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General Information

All reactions were carried out under argon using Schlenk techniques. Reagents were
purchased from commercial sources and used as received. Analytical thin layer
chromatography (TLC) was performed on precoated silica gel 60 GF254 plates. Flash
column chromatography was performed using Tsingdao silica gel (60, particle size
0.040-0.063 mm). Visualization on TLC was achieved by use of UV light (254 nm) or
iodine. NMR spectra were recorded on a Bruker DPX 400 or a Bruker DPX 500
spectrometers at 400 MHz or 500 MHz for *H NMR, 100 MHz or 125 MHz for 3C
NMR, 376 MHz for 1°F NMR, and 162 MHz for 3'P NMR in CDCls with
tetramethylsilane (TMS) as an internal standard, [CFCl3 as an external reference (0
ppm) for 1°F NMR]. The chemical shifts are expressed in ppm and coupling constants
are given in Hz. Data for 'H NMR are recorded as follows: chemical shift (ppm),
multiplicity (s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet), coupling constant
(Hz), integration. Data for 3C NMR are reported in terms of chemical shift (3, ppm).
Mass spectrometric data was obtained using Bruker Apex IV RTMS.



scheme S1. Control experiments.
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fig. S1. Speculated energy profiles for carbonyl, aryl, and vinyl migration process.
The correlated free energy is shown for the proposed reaction pathway.
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fig. S2. X-ray structures of 51 and 6. The structure of 51 and 6 are confirmed by X-ray
analysis.



Experimental procedure

General procedure for synthesis of substrates

Method AA
0
Am R
+ THF, 78 °C o
gzt T N
Mm R e
n=123 m=12,7

The allylzinc chloride (0.50 M in THF, 3.0 mmol) was prepared as following: to a
suspension of ZnCl (409 mg, 3.0 mmol) and LiCl (254 mg, 6.0 mmol) in THF (3 mL)
was added a solution of allylmagnesium bromide in diethyl ether (1.0 M, 3 mL, 3.0
mmol) at —78 °C under nitrogen, and the mixture was stirred at 0 °C for 30 min.

To a solution of ketone (2.5 mmol, 1.0 equiv) in anhydrous THF (10 mL) was added
allylzinc chloride (3 mmol, 1.2 equiv) over 5 min at —78 °C. The reaction mixture was
stirred for 30 min at 0 °C and then stirred at room temperature for 2 h. After completion
(monitored by TLC), the reaction was quenched with saturated NH4Cl solution (10 mL).
EtOAc was used to extract the product from the aqueous layer (3 x 20 mL). The
combined organic layer was dried over anhydrous Na,SQg, filtered and concentrated to
afford the crude product, which was purified by flash column chromatography to afford
the desired products 1A-1L, 1Q, 4A-4E and 4M-40.

Method AB

n-BuLi

THF, =78 °C

To a solution of 1-bromo-2-vinylbenzene (1.0 g, 5.5 mmol, 1.1 equiv) in anhydrous
THF (10 mL) was added n-BuLi (2.3 mL, 2.4 M in n-hexane, 5.5 mmol, 1.1 equiv) over
10 min at —78 °C. The reaction mixture was stirred for 2 h at —78 °C and then to this
solution was added a solution of (E)-4-phenylbut-3-en-2-one (0.73 g, 5.0 mmol, 1.0
equiv) in THF (10 mL) over 10 min. The reaction mixture was stirred for an additional
2 h, and quenched with saturated NaHCOz3 solution (10 mL). EtOAc was used to extract
the product from the aqueous layer (3 x 30 mL). The combined organic layer was dried



over anhydrous Na,SOg, filtered and concentrated to afford the crude product, which
was purified by flash column chromatography to afford the desired product 1M (0.8 g,
64%).

The synthesis of other substrates (IN-1P, 4G-4L, 4P) is similar to that of 1M.
(E)-3-methyl-1-phenylhexa-1,5-dien-3-ol

IH NMR (400 MHz, CDCl3) § 7.41 - 7.37 (m, 2H), 7.35 - 7.30 (m, 2H), 7.26 - 7.21 (m,
1H), 6.61 (d, J = 16.0 Hz, 1H), 6.31 (d, J = 16.0 Hz, 1H), 5.92 - 5.79 (m, 1H), 5.21 -
5.14 (m, 2H), 2.46 (dd, J = 13.6, 6.8 Hz, 1H), 2.37 (dd, J = 13.6, 8.0 Hz, 1H), 1.87 (s,
1H), 1.40 (s, 3H). 2*C NMR (100 MHz, CDCl3) & 136.9, 136.2, 133.5, 128.5, 127.39,
127.37, 126.4, 119.2, 72.3, 47.3, 27.9. HRMS (ESI) m/z calcd. for C13H170 [M+H]*
189.1274, found 189.1272.

