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1. General Infromation

Experiments involving moisture and/or air sensitive components were performed under a
positive pressure of argon in oven-dried glassware equipped with a rubber septum inlet. Dried
solvents and liquid reagents were transferred by oven-dried syringes or hypodermic syringe cooled
to ambient temperature in a desiccator. Reactions mixtures were stirred in 10 mL sample vial with
Teflon-coated magnetic stirring bars unless otherwise stated. Moisture in non-volatile
reagents/compounds was removed in high vacuo by means of an oil pump and subsequent purging
with nitrogen. Solvents were removed in vacuo under ~30 mmHg and heated with a water bath at
40 — 45 ° C using rotary evaporator with aspirator. The condenser was cooled with running water at
0 ° C. All experiments were monitored by analytical thin layer chromatography (TLC). TLC was
performed on pre-coated plates, 60 F254. After elution, plate was visualized under UV illumination
at 254 nm for UV active material. Further visualization was achieved by staining Ce(SO4), and
phosphomolybdic acid solution. For those using the aqueous stains, the TLC plates were heated on
a hot plate.

All the products were purified by SepaBean® Machine. SepaFlash® column were purchased
from Santaitech Company. All commercial reagents were purchased with the highest purity grade.
They were used without further purification unless specified.

All solvents used, mainly petroleum ether (PE) and ethyl acetate (EtOAc) were distilled.
Anhydrous dichloromethane (DCM), CH3CN, CHCIl3; were freshly distilled from CaH» and stored
under Ar atmosphere. Tetrahydrofuran (THF), Et,O, 1,2-dimethoxyethane, mesitylene and toluene
were freshly distilled from sodium/benzophenone before use. All compounds synthesized were
stored in a —20 ° C freezer and light-sensitive compounds were protected with aluminium foil.

"H and '3C NMR spectra were recorded on a Bruker advance 111400 spectrometer (400 MHz for
'H and 100 MHz for '*C) and 111600 spectrometer (600 MHz for 'H and 150 MHz for '3C) in CDCls,
DMSO-d¢ and DMF-d;. Chemical shifts (8) were measured in ppm relative to TMS & = 0 for 'H, or
to chloroform & = 77.0 for '*C as internal standard. '’F NMR were recorded on the same instrument.
Data are reported as follows: Chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet), Coupling constants, J, are reported in hertz. The starting materials were

purchased from Aldrich, Acros Organics, J&K Chemicals Adamas-beta or TCI and used without



further purification. Thin-layer chromatography (TLC) was performed using 60 mesh silica gel

plates visualized with short-wavelength UV light (254 nm).

2. Optimization of Reaction Conditions

2.1 Reaction conditions screening “*
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2Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), Ir(ppy)s (1 mol%), Cul (10 mol%), DMAP (20 mol%),
K2COs3 (0.4 mmol), DCM (2.0 mL), 25 °C, 450 nm blue LEDs. ° Yield of isolated product. ¢no light. NR is no
reaction. ND is no detected.

2.2 Limited substrate scopes.
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CF,CO,Et
Ph

H NMR (400 MHz, CDCl3) § 7.50 — 7.48 (m, 2H), 7.42 — 7.40 (m, 4H), 7.34 — 7.30 (m, 3H), 7.24
—7.20 (m, 2H), 7.15 — 7.05 (m, 4H), 3.93 — 3.87 (m, 1H), 3.81 — 3.77 (m, 2H), 3.57 — 3.54 (m, 1H),

3.12 - 2.96 (m, 2H), 1.08 (t, /= 5.7 Hz, 3H).
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3. General procedure for products and Data.
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To a 10 mL Schlenk tube was added Ir(ppy)3 (1 mol%), KoCOj3 (2.0 equiv.) under Argon atmosphere.
Subsequently, DCM (2.0 mL), 1a (0.2 mmol) and 2a (0.4 mmol) was sequentially added into the
tube, degassed three times (10 minutes every time) by freeze-pump-thaw method. The reaction
mixture was stirred under Argon atmosphere at 25 °C in an incubator with 450 nm blue LEDs for

24 hours. After reaction completed, the reaction mixture was transfer into a 100 mL round-bottom



flask, follow by silica gel (about 20-50 mg) was added into, then the solvent was removed under
reduced conditions. The residue was directly loaded onto a short SepaFlash® column, and the pure

products 3’ were purified by SepaBean® Machine in 85% yield.
OH O

Ethyl 3-(3-benzoyl-4-hydroxy-1,2-dihydronaphthalen-1-yl)-2,2-difluoropropanoate (3°):
Yield: 65.5 mg, 85%, colorless oil.

'"H NMR (400 MHz, CDCls) 6 8.04 — 8.02 (m, 1H), 7.57 — 7.55 (m, 2H), 7.49 — 7.45 (m, 4H), 7.42
—7.40 (m, 1H), 7.25 - 7.23 (m, 1H), 4.08 —4.04 (m, 2H), 3.25 — 3.23 (m, 1H), 3.02 -2.97 (m, 1H),
2.82 -2.77 (m,1H), 2.33 (dt, J = 6.8 Hz, 15.8 Hz, 2H), 1.21 (t, J= 7.2 Hz, 3H).

F NMR (376 MHz, CDCl3) 8 -102.00 (d, J=263.2 Hz, 1F), -105.86 (d, J=263.3 Hz, 1F).

13C NMR (100 MHz, CDCI5) § -186.76, 183.21, 163.69 (t, J = 32.5 Hz), 143.00, 136.00, 132.93,
131.25, 130.75, 128.33, 127.86, 127.81, 127.64, 126.75, 115.65 (t, J = 250.3 Hz), 105.99, 62.93,
38.36 (t, J=22.5 Hz), 32.24, 29.84, 13.82.

HRMS (ESI) m/z caled for CoyHaoF204Na [M+Na*] 409.1222, found 409.1224.

R R" R-X (2), Ir(ppy)s (1 mol%), Cul, DMAP R"
] > Rl
K,COj3, DCM, blue LEDs, 25 °C R

1 3or4
To a 10 mL Schlenk tube was added Ir(ppy); (1 mol%), Cul (10 mol%), DMAP (20 mol%), K»CO3
(2.0 equiv.) under Argon atmosphere. Subsequently, DCM (2.0 mL), 1 (1.0 equiv.) and 2 (2.0 equiv.)
was sequentially added into the tube, degassed three times (10 minutes every time) by freeze-pump-
thaw method. The reaction mixture was stirred under Argon atmosphere at 25 °C in an incubator
with 450 nm blue LEDs for 12 - 24 hours. After reaction completed, the reaction mixture was
transfer into a 100 mL round-bottom flask, follow by silica gel (about 20-50 mg) was added into,

then the solvent was removed under reduced conditions. The residue was directly loaded onto a



short SepaFlash® column, and the crude products were purified by SepaBean® Machine with

petroleum ether and ethyl acetate as eluent.

o O

Ph Ph

F OEt

F
(0]

3a
Ethyl 3-(2,2-dibenzoylcyclopropyl)-2,2-difluoropropanoate (3a) was prepared via typical
procedure, using alkene 1a (0.2 mmol) and ethyl bromodifluoroacetate (0.4 mmol), the reaction was
stirred for 12 hours. The crude products were purified by SepaBean® Machine with petroleum ether
and ethyl acetate as eluent to give colorless oil, 67.9 mg, 88% yield.
Gram scale: using alkene 1a (10.0 mmol) and ethyl bromodifluoroacetate (15.0 mmol) in DCM
(30.0 mL) with 0.5 mmol% Ir(ppy)s as photocatalyst, the reaction was stirred for 24 hours. The
crude products were purified by SepaBean® Machine with petroleum ether and ethyl acetate as
eluent to give colorless oil, 3.32 g, 86% yield.
'TH NMR (400 MHz, CDCl3) 8 7.72 - 7.70 (m, 4H), 7.41 - 7.35 (m, 2H), 7.29 - 7.24 (m, 4H), 4.35
(q,J=6.8 Hz, 2H), 2.83 - 2.76 (m, 1H), 2.37 - 2.33 (m, 1H), 2.13 (dd, /=4.5 Hz, 7.2 Hz, 1H), 1.94
- 1.80 (m, 1H), 1.49 (dd, J=4.5 Hz, 8.7 Hz, 1H), 1.37 (t, /= 7.1 Hz, 3H).
1F NMR (376 MHz, CDCl3)  -103.91 (d, J = 260.6 Hz, 1F), -106.01 (d, J = 260.8 Hz, 1F).
13C NMR (100 MHz, CDCl3) & 196.54, 196.12, 163.80 (t, J = 32.3 Hz), 137.94, 137.35, 133.31,
133.07, 128.66, 128.61,128.51, 115.59 (t, J=250.3 Hz), 63.07, 44.09, 32.85 (t, J=23.7 Hz), 20.86,
20.17 (t,J= 6.8 Hz), 13.97.

HRMS (ESI) m/z caled for C22H20F204Na [M+Na*] 409.1222, found 409.1223.
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Ph Ph

OEt
E
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3b

Ethyl 3-(2,2-dibenzoylcyclopropyl)-2-fluoropropanoate (3b) was prepared via typical procedure,
using alkene 1a (0.2 mmol) and alkyl bromide (0.4 mmol), the reaction was stirred for 24 hours.
The crude products were purified by SepaBean® Machine with petroleum ether and ethyl acetate

as eluent to give colorless oil as inseparable 1:1 mixture of diastereomers, 39.7 mg, 54% yield.



'H NMR (400 MHz, CDCls) § 7.74 - 7.70 (m, 4H), 7.39 - 7.35 (m, 2H), 7.30 - 7.23 (m, 4H), 5.05
—4.90 (m, 1H), 429 —4.21 (m, 2H),2.86 — 2.78 (m, 1H), 2.21 —2.05 (m, 1H), 1.82 — 1.57 (m, 1H),
1.46 (ddd, J= 1.6 Hz, 4.2 Hz, 8.5 Hz, 1H), 1.30 (dt, J = 6.1 Hz, 7.1 Hz 3H).
1F NMR (376 MHz, CDCl3) & -191.19 (d, J = 385.6 Hz, 1F).
13C NMR (100 MHz, CDCls) & 196.83, 196.36, 169.28 (d, J = 23.5 Hz), 138.03, 137.53, 133.23,
132.97, 129.16, 128.93, 128.63, 128.48, 89.43 (d, J = 184.7 Hz), 61.77, 45.27, 30.89 (d, J = 20.8
Hz), 23.29 (d, J = 4.4 Hz), 20.90, 14.12.
HRMS (ESI) m/z caled for C2oHa FOsNa [M+Na*] 391.1316, found 391.1315.
(@] O
Ph Ph

F OMe
F

3c

o)

Methyl 3-(2,2-dibenzoylcyclopropyl)-2,2-difluoropropanoate (3c) was prepared via typical
procedure, using alkene 1a (0.2 mmol) and alkyl bromide (0.4 mmol), the reaction was stirred for
12 hours. The crude products were purified by SepaBean® Machine with petroleum ether and ethyl
acetate as eluent to give colorless oil, 61.0 mg, 82% yield.

'TH NMR (400 MHz, CDCl3) 8 7.72 - 7.70 (m, 4H), 7.41 - 7.35 (m, 2H), 7.30 - 7.24 (m, 4H), 3.88
(s, 3H), 2.83 —2.75 (m, 1H), 2.38 — 2.30 (m, 1H), 2.11 (dd, J=4.5 Hz, 7.2 Hz, 1H), 1.95 — 1.80 (m,
1H), 1.48 (dd, J=4.5 Hz, 8.2 Hz, 1H).

1F NMR (376 MHz, CDCl;)  -104.06 (d, J =261.7 Hz, 1F), -105.83 (d, J = 261.4 Hz).

13C NMR (100 MHz, CDCl3) & 196.54, 196.11, 164.26 (t, J = 32.0 Hz), 137.90, 137.33, 133.33,
133.09, 128.67, 128.61, 128.52, 115.60 (t, J=250.3 Hz), 53.46, 44.05, 32.88 (t,J=23.6 Hz), 20.79,
20.10 (t, J= 6.3 Hz).

HRMS (ESI) m/z calcd for C»1H3F204Na [M+Na*] 395.1065, found 395.1069.
0] O
Ph Ph
gy
F
3d ©
(2-(2,2-difluoro-3-ox0-3-(pyrrolidin-1-yl)propyl)cyclopropane-1,1-diyl)bis(phenylmethanone)

(3d) was prepared via typical procedure, using alkene 1a (0.2 mmol) and alkyl bromide (0.4 mmol),



the reaction was stirred for 24 hours. The crude products were purified by SepaBean® Machine
with petroleum ether and ethyl acetate as eluent to give white solid, 63.3 mg, 77% yield.

'H NMR (400 MHz, CDCl3) § 7.73 - 7.70 (m, 4H), 7.39 - 7.33 (m, 2H), 7.27 - 7.22 (m, 4H), 3.66
(t,J=6.7 Hz), 3.50 (t, J="7.0 Hz), 2.94 — 2.86 (m, 1H), 2.50 — 2.36 (m, 1H), 2.16 (dd, ] = 4.4 Hz,
7.3 Hz), 1.98 — 1.91 (m, 3H), 1.88 — 1.83 (m, 2H), 1.48 (dd, J = 4.4 Hz, 8.8Hz).

1F NMR (376 MHz, CDCl3)  -102.80 - -102.81 (m, 2F).

13C NMR (100 MHz, CDCls) & 197.02, 196.34, 161.03 (t, J = 29.5 Hz); 138.10, 137.61, 133.12,
132.89, 128.68, 128.55, 128.49, 128.45, 118.57 (t,J=253.0 Hz), 47.41, 46.52 (t, /= 6.3 Hz), 44.32,

32.48 (t,J = 23.5 Hz), 26.50, 23.28, 21.38, 20.95 (¢, ] = 5.8 Hz).
HRMS (ESI) m/z caled for Co4Ho3F2NOsNa [M+Na'] 434.1538, found 434.1539.
(0] (0]

Ph Ph

(2-(2,2-difluoro-3-morpholino-3-oxopropyl)cyclopropane-1,1-diyl)bis(phenylmethanone) (3e)
was prepared via typical procedure, using alkene 1a (0.2 mmol) and alkyl bromide (0.4 mmol), the
reaction was stirred for 24 hours. The crude products were purified by SepaBean® Machine with
petroleum ether and ethyl acetate as eluent to give white solid, 63.2 mg, 74% yield.

'"H NMR (400 MHz, CDCls) 8 7.73 - 7.70 (m, 4H), 7.39 - 7.33 (m, 2H), 7.28 - 7.22 (m, 4H), 3.73
—3.59 (m, 8H), 2.94 — 2.89 (m, 1H), 2.48 —2.39 (m, 1H), 2.17 (dd, J=4.4 Hz, 7.3 Hz), 2.05 - 1.90
(m, 1H), 1.49 (m, 4.4 Hz, 8.8 Hz).

F NMR (376 MHz, CDCl3) 8 - 98.76 (s, 1F), - 99.07 (s, 1F).

13C NMR (100 MHz, CDCl3) 8 196.98, 196.36, 161.53 (t, J = 28.8 Hz), 138.10, 137.56, 133.15,
132.92, 128.64, 128.56, 128.48, 128.46, 121.60, 119.06, 116.52, 66.75, 66.69, 46.45 (t, J= 6.0 Hz),
44.39,43.34,32.78 (t,J=23.0 Hz), 21.39, 20.95 (t, /= 6.0 Hz).

HRMS (ESI) m/z calcd for C24H23F2NOsNa [M+Na*] 450.1487, found 450.1489.



Ph Ph
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tert-butyl  4-(3-(2,2-dibenzoylcyclopropyl)-2,2-difluoropropanoyl)piperazine-1-carboxylate
(3f) was prepared via typical procedure, using alkene 1a (0.2 mmol) and alkyl bromide (0.4 mmol),
the reaction was stirred for 24 hours. The crude products were purified by SepaBean® Machine
with petroleum ether and ethyl acetate as eluent to give white solid, 63.1 mg, 60% yield.

TH NMR (400 MHz, CDCl3) 8 7.73 - 7.70 (m, 4H), 7.39 - 7.33 (m, 2H), 7.28 - 7.22 (m, 4H), 3.66 -
3.65 (m, 2H), 3.59 — 3.57 (m, 2H), 3.49 — 3.45 (m, 4H), 2.95 — 2.88 (m, 1H), 2.51 — 2.38 (m, 1H),
2.16 (dd, J=4.4 Hz, 7.3 Hz), 2.05 — 1.91 (m, 1H), 1.50 -1.46 (m, 10H).

1F NMR (376 MHz, CDCl3) & - 98.67 (s, 1F), - 98.94 (s, 1F).

13C NMR (100 MHz, CDCl3) 8 196.97, 196.35, 161.65 (t, J = 28.7 Hz), 154.45, 138.09, 137.55,
133.15, 132.92, 128.64, 128.56, 128.48, 128.46, 119.04 (t, ] = 254.4 Hz), 80.45, 45.63 (t, /= 6.3
Hz), 44.30, 42.98, 32.78 (t, J=23.0 Hz), 28.36, 26.91, 21.38, 20.94 (t, ] = 5.9 Hz). 18.44.

HRMS (ESI) m/z caled for CooH3,F2N>OsNa [M+Na*] 549.2171, found 549.2170.

o O

Ph Ph

Cl Cl
Cl

39
(2-(2,2,2-trichloroethyl)cyclopropane-1,1-diyl)bis(phenylmethanone) (3g) was prepared via
typical procedure, using alkene 1a (0.2 mmol) and alkyl bromide (0.6 mmol), the reaction was
stirred for 12 hours. The crude products were purified by SepaBean® Machine with petroleum ether
and ethyl acetate as eluent to give colorless oil, 65.5 mg, 86% yield.

'TH NMR (400 MHz, CDCl3) 8 7.75 - 7.72 (m, 4H), 7.43 - 7.39 (m, 2H), 7.37 - 7.25 (m, 4H), 3.08
—2.98 (m, 2H), 2.42 — 2.34 (m, 2H), 1.66 (dd, J= 4.7 Hz, 9.0 Hz, 1H).

13C NMR (100 MHz, CDCl3) & 196.50, 196.08, 137.79, 136.38, 133.45, 137.30, 133.46, 133.15,
128.78, 128.64, 128.56, 128.54, 98.87, 52.75, 43.85, 24.46, 22.10.

HRMS (ESI) m/z caled for C1oH;6C10, [M+H'] 381.0210, found 381.0212.



Ph Ph
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(2-(2,3,3,3-tetrafluoro-2-(trifluoromethyl)propyl)cyclopropane-1,1-diyl)bis(phenylmethanone)
(3h) was prepared via typical procedure, using alkene 1a (0.2 mmol) and alkyl iodine (0.4 mmol),
the reaction was stirred for 12 hours. The crude products were purified by SepaBean® Machine
with petroleum ether and ethyl acetate as eluent to give colorless oil, 55.3 mg, 64% yield.
'H NMR (400 MHz, CDCl3) 4 7.72 - 7.70 (m, 4H), 7.42 - 7.35 (m, 2H), 7.31 - 7.24 (m, 4H), 2.88
—2.81 (m, 1H), 2.44 (dt, J=3.2 Hz, 16.3 Hz), 2.18 — 2.15 (m, 1H), 1.95 — 1.82 (m, 1H), 1.55 (t, J
=4.7 Hz, 8.6 Hz).
1F NMR (376 MHz, CDCl3) § — 75.33 - -75.42 (m, 3F), -76.36 — 76.45 (m, 3F), -183.38 - -183.45
(m, 1F). BC NMR (100 MHz, CDCls) § 196.28, 196.07, 137.91, 137.16, 133.47, 133.20, 128.76,
128.58, 128.52, 44.50, 27.60 (d, J = 20.1 Hz), 21.44, 20.15 (t, J= 5.2 Hz).

HRMS (ESI) m/z calcd for C2;Hi5F702Na [M+Na*] 455.0852, found 455.0853.
O O

Ph Ph

C4F9
3i

(2-(5,5,5,5,5,5,5,5,5-nonafluoro-5112-penta-2,4-diyn-1-yl)cyclopropane-1,1-diyl)bis(phenylme
-thanone) (3i) was prepared via typical procedure, using alkene 1a (0.2 mmol) and alkyl iodine (0.4
mmol), the reaction was stirred for 12 hours. The crude products were purified by SepaBean®
Machine with petroleum ether and ethyl acetate as eluent to give colorless oil, 80.0 mg, 83% yield.
'"H NMR (400 MHz, CDCls) 8 7.73 - 7.69 (m, 4H), 7.42 - 7.36 (m, 2H), 7.30 - 7.24 (m, 4H), 2.92
—2.84 (m, 1H), 2.44 — 2.29 (m, 1H), 2.17 (dd, J = 4.6 Hz, 7.2 Hz, 1H), 2.03 — 1.88 (m, 1H), 1.56
(dd, J=4.6 Hz, 8.8 Hz,1H).

YF NMR (376 MHz, CDCls) & -81.04 (dt, J= 3.5 Hz, 7.0 Hz, 3F), -113.35 — 113.67(m, 2F), -123.94
-124.02 (m, 2F), -125.96 — 126.64 (m, 2F).

