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1. General Information

All NMR spectra were recorded on BrukerDPX200, DPX250, AV400, AVC500, AVB500 and DRX500
spectrometers. *H and *C NMR spectral data are reported as chemical shifts (8) in parts per million (ppm) relative
to the solvent peak using the Bruker internal referencing procedure (edlock). *F NMR spectra are referenced
relative to CFCl; in CDCls. Chemical shifts (8) are quoted in parts per million (ppm) and coupling constants (J) are
measured in hertz (Hz).The following abbreviations are used to describe multiplicities s=singlet, d=doublet,
t=triplet, g=quartet, br=broad, m=multiplet. NMR spectra were processed in ACD/Spec Manager. High resolution
mass spectra (HRMS, m/z) were recorded on a Bruker MicroTOF spectrometer using positive electrospray
ionization (ESI+) or on a Micromass GCT spectrometer using field ionization (FI+) or chemical ionization (Cl+).
IR spectra were recorded on a Bruker Tensor 27 FT-IR spectrometer. Absorptions are measured in wavenumbers
and only peaks of interest are reported. High-pressure liquid chromatography (HPLC) was performed on a Waters
HPLC using a chiral column (250 mm) as noted for each compound. Optical rotations were measured on a
PerkinElmer Polarimeter model 341 and are reported as [a]o? value; the corresponding concentration (c) is given in
g/100 mL. Melting points of solids were measured on a Griffin apparatus and are uncorrected. IUPAC names were
obtained using the ACD/ILab service. All reactions were performed in flame-dried apparatuses with magnetic
stirring under an inert atmosphere. All solvents were dried on a column of alumina prior to use. Flash column
chromatography was performed over Merck silica gel C60 (40—-60 um) using the eluent system described for each
experiment. 1-Trifluoromethyl-1,2-benziodoxol-3-(1H)-one (Togni reagent )] and
1-pentafluoroethyl-1,2-benziodoxol-3-(1H)-one VI were prepared on multi-gram scale according to literature
procedures.! Ru(bpy);Cl,*6H,0, CuCl, and trifluoromethylating reagents 11—V were purchased from
Sigma-Aldrich. Unless otherwise specified, other reagents were obtained from commercial suppliers. In a general
experiment, a 14 W fluorescent light bulb (OSRAM DULUXSTAR®) was used as a visible light source. The light
source was placed at a distance of approximately 5.0 cm from the reaction vial. The E/Z stereochemistry for 2a—i is
determined by analogy based on coupling constant values of the double. For the assignment of the relative
configuration of 2e-i, 2-benzyl-6,6,6-trifluoro-5-methylhexyl 3,5-dinitrobenzoate 3 derived from representative 2f,

was characterized by single crystal X-ray diffraction (See, Section 3-6).

R-I—0 FsC-1—0
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14 W Fluorescent Light Bulb Reaction Setup A series of fluoroalkylating reagents
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2. Cyclic Voltammetry Measurements

Electrochemical measurements were performed using an EG & G-Princeton Applied Research 263A all-in-one
potentiostat and Autolab PGSTAT 128N electrochemical analyzer using a standard three-electrode setup with a
glassy carbon electrode (working electrode, diameter = 3 mm), platinum wire auxiliary electrode and a non aqueous
Ag/Ag’ (0.1 M n-BuyNCIO, + 0.01 M AgNO3) system in acetonitrile as the reference electrode. The solutions of
the compounds under the study were 0.1 M in the supporting electrolyte n-BusNPFg or n-BusNBF; with the
voltage scan rate of 0.2 V.s™. Solutions were thoroughly bubbled with dry nitrogen for 15 minutes to remove any
oxygen before any experiment and kept under positive pressure of nitrogen. Under these experimental conditions
the ferrocene/ferricinium couple, used as internal reference for potential measurements, was located at E;, = +
0.050 V in DMF, Ey;, = + 0.046V in CH3CN and E;, = + 0.065V in MeOH. Typical 2.0 mL cyclic voltammetry cell
used for the cyclic voltammetry experiments and the EG & G-Princeton Applied Research 263A
potentiostat-galvanostat. For conversion factors (SCE vs Ag/Ag"), see: a) J. O. Howell, J. M. Goncalves, C.
Amatore, L. Klasnic, R. M. Wightman, J. K. Kochi, J. Am. Chem. Soc. 1984, 106, 3968-3976; b) C. Amatore, C. J.
Lefrou, J. Electroanal. Chem. 1992, 325, 239-246.
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3. Experimental Procedures and Characterization Data
3-1. Synthesis of Allylsilane Starting Materials

1) EtMgBr (2.2 eq)

OH 2) TMSCI OH RedAl (1.8 eq) OH
Me/\\\ 3)aq. HCI Me\ , THF Me)\/\SiMeg
78% SiMe;  82%
EtO OEt
OEt (2.0 eq) Sities

_cat propionicacid_ I " co,et

toluene
96%

1a

Preparation of 3-(trimethylsilyl)hex-4-enoate (1a)"?

Addition of the anion of but-3-yn-2-ol generated by addition of EtMgBr to excess chloro(trimethyl)silane, followed
by selective acid-mediated desilyation of the silyl ether afforded the y-trimethylsilyl-substituted propargylic alcohol.
Subsequent Red-Al reduction gave 4-trimethylsilyl-but-3-en-2-ol. The 3-(trimethylsilyl)hex-4-enoate was prepared
by a Johnson-Claisen [3,3]-sigmatropic rearrangement following condensation with triethylorthoacetate. For
experimental details, see Ref. [2].

2 (0]

SiMe; ELN SiMeg
/\/k/\ + © i /\)\/\
OH o
Br CH,Cl,
Br

0°C, 2h 1b
98%

Preparation of (E)-3-(trimethylsilyl)hex-4-en-1-yl 4-bromobenzoate (1b)

(E)-3-(trimethylsilyl)hex-4-en-1-0l®! (350 mg, 2.2 mmol) was dissolved in CH,Cl, (5.0 mL). Et;N (367 uL, 2.7
mmol) and p-bromobenzoyl chloride (581 mg, 2.7 mmol) were sequentially added at 0°C. The mixture was allowed
to warm to room temperature and stir for 3 hrs before being quenched with water. The organic phase was separated,
and the aqueous phase was extracted with CH,Cl, (10 mL). The combined organic phases were washed with water
and brine, then dried over MgSQ,, filtered and concentrated in vacuo. Purification by SiO, gel column
chromatography (EtOAc/n-hexane = 1:4) yielded 1b (726 mg, 98% yield) as a colorless oil.

'H NMR (400 MHz, CDCl5) 5 0.00 (s, 9H), 1.51-1.58 (m, 1H), 1.65 (d, J = 5.3 Hz, 3H), 1.69-1.77 (m, 1H), 1.87—
1.94 (m, 1H), 5.20-5.33 (m, 2H), 7.58 (d, J = 8.6 Hz, 2H), 7.90 (d, J = 8.6 Hz, 2H); **C NMR (100 MHz, CDCl5) 5
-3.3, 18.1, 27.9, 29.6, 65.3, 123.6, 127.8, 129.5, 130.8, 131.1, 131.6, 165.9; IR (neat) v 2955, 1720, 1591, 1398,
1269, 1247, 1172, 1101, 1069, 1012, 966, 834, 755 cm*; HRMS (TOF-ESI) m/z Calcd for CigH,3BrO,NaSi
[M+Na]*377.0541, found 377.0543.

(E)-Ethyl 7-phenyl-3-(trimethylsilyl)hept-4-enoate (1c)

EtO OEt
(2.0 eq)
cat. propionic aci
Ph = SiMe; & proplonfe adid_ Ph/\/\/K/COZEt
toluene
86% 1c

(E)-5-phenyl-1-trimethylsilyl-penten-3-0l™! (424 g. 1.8 mmol), triethylorthoacetate (660 pL, 3.6 mmol) and

propionic acid (2 drops) were dissolved in toluene (5 mL) and refluxed at 110 °C for 12 hrs. The toluene was
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removed on a rotary evaporator, and the crude mixture was purified by SiO, gel column chromatography
(EtOAc/n-hexane = 1:20) to afford 1c (474 mg, 86% Yyield) as a colorless oil.

'"H NMR (400 MHz, CDCls) § —0.05 (s, 9H), 1.23(t, J = 7.2 Hz, 3H), 1.94-1.99 (m, 1H), 2.27-2.36 (m, 4H), 2.64
(t, J = 7.2 Hz, 2H), 4.10 (q, J = 7.2 Hz, 2H), 5.27-5.38 (m, 2H), 7.15-7.18 (m, 3H), 7.26 (t, J = 7.2 Hz, 2H); °C
NMR (100 MHz, CDCl3) 6 3.4, 14.3, 29.2, 34.4, 34.5, 36.4, 60.2, 125.7, 127.8, 128.2, 128.4, 130.2, 142.0, 173.7;
IR (neat) v 2954, 1734, 1248, 1179, 838 cm*; HRMS (EI/FI) m/z Calcd for CigH,50,Si [M]* 304.1859, found
304.1903.

Synthesis of 2,3-anti-a-substituted-g-silyl-(E)-hex-4-enoates

SiMe;,

SiMe; 1) LDA, THF o.Et
2

CO,Et > X
X 2 2) electrophile

X

Table 1. Electrophilic Addition Reactions to 3-Silyl Ester Enolates

product
Entry Electrophile X Yield (%)@ compd.no ref
1 methyl iodide Me 66 1e 3
2 benzyl bromide PhCH, 81 1f 5
3l isopropyl iodide iPr 78 1g
4 2,4,6-triisopropylbenzenesulfonyl azide  Nj 56

[a] Yield refers to the quantity of diastereomerically pure 2,3-anti-a-substituted-p-silyl-(E)-hex-4-enoates
isolated after column chromatography on silica gel. [b] Reaction was carried out with 20 % HMPA/THF (v/v).

Representative procedure for the alkylation of (E)-3-(trimethylsilyl)hex-4-enoate®

To a solution of diisopropylamine (2.1 mL. 12.0 mmol) in THF (9 mL) at 0 °C was added n-BuLi (7.5 mL , 12.0
mmol, 1.6M, in hexane) and the reaction was allowed to stir for 30 min. The solution was cooled to —78 °C and a
solution of (E)-3-(trimethylsilyl)hex-4-enoate (2.1 g, 10 mmol) in THF (4.5 mL) was added via a syringe. The light
yellow solution was stirred for 30 min. A solution of electrophile (12.0 mmol) in THF (2 mL) was added dropwise,
and the reaction mixture was allowed to warm to room temperature and stir for 12 hrs. The reaction was quenched
by the addition of a saturated solution of NH,Cl at 0 °C. The aqueous phase was extracted with Et,0 (50 mL). The
combined organic phases were washed with water (50 mL) and brine (50 mL), then dried over MgSQ,, filtered and
concentrated in vacuo. Purification by SiO, gel column chromatography afforded diastereomerically pure
2,3-anti-a-substituted-p-silyl-(E)-hex-4-enoate.

anti-(E)-Ethyl 2-isopropyl-3-(trimethylsilyl)hex-4-enoate (1g)
SiMe3

N CO,Et

(401 mg, 78% vield). *H NMR (400 MHz, CDCl3) 5-0.07 (s, 9H), 0.82 (d, J = 7.0 Hz, 3H), 0.92 (d, J = 7.0 Hz,
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3H),1.26 (t, J = 7.2 Hz, 3H), 1.66 (dd, J = 6.4 Hz, J, = 1.6 Hz, 3H),1.90-2.02 (m, 2H), 2.39 (dd, J; = 12.0 Hz, J, =
4.4 Hz, 1H), 4.13 (m, 2H), 5.08 (ddd, J, = 15.2, J, = 11.2 Hz, J; = 1.6 Hz, 1H), 5.27-5.35 (m, 1H); *C NMR (100
MHz, CDCly) § 2.4, 14.3, 15.8, 18.1, 21.5, 29.0, 32.9, 50.5, 59.7, 124.4, 129.5, 174.3; IR (neat) v 2960, 1730,
1248, 1144, 837 cm™*; HRMS (EI/F1) m/z Calcd for C14H,50,Si [M]* 256.1859, found 256.1861.

anti-(E)-Ethyl 2-azido-3-(trimethylsilyl)hex-4-enoate
SiMe3

N CO,Et

N3
(288 mg, 56% yield). *H NMR (400 MHz, CDCls) 5 —0.05 (s, 9H),1.28 (t, J = 7.2 Hz, 3H),1.66 (d, J = 5.2 Hz,
3H),2.08 (dd, J; = 9.2 Hz, J, = 6.0 Hz, 1H),3.96 (d, J = 6.0 Hz, 1H),4.13-4.28 (m, 2H), 5.25-5.43 (m, 2H): “’C
NMR (100 MHz, CDCl3) 6 2.6, 14.2, 18.1, 36.6, 61.5, 63.5, 125.6, 127.2, 170.5; IR (neat) v 2959, 2102, 1741,
1248, 1192, 1096, 1030, 838 cm; HRMS (TOF-ESI) m/z Calcd for Cy3H,:N3NaO,Si [M+Na]* 278.1295, found

278.1292.

anti-(E)-Ethyl 2-[(tert-butoxycarbonyl)amino]-3-(trimethylsilyl)hex-4-enoate (1h)

SiMe, 1) PPhy, THF SiMes g‘;ﬂcig SiMes
A coEt 1 (L _cog ~ COLEt
N; 2)H0 NH, MeCN NHBoc

[
71% 46%
1h

To a solution of anti-(E)-ethyl 2-azido-3-(trimethylsilyl)hex-4-enoate (250 mg, 0.98 mmol) in THF (2.0 mL) was
added PPh; (308 mg, 1.17 mmol) at room temperature. The reaction mixture was heated to 60 °C and stirred for 8
hrs. The reaction mixture was cooled to room temperature, distilled H,O (1.0 mL) was added, and the solution was
allowed to stir for 1 hr. The organic layer was separated, and the aqueous phase was extracted with Et,0 (2 x 10
mL). The combined organic phases were washed with water (50 mL) and brine (50 mL), then dried over MgSO,,
filtered and concentrated in vacuo. Purification by SiO, gel column chromatography (EtOAc/n-hexane = 1:2)
afforded diastereomerically pure (E)-anti-ethyl 2-amino-3-(trimethylsilyl)hex-4-enoate(159 mg, 71 % yield) as a
colorless oil.

'H NMR (400 MHz, CDCl3) & 0.04 (s, 9H), 1.25 (t, J = 7.3 Hz, 3H), 1.58 (br. s, NH,) 1.66 (d, J = 4.5 Hz, 3H), 1.94
(dd, J; = 4.5 Hz, J, = 9.8 Hz, 1H), 3.56 (d, J = 4.5 Hz, 1H), 4.09-4.18 (m, 2H), 5.32-5.35 (m, 2H); *C NMR (100
MHz, CDCly) 6 -2.2, 14.4, 18.2, 38.4, 55.5, 60.6, 125.9, 126.7, 176.0; IR (neat) v 2956, 1731, 1245, 1197, 1027,
959, 862, 836, 750, 691 cm *; HRMS (EI/FI) m/z Calcd for C1H,3NO,Si [M]* 229.1494, found 229.1498.

To a solution of (E)-anti-ethyl 2-amino-3-(trimethylsilyl)hex-4-enoate (110 mg, 0.48 mmol) in MeCN (3.0 mL)
were successively added DMAP (6.1 mg, 0.05 mmol) and Boc,0 (132 pL, 0.58 mmol) at room temperature, and
the reaction mixture was stirred for 10 hrs. The solvent was removed in vacuo, and the crude mixture was purified
by SiO, gel column chromatography (EtOAc/n-hexane=1/10) to afford 1h (72.8 mg, 46% yield) as a white solid.

'H NMR (400 MHz, CDCl5) § 0.05 (s, 9H), 1.25 (t, J = 7.3 Hz, 3H), 1.45 (s, 9H), 1.66 (dd, J; = 1.3 Hz, J, = 6.3 Hz,
3H), 2.00 (dd, J; = 4.1 Hz, J, = 10.4 Hz, 1H), 4.11-4.21 (m, 2H), 4.46 (dd, J, = 4.1 Hz, J, = 9.5 Hz, 1H), 4.99 (br. d,

S-9



J = 9.5 Hz, NH), 5.25 (dd, J; = 10.4 Hz, J, = 14.9 Hz, 1H), 5.36 (dq, J; = 6.3 Hz, J, = 14.9 Hz, 1H); *C NMR
(125 MHz, CDCl3) 6 -2.6, 14.3, 18.2, 28.3, 37.1, 54.1, 61.0, 79.7, 125.5, 127.5, 155.3, 172.8; IR (neat) v 3400,
2900, 1740, 1687, 1535, 1365, 1348, 1250, 1200, 1167, 1097, 1030, 872, 839 cm *; HRMS (TOF-ESI) m/z Calcd
for C16H3:NNaO,Si [M+Na]" 352.1911, found 352.1915.

syn-(E)-Methyl 2-methoxy-3-(trimethylsilyl)hex-4-enoate (1i)

SiMe, Mel SiMes,
CO,H K2CO,
N H o 2 /\)\rCOZMe
OMe Acetone OMe

58% 1
To a solution of syn-(E)-2-methoxy-3-(trimethylsilyl)-4-hexenoic acid® (1.51 g, 7.0 mmol) in acetone (50.0 mL)
were successively added K,CO3(1.93g, 14.0 mmol) and Mel (868 uL, 14.0 mmol) at room temperature, and the
reaction mixture was stirred for 12 hrs. The reaction mixture was quenched with water, and then aqueous phase was
extracted with Et,O (50 mL). The organic phase was washed with water (50 mL) and brine (50 mL), then dried
over MgSO,, filtered and concentrated in vacuo. Purification by SiO, gel column chromatography
(EtOAc/n-hexane=1/10) afforded 1i (675 mg, 58% yield) as a yellow oil.

'H NMR (400 MHz, CDCly) & —0.01 (s, 9H), 1.64 (d, J = 6.0 Hz, 3H), 2.02 (dd, J; = 10.0 Hz, J, = 8.8 Hz, 1H),
3.33 (s, 3H), 3.71 (s, 3H), 3.77 (d, J = 8.4 Hz, 1H), 5.19-5.30 (m, 2H); **C NMR (100 MHz, CDCl;) § —2.00,
18.1, 38.1, 51.5, 57.9, 83.0, 125.6, 126.8, 173.12; IR (neat) v 2954, 1740, 1436, 1247, 1197, 1114, 1100, 909, 838,
730 cm™; HRMS (TOF-ESI) m/z Calcd for C13H,6NO3Si [M+NH,4]* 248.1682, found 248.1682.

Preparation of optically active a-arylated allylsilanes

1) EtMgBr
OH 2) TMSCI OH RedAl OH
MEON gaa o Mg THF Me () SiMes
76% SiMe; 89%

2-MeO-C¢H,COCI

. OMe O
pyridine
o
DMAP :
Zaw
CH,Cl, AN siMesy

88%

(S)-4-trimethylsilyl-but-3-yl-2-ol was prepared according to a literature procedure.?

1.2M Grignard reagent in anhydrous Et,O (70 mL) was first prepared from magnesium (2.1 g, 86 mmol) and ethyl
bromide (9.3 g, 86 mmol). The resulting clear brown solution was cooled to 0 °C and a solution of
(S)-but-3-yn-2-ol (3.0 g, 43 mmol) in anhydrous Et,O (25 mL) was carefully added. A tar-like precipitate formed
after approximately half of the alcohol had been added. Following completion of the addition, the reaction mixture
was allowed to warm to room temperature and stand for 12 hrs. To the reaction mixture was then added
trimethylsilylchloride (9.3 g, 86 mmol) at 0 °C. After stirring for 1 hr, a second equivalent of trimethylsilyl chloride
(9.3 g, 86 mmol) was added, and the mixture was stirred at reflux for 12 hrs. The reaction mixture was allowed to
cool to room temperature. To quench the reaction, the entire contents of reaction vessel were poured onto a beaker

containing ice water (100 mL). The aqueous layer was extracted with Et,0 (3 x 50 mL). The combined organic
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phases were washed with 2 N sulphuric acid (2 x 25 mL), saturated sodium bicarbonate solution (2 x 25 mL), water
(25 mL) and brine (25 mL), then dried over MgSO,, filtered and concentrated in vacuo to afford
(S)-4-trimethylsilyl-but-3-yl-2-ol (4.6 g, 76% yield) as a yellow oil. 'H NMR (200 MHz, CDCl5) & 0.18 (s, 9H),
3.77 (d, J = 8.4 Hz, 1H), 1.46 (d, J = 6.6 Hz, 3H), 2.46 (br. d, J = 2.1 Hz, OH), 4.52 (q, J = 6.6 Hz, 1H).
Characterization data correspond to the literature.”

A solution of RedAl (17.1 mL, 65% solution in toluene, 56.2 mmol) was slowly added to
(S)-4-trimethylsilyl-but-3-yl-2-ol (4.0 g, 28.1 mmol) in THF (40 mL) at 0°C. The mixture was stirred at 0 °C for 4
hrs, and then quenched with 1 N HCI. The aqueous layer was extracted with Et,0 (2 x 20 mL), and the combined
organic layers were washed with water (20 mL) and brine (20 mL), then dried over MgSQO,, filtered and
concentrated in vacuo. The crude residue was purified by SiO, gel column chromatography (EtOAc/n-hexane=1/4)
to afford (S, E)-4-trimethylsilyl-but-3-en-2-ol (3.6 g, 89% vyield) as a pale yellow oil. 'H NMR (200 MHz, CDCl5)
50.08 (s, 9H), 1.27 (d, J = 6.5 Hz, 3H), 2.36 (s, OH), 4.29 (ddq, J; = 1.3 Hz, J, = 4.9, J; = 6.5 Hz, 1H), 4.33 (dd,
J; = 1.3, J, = 18.7 Hz, 1H), 6.09 (dd, J; = 4.9, J, = 18.7 Hz, 1H). Characterization data correspond to the
literature.™

(S, E)-4-trimethylsilyl-but-3-en-2-ol (1.4 g, 9.7 mmol) was dissolved in CH,Cl, (20 mL). Pyridine (0.94 mL, 11.6
mmol), o-methoxybenzoyl chloride (1.73 mL, 11.6 mmol) and DMAP (59.2 mg, 0.49 mmol) were sequentially
added at 0°C. The mixture was allowed to warm to room temperature and stir for 3 hrs before being quenched with
water. The organic phase was separated, and the aqueous phase was extracted with CH,Cl, (3 x 20 mL). The
combined organic phases were washed with water and brine, then dried over MgSQ,, filtered and concentrated in
vacuo. The crude residue was purified by SiO; gel column chromatography (EtOAc/n-hexane = 1:4) to afford (3S,
1E)-4-(trimethylsilyl)but-3-en-2-yl 2-methoxybenzoate (2.38g, 88% yield) as a colorless oil.

'H NMR (400 MHz, CDCl3) & 0.08 (s, 9H), 1.42 (d, J = 6.6 Hz, 3H), 3.9 (s, 3H), 5.57-5.63 (m, 1H), 5.97 (d, J =
18.7 Hz, 1H), 6.11 (dd, J; = 4.8 Hz, J, =18.7 Hz, 1H), 6.97-7.01 (m, 2H), 7.47 (dd, J; = 1.8 Hz, J, = 8.3 Hz, 1H),
7.82 (dd, J; = 1.8 Hz, J, = 8.1 Hz, 1H); BC NMR (100 MHz, CDCl3) 6 1.4, 19.9, 55.9, 72.5, 112.0, 120.1, 120.6,
130.3, 131.4, 133.3, 144.8, 159.1, 165.3; IR (neat) v 2955, 1725, 1601, 1491, 1464, 1437, 1294, 1246, 1129, 1074,
1025, 988, 835, 753 cm *; HRMS (ESI) m/z Calcd for Cy5H»,03NaSi [M+Na]* 301.1236, found 301.1230.