(E)-3-methyl-1-(p-tolyl)hexa-1,5-dien-3-ol

OH

o

1B

IH NMR (400 MHz, CDCls) § 7.29 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 6.58 (d,
J=16.0 Hz, 1H), 6.26 (d, J = 16.0 Hz, 1H), 5.92 - 5.79 (m, 1H), 5.21 - 5.13 (m, 2H),
2.49 - 2.36 (m, 2H), 2.35 (s, 3H), 1.89 (s, 1H), 1.40 (s, 3H). 13C NMR (100 MHz,
CDCls) § 137.2, 135.2, 134.1, 133.6, 129.2, 127.2, 126.3, 119.1, 72.3, 47.3, 27.9, 21.1.

HRMS (ESI) m/z calcd. for C14H190 [M+H]* 203.1430, found 203.1431.

(E)-1-(4-chlorophenyl)-3-methylhexa-1,5-dien-3-ol

OH

/@/W\
cl

1C

IH NMR (400 MHz, CDCls) § 7.32 - 7.25 (m, 4H), 6.55 (d, J = 16.0 Hz, 1H), 6.27 (d, J
=16.0 Hz, 1H), 5.88 - 5.76 (m, 1H), 5.20 - 5.13 (M, 2H), 2.43 (dd, J = 13.6, 6.8 Hz, 1H),
2.35 (dd, J = 13.6, 8.0 Hz, 1H), 1.86 (s, 1H), 1.38 (s, 3H). **C NMR (100 MHz, CDCls)



8 136.9,135.4, 133.4, 133.0, 128.7, 127.6, 126.3, 119.4, 72.3, 47.2, 27.9. HRMS (ESI)
m/z calcd. for C13H160CI [M+H]" 223.0884, found 223.0878.

(E)-1-(4-bromophenyl)-3-methylhexa-1,5-dien-3-ol

IH NMR (400 MHz, CDCls) & 7.44 - 7.40 (m, 2H), 7.25 - 7.21 (m, 2H), 6.53 (d, J = 16.0
Hz, 1H), 6.28 (d, J = 16.0 Hz, 1H), 5.88 - 5.76 (m, 1H), 5.20 - 5.12 (m, 2H), 2.43 (dd, J
=13.6,6.8 Hz, 1H), 2.35 (dd, J = 13.6, 8.0 Hz, 1H), 2.23 (s, 1H), 1.38 (s, 3H). *C NMR
(100 MHz, CDCl3) § 136.9, 135.8, 133.3, 131.6, 127.9, 126.3, 121.1, 119.4, 72.3, 47.2,
27.8. HRMS (ESI) m/z calcd. for C13H14Br [M-OH]* 249.0273, found 249.0270.

(E)-4-(3-hydroxy-3-methylhexa-1,5-dien-1-yl)benzonitrile

IH NMR (500 MHz, CDCl3) § 7.59 (d, J = 8.5 Hz, 2H), 7.45 (d, J = 8.5 Hz, 2H), 6.63 (d,
J=16.0 Hz, 1H), 6.41 (d, J = 16.0 Hz, 1H), 5.85 - 5.76 (m, 1H), 5.22 - 5.14 (m, 2H),
2.45 (dd, J = 13.5, 6.5 Hz, 1H), 2.37 (dd, J = 13.5, 8.5 Hz, 1H), 1.99 (s, 1H), 1.39 (s,
3H). 3C NMR (125 MHz, CDCls) § 140.1, 133.0, 132.4, 129.0, 126.9, 126.4, 126.1,
119.9, 110.5, 72.4, 47.1, 27.9. HRMS (ESI) m/z calcd. for C14H1s0ON [M+H]* 214.1226,
found 214.1222.

(E)-3-methyl-1-(4-(trifluoromethyl)phenyl)hexa-1,5-dien-3-ol

@/\M
F3C

3

IH NMR (400 MHz, CDCls) & 7.57 (d, J = 8.0 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 6.67
(d, J = 16.0 Hz, 1H), 6.41 (d, J = 16.0 Hz, 1H), 5.91 - 5.79 (M, 1H), 5.24 - 5.16 (m,
2H), 2.48 (dd, J = 13.6, 6.8 Hz, 1H), 2.40 (dd, J = 13.6, 8.0 Hz, 1H), 2.08 (s, 1H),



1.42 (s, 3H). *°C NMR (100 MHz, CDCls) § 140.5, 138.9, 133.2, 129.2 (¢, J = 32.2
Hz), 126.5, 126.3, 125.5 (q, J = 3.8 Hz), 124.2 (q, J = 270.0 Hz), 119.5, 72.4, 47.2,
27.8. HRMS (ESI) m/z calcd. for C1aH14F3 [M-OH]" 239.1042, found 239.1039.