13C NMR (100 MHz, CDCl3) & 196.38, 196.13, 137.89, 137.18, 133.39, 133.17, 128.69, 128.56,

128.54, 128.53, 43.89, 29.49 (t, J = 21.86 Hz), 20.91, 19.31, (t, /= 4.9 Hz).



HRMS (ESI) m/z caled for C2oH16F9O, [M+H*] 483.1001, found 483.1004.
o O

Ph Ph

CgF
3j 613

2-(7,7,7,1,1,1,7,7,7,1,7,7,7-tridecafluoro-7116-hepta-2,4,6-triyn-1-yl)cyclopropane-1,1-diyl) -
bis(phenylmethanone) (3j) was prepared via typical procedure, using alkene 1a (0.2 mmol) and
alkyl iodine (0.4 mmol), the reaction was stirred for 12 hours. The crude products were purified by
SepaBean® Machine with petroleum ether and ethyl acetate as eluent to give colorless oil, 90.8 mg,
78% yield.

'TH NMR (400 MHz, CDCl3) 8 7.73 - 7.69 (m, 4H), 7.42 - 7.36 (m, 2H), 7.30 - 7.24 (m, 4H), 2.92
—2.84 (m, 1H), 2.44 — 2.30 (m, 1H), 2.17 (dd, J = 4.6 Hz, 7.2 Hz, 1H), 2.03 — 1.88 (m, 1H), 1.56
(dd, J=4.6 Hz, 8.8 Hz,1H).

F NMR (376 MHz, CDCl3) & -80.79 (t, J = 10.2 Hz, 3F), -113.13 — 113.43 (m, 2F), -122.85 -
126.18 (m, 8F); *C NMR (100 MHz, CDCls) 8 196.38, 196.13, 137.90, 137.19, 133.38, 133.16,
128.69, 128.55, 128.54, 128.52, 43.89, 29.57 (t, J = 22.22 Hz), 20.91, 19.34, (t, /= 5.2 Hz).

HRMS (ESI) m/z calcd for C24H16F 1302 [M+H*] 583.0937, found 583.0934.
O O

Ph Ph

CgF17
3k

2-(9,9,9,9,9,9,9,9,9,9,9,9,9,9,9,9,9-heptadecafluoro-9120-nona-2,4,6,8-tetrayn-1-yl)cyclo prop -
ane-1,1-diyl)bis(phenylmethanone) (3k) was prepared via typical procedure, using alkene 1a (0.2
mmol) and alkyl iodine (0.4 mmol), the reaction was stirred for 12 hours. The crude products were
purified by SepaBean® Machine with petroleum ether and ethyl acetate as eluent to give colorless
oil, 95.4 mg, 70% yield.

'TH NMR (400 MHz, CDCls) 8 7.73 - 7.70 (m, 4H), 7.42 - 7.36 (m, 2H), 7.30 - 7.25 (m, 4H), 2.92
—2.85 (m, 1H), 2.44 — 2.30 (m, 1H), 2.17 (dd, J = 4.6 Hz, 7.2 Hz, 1H), 2.04 — 1.88 (m, 1H), 1.57
(dd, J=4.6 Hz, 8.8 Hz, 1H).

I"F NMR (376 MHz, CDCls) 6 -80.79 (t, J = 10.2 Hz, 3F), -113.12 — 113.43 (m, 2F), -121.66 -

126.16 (m, 12F).



13C NMR (100 MHz, CDCl5) § 196.38, 196.13, 137.91, 137.19, 133.38, 133.16, 128.68, 128.55,
128.54,43.90, 29.58 (t, /= 21.70 Hz), 20.91, 19.35, (t, /= 4.3 Hz).

HRMS (ESI) m/z caled for Ca6H16F1702 [M+H™] 683.0873, found 683.0899.
O O

Ph Ph

C1oF21
3l

(2-11,11,11,11,11,11,11,11,11,11,11,11,11,11,11,11,11,11,11,11,11-henicosafluoro-11124-undeca-
2,4,6,8,10-pentayn-1-yl)cyclopropane-1,1-diyl)bis(phenylmethanone) (31) was prepared via
typical procedure, using alkene 1a (0.2 mmol) and alkyl iodine (0.4 mmol), the reaction was stirred
for 12 hours. The crude products were purified by SepaBean® Machine with petroleum ether and
ethyl acetate as eluent to give colorless oil, 103.2 mg, 66% yield.

'TH NMR (400 MHz, CDCl3) 8 7.73 - 7.69 (m, 4H), 7.41 - 7.36 (m, 2H), 7.30 - 7.24 (m, 4H), 2.92
—2.85(m, 1H), 2.43 -2.30 (m, 1H), 2.17 (dd, J=4.6 Hz, 7.2 Hz, 1H), 2.04 - 1.88 (m, 1H),1.56 (dd,
J=4.7Hz, 8.8 Hz, 1H).

1F NMR (376 MHz, CDCl3) § -59.19 (t, J = 32.2 Hz, 1F); -80.89 (t, /= 11.28 Hz, 3F); -113.12 - -
113.49 (m, 2F), -120.91 - -123.06 (m, 13 F), -126.15 - -126.25 (m, 2F).

13C NMR (100 MHz, CDCI3) & 196.38, 196.13, 137.91, 137.20, 133.36, 133.14, 128.67, 128.54,
128.52,43.89, 29.58, (t, J=21.9 Hz), 20.89, 19.34.

HRMS (ESI) m/z caled for CasHsF2102 [M+H*] 783.0809, found 783.0818.

0]

:é \—CF,CO,Et

(e}
4a

ethyl 3-(1',3'-dioxo-1',3'-dihydrospiro[cyclopropane-1,2'-inden]-2-yl)-2,2-difluoropropanoate
(4a) was prepared via typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.4 mmol),
the reaction was stirred for 12 hours. The crude products were purified by SepaBean® Machine
with petroleum ether and ethyl acetate as eluent to give colorless oil, 44.3 mg, 72% yield.

TH NMR (400 MHz, CDCl3) 8 7.97 - 7.95 (m, 2H), 7.82 - 7.81 (m, 2H), 7.30 - 7.24 (m, 4H), 4.25
(dq,J=1.6 Hz, 5.7 Hz),2.70 - 2.52 (m, 2H), 2.36 — 2.30 (m, 1H), 2.01 (dd, J=3.2 Hz, 7.1 Hz, 1H),

1.75 (m, J= 3.2 Hz, 6.4Hz, 1H), 1.31 (t, J= 5.7 Hz, 3H).



F NMR (376 MHz, CDCl3) 8 -106.24 - -106.25 (m, 2F).
13C NMR (100 MHz, CDCl3) 8 198.05, 197.87, 163.63 (t, J = 32.1 Hz), 142.49, 141.58, 135.03,
134.99, 122.65, 122.55, 115.19 (t, J = 250.2 Hz), 63.03, 37.82, 31.35 (t, J=23.6 Hz), 27.76 (t, J =
5.7 Hz), 23.82, 13.88.
HRMS (ESI) m/z caled for Ci6H14F204Na [M+Na*] 331.0752, found 331.0755.
0O O
Me Me
SRNG
CCly
4b

(2-(2,2,2-trichloroethyl)cyclopropane-1,1-diyl)bis(m-tolylmethanone) (4b) was prepared via
typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.6 mmol), the reaction was stirred
for 24 hours. The crude products were purified by SepaBean® Machine with petroleum ether and
ethyl acetate as eluent to give colorless oil, 68.5 mg, 84% yield.
'TH NMR (400 MHz, CDCl3) 8 7.70- 7.68 (m, 4H), 7.11 - 7.07 (m, 4H), 7.30 - 7.24 (m, 4H), 3.00 —
2.94 (m, 2H), 2.34 — 2.31 (m, 1H), 2.30 (s, 3H), 2.29 (s, 3H), 1.58 — 1.55 (m, 2H).
13C NMR (100 MHz, CDCIl3) 8 195.86, 195.40, 144.53, 144.12, 135.18, 134.58, 129.50, 129.28,
128.92, 128.83,99.01, 52.84, 43.66, 23.77, 21.67, 21.63, 21.51.

HRMS (ESI) m/z caled for Co1H1oC130.Na [M+Na*] 431.0343, found 431.0358.

s

CCl;
4c

(1-benzoyl-2-(2,2,2-trichloroethyl)cyclopropyl)(m-tolyl)methanone 4c was prepared via typical
procedure, using alkene (0.2 mmol) and alkyl bromide (0.6 mmol), the reaction was stirred for 24
hours. The crude products were purified by SepaBean® Machine with petroleum ether and ethyl
acetate as eluent to give colorless oil as inseparable 1:1 mixture of diastereomers, 64.6 mg, 84%
yield.

TH NMR (400 MHz, CDCls) & 7.75- 7.73 (m, 2H), 7.55 — 7.53 (m, 2H), 7.41 — 7.37 (m, 1H), 7.32
—7.26 (m, 2H), 7.21 — 7.15 (m, 2H), 3.07 — 2.97 (m, 2H), 2.40 -2.31 (m, 2H), 2.28 — 2.27 (m, 3H),
1.64 —1.61 (m, 1H).

13C NMR (100 MHz, CDCl3) 8 196.56, 196.53, 196.10, 138.69, 138.44, 137.83, 137.75, 137.32,



137.27, 134.34, 133.98, 133.40, 133.09, 129.00, 128.95, 128.77, 128.62, 128.56, 128.53, 128.41,
126.04, 125.89, 98.92, 52.75, 43.85, 26.92, 24.40, 24.36, 22.07, 21.25.

HRMS (ESI) m/z caled for Co0H17C130,Na [M+Na*] 417.0186, found 417.0205.

Me O O

DRN®

Me CF2002Et
4d

Ethyl 3-(2-benzoyl-2-(2,5-dimethylbenzoyl)cyclopropyl)-2,2-difluoropropanoate (4d) was
prepared via typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.4 mmol), the reaction
was stirred for 12 hours. The crude products were purified by SepaBean® Machine with petroleum
ether and ethyl acetate as eluent to give colorless oil as inseparable 1:1 mixture of diastereomers,
66.2 mg, 80% yield.

'TH NMR (400 MHz, CDCI3) 8 7.57- 7.55 (m, 2H), 7.40 — 7.33 (m, 1H), 7.29 — 7.22 (m, 3H), 6.99
—6.93 (m, 1H), 6.84 — 6.80 (m, 1H), 4.38 —4.31 (m, 2H), 2.84 —2.77 (m, 1H), 2.43 — 2.34 (m, 1H),
2.26—2.18 (m, 6H), 2.15-2.10 (m, 1H), 2.04 — 1.79 (m, 1H), 1.59 — 1.46 (m, 1H), 1.40 — 1.35 (m,
3H).

YF NMR (376 MHz, CDCl3) § -103.81 - -104.55 (m, 1F), -105.92 - -106.62 (m, 1F).

13C NMR (100 MHz, CDCl;3) 4 199.15, 198.11, 196.89, 196.37, 163.89 (t, J = 32.2 Hz), 163.79 (t,
J = 32.3 Hz), 138.60, 138.13, 137.95, 137.74, 135.29, 135.22, 134.93, 134.54, 132.93,
132.69,132.52, 132.17, 131.59, 131.40, 129.31, 128.91, 128.49, 128.35, 127.95, 127.82, 115.74 (t,
J=1250.4 Hz), 115.58 (t, J = 250.6 Hz), 63.07, 45.04, 45.00, 33.18 (t, J = 23.6 Hz), 32.49 (t, J =
23.6 Hz), 22.65,21.69,21.31 (t,J=5.2 Hz), 21.13 (t, /= 5.4 Hz), 20.87, 20.80, 19.79, 19.63, 13.99,
13.97.

HRMS (ESI) m/z caled for Co4H24F204Na [M+Na*] 437.1535, found 437.1536.
O O

AT

C4Fo

F
4f
(1-benzoyl-2-(5,5,5,5,5,5,5,5,5-nonafluoro-5112-penta-2,4-diyn-1-yl)cyclopropyl)(4-

fluorophenyl)methanone (4f) was prepared via typical procedure, using alkene (0.2 mmol) and



alkyl iodine (0.4 mmol), the reaction was stirred for 12 hours. The crude products were purified by
SepaBean® Machine with petroleum ether and ethyl acetate as eluent to give colorless oil as
inseparable 1:1 mixture of diastereomers, 75.0 mg, 75% yield.

TH NMR (400 MHz, CDCl3) 8 7.79 - 7.72 (m, 4H), 7.44 - 7.39 (m, 1H), 7.32 - 7.29 (m, 2H), 6.97 -
6.93 (m, 2H), 2.90 -2.84 (m, 1H), 2.40 — 2.28 (m, 1H), 2.17 -2.16 (m, 1H), 2.03 — 1.92 (m, 1H),
1.58-1.53 (m, 1H).

1F NMR (376 MHz, CDCl3) 6 -81.11 - -81.17 (m, 3F), -103.79 (d, J = 164.9 Hz), -124.03 - -126.11
(m, 4F).

13C NMR (100 MHz, CDCl3) 8 196.21, 195.97, 194.68, 194.41, 166.94 (d, J = 254.7 Hz), 166.83
(d,J=254.2Hz), 137.74, 137.02, 134.27(d, J="77.01 Hz), 134.24, (d, J="77.2 Hz), 133.55, 133.33,
131.30 (d, J = 9.3 Hz), 131.22 (d, J = 9.2 Hz), 128.77, 128.64, 128.53, 116.03 (d, J = 21.9 Hz),
115.90 (d, J = 21.8 Hz), 43.87, 43.81, 29.68, (t, J = 26.9 Hz), 29.62(t, J = 21.7 Hz), 20.76, 20.68,
19.29 (t, J= 5.0 Hz).

HRMS (ESI) m/z calcd for C2oH14F1002Na [M+Na+] 523.0726, found 523.0701.
o O

AT A

C4Fg
4g

(1-benzoyl-2-(5,5,5,5,5,5,5,5,5-nonafluoro-5112-penta-2,4-diyn-1-yl)cyclopropyl)(4-
chlorophenyl)methanone (4g) was prepared via typical procedure, using alkene (0.2 mmol) and
alkyl iodine (0.4 mmol), the reaction was stirred for 12 hours. The crude products were purified by
SepaBean® Machine with petroleum ether and ethyl acetate as eluent to give colorless oil as
inseparable 1:1 mixture of diastereomers, 80.4 mg, 78% yield.

'"H NMR (400 MHz, CDCl3) & 7.74(t, J = 5.7 Hz, 2H), 7.61 - 7.56 (m, 2H), 7.42 (t, J = 6.1 Hz),
7.33 -7.27 (m, 2H), 2.89 -2.84 (m, 1H), 2.39 — 2.30 (m, 1H), 2.16 -2.15 (m, 1H), 2.01 — 1.91 (m,
1H), 1.65-1.53 (m, 1H).

F NMR (376 MHz, CDCl3) 6 -81.05 - -81.11 (m, 3F), -113.37 - -113.68 (m, 2F), -124.00 - -126.07
(m, 4F).

13C NMR (100 MHz, CDCl3) 8 196.03, 195.77, 195.30, 195.07, 137.69, 136.95, 136.53, 135.81,

133.66, 133.44, 132..05, 133.33, 131.94, 129.97, 129.96, 128.84, 128.71, 128.57, 43.88, 43.81,



29.45 (t,J=21.7 Hz), 29.36, (m, J = 21.5 Hz), 20.83, 19.49, 19.36.

HRMS (ESI) m/z caled for C22H14F10ClO2Na [M+Na*] 539.0431, found 539.0480.

O O

PORNG

C4Fg
4h

(1-benzoyl-2-(5,5,5,5,5,5,5,5,5-nonafluoro-5112-penta-2,4-diyn-1-yl)cyclopropyl)(4-
bromophenyl)methanone (4h) was prepared via typical procedure, using alkene (0.2 mmol) and
alkyl iodine (0.4 mmol), the reaction was stirred for 12 hours. The crude products were purified by
SepaBean® Machine with petroleum ether and ethyl acetate as eluent to give colorless oil as
inseparable 1:1 mixture of diastereomers, 82.8 mg, 74% yield.

'"H NMR (400 MHz, CDCl3) & 7.74 - 7.66 (m, 4H), 7.43 - 7.30 (m, 1H), 7.33 - 7.24 (m, 4H), 2.90 -
2.84 (m, 1H), 2.39 -2.27 (m, 1H), 2.16 — 2.14 (m, 1H), 2.05 -1.93 (m, 1H),1.58 — 1.53 (m, 1H).

1F NMR (376 MHz, CDCl3) 6 -81.02 - -81.09 (m, 3F), -113.34 - -113.69 (m, 2F), -124.01 - -126.05
(m, 4F).

13C NMR (100 MHz, CDCI3) 8 196.07, 195.82, 195.10, 194.85, 139.96, 139.70, 136.97, 136.13,
135.40,133.64, 133.43, 129.91, 129.88, 129.06, 128.95, 128.83, 128.70, 128.55, 43.87,43.83,29.47
(t, J=23.6 Hz), 29.38(t, J=21.5 Hz), 20.83, 19.46 (t, /= 4.8 Hz), 19.35 (t, /= 5.0 Hz).

HRMS (ESI) m/z caled for CoH)4FoBrO,Na [M+Na*] 582.9926, found 582.9927.

JIORNG

C4Fs
4i

(1-benzoyl-2-(5,5,5,5,5,5,5,5,5-nonafluoro-5112-penta-2,4-diyn-1-yl)cyclopropyl)(4-
iodophenyl)methanone (4i) was prepared via typical procedure, using alkene (0.2 mmol) and alkyl
iodine (0.4 mmol), the reaction was stirred for 12 hours. The crude products were purified by
SepaBean® Machine with petroleum ether and ethyl acetate as eluent to give colorless oil as
inseparable 1:1 mixture of diastereomers, 78.9 mg, 65% yield.

'"H NMR (400 MHz, CDCl;3) 6 7.80 - 7.62 (m, 4H), 7.54 - 7.26 (m, 5H), 2.89 — 2.81 (m, 1H), 2.41
—2.24 (m, 1H), 2.15—-2.12 (m, 1H), 2.04 — 1.89 (m, 1H), 1.62 — 1.51 (m, 1H).

YFNMR (376 MHz, CDCl;3) 8 -81.00 - -81.06 (m, 3F), -111.77 - -113.66 (m, 2F), -122.94 - - 126.03



(m, 4F).

13C NMR (100 MHz, CDCIl3) & 195.98, 195.73, 195.58, 195.36, 138.04, 137.93, 137.67, 137.04,
136.94,136.31, 133.68, 133.46, 129.79, 128.84, 128.71, 128.58, 101.71, 101.35, 43.84,43.77,29.46
(t, /=219 Hz), 29.38 (t,J=21.8 Hz), 20.81, 19.46, 19.36.

HRMS (ESI) m/z caled for CooHi5FolO2 [M+H™] 608.9968, found 608.9979.
O O

4 C4Fg

(1-benzoyl-2-(5,5,5,5,5,5,5,5,5-nonafluoro-5112-penta-2,4-diyn-1-yl)cyclopropyl)(4-
methoxyphenyl)methanone (4j) was prepared via typical procedure, using alkene (0.2 mmol)

and alkyl iodine (0.4 mmol), the reaction was stirred for 12 hours. The crude products were
purified by SepaBean® Machine with petroleum ether and ethyl acetate as eluent to give colorless
oil as inseparable 1:1 mixture of diastereomers, 73.7 mg, 72% yield.

'TH NMR (400 MHz, CDCl3) § 7.79 - 7.74 (m, 4H), 7.42 - 7.38 (m, 1H), 7.32 - 7.27 (m, 2H), 6.78 -
6.74 (m, 2H), 3.76 -3.75 (m, 3H), 2.86 — 2.79 (m, 1H), 2.89 -2.30 (m, 1H), 2.14 - 2.11 (m, 1H),
1.95-1.83 (m, 1H), 1.50 (dd, J= 3.7 Hz, 6.9Hz, 1H).

19F NMR (376 MHz, CDCl5) & -81.13 (t, J = 10.4 Hz,3F), -113.43 - -113.68 (m, 2F) -124.03 - -
126.11 (m, 4F).

13C NMR (100 MHz, CDCIl3) 8 196.52, 196.28, 194.32, 193.88, 163.75, 163.56, 137.81, 137.08,
133.29, 133.17, 131.08, 131.01, 130.78, 129.92, 128.68, 128.62, 128.54, 113.95, 113.81, 55.34,
55.32,43.65, 29.74 (t, J=21.6 Hz, major), 29.45(t, J = 29.8 Hz, minor), 20.42, 20.17, 18.84 (t, J =
4.8 Hz), 18.49 (t,J=5.2 Hz).

HRMS (ESI) m/z caled for C23H17FoNaO3 [M+Na*] 535.0926, found 535.0917.

PORNG

a  CaFo

(1-([1,1'-biphenyl]-4-carbonyl)-2-(5,5,5,5.,5,5,5,5,5-nonafluoro-5112-penta-2,4-diyn-1-

yl)cyclopropyl)(phenyl)methanone (4k) was prepared via typical procedure, using alkene (0.2



mmol) and alkyl iodine (0.4 mmol), the reaction was stirred for 12 hours. The crude products were
purified by SepaBean® Machine with petroleum ether and ethyl acetate as eluent to give colorless
oil as inseparable 1:1 mixture of diastereomers, 85.9 mg, 77% yield.