(e} (S,S)-Noyori's catalyst

/\)J\ (4 mol%) OH RedAl OH
Ph ™ - ; T~
N Ph ™ Ph > SiMe,

SiMe; iPrOH A Et,0
93% SiMe;  83%

2-MeO-CgH,COCI OMe
pyridine

- o)

DMAP :

CH,Cl, phJ_\:\

88 % SiMe

(S)-5-Phenyl-1-(trimethylsilyl)pent-1-yn-3-ol
iso-Propanol (21 ml) was degassed for 10 min with argon and added to (S, S)-Noyori’s catalyst (346 mg, 0.57
mmol)” giving a brown solution. Upon addition of 5-phenyl-1-(trimethylsilyl)pent-1-yn-3-one (2.25g, 9.77 mmol)
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the solution turned a deep purple color that gradually changed to brown over time. The mixture was stirred under
argon for 20 hrs at 30 °C and concentrated in vacuo. The crude residue was purified by SiO, gel chromatography
(EtOAc/n-hexane = 95/5 to 90/10) to afford (S)-5-phenyl-1-(trimethylsilyl)pent-1-yn-3-ol (2.0 g, 88% vyield, 99%
ee) as a yellow oil. *H NMR (400 MHz, CDCl3) & ppm 0.20 (s, 9H), 1.84 (br. s, 1H), 1.95-2.11 (m, 2H), 2.81 (t, J=
7.8 Hz, 2H), 4.37 (t, J = 6.1 Hz, 1H), 7.18-7.25 (m, 3H), 7.28-7.33 (m, 2H). Characterization data correspond to
the literature.®

(1S,2E)-5-Phenyl-1-(trimethylsilyl)pent-1-en-3-ol

0
QO
T
\
2}
=
&P

P

To a solution of RedAl (5.15 mL, 65% solution in toluene, 17.5 mmol) in Et,O (10 ml) was slowly added a solution
of (S)-4-trimethylsilyl-but-3-yl-2-ol (4.0 g, 28.1 mmol) in Et,O (5 mL) at 0 °C. The mixture was stirred at 0 °C for
10 min and then at room temperature for 2 hrs, after which the mixture was quenched at 0 °C with 3.6N H,SO, (40
ml). The aqueous layer was extracted with Et,O (3 x 30 mL), and the combined organic layers were washed with
water (30 mL) and brine (30 mL), then dried over MgSO,, filtered and concentrated in vacuo. The crude residue
was purified by SiO, gel column chromatography (EtOAc/n-hexane = 95/5 to 90/10) to afford (S,
E)-5-phenyl-1-(trimethylsilyl)pent-1-en-3-0l (1.95 g, 83%, 99% ee) as a pale yellow oil. Characterization were
correspond to the literature.”! The enantiomeric purity of (1S,2E)-5-phenyl-1-(trimethylsilyl)pent-1-en-3-ol was
determined by HPLC analysis: CHIRACEL® OJ-H column, 4.6 mm x 250 mm, n-hexane/i-PrOH = 97:3, 0.3
min/mL, 25 °C, UV detector (220 nm), tg (minor) = 20.6 min and tz (major) = 22.7 min. [a]p™ = +9.3 (c = 1.0,
CHCly).

5-phenyl-1-(trimethylsilyl)pent-1-en-3-ol

(1S,2E)- 5-phenyl-1-(trimethylsilyl)pent-1-en-3-ol

S-12

Time (min) Area %area Time (min) Area %area
21.528 26221517 49.08 20.577 40282 0.44
23.701 27209317 50.92 22.678 9033395 99.56

(3S,1E)-5-Phenyl-1-(trimethylsilyl)pent-1-en-3-yl 2-methoxybenzoate




(@] OMe

S

(S,E)-5-phenyl-1-(trimethylsilyl)pent-1-en-3-ol (1.29 g, 5.5 mmol) was dissolved in CH,CI, (12 mL). Pyridine
(1.31 mL, 16.5 mmol), o-methoxybenzoyl chloride (1.63 mL, 11.0 mmol) and DMAP (67.1 mg, 0.55 mmol) were
sequentially added at 0 °C. The mixture was allowed to warm to room temperature and stir for 4 hrs before being

nlllo

SiMe3

guenched with water. The organic phase was separated, and the aqueous phase was extracted twice with CH,ClI, (20
mL). The combined organic phases were washed with water and brine, then dried over MgSO,, filtered and
concentrated in vacuo. The crude residue was purified by SiO, gel column chromatography (EtOAc/n-hexane =
1:9) to afford (S, E)-5-phenyl-1-(trimethylsilyl)pent-1-en-3-yl 2-methoxybenzoate (1.78 g, 88% yield, 99% ee) as a
the purity of
(S,E)-5-phenyl-1-(trimethylsilyl)pent-1-en-3-yl  2-methoxybenzoate was determined by HPLC analysis:
CHIRACEL® OD-H column, 4.6 mm x 250 mm, n-hexane/i-PrOH = 99:1, 0.4 min/mL, 25 °C, UV detector (210
nm), tg (Minor) = 18.72 min and tg (Major) = 20.24 min). [a]p® = +15.2 (¢ = 1.0, CHCl5).

colorless oil. Characterization data correspond to literature.”)  The  enantiomeric

rac-benzoate derivative

(S,E)-benzoate derivative

Time (min) Area %area Time (min) Area %area
54.242 10844960 49.86 - - -
60.129 10908247 50.14 65.614 13472478 >99
General Procedure (A) for palladium-catalyzed allyl-aryl coupling®”
[(1R, 2E)-1-(trimethylsilyl)-2-buten-1-yl]-benzene (1n)
Pd(OAC), (10 mol%)
1,10-phenanthroline (12 mol%)
oMe O B(OH)2  AgSbFg (10 mol%)
(0] . 1,4-benzoquinone (20 mol%) SiMe;
N
A siMe 1,2-dichloroethane, 60 °C, 18 h Ph
15eq (R)-1n

A 100 mL round bottom flask containing a magnetic stir bar was charged with Pd(OAc), (121 mg, 0.54 mmol),
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1,10-phenanthroline (117 mg, 0.65 mmol), AgSbFs (186 mg, 0.54 mmol) and 1,4-benzoquinone (117 mg, 1.08
mmol). 1,2-Dichloroethane (35 mL) was introduced and the mixture was sonicated at 25 °C for 1 min, then stirred
at 25°C for 3 min to give a yellow suspension. Phenylboronic acid (988 mg, 8.1 mmol) and (S,
E)-4-(trimethylsilyl)but-3-en-2-yl 2-methoxybenzoate (1.5 g, 5.4 mmol) were sequentially added and the resulting
mixture was heated at 60 °C for 18 hrs. After cooling to room temperature, the mixture was filtered through a short
pad of silica gel then washed with Et,O, and the filtrate was concentrated in vacuo. The crude residue was purified
by SiO; gel column chromatography (n-hexane) to afford [(1R, 2E)-1-(trimethylsilyl)-2-buten-1-yl]-benzene (411
mg, 37% yield, 94% ee) as a colorless oil. The enantiomeric purity of (R)-1n was determined by HPLC analysis.
CHIRACEL® OD-H column, 4.6 mm x 250 mm, n-hexane, 0.4 min/mL, 25 °C, UV detector (235 nm), tg (minor) =
10.9 min and tg (major) = 11.4 min. The absolute configuration at C-2 was assigned as R on the basis of the sign of
the optical rotation, consistent with the corresponding data for the R compound previously reported in the
literature. ™!

'H NMR (400 MHz, CDCls) & 0.00 (s, 9H), 1.75 (d, J = 6.3 Hz, 3H), 2.92 (d, J = 9.8 Hz, 1H), 5.45 (dq, J, = 6.3, J,
= 14.9 Hz, 1H), 5.84 (dd, J; = 9.6 Hz, J; = 14.9 Hz, 1H), 7.10-7.15 (m, 3H), 7.27-7.31 (m, 2H); *C NMR (100
MHz, CDCl3) 6 3.0, 18.1, 42.8, 123.5, 124.4, 127.1, 128.2, 130.2, 143.2; IR (neat) v 2958, 1493, 1247, 1084, 964,
861, 833, 762, 741, 698 cm*; HRMS (E1) m/z Calcd for Cy3HyeSi [M]*204.1329, found 204.1334. [0]p? = —40.1
(c =2.0, CHCLy).

rac-1n (R)-1n
Time (min) Area Yoarea Time (min) Area Yoarea
10.918 13041423 49.82 11.029 1744541 3.35
11.386 13136761 50.18 11.672 50289489 96.65

(1R,2E)-1-[4-(1-(trimethylsilyl)but-2-en-1-yl]phenyl)ethanone (10)

SiMe3
AN

o]
(1R,2E)-1-[4-(1-(trimethylsilyl)but-2-en-1-yl]phenyl)ethanone was prepared according to the general procedure (A)
using Pd(OAc); (80.8 mg, 0.36 mmol), 1,10-phenanthroline (77.6 mg, 0.43 mmol), AgSbFs (123.4 mg, 0.35 mmol),
1.08 mmol), 5.39 mmol), (S,

1,4-benzoquinone (117 mg, 4-acethylphenylboronic acid (882 mg,
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E)-4-(trimethylsilyl)but-3-en-2-yl 2-methoxybenzoate (1.0 g, 3.59 mmol) and 1,2-dichloroethane (24.0 mL). After
24 hrs, the reaction mixture was subjected to the workup described in the general procedure (A) and purified by
SiO, gel column (EtOAc/n-hexane = 1:10) to afford
(R,E)-1-[4-(1-(trimethylsilyl)but-2-en-1-yl)phenyl]ethanone 1o (369 mg, 41% yield, 99% ee) as a colorless oil.

'H NMR (400 MHz, CDCl5)  0.04 (s, 9H), 1.72 (d, J = 6.6 Hz, 3H), 2.57 (s, 3H), 3.00 (d, J = 9.8 Hz, 1H), 5.40—
5.48 (m, 1H), 5.81 (dd, J; = 10.1, J, = 14.6 Hz, 1H), 7.14 (d, J = 8.3 Hz, 2H), 7.86 (d, J = 8.3 Hz, 2H); *C NMR
(100 MHz, CDCl3) 6 -3.1, 18.1, 26.4, 43.6, 124.4, 127.0, 128.5, 128.9, 133.7, 149.6, 197.8; IR (neat) v 2958, 1679,
1601, 1414, 1358, 1269, 1247, 1179, 965, 836, 748, 692 cm*; HRMS (ESI+) m/z Calcd for CisH»0Si [M]*
269.1335, found 269.1332; [0]p?° = —56.0 (¢ = 1.0, MeOH). The enantiomeric purity of (R)-1o was determined by
HPLC analysis. CHIRACEL® OD-H column, 4.6 mm x 250 mm, n-hexane, 0.5 min/mL, 25 °C, UV detector (254
nm), tg (minor) = 39.3 min and tg (major) = 43.9 min.

chromatography

rac-10 (R)-10
Time (min) Area Yoarea Time (min) Area Yoarea
39.317 44715854 48.52 - - -
43.633 47450135 51.48 43.865 69504196 >99

(1R,2E)-Methyl 4-[1-(trimethylsilyl)but-2-en-1-yl]benzoate (1p)
SiMe3
XN
CO,Me

(1R,2E)-methyl 4-[1-(trimethylsilyl)but-2-en-1-yl]benzoate was prepared according to the general procedure (A)
using Pd(OAc); (44.8 mg, 0.20 mmol), 1,10-phenanthroline (43.2 mg, 0.24 mmol), AgSbFs (68.7 mg, 0.20 mmol),
1,4-benzoquinone (43.2 mg, 0.40 mmol), 4-methoxycarbonylphenylboronic acid (540 mg, 3.0 mmol), (S,
E)-4-(trimethylsilyl)but-3-en-2-yl 2-methoxybenzoate (560 mg, 3.0 mmol) and 1,2-dichloroethane (12.0 mL). After
18 hrs, the reaction mixture was subjected to the workup described in the general procedure (A) and purified by
SiO; gel column chromatography (EtOAc/n-hexane = 1/15) followed by kugelrohr distillation (oven temp. 120 °C,
< 1.0 mmHg) to afford (R, E)-methyl 4-(1-(trimethylsilyl)but-2-en-1-yl)benzoate 1p (200 mg, 38% yield, 99% ee)
as a colorless oil.
'H NMR (500 MHz, CDCl3) & —0.08 (s, 9H), 1.72 (dd, J; = 1.1 Hz, J, = 6.5 Hz, 3H), 2.98 (d, J = 10.1 Hz, 1H),
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3.90 (s, 3H), 5.44 (ddq, J; =0.7 Hz, J, = 6.5 Hz, J; = 15.0 Hz, 1H), 5.81 (ddq, J; = 1.4 Hz, J, = 10.1 Hz, J3 = 15.0
Hz, 1H), 7.12 (m, 2H), 7.93 (m, 2H); *C NMR (100 MHz, CDCl;) 5 —3.1, 18.9, 45.5, 51.9, 124.4, 126.3, 126.9,
129.0, 129.6, 149.2, 167.3; IR (neat) v 2953, 1721, 1278, 838 cm*; HRMS (Cl+) m/z Calcd for Ci5H230,Si
[M+H]" 263.1467, found 263.1475. [0]p®® = —36.5 (c = 1.0, CHCI3). The enantiomeric purity of (R)-1p was
determined by HPLC analysis: CHIRACEL® OD-H column, 4.6 mm x 250 mm, n-hexane, 0.5 min/mL, 25 °C, UV
detector (254 nm), tg (major) = 45.9 min and tg (minor) = 53.7 min.

rac-1p (R)-1p
Time (min) Area %area Time (min) Area %area
46.816 53475496 50.04 45.942 27257018 99.25
69.521 53396720 49.96 70.681 205629 0.75

(1R,2E)-1-[4-[5-phenyl-1-(trimethylsily)pent-2-en-1yl]phenyl]ethanone (1q)
SiMe;

Ph X

O

(1R,2E)-1q was prepared according to the general procedure (A) using Pd(OAc), (67.4 mg, 0.30 mmol),
1,10-phenanthroline (64.9 mg, 0.36 mmol), AgSbFs (103 mg, 0.30 mmol), 1,4-benzoquinone (64.8 mg, 0.60 mmol),
4-acethylphenylboronic  acid (738 mg, 4.5 mmol), (S,E)-5-phenyl-1-(trimethylsilyl)pent-1-en-3-yl
2-methoxybenzoate (1.11 g, 3.0 mmol) and 1,2-Dichloroethane (20.0 mL). After 24 hrs, the reaction mixture was
subjected to the workup described in the general procedure (A) and purified by SiO, gel column chromatography
(EtOAc/n-hexane = 1:10) to afford 1q (500 mg, 50% yield) as a colorless oil. Characterization data correspond to
the literature.””! [0]p?° = —24.2 (c = 0.50, MeOH). The enantiomeric purity of (R,E)-1q was determined by HPLC
analysis: CHIRACEL® OD-H column, 4.6 mm x 250 mm, n-hexane/ i-PrOH = 99:1, 0.5 min/mL, 25 °C, UV

detector (254 nm), tz (minor) = 54.2 min and tg (major) = 65.6 min.
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rac-1q (R)-1q
Time (min) Area %oarea Time (min) Area %oarea
54.242 10844960 49.86 - - -
60.129 10908247 50.14 65.614 13472478 >99
3-2. Control Experiments: Trifluoromethylation of (E)-Ethyl hex-4-enoate
A
= noreaction
_N\~_CO,Et
CF3 CO,Et
B 2
— )\/\/0025 + /\(\/
CF3
X:Y=18:1

40% (*° F NMR yield)

A : 20 mol% CuCl, 1.2 equiv I, MeOH, 70 °C, 2 h
B : 5 mol%, Ru(bpy)sCly6 H,0, 14W light bulb, 1.8 equiv I, MeOH, RT, 24 h

(E)-Ethyl hex-4-enoate (21.3 mg, 0.15 mmol), Ru(bpy)sCl,*6H,0 (5.6 mg, 0.0075 mmol), Togni reagent (85.3 mg,
0.27 mmol) and MeOH (0.5 mL) were placed in a vial which was equipped with a magnetic stir bar, and sealed
with a cap. The vial was exposed to visible light at room temperature while stirring for 24 hrs. The reaction mixture
was quenched with sat. ag. NaHCO3, and the aqueous phase was extracted with Et,O (x 2). The combined organic
phases were washed with water and brine, then dried over MgSOQ,, filtered and concentrated in vacuo. Products,
ethyl 6,6,6-trifluoro-5-methylhexanoate X and ethyl 4-(trifluoromethyl)hexanoate Y were identified by GC/MS.
The yield and ratio were determined by **F NMR spectroscopy of the crude mixture using benzotrifluoride as an
internal standard (40%, ratio X:Y = 1.8:1).
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Figure 1. "*F NMR spectra of the crude mixture when using conditions B (377 MHz, CDCls, ratio X:Y = 1.8:1)

Ethyl 6,6,6-trifluoro-5-methylhexanoate was prepared by an alternative method shown in the scheme below.
Ethyl 6,6,6-trifluoro-5-methylhexanoate

H,
CF3 Pd(OH),/C (10% w/w) CF3
N n,_coEt - L~ _coset
EtOH
2a rt, 24 h
89%

Ethyl 6,6,6-trifluoro-5-methylhex-3-enoate 2a (30.0 mg, 0.14 mmol), 10% w/w Pd(OH),/C (10.0 mg) and EtOH
(1.0 mL) were added to a reaction flask. The flask was sealed, and the air was substituted with H, using two
vacuum/H, balloon cycles, and the mixture was stirred for 20 hrs. The reaction mixture was filtered through a
Celite pad and washed with EtOH (5.0 mL). The filtrate was concentrated in vacuo to afford the title compoud
(27.0 mg, 89% vyield) as a colorless oil.

'H NMR (500 MHz, CDCl5) & 1.12 (d, J = 7.0 Hz, 3H), 1.26 (t, J = 7.3 Hz, 3H), 1.32-1.39 (m, 1H), 1.59-1.82 (m,
3H), 2.10-2.20 (m, 1H), 2.31-2.34 (m, 2H), 4.14 (q, J = 7.3 Hz, 2H); *C NMR (125 MHz, CDCl5) 5 12.6 (q, J =
2.9 Hz), 14.2, 22.0, 28.8 (q, J = 2.9 Hz), 34.0, 37.7 (q, J = 26.5 Hz), 60.4, 128.3 (q, J = 277.7 Hz), 173.1; *F NMR
(377 MHz, CDClg) 6 —72.28 (d, J = 9.2 Hz, 3F); IR (neat) v 2986, 1734, 1469, 1374, 1264, 1164, 1127, 1025, 847
cm ™t HRMS (FI/E1) m/z Calcd for CqH1sF30, [M]*212.1026, found 212.1024.

Characterization data for Y: *°F NMR (377 MHz, CDCl3) 6 —69.78 (d, J = 9.2 Hz, 3F)
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3-3. Optimization of Reaction Conditions
Optimization for the photocatalyzed trifluoromethylation of (E)-ethyl 3-(trimethylsilyl)hex-4-enoate!®!

5 mol% Ru(bpy)3Cl,-6H,0

SiMe; 14 W light bulb CF4
N CO,Et A _cost
(Ey1a CFreagents I, II, Il IV or V 2a
MeOH, 24 h, rt

Entry“CF;” (equiv)  Cond. Solvent Time (h)  Conv. (%)™  Yield (%)"(E : 2)
1 1 (1.2) CuCl (20 mol%), 70 °C MeOH 2h 91 5(1.4:1)
2 1(1.2) no catalyst MeOH 24 <5 NR

1(1.2) no light MeOH 24 <5 NR
3 1(1.2) MeOH 24 45 27(25:1)
4 1 (1.8) MeOH 48 90 55 (1.7 : 1)
5 1(1.8) 2 mol% of Ru MeOH 48 86 47 (1.7 :1)
6 1(1.2) iPr,NEt (2.0 eq) MeOH 24 30 ND
7 1 (1.2) EtOH 24 55 30 (2.0: 1)
8 1 (1.2) MeCN 24 18 17 (2.2:1)
9 1 (1.2) CH,Cl, 24 42 22 (1.7:1)
10 1(12) DMF 24 89 37(1.8:1)
11 11(12) MeOH 24 <5 3(3.8:1)
12 11(12) MeCN 24 <5 NR
13 11(12) DMF 24 <5 NR
14 11 (1.2) OTf MeOH 24 82* 30%%(5.3: 1)
15 11 (1.2) OTf  iPr,NEt (2.0 eq) MeOH 24 <5 NR
16 11 (1.2) OTf EtOH 24 53 341 (4.3: 1)
17 11 (1.2) OTf MeCN 24 >99 7(8.0:1)
18 1l (1.2) OTf DMF 24 76 33(5.4:1)
19  11(1.8) OTf EtOH 48 43 3819 (3.4: 1)
20 111 (1.2) BF4 MeOH 24 75* 34* (4: 1)
21[d] 1V (10) MeOH 24 <5 NR
22[d] 1V (10) iPr,NEt (2.0 eq) MeOH 24 48 44 (1:1.5)
23[d] 1V (10) iPr,NEt (2.0 eq) DMF 24 49 41 (1:1.1)
24 IV (10) iPr,NEt (2.0 eq) MeCN 24 51 42 (1:1.2)
25  V(1L2) MeOH 24 48* 17*(4.2: 1)
26 V(L2 DMF 24 66 10 (3.0: 1)
27 V(12 MeCN 24 <5 2(32:1)
28 1(1.2) CuCl (20 mol%)+Ru  MeOH 24 64 34 (1.7:1)

[a] 1a (0.15mmol, 1.0 equiv), I (0.18 mmol, 1.2 equiv), Ru(bpy)sCl, 6H,0 (0.0075 mmol, 5 mol%), in MeOH(0.3mL) at
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rt for 24 h. [b] Determined by **F NMR spectroscopy using fluorobenzene as an internal standard. [c] Isolated yield.[d]
la (0.3 mmol, 1 eq), Ru(bpy)sCl,-6H,0 (0.015 mmol, 5 mol%), in MeOH (0.6mL) at rt for 24 h. *transesterification of

la and 2a.

3-4. General Procedure: Trifluoromethylation of Allylsilanes

General procedure for trifluoromethylation of allylsilanes under copper catalysis: Conditions A
A5 mL vial containing a magnetic stir bar was charged with allylsilane (0.25 mmol) and CuCl (5.0 mg, 20 mol%).
MeOH (0.5 mL), additive (0.5 mmol) and Togni reagent (0.3-0.5 mmol) were added under Ar atmosphere. The
reaction mixture was stirred for 2 hrs at 70 °C. Upon completion of the reaction, sat. ag. NaHCO; was added at
room temperature. The resulting mixture was extracted with Et,O (x 2) and the combined organic phases were
washed sequentially with distilled water and brine, dried over MgSQO, and concentrated in vacuo. Purification by
column chromatography on SiO, gel using the indicated solvent system gave the desired CF; allylic product.

