R
: o, OH
R >Scoon + MU |

Ar H
Ar

General procedure B.[?1 To a stirred solution of benzaldehyde (1.5 equiv), the corresponding acids
(1.0 equiv) in dry THF was added TiCly (2.0 equiv) in an ice bath. The mixture was vigorously
stirred for 0.5 h, followed by adding dropwise Et;N (4.0 equiv). After being kept for an additional
4 h at room temperature, the reaction was quenched by adding water dropwise in an ice bath, and
the obtained mixture was extracted with CH,Cl,. The organic layer was concentrated to dryness
under reduced pressure. The obtained residue was purified by flash chromatography using

petroleum ether and ethyl acetate as eluent (v/v, 5:1) as the eluent to give the target product 2.

Compounds 1a, 1b, 1c¢, 1d, 1e, 1i, 1k, 11, 1m, 1o, 1p, 1q, 1s, 1t, 1ae, 1an, 1ao are commercially
available, used as obtained.

O

N OH

(E)-3-(4-(tert-butyl)phenyl)acrylic acid (1f).53! Prepared according to General Procedure A, white
solid, 78% yield, >99% of (E) isomer. 'H NMR (400 MHz, d6-DMSO): & 12.38 (s, 1H), 7.60 (d,
J=28.0Hz, 2H), 7.56 (d, J=16.2 Hz, 1H), 7.42 (d, J= 8.0 Hz, 2H), 6.47 (d, /= 16.0 Hz, 1H), 1.27
(s, 9H). °C NMR (101 MHz, d6-DMSO): 6 167.71, 153.11, 143.83, 131.52, 128.05, 125.73,
118.30, 34.59, 30.92.

J S o Re.
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(E)-3-(4-acetoxyphenyl)acrylic acid (1g).[*! Prepared according to General Procedure A, white
solid, 63% yield, >99% of (E) isomer. 'H NMR (400 MHz, d6-DMSO): 4 7.74 (d, /= 7.2 Hz, 2H),
7.59 (d, J=16.2 Hz, 1H), 7.17 (d, J = 7.2 Hz, 2H), 6.51 (d, J = 16.2 Hz, 1H), 2.28 (s, 3H). *3C
NMR (101 MHz, d6-DMSO): 6 169.07, 167.57, 151.82, 142.99, 131.93, 129.46, 122.38, 119.29,
20.89.

O

/@/\)J\OH
F5CO

(E)-3-(4-(trifluoromethoxy) phenyl) acrylic acid (1h).’! Prepared according to General Procedure
A, white solid, 79% yield, >99% of (E) isomer. 'H NMR (600 MHz, d6-DMSO): 5 12.53 (s, 1H),
7.83 (d, J=8.7 Hz, 2H), 7.61 (d, J=16.0 Hz, 1H), 7.38 (d, J = 8.2 Hz, 2H), 6.57 (d, J = 16.1 Hz,
1H). 'F NMR (565 MHz, d6-DMSO): § -56.81. 3C NMR (151 MHz, d6-DMSO): & 167.38,
149.31, 142.16, 133.61, 130.15, 121.25, 120.57, 120.00 (q, J = 257.2 Hz).

\OH

(E)-3-([1,1'-biphenyl]-4-yl)acrylic acid (1j).[] Prepared according to General Procedure A, white
solid, 75% yield, >99% of (E) isomer."H NMR (400 MHz, d6-DMSO):  7.79-7.70 (m, 6H), 7.64
(d, /=159 Hz, 1H), 7.47 (t, J= 7.2 Hz, 2H), 7.39 (t,J = 7.5 Hz, 1H), 6.59 (d, /= 15.9 Hz, 1H).
13C NMR (101 MHz, d6-DMSO): & 167.71, 143.31, 141.68, 139.26, 133.43, 129.05, 128.87,
127.95, 127.09, 126.71, 119.38.
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SO

(E)-3-(naphthalen-2-yl)acrylic acid (1r).I”!? Prepared according to General Procedure A, white
solid, 73% yield, >99% of (E) isomer. '"H NMR (600 MHz, d6-DMSO): & 12.50 (s, 1H), 8.15 (s,
1H), 7.92-7.85 (m, 4H), 7.77 (d, /= 15.9 Hz, 1H), 7.54 (d, J = 3.6 Hz, 2H), 6.68 (d, /= 16.0 Hz,
1H). BC NMR (151 MHz, d6-DMSO): § 167.68, 143.95, 133.72, 132.92, 131.89, 129.68, 128.53,
128.47,127.69, 127.25, 126.74, 123.95, 119.61.

O

(E)-3-(3-chloro-4-methylphenyl) acrylic acid (1u). Prepared according to General Procedure A,
white solid, 71% yield, >99% of (E) isomer. 'H NMR (400 MHz, d6-DMSO): 6 12.45 (s, 1H),
7.77 (s, 1H), 7.58-7.51 (m, 2H), 7.38 (d, /= 7.8 Hz, 1H), 6.56 (d, /= 16.1 Hz, 1H), 2.34 (s, 3H).
13C NMR (101 MHz, d6-DMSO): & 167.47, 142.36, 137.54, 134.03, 133.87, 131.62, 128.37,
126.72, 119.92, 19.58.

(E)-3-(4-chloro-3-(trifluoromethyl)phenyl)acrylic acid (1v).8] Prepared according to General
Procedure A, white solid, 73% yield, >99% of (E) isomer. 1H NMR (600 MHz, d6-DMSO):
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12.58 (s, 1H), 8.13 (s, 1H), 8.01 (d, J = 8.1 Hz, 1H), 7.72 (d, J = 8.3 Hz, 1H), 7.65 (d, = 16.1 Hz,
1H), 6.70 (d, J = 16.1 Hz, 1H). 19F NMR (565 MHz, d6-DMSO): § -61.40. 13C NMR (151 MHz,
d6-DMSO): § 167.63, 141.48, 134.55, 133.39, 132.53, 132.26, 128.08 (q, J = 5.2 Hz), 127.66 (q,
J=31.2 Hz), 123.09 (q, ] = 273.7 Hz), 122.52.

(E)-3-(3,4-dichlorophenyl)acrylic acid (1w).l”] Prepared according to General Procedure A, white
solid, 83% yield, >99% of (E) isomer. 'H NMR (600 MHz, d6-DMSO): & 12.54 (s, 1H), 8.01 (d,
J=19Hgz, 1H), 7.69 (dd, /= 8.4, 1.9 Hz, 1H), 7.64 (d, /= 8.4 Hz, 1H), 7.56 (d, J=16.0 Hz, 1H),
6.64 (d, J = 16.0 Hz, 1H). 3C NMR (151 MHz, d6-DMSO): 6 167.23, 141.22, 135.13, 132.38,
131.73,130.92, 129.96, 128.10, 121.58.

;@/\)J\OH

(E)-3-(3,4-dimethylphenyl)acrylic acid (1x).I] Prepared according to General Procedure A, white
solid, 81% yield, >99% of (E) isomer. '"H NMR (400 MHz, d6-DMSO): 6 12.33 (s, 1H), 7.51 (d,
J=15.9 Hz, 1H), 7.45 (s, IH), 7.38 (d, /= 7.6 Hz, 1H), 7.16 (d, J=7.6 Hz, 1H), 6.44 (d,J=15.9
Hz, 1H), 2.22 (s, 6H). 3C NMR (101 MHz, d6-DMSO): 6 167.78, 144.15, 139.03, 136.86, 131.83,
130.01, 129.14, 125.88, 117.87, 19.39, 19.28.
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OH

(E)-3-phenylbut-2-enoic acid (1y).[! Prepared according to General Procedure A, white solid, 66%
yield, >99% of (E) isomer. 'H NMR (400 MHz, d6-DMSO): 8 12.21 (s, 1H), 7.51-7.49 (m, 2H),
7.39-7.33 (m, 3H), 6.05 (s, 1H), 2.46 (s, 3H). 3C NMR (101 MHz, d6-DMSO): § 167.60, 153.83,
141.49, 129.13, 128.66, 126.22, 117.57, 17.29.

OH

(E)-3-phenylpent-2-enoic acid (1z).l'1 Prepared according to General Procedure A, white solid,
63% yield, >99% of (E) isomer. 'H NMR (400 MHz, d6-DMSO): & 12.25 (s, 1H), 7.51-7.49 (m,
2H), 7.43-7.38 (m, 3H), 5.96 (s, 1H), 3.05 (q, J = 7.7 Hz, 2H), 0.95 (q, J = 7.4 Hz, 3H). 13C NMR
(101 MHz, d6-DMSO): 8 167.22, 160.14, 140.28, 129.02, 128.74, 126.59, 117.30, 23.11, 13.55.

OH

(E)-3-cyclopropyl-3-phenylacrylic acid (1aa).l'! Prepared according to General Procedure A,
white solid, 33% yield, >99% of (E) isomer. 'H NMR (400 MHz, d6-DMSO): 6 12.22 (s, 1H),
7.33 (s, 3H), 7.16 (d, J= 6.9 Hz, 2H), 5.64 (s, 1H), 3.14-3.07 (m, 1H), 0.85-0.83 (m, 2H), 0.34 (m,
2H). 3C NMR (101 MHz, d6-DMSO): 6 167.54, 161.68, 138.35, 127.96, 127.87, 127.80, 119.25,
13.00, 6.51.
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3,3-Diphenylacrylic acid (1ac).['% Prepared according to General Procedure A, white solid, 67%
yield. 'H NMR (400 MHz, CDCl): § 11.52 (s, 1H), 7.37-7.20 (m, 10H), 6.31 (s, 1H). 3C NMR
(151 MHz, CDCls): 6 171.15, 158.99, 140.81, 138.36, 129.70, 129.23, 128.50, 128.42, 128.37,
127.89, 116.43.

CF; O
OH

(Z)-4,4 4-trifluoro-3-phenylbut-2-enoic acid (1ad).l'!! Prepared according to General Procedure
A, white solid, 72% yield, >99% of (Z) isomer. 'H NMR (400 MHz, d6-DMSO): 5 13.14 (s, 1H),
7.45-7.43 (m, 3H), 7.32-7.30 (m, 2H), 6.84 (d, J = 1.0 Hz, 1H). '°F NMR (377 MHz, d6-DMSO):
d -65.71. 3C NMR (101 MHz, d6-DMSO): 6 165.46, 137.44 (q, J = 30.4 Hz), 130.81, 129.42,
128.67, 128.50, 127.65 (q, J = 5.4 Hz), 122.95 (q, J = 274.1 Hz).

oHe

HO O

(Z)-2-benzylidenebutanoic acid (1af). Prepared according to General Procedure B, white solid,
78% yield, >99% of (Z) isomer. 'H NMR (600 MHz, d6-DMSO): 8 12.51 (s, 1H), 7.55 (s, 1H),

7.46-7.39 (m, 4H), 7.38-7.34 (m, 1H), 2.44 (q, J = 7.4 Hz, 2H), 1.10 (t, J = 7.4 Hz, 3H). *C NMR
(151 MHz, d6-DMSO): 3 168.93, 137.34, 135.33, 134.99, 129.03, 128.63, 128.42, 20.35, 13.64.
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HO™ O

(Z)-2-benzylidenepent-4-enoic acid (1ag). Prepared according to General Procedure B, white
solid, 71% yield, >99% of (Z) isomer. '"H NMR (600 MHz, d6-DMSO): & 12.57 (s, 1H), 7.72 (s,
1H), 7.42 (q,J=7.9 Hz, 4H), 7.36 (t,J = 6.7 Hz, 1H), 5.97-5.96 (m, 1H), 5.05-5.03 (m, 2H), 3.19

(d, J=5.4 Hz, 2H). 3C NMR (151 MHz, d6-DMSO): § 168.76, 139.10, 135.79, 135.05, 130.53,
129.12, 128.71, 128.57, 115.43, 31.19.

- Bn
(Z2)-2-benzyl-3-phenylacrylic acid (1ai). Prepared according to General Procedure B, white solid,
65% yield, >99% of (Z) isomer. '"H NMR (600 MHz, CDCl5): 6 12.3 (b, 1H), 8.05 (s, 1H), 7.40-
7.39 (m, 2H), 7.37-7.34 (m, 3H), 7.30 (t, J = 7.6 Hz, 2H), 7.23-7.20 (m, 3H), 3.96 (s, 2H). 1*C
NMR (101 MHz, CDCl;): § 173.48, 143.15, 139.06, 135.00, 129.77, 129.38, 129.15, 128.63,
128.59, 127.88, 126.20, 32.82.

e Ta

OH

(Z)-2-(4-chlorophenyl)-3-phenylacrylic acid (1aj).l'? Prepared according to General Procedure B,
white solid, 65% yield, >99% of (Z) isomer. '"H NMR (400 MHz, d6-DMSO): 6 12.86 (s, 1H),
7.80 (s, 1H), 7.43 (d, J= 7.7 Hz, 2H), 7.24-7.19 (m, 5H), 7.08 (d, /= 6.9 Hz, 2H). 13C NMR (101
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MHz, d6-DMSO): 6 168.03, 139.61, 135.19, 134.21, 132.36, 132.13, 131.58, 130.18, 129.20,
128.58, 128.43.

HO™ ~O
(E)-2-chloro-3-phenylacrylic acid (1ak).!'3] Prepared according to General Procedure B, white
solid, 85% yield, >99% of (Z) isomer. '"H NMR (600 MHz, d6-DMSO): 6 12.54 (s, 1H), 8.01 (d,

J=1.9 Hz, 1H), 7.72-7.60 (m, 2H), 7.56 (d, J=16.0 Hz, 1H), 6.64 (d, J=16.0 Hz, 1H). 3C NMR
(151 MHz, d6-DMSO): 6 167.23, 141.22, 135.13, 132.38, 131.73, 130.92, 129.96, 128.10, 121.58.

X
HO™ O
(E)-2- Bromo-3-phenylacrylic acid (1al).['3] Prepared according to General Procedure B, white
solid, 73% yield, >99% of (Z) isomer. '"H NMR (600 MHz, d6-DMSO): & 13.63 (s, 1H), 8.24 (s,

1H), 7.89 (dd, J="7.3, 2.1 Hz, 2H), 7.49-7.44 (m, 3H). 3C NMR (151 MHz, d6-DMSO): & 164.02,
140.02, 133.50, 130.19, 130.02, 128.52, 114.34.