'"H NMR (400 MHz, CDCl3) 8 7.83 - 7.76 (m, 4H), 7.52 - 7.49 (m, 4H), 7.43 - 7.26 (m, 6H), 2.92 -
2.86 (m, 1H),2.43-2.35 (m, 1H), 2.18 (dd, J=4.5Hz,7.2 Hz ,1H), 2.12 (dd, /= 4.5 Hz,7.2 Hz ,1H),
1.95-1.80 (m, 1H), 1.48 (dd, J=3.8 Hz, 5.5 Hz, 1H), 2.03 -1.91 (m, 1H), 1.58 -1.55 (m, 1H);

1F NMR (376 MHz, CDCI3) 6 -81.06 (t, J = 10.6 Hz,3F), - 113.34 - -113.66 (m ,2F), - 123.94 - -
126.05 (m ,4F);

13C NMR (100 MHz, CDCl3) 8 196.36, 196.11, 195.72, 195.46, 146.03, 145.81, 139.47, 139.39,
137.88, 137.16, 135.77, 133.49, 133.26, 129.22, 129.93, 129.21, 128.75, 128.64, 128.41, 128.35,
127.28, 127.17, 127.15, 43.94, 27.58 (t, J = 21.48 Hz, minor) 29.54 (t, J= 21.5 Hz, major) 20.77,
20.72, 19.21, 19.16.

HRMS (ESI) m/z calcd for C2gH19F9O2Na [M+Na*] 581.1134, found 581.1140.

PORNG

CF,CO,Et
41

Ethyl 3-(2-([1,1'-biphenyl]-4-carbonyl)-2-benzoylcyclopropyl)-2,2-difluoropropanoate (41)
was prepared via typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.4 mmol), the
reaction was stirred for 12 hours. The crude products were purified by SepaBean® Machine with
petroleum ether and ethyl acetate as eluent to give colorless oil as inseparable 1:1 mixture of
diastereomers, 67.4 mg, 73% yield.

"H NMR (400 MHz, CDCl3) 4 7.82 - 7.76 (m, 4H), 7.52 - 7.48 (m, 4H), 7.43 - 7.35 (m, 4H), 7.31 -
7.27 (m, 2H), 4.35 (q, J = 5.6 Hz, 2H), 2.84 — 2.78 (m, 1H), 2.39 -2.35 (m, 1H), 2.13 (q, J=3.8
Hz,1H), 1.94-1.83 (m, 1H), 1.49 -1.47 (m, 1H), 1.37 (t, /= 5.7 Hz ,3H);

1F NMR (376 MHz, CDCls) § -103.85 (d, J = 260.6 Hz,1F), - 105.96 (d, J=260.7 Hz 1F).

13C NMR (100 MHz, CDCl3) § 196.53, 196.11, 195.89, 195.47, 163.83 (t, J = 32.3 Hz), 145.94,
145.71, 139.51, 139.44, 137.91, 137.31, 136.56, 135.92, 133.42, 133.18, 129.29, 129.19, 128.94,
128.73, 128.62, 128.58, 128.39, 128.33, 127.26, 127.18, 127.16, 127.13, 115.63 (t, J = 250.4 Hz),

63.0944.14,32.94 (t,J=23.2 Hz, minor), 32.91 (t, J=23.44 Hz, major); 20.74, 20.68, 20.08, 20.02,



13.98.

HRMS (ESI) m/z caled for CagHasF204 [M+H*] 463.1715, found 463.1791.

@) O
| N AN
~-N N~
am CeF13

2-(7,7,7,1,1,1,1,1,7,1,1,7,7-tridecafluoro-7116-hepta-2,4,6-triyn-1-yl)cyclopropane-1,1-
diyl)bis(pyridin-2-ylmethanone) (4m) was prepared via typical procedure, using alkene (0.2 mmol)
and alkyl iodine (0.4 mmol), the reaction was stirred for 12 hours. The crude products were purified
by SepaBean® Machine with petroleum ether and ethyl acetate as eluent to give yellow oil, 78.3
mg, 67% yield.

'"H NMR (400 MHz, CDCl;) 8 8.27 — 8.25 (m, 2H), 8.08 — 8.05 (m, 2H), 7.72 — 7.67 (m, 2H), 7.18-
7.15 (m, 2H), 2.96 -2.93 (m, 1H), 2.31 -2.22 (m, 1H), 2.13 (dd, J=4.4 Hz, 7.4Hz), 2.08 —2.02 (m,
2H), 1.44 (dd, J= 4.4 Hz, 8.8Hz, 1H).

F NMR (376 MHz, CDCls) & -80.03 —-80.89 (m,3F), -113.56 — -113.68 (m,2F), -121.96 —-123.27
(m,6F), -126.14 — -126.24 (m,2F).

13C NMR (100 MHz, CDCl3) & 193.78, 193.72, 153.58, 152.94, 147.89, 147.73, 136.75, 136.73,
125.97, 122.26 ,121.81, 40.53, 28.98 (t, J = 21.85 Hz), 20.30 (t, / = 4.4 Hz).

HRMS (ESI) m/z caled for CooH14F 13N202 [M+H+] 585.0842, found 585.0845.

O O
| X | X
N N =
CF,CO,Et

ethyl 3-(2,2-dipicolinoylcyclopropyl)-2,2-difluoropropanoate (4n) was prepared via typical
procedure, using alkene (0.2 mmol) and alkyl bromide (0.4 mmol), the reaction was stirred for 12
hours. The crude products were purified by SepaBean® Machine with petroleum ether and ethyl
acetate as eluent to give yellow oil, 56.6 mg, 73% yield.

TH NMR (400 MHz, CDCl3) 4 8.26 — 8.23 (m, 2H), 8.08 — 8.03 (m, 2H), 7.71 — 7.66 (m, 2H), 7.17
—7.13 (m, 2H), 4.34 (dq, J=2.5 Hz, 7.2 Hz), 2.88 — 2.81 (m, 1H), 2.26 — 2.14 (m, 1H), 2.09 — 2.06
(m, 1H), 2.04 — 1.91 (m, 1H), 1.37 — 1.33 (m, 4H).

1F NMR (376 MHz, CDCls) § -103.88 - -104.57 (m, 1F), -106.22 - -106.91 (m, 1F).



13C NMR (100 MHz, CDCl3) § 194.01, 193.69, 163.93 (t, J = 32.17 Hz), 153.70, 152.97, 147.94,
147.69, 136.74, 136.70, 125.95, 125.91, 122.26, 121.79, 115.76 (t, J = 249.7 Hz), 62.89, 40.66,
32.30 (t,J=23.7 Hz), 26.91, 22.00, 21.35 (t, /= 6.6 Hz), 13.94.

HRMS (ESI) m/z caled for C20H1gF2N20O4Na [M+Na*™] 411.1127, found 411.1129.

o O

~

\_0

CF,CO,Et
40

ethyl 3-(2-benzoyl-2-(furan-2-carbonyl)cyclopropyl)-2,2-difluoropropanoate (40) was prepared
via typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.4 mmol), the reaction was
stirred for 12 hours. The crude products were purified by SepaBean® Machine with petroleum ether
and ethyl acetate as eluent to give yellow oil as inseparable 1:1 mixture of diastereomers, 48.1 mg,
64% yield.

'H NMR (400 MHz, CDCls3) & 7.84 — 7.81 (m, 2H), 7.47 — 7.31 (m, 4H), 7.09 (m, J = 3.6 Hz, 1H),
6.35 (dt, J= 1.6 Hz, 3.8 Hz, 1H), 4.34 (q, J =7.0 Hz, 2H), 2.79 -2.67 (m, 1H), 2.40 -2.20 (m,1H),
-2.67 (m, 1H), 2.09 -1.97 (m,1H), 1.98 -1.74 (m, 1H), 1.42 (dd, J =4.6 Hz, 8.7 Hz, 1H), 1.36 (dt, J
=2.1 Hz, 7.1 Hz, 3H).

1F NMR (376 MHz, CDCl;3) § -103.93 —-104.94 (m,1F), -106.06 — -106.94 (m, 1F).

13C NMR (100 MHz, CDCls) 4 195.18, 194.68, 183.62, 183.02, 163.79 (t,J=32.1 Hz), 163.77 (t,
J =32.0 Hz), 152.68, 151.71, 146.99, 146.78, 137.82 ,137.26, 133.11, 133.05, 128.79, 128.62,
128.48, 128.38, 119.07, 118.89 ,118.04 (t,J =217.3 Hz), 117.98 (t, /= 219.4 Hz), 112.57, 112.47,
63.03,42.26, 42.99, 32.84 (t, J = 24.0 Hz), 32.57 (t, J = 23.8 Hz), 29.70, 20.87, 20.14, 20.07 (t, J =
5.6 Hz); 19.81, 13.95.

HRMS (ESI) m/z caled for CooH13F205Na [M+Na*] 399.1015, found 399.1013.
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Ethyl 3-(2-benzoyl-2-(thiophene-2-carbonyl)cyclopropyl)-2,2-difluoropropanoate (4p) was

prepared via typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.4 mmol), the reaction



was stirred for 12 hours. The crude products were purified by SepaBean® Machine with petroleum
ether and ethyl acetate as eluent to give yellow oil as inseparable 1:1 mixture of diastereomers, 44.6
mg, 57% yield.

'"H NMR (400 MHz, CDCl;3) § 7.88 — 7.86 (m, 2H), 7.60 — 7.58 (m, 1H), 7.54 — 7.45 (m,2H), 7.38
—7.34 (m, 2H), 6.97 — 6.94 (m, 1H), 4.34 (q, J = 7.2 Hz), 2.72-2.64 (m,1H), 2.41 — 2.29 (m, 1H),
2.06 -1.99 (m,1H), 1.92 -1.72 (m, 1H), 1.47 - 1.42 (m, 1H), 1.37 (dt, J=2.0 Hz, 7.2 Hz, 3H).

F NMR (376 MHz, CDCl3) 8 -103.93 —-104.64 (m,1F), -105.95 — -106.68 (m, 1F).

13C NMR (100 MHz, CDCl3) 8 195.76, 195.38, 187.85, 187.35, 163.80 (t, J = 32.3 Hz), 163.78 (t,
J =323 Hz), 144.25, 143.23, 137.56, 136.95, 134.84 ,134.44, 133.89, 133.60, 133.55, 133.34,
128.87, 128.85, 128.26, 128.71 ,128.37, 128.18, 115.56 (t,J =249.6 Hz), 63.06, 44.21, 44.09, 33.06
(t,J=23.7Hz), 32.94 (t,J=23.5 Hz), 20.28, 20.09, 19.70 (t, /= 6.8 Hz), 19.48 (t, J= 6.8 Hz),13.96.

HRMS (ESI) m/z caled for C2H sF2SOsNa [M+Na*] 415.0786, found 415.0787.
O O
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1-(1-benzoyl-2-(5,5,5.5,5,5,5,5,5-nonafluoro-5112-penta-2,4-diyn-1-yl)cyclopropyl)ethan-1-
one (4q) was prepared via typical procedure, using alkene (0.2 mmol) and alkyl iodine (0.4 mmol),
the reaction was stirred for 12 hours. The crude products were purified by SepaBean® Machine
with petroleum ether and ethyl acetate as eluent to give colorless oil as major product, 35.3 mg, 42%
yield.

'"H NMR (400 MHz, CDCl3) 6 7.93 (d, J= 5.9 Hz, 2H), 7.62 (t, J= 6.0 Hz, 1H), 7.49 (t,J= 6.3 Hz,
2H), 2.53 -2.47 (m, 1H), 2.37 — 2.28 (m, 1H), 2.25 — 2.18 (m, 1H), 2.06 (s, 3H), 1.94 (dd, J = 3.7
Hz, 6.0Hz, 1H), 1.41 (dd, /= 3.8 Hz, 7.2 Hz).

F NMR (376 MHz, CDCl;3) 8 -81.00 - -81.07(m, 3F), -114.17 - -114.26 (m, 2F), -124.28 - -126.04
(m, 4F);'3C NMR (100 MHz, CDCl3) & 202.47, 195.21, 136.29, 133.90, 129.12, 128.79, 45.49,
139.51, 30.86, 28.04 (t, J=21.4 Hz), 20.14, 19.85 (t, /= 4.7 Hz).

Minor products, 23.5 mg, 28% yield.

'TH NMR (400 MHz, CDCls) & 7.91 (t, J = 6.0 Hz, 2H), 7.52 (t, J = 6.2 Hz, 2H), 2.56 — 2.50 (m,

1H), 2.45 -2.34 (m, 1H), 2.08 (s, 3H), 1.73(dd, J=3.7 Hz, 1H), 1.67 — 1.60(m, 1H), 1.53(m, dd, J;



=3.7Hz, J,="7.0 Hz, 1H).
1F NMR (376 MHz, CDCl3) § -81.05 - -81.12(m, 3F), -113.68 - -113.81 (m, 2F), -123.99 - -126.12
(m, 4F);3C NMR (100 MHz, CDCL3) & 202.58, 195.10, 136.92, 134.15, 129.26, 128.80, 44.73,
30.47 (t, J=21.4 Hz), 29.54, 21.85 ,20.43 (t, J = 5.5 Hz).

HRMS (ESI) m/z caled for Ci7H;3F90,Na [M+Na*] 443.0664, found 443.0664.
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Ethyl 1-benzoyl-2-(2,2,2-trichloroethyl)cyclopropane-1-carboxylate (4r) was prepared via
typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.4 mmol), the reaction was stirred
for 12 hours. The crude products were purified by SepaBean® Machine with petroleum ether and
ethyl acetate as eluent to give colorless oil as inseparable 1:1 mixture of diastereomers, 61.0 mg,
88% yield.

'"H NMR (400 MHz, CDCls) 8 7.90 — 7.87 (m, 2H), 7.61 — 7.53 (m, 1H), 7.50 — 7.43 (m, 2H), 4.13
—3.97 (m, 2H), 3.11 — 3.05 (m, 1H), 2.97 — 2.91 (m, 0.5H), 2.67 — 2.57 (m, 1H), 2.13 — 2.06 (m,
0.5H), 1.95-1.91 (m, 1H), 1.74 — 1.58 (m, 1H), 0.97 — 0.88 (m, 3H).

13C NMR (100 MHz, CDCI3) & 193.78, 193.41, 170.95, 169.71, 137.16, 136.83, 133.37, 132.99,
128.76, 128.56, 128.43, 128.18,98.81, 98.60, 61.78, 61.73, 53.42, 52.02, 37.52,35.82,25.48, 23.16,
21.37,21.20, 13.68, 13.66.

HRMS (ESI) m/z caled for C1sH;5sC1305Na [M+Na*] 370.9979, found 371.0002.
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Ethyl 1-benzoyl-2-(3-ethoxy-2,2-difluoro-3-oxopropyl)cyclopropane-1-carboxylate (4s) was
prepared via typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.4 mmol), the reaction
was stirred for 12 hours. The crude products were purified by SepaBean® Machine with petroleum
ether and ethyl acetate as eluent to give colorless oil as inseparable 3:1 mixture of diastereomers,

50.3 mg, 71% yield.



H NMR (400 MHz, CDCl3)  7.87 — 7.85 (m, 2H), 7.59 — 7.44 (m, 3H), 4.35 — 4.28 (m, 2H), 4.11
—3.97 (m, 2H), 2.40 — 2.34 (m, 2H), 1.71 — 1.68 (m, 1H), 1.55 — 1.52 (m, 2H), 1.42 — 1.32 (m, 3H),
0.96 —0.89 (m, 3H).

1F NMR (376 MHz, CDCl;3)  -104.07 - -105.03 (m, 1F), -106.10 - -106.81 (m, 1F).

13C NMR (100 MHz, CDCl3) & 193.99(minor), 193.51, 170.96, 169.65(minor), 163.67 (t, J = 32.2
Hz), 137.29, 136.93(minor), 133.26, 132.91(minor), 128.66, 128.51(minor), 128.40, 128.16(minor),
115.40 (t, J = 250.4 Hz), 63.07, 63.03(minor), 61.68, 37.40(minor), 36.21, 33.69 (t, J = 23.7 Hz),
32.35(t,J=23.7 Hz, minor), 21.30 (t, /= 6.7 Hz), 20.79(minor), 19.81, 19.02 (t, /= 5.9 Hz, minor),
13.94(minor), 13.92, 13.65, 13.61(minor).

HRMS (ESI) m/z caled for CisH20F20sNa [M+Na*] 377.1171, found 377.1171.
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Ethyl 1-(4-methoxybenzoyl)-2-(2,2,2-trichloroethyl)cyclopropane-1-carboxylate (4t) was
prepared via typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.6 mmol), the reaction
was stirred for 12 hours. The crude products were purified by SepaBean® Machine with petroleum
ether and ethyl acetate as eluent to give colorless oil as inseparable 3:2 mixture of diastereomers,
56.7 mg, 75% yield.

'"H NMR (400 MHz, CDCl;3) & 7.89 - 7.88 (m, 2H), 6.97 — 6.93 (m, 2H), 4.15 — 4.04 (m, 2H), 3.89
-3.87 (m, 3H), 3.10 -3.03 (m, 1H), 2.95 — 2.91 (m, 0.42H, minor), 2.60 -2.52 (m, 1H),2.07 — 2.02
(m, 0.55H, major), 1.72-1.69 (m, 0.63H, major), 1.57-1.54 (m, 0.47H, minor), 1.05-0.97 (m, 3H,
major), 1.72-1.69 (m, 0.63H, major).

13C NMR (100 MHz, CDCl3) & 192.02, 191.55, 171.25, 170.03, 163.80, 163.52, 130.96, 130.68,
129.92,129.39, 113.97, 113.79, 98.89, 61.79, 61.75, 55.56, 55.51, 53.65 52.06, 37.25, 35.53, 24.99,
23.02,21.18, 20.96, 13.85.

HRMS (ESI) m/z caled for Ci6H17C1304Na [M+Na*] 401.0085, found 401.0098.
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tert-butyl 1-benzoyl-2-(2,2,2-trichloroethyl)cyclopropane-1-carboxylate (4u) was prepared via
typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.6 mmol), the reaction was stirred
for 12 hours. The crude products were purified by SepaBean® Machine with petroleum ether and
ethyl acetate as eluent to give colorless oil as inseparable 1:1 mixture of diastereomers, 57.9 mg,
77% yield.

'"H NMR (400 MHz, CDCl3) & 7.89 - 7.87 (m, 4H), 7.61 - 7.55 (m, 2H), 7.49 - 7.45 (m, 4H), 3.10 -
3.04 (m, 2H), 2.94 -2.89 (m, 1H), 2.61 — 2.56 (m, 2H), 2.11 (dd, J = 8.8 Hz, 11.7 Hz, 1H),1.93 —
1.85 (m, 2H), 1.66 — 1.63 (m, 1H), 1.58 — 1.54 (m, 1H), 1.19 (s, 9H), 1.17 (s, 9H).

13C NMR (100 MHz, CDCl3) & 194.53, 194.06, 169.83, 168.56, 137.72, 137.69, 133.15, 132.77,
128.66, 128.47,128.31, 128.09, 98.94, 98.70, 82.77, 82.60, 53.36, 51.92, 38.38, 36.84,27.57,27.54,
25.26,22.68, 22.18, 20.74.

HRMS (ESI) m/z caled for Ci7H19C1303Na [M+Na*] 399.0292, found 399.0289.
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(1-((4-methoxyphenyl)sulfonyl)-2-(2,2,2-trichloroethyl)cyclopropyl)(phenyl)methanone (4v)
was prepared via typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.6 mmol), the
reaction was stirred for 12 hours. The crude products were purified by SepaBean® Machine with
petroleum ether and ethyl acetate as eluent to give colorless oil as inseparable 5:1 mixture of
diastereomers, 40.0 mg, 45% yield.

TH NMR (400 MHz, CDCI3) 6 8.05 — 8.04 (m, 2H), 7.64 - 7.61 (m, 2H), 7.51 - 7.48 (m, 2H), 6.97
(d,J=7.2 Hz, 1H), 3.88 (s, 3H), 3.21 (dd, /= 1.8 Hz, 11.8 Hz ,1H), 2.52 -2.43 (m, 2H),1.86 (dd, J
=8.6 Hz, 11.9 Hz ,1H).

13C NMR (100 MHz, CDCl3) & 190.58, 164.15, 135.48, 134.38, 130.98, 130.61, 129.46, 128.60,
114.38, 98.05, 55.69, 54.57, 51.37, 22.63, 20.66.