General procedure for trifluoromethylation of allylsilanes with Togni trifluoromethylating reagent
under photocatalysis: Conditions B

Allylsilane (0.25 mmol), Ru(bpy)sCl,*6H,0 (9.4 mg, 0.0125 mmol, 5.0 mol%), Togni reagent 1 (0.45 mmol, 1.8
eq) and MeOH (0.5 mL) were placed in a vial which was equipped with a magnetic stir bar. The vial was exposed
to a 14 W fluorescent light bulb at room temperature while stirring for 48 hrs. The reaction mixture was quenched
with sat. ag. NaHCOs3, and the aqueous phase was extracted with Et,O (x 2). The combined organic phases were
washed with water and brine, then dried over MgSQ,, filtered and concentrated in vacuo. The isomeric ratio was
determined by *°F NMR analysis of the crude mixture. Purification by column chromatography on SiO, gel using
the indicated solvent system gave the desired CF; allylic product.

General procedure for trifluoromethylation of allylsilane with Umemoto* trifluoromethylating
reagent under photocatalysis: Conditions C

Allylsilane (0.25 mmol), Ru(bpy)sCl,*6H,0 (9.4 mg, 0.0125 mmol, 5.0 mol%), Umemoto reagent 111 (0.45 mmol,
1.8 eq) and EtOH (0.5 mL) were placed in a vial which was equipped with a magnetic stir bar. The vial was
exposed to a 14 W fluorescent light bulb at room temperature while stirring for 24 hrs. The reaction mixture was
guenched with sat. ag. NaHCOs, and the aqueous phase was extracted with Et,O (x 2). The combined organic
phases were washed with water and brine, then dried over MgSQy,, filtered and concentrated in vacuo. The isomeric
ratio was determined by *°F NMR analysis of the crude mixture. Purification by column chromatography on SiO,

gel using the indicated solvent system gave the desired CF; allylic product.

Methyl 6,6,6-trifluoro-5-methylhex-3-enoate

CF5
= /COZMe

Prepared following conditions C using allylsilane (1a) (32.2 mg, 0.15 mmol), the Umemoto reagent 111 (108.6 mg,
0.27 mmol), Ru(bpy)sCl,*6H,0 (5.6 mg, 0.0075 mmol,) and MeOH (0.3 mL). The isomeric ratio was determined
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by *F NMR analysis of the crude mixture (E/Z ratio 5.3). Purification by column chromatography on silica gel
(EtOAc/n-hexane = 1/15) provided the title compound (8.9 mg, 30% vield, E/Z ratio 5.6) as a colorless oil.
Characterization data for the E/Z mixtures of methyl 6,6,6-trifluoro-5-methylhex-3-enoate (E/Z ratio 5.6)

'"H NMR (500 MHz, CDCls) 8 1.22 (d, J = 7.3 Hz, 0.5H), 1.23 (d, J = 7.3 Hz, 2.5H), 2.81-2.93 (m, 1H), 3.09-3.16
(m, 2H), 3.71 (s, 2.5H), 3.71 (s, 0.5H), 5.48 (d, J = 10.7 Hz, 0.17H), 5.53 (dd, J; = 7.6 Hz, J, = 15.6 Hz, 0.83H),
5.81 (dt, J; = 7.3 Hz, J, = 15.6 Hz, 0.83H), 5.85 (dt, J; = 7.3 Hz, J, = 10.7 Hz, 0.17H); *C NMR (125 MHz,
CDCIly) for (E)-isomer 6 13.3 (q, J = 2.8 Hz), 26.9, 37.6, 41.4 (g, J = 27.5 Hz), 51.9, 126.8, 127.0 (q, J = 277.7 Hz),
128.6 (g, J = 2.9 Hz), 171.7; For (Z2)-isomer 6 13.9 (g, J = 2.9 Hz), 29.7, 32.9, 37.0 (q, J = 27.4 Hz), 52.0, 125.7,
127.1 (q, J = 277.7 Hz), 127.9 (q, J =2.8 Hz), 171.3; **F NMR (377 MHz, CDCl5) 6 —72.8 (d, J = 9.2 Hz, 2.5F), —
72.6 (d, J=8.1 Hz, 0.5F).

Note: This compound is volatile, complete evaporation in vacuo (<10 mmHg) after 10 min.

Ethyl 6,6,6-trifluoro-5-methylhex-3-enoate (2a)
CF;

A, cosE
Conditions B: Allylsilane (1a) (53.4 mg, 0.25 mmol), Togni reagent | (142.2 mg, 0.45 mmol), Ru(bpy)s;Cl,*6H,0
(9.4 mg, 0.0125 mmol) and MeOH (0.5 mL). The isomeric ratio was determined by *°F NMR analysis of the crude
mixture (E/Z ratio 1.7). Purification by column chromatography on SiO, gel (EtOAc/n-hexane = 1/15) provided 2a
(28.9 mg, 55% vyield, E/Z ratio 2.3) as a colorless oil.
Conditions C: Allylsilane (1a) (53.4 mg, 0.25 mmol), Umemoto reagent IIl (181.0 mg, 0.45 mmol),
Ru(bpy)sClp*6H,0 (9.4 mg, 0.0125 mmol) and EtOH (0.5 mL). The isomeric ratio was determined by *F NMR
analysis of the crude mixture (E/Z ratio 3.4). Purification by SiO, gel column chromatography provided 2a (18.0
mg, 34% vyield, E/Z =5.2)
Characterization data for the E/Z mixtures of ethyl 6,6,6-trifluoro-5-methylhex-3-enoate (E/Z ratio 2.3)
'H NMR (400 MHz, CDCl5) 8 1.22 (t, J = 7.1 Hz, 0.9H), 1.27 (t, J = 7.1 Hz, 2.1 H), 2.82-2.96 (m, 1H), 3.08-3.14
(m, 2H), 4.16 (g, J= 7.1 Hz, 1.4 H), 4.16 (g, J = 7.1 Hz, 0.6H), 5.47 (d, J = 10.8 Hz, 0.3H), 5.53 (dd, J, = 7.6 Hz, J,
=15.6 Hz, 0.7H), 5.82 (dt, J, = 7.1 Hz, J, = 15.6 Hz, 0.7H), 5.85 (dt, J; = 7.3 Hz, J, = 10.7 Hz, 0.17H); *C NMR
(125MHz, CDCly) for (E)-isomer, 6 13.5 (q, J = 2.8), 14.1, 17.2, 41.4 (q, J = 27.5 Hz), 42.8, 60.7, 126.2 (q, J = 2.9
Hz), 127.0 (g, J = 277.7 Hz), 134.0, 174.2; *F NMR (377 MHz, CDCl;) 6 -72.8 (d, J = 9.2 Hz, 2.1F), -72.6 (d, J =
8.0 Hz, 0.9F); IR (neat) v 2989, 1726, 1464, 1260, 1169, 1124, 1018, 972cm *; HRMS (FI/EIl) m/z Calcd for
CoH13F50, [M]" 210.0862, found 210.0868.

Note: This compound is volatile, complete evaporation in vacuo (<10 mmHg) after 10 min.

SiMe3
CO,Et
= 2 5 mol% Ru(bpy)sCly-6H,0
(E)}1a 14 W light bulb
no E/Z isomelization
CF,
' __COEt MeOH, 24 h, rt

2a

No E/Z isomerization of allylsilane (E)-1a or 2a (E/Z ratio =1.7) with visible light irradiation in the presence of
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Ru(bpy)sCly-6H,0 (5 mol%) was observed.

(E)-6,6,6-Trifluoro-5-methylhex-3-en-1-yl-4-bromobenzoate (2b)

Br

Conditions B: Allylsilane (1b) (83.3 mg, 0.25 mmol), Togni reagent I (142.2 mg, 0.45 mmol), Ru(bpy)sCl,*6H,0
(9.4 mg, 0.0125 mmol) and MeOH (0.5 mL). The isomeric ratio was determined by *°F NMR analysis of the crude
mixture (E/Z ratio 5.8). Purification by column chromatography on SiO, gel (EtOAc/n-hexane=1/40) provided the
title compound (2b) (40.6 mg, 46% vyield, E/Z ratio 7.0) as a colorless oil.

Conditions C: Allylsilane (1a) (83.3 mg, 0.25 mmol), Umemoto reagent IIl (181.0 mg, 0.45 mmol),
Ru(bpy)sClp*6H,0 (9.4 mg, 0.0125 mmol) and EtOH (0.5 mL). The isomeric ratio was determined by *F NMR
analysis of the crude mixture (E/Z ratio 11). Purification by SiO, gel column chromatography provided 2b (22%
yield, E/Z ratio 12)

Characterization data for (E)-isomer: *H NMR (500 MHz, CDCl5) § 1.20 (d, J = 7.0 Hz, 3H), 2.53 (g, J = 6.6 Hz,
2H), 2.80-2.91 (m, 1H), 4.33-4.40 (m, 2H), 5.54 (dd, J, = 7.9 Hz, J, = 15.6 Hz, 1H), 5.72 (dt, J; = 6.6 Hz, J, =
15.6 Hz, 1H), 7.59 (d, J = 8.8 Hz, 2H), 7.89 (d, J = 8.8 Hz, 2H); *C NMR (125 MHz, CDCl;) § 13.5 (q, J =1.9 Hz),
32.0,415 (g, J =275 Hz), 63.8, 127.1 (g, J = 277.7 Hz), 127.9 (q, J = 1.9 Hz),128.1, 129.1, 130.5, 131.1, 131.7,
165.8; *F NMR (377 MHz, CDCls) for (E)-isomer, 6 —72.64 (d, J = 9.2 Hz, 3F); IR (neat) v 2990, 1720, 1591,
1461, 1398, 1266, 1172, 1116, 1101, 1068, 1102, 968, 847, 756 cm *; HRMS (FI/EIl) m/z Calcd for C14H14BrF;0,
[M]*350.0122, found 350.0129.

Ethyl 7-phenyl-5-(trifluoromethyl)hept-3-enoate (2¢)
CF,4

W/COZEt

Allylsilane(1c) (76.2 mg, 0.25 mmol), Ru(bpy)sCl,*6H,0 (9.4 mg, 0.0125mmol), Togni reagent I (118.5 mg, 0.375
mmol, 1.5 eq) and MeOH (0.5 mL) were placed in a vial, which was equipped with a magnetic stir bar. The vial
was placed approximately 5cm from a 14 W fluorescent light bulb and exposed to visible light at room temperature.
After stirring for 1.5 days, another portion of Togni reagent | (118.5 mg, 0.375 mmol, 1.5 eq) was added and the
reaction was stirred for an additional 1.5 days. The reaction mixture was quenched with sat. ag. NaHCOs;, the
aqueous phase was extracted with Et,0 (X 2). The combined organic phases were washed with water and brine,
then dried over MgSQ,, filtered and concentrated in vacuo. The isomeric ratio was determined by ¥F NMR
analysis of the crude mixture (E/Z ratio 1.4). Purification by SiO, gel column chromatography (EtOAc/n-hexane =
1:20) gave 2c (47.2 mg, 63% yield, E/Z ratio 1.5) as a colorless oil.

Conditions C: Allylsilane (1c) (76.2 mg, 0.25 mmol), Umemoto reagent Il (181.0 mg, 0.45 mmol),
Ru(bpy)sCly*6H,0 (9.4 mg, 0.0125 mmol) and EtOH (0.5 mL). The isomeric ratio was determined by *°F NMR
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analysis of the crude mixture (E/Z ratio 3.3). Purification by SiO, gel column chromatography provided 2c (32.6
mg, 43% yield, E/Z ratio 2.5).

Characterization data for the E/Z mixture of 2c¢ (E/Z ratio 1.5): *H NMR (500 MHz, CDCl,) & 1.28 (t, J = 7.3 Hz,
1.2H), 1.29 (t, J = 7.0 Hz, 1.8H), 1.76-1.83 (m, 1H), 2.05-2.17 (m, 1H), 2.50-2.59 (m, 1H), 2.69-2.80 (m, 1.6H),
2.92-2.99 (m, 0.4H), 3.02 (dd, J;= 1.9 Hz, J, = 7.6 Hz, 0.8H), 3.15 (d, J = 6.6 Hz, 1.2H), 4.15-4.21 (m, 2H), 5.41—
5.47 (m, 1H), 5.83 (dd, J; = 7.3 Hz, J, = 14.8 Hz, 0.6H), 6.02 (dd, J; = 7.2 Hz, J, = 11.1 Hz, 0.4H), 7.15-7.23 (m,
3H), 7.28-7.32 (m, 2H); *C NMR (125 MHz, CDCls) § 14.1, 14.2, 29.1 (g, J = 1.9 Hz), 29.5 (q, J = 1.9 Hz), 32.2,
33.3,37.9,41.5 (q, J = 26.5 Hz), 46.6 (g, J = 26.5 Hz), 60.8, 60.9, 126.0 (q, J = 1.9 Hz), 126.2, 126.3, 126.7 (q, J
=278.6 Hz), 127.1 (q, J = 1.9 Hz), 128.3, 128.4, 128.4, 128.5, 128.5, 129.4, 140.5, 140.7, 170.8, 171.1; F NMR
(377 MHz, CDClg) 6 -72.65 (d, J = 9.2 Hz, 1.8F), —-70.95 (d, J = 9.2 Hz, 1.2F); IR (neat) v 2936, 1737, 1255, 1161,
1115, 974 cm; HRMS (TOF-ESI) m/z Calcd for Ci6H1gFsNaO, [M+Na]* 323.1221, found 323.1229.

(E)-Ethyl 6,6,6-trifluoro-2,2,5-trimethylhex-3-enoate (2d)

CF3

Wcoza
Me Me

Conditions B: Allylsilane (1d) (121.2 mg, 0.50 mmol), Togni reagent I (284.4 mg, 0.90 mmol), Ru(bpy)sCl,*6H,0
(18.8 mg, 0.025 mmol) and MeOH (1.0 mL). The isomeric ratio was determined by *°F NMR analysis of the crude
mixture (E/Z ratio 14). Purification by SiO, gel column chromatography (EtOAc/n-hexane = 1/50) provided 2d
(59.2 mg, 69% vyield, E/Z ratio >20) as a colorless oil.
'"H NMR (500 MHz, CDCls)  1.21 (d, J = 6.9 Hz, 3H), 1.24 (t, J = 7.0 Hz, 3H), 1.30 (s, 6H), 2.79-2.91 (m, 1H),
4.13 (q, J = 7.0 Hz, 2H), 5.43 (dd, J, = 7.9 Hz, J, =15.8 Hz, 1H), 5.89 (d, J = 15.8 Hz, 1H); *C NMR (125 MHz,
CDCl3) 8 13.5 (9, J = 1.9 Hz), 14.1, 24.7, 24.9, 41.5 (q, J = 27.2 Hz), 44.1, 60.8, 123.1 (9, J = 2.9 Hz), 127.2 (9, J =
277.7 Hz), 139.5, 176.0; °F NMR (377 MHz, CDCl3) § -72.87 (d, J = 8.0 Hz, 3F); IR (neat) v 2985, 1731, 1464,
1386, 1258, 1127, 1019, 972, 864 cm *; HRMS (TOF-ESI) m/z Calcd for Cy;H17FsNaO, [M+Na]* 261.1083, found
261.1073.

syn-(E)-Ethyl 6,6,6-trifluoro-2,5-dimethylhex-3-enoate (2¢e)
CF;

)\/\rCOZEt

Me
Conditions B: Allylsilane (1e) (57.1 mg, 0.25 mmol), Togni reagent | (142.2 mg, 0.45 mmol), Ru(bpy)sCl,*6H,0
(9.4 mg, 0.0125 mmol) and MeOH (0.5 mL). The isomeric ratio was determined by **F NMR analysis of the crude
mixture (E/Z ratio 7.0, syn:anti(E) = 15). Purification by column chromatography on SiO, gel (EtOAc/n-hexane =
1/20 to 1/10) provided 2e (36.2 mg, 65% yield, E/Z ratio 15, syn:anti(E) = 7.4) as a colorless oil.
Conditions C: Allylsilane (1e) (57.1 mg, 0.25 mmol), Umemoto reagent Il (181.0 mg, 0.45 mmol),
Ru(bpy)sCly*6H,0 (9.4 mg, 0.0125 mmol) and EtOH (0.5 mL). The isomeric ratio was determined by *°F NMR

analysis of the crude mixture (syn:anti (E) = 6.1, E/Z ratio >20). Purification by SiO, gel column chromatography
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provided 2e (18.5 mg, 33% yield, syn:anti (E) = 6.4, E/Z ratio >20)

Characterization data for syn-(E)-2e: 'H NMR (500 MHz, CDCl5) & 1.22 (d, J = 7.3 Hz, 3H), 1.26 (t, J = 7.3 Hz,
3H), 1.28 (d, J = 7.0 Hz, 3H), 2.80-2.91 (m, 1H), 3.11-3.17 (m, 1H), 4.14 (q, J = 7.3 Hz, 1H), 4.15 (g, J = 7.3 Hz,
1H), 5.49 (dd, J; = 7.9 Hz, J, =15.5 Hz, 1H), 5.78 (dd, J, = 7.9 Hz, J, =15.5 Hz, 1H); *C NMR (125 MHz, CDCls)
§13.4 (9, J = 2.8 Hz), 14.1, 17.2, 41.4 (q, J = 27.5 Hz), 42.8, 60.7, 126.2 (q, J = 2.8 Hz), 127.0 (q, J = 277.7 Hz),
134.0, 173.2; *F NMR (377 MHz, CDCl3) 6 —72.90 (d, J = 9.2 Hz, 3F); IR (neat) v 2985, 1734 1462, 1260, 1174,
1129, 1073, 1015, 970 cm *; HRMS (EI/F1) m/z Calcd for C1oH;5F30, [M]*224.1027, found 224.1024.

syn-(E)-Ethyl 2-benzyl-6,6,6-trifluoro-5-methylhex-3-enoate (2f)

CF;

)\/\(COZEt

Ph

Conditions B: Allylsilane (1f) (76.1 mg, 0.25 mmol), Togni reagent I (142.2 mg, 0.45 mmol), Ru(bpy)sCl,*6H,0
(9.4 mg, 0.0125 mmol) and MeOH (0.5 mL). The isomeric ratio was determined by *°F NMR analysis of the crude
mixture (syn:anti(E) = 10, E/Z ratio 15). Purification by SiO, gel column chromatography (EtOAc/n-hexane=1/20)
provided the title compound (2f) (62.6 mg, 83% yield, syn:anti(E) = 9.0, E/Z ratio 19) as a colorless oil.

Conditions C: Allylsilane (1f) (76.1 mg, 0.25 mmol), Umemoto reagent 111 (181.0 mg, 0.45 mmol),
Ru(bpy)sClp*6H,0 (9.4 mg, 0.0125 mmol) and EtOH (0.5 mL). The isomeric ratio was determined by *F NMR
analysis of the crude mixture (syn:anti(E) = 8.6, E/Z ratio >20). Purification by SiO, gel column chromatography
provided 2f (18.3 mg, 24% yield, syn:anti(E) = 9.3, E/Z ratio >20)

Characterization data for syn-(E)-2f: 'H NMR (500 MHz, CDCl5) & 1.18 (m, 6H), 2.78-2.85 (m, 1H), 2.84 (dd, J;
=7.6 Hz, J, = 13.6 Hz, 1H), 3.08 (dd, J; = 7.6 Hz, J, = 13.6 Hz, 1H), 3.29 (q, J = 7.6 Hz, 1H), 4.104 (g, J = 7.0 Hz,
1H), 4.106 (g, J = 7.3 Hz, 1H), 5.38 (dd, J; = 7.9 Hz, J, = 15.8 Hz, 1H), 5.79 (dd, J; = 8.8 Hz, J, =15.8 Hz, 1H),
7.15 (d, J = 7.0 Hz, 2H), 7.21 (t, J = 7.6 Hz, 1H), 7.27 (t, J = 7.6 Hz, 2H); *C NMR (125 MHz, CDCl,) 5 13.4 (q,
J =19 Hz), 14.0, 38.8, 41.4 (q, J = 27.5 Hz), 51.0, 60.7, 126.5, 126.9 (q, J = 277.7 Hz), 127.9 (g, J = 2.8 Hz),
128.3,129.1, 132.1, 173.1; "*F NMR (377 MHz, CDCls) § -72.72 (d, J = 9.2 Hz, 3F); IR (neat) v 2986, 1731, 1258,
1171, 1125, 1017, 971, 911, 857 cm *; HRMS (TOF-ESI) m/z Calcd for CygH1oFsNaO, [M+Na]*323.1221, found
323.1229.

syn-(E)-Ethyl 6,6,6-trifluoro-2-isopropyl-5-methylhex-3-enoate (29)
CF;
= CO,Et

Conditions B: Allylsilane (1g) (64.0 mg, 0.25 mmol), Togni reagent | (142.2 mg, 0.45 mmol), Ru(bpy)sCl,*6H,0
(9.4 mg, 0.0125 mmol) and MeOH (0.5 mL). The isomeric ratio was determined by **F NMR analysis of the crude
mixture (syn:anti(E) = 3.5, E/Z ratio >20). Purification by SiO, gel column chromatography (EtOAc/n-hexane =
1/20) provided the title compound (2g) (34.6 mg, 55% vyield, syn:anti(E) = 6.6, E/Z ratio >20) as a colorless oil.
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Characterization data for syn-(E)-2g: *"H NMR (500 MHz, CDCl,) & 0.88 (d, J = 6.6 Hz, 3H), 0.93 (d, J = 6.6 Hz,
3H), 1.21 (d, J = 7.0 Hz, 3H), 1.27 (t, J = 7.3 Hz, 3H), 1.96-2.05 (m, 1H), 2.70 (dd, J; = 8.5 Hz, J, = 9.5 Hz, 1H),
2.82-2.93 (m, 1H), 4.15 (q, J = 7.0 Hz, 1H), 4.16 (q, J = 7.3 Hz, 1H), 5.43 (dd, J, = 8.2 Hz, J, = 15.8 Hz, 1H), 5.71
(dd, J; = 9.5 Hz, J, =15.8Hz, 1H); **C NMR (125 MHz, CDCl,) 5 13.5 (q, J = 2.9 Hz), 14.2, 19.5, 20.6, 30.9, 41.7
(q, J = 27.5 Hz), 56.8, 60.4, 127.1 (q, J = 277.7 Hz), 128.2 (q, J = 1.9 Hz), 132.1, 173.6; *F NMR (377 MHz,
CDCls) § -72.84 (d, J = 8.1 Hz, 3F); IR (neat) v 2964, 1732, 1258, 1175, 1123, 1017, 975, 840 cm *; HRMS
(FI/E1) m/z Calcd for Cy,H1oF50, [M]" 252.1337, found 252.1337.

syn-(E)-Ethyl 2-[(tert-butoxycarbonyl)amino]-6,6,6-trifluoro-5-methylhex-3-enoate
CF3
= CO,Et
NHBoc
Conditions B: Allylsilane 1h (50.0 mg, 0.15 mmol), Togni reagent I (86.2 mg, 0.27 mmol), Ru(bpy)sCl,*6H,0 (5.6
mg, 0.0075 mmol) and MeOH (0.3 mL). Purification by column chromatography on SiO, gel
(EtOAc/n-hexane=1/10) provided the title compound (25.6 mg, 52% vyield) as a colorless oil.
'"H NMR (400 MHz, CDCl3) & 1.22 (d, J =7.1 Hz, 3H), 1.28 (t, J = 7.3 Hz, 3H), 1.46 (s, 9H), 2.86-2.95 (m 1H),
4.17-4.29 (m, 2H), 4.84 (br. s, 1H), 5.19 (br. s, 1H), 5.68-5.80 (m, 2H).The presence of rotamers was confirmed by
NMR analysis. IR (neat) v 2982, 1715, 1499, 1368, 1258, 1164, 1126, 1019, 970, 863 cm *; HRMS (TOF-ESI) m/z
Calcd for Cy4H2,FsNNaO, [M+Na]* 348.1386, found 348.1393.