(E)-3-methyl-1-(3-(trifluoromethyl)phenyl)hexa-1,5-dien-3-ol

OH

@vm

CF3;

'H NMR (400 MHz, CDCl3) & 7.62 (s, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.47 (d, J = 7.6
Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 6.64 (d, J = 16.0 Hz, 1H), 6.37 (d, J = 16.0 Hz, 1H),
5.89 - 5.77 (m, 1H), 5.21 — 5.14 (m, 2H), 2.46 (dd, J = 13.6, 6.8 Hz, 1H), 2.37 (dd, J
=13.6, 8.0 Hz, 1H), 2.16 (s, 1H), 1.40 (s, 3H). *3C NMR (100 MHz, CDCl3) § 138.2,
137.7,133.2,131.9 (q, J =31.9 Hz), 129.6, 129.0, 126.2, 124.1 (q, J = 270.6 Hz),
123.88 (q, J = 3.7 Hz), 122.91 (q, J = 3.9 Hz), 119.5, 72.4, 47.2, 27.9. HRMS (ESI)
m/z calcd. for C14aH14F3 [M-OH]* 239.1042, found 239.1039.

(E)-3-methyl-1-(2-(trifluoromethyl)phenyl)hexa-1,5-dien-3-ol

OH

@W\
CF;
1H

'H NMR (400 MHz, CDCls) § 7.62 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 7.6 Hz, 1H), 7.47 (t,
J=7.6 Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 6.97 (dd, J = 16.0, 2.4 Hz, 1H), 6.23 (d, J =
15.6 Hz, 1H), 5.90 - 5.78 (m, 1H), 5.21 —5.13 (m, 2H), 2.46 (dd, J = 13.6, 6.8 Hz, 1H),
2.38 (dd, J=13.6, 8.0 Hz, 1H), 2.33 (s, 1H), 1.40 (s, 3H). *C NMR (100 MHz, CDCl5)
6 140.7,136.4,133.2,131.8, 127.5, 127.3 (g, J = 32.1 Hz), 127.0, 125.66 (g, J = 5.5 Hz),
124.3 (q, J = 272.6 Hz), 124.0, 119.3, 72.4, 47.1, 27.6. HRMS (ESI) m/z calcd. for
C14H14F3 [M-OH]" 239.1042, found 239.1040.

(E)-3,5-dimethyl-1-phenylhexa-1,5-dien-3-ol

OH
W
1




IH NMR (500 MHz, CDCl3) § 7.39 (d, J = 7.5 Hz, 2H), 7.33 (t, J = 7.5 Hz, 2H), 7.24 (t,
J=75Hz, 1H), 6.62 (d, J = 16.0 Hz, 1H), 6.32 (d, J = 16.0 Hz, 1H), 4.97 (s, 1H), 4.83
(s, 1H), 2.41 (s, 2H), 2.17 (s, 1H), 1.81 (s, 3H), 1.42 (s, 3H). 3C NMR (125 MHz,
CDCls) § 142.2, 137.0, 136.8, 128.5, 127.2, 126.6, 126.3, 115.4, 72.1, 50.8, 28.6, 24.6.
HRMS (ESI) m/z calcd. for C14H17 [M-OH]* 185.1325, found 185.1322.

(E)-1,3-diphenylhexa-1,5-dien-3-ol

IH NMR (500 MHz, CDCls) & 7.48 (d, J = 8.0 Hz, 2H), 7.36 — 7.30 (m, 4H), 7.27 — 7.15
(m, 4H), 6.62 (d, J = 16.0 Hz, 1H), 6.50 (d, J = 16.0 Hz, 1H), 5.74 — 5.63 (m, 1H), 5.22
—5.10 (M, 2H), 2.82 — 2.71 (M, 2H), 2.33 (s, 1H). 13C NMR (125 MHz, CDCl3) § 145.2,
136.7,135.1, 133.1, 128.5, 128.3, 127.5, 127.0, 126.5, 125.4, 120.1, 75.6, 47.0. HRMS
(ESI) m/z calcd. for C1gH17 [M-OH]" 233.1325, found 233.1322.

(E)-1-(4-fluorophenyl)hexa-1,5-dien-3-ol

IH NMR (400 MHz, CDCls) § 7.35 — 7.30 (m, 2H), 7.03 — 6.96 (m, 2H), 6.55 (d, J =
16.0 Hz, 1H), 6.14 (dd, J = 16.0, 6.4 Hz, 1H), 5.91 - 5.79 (m, 1H), 5.21 — 5.12 (m, 2H),
4.37 - 4.30 (M, 1H), 2.46 — 2.33 (m, 2H), 2.28 (s, 1H). 3C NMR (100 MHz, CDCl3)
162.2 (d, J = 245.3 Hz), 133.9, 132.77 (d, J = 3.3 Hz), 131.27 (d, J = 2.1 Hz), 129.1,
127.89 (d, J = 7.9 Hz), 118.3, 115.4 (d, J = 21.5 Hz), 71.6, 41.9. HRMS (ESI) m/z calcd.
for C12H12F [M-OH]* 175.0918, found 175.0917.

(E)-1,3-diphenylhepta-1,6-dien-3-ol

HO Ph

1L




IH NMR (500 MHz, CDCl3) § 7.54 (d, J = 7.5 Hz, 2H), 7.45 - 7.38 (m, 4H), 7.36 - 7.27
(m, 4H), 6.70 (d, J = 16.0 Hz, 1H), 6.57 (d, J = 16.0 Hz, 1H), 5.93 - 5.85 (m, 1H), 5.08
-5.97 (M, 2H), 2.25 - 2.04 (M, 5H). *C NMR (125 MHz, CDCls) & 145.5, 138.6, 135.6,
128.9, 128.5, 128.3, 128.0, 127.6, 126.9, 126.5, 125.4, 114.7, 77.3, 76.9, 41.4, 28.2.
HRMS (ESI) m/z calcd. for CigH1o [M-OH]* 247.1481, found 247.1479.