HRMS (ESI) m/z calcd for C19H17C1304SNa [M+Na*] 469.9805, found 469.9804.
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Ethyl 1-acetyl-2-(3-ethoxy-2,2-difluoro-3-oxopropyl)cyclopropane-1-carboxylate (4w) was
prepared via typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.4 mmol), the reaction
was stirred for 12 hours. The crude products were purified by SepaBean® Machine with petroleum
ether and ethyl acetate as eluent to give colorless oil as inseparable 1:1 mixture of diastereomers,
51.3 mg, 88% yield.
'"H NMR (400 MHz, CDCl3) 6 4.33 (q, t,J= 7.1 Hz, 2H), 4.28 — 4.17 (m, 2H), 2.43 — 2.40 (m, 3H),
2.20-2.03 (m, 3H), 1.66 — 1.62 (m, 1H), 1.48 — 1.41 (m, 1H), 1.37 — 1.28 (m, 6H).
1F NMR (376 MHz, CDCl3) & -104.60 - -105.32 (m, 3F), -106.27 — 107.45 (m, 1F).
13C NMR (100 MHz, CDCl3) 4 201.82(minor), 201.66, 170.33, 169.08(minor), -163.76 (t, J=29.7
Hz, minor), 163.65 (t, ] =32.1 Hz), 115.37 (t, J=249.8 Hz, minor), 115.24 (t, J = 249.7 Hz), 63.05,
61.77(minor), 61.64, 39.83(minor), 39.17, 32.77 (t, J = 23.7 Hz, minor), 31.90 (t, J = 23.6 Hz),
30.76, 29.39(minor), 23.60 (t, J= 6.4 Hz), 22.54 (t, J= 5.6 Hz), 21.94 (minor), 20.26, 14.11(minor),
14.04, 13.90.
HRMS (ESI) m/z caled for C13Hi3F205Na [M+Na*] 315.1015, found 315.0910.
O O
EtO OEt
CF,CO,Et
4x
diethyl 2-(3-ethoxy-2,2-difluoro-3-oxopropyl)cyclopropane-1,1-dicarboxylate (4x) was
prepared via typical procedure, using alkene (0.2 mmol) and alkyl bromide (0.4 mmol), the reaction
was stirred for 12 hours. The crude products were purified by SepaBean® Machine with petroleum
ether and ethyl acetate as eluent to give colorless oil, 52.8 mg, 81% yield.
Gram scale: using alkene (10.0 mmol) and alkyl bromide (15.0 mmol) with 0.5 mol% Ir(ppy)s as
the photocatalyst in DCM (30.0 mL), the reaction was stirred for 24 hours. The crude products were
purified by SepaBean® Machine with petroleum ether and ethyl acetate as eluent to give colorless

oil, 2.99 g, 93% yield.



'"H NMR (400 MHz, CDCl3) 8 4.34 (q, t,J= 7.1 Hz, 2H), 4.29 — 4.12 (m, 4H), 2.50 — 2.37 (m, 1H),
2.02 —2.00 (m, 1H), 1.99 — 1.85 (m, 1H), 1.48 — 1.42 (m, 2H), 1.35 (t, J="7.1 Hz, 3H), 1.31 - 1.25
(m, 6H).

1F NMR (376 MHz, CDCl;3) § -104.39 - -106.69 (m, 2F).

13C NMR (100 MHz, CDCls) & 169.39, 167.71, 163.75 (t, J = 32.2 Hz), 115.36 (t, J = 250.0 Hz),
63.02,61.75, 61.71,33.48 (t,J = 24.0 Hz), 32.85, 20.16 (t, /= 6.2 Hz), 20.08, 14.00 (t, /= 7.9 Hz).

HRMS (ESI) m/z caled for Ci4H20F206sNa [M+Na*] 345.1120, found 345.1120.
O O
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4,4-dimethyl-2-(7,7,7,7,7,7,7,7,7-nonafluoro-2-iodo-7112-hepta-4,6-diyn-1-yl)-1-
phenylpentane-1,3-dione (5y) was prepared via typical procedure, using alkene (0.2 mmol) and
alkyl bromide (0.4 mmol), the reaction was stirred for 24 hours. The crude products were purified
by SepaBean® Machine with petroleum ether and ethyl acetate as eluent to give colorless oil as
inseparable 3:1 mixture diastereomers, 108.5 mg, 92% yield.

'TH NMR (400 MHz, CDCls) 8 8.12 — 8.00 (m, 2H), 7.68 — 7.51 (m, 3H), 5.32 — 5.29 (m, 1H), 4.21
—4.14 (m, 1H), 2.96 — 2.75 (m, 2H), 2.59 — 2.53 (m, 1H), 2.35 - 1.97 (m, 1H), 1.17 — 1.64 (m, 9H).
FNMR (376 MHz, CDCl3) 6 -80.99 - -81.06 (m, 3F), -111.37 - -114.41 (m, 2F), -124.54 - -125.94
(m, 4F).

13C NMR (100 MHz, CDCI3) & 209.29, 208.64(minor), 195.21, 194.85(minor), 136.67(minor),
134.65, 134.12, 133.76(minor), 129.18, 128.97(minor), 128.82, 128.62(minor), 56.80, 56.64(minor),
45.64(minor), 44.58, 42.05 (t, J = 20.8 Hz), 41.09(minor), 39.85, 26.87(minor), 26.61, 20.05,
18.35(minor).

HRMS (ESI) m/z caled for CaoHa0Fe0,Nal [M+Na*] 613.0256, found 613.0261.

4. Mechanism studies

Deuterium experiment



1a

Cul, DMAP, K,CO3, 25 °C

\

D,0, DCM, 12 h

>90% D
1a’

To a dried Schlenk tube was added Cul (10 mol%), DMAP (20 mol%), K.CO3 (2.0 equiv.),

followed by DCM (1.0 mL), 1a (0.2 mmol) and D,O (0.5 mL) was injected into mixture. The

mixture was shanked three times, degassed three times (10 minutes every time) by freeze-pump-

thaw method. The reaction mixture was stirred under Argon atmosphere at 25 °C in an incubator for

12 hours. After reaction completed, the reaction mixture was transfer into a 100 mL round-bottom

flask, follow by silica gel (about 20-50 mg) was added into, then the solvent was removed under

reduced conditions. The residue was directly loaded onto a short SepaFlash® column, and the crude

products were purified by SepaBean® Machine with petroleum ether and ethyl acetate as eluent to

give desired product as white solid in quantitative yield, the structure of 1a’ was checked by 'H
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Preparation of Copper complex
Fh A\ o o
0.0 o=
H CuBr,, EtONa / O~Cu" Br-CF,CO,Et (2a)
Ph Ph — > 4 o / — > Ph Ph
_ MeOH, rt,15 min \ or - standard conditions CF,CO,Et
1a 1a" 3a, 90%yield

isolated green precipitate

HRMS m/z = 612.1331

e

To a 25 mL seal tube was added 1a (2.2 mmol) and MeOH (10.0 mL) under open air, then

mixture was stirred at room temperature until the solid was completely dissolved. Subsequently,

CuBr; (1.0 mmol) was added in one portion, then EtONa (2.2 mmol) was added slowly (green solids

will slowly precipitate). The reaction mixture was stirred about 15 minutes, filter to give a green

precipitate, and rinse with MeOH to obtain a pure product 1a”, 420 mg, 68% yield.

~Spectrum 1 1-0721-1-Pos - C1T1

0721-1-Pos #1 RT, 0.01 AV: 1 NL: 343E5
T: FTMS + p ESI Full ms [200.0000-850.0000]

8

s

612.1331

Relative Abundance
W R e DN

612.2805

6125025

6121 6123 6124

T
612.5

miz

6127 6128

T
613.1

To a dried 10 mL Schlenk tube was added 1a” (122.4 mg, 0.2 mmol), DMAP (20 mol%),

K>COs3 (2.0 equiv.) and Ir(ppy)s (1 mol%) under Argon atmosphere. Subsequently, DCM (2.0 mL),

2a (0.4 mmol) was added, the mixture was degassed three times (10 minutes every time) by freeze-



pump-thaw method. The reaction mixture was stirred under Argon atmosphere at 25 °C in an
incubator under 450 nm blue LEDs for 12 hours. After reaction completed, the reaction mixture was
transfer into a 100 mL round-bottom flask, follow by silica gel (about 20-50 mg) was added into,
then the solvent was removed under reduced conditions. The residue was directly loaded onto a
short SepaFlash® column, and the crude products were purified by SepaBean® Machine with

petroleum ether and ethyl acetate as eluent to give desired product as colorless oil in 90% yield.

Light on/off experiment

O O o Ir(ppy)s, Cul, DMAP, K,CO3 O O
CDCI
Ph Ph + Br 3 >
%OEt . ~ P Ph
_ " F light on/off CF,CO,Et
1a 2a 3a

To a dried 10 mL Schlenk tube was added 1a (0.05 mmol), DMAP (20 mol%), K»COs (2.0
equiv.) and Ir(ppy)s; (1 mol%) under Argon atmosphere. Subsequently, CDCls (0.5 mL), 2a (0.1
mmol) was added, the mixture was degassed three times (10 minutes every time) by freeze-pump-
thaw method. Reaction mixture was stirred under Argon atmosphere at 25 °C in an incubator under
450 nm blue LEDs for one hour. The product yield was then measured by '’F-NMR with PhCF; as
an internal standard. After which the reaction mixture was kept in dark for another one hour and
further analyzed by '"F-NMR analysis. These on-off measurements were repeated, which showed

that the product is formed only upon constant irradiation and the reaction was not a chain reaction.
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Luminescence quenching experiments

Cyclic Voltammetry was performed on a CH Instruments Electrochemical Workstation model
CHI600E. A solution of sample in MeCN (0.001M) was tested with 0.1 M BusNPg as the supporting
electrolyte, using a glassy carbon as the working electrode, a Pt as the counter electrode, an a
saturated calomel electrode reference electrode. Scan rate = 0.05 V/s, 2 sweep segments, a sample
interval of 0.001 V.

UV-vis absorption spectra

UV-vis absorption spectroscopy was conducted using a spectrophotometer, equipped with a
temperature control unit at 25 °C. The samples were measured in 1.5 mL quartz cuvettes fitted
with a PTFE stopper. 1a, 2a, Cul, fac-Ir, DMAP, and their mixture were prepared as a 0.1 mM

solution with fresh MeCN as the solvent for measurement.

1.2 2.0+
1 Cul+DMAP
—2a —— la+Cul+DMAP
0.91 Ccul 1.54 —— 2a+Cul+DMAP
—— fac-Ir - la+2a+Cul+DMAP
s DMAP 2
S 0.6 £1.04
S 38
< <
0.3 0.5
\,
0.0 T — v ] 0.0 T T ]
300 400 500 600 200 300 400 500
wavelength (nm) wavelength (nm)

Figure S1. UV-vis absorption spectra.
Stern-Volmer Fluorescence Quenching Experiments
Emission intensities were recorded using Microplate Accessory 5JO-0139 spectrometer for all
experiments. All fac-Ir(ppy)s solutions were excited at 380 nm and the emission intensity was
collected at 528 nm. In a typical experiment, the solution of fac-Ir(ppy)s in MeCN (3.33*107) was
added the appropriate amount of quencher in a screw-up 3.0 cm quartz cuvette. After degassing with

Argon for 10 min, the emission spectra of the samples were collected.
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Figure S2. The luminescence spectrum of fac-Ir (3.33x107° M) as a function of concentration

of 1a in degassed MeCN with excitation at 380 nm (left). Quenching constant (right).
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Figure S3. The luminescence spectrum of fac-Ir (3.33x1073 M) as a function of concentration

of 2a in degassed MeCN with excitation at 380 nm (left). Quenching constant (right).
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Figure S4. The luminescence spectrum of fac-Ir (3.33x107°> M) as a function of concentration
of Cul in degassed MeCN with excitation at 380 nm (left). Quenching constant (right).
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Figure S5. The luminescence spectrum of fac-Ir (3.33x107° M) as a function of concentration
of DMAP in degassed MeCN with excitation at 380 nm (left). Quenching constant (right).
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Figure S6. The luminescence spectrum of fac-Ir (3.33x107° M) as a function of concentration

of the combination of 1.0 equiv Cul and 1.0 equiv DMAP in degassed MeCN with excitation

at 380 nm (left). Quenching constant (right).
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Figure S7. The luminescence spectrum of fac-Ir (3.33x107° M) as a function of concentration

of the combination of 1.0 equiv 1a and 1.0 equiv Cul in degassed MeCN with excitation at 380

nm (left). Quenching constant (right).
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Figure S8. The luminescence spectrum of fac-Ir (3.33x107° M) as a function of concentration
of the combination of 1.0 equiv 1a, 1.0 equiv Cul and 1.0 equiv DMAP in degassed MeCN
with excitation at 380 nm (left). Quenching constant (right).
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Figure S9. The luminescence spectrum of fac-Ir (3.33x107° M) with different compounds.

5. Copes of NMR Spectra



1. 60E+09
50E+09

1.

1. 40E+09

1. 30E+09

1. 20E+09

F1. 10E+09

1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

6. 00E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08

F—1. 00E+08

09611
6812 @.
gebet
80622
LLOET
SeET
olsez/
82187
momm.mw
Zv86C

100
9850'%
£€990'%
424

2567 L7
8€52° L
086¢° /1
LLOY 2
69LY L
L0ZY" L9
¥G5Y L
18971
121y L
691"/
¥98% L
2687 L]
12627
09552

#195°2 ﬁ.
19951
9695°L
8.5/
1615/
86/ /]
0520°8
5820°8]
Zrr0°8
11408

S

0916°€L—

20230224

LX-2
CDCL3
400M

OH O

Ly
O

OEt

3!

- 0. 00E+00

L T

Feoe
oLl
Who._.
00'b

Fooz

Gl

[0
Mwo&
8c'e

071

=600

f1 (ppm)



20230224

’ TR&I 1. 60E+09
LX-2 o0 ww©
~ O M~ W
F o olw S
COCL3 =R=g=g=] F1. 50E+09
4004 S
1. 40E+09
1. 30E+09
1. 206409
1. 10E+09
1. 00E+09
OH O ~9. 00E+08
Ph F8. D0E+08
(0] 7. D0E+08
OEt H6. D0E+08
F F I
3 F5. D0E+08
4. 00E+08
I 3. D0E+08
I
| 2. 00E+08
I b
1. 00E+08
L 0. D0E+00
Ty
88 F=1. 00E+08
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T )
0 10 0 -0 -20 -3 -40 -50 -60 -70 -80 -90 -100 ~-110 ~-120 -130 -140 -150 -160 ~-170 ~-180 ~-190 ~-200 -210 -220

£1 (ppm)



1. 20E+09
F1. 10E+09

1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08
6. 00E+08
5. 00E+08
4. 00E+08
3. 00E+08
2. 00E+08
1. 00E+08
0. 00E+00

—1. 00E+08

€818°€L—

80¥8'6¢
vmww.me
Sevlee
hmwm.mmv
8€65'8¢

65€6'29—

1166201 —

EPOLELL~
L1G9°GLL—
LGS18LL~"
996/°9¢1
£8¥9'2¢C1
1918°221L
£€898°/¢C1
6¥£E'8Cl
¥4SL°0€1
665Z°LEL
S0e6'¢El
#S500°9€L
Z600erL

S69E°E9L
vvmw.mm_‘v
86L0°v9L

PrlLeeslL—
1892'981—

20230224

LX-2
CDCL3
400M

Ph
OEt

3|

-10

40

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

T
210




50E+09
1. 40E+09
1. 30E+09
1. 20E+09
1. 10E+09
1. 00E+09
9. 00E+08
8. D0E+08
7. 00E+08
6. 00E+08
5. Q0E+08
4. 00E+08
3. 00E+08
2. 00E+08
1. 00E+08
0. QOE+00
—1. 00E+08

F1.

00000
LLGE r/
069¢'1L
898€°L
orSE L
LS9F' L
1SL¥')
69871
ELPEL
9998'1L
9c.8'L - 66T
£6.8°L =zo')
7988l

8¥06'L = W
9LLE'} = .
B6v6 L, H.mm.m
6.60'C _ L'l
16012 ¥
09112

A rANA

LLOE'Z g0
v6LEZ
S6ZE'T
GIEE'T

SIvET
£95¢°21 M

B@m&
0S§.£'2 | (@)
11517

BE.& O
0942 NH_ o w _. = Tz

Ph

96112
82812

698,
£06.'Z1 O
656,21
9/6.2
108
17082
980821
12187
9518'21
822821
eLE Y]
£6ZE 1
ZLVE T
L#9E -
99€Z".

90vZ'L

¥552°L

€852/

9z9z'.

£5.Z1

06.Z°L

886Z°.

678" L
£26€ L
£65¢2]
80.€
zz6e L]
th.&
L01vL]
EVYL]
8e0L L]

N2

Ph

6
Faoz

Fose

400M

0.5 0.0

1.0

3.5 3.0 2.5 2.0

4.0

f1 (pL;m)

8.0 7.5 7.0 6.5 6.0

8.5

9.0




20230228 WO W
LX-4 SEB55 1. 30E+09
CDeL3 28325
F S22e2e
400M ﬁ // 1. 20E+09
1. 10E+09
1. 00E+09
9. 00E+08
(0] (0]
Ph Ph 8. 00E+08
7. 00E+08
F Ov
F -
3a e} 6. 00E+08
F5. 00E+08
|
‘ 4. 00E+08
3. 00E+08
2. 00E+08
1. 00E+08
- 0. DOE+00
7y
Qo w
e =1, 00E+08
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 .10 -20 =30 -40 -50 -60 -70 -80 -90 -100 ~-110 -120 ~-130 ~-140 ~-150 -160 ~-170 -180 ~-190 -200 -210 -220

f1 (ppm)



20230228

o~ M~ o QOO TWNT LM — 8. BE+08
LX~4 32 N33 BRCE3E8T258 883 @ X 2RI SESES
CDCL3 e TR MM LOWES WS Rk 5 E 885 838 I
c 22 cce R NN I 888 §RE8T 8. 05408
400 W - BV N IR RN -
7. BE+08
7. OE+08
6. BE+08
6. OE+08
O O ~
5. 5E+08
Ph Ph -
5. OE+08
F O~ L4, BE+08
F -
32 O 4. OE+08
3. 5E+08
3. 0E+08
2. BE+08
2. 0E+08
1. 5E+08
1. OE+08
| | [
| ‘ | 5. OE+07
[} | | | L
| ! L ) - . Lo, o500
F—5. 0E+07
- -~ T -~ T -~ T -7 -~ T -7 r 1 -~ 7T -~ Tr 1T -~ 7 1 1 1 1 "~ T 1 * 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

f1 (ppm)



3. 2E+08
3. 0E+08
2. 8E+08
2. 6E+08
2. 4E+08
2. 2E+08
2. OE+08
1. 8E+08
1. 6E+08
1. 4E+08
1. 2E+08
1. 0E+08
8. OE+07
6. OE+07
4. OE+07
2. 0E+07
2. 0E+07

<
o]
o]
(3}
L‘- 0. OE+00

o 68
LESY L~ Rppy

8ISV 17 .

EroF L I
989¥" 1+
0S¥ &. o
6Ly

2LiS' L]
G060°¢ == -00']
€101z F
#8012
€612
0Lzzv
G6ZT ¥
8YEZ v
88ET ¥
eIV v
@Nmmi
¥95Z 1

2592 11 ©
£69Z 71
0v.Z t
0282t
92671 o
GLE6 T
L6¥0°G
G6S0'G
2EET L
rAL>AVA
2252 1
1652 L ]
z29z' 1\ — ¢
LG.2° L IJHKON.N
2062 L

Zvez’L — 06
1662 L

ZLe L
105¢" 21
659¢"
£69¢"
6.8¢ ]
ov0L L]
0802 "]
0gs 2]
vZzl L

x4

IJT:.N

HUTE

OEt

O
Ph
3b

Ph

4.5 4.0
£1 (ppm)

5.5

6.0

8.0 7.5 7.0

8.5

9.0

10.0




20230530 © ©
SY-10 b
CDCL3 <N
F — QN
oo 9. 0E+08
N
N
8. 0E+08
7. OE+08
o O
Ph Ph 6. OE+08
OEt L5, 0E+08
F
3b ©
4. 0E+08
3. 0E+08
2. OE+08
1. 0E+08
— - — L6, 08400
.
8 1. OE+08
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 -0 -20 -30 -40 -30 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 ~-160 ~-170 ~-180 ~-190 ~-200 -210 -220

f1 (ppm)



2. 8E+08
2. 6E+08

2. 4E+08

2. 2E+08

2. OE+08

1. 8E+08

1. 6E+08

1. 4E+08

1. 2E+08

1. 0E+08

8. OE+07

6. OE+07

4. OE+07

2. 0E+07

0. OE+00

F=2. OE+07

99CL ¥~
¥206°0C
vmvm.mNV
068¢°ce
mm\.o.omv.
mwwm.om

LGL2' S —

€99/2°19—

.vw:.wh/

9€GELL
108G L8~
8.2¥'68~

or8y 8cl
0L€9'8¢C1
91€6'8¢1
6.S1°6C)
8€/6'cEl
19¢ceel
rLeS LEL
6620°8€

vao.mo_.v
rPE8C 691

19G€'961
1128961~

20230626
SY42
CDCL3
400M

Ph

Ph

OEt

3b

-10

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

210



7. 5E+08
7. 0E+08
6. 5E+08
6. 0E+08
5. SE+08

5. 0E+08
4. 5E+08
4. OE+08
3. 5E+08
3. 0E+08
2. SE+08
2. OE+08
-l. 5E+08
1. 0E+08
5. 0E+07
0. OE+00
5. 0E+07

801

Wmo._.