syn-(E)-Ethyl 2-amino-6,6,6-trifluoro-5-methylhex-3-enoate hydrogenchloride salt (2h)
CF3
_~__CO,Et
NHz*CI
syn-(E)-Ethyl 2-[(tert-butoxycarbonyl)amino]-6,6,6-trifluoro-5-methylhex-3-enoate (21.2 mg, 0.65 mmol) was
treated with HCI (1.0 mL, 1.25 M, in EtOH) and stirred for 24 hrs. The mixture was evaporated to yield the desired
product (2h) (17.1 mg, quant.) as a yellow oil. The isomeric ratio was determined by **F NMR analysis (syn:anti(E)
= 4.5, E/Z ratio >20).
Characterization data for syn-(E)-2h: *H NMR (500 MHz, CDCl5) & 1.25 (d, J = 6.9 Hz, 3H), 1.28 (t, J = 7.0 Hz,
3H), 2.94-3.05 (m, 1H), 4.20-4.33 (m, 2H), 4.73 (br. s, 1H), 5.98 (dd, J; = 5.4 Hz, J, = 15.8 Hz, 1H), 6.08 (dd, J; =
6.9 Hz, J, = 15.8 Hz, 1H ), 8.96 (br. s, 3H); *C NMR (125 MHz, CDCl3) & 13.5 (q, J = 2.8 Hz), 13.8,41.0 (q, J =
28.4 Hz), 54.6, 62.9, 124.5, 126.6 (q, J = 277.7 Hz), 134.0 (q, J = 2.8 Hz), 167.7; **F NMR (377 MHz, CDCls) 6 —
72.33 (d, J = 9.2 Hz, 3F); IR (neat) v 2917, 1745, 1508, 1258, 1222, 1176, 1129, 1017, 972, 859 cm *; HRMS
(TOF-ESI) m/z Calcd for CoHy3sCIFsNO, [M]* 226.1055, found 226.1049.

anti-(E)-Ethyl 6,6,6-trifluoro-2-methoxy-5-methylhex-3-enoate (2i)
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CF;

N~ _costt

OMe
Conditions B: Allylsilane (1i) (57.6 mg, 0.25 mmol), Togni reagent | (142.2 mg, 0.45 mmol), Ru(bpy);Cl,*6H,0
(9.4 mg, 0.0125 mmol) and MeOH (0.5 mL). The isomeric ratio was determined by *°F NMR analysis of the crude
mixture (syn:anti(E) = 4.6, E/Z ratio >20). Purification by SiO, gel column chromatography (EtOAc/n-hexane =
1/10) provided 2i (41.4 mg, 73% yield, syn:anti(E) = 9.8, E/Z ratio >20) as a colorless oil.
Conditions C: Allylsilane (1i) (57.6 mg, 0.25 mmol), Umemoto reagent 111 (181.0 mg, 0.45 mmol),
Ru(bpy)sClp*6H,0 (9.4 mg, 0.0125 mmol) and MeOH (0.5 mL). The isomeric ratio was determined by **F NMR
analysis of the crude mixture (syn:anti(E) = 9.6, E/Z ratio >20). Purification by SiO, gel column chromatography
provided 2i (42.7 mg, 76% yield, syn:anti (E) = 4.6, E/Z ratio >20)
Characterization data for anti-(E)-2i: '"H NMR (500 MHz, CDCl,) & 1.25 (d, J = 7.2 Hz, 3H), 2.86-2.97 (m, 1H),
3.42 (s, 3H), 3.78 (s, 3H), 4.29 (d, J = 6.3 Hz, 1H), 5.74 (dd, J; = 6.0 Hz, J, = 15.8 Hz, 1H), 5.87 (ddd, J; = 1.3 Hz,
J, = 7.6Hz, J3 = 15.8 Hz, 1H); *C NMR (125 MHz, CDCl5) 5 13.1 (q, J = 2.8 Hz), 41.2 (q, J = 28.4 Hz), 52.4,
57.5, 80.4, 126.8 (q, J = 277.7 Hz), 129.1, 129.6 (q, J = 2.8 Hz), 170.7; “*F NMR (377 MHz, CDCl3) 6 —72.64(d, J
= 8.1 Hz, 3F); IR (neat) v 1750, 1260, 1177, 1133, 1014, 907, 802, 728 cm*; HRMS (TOF-ESI) m/z Calcd for
CoH13FsNaO; [M+Na]" 249.0704, found 249.0709.

5-(Trifluoromethyl)hept-6-en-1-yl benzoate (2j) and 7,7,7-Trifluoro-6-[(trimethylsilyl)methyl]heptyl benzoate
(4)

o CF,

Togni reagent I (1.8 equiv) Ph/U\O/\/\)\/
o 5 mol% Ru(bpy);Cl,-6H,0 2
14 W light bulb
Ph)J\o/\/\/\/\SiMeg, 9
MeOH, 24 h, rt 2
e , , I
L . Ph)J\O/\/\/Y\SiMe;;
CF,

4

Conditions B: (E)-7-(trimethylsilyl)hept-5-en-1-yl benzoate 1j (72.5 mg, 0.25 mmol), Togni reagent 1 (94.8 mg,
0.30 mmol), Ru(bpy)sCl,*6H,0 (9.4 mg, 0.0125 mmol) and MeOH (0.5 mL). The ratio of 2j/4 was determined by
F NMR analysis of the crude mixture (2j/4 ratio 1.6). Purification by preparative TLC (n-hexane/EtOAc = 10/1)
provided 2j (20.5 mg, 44% yield) as a colorless oil and 4 (29.4 mg, 33% yield) as a colorless oil, respectively.
5-(Trifluoromethyl)hept-6-en-1-yl benzoate (2j)

'H NMR (400 MHz, CDCl3) & 1.32-1.42 (m, 1H), 1.47-1.55 (m, 2H), 1.64-1.80 (m, 3H), 2.57-2.70 (m, 1H),
4.24-4.29 (m, 2H), 5.21 (dd, J = 19.4 Hz, 1H), 5.25 (d, J = 15.4 Hz, 1H), 5.56 (dt, J, = 9.8 Hz, J, = 19.4 Hz, 1H),
7.28 (t, J = 7.8 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.97 (d, J = 7.8 Hz, 2H); *C NMR (125 MHz, CDCl;) & 23.0.
27.1(q, J=2.9 Hz), 28.4, 48.5 (q, J = 26.5 Hz), 64.6, 121.3, 126.7 (q, J = 277.7 Hz), 128.3, 129.5, 130.3, 131.5 (q,
J = 2.8 Hz), 132.9, 166.6; “°F NMR (376 MHz, CDCls) § —71.63 (d, J = 9.2 Hz, 3F); IR (neat) v 2954, 1718, 1272,
1253, 1173, 1110, 1070, 1027, 933, 845, 710 cm *; HRMS (ESI) m/z Calcd for CysHi/F30.Na [M]" 286.1181,
found 286.1183.
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7,7,7-Trifluoro-6-[(trimethylsilyl)methyl]heptyl benzoate (4)

'"H NMR (500 MHz, CDCl5) & 0.05 (s, 9H), 0.67 (ddd, J, = 5.1 Hz, J, = 8.2 Hz, J;= 15.1 Hz, 1H), 0.84 (ddd, J; =
5.7 Hz, J, = 8.2 Hz, Jy= 15.1 Hz, 1H), 1.42-1.90 (m, 8H), 2.12-2.21 (m, 1H), 4.32-4.35 (m, 2H), 7.45 (t, J = 7.9
Hz, 2H), 7.57 (t, J = 7.6 Hz, 1H), 8.05 (d, J = 7.2 Hz, 2H); *C NMR (125 MHz, CDCl;) 5 —1.1, 15.3, 26.3, 26.5,
28.6, 30.8 (q, J = 1.9 Hz), 64.9, 127.7, 128.8 (q, J = 278.6 Hz), 129.5, 130.4, 132.9, 166.6; °F NMR (376 MHz,
CDCls) 6 —71.44 (d, J = 9.1 Hz, 3F); IR (neat) v 2954, 1720, 1452, 1271, 1151, 1110, 1070, 1027, 839, 710 cm *;
HRMS (ESI) m/z Calcd for CygH,7F30,NaSi [M+Na]" 383.1630, found 383.1625.

(4,4,4-trifluoro-3-methylbut-1-en-2-yl)benzene (2k)

CF3

Conditions B: (Z)-trimethyl(2-phenylbut-2-en-1-yl)silane®™ (36.7 mg, 0.25 mmol), Ru(bpy)sCl,*6H,0 (5.6 mg,
0.0075 mmol), Togni reagent 1 (56.9 mg, 0.18 mmol) and MeOH (0.5 mL). The crude residue was purified by SiO,
gel column chromatography (n-hexane) to afford 2k (16.5 mg, 55% yield) as a colorless oil. ‘H NMR (200 MHz,
CDCls) 6 1.40 (d, J = 7.2 Hz, 3H), 3.29-3.53 (m, 1H), 5.42 (s, 1H), 5.51 (s, 1H), 7.33-7.37 (m, 5H); °C NMR
(100 MHz, CDCly) 6 14.7, 42.6 (g, J = 27.0 Hz), 116.8, 126.4, 127.1 (g, J = 277.9 Hz), 127.7, 128.4, 141.7, 144.9;
F NMR (236 MHz, CDCl;) 6 —70.6 (d, J = 8.6 Hz, 3F); HRMS (EI/FI) m/z Anal. Calcd for Cy;H1,F5 200.0813,
found [M]" 200.0820. Characterisation data correspond to the literature.!"

(E)-Methyl 6,6,6-trifluorohex-3-enoate (21)
o _CO,Me

Conditions C: Methyl 3-(trimethylsilyl)-4-pentenoate 1l (46.6 mg, 0.25 mmol), Umemoto’s trifluoromethylating
reagent 111 (120.7 mg, 0.30 mmol), Ru(bpy)sCl,*6H,0 (9.4 mg, 0.0125 mmol) and MeOH (0.5 mL). The ratio of
E/Z isomers was determined by “°F NMR analysis of the crude mixture (E/Z ratio 2.7). Fluorobenzene (23.4 uL,
0.25 mmol) was added as an internal standard and the yield was calculated to be 55% by *°F NMR spectroscopy.
Purification by SiO, gel column chromatography (n-hexane/EtOAc = 20/1) provided 21 (15.0 mg, 33% vyield, E/Z
ratio 3.3) as a colorless oil.

Note: This compound is volatile, complete evaporation in vacuo (<10 mmHg) after 10 min.

Characterization data for the E/Z mixtures of 21 (E/Z ratio 3:3): *H NMR (500 MHz, CDCls) § 2.78-2.92 (m.2H),
3.13 (d, J = 6.9 Hz, 2H), 3.71 (s, 2.25H), 3.71 (s, 0.75H), 5.54 (dtt, J; = 1.6 Hz, J, = 6.9 Hz, J; = 1.6 Hz, 15.5 Hz,
0.75 H), 5.62 (dtt, J; = 1.9 Hz, J, = 7.3 Hz, J; = 10.1 Hz, 0.75 H), 5.85 (dt, J, = 6.9 Hz, J, = 15.5 Hz, 0.75 H), 5.95
(dt, J; = 7.9 Hz, J, = 10.1 Hz, 0.25 H); **C NMR (125 MHz, CDCl3) 6 32.4 (q, J = 29.4 Hz), 32.8, 37.3 (q, J = 29.4
Hz), 37.5, 120.5 (q, J = 3.8 Hz), 121.9 (q, J = 3.8 Hz), 125.7 (q, J = 274.8 Hz), 127.7, 129.5, 171.2, 171.5; °F
NMR (236 MHz, CDCl;) 6 —66.45 (t, J = 10.8 Hz, 0.75F), —66.84 (t, J = 10.6 Hz, 2.25F); IR (neat) v 1494, 1449,
1344, 1259, 1173, 1123, 1086, 1060, 1016, 974, 884, 747, 697 cm ~; HRMS (EI/FI) m/z Calcd for C;HgF;0, [M]*
182.0555, found 182.0555.
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Diisopropyl(methoxy){[4-methyl-3-(trifluoromethyl) pent-4-en-1-yl]Joxy}-silane (2m)

B

Conditions B: 2,2-diisopropyl-4-methyl-2,3,6,7-tetrahydro-1,2-oxasilepine 1m™! (53.0 mg, 0.25 mmol),
Ru(bpy)sCl*6H,0 (9.4 mg, 0.0125 mmol), Togni reagent 1 (94.8 mg, 0.3 mmol) and MeOH (0.5 mL). The crude
residue was purified by SiO, gel column chromatography (Et,O/n-hexane = 1/99) to afford 2m (31.0 mg, 41%
yield). '"H NMR (400 MHz, CDCls) ¢ 1.04-1.05 (d, 12H), 1.44-1.52 (m, 1H), 1.53-1.65 (m, 1H), 1.67-1.74 (m,
1H), 1.77 (s, 3H), 1.81-1.87 (m, 1H), 3.08 (d quintet, J; = 4.0 Hz, J, = 9.5 Hz, 1H), 3.57 (s, 3H), 3.67 (dt, J, = 6.0
Hz, J, = 11.4 Hz, 1H), 4.96 (s, 1H), 5.07 (s, 1H); *C NMR (125 MHz, CDCl,) 6 11.9, 17.3,17.3, 19.7, 22.8 (q, J =
2.8 Hz), 29.7, 50.9, 50.9 (q, J = 25.7 Hz), 62.1, 117.7, 127.0 (q, J = 279.0 Hz), 138.6 (q, J = 1.8 Hz); °F NMR
(377 MHz, CDCl3) 6 —69.1 (d , J = 10.4 Hz, 3F); HRMS (ESI) m/z Anal. Calcd for Cy4H,;F3NaSi 335.1630, found
[M+Na]" 335.1628. Characterization data correspond to the literature.™®

(+)-(E)-(4,4,4-Trifluoro-3-methylbut-1-3n-1yl)benzene (2n)
CFs

Conditions B: (R, E)-allylsilane 1n (51.1 mg, 0.25 mmol, 94% ee), Togni reagent 1 (142.2 mg, 0.45 mmol),
Ru(bpy)sClp*6H,0 (9.4 mg, 0.0125 mmol) and MeOH (0.5 mL). The isomeric ratio was determined by **F NMR
analysis of the crude mixture (E/Z ratio 5.0). Purification by SiO, gel column chromatography (n-hexane) provided
2n (28.1 mg, 56% vyield, E/Z ratio 5.0, 71% ee) as a colorless oil. The enantiomeric purity of 2n was determined by
HPLC analysis: CHIRACEL® OJ-H column, 4.6 mm x 250 nm, n-hexane, 0.5 min/mL, 25 °C, UV detector, tg
(minor) = 17.5 min and tg (major) = 19.0 min.

'"H NMR (400 MHz, CDCls) & 1.33 (d, J = 7.0 Hz, 3H), 2.99-3.09 (m, 1H), 6.12 (dd, J; = 8.1 Hz, J, = 15.9 Hz,
1H), 6.58 (d, J = 16.9 Hz, 1H), 7.26-7.29 (m, 1H), 7.34 (t, J = 7.8 Hz, 2H), 7.39 (d, J = 7.6 Hz, 2H); *C NMR
(125 MHz, CDCl3) § 13.6 (9, J = 1.9 Hz), 41.9 (q, J = 27.5 Hz), 124.2 (q, J = 2.8 Hz), 126.4, 127.2 (q, J = 277.7
Hz), 128.0, 128.6, 134.1. 136.3; "°F NMR (377 MHz, CDCl,) 6 —72.53 (d, J = 9.2 Hz, 3F); IR (neat) v 1258, 1172,
1123, 1070, 1016, 965, 839, 747, 693 cm *; HRMS (E1/SI) m/z Calcd for Cy;Hy;F5 [M]*200.0808, found 200.0813.
[a]o® = +6.4 (c = 0.5, MeOH).
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rac-(E)-2n (+)-(E)-2n

Time (min) Area %oarea Time (min) Area %oarea

17.796 3908447 52.54 17.551 2079346 14.34

19.355 3531036 47.46 19.043 12424533 85.66

1-[4-(4,4,4-Trifluoro-3-methylbut-1-3-en-1-yl)phenyl]ethanone (20)
- gFs
=
O
(-+(2)-20 (+HE)}20 ©

Conditions B: (R,E)-allylsilane 1o (123.1 mg, 0.50 mmol, 99% ee), Togni reagent |1 (284.4 mg, 0.90 mmol),
Ru(bpy)sCl,*6H,0 (18.8 mg, 0.025 mmol) and MeOH (1.0 mL). The isomeric ratio was determined by °F NMR
analysis of the crude mixture (E/Z = 7.0). Purification by SiO; gel column chromatography (n-hexane) enabled to
isolate Z-isomer (11.4 mg, 9% yield, 96% ee) as a colorless oil and the E-isomer (71.2 mg, 59% yield, 76% ee) as a
colorless oil, respectively.

(-)-(2)-1-[4-(4,4,4-Trifluoro-3-methylbut-1-3en-1-yl)phenyl]ethanone

'H NMR (500 MHz, CDCl3) § 1.23 (d, J = 6.9 Hz, 3H), 2.62 (s, 3H), 3.31-3.41 (m, 1H), 5.69 (t, J = 11.0 Hz, 1H),
6.72 (d, J = 11.0 Hz, 1H), 7.33 (d, J = 8.2 H, 2H), 7.96 (d, J = 8.2 Hz, 2H); *C NMR (125 MHz, CDCls) & 14.3 (q,
J=28Hz), 26.6,37.5 (q, J = 27.4 Hz), 127.2 (q, J = 277.7 Hz), 128.4 (q, J = 2.8 Hz), 128.5, 128.6, 132.3, 136.0,
141.0, 197.5; °F NMR (236 MHz, CDCls) § —72.51(d, J = 8.4 Hz, 3F); IR (neat) v 1683, 1605, 1357, 1259, 1168,
1129, 1104, 1069, 1013, 857, 739, 696 cm *; HRMS (ESI) m/z Calcd for Cy3H;5F;ONa [M+Na]" 265.0813, found
265.0811; [a]p”™® = —24.0 (c = 0.3, MeOH). The enantiomeric purity of (Z)-20 was determined by HPLC analysis:
CHIRACEL® 0J-H column, 4.6 mm x 250 mm, n-hexane/i-PrOH = 99:1, 0.5 min/mL, 25 °C, UV detector (270

nm), tg (minor) = 19.1 min and tg (major) = 22.2 min.

rac-(Z)-20 (-)-(2)-20
Time (min) Area %area Time (min) Area %area
18.390 4080200 49.13 19.114 25950110 98.02
21.258 4172594 50.87 22.230 525539 1.98
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(+)-(E)-1-[4-(4,4,4-Trifluoro-3-methylbut-1-3n-1yl)phenyl]ethanone

'H NMR (500 MHz, CDCl5) 8 1.35 (d, J = 7.3 Hz, 3H), 2.61 (s, 3H), 3.02-3.13 (m, 1H), 6.25 (dd, J; = 7.9 Hz, J, =
16.1 Hz, 1H), 6.63 (d, J = 16.1 Hz, 1H), 7.47 (d, J = 8.5 Hz, 2H), 7.93 (d, J = 8.5 Hz, 2H); *C NMR (125 MHz,
CDCls) 5 13.5 (q, J = 2.8 Hz), 26.6, 41.4 (q, J = 27.5 Hz), 126.5, 126.9 (q, J = 277.7 Hz), 127.1 (q, J = 2.8 Hz),
128.8, 133.1, 136.4, 140.8, 197.5; F NMR (236 MHz, CDCl,) § —72.81 (d, J = 8.7 Hz, 3F); IR (neat) v 1681,
1604, 1359, 1226, 1171, 1123, 1070, 969, 817 cm *; HRMS (EI/FI) m/z Calcd for Cy3HysF50 [M]* 242.0914, found
242.0918. [0]p”™® = +11.0 (c = 0.5, MeOH). The enantiomeric purity of (E)-20 was determined by HPLC analysis:
CHIRACEL® 0J-H column, 4.6 mm x 250 mm, n-hexane, 0.5 min/mL, 25 °C, UV detector (270 nm), tg (minor) =
23.0 min and tg (major) = 25.7 min.

rac-(E)-20 (+)-(E)-20
Time (min) Area Yoarea Time (min) Area Yoarea
21.665 30651524 50.33 23.005 8329315 12.2
24.057 30246626 49.67 25.685 59871798 87.8

(+)-(E)-Methyl 4-(4,4,4-trifluoro-3-methyl-but-1-en-1yl)benzozate (2p)

CFs3

/\/\@\
COzMe

Conditions B: (R, E)-allylsilane 1p (65.6 mg, 0.25 mmol, 99% ee), Togni reagent | (142.2 mg, 0.45 mmol),
Ru(bpy)sCl,*6H,0 (9.4 mg, 0.0125 mmol) and MeOH (0.5 mL). The isomeric ratio was determined by °F NMR
analysis of the crude mixture (E/Z ratio 7.2). Purification by SiO, gel column chromatography (EtOAc/n-hexane
gradient 99.5/0.5 to 98/2) provided (E)-2p (27.0 mg, 41% yield, 72% ee) as a colorless oil.

