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1. General Information

1.1. Materials and instruments

All the chemicals were purchased from commercial suppliers, all commercially available
reagents were directly used without further purification. Reactions were monitored by Thin Layer
Chromatography (TLC) using UV light (254/365 nm) for detection. Products were purified by
column chromatography, which was carried out on 200-300 mesh of silica gel purchased from
Qing Dao Hai Yang Chemical Industry Co. All the 'H, 13C, and '°F NMR spectra were recorded
on Bruker Avance 400 MHz spectrometer operating at 400 MHz, 101 MHz, and 376 MHz,
respectively. Proton chemical shifts & were given in ppm using tetramethylsilane as the internal
standard. All NMR spectra were recorded in CDCl; or DMSO-d; at room temperature (20 + 3 °C).
High-resolution mass spectroscopy (HRMS) was taken with a 3000-mass spectrometer, using
Waters Q-Tof MS/MS system with the ESI technique.

The spectrum of our lamp and the visible-light irradiation instrument

Photochemical reaction was carried out under visible light irradiation by a blue LED at 25 °C.
RLH-18 8-position Photo Reaction System manufactured by Beijing Roger Tech Ltd. was used in
this system. Eight 10 W blue LED were equipped in this Photo reactor. The blue LED's energy
peak wavelength is 430 nm, peak width at half-height is 18.4 nm, lirradiance@10 W is 237.57
mW/cm? (Figure S1). The reaction vessel is borosilicate glass test tube and the distance between it
and the lamp is 15 mm, no filter is applied. More details are showed in Figures S1-S4.

Name of parameter Parameter value Name of parameter Parameter value Name of parameter Parameter value
Ultraviolet harmful irradiation (mw/cm®) 0.000 Coordinate (u, v) 0.2384. 0.0209 CIE1931Y 35322.906
UVC (mw/em®) 0.000 Coordinate (u', v') 0.2384.0.0313 CIE1931Z 3006587.250
UVB (mw/em®) 0.000 SDCM 100.0 TLCI-2012 U]
UVA (mw/em®) 0.2275 Color render index -804 Integral time (ms) 0.1
Euv (mw/em®) 0.23 Ee (mw/em®) 237.57027 Peak signal (ms) 51818
Eb (mw/cm?) 236.28 S/P 36.907 Dark signal 2434
Eg (mw/em®) 0.00 WLD (nm) 437.20 Level compensation 2892
Er (mw/em’) 0.00 Color purity (%) 99.9
Eir (mw/cm?) 1.41 Half width (nm) 18.4
Illuminance (1x) 24125.55 Peak wavelength (nm) 429.7
Candlepower (fc) 2241.32 Central wavelength (nm) 429.5
CCT(K) 100000 Centroid wavelength (nm) 4334
DUV -0.11668 RGB 0.0, 0.0, 100.0
Coordinate (x, y) 0.1659, 0.0097 CIEI931 X 605200.438

Figure S1. Parameter list
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1.0

0.8

0.6

0.4

0.2 0.2

L 1 I L 1 I L -
230 292 354 416 478 540 602 664 726 788 850

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8x

Figure S2. The spectrum of our lamp (blue LED)

S2



25 50 75 100

85
R9 R8 Ra:-80

Figure S3. Color render index

Figure S4. A: Schlenk tube; B: Photoreactor; C: Cooling water circuit; D: Total reaction system.

2. Experimental Procedures

2.1 Preparation of starting materials

Preparation of 2a-20

Rl=— ; Rl/—
=\ __  Et,0, n-Buli Tf,0, -78 °C, 1 h G _
— > : D )—==—S0,CF
\\_// 30 min, -78 °C \_7 Z2s

Scheme S1. General experimental procedures for substrate 2a-20

2a-20 were synthesized according to the literature report.! To a stirring solution of alkynes
(1.0 equiv) in ether was added n-BuLi (1.1 equiv) over 30 min at -78 °C under a nitrogen
atmosphere. After stirring at -78 °C for half an hour, the corresponding lithium acetylide was
slowly transferred via cannula to a solution of triflic anhydride (1.0 equiv) in ether at -78 °C. The
reaction was stirred at -78 °C for 1 h before being quenched with water. The aqueous layer was
extracted with EtOAc, and the combined organic layers were washed with brine, dried over
Na,SO,, filtered, and concentrated. The residue was purified by chromatography on silica gel
using petroleum ether/ethyl acetate as eluent to afford 2a-2o.
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Preparation of 1a, 1¢, 1d and 1f

1 1
1) NaH, 0°C then 60°C__ X 020> C0R

,Br> -
N _ ™

Scheme S2. General experimental procedures for substrate 1a, 1¢, 1d and 1f

1a, 1¢, 1d, and 1f were synthesized according to the literature report.> To a suspension of
NaH (420 mg, 60% dispersion in mineral oil, 10.5 mmol, 2.1 equiv) in dry THF (20 mL) was
added dropwise S-1 (5.0 mmol, 1.0 equiv) at 0 °C under nitrogen atmosphere for 30 min. After
stirring at 0 °C for half an hour, a solution of ally bromide (11.0 mmol, 2.2 equiv) in THF (6 mL)
was added. The reaction mixture was allowed to warm to room temperature and stirred for 24 h.
The reaction mixture was quenched by the addition of saturated aqueous NH,4Cl solution and H,O,
and extracted with EtOAc. The combined organics were washed with brine, dried over Na,SOy,
and concentrated. The residue was purified by chromatography on silica gel using petroleum

ether/ethyl acetate as eluent to afford 1a, 1¢, 1d, and 1f.

R'0,C_-CO,R'

S-1

Preparation of 1b

o O ad
AN =
C82CO3, DMF

rt.5h

Scheme S3. General experimental procedures for substrate 1b
1b was synthesized according to the literature report.? The allyl bromide (10 mmol, 2.5 equiv)
was added to a mixture of acetyl acetone (4 mmol, 1 equiv), cesium carbonate (10 mmol, 2.5
equiv) and DMF (20 mL) at room temperature, then the mixture was stirred for 5 h. Finally, the
mixture was concentrated under reduced pressure, the obtained residue was dissolved in EtOAc
and the mixture was washed with water, brine, dried with Na,SO,, filtered and the filtrate was

evaporated and purified by column chromatography to afford 1b.

Preparation of 1e

>< 7 9
o~ Yo K,COg3, DMF, r.t.

/\/Br

o] 0]
(0] (0] _ ~
1e

Scheme S4. General experimental procedures for substrate 1e
le was synthesized according to the literature report.* To a dry 50 mL round bottom flask
equipped with a stir bar, Meldrum's acid (5 mmol, 1 equiv), allyl bromide (11 mmol, 2.2 equiv),
DMF (20 mL), and K,CO; (15 mmol, 3 equiv) were combined. The reaction mixture was allowed
to stir at room temperature overnight. The reaction was quenched upon pouring into 30 mL of 1 M
HCI, extracted with EtOAc, dried with Na,SO,, filtered and the filtrate was evaporated and
purified by column chromatography to afford 1e.
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Preparation of 1g

EtO,C.__CO,Et H_CO,Et
DMSO, LiCl, H,0
> o
S NS 165°C, 15 h = NS
1a 19

Scheme S5. General experimental procedures for substrate 1g
1g was synthesized according to the literature report.’ The commercial 1a (5 mmol, 1 equiv)
was dissolved in DMSO (15 mL) and H,O (5 mL), followed by the addition of LiCl (15.5 mmol,
3.1 equiv). The mixture was placed into a preheated 165 °C oil bath and refluxed for 15 hours
(monitored by TLC). After cooling to room temperature, H,O was added, and the solution was
extracted by EtOAc, dried with Na,SQO,, filtered and the filtrate was evaporated and purified by
column chromatography to afford 1g.

Preparation of 1h-1n

Q 2
H u\ Os_R
N 2
NEt3 - R< “Cl g T
= Q. dry CH,Cly, N, 20 min 6h
Z NS

1h-1n

Scheme S6. General experimental procedures for substrate 1h-1n

1f was synthesized according to the literature report.® Diallylamine (5.0 mmol, 1 equiv) was
added dropwise to a stirred solution of triethylamine in dry CH,Cl, (10.0 mL) at 0 °C. Then, the
formyl chloride (6.00 mmol) was slowly added to the mixture for 30 min. The solution was
warmed up to room temperature and stirred for 6 h. After completion of the reaction, aqueous
NaHCO; (25 mL) was added. The crude product was extracted with CH,Cl,. The combined
organic layers were washed with 1 M HCI (3 x 20 mL) and brine (3 x 20 mL), and then dried over
Na,SO4 and concentrated. The residue was purified by chromatography on silica gel using
petroleum ether/ethyl acetate as eluent to afford 1h-1n.

2.2 General procedure for the synthesis of products

In a 25 mL Schlenk tube, a mixture of 1,6-dialkene 1 (0.1 mmol), alkynyl triflone 2 (0.2
mmol, 2.0 equiv), and BPO (20 mol%) in 1 mL TBME was allowed to stir with irradiation of 10
W 430 nm blue LED under N; at rt for 12 h. The reaction was monitored by TLC. The reaction
mixture was quenched with water (5 mL) and extracted with ethyl acetate (3 X 5 mL). The
combined organic layer was dried over Na,SO,4 and concentrated. The residue was purified by
chromatography on silica gel using petroleum ether/ethyl acetate as eluent to afford the desired
product 3.

2.3 The gram-scale synthesis

EtO,C_CO,Et BPO (20 mol%) CF,
+  Ph—=—50,CF, AcONa (1.5 equiv) - EtOZCWPh
= X blue LED (427 nm, 10 W) EtO,C

Ny, 18 h, rt

3a, 2.093g

1a, 7.5 mmol 2a, 2equiv 68% isolated yield
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Figure S5. The reactor for the gram-scale synthesis

The reactor for the gram-scale synthesis: Gram-scale synthesis of 3a with blue LEDs light
irradiation under N, atmosphere: 1a (1.8023 g, 7.5 mmol), 2a (3.512 g, 15 mmol), BPO (363 mg,
1.5 mmol) in 75 mL TBME at room temperature for 18 h with the assistance of designed reactor.
The distance from the reaction vessel to the light source is 5.2 cm. The reaction was monitored by
TLC. The reaction mixture was extracted with ethyl acetate (3x25 mL). The combined organic
layer was dried over Na,SO, and concentrated. The residue was purified by chromatography on
silica gel using petroleum ether/ethyl acetate as eluent to afford an isolated yield of 3a (1.21 g, 55%
yield).

2.4 The application under the sunlight

Et0,C_CO,Et o
+  Ph—=——80,CF; BPO (20 mol%) T- EtOZCW Ph
= N Nz, 8 h, it Et0,C Z

AcONa (1.5 equiv)
1a, 0.2 mmol 2a, 2 equiv 3a, 57% yield

. &k !
Figure S6. The synthesis of 3a under the sunlight

The mixture of substrates 1a (0.2 mmol, 1 equiv), 2a (0.4 mmol, equiv), BPO (20 mol%),
AcONa (2 equiv) and TBME (2 mL) were sequentially added into a reaction tube, then the
reaction system was irradiated under sunlight in N, atmosphere for 8 h (from 9:00 to 17:00,
2023/03/28. Zhengzhou, China. Temperature: 9 °C — 23 °C). The isolated yield of 3a (57%) was

given.
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2.5 Synthetic transformations

FsC
CO,Et AcOH o oF
0 COzEt _KMnO,, TEBAC Eto,c 3 Ph L|AIH4 /3 Ph
HZO/DCM EtO,C HO =
Ph rt, 12 h
O 4a, 92% 4c, 83%
Pd/C, H,
EtOAc, rt PhB(OH),
36h
Ph\
CO,Et — Ph
4b, 87% 4ca, 95%

Scheme S7. General experimental procedures for synthetic transformations of 3a

Synthesis of product 4a: In a 25 mL round-bottom flask, 3a (0.2 mmol, 1.0 equiv), AcOH
(0.6 mL) and TEBAC (0.1 mmol, 50 mol%) were dissolved in 3.0 mL CH,Cl,. Then a solution of
KMnO, (0.6 mmol, 3 equiv) in H,O (3.0 mL) was added. The reaction mixture was stirred at room
temperature for 8 h. Then the excess of KMnO,4 and formed MnO, were destroyed by the addition
of small portions of Na,SOj3. Finally, the mixture was concentrated under reduced pressure, the
obtained residue was dissolved in CH,Cl, and the mixture was washed with water, brine, dried
with Na,SQOy,, filtered and the filtrate was evaporated and purified by column chromatography to
afford 4a.

Synthesis of product 4b: In a flame-dried sealed tube, to a solution of 3a (0.1 mmol, 1 equiv)
and 10 wt% Pd/C (0.005 mmol, 5 mol %) in EA (1 mL), the hydrogenation with a hydrogen
balloon was performed at rt for 36 h. After filtration through a short pad of celite, the organic
solvent was removed under vacuum. The filtrate was evaporated and purified by column
chromatography to afford 4b.

Synthesis of product 4c: In a flame-dried sealed tube, a dry THF (2 mL) solution of 3a (0.2
mmol, 1 equiv) was added dropwise over a period of 30 min to a suspension of LiAlH, (0.6 mmol,
3 equiv) in dry THF (0.5 mL) at 0 °C. After completion of the reaction as detected by TLC, the
reaction was quenched with saturated aqueous NH,4Cl (4 mL). The aqueous layer was extracted
with EtOAc and the combined organic layers were washed with brine, dried over MgSO, and
filtered. The filtrate was evaporated and purified by column chromatography to afford 4c.

Synthesis of product 4ca: In a flame-dried flask, phenylboronic acid (0.1 mmol, 1 equiv)
was added to the solution of 4¢ (0.1 mmol, 1 equiv), dry MgSO, (0.2 mmol, 2 equiv) and dry THF
(1 mL). The reaction was stirred in at room temperature for 4 hours. Finally, the mixture was
concentrated under reduced pressure, the obtained residue was dissolved in EtOAc and the
mixture was washed with water, brine, dried with Na,SO,, filtered and the filtrate was evaporated
and purified by column chromatography to afford 4ca.

2.6 Set of Experiments

A set of experiments that employed 1a and 2a were performed to evaluate the reaction-
condition-based sensitivity of this conversion, which will be valuable in increasing the insight of
this new synthetic method and reproducibility. Various parameters, including concentration,
temperature, oxygen level, water level, light intensity, and scale, were chosen with positive and

S7



negative direction relative to the standard reaction conditions. Each experiment only deliberately
changed one parameter, while keeping others at standard levels.
Table S1. Set of Experiments?

Parameter Variation Description Yield®>  Deviation®
Concentration (c) High ¢ c+10%c 0.9 ml TBME 72% -3%
Low ¢ c-10% c 1.1 ml TBME 70% -5%
. + H,0; Vi.o 10 uL H,O in 1 mL o 0
H,O0 level High H,O — 1%V TBME 72% -3%
0, level - Air Air instead of N, 0% -100%
Temperature (7) High T T+10°C 35°C 76% +3%
P Low T T-10°C 15 °C 43% -34%
Light intensity (W) Low W Wi16 0.625 W 0% -100%
Scale Big scale n-15 3 mmol of 2a 68% -8%

@Reaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), BPO (20 mol%), AcONa (1.5 equiv), solvent (1 mL), 430
nm blue LED (10 W) with N, protection at rt for 12 h. ? The average yield of three parallel reactions. ¢ Deviation
from the yield of standard reaction.