=001

@mw._.

ezl

e Ml

Ph
0
0
o A

=00

Ph

ees
ze

Ee8e

-0.5

0.0

0.5

3.0

4.0 3.5

5.0 .
1 (ppm)

5.5

6.0

6.5

7.0




20230531

O MM~
sY-24 Sb o N
cDCL3 SN ®IO Lo
400M 3388
F AR
5
(0] (0] i
Ph Ph r
F ONQ i
F
(0] B
3c
I
| 4
|
|
1l -0
L)
o~
S ©
— O
T T T T T T T T T T T T T T T T T T T T T T T T
0 10 -0 -20 -30 -40 -50 -60 =70 -80 =90 -100 ~-110 -120 ~-130 ~-140 ~-150 ~-160 ~-170 ~-180 ~-190 -200 -210 -220

f1 (ppm)

. A0E+09
. 30E+09
. 20E+09
. 10E+09
. 00E+09
. 90E+09
. BOE+09
. TOE+09
. 6OE+09
. 50E+09
. 40E+09
. 30E+09
. 20E+09
. 10E+09
. D0E+09
. D0E+08
. O0E+08
. D0E+08
. 00E+08
. 00E+08
. 00E+08
. O0E+08
. D0E+08
. DOE+08
. 00E+00
F-1. 00E+08

-2, 00E+08



F1. 10E+08
1. 00E+08

9. 00E+07

8. 00E+07

7. 00E+07

6. 00E+07

5. 00E+07

4. 00E+07

3. 00E+07

2. 00E+07

1. 00E+07

0. 00E+00

F-1. 00E+07

oLoL'oe
€¥91°02
_,vmm.ow\
m\.vm.wmw

Nm&GdNW

8288°¢E
L6LL'EE

69Y0 v —

029¥'€S—

¥50L° m\./

—8eCO2L
cove’LL

0v60°ELL~
9G65°GLL—
¥860'8LL~"
0815821
mmoo_wﬁw
00.9°'8ZL
m%o_mm%
ZVESEEL
€62ELEL
606 LEL

GGSZ 9l

Nwmm.mQW
LG/5°¥91

€901L°96L~_
G/EG96L7

20230601

SY-24
CDCL3

Ph

Ph

-10

T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

T
210




1. 20E+09
1. 10E+09
1. 00E+09
9. 00E+08
8. 00E+08
7. 00E+08
6. 00E+08
5. 00E+08
4. 00E+08
3. 00E+08

2. 00E+08
1. 00E+08
0. 00E+00
F-1. 00E+08

. 1. 30E+09

Ph

Ph

=00'L

WE.N
€0'e
Apry
w00l

EeLL

Feze
e

- beve

=v6¢

0.0 -0.5

0.5

4.0
f1 (ppm)

4.5

5.0

8.0 5

8.5

2.0



20230531 < k4
§Y-20 pgi :
CDCL3 ® <0
400M o ol
F Y
L/ 5
3
0] (0]
Ph Ph B
|
F D I 2
F
O
3d
2
1
F1
5
s IUu | Lo.
|
o
S
o~
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 -10  -20 -30 -40 -50 -60 -70 -80 -90 -100 ~-110 -120 -130 -140 -150 ~-160 -170 ~-180 -190 -200 -210 ~-220

f1 (ppm)

SE+08

. DE+08

. BE+08

. OE+08

. 5E+08

. OE+08

. 5E+08

. DE+08

. OE+07

OE+00



4. 5E+08
4. OE+08

3. 5E+08

3. OE+08

2. 5E+08

2. 0E+08

1. 5E+08

1. 0E+08

5. 0E+07

0. OE+00

2068°02
16v6°0Z
1200°1Z
6€8E°LZ
e6L2 €2\
LP05'9Z"
S€52°ZE
mmwv.mmv
€0ZL'ZE
0SLE Pi\
5957 9F
6L15°9p
6085°9F
180V Lt

OrLL9L

@wm@.h\..\
L6veE LL

11€0°9L1L
1G9G°8LL
£560°LCL
covy'8CL
1481781
¥169°8¢L
519821
S068¢EL
L9LLEElL
GL9'LEL
€001 8€L

——

L2EL19L

96EY vm._.w.
112029l

ZEVE'96L~
G120 261

20230601
SY-20
CDCL3

Ph

Ph

"

3d

-10

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

T
210




1. 90E+09

1. TOE+09

1. 60E+09

1. 50E+09

1. 40E+09
1. 30E+09

1. 20E+09
1. 10E+09
1. 00E+09
9. 00E+08

8. 00E+08
7. 00E+08

6. O0E+08
-5. 00E+08
4. 00E+08
3. 00E+08
;2. 00E+08
1. 00E+08
0. 00E+00

F—1. 00E+08

- 1. 80E+09

—n

Ph

Ph

el

o
LY
m/.m_\.m
ese

Tl (ppm)




202305631

B %
SY-19
CDCL3 E 8 3. 2E+09
400M ol
F W L3, 0E+09
L2, 8E+09
2. 6E+09
k2. 4E+09
(0] (0]
2. 2E+09
Ph Ph
2. 0E+09
K\O |
E N\) L1, 8E+00
F 1. 6E+09
(0]
3e
1. 4E+09
1. 2E+09
1. 0E+09
8. OE+08
! 6. OE+08
4. OE+08
L2, 0E+08
: ! 0. OE+00
oﬁ, -2, 0E+08
S
— O
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 100 ~-110 -120 -130 -140 -150 ~-160 -170 ~-180 -190 ~-200 -210 -220

F1 (rmm)



F Lo urrus
1. 60E+08
r1. 50E+08

r1. 40E+08

r1. 30E+08

r1. 20E+08

r1. 10E+08

1. 00E+08
9. 00E+07
8. 00E+07

7. 00E+07

6. 00E+07

5. 00E+07

4. 00E+07

3. 00E+07

2. 00E+07

r1. 00E+07

0. 00E+00

—1. 00E+07

6168'0C

o%m.omw

6600'12
v

8BEE-2¢

068.°¢E

EEVE P
9G0€ vi—
0€6e 9v
LYSv'op
SrLSov

L169'99~
155299
6019/

S8C0 22
09vE 2L

812G 9Ll
LE90'6LL
8509 _‘Nv‘/
NN@#.@NF/
908¥'8¢l
1896821
9.¥9'8¢1
06e6'cel
GlvL €l

€596 L€l
6801°8€1

€8€G191

8.¥¢ _‘m_.w.
8562819l

¥65E 961~
£686°96L~

202305631

SY-19
CDCL3
100M

Ph

Ph

-10

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90

T
210

(nnm)

fl



4. OE+08

3. bE+08

3. OE+08

2. BE+08

2. OE+08

1. 5E+08

1. OE+08

5. 0E+07

0. OE+00

™
D
[+
.~ Q@
~
\
—h

Ph

Ph

-3 -
-

g
<+ O~

ey

e
QOM~mMm
AR
. e

N~

- 69'¢g




20230531 o w© -
5Y-21 2 & 2. 10E+09
CneL3 © I
14_00“ B 2. 00E+09
g 1. 90E+09
-1, 80E+09
1. TOE+09
1. 60E+09
o o L 1. 50E+09
L1, 40E+09
Ph Ph f
Boc 1. 30E+09
(\N 1. 20E+09
F N _
1. 10E+09
F I
3f O 1. 00E+09
-9, 00F +08
8. 00F +08
7. 00 +08
6. 00E+08
5. 00E+08
-4, 00F +08
3. 00F +08
2. 00 +08
1. 00E+08
M 0. 00E+00
R 1. 00E+08
o~ -
oo
- 2. 00E+08
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
010 0 -10 -20 -30 -40 -50 60 -70 80 -90 -100 -110 -120 -130 -140 -150 ~-160 -170 180 -190 ~-200 -210 -220

f1 (ppm)



S5E+08
4. OE+08

4.

619€°8¢
0095°¢E

vivy8l
7188°0¢
L6602
966602
0S8E’LC
NQ@.@N%
mmmh.NmW

L8€9'GY
910L'Sy

G919
_‘wmo.hhw.
FAR I
98G¥'08

600G 94}
8ZV0'61
5985121
93.@/
187821
1595821
L1Y9'8Z1
£626'Z€ 1
€051 €€
amm.a%
9660'8€
06t ¥G 1~
819€'L91
mNm@.FSW
S6£6'L91

00SE'96)~_
£€/6'96L

20230601

sY-21
CDCL3

3. 5E+08
3. OE+08
2. 5E+08
2. OE+08
1. 5E+08
1. OE+08
5. OE+07
0. 0E+00
F-5. 0E+07

30

40

50

60

70

80

90

Ph
110 100
f1 (rnm)

120

130

Ph

140

u
170 160

180

190

200

210




LUE+UY
1. 00E+09
9. 00E+08
8. 00E+08
7. 00E+08

6. 00E+08
5. 00E+08
4. 00E+08
3. 00E+08
2. 00E+08
1. 00E+08
0. 00E+00
——1. 00E+08

—

= =9L°L

\ﬁ Fest

680
W..Nc.—

Ph
39 Cc

Ph

Feov
Ferez

Fooy

0.0

0.5

4.5 4.0 3.5 3.0 2.0 2.0

1 (ppm)

5.0

6.0

6.5

8.0 5 7.0

8.5

9.0

9.5




20230530

— LD NOONOMNOLW 4. BE+08
Sy-7 O M~ —TOOUNMOWM— wn oTdD < P~ [ :
D~ OﬁO'J(DLDI’\-(")(QE n D - (=] o] o —
CDCL3 <+ o NN —N~OWm ~ O NS o @ o
C © © A 090D 0000 a0 o . Mar ~ < - t
o o NOmOOANNNN <) ~I~© o (3] <+ o
- - e} M~~~ n <t NN
W BN 1 - [ \/ L1, 05408
3. 5E+08
O O 3. 0E+08
Ph Ph r2. 5E+08
CCls 2. OE+08
1. DE+08
1. OE+08
F5. 0E+07
| Ly r
| | » .
J] " J[ | | J\ | L ] Lo, 0E+00

T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10



F7. 5E+08

7. 0E+08

6. 5E+08

6. OE+08

5. 5E+H08

5. OE+08

4. 5E+08

4. OE+08

3. 5E+08

3. OE+08

2. BE+08

2. OE+08

SE+08

1.

1. 0E+08

5. OE+07

0. OE+00

F=b. OE+07

)
—

[
———m

Ph

Ph

CF;

FsC
3h

=01t

Hrmo._‘
e0'tL

pre
Feu

Sy
Agzz
700h

3.5

(rnm)

1



20230531 LW OO~
Sy-23 DM~ DO~ D —O®®0 N
NN ODDMNMODD D QWO — MW .
CDCL3 MUOUMNMNOONOOOOML) O < << 8. OE+08
A00M A A A A A A A OO MmO® I
v LLLLLegeeee Soeew
" T T T T T T T ‘T ‘T ‘I_ ‘T ‘T 7. BE+08
D L PPy 2 |
7. OE+08
6. 5E+08
6. OE+08
5. BE+08
5. OE+08
4. 5E+08
4. 0E+08
3. BE+08
FsC - CF3 3. OE+08
3h 2. BE+08
2. 0E+08
1. 5E+08
1. OE+08
5. 0E+07
‘JUL oo 0. DE+00
4 Ly
o= S] 5. OE+07
e Xse) -~
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 =10 =20 =30 =40 =50 =60 =70 -80 -90 -100 -110 -120 ~-130 -140 ~-150 -160 ~-170 -180 -190 ~-200 -210 -220

f1 (pom)



20230601
SY-23
CDCL3

C

3. 4E+08

3. 2E+08

196.2859
196.0701
137.9180
137.1688
133.4714
133.2020
128.7698
128.5818
128.5274
77.3520
77.0344
27.6009
27.3993
21.4396
s
20.1563
20.1041

76.7169
44.5089

<
%
‘%
:
[
X

3. OE+08
2. BE+08
2. 6E+08

2. 4E+08

Ph Ph 2. 2E+08

2. OE+08
1. BE+08
3h F 1. 6E+08
1. 4E+08
F1. 2E+08
1. 0E+08
8. OE+07
F6. OE+07
F4. 0E+07

| 2. OE+07

|
" ! ..Ju. L. P I , | JL ll _—U.OE+00

F—2. 0E+07

T | B 1 T 1 T
210 200 190 180 170 160 150 140 130 120 110



7. 5E+08

7. 0E+08

6. 5E+08

6. 0E+08

5. BE+08

5. 0E+08
;4.5E+08
4. OE+08
3. oE+08
3. OE+08
2. oE+08
2. OE+08

1. 5E+08
1. 0E+08
;5.0E+07
0. OE+00
5. 0E+07

Ph
C4Fg

3i

Ph

=860

wmo.r o

=v0'L

= .}Tmo.r

== 00}

A
661

e

0.0

0.5

2.0

2.5

3.0

3.5

1 Gum)

6.0

6.5

7.5

8.0

8.5

9.0

9.5



6. SE+08
6. OE+08

5. bE+08

5. OE+08

4. BE+08

4. OE+08

3. BE+08

3. OE+08
2, 5E+08
2. OE+08
1. 5E+08
1. OE+08
5. 0E+07
0. OE+00

F=5. OE+07

Zrv0 9z L
¥9€0°9Z 4
¥0£0'9Z 1
810°9Z 1
50092}
0v66'6Z 1
0286'6Z
1LG6'SZh
S ARTARS
8210 V21
L166'€T1
1886'€T1
96.6'€Z11
¥0/6'€Z1

6896571+

BRRGE71-

GL29°ELL-
690%°ELL-
686E°CLL-

ceL0'L8-
GE€90'18-
1GS0°L8-
9910°18-
69€0°18-
1120°18-
G6L0°L8-
¢0Lo’L8-
8000°18-

20230530

SY-13
CDCL3

Ph

Ph

C4F9

3i

e

#2072
=00

Fo0e

=00'€

=100 -110 -120 -130 -140 ~-150 ~-160 -170 -180 -190 -200 -210 -220
f1 (ppm)

=90

-20  -30 -40 -50 -60 -70

-10

10

0



4. OE+08

3. 5E+08

3. OE+08

2. 5E+08

2. OE+08

r1. 5E+08

1. OE+08

5. 0E+07
0. OE+00

985261
980€°6 _‘W
6.9€°61
:om.ow\
€89¢'6¢
_‘wwﬁ.mww
150L°6¢

8268'Er—

G810°LL

o_.on.m\.v
09€eeLL

1925°8¢1
€8€5°'8C1
€095'8¢l
0£69'8¢l
SeLlLEel
6E6EEEL
Go8l LEL
6568 LE

mmw_..om_‘v.
6¢8€'961

20230530

SY-13
CDCL3

Ph

Ph

C4Fg

3i

-10

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

210



8. OE+08
7. 5E+08

7. 0E+08

6. bE+08

6. 0E+08

5. BE+08

5. OE+08

4. BE+08

4, OE+08

3. oE+08

3. OE+08

2. 5E+08

2. 0E+08

1. 5E+08

1. OE+08

0E+07

5.

0. 0E+00

F=5. OE+07

12S by
L8951
1795 |1
695 }1
S/16'L1
0Z¥6'}1
196"}
02002
15€0T]
256121
899121
€641 T

67812
120€2
ShLET
LWWET
925£°2
€982
GzIET
668€C
¥66E2
€8zZv'2
6ehZ
1S¥8'Z
8158
¥898°2
£9/8°2
2088°2-
6988°Z-
01682
18682
¥606°Z
GlLZ6e-
€LY L7
€292/
8592 /1
1682 /1
00821
£v0€ 2
965€ "/
8¢9/
099€" /A

€18€° L~

866¢ "2
AR
mm_‘v.&
vLzy'L

18692
z20. 21
GOLL LA
ovLL LA
861221

Wir T

ALEL L]

20180
CDED
400

H

Ph

Ph

CeF13

3]

A

=0e'L

Noort
0L

5ol
Foot

P
'y
mfmo.N

me.m

0.0

0.5

2.0

2.5

3.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0

9.5

{mrm)

£1



1. 20E+09

/819211
€9/1°9Z1-1
G891°9Z1-1
019211
0192}
VTANCTARS
090192}
£960°9Z -1
6980°9Z 11
PLPOEZL-1
1GE0"EZL-1
8666°ZZ}-1
80G8°ZZ} -1
L¥88'1T)
208" LZL-1
CLEY'ELL-
B6STY ELL-
0/6€°ELL-
19GE°ELL-
LLVEELL
062Z°E -
68LZ'ELL-
688L°ELL-
€8/1°ELL-
06YL°ELL-
08EL°ELL-
ZLEL'ELL-
Qmm.ow-w

¢6.°08-
0494708~

20230531
S5Y-15
CDCL3
400M

1. 10OE+09
1. 00E+09
9. 00E+08
8. D0E+08
7. 00E+08
6. 00E+08

00E+08
4. 00E+08
3. 00E+08
2. D0E+08
1. 00E+08
0. 00E+00

Fo

-150 -160 -170 -180 -190 -200 -210 220

-140

-130

Ph
CeF13
-120

-110

3j
=100
1 (ppm)

-90

Ph

=70

-60

-20  -30 -40

-10

10

0



20230531

2. 50E+08
-—2. 40E+08
'-2. 30E+08
-—2. 20E+08
:2. 10E+08
—-2. 00E+08
;l. 90E+08
ll. BOE+08
—-l. TOE+08
;l. 60E+08
ll. S50E+08
——l. 40E+08
;l. 30E+08
ll. 20E+08
——l. 10E+08
;l. 00E+08
lg. 00E+07
—-8. 00E+07
;?. 00E+07
-6. 00E+07
—-5. 00E+07
;4. 00E+07
-3. 00E+07
;2. 00E+07
;l. 00E+07
-0. 00E+00
;—l. 00E+07

— M~ WM< OMNWS JI
5Y-15 ¥ < ONNN~NOmMOS o i~ D TR O~ DN
Q™ SORORVIN = & © © VDOODK D
oneL3 M - SO -OW W o4 D D ONOEOY D
400M © © Pa A 00000 WD RERN @Q Rouooaoaad
> O OOONNN NN ~ i © O PIPIOODD
C — — — T T T T T M~ M~ < NANANN~
~7 e SN ~ s ) s
3j CeF1s
|
|
|
|
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 40 30 20 10 -10

£1 (nnm)

F=2. 00E+07



1. 80E+09
1. TOE+09

1. 6OE+09

1. 50E+09

1. 40E+09

1. 30E+09

1. 20E+09

10E+09

-1

r1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

6. 00E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08
0. 00E+00

F-1. 00E+08

< O W
3B
BB
AR

0925 1
v816'L1
0v¥6'L1
8116'}1
$900°Z
£951°Z]
6291°C]
V21T
6581°C
551€Z
62VET
129€°C
SELET
900v'2—

v.i¥8¢C
9658
0048C
6188°¢C
G888'¢
¥006°¢C
6016'C
[A%4 ¥4

Y]
e}
(@]
«
~
oo

202305631

SY-14
CDCL3
100M

Ph

Ph

3k CgFy7

=o't
W.mm_o
=v0L

meo.v

Foot

=20t
=661

Feee

0.0

0.5

2.5 2.0

3.0

6.5 6.0 5.9 5.0 4.5 4.0
f1 (ppm)

7.0

8.0

8.5

9.0

9.5



1. 50E+09
1. 40E+09
1. 30E+09
1. 20E+09
1. 10E+09
1. 00E+09
9. 00E+08
8. 00E+08
7. 00E+08

6. 00E+08

00E+08

5.

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08

0. 00E+00

6191°9Z1-
LLGL9ZL
CLEL 9T
[FATRCTARS
60809211
#£20°92 11
2166221
9zzLzl|
PR A ARR
0616 FNQ
(el AR
L9ZY'ELL- O
Go8e'eLL-
ISVEELL-
£50Z'ELL- O
6¥9L'ELL-
12ZL'ELL-

8G18°08-

Z.8.°08-

1652 08"

Ph
K CgFy7

Ph

20230631
SY-14
CDCL3
400M

00'g

T T T T T T T T T
-30 =40 =50 -60 =70 -80 -90 -100 -110 -120 ~-130 ~-140 ~-150 ~-160 ~-170 -180 -190 -200 -210 -220

T
-20

Fmm

1



20230531 ™ VDNDOMNNO
Sy-14 0 o ODNDOS® © oW D ODN® QWO
CDCL3 ™M - - M —©O©W N — D © OVWO M D 6. 0E+08
400M © © P~ IS 0909 0w new R QULOMAMMAN
(22 >] OMOMOMONN M~~~ © O OO OO
C - - M~~~ T NANANN ~— «— «—
~ — N ~ | ) S\ 5. 5E408
5. 0E+08
4. 5E+08

O O I 4. OE+08
P h P h 3. 5E+08

3. 0E+08
2. 5E+08

2. OE+08

. 5E+08

. OE+08
| 5. 0E+07

|
| - L
i & et : w > EENE v . l ST 0. 0E+00

=5. 0E+07

T T T T T * T T * T " T T T T v v g v v g v v g
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 =10
i

o !