O~ OH
(E)-3-phenyl-2-(trifluoromethyl)acrylic acid (1am).[?! Prepared according to General Procedure

B, white solid, 71% yield, >99% of (Z) isomer.. "H NMR (400 MHz, d6-DMSO): 4 13.78 (s, 1H),
8.18 (s, 1H), 7.43 (s, SH). F NMR (377 MHz, d6-DMSO): § -56.99. 13C NMR (101 MHz, d6-
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DMSO): & 163.98, 148.07, 148.04, 132.61, 130.09, 129.12, 129.10, 128.39, 122.32 (q, J = 30.8
Hz), 122.22 (q, J = 272.2 Hz).

3. Oxidative cyclization of cinnamic acid derivatives

R1

R, O Xanthone, 1 mol%
F-TEDA-BF,, 1.0 eq. X R2
TN Y OH ~ R
R R, HFIP(DCE, 0 to 20%), 0.2 M N

7 10 W LED, 400 nm

General procedure C. The specified o, B-unsaturated carbonyl compound (0.2 mmol, 1 equiv),
F-TEDA-BF,, photocatalyst Xanthone (1 mol %), and 1 mL HFIP (and DCE, 0 to 20%) were
charged in the tube, then the mixture was agitated under blue LED irradiation (400 nm, 10 W) at
room temperature. The reaction was monitored by GC-MS. After the reaction was completed,
HFIP was removed under reduced pressure. The crude product was purified by flash

chromatography using petroleum ether and ethyl acetate as eluent (v/v, 10:1).

Xanthone (1 mol%)
F-TEDA-BF, (2.0 equiv)

X 2
r11L OR HFIP, 0.2 M
=

10 W LED, 400 nm, 16-48 h

General procedure D. The specified cinnamic acid esters (0.2 mmol, 1 equiv), F-TEDA-BF,(2.0
equiv), photocatalyst Xanthone (1 mol %) and 1 mL HFIP were charged in the tube, then the
mixture was agitated under blue LED irradiation (400 nm, 10 W) at room temperature. The
reaction was monitored by GC-MS. After the reaction was completed, HFIP was removed under
reduced pressure. The crude product was purified by flash chromatography using petroleum ether

and ethyl acetate as eluent (v/v, 10:1).

T
F o O
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7-Fluoro-2H-chromen-2-one (3a).['4l Prepared according to General Procedure C, white solid, 72%
yield. 'H NMR (600 MHz, CDCly): & 7.68 (d, J = 9.5 Hz, 1H), 7.47 (m, 1H), 7.03-6.99 (m, 2H),
6.36 (d, J=9.5 Hz, 1H). 9F NMR (377 MHz, CDCly): § -105.11 (dd, J = 14.7, 8.5 Hz). 3C NMR
(101 MHz, CDCls): ¢ 164.32 (d, J = 252.2 Hz), 160.07, 155.08 (d, J = 13.0 Hz), 142.81, 129.38
(d,J=10.4 Hz), 115.43 (d,J = 2.9 Hz), 115.21 (d, J = 3.2 Hz), 112.40 (d, J = 22.6 Hz), 104.27 (d,
J=25.5 Hz).

OB
Cl O "0

7-Chloro-2H-chromen-2-one (3b).['3] Prepared according to General Procedure C, white solid,
73% yield. '"H NMR (400 MHz, CDCl3): 6 7.71 (d, J=9.6 Hz, 1H), 7.45 (d, /= 7.2 Hz, 1H), 7.32-
7.26 (m, 2H), 6.43 (d, J = 9.6 Hz, 1H). 3C NMR (101 MHz, CDCl;): 6 159.82, 154.22, 142.59,
137.67, 128.60, 124.93, 117.32, 117.07, 116.49.

J OB
Br o 0

7-Bromo-2H-chromen-2-one (3c¢).l'! Prepared according to General Procedure C, white solid,
71yield. 'TH NMR (400 MHz, CDCl;): 6 7.67 (d, J= 9.6 Hz, 1H), 7.46 (d, J = 1.4 Hz, 1H), 7.40-
7.32 (m, 2H), 6.42 (d, J = 9.6 Hz, 1H). 3C NMR (101 MHz, CDCls): 8 159.74, 154.16, 142.66,
128.73,127.77, 125.67, 120.03, 117.65, 116.75.

UL
O (@]
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2H-chromen-2-one (3d).!" Prepared according to General Procedure C, white solid, 75% yield. 'H
NMR (400 MHz, CDCLy): § 7.73 (d, J = 9.6 Hz, 1H), 7.55-7.48 (m, 2H), 7.32-7.26 (m, 2H), 6.43
(d, J = 9.6 Hz, 1H). 3C NMR (101 MHz, CDCl;): & 160.60, 153.86, 143.35, 131.68, 127.77,
124.29, 118.68, 116.65, 116.47.

OBt

o O

7-Methyl-2H-chromen-2-one (3e).[!! Prepared according to General Procedure C, white solid, 62%
yield. TH NMR (400 MHz, CDCly): § 7.67 (d, J = 9.6 Hz, 1H), 7.36 (d, J = 7.7 Hz, 1H), 7.12 (s,

1H), 7.09 (d, J= 7.7 Hz, 1H), 6.35 (d, J= 9.6 Hz, 1H), 2.4 (s, 3H). 3C NMR (101 MHz, CDCL):
5 161.04, 154.13, 143.33, 143.06, 127.48, 125.55, 117.00, 116.43, 115.40, 21.71.

X
o O

7-(Tert-butyl)-2H-chromen-2-one (3f).'] Prepared according to General Procedure C, white solid,
58% vyield. 'H NMR (600 MHz, CDCLy): § 7.67 (d, J = 9.4 Hz, 1H), 7.41 (d, J = 7.8 Hz, 1H), 7.33-
7.31 (m, 2H), 6.36 (d, J = 9.4 Hz, 1H), 1.34 (s, 9H). '3C NMR (151 MHz, CDCL): & 161.13,
156.33, 154.08, 143.14, 127.27, 121.91, 116.35, 115.68, 113.67, 31.02.

ISt
AcO o 0

2-Oxo0-2H-chromen-7-yl acetate (3g)[!7): Prepared according to General Procedure C, white solid,
69% yield. 'H NMR (400 MHz, CDCls): 6 7.67 (d, J=9.2 Hz, 1H), 7.46 (d, J= 7.2 Hz, 1H), 7.06
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(s, 1H), 7.01 (d, J = 7.2 Hz, 1H), 6.34 (d, J = 9.2 Hz, 1H), 2.30 (s, 3H). 3C NMR (151 MHz,
CDCLy): § 168.61, 160.21, 154.46, 152.98, 142.82, 128.51, 118.29, 116.52, 115.85, 110.24, 20.98.

L
F5CO o~ o

7-(Trifluoromethoxy)-2H-chromen-2-one (3h). Prepared according to General Procedure C, white
solid, 73% yield. 'H NMR (600 MHz, CDCl3): 6 7.71 (d, /= 9.4 Hz, 1H), 7.52 (d, /= 8.5 Hz, 1H),
7.16 (s, 1H), 7.13 (d, J= 8.5 Hz, 1H), 6.41 (d, J= 9.4 Hz, 1H). 'F NMR (565 MHz, CDCl3): & -
57.85. BC NMR (151 MHz, CDCly): 8 159.77, 154.62, 151.19, 142.45, 129.12, 120.12 (q, J =
259.1 Hz), 117.21, 116.74, 116.62, 109.11. HRMS (EI): calculated for C,oHsF;05: 230.0191;
found: 230.0190.

L
FsC o~ o

7-(Trifluoromethyl)-2H-chromen-2-one (3i).[!8] Prepared according to General Procedure C, white
solid, 56% yield. '"H NMR (600 MHz, CDCl;): 6 7.76 (d, J=9.6 Hz, 1H), 7.63 (d, /= 8.1 Hz, 1H)
,7.56 (s, 1H), 7.52 (d, J = 8.1 Hz, 1H), 6.54 (d, J= 9.6 Hz, 1H). '9F NMR (565 MHz, CDCl5): & -
62.93. 3C NMR (151 MHz, CDCl;): 8 159.51, 153.62, 142.18, 133.39 (q, J = 33.5 Hz), 128.59,
123.09 (q, J=272.1 Hz), 121.30, 120.97 (q, J = 3.6 Hz), 118.91, 114.25 (q, J = 3.8 Hz).

JO BN
Ph O 0
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7-Phenyl-2H-chromen-2-one (3j).["] Prepared according to General Procedure C, white solid, 58%
yield. 'TH NMR (400 MHz, CDCLy): § 7.73 (d, J= 9.3 Hz, 1H), 7.62 (d, J = 7.2 Hz, 2H), 7.54-7.40
(m, 6H), 6.43 (d, J=9.3 Hz, 1H). 3C NMR (101 MHz, CDCls): 6 160.85, 154.41, 144.98, 143.09,
139.08, 129.05, 128.50, 128.11, 127.18, 123.29, 117.73, 116.25, 114.99.

m
OHC (@] @]

2-Ox0-2H-chromene-7-carbaldehyde (3K).[2%! Prepared according to General Procedure C, white
solid, 44% yield. "H NMR (400 MHz, CDCl;): 6 10.08 (s, 1H), 7.81-7.76 (m, 3H), 7.66 (d, J= 7.8
Hz, 1H), 6.57 (d,J=9.6 Hz, 1H). 3C NMR (101 MHz, CDCls): 6 190.58, 159.77, 154.16, 142.34,
138.31, 128.73, 124.51, 123.29, 119.45, 118.15.

X

o O

5-Methyl-2H-chromen-2-one (31).[2!] Prepared according to General Procedure C, white solid, 58%
yield. "H NMR (400 MHz, CDCly): § 7.68 (d, J = 9.6 Hz, 1H), 7.35-7.26 (m, 2H), 7.14 (t, J= 7.3
Hz, 1H), 6.38 (d, J = 9.6 Hz, 1H), 2.41 (s, 3H). 13C NMR (101 MHz, CDCls): § 160.84, 152.19,
143.70, 133.00, 126.07, 125.47, 123.85, 118.39, 116.06, 15.20.

L
o O
5-(Trifluoromethyl)-2H-chromen-2-one (3m). Prepared according to General Procedure C, white

solid, 63% yield. '"H NMR (400 MHz, CDCl;): 3 8.01 (d, J=9.7 Hz, 1H), 7.60-7.52 (m, 3H), 6.56
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(d,J=9.6 Hz, 1H). 19F NMR (565 MHz, CDCl5): 5 -58.67. 3C NMR (151 MHz, CDCl;): § 158.97,
154.78, 138.79 (d, /= 2.2 Hz), 131.07, 127.29 (q, J = 33.5 Hz), 123.25 (q, J/ = 273.5 Hz), 121.94
(q,/=3.8 Hz), 121.09, 118.46, 115.77. HRMS (EI): calculated for C;,HsF;0,: 214.0242; found:
214.0245.

CF;
X
sel
4-Methyl-5-(trifluoromethyl)-2H-chromen-2-one (3n). Prepared according to General Procedure
C, white solid, 71% yield. "H NMR (600 MHz, CDCls): 6 7.81 (d, J= 8.0 Hz, 2H), 7.38 (t, /= 7.8
Hz, 1H), 6.36 (s, 1H), 2.47 (s, 3H). ’F NMR (565 MHz, CDCl;): 6 -61.72. 3C NMR (151 MHz,
CDCly): 6 158.55, 151.64, 150.79, 128.92 (q, J = 4.9 Hz), 128.50, 123.47, 122.48 (q, J = 273.3

Hz), 120.85, 118.62 (q, J = 31.7 Hz), 115.87, 18.87. HRMS (EI): calculated for C;;H;F;0,:
228.0398; found: 228.0397.

G

O o~ o

6H-[1,3]dioxolo[4,5-g]chromen-6-one (30).[2?] Prepared according to General Procedure C, white
solid, 46% yield. '"H NMR (400 MHz, CDCl;): 6 7.58 (d, J= 9.5 Hz, 1H), 6.83 (s, 2H), 6.28 (d, J

= 9.5 Hz, 1H), 6.07 (s, 2H). 3C NMR (101 MHz, CDCl): § 161.20, 151.25, 144.88, 143.46,
113.37, 112.66, 105.00, 102.33, 98.38.
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8-Methyl-6H-[1,3]dioxolo[4,5-g]chromen-6-one  (3p).[*?l Prepared according to General
Procedure C, white solid, 48% yield. 'H NMR (600 MHz, CDCls): 4 6.94 (s, 1H), 6.80 (s, 1H),
6.15 (s, 1H), 6.06 (s, 2H), 2.35 (s, 3H). 3C NMR (151 MHz, CDCly): 8 161.20, 152.40, 150.91,
150.49, 144.86, 113.77, 112.16, 102.27, 102.05, 98.29, 19.10.

OO .

o 0
3H-benzo[f]chromen-3-one (3q).['3] Prepared according to General Procedure C, white solid, 44%
yield. "H NMR (600 MHz, CDCLy): & 8.49 (d, J = 9.4 Hz, 1H), 8.22 (d,J= 7.7 Hz, 1H), 7.98 (d,J
— 7.7 Hz, 1H), 7.91 (d, J = 7.7 Hz, 1H), 7.69-7.57 (m, 2H), 7.46 (d, J = 8.0 Hz, 1H), 6.58 (d, J =
9.4 Hz, 1H). 3C NMR (151 MHz, CDCls): 8 160.90, 153.82, 139.09, 133.09, 130.22, 128.97,
128.95, 128.25, 126.02, 121.31, 117.03, 115.61, 112.93.

O
LY

2H-benzo[g]chromen-2-one (3r).[1*] Prepared according to General Procedure C, white solid, 67%
yield. "H NMR (600 MHz, CDCLy):  8.51 (dt, J = 6.9, 2.2 Hz, 1H), 7.85 (d, J = 6.9 Hz, 1H), 7.80

(d, J=9.2 Hz, 1H), 7.66 (d, J = 8.6 Hz, 1H), 7.62 (dt, J = 6.8, 2.6 Hz, 2H), 7.43(d, J = 8.4 Hz,

1H), 6.50 (d, J = 9.4 Hz, 1H). 13C NMR (151 MHz, CDCL): & 160.89, 151.22, 144.14, 134.75,

128.65, 127.73, 127.12, 124.38, 123.50, 122.97, 122.22, 115.85, 114.18.
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L

O O
6-Chloro-2H-chromen-2-one (3s).['3] Prepared according to General Procedure C, white solid, 56%
yield. TH NMR (400 MHz, CDCLy): 8 7.68 (d, J = 9.6 Hz, 1H), 7.48-7.47 (m, 2H), 7.28-7.26 (m,

1H), 6.49 (d, J = 9.6 Hz, 1H). 3C NMR (101 MHz, CDCl3): 6 159.89, 152.31, 142.13, 131.62,
129.55, 127.03, 119.72, 118.17, 117.72.