(E)-4-phenyl-2-(2-vinylphenyl)but-3-en-2-ol

OH
X

e

M

IH NMR (400 MHz, CDCl3) § 7.70 - 7.65 (m, 1H), 7.59 - 7.53 (m, 1H), 7.50 - 7.39 (m,
3H), 7.37 - 7.32 (m, 4H), 7.30 - 7.27 (m, 1H), 6.63 (dd, J = 16.0, 0.8 Hz, 1H), 6.57 (d, J
=16.0 Hz, 1H), 5.57 (d, J = 17.6 Hz, 1H), 5.26 (dd, J = 11.2, 1.2 Hz, 1H), 2.65 (s, 1H),
1.86 (s, 3H). 23C NMR (100 MHz, CDCls) § 142.9, 137.5, 136.9, 136.6, 136.3, 128.4,
127.9, 127.6, 127.5, 127.4, 126.4, 125.5, 115.1, 74.9, 29.4. HRMS (ESI) m/z calcd. for
CigHa7 [M-OH]* 233.1325, found 233.1322.

(E)-4-(4-chlorophenyl)-2-(2-vinylphenyl)but-3-en-2-ol

Cl

OH
AN

e

IH NMR (500 MHz, CDCls) & 7.64 - 7.59 (m, 1H), 7.55 - 7.50 (m, 1H), 7.38 (dd, J =
17.0, 11.0 Hz, 1H), 7.35 - 7.30 (m, 2H), 7.30 - 7.25 (m, 4H), 6.55 (d, J = 16.0 Hz, 1H),
6.48 (d, J = 16.0 Hz, 1H), 5.55 (d, J = 17.0 Hz, 1H), 5.24 (d, J = 11.0 Hz, 1H), 2.56 (s,
1H), 1.82 (s, 3H). *C NMR (126 MHz, CDCls) § 142.5, 137.3, 136.93, 136.91, 135.1,
133.1, 128.6, 128.1, 127.7, 127.6, 127.5, 127.3, 125.5, 115.4, 75.0, 29.4. HRMS (ESI)
m/z calcd. for C1gH16Cl [M-OH]* 267.0935, found 267.0932.

1N

(E)-4-(3-chlorophenyl)-2-(2-vinylphenyl)but-3-en-2-ol




IH NMR (500 MHz, CDCl3) § 7.65 - 7.61 (m, 1H), 7.52 - 7.48 (m, 1H), 7.41 — 7.35 (dd,
J=17.5,11.0 Hz, 1H), 7.33 - 7.26 (m, 4H), 7.16 - 7.12 (m, 2H), 6.51 (d, J = 16.0 Hz,
1H), 6.25 (d, J = 16.0 Hz, 1H), 5.53 (dd, J = 17.5, 1.0 Hz, 1H), 5.22 (dd, J = 11.0, 1.0 Hz,
1H), 2.37 (s, 1H), 1.81 (s, 3H). 3C NMR (126 MHz, CDCls) § 142.9, 137.5, 137.0,
135.7, 135.3, 133.9, 129.24, 129.21, 128.6, 128.1, 127.7, 127.5, 126.4, 126.2, 125.6,
115.5, 75.2, 29.6. HRMS (ESI) m/z calcd. for C1gH1sCl [M-OH]* 267.0935, found
267.0931.

(E)-1,3-diphenyl-1-(2-vinylphenyl)prop-2-en-1-ol

'H NMR (500 MHz, CDCl3) § 7.61 - 7.54 (m, 1H), 7.51 - 7.46 (m, 1H), 7.42 - 7.39 (m,
2H), 7.37 - 7.27 (m, 7H), 7.25 - 7.17 (s, 4H), 6.83 (d, J = 16.0 Hz, 1H), 6.56 (d, J = 16.0
Hz, 1H), 5.47 (d, J = 17.5 Hz, 1H), 5.06 (d, J = 11.0 Hz, 1H), 2.65 (s, 1H). *C NMR
(125 MHz, CDCls) 6 145.8, 136.9, 135.0, 133.1, 129.0, 128.63, 128.61, 128.5, 128.4,
128.2,128.1, 128.0, 127.7, 127.4, 127.3, 126.9, 126.8, 126.7, 126.2, 116.7, 79.8.
HRMS (ESI) m/z calcd. for C23H1e [M-OH]" 295.1481, found 295.1474.