OE+08
7. BE+08

7. OE+08

6. bE+08

6. OE+08

5. BE+08

5. OE+08
4. BE+08
4. OE+08
3. BE+08
3. OE+08
2. BE+08
2. 0E+08
1. BE+08
1. OE+08
5. OE+07
0. OE+00

5. 0E+07

TBEST
015G L1
195" L1
VELG L
191611
LOV6' L1
6E.6° L1
Z£00°Z1
607021
YESH'Z]
05912
912121
1€8L°Z
110£°C
ZELET
YOYe'Z
009€°C
v1I£T
¥86€°C
8971 Z-¢

vS¥8'T
61682
189872
1618721
99882
9068'Z-
G868°'Z
16062
z1z6e!

=\

6¥¥e 27
16S¢ /1
8292 /1
9182 /1
900€" .
¥95€° L1
965€"/1
129¢" /7
9€./E /1
¢llE 1A
906€ /1
£G6E" L
866"/
ISV
26692
120.L° 2
oLLL 2
VA4V
£02L L
£eer L
BYEE L

T

Ph
C1oF21
11 1l

3l

Ph

=yl
%rwo.v B
E80°L

wNE I

oot

-0.5

0.0

0.5

1.0



~1. 80E+09
1. T0E+09
~1. 60E+09

1. 50E+09

1. 40E+09

~1. 30E+09

~1. 20E+09

F1. 10E+09

~1. 00E+09

9. 00E+08
8. 00E+08
~7. 00E+08
6. 00E+08

5. 00E+08

4. 00E+08

3. 00E+08
2. 00E+08
~1. 00E+08

~0. 00E+00

+—1. 00E+08

€59G2'9¢L-
19€2 9¢1-
SrAVACIAS
6921°9¢1-
£9G1°9¢1-
0€90°€CL-
mmmN.NN_‘-V
0086°L¢l-
099.°LEL-

9LGL gL
¥516°021-
006¥°€LL-
6LGYELL-
60CL°ELL-

9lECELL-
€226°08-
££68°08-
££98°08-

60¥Z 65~
1861 °65-
€SS1°69-

20230530

SY-8
CDCL3

Ph
31 CroFa

Ph

1%
68°¢lL

HV 16"

F ooe

= oL

T
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220
1 (ppm)

T
-90

T T T T T
=20 =30 =40 -50 -60 =70

-10

10

0



20230530 [, 2EFUB
5Y-8
CDCL3
C

. OE+08

196.3811
196.1271
137.9092
137.2004
133.3625
133.1440
128.6694
128.5383
128.5190
77.3022
+6-9847
76.6672
43.8921
29.7964
29.5773
29.3618
20.8901
19.3432

I-3. 8E+08

<
/
&
ﬁ

L3, 6E+08
L3, 4E+08
L3, 2408
L3, 0E+08
Lo, 8E+08
Lo, 6E+08
Lo, 4E+08
Ph Ph Lo, 2E408
Lo, 0E+08

1. 8E+08
31 CroFa

1. 6E+08
I 1. 4E+08
1. 2E+08
1. 0E+08
8. 0E+07
F6. OE+07

4. 0E+07

I
! I | | k2. 0E+07

—

| ol ke A

;

Ay f e b y gy 0. OE+00

F=2. 0E+07

-4, 0E+07

L e e e B e L T T T v T T T d 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

F1 )



7. 0E+08

6. DE+08

6. OE+08

5. 5E+08

5. OE+08

4. bE+08

4. OE+08

F3. 5E+08

r3. 0E+08
r2. 5E+08
r2. 0E+08

S5E+08
1. OE+08
5. 0E+07
r0. 0E+00

FlL.

r=5. 0E+07

T

CF,CO,Et

4a

=8¢

=L
=801

=z

%um—.w

Feoz

=007¢
=002

f1 (ppm)



20230606 -0
73-39-2 I3
€DCL3 NN
400N 88 1. 00E+09
F A
N
9. 00E+08
0 18, 00E+08
7. 00E+08
CF,CO,Et
O 6. 00E+08
4a
L5, 00E+08
4. 00E+08
3. 00E+08
2. 00E+08
F1. 00E+08
0. 00E+00
o
S
o 1. 00E+08
T T T T T T T T T T T T T T T T T T T T T T T T T
010 0 -0 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 ~-120 -130 -140 ~-150 ~-160 -170 ~-180 ~-190 -200 -210 -220

1 (ppm)



9. OE+07

8. 0E+07

7. 0E+07

6. 0E+07

5. OE+07

4. OE+07

3. 0E+07

2. 0E+07

1. 0E+07

0. 0E+00

€€88°€l—
08lL8'€e
0v0L Le
v_‘mh.\.mwv
¥818°L2
c6ll'Le
69GE°LE
vLeS°LE
G618°LE

12e0'e9—

Nmo\..@\../

—B9TO+
Pive LL

owmw.mz‘/
LOGL'GLE~C
0269 LLL—
_.vmm.NN_‘W
16592l

5566'VEL
¥Z20'SEl

1E8S LYk~
186v'ZvL”

mmom.mm_‘./
_‘omm.mm_‘ﬂ
€056'€91

vm\.m.\.m_.v
6150861

20230606
2J-39-2
CDCL3
400M

CF,CO,Et

4a

-10

20

70

110

140

T
150

T T
200 190

T
210

f1 (ppm)



r1. 30E+09

1. 20E+09

1. 10E+09

1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

6. 00E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08

0. 00E+00

r—1. 00E+08

£699'L
8.5
8682 ¢
LWOET
161€T
882€°C

89¥6°¢
GeGs6'e
€9/6'C
2286’
¥066°¢
8966'C
§200°¢

mEE
98.%
£201",
Nm:.@
¥192'L
9589°/
889/
810L'L
101,

£]038-19 H

2]038-19
CDCL3

Me

Me

4b CCly

8oz

Fsov

%uwo.v

6.0

6.5

7.0

7.5

8.0

8.5

9.0

f1 (ppm)



20230606 —® QD MMM — I~ L3, 2E+08
7]-38-19 N~ 0 OOHNWMN~MMm® < N~ M~ =< o w D~ Mo
(=] ANMOO 0N M © © = O — 0 © T L
cneL3 ®© < BD-—0HDHN® 0 - T ON g © N
400M 0w T T OO W0 Q MmNO M © © M~ ©©n L2 05+08
D O T T OO NNNN @ NN © o o M=
C — — T T T T — — ()] M~~~ ~ I} < NN t
v VN e ! —~— I 5 [ ovos
2. BE+08
2. 4E+08
2. 26408
2. OE+08
(0] (0] |
Me Me F1. 8E+08
‘ ‘ 1. BE+08
4b CCl3 I
F1. 4E+08
1. 2E+08
1. OE+08
8. DE+07
6. OE+07
‘ ! 4. OE+07
|
! JI} .i , ! L2, OE+07
" " 4 b n - r— |..r". Y " l";u_‘md_ o - al L ” » . 1_‘ - L peg " ‘L 0. OE+00
F-2. 0E+07
- 1 - T - T - T T -1 T - T 1 1T 1 1 T 1 1 1 " 1T T 1T 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

f1 (ppm)



30E+09

1. 20E+09

r1. 10E+09

r1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

6. O0E+08

5. 00E+08

r4. 00E+08

F3. 00E+08

r2. 00E+08

r1. 00E+08

0. 00E+00

—1. 00E+08

-—

Me

CCl,

4c

F00°L

00°€
9z'e

Fogt

TIE
-G8l
WE._
Lhe

80Z

0.5 0.0 -0.5

0

L.

3.0

3.0

9.5

6.0

8.5 8.0 7.5

9.0

9.5

10.0

f1 (ppm)



2. 6E+08
2. 4E+08

2. 2E+08

2. OE+08

1. BE+08

1. 6E+08

1. 4E+08

1. 2E+08

1. 0E+08

8. OE+07

6. OE+07

4. 0E+07

2. OE+07
0. 0E+00

F=2. OE+07

Nva._‘N
mto.mw%
owomcqu.
800¥%'v¢ .\

0626'9¢

PrS8 ey —

y96.¢S—

mw_:\..w\../

UJICU LL

9eGE'LL

¥926'86—
L¥68°GZL
9/%0°9Z1 1
9Ly 821
2665871
119G '8Z 1
2129821
S0.L°8ZLT
Emm.mm@
810062}

G860°EE L
S90t'cE) ]
1186°CEL
BZYE VEL
1€L2 261
G8ZE 261
TR
€668 LE L
LLYP 8L
G969'8€ -

L¥OL 961~
Z095°961~

20230606
Z]-38-18-1

CDCL3
400M

Me

CCl;

4c

-10

10

40

110

140

T
150

f1 (ppm)



F1. 40E+09

1. 30E+09

20E+09

F1.

1. 10E+09

F1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

6. 00E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08

0. 00E+00

—1. 00E+08

LYSE LT
989€" 11
AN
98¢’ 11
£06€" 11
EP0b 11
809¥" L
ELLY Ly
Lz8v 1|
zZe6y L+
12951
ZEISL
G¥8S'1
7G65°1 m
£209°L
8001z
061LL'2
51212
go¢el 'z
8yl Z4
#5512
Gv8L 'z
ovLZ 2
S TAAA
60922
66182
LEEE V-
eLGE Y
L69E
898¢
L¥08'91
¥£28'91
61891
0/€6'91
16€6°91
979691
10691
118691
0066'91
2822 11
89ve L
8/G2L
9292,
VA
0162 2
9¥6Z L
18£" ]
196€° 2
1198/

—

T

Me

CF,CO,Et

4d

Faoe

Foo'1
Fout

8C'€
1zl
Feoe

1 (ppm)



20230617 OO~ -
7J44-3 M~ OO~ O~ .
— O OoOWLANMOANN 8. BE+08
CDCL3 VXMW GO ©
400M M W OO r
e eeeeeeel 8. 0E+08
1 1 1 1 1 ] 1] 1]
TR I
L7, 5E+08
L7, 0E+08
L6. 5E+08
Me O O I
L6 0E+08
. L5, 5E+08
L5. 0E+08
Me CF,CO,Et L4, 5E+08
4d i
L4, 0E+08
L3, 5E+08
L3, 0E+08
Lo, 5E+08
L2, 0E+08
L1, 5E+08
L1, 0E+08
L5, 0E+07
e L0. 0E+00
) 5. 0E+07
So
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 -l0 -20 -30 -40 50 60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 180 ~-190 -200 -210 220

1 (ppm)



2. 50E+08
20E+08

2. 40E+08

2. 30E+08

2.

2. 10E+08

2. 00E+08

F1. 90E+08

1. 80E+08

1. T0E+08

1. 60E+08

1. 50E+08

1. 40E+08

1. 30E+08

1. 20E+08

1. 10E+08

1. 00E+08

9. 00E+07

8. 00E+07

F7. 00E+07

6. 00E+07

5. 00E+07

4. 00E+07

3. 00E+07

2. 00E+Q07

1. 00E+07

0. 00E+00

1. 00E+07

2. 00E+07

€€/6°EL
2L66°EL
V8EQ'6L1
T6L°61 1
1008021
221802
82,0121
G9EL 12
9061 E)W
YS¥2 12

Le g
Geoe 1z
96912
0559'22
€952 Z€-
9z6t'Z8
06225
£9Y6'Z¢E
£€81°€¢
9617 €€
£500°G
6070 G-

—

- m

0€.0°€9
¥Z1L9.
00€0°L
9L¥E L1
128G°GLL
50SZ'8LL
8€Z8'/21
LES6'L2L
815£'8zZ1L
L6 8Z)
S0L6'821L
0LL€'621
€607 LEL
£¥6S LEL
ZTLLZEL]
8v2sZe L]
8069'ZE 1
L0E6'ZEL
LIS PEL]
Z9E6'VEL
L0ZZ'SEL
6062 GEL
08YL LEL
0256 LE L
£9€1°8E L
£809°8¢1 1
LL6L'E9L
1968'€91-
60.€°961
868961
£pll 961
: m.]m 661

=
= O

e

—

20280

CDGE}

Me

CF,CO,Et

Me

4d

-10

T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

T
210




1. BOE+09

1. 60E+09

1. 50E+09

1. 40E+09

1. 30E+09

1. 20E+09

F1. 10E+09

1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

6. 00E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08

0. D0E+00

-1. 00E+08

= 1. 70E+09

w o
— N
EL"’)
) 1O
—
—

1055 1
0095 11
169G 11
81511
76611
8196'L1
€961
198611
mmoo.m,ﬁ
25¥1'2
verL'Z
18612
12912
06912
61112
1GLEZ
Wee'T
62582
obPe'Z
125821
v£9e°Z
82821
128821
L00Y'Z-
z :&A
68582
90282
£818'21
8882
61062
6526'9
£6£6'9
LEVE9
2956'9
86569
Z£16'9
9692,
2887 L
6Y0€"L
91zeL
668€L
LSOP L
Gzey L
GIEY L
€72l L
6£€L .
A
66¥7L L
809/ /1
8897/
m@k.g
BGRL L

=

m

Al
Al
CDi

(:4f:9

4f

Fieo

%{hm.o
80°L
80'L

Fzo

Fre

502
Fo0'1

[oge

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.0

f1 (ppm)



30E+09
1. 20E+09

-1,

1. 10E+09

1. 00E+09

9. 00E+08

8. O0E+08

7. 00E+08

6. 00E+08

5. 00E+08

4. 00E+08

3. O0E+08

2. O0E+08

1. 00E+08

0. 00E+00

=1. 00E+08

PLLL'9ZL
0019211
£90°9Z}1-1
1290°92 11
26£0°9Z1-1
2920°921-1
08z} ¥Z1-1
8801 +Z1-1
SZ0L ¥l
1160 +Z1-1
0¥80'¥Z1-1
¥920'%Z1-1
£890'%Z1-1
£650' 4211
0150 +Z1-1
Prv0vZL-1
vee0vZL-~¥

AR

€¥89°ELL-

262 70L-~_
9062°€0L-"
6891°L8-
165L°Le-
LISl 18-
gzyl Lg-
LEEL Le-
L9ZL 18-
ISLL 18-
¥90L"1L8-

20230603
7]-38-7

CDCL3

(:4F:g

4f

A

Fuov
|eoz

=960

Fooe

-100 -110 -120 -130 -140 -150 ~-160 -170 -180 -190 -200 -210 -220
f1 (ppm)

-90

=70

-60

-20 -30 -40

-10

10

20



1. 40E+09
1. 30E+09

20E+09

1.

F1. 10E+09

1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

6. D0E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08
1. 00E+08
0. 00E+00

r—1. 00E+08

86€C 61
0682¢°61
18€E°61
6089°0¢
1852°0C
vE6L 62
PR A T4
Slv'6e
€99¥'6¢
5089'6¢
_‘wom.mvv.
0€L8°EY

1£00°LL

7689’ Q\.W
8vee’LL

L¥89°GLL
0808°GLL
9206°SLL

952034}
89€5°8¢1
0Lv9'8el
9042821
S90¢°LEL
geee el
€662 LEL
Geeseet

€982°791
Z88E'v9l
9828991
09€6°991

9.0V ¥61
LE8I' V61
6596°S61
L2961

20230603
2]-38-1
CDCL3

(:4F:g

4f

de

i

L

.H

i

-10

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

T
210




30E+09
00E+08

2. 30E+09
9.

2. 10E+09
2. 00E+09

F1. 90E+09
;1.80E+09
1. T0E+09
1. 60E+09
1. 50E+09
;1,10H+09
1. 20E+09
1. 10E+09

1. 00E+09
;9>00E+08
8. 00E+08
7. 00E+08
;5.00E+08
4. 00E+08
3. 00E+08
2. 00E+08

1. 00E+08

F1.
0. 00E+00

1. 00E+08
2. 00E+08

- 2. 20E+09

Ph
(:4|:9

49

Cl

FooL

Frot
Fsi
T:

Fou

FSLE
Wmo.m

ve'e
Fuoz

1.5 1.0 0.5 0.0 0.5

2.0

5.0 4.5 4.0 3.5 3.0

f1 (ppm)

6.5 6.0

7.0

9.5 9.0

10.0



1. 00E+09
9. 00E+08
F5. 00E+08
4. 00E+08
3. 00E+08
2. 00E+08
r1. 00E+08
0. 00E+00
r—1. 00E+08

8. 00E+08
7. 00E+08
6. 00E+08

r1. 30E+09
1. 20E+09
r1. 10E+09
1

€£90°9¢1™
91€0'921-
6410921
1566621
9€L0'¥Cl
¢Lv0vel—

9080z 1+
£220'C r% - TE
AR

L9 ELL-
06LYELL-
oLV ELL-
800¥°€LL- o

Ph
(:4F9

4g

Ll ie-
€901°18-
0880°18-
88.0°18-
8190°18-
€250°18-

Fooe

be

20230603
7]-38-81

CDCL3

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220
f1 (ppm)

=90

=20 =30 =40 =50 -60 =70

=10

10

20



1. 20E+09
10E+09

1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

6. Q0E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08
0. Q0E+00

F—1. 00E+08

€956l
€.8¥°61
88¢8°0C
8.vl'6¢
86€Z'6¢
¢roe’6e
8lG¥'6¢
€6.5°6¢
1899'6¢
_‘.v_‘w.mwuv.
£e88'er

€2e0’LL

w.von\.W.
86£e°LL

£€15°8¢1
€90.°8¢1
09€8°821
1GG6°6C1
6896°6¢C
LGEB’ vmvv.
06¥0°cel
9EvreEel
L¥O9°EEL
0508°5EL
9625°9¢1
8¥56°9¢€|
1/89°/€1

0590°961
6.62°561
6€.2°G61
¢L20'96l

20230603
CDCL3

2]-38-81

Ph

Cl

(:4f:g

4g

T

-10

110

T T T T
160 150 140 130

T
170

T T
200 190

T
210

1 (ppm)



1. 50E+09
1. 40E+09

1. 30E+09

1. 20E+09

1. 10E+09

1. 00E+09

9. 00E+08

I-8. 00E+08

F7. 00E+08

6. 00E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08

0. 00E+00

1. 00E+08

L925°L
09€G°L
LyvS'L
029S'L
0L9S°L
€69G°L

846}
86661
vLLET
8/28T
e’

€ly8e
wmmm.w./
¢698'¢
€1v88°¢
vl06°¢

2LET L
L1152 L
Y9z L1
9892/
6112 L
YE6T L
2608 L
6.2€ L
266€ 'L
iYL
9621,
Seey ',
£959'/
1599'L
00492
v§L9'L]
da89'L]
BEZL L
99eZ L

e s T g

Ph

C4Fg

4h

Br

201

woo_v

8oL

H\.ho._.

Foo

4,5

7.5

8.0

8.5

f1 (ppm)



2. 20E+09
10E+09
2. 00E+09

-220

TR TARS
£€€0'92Z}1
€120°92}1
004092}
966'GZ)1
586'GZ 1
82.6'G2)1
096'GZ -1
IR AR
€490 ¥ 11
58507211
9810 ¥ -1
£6€0 7)1
0ZE0 ¥Z -1
AR AR
8ELO YT}
SS00°¥Cl— ﬁ
TLBB'ETI

haagy,
VRS £7l-
ZLP9ELL-
g88e'ELL-
018EELL-

8160°18-
€¥80°18-
1210°18-
€G90°18-
¥9G60°18-
061¥0°18-
1620°18-
6£20°18-

20230603
7]-38-9

CDCL3

1. 90E+09

1. BOE+09

1. TOE+09

1. GOE+09

0E+09

5

1.

1. 40E+09

1. 30E+09

1. 20E+09

Ph

1. 10E+09

Br

1. 00E+09

C4Fg

4h

9. 00E+08

8. 00E+08

7. 00E+08

6. 00E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08

0. 00E+00

A

—1. 00E+08

—2. 00E+08

Fuev

Fiel

=00€

T T T T T
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

T
-90

T T T
20 -30 =40 -50 -60

-10




7. 0E+08
6. BE+08

929v'61
19¢8°0¢
129162
§Slsz6e
06.€°62
099¥'62
0v65'6¢
o0LoL'6¢
Nomw.mvv.
0006°€t

SEL0'LL

mmmm.mhv
Lee L

0YSS'8Z1
686987}
76298211
6056821
290621
1618'6Z
£606'6Z1—
99Z¥'€ELT
BSY9EEL
610V GEL
Sm_,.@m;
60.6°9€1

Z20L L€
810/ 6E 11
Z.G6°6EL-

[

12S8'v61
8860°561
8918'G61
G690°961

20230603
2]-38-9
CDCL3

6. OE+08
5. BE+08
5. OE+08
4. 5E+08
4. 0E+08
3. BE+08
3. 0E+08
2. bBE+08
2. 0E+08
1. 5E+08
1. OE+08
5. OE+07
0. 0E+00
5. 0E+07

-10

60 50 10 30 20 10

70

80

Ph
C4F9
90

100
1 (ppm)

4h
110

120

Br
200 190 180 170 160 150 140 130

210




1. 60E+09
1. 50E+09

1. 40E+09

1. 30E+09

1. 20E+09

1. 10E+09

1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

6. 00E+08

00E+08

5.