2.7 Mechanistic study

2.7.1 Radical-trapping experiments

EtO,C<__CO,Et . CF3 Ph
1) . Ph—==—80,CF, standard condltlo.ns 3 EtO,C // . N. _CF,
TEMPO (3 equiv) EtO,C O

P4 N
1a 2a 3a,N.D. 5a
Bu
EtO,C-_-CO,Et CFs pp
iti EtO,C HO.
2) i Ph—==—80,CF standard cond!tlons > Et02 CW +
7 N BHT (3 equiv) 2 5 CF,
1a 2a 3a, trace U 5p

Ph CF,
3) Ph—==—S50,CF, —Standard conditions X
. = —standard conditions g,

EtO,C_-CO,Et 3 CF3 p,
4 + Ph—==—S50,CF, standard condmons: EtO,C // + Ph—=——ph
) EtO,C

= X
1a 2a 3a B

Scheme S8. General experimental procedures for radical-trapping experiment

Experimental process 1: To a 25 mL reaction tube, 1,6-dialkene 1a (24 mg, 0.1 mmol),
alkynyl triflone 2a (47 mg, 0.2 mmol), AcONa (13 mg, 0.15 mmol), BPO (20 mol%), 2,2,6,6-
tetramethylpiperidin-1-yl-oxidanyl (TEMPO) (3 equiv) and TBME (1 mL) were added. This
mixture was stirred for 12 h at room temperature under a N, atmosphere.

Experimental process 2: To a 25 mL reaction tube, 1,6-dialkene 1a (24 mg, 0.1 mmol),
alkynyl triflone 2a (47 mg, 0.2 mmol), AcONa (13 mg, 0.15 mmol), BPO (20 mol%), TBME (1
mL), and 2,6-di-tert-butyl-4- methylphenol (BHT) (3 equiv) were added. This mixture was stirred
for 12 h at room temperature under a N, atmosphere.

Experimental process 3: To a 25 mL reaction tube, S-pinene (0.2 mmol), alkynyl triflone 2a
(94 mg, 0.2 mmol), AcONa (26 mg, 0.3 mmol), BPO (20 mol%) and TBME (2 mL) were added.
This mixture was stirred for 12 h at room temperature under a N, atmosphere.

Experimental process 4: To a 25 mL reaction tube, 1,6-dialkene 1a (24 mg, 0.1 mmol),
alkynyl triflone 2a (47 mg, 0.2 mmol), AcONa (13 mg, 0.15 mmol), BPO (20 mol%), TBME (1
mL) were added. This mixture was stirred for 12 h at room temperature under a N, atmosphere.
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3

230329-1-YB1369 17 (0.203) 1: TOF MS ES+
100+ 289.1776 101
: ﬁ\/ :
: CFy i
289.1636 i tBu 2o
: Detected by HRMS :
m/z:[M+H]*
Calcd for CygHypgF0* 289.1774
Found: 289.1776
=
289.1943
T T T T T T T T miz
289.140 289.150 289.160 289.170 289.180 289.190 289.200 289.210
Figure S7. HR-MS of 5a
3
230329-1-YB1366 34 (0.381) 1: TOF MS ES+
100+ 248.1228 49
i N‘OICFs : F:
| Detected by HRMS
m/z:[M+Naj*
Calcd for CyoHysF;NNaO* 248.1233
Found: 248.1228
248.0273
248.2312
=
247.9869
248 2605 2182798
0 T T T T T T miz
248.000 248.050 248.100 248.150 248.200 248.250
Figure S8. HR-MS of 5b
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1004

1: TOF MS ES+

230329-1-YB1365 14 (0.169)
201.0680 59)
Ph—=—Fh i
: —
! Detected by HRMS
m/z:[M+NaJ*
Calcd for CyoHqoNa* 201.0675 201078,
Found: 201.0680
201.0148
201.0490
201.1162
=
T T T T T T T T T T T T 1 miz
201.020 201.030 201.040 201.050 201.060 201.070 201.080 201.090 201.100 201.110 201.120
Figure S9. HR-MS of B
NN~ O MON 8
BB ®®HQO© g
NNNNNNNNN <
e —=—" |
Ph——=—Ph
B, 'H NMR
400 MHz, CDCl3
|
|
I A |
él i L |
e Q
< ©
T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0:
(ppm)

Figure S10. '"H NMR spectra of B
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Figure S11. 3C NMR spectra of B

2.7.2 Light ON/OFF control experiment

To 6 identical 25 mL reaction tubes, 1,6-dialkene 1a (24 mg, 0.1 mmol), alkynyl triflone 2a
(47 mg, 0.2 mmol), AcONa (13 mg, 0.15 mmol), BPO (20 mol%) and TBME (1 mL) were added.
The tubes were sealed, then irradiated with 10 W blue LEDs. All the reactions were stirred under
blue light irradiation at ambient temperature for 2 h. Then the light was turned off. Remove one of
the tubes. The resulting mixture was filtered through a thin silica gel plug with EA (30 mL) as the
eluent. The organic phase was concentrated under reduced pressure. The yield of product was
determined by '°F NMR using benzotrifluoride as the internal standard. The remaining mixture
was stirred in the absence of light for an additional 2 h. Then remove one of the tubes. The
resulting mixture was filtered through a thin silica gel plug with EA (30 mL) as the eluent. '°F
NMR analysis was performed every 2 h until the reaction time reached 12 h.

EtO,C_ CO,Et y CF3 pp,
+ Ph—==—S0,CF, standard conditions > EtO,C //
EtO,C

= D
1a 2a 3a
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Figure S12. Light ON/OFF control experiment

2.7.3 F NMR spectra of reaction mixtures

Experimental process 1: To a 25 mL reaction tube, BPO (0.05 mmol), 2a (0.1 mmol) and
TBME (1 mL) were added. This mixture was stirred for 3 h under the irradiation of a 10 W blue
LED (430 nm) at room temperature under a N, atmosphere. The reaction mixture was analyzed by
I9F NMR.

Experimental process 2: To a 25 mL reaction tube, 2a (0.1 mmol) and TBME (1 mL) were
added. This mixture was stirred for 3 h under the irradiation of a 10 W blue LED (430 nm) at
room temperature under a N, atmosphere. The reaction mixture was analyzed by '°F NMR.

As can be shown in Figure S13, a signal at -49.82 ppm corresponding to compound 5d was
expressly observed,” which was higher than that in the solvent of alkynyl triflone 2a under the
irradiation of a 10 W blue LED (430 nm) for 3 h. The results indicated the important role of BPO
in the production of CF; radical.

— 2a+BPO (3 h)
— 2a(3h)

Ph—=——80,CF,

Ph—==—CF
5d

2a

-30 -40 -50 -60 -70 -80 -90 -100 -110

Figure S13. 1F NMR spectra of reaction mixtures
3. Characterization Data

3.1 Characterization data for substrates

N,N-diallyl-3-chlorobenzamide (1v)

Cl ©

/\/N\/\
Purification by flash column chromatography (PE:EA, v/v = 100:10) to provide 1v. Colorless oil (1.08
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g, 92% vield). 'H NMR (400 MHz, Chloroform-d) 8 7.46 — 7.40 (m, 1H), 7.39 — 7.35 (m, 1H), 7.35 —
7.28 (m, 2H), 5.79 (d, J = 53.0 Hz, 2H), 5.28 — 5.16 (m, 4H), 4.12 (s, 2H), 3.82 (s, 2H). 3C NMR (101
MHz, Chloroform-d) § 170.1, 137.9, 134.4, 132.6 (d, J = 37.2 Hz), 129.7 (d, J = 1.1 Hz), 126.8, 124.6,
117.9, 50.7, 47.1. HRMS (ESI-TOF) m/z: [M + H]* caled for C3H,sCINO, 236.0837, found: 236.0838.

N,N-diallyl-2-chlorobenzamide (1w)
Cl

0]

AN
Purification by flash column chromatography (PE:EA, v/v = 10:1) to provide 1w. Colorless oil (1.05 g,
90% yield). '"H NMR (400 MHz, Chloroform-d) & 7.47 — 7.39 (m, 2H), 7.42 — 7.32 (m, 3H), 5.80 (d, J
=60.9 Hz, 2H), 5.27 — 5.14 (m, 4H), 4.13 (s, 2H), 3.83 (s, 2H). 3*C NMR (101 MHz, Chloroform-d) &
171.7, 136.2, 133.2, 132.8, 129.6, 128.3, 126.5, 117.6, 50.7, 46.9. HRMS (ESI-TOF) m/z: [M + H]J*
calcd for C3H;5CINO, 236.0837, found: 236.0839.

N,N-diallylbutyramide (1x)

O

/\/N
IS

Purification by flash column chromatography (PE:EA, v/v =10:1) to provide 1x. Colorless oil (743 mg,
89% yield). '"H NMR (400 MHz, Chloroform-d) 6 5.82 — 5.70 (m, 2H), 5.23 — 5.08 (m, 4H), 3.99 (d, J
= 5.9 Hz, 2H), 3.88 (d, J = 4.8 Hz, 2H), 2.32 — 2.27 (m, 2H), 1.76 — 1.59 (m, 2H), 0.95 (t, /= 7.4 Hz,
3H). 3C NMR (101 MHz, Chloroform-d) & 172.9, 133.5, 133.0, 117.0, 116.4, 49.1, 47.7, 34.9, 18.7,
13.9. HRMS (ESI-TOF) m/z: [M + H]" caled for CoH sNO, 168.1383, found: 168.1382.

3.2 Characterization data for Products

diethyl-3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate (3a)

EtO,C s
2 >
EtO,C z

Purification by flash column chromatography (PE:EA, v/v = 100:1) to provide 3a. Colorless oil (54 mg,
65% yield). 'H NMR (400 MHz, Chloroform-d) 8 7.41 — 7.34 (m, 2H), 7.32 — 7.24 (m, 3H), 4.25 —
4.13 (m, 4H), 2.61 — 2.45 (m, 4H), 2.44 — 2.20 (m, 5H), 2.20 — 2.08 (m, 1H), 1.28 — 1.20 (m, 6H). 3C
NMR (101 MHz, Chloroform-d) & 172.25, 172.19, 131.5, 128.2, 127.8, 127.1 (q, J = 277.0 Hz), 123.5,
87.7, 82.1,61.7, 58.8, 40.9, 38.5, 38.4, 35.8 (q, /= 2.2 Hz), 33.6 (q, / =28.2 Hz), 20.2, 14.0 (d, /= 1.7
Hz). F NMR (376 MHz, Chloroform-d) & -64.44. HRMS (ESI-TOF) m/z: [M + H]" caled for
CpHy6F504, 411.1778, found: 411.1784.

diethyl-3-(3-(4-fluorophenyl)prop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate
(3b)
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EtO,C CFs
2 Z
EtO,C =

Purification by flash column chromatography (PE:EA, v/v =100:1) to provide 3b. Colorless oil (54 mg,
63% yield). '"H NMR (400 MHz, Chloroform-d) & 7.41 — 7.31 (m, 2H), 7.03 — 6.93 (m, 2H), 4.24 —
4.15 (m, 4H), 2.59 — 2.42 (m, 4H), 2.41 — 1.98 (m, 6H), 1.30 — 1.19 (m, 6H). ’C NMR (101 MHz,
Chloroform-d) 6 172.3, 172.2, 162.2 (d, J = 248.6 Hz), 133.3 (d, /= 8.3 Hz), 128.4 (q, /= 277.0 Hz),
119.5 (d, J = 3.5 Hz), 115.5 (d, J = 22.0 Hz), 87.3, 81.0, 61.7, 58.7, 40.8, 38.5, 38.4, 35.8 (q, /= 2.3
Hz), 33.6 (q, J = 28.1 Hz), 20.1, 14.0. 1°F NMR (376 MHz, Chloroform-d) & -64.44, -111.78. HRMS
(ESI-TOF) m/z: [M + H]" caled for CoyH,5F 404, 429.1683, found: 429.1686.

diethyl-3-(3-(4-chlorophenyl)prop-2-yn-1-yl)-4-(2,2, 2-trifluoroethyl)cyclopentane-1,1-dicarboxylate
(3¢

cl
EtO,C CFs
2 s
EtO,C Z

Purification by flash column chromatography (PE:EA, v/v =100:1) to provide 3c¢. Colorless oil (56 mg,
64% yield). 'H NMR (400 MHz, Chloroform-d) & 7.35 — 7.30 (m, 2H), 7.29 — 7.26 (m, 2H), 4.27 —
4.15 (m, 4H), 2.60 — 2.43 (m, 4H), 2.40 — 1.89 (m, 6H), 1.32 — 1.21 (m, 6H). ’C NMR (101 MHz,
Chloroform-d) & 172.2, 133.8, 132.7, 128.6, 127.0 (q, /= 277.1 Hz), 122.0, 88.8, 81.0, 61.7, 58.7, 40.8,
38.5,38.3,35.8 (q,J=2.2 Hz), 33.6 (q, J = 28.3 Hz), 20.2, 14.0. ”F NMR (376 MHz, Chloroform-d) &
-64.37. HRMS (ESI-TOF) m/z: [M + H]" calcd for C,,H,5CIF30,4, 445.1388, found: 445.1386.

diethyl-3-(3-(4-bromophenyl)prop-2-yn-1-yl)-4-(2,2, 2-trifluoroethyl)cyclopentane-1,1-dicarboxylate
(3d)

Br
EtO,C CFs
2 P
EtO,C =

Purification by flash column chromatography (PE:EA, v/v =100:1) to provide 3d. Colorless oil (74 mg,
76% yield). '"H NMR (400 MHz, Chloroform-d) & 7.42 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.5 Hz, 2H),
423 — 4.15 (m, 4H), 2.60 — 2.43 (m, 4H), 2.40 — 2.00 (m, 6H), 1.27 — 1.21 (m, 6H). 3C NMR (101
MHz, Chloroform-d) 6 172.2, 133.0, 131.5, 127.0 (q, J=277.1 Hz), 122.4, 122.0, 89.0, 81.1, 61.7, 58.6,
40.7, 38.5, 38.3, 35.8 (q, J = 2.3 Hz), 33.6 (q, J = 28.2 Hz), 20.2, 14.0. ’F NMR (376 MHz,
Chloroform-d) & -64.43. HRMS (ESI-TOF) m/z: [M + H]" calcd for C,,H,5sBrF;04, 489.0883, found:
489.0879.

diethyl-3-(3-(p-toly)prop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate (3e)

EtO,C >
2
//

EtO,C
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Purification by flash column chromatography (PE:EA, v/v =100:1) to provide 3e. Colorless oil (50 mg,
58% yield). '"H NMR (400 MHz, Chloroform-d) & 7.27 (d, J = 8.0 Hz, 2H), 7.09 (d, J = 7.9 Hz, 2H),
424 — 4.14 (m, 4H), 2.58 — 2.35 (m, 7H), 2.33 (s, 3H), 2.32 — 1.88 (m, 3H), 1.29 — 1.19 (m, 6H). 3C
NMR (101 MHz, Chloroform-d) 6 172.3, 172.2, 137.8, 131.4, 129.0, 127.1 (q, J = 277.0 Hz), 120.4,
86.9, 82.1, 61.7, 58.7, 40.9, 38.5, 38.3, 35.8 (q, /= 2.3 Hz), 33.6 (q, /= 28.1 Hz), 21.4,20.2, 14.0 (d, J
= 1.4 Hz). ”F NMR (376 MHz, Chloroform-d) & -64.39. HRMS (ESI-TOF) m/z: [M + H]" calcd for
Cy3HpeF304, 425.1934, found: 425.1935.

diethyl-3-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxyla-
te (3f)