'H NMR (400 MHz, CDCly) 5, 1.35 (d, J = 7.1 Hz, 3H), 2.92-3.06 (m, 1H), 3.92 (s, 3H), 6.24 (dd, J;= 8.0 Hz, J,
=15.7 Hz, 1H), 6.62 (d, J = 15.7 Hz, 1H), 7.45 (d, J = 8.3 Hz, 2H), 8.00 (d, J = 8.3 Hz, 2H); *C NMR (125 MHz,
CDCl3) 8 13.5(q, J = 1.9 Hz), 41.9 (q, J = 27.5 Hz), 52.1, 126.3, 126.8 (q, J = 2.9 Hz), 126.9 (q, J = 277.7 Hz),
129.4, 130.0, 133.2, 140.7, 166.8; *°F NMR (236 MHz, CDCl) § —72.8 (d, J = 8.7 Hz, 3F); IR (neat) v 2992, 2954,
1722, 1281, 1258, 1177, 1127 cm *; HRMS (CI+) m/z Calcd for C13H140,F; [M+H]" 259.0946, found 259.0951;
[a]p® = +13.0 (¢ = 1.0, CHCI;). The enantiomeric purity of (E)-2p was determined by HPLC analysis:
CHIRACEL® OD-H column, 4.6 mm x 250 mm, n-hexane/i-PrOH = 97:3, 0.5 min/mL, 25 °C, UV detector (270
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nm), tg (minor) = 10.0 min and tg (major) = 12.3 min.

rac-(E)-2p (H)-(E)-2p
Time (min) Area %area Time (min) Area %area
10.016 39889062 49.06 10.001 7588683 14.04
12.287 41411488 50.94 12.264 46470119 85.96
1-[4-(5-phenyl-3-(trifluoromethyl)pent-1-en-1-yl)phenyl]ethanone (2q)
CF3
/ §
Ph Z
Ph CF,
o]
0]
(+)>-(2)-2q (+)-(E)-2q

Conditions B: (R, E)-allylsilane 1q (84.0 mg, 0.25 mmol, 99% ee), Togni reagent | (142.3 mg, 0.45 mmol),
Ru(bpy)sCl,*6H,0 (9.4 mg, 0.0125 mmol) and MeOH (0.5 mL). The isomeric ratio was determined by **F NMR
analysis of the crude mixture (E/Z ratio 3.2). Purification by SiO, gel column chromatography (EtOAc/n-hexane =
97/3) enabled to isolate the Z-isomer (14.2 mg, 17% yield, 96% ee) as a colorless oil and the E-isomer (34.6 mg,
42% yield, 69% ee) as a colorless oil, respectively.
(+)-(2)-1-[4-(5-phenyl-3-(trifluoromethyl)pent-1-en-1-yl)phenyl]ethanone

'H NMR (500 MHz, CDCl;) & 1.81-1.89 (m, 1H), 2.11-2.18 (m, 1H), 2.43 (dt, J; = 7.9 Hz, J,= 16.7 Hz, 1H), 2.68
(s,3H), 2.74 (dd, J 1= 5.4 Hz, J, = 9.2 Hz, 1H), 3.28-3.37 (m, 1H), 6.71 (t, J = 11.7 Hz, 1H), 6.94 (d, J = 11.7 Hz,
1H), 7.01-7.03 (m, 2H), 7.19-7.21 (m, 3H), 7.33 (d, J = 8.5 Hz, 2H), 7.97 (d, J = 8.5 Hz, 2H); *C NMR (125
MHz, CDCls) 6 26.6, 30.2 (q, J = 1.9 Hz), 32.2, 44.6 (q, J = 26.5 Hz), 126.1, 126.9 (9, J = 277.7 Hz), 127.0 (q, J =
2.8 Hz), 128.3, 128.4, 128.6, 128.6, 134.4, 136.0, 140.3, 141.0, 197.6; °F NMR (236 MHz, CDCls) 5 -72.87 (d, J
= 8.7 Hz, 3F); IR (neat) v 1683, 1604, 1455, 1358, 1252, 1155, 1113, 956, 855, 747, 700 cm*; HRMS (EI/FI) m/z
Calcd for CyH1oF5O [M]" 333.1388, found 333.1382; [a]p? = +10.0 (¢ = 0.25, MeOH). The enantiomeric purity of
(2)-2q was determined by HPLC analysis: CHIRACEL® OD-H column, 4.6 mm x 250 mm, n-hexane/i-PrOH =
97:3, 0.5 min/mL, 25 °C, UV detector (270 nm), tz (major) = 16.7 min and tg (minor) = 20.6 min.
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rac-(2)-2q (H)-(0)-2q
Time (min) Area %area Time (min) Area %area
17.410 9450711 50.62 16.669 65400952 98.10
22.155 9218568 49.38 20.606 1267420 1.90

(+)-(E)-1-[4-(5-phenyl-3-(trifluoromethyl)pent-1-en-1-yl)phenyl]ethanone

'H NMR (500 MHz, CDCl3) § 1.90-1.97 (m, 1H), 2.17-2.24 (m, 1H), 2.57-2.64 (m, 1H), 2.62 (s, 3H), 2.80 (dt, J,
=5.1 Hz, J,=9.5 Hz, 1H), 2.68 (ddq, J;= 3.5 Hz, J,=7.3 Hz, J; = 18.6 Hz, 1H ), 6.15 (dd, J; = 9.5 Hz, J, = 16.0
Hz, 1H), 6.61 (d, J = 16.0 Hz, 1H), 7.18 (d, J = 7.6 Hz, 2H), 7.23 (t, J = 7.3 Hz, 1H), 7.31 (t, J = 7.3 Hz, 2H), 7.49
(d, J = 8.2 Hz, 2H), 7.95 (d, J = 8.2 Hz, 2H); **C NMR (125 MHz, CDCl,) § 26.6, 29.2 (q, J = 1.9 Hz), 32.4, 47.2
(9, J = 26.5 Hz), 125.6 (q, J = 1.9 Hz), 126.3, 126.6, 126.7 (q, J = 277.7 Hz), 128.4, 128.6, 128.8, 135.3, 136.5,
140.4, 140.6, 197.5; °F NMR (236 MHz, CDCl3) 6 —70.17 (d, J = 8.5 Hz, 3F); IR (neat) v 1677, 1601, 1360, 1261,
1160, 1113, 1072, 972, 957, 902, 859, 770, 689, 676 cm *; HRMS (EI/FI) m/z Calcd for CooH1oF;0 [M]* 332.1388,
found 332.1376; [o]p”® = +105.2 (c = 0.25, MeOH). The ee value of (E)-2q was determined by HPLC analysis:
CHIRACEL® OD-H column, 4.6 mm x 250 mm, n-hexane/i-PrOH = 97/3, 0.5 min/mL, 25 °C, UV detector (270
nm), tg (minor) = 28.1 min and tg (major) = 30.4 min.

.

(+)-(E)-2q

rac-(E)-2q
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Time (min) Area %oarea Time (min) Area %oarea
27.604 9450711 50.62 28.146 1698300 14.96
29.693 9218568 49.38 30.430 9654929 85.04

(+)-(E)-(4,4,5,5,5-Pentafluoro-3-methylbut-1-en-1yl)benzene (5)
CF,CF3

/\/\@
Conditions B: (R,E)-allylsilane 1m (40.9 mg, 0.20 mmol, 94% ee), Togni reagent 1 (131.8 mg, 0.40 mmol),
Ru(bpy)sCl,*6H,0 (7.5 mg, 0.010 mmol) and MeOH (0.4 mL). The isomeric ratio was determined by **F NMR
analysis of the crude mixture (E/Z ratio 5.6). Purification by SiO, gel column chromatography (n-hexane) provided
5 (26.3 mg, 53% vield, 78% ee) as a colorless oil.
'H NMR (500 MHz, CDCl3) & 1.34 (d, J = 7.3 Hz, 3H), 3.03-3.12 (m, 1H), 6.09 (dd, J, = 8.8 Hz, J,= 15.8. Hz,
1H), 6.56 (d, J = 15.8 Hz, 1H), 7.26-7.29 (m, 1H), 7.34 (m, J = 7.9 Hz, 2H), 7.38 (d, 6.9 Hz, 2H); **C NMR (125
MHz, CDCly) & 13.4, 40.2 (t, J = 21.8 Hz), 115.8 (tq, J; = 36.0 Hz, J, = 254.0 Hz), 119.4 (tq, J; = 37.0 Hz, J, =
285.2 Hz), 124.0 (dd, J; = 3.8 Hz, J, =5.7 Hz), 126.5, 128.0, 133.9, 136.3; "*F NMR (236 MHz, CDCl;) 6 -122.71
(dd, J; = 17.7 Hz, J; = 271.0 Hz, 1F), -119.22 (dd, J; = 12.2 Hz, J, = 270.7 Hz, 1F), —-82.01 (s, 3F); IR (neat) v
1189, 1123, 1010, 967, 747, 691 cm*; HRMS (EI/FI) m/z Calcd for Ci,Hi,Fs [M]* 250.0781, found 250.0773;
[a]o® = +7.6 (c = 0.25, MeOH). The enantiomeric purity of (E)-7 was determined by HPLC analysis: CHIRACEL®
0J-H column, 4.6 mm x 250 mm, n-hexane, 0.5 min/mL, 25 °C, UV detector (254 nm), tg (major) = 24.8 min and tg

(minor) = 29.3 min.

rac-(E)-5 (+)-(E)-5
Time (min) Area %area Time (min) Area %area
26.124 5438804 50.09 24.845 34005614 89.10
29.522 53952029 49.91 29.318 4158897 10.90

(+)-(E)-1-[4-(4,4,5,5,5-Pentafluoro-3-methylpent-1-en-1yl)phenyl]ethanone (6)




CF,CF3
/\/\@\"/
o

Conditions B: (R, E)-allylsilane 1j (25.8 mg, 0.11 mmol, 99% ee), Togni reagent | (60.0 mg, 0.17 mmol),
Ru(bpy)sCly*6H,0 (4.1 mg, 0.0055 mmol) and MeOH (0.3 mL). The isomeric ratio was determined by °F NMR
analysis of the crude mixture (E/Z ratio 7.4). Purification by preparative TLC (n-hexane/EtOAc = 10/1) provided 6
(19.7 mg, 63% yield, 81% ee) as a colorless oil.

'H NMR (500 MHz, CDCl3) 6 1.36 (d, J = 7.0 Hz, 3H), 2.61 (s, 3H), 3.05-3.17 (m, 1H), 6.22 (dd, J; = 8.9 Hz, J,=
15.8. Hz, 1H), 6.56 (d, J = 15.8 Hz, 1H), 7.46 (d, 8.5 Hz, 2H), 7.93 (d, J = 8.5 Hz, 2H); *C NMR (125 MHz,
CDClg) & 13.2 (t, J = 4.5 Hz), 26.6, 40.3 (t, J = 21.8 Hz), 115.6 (tq, J; = 36.0 Hz, J, = 254.0 Hz), 119.3 (tq, J; =
36.0 Hz, J, = 290.0 Hz), 126.6, 126.9 (dd, J; = 2.8 Hz, J, = 4.7 Hz), 128.8, 133.0, 136.4, 140.8, 197.5; YFNMR
(470 MHz, CDCl3) 6 —122.44 (dd, J; = 17.2 Hz, J, = 270.3 Hz, 1F), —118.96 (dd, J; = 10.4 Hz, J, = 270.3 Hz,
1F) —81.62 (s, 3F); IR (neat) v 1683, 1604, 1360, 1267, 1191, 1113, 1011, 971, 815 cm’; HRMS (EI/FI) m/z
Calcd for Cy4H13FsO [M]292.0887, found 292.0886; [a]p>° = +10.5 (¢ = 0.20, MeOH). The enantiomeric purity of
(E)-8 was determined by HPLC analysis: CHIRACEL® OD-H column, 4.6 mm x 250 mm, n-hexane/i-PrOH = 99:1,
0.5 min/mL, 25 °C, UV detector (270 nm), tg (minor) = 19.5 min and tg (major) = 20.6 min.

rac-(E)-6 (+)-(E)-6
Time (min) Area %area Time (min) Area %area
19.374 44644624 49.39 19.554 5539167 8.91
20.662 45745787 50.61 20.653 56621867 91.09

3-5. Reaction in the presence of TEMPO

Allylsilane (1a) (32.1 mg, 0.15 mmol), Ru(bpy)zCl,*6H,0 (5.6 mg, 0.0075 mmol), Togni reagent I (142.2 mg, 0.45
mmol), 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) (46.9 mg, 0.3 mmol) and MeOH (0.3 mL) were placed in a
vial, which was equipped with a magnetic stir bar. The vial was exposed to visible light at room temperature while
stirring for 24 hrs. The reaction mixture was quenched with sat. ag. NaHCOj3, and the aqueous phase was extracted
with Et,O (x 2). The combined organic phases were washed with water and brine, then dried over MgSO,, filtered
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and concentrated in vacuo. Analysis of the crude mixture with **F NMR showed the formation of the TEMPO—CF,
adduct™™ in 19% yield (diagnostic signal at -56.9 ppm). The yield was determined using benzotrifluoride as an
internal standard. No other fluorinated products were formed.

SV-176 TEMPO.00.001. 1r.esp

—58.8804
—63.9000

T @
/

N

[ia1m: 7

S
=]
T T
545 -580 555 S0 565 5.0 505 580 -5a5 580 935 SO0 A5 HI0 515 620 525 60 £35 -S40 H45 o0 655 Bel  H6S
Chemical SH (ppm)

Figure 2. *F NMR spectra of TEMPO-CF; adduct

3-6. Trifluoromethylation of Radical Clock

Me3Si\l\ / visible light Me;Si CF3 FsC CF3
L @o Ru(bpy):Clz / 6H;0 % . %}J
Ph % MeOH,rt 1d Ph‘(m Ph
OMe OMe
1.2eq 19% 15%

Trimethyl[2-(trans-2-phenylcyclopropylallyl]silane™® (57.6 mg, 0.25 mmol), Ru(bpy)sCl*6H,0 (9.4 mg,
0.0125mmol, 5mol%), Togni reagent 1 (94.8 mg, 0.3 mmol, 1.2 eq) and MeOH (0.5 mL) were placed in a vial
which was equipped with a magnetic stir bar. The vial was exposed to a 14 W fluorescent light bulb at room
temperature while stirring for 48 hrs. The reaction mixture was quenched with sat. ag. NaHCO3, and the aqueous
phase was extracted with Et,0 (x 2). The combined organic phases were washed with water and brine, then dried
over MgSQ,, filtered and concentrated in vacuo. The crude mixture was filtered through a short pad of silica gel
then washed with a mixture solvent (Et,O/n-hexane = 1/10). The filtate evaporated to remove solvents. Preparative
TLC. on SiO, gel using  (Et,O/n-hexane = 1/20) as the eluent to  obtain
[5-methoxy-5-phenyl-2-(2,2,2-trifluoroethyl)-2-pentenyl]trimethylsilane (16.1 mg, 19%, R¢= 0.47) as a colourless
oil and [6,6,6-trifluoro-1-methoxyl-4-(2,2,2-triflucroethyl)hex-3-en-1-yl]benzene(12.3 mg, 15%, R¢= 0.45) as a
colourless oil. [5-methoxy-5-phenyl-2-(2,2,2-trifluoroethyl)-2-pentenyl]trimethylsilane (16.1 mg, 19%, R¢= 0.47)
as a colourless oil and [6,6,6-trifluoro-1-methoxyl-4-(2,2,2-trifluoroethyl)hex-3-en-1-yl]benzene (12.3 mg, 15%, R¢
= 0.45) as a colourless oil.

Allylsilane (0.25 mmol), Ru(bpy)sCl,*6H,0 (9.4 mg, 0.0125 mmol, 5.0 mol%), Togni reagent 1 (0.45 mmol, 1.8

eq) and MeOH (0.5 mL) were placed in a vial which was equipped with a magnetic stir bar. The vial was exposed
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to a 14 W fluorescent light bulb at room temperature while stirring for 48 hrs. The reaction mixture was quenched
with sat. ag. NaHCOs3, and the aqueous phase was extracted with Et,O (x 2). The combined organic phases were
washed with water and brine, then dried over MgSQ,, filtered and concentrated in vacuo. The isomeric ratio was
determined by **F NMR analysis of the crude mixture. Purification by column chromatography on SiO, gel using
the indicated solvent system gave the desired CF; allylic product.

Jun11-201:2-9.006.001. 1r.esp

—-H3.7933
—a301
—-64 4578
—s5.28 |

@ : unidentified peaks [

Jun18-2012-24 006.001. 1r.esp

Figure 3. (top) °F NMR spectrum of the crude reaction mixture with **F/*H decoupling. (middle) **F NMR
spectrum of [5-methoxy-5-phenyl-2-(2,2,2-trifluoroethyl)-2-pentenyl]trimethylsilane. (bottom) **F NMR spectrum
of [6,6,6-trifluoro-1-metoxyl-4-(2,2,2-trifluoroethyl)hex-3-en-1-yl]benzene.

Me38i CF3
‘/>_/

Ph
OMe

Characterization data for E, Z mixture of [5-methoxy-5-phenyl-2-(2,2,2-trifluoroethyl)-2-pente-nyl]trimethyl
silane: '"H NMR (400 MHz, CDCl3) 6 —0.03 (s, 4.5 H), 0.01 (s, 4.5 H), 1.54-1.59 (m, 2H), 2.28-2.78 (m, 4H), 3.21
(s, 1.5 H), 3.23 (s, 1.5 H), 4.08 (t, J = 7.6 Hz, 0.5 H), 4.10 (t, J = 7.1 Hz, 0.5 H), 5.26 (t, J = 7.1 Hz, 0.5 H), 5.30 (t,
J=7.1H, 0.5 H), 7.28-7.30 (m, 3H), 7.34-7.38 (m, 2H); °F NMR (377 MHz, CDCl,) 5 —64.5 (t, J = 12.4 Hz,
1.5F), —63.8 (t, J = 11.5 Hz, 1.5F); HRMS (EI/FI) m/z Anal. Calcd for Ci7H,sF;0Si 330.1627, found [M]"
330.1627.

S-36



FsC CF3
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Ph
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[6,6,6-trifluoro-1-metoxyl-4-(2,2,2-trifluoroethyl)hex-3-en-1-yl]benzene:

'"H NMR (400 MHz, CDCls) 6 2.46 (dt, J; = 6.6 Hz, J, = 14.9 Hz, 2H), 2.59 (dt, J; = 7.4 Hz, J, = 14.9 Hz, 2H),
2.87 (9, J = 10.9 Hz, 2H), 3.23 (s, 3H), 4.15 (t, J = 6.6 Hz, 1H), 5.84 (t, J = 7.4 Hz, 1H), 7.27-7.39 (m, 5H); *°F
NMR (377 MHz, CDCl3) 6 —65.2 (t, J = 10.3 Hz, 3F), —64.4 (t, J = 10.3 Hz, 3F). HRMS (EI/FI) m/z Anal. Calcd
for C15H16F50 326.1105, found [M]" 330.1150.

3-7. Stereochemistry and X-ray data
Table. 2. %J34and Chemical Shift Values for CFs Products (2a—1i)

CFs CF3 CFs3 Y
XJ\/\rCC’zR XJ\/\:/COzR XUCOZR
Y Y
syn(E) anti(E) (2)
Entry Compd R X Y %334, Hz (8 ppm)
1 2a Et Me H Js4 (E) = 15.6 (5.53, 5.82)

J14 (2) = 10.8 (5.47, 5.85)

2 2b Et Me H Js4 (E) = 15.6 (5.54, 5.72)
J34 (2) = 9.8 (5.45, -)
3 2c Et CH,CHPh  H J34 (E) =148 (5.83, )
Jsq (2) =11.1(6.02, -)
4 2d Et Me H J34 (E) = 15.8 (5.43,5.99)
5 2e Et Me Me 349 (E) = 15.5 (5.49, 5.78)

J3 4anii (E) = 15.4 (5.80, -)
Ja4(2) =10.4 (5.41, 5.67)

6 2f Et Me Bn 344 (E) = 15.8 (5.38, 5.79)
J3.4ani (E) = 15.8 (5.56, -)

7 29 Et Me i-Pr 344 (E) = 15.8 (5.43, 5.71)
J3.4ani (E) = 15.8 (5.53, 5.78)

8 2h Et Me NHs'CI™ Jsuen (E) = 15.8 (5.98, 6.08)

9 2i Me Me OMe Ja.sm (E) = 15.8 (5.73, 5.87)

J3.4ani (E) = 15.8 (5.74, 5.87)

[a] *H NMR data were recorded on a Bruker AVC500.

The assignment of E/Z stereochemistry for 2a—i is based on the coupling constant values (*Js4) of the double bond

as shown in Table 2. In every case, the coupling constant values for the 3,4-syn (E) and 3,4-anti (E) are 15.4—15.8
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Hz while coupling constant values for the 3,4-(Z) are 9.8—11.1 Hz. It is also notable that the chemical shift of C4
proton of the Z isomer appeared at a higher field (Ad 0.06 to 0.09 Hz) than the corresponding (E) isomer. These

tendencies are supportive to the assignment of E/Z stereochemistry for allylic CFscompounds (2a—i).

CF3

_~__CO,Et  NaOH CFs socl, CFs
_ ~_COH = _~__CO,Et
Bn THF &n EtOH &n
x* 24 h - 0°Ctort, 24 h -
syn/anti = 15 48% synianti =1 65% synfanti =1
Scheme 1

In order to unequivocally assign the relative stereochemistry of the minor anti-(E) isomer, the epimerization at C-2
of syn-(E)-2f was carried out via hydrolysis with NaOH affording the corresponding carboxylic acid as a mixture of
syn/anti (E) isomers (syn/anti (E) ratio = 1:1). Following esterification with thionyl chloride and EtOH, (E)-2f
was successfully obtained as a mixture of syn/anti isomers (ratio = 1:1). This reference sample allows for

unambiguous assignment of anti (E)-2f.

amlmm:ﬁﬂumﬂghsﬂi EREcE BRI FRERECIC 5 BREGRESSE HBERRESEER
Llilddddags FERE AEEE $ZE8EE Uy BREAIRNRR SEREEAnE 1HNMR
- (syn/anti (E) = 9.3, E/Z = >20)
CF,
® . COLE
smO361i DeXS .
PRTEER LR En
TTeT
syn-(E)-2f
CF3
.: fJ\//"‘\_/oozEl
Bn
anti{E)-21

"B 575 570 585 560 555 550 545 640 535 530 535
Chemical Shift (ppm)

CH: (and-(E))

"

L g B g 28 B 3
Teon | | [ ] gy Tyl ]
"Tan 75 78 Bs g0 &s | &0 | 45 40 | 35 I 28 Zo s 10 0s
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Figure 4. 'H NMR spectra of 2f (syn:anti(E) = 9.3, E/Z ratio >20)
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Figure 5. '"H NMR spectra of 2f (syn:anti(E) = 1.0, E/Z ratio >20)

For the assignment of the relative configuration of 2f (syn-(E) as a major product), a representative sample (syn/anti
(E) = 7.7) was subjected to sequential alkene then ester reduction with LAH, followed by esterification with
3,5-dinitrobenzoyl chloride (Scheme 2) . The resulting saturated ester, 2-benzyl-6,6,6-trifluoro-5-methylhexyl
3,5-dinitrobenzoate 3, was characterized by single crystal X-ray diffraction. The X-ray data indicate that the

trifluoromethylation reaction of anti-(E) allylsilane (1f) leads predominantly to syn-(E) 2f (Js 4 = 15.8 Hz). Anti-(E)
was assigned as the second major product (J; 4 = 15.8 Hz).

CF3

LiAIH CF3 CF
_~_CO,Et ¢ P cat. Pd(OH), s
ELO OH — /J\<%*\r/\OH
Bn 2 Bn EtOH Bn
quant. 28%
syn/anti(E) =7.7 syn/anti(E) =7.9 syn/anti(E) = 9.0

2

o
al NO,
CF, o)
NO,
_— Bn

DMAP 3 NG
EtzN, CH,Cl, , 2
98% syn/anti(E) = 11

Scheme 2. Synthesis of syn-2-benzyl-6,6,6-trifluoro-5-methylhexyl 3,5-dinitrobenzoate (3)
2-benzyl-6,6,6-trifluoro-5-methylhex-3-en-1ol
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)\/\l/\OH

Bn

A solution of a syn/anti-(E,Z) mixture of 2f (83.0 mg, 0.27 mmol, syn/anti (E) = 7.7, E/Z = > 20) in Et,0O (3.0 mL)
was added dropwise to a slurry of LiAIH4 (20.2 mg, 0.53 mmol) in Et,O (3.0 mL) and allowed to stir at room
temperature for 4 hrs. The reaction was quenched with sat. ag. NH,Cl at 0 °C, and the aqueous phase was extracted
with Et,0. The organic phase was washed with distilled water and brine, then dried over MgSQO,, filtered and
concentrated in vacuo to give 2-benzyl-6,6,6-trifluoro-5-methylhex-3-en-1-ol (75.5 mg, quant.) as a colorless oil
which was used without further purification. The isomeric ratio was determined by *°F NMR analysis of the crude
mixture (syn/anti (E) = 7.9, E/Z => 15).

Characterization data for the syn-(E)-isomer: *H NMR (400 MHz, CDCls) 6 1.19 (d, J = 6.8 Hz, 3H), 2.50-2.58 (m,
1H), 2.65 (dd, J; = 7.6 Hz, J, = 13.4 Hz, 1H), 2.71-2.87 (m, 2H), 3.51 (dd, J; = 7.1 Hz, J, = 10.6 Hz, 1H), 3.62 (dd,
J; =5.0 Hz, J, = 10.6 Hz, 1H), 5.41 (dd, J; = 7.6 Hz, J, = 15.4 Hz, 1H), 5.78 (dd, J; = 8.1 Hz, J, = 15.4 Hz, 1H),
7.14 (d, J = 7.3 Hz, 2H), 7.20 (t, J = 7.3 Hz, 1H), 7.26-7.30 (m, 2H); **F NMR (377 MHz, CDCl3) 6 -72.2 (d, J =
9.2 Hz, 3F); HRMS (EI/FI) m/z Anal. Calcd for Cy4H17F30 [M]" 258.1224, found 258.1232.