(E)-1,3-diphenylocta-1,7-dien-3-ol

HO Ph

1Q

'H NMR (500 MHz, CDCl3) § 7.62 - 7.57 (m, 2H), 7.55 - 7.51 (m, 1H), 7.47 - 7.39 (m,
3H), 7.36 - 7.27 (m, 4H), 6.69 (d, J = 16.0 Hz, 1H), 6.58 (d, J = 16.0 Hz, 1H), 5.90 -
5.78 (m, 1H), 5.10 - 4.95 (m, 2H), 2.72 (t, J = 7.5 Hz, 2H), 2.20 - 2.15 (m, 2H), 2.12 -
2.02 (m, 3H), 1.89 - 1.77 (m, 2H). 3C NMR (125 MHz, CDCl3) & 145.7, 138.5, 138.0,
130.4, 128.9, 128.5, 128.22, 128.21, 126.5, 126.2, 125.4, 115.3, 76.8, 41.9, 33.1, 23.3.
HRMS (ESI) m/z calcd. for C2oH21 [M-OH]" 261.1638, found 261.1636.

3-allyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-3-ol

Ph
HO
=

4A



IH NMR (500 MHz, CDCl3) § 7.41 (d, J = 8.0 Hz, 2H), 7.34 (t, J = 7.0 Hz, 2H), 7.27 (t,
J=7.0Hz, 1H),5.99 (s, 1H), 5.97 - 5.89 (m, 1H), 5.20 - 5.14 (M, 2H), 2.47 (dt, J = 17.0,
5.0 Hz, 1H), 2.43 - 2.32 (m, 3H), 1.93 - 1.76 (m, 4H), 1.74 - 1.67 (m, 1H). 13C NMR
(125 MHz, CDCls) & 141.4, 139.8, 133.6, 128.9, 128.2, 127.4, 125.4, 118.7, 69.9, 46.9,
35.1, 27.7, 19.4. HRMS (ESI) m/z calcd. for C1sH17 [M-OH]* 197.1325, found
197.1325.

3-allyl-4'-methyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-3-ol

4-MeCGH4
HO
=

4B

IH NMR (400 MHz, CDCl3) § 7.32 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 6.00 -
5.86 (m, 2H), 5.21 - 5.13 (m, 2H), 2.50 - 2.40 (m, 3H), 2.39 - 2.30 (m, 4H), 1.95 - 1.66
(m, 5H). 13C NMR (100 MHz, CDCl3) § 139.6, 138.5, 137.1, 133.7, 128.9, 128.0, 125.3,
118.6, 69.9, 46.9, 35.1, 27.7, 21.0, 19.4. HRMS (ESI) m/z calcd. for CisH10 [M-OH]*
211.1481, found 211.1480.

3-allyl-4'-fluoro-3,4,5,6-tetrahydro-[1,1'-biphenyl]-3-ol

4-FCgH,
HO
=

4C

IH NMR (500 MHz, CDCl3) § 7.38 - 7.33 (m, 2H), 7.04 - 6.98 (m, 2H), 5.97 - 5.87 (m,
2H), 5.20 - 5.13 (m, 2H), 2.46 - 2.38 (m, 3H), 2.35 - 2.27 (m, 1H), 1.91 - 1.75 (M, 4H),
1.72 - 1.65 (m, 1H). **C NMR (125 MHz, CDCls) § 162.2 (d, J = 244.8 Hz), 138.9,
137.5 (d, J = 2.0 Hz), 133.5, 128.8, 127.0 (d, J = 7.9 Hz), 118.9, 115.1 (d, J = 21.3 Hz),
69.8, 46.9, 35.1, 27.8, 19.4. HRMS (ESI) m/z calcd. for CisHisF [M-OH]* 215.1231,
found 215.1229.

1-allyl-3-phenylcyclohept-2-enol

i E :Ph
HO /

4D

IH NMR (500 MHz, CDCl3) § 7.52 - 1.49 (m, 1H), 7.37 - 7.33 (m, 1H), 7.32 - 7.29 (m,



3H), 5.98 - 5.88 (M, 2H), 5.82 (s, 1H), 5.22 - 5.16 (m, 2H), 2.75 - 2.69 (M, 1H), 2.63 -
2.56 (M, 1H), 2.53 - 2.48 (m, 1H), 2.45 - 2.39 (m, 1H), 2.26 - 2.22 (m, 2H), 1.80 - 1.73
(m, 3H), 1.66 - 1.60 (m, 2H). *C NMR (125 MHz, CDCl3) § 143.0, 137.5, 133.6, 128.2,
126.8, 126.2, 125.7, 118.8, 74.9, 46.4, 37.9, 31.7, 27.0, 24.2. HRMS (ESI) m/z calcd.
for C16H19 [M-OH]* 211.1481, found 211.1480.