O\
EtO,C CFs
2 s
EtO,C Z

Purification by flash column chromatography (PE:EA, v/v = 5:1) to provide 3f. Colorless oil (44 mg,
51% yield). '"H NMR (400 MHz, Chloroform-d) & 7.54 (d, J = 8.9 Hz, 2H), 6.92 (d, J = 8.9 Hz, 2H),
4.25—4.15 (m, 4H), 3.86 (s, 3H), 3.49 — 3.21 (m, 2H), 2.96 — 2.74 (m, 1H), 2.64 — 2.55 (m, 3H), 2.53 —
2.29 (m, 1H), 2.27 — 2.02 (m, 3H)., 1.25 (t, J = 7.1 Hz, 6H). *C NMR (101 MHz, Chloroform-d) &
172.3, 171.7, 162.4, 134.9, 126.6 (q, J = 277.3 Hz), 114.6, 108.9, 94.2, 82.7, 62.1, 61.9, 58.1, 57.6,
55.5, 38.3, 38.0, 37.0, 36.6 (g, J = 2.2 Hz), 33.4 (q, J = 28.4 Hz), 14.0 (d, J = 2.8 Hz). °F NMR (376
MHz, Chloroform-d) & -64.05, -64.40. HRMS (ESI-TOF) m/z: [M + H]' calcd for Cy3HysF;0:s,
441.1883, found: 441.1881.

diethyl-3-(3-(4-(tert-butyl)phenyl)prop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxy-
late (3g)

EtO,C CFs
2 =
EtO,C z

Purification by flash column chromatography (PE:EA, v/v =100:1) to provide 3g. Colorless oil (58 mg,
63% yield). 'H NMR (400 MHz, Chloroform-d) & 7.33 (s, 4H), 4.28 — 4.14 (m, 4H), 2.60 — 2.44 (m,
4H), 2.42 — 1.88 (m, 6H), 1.32 (s, 9H), 1.29 — 1.23 (m, 6H). *C NMR (101 MHz, Chloroform-d) &
172.3, 172.2, 151.0, 131.2, 127.1 (q, J = 277.2 Hz), 125.2, 120.5, 86.9, 82.1, 61.7, 58.8, 40.8, 38.5,
38.4,35.7(q, J = 2.3 Hz), 34.7, 33.6 (q, J = 28.0 Hz), 31.2, 20.3, 14.0 (d, J = 1.4 Hz). °F NMR (376
MHz, Chloroform-d) & -64.39. HRMS (ESI-TOF) m/z: [M + H]" caled for Cy¢H34F304, 467.2404,
found: 467.2402.

diethyl-3-(3-(m-tolyl)prop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate (3h)

Et0,C s
2 Z
EtO,C Z

Purification by flash column chromatography (PE:EA, v/v =100:1) to provide 3h. Colorless oil (46 mg,
55% yield). 'H NMR (400 MHz, Chloroform-d) & 7.23 (s, 1H), 7.21 — 7.15 (m, 2H), 7.14 — 7.09 (m,
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1H), 4.28 — 4.15 (m, 4H), 2.60 — 2.33 (m, 8H), 2.31 (s, 3H), 2.28 — 2.11 (m, 2H)., 1.30 — 1.21 (m, 6H).
13C NMR (101 MHz, Chloroform-d) 8 172.3, 172.2, 137.9, 132.1, 128.7, 128.6, 128.1, 127.1 (q, J =
277.0 Hz), 123.3, 87.3, 82.2, 61.7, 58.7, 40.9, 38.5, 38.3, 35.8 (q, J = 2.2 Hz), 33.6 (q, J = 28.1 Hz),
21.2,20.2, 14.0 (d, J = 1.8 Hz). '9F NMR (376 MHz, Chloroform-d) & -64.39. HRMS (ESI-TOF) m/z:
[M + HJ* caled for Co3HagF1Ou, 425.1934, found: 425.1941.

diethyl-3-(3-(3-chlorophenyl)prop-2-yn-1-yl)-4-(2,2, 2-trifluoroethyl)cyclopentane-1,1-dicarboxylate
(3i)

CFs
EtO,C Z Cl
EtO,C z

Purification by flash column chromatography (PE:EA, v/v =100:1) to provide 3i. Colorless oil (62 mg,
70% yield). 'TH NMR (400 MHz, Chloroform-d) & 7.36 (t, J = 1.6 Hz, 1H), 7.28 — 7.25 (m, 1H), 7.25 —
7.18 (m, 2H), 4.23 — 4.16 (m, 4H), 2.60 — 2.44 (m, 4H), 2.40 — 2.07 (m, 6H), 1.27 — 1.22 (m, 6H). 3C
NMR (101 MHz, Chloroform-d) 6 172.2, 134.0, 131.4, 129.7, 129.5, 128.1, 127.0 (q, J = 277.0 Hz),
125.2, 89.2, 80.8, 61.7, 58.6, 40.7, 38.5, 38.3, 35.8 (q, /= 2.3 Hz), 33.6 (q, J = 28.2 Hz), 20.1, 14.0. °F
NMR (376 MHz, Chloroform-d) & -64.45. HRMS (ESI-TOF) m/z: [M + H]J" caled for C,,H,5CIF30y,,
445.1388, found: 445.1388.

diethyl-3-(3-(2-chlorophenyl)prop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate
3j)

EtO,C CFs
2 /
Et0,C Z

Purification by flash column chromatography (PE:EA, v/v = 100:1) to provide 3j. Colorless oil (60 mg,
67% yield). 'H NMR (400 MHz, Chloroform-d) & 7.45 — 7.37 (m, 2H), 7.28 — 7.15 (m, 2H), 4.32 —
4.10 (m, 4H), 2.78 — 1.95 (m, 10H), 1.31 — 1.20 (m, 6H). *C NMR (101 MHz, Chloroform-d) § 172.3,
172.2,135.9, 133.3, 129.1, 128.9, 127.1 (q, J=277.1 Hz), 126.4, 123.3, 93.3, 79.0, 61.7 (d, /= 1.1 Hz),
58.7, 40.8, 38.5, 38.3, 35.7 (q, J = 2.3 Hz), 33.7 (q, J = 28.1 Hz), 20.4, 14.0 (d, J = 3.0 Hz). ’F NMR
(376 MHz, Chloroform-d) & -64.40. HRMS (ESI-TOF) m/z: [M + H]" caled for C,H,sCIF;0y,
445.1388, found: 445.1391.

diethyl-3-(3-(o-tolyl)prop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate (3k)

Et0,C s
2 Z
EtO,C Z

Purification by flash column chromatography (PE:EA, v/v =100:1) to provide 3k. Colorless oil (58 mg,
69% yield). '"H NMR (400 MHz, Chloroform-d) 6 7.38 (d, J = 7.5 Hz, 1H), 7.24 — 7.10 (m, 3H), 4.28 —
4.15 (m, 4H), 2.66 — 2.43 (m, 6H), 2.43 (s, 3H), 2.41 — 2.16 (m, 4H), 1.32 — 1.21 (m, 6H). 3C NMR
(101 MHz, Chloroform-d) & 172.27, 172.25, 140.0, 131.9, 129.3, 127.8, 127.1 (q, /= 277.0 Hz), 125.5,
123.3, 91.6, 80.9, 61.7, 58.7, 41.1, 38.5, 38.3, 35.7 (q, J = 2.3 Hz), 33.6 (q, J = 28.1 Hz), 20.7, 20.3,
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14.0 (d, J = 2.8 Hz). °’F NMR (376 MHz, Chloroform-d) & -64.41. HRMS (ESI-TOF) m/z: [M + H]*
calcd for Cp3HygF304, 425.1934, found: 425.1935.

diethyl-3-(3-(naphthalen-1-yl)prop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate

(31)

_
EtO,C z

Purification by flash column chromatography (PE:EA, v/v =100:1) to provide 31. Colorless oil (44 mg,
48% yield). '"H NMR (400 MHz, Chloroform-d) & 7.90 (s, 1H), 7.83 — 7.72 (m, 3H), 7.52 — 7.40 (m,
3H), 4.26 — 4.12 (m, 4H), 2.64 — 2.48 (m, 4H), 2.47 — 1.92 (m, 6H), 1.28 — 1.19 (m, 6H). 3C NMR
(101 MHz, Chloroform-d) & 172.30, 172.26, 132.8, 132.4, 131.0, 128.3, 127.7, 127.5, 127.4, 126.9 (q, J
=277.1 Hz), 126.3, 120.6, 87.9, 82.3, 61.5, 58.5, 40.7, 38.3, 38.2, 35.7 (q, /= 2.3 Hz), 33.4 (q, /=28.0
Hz), 20.1, 13.8 (d, J = 1.2 Hz). °F NMR (376 MHz, Chloroform-d) & -64.45. HRMS (ESI-TOF) m/z:
[M + H]* caled for CysHpgF304, 461.1934, found: 461.1937.

diethyl-3-(3-(thiophen-3-yl)prop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate
(3m)
] S

EtO,C (E’ 2

EtO,C =
Purification by flash column chromatography (PE:EA, v/v = 100:1) to provide 3m. Colorless oil (38
mg, 46% yield). '"H NMR (400 MHz, Chloroform-d) 6 7.36 (dd, J=2.9, 1.0 Hz, 1H), 7.24 (dd, J = 5.0,
3.0 Hz, 1H), 7.06 (dd, J = 5.0, 1.1 Hz, 1H), 4.25 — 4.13 (m, 4H), 2.60 — 2.45 (m, 4H), 2.39 — 1.97 (m,
6H), 1.27 — 1.22 (m, 6H). '*C NMR (101 MHz, Chloroform-d) & 172.3, 172.2, 129.9, 128.0, 127.0 (q, J
=277.0 Hz), 125.1, 122.4, 87.2,77.2, 61.7, 58.7, 40.8, 38.5, 38.4, 35.8 (q, /= 2.4 Hz), 33.6 (q, / = 28.1
Hz), 20.2, 14.0. 1F NMR (376 MHz, Chloroform-d) & -64.43. HRMS (ESI-TOF) m/z: [M + H]" calcd
for CyH,4F304S, 417.1342, found: 417.1346.

dimethyl-3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate (3n)

CF,
MeO,C Z
MeO,C z

Purification by flash column chromatography (PE:EA, v/v =100:1) to provide 3n. Colorless oil (50 mg,
66% yield). 'H NMR (400 MHz, Chloroform-d) & 7.44 — 7.37 (m, 2H), 7.33 — 7.29 (m, 3H), 3.75 (s,
3H), 3.71 (s, 3H), 2.61 — 2.46 (m, 4H), 2.42 — 2.00 (m, 6H). *C NMR (101 MHz, Chloroform-d) &
172.7,172.6, 131.5, 128.3, 127.9, 127.0 (q, J=277.1 Hz), 123.4, 87.6, 82.2, 58.6, 53.0 (d, /= 6.5 Hz),
40.7,38.7, 38.5, 35.7 (9, /= 2.3 Hz), 33.6 (q, J = 28.2 Hz), 20.3. 1°F NMR (376 MHz, Chloroform-d) &
-64.42. HRMS (ESI-TOF) m/z: [M + H]" calcd for C,0H»,F304, 383.1465, found: 383.1467.

diphenyl-3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate (30)
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CF3
PhO,C =

PhO,C z

Purification by flash column chromatography (PE:EA, v/v = 50:1) to provide 30. Colorless oil (42 mg,
41% yield). '"H NMR (400 MHz, Chloroform-d) & 7.45 — 7.31 (m, 6H), 7.30 — 7.20 (m, 5H), 7.11 (dd, J
= 13.4, 7.6 Hz, 4H), 3.02 — 2.74 (m, 2H), 2.73 — 2.53 (m, 4H), 2.50 — 2.07 (m, 4H). 3C NMR (101
MHz, Chloroform-d) 6 170.70, 170.66, 150.6 (d, J = 2.0 Hz), 131.6, 129.6 (d, /= 4.4 Hz), 128.3, 128.0,
127.0 (q, J =276.8 Hz), 126.3 (d, J= 3.7 Hz), 123.4, 121.1 (d, J= 5.2 Hz), 87.4, 82.5, 58.9, 41.0, 38.7,
38.5,36.1 (q, J = 2.2 Hz), 33.6 (q, J = 28.3 Hz), 20.2. '°F NMR (376 MHz, Chloroform-d) & -64.36.
HRMS (ESI-TOF) m/z: [M + H]" calcd for C3gHyF304, 507.1778, found: 507.1779.

dibenzyl-3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate (3p)

BnO.,C s
n Pl /
BnO,C z

Purification by flash column chromatography (PE:EA, v/v = 100:1) to provide 3p. Colorless oil
(68 mg, 63% yield). 'H NMR (400 MHz, Chloroform-d) & 7.46 — 7.37 (m, 2H), 7.39 — 7.23 (m, 13H),
5.20 — 5.08 (m, 4H), 2.65 — 2.42 (m, 4H), 2.41 — 1.95 (m, 6H). 3C NMR (101 MHz, Chloroform-d) &
171.93,171.87, 135.4 (d, J = 5.0 Hz), 131.6, 128.6 (d, J = 4.5 Hz), 128.4 (d, J = 4.5 Hz), 128.3, 128.1
(d, J=3.7Hz), 127.9, 127.1 (q, J = 277.2 Hz), 123.5, 87.6, 82.2, 67.5 (d, J= 3.3 Hz), 58.9, 40.8, 38.6,
38.5, 35.8 (q, J = 2.2 Hz), 33.6 (q, J = 28.4 Hz), 20.3. °F NMR (376 MHz, Chloroform-d) & -64.35.
HRMS (ESI-TOF) m/z: [M + H]" calcd for C3,H30F304, 535.2091, found: 535.2092.

3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1, 1-diyl) bis(ethan-1-one) (3q)

MeOC CFs
e >
MeOC Z

Purification by flash column chromatography (PE:EA, v/v = 50:1) to provide 3q. Colorless oil (38 mg,
54% yield). 'H NMR (400 MHz, Chloroform-d) & 7.42 — 7.37 (m, 2H), 7.35 — 7.29 (m, 3H), 2.62 —
2.13 (m, 9H), 2.11 (s, 6H), 2.09 — 1.90 (m, 1H). *C NMR (101 MHz, Chloroform-d) & 204.7, 204.1,
131.5, 128.3, 127.9, 127.0 (q, J = 277.2 Hz), 123.3, 87.5, 82.3, 74.0, 40.6, 35.7 (q, J = 2.3 Hz), 35.0,
34.8, 33.7 (q, J = 28.0 Hz), 26.8, 26.0, 20.2. F NMR (376 MHz, Chloroform-d) & -64.44, -111.78.
HRMS (ESI-TOF) m/z: [M + H]" calcd for CyyHpF30,, 351.1566, found: 351.1569.

8,8-dimethyl-2-(3-phenylprop-2-yn-1-yl)-3-(2,2,2-trifluoroethyl)-7,9-dioxaspiro[4.5]decane-6,10-
dione (3r)

o)
o CF;
A 7
o)
o)
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Purification by flash column chromatography (PE:EA, v/v = 20:1) to provide 3r. Colorless oil (38 mg,
47% yield). '"H NMR (400 MHz, Chloroform-d) & 7.42 — 7.36 (m, 2H), 7.34 — 7.24 (m, 3H), 2.97 -
2.68 (m, 2H), 2.66 — 2.31 (m, 8H), 1.76 (s, 6H). *C NMR (101 MHz, Chloroform-d) & 171.44, 171.31,
131.6, 128.27, 127.9, 127.0 (d, J=277.0 Hz), 123.4, 105.1, 87.3, 82.2, 52.1, 43.8, 43.2,42.7,37.2 (q, J
= 2.3 Hz), 33.1 (q, J = 28.3 Hz), 28.9 (d, J = 6.4 Hz), 19.8. I°F NMR (376 MHz, Chloroform-d) & -
64.33. HRMS (ESI-TOF) m/z: [M + H]" calcd for C;H,,F304, 395.1465, found: 395.1467.

phenyl(3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)pyrrolidin-1-yl)methanone (3t)
0]

CF3
—
—

Purification by flash column chromatography (PE:EA, v/v = 4:1) to provide 3t. Colorless oil (32 mg,
42% yield). '"H NMR (400 MHz, Chloroform-d) & 7.54 — 7.44 (m, 2H), 7.44 — 7.26 (m, 8H), 3.95 -
3.46 (m, 4H), 2.84 — 2.51 (m, 3H), 2.51 — 2.34 (m, 2H), 2.34 — 2.02 (m, 1H). 3C NMR (101 MHz,
Chloroform-d) 6 170.0, 136.5, 136.3, 131.6, 131.5, 130.2, 130.0, 128.39, 128.35, 128.3, 128.2, 128.1,
127.1, 126.6 (q, J=277.0 Hz), 123.1, 122.9, 86.5, 86.1, 82.63, 82.57, 53.9, 52.6, 50.7, 49.5, 40.5, 38.9,
359 (q,J= 1.8 Hz), 34.4 (q, J = 2.1 Hz), 32.8 (q, J = 29.0 Hz), 32.2 (q, J = 28.9 Hz), 19.4, 18.5. F
NMR (376 MHz, Chloroform-d) & -64.67, -64.87. HRMS (ESI-TOF) m/z: [M + H]" calcd for
CpH,F3NO, 372.1570, found: 372.1574.