Syn-2-Phenyl-6,6,6-trifluoro-5-methylhexanol
CF3
)\/\l/\OH
Bn
2-Benzyl-6,6,6-trifluoro-5-methylhex-3-en-1ol (35.7 mg, 0.14 mmol), 10% w/w Pd(OH),/C (10.0 mg), and EtOH
(1.0 mL) were subjected to a reaction flask. The flask was sealed, and the air was substituted with H, using two
vacuum/H, balloon cycles, and the mixture was stirred for 20 hrs. The reaction mixture was filtered through a
Celite pad and washed with EtOH (5.0 mL). The filtrate was concentrated in vacuo to afford
syn-2-benzyl-6,6,6-trifluoro-5-methylhexanol (10.2 mg, 28% yield) as a colorless oil. The isomeric ratio was
determined by *°F NMR analysis (syn/anti = 9.0).
Characterization data for the syn-isomer
'H NMR (500 MHz, CDCls) & 1.06 (d, J = 7.0 Hz, 3H), 1.26-1.40 (m, 2H), 1.51-1.57 (m, 1H), 1.71-1.84 (m, 2H),
2.04-2.13 (m, 1H), 2.62 (dd, J; = 7.0 Hz, J, = 13.6 Hz, 1H), 2.71 (dd, J; = 7.6 Hz, J, = 13.6 Hz, 1H), 3.53-3.59 (m,
2H), 7.18 (d, J = 6.7 Hz, 2H), 7.21 (d, J = 7.3 Hz, 1H), 7.30 (t, J = 7.6 Hz, 2H); *C NMR (125MHz, CDCls) &
12.5 (9, J = 2.8 Hz), 26.7 (q, J = 1.9 Hz), 27.6, 37.6, 38.1 (q, J = 26.5 Hz), 42.4, 64.3, 126.0, 128.4, 128.4 (q, J =
277.7 Hz), 129.1, 140.3; "*F NMR (377 MHz, CDCl;) 6 -73.29 (d, J = 9.2 H, 3F).

syn-2-benzyl-6,6,6-trifluoro-5-methylhexyl 3,5-dinitrobenzoate (3)

CF, o)

N
)\/\l/\o O,

Bn

NO,
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2-benzyl-6,6,6-trifluoro-5-methylhexanol (10.0 mg, 0.028mmol, syn/anti = 9.0) was dissolved in CH,Cl, (1.0 mL).
Pyridine (2.5 uL, 0.031mmol), 3,5-dinitrobenzoyl chloride (7.0 mg, 0.031 mmol) and DMAP (1.0 mg, 0.008 mmol)
were added at room temperature. After 2 hrs of stirring, water was added to the reaction mixture, and the aqueous
phase was extracted with CH,Cl,. The organic phase was washed with water and brine, then dried over MgSQO,,
filtered and concentrated in vacuo. The crude residue was purified by SiO, gel column chromatography
(EtOAc/n-hexane=1/4) to afford 5 (12.5 mg, 98% yield) as a yellow solid. The isomeric ratio was determined by
F NMR analysis (syn/anti = 11.0)

Characterization data for syn-2-benzyl-6,6,6-trifluoro-5-methylhexyl 3,5-dinitrobenzoate (3): *H NMR (400 MHz,
CDCls) § 1.10 (d, J = 7.1 Hz, 3H), 1.47-1.64 (m, 3H), 1.76-1.89 (m, 1H), 2.11-2.28 (m, 2H), 2.72 (dd, J, = 8.1 Hz,
J, = 13.9 Hz, 1H), 2.82 (dd, J; = 6.3 Hz, J, = 13.9 Hz, 1H), 4.38 (d, J = 5.6 Hz, 2H), 7.13-7.29 (m, 5H), 9.03 (s,
2H), 9.23 (s, 1H); *C NMR (125 MHz, CDCl3) 5 13.6 (g, J = 2.9 Hz), 26.8, 28.3, 38.0 (q, J = 26.5 Hz), 38.4, 39.4,
68.8, 122.4, 126.3, 128.2 (q, J =277.7 Hz), 128.6, 128.9, 129.3, 133.7, 139.2, 148.6, 162.4; F NMR (377 MHz,
CDCl3) § -72.10 (d, J = 9.2 Hz, 3F); HRMS (TOF-ESI) m/z Calcd for Cy;H21FsN,NaOg [M+Na]" 477.1246, found
477.1244,

Single-crystal X-ray diffraction report for syn-2-benzyl-6,6,6-trifluoro-5-methylhexyl
3,5-dinitrobenzoate (3)

Crystals suitable for X-ray  diffraction analysis  were obtained by recrystallizing
syn-2-benzyl-6,6,6-trifluoro-5-methylhexyl  3,5-dinitrobenzoate 3 from n-hexane and dichloromethane.
Single-crystal X-ray diffraction data were collected at 100 K using EH1 on 119 at Diamond Light Source. Raw
frame data were reduced using CrysAlisPro, and the structure was solved with SuperFlip and refined with
CRYSTALS. On refinement, the structure was found to be disordered, containing ca. 8% of anti-3, consistent with
NMR results.
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3-8. “Light/Dark” Experiment of Trifluoromethylation of 1a under photoredox Catalysis

To verify the necessity of light to maintain the trifluoromethylation of 1a with Togni reagent I, an experiment with
“light/dark” was performed. Allylsilane 1la (0.15mmol, 1.0 equiv), I (0.18 mmol, 1.2 equiv), Ru(bpy)sCl,-6H,0
(0.0075 mmol, 5 mol%), in CDsOD (0.6 mL) was stirred for 36 hrs with continuous irradiation of visible light
(Figure 6a), and with alternating 3 or 6 hrs periods of visible light irradiation and 3 or 6 hrs periods of no light
irradiation over 36 hrs (Figure 6b). Since the reaction progressed steadily with visible light irradiation, it is

supportive that the propagation isn’t a mechanistic component.

visible light
/\)sivl/e3 FsC-1-0 o Ru(bpy)sClz* 6H,0 (5 mol%)  CF,
™ CO,Et + =
2 CD3OD /K/\/COZEt
rt
1.2 eq
[}
50 50
< 40 & 407
T T
° 2
> >
g o0 =
3 -4
& 257 &
20
15
10
5_
T T T T T T T T
0 3 6 9 12 18 24 30 36
time (hour)
time (hour)
(a) (b)

Figure 6.

Reactions with Umemoto reagent 111 (0.18 mmol, 1.2 equiv) instead of Togni reagent | were performed: the
reaction was stirred for 180 min with continuous irradiation of visible light (Figure 7a), and with alternating 30 or
60 mins periods of visible light irradiation and 30 or 60 mins periods of no light irradiation (Figure 7b). These

results imply that a visible light irradiation is likely to be a necessary component of the reaction.
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5. NMR Spectra

May20-2012-44.001.001.1r.e6p

B8 &R 2 882 &
58 £ & £3 g 1H NMR
bl I
CUE i P i
H SiMe, ©
T Ok@\
May2-2012-44.001 D01, r.sp May20-2012-44 001 001 ir.25p Br
AR s e
) Chemical Snint (pam) ) 200 175 150 125
Chemical Shitt (ppem)
1
A Y | e
® o s oo —
g = ] BE &
o 0 L= [ T
an | &s &0 75 70 = 88 = &0 | &5 &0 45 40 = 35 @ 30 25 o as n
Chemical Shit (pom)
M3y20-2011 2-0.002.001.1F ERBECEEH o
i BRa83YaE g §§ = g
B HHGERARA o @ o o 13C NMR
T IR T T f
i SiMe; O
WOJ\@
Br
1
]
1
]
T i e ettt et s v oL
180 180 1m 160 150 140 130 120 110 100 a0 B0 60 50

S-44



May06-2012-40.001.001.1r.85p

MayD6-2012-40.001.001.1r.850 MayD5-2012-40.001.001.1r.850
550 525 5.00 as ' 75 ' 2o ' 15 j 1o j
Chemical Shift (ppm) Chemical Shift {ppm)

S //ff/

o . w m o - @ o
] 5] ] B & g 8 B
S R L e W L g g | =
TU¥E 0 7n | Bs BB &5 8@ 45 = an | as 3o zs 20 is 10 @ @s 8 45
Chemical Shift (ppm)
Jun11-2012-26.001.001. 1r.esp aER 88 BEBGHE3ET
LEL i & TEBRASET
¥ 7 TTIT
e T T TE 1H NMR
Jun11-2012-26.001 D01, 1r.25p )
Juni1-2012-26.001.001. 1r.e50 SiMe
%ot _-COZEL
NH,
ss  so0 45 a;0 35 2i0 175 150 135
Chemical SHEt (ppem) Chemical Shift (ppm)
| -
|
j '
| | A L
@ @ . o @d % o
8 = X 5 Hg B 22
= [ ] [ e | BH
75 7o &s | &0 &5 | &0 45 = 40 | 3 30 25 20 | 15 10 @s 0 45

S-45



13C NMR

Jur 1-2012-26.002. 001 1r.esp g §§ BEs o 5 5 e e
] =3 588 ©§ g B# g
= o EEE o -4 ol
~ A il f [ [ i
SiMe 5
e __CO;E‘t
NH,
]
|
]
|
AL b L L L LA Lo L b L L L L L b L) W LA L s L i L) L ) W s L L L
23 220 210 200 130 180 4v0 150 150 140 430 420 410 100 S0 B0 70 &0 S0 40 3N M 0 © -0 20 30
Chemical STift (ppm)
SMAT262105.001.001.1r.85p 7 HEEIBEREBT a
5 HHEERYHRT g 1H NMR
T LL-.l;l.rrj_l':l_r'LT ?
SiMe 5
T, ~CO,Et
NHBoc
EMET262105.001.001.1r.esp
SMST252105.001.001.1r.esy
T T T T . : . . .
53 52 S.00 475 450 435 400
Chemical Shift {ppmm) Chemical Shift (ppm)
|
I
1
L P L
A R b R AL s ha sy L
1] 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 0s [ 45
Chemical Sift (ppm)

S-46



SIMAT262105.002.001.1r.8sp

2R 23 & 82 3§ B ¥
g 8 na R s3Iz e B E g 13C NMR
T T T T T TTT i SiMe,
n ~COEt
NHBoe

220 210 200 180 180 A70 | 60 150 140 130 420 40 400 90 80 | 7O @0 S0 40 = 38 20 10 @ - 20 30

Chemical Shitt {ppm)
May15-2012-44.001.001. Ir.asp EnG 2 5 BEE TE
BEq EER a 458 &n g 1H NMR
phiy T EA
SiMe,
/%Arcone
May16-2012-44.001.001.1r.250
May15-2012-44.001 001 iresp OMe
"Tsko | szs | so0 | ays 225 2m 175 150
Chemical Shift (ppm) Chemical Shift {ppm)
1
I
J / /
1

[1aae F

058
ipar =

imm

Bqloser
- 2 a88
o
&
8,
B
o]

-1!5 ! -l!D 35 J!EI 25
Chemical Shift (opm)

S-47



Magm-zmz—z&:ﬁﬂﬂi% aH
ROARBES ER m
frindrgink s by 1H NMR

/\_iMe ’
mn
Ph

May21-2012-24.001.001.1r.e5p

87 5!6 j 5!5 j SL‘ j 5!3 j S|2
Chemical Shift (ppm)

) T
- . - - e o
8 g R E 2 ] g8
L= _ = ¥ = [} Ta
a0 1S 70 &s 68 &S 80 45 40 3s ap | Zs | Zo | s tm o ms om s am s 20
Chiemical Shift (ppm)
m1-m12—2¢.mau1l§.esp E § CHB [ - ~
e LS55 = o B
g BELAR §§§§ a = g 13C NMR
T ST L T [
SiMe
T
Ph
1
1
1 I
1
1
1
AR ks e L L e b e s s s L s L e L b s L L b L s s ) L e L el s L i s L
160 1582 144 136 128 120 112 14 % 88 a0 72 64 56 48 40 2 16 ] o R 1

Charmical Shift (ppm)

S-48



U2 2012-12.001.001. 08P 58 HYEEHTONEE
53 T BzEEY§5USH
Y = BT T ALY
Ju2-2012-12.001.001.1r.esp
g =
%
goE =3y
ge o E79p
g 1 7 7%
T
£

i—gm?ﬂ
828
—2.5708
17318
1.7182

L
00353
- Lﬂaﬂ?

1H NMR

SiMe,

3g 8BS B0 78 70 65 &0 S5 = S0 45 40 @ 35
Chamical Sh (ppm)

—431538
—iE4NE
—i 80858
—3.0851

13C NMR

SiMe,

T

Jul12-2012-12.002 001 1 Sep & CFRERH

= 2 ERBGRI

B & RERRA

T T SATF

|
1

1

R T R D " EAE " AR " AT " N

S-49



1H NMR

00
2200
LB00
L0

BEFE
(e =1}

G851 L
BELL -
TEi—

cea
CEBi

1H.001.001.1resp

-1}
=
%
=]
v
'
=
o
E |
L —

. N

[y
cesy ]

G
VLG ——'F
LY
| LB En
OBV b
B0 E
D22
Ee W
[ E
@

Er m . o
rEEE ] e =
TR
FrPES E=
iR
BIGE E
%w

0]
o Ed
¥
B E [
S -
z 2

oooE

rre il

6261

ZiFE

-4 |

31 |

eea

13C NMR

e E—

BLEOEI—

BIEFER—

LorRHe—

EVEEFE
[=3: 4
e l—=
LBEEEE
COBS €T

BLLLERI—

o}
5
&
7

13C.001.001.1r.esp

SiMe

COzMe

10
Chemical Shit (ppm)

S-50



srszezsogor o §38s §5Rces BgRSs:
K 1777 ga5aa3 ChEEgs
] TELT e PR
1H NMR
CF,y
SMO2002304 001.001. 1r.8sp MCOZMe
X

1.5

20
Chemical Shift (ppm)

[/

P ! | L1 LLA,—M,

@ o o . od w
] BB o e g
[ha] [ | [ R o i
A A B R R A R R L L Aman
75 70 6.5 6.0 55 a0 45 40 35 30 25 20 15 1.0 oS

Chemical Shift {pam)

EMEINZI0A 002001 1128 28EZ S-S - garTs &2 o o
o pacy RogY ¥ i3g%s & 8 8%
d ARES FrEE o HEEES @ 8 39 430 NMR
T Ty R i LAY OV OO0

CF;
/L\NCO;Me

SMOIMIZI0A D02 001.iresp  CTOoDLS304.002.001.1reep

SMAZ00Z304.002 001.1resp

1250 12.25

36 ar
Chemical Shift (ppm) Chemical Shift {ppm)

) IU...I ; Al

T T LA sy bl Lt Ladt T T
192 184 175 156 160 132 144 136 128 120 112 104 95 88 B3 72 B4 56 48
Chemical Shift (ppm)

S-51



Apra0-2012-16.004.001. 1r.esp B5
L) 19F NMR
e
CF,
MOOZME
A "
o Fs 0 72g T35 a0 Ti5 740 Th5 750 755 Fe0 | Tes
Chermical Sht (ppm)
Apr0i3-2012-15.001.001. 1r.8sp SHTHRELG WHB GEHERAEE BEEBEIBHCRY SRERGENRSA
EEIINGTRIY CEEBEGRE BEEIINSSHE SREEEIIN
TELI P LLIPF TILIJITF RELRJFATS T TiLLIITT 1H NMR (EZ = 2.3)
CF 5
e, COEL
ApII3-2012-16.001.001.15.85p
E E E-2a
z|
T _QCE/_“’ZE‘
Z-2a
60 53 58 57 56 55 54 53 52
Chemical Shift (ppm)
- —
S A1r
Vo |
U I J
.Y
E @ 3 Z 8 g
—_ = ] Ml R | L=
""®s | &d  7s 70 &5 | &0 85 = 50 45 anas | am | 2Zs 2o s am o5

S-52



SMA00S5 1004002801 1resp g8 oon soom o= own
y st 353 3582 S
= 5 5o i B
T 3P TE grF LHICNMR (B2 = 2.3)
CF.
ME00S1004.002.D01.1r.85p SMADDS1004.002.001. 1r-86p 3
£MO0051004 002.001. 1r.86p e _COLE
E
¥ E E-2a
CF CF.
s[E} /J\a_/—cozEt
| | E Z
z ;
e ] \ Z-2a
= z
.“J 1375 1as  iazs  {amo
A e T Chermical Shim (ppm)
2 & 3 34
Chemical Shit {ppm) Chemical Snitt {ppm)
]
! 1
| | 1 . | |
L L 1 L L ‘
ot et B ettt L e e e et A e Lk et L
184 176 168 160 152 144 136 128 120 112 104 9 84 80 72 B4 55 48 40 32 24 15 8
Cremical Shim (pgm)
E
| 19F NMR (E/Z = 2.3)
ApII3-2012-16.002 001. 1r.esp E % = g
G i
[ 1 GF3
£ CO,Et
E-2a
CF,
Z-2a
r4

5
=

[EE)
{__

LA LA Lt L L b M by L) Ll LR i ML LA L) LA AL L | LAGALELAY 1Al Al A Ik Lk kil skl LA AAAALL LA ALAS LA RS bbbl vl st
14 M5 M6 717 -8 719 20 -T21 -T2 -T23 -T24 TS V2B -TAT 728 19 730 731 a2 -TAd T4 TS -TAE TAT TaE 738
Chamical Shist (ppm)

S-53



muamauﬁnm.mtn.esg % Bg 2IRE
=R He SHHEN
T o I TS JHNMR(EZ=586)
CF,
CO M
SMODS10606.001.001.1r.e8p E /‘l\"’/ﬂ\" 2
E-isomer
smmﬂnms.ml.antll.&sﬁ:'?
E E [
"[‘ T CFy
,—' . —UCO:Me
Z-isomer
z
n
]
37 | | 3728 | ajd | 3e1s
Chemical Stift (ppm)
|
]
-
il A j
iy
o @ © o o o
% g H g 2 8
= 2 i | | [
TEn 75 7o &s  &§  ss &8 4s  an  3s | amb  as a8 15 18 08
Chemical Shift (ppm)
SmO04 10805, 002 0 1r.asp 28 - wm o o -
B 88 B BEE X 2
= BE 2 ks = o
T 5y PoORFFOF 713C NMR (E/Z = 5.6)
‘SmO041DE05 D02 001 1r.esp ‘5MO0410806.002.001. 1r-85p SmD0410806.002.001 ir=5p
CF;
cF E O Me
atE] E .
i E-isomer
CF,
g —Q_/—COJMe
] —
= g z z
| .
] [ T Z-isomer
i
T -
126 125 124 AR e e ] 140 135 13
42 0 3 *® Chemical Shift
Chemical Shift {ppm) Ghermical Stif jpom) {pom)
]
1
I ]
1
Jlli g L I
it Al g gl Ve s R A AL ) B s s L i oL s i e
184 176 = 168 180 152 144 136 123 120 112 14 9% &3 80 72 B4 56 4B 40 3z 24 16 &

S-54



19F NMR (E/Z = 5.6)

1t

oo o F:
Jun0&-2012-28.002.001.1r.
v g8 85 I come
A ol ol
T i )
E-isomer
CF3
—&_/—cog.»\e
Z-isomer
|—
Z
_/f ]
]
]
o -
B8 B
[ [——
—Tzl"_(] j —?i] ! -?52 j —?1"‘_3 j —75_4 j -'."2‘.5 j -7‘&.6 j —TZI.? j -7“2.8 ! -?‘IZ.Q j —?:Ii.EI j -TIIS.I ! -7:‘5.2 j -71'1.3 j -7:‘5.4 j -7:‘5.5 j -7‘3.5 j —?IISJ j -?IB.B
Chemical Shimt (ppm)
an95991?u5.m1nu1.ﬁ-§ﬁ5¢8-‘9r':$ BEGEHEER BB BEE 93 853z ERE
BEGRBRABGE RREBEARG ABRERAR Bd JdsoR yee
TR T oty e i TEIITFF P egaes jny
THNMR (E/Z=7.0)
CF5 o]
WOJLCL
EMUGE9170S.001.001 28
FRRIGE Br
LLILLY (E)-2b
E o
n IRa
1
# Br
1 (Z)-2b
|
1
e i Aaa B
55 58 57 56 55 54
Chemical Shift {ppm)
|
| 3
4 P e
1 \
] LJ._J.._._L.-.- LN
g a - o s & o
5 B 5 42 o g B a8
[ ] 2 [l =1 ]
QID j B!S j Bl.ﬂ ! 7!5 ! ?IIZI j E:ﬁ j 60 j 5‘5 ! ) ! y ! 40 j 3!5 j 3‘.0 j Zlﬁ ! Zlﬂ ! I!i j IIG j UIS

S-55



SMIEEI1705.002.001. 1r.85p

K i@ aneacEs g8 B §EEEEE B
g THE SREAERS E8 £ BINNE R 2 13C NMR (EZZ = 7.0)
T [y T T O TY T
cF, o
,/J\x.";\/\o
SMOSES 1705 002 D01 1r.esp SMABSSTOS.000. 01 r2ep .
£ {B)-2b r
3 SMOE5G17D5.002.001.1r.85p
4
g 0
| E
n jIa
P
B
E(CF) r
(2)-2b
z ! g g 3 i z
] = F
Pl =
E ? T ? g '_| SMOEE31705.002 001.1resp
T LA e T
a a0 36 B
134 132 130 128 126 124 122 Chemicai Shitt (opm) E
165,00 6575 18550 Chemical Sait {ppm) 1
Chemical SR (ppm)

z

M1

145 140 135 130
Chemical Snift (ppm)

19F NMR (E/Z =7.0)

Wiy 15-2012-55 D02 001, 1r.esp &8 e
g aa (E)-2b &
T T
o
£ Br
(£)-2b
"
z
]
2
[E

©

8

e

L) R R L ) LA L] A A LA bL) AR ) LA AR LA LA LA LAl L) LA LA LU LA AL AL ) AR AL LA LA AR UAL] L Rt Rk LS LS L) DAL LLL) AL AN LALLLLAL LA AL R AL LA LA LA

-T2A5 -T220 -T225 -T2.30 -T2.35 -72.40 -72.45 -TE50 7255 -T2.60 -T265 -T2.70 -T275 7280 7285 7250 -T2.85 -T3.00 -T3.05 -73.40 -T3.45 -73.20 7325 7330 -73.35 -73.40 -T3.45 -73.50
Cheamical Shist (ppm)

S-56



SMOT4EZ0SO0001wesp | EHEIIRHEE YEER2EGRETY SRR SR IHE I IN RS S EHIEIREE]
HERHEARE2 BEEHESERYY LR ECCCRIENACERERENEEN R RN
Loy CRLFRLILPSP TLIXF AR Er T rgs ST I T TI I IT
1HNMR (EZ =1.5)
EMET4GI205.001.001. 1r.esp SMATAEZ205.001.001.1resp CF
3
E o~ -CO.Et
Ph
1
. z (B)1c
EZ
COEt
] CF3 z
z o
T Fh
(2H1e

65 82 | E1 | B0 @ 58 !