0.__.0O

¥
8-Chloro-2H-chromen-2-one (3s”).['3] Prepared according to General Procedure C, white solid,
13% yield. 3s / 3s' =1/ 0.18 in GCMS. 'H NMR (400 MHz, CDCl5): 6 7.70 (d, J= 9.6 Hz, 1H),
7.60 (d, J= 7.8 Hz, 1H), 7.40 (d, J = 7.8 Hz, 1H), 7.23 (t, J = 7.9 Hz, 1H), 6.47 (d, J = 9.6 Hz,

1H). 3C NMR (101 MHz, CDCl;): & 159.51, 149.72, 143.08, 132.24, 126.33, 124.62, 121.77,
120.07, 117.35.

Cl N

6-Chloro-7-fluoro-2H-chromen-2-one (3t). Prepared according to General Procedure C, white
solid, 61% yield. 'H NMR (400 MHz, CDCls): 6 7.63 (d, J=9.6 Hz, 1H), 7.55 (d, /= 7.5 Hz, 1H),
7.14 (d, J= 8.9 Hz, 1H), 6.42 (d, J= 9.6 Hz, 1H). '°F NMR (377 MHz, CDCl;) 6 -106.77 (t, J =
8.5 Hz). BC NMR (101 MHz, CDCl;) 6 159.49, 159.47 (d, J=256.7 Hz), 153.31 (d, /= 11.4 Hz),
141.76 (d, J = 1.3 Hz), 128.92 (d, /= 1.3 Hz), 117.68 (d, J = 19.1 Hz), 116.63 (d, J = 3.1 Hz),

116.08 (d, J=3.4 Hz), 105.71 (d, J= 15.2 Hz). HRMS (EI): calculated for CoH4CIFO,: 197.9884;
found: 197.9888.
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PO\

O 0
6-Chloro-7-methyl-2H-chromen-2-one (3u).['8] Prepared according to General Procedure C, white
solid, 47% yield. 'H NMR (400 MHz, CDCly): 8 7.61 (d, J = 9.6 Hz, 1H), 7.45 (s, 1H), 7.19 (s,

1H), 6.39 (d,J=9.6 Hz, 1H), 2.44 (s, 3H). 3C NMR (101 MHz, CDCl;): § 160.36, 152.31, 142.14,
140.69, 130.09, 127.23, 118.79, 117.75, 116.70, 20.63.

0._0O

=
8-Chloro-7-methyl-2H-chromen-2-one (3u’). Prepared according to General Procedure C, white
solid, 19% yield. 3u/3u' =1/ 0.44 (determined by GC-MS). '"H NMR (400 MHz, CDCl;): 6 7.68
(d, J=9.5 Hz, 1H), 7.30 (d, J = 7.8 Hz, 1H), 7.18 (d, /= 7.8 Hz, 1H), 6.41 (d, J= 9.5 Hz, 1H),

2.50 (s, 3H). 3C NMR (101 MHz, CDCLy): § 159.92, 149.84, 143.19, 141.01, 126.17, 125.24,
121.60, 117.79, 115.93, 20.53. HRMS (EI): calculated for C1oH,ClO5: 194.0135; found: 194.0142.

Cl O 0
7-Chloro-6-(trifluoromethyl)-2H-chromen-2-one (3v). Prepared according to General Procedure
C, white solid, 46% yield. "H NMR (600 MHz, CDCls): 6 7.83 (s, 1H), 7.72 (d, /= 9.6 Hz, 1H),
7.48 (s, 1H), 6.51 (d,J=9.6 Hz, 1H). ’F NMR (565 MHz, CDCl;): 4 -62.15. 3C NMR (151 MHz,

CDCLy): 5 158.81, 155.75, 141.89, 135.52, 127.18 (q, J = 5.0 Hz), 124.91 (q, J = 32.3 Hz), 122.19
(q,J=272.4 Hz), 119.99, 119.48, 118.01, 117.02.
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CF;
Cl 0._0

=

7-Chloro-8-(trifluoromethyl)-2H-chromen-2-one (3v”). Prepared according to General Procedure
C, white solid, 19% yield. 3v/3v'=1/0.41 in GCMS. 'H NMR (600 MHz, CDCl3): & 7.71 (d, J
= 9.6 Hz, 1H), 7.57 (d, J = 8.3 Hz, 1H), 7.41 (d, J = 8.3 Hz, 1H), 6.49 (d, J = 9.6 Hz, 1H). !°F
NMR (565 MHz, CDCl;): & -55.43. 3C NMR (151 MHz, CDCl;): 8 158.00, 152.64, 142.37,
136.78, 131.30, 127.44, 122.03 (q, J=276.7 Hz), 118.25, 117.15, 116.92 (q, J = 31.6 Hz). HRMS
(ED): calculated for C,(H4CIF;0,: 247.9852; found: 247.9858.

PG
Cl O 0
6,7-Dichloro-2H-chromen-2-one (3w).[!3] Prepared according to General Procedure C, white solid,

49% yield. 1H NMR (600 MHz, CDCI3) § 7.62 (d, J = 9.6 Hz, 1H), 7.57 (s, 1H), 7.4 (s, 1H), 6.45
(d, J = 9.6 Hz, 1H). '3C NMR (151 MHz, CDCls): § 159.28, 152.30, 141.54, 135.89, 128.45,

128.39, 118.80, 118.39, 117.75.

Cl
Cl 0._0
=

7, 8-Dichloro-2H-chromen-2-one (3w’). Prepared according to General Procedure C, white solid,
21% yield. 3w /3w'=1/0.45 in GCMS. '"H NMR (600 MHz, CDCl3): 8 7.68 (d, J=9.6 Hz, 1H),
7.39 (d, J=8.4 Hz, 1H), 7.34 (d, J = 8.4 Hz, 1H), 6.46 (d, J= 9.6 Hz, 1H). 3C NMR (151 MHz,
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CDCls): 6 158.98, 150.77, 142.58, 136.71, 12591, 125.65, 121.17, 118.28, 116.95. HRMS (EI):
calculated for CoH4Cl1,0,: 213.9588; found: 213.9593.

T

o O

6,7-Dimethyl-2H-chromen-2-one (3x).['8] Prepared according to General Procedure C, white solid,
33% yield. 'H NMR (600 MHz, CDCls): 8 7.63 (d, J = 9.4 Hz, 1H), 7.21 (s, 1H), 7.11 (s, 1H),

6.33 (d,J=9.4 Hz, 1H), 2.34 (s, 3H), 2.29(s, 3H). *C NMR (151 MHz, CDCls): & 161.35, 152.45,
143.31, 141.90, 133.13, 127.87, 117.38, 116.58, 115.41, 20.31, 19.14.

0._0

=

7, 8-Dimethyl-2H-chromen-2-one (3x”). Prepared according to General Procedure C, white solid,
18% yield. 3x / 3x' =1/ 0.53 in GCMS. 'H NMR (600 MHz, CDCly): 6 7.67 (d, J = 9.4 Hz, 1H),
7.22 (d, J=7.9 Hz, 1H), 7.09 (d, J= 7.9 Hz, 1H), 6.35 (d, J = 9.4 Hz, 1H), 2.39 (s, 3H), 2.37 (s,
3H). 3C NMR (151 MHz, CDCly): 8 161.45, 152.24, 143.97, 141.67, 125.86, 124.66, 116.62,
114.95,20.41, 11.36. HRMS (EI): calculated for C;1H;00,: 285.9491; found: 285.9485.

X

o O

4-Methyl-2H-chromen-2-one (3y).[!! Prepared according to General Procedure C, white solid, 68%
yield. "H NMR (400 MHz, CDCl;): 6 7.59 (d, J=9.6 Hz, 1H), 7.50 (t, /= 7.6 Hz, 1H), 7.29 (d, J
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=7.2 Hz, 2H), 6.26 (s, 1H), 2.42 (s, 3H). 13C NMR (101 MHz, CDCls): § 160.57, 153.29, 152.27,
131.58, 124.44, 124.07, 119.76, 116.81, 114.86, 18.45.

X

o O

4-Ethyl-2H-chromen-2-one (3z).['! Prepared according to General Procedure C, white solid, 67%
yield. "H NMR (400 MHz, CDCI13): 4 7.64 (d, J=9.6 Hz, 1H), 7.50 (dt,J=7.7, 1.2 Hz, 1H), 7.32-
7.26 (m, 2H), 6.28 (s, 1H), 2.84-2.78 (q, J = 7.2 Hz, 2H), 1.32 (t, J= 7.4 Hz, 3H). 3C NMR (151
MHz, CDCls): 6 161.02, 157.27, 153.48, 131.45, 124.07, 124.01, 119.18, 117.11, 112.88, 24.50,
11.93.

X

o 0

4-Cyclopropyl-2H-chromen-2-one (3aa).[!! Prepared according to General Procedure C, white
solid, 62% yield from 1aa or 1aa’ in similar reaction proceed. 'H NMR (600 MHz, CDCl;): 6 7.92
(d, J=17.8 Hz, 1H), 7.53 (t, J = 7.8 Hz, 1H), 7.33-7.30 (m, 2H), 6.05 (s, 1H), 2.13-2.08 (m, 1H),
1.19-1.13 (m, 2H), 0.85-0.83 (m, 2H). '*C NMR (151 MHz, CDCLy): 3 161.36, 157.61, 153.35,
131.58, 124.61, 124.09, 120.14, 117.03, 110.29, 11.93, 7.99.
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X

o 0

4-Butyl-2H-chromen-2-one (3ab).!?3] Prepared according to General Procedure C, white solid, 63%
yield. TH NMR (600 MHz, CDCly): § 7.61 (d, J = 7.7 Hz, 1H), 7.48 (t, J = 8.1 Hz, 1H), 7.30-7.25
(m, 2H), 6.24 (s, 1H), 2.74 (t, J = 7.6 Hz, 2H), 1.68-1.63 (m, 2H), 1.47-1.41 (m, 2H), 0.95 (t,J =
7.3 Hz, 2H). 3C NMR (151 MHz, CDCls): 4 160.89, 156.21, 153.63, 131.46, 124.22, 124.04,
119.21, 117.16, 113.74, 31.32, 30.08, 22.43, 13.71.

e

O 0
4-Phenyl-2H-chromen-2-one (3ac).[*?! Prepared according to General Procedure C, white solid,
58% yield. "H NMR (400 MHz, CDCls): 8 7.57-7.39 (m, 8H), 7.23 (t, J = 7.7 Hz, 1H), 6.37 (s,

1H). 3C NMR (101 MHz, CDCl;): § 160.69, 155.61, 154.11, 135.12, 131.87, 129.64, 128.82,
128.38, 126.95, 124.12, 118.90, 117.25, 115.11.

CL
O O
4-(Trifluoromethyl)-2H-chromen-2-one (3ad). Prepared according to General Procedure C, white

solid, 88% yield. 'H NMR (600 MHz, CDCls): § 7.73 (d, J = 8.4 Hz, 1H), 7.62 (t, J= 7.9 Hz, 1H),
7.40 (d, J = 8.4 Hz, 1H), 7.36 (t, J = 7.9 Hz, 1H), 6.78 (s, IH). '9F NMR (565 MHz, CDCls): & -
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64.72 (s, 3F). 13C NMR (151 MHz, CDCly): & 158.76, 154.21, 141.43 (q, J = 32.9 Hz), 133.03,
125.26 (q, J = 2.3 Hz), 125.03, 121.34 (q, J = 275.4 Hz), 117.59, 116.01(q, J = 5.7 Hz), 113.49.

L

o O
3-Methyl-2H-chromen-2-one (3ae).[?*] Prepared according to General Procedure C, white solid,
68% yield. 'H NMR (400 MHz, CDCly): & 7.51 (s, 1H), 7.45-7.41 (m, 2H), 7.30-7.23 (m, 2H),

2.21 (s, 3H). 3C NMR (101 MHz, CDCl;): 8 162.07, 153.10, 139.12, 130.32, 126.85, 125.65,
124.15, 119.45, 116.27, 17.03.

CL

o 0
3-Ethyl-2H-chromen-2-one (3af).[?*] Prepared according to General Procedure C, white solid, 68%
yield. '"H NMR (600 MHz, CDCl;): 8 7.46 (s, 1H), 7.43 (t, /= 8.9 Hz, 2H), 7.28 (d, J = 8.2 Hz,
1H), 7.23 (t, J = 7.5 Hz, 1H), 2.58 (q, J = 7.4 Hz, 2H), 1.24 (t, J = 7.4 Hz, 3H). 3C NMR (151

MHz, CDCl;): & 161.74, 152.90, 137.43, 131.16, 130.36, 127.07, 124.15, 119.51, 116.27, 23.78,
12.18.

oL~
o 0
3-Allyl-2H-chromen-2-one (3ag).!?’! Prepared according to General Procedure C, white solid, 41%

yield. "H NMR (400 MHz, CDCLy): 5 7.51 (s, 1H), 7.47 (dd, J = 15.8, 8.1 Hz, 2H), 7.32 (d, /= 8.2
Hz, 1H), 7.26 (t, J = 7.1 Hz, 1H), 5.98 (dt, J = 16.8, 7.0 Hz, 1H), 5.25 (d, J= 5.2 Hz, 1H), 5.21 (s,
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1H), 3.33 (d, J = 6.5 Hz, 2H). 13C NMR (151 MHz, CDCLy): § 161.54, 153.04, 138.88, 133.72,
130.69, 127.94, 127.23, 124.26, 119.38, 118.15, 116.38, 34.48.

3-Benzyl-2H-chromen-2-one (3ai).[?%] Prepared according to General Procedure C, white solid,
65% yield. 'H NMR (400 MHz, CDCLy): 8 7.44 (t,J = 7.5 Hz, 1H), 7.36-7.26 (m, 8H), 7.20 (t, J =
7.5 Hz, 1H), 3.88 (s, 2H). *C NMR (101 MHz, CDCl): 6 161.61, 152.99, 139.20, 137.58, 130.72,
129.33, 128.71, 127.32, 126.78, 124.21, 119.34, 116.34, 36.49.