(3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl) pyrrolidin-1-yl) (p-tolyl)methanone (3u)
(0]

—
-

Purification by flash column chromatography (PE:EA, v/v = 4:1) to provide 3u. Colorless oil (40 mg,
53% yield). '"H NMR (400 MHz, Chloroform-d) & 7.44 — 7.35 (m, 3H), 7.32 — 7.26 (m, 4H), 7.17 (t, J =
7.8 Hz, 2H), 3.94 — 3.49 (m, 4H), 2.82 — 2.38 (m, 5H), 2.37 (s, 3H), 2.33 — 2.12 (m, 1H). BC NMR
(101 MHz, Chloroform-d) ¢ 170.1, 140.4, 140.2, 133.5, 133.4, 131.5, 129.0, 128.32, 128.26, 128.11,
128.06, 127.3, 126.6 (q, J = 276.6 Hz), 123.1, 123.0, 86.5, 86.2, 82.60, 82.56, 53.9, 52.7, 50.7, 49.5,
40.5, 38.9,35.9 (q, /= 2.0 Hz), 34.4 (q, J = 2.2 Hz), 32.8 (4, / = 29.4 Hz), 32.2 (q, J = 28.9 Hz), 21.4,
19.4, 18.5. %F NMR (376 MHz, Chloroform-d) & -64.65, -64.85. HRMS (ESI-TOF) m/z: [M + Na]*
calcd for Cy3H,,F3NNaO, 408.1546, found: 408.1548.

(3-chlorophenyl)(3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)pyrrolidin-1-yl)methanone (3v)

Qo
N CF3

/
cl =

Purification by flash column chromatography (PE:EA, v/v = 4:1) to provide 3v. Colorless oil (48 mg,
59% yield). 'TH NMR (400 MHz, Chloroform-d) 6 7.46 (d, J= 16.2 Hz, 1H), 7.43 — 7.27 (m, 8H), 3.92
—3.50 (m, 4H), 2.84 — 2.52 (m, 3H), 2.50 — 2.15 (m, 3H). *C NMR (101 MHz, Chloroform-d) & 168.4,
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138.1, 138.0, 134.5, 131.6, 131.5, 130.3, 130.2, 129.81, 129.78, 128.4, 128.3, 128.23, 128.19, 127.4,
126.5 (q, J = 276.4 Hz), 12521, 125.16, 122.9, 122.8, 86.3, 85.9, 82.7, 82.6, 77.4, 53.8, 52.6, 50.8,
49.5,40.4, 38.7, 36.0 (q, J = 2.2 Hz), 34.3 (q, J = 2.7 Hz), 32.8 (q, J = 29.1 Hz), 32.2 (q, J = 28.7 Hz),
19.4, 18.5. 1°F NMR (376 MHz, Chloroform-d) & -64.66, -64.88. HRMS (ESI-TOF) m/z: [M + HJ*
caled for Cy,HyoCIF;NO, 406.1180, found: 406.1184.

(2-chlorophenyl) (3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)pyrrolidin-1-yl)methanone (3w)

o)
cl N CF;

—
—

Purification by flash column chromatography (PE:EA, v/v = 4:1) to provide 3w. Colorless oil (50 mg,
62% yield). '"H NMR (400 MHz, Chloroform-d) & 7.53 — 7.49 (m, 1H), 7.48 — 7.43 (m, 1H), 7.44 —
7.33 (m, 3H), 7.36 — 7.25 (m, 4H), 4.17 — 3.28 (m, 4H), 2.87 — 2.50 (m, 3H), 2.50 — 1.96 (m, 3H). 3C
NMR (101 MHz, Chloroform-d) 8 170.0, 136.5, 136.4, 131.6, 131.5, 130.2, 130.0, 128.39, 128.37,
128.35, 128.3,128.2, 128.1, 127.1, 126.6 (q, J = 276.4 Hz), 123.1, 122.9, 86.5, 86.1, 82.64, 82.57, 53.9,
52.6,50.7,49.5, 40.5, 38.9, 36.0 (q, /= 2.0 Hz), 34.3 (q, /= 2.7 Hz), 32.8 (4, /=29.0 Hz), 32.2 (q, J =
29.0 Hz), 19.4, 18.5. °F NMR (376 MHz, Chloroform-d) & -64.64, -64.85. HRMS (ESI-TOF) m/z: [M
+ H]* calced for CH,CIF;NO, 406.1180, found: 406.1181.

1-(3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)pyrrolidin-1-yl) butan-1-one (3x)
0]

—

——
Purification by flash column chromatography (PE:EA, v/v = 4:1) to provide 3x. Colorless oil (32 mg,
46% yield). '"H NMR (400 MHz, Chloroform-d) & 7.41 — 7.33 (m, 2H), 7.33 — 7.26 (m, 3H), 3.82 —
3.56 (m, 3H), 3.48 — 3.28 (m, 1H), 2.80 — 2.50 (m, 3H), 2.50 — 2.33 (m, 2H), 2.29 — 2.15 (m, 3H), 1.68
(dt, J=14.8, 7.4 Hz, 2H), 0.95 (dt, J = 12.2, 7.4 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 172.0,
171.9, 131.53, 131.52, 128.34, 128.28, 128.13, 128.06, 126.6 (q, J = 277.0 Hz), 123.1, 123.0, 86.5,
86.4, 82.5, 82.4, 51.0, 50.0, 48.8, 40.6, 38.9, 36.50, 36.48, 35.7 (q, J = 2.1 Hz), 34.2 (q, J = 2.4 Hz),

32.5 (qd, J=28.8, 3.1 Hz), 19.2, 18.7, 18.4, 18.2, 14.0, 13.9. ’F NMR (376 MHz, Chloroform-d) & -
64.58, -64.87. HRMS (ESI-TOF) m/z: [M + Na]* calcd for C,9H»,F3NNaO, 360.1546, found: 360.1548.

(3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl) pyrrolidin-1-yl) (thiophen-2-yl)methanone (3y)

@)
S \ —
NS

Purification by flash column chromatography (PE:EA, v/v = 4:1) to provide 3y. Colorless oil (44 mg,
58% yield). 'H NMR (400 MHz, Chloroform-d) & 7.49 (dd, J = 5.0, 0.8 Hz, 2H), 7.38 — 7.25 (m, 5H),
7.07 (s, 1H), 4.05 — 3.59 (m, 4H), 2.83 — 2.40 (m, 5H), 2.32 — 2.18 (m, 1H). 3C NMR (101 MHz,
Chloroform-d) 6 162.1, 138.7, 131.6, 130.0, 129.9, 128.3, 128.1, 127.2, 126.6 (q, J = 276.9 Hz), 123.0,
86.3, 86.2, 82.68, 82.67, 53.2, 52.1, 51.7, 50.4, 41.0, 38.5, 36.3 (q, J = 2.5 Hz), 33.9 (q, J = 2.4 Hz),
32.5(q, J = 28.9 Hz), 19.2, 18.7. 1F NMR (376 MHz, Chloroform-d) 8 -64.69, -64.78. HRMS (ESI-
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TOF) m/z: [M + Na]* caled for C,0H;3sF;NNaOS, 400.0953, found: 400.0952.

furan-2-yl(3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)pyrrolidin-1-yl)methanone (33)

O,
N CF;

20

NS
Purification by flash column chromatography (PE:EA, v/v = 4:1) to provide 3z. Colorless oil (24 mg,
33% yield). 'H NMR (400 MHz, Chloroform-d) & 7.53 (d, J = 4.7 Hz, 1H), 7.44 — 7.27 (m, 5H), 7.13
(dd, J=5.7, 3.5 Hz, 1H), 6.52 (q, J = 3.4 Hz, 1H), 4.16 — 3.60 (m, 4H), 2.83 — 2.23 (m, 6H). 3*C NMR
(101 MHz, Chloroform-d) & 158.23, 158.17, 148.4, 144.3, 131.6, 131.5, 128.3, 128.2, 128.1, 128.0,
126.6 (d, J = 277.4 Hz), 123.0, 116.5, 116.4, 111.5, 86.42, 86.35, 82.6, 82.5, 52.1, 51.4, 51.0, 50.1,
41.0, 38.1, 36.1 (q, J=2.1 Hz), 33.4 (q, J = 2.4 Hz), 32.6 (q, /= 29.2 Hz), 32.4 (q, /= 28.6 Hz), 19.1,

18.8. 1°F NMR (376 MHz, Chloroform-d) 6 -64.69, -64.75. HRMS (ESI-TOF) m/z: [M + H]" calcd for
C,oH9F3NO,, 362.1362, found: 362.1368.

2-(3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl) pyrrolidin-1-yl)pyrimidine (3aa)

asee
—N

Purification by flash column chromatography (PE:EA, v/v = 100:1) to provide 3aa. Colorless oil (22
mg, 32% yield). '"H NMR (400 MHz, Chloroform-d) & 8.32 (dd, J = 4.7, 1.9 Hz, 2H), 7.42 — 7.35 (m,
1H), 7.34 — 7.32 (m, 1H), 7.28 — 7.24 (m, 3H), 6.50 (t, J = 4.8 Hz, 1H), 4.33 — 3.81 (m, 2H), 3.75 -
3.31 (m, 2H), 2.82 — 2.63 (m, 2H), 2.62 — 2.39 (m, 3H), 2.30 — 2.17 (m, 1H). 3C NMR (101 MHz,
Chloroform-d) 8 160.2, 157.8, 131.6, 131.5, 128.3, 128.2, 128.0, 127.9, 126.8 (q, J =277.1 Hz) 123.3,
123.2, 109.6, 87.0, 86.0, 82.7, 82.2, 52.1, 51.1, 50.8, 50.0, 42.4, 40.2, 36.9 (q, /= 2.2 Hz), 35.2 (q, J =
2.2 Hz), 32.7 (q, J = 28.7 Hz) 21.1, 19.2. '°F NMR (376 MHz, Chloroform-d) 8 -64.63, -64.69. HRMS
(ESI-TOF) m/z: [M + H]" caled for CoH;9F3N3, 346.1526, found: 346.1531.

1-(perfluorophenyl)-3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)pyrrolidine (3ab)
F
R CF;
N Z

F F

Purification by flash column chromatography (PE:EA, v/v = 100:1) to provide 3ab. Colorless oil (23
mg, 27% yield). 'H NMR (400 MHz, Chloroform-d) 8 7.39 — 7.33 (m, 2H), 7.32 — 7.26 (m, 3H), 3.88 —
3.79 (m, 1H), 3.68 — 3.53 (m, 3H), 2.77 — 2.67 (m, 1H), 2.67 — 2.59 (m, 1H), 2.56 — 2.38 (m, 3H), 2.33
—2.14 (m, 1H). 3C NMR (101 MHz, Chloroform-d) & 141.7 — 140.6 (m), 140.0 — 139.3 (m), 139.0 —
138.0 (m), 137.4 — 136.7 (m), 131.5, 128.3, 128.0, 126.8 (q, J = 276.9 Hz), 123.2, 86.9, 82.3, 55.4 (t,J
= 5.2 Hz), 54.4 (t, J = 4.5 Hz), 40.5, 35.3 (d, J = 2.0 Hz), 32.5 (q, J = 28.7 Hz), 18.8. ’F NMR (376
MHz, Chloroform-d) & -64.75 (s, 3F), -154.05 — -155.37 (m, 2F), -164.40 (t, J = 22.0 Hz, 2F), -168.90
—-172.88 (m, 1F). HRMS (ESI-TOF) m/z: [M + H]* calcd for CyH ¢FsN, 434.1150, found: 434.1154.
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3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)tetrahydrofuran (3ac)

CF;

I 7

Purification by flash column chromatography (PE:EA, v/v = 100:1) to provide 3ac. Colorless oil (44

mg, 81% yield). '"H NMR (400 MHz, Chloroform-d) & 7.41 (dd, J = 6.5, 2.9 Hz, 2H), 7.35 — 7.30 (m,

3H), 4.18 — 3.99 (m, 2H), 3.90 — 3.54 (m, 2H), 2.74 — 2.34 (m, 5H), 2.25 — 2.14 (m, 1H). BC NMR

(101 MHz, Chloroform-d) & 131.54, 131.51, 128.3, 128.0, 126.9 (q, J = 278.0 Hz), 123.28, 123.26,

87.2,86.7,82.2,82.1,73.4,72.4,72.3,71.5, 44.0, 40.8, 38.7 (q, /= 2.3 Hz), 37.1, 36.8,35.9 (q, /= 2.2

Hz), 31.9 (q, J = 28.7 Hz), 22.1, 18.7. %F NMR (376 MHz, Chloroform-d) & -64.99, -65.03. HRMS
(ESI-TOF) m/z: [M + HJ" caled for C;sH;sF30, 269.1148, found: 269.1149.

(3-(2,2,2-trifluoroethyl)pent-1-yne-1,5-diyl)dibenzene (3ad)®
FsC

A"

Purification by flash column chromatography (PE:EA, v/v = 100:1) to provide 3ad. Colorless oil (50
mg, 83% yield). 'H NMR (400 MHz, Chloroform-d) 8 7.46 — 7.41 (m, 2H), 7.34 — 7.26 (m, 5H), 7.26 —
7.19 (m, 3H), 3.00 — 2.88 (m, 2H), 2.86 — 2.77 (m, 1H), 2.53 — 2.38 (m, 1H), 2.37 — 2.22 (m, 1H), 2.00
—1.84 (m, 2H). 3C NMR (101 MHz, Chloroform-d)  141.1, 131.7, 128.5 (d, J = 1.8 Hz), 128.3, 128.1,
126.17 (q, J = 277.6 Hz), 126.16, 123.3, 89.6, 83.3, 39.2 (q, J = 27.8 Hz), 36.5, 33.3, 26.1 (q, J = 3.0
Hz). °F NMR (376 MHz, Chloroform-d) & -63.95.