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08

0. 00E+00

F=1. 00E+08

BLLS 1
GEZS 1
LPES 1
GOES L1
855 1
G0SS L
8095 1
122G L
SHZ6'L
19G6°L
1G86° L~
66212
LT
96512
9/82'2
0L0£'2
092€°2-
9¥E 2
GG
9z.€'2
6588z
£.£8°2
CACKA
£68°Z
I
9192/
89/2 /1
9562/
0S1€° 2]
See L]
069" L1
VL8
S06E 21
6G6E" .
A h
95 LY L
002t L+
z.2 I
2@.7%
19¢ev L
vy L f
896t 2]
mmmm.&
e9¥G 2
9929/
9Z+9° 2
0./Y9'2
£€99°/
190L 11
18 E.&
0LLLL

-

—

C4F9

0.5

2.5 2.0

3.0

6.0 5.0 4.5 4.0
f1 (ppm)

6.5



1. 40E+09
F1. 30E+09
20E+09
10E+09
1. 00E+09
9. 00E+08

8. 00E+08
7. 00E+08

1.
1.

6. O0E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08

0. 00E+00

95£0'9Z 11
9610'9Z -1
1000'9Z -1
2€86'GZ1-
7596'GZ 11
£0£6'GZ1-1
1£65'6ZL-]
2085'GZ}-1
10SG°GZ}
£025'6Z}-1
06207241
20 vZL-]
£600'7Z11
52007241
7566'€Z4-1
$586'€Z11
0416'€Z1
1896°€Z1
1296221t
SRR €Sl

9565°€LL-

$0LE'ELL-

8EEEELL- <

£290°18-
0850°18-
018"
cLen’Le- -
62¢0'18-
¥SGL0°18-
8v00°L8-

20230613
2J43-6
CDCL3

8Ly

%mm._.

= %oo.m

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220
f1 (ppm)

=90

=20 =30 -40 -50 -60 =70

-10

10

20



1. 60E+08
1. 50E+08

1. 40E+08

1. 30E+08

1. 20E+08

1. 10E+08

1. 00E+08

9. 00E+07

8. 00E+07

7. 00E+07

6. D0E+07

5. 00E+07

4. 00E+07

3. 00E+07

2. 00E+07

1. 00E+07
0. 00E+00

1. 00E+07

69,2 61
181E°61
669€ 61
8£9Y 61
015614
AR
%mm.mmw
21962

L8LLEY
\.ovw.mvv.

Nwmmuw\./

I Y

“mo.'c L
mrmm.\.\..\

Z2SE 101,
SLLL 0L

6885°8¢C1
G912'8¢1
96¥8'8¢1
G96.°6¢21
0€9r'ect
9E€89°EEl
6L1E€°9ECL~
cov6'9ElL
c0v0°LEL
86/9°/€l
S0e6°LEL
1G¥0'8€E|L

¥29e'S61
8/85°G61
0zeL S61
9986°S61

20230617
7]J43-6
CDCL3
400M

(:4f:9

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

210



F1. 40E+09
1. 30E+09
1. 20E+09
1. 10E+09
1. 00E+09
9. 00E+08
8. 00E+08
7. 00E+08
6. 00E+08
5. 00E+08
4. 00E+08
3. 00E+08
2. 00E+08
1. 00E+08
0. Q0E+00

1. 00E+08

Ph
C4Fg

4

MeO

%wo”_‘ L
W.w_‘._‘ [

Fore}

Fes1t

86k T
Fos0 |

[eset

0.0

0.5

1.0

2.0

2.5

3.5 3.0

4.0

f1 (pom)

9.0 8.5 8.0 7.5 7.0

9.5

10.0



20230603 OOV TODN~O -1
Z]-38-6 [(eNsr o] ~TONANOOWLMN~SUND
— M O NMM~—OANMONONSO
CbeL3 SB ST 8SES38SE
) N O © OO B
F - QggggaNNNN 1
QDD NI R
L L 1
-1
-1
O O -4
Ph
-8
MeO
4] C4Fg -7
-6
5
-4
-3
|
|
-2
|
-1
Be 1 -0
o (o] w0
Qe Q @
(3] (3] o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 =10 =20 =30 =40 =50 =60 =70 -80 -90 -100 -110 -120 -130 ~-140 ~-150 ~-160 -170 -180 -190 -200 -210 ~-220

f1 (ppm)

- AUETUY

. 30E+09

. 20E+09

. 10E+09

. 00E+09

. 00E+08

. 00E+08

. 00E+08

. O0E+08

. 00E+08

. 00E+08

. O0E+08

. 00E+08

. DDE+08

. 00E+00



1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

6. 00E+08

5. D0E+08

4. 00E+08
3. D0E+08
2. 00E+08
1. 00E+08
0. DOE+00

F=1. 00E+08

Sivv'el
Glev'8l
yera sl
826.°81
0Zv8'8l
006881
ow@_..omv.

mmww“mm
Nomm.mmw
2€99'62

LOY9Er—

S6LE'SS
m_‘#m.mmv

m\.ow.m_‘_‘V

g6k8 &2t
9029'8Z1
06,9'82L
G082 081
€EL0LEL
8080°LEL
2011°€8L
726€€EL
GZ80' €L

819G°€9l >
¢e5L'e9l

¢088'c6!
¥eeevel
66,2961
12257961

20230603
2]-38-6
CDCL3

Ph

MeO

(:4f:g

— —

il it

I

T
30

T
10

T T T T T T T
150 140 130 120 110 100 90 80
f1 (ppm)

T
160

T T
200 190 180

T
210




r1. 00E+09

9. 00E+08

8. 00E+08

7. D0E+08

r6. 00E+08
5. 00E+08
r4. 00E+08
3. 00E+08
2. 00E+08
1. D0E+08
0. D0E+00

~-1. 00E+08

Ph
C4F9

4k

Fv60

Nego
FooL
Feo

Foot

th.m
9Q0'v

%‘_‘r.w

0.5 0.0

1.0

3.0

3.5

4.0

4.5

6.0 5.0
f1 (ppm)

6.5

~

10.0 9.5 9.0 8.5 8.0 7.5

10. 5



8. BE+08
8. OE+08

7. 5E+08

7. OE+08

6. bE+08

6. OE+08

5. bE+08

5. OE+08

4. 5E+08

4. OE+08

3. 5E+08

3. OE+08

2. BE+08

2. 0E+08

1. 5E+08
1. OE+08
5. 0E+07
0. OE+00
=5. 0E+07

9¥S0'9¢1 -
crv0'921-1
6620°9¢1 -1
€810°9¢11
£200°9¢11
£¥66'GZ1L1
8€86'GCL1
VIR 1A RS

L096'GZL-1
6020'vZ1-1
0966'€Z1-1
1926°€21-1
16966211
¥2S6'€Z)-

e

LOS9 ELL--
861L9°€LL-
GELOELL-]
8G8€ €11

e

BLLEE L
L19g°E L}

6€90°18-

0260’ _‘m.wv

1GE0°18-

20230603
2]-38-1
CDCL3

Ph

(:4Fg

4k

Fo0€

L

T T T T T T T T T T
-20 -30 -40 =50 -60 =70 -80 -90 -100 -110 -120 -130 ~-140 -150 -160 -170 -180 -190 -200 -210 -220

-10

10

(nnm)

1



5E+08

6. OE+08
5.

5. 0E+08

4. 5E+08

4. 0E+08

3. 5E+08

3. OE+08
2. 5E+08
2. 0E+08
1. 5E+08
1. OE+08

5. OE+07
0. 0E+00

5. OE+07

€651°61
v0Lg'6l
£1912°0¢
1992°0¢
Evee6C
LlE6C
86E5'6C
¥985°6¢
LGG.°6C
clog'6e
vere ey —

8EG) LZL
(TANEAR
8182° LT}
015€°821 1
Z0Lr 8zl
25€9°82 11
0152°821A
££06°8Z 1
090Z'621
991Z'621
029Z'€€ 1
g/8v'eel]
669.°GEL
1025°9€ 1
2191°2€1
6€88°LEL
G98E'6EL 1
Y0.7'6E L1
mmom.mi
9620°9¥1

e

1

G966l
62CL'S61
G601 961
€9G6€°961

20230603
Z]-38-1
CDCL3

]

Ph

C4F9

4k

-10

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

T
210




@
@ @ @ @ =) =) @ @ ) © © % o] ® @© %0 @© = S
=1 =] = = =3 =] =] S =] =) =] S S =] S = =] =] T
e T T T T T ¥ by ¥ ¥ T ¥ ¥ ¥ T ¥ T F ]
w m ) m m m ) m ) m m m m ) wm m m ) =]
S =] S S =] S S =] =] =] S =] S =] =] = S =] S
= © n - ) = = S S S S S S S S =3 =3 S .
— — ~ — — — ~ — o o = =) =] < o3 o — S |
1 1 1 1 1 1 1 1 1 1 I 1 I I 1 1 I I

— L

—

4]

- Fooz |

167}
clv -
H/ovf

Fuwvr

2.0

2.5

3.0

4.0

4.5
1 (ppm)

2.0

6.0

6.5

7.0

7.9

8.0

8.5

9.0

10.0



20230603 0 ©— < I
7]-38-2 SNDD
CDCL3 SBRS !
e o < W0 O [
2eee H1
~ '1
1
1
-1
1
O 0] L
S
A Ph L
1
Lo
F o~ |
F L8
4 0 ,
-7
L6
L5
! 4
L3
2
1
Lo
7
oo
[=X=) L
T T T T T T T T T T T T T T T T T T v T M T ¥ T v T T T T T T T T T v T M T
010 -0 -20 -3 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 ~-140 ~-150 -160 -170 -180 -190 -200 -210 ~-220

f1 (ppm)

. 80E+09

. TOE+09

. 6OE+09

. 50E+09

. 40E+09

. 30E+09

. 20E+09

. 10E+09

. 00E+09

. 00E+08

. OOE+08

. OOE+08

. 00E+08

. DDE+08

. 00E+08

. 00E+08

. 00E+08

. 00E+08

. 00E+00

=1. 00E+08



6. OE+08
5. bE+08

5. OE+08

4. bE+08

4. OE+08

3. 5E+08

3. 0E+08

2. SE+08
2. 0E+08
1. 5E+08

1. 0E+08
5. OE+07

F=5. OE+07

£886°¢Cl
G696°61
vee0'02
¥£80°02
6LEL0C
NNww.oNW

%w@mm
aom.mmw
0er6'Z8

6Lyl vr—

¥60°€9—

LLZLEL~
c0e9'SLL—

. e
§ek 22t
Rt
19LL 12l
£v9Z 2L
0v85 821
9229'821
9522°'8z)
S1P6'82L

N_‘_.m.mo_../
mwmm.mm_.ﬂ
G651 POl

659¥'G61
8688'G6l
¥201°961
1925°961

q
o]
T

L)
=~

20230603
CDCL3

o

W 0. 0E+00

Vvt

4]

-10

T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
f1 (ppm)

T
210




1. 40E+09
F1. 30E+09
F1. 20E+09
1. 10E+09
1. 00E+09
9. 00E+08
8. 00E+08
7. 00E+08
6. 00E+08
5. 00E+08
4. 00E+08
3. 00E+08
2. 00E+08
1. 00E+08
0. 00E+00

—1. 00E+08

Fore

Feie

Ee6'1L
EL0C

0.0

0.5

0

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.

5.0
1 (ppm)

6.0 5.5

6.5

7.0



9. OE+08

8. OE+08

7. 0E+08

6. OE+08

5. OE+08
4. OE+08
3. OE+08
2. OE+08
1. OE+08
0. OE+00

9Z¥Z 9Z1-1
L1E€Z2°9Z1
9vZZ 9z} -1
9102'9Z}-1
¥Z61°9Z}-1
L¥81'9Z1-1
60919211
1LGL'9ZL-1
0EY1'9Z4-1
V692 €711
L9EZ€Z1-1
2522 €211
8902 €Z}-1
G981 €2}
6.£6'2211
2£26'22)-1
12162211
1168221
598822}
9296'1Z1-

vmwm._.m_.-%
hmww.m_,_.-N

ver9ELL-
8209°€ELL-
969G ELL-
6GSSELL-
686808~
6168°08-
9£98°08-
GE€8°08-

20230619
2]48-3-2
CDCL3
400M

A

Fele

Fso

F8Le

+00'€

=20 =30 =40 =50 =60 =70 =80 =90 =100 -110 =120 -130 -140 ~-150 -160 -170 ~-180 -190 =200 ~-210 -220
f1 (ppm)

-10

10

20



20230619
2]48-3-2
CDCL3
400M

C

193.7818
193.7181
153.5808
152.9420
147.8958
147.7310
136.7518
136.7297

" 122.2647

121.8139

125.9663

<
v
<
<

O (0]
| X
~-N N~
am CeF13

77.3289
77.0114
76.6937
—40.5286
29.1967
28.9816
28.7635
_~21.8505
20.3457
20.3018
20.2585

!
|

2.

. BE+08

. OE+08

. BE+08

. OE+08

. 5E+08

. OE+08

. 5E+08

. OE+08

. BE+08

. OE+08

. 5E+08

0E+08

. 5E+08

. OE+08

. OE+07

0. OE+00

=5, 0E+07

T
210

T T T T T
120 110 100 90
f1 (ppm)



1. 00E+09
9. D0E+08
8. D0E+08
7. 00E+08
6. 00E+08
5. D0E+08

CF,CO,Et

4n

2 2 2 2 2
% % % 3 %
3 S S g ]
il i g T . ¢

=66°C

= 60|

= 0

& 00

<« 160

== €07

ooz

Fooz

061
=661

F1 (ppm)

8.0 7.5 7.0 6.5

8.5

9.0



20230619 N~ © o —
7]48-3-1 ONNE
CDCL3 SRR 6. OE+08
400M 8388
F 2222 -
~ L5, 5E+08
L5, 0E+08
L4, 5E+08
4. 0E+08
(0] (0] I
L3, 5E+08
| X
N N~ I
L3, 0E+08
CF,CO5Et |
4n 22 |
2. 5E+08
L2, 0E+08
L1, 5E+08
L1, OE+08
L5, 0E+07
0. 0E+00
7 3
o
oM
23 I-5. 0E+07
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 -0 -20 -30 40 -50 -60 70 -80 90 100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220

f1 (ppm)



3. BE+08
3. 6E+08
3. 4E+08

3. 2E+08

3. OE+08

2. 8E+08
2. 6E+08
2. 4E+08
2. 2E+08
2. 0E+08
1. BE+08
1. 6E+08
1. 4E+08
1. 2E+08
1. 0E+08
8. 0E+07
6. OE+07
—-'1. 0E+07
2. OE+07

0. OE+00

F=2. 0E+07

€6v6°El
oLog’ _‘N/.
#2159 _‘NW
gcey'le

8200227
1016927

0LL0°2E
Z90€°ZE
12¥SZE \
€/99°0F

616829

¥G1.L'9.

Sharpinr

0Eet™42 7
L0G€°LL

092°€ 1L
¥191°S :/
Q@Né%
296L1Zh!
GE9ZZZL L
6616'52 7
GES6'SZL
610,961~
£9v. 9€l
7169 Lply
LG8 L1
POL6ZG L~
9LoLesL”
GPLOEQL
¥9E6'Eal
109291

1GB9EBL~,
G8L0V6L~

20230619
2]48-3-1
CDCL3
400M

A
Z
CF,CO,Et

4n
I
|

— ey

-10

40

50

90

110

T T
200 190

T
210

f1 (ppm)



1. 00E+09

~9. 00E+08

8. 00E+08

7. 00E+08

6. 00E+08

~5. 00E+08

~4. 00E+08

~3. 00E+08

2. 00E+08

~1. 00E+08
~0. 00E+00

e

e —

CF,CO,Et

40

8G°€
wmm_.._.

818
@o_‘._.

s

Feee

Foot

=601

Feee

e

0.0

0.5

2.0

2.5

3.0

5.5 5.0 4.5 4.0 3.5
f1 (ppm)

6.0

6.5

7.5

8.0

9.0



20230617 TrouNOT®mO I
A NISBE2ES
CDCL3 SRR 3. 8E+09
fLoou 83338888 i
¥ TTTT YT T 3 65409
B W -
-3, 48409
3. 26+09
3. 0E+09
2. 81+09
o o 2. 6E+09
e L2, 41409
o) -2, 26+09
CF,CO,Et i
-2, 0E+09
40 b
1. 8E+09
-1, 6E+09
1. 4E+09
L1, 26409
1. 0E+09
8. 01+08
6. 0E+08
I L
4. 0+08
| L
i [ 2. 0E+08
: L0, 0E+00
P! -2, 0F+08
S -
— O
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 40 -50 60 70 -80 -90 100 -110 -120 -130 -140 -150 ~-160 ~-170 -180 ~-190 -200 -210 -220

f1 (ppm)



2. 40E+08
2. 30E+08
2. 20E+08

2. 10E+08

2. 00E+08

1. 90E+08

1. 80E+08

1. 7T0E+08

1. 6OE+08

-1. 50E+08

-1. 40E+08

-1. 30E+08

1. 20E+08

1. 10E+08

~1. 00E+08

~9. 00E+07

8. 00E+07

1. 00E+07

6. 00E+07

5. 00E+07

~4. 00E+07
3. 00E+07
~2. 00E+07
~1. 00E+07
0. 00E+00

1. 00E+07

F=2. 00E+07

66v6°ElL
cevL6l
880861
129861
291002
112002
19€ _‘.om.\.
99880
8z.5°C¢
92y8'ee

wmwm.mvv.
965’ EY

G920°€9
w\.mo.mmv

\.mo\..wx./

— -

C.FP.\
63 7bett
0995°¢CLL
0610°8L1L
LE68°8LL
8V.06L1
988€°8¢1
£€68¥'8¢L
¥129'8cl
¥26.'8¢L
¥8¥0°EEL
Y60E €L
€992°LEL
Nomw.\.m_‘k

S9.L.°9vL
6666911
180L°LSGL~

0EvP €91
999%°'€9L
699.°€9L
L06L°E9L

0Z20°€8L~,
6229°€8L~"

V89 6L~
9181°G6L~

20230617

7J44-1
CDCL3
100M

CF,CO,Et

40

-10

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

210

(ppm)

f1



8. OE+08
7. 5E+08
7. OE+08
6. SE+08
6. OE+08
;5.5E+08
5. 0E+08
4. 5E+08
4. OE+08
3. 5E+08
3. OE+08

2. 5E+08

2. OE+08
0E+07

1. 5E+08
1. 0E+08
5. OE+07

0. OE+00

5.

+ [8. DE+08

L

CF,CO,Et

4p

g o]
= [o01

———==[a0%¢

Fo0'L

80¢C
€0e [
00°L

00z

2.0

4.5 4.0 3.5 3.0

6.0 5.0
1 (ppm)

6.5

8.0 7.5 7.0

8.5

9.0



20230617

DLOMD O~ © 8. 0E+08
Z]44-2 — AU NMNOMNSM . Ok
m#Ngmc‘:gm |
€DCL3 533038333
oo 83T E8ES8 L7, 56+08
F ceoeeeeee
1] 1] ] 1 1 ] ] 1] r
TS L7, 0E+08
6. BE+08
L6. 0E+08
5. 56408
O (0]
5. OE+08
AN
S 1. 5E+08
CF,CO,Et
L1, 0E+08
4p
3. BE+08
3. OE+08
Lo, 5E+08
Lo, 05+08
[ L1, 50408
L1, 05408
5. OE+07
: L0, 0E+00
7'
22 L5, 0E+07
=3 ]
T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 -0 -20 -3 -40 -50 -60 -70 -80 -90 -100 -1l10 -120 -130 -140 -150 ~-160 -170 ~-180 -190 -200 -210 -220

f1 (ppm)



FZ. 8ETUS
2. 6E+08
2. 4E+08
2. 2E+08
2. OE+08
1. 8E+08
1. 6E+08
1. 4E+08
1. 2E+08
1. 0E+08
8. OE+07
6. 0E+07
4. 0E+07
2. 0E+07
0. OE+00

Geo6°cl
S6cr 6l
808761
S8rS6l
99¥9°61
066961
€196l
€¢60'0¢ -
35879
mwmm.wmw
¥o0°ee

788011
v:.N.Suv.

9190°€9— -

¥20L°9.L

LI9OELL~
8699°GlL— @) -

all S
4§70-84
7502821 ©
6552821 @
9258'8Z) P
£698'8Z1
Z255°€EL
956G 'EEL

< d
™~
< g
™ g
M~ N
I~ N
CF,CO,Et
4p
Mmm

8/G1¥'€91
88.17°€9L
01L8L°€9L
9108°€91
9001 ¥9L

98YE /81,
Z5v8° 281~
818E°G61~
G6G.'G61

20230617
2]44-2
CDCL3
400M

F=2. 0E+07

-10

120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

130

200 190 180

210




7. 5E+08
7. 0E+08

E+08

6. 5E+08
6. OE+08
5. 5E+08
5. OE+08
4. 5E+08
4. OE+08
3. BE+08
3. OE+08
2. 5E+08
2. OE+08
5
1. 0E+08
0. OE+07
0. OE+00

F1.