3-(4-Chlorophenyl)-2H-chromen-2-one (3aj).l?”} Prepared according to General Procedure C,
white solid, 63% yield. 'H NMR (600 MHz, CDCLs): 8 7.81 (s, 1H), 7.66 (d, J= 8.3 Hz, 2H), 7.55-
7.53 (m, 2H), 7.41 (d, J= 8.3 Hz, 2H), 7.36 (d, J = 8.4 Hz, 1H), 7.32 (d, J= 7.5 Hz, 1H). 3C NMR
(151 MHz, CDCly): 6 160.31, 153.46, 139.92, 134.85, 133.01, 131.64, 129.79, 128.63, 127.95,
127.04, 124.59, 119.41, 116.45.

o O
3-Chloro-2H-chromen-2-one (3ak).[?8] Prepared according to General Procedure C, white solid,

73% yield. "H NMR (600 MHz, CDCls): § 7.89 (s, 1H), 7.56 (t, J = 7.8 Hz, 1H), 7.48 (d, J = 7.7
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Hz, 1H), 7.34 (m, 2H). 13C NMR (151 MHz, CDCLy): § 157.22, 152.54, 140.05, 131.84, 127.23,
125.01, 122.17, 118.69, 116.64.

3-Bromo-2H-chromen-2-one (3al).[?8! Prepared according to General Procedure C, white solid,
72% yield. 'H NMR (600 MHz, CDCLy): 5 8.08 (s, 1H), 7.54 (t, J = 7.8 Hz, 1H), 7.45 (d,J = 7.5
Hz, 1H), 7.29 (t,J=7.7 Hz, 2H). 3C NMR (151 MHz, CDCl;): § 156.96, 153.01, 144.36, 132.01,
127.09, 124.92, 119.17, 116.64, 111.65.

3-(Trifluoromethyl)-2H-chromen-2-one (3am).[*’! Prepared according to General Procedure C,
white solid, 91% yield. '"H NMR (400 MHz, CDCly): § 8.17 (s, 1H), 7.69-7.62 (m, 2H), 7.39-7.35
(m, 2H). '°F NMR (377 MHz, CDCly): 8 -66.17 (s, 3F). 3C NMR (101 MHz, CDCl;): § 155.87,
154.50, 143.43 (q, J = 4.9 Hz), 134.43, 129.51, 125.27, 121.30 (q, J = 272.6 Hz), 117.45 (q, J =
33.2 Hz), 116.83, 116.67.

"
Dimethyl 1-phenylnaphthalene-2,3-dicarboxylate (5a).3%1 Prepared according to General

Procedure D, white solid, 64% yield. '"H NMR (400 MHz, CDCl5): 6 8.61 (s, 1H), 7.98 (d, J = 7.7
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MHz), 7.58-7.56 (m, 2H), 7.52-7.45 (m, 4H), 7.37-7.35 (m, 2H), 3.96 (s, 3H), 3.60 (s, 3H). 1*C
NMR (101 MHz, CDCls): & 169.15, 166.16, 138.58, 136.52, 133.99, 132.27, 131.35, 131.04,
130.10, 129.22, 128.90, 127.91, 127.39, 126.85, 124.32, 52.47, 51.99.

@)

Y
O
Cl
o

Cl

Dimethyl 7-chloro-1-(4-chlorophenyl)naphthalene-2,3-dicarboxylate (5b). Prepared according to
General Procedure D, white solid, 55% yield. '"H NMR (600 MHz, CDCly): 6 8.58 (s, 1H), 7.92
(d, J=8.5Hz, 1H), 7.52 (d, J= 8.5 Hz, 1H), 7.46 (s, 3H), 7.30 — 7.24 (m, 2H), 3.95 (s, 3H), 3.63
(s, 3H). BC NMR (151 MHz, CDCl3): 8 168.69, 165.72, 136.50, 135.58, 134.56, 134.52, 134.18,
132.30, 131.48, 131.45, 130.90, 130.53, 128.68, 128.54, 125.49, 124.61, 52.71, 52.33.

O

Uy
(0]
Br
<

Dimethyl 7-%rrom0-l-(4-bromophenyl)naphthalene-2,3-dicarboxylate (5¢). Prepared according to
General Procedure D, white solid, 53% yield. '"H NMR (600 MHz, CDCl;): 6 8.58 (s, 1H), 7.85
(d, J=8.6 Hz, 1H), 7.67 (d, J = 8.6 Hz, 1H), 7.66 — 7.58 (m, 3H), 7.21 (d, J = 8.0 Hz, 2H), 3.96
(s, 3H), 3.63 (s, 3H). 3C NMR (151 MHz, CDCls): & 168.66, 165.73, 136.43, 134.80, 134.64,

132.35, 132.23, 131.79, 131.57, 131.51, 131.25, 130.89, 130.75, 130.09, 128.77, 124.75, 124.15,
122.80, 52.74, 52.37.
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OCF,

Dimethyl 7-(trifluoromethoxy)-1-(4-(trifluoromethoxy)phenyl)naphthalene-2,3-dicarboxylate
(5d). Prepared according to General Procedure D, white solid, 44% yield. 1H NMR (399 MHz,
CDCl,): 6 8.65 (s, 1H), 8.06 (d, J=9.0 Hz, 1H), 7.51 — 7.46 (m, 1H), 7.40 — 7.33 (m, 4H), 7.30 (s,
1H), 3.97 (s, 3H), 3.61 (s, 3H). 19F NMR (376 MHz, CDCl;): 6 -57.74 (s, 3F), -57.86 (s, 3F). 13C
NMR (100 MHz, CDCl;): 6 168.6, 165.7, 149.4, 149.4, 137.0, 134.6, 134.3, 132.7, 131.7, 131.5,
130.6, 125.0, 121.8, 121.6, 121.5, 120.6, 119.2, 119.1, 117.0, 52.8, 52.3.

Sh
Diethyl 1-phenylnaphthalene-2,3-dicarboxylate (Se). Prepared according to General Procedure D,
white solid, 40% yield. "H NMR (399 MHz, CDCl;): 6 8.60 (s, 1H), 7.99 (d, J=7.9 Hz, 1H),
7.63 —7.42 (m, 6H), 7.36 (d, J= 5.4 Hz, 2H), 4.42 (q, /= 7.0 Hz, 2H), 4.05 (q, /= 7.0 Hz, 2H),
1.42 (t, J=7.1 Hz, 3H), 0.98 (t, /= 7.1 Hz, 3H). '*C NMR (100 MHz, CDCl;): 4 168.7, 165.9,

138.5, 136.7, 134.0, 132.3, 131.3, 131.2, 130.3, 129.2, 128.8, 127.9, 127.4, 126.9, 124.9, 61.5,
61.1,14.2, 13.6.
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Diethyl 7-fluoro-1-(4-fluorophenyl)naphthalene-2,3-dicarboxylate (5f). Prepared according to
General Procedure D, white solid, 56% yield. 'H NMR (500 MHz, CDCl;): § 8.61 (s, 1H), 8.00
(dd, J=9.0, 5.7 Hz, 1H), 7.38 — 7.30 (m, 3H), 7.20 — 7.15 (m, 2H), 7.11 (dd, J = 10.6, 2.2 Hz,
1H), 4.42 (q,J=7.1 Hz, 2H), 4.09 (q, /= 7.2 Hz, 2H), 1.41 (t,J= 7.1 Hz, 3H), 1.03 (t,J= 7.2 Hz,
3H). ’F NMR (376 MHz, CDCl;): 6 -108.02 — -108.12 (m, 1F), -113.40 — -113.50 (m, 1F). 13C
NMR (100 MHz, CDCl;): 6 168.4, 165.5, 162.7 (d, J=247.5 Hz), 162.5 (d, J = 250.3 Hz), 136.8,
136.7, 135.6, 135.5, 132.5, 132.1, 132.0, 131.4, 129.3, 124.3,24.3, 118.0 (d, J = 25.6 Hz), 115.2
(d, J=21.5Hz), 110.4 (d, J=22.5 Hz), 61.6, 61.3, 14.2, 13.7.
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CF3

Diethyl 7-(trifluoromethyl)-1-(4-(trifluoromethyl)phenyl)naphthalene-2,3-dicarboxylate  (5g).
Prepared according to General Procedure D, white solid, 14% yield. "H NMR (500 MHz, CDCls):
0 8.68 (s, 1H), 8.16 (d, J=8.6 Hz, 1H), 7.82 — 7.73 (m, 4H), 7.50 (d, /= 8.0 Hz, 2H), 4.44 (q, J =
7.1 Hz, 2H), 4.07 (q, J= 7.1 Hz, 2H), 1.43 (t, J= 7.2 Hz, 3H), 0.98 (t,J = 7.1 Hz, 3H). F NMR
(376 MHz, CDCl;): 6 -62.73 (s, 3F), -62.76 (s, 3F). 13C NMR (100 MHz, CDCl;): 6 167.8, 165.2,
139.5, 137.9, 133.6, 132.8, 132.6, 131.5, 131.4, 131.0, 130.8, 130.6, 130.4, 127.2, 125.3, 124.0,
123.9,123.4,77.3, 62.0, 61.5, 14.2, 13.5.
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4. Additional information for optimization of conditions

Table S1. Screening solvents and photocatalysts of cyclization of 3a with 1a.?

O
/@/E\)J\OH conditions /@fi
F F O (e}
1a 3a
CrLC ‘*

fac-Ir{(ppy)s [Ru(bpy)s]Cl2

clo, 9H- quoren 9-one Anthracene 9,10-dione Phenanthrenequmone
Acridinium dye
)@E f e
Iy ‘fio
H "
OH

i i
2- Chlorothloxanthen 9-one Xanthone 4,4'-Bis(diethylamino)benzophenone  (-)-riboflavin

Entry  Photocatalyst Solvent F-TEDA-BF;  Yield(%)®
1 a, 1 mol% HFIP, 0.2 M 1.5 equiv 20h, 2%°
2 b, 1 mol% HFIP, 0.2 M 1.5 equiv 20h, 3%°
3 ¢, 1 mol% HFIP, 0.2 M 1.5 equiv 20h, 57%°¢
4 d, 5 mol% HFIP, 0.2 M 1.5 equiv 20h, 0%?
5 e, 5 mol% HFIP, 0.2 M 1.5 equiv 20h, 30%°
6 f, 5 mol% HFIP, 0.2 M 1.5 equiv 20h, 5%°
7 g, 5 mol% HFIP, 0.2 M 1.5 equiv 20h, 68%
8 h, 5 mol% HFIP, 0.2 M 1.5 equiv 20h, 70%
75% on 1 mmol
scale
9 i, 5 mol% HFIP, 0.2 M 1.5 equiv 20h, 14%°
10 j, S mol% HFIP, 0.2 M 1.5 equiv 20h, 4%°
11 h, 5 mol% HFIP/DCE(1/1), 0.2 M 1.5 equiv 40h, 65%
12 h, 5 mol% HFIP/H,O(1/1), 0.2 M 1.5 equiv 20h, 34%4
13 h, 5 mol% HFIP/MeCN(1/1), 0.2 M 1.5 equiv 20h, 0%°
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14 h, 5 mol% MeOH/ACN(1/1), 0.2 M 1.5 equiv 20h, 0%:®

15 h, 5 mol% DMF, 0.2 M 1.5 equiv 20h, 0%9
16 h, 5 mol% Dioxane, 0.2 M 1.5 equiv 20h, 0%9
17 h, 5 mol% DCM, 0.2 M 1.5 equiv 44h, 54%:°
18 h, 5 mol% THF, 0.2 M 1.5 equiv 44h, 0%
19 h, 5 mol% ACN, 02 M 1.5 equiv 20h, 0%
20 a, 5 mol% ACN, 0.2 M 1.5 equiv 20h, 0%
21 j, 5 mol% ACN, 02 M 1.5 equiv 20h, 13%
22 h, 5 mol% HFIP, 0.2 M 1.0 equiv 16h, 72%
23 h, 5 mol% HFIP, 0.2 M 0.5 equiv 16h, 32%
24 h, 5 mol% HFIP, 0.2 M 0.2 equiv 6h, 19%
24h, 26%
25 h, 5 mol% HFIP - 24h, 9%
26 h, 5 mol% HFIP, 0.1 M 1.0 equiv 16h, 69%
27 h, 1 mol% HFIP 1.0 equiv 16h, 72%
28 h, 1 mol% HFIP/DCE(9/1), 0.2 M 1.0 equiv 16h, 71%
29 - HFIP 1.5 equiv 24h, 0%:°

Addition of 1
mol% h, 1h, 19%°

30 h, 1 mol%, no light HFIP 1.5 equiv 24 h, 0%

31 h, 1 mol% 1.5 equiv 24 h, 0%
520 nm LEDs HFIP

32 h, 1 mol% 1.5 equiv 24h, 15%°¢
460 nm LEDs HFIP

33 h, 1 mol% 1.5 equiv 61%
365 nm LEDs HFIP

aReaction conditions: 1a (0.2 mmol, 1.0 equiv), catalyst, solvent, and F-TEDA-BF, as indicated,
rt, 400 nm 10W LEDs, feeding operation in the glove box. ® Yield of isolated product. ¢ Conversion

in GCMS. ¢Full conversion but a low isolated product. ¢ All were esterification by-products.
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Table S2. Screening of oxidants.?

Entry Solvent Oxidant Yield(%)®
1 ACN, 0.2 M K;S,0s, 1.5 equiv 20h, 0%*
2 HFIP, 0.2 M K;S,0s, 1.5 equiv 40 h, 40%
3 / 30% H,0, aq., 2.0 equiv 40 h, 15%°
4 HFIP, 0.2 M F-TEDA-PF 20 h, 56%
5 ACN, 0.2 M m-CPBA 40 h, 0%*
6 HFIP, 0.2 M 0O, 60 h, 54%
7 ACN, 0.2 M 0, 60 h, 0%°

a Reaction conditions: 1a (0.2 mmol, 1.0 equiv), h (1 mol%), solvent and oxidants as indicated, rt,

400 nm 10W LEDs. ® Yield of isolated product. ¢ Conversion in GCMS.
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Table S3. E to Z Isomerization of (E)-3-(4-fluorophenyl) acrylic acid.?

Entry Photocatalyst Additives Solvent Z/E Ratio®
1 a, 1 mol% / HFIP, 0.2 M 24:76
2 a, 1 mol% / ACN, 02 M 65:34
3 h, 5 mol% / HFIP, 0.2 M 2:98
4 h, 1 mol% / HFIP, 0.2 M 1:99
5 h, 1 mol% / ACN, 0.2 M 2:98
6 h, 1 mol% / DCM, 0.2 M 39:61
7 h, 1 mol% / THF, 0.2 M 10:90
8 h, 1 mol% / HFIP/DCE(9/1), 0.2 M 5:95
9 / F-TEDA- HFIP/DCE(9/1), 0.2 M 6:94
BF4/1.0equiv

10 j» S mol% / HFIP, 0.2 M 1:99
11 j» 5 mol% / ACN, 0.2 M 22:78

2 Reaction conditions: 1a (0.2 mmol, 1.0 equiv), photocatalysts and solvents indicated, rt, 16 h,

400 nm 10W LEDs. ® Z/E Ratio was detected by GC-MS.