(8S,9R,13R,14R)-13-methyl-3-((6-phenyl-4-(2,2,2-trifluoroethyl) hex-5-yn-1-yl)oxy)-
6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopentalaJphenanthren-17-one (3ae)®

CF3

Purification by flash column chromatography (PE:EA, v/v = 5:1) to provide 3ae. Colorless oil (71 mg,
68% yield). 'H NMR (400 MHz, Chloroform-d) 8 7.46 — 7.43 (m, 2H), 7.35 — 7.32 (m, 3H), 6.77 (dd, J
=8.6, 2.5 Hz, 1H), 6.70 (d, /= 2.3 Hz, 1H), 4.05 (t, /= 6.1 Hz, 2H), 3.06 (tt, J=9.5, 5.2 Hz, 1H), 2.99
—2.84 (m, 2H), 2.60 — 2.48 (m, 2H), 2.46 — 2.34 (m, 2H), 2.33 — 2.23 (m, 1H), 2.24 — 1.93 (m, 7H),
1.96 — 1.85 (m, 1H), 1.83 — 1.74 (m, 1H), 1.70 — 1.60 (m, 2H), 1.58 — 1.44 (m, 4H), 0.94 (s, 3H). 3C
NMR (101 MHz, Chloroform-d) 6 157.0, 137.8, 132.1, 131.6, 128.3, 128.1, 126.4, 126.2 (d, J = 277.5
Hz), 123.2, 114.6, 112.1, 89.6, 83.1, 67.2, 50.4, 48.0, 44.0, 39.2 (q, /= 27.7 Hz), 38.4, 35.9, 31.6, 31.5,
29.7,26.9, 26.6,26.4 (q, J=2.9 Hz), 26.0, 21.6, 13.9. ’F NMR (376 MHz, Chloroform-d) & -63.98.
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diethyl 3-(2,3-dioxo-3-phenylpropyl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate (4a)

FsC

CO,Et
o) CO,Et
o)

Purification by flash column chromatography (PE:EA, v/v = 25:1) to provide 4a. Yellow oil (82 mg, 92%
yield). "H NMR (400 MHz, Chloroform-d) & 8.06 — 7.93 (m, 2H), 7.68 — 7.61 (m, 1H), 7.50 (t, /= 7.8
Hz, 2H), 4.25 — 4.12 (m, 4H), 2.98 — 2.75 (m, 3H), 2.64 — 2.46 (m, 3H), 2.26 — 2.04 (m, 4H), 1.27 —
1.20 (m, 6H). 3C NMR (101 MHz, Chloroform-d) & 201.3, 191.5, 172.4, 172.0, 134.7, 131.7, 130.3,
128.9, 126.8 (q, J = 277.1 Hz), 61.8 (d, J = 9.1 Hz), 58.3, 38.8, 38.3, 37.9, 36.7, 36.0 (q, J = 2.2 Hz),
33.8 (q,J=28.2 Hz), 14.0 (d, /= 3.6 Hz). °F NMR (376 MHz, Chloroform-d) § -64.35. HRMS (ESI-
TOF) m/z: [M + H]* calcd for CHyF306, 443.1676, found: 443.1678.

diethyl 3-(3-phenylpropyl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-dicarboxylate (4b)
FsC
CO,Et
CO,Et

Purification by flash column chromatography (PE:EA, v/v =100:1) to provide 4b. Colorless oil (68 mg,
81% yield). "H NMR (400 MHz, Chloroform-d) 8 7.30 — 7.25 (m, 2H), 7.21 — 7.13 (m, 3H), 4.20 —
4.13 (m, 4H), 2.66 — 2.56 (m, 2H), 2.49 — 2.31 (m, 3H), 2.22 — 1.93 (m, 5H), 1.75 — 1.65 (m, 1H), 1.60
—1.51 (m, IH), 1.37 - 1.27 (m, 1H), 1.23 (td, J=7.1, 1.5 Hz, 6H), 1.20 — 1.12 (m, 1H). 3C NMR (101
MHz, Chloroform-d) 6 172.6, 172.5, 142.2, 128.3 (d, J= 1.9 Hz), 127.3 (q, J=277.1 Hz), 125.8, 61.6
(9, /= 1.5 Hz), 58.6, 42.0, 38.4, 38.2, 35.9, 33.2 (q, J= 27.7 Hz), 29.7, 28.5, 14.0. ’F NMR (376 MHz,
Chloroform-d) & -64.25. HRMS (ESI-TOF) m/z: [M + H]* caled for C,,H;0F504, 415.2091, found:
415.2108.

(3-(3-phenylprop-2-yn-1-yl)-4-(2,2,2-trifluoroethyl)cyclopentane-1,1-diyl)dimethanol (4c)

CF;
HO FZ
OH
Purification by flash column chromatography (PE:EA, v/v = 50:1) to provide 4¢. Colorless oil (54 mg,
83% yield). '"H NMR (400 MHz, Chloroform-d) 6 7.41 — 7.35 (m, 2H), 7.33 — 7.25 (m, 3H), 3.63 (s,
2H), 3.52 (s, 2H), 3.41 (d, J = 12.0 Hz, 2H), 2.44 — 1.96 (m, 6H), 1.85 — 1.37 (m, 4H). 3*C NMR (101
MHz, Chloroform-d) & 131.5, 128.3, 127.9, 127.2 (q, J=277.2 Hz), 123.5, 88.5, 82.0, 70.9, 69.2, 47.2,
40.4,36.4,36.2,35.2 (q,J=2.0 Hz), 34.1 (q, J = 27.9 Hz), 20.8. 1°F NMR (376 MHz, Chloroform-d) &
-64.25. HRMS (ESI-TOF) m/z: [M + H]" calcd for CisH»,F30,, 327.1566, found: 327.1572.

8-phenyl-2-(3-phenylprop-2-yn-1-yl)-3-(2,2,2-trifluoroethyl)-7,9-dioxa-8-boraspiro[4.5]decane (4ca)
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Ph<_-©O

-0

CF3

Purification by flash column chromatography (PE:EA, v/v =10:1) to provide 4ca. Colorless oil (78 mg,
95% yield). 'H NMR (400 MHz, Chloroform-d) & 7.82 — 7.75 (m, 2H), 7.44 — 7.33 (m, 5H), 7.33 —
7.25 (m, 3H), 3.97 (s, 2H), 3.85 (s, 2H), 2.50 — 2.33 (m, 5H), 2.19 — 2.08 (m, 1H), 1.96 — 1.78 (m, 2H),
1.71 (dd, J = 14.3, 3.9 Hz, 1H), 1.64 — 1.54 (m, 1H). 3C NMR (101 MHz, Chloroform-d) § 133.9,
131.5, 130.8, 128.3, 128.0, 127.6, 127.1 (q, J = 277.3 Hz), 123.4, 87.9, 82.3, 72.3, 70.8, 42.6, 40.3,
37.6,37.4,35.5(q, J = 2.1 Hz), 34.2 (q, J = 28.1 Hz), 20.9. F NMR (376 MHz, Chloroform-d) & -
64.34. HRMS (ESI-TOF) m/z: [M + H]" calcd for CoyH,5BF;0,, 413.1894, found: 413.1898.

(3-methyl-3-(4-(2,2,2-trifluoroethyl)cyclohex-3-en-1-yl)but-1-yn-1-yl) benzene (5c)°

Ph CFs

=

Purification by flash column chromatography (PE:EA, v/v =100:1) to provide 5¢. Colorless oil (52 mg,
84% yield). 'H NMR (400 MHz, Chloroform-d) & 7.41 — 7.34 (m, 2H), 7.29 — 7.23 (m, 3H), 5.73 — 5.65
(m, 1H), 2.72 (q, J = 11.5 Hz, 2H), 2.28 — 2.00 (m, 5H), 1.53 — 1.41 (m, 2H), 1.30 (s, 3H), 1.27 (s, 3H).
3C NMR (101 MHz, Chloroform-d) & 131.6, 128.9, 128.1, 127.5, 127.4 (q, J = 2.6 Hz), 126.3 (q, J =
277.7 Hz), 124.0, 96.1, 81.2, 43.3, 41.8 (q, J = 28.7 Hz), 34.6, 29.7, 27.8, 27.2, 27.0, 24.6. 'F NMR
(376 MHz, Chloroform-d) 6 -64.76.
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4. NMR Copies of Products

000—

z8'€ —

cLy—

LS~
€2¢'S
92's

€6~
98'G —

_‘m.hg
LE'LY
1€°2
€L
€ LA
9€'L ;7.
LELF

0¢c
0¢c

rco'y

roe

60 55 50 45
(ppm)

6.5

7.0

8T
8¢ 'L
6€'L]
v
ev's]
evL

Cl

N

=z

1v, '"H NMR
400 MHz, CDClj

9.5 9.0 8.5 8.0 7.5

10.0

Lo
Hw \O
3 o
3 Fa
3 )
™
3 o
- <
7077 — =
99'06 — _ ] Lg
3 =)
L Fo
W s
—
3 S
oo}
£ o
E ]
=) Vel
L W &
= wn
Q9 /L1
29°vZ1L — Q
£€9°9Z4 3 e
thmN—.)// 3
SL6ZL =)
SPzel P -
YA WA
8EvEL LS
mw.hm_\\ - -
3 o
i 8
; )
L ©
1 s
y/A 1
\ = o
- N O =
U0V CI \ = D r -~
IYN 2 3
N )
— \/ SF E .3
\ ) \ =
N\
\\—7/ S
\ J =
\ -~
o )
3 Lo
N



o
000— - ro
© L o
Fo
; | o r &
o
L re
(=)
o <
o
697 — -— °
L 2,05 — - [e
| o 3
L]
| © FR
(3]
e8'e — \ﬂﬂwdo.m o — L g
<
Ly — ———=]00'¢
[Te} o
L =
LL'S ~ —~
_,N.m% of S
ees [wa o
$Z'G — el Yo Ya L ™
v JU vV
vm.m\ 0 | o
vZ's re =
LS~ < .
88'G — \Ldo C | o 65 L1l — o
LS S
ss'9zL
© mm.wﬁM S
ve'L F 65'6ZL — P o
Ge'L QL2S) —F ==
9€'L 8L'eel
82 Lo el L
8€'L
6L —10°¢€ =
vl = ———% oz F M 53
L
£v'L ° -
ev'L F o Fe
vhL
YL o -
\ x O - \\ x O L R
M D 69121 — \ SO — Al
_ z C o — { v Z C =]
&} Z Ty Mo g 2 onx =
- N/ N = =
5 = o A —F—= S
#5 (OREE :
N N / \ T 2o e
o
LS | 8
- N

S26



000 —

€6°0
mm.oW
160

v9'L
mw._‘/
197} =t

691
Ly
€Ll
szzf
om.mx

Lee

ﬂo.m °
0z [ ¥

T
5.0 4.5

(ppm)

T
55

{

1x, '"H NMR
400 MHz, CDCl4

6.0

T
9.0

T
9.5

T
10.0

€6l —
08l —

VLLy~

806%

PPmM

10

[14°1 22w

00°ZL1L

30

86°CET

Sveet

50

J

70

v6'c/l —

[

O

80

1x, 8C NMR
01/MHg,|CDCl;

90

\\/\\n/N\/%

S27



10

20

30

4Q

50

60

ro

80

90

100
ppm)

S28

110

20

30

140

SO0

170

a, '3c NMR

180

10/1|MHz,

190

. o
000-— l L2
wn
A S .
Lz 96'€L
ezl Lo g€l ’
ezl ) €202
SzLF ¥50'9 )
R.F\ J © Lzee
2L —_— [~ mv.mm/
. AeAt
M__”M o SO ¥#E
. _ LN 1268
oLz~ = o'l g
wr.N\1 = = Z0°C \mm.mm
1727 = —= %cc... o 18°Ge ]
wN.N% TT== |[20¥ [ N eg'ce
€e'Z | 1 —orse
e | o v58e
6€C | © mw.ov\\
OVNL L \.00\\
6t'C L@ 9919
152
552 °
om.& - I v1'z8
857¢] B ———|T00'¥
09°C © 89'18—
SLy Fg
IRY
6L'v T
o
[*2% Fod
€Ty
0
o
€6CCH
| o Nm.mﬁk
© [S}° B °T41 2a\3
08'22L\
| © zesel
9z'/ © ezl
L bt
YA \; L m oS tel
8z'L
8¢,  — »C0'€E
el B “00z | @
€2 _o
8€'L o
x
8eL g s A Lo
652 o // s 0 ®
T N
.
G = L 6L2LL
8 g szzlL
~ o
o
QR
o Q 0
-— = [ @
L w
o
re

200



Yy v9- —

CF;
=

EtO,C

EtO,C

3a, '9F NMR
376 MHz, CDCly

T 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 -2
(ppm)

-10

000 —

Lz
€T’
szl
L2 w

S0z
S.m/
sLzat

€2°C >

=009

zee
182

T =10V [

8€'¢C
6€°C
cv'e
8v'C
JAKA
9LV
LL'y

RN

6LV
_\N.ﬁx

[ X4

96'9
96'9
16'9
86'9
00°L—
€e’L
ve'L
ve'L
Se'L
1€°L
PR

CF3

EtO,C

AN

Et0,C

3b, '"H NMR
400 MHz, CDClg

=0}

——00¢

4.5

(ppm)

00°C [~

9.5

10.0

S29



30

40

60

70

90

100
pm)

Sestt
LS°SLL /

G'all

GG6LL
262l —

120

§9°sTt

ov8ct

aL'LeL 7
wN.mQ\
[eTaii ol ad)

1

140

50

16°091 ~
k€9l —

160

ccell

NMR
170

~
"

||~

ST2IL

-130 |-140 -150 -160 -170 -180 -190 -200 -21

-120

8L LLL-—

Yy vyo- —

3b, 18
180

8

101 MHz, GDCl3

>

90

EtQ,C
EtQ},C

200

-110

(ppm)
S30

-80 -90 -100

-70

-60

CF3
=
-50

3b, '9F NMR
376 MHz, CDCl

X

EtO,C
EtO,C




000 —

0.0

0.5

1.0

@D
D
1.5

2.0

o)
P
©

q
w

3.0

3.5

4.0

Gc'L
Gc'L
9¢'L
PXAVA
0€’L
0e’L
LeL
ceL

60 55 50 45
(ppm)

6.5

7.0

Cl

7.5

8.0

8.5

EtO,C
EtO,C
400 MHz, CDCl,
9.5 9.0

10.0

00'vL —
81°0C —

gl'ee
chee

10

20

30

_\n.mmw

00° ¢

8.°Ge
08's¢
£8'¢

49

50

mm:mmg
+£6°9¢

8¥'8¢

sL oy \
og-ged]

60

Nhé@\

70

S0l —

0

00
(RpPm)

S31

10

/67121

6822l /

120

T
€9°GZ}

8821~
55'8ZL <
gLrLeL

130

przerd

l4q

ogieos )
geel

o

Pl

2

1

NRA

N

I3
160

v,
~
o

F3[

=2

ccelLl —

170

(]

180

3c, 5C NMR
101 MHz, gD

el

90

EtD4C
E10,C

200



T T
-80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -21

T
-70

(ppm)

IEVv9—

Fs3

C

EtO,C

=

Et0,C

3c, 'F NMR
376 MHz, CDCl,

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

-10

00°0-—

LcL
€T’

mm,rw

Lg)

oL’z
€Le
Sl'e
Lye—
szec
9z'¢c
zee
JAKA
8€'¢C
8v'c
162
¥S'C
JARA
6G°C
Sk~

Ly
6L'Y
344
€y

€L /

ST'L—
WiL—r
eV’ L /

Br

CF;

EtO,C

AN

EtO,C

3d, '"HNMR
400 MHz, CDCl;

€09

=009
—=lov

10y

——110'2C

00°¢

T
4.5

(ppm)

55

S32



Loyl —
02°0C —

m_\.mm/

EVEE

T
Ve
eoee

66-€€

8.'6¢

08'sE
€858

cRCe

S8-GE

££'8¢ 1

Z.wmu
£L0v %

§9°89
€L _\m\

s

00

(ppm)