(E)-1-allyl-3-phenylcyclododec-2-enol

Ph

—

4E

IH NMR (400 MHz, CDCls) § 7.35 — 7.22 (m, 5H), 5.93 — 5.81 (m, 1H), 5.49 (s, 1H),
5.23—5.13 (m, 2H), 3.48 —3.37 (M, 1H), 2.60 — 2.48 (m, 2H), 2.28 (dd, J = 13.6, 8.8 Hz,
1H), 1.97 — 1.87 (m, 2H), 1.82 — 1.70 (m, 2H), 1.70 — 1.59 (m, 1H), 1.58 — 1.25 (m,
12H). 13C NMR (100 MHz, CDCls) § 144.9, 143.7, 133.5, 133.2, 128.0, 126.9, 126.6,
119.6, 75.8, 48.3, 39.3, 28.3, 27.94, 27.90, 26.1, 24.9, 24.3, 23.1, 22.6. HRMS (ESI)
m/z calcd. for C21H29 [M-OH]* 281.2264, found 281.2261.

2-vinyl-1',4" 5" 6'-tetrahydro-[1,1':3",1""-terphenyl]-1'-ol

'H NMR (500 MHz, CDCl3) § 7.78 — 7.76 (m, 1H), 7.60 — 7.58 (m, 1H), 7.56 (d, J =
7.6 Hz, 2H), 7.53 — 7.48 (m, 1H), 7.44 (t, J = 7.5 Hz, 2H), 7.40 — 7.34 (m, 3H), 6.26

(s, 1H), 5.62 (dd, J = 17.3, 1.4 Hz, 1H), 5.29 (dd, J = 10.9, 1.4 Hz, 1H), 2.70 (dt, J =
17.4, 4.6 Hz, 1H), 2.57 — 2.48 (m, 1H), 2.33 (s, 1H), 2.28 — 2.18 (m, 1H), 2.11 — 2.02
(m, 2H), 1.90 — 1.84 (m, 1H). **C NMR (125 MHz, CDCl3) § 144.2, 141.3,139.4, 137.2,
136.4, 129.8, 128.5, 128.0, 127.8, 127.5, 127.5, 126.6, 125.7, 115.1, 73.4, 36.9, 27.4,
19.8.



4"-methyl-2-vinyl-1'4' 5" 6'-tetrahydro-[1,1":3",1""-terphenyl]-1'-ol

IH NMR (500 MHz, CDCl3) § 7.86 — 7.83 (m, 1H), 7.66 — 7.63 (m, 1H), 7.56 (dd, J =
17.5, 11.0 Hz, 1H), 7.51 (d, J = 8.0 Hz, 2H), 7.41 — 7.38 (m, 2H), 7.30 (d, J = 8.0 Hz,
2H), 6.28 (s, 1H), 5.67 (dd, J = 17.5, 1.5 Hz, 1H), 5.33 (dd, J = 11.0, 1.5 Hz, 1H), 2.73
(dt, J =17.5,5.0 Hz, 1H), 2.58 — 2.53 (m, 1H), 2.50 (s, 3H), 2.48 (s, 1H), 2.30 — 2.24 (m,
1H), 2.14 — 2.08 (m, 2H), 1.94 — 1.87 (m, 1H). 3C NMR (125 MHz, CDCls) § 144.2,
138.8, 138.1, 137.2, 137.0, 136.1, 128.9, 128.8, 127.7, 127.22, 127.16, 126.4, 125.2,
114.7,73.0, 36.7, 27.1, 21.0, 19.5. HRMS (ESI) m/z calcd. for Ca1Hz1 [M-OH]*
273.1638, found 273.1636.

4" -fluoro-2-vinyl-1',4',5',6'-tetrahydro-[1,1':3",1"'-terphenyl]-1'-ol

'H NMR (400 MHz, CDCl3) § 7.76 - 7.71 (m, 1H), 7.59 - 7.54 (m, 1H), 7.49 - 7.41 (m,
3H), 7.35 - 7.30 (m, 2H), 7.12 - 7.04 (m, 2H), 6.15 (s, 1H), 5.59 (dd, J = 17.2, 1.6 Hz,
1H), 5.26 (dd, J = 10.8, 1.6 Hz, 1H), 2.60 (dt, J = 17.6, 4.8 Hz, 1H), 2.54 (s, 1H), 2.49 -
2.38 (M, 1H), 2.24 - 2.15 (m, 1H), 2.06 - 1.98 (m, 2H), 1.87 - 1.78 (m, 1H). 3C NMR
(100 MHz, CDCl3) 6 162.2 (d, J = 245.1 Hz), 143.9, 138.0, 137.1 (d, J = 3.3 Hz), 136.9,
136.1, 129.6, 127.8, 127.30 (d, J = 1.8 Hz), 127.0, 126.9, 126.3, 115.1 (d, J = 21.2 Hz),
114.9, 73.1, 36.5, 27.3, 19.5. HRMS (ESI) m/z calcd. for C2oH200F [M+H]* 295.1493,
found 295.1493.