S34



Table S4. Kinetic study of cyclization of 3a with 1a.2

Entry  Operations Z/E Ratio® Conversion®
Oh, 0:100 /
1h, 0.05:1 19%
Charge 2a, F-TEDA-BF, (1.0 equiv) h (1 mol%)
1 _ 2h, 0.22:1 40%
and HFIP/DCE (9/1, 0.2 M) into viral one portion
4h, 0.40:1 72%
8h, 0:0 100%

Reaction conditions: 1a (1.0 equiv), F-TEDA-BF, (1.0 equiv), h (1 mol %), and HFIP/DCE (9/1,
0.2 M), rt, 400 nm, 10W. ® Z/E ratio of remained 1a was detected by GC-MS. ¢ Conversion in

GC-MS.

Table S5. Screen feeding sequence of cyclization of 3b with 1b.?

O
/@/E\)‘\oH conditions /@fi
cl Cl O ~0
1b 3b

Entry Conditions Yield(%)P

1 Addition of 1b, F-TEDA-BF, (1.0 equiv) h (1 mol%) and 20 h, 73%
HFIP/DCE (1/1, 0.2 M) in one portion

2 Addition of 1b, F-TEDA-BF, (1.0 equiv) h (1 mol%)and HFIP 20 h, 71%
(0.2 M) in one portion

3 Addition of 1b (0.2 mmol), h (5 mol%) and HFIP (0.2 M) in 16 h, 74%

one portion, agitated for 10 h at 10W 400 nm UV light, then
add 1.0 equiv F-TEDA-BF,

aReaction conditions as indicated. ® Yield of isolated product.
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Table S6. Verify the influence of DCE on the cyclization of 3e with 1e.?

(0]
/@/E\)J\OH conditions m
o” "o
1e 3e

F-TEDA- Esterification
Entry Photocatalyst Solvent Yield(%)°
BF, by-product
1 h, 5 mol% HFIP, 0.2 M 1.0 equiv  24h, 100% 64%:°
2 h, 5 mol% HFIP, 0.1 M 1.0 equiv  24h, 100% 22%°
3 h, 1 mol% HFIP/DCE (9/1) 1.0 equiv  24h, 100%  6%°
02M
4 h, 5 mol% HFIP/DCE (1/1) 1.0 equiv  40h, 60% Trace
02M

Reaction conditions: 1e (1.0 equiv), F-TEDA-BF, (1.0 equiv) h (1 mol%), rt, 400 nm 10W LEDs

and solvent as indicated. ® Conversion in GC-MS. ¢ Percentage of HFIP esterification by-product

determined by GC-MS.
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Figure S1. Color change of four vials (Xanthone/F-TEDA-BF,HFIP, Xanthone/HFIP,
Xanthone/ACN and Xanthone/F-TEDA-BF,/ACN subsequently) .
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Figure S2. 'TH NMR spectrum of the crude mixture and pure xanthone.
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Copies of NMR spectra

5.

OSWA-9P 05—

GO~
B9~

1p i

Al

854
654
=M

1f

=916

=004

202
Fove

k60

5.0 45 4.0 3.8

5.5

6.5 6.0

o

£1 (ppm)

8.0

10.5 8.5 8.0 85

11.5

12.5

14.5

OSWA-9p 05'6E

L

oesll—

£4'6ZL—
S0'8Z L
5 EL—

EFEYL—

LESL—

bLd9L—

OH

1f

T
110 100
f1 (ppm)

T
120

T T
17 160

T
180

T
190

bl

S38



OSWA-9p 05'T—

L
BEL
094~
£9'2~
Z8s
€8

ESTI—

OH

F5C0

1g

U

=00k

961
=E0)
50T

#mm.o

0.5

Lo

20

28

5.0 45

5.8

=)
=

13.0 12.5 12.0 1L5 1.0 10.5 10.0 9.5

13. 5

.0

£1 (ppm)

1B8'9G-—

FACO

1g

T T T T T T T T
-0 -3 -4 -5 60 70 80 80 -100 -110 -120 130 140 -150 -160 170 -180 -190 200 -210
£1 (ppm)

-10

10

S39



5.5

8.5

te
L g L
LR
OSWQ-9P 05 T— F e
0SWa-9P 05 BE— — Lg i
L re F
Sp LI — -3 L
-2 ]
@
SLEH— i TH_ Le
&
Lgs F
I~ |ores
] )
£5021— = 159, -\ sl
58'0Z}-" -w b 19g~"
AR 181 L
T = mm.hu/ 80’}
La a oF's [ AN4
- = 'L _ = 8Lt
—_ -4 g e mmf
- S 67 L IR
m = 8¢
992 L
Le 044
- Cid
Sy AL ! E
S m:/ 3 5a2]
50EL -—4 Ls
S 0ZI - ~
szizl
95z} 5 3
aLeEl— - ra
LOEEL— - E
s L
gLeri— — ]
LI — — L2
s .
[s]
(o] 2 [
\ B
Y L
BEL81— - s
o
< L
i L5
=

S40

0.5

Lo

50

6.0

.0

1L5 10.5 9.0 85 .
£l (ppm)

12.5

14.5



60T
LABTL
mo.mmvv.
EFEEI~

2540
\

9BE b~
B9'lrl—
LEER LT

bL Qb=

20

40

80

190 180 70 160 150 140 130 120 110

n

1 (ppm)

e
OSWa-gp 052

co6—

LEL
BE' L
f=pa
£54
G54
G894
984
894

rLL

Lrel—

Q

OH

CF;

1n

]

Fioe

00k

ra0

1 (ppm)

S41



Nmn_m
¥8 n_wvu

OSWJ-9p 05'6E—

EL0ZL
06°0C
ZE'0Z 1
Ga'CTh
FOSZE
EE'GTL
LGGTL
E9'GT L
E6'GT L
6081
FLOZL
G19Tk
FZ8T L
LE'8CE
FCEZL
09ZEl
LETrL
mm.mw_‘v-

95°EGL—

Faesl—

o]

OH

El0g—

DmDN_.
) DN_.v

S8cgl—

POSZL
EE'STL
s} mN_../
£9'5Z1~
65T~

CF,
in

125 124 123 122 lél 120
f1 (ppm)

126

10

20

40

50

80

110

120

130

140

150

160

17

180

130

n

£l (ppm)

OSWa-8p 05—

199~
638"

5L
L] h/
9L

614
G4
984

162
th\
gl

05ZL—

SO

1r

Foot

Fzoz
=20}
By
=04}

bE0

1 (ppm)

S42



OSWd-9p 05'6E—

L96LL
mm.mm_‘/
FLOZL

SCLTH
69721
L¥8TL
£S5 mw_‘w
BI'6T L
GRIEL
6 CEL
CLEEL
GEEr L

8979}~

GO

1r

20

40

80

110

120

130

140

150

160

170

180

190

n

1 (ppm)

PET—~
OsWd-gp 052

PGSO
858"

EL
BE'L
164~
954

o)

Stel—

OH

Cl

1u

=G6T

=004

=r0)
~80¢
=80t

80

5.0 45 4.0 3.5

5.5

6.5

8.5 0.0 85 8.0 o

10.5

11.5

14.5

£l (ppm)

S43



85'61—

CEBLI—

TL9T~
LEBTL
Z9IEL—
LEEEL

EO0PEL

FS hmv\‘
9ETr I

Lyigl—

Cl

OH

lu

4

10

20

40

50

80

110

120

130

140

150

160

170

180

130

n

£l (ppm)

OSWa-8p 05—

688~
2097

oL
94
(AP
€L hw.
108~

e
grg”

‘OH

FiC

[e]]

1v

=L

i
sl
oo
29

=0l
=004

1 (ppm)

S44



T
-190 -200 -210

-180

S45

-120 -130 -140 -150 -160 -170

-110

JETZ)
slzzh
=Y Al
66'EZ}
08'5Z b1
SEUZL
952}
9242}
L8 15421

£0'8Z1
L0824
LE  ovsel
'oeLezlL

-100
£1 (ppm)

T
-390

) ) az Nm_.V‘
or'lg-— g[8 £5TEL
6E mm_.\\
SSPEL
arirl—

T
-40 -50 -50

OH
‘OH

F& gguml— 4

1v
T
-10
1v

FsC
]

10

123 122 121 13

124

1 (ppm)

126 125

128 127
1 (ppm)

110

120

130

140

150

160

170

180

180

10



OSWad-9p 052—

Cl

OH

cI

6ol

)
[

8.0

1 (ppm)

OSd-gp 05'6E—

ETi81l—

"

Cl

OH

Cl

1w

20

40

80

180 70 160 150 140 130 120 110

180

1 (ppm)

S46



=1
Fa
L=
& azel
[ el
°
[ ei
TTT =E£Z8
3 ©
0SWA-9P 05 E— o
LS OsWO-Sp 0568—
i
r3
La
®
-
o
M
&
°
e
2o, B
99" TD:\&
Sl o
ik V2
LEL | il
A S S
Sp'L et
Bp'L o®
£9'2 Lo
&
e
& 18 0h—
=]
-3 29571~
vhEel—=
L LO0EL/F
£s el
o 92981
re eoeel”
Slbb L~
i
£ETI— I -A Fooi| e
2 [ 82481 —
o
{1
o
&
[

S47

!

100
£l (ppm)

110

120

|
I |\
130

l

140

160 150

/

1x
170

180

180

10



S48

=]
2
= 6T LV—
o
[ i
e _ e
9T (1= 4 St
Lis OSWQ-8p-856
gee— ©
e
FS
©
[
o
©
°
S09— —_— =0l [ S
[ o
29 E
GE'L [o
GE'L
L =0ZE[ o §
BE'L - BpzI [
6L b
052 re
152
©
[ e
& 254 —
[ o
P ZTOTh~
o 998z L~
grezls
B
= BF LPL—
©
= E8ESI—
\Zzh— 860
- Lo
o B 09491 —
o]
V4 En [
©
©
[

100
£l (ppm)

110

120

OH
150 140 130

Q
160

ly
7

180

190

0



£60
58 DW
180

OSWAd-9P 05—
<0E
¥O0E
S0E
a0e

90B/E—
2e's
ae's
BEL

or'd
1A
A
(A
EFL
Erd
BF 4
6L
084
bg'L
be'L

SeCl—

OH

1z

i

J

8.0

F6ZE

ElEe

=00

»EIE
=602

S60

1.0

1.5

5.0 45 4.0

5.5

0 6.8

10.5 8.5 0.0 85

1.5

12.5

£l (ppm)

SEEL—

bEE—

&L=

0ELbi—

85921~
v28zL
zoez1”

acorl—

rlogl—

eTi8l—

OH

1z

T T T T T T T
180 170 160 150 140 130 120 110 100
£1 (ppm)

T
180

10

S49



e
1O n_v.

£8'0
mm.ov.

OSWd-9p 05'T
0s wv.
L0E
B0E
g
ZLE
PLE

PaG—

zL
i
g

el —

OH

laa

JUL

o8

66}

Eorl

=560

E10e
Fooe

180

5

5.0 45 &40 3.8

5.5

10.5 8.5 0.0 85

1.5

12.5

£l (ppm)

1&9—

00eEl—

OSWJ-8p 05'8E—

SZ6LI—

0842}
48T
9641

P

Segel—

298l —

PEL8L—

OH

laa

T T T T T T T
180 170 160 150 140 130 120 110 100
£1 (ppm)

T
180

10

S50



@y u
ar c%
6F'0
05’0

080"

LEL
L
ELL
il
SiL

OSWAd-9P 05 2—

£8'5—
60°L

[
2L
a8z’
6T°L
624
0EL
ZE'L
el
YEL

SLL—

1l

OH
AL

laa’

=00z
0z

Fy0l

=eol

0z
F00E

ﬁmmc

5

5.0 45 &40 3.8

5.5

10.5 8.5 0.0 85

1.5

12.5

1 (ppm)

89'9—

EB—

OSWJ-8p 05'8E—

PEGLHI—

prayial
mmhmﬁw
L9z

G6THEL—

aresl—

cE98l—

07 "OH

laa’

T T T T T T T T
180 170 160 150 140 130 120 110 100
£1 (ppm)

T
180

10

S51



06’0
fm”ow

obe—
€1002 9T°4
LEL
BE'L
ors
ors
bpd
pri
arL
s

8ri
B4

SEL—

OH

1lab

Fele

Eevy

bo=7 A

=580

oLe
Nccw

090

12.5

o

3]

4.5

1 (ppm)

8LEL—
bigz—

98°0€E
m_..vmv

£1000 00°Li—

6591 1—

B9GZ 1,
16821~
606zl

L2k l—

SHESL—

BLEll—

‘OH

N
lab

f

180 17 160 150 140 130 120 110 100 a0
£1 (ppm)

190

S52



LE9—
04
b4
SZ'L
LZL
0E'L
ZEL
FE'L

LEL

5 —

=00}

ole
vee
Er9

a0l

12.5

o

3]

4.5

1 (ppm)

£1000 00°Li—

£Fall—

6821
LEBZL
oredl
05821
EC mm,.*
0621
9E'BE L —
beorl—

BE'B5L—

SR

oy

T T T T T T T T
180 170 160 150 140 130 120 110 100
£1 (ppm)

T
180

10

S53



OSWA-9P 05 C—

89
¥8 mv
0e's
,.m.hW
[A
ErL

LLs
Syl

FLEL—

CFy O

CH

lad

=00}

=90Z
*E0E

el

6.0 5.5 50 45 40 36 30 26 20 1.5 LO

6.5

8.0

10.5 8.6 9.0 85

1.5

12.5

4.5

£1 (ppm)

LLG8—

GF, O

OH

lad

=00t

T -180 -180 -200 -210

T T T
-0 -100 -110 -120 -130 -140 -150 ~-160 -1T
£1 (ppm)

-80

T T T
=30 -30 -40 -50

-10

10

S54



OSWJ-9p 05'6E—

9gBLl
651z 1
LEPTI
PO /ZL
15271
€921
89 /71
€Tl
0SBzl
198C)
TrETl—
Leoel”
BEOEL
62 LEL
65 2E1
B el

9rGal—

sgall—
B5'LZL—

Le'rl—

Y021
15121
£9°/21

89 L2}
EL TN —

124 123 122 121 120 119
£1 (ppm)

125

OH

CF, O
b,
lad

10

20

50

80

110

120

130

140

150

160

17

180

130

n

£l (ppm)

60}
ol ﬁv.
3

e
£r'e
e
ar'c
OsWd-gp 05 ¢

GE'L
SEL
9E' s
EL
LEL
LEL
Or 4
[A4a

LA

Gir' s
G54

1Sg—

e}

HO

1af

*>|l'E

=60¢

o't
Lip
860

=004

)

[}

14.5

1 (ppm)

S55



reEl— S

20

Se'02— e r

OSWd-9p 05'6E— r

40

OSWa-8p 05— \L_ B

Qm u
awmv =pE |

S56

80

w0E
e
05

1 (ppm)

05 Feoe
B80S
60'G

el mmm
EOETL -
el ire L 965
SURTL o
BEPE |, 1
gese " _ ee— B85
pe el i 965
665
009

T
120

130

Foo |

T
140

T
150

GE'L
9E' L

T
160

otz
Ve
ers
eEEEL— -—% L vl

o : Ti—

LO'L
Sle L

o

Sl et el e e | S

17

R
HO'
lag

- el

1af

T
180

1 (ppm)

8.0



BLhE—

OSWd-9p 05'6E—

EFGLI—

15821
Rt
ZVREL
£S5}
sose bf
BL5EL
orest

9.891—

HO

lag

T
120

T
130

T
140

T
150

T
160

170

T
180

T
190

n

1 (ppm)

96—

0L
124
€L
£1000 922
922
621
082
1EL
e/
582
92
1624
2672
6e 2
op'L
oy 24
50°8—

OH

1ai

i

=Z6}

8.2
Lahcm

%mcm
bz'e

=00}

1 (ppm)

S57



BeeE—

0Z'9z
mm.hm_‘./
6581

EQBTL
GL'BTL

mm.mm_‘
hhmwv
00'GEL
S0'6EL
Sl mﬁ\.