110

86'Lcl
mv.NN_\/

PAC KA
29'sel —

€821~

€llel
8¥'LEL \
66°¢cEl

[

T
140

m
\

\

/

v,

Z
2

/TTCR,

N

17p

[

|

X

3d, [Bc|NMR
101 MHz, |CDCl3

T
190

EtD4C

EtD,C

T
200

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

70

eV v9- —

Br

F3

Cc

EtO,C

=

Et0,C

3d, "F NMR
376 MHz, CDCly

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

-10

S33



000 —

0.0

0.5

66°€L
- o LovL ’
. L2 €202~ &
gL iz
€zl .
mwéx Liee °
1z r syee ®
. €188 F
mr.NV Mo v2°Ge g
th\ 9s°6¢ ]
pagh i Bt 3
P 0g'se
cez se°8e
Jez Lo 0s'8e ], o
7z 9807
ovz . vL8S
P Lo o'ty
v5Z
152
. o
SLy FS 3
Sy G288 —
Ly 0 98'98 — °
1Ly F< 8
6L = _
6L'p oF oF
\Zy re g =}
€Ty =
wn o
L2 e
o oV 0ZT &
e pozzi- =
RTARN
| © SY'8ZL~ 2
© 66'8ZL 7 <
0z'LEl
80°L | © ITTET o
OFNV oz |~ ¢n.\2\ \ 3
9cLy 102 /=
8z'L L2 A/ \v
[se] [
o \. _o
[a)] L2 © O =
3) ® 5 A\ £z 2
W . ;7\ =Z©° ]
L@ O N
= ® ezzLLYy s I =
o 62°2LL =
=) o —
2 o 3
S

EtO,C
EtO,C

9.0

9.5

10.0

S34

0

1

b

EtQ,C
EtQ,C
190

200



P
b3
©

=
3e, 9F NMR
376 MHz, CDCl;

EtO,C
Et0,C

000-7
€1
szl
AR
80°Z
€1z
11T

81z

Y2z

se'z

€Y'z

VA EA

SG°C

1672
192t

z7 —=lz0'¢
N@N\ M

80°9

1
\LL.;W&&
< <
oo
- ™M

v9'¢
9.°¢
18'C

16"

2.0 1.5 1.0 0.5 0.0

25

3.0

sze
1z2°¢]
6z€ : 00'€
£e'e

4.0

ov'e = F00'¥
zr'e %

1¥€ ]
98°¢ |
LLp ]
6LY]
617
12y
Lz
€zy?

e, ——hoe

4.5

5.0
(ppm)

S35

6.0 5.5

6.5

7.0

- UAN —— 4
9527 H00'C

400 MHz, CDCl3

EtO,C
EtO,C

7.5

8.0

9.0 8.5

9.5

10.0




86°cl °
wm.mm/ [
9z°€e | —

S5°€€E °
£8°€€ ] [
£5°9¢€ |
G598 ] o
/G 9¢
Dm.DO
v02€ 77 — o
16287

Q2°8¢

emeres

gcC
952G

90°85 B re
019
6029

8928 — -

T
90

T
100
(ppm)

10

€6 801 — C

8G' VLl —

£v'zzl ~ -
8rsel — 3
¥6'22L— L 8
04 0€} -
16 vEL —

oV’ ¥9-~
S0'v9-

I
150

1729l — i
A\

BT

eezLL” f \

] \

1o

Hz,|CDCl,

T
180

3f| 13C NMR

101

X

EtQ4C
0

.
{

4
1

EtO
200

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

-110

(ppm)
S36

-90 -100

-80

-70

-50  -60

-40

=

CF3

3f, °F NMR
-30

376 MHz, CDCl3
-20

-10

EtO,C
EtO,C




000 —

Leh
€c’L
XA
scL
scL
NN.F\
oe’L
coe
el'e
wr.N/

y/0°9
¢0'6

0.0

0.5

2.0

007k
LOpLy
8202
sLle 4/
mr.mT/
L¥€€ 1

v2°€€
20'vE
04 €

LL'SEE

YISET
YRT

gL 6o

022
NN.N\
[45%x4
8€¢C

8v'e
14°K4
19°C

SL'y
VAR 4
VA4

B8l —F

5
S
w

25

3.5 3.0

4.0

e8¢ ]

64-9¢

6%-8€

801

G/ '8G —

8919 —

60

70

80|

128

(14
X4

€y

LeL—

CF3

EtO,C

AN

EtO,C

3g, '"HNMR
400 MHz, CDCl3

00 v

95 90 85 80 75 70 65 6.0 55 50 45
(ppm)

10.0

0698 —

T
<]o]

U
100

(ppm)

o9y 0zt
4

110

b
\

S62Cl \L

TS

oz'sct
9'gzZL —

180

tz et
mN.rmr\

50

T LG —

zczzlL

oecLL

101 MHg, CDCl3

T
190

T
200

S37



00°0-— B

-200 -210

-190

[k
mNeW
szl
L
vz
9Lz
11T
6LCE
vZ'2]

-180
e

-170

rl0'C
roo'e

Jh

1.5 1.0 0.5 0.0

2.0

I

e

108

-160

Ize
82z
ez
gez ]
€2
6c2
1z
8v'z

152

vsz -luAdo.v
SLv

oL
ti
LY
611
6L
1z
ez !

-140 -150

-130

-120

-110
(ppm)

-100

T
-90

80°L
60°L
\m_ oL'L
V\ SL°L
\_.\V \
o
o 8L°L
8L°L
o 8L°L
re 0z'L

BE VI

Aj‘
FVL "
SRRS]
- -

AN

CFs
3g, "9F NMR
376 MHz, CDClg

-30
3h, '"HNMR
400 MHz, CDClj

-20

EtO,C
EtO,C
-10
EtO,C
EtO,C

5.0 4.5 4.0 3.5 3.0

(ppm)
S38

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0




66°€L
LObL >
0202~
NS
glL'ee
ov'ee

sop X

-200 -210

-190

-180

72 2

Z0t
YRR
8.'5€
08¢

ve'8e
61°8€ |
B.oi%

mw.wo\

€¢'e8 —
97/ —

$6°2Z1

)

7
10
(ppm

110

1

[SYANAR

120

69°GZL

182l
Fae) _/

0

95°821 %
L28TL ]

oz e

1

T
140

teet

Yo =

f\\

2
NS

€cell

AI~CF,
| Z

ke YA AAN

S

3h, "BQINMR

170

-16

-150

140

-130

-120

-110

(pm)

-100

6EV9-—

T
-60

T
-50|

SO

pCl

-40

.
L

NGF

/
P-4

I//

(

T
-3p

3h, A NMR

76|MHz,

EtO,C<

EtO,C]

101 MHz) CDCl3

S39



o Lo
000— 1 L2
0 LS
° 001 — -
o
| o €102 — - ra
ze - h
veLr ¥80°9 L1€€ 1)
9z'L L swees| E 3
AN4 €L'€E T —
vtm# ° 10've T -
Lz L 2 Loged 3 2
szz~¢ = o~ cg'ge B
AN _ .
6227 _ =[€0'9 o 98's¢ o
. — Tl S€ I3
ve'Z =Tlcoy [« g'ce |
18T £€°8¢ |
or'e ° 9v'se o
6v'2 Feo ¥4°0% _\m Fe
44 99°89
52 0 €197 e
95z Fo
85'C
oLy °
8Ly [«
oLy H20'v
0z 0
\zy [
XA ~ =
=t
wn o
Lo L2
987czl
o mr.mﬁ/ o
ro Loszl re
) €1°8z1 1\ 7
6L 0 9e'8ZL ] o
\z'L ro ovezL % re
leL 96Ct
€T, IS L1el \\\ —
szL — oz [~ LrLeL )i P
oL P o] el
- [le]
Ll ﬂo.r [~ // \m
8z'L — {
9€L sy o o S
9e'L - x nDu [ r_wa//r x hDV e
. o s
1€ L / =
©] N \ = O
O zZ 5 Lo Yy =3 S
© o =
e W tozn— N—( ® W - -
- o -
® o L s = o
g ; N &
Al \ = ~
o )
o N
R [ Q9 B
o Q o
Q=
o
w w Lo o
e LS
N

5S40



-21(C

00°0-— ——

-200

-190

r 009

F180
o=
NN
=

~ 0
Y
-
Lo

n70
[=}
S}
o

T
160
2]
N
N
/

noolL

28
NN
RNN
I
I
I
M/(H Mo

T
-150
N~ o
e
NN
—_—

-140

-180

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

4.0

o
SE
o
oQ
ho >~
T~
o
re
re
9l'L
8L'L
re 0z'L
St'y9-— 122
2z

X,

€T L% i =10'¢C
9¢'LF MAOON

/ \ L m 1872

Cl

= L =2

x © 1L x 8

CN\ S 8 2 . W 38
SHRAN Z© : & C// 2 m
{ 7—a L S Iz
 m— v - = F .I,.M

> °g =g

f\ ® L <

Et0,CN
E10,0]
Et0,C
EtO,C

4.5

5.0
(ppm)

S41

5.5

9.5

10.0




L6°€l
00 %L N.
8€'0C —
9z'ee
¥G'€e

XY

.
60'vE 7

L2°Ge

LG

§.°Ge

872°G€

50

1z wm;
6¥'8€

mw.oi
oﬁwm\\

D\.ro\\

L2199 ]

70

c0'6L—

-130 -140 -150 -160 -170 -180 -190 -200 -210

-120

€€°€6 —

(pPM)

110

N@.NN_‘/

B6CECL

89°C Al

89'szZi

Pa=cras

PRyt

€v-8<t

$£Q°'9Z1 §

gL'ecl J
8L7LEL
gceel

98'6€l

-100 -110

T
-90

(ppm)

o' ¥9-—

~QF4

L
73
i

17Q

ccell
gecellL v

3j, 15 NMR

101 MHz,|CDGl3

FtO,C<
EtO,C]

EtO,C

EtO,C

3j, 'F NMR
376 MHz, CDCl,

T
-20

-10

S42



000-—

Leh
€Tl
€T’
sc'L
pxA
[ 4
yANA
(x4
9¢'C 1
9z:2.

—

=~

160°9

/00"
TAVEN

1.5 1.0 0.5 0.0

2.0

10

20

ve'Z
8€°Z
orz]
£v'z |
7T
6t'C
152
95°Z |
6527
Gl —

109

3.5 3.0 2/5

4.0

60

80

LIy
8L'Yy
6LV
X4
€y

oL,
mfm/
yAA
wr.mw.
6L°L
ve'L
9€°L

EtO,C

Et0,C

400 MHz, CDCl3

cUv

90°¢
00" L

75 70 65 6.0 55 50 45
(ppm)

8.0

8.5

9.0

9.5

10.0

o U8

8516 —

o7

(PP

€6'¢cl
9zect

11p

8v'GzZl |

89°6Z}

120

18'2¢l

FRP-CT)
eP8Tt~
£ 62—

Sty

68°LEL

96'6€L —

TCF3

I

szelL
Lz2L) v

(

~

180

N~

Bk,|[3C NMR

>

H
{

101 MHz,|CDCl3

T
no

Et0,¢

EtQ,

T
200

S43



L y9-—

CFs
FZ

EtO,C

EtO,C

3k, 9F NMR
376 MHz, CDCl3

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

T
-90

T
-20

-10

00'0—

0.0

0.5

o
©0

o
S
©

1.5

2.0

2.6

T
3

vl
vyl
V'L
YA A
8V’ LT
6v°L \

7
R

11974

c0'e
Qe

v.LL
9.,
8L'L
08,
06°L

CF,
=

EtO,C
EtO,C

31, '"H NMR
400 MHz, CDCly

100" L

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
(ppm)

10.0

S44



Loyl
co'vl N
Le0c—

ceee
om.mm/
8/°¢¢—F

-190 -200 -210

-180

90 7E

785
58°Ge |
/858

-170

1160

06 wm\g
1€°8€

¥5'8¢€
060

RS

78S

cl'19

o

-150

1140

9v'28 —

-130

8088 —

-120

0

(PpM)

(ppm|

08°0¢t
$6°224

110

-100

0Z5eI
st'ozl

0

29221
12221 A

687221
sv'8zl Mﬁ
L5821

-70

alL'lLel

lzlel

65¢cel
66°CEL

SY'v9-—

~
NS

70

T
-40

ogecLL

31, 13C NMR

™~CF,
/
A =z

1

31, "F NMR

T
-B0

&

101 MHz, GDCl5

180

I~

T
120

>

~
b

-
3

ol

376 MKz, CDCl3

EtO}
Etd,

T
19

T
200

EtO,C

Et0,C” ™

-10

S45



e

]

|

50

60

7o

80|

90

00
(ppm)

S46

110

120

130

140

160

70

3m,| "' NMR

101 MHz, CDCI

o
000 — _ L2
0
=]
00'%L —
. L2 1202 —
AN L
vz 109 gl'ee
szl B L phce f
oLz ] zree
thW o 667¢€€ 7
SL'z E Fa G26€ ]
. = R oo
Ay =[50 oot
- = 0
@N.Nwm —==lgo'p o zese ]
12T
0e'z ° 64-9¢
ve'z ke asor )
9e'T 1857
8y'Z © 0Z79
vs'Z Fe
95z
oLy o ST —
m;/ L2
6L'% = €0 —
6Lt I 0C'/8
\zy F<
XA ~
3
o
\_.Q. W
0
v
£V'22
| o 16722l
© zLsel
G0/ 19621 ~
502 | © 86'22L T
902 © w?.we_v%
102 09°6Z1 %\
. o .
el — N0} R chver
vZ'L ——=—=00"} .
p— e
szl 07N 0oL |2 Qm!/
9gL —_ IV
9L nl% o \
9gL 14 | ©
5L r_ns// = ® _:w////
O z - © SAAN
- F o L { ))
g = e A4
o o \ \
(3] m Fo ./\\
TAS
O O 0 O Q
o F o ~ N
o Q oQ
= =
w w o o w
o

190|

200



eV’ v9-—

EtO,C
EtO,C

376 MHz, CDCl3

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

-10

(ppm)

00°0-—

0.0

0.5

1.0

1.5

2.0

09
90'v

c0'¢

25

3.0

3.5

82,
mN.\.W.
62°L

181
8€L
6€°L

MGOZC

MeOZC

400 MHz, CDCl3

10°€

v10'€
002

4.5

(ppm)

9.5

T
10.0

S47



920z — \| LS

Lzee
6v'€e o
L2°€€ 1 [

S0'vE —

el gg 3 L

-180 -190 -200 -210

-170

9.°6¢
816 ]
s-8e |

-16(Q

Do.oog

L9°0v | — o
€6 ng
mm.Nm;
€9'89

-180

-140

61728 — —

9578

T
90|

00

-120 -130

110

(ppm)

-100
(ppmM)

S48

1

687221
£v'ezL L
§9'GZL\L R
18121 —]
SZ8Ct 3 = )
ov'8zh erye—

20

30

-80  -90

-70

60

GL'LEL
i

iS22 =

DAl

3
L
~

7
/
4
N
v

-40  -50

-30

Z

Wy

170

(e
X

29cl)
cLelLL

3n,|"8C|NMR

01 MHz

(

YN

~

0

CF;
~
3n, '9F NMR
376 MHz, COCl,

Med 2(
MeQ,C”]
1

T
200

MeQ 7C
Me()zC




0.0

000—
o
© 2
oLz ©
z1'e ) o
122 e 610z — — S
vZ'z
1221 o 6Lee ] o
622 2 LY EE v _ ®
e gl ee —
: €0VE p—
mw.w) 2 IR - . Q
] o z1'9g 1
e
mv.mu = . gLogd o
- X \Aﬁ\ (04 0 . )
0S¢ — - —n ~ 11°9¢
95¢ oV 05°8¢
85T o€ ) Sl
192 ® 00 17/
vw.NQ 16785
19T 0 £
122 &
9,2
2272 =) 3
mh.N% A VS8
€82 g
88z’ o L I .
2 S
B gE
o
SW L2y WW
9L'1Zh Y
0 68221 4
0 9E€Cl |
vo'sezL
. o TE0CT =
80, © SE€9Z1 =
Or.N Mm\hwxﬂ/r __
(493 © €8zl 3
vLL © =
24 £9'6Z1 7
vZL ) Joezy )
QzZ ) ~ . ~
IJC lamaag —_—
R.mwm o BG'LEL / \ 5
8z'L 2 29051 \ // 3
ve'L Y90St [/ -
9e'L o «
8L o o _._A.o//// x O S
. [a) o s 0
6€'L o I’ V = O
oL "~ © ﬁ N o
[ N P 99'0/L L =
s 0L°0LL <. =
o
8 DS
g ~