|JARA M Wil T
58 57 56

"33 325 320 315 340 305 300
Chemical

Chemical Shift (ppm) Shift {ppm)
I
|
|I In !
. | L_.L —
&0 «® = = o oo ow @ 4
538 BhE & E 5% E g 5 8 [
o7 a8 = ] o e [ Tl i ]
! QII:I j 8!5 ! B:(l j ?!S j '.'ID ! E:i j G! ! 5!5 j E!EI -!!5 ! 4!D j 3!5 j 3ID j 2‘.5 j Z!EI ! I!S j II.G j 0!5 j
Chemical Shift {ppm)
smgnazzuﬁ.mzumg@sp ggg%@ggg%g ] Ul\-mmggvmngmgr\- Eg
5 B = =
] ERELLELEARS % %%Egﬁgggg%gﬁg o
T TILIIIT TILTLLT kil
v v - 15C NMR (£2=1.5)

SMOT452205.002.001. 11

T T
132 130 128 126 124 122 120
Chemical Shift (ppm)

SMOT45Z205.002.001. Ir.esp

E
1z
1

475 450 425 400 375
Chemical SNift (pom)

SMS7 462205 002.001.1r.esp

E

Chemical Shift (ppmj

e e e
2650 2425 2800

T T Ll LA LARL] L L
130 112 104 =13 BB

Chemical Shift {ppm)

T T
& 72

S-57

CF,
2 _COLEt
Ph
(E)-1c
cF, COE
=
Ph
(f-1c
e
16 8



May20-2012-24 002 001. 1r.e6p

703453
—7086837

©
2
=

]m

- —708378
“-F0eE22

e

[1'9

19F NMR (EZ =1.5)

Ph

Ph

CFs

-

(BM-1c

CFy
L

(A-1c

CO,Et

CO,Et

LA b L) LA L) L L) (LA L AR
695 -547 698 -699 -7TOO

IRGAR L AL L L) L L L) LA |
-md -T02 703 -TOd 705 -TOE

Chemical Shift (ppm)

A LA A L R LA L R LAAE A L) s AR LA L) L LRy AR LA LU AR L) LA ) M L) LA |
-y -T0E 708 710 -7 -T2 i3 T4 s 716 7T T8 T8 720 -T2 T2R 723

sMA0GZ1106001.001.1nesp g8 BHYE BIRT BRIZRHAES
] Bk IV Z2oHE BEAIHNERR
P i o e Trires
1H NMR (E/Z = >20)
CF,
. COLEL
SMOO321104.001.001. 1r.esp (E)-2d
E E
o
T T T T T T !
&0 55 50
Chemical Shift (ppm)
[
|
|
! .:I {'— 5
|
JJ u L A l 1 J J
< u-. A ° wh
8 . 2 ] g2
=] =] ] M| ] ]
" B 85 ao 55 sm | 4s | a§ | as  a; 25 20 s 1m | os
Chemical Snift {ppm)

S-58



SmR0321104.002 0. 1r.esp z Zo8 & epops B QYR &S
; % ggg = HEBRE B IEB 3H
code = Yo
i 1 AN F iy ¢ S
13C NMR (E7Z = >20)
smo0321104.002 001 resp SMO0EZ1104.002 001.1.85p EMO0321104.002.001.1resp o032 1104.002.001. 1r.esp F3
. COSEL
CF
3
(E)-2d
L R I ) T T fzdes ' dzdmd | 12205 = ) 1350 1325
Chemical Sim (ppen) Chemical Shitt (ppm) Chemica sni (ppmj Chemical Shift (ppm)
]
|
]
1 | |
I
[ ‘
U A " .
L L R LR LR LR L) RN Ry LR Rl LR LR R L R LR Rl LR L LR L) LRy LR LR LN LRy LRl L) LRy LR LELL) LR EN UL L) LR LRRLY LU LLRRY AR LAY LLLL RN LLRLY L] L
B2 B4 176 158 180 152 144 13 128 120 112 W4 9% 58 @ 72 B4 S 4 4 32 24 1§ B
Chemical Shift (ppm)
13C NMR (E/Z = >20)
E
CF;
/K/xcoza
Apr11-2012-43.002.001. Ir.esp 23
i
T (B)-2d
TR gm2 | 923 T24 | 725 | T28 | 727 | 428 | J88 | 7AD | 731 | Taz | 733 734 735 | 3B | 48T 7AE

Chamical Shift (ppm)

S-59



1H NMR

SMD0S51106.001.001 1r.25p E%%% ggggg §§§EE§§§ ggg g %Egggggﬁ
Resy yirss irrrrzes Rgs T Gvsgrrs (synand ()= 6.4, EZ=15)
CF,
smo0ss1 15 BuE, & B s 2 X g ERREERCREI S 3 B s COZEL
BEEEEERE Bk 8 BHHDERRGEE T T 8 & - A/\|' :
TP TEPRIIEEr Y 7 7 Me
syn-(E)-2e
CFy
u: J\’//“VCOEE‘
| Me
anti-(F)-2e
CF; Me
O —l\_)—CO;Et
Pl (2)-2e
e
5.40
e e |
U | I
i
- o s o
8 8 g 5 &5
gy | ] gy |
! ) ?IEI j 6‘5 ) SID j 5:5 j SID j 4‘5 j 40 j 3!5 j 3:0 ) 25 ) 2!EI ) Il.ﬁ j IID j GIS j
Chemical Shift {ppm)
EMO0SS1106.002.001. 1r.8p HEEEAER @ @@ @ @0
g BERINER 3 BHE =EZR
= EEEEEEL] = P - NMR
T VI F 1434 T
(syn/anti (E) = 6.4, E/Z = 15)
Sm0E51106.002.001. 1r.esp SMOD551106.002.001.1r.e6p 5""‘“55"35-509-501-"-!503
CF,
& - )\.’//\rszl
) CF3 Me

syn-(E)-2e

&
CF3
. A~ _cos
Me
- ® @
anti-(E)-2e
® L )
l L mn J )

A
L L LR L o R L e T T e CF: Me
1743 1742 1749740
134 132 130 128 126 124 122 1 =
Chemical Shift (ppm) Chemical Snift (ppm) — coaEt
7)-2e
]
|
1
|
1
RN
u]lnl | | S
B Lot i L L) L ] s e & ) L L ) e e ) L L e L e ) L
12 184 178 188 160 152 144 136 126 120 112 14 o6 B8 B0 72 B4 S5 48 40 I} 24 16 B

Chemkzal Shift (ppm)

S-60



MayD6-2012-37 006.001. 1r.8sp E g g 19F NMR with 19F-1H decoupling
B k z (syn/anti (E) = 6.4, E/Z = 15)
CF.
. COLE
®:
Me
syn-(E)-2e
CF4
[ o -COSEt
e
anti-(E)-2e
CF2 Me
o —k_}—co;El
(2)-2e
o
5
L
"UFdas | 724D 7245 | 9250 | w285 | 7Ae0 | 7285 | 7270 | 7278 7iE0 | 7285 | 7290 | 7285 | 7am | 7aps | -73d0
Cherical SHet (ppm)
m151u.§h!ﬁ1§ﬂ§h8h ERcE B33 FHECIC 5 BRE2LRESRE HBERRcRER
EEEEE:EEE SR8 SSﬂg 22EEBER ®HE BSSSE%%EB EtEEE:E? 1TH NMR
e L - == syn/anti (E) = 9.3, E/Z = >20)
CF,
. COEt
@:
En
syn-{E)-2f
CF,
B: fJ\//"‘\_/oozEl
Bin
anti{E)-21

550 545 540 535 530 525
Chemical Shift (ppm)

580 575 &70 555 SED 555

L g B g 28 B 3
Teon | | [ ] gy Tyl ]
"Tan 78 78 &s &8 &5 = &8 45 48 | as | 3o 2s | =20 | 15 18 0§

Chemical Shift {ppm)

S-61



SM03161805.002.001.1r.8sp § ﬂ gg%gg%g ™ éoggssgg ]
g % y284508 $ %;-—-—-—:ws %jf 13C NMR
" t [syn/anti (E) = 9.3, £/Z = >20)
SM03161805.002.001.1r. SFs
smb3161806.002}01 1rbep z . esp D318 1806.002.001 1rep o e COSE
syn-(E) Bn
syn-{E)-2f
CF_(syn{E)}
3 CFy
| m: L~ _cos
® @ ) En

| E | anti-(E)

g 8 B — anti{E)-2f
B ' T 8

T L.J l T . T T T T T ™ T T

U R, . . Lo - 135 134 133 132 134
T T T T T T T Chemical Shift {ppm)
130 120 128 127 126 125 124 420 a5 410
Chermical Shift [ppm) Chemical Shift (ppm)
1 | |
]
]
|
]
L Ll L 1 L
TTaba 490 18D 470 180 | 180 140 | 130 | 120 1@ 100 e 80 | 70 €1 s . 4; . a; 20 8@ -0

May7-2012-34.003.001. 1r.86p

—-728470
—=727589

@220

J

19F NMR with 19F-1H decoupling
(syn/anti (E) = 9.3, EZ = >20)

Fa
. j\/:\rcoﬂa

Bn
syn-(E)-2f

CF;
o i com

Bn
anti-{E)-2f

Bn

O /‘ii;;}—coza

(2)-21

F &
=

[0.a08

LA L) R L) Lt Lo n ) AR ALY LR L LAl R ) R L] L Bl R LS L LR L) L ALY LA LR
723 7235 7240 7245 7250 7255 -T260 7265 -T2T0 7275 -f2B0 7285 7200 7285 7300 -T3OS

Chemical Shift (ppm)

S-62

L ARALRAAA) BALLLLRALE LR LLAL ULLLEAAA) BALLLLALE LUALRLLAL ]
7310 7315 7320 7335 7330 -T3AE 7340



‘SM03191805.001.001.1r2sp

SMO31915806.001.00

i
i
T

EL

&
]
T

—5.5588
=—5.5441
~5.877
5518

g8 1H NMR
FL2&yn/ant (E) = 6.5, E/Z = 20)

CF,

@: /k/;ijREt

syn-(E)-2g

CF,
i .- ,lv/,nvoozE-.

A
anti-(E)-2g

CF;

5 CO,Et
(2)-29
o b a ° + o A
2 28 & g 8 X ¥ =B
o ae [Bal] = [t = oA
75 7o &8s | B8 &8 | 80 4s a8 a3s  a; 25 28 | 15 18 05 0
Cchemical Shit {pom)
SMO3151805B02.001.1 BEALEBENES
g CHEHREEEE §88 3F B ogeRsg 13C NMR
[ HEREARALA o oo Pl So ooo¥wn :
T Eavidssty FY¥P ¥ T LT ifsynsami (B) =65, 5Z=20)
sm03191805.002 001 1resp ‘SM3191806.002.001. 1r.e5p CF3
. SMO3191506.002.001. 1r.esp . . o CO;E‘[
syn (E) )
syn{E)-2g
CF,
CF (syn-{E)) m: o COLEt
3 @ : Y
| | @ anti{g) A
=
a
- § [ | | anti{(E)-2g
] -]
& £ U [ |
B g
b T R — e CFy
I 20 45 40 405 Chermical Shift (ppm) COgEt
Chemical SHft (ppm) —
130 129 128 127 1 125 124
Chemical Shift jpom) (2)-29
]
]
(I |
A \_ L | |
i T L aata a a ae LL
184 176 158 160 152 144 136 128 120 112 104 9 B8 B 72 B4 55 48 40 2 24 16 B

S-63



ur15-2012-58.008 001, 1 esp £ E 19H NMR (19F-1H decoupling)
B 'N“ (syn/anti (E) = 6.5, E/Z = 20)
GF,
® /l\/;(coza
syn-{E)-2g
CFy
= ’J\{AVCOJEI
PN
anti-{E)-2g
e
- -
B B
=
' " rie0 7265 720 28s | 7aed | 7288 7agd | 7a0s Z3in Tais | iz
Chamical Shs (ppm)
MyZ2-2012-25.001.001.1r B A8s8 B BREUYG ZrBAGRE
R EERE = g ANneE FRERRAN
T T LT T LT 1H NMR
(syn/anti(E) = 4.5, E/Z = >20)
GF,
OO Et
NHBoc
syn-(E)-isomer
CF;
. COEL
HHBoc
anti-{E)-isomer
-
]
1
f L f e
]
|
J'%l AA A )
e s = o ® 2o
2 g B B g HEE
Ml a = [ Ml =& )]
"TEs | am TS 70 5 "UEs | 8n 4s | 4n | as | am 25 2o 15 18 08

S-64



SMIBETZI05.001 081 S resp SBRETY T EBBHEES 538 ER3Z3L88
EEE ZHRRR BEHIFES e AARHARZ 1H NMR
T TLEEP TRy B
(syn/anti(E) = 4.5, E/Z = >20)
CF,
/k_,/f\rcoaa
NHz
SMOSET005 001.001.1r.850 syn-(E)-2h
CF,
. e COLEt
NHz
anti-{£)-2h
e
62 6.1 6.0 55 58
Chemical Shft (ppm)
|-
/ S / a
H 1
e o " " -
] 2 8 & ] ]
= L= = L R L=
e am | as | B0 T8 70 &5 &0 &8 &0 45 = 40 = a5 = aD = 28 20 18 10 05
Chemical Shit jppm)
SMIBETZI05.00E001.1 a8
g g C8cd E 8 ¥ & E28 13C NMR
& 3 ER3s ¥ 59 23 3 g5a ]
T T2 T LN T AT (syn/ant(E) = 4.5, E/Z = >20)
Fa
‘SMBBATZA05.002.001 1r.esp SMGBAT2505 002 D1 1r.e5p SMGBET2505 002 001.1r. 25 e COE
syn-{E)
syn4{E) N,
‘{ syn{E)-2h
CF;
i - L COEt
CF, (syn<{E) anti{E) ant-(E) :
[ y NHa
[ S [ anti(E)-2h
& g
| a a0 415 410 415 400 14.0 135 130 125 120
T Chemical Shift (ppm) Chemical Shitt jppm)
s ot s Stttk ikt o
128 25 124
Chemical Shift {ppm)
]
]
I
1
[ |
INNI N | - | J.
TP T T AT T T T[T PP T [T Ty [T T oY [P T T T T e T T
B0 470 160 450 40 | 130 | 120 10 400 @0 ed 78 & s1 . a8 a0 =0 10

S-65



May27-2012-16.003.001. 1r.88p

19F NMR with 19F-1H decoupling

—T24124

§-r2nze

(syn/anti(E) = 4.5, E/Z = >20)

CF;

® - M\r‘:(}: Et

NH,
syn-{E)-2h

CF,

P COEt
. /I\/\r <
Ir‘,_ .

NH;
anti-{(F)-2h

N
-

I:AEZIS
[mna

7180 7165 7190 7185 7200 7205 7210 -T215 7220 7225 7230 7235 TLAD -T2d5 7250 7255 7260 7265 7270 7275 7280 7285 7290 7285 7ALO TA05 T30
Chamical Shs (ppm)

SIMAT4T205.001.001.1r.esp

1H NMR
(anti/syn (E) = 4.6, EZ = >20)

nn
2094
AT
LaT034
ETE]
3329
NTF
28508
3 EaE7
1. 1664

B
_[1 1309

CF,
ZERE sma7a72205 01 G- 112sp ®: /]\p”"vcoa""e

Terer TT T '

]

OMe

anti-(E)-2i

/ ) (2)-2i

S e o
3350 332 330 3IS
Charmical Shift (ppm)

.
o
I 4 A————
k\

A
= .-.E& - w w -
2 EZ B 9 g8 g
[l isi]i Ji] i} L= ]
TTFs O 8s | &a | &as 88 48 o as o am o 2s o 2m a8 am o os @

Chemkzal Shift (ppmi)

S-66



13C NMR
(anti/syn (E) = 4.6, E/Z = >20)

SMATATIZ0S.002001 1resp 2 FE-CSRES wo MAUT N GeoDo @
B EESFERE =2 ALEPEBE EREBRS 2E
g ARRAANA H SEESE 33339 or, o3
i EESwR T [k w..méozm
SMOTATINS. 002 001. 1r.esp ) (::.)ME
SMATAT2205.002 001. 1n.86p SMET4T2205 002 001. Ir.esp anti{E)-2i
P ® o CF,
._/I\_J\]/COJMe
CF3 OMe
@ e ! syn{B)2i
£ - @ Y ® yn-(E}
2 £ [ | L]
] q B OM
T ¥ g [ | cF, QMe
COMe
T SN W e
8075 BLSD E0.25 E0.00 TTAls T 4 a5
120 128 127 126 125 124 123 Ghemical Shifl (ppm) Chemjcal Shift (ppm) (2)-2i
Chemical Shif {ppm)
1
]
[
AL A .

AR I L gk s gkl o Vgl e e e L s s L e
200 132 184 176 166 160 132 144 136 128 120 11z W04 % 88 80 72 64 56 43 40 a2 24 16 B
Chemical Shim (ppm)

May19-2012-44 003.001. Ir.8sp g § % 19F NMR
R K § (anti/syn (E) = 4.6, EZ = >20)
®
CFy
@: /I\r’f\/coime
OMe
anti-{E)-2i
CFy
m: )\./'\],CO;ME
OMe
syn-(E)-2i
cF, §Me
oF 4'\=}—C02ME
(Z)-2i
[ |
1
-
1
© o -
T H g
=1 ] L
A a2 i3 qi3 | F24 | 725 | q2s | 927 728 | 729 | gab | 731 | 7a2 | 7a3 | Ja4 785 | T3

Chemical Shift (ppm)

S-67



BSOT—

EMFF L
BEGF |
EBSF |

BLE

ZIEE
VEEE
FIPE

‘SMIEEE1705.001.001.1r.28p

1H NMR

SiMe;

o=

Ph

CF3

SM9E581705.001.001.1r.esp

T
om

I:I.ITE
Chemical Shift (opm)

LA
0.80

T
0.es

ir

BEEED

M vy |
&g

8]

3.5

T
4.5

o
Chemical Shit {ppm)

13C NMR

SiMe,

CF;y

SBET Gl—

ez ee
oo Euf

SR_HYH

|EBe Fo—

GEZERTL
HOES BT
DLERBEH
040 DELY
SOVETEL
FEOETEL

SELYTEL
£60L EW

GEFHERI—

SMOEGE1705.002.001. 1r-25p

‘BMI6661705.002.001.1r.86p

330 365
Chemical Shift (ppm)

3.5

SMaG6a1705.002.001. fr.esp
[ | cF,

128

129

Chemical Shit {ppm)

S-68



May12-2012-56.002.001.1r.86p

—71.4314
—71.4557

19F NMR

Fh OWSiMe3

CFy

amzi?nﬁ.glzwtngsp
o

—1aa

SMOGE2 1705 D01 1r.esp
CF
3
| . .
]
F 3 8 o
B & a g
8 ! ! &
3
i J I, !
TN 128 12 128 125 1241
Chemical St (ppm)

Chemical Shit (ppm)

LR Ll L L L) LA Rt L] L Ll LA A b L s L B L L L) LA L) R L) L b RALAR b LA s L LA LA ) LA Rt L AA) ML LA L MAAMAAL Lot
-TOLB0 -70.85 -T0.80 -FO.95 -71.00 7105 -T.10 -71.15 -71.20 7125 -T1.30 7135 7140 -T1.45 -T1.50 -T.55 7160 -T1.65 -TL.70 -T1.75 -71.80 -71.85 -71.90 -71.25 7200 -T2.05

13C NMR
g oME 0 BN 5 ¢
P e

2

SMAEZ21705.002 001.1resp

TaD | 485 | 450 45
Chemical Snitt (ppm)

S-69



13C NMR

CFy

BELT PD—

LBLTLEL
FEOFELTH

glznm.ngsp

65 00I—

SMIE22 TS,

-
w
e -
& |n_ m_r _ P
o i
g 1
= Fe
m E
[
— FH
FEFEZI——LE
&
seEsi———tf E - J
1
- il .
S X =
) ——
-mm
& E G
= v 2 —— F o
g S
.m||. E
g LA
] E
m 40 a_u 3

Chemical Shift (ppm)

19F NMR

EBRiDbL— —

ey q

May12-2012-56.005.001.1r.esp

T30

S-70



Jan23-2012-20.002.001. ir.esp

B8RS BEERE
BRI RE 584YT
T TITLYP

k_

Jan23-3012-20.002.001.1r.esp

Jan23-7012-20.002.001.1r.e5p

T
SE0 555 550 545 540 535 a7s
Chamical Shit {ppm)

350 335
Chesmical Shift (ppm)

1H NMR

CF,

2k

Chamical Shift (ppm)

S-71

o @
5 Y
= =
TTTTTes s @ &g 15 70 &5 68 55 50 5 a0 as o ag | 25 2o 18 1ggs B
Chamical M (ppem)
Deci3-2011-24002000.1resp & 8 BEIRIAT B @ Twmr- T
8% @EHS-IE B I H GEES 1
g9 AARARE & e oo i
TT BRAT T LA oAy T
13C NMR
Deci320f-z4 MEDSH fdp T
n BEE I8 9 Deci3-2011-24.002.001. r.esp Dec3-2011-24.002.001.1r.25p
o E&L &R 8 CF
| e |
CF3
2k
I
» ®
|
Sadstial Ao - ™
v R s T A 16.00 1575 15.50
B s 1 Chemical Shit (ppm) Ghemical Sh (ppem)
Chemical Shift (ppm)
]
Il
L A L M L e e
168 10 152 144 1% 128 120 1z 104 95 & B0 72 64 S 46 40 2 16 a 0



SM-230-2.003.004.1r.esp 3
s
EE
[
19F NMR
cF,
2k
Mo
T A q0as | 7040 7m4s | 7050 7085 TG0 706s | 7070 075 7080 | 70&s | 7080 | 7085 7100
Chamical St {ppm)
EM14321009.001.081 1resp g8 2H
<] mE agy
T iT eF 1H NMR (E/Z = 3.3)
e, OO Me
FiC
E-21
F.C COMe
emomon BUSPSEEIRNES SLEINgIyRINg T
EREmOm@E 50050000 e B0
3 33 33
Z2
e
62 61 60 59 58 57 5.6 55 54
Chemical Shit (ppm)
S /
N\ A lj; .
e @ B
58 8% 5§ g 8
i rT L=
' ! 7'.5 ! ?:D j ﬁls j S:D j 5:5 j SID j 4:5 j 4ID ! J:s ! 3:0 j 2:5 j Zlﬂ j 1:5 j I:ﬂ j D:Ei j

S-72



sM14321009.002 001, fEesp #5CREHR omn QODe0eT DN
E GEHHSBH 89 BRERGEREE
£ RRBARAY g2  gSapoEhgss
T AN PEpe=y BT REpRGETES
14321009.002.001.1 =
‘SMI14321009.002 001, 1r.e5p =t g 13C NMR (EZ =3.3)
E
cm%cozue
(E)-21
FiC COMe
z 3 _‘\__':/_ 2!
(2)-2
4
W Chemical Shift (ppm)
B0 18 128 | 42T 1% 125 | 124 | 153 122 | A2 420 119
Chermical St (ppem)
1
1
LA ol Rt onl b L s s U s L ) Lo s s
T2 8 55 48 40 B oM 16 8

s feminal dlyl.D01.001. r.esp

—H6.4041
—aaagz [N
—88.4102
—BB4297

|

—466.4328

19F NMR (E/Z = 3.3)
F;C%‘:OZME

(E)-21

—H6.4354

F.C —\_/—co,Me
{Z)-21

AL EAAS LA EAARS MALE LS LA IAAL) R EA) ML) LA L] LA L8 LR LS LUAL ALY LA LLAS LA LA RALLLLAA LAAAL LA LA LLRA] LALAR LA RALAL LR LA L
-56.365 -66.370 -56E6.375 -656.330 -56.385 -65.390 -56.305 -55.400 -56.405 -556.410 -56.415 -65.420 -56.425 -55.430 -56.435 65.440 -56.445 -55.45056.455