BFELL—

Bn

OH

¥

1ai

20

40

80

110

120

130

140

150

160

170

180

190

n

1 (ppm)

OsWd-gp 05—

pivpa
80 h/.
6L 4
foraps
T4

ord
i
024

98¢l —

Cl

1aj

gz
Mmmm

0Zz
eV

%Dov

12.5

=)

[}

14.5

1 (ppm)

S58



OSWd-9p 05'6E—

mw.mm_z__
85821
0Z'6Z L
8lL0El—
BSTLEL
ELTEL
9ETEL

LErEL
61 GEL
L9'6E |

e08gl—

20

40

80

190 180 70 160 150 140 130 120 110

n

1 (ppm)

OsWd-gp 05—

£9'9
59'9
L
254
9L
GO 4
884
694
04
L4
oo's
loe

== N

PEZL—

HO™ "0

lak

=804

-F0' L
8Lz
=z0}

=00t

)

[}

14.5

1 (ppm)

S59



OSWd-9p 05'6E—

EC 91—

Cl

HO

lak

20

40

80

190 180 70 160 150 140 130 120 110

n

1 (ppm)

OsWd-gp 05—

ar' s
'L
ar's
s

il

8L )
8’
ars =
6 &

884
884
684
684
¥Z'8

HO
1al

£9EL— -J

Jme
=kl
mecv

Foo

12.5

)
[}

14.5

1 (ppm)

S60



OSWd-9p 05'6E—

PERLI—

TSET I,
Z00EL

srosis.
ogeel”

zoorl—

2oral—

Br

HO

1al

20

40

80

110

120

130

140

150

160

170

180

190

n

1 (ppm)

OsWd-gp 05—

Evii—

88—

8lel—

CF,

OH

o

lam

L

FGLS

=00}

660

12.5

)

[}

14.5

1 (pom

S61



6695 —

CH

lam

-100 -110 -120 -130 -140 -150 -160 -170 ~-180 ~-100 ~-200 -210
1 (ppm)

T
-390

-10

10

OSd-gp 05'6E—

erell
sE0z1
BT
et
ey
1Tl
asezl”,
0E 92 1
6ERZI
ezt
!
BO0E L
19ZE )

FO8F L
A0'8F f“V

86Eg|—

ELBLI—

G8'0Z1—

PN A
LVTTL—
LPTTI—
Lieel”

BSECL—

0e9zl—

T T
119 118

T
120

£1 (ppm)

T T T
125 124 123

T
126

CFy

OH

lam

T
110

T
120

T
130

T
140

T
150

T
160

170

T
180

T
180

10

1 ippm

S62



GE'D
mm.wv

A0
€0 \.V
€1000 9074~

3a

JULUt JL

Fag0

Fioe

Feo
o0t

)
[

8.0

1 (ppm)

£1000 00°Li—

FLFOL
mmva,‘v
6ECLL
CETh
6LGLE
jorA=1a
[AR=10
rESLLE

ZEBTL
EVED ,‘v

bezrl—

[Lop==1

PLS5s fw
L0081
a0EgL—
05°68 11—

6L Sh—
ETGH—

Zr Shi—
PrGH—

[=]

o

3a

115.2 115.0
1 (ppm)

115.4

115.6

20

40

80

110

120

130

140

150

160

170

180

190

1 (ppm)

S63



FL'&0L-
LLg0l-
aL'&0l-

L0°G01-

rl mc_,LH
LsaL-—
0b'&0L—~
20 mo_‘../.

-105. 00

-105.10 -105.15 -105.20 -105. 25
£1 (ppm)

-105. 05

-1200 -130 -140 -150 -160 1T -180 -190 -200 210

-110

-80

0

-50

T
-20

10

-100
f1l (pom)

132N
£pg”

9Z'4
FxAA
e
Ep 4
Sh's
694
[Z5

3b

cl

Feso

e
801

oot

50 4.5
£l (ppm)

5.5

6.0

S64



€1002 00°4L—

B 0L
hchva
th:

EGFCI—
0gEEl—

L9 EL—
65°Crl—

ZorEl—
28651 —

Cl

3b

20

40

80

110

120

130

140

150

160

170

180

190

n

1 (ppm)

£1000 924

cEL
FEL
e
84
BE'L
or's
Syl
ar'd
594
484

Br

3c

=0

Leoe
60
=00

2.0

)
i

6.0

8.0

1 (pom

S65



€1002 00°4L—

EYEITEN
59 2L
E00Z 4"
198 b
108~
gLzl

a9Trl—

L rEl—
PLEGL—

Br

3c

20

40

80

190 180 70 160 150 140 130 120 110

n

1 (ppm)

924

£1000 922
')
672
€2
o
ayl—=
052
52
5.
552
[y

gr2d

Fi50

icw

Floe
H.\DDF

2.0

)
i

6.0

8.0

1 (ppm)

S66



€1002 00°4L—

PRI
mm.m:u‘
29811
4454
YAt
BYIE I~

SEEVI—

9B'EGl—

09'081—

3d

20

40

80

110

120

130

140

150

160

170

180

190

n

1 (ppm)

Fr—

S8~
5897

0L
mo.h%
TN
£1000 924~
vE L
ogsd
Sy
90

kL,

3e

=BaT

=re0

60
(1N
=0

oot

2.0

)
i

6.0

8.0

1 (ppm)

S67



LNz [
L8 ve'l— =558
]
Lo
2
Fe
Fe
€100 0024~ — =
3
]
el
g8
i
Ls
oG
mq.m:W iz
002k Lg
85621~ -
Bp Iz 2
)
o
ES e
90EY I, B g e ——— =0
EEER )
o
Lg
ELEl— ——
£1000 92 5
pOle—  — £ e
0}
o oﬁ% -
L5 Wl m = =00t
s 9%
° 892
m L&
o
B
o

S68

4.5

£l (ppm)

50




3
F&
wie— - = ra
vz GE— ——]
=
Lo
® 0T J Fove
Fe
Fe
£10090 0044 -
Lo
2
FS
"
Lgk
W
o
LOENZL )
895H =
SE Ok = s
it
T4 —_
LS £E'5~
3 &= 160
pLErl— - €9 F
-
Le
B0¥G o mm MV 5 Lok
eeasl” 004 o - 860
ELI9b~ B Lg
—— £1000 92—
Sri, o) -
ol g 2 WSF
b3 B 99'L— = o'k
o sos
-
£ g 9
o
Fs
o

S69

4.5 4.0

£1 (ppm)

50




88'0Z—

€1002 00°4L—

YeOk—
586

Nmm:V
BT BLI—

Leazh—

8erl—

867 C5 I~
El Al

lZoal—

1989~

Ac

3g

.

10

20

40

50

80

110

120

130

140

150

160

17

180

130

n

£l (ppm)

ar's
cr'g

[
£l
9l
€000 924
154
£54
044
Lid

>

=

e

>

F3CO

3h

00t

460
HiMm_u_.

=00
L0

50 4.5
£l (ppm)

5.5

6.0

S70



G8G—

FsC

3h

T T
-60 0 -80 -90 -100 -110 -120 -130 -140 -150 ~-160 17 -180 -190 -200 -210
£1 (ppn)

-50

-10

10

€000 00°Li—

ool
e

0E6hi—
201217
erzzL

ChEl—

4
\

SPerl—

6LL5L"
2951
LLBG I

85—

0EBL—

ol —

ELTE—

(&)

[ele;

3h

121 120 119 118
£1 (ppm

122

123

T T
110 100
£1 (ppm)

T
120

T T
17 160

T
180

T
190

0

S71



=]
©
s
o
©
o
[
©
[ ei
o
[ e
©
[ e
o
[ =
e
LeB
%
[
o
[
©
(]
o E6Z9-— N —00'}
e
44N B fo2
it J F660[ @
B
£1002 824 =
E.m/ & _
4
954 " £880t = o
794 1o | =
mm.mvﬂ = = wmm.o &
[ 00k o
9Ld Le w
e P
o’ (5
3
=) -
[ e
°

S72

20 -3 -4 -5 60 70 80 90 -100 -110 -120 -130 140 -150 -160 170 180 190 -200 210
£1 (ppm)

-10

10




€1002 00° 4L~

oz P
ET R
9Tk
8z pl
168
LE0ZH
€502}
5602}
8E0zH
0012}
0E'12)
81T I-E
BEET I~
09 l—
8582 1 —
90'ee}
BETEE}-
05'EE )
zLEEL
aleyb—

Z9E5L—

LG65 L —

8021
£6°024
S6°02H
86021
oo izh
e Lzh
al'cél

66'EZ)

o8&zl

A

/

6582+

90°EE}
8ZEel
05 EEL
CLEEL

A

~

73

o

FsC’

3i

131 129 127 125 123 121

133

1 (ppw)

10

20

40

80

30

100

110

120

130

140

150

160

170

180

1 (ppm)

S73



€1000

8z'L
s
45
Ll
i
mv.\..\
084
vm.m.\
=8
£9°4
(s
=V s

O

Fh

|J Faool

0.5

25

3.0

‘% EI000 004d—

4.5 4.0
1 (ppm)

5.0

66 Rl

mwm_‘_‘V
ELLN—
mwmmv/.

8Lzl
i mﬂ%
0S'8ZIF
o soezl

5.5

BO'BEL—
BOER I~
867l b—

6.5

2 Lrsl—

sa09l—

80

Ph

\

|

l

140

1

|

|

10

20

40

50

100 g0 80

£1 (ppm)

130 110

190 180 17 160 150

n

S74



869,
859

€1000 92°4i—
6oL
Ji=WA
9L ¢
644
Las

800l—

3k

OHC

Fooy

oot

6.0 8.5 5.0 4.5 4.0

1 (ppm)

6.5

1.0 10.5 10.0 9.5 9.0 8.5

11.5

Shalb~
GBI
BTEZI—
15vels
£4BCI—

LEBEL—
rezrlL—

QbPelL—
LLBGL—

8506L—

3k

OHC

T T T T T T T T T
180 17 160 150 140 130 120 110 100
£1 (ppm)

T
190

)

S75



bpe—

SE'L

984~
894"

3l

J

Feez

Feeo

Feso

Fooz
Foo

25

40

4.5
f1 (ppm)

8.0

0z'GL—

£1000 00°Li—

909l I~
68l L—

SEEZL
Sz fM
L0l
00EEl—
0LEpL—

BLZEL—

re08L—

Q

3l

T
110

T
120

T
130

T
140

T
160

17

T
180

£1 (ppm)

S76



E8'6~
959"

£1000 824
Z5's
Dm.\.l./.