9.0

PhO,C
PhO,C
9.5

10.0

S

PhO,C,
PHO,C"

549

180

0

200




9€'v9- —

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -21(
(ppm)

-90

-0

00°0-—

B.N
E.L
v1Z
91z
At
€2

cg

0.0

0.5

1.0

SET
98z~
3«4. %

q
C.
]

_‘v.N\
el 4
34
¥S'C
85'¢C
192
€9'¢C

¥0'S
10°'S V

«+
%
<

3.0

3.5

4.0

4.5

5.0

ppm)

60G
:.m\

Lz
ve' Ly
SZ'LY
ST'LA
92, A
VXAV

mr.\yy

6.5 6.0 5.5

7.0

PhO,C

=

PhO,C

30, "9F NMR
376 MHz, CDCl

-20 -30

-10

8CTZ
6z L]
oe'L
ve'L]
ge'L
ge'L
om.L
182

BHOQC

AN

BnOzC

3p, '"H NMR
400 MHz, CDCls4

9.5 9.0 8.5 8.0 7.5

10.0

S50



§2°'0C —
6l'€e
LY €€

sree
e0ve

BIGE
rw.mm%

po'ge

58°ge |

1G°8¢€

1807
DD.DD\

LA

Y219

vZ'e8 —

LKA

£6°221L 1

(PP

Vet
89°GZl
6821

110

¥0'8Z1 §

oy

e
8078t
82221

2e'8¢CL %

LE° Q271

nBo

G
osgzL
09821 ]

.
140

ov.v«:
mm.rm:

OOl

@)

PE-5E+

6e'selL

T\

DCl;

O\

(

)

3p| "*c NMR

101 MRz,

SEY9- —

BnOzC

BnOZC

3p, "9F NMR
376 MHz, CDCl

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -21C

T
-90

(ppm)

T
-20

-10

S51



| o L o
000— — ro
o 81°0Z o
Le 70°92 1 =
6.'92
Lzeen| 1)
| hedl N
161 H L2 FERR 4
ol ! €8'ee % _ 2
o6l — © LLYE LS
. 1 F N i7a3 —
MMM 86 V€ \LML
b0z 99°G¢ 7| S
20z X 89's¢ E
1279 0z 5% o
By S €1°G€ ro
Py 3 v9°0v 7
> i
18z L2
8e2 ]
vr'e
mw.& ] FR
§5°C L oL — 3
” [
o 8778 — —
<
vG /8 — e — o
E O
[Te]
r<
2
oF 3 N
B o8 7
b vezzl
wm.mﬁ/ LR
° 65'SZL 3 -
Fo €6ZCt =
62871 T = b1
o SE8TTf
o oL'LEL
8z'L og'iel ! L=
62'L °
0g'L Fe =]
. Lo
2L ok 8
= . [Te]
182 00z 2 — 3
8€'L \ // [~
8€°L - o o
6€L e} 5 [ © ) |
SN\ 3 O\ z8 -
= O © O = AQ
P4 o o ﬁ Zz © L&
I N «
= O
.S ° & T
= -3 R 2
— 2
m < S
O 0O © TAY = (=)
e lL®] Fo O m ; B
22 50702~ Q23 I
= 69702 s = 2
- [~



8L LLL-—

vy y9- —

MeOC
MeOC

3q, "9F NMR
376 MHz, CDCly

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

T
-90

T
-20  -30

-10

(ppm)

00°0-—

0.0

0.5

1.0

1.5

gL
seT
9ee
ov'e
e
v’z

o

2.0

25

T

Ve
€52
mmi
192
59z ]
A
8.2
9821
06°Z 1
€6z

12,
82,
62,
62°L
0gL
8€L
8€L
6€°L
6€°L
ov'L

400 MHz, CDCl3

v00°€
M)oo.m

4.5 4.0 3.5 3.0

5.0
(ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.0

9.5

10.0

S53



58'61 |
98'8Z 1
26'82 1
99'Z¢ 1
mmam;
£z'ee
iee|
0Z'2€
zz el

-190 -200 -21C

180

§¢
yXAVAS
192V~

170

10728 % 72d

V8 eV

8025 —

-160

-15Q

144

G228 —

1180

€28

90

-120

4110

pMn)

(PPM)

cL'sol —

00

€8¢cel
9e'ect

90

51 m_N_./f

80

642}
€6-4E+

128921

se'gzlf

I

Cv.vﬁr\

LG°LEL

€eV9- —

160

ez

1L

101 MHz, CDdlI

Dla

'CFg
1
Z

s
N1

3r, '°F NMR

B76|MHz, CD

T
190

T
200

JO

O

¥
O

S54



0.0

0.5

2.0

25

3.0

3.5

88-8¢

60 55 50 45 40
(ppm)

6.5

7.0

3t, '"H NMR
400 MHz, CDCls4

9.5 9.0 8.5 8.0 7.5

10.0

SO

9v'6v

_‘hAom_
€9°CS

|

el
57

|

€1°98

m@ww%

0598”7

€6°¢cl

SOTCTH
AT
01221 7

BB ZZ1

0182t

gL'8gl\t

62'8¢l

SE8¢F

T4
€0°0€}
9L°0gl
ESTET ]
09°LEL

==

veoelL ]

Li°9¢E

C NMR

(aMowmm—

101|MHz, |cOCl,

50 40 30 20 10

60

no R0 80

(ppp)

S55

50 | 140 30 11Q

7o

90

200




T
-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -21C

-80

(ppm)

€0’ L

0.0

0.5

15 1.0

2.0

Moo
ro-&

M0'S

2.5

3.0

3.5

3t, °F NMR
376 MHz, CDCl,

T
-20

-10

0¥

y00°'C

Fatrn

55 50 45 4.0
(ppm)

6.0

6.5

7.0

UV

400 MHz, CDClj

o€

8.0

9.0 8.5

9.5

10.0

S56



Om.mrg
LE'6L
S0°zZE
L OXAR
€9°2¢

2°6°2¢E

€EVE

SEVE
LEVE
B6EVE
06°G€

26 GEN

¥6'G€

6-6¢

£5°0¥

676V ~\_
€205 ~

12257
Fm.mm\

-200 -21C

-190

-180

170

160

-150

-14

ﬁ

9528

-

09728

LZ'98 ~—

€598

6v'zel

)

-120|

0

00°ezZL

60°€Cl

10

(PH

%2621

szlel
00821

110

-100

(ppm

682t

-90

82+

92821
zeszL g

568l

-80

S.0eL

SSLEL N\
ev'eel

€5°eel

-0

2OV~

yIsteral

N
\\' T

—/}\

F

N
v

™

0Cly

40

» b

C NMR

z

[70

}

N

3u,
01 M

876 MHz, |CDCl3

e

90

T
200

Fflo

S57



00°0-~\
h_\.Ng
ON.NQ
2z |
ST
122
1€°2 1
JAXA
e
SY'Zy
8¥°C
0S°C
€921
eler A
9G°C

85
69°C~
areT
8LC

(AR
vm.m/
8G°€ \:

09

r00°¢
o€

70V

2.5 2.0 1.5 1.0 0.5 0.0

3.0

3.5

¥9'¢€
S9'e
£€8°¢
18'¢
68°¢
c6'e

mNNW

1008

4.0

65 6.0 55 50 45
(ppm)

7.0

Cl

400 MHz, CDCl3

100" L

7.5

8.5 8.0

9.0

9.5

10.0

DER1Y
0v'6l
0°2€
€€°¢¢
LORAR

L9ce JK
€9°2¢

26°2E
2T°eeN
0€'vE
€€ Ve

10

20

30

SETVET

8EVE

40

26°GE

¥6°GE

96°'GE

86°GE

50

eree]
680

56
1805
8525 ]

60

18°€G7
LELIN
v9'28
v.'z8

80

16°G8 -
€€°98 /

LU

90

28'¢cl

ao

LW AAN

[ oAl

(RPM)

9162l

10

ge izl

16 22T

618z
AT i
cegzl

120

Qv 8ct

180

a6z
rezi]
0z0€!

i

140

0e°0Et

99'0€| 1

"

¥S1€EL

160

1S°1EL
6V vEL |

160

008El
R

3v, "3C NVIR

T est

fiof (MHz, CPCl3

mn

18

190

200

S58



88'V9-~\
99'v9-

CF3

—
—_—

Cl

3v, '°F NMR
376 MHz, CDCl

T
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -21(

T
-90

T
-20

-10

(ppm)

00°0-—

r00°€

0.5

1.0

15

2.0

r0o'e

215

€0’y

4.0

[ TAVAR]
82°.
621
0€°L Y
0€2 Y
Ve LA
9€"L
8€°L
6€° L 7

P—

oL
1L
G2
Sv'L
1v°2
6v° L]
0521
1g2?

()

Cl

3w, '"H NMR
400 MHz, CDCl4

5.0 4.5

(ppm)

5.5

6.0

6.5

S59



10

30

60

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

-130

ppm)

-120

-110

110

-100

T
-90

(ppm)

S8 %9~
Y9v9-~

r60

DG,

Iy
L

60 1‘3m) 140 130 12

C NMR

10

3w,

30

101 MHz,

80

RO

T
200

Cl

3w| "9F NMR
376 MHz, CDCly

T
-20

-10

S60



000~ _ = veel l o
z6'0 66°€L
60 0z'glL
S6°0 i 9’8l LS
960 0281
1670 1261
660~ —10¢ 2 60'ze — 1 <]
5oL M zLze
201 0 Lee | g
0/'L =—"17G60'Z ww.mmu —=
. BT — I
N <
mmww ——=—_ [20¢ z1ve |
— T.
sz i 7O0C L vIvE = F3
B.ﬁ —_=roe e
ov.N; o cﬁq«; -
%4 © LLse ] F3
vz ] YR
ov'z = lzo |- suge =
8z — P 1258 5
- _ 0T 8¥'9¢
95z MH« o 0g'9¢ S
E.A < v6°8€ Fa
€92 15°0% 1
€12 0 SLg =
Lee ] < 366 =
vee ] _ €015 —
om.& oF 828 | SE
eve ] ©g 5528 e
mv.m; 98]
19°¢ 0 6798 ° S
€9'¢ 0 ov-zet -
S9'e 09°zzt
19°€ o g0geh| =)
b )
69°€ BO€ETE{ — ~
6L'€ RATARN _
2 seszL S
i 2
96 ZC1 ~
621 90°8Z1
62', 2 ETECT g
ve'L L_&oo.m 828214 -
e - b9 o ve'8zl \ \v :
1872 00T | i Co
el ©
ge's 98°0¢}
68/ [A-gEI I o
@ _® 2 goieL” L // x O | g
SN\ o8 3 SN—£3
O XA s 8 ©
=0 © A Z =
z > © o o
98'LLL o L Fs
E > [\ ¢ —
N/
< = o z S = 3
z ® 3 @ } 2 o
= N C>
(@) B _/ L&

10.0

Y

T
200

S61



18'%9-~\
85'¥9-

CF3

3x, "9F NMR
376 MHz, CDCl;

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

-10

(ppm)

00°0-—

6lL'¢C
cce
vee
gce
9c'e
8c'¢c
8¢'c
lee
ev'e
sv'e

€8¢

992
99z
sLT
e
€9'¢
6.°€
%.m%
g6~
00
mo.v\

400 MHz, CDCl3

S0°v

4.5

(ppm)

S62



9L B

SZ'61
11ze |
0%'Z€ { o
89Z€ 1 -
B.NTK
v8°ee |

98'¢e | e
68°EE |

-200 -21C

-190

82°9€

-180

@N.om# o

Legg =

05 8e —— o

H170

00 Ly —

L¥' QS

160

1572}

li

80°29

CCES o

-150

1928 Fo

-14qQ

-130

8928 —
51°98 =

2e'98 ro

-120

F1110

0
m

[eR44 T a

(ppm)

S63

66°'¢Cl

G2'Sel
617,21

110

-100|

007821 7

-90

60°82! §
8282l ¢ N
88'6ZL ¢ —
G6'6C1 U ]
9L08LF =

120

-80

9G°LEL

-0

89'g¢e| — —

140

8L V9~
69°#9- V

=
X
50

60

I3

A
(4

T
Z

“CHRj

1

N @
9029r — AN

C

T’O 170

N

101|MHz| CDdl3

0,
\
190

J~
3y, '°F NMR
376 MHz, @D

N

>_

/|

N
N

T
200

S

S+




00°0-—

ve'e
Lz
82'¢
vv'e
VAE4

A

A

0.0

0.5

1.0

6t°2
15z
€52
vs'e
85—
oLre
R.Nx
6.2
15°€
E.m/
€8'¢
88'€\

LW,

A

r'S0°9

GO

3.0 25

3.5

16T

\
[N

807 ]
or.i
Nt@

eL'y
Sy

6%°9
6v'9

50 45
(ppm)

55

6.0

059
1G9

oL'L
:‘NV
N

G6°0

¥/6°0

6.5

7.0

z1L
1227
8Z'L ]
6L
oeL
ze L]
€e'L
veL ]
ges]
9g'L
e
152
25°L

400 MHz, CDCl3

ymawrex
AV |

ro0°L

9.5 9.0 8.5 8.0 75

10.0

08'gl
€16l

10°2¢€
G1ze |
82°Z¢
7v°Z€ |
95°2¢
€228
¥8°2¢

c0’ee

lv'ee

ev'ee
cirecd

LV'EE

80°9€ |
0L°9¢

€1 9¢

80

1°9€

sLee
86°0%

70

| 0005
G6°06 1
FAATE

LL'2g

1257 S:
6528

90

[e{aiie]]

.—V.DO R
ZSLLL

(PP)

|2748°122

Sy ot
$0-6Z1

10

#0-€<t-
Lo czy

+E-GEt

co'8ct

S0°'8ct

01821\

Gc'8cl

H' |

Le'8el of

Z80ET |

Zoper I
S8
sSLeL

Levyl —

8V

LR-+°12

B

€T8sT

N CF
\/‘2
C NMR

80

101 MHlz, CDCly

T
19

T
200

S64



-180 -190 -200 -210

-170

60

-150

000
8L'¢C
cce

vee

Sze
822 1
0£Z
£v'Z
172
672
52
PARA
6521
¥9°Z
192
89°C
LLTH
9/.°2 A\
8LZ—F

0.0

1.0

2.0

25

14

08¢
ve'e

130

EVEN
05'€ 7
£5°€f

3.5

GG €

120

-110

-100

(Apm)

T
-90

SL 29~

-To

69'v9-

LLe
v2e]
z8e
G8'¢ |
18°¢ 1
66°€
Ly
RS
Ley?

6¥°9
om.ow
169
jeTAVA
mN.h/

92"/ ~

)

rL0'c

45 40

5.0
(ppm)

T
5.5

M\No.m

6.5

7.0

1227 w
zeL
€€
ves
1€2

z
NS

F3
=

MMC_\
0’1

75

' TNCF;
=
N

[

3z 19F NMR

X
o

376 MHz,|CDCl3

20

o e L A R LR L DT e

A
ov'LY)
62'8
ze's
ze's
€c'g
ce's

cC

or

3aa, '"H NMR
400 MHz, CDCl;

F00C

8.5

9.0

T
9.5

T
10.0

S65



[T
0L'1Zq
12°2E
95°2¢
¥8'2e
€1'ee
zL'se
G1GE |
t.mm%
61°GE

20

18°9¢

06°9¢€

30

76°9¢E

810\t

oTNv/

4q

10706~
9/°05
60°LS \
50°25

50

60

7o

8128

.28 V
96°G8
66°08 /

80

po

op
(PP

09601 —
oLcel
ceeet
9cect

110

120

M'GCl ~\
68721 ~

86'22L 7

130

0c'gcl

Lz'ech

ON.wN:
96°0¢€t

I
140

2
N

€STET
6G°LEL

180

97161 ~

‘594 —

4
F3 N

60

4
+E09

Z

C

170

3aa, '3C NMR
101 MHz, COCI

180

\)—r\
N=N

190

—N

¢

200

69'v9-
€9'v9- v.