Chemical Shift (ppm)

S-73



0gATES2305-646.001.001. 1r.esp

0gaTa32305-B46.001 001. Ir.esp

0gaTEO2305-345.001.001.1r.28p

Ao b

3g 598 g  33eED
B8 EES £ E5358
1 T T Oz

oggrsmus-msmintﬂ"esp

385 380 ENE] 3.1

Chemical Shift (ppm)

255 260 275 270 265 260
Chemical Shift (ppm)

I.g 18 1.7 16

mulaﬂn(ppm

If i
1
. n 4
@ ® 5
E: 5 g
= = =
"9 ss | &m 75 | 70 &5 &3 585 B T S T - D A
DgITIS2305-546.002 001, Inesp gz R = HmoYn = Hme o
& sEEE & & Z52ER g BEE ER
B BESH = ol “cadd @ o @~ o
T TTTT T T T O7TTT Y
13C NMR

ngg?mus-aas.mnm.u.es&

128 135
Chamical SHTt (ppm)

DgITAG2I05-546.002 D01, 1r.e5p :gwnams—&gg:z.um.lr.em

T

2275 22
Chemical Shift (ppm)

515 50 505 500
Chemical Shift (pom)

88
Chamical Sh (ppm)

S-74



Fbd7-2012-42 002.004. 1r.esp

—-80.0053
—-09.1228

19F NMR

)L(\,otﬁ J\

L7 T

2m

s

Juni 5-2012-45.001.001. ir.esp

I:Shilt (ppm)

7 BRER
B8 INSE
°f tpES

Jun15-2012-43.001.001.1resp

A p,}u ....M
575 550 525 600 5.7

5
Chemical Shift (ppm)

31 30 20

860 BBES £A70 £B75 6BA0 GBEE 6.00 6005 G900 GADE EO10 £O.15 G520 £9.05 6030 GB35 G40 6045 GOS0 GO.S5  69.60 £O.55
Chamical

—1 5514
1341
5]
—0.885

1H NMR

CF;

Jun15-2012-45.001.001. ir.esp

(+)-E-2n

Chemical Shift (ppm)

55 80 45 4D
Chamical St {ppm)

S-75



SmO0421105.002.001. 1resp S 22EE e ™
2% Drow 1 B
TT SiAd & T 43C NMR
SMO04E1 106.002.001. r.esp CF,
A
. /\/\©
| 3
(+)-(B)-2n
@ = g
o B = SMO04E1106.002.081 5. 8 EMO04E1106.002 00181
é 8 g 5 aeg ] E%ES
= b el mone
I. N Tr7T {3
13 130 129 128 127 126 124
Charmical Shift [ppm)
! 1
| |t
1 1
g 4 aim s atg 139 138 137 136 135 134
| 430 ucsmm;z.gmg&% 410 e Snmt (e
| 1
1 1 ] 1 Il
BT B T VR A S T RV S S S SR SR - S R
Chermical SHTt (ppm)
May26-3012-45008.001. ir.esp @ g
a8
T 19F NMR
CFy
/\f‘/"\@
(+HE}2n
Wotrmrwtint - Arammpiteminrdl, ey N - yoh

L e N BN B B S e L e L B i R
E 710 715 E 72, 73, E E - -
Chamical SHft (ppm)

S-76



SMOTETZ707.001.001.1r26F g2 BZ BER g =1
53 EE b =1 o A5
] [ £F [ T‘ | 1H NMR
=
CF3
SMO7aTZ707.001 001, 1r.esp o
(-H2)-20
- e
EE 335
7 38
Tlr
“ .
T T T T T T
65 6.0 55
Chemical Shift (ppm)
It Ifr
LA A _k‘-“. . h
2430 2293 1.001 1.010 1.082 ERTH 3481
= H = [ H
TTTen ss | an | 7s 70 &5 60 85 50 | 45 o 3s s zs 20 15 10 o
Chemical Shift {ppm)
SMI7ET2707.002.001 Fresp EBELERE8sEE £ Twmm S =
] BSHAGEREYS § GEEE EB ®
1 SRHANEARRE 8 EEEe S T 13C NMR
T Rk T LA
e
SmOTAT2TO7.002.001 resp CF3
SMO7E72707.002.001.1r.e50 SMOTET2TO7.002.001. 1526
(-HZ)-20
W
1305 1300 1285 1290 1285 12380 1275 1270 iy o . T e sl ol
Chemical Shit (ppm) s s gy e et H
Chem (pomj
1
|
1 ! 1
1
|
‘ II
L L L . L ' Il
AR L ey e L g A L i L L L L ) L e L s i ) L A U s e
220 210 =200 10 180 170 160 150 140 13 120 110 0 90 &0 70 60 = 4 300 10
Chemical Shift {pom)

S-77



19F NMR

Sm-410 Z ©-1.001.001.1r.88p il

CFy

—J25205

- —T2430

(H2)-20

oS ||

T | RARMLLAALN LAELE Ay TrerTTTeTT T
T3 -6 T -T.B e -T2 Era -T2z -T2.3 -T24 -8 -TZE
Chemical Shift {ppm)

AMALRAARL | LARALN AL ALY T TTITTTT
-T27 T8 -T28 el T3 73z -T33 T34 T35

SMOSSE1TO7.00100E fesp EEE BE #Ec3 & HE
5 G958 28 HAEINH 8 a8 1H NMR
s
TPORET €7 TRET T )
CFy
M@\y{
‘SMOS9E1707.001.001. 1r.26p o
(+HE)-20
g 2
38 Efgk
Ea $74H
T FF
-
LR AL IRELARAAL RN RARR RAAEsSeaa
67 66 65 6.4 63 62 6.1
Chemical Snit {ppm)
[ ff J ,
if |
]
} ‘ II i A A J
“ a ld
o 0 © o o w0 P
g g2 & B B o 8
] [ = =] L ] Jiad]
es | ao | 7s | to | &s &0 85 80 | 45 a0 3s @@ 25  z8 o 15 10
Chemical Shift (ppm)

S-78



5rrﬂ5961?l:|?.m2w1.1w§1 S§§§§§ Eg g s 13C NMR
& IHABRRR o o o
7 TV ¥ooroT
Aﬁ\@(
o]
(+*HE-20
sm05561707.042.001.1.86p SMOS261707.002.001.1r.259 SMOS561707.002.001.1r.e5p
CF
I L
| 2 é |
g
g ¥ &
8 ' ' 8
i W
130 129 128 1277 125 125 124 fammcsncis s e
Chemical Shif (ppm) k) 2 # 1375 1350 1325 1300
Chemical Shift(ppm) Chemical St (ppm)
]
[
]
TS zio 200 1% 180 A7a 160 =0 120 130 120 | 1i0 100 S0 €O 70 € s . 40 a3 20 19 @ -0 20 30
Chemical Shift (ppm)
19F NMR
3 g
‘S 10--2.002 001,11 5 H
re= g3 =
BB
[
o
(+}-(E)-20
TFiss ' T2m ' T2 ' T 285 ' i ' 2o 73,00

Chemical Shilt (ppm)

S-79



1H-DGXA00.001.0018 28 BE BRz &K 45 g &E
25 B8 8 28Xy |83 8 KA 1H NMR
"~ -
T T €5EF 25 71
GCF3
/T\%,@\
cO Me
(+)HE)-2p
1H-DOX4DI.001.001. 1r.esp
66 65 64 63 B2 61
Chemical Shitt (ppmi)
1
1
;o7 ) S
1
! I
i
. L | SR U W
- - o o - w0 w0
& g 3 & B 2 ]
] ] a8 = [} =) o
RS a0 7s | w@ . &s B4 &5 50 L5 an | 3s 38 2zs 2o 1s 1o os
Chemical Shift (ppm)
13c>-wcnsm.mmm.1r.§p é Egggg g gg é
8 % RBARER et ol o 13C NMR
7 T Foor i
CFs
A, g
13C-AVESD0.001.001. 115D 13C-AVCS00.001.001. 1r.esp /\/\@
CO,Me
(+)E)-2p
CF; 13C-AVCED0.001.001. r-esp
l |
o 8 H
B g ¥ 3
o g = ]
8 | T &
; NI B
j——
RS T L R YR B
Chesmical Shift (ppm) Mcnemr.:zsm (md;)
4.0 135 130 125
Chemical Shift {ppm)
1
1
1
WL ) .
TTTTIEd | rs 188 160 152 124 13 12 | 120 112 104 96 &8 80 72 64 = S5 43 40 a2 24 18 & 0

Chemical Shift {ppm)

S-80



19F-DPX250.001.001.1r2sp

5 3
&
Hop 19F NMR
[
CF;
/:\//"\©\
COMe
(+HE)-2p
TTRID 21 iz 923 924 7is | 728 A7 723 | 728 | 730 | 7ad | ez | 753 784 735 | 73k
Chemical Srift (ppm)
EMIZFTHEEMMres@d S BEFIEE FEEFS SEY BEB2 zR
58 JAHARR? BHooR ERE EBE Ha 1H NMR
P
e L i ® ey % iy
7
Ph CF,
[+]
(+)-(2)-2q
smM1Z772606.001.004. r.esp
25 24 23 23 21 2D ] 18
Ghemical SNt (ppmi)
f Ir s s NS ST
|
1
1 i I
v SEodn p 2 sbw 2 @
] BRSGR & ] B H & 8
Rl 0 BS0s [l = o ey Wy |
s as | @0 15 7@ &5 &0 85  s0 45 48 a3s a0 2s = zo 15 18 0§
Chemical SHift (ppm)

S-81



EM12772308.002.001. #asp ZHEE FEIRERL NE Dooc
1 sy BRAEHUE £8 SHRS
5 Y953 RRERLES S nogs  13CNMR
T TS, ML PORTE
sM12772608.002.001. r.esp Ph/\‘/(::@\g/
(+){2)-2q

SM12772608.002.001. r.esp

CF3

llaﬂﬂﬂ?

T Ty T T T T T T
130 129 128 127 126 125 124 123

&
Chemical Shift (ppm) Ical Shift {pem}

AL | T
216 208 200 192 184 176 168

e L L i L e T
180 152 144 136 128 120 12 104 o5 a8 80 T2 B4 % 48 40 3z 24 16 &
Chermical Shift (ppm)

SM-445-1.002.001.1r.esp

19F NMR

g

—=70.1543
—T0 1808

FPh CF3

(*HZ)-2q

I

T T T T T T T T T T T T T T T T T T T T T T
9.4 €3.5 -69.8 -6a7 €98 -68.9 -0 - -T2 -0.3 -T0.4 -5 TG -7 -T0.8 -T0e
Chemical Shift (ppm)

S-82



SMI2TEZS08. 001 00EnEeep BT H HBE HBI TR HAER BE2
B3 RY¥HAAR 22CHSB Cegn dTd 1H NMR
s [9s
KRR CEr e RREP s o
el |
S
Ph
(+HE)-2q o
‘SM127E2E08 001001 1r.88p ‘SmT27E2608.001.001. r.esp S 12782808.001.001. 1.5
@
E?.
%T ofl
t¥§§
£, Eidd
675 .50 6.25 .00 i . i e —
Chesmical Shift {ppm) E 3 28 a7 8 23 22 21 20 18 18
Chemical Shift (ppm) Chemical Shift {ppm)
J ff /A
@ ® oo o o
5 B ER 5 ]
] [ akad] 2 Jua]
Tes B0 75 7@ 55 &0 ss 8o 45 a0 3s
Chemical Srift (ppm)
SM127E2308.002.001E resp BREF RS3CER oo g g
g B3R 2RRERE EE tR2
s SYRE ARRERY B oo 13C NMR
T I ST i FIT
CF4
S
Ph
sm12762308. 002|061 1resp
SM12732808.002 001. 1r.e6p o
(*HE)-2q
CF
I 3
|
8 2 g
1 & k]
LT :
I L] I
TS0 1% 128 12 185 | 125 | 124 | 183
Chemieal Shift {ppm)
TP T haadd
48 47 45
Chemical Shift {ppmi)
1
1
1
1
l dab? "
Za | Zi0 |z 80 1ga | 10 160 150 140 10 12 10 100 | = 80 7o &0 = 40 30 20 0

Chemical Shift {ppm)

S-83



SM-445-2 001.D01.1r.esp

—-70.1807
—70.1880

19F NMR
CF3
A
0
[s]
(+HB)-2q
J\}\_f\ AP
' oS ' 010 015 ' oz0 j Tozs ' En e ' Toas
Chemical Shift (ppm)
smI3SI0AR0M001iresp SREEAYRSS SB FHEY g Rapg
HHBERESRERE 5% 3458 § HEZZ
TELLTETTE BY  PEEP T it
CF CF,
13510309.001.001.9r. H
SM135103098G 001. Tresp FEES = i /\’A@
a5 SS5E
it 25T
| (+HE)-5
]
1
I e e e e e B s o oy ) 20
£50 &l 575
Chemical Shitt (ppm) Chemical Shitt (ppm)
1
1
I
|
]
I
I /_
< b s & " o
E8 8 B g t
[a]a] ] = Ml a
S0 as &0 15 74 &5 &0 S5 sn 45 an | as 3o Tda T As 0 an o os

Chemical Shit (ppm)

S-84



SM13510309.002.001.1r.2sp

0 24
01980

€CI 008

208021
—20.5141
~M202184

13C NMR
CFLCF,

SM4E0.002 00 )racp
H

—a2

o
4 4564
j_"g‘ﬁﬂﬁ
45325
34721
Yga7m7
Taur
4 8034

44527
844564
45285
847218
847287
43034

45325

£
£3

—BATETS

Ta

X

i 1{4 i 1Ié
™

19F NMR.
CFCF3

%
(S,E)}-5

-850



10951408.001.001.1 E-3] BEEB 28 BEfsd B 2 s5H
=" P B8 g% ME INaS g ] 3 1H NMR
©p Grr ®F ejer T U < ¥
CF,CF;
}\/\@(
o]
(+HE)-6
SM10251408.001.001. 1r.e6p sMISS1406.001 001 1r.e50
o
=&
g7
T =
4
T
1 | r
1
/ i
; 1
A A |
o o w o = e -
g =] g 2 5 ° 5
[ 5] Ry L il ]
as a0 a&s | &g | 718 70 &5 &0 85 89 45 40 35 = 30 2s | 2o = 15 14 05
Chermical Shift (ppm)
EM10951408.002.001. 1r.elh BEERHEES - = -
5 aYRRIHI HEE & HE
& SRHERAR doo o He 13C NMR
T TLLRRLS R A
CFJCF3
SM0S51406. 002 00 1. 1r.esp e
CF CF SmMID951406 002 001, ir.esp /\/\©\(
2 3
(o]
()4B)-6
B0 1 16 11e 192
Chesmical Shift {ppm) 41 40 )
Chermical STt (ppm)
1
1
1
| ! 1
Laly | " Ll A
"0 zip 200 180 160 170 180 150 140 130 120 10 10a 1 E9 70 &2 S0 43 30 20 1@ 0 -0 20 38

Chemical Shilt (ppm)

S-86



smmnnz.mmr.e% E% gg g% gg
H =222 nnag  19FNMR
T U YUY e
Eg-
womgge g2 82 §8 M]@\(
F4:1 28 & Re .
=2 g2 o S
Ll = S ! (+*MB)-6
]
I
|
! 1
! 1
|
A A ik
-118 -119 -1 B -1z -123 -124 -125
Chemical Shift (ppm)
I
1
! -Blﬂ ! ; j ﬁl:l j 5!5 j -llﬂu j -li}ﬁ j -IIID j -1'15 j -1'20 j -1'25
Chemical SHit gpem)
Jun2z-2012-556 Bol S BEBEEG3Z HEGRRABEERRIRRBER EEE GREEIRE 1H NMR
HEEDOEE RRTRANAR REIBHEIGIEEREGERRG GRE JIUSREER
e ao -
Ty LT L LR TELLTLLT CE LR AT S-Sk (syn/anti (B) = 7.7, E/Z = 15)
CF,
. 2
arczonzssonon rEBEB 3§ BUERB22ghLER @ . /IVY\DH
FEEE R L] BIHHUBRERLT Bn
B A o = i i i i
syn-{E)
CF,
H - WOH
Bn
anti{E)
CF, n
OH
57 56 55 54 53 52 51 =0
Cherical St (ppem) (a
" -
-, A

267

a o 2w o m oo
Ha g re BH E 2
= ] =] g —g
T T T T T T T e e Ty T T T T T T T e T T
an 75 70 6.5 6.0 55 50 45 40 35 30 25 20 1.5 10 [

S-87



19F NMR with 19F-1H decoupling

JUM22-2012-55.003.001. 1r.esp & g %
Ff a ’f (syn/anti (E) = 7.7, E/Z = 15)
CFy
& )\/\(\OH
Bn
syn-(E}
CF;
u # " TOH
BEn
anti{E)
( cF, &n
SE /k_/EVOH
(2
|
Q 1

T T T T
-5 -T2.0 -T25 T35 -T40

mmmﬁ.mtmtuﬁ%ﬁkﬁ&&lﬁ RESE RYSELANY BURISUERRBRTHEE 3
AEEHLEEE BRIB PrREEHcR SENBRRHRERERER 1
paa one = :
TELRLLTY TET IR RArs S I T T 7
1H NMR
CF
smesass Qs 0B A R 5 SR ECIRE G
§ a¥EnERGRdganaianyy OH
T ORIy LI ATS Bn
]
i ' 200 175 150 125
Chamical Shilt (ppm)
J /H |
|
. . _/r__/ -
]
i A
J A
_ o o k m o8 o
i ] ] 2 B & &
L [ N RN N T
"Tgs | sa 75 | T0 | &5 B0 85 8O0 45 = 40 | 35 = a® @ 2s = Zo | 18 10 o8

S-88



SIMA%G353105.002.001.1r.8sp

—412043

—54.3097
423859
a23:1
.Ega G345
AT.87TE
—27.5881
T 2aemz
—12.4415

13C NMR
(syn/anti (E) = 8.9)

CF5

Ay o

Bn
syn-(E)

CF,
WOH
Bn

anti-{E)

May29-2012-30.003.001.1r.26p

—Fa24i

g =
8 &
@

- 0

19F NMR with 19F-1H decoupling
(syn/anti (E) = 8.9)

CFs

Ao

Bn

syn-{E)

a0

T T
-73.05

T T
T340

T T
-73.15

T T
7320

Fazs | q3an
Chemical Sh (ppm)

S-89

7335 | 7340 7345 | 7AS0 | 7ass | 7AG0 | -7aEs | 7370



Juns-2012-25.004.001. B B B 5 CTHRERY aHE AREBZ9E R cR3VEsRsBRAE
e aGEEy af EREEE2E Y BR22318ER
[ <
TITEF TR Ty PR RTTY [T III?
1H NMR (syn/anti = 11)
JUNDE-2012-28 004 001, 1r.86p CF3 o
/l\/\]/\ NO,
(s}
Bn
NO
syn-3 :
CF, o
WO NO2
Bn
NO,
e oy o= — = e R i ant-3
25 20
Chemical Shift (ppm)
1
|
] J P A
1
o - Fu's a e L b e
&8 ERA g ¥ T B & B
T TrTo [} L O
Ti0s 0o 85 S0 as | &0 | 75 70 &5 &0 S5 S0 45 & 40 35 30 25 20 15 14 05 0
Chemikcal Shitt (ppm)
SMOD420606.002.001 1resif g ZE7E5cERE 83 YHUBBERSBYBERS
b @ EER b HH IRGR-HEEREIRE AR
o I OoMNMNNN S w wdoio
I b E? "53'“4‘"'"13[2 NMR (syn/anti = 11)
CF; o
‘smo0-£20806.002.001. |rdep SMO0420506.002.001. fr.esp SMO0420805. 002 001. 11860 W NO,
n s}
syn = En
a 5 Mo
5
CF, (syn) -
| am PN v
z
| | N . o
- anti . Bn
-1 bt Y anti
A || I o N -
l—. —JnJJI- J ! — M-MPLLW-FJ W"r\ | anti-3
|||;$i||l|||||‘5||:I||l||||1|5é||l||||;é|5||l|||1"|‘2‘r[ dll:l T 3Ig T 3IB T 1*.0 |£.5 1é.|:|
Chemical Shift (ppm) Chemical Shift (ppm) Chemical Zhift {ppm)
1
1
1
| | |
» ; i | A _
184 176 166 190 132 144 136 128 120 112 80 72 64 S 43 32 24 16 4

S-90



JunQB-2012-28.005.D01.1r.5p
13C NMR (syn/anti = 11)

730838

a
a
CF, o L
)\/‘Y‘\O NO 5
Bn
NO
3 2
CFa o
@ W NO,
JUnDE-2012-26.005.001.1r.e50 g 5 T 0
a = Bn
TE
| MOz
anti-3
3
§s
B R
[
1000 8538
T 0 a8s | 7380 | 7205 | 7300 | 7305 | 7AAD | TAIE | 7320 7325 | 7330 | 7335 | 7340 | 734
Chemical Shift (ppm) -
3
i
K
L
R T A B M ABARIEainsmadss s sy nasn s na s s T T
] 5 -0 -15 20 -25 a0 -35 -55 -0 &5 L 75 -0
Chemical Shift {ppm)
CUisers¥satoshWDasktopk NMANJun(d-20 1 255K Jun0i-201 228 005.001. Ir.esn
Jm13—m12—2a.wd.u01.lr.esp§§§§§§ EE Egg ggg
T Ty = <L7 1H NMR
SiMe ,
o Aresp MeO)_/=C
8353?3 a8 CFy
o
ETTTTT Fh
Juni&-2012-24.004.001. iresp
GF4
Mel —
SiMe
MM[MM |
535 530 525 520 B15
Chamical Shift (ppm) chemualmm{ppm)
- s /
M A .
w a ~ o w o .
i g =1 # # ® B
= _ = i g S [} 5]
TTdn&s | ap | 75 70 &S | BD &8 &0 | 45 40 | 35 30 2§ 20 15 10 08 0 0s

S-91



Jun1E-2012-24 005.001. 1r.esp BER EHE
R FRE
9% 333
SiMe
MeD —
CF 3
Ph
CF5
MeO —
SiMe
Ph
1
PRI NPT Ik e n P RNT Lot ™ TRy oy
i WP I YR et A W o t . i f LR L Y

0.0 -50.5 1.0 515 €20 625 530 £35 Y] 645 650 £55 660 565 7.0 &5 £ 6E.5
Chemical Shi (ppm)
Jm1&m12—24.w7.m1.ﬁ%§888ﬂ98 HERG BRSEE GYERICEEEREBAEER
BAHHRAARY BIH gEppy AN EEEHESRERLSGR
e e TLIEY TRL WSROI R
19F NMR
CFy
Me0O, —
CF3
Ph
||"'
A - i
|
i
o @ = = o
] B B g2 B
— = [a=d] = [E——
' TTTEm T 7s 7o s | es | ss | so | 4s  an 3 38 25 ' 4o

Chemical Shift (ppm)

S-92



Jun1E-2012-24 008.001. 1r.esp THE BCE
AHH HEH
i ik
19F NMR
CF
MeO —
CF
Fh
1
L
£
@
2
—_
T

T T T T T T
£39 640 541 642 643 B44 £45 B46 £47 B4E 640 BEO0 651 H52 53 654 BSE5  £56 57  65B 650
Cheamical SHER (ppm)

S-93