3""-fluoro-2-vinyl-1',4'5',6'-tetrahydro-[1,1":3",1""-terphenyl]-1'-ol




'H NMR (500 MHz, CDCl3) & 7.76 - 7.72 (m, 1H), 7.60 - 7.57 (m, 1H), 7.48 (dd, J =
17.0, 10.5 Hz, 1H), 7.37 - 7.28 (m, 4H), 7.26 - 7.22 (m, 1H), 7.06 (td, J = 8.5, 2.0 Hz,
1H), 6.25 (s, 1H), 5.61 (dd, J = 17.0, 1.5 Hz, 1H), 5.29 (dd, J = 11.0, 1.5 Hz, 1H), 2.64
-2.54 (m, 2H), 2.50 - 2.42 (m, 1H), 2.26 - 2.19 (m, 1H), 2.08 - 2.01 (m, 2H), 1.87 - 1.79
(m, 1H). **C NMR (125 MHz, CDCl3) § 162.8 (d, J = 243.6 Hz), 143.7, 143.35 (d, J =
7.3 Hz), 136.8, 136.1, 130.5, 129.62 (d, J = 8.4 Hz), 127.8, 127.27 (d, J = 7.9 Hz), 126.3,
120.94 (d, J = 2.8 Hz), 114.9, 114.1 (d, J = 21.0 Hz), 112.2 (d, J = 21.8 Hz), 73.0, 36.4,
27.0, 19.4. HRMS (ESI) m/z calcd. for C20H200F [M+H]+ 295.1493, found 295.1486

3-phenyl-1-(2-vinylphenyl)cyclohept-2-enol

OH
=

4J

IH NMR (400 MHz, CDCl3) § 7.73 - 7.70 (m, 1H), 7.59 - 7.50 (m, 2H), 7.42 - 7.38 (m,
2H), 7.36 - 7.26 (m, 5H), 6.06 (s, 1H), 5.60 (dd, J = 17.2, 1.6 Hz, 1H), 5.29 (dd, J = 10.8,
1.6 Hz, 1H), 2.91 - 2.82 (m, 1H), 2.75 - 2.67 (m, 1H), 2.46 - 2.39 (m, 1H), 2.14 (s, 1H),
2.10 - 2.00 (m, 2H), 1.98 - 1.89 (m, 2H), 1.82 - 1.73 (m, 1H), 1.70 - 1.62 (m, 2H). 13C
NMR (100 MHz, CDCls) § 145.3, 145.1, 143.8, 137.4, 136.2, 136.0, 128.1, 128.0,
127.4,127.3,126.9, 126.1, 125.6, 115.0, 77.9, 38.9, 31.9, 26.4, 23.9.

(E)-3-phenyl-1-(2-vinylphenyl)cyclooct-2-enol

OH
=

4K

IH NMR (500 MHz, CDCl3) § 7.73 - 7.70 (m, 1H), 7.59 - 7.52 (m, 2H), 7.49 - 7.45 (m,
2H), 7.41 - 7.29 (m, 5H), 6.24 (s, 1H), 5.58 (dd, J = 17.0, 1.5 Hz, 1H), 5.29 (dd, J = 10.5,
1.5 Hz, 1H), 3.04 - 2.95 (m, 1H), 2.78 - 2.69 (m, 1H), 2.65 - 2.57 (m, 1H), 2.31 (s, 1H),
2.22 - 2.15 (m, 1H), 2.11 - 2.02 (m, 1H), 1.93 - 1.84 (m, 1H), 1.80 - 1.67 (m, 4H). 1*C
NMR (126 MHz, CDCls) § 144.0, 137.7, 136.8, 135.3, 128.4, 128.1, 128.0, 127.3,
127.2,126.8,126.1, 125.0, 124.9, 114.7, 77.7, 41.0, 28.2, 27.8, 23.8, 23.6. HRMS (ESI)
m/z calcd. for CooH250 [M+H]* 305.1900, found 305.1894 .



(E)-2-benzylidene-1-(2-vinylphenyl)cyclohexanol

(L)
OH
=

4L

'H NMR (500 MHz, CDCl3) § 7.70 (dd, J = 7.5, 1.5 Hz, 1H), 7.54 (dd, J = 7.0, 2.0 Hz,
1H), 7.34 - 7.27 (m, 5H), 7.20 (d, J = 7.5 Hz, 1H), 7.15 - 7.11 (m, 2H), 6.14 (s, 1H), 5.57
(dd, J=17.5, 1.5 Hz, 1H), 5.22 (dd, J = 11.0, 1.5 Hz, 1H), 2.76 - 2.58 (m, 2H), 2.46 -
2.39 (m, 1H), 2.00 - 1.88 (m, 3H), 1.83 - 1.77 (m, 1H), 1.73 - 1.69 (m, 1H), 1.53 - 1.48
(m, 1H). 3C NMR (125 MHz, CDCl3) & 144.6, 142.6, 138.1, 137.5, 137.0, 128.7, 127.8,
127.7,127.6,127.4,126.3, 125.3, 114.4, 77.9, 39.9, 26.6, 26.4, 22.2. HRMS (ESI) m/z
calcd. for C17H14F [M-OH]* 273.1638, found 273.1634.