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

-70

-50 -60

-40

N
A 2
N
3aa, 'F NMR
376 MHz, CDCl,
-10 -20 -30

L

10




S67

o

00'0-— — ro
o

€2°T) | @ =
vZ'Zq © 08'8L /
922 4 €0'ce o
622 — L2 Leee N
1z 09'z¢
€V'C © 88'ce P =3
ST -4 LE Le'se —
6121 ] ee'ge —
162 ° sese
25T Fa 18°5¢
suon %
€92 . : al
99 — ﬁm _m i TR

“Z—F == F FPPPS
MMM\ T00'L H 5
vLe [ @ i
GG'¢e 17 GG~
B.m% L@ 2
658 ==50%
z9'e .

; 01T 5 =}
MW.M % [ ¥ zeT8 — ®
€86 - 88'08 — -
ee'e | L2 B9zely g
s8¢ _egL| =
98'¢c oE v¥'Sel g o€

Feg& eoszL 28
61821 1
© 62'8¢C1 o
F6 6 0et =
67'LEL |
° 16'9¢1 9 Q
ro 60°LEL 9 -
sLzeLyf
122 ) 28+
ey © 9zt

- [A°R:1792
Mw. J L e L/8eL 2

. ~ s.8¢el -
62°L . .

082 — - mwo € 6.°8€L

. (R4 8 BET 3
wm\m W // = ~ 8651 ) 0

. O x o L5664 o
geL =la) p 65'6€L 1 23 g
182 Z O [ @ Z 0O e
ety _— EIGET | O nN

zi o e - :
o [ © - = =
z ® o 80'LY1 | e
w = ° €Lyl =) °
w Fo SZIVT = =
G457
w | @
[T ® S
w o
L o w
- «




o
I 2
° 000—
. Z .
_ o
o
zL0LL- E e, )
0L°0LL- 4 .
50021- ] 912 ]
90°0L1- 8 ore] ) 5
Y0'0LL- . 81 .
€0°0L1- g oze)
00°0Z1- : = i
86'691- e e )
16'691- w001 | £ sve] —_—
9 v9L- ‘J ihd i ove) = .
oot V. | © 55z - \ s o
YEP9L- fs scy =
8L ¥GL- = -z0z o L2 )
m:mr.w - 8 soz .
V7Sl . b
| gs'e .
w mo.m/ ) @
o s9'e -
Fe I9¢~ | -
g N ——[80C | ¥
| & oy —
o 66°€ o
° 00'v °
Fe Loy -
oy .z
| 8 £ L'y 2k
Te
'e)
18 0
8 o
L3 o
LR .
=¥0°¢
SIV9— S 3 . ’
0T a — o
8 oes) o
: . N
oL J00z |2
=] 8cL
) // X O R oy i 5
=5 [ x O
z C, 3 )
TN o L .
’E _ ) / I N
z g = 5 N )
© © | w S z o
> _ =
™ o "
L = .
o P » o
- (@)
[T . i
w e .

S68



€281
6022 |
05'1€ |
6L71€ 1
10°2¢ |
98¢ |
69°GE |
26°G€
ve'se |
96°Ge

T

189€

40

662¢€

SO8Y

T
-180 -190 -200 -21(

-170

E.w&
zL8e

v80v
J

00 #f

Sy'LL
ceeL

-150 -160

-140

vvez

8€'€L

Q529

G129

0499 ~

-130

120

[44PA:]

00

APmM

o
@N.mN:/

gz ezt

\|
yg'acl \

00’82}~
Le'8zL /

/|

7O 1€l
LG LEl

wm._.m_.g

T
140

160

€0°69-
66'V9- v.

)

-100 -110

T
-90

-60

(ppm)

)

z
N

I3

z
NS

~CF;

150

-30

nsa

3ac, [3C NMR
01 MHz, CO

L_7TTCF,4 U
A LZ

3ac| '9F NMR
376 MHz, CDCl3

-20

-10

S69



000 —

88l
261
6°1
961
922
122
62°C
zez

05 0.0

1.0

Ggl'9c

90°9¢
60'9¢
[4 T4

€€T
Ly
vv'e ;W
9z ~¥
0S¢
NN.N\W

N

6.2
182
€82
G682
062 1
162
€6'Z 1
5621
1627

0c'L
ccL
Ve L
82°L
mN.\.W.
0e’L
vl
ev'L
Sv'L

FsC

400 MHz, CDCl3

BZEE .
£5°9€\
SL'8€

€O'6E \ﬂ

2.0

2.5

om.mm%
8G°6¢€

3.0

3.5

4.0

4.5

5.5

mO.NNrg
WN.mN_Q
6. vzl

91921 1

6.0

§§Zct

6.5

oU BTl

1£°8Z1
£5°8Z1
¥G'82ZL 7

X
o

3

7.0

Fm.omr\
19°LEL

745057

75

8.0

8.5

9.0

9.5

10.0

10

20

40

50

0p 80 70

(ppmn

S70

10

]

N
N
i
.

LN

ad, 3C NMR/| NA

0 1ﬂ) 140 130 1RQ

DCH

80 17

P

101 MHz,
190

200




670
an
1511
2571
9G°1
09°L ;
€91
591
1071
8.1 (04
6LL )W

68°t | = 1801
06'L == fao'L

1

-210

-200

-180 -190

-170

161 = .
2oL ] Moz

-160

€61 = = v+
86'L 1 =0z
8671 ] ) 0z

102 == To Z

-150

3.0

€0C :
g0z )oo l
11z
siz]
0z'z]
szz J )
827 | Froe
82z
0e'z
%€z
£2
ge'z
1z
vz
05z
zsz
sz
152
| e 1672
; v6'z
§6'69- — 562
L8 v0'e W g —

.
90 -100 -110 -120 -130 -140
(ppm)

T
-80

=S

39
<

4.0 3.5

4.5

55 50
(ppm)
S71

6.0

6.5

so'e N\ O R
90°e ]
10€

80'e
Yo'y
S0t
10
029]
129
991
9,9
8,9
6,9
zeL
l o gL
veL
gL
vrL
o

;
-40

— M *v0'2

-20 -‘30
400 MHz, CDCly

FsC
3ad, '9F NMR

376 MHz, CDCl3

-10

|

10

9.5 9.0 8.5 8.0 7.5 7.0

10.0




18°€L
09'LZ | o
§6°SC -

Le'9z 1
¥€'9Z o
18'92 —
6£°92 I
8592
Py
6°92
89°62]
6v'LE Jf — |
L9'Le
68°6€
0v'8e — C
Q Qo
01'6€
66 L
mw.mﬂ
00'v¥ —
v0'8y ] FR
L¥0S

[4AVA°] —_—

=
0

40

|
5(

G0'€8 — D

90

29'68 — — 1 r

)

0

1
(pp

110

yLzLL~ —
09 Vit

9072ZL e\ ~
cTeeth _ e 2 -
«dﬁn_‘\ \/ V ————

Leoef

G
Q
|
1
|
T
130

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

-80

-70

AN

8G ZCT %) 86 €9 —
90'8Z1 // 5

9z'8zl L

v 0EL
vo'LEL
z1zel
8. /€L

96'9G1 — ﬁ
O

140

3ae, 3CNMR
101 MHz, |CDCl;
160

1

T
190

T
200

CF4
-50 -60

-40

3ae, '9F NMR
-30

376 MHz, CDCl3
-20

-10

10




k ) Lo
00°0 ° €6°€l
16°€L °
i £v'ee re
R
66'€€ S
o . .
1z’ p LTV
yei A 66'SE
mN.FW c09 | L0°9¢ Fa
121 - €0'9¢ ]
602 caag =t
€Lz ° 69°9¢ FS
vm.m% I o 06'L€
602 = o 9z'8¢ °
E.m/ 3[vov o v8'8e L3
852~ =20t |« y
z9Z ~ . ze'8s °
€92 ——==10¢ ° 219 F3
612 T P 12710
€8°¢C Le
58z 0
162 ©
14%4 L3
@I\W 2
8Ly A
m;N - ~eov LS
\zy 2
<
zey °
L O
O) TE «©
[} W m o~
g og wn
[le]
o 99°CZ1 Q
A A TAR F
) 81821 B
© 18821 =
8Z'08l — = Fo
0 £6°0€) —
© c.._‘m_‘\\ o
L <
) Lperd -
'L °
8y ~ )
0S'L - oo o Fe
2S5, b w ] 0 ~ nw,_
i — S
€9/ o) 1oz [~ (Ot B
RN S oo 1 X 5 i
o v O - —jooz 3 <8 S
19°L a . = L=
. > 10221 = Q
86'L o - = —
. z 6e2LL” i
66°L N © O N
. T @ & T ] o
00'8 = I o — = -8
< (] W ° T O°N=0 ® =
w ¥ 3 > [ Yo S
~ 15464 = =< =
) S | 8
ze10z — -— N
o
o o
ra



SEV9-—

F3C

CO,Et
CO,Et

o}
4a, '9F NMR

376 MHz, CDCl3

-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-80

T
-20

-10

(ppm)

000-7
SL'L
mtry
11
611 Y
FAR
zz LA
€z'1
€z
gz'L] ﬁ
sz
671
el

X

Ah AN

ﬁo.r
0’9
z0°1
Z0°L
101

\so:

1.5 1.0 0.5 0.0

2.0

ZeT]
£e') |
ge'l |
551 ]
551 ]
151
691
rmg%
2L
20z
10T

iy

+00°€
10°¢C

(A
vL'Z
612
se'z
1£T
vz
852
652
09°Z
292
€9°Z
vLy
Sl
1Ly
1LY
8Ly
0z
SLL
1127
112
812
0z
gz'1]
9z
82,
6z,

CO,Et
CO,Et

4b, "H NMR
400 MHz, CDCl3

y00°€
oze

65 60 55 50 45 |40 35 30 25
(ppm)

7.0

9.5 9.0 8.5 8.0 7.5

10.0

S74



0o

PRM)

110

i
08'sclL /
v6'GCl

ce8et
wm.wurw

69'8C1
GhLey

SP+E+

slLevl —

it

O4Et

LCOzE

I
L

8%:2L)

I

70

13C NMR

097/t

-
L

A
N

F4(

4

101|MHz, CD

C

190

T
200

SCY9-—

CO,Et
CO,Et

F3C

4b, "F NMR
376 MHz, CDCl,

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -21C
(ppm)

T
-90

T
-20

-10

S75



28°0C —
LLee
mm.mmk
12°%¢

GG e X

1z'6e
zzse

1417

9z'ge 4

00°0- — l
0
o
o
91/ -
8g'L
B“F% \thw 0
89'L —20'V
08k o
z8'L °
02— —
bed, _ 209
TEC — ©
mm.m\ = o
8e'z
o
P
6e'c 100°2
NVNV H\ 10 Z ©
7253 102
cos/ J 102

yXAVA
NNNW
82°L

th\
8¢’ L

AN

HO

OH

4c, "H NMR
400 MHz, CDCl3

—700'¢

ooz

95 90 85 80 75 70 65 6.0 55 50 45 40
(ppm)

10.0

GL°9€
8€°9€ |
S¥'0v
8L Ly

1169~
€6°0L

|

70

618~

9¥'88 —

90

npo

(RRM)

10

L'e€Zln

mm.mﬁ//p
/8'5zl

68,21\

[4:14]

30

298¢l

4oy

o
8E+eEt—T

6y LeL’

~
"

170

H

4c, "5CINMR
101 MHz,|CP(

R0

Hof[ )
(l
fo

T
200

S76



STY9-—

Fs

C

=

HO

OH

4c, "9F NMR
376 MHz, CDCl3

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

T
-90

T
-20

-10

(ppm)

0.5 0.0

1.0

L
=3c¢0'L
20'¢

2.0

P

—Z0°S

c0'¢
1'20'C

i

3.5 3.0 215

4.0

1Z'1
6221
0€’Lq
0€°L
€€
SE'L
1€°L
8€ L
8€7L
6€°L

Tar=5}

65 60 55 50 45
(ppm)

7.0

I
8L
8L
8L
08'L
082

400 MHz, CDCl3

9.5 9.0 8.5 8.0 7.5

10.0

S77



10

20

30

60

6p

49

80

90

£6°221 1

100
(Pgm)

110

AR A

6962t

20

€922

86 221\
ge'8cl

ozt JF

130

rv-8ct

28'0€l

oz o

1T

1G5 11
L8°€EEL

54

60

MHz| GDCl,

a, 30 NMR

Nﬁ

4

0

180

90

200

Yev9- —

O
Ph\Bz

CF3

1
O

4ca, '9F NMR
376 MHz, CDCl,

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

-10

(ppm)

S78



00'0-—

221
og’L
(343
eVl
vyl
oL
A s
s’
mm.rN
002
202~
Y02
v0'Z
602
[4%4
€L'e
ve'e
8z'C
192
(x4
€Le
9.2

89°G
mw.mW.
0§

7

Ph

o€

5¢, "TH NMR
400 MHz, CDCl4

—==5C0'€
L0C

[c0'S

—=Hhoz

—3¢0'}

20'¢
lo0'C

0.0

0.5

1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0
(ppm)

10.0

29've

mm,om/
mNNN/
9L/,
zL62

10

20

30

79'¥E ~

[4>894
L9'LY

40

DD._¢%

1144
€EEY

50

60

80

BL 1]

90|

€196

100
ppm

[AXZ4a

0924

18'%Z)

110

veZTt
187221 4
6€°221
A
I rAN
€921
v1'82L ]

120

130

£6°821

6€°0¢l

6G°LEL

CF3

Bl

60

NN

N7

70|

A NMR

\,<'[

C

5

101 MHz,|CD¢

180

yid

Ahq

100

200

S79



Ph

X

—-64.76

CF3

5¢, 19F NMR
376 MHz, CDCl;

AN

T T T T T T T T T T 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 -21C
(ppm)

Z.-P. Yin, Y.-C. Zhang, S. Zhang and X.-F. Wu, Adv. Synth. Catal., 2019, 361, 5478-5482.

(a) S. BouzBouz, L. Boulard and J. Cossy, Org. Lett., 2007, 9, 3765-3768; (b) Z. Luo and G.
C. Tsui, Org. Chem. Front., 2022, 9, 4969-4974; (¢) T. Connolly, Z. Wang, M. A. Walker, 1.
M. McDonald and K. M. Peese, Org. Lett., 2014, 16, 4444-7.

U. Sankar, C. Raju and R. Uma, Current Chemistry Letters, 2012, 1, 123-132.

J.-H. Yang, L.-Y. Dai, X.-Z. Wang and Y.-Q. Chen, Tetrahedron, 2011, 67, 1456-1462.

S. G. Van Ornum and J. M. Cook, Tetrahedron Lett., 1996, 37, 7185-7188.

W.-Q. Chen, Y.-L. Zhang, H.-J. Li, X. Nan, Y. Liu and Y.-C. Wu, Synthesis, 2019, 51, 3651-
3666.

M. Kawatsura, M. Yamamoto, J. Namioka, K. Kajita, T. Hirakawa and T. Itoh, Org. Lett.,
2011, 13, 1001-1003.

H. Jiang, Y.-Y. He, Y.-Z. Cheng and S.-Y. Yu, Org. Lett., 2017, 19, 1240-1243.

Z.-M. Xiong, F. Zhang, Y.-Q. Yu, Z. Tan and G.-G. Zhu, Org. Lett., 2020, 22, 4088-4092.

S80