8674,
e

CFy

A

8]

Fss0

—VND.M

Foot

2.0

4.8

5.8

6.0

6.5

£1 (ppm)

298G — - 9

3m

CFs

T T T T T T T T
-0 -3 -4 -5 60 70 80 80 -100 -110 -120 130 140 -150 -160 170 -180 -190 200 -210
£1 (ppm)

-10

10

S77



€1002 00° 4L~

L4GLH
ar'ell
2G0T
G0
NS
ZE'LTL
GE' LT
66'LT L
PETTL
SLFCh
6 mwv/
LE'8TL
BLLZL
6ELZL
097221
LOLEL
B28EL
cm mmvv

BLPGL—
158G —

ag'lelh
AR
A
681t

.wm.NNT\

SLrCl—

PAR=A

PA-ReTA T
8Licl—
BELCI—
098k

CF;

3m

126 125 124 123 122 121
fl (ppm)

127

7

T
120

T
130

T
140

T
160

17

T
180

n

£l (ppm)

ipe==

9E'9—

£1000 92°4
LE h/
mm.hw
BEL

084~
18

CFs

3n

=pic

o810

=0l

Fooc

2.0

25

5.5 5.0 4.5 4.0
£1 (ppm)

6.0

6.5

8.0

S78



e
}
o
[
88— -
[ 8
g
L&
1
FE
1
L3
: o
LE 7 o &
] c &
i o
S
i
o
Lo
0 £1000 00°L i~ =
L&
It
[+
=
LEE
i 18611
0E'8LL
L g 7ol
i €28l
55811
S
A
Le 8EEZL
i %.mmf\
BlG2h
z4e— -4 —o00ll g 05821 43T
3 ¥ 98871 £rall-r
8287} seall’
) £6'82L 9L6L—
i 96821
5802 1—
Ls 64051~ 151z—
¢ PIIGL L
v =
% gaeele BEETIN, _ k- T
IFEL) ™ B
= &
L& o ®
o Bh5ZI— — =
— (&) o L
O c r
[] m L5
Lo il
j @
Lo ra

S79

100
1 (pom

140 130 120 110

150

180 170

190

o



06—~
LZY
mm.mv

£8'9—

€1002 9T°i—

154
8547

soe
ol

Frel

Foo'l

25

40

5.0

5.5

6.5

o
o

£l (ppm)

8E'86
EEC0 I~
00°60 L~

99Zhin,
881"

AER I~
R A

STIEL—

08—

20

40

80

180 17 160 150 140 130 120 110

190

1 (ppm)

S80



GET—

809~
Ghe—

og'9—
PE9—

€1002 92—

I

(2]

o
[t

o
o

£1200 o

1 {ppm)

olgl—

S81

10

6Z'86~
S0°Z0L
praya] fV

lehl~
LLELLT

98'pr L—

G705 1
LB 05 L
ovzsl

0Ei8L—

90

1 {ppm)

100

110

120

130

140

150

0
160

70

180

0



£1002

Foou

W,wmc
60¢C

vE'0
L

Tv:

Kmo.f

0.5

1.0

2.0

3.0

4.8

5.8

6.0

6.5

£l (ppm)

£8ziL
E.W:M
RpIIRN
LELE

2oszn
mm.mm:.m
SE I
BBy
2oLy
BOEEL

6068 I—

CHESL—

0608 L—

T T T
130 120 110 100
£l (ppm)

T
140

T T
17 160

T
180

T
190

0

S82



€1002

6r'g
Dm.mv

9r'L
(43
pri
4=
(A3
€94
6oL
994
644
L84
PB4
GB'A

0s'a
LS mw.
(A=)

=

¢

3r

N

J L

o0t

6680
vE'l
60
L0}

Kot

460

25

40

5.0

5.5

6.5

80

£l (ppm)

€000 00°Li—

alpll-~
cee ﬂ
0S'ET L

2LV ,.W
ELLZ N
S9'BZ LT

SLPEL—

PLppl—

28—

6808 L—

T T T
130 120 110 100
£l (ppm)

T
140

T T
17 160

T
180

T
190

0

S&3



99~
BY'9"

82/
8z

8z
17l
ars”

89/

cl

3s

Fsg0

)
[

o
o

1 (ppm)

£1000 00°Li—

Tr A,
s
zr6l
£0°12 1~
55621 —
Z91EL—

A

VEEGL—

BEESL—

Cl

3s

190 180 70 160 150 140 130 120 110

o

1 (ppm)

S84



S85

20

40

T

=1
i
=]
-
s
o
[d
"
I o
-
e
o
d N
b | w
m o
5]
o
[ =t
=
o f
=B
b
o
I
SE AL
- L0021~
L5 1002
Z9PzL—
ezt
L= vZeEl—
s
9o~ L wE _
e )M Fesol= a0k}
) zLErL—
1z
€L e
ST -
£1003 MMM |‘|ﬂ qu . 156G —
O
gtz _ ) res0f e
s :8;
mm.ﬁ\n 4
192
894 | o
Bl “
"
[ e
-

80

£1 (ppm)

110

120

130

140

160 150

70

cl
3s'
180

190




£l
S

£1009 824
[
ey
792
[ER

o O
3t

Cl
F

Fos0

ego

860
ool

o
[t

8.0

1 (ppm)

£1000 00°Li—

BEG0L
a0 ﬁv

e
ol w:/
199LL
realLf
65 2L
8L 2L
LBz
10

SAlpL
94\ fv

szEsh
s
BLBG LA
BB L—
vo0s

|

|

|

T
160

3t

Cl

T
110

T
120

T
130

T
140

T
150

170

T
180

T
190

o

1 (ppm)

S86



Zre~
pres

v
Els
sls
8z
s
ors
Al
1970~
0Lt

cl
3t

Feso

Feeo
Figo

Foo

)
[

8.0

1 (ppm)

6 CLE
[2aAT

CE'ShE
GE'6LL
LZall

FE9LL
9’8z L
5582 ,.V-

19°Ck L—

ﬂm.f?
Belsl
£0ESL

zhes
99194

S87

20

40

T

80

1 (ppm)

160 150 140 130 120 110

70

3t

180

190




Fre—

BEG~y
or'9””

Bb i~
£19090 824~
b i
094~
[

|

3u

Cl

Faoe

80

E880

=560
Foo

£9°02—

1 (ppm)

8.0

048
SLL—
6,811

ECLZL—
GO0EL—

B9°0F L~
rierl

VEEGL—

9E°081L—

3u

Cl

S88

90 80

100
1 (pom

110

120

130

140

17 160

180

190




052—

LhL
AN
[ Taard
el
1974~
044"

cl

3u'

)

Figz

Foso

25

40

4.5
f1 (ppm)

8.0

£502—

£1000 00°Li—

£6°G) I~
BLA L
08°L2 b~
A=A RN
PN

bOTLp b=~
GLERL—

ek l—

CEBEL—

Cl

3u’

T T T T
130 120 110 100
£1 (ppm)

T
140

T
160

17

T
180

S89



058~
597"

€202 9z 4
Br i~
b4
EL4
£8'A~

3v

F;C
cl

Foot

;_JU_MJJL

25

3.0

5.5 5.0 4.5 4.0
1 (ppm)

6.0

6.5

80

ShZe—

F5C
Cl

3v

T T
-80 -0 -100 -110 -120 -130 -140 -150¢ -160 -170 -1B0O -180 -200 -2i0
£1 (ppm)

-20 -30 -50 0

-10

10

S90



€1002 00°4L—

[N
LOBHE
arell
BEEL
BT L b
BOETL
CER A
08 szl
LErel
06T
ETGTL
aLLzh
0z LZh
ZEGEL—

68'lrl—

GLG5L—
18asl—

[2=8 43
og'vel
L6'pZL
co'szl
jorai=ta

R

7

FsC

124 123 122 121 120 119
1 (ppm)

125

Cl

3v

10

20

40

50

80

110

120

130

140

150

160

17

180

130

n

£l (ppm)

£1000 9Z°4
ov.m/.
s
954
a5
044
bad

CF;

cl

3v'

El80

=060
=60
=00}

2.0

)
i

6.0

8.0

1 (ppm)

S91



ZF'eE—

CFy

cl

3v'

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

1 (ppm)

T
-390

T
60

-30

T
-40

10

£1000 00°Li—

gl
2021
GLalL
szall
Wiz
PEZZL .\
vzl
0E'LEL
greel
18T —

POCTEL—

00851 —

CFs

Cl

3v'

20

40

80

90

180 70 160 150 140 130 120 110

190

1 (ppm)

S92



Prgs,
sk

E100D 82 i~
prL
15 NW
S
£

Cl

Cl

3w

—

=

#8650

E

oo

ook
a0t

0.5

25

40

5.0

5.5

6.5

80

£l (ppm)

£1200 o

SLALL
6E'8l ﬁW
ogall

mm.mmf
St ,.v

BEGEL—

PEpL—

0ECEL—

8r6sl—

Cl

Cl

3w

T T
120 110 100
£l (ppm)

T
130

T
140

T
160

17

T
180

S93



€1002

e,
e

9E 4
mm.\U/

SE mpn/.

BE i~
i
194,
8947

C|

3w’

Cl

0.5

25

40

5.0

5.5

6.5

80

£l (ppm)

GE9L I~
azall—
PANTA
S9°GZL

V652 fv
LLgEL—

asck l—
147061

26851 —

Cl

Cl

3w’

T T
120 110 100
£l (ppm)

T
130

T
140

T
160

17

T
180

S94



62T~
pET

ZEg
FE wvn

[TV
A
1200 8247

423
vm.mv

3x

=04

=860
=e0)

=00}

25

40

5.0

5.5

6.5

80

£l (ppm)

LB~
1£02"

£1000 08

LG
859l 1—
agills

PRI A

EVEEL—

067k b~
LEER L

SPEeL—

SELgL—

3x

100

110

120

130

140

150

160

17

£1 (ppm)

S95



8T~
EorAad

804

mm.h/
FAFaN
[44 .\.V

£1000 824
AP
994
198

3

%mm.m

SE'C

—— E00)

=E01
=104

25

40

5.0

5.5

6.5

80

£l (ppm)

9E

Woi—

£1000 00°LL—

GEPL I~
99l

99PE I~
98'GZ 1"

L9k L~
LGER L

roesl—

SPi8l—

3x-

-10

10

20

40

50

210 200 190 180 17 160 150 140 130 120 110 100 90 80
£l (ppm)

0

S96



€100d0

re—

90’9~

9L
8g'4
8’4
884—
[/ VN
05'4F
Ig'd
LG4
654

3y

Eroe

E=yE0

bgoz
z0h
00l

)
[

8.0

1 (ppm)

Srel—

£1000 00°Li—

98Pl b~
129l h—
906} b—
L0BZ L,
rrpeL

85 EL—

PRAA=
6ZES L

4508 1—

Lo}
3y

T
110

T
120

T
130

T
140

T
150

170

T
180

T
190

o

1 (pom

S97



=]
Lo
Ei 6 b—
Le
5, = 05'vz—
ze SV\. Faog
88 I/J 8
In
| o
) [ i
i [ w
BIT | b
08T _
o Faoe .
v8T o
{8 1000 00°Lé=
o
o
[ =
e
o B
L
Lo
5 B8 ZI—
TN
816~
fai Lopel
5 L0ve fV
o S LEL—
[
29— E =£60
824
£1909 922
[T Le BYES L
= . 1Ti5—
0E'2 201194~
wi—= benz
T o ph0h
s w00}
052 7
[ N
754 [o
=) =
(ER
©
[ e
°

S98

20

40

T

80

£1 (ppm)

110

120

130

140

150

160

70

3z

180

190




£1002

EB'D
)
FE'O
#if
I
sl
abl
ab'l

80°Cy
60T
ke
X4
(A4
zhe
Ele

B2

S09—

8z'L
0E"4
ZE'L
ZE'L
EE'L
EE'L

[A=ra
£S mw
PS4

LB
wm.muv

[=}

=102

\J

Fi0e

Frot

3aa

=Z80

sl

o6
Feou

=004

2.0

)
[

8.0

1 (ppm)

66 L—
E6 b=

£1000 00°Li—

620l L—

E04L L~
P02~
BO0FZL

,.wvme

85eL—

SEESL
VeI
9EL8 L

3aa

20

40

80

180 70 160 150 140 130 120 110

190

1 (ppm)

S99



F6'0
G6 GW
960
LEL
(4N

Sl
ar'l
LEL
E9}
LN
G9'L
L)
B89l
[#37
FLe
GLE

FTe—

GT4
ac's
ac's
L
624
o153

P45
ey
054

092
bad

3ab

o

Fioe

Froz
Fioe

Fooz

=980

Rosy
950
w00}

)
[

8.0

1 (ppm)

LLEL—

Erii—

200~
ZELET

£1000 00°Li—

FLELL~—
AL~
LE6LL—
FOPTL

vawf”V

I LEL—

E9ES L
12951
6808 b~

3ab

T
110

T
120

T
130

T
140

T
150

170

T
180

T
190

o

1 (pom

S100



£1000

[«

(s}
3ac

o0l

A

Il =901

——— W.\.m.w

25

3.0

4.5 4.0
1 (ppm)

5.0

5.5

6.5

80

€000 00°Li—

LSl
mm.tj/,
6B}~
ZVpEl

SE9E I

BE'BT I\
2827
poEzL/r
1BIE

ager

bPg L
19551
9709 b~

T
120

\

l

T
100
£1 (ppm)

T
110

T T
17 160

T
180

T
190

0

S101



86—
€1000 9Z°4
GE'L
9E"4
8E'L
BE'L
ors
94
4=
FoL
[Aas
EL4

CFa

(o]

Q
3ad

=00t

25

3.0

5.5 5.0 4.5 4.0
1 (ppm)

6.0

6.5

o
o

cive—

CF3

=

0
3ad

T T
-80 -0 -100 -110 -120 -130 -140 -150¢ -160 -170 -1B0O -180 -200 -2i0
£1 (ppm)

-20 -30 -50 0

-10

10

S102



€1002 00°4L—

BYEL
SECH
BECH
E0BH
L0
B 21 o
R
0502}
mm.mﬁ/
aLzh
A
mm.mﬂw
97T}
E0EEl—

OLIrk
el
EGTIYL
SLIL

LrE—
8.'851—

Beall—

05021~

EETTL—

BhEEl

mN.mN,./.