F—5. 0E+07

G/8¢'L
996¢" |
SS0P 'L
ShiyL
1026°L
8626'L
95€6°L
8hv6'L
§550'Z
82812
€L022-
TARYAA
€662°2-
0052°2-
9r8z -
1G0E"Z-
SLee'z
LZrve'Z
62.€'2
1072
€982
€105°Z
09152
G1E5°Z-

€99¢°L
A%
Yo6¥'L
LeLS'.L
1209°'L
S§L19°2
vee9’L
8016°L
GZL6'L
clee'L

—~

ZJ-38-31 H

£]-38-31
CDCL3

CH;
(:4Fg

49 major

E€6°0

=10
Fz0€
WS._

el
Fgz1

Foon-

86'L
R0
7002

1.0 0.5 0.0

1.5

4.0 3.5 3.0 2.5 2.0

4.5

£1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.0



1. 00E+09

9. 00E+08

8. D0E+08

7. 00E+08

6. 00E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08

0. DOE+00

S0¥0'9Z1 -1
¥820°9¢ 11
9220'9211
85009211
[AAS R TA R
€286'SC)1
6.96'SCL1
€056°GC1

¥126'S2L1
€1GEVZL1
0LEE V2L
SELE VL
R A

.82 vCl-

. -/
1952t
2SI PhL-
ZHOZ Fhi-
LLLL YL

L2018
8290°18-
£650°18-
0€¥0° 18-
19€0°18-
1610°18-
G600°18-
#0001 8-

20230603
2J-38-31
CDCL3

CHj;

(:4F:g

49 major

6L'v

L8°¢

oo'e

-80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220
f1 (ppm)

=70

~60

-20 -30 40

-10

10

20



20230603 < oy O~ D .

7J-38-31 8 2 LLeIR NooNFE~ -9 5. 5E+08

oLy ¥ N N D~ = SDOWTATDN O

C IS ETe] © ) D 0O T ONQ— QX

o o MO NN [fplN e Neo i+l e o) Ne)Ne)]
N — T T ONNNN~ ~— — L5. 0E+08

L SNV | ey =
4. 5E+08
4. 0E+08

(0] 0]
3. 5E+08
CH;
3. 0E+08
C4Fg
4q major
2. 5E+08
2. 0E+08
1. 5E+08
I
k1. 0E+08
5. 0E+07
|
MW mMm.mmo
5. 0E+07
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 40 30 20 10 0 -10

1 (rnm)



6. OE+08
5. BE+08

0E+08

5.

4. BE+08

4. OE+08

3. BE+08

3. OE+08

-2. BE+08

2. OE+08

1. 5E+08

1. OE+08

5. OE+07

0. OE+00

=5. 0E+07

G60S" 1
881G L1
0425 11
£9€G 11
965" 11
LOEY L1
ZLS9' L1
912911
LBLL L
G682/ 1
ZEEL 1
SehL I
G102
SHE'Z
925€'Z
05.£°Z
628€'Z
L16€2
Lz
Ly g
Z25h'2
98612
9905°Z
2615°Z
£v25°Z]
1265°Z]
11652
2055°Z
68552

e

meN.\.
wmom.\.‘/
¢61SL
LPESL
1629°L
oovm.hw
81¥G9°L

€268°L
¢l06°L

Z]-38-32 H

£]-38-32
CDCL3

CHj;

C4F9

4q minor

o 0L
60
AN

ze

mN.F
w:e

=02
6oL
=002

0.0 -0.5

0.5

1.0

6.5 6.0 5.5 50 4.5 4.0 3.5 3.0
1 (ppm)

8.0 7.5 7.0

8.5

9.0



1. 10E+09
r1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

r6. 00E+08

5. 00E+08

r4. 00E+08

3. 00E+08

r2. 00E+08

1. 00E+08

0. 00E+00

==1. 00E+08

L811°9¢1-
LLLL92L-
6160°9¢L-
6€.0°9¢C1-
1850°9¢1-
99v0°9¢|-
G2e09cl-
61.0°¥Cl-
9990°¥¢l-
990" ¥Cl-
66€0°¥CL-
€620'vCl-
9120'vel-
LELO'PEL-
0+00'¥Cl-
L966°€CL-

1989 €91-
ZIEL e
122LE -
LELLEL-

glLeLie-
621118
¥20l°18-
GG60°18-
8G80°18-
1110°18-
1650718~
1160°18-

20230603
2]-38-32
CDCL3

I

i

S S B T S |

e )

CHs

C4F9

4q minor

N

Fooe

T T T
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220
f1 (ppm)

T
=90

T
-20 =30 -40 -50  -60  -70

-10

10




20230603 n o© 0 OWw |
7]-38-32 © D <+ O ©© © 0 W~ DO MO N LD
Lo P~ o (SR o] o < © MOANWDMNOOO~— D
CDCL3 (e} - )y — AN M~ o — ;N DO OTOTOMINS
c o9 © < o N Q MNOINOOI T @ 5. OE+08
o D OMONN P~ I~ © 30000&!—000
N - - [ S MOHOONNNNN |
[ SN ~— [ ===/ \N&e="
4. 5E+08
4. OE+08
L3, 5E+08
O 0]
H3. DE+08
CHj, I
2. bE+08
C4F9 L
4q minor
2. DE+08
|
|
1. BE+08
| i 1. OE+08
| ' L5, 0E+07
|
| |
” " ,JL - A L L = 0. OE+00
-5. OE+07
T T T T T T T T T T T T T T T T T T T T T T T T T T T 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 80 8 70 60 50 40 30 20 10 0 -l0

f1 (ppm)



=

@© ®© @© @© ®© ®© ® ®© © @© @© ® w© = =3 =]

S = = =) = =] = = = =) =) =3 =3 =) S ¥

b = ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ T T T ¥ =

S e o [r5) S o o ) o o S ) S S S o

S A S R R A S N M N M L SR SR
—

—

OEt
CCly

4r

e

Fooe

Mz

20l
8ro

H/.wo._‘
950
vo'L

Fuz

4.5
f1 (ppm)

5.0

5.5




20E+09

-1

1. 10E+09

1. 00E+09

9. 00E+08

8. 00E+08
7. 00E+08
6. Q0E+08
5. Q0E+08
4. 00E+08
3. 00E+08
2. 00E+08
1. 00E+08
0. Q0E+00

=1. 00E+08

£599°€)
£889°€)
920Z'12
PPN
2691°€27
9681'6Z
6.28'GE~
65251~

£020°2S~
LOZY €S
¥0€L' L9

8¢8.L _‘wv

099291
mmwo.tv
6L0¥' 2L

1809°86
vﬁrm.wmv

6581821
ey 8el
1899°8¢1
919.°8¢1
LG66°CEl
08.€°€€l
L6EB°9E|
0091L°LEL

0812691~
GZS6'0LL

€6 _&.mm_.”Y
968.°€61

20230626

SY40
CDCL3
400M

OFEt
CCl,

-10

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

T
210




1. 4UnTUY
1. 30E+09
F1. 20E+09
F1. 10E+09
1. 00E+09
9. 00E+08
8. 00E+08
7. 00E+08
6. 00E+08
5. 00E+08
4. 00E+08
3. 00E+08
2. 00E+08
1. 00E+08
0. 00E+00

—1. 00E+08

mr—

OEt
CF,CO,Et

4s

Fsie

Eege
Fost

801

Fare

Friz

Eyvez

0.0

1.5

2.0

3.0

4.5 4.0 3.5

£1 (ppm)

6.0

6.5

7.0

8.0

9.0 8.5

9.5

10.0




20230626

OO FTNDM
SY41 ooMmMMnOuLoom L
> RO OMO—O—
CDCL3 O MM O = v 00w
400V < < <O © © O © 1. 10E+09
. CcCOoOOoOCOoOCOoOOo
F TN Y
l——%.%%ﬂ;-—‘l
1. D0E+09
-9, 00E+08
18, D0E+08
7. 00E+08
(0] (0]
OFEt H6. 00E+08
CF,CO,Et L5. 00E+08
4s
4. 00E+08
| F3. 00E+08
| 2. 00E+08
1. 00E+08
- 0. 00E+00
L L
o™
[sX=]
= F-1. 00E+08
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 -0 -20 -3 -40 -50 60 -70 -80 -90 -100 -110 -120 ~-130 -140 -150 -160 -170 -180 -190 -200 -210 -220

f1 (ppm)



0E+08

6. OE+08

5. 5E+08

5. OE+08

4. SE+08

4. 0E+08

3. 5E+08

-3, 0E+08

2. BE+08

2. OE+08

5E+08

F1.

1. OE+08
5. OE+07
0. OE+00

F-5. 0E+07

L6186l
¢e6L'0C
0ose’le
Lyvoe’Le
60.LE°LE

Nmmm.Nm/
mﬂmfmmw.

OFLOETT
vJS9°EL
\¥Z6'EL
vOV6'EL
Z520°6)

€169°€E
1826°€E
FAATA
Leov'LE

9889’ _‘o./
_Lmo.mww.
8G.0°€9

ceLL9L
womo.\.\.W
Sere’ Ll

2S06°C L~
8.0¥'GLL—

i,
P42t
¥cor'8cl
6615°8Cl
¥299°8Z1
09L6¢El
¥1L9g°ccl
8lL6c LEL

0r29'€91
2966'€9L
wmmm.m?w
0L96'0LL

mmmm.mwvv

€ELG'EBL~.
6.66'€6L~

20230626

SY41
CDCL3
100M

OEt

CF,CO,Et

4s

=10

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

T
210




6. bE+08

6. OE+08
5. BE+08
5. OE+08
4. 5E+08
4. OE+08
3. bE+08
3. OE+08
2. BE+08
2, 0E+08

1. 5E+08
1. OE+08
5. 0E+07
F=5. OE+07

862

510
€90
660
S50

Foot

=ZF0
Fio

eee

OEt
CCl,

4t

MeO

Fuaz

sz

|lum 402

f1 (ppm)




20230606
2J-38-13
CDCL3
400M

C

192.0195
.191.5547

171.2545
170.0284
163.7956
163.5162

4
<

130.9604
130.6793
129.9178
129.3991
113.9747
113.7859

A
\
<

MeO

4t

98.8947
98.6982

<

OEt

CCl,

77.3507
77 N224

r

A
L
\

76.7156

61.7887
61.7456
55.5605
55.5145

53.6547

52.0633

_~37.2516
™~-35.5260

249973
23.0248
21.1813
20.9670

/
\

\13.8544

210

200

190

180

170

160

150

140

130

120

110

100
f1 (ppm)

90

80

70

60

50

40

30

1. 90E+08

1. 80E+08

1. TOE+08

1. 60E+08

1. 50E+08

1. 40E+08

1. 30E+08

1. 20E+08

1. 10E+08

1. 00E+08

9. 00E+07

8. D0E+07

7. 00E+07

6. 00E+07

. DOE+07

. D0E+07

. DOE+07

. 00E+07

. DOE+07

. 00E+00

r—1. 00E+07

—2. 00E+07




Fb. UE+US
r5. SE+08
5. OE+08
r4. 5E+08
4. OE+08
3. 5E+08
r3. OE+08
2. 5E+08
F2. 0E+08
r1. 5E+08
1. OE+08
5. 0E+07
0. OE+00

F=5. OE+07

——

O'Bu
CCl,

4u

—

26’8
WMwo.m

B ~a-
0g'L
oz
Farz
660

Feoe

ey
ooz

Ol
Eyzz

Ezov

4.5

1 (ppm)




7. OE+08
6. 5E+08

E+08
E+08
0E+07

3. 5E+08

6. OE+08
5

5. OE+08
4. 5E+08
4. OE+08
3. OE+08
2. BE+08
2. 0E+08
1. OE+08
0. OE+00
F=5. 0E+07

F5. 5
1.
5.

SZpL 02
8LLE

6129221
9/S2'SZ"
V8ES 1T
861512

LIYg'9E~
€888

8816716~
869€€5"

mmcm.wwv
G0L.°28

m\.o\..mmv
GZ6'86

9660°8C1
9€1Le'8cL
6..¥'8¢CL
£999'8¢21
cllLeEl
LivLEEL
ca8y LEL
06LL°LEL

¢€95'891~
TEE8B9L"

206076~
9/25' 6L~

—
I
[}
i
—_

=~

20230606

CDCL3
400M

Lt
10 -10

20

TR

30

40

50

60

70

OBu
CClI
4u s
A
100 90 80
£1 (ppm)

110

120

130

Il
200 190 180 170 160 150 140

210




1. 80E+09

F1. TOE+09

1. 60E+09

1. 50E+09

1. 40E+09

1. 30E+09

—1. 00E+08

2J037-15

7J037-15 H
CDCL3

=2} [=2] =2} =] [=e] =} o] o0 [=e] ==} =2} [+e] f=3
(=] (=] (=] (=] [=] (=] (=] (=] [=] (=] [=} [=1] [=}
+ + + ¥ ¥ ¥ F ¥ ¥ + + + +
= = = =3 =1 =3 =] =3 =1 =3 =3 =3 =3
] —_— (=] (=] (=] (=] (=] (=] (=] (=] [=} (=] [=}
— — — o oo [ [2-] w - o3 od —_ =]
1 n 1 n 1 1 " 1 1 1 1 1 1 1 1 1
=
—
[0} =
-
e O
o=u’ >
< 1

901
Fes0

Fss1
Foo'

=98¢

Fosz

FEv'e
=69'¢

Eeoe

0.0

0.5

3.5 3.0 2.5 2.0 1.5

4.0

6.5 6.0 5.5 5.0

7.0

9.5 9.0 8.5 8.0

10.0

f1 (ppm)



20230606 - — tTOHDOMO <
7]-38-15 o [=e] QO TOO © — oo O~ N~ = L :
N~ <t VOO —WDO N~ ~— ~ o N ™M~ <t el =] 1. 50E+08
CDCL3 o - TOHOFTO® ™ Yo <+ M — N~ ~ N ©
400M o < WSO OPD® ~F 2 NN B enue ©ee
> © NDOOOHNN — 0 M~ © Ve = =]
C — — ~—rT T [e)] M~ N~ V] Vo] NN 1. 40E+08
| | =~ | ~ NE A N
1. 30E+08
1. 20E+08
F1. 10E+08
F1. 00E+08
F9. 00E+07
(0] (0] OMe
i 8. 00E+07
S\\O
7. 00E+07
CCls L6. 00E+07
4v
5. 00E+07
4. 00E+07
3. 00E+07
2. 00E+07
1. 00E+07
0. 00E+00
--1. 00E+07

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
f1 (ppm)



1. 10E+09

1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

6. 00E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08

1. 00E+08
0. 00E+00

1. 00E+08

> 1. 20E+09

M~
s}
wn
bt

e

OEt

H,C

CF,CO,Et

4w

|

06°L
L0¢e

0.0

2.5 2.0

3.0

3.5

4.0

6.0

6.5

8.0 7.5 7.0

8.5

9.0

10.0

L5

f1 (ppm)



20230629 OO~ N r
SY45-4 —<tMNO0OO O B
OMONNSOOLW 1. 50E+09
coeL3 BONOAN S
F SO © OO~ L
OO0 OO0 OOO0O
S i 1 40E+09
LU A2 _
1. 30E+09
1. 20E+09
~1. 10E+09
1. 00E+09
(0] (0]
9. 00E+08
H3C OEt |
8. 00E+08
CF,CO,Et 7. 00k 08
4w -
6. 00E+08
5. Q0E+08
4. 00E+08
3. 00E+08
| | L
| 2. 00E+08
I 1. 00E+08
e = ~0. 00E+00
Sl I
=1 o F-1. 00E+08
- =
T T T T T T T T T T T T T T T T
=90 -95 =100 -105 =110 -115 =120 -125

f1 (ppm)



6. 5E+08
OE+08

5. 5E+08

5. 0E+08

4. 5E+08

4. OE+08

3. 5E+08
3. OE+08
2. 5E+08
2. 0E+08
1. 5E+08
1. OE+08
5. 0E+07
0. OE+00

0E+07

5.

¥609°€C
¥EL9'EC
9.6€°6¢
8/9.°0¢
ceLO'LE
L/06°LE
324 4>
v9LL°CE
¢6.L1'6E
¥SE8'6E

BSOGET
90v0'¥1
UYL
£192°02
GEVE'LZ
gTrS'Te
£095°€2

LOr9’ _‘wV
vSLL _‘o\
1GG0'€9
SLLL'9L
NmNo.\LW
0L¥E"LL

(VA RAT
onvw.m_\_.v.
mm.\.m.m_‘_.*

mmv\..N:./

Yoyl LLL
Lvi8°LLL

LEEE'ETL
6eyy E9l
96G9°€9l
6992°€91
¢LL6°E9]
¥€90'¥9l
¢280'691
68€E°0LL

1899 rowv.
o.m.mmm. Lo

2023062
SY45-4
CDCL3

OEt
CF,CO,Et
4w

H,C

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210



o0 e s o0 [« 4] o0 [+ +} [+ o] o] [=e] o s [+ s} [es] [<#} = [=] m
o (=] o o (=] (=} (=] (=) o (=] o o (=} [=] (=] +
¥ ¥ ¥ ¥ ¥ T F P ¥ ¥ ¥ ¥ T ¥ ¥ m
=] ) = ] s I = I} 3 ] = i = = =1 o
[ © %=1 w el = < o3 o3 ol od — — [T=] S I
1 | 1 1 | 1 1 1 1 | 1 1 | 1 1 1
- 18'G
- £l'e
kizz
66°0
le'L
Who._‘
—
L
o
L O
L ~N
O L
X
<

00t
80'¢

EtO

0.0

0.5

1.0

o

2.0

2.5

3.0

3.5

4.0

f1 (ppm)



£1 (ppm)

20230629 OO —
SY45-2 %ggg
CDCL3 NO MO
F < W0 W W
[=Ne Nl
5
(0] (0]
EtO OEt
CF,CO,Et
4x
|
T T T T T T T T T T T T T T T T T T T T T T T T
010 10 -20 -30 -40 -50 -60 -70 -80 90 -100 ~-110 ~-120 -130 ~-140 ~-150 ~-160 -170 ~-180 ~-190 -200 -210 -220

9.

r4

OE+08

. OE+08

. OE+08

. OE+08

. OE+08

0E+08

. OE+08

. OE+08

. OE+08

. OE+00



20230629

6.

T
w

T
w

0E+08

. BE+08

. OE+08

. 5E+08

. OE+08

. BE+08

. OE+08

. 5E+08

. OE+08

. BE+08

. OE+08

. OE+07

. OE+00

=5. 0E+07

D 0 — < I~ O W0~
SY45-2 Q) M~ 0 O <t DO OMN~O O DO OOt ON ~— < M~
D=~ © © K~ ~NOON MO (QCDO%CO(D(OLD(DV
CDCL3 M M~O NS M < AN~ N~ N CO W0 NO OO
C DN T DO ~ ool aAr O NYTNoOoN—-OOOOg
© O W O — - M~NM~O M) [vEvEvEy E=NoNall- b el
- T — MMM~ © oo OO NMOANNN~ — «—
N N - = N
O O
EtO OEt
CF,CO,Et
4x
I
Il !
|
|
| |
| 1
— T T T T - 1 - T T~ T T~ T T~ T T T T T T T T T T T T T | T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



4E+08

. 2E+08
1. OE+08
8. 0E+07
6. OE+07
4. 0E+07
2. 0E+07
0. OE+00
F-2. 0E+07

1
rl

2, BE+08
2. 6E+08
2. 4E+08
2. 2E+08
2. OE+08
r1. 8E+08
1. 6E+08

J

168

-+
w
N

? 03
o™
L
C4Fg

w
[(e]
o
.C')
(o]
N
Sy

mmmm.w_ﬁ O = [eol|

8€81L 7
1261 "% “A oot

Fooz [

-0.

0.0

0.5

1.0

8.9 8.0 7.5 7.0 6.5 6.0

9.0



5. DE+08

5. OE+08

4. BE+08

4. OE+08

3. SE+08
3. OE+08

2. BE+08

2. 0E+08

1. BE+08

1. 0E+08

5. 0E+07

0. OE+00

F=5. OE+07

9.¥6'GZ1-1
8126'GZ}1
9Z16'5Z1
¥989'GZ -1
09/8'GZ)-1
6.L¥8'GTL-
020972}
€285 ¥Z1
9895 ¥Z 1
9955 L+

SRSt
)

S0L9°€ELL-
L209°€LL-
SrEL'CLL-
S62L°¢lL-

¢990°1L8-
165018~
S6E0°18-
91€0°18-
GE20'18-
L¥00°18-
1166°08-

20230607
Z]-40-1
CDCL3
400M

(:4f:9

Bu

Sy

D

Tooe

T T
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220

T
-90

= o0

T
-50

T
-30  -40

T
-20

-10

10

(ppm)

fl



20230606
Al
CI)C@,%
100D 9
C

136.6771
134.6594
134.1236
133.7686
129.1845
128.9723
128.8273
128.6234

~195.2179
-194.8569

lﬂ
E

77.3372
77.0195
76.7019
56.8012
56.6413

— 445873

}42.0540

\41 8477
76.6122

_20.0523

\.18.3590

<

L;J.M4 esttdloniin

4. ZETUS
4. OE+08
3. BE+08
3. GE+08
3. 4E+08
3. 2E+08
3. OE+08
2. 8E+08
2. GE+08
2. 4E+08
2. 2E+08
2. OE+08
1. BE+08
1. GE+08
1. 4E+08
F1. 2E+08
1. OE+08
8. 0E+07
6. OE+07
4. OE+07
2. 0E+07
0. 0E+00

2. 0E+07

T
210

T T T
120 110 100
f1 (ppm)

-4, 0E+07