124 123 122 121 120 119 118 117 116
1 (ppm)

125

CFs

0]

3ad

10

20

40

50

80

110

120

130

140

150

160

17

180

130

n

lge—

£l (ppm)

£2'49

924
9z 1%
082,
Ty
gp s
b7
152

3ae

Fisz

Fooz
V6L
0ok

2.0

)
i

6.0

8.0

1 (ppm)

S103



E0Ll—

€1002 00°4L—

1T8L—
SFEk—~
SLPCE

mm.mm_..M
SOz
ZE0EL—

ZLeEl—

OVeES—

L0C9L—

3ae

20

40

80

110

120

130

140

150

160

170

180

190

n

1 (ppm)

95°C
85T

19°C

\z'd
oA
SZ'4
9’4
£1000 92°4

(8]

(o]
3af

Feoe

Fooz

Fest
Free

2.0

)
i

6.0

8.0

1 (pom

S104



1A

BLET—

€1002 00°4i—

LZ9H~
15 6k~
AN
10420
9EOE I
SLIEL=

EPLEL—

08C51—

PG

10

20

60

110 a0 g0
1 (ppm)

120

180 170 160 150 140

130

ZE'EN,
rEE

1Z's
wmmv
525

E6 G
56 m/
265~k

66'5F
z0'9
¥0'9

L
9z'L
a4
LE'L
£eL—=
iz
b2

054
=5

o]

3ag

<

Fest

460
Wmmo

Foo

Ll
460
rle
860

2.0

)
i

6.0

8.0

1 (ppm)

S105



BryE—

€1002 00°4L—

mm.m_‘_‘w
SEBLE

mm.m:\
aTrTL~"
ETLZL-F
qm.hﬁ%
mm.omf\
ZLEEL

egsEl—

POESL—

PEIeL—

3ag

L

1

|

I
140

|

I
o ‘

20

40

80

110

120

130

150

160

170

180

190

n

1 (ppm)

2g'e—

al's
0Z'4
(AP
9L
9Z'L
224
62 L7F
CELF
PE'L
9E'L
[Aa
rL
SpL

Bn

3ai

s

Fooz

2.0

)
i

6.0

8.0

1 (ppm)

S106



3]
o
3]
8P 9E— —
]
Lo
2
La
Le
€000 0024~ = s
]
=
28
W
Ls
PEOLL
AN
! — Lg
5L9z)
zeeh T
LIBEINE B - e ———————— o
EEETI7 —_— (5
ZLOE
BIIE I~ — 5
oeEl— ] =]
L'e £000 922
e o T4
66251 7
el
La ;
o 2 £ ogs
[ERET! T
ovL
Le WL
& o o £S5
veL
d = = 95°L
] re ey
" 99L
194
o
re
=

S107

4.5

£l (ppm)

50




€1002 00°4L—

S oLl
34 m:W
CER AL
POLZL
SE'LZL
€9 mwvw
6461
vm._‘m_‘ﬁ
LOEEL
GBPEL
mm.mmv.\\

ApESL—

LE0gL—

o]

<

()
3aj

10

20

40

50

80

110

120

130

140

150

160

17

180

130

n

£l (ppm)

Cl
[e]

3ak

ze L
ges

984
ar s
6L
554 =
954

S

68'4—

L

=0T
w80}
5801

=00t

£1 (ppm)

S108



==
Lo
2
\w -
H 52
2
re
3 Fe
]
£1000 0044~ L
Le
2
& o
I% Q d =
m
"
3 Lgk
W
o
PO - [E—
89811~ F5
-4te e r
10Tk~
ez Lg
P IEL~ o |
o
so0rk— - Ls
i
pSzsl— T €000 92/
. 8zl e
ZTLS— -—
) -3 620 )
- 0E'L 60T
vl - =G0}
_ - b B =04 [
5 B 1 FE £5°L
el
o x 5572 @ +
= L& 08— =00t
Lg F
o

S109

4.5

£l (ppm)

50



€1002 00°4L—

SO LT
LEED
FAN-I

[ XA
80224
VOZE b~

9EPrI—

LOESL—
96'8G 1 —

Br

=

3al

10

20

40

50

80

110

120

130

140

150

160

17

180

130

n

£l (ppm)

€000 822
e h/
% NW
1

e/

291~

oL
494
692

LB

CFa

2]
3am

Fsoz

Feoz

oot

4.5

£l (ppm)

50

S110



L1989 —

3am

=00

T T
-60 0 -80 -0 -100 -110 -120 -130 -140 -150 ~-160 -17 -180 -190 -200 -210
£1 (ppn)
ﬁ-
Y
[rel
&
T
125

-50

-10

10

€000 00°Li—

L9911
£8'9L1
SE'9LL
FELLL
84
(AT
.wmm:.\‘

GE'6L 1
59'¢2 ,.\
LCGTL
SEGZL
==
EFFE ,.\

wmmv,‘
D.q.mvf
mq.mv,.
0SEr L

0&'%G L~
288517

T T T T T
121 120 113 18 17

1 (ppm)

T
122

59°ZZ b— -|ﬂw |

123

T
124

CFa

3am

T T T T T T T T T
180 17 160 150 140 130 120 110 100
£1 (ppm)

T
190

0

S111



0g'e—

9BE—

€100 924
SEL
Fi)
)
1
05°2
79—
952
85/
964~
884"

Lea—

5a

|

Fioe

Fasz

e
FAS S
6l¢

Fooy

Eeso

2.0

o
=1

8.0

1 (ppm)

B6hG~,
Es”

£1000 00°Li—

ZEVTL
5892 4
BT
V6L
0682 |
zTBel
0L0ELF
PO'IEL
SEIEL
LTEEL
B6'EE |
259E L
BSBE}

alesl—
Slegl—

S112

20

40

T

80

£1 (ppm)

110

120

130

5a
180 170 160 150 140

190




E8'E—

GE'E—

E1002 9T°4
4 hw
Ars
9y i—
(A=A
£G4

LB 4
wm.mvn

8s'8—

o
(o]

cl I I

i

Cl

5b

e

EyZE

E6lE

oz
lZe
ST

L

=001

)
[

8.0

1 (ppm)

£E'76~,
e’

£1000 00°Li—

Lovel
By GZL
rEBLlL
29°8T 1
EG0EL
060
SPLEL
ariel
0£'ze ,..\
8LFEL
ZEPEL
95'PEL
25GEL
0&'8E L

24881 —
6988 L —

oull
i8]

Cl

o

Cl
5b

I

|

|

|

0

20

40

80

110

120

130

140

150

160

180

190

1 (pom

S113



E8'E—

95—

0z'4
mm.mW
€1000 8Z°4
294
£9°4
P4
99°4
894
GB'L
984

8s8—

W,

=70E

=al'e

02

W_.m.m
6L
=50}

ool

o
[t

8.0

1 (ppm)

TG,
v225”"

£1000 00°Li—

0822
EIRTAR
EYRAR
L2482
60'0E
SLOEL}
B0
ST LE |
L5 LE L
PEREIS
mhfmfkﬂ
£TTE L
GETE
PO'PE 1
08'PE 1
£r'ge L

ELG8L—
99°88 b —

5¢c

T
110

T
120

T
130

T
140

T
150

170

T
180

T
190

o

1 ippm

S114



ro
©
o
Le
Le
e
3 (Y
©
Foy
o
Fo
©
I
=sL'e
=ere |3
©
=
£
o Q
ro &
0
Fo
o
[f©
€1000 92°L
o€ o
veL Fo
9e'L
182
8€'L °
6€L r~
ov'L I P
oV Z~E o —— )
v — me.« L@
8L 2 ReoL [N
=
6v'L oo &
0S'2 S - o
508~ w [— e
b S ———— =801
o
©
[T
s9'8— - =00’}
o}
@ i
[ o
©
o
e

m.hm.v.

PAVAi}

OCF,
5d

6'C
0°€

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

-70

S115



L
W

o
L2
] ©
o o
: o 96'0 ol
-3 - wm.oW Fesz o
E 00'}
- LR or'L
= « -
3 mv.rW U Fooe L2
3 £l
E 3 Fe )
o
F
3 3 F<
©
= o S
= rw
€26, —_
8'2s B .
L2 L2
3 ; .
4 Fe
£10a00°LL — IW rg cop i
F y0'y ]
i ° 90T = FoeL [ ¥
3 ro 80y
v - )
= = z|©
IR = Wy Foo r<
1’611 3 =t evy R
z6LL E 3 B sv'y €
9°0Z1 o E of
EAT42 \ = =
812 3 S .
0°SCtH = - Fa
90l // _ uMur
e s
et \L\ e -
= — = 2
evel 1 Lg
oveL E
0
0'/€} : Lo
wopl £ €100 922
vevL k3 se'L
¥ 182 .
kS L8 SY.L N
052
‘S9L — - 3 z5'L )
1°691 — = - fons
o — —% s = e,
= 952 ¥ — 6'S
3 ° mm.»%
= E 65°L
i poess = =TT e
OO.W\ CHC % J
o
] {343
; g 680 2
s, —
= o
E lo Lo
£
LR )
= N >
23 o
3 r =

S116



9EL~
v

L9~

G119

€10a00LL—

f1 (ppm)

co'L
mo._\w
So'L
ov'l~
_\v.rﬂ

ev'L

90'¥
807
60'Y
LIy
6€'v
Ly
vy
1244
oL'L
oL'L
cLL
cLL
SLL
9L'L
9L’
AW
8lL'L
6L,
6L,
0z
€10a0 922

—

FSie

KLz

1 (ppm)

6691 —

P

057
1872
LeLY
(AN
ze L
€€°L
€€L
Ve LA
9€°L
9€°L

9€’L
nm.hx
8€°L
66°L

OFEt
OEt

S
F
5f

———————
= = _0Le

—] 860

———— .
Bgoe

=160

S117



; l
8
; 3 N
° i S
L® JRTRN E
' v ES
o
L= . &
o uv
L© E
s 3 o
™
3 E
Q Ed r<
BT el 3
LyELL- R3] z o
oELL- '
SyelLl- o F
YrELL- L 3
EPELL- ' . I g
24223 - —960 Mww/ 3 3
01801~ —o0 [T E2
909012 1
< ._u v | (=] P L O
£0°801- LS 3 ~
90°80L- ' 1
90°804- ° 57—
€100 02
. - Lo
S0'80L ; 3 Lg
$0°801- 3
F®
Lo E [®
E 3 £
o 2 RN
= 3 <
L3 €0l
O =
FY €611 d
< 6LLL~ o
< & verL” W Fe
[ EVTLy
6T vzl
Lo LS €621~ - 1 L3
0 ' vieL~ -
S 0264
o 0 F.NQ% e °
r~ gzel LS
Lo g'gelL 2
m.mm& 3
Fo L9€eL 3 o
'8 L2 g'9el e
&
B3 F& eloL 3 5)
3 e
\m \w - 4v o
; \[M le
© e :
0 -2 =
; o 1 Ls
Q -
[g o
o
Le 3
4
k- o
3 L8

S118



160
86°0
86'0
66°0
44
44
ev'L
eyl
Syl

SO
mo.v/
L0V~

-180

-170

-190

-150 -160

-140

F13

-120

-110

-1q0

607
14N

vy
mv.v\

VA4

€10a0 92

om.h/

(32

SL'L
LLL
8LL

6L

m:N
sLg~
2187

898 —

o

L A 7

]
oo

e

CEt

1 (ppm)

-90

9,29~

/860

-80

-70

€LY

00T

1 (gpm)

-40

30|

-20

CF3
59

OEt

A0

OEt

CFy
59

S119



el
v

£1000 02/

r=

1 (ppm)

‘calL —

8/9L —

S120



6. References

(1]
(2]

(3]
(4]
(5]
(6]

(7]
(8]

(9]
(10]
(11]

(12]

(13]
(14]

[15]
(16]
(17]
(18]
(19]
(20]
[21]
[22]
(23]
[24]
[25]
[26]
[27]
(28]
[29]
(30]

J. B. Metternich, R. Gilmour, J Am Chem Soc 2016, 138, 1040-1045.

Y. Liu, H. Lai, S. Zhao, X. Zhao, B. Rong, T. Zhou, B. Jiang, J. Hong, Q. Fang, C. Yuan, Adv. Synth. Catal.
2011, 353, 3161 — 3165.

W. Szymanski, B. Wu, B. Weiner, S. de Wildeman, B. L. Feringa, D. B. Janssen, J. Org. Chem. 2009,
74,9152-9157.

X.-L. Sun, S.-Y. Wang, Z.-M. Qi, N. Wan, B.-L. Zhang, W. He, Res. Chem. Intermed. 2016, 42, 7659-
7673.

P. De, G. Koumba Yoya, P. Constant, F. Bedos-Belval, H. Duran, N. Saffon, M. Daffe, M. Baltas, J.
Med. Chem. 2011, 54, 1449-1461.

J. K. Augustine, C. Boodappa, S. Venkatachaliah, A. Mariappan, Tetrahedron Lett. 2014, 55, 3503-
3506.

X. Huo, R. He, J. Fu, J. Zhang, G. Yang, W. Zhang, J. Am. Chem. Soc. 2017, 139, 9819-9822.

Y. Luo, Y. Zhu, K. Ran, Z. Liu, N. Wang, Q. Feng, J. Zeng, L. Zhang, B. He, T. Ye, S. Zhu, X. Qiu, L. Yu,
MedChemComm 2015, 6, 1036-1042.

T. B. Nguyen, A. Al-Mourabit, Photochem Photobiol Sci 2016, 15, 1115-1119.

S. Tanaka, K. Watanabe, Y. Tanaka, T. Hattori, Org. Lett. 2016, 18, 2576-2579.

E. Carceller, M. Merlos, M. Giral, C. Almansa, J. Bartroli, J. Garcia-Rafanell, J. Forn, J. Med. Chem.
1993, 36, 2984-2997.

S. Munacka, V. Leroux, K. Rodererb, M. k. L.-L. Gundersen, U. Krengel, P. Kast, Chem. Biodivers.
2012, 9, 2507-2527.

T. Foll, J. Rehbein, O. Reiser, Org. Lett. 2018, 20, 5794-5798.

S. D. Schimler, M. A. Cismesia, P. S. Hanley, R. D. Froese, M. J. Jansma, D. C. Bland, M. S. Sanford, J.
Am. Chem. Soc. 2017, 139, 1452-1455.

H. Choi, J. Kim, K. Lee, Tetrahedron Lett. 2016, 57, 3600-3603

B. Li, D. D. Guo, S. H. Guo, G. F. Pan, Y. R. Gao, Y. Q. Wang, Chem. Asian J. 2017, 12, 130-144.
K.-S. Lee, H.-J. Kim, G.-H. Kim, I. Shin, J.-l. Hong, Org. Letter 2008, 10, 49-51.

X.-S. Zhang, Z.-W. Li, Z.-J. Shi, Org. Chem. Front. 2014, 1, 44-49.

S. Starcevic, P. Brozic, S. Turk, J. Cesar, T. L. Rizner, S. Gobec, J. Med. Chem. 2011, 54, 248-261

C. A. Kontogiorgis, D. J. Hadjipavlou-Litina, Bioorg. Med. Chem. Lett. 2004, 14, 611-614

X. G. Liu, S. S. Zhang, C. Y. Jiang, J. Q. Wu, Q. Li, H. Wang, Org Lett 2015, 17, 5404-5407

S. K. Gadakh, S. Dey, A. Sudalai, J. Org. Chem. 2015, 80, 11544-11550.

H. Yu, S. Ry, Y. Zhai, G. Dai, S. Han, Y. Wei, ChemCatChem 2018, 10, 1253-1257.

S. Mandal, S. Mahato, C. K. Jana, Org. Lett. 2015, 17, 3762-3765.

C. . Stathakis, S. M. Manolikakes, P. Knochel, Org. Lett. 2013, 15, 1302-1305.

S.-L. Zhou, L.-N. Guo, X.-H. Duan, Eur. J. Org. Chem. 2014, 2014, 8094-8100.

S. Paul, K. Pradhan, S. Ghosh, S. K. De, A. R. Das, Adv. Synth. Catal. 2014, 356, 1301-1316

M. Zhang, J. Su, Y. Zhang, M. Chen, W. Li, X. Qin, Y. Xie, L. Qin, S. Huang, Synlett 2019, 30, 630-634.
X. H. Cao, X. Pan, P.J. Zhou, J. P. Zou, O. T. Asekun, Chem. Commun. 2014, 50, 3359-3362.

R. Faragher, T. L. Gilchrist, J.C.S. Perkin 1 1976, 336-338.

S121