1-allyl-3-(phenylsulfonyl)cyclohex-2-enol

SO,Ph
HO
/

4M

IH NMR (500 MHz, CDCl3) § 7.85 — 7.81 (m, 2H), 7.63 — 7.58 (m, 1H), 7.54 — 7.49 (m,
2H), 6.84 (s, 1H), 5.86 — 5.76 (m, 1H), 5.21 — 5.10 (m, 2H), 2.40 — 2.31 (M, 2H), 2.28 (s,
1H), 2.23 - 2.15 (m, 1H), 2.12 — 2.03 (m, 1H), 1.75 — 1.62 (m, 3H), 1.61 — 1.55 (m, 1H).
13C NMR (125 MHz, CDCl3) § 141.7, 140.0, 138.6, 133.4, 131.9, 129.2, 128.1, 120.0,
69.4, 45.7, 34.0, 23.0, 18.8. HRMS (ESI) m/z calcd. for CisH100sS [M+H]* 279.1049,
found 279.1048.

3-allyl-3-hydroxycyclohex-1-enecarbonitrile

CN
HO
/

4N

IH NMR (500 MHz, CDClz3) 5 6.42 (s, 1H), 5.86 - 5.76 (m, 1H), 5.24 - 5.14 (m, 2H),
2.32 (dd, J= 7.5, 0.5 Hz, 2H), 2.29 - 2.21 (m, 1H), 2.19 - 2.12 (m, 1H), 2.05 (s, 1H),
1.83 - 1.70 (m, 3H), 1.68 - 1.62 (m, 1H). 3C NMR (125 MHz, CDCls) § 147.2, 131.7,
120.3, 118.8, 114.4, 68.6, 45.6, 34.0, 26.8, 18.2. HRMS (ESI) m/z calcd. for C1oH14ON
[M+H]* 164.1070 , found 164.1071.



methyl 3-allyl-3-hydroxycyclohex-1-enecarboxylate

CO,Me
HO;
/

40

'H NMR (400 MHz, CDCl3) 6 6.71 (s, 1H), 5.89 - 5.77 (m, 1H), 5.18 - 5.08 (m, 2H),
3.71 (s, 3H), 2.38 - 2.26 (m, 3H), 2.18 - 2.06 (M, 2H), 1.74 - 1.59 (m, 4H). 1*C NMR
(100 MHz, CDClz) 6 167.8,141.4,132.6, 131.9, 119.4,69.3,51.7,45.9, 34,5, 24.3, 18.7.
HRMS (ESI) m/z calcd. for C11H1703 [M+H]* 197.1172, found 197.1170.

2-(vinyloxy)-1',4' 5',6'-tetrahydro-[1,1":3",1""-terphenyl]-1'-ol

O OH
o

4P

IH NMR (400 MHz, CDCl3) § 7.55 - 7.47 (m, 3H), 7.40 - 7.34 (m, 2H), 7.33 - 7.25 (m,
2H), 7.09 (td, J = 7.6, 0.8 Hz, 1H), 7.03 (dd, J = 8.0, 0.8 Hz, 1H), 6.63 (dd, J = 13.6, 6.0
Hz, 1H), 6.22 (s, 1H), 4.85 (dd, J = 14.0, 2.0 Hz, 1H), 4.53 (dd, J = 6.0, 2.0 Hz, 1H),

3.70 (s, 1H), 2.62 - 2.44 (m, 2H), 2.27 - 2.19 (m, 1H), 2.13 - 2.06 (M, 1H), 2.05 - 1.95
(m, 1H), 1.76 - 1.67 (m, 1H). *C NMR (100 MHz, CDCl3) § 154.2, 147.7, 141.5, 139.9,
136.3, 128.4, 128.22, 128.19, 128.0, 127.4, 125.6, 123.1, 117.1, 96.3, 73.0, 36.7, 27.5,

19.7. HRMS (ESI) m/z calcd. for C20H2102 [M+H]* 293.1536, found 293.1532.



General procedures for trifluoromethylation reactions

R? O
HO /s /—Ar  Fy¢—I1—o0 R R2
2 CuCN (10 mol%) 7=,
noooS 1 + e} T R1 — Ar
i - R Solvent SN
2 7 CF;
1,n=-1,0,1 2 3, E/Z > 20:1

Method A: A 25 mL Schlenk tube equipped with a magnetic stir bar was charged with 1
(0.2 mmol, 1.0 equiv), 2 (94.5 mg, 0.3 mmol, 1.5 equiv), CuCN (1.8 mg, 0.02 mmol,
0.1 equiv), and EtOAc (2.0 mL) under argon atmosphere. The sealed tube was then
stirred at 80 °C for 18 h. After completion of the reaction as monitored by TLC, EtOAc
(30 mL) was added and the reaction mixture was washed with saturated NaHCO3 (2 X 5
mL) solution. The organic layer was dried over anhydrous Na,SOg, filtered and
concentrated to afford a crude product, which was purified by flash column
chromatography to afford products 3A, 3D, 3E, 3G, 3I.

The experimental procedure for performing the large-scale synthesis of 3A is similar to
that mentioned above in Method A.

Method B: A 25 mL Schlenk tube equipped with a magnetic stir bar was charged with 1
(0.2 mmol, 1.0 equiv), 2 (76 mg, 0.24 mmol, 1.2 equiv), CuCN (1.8 mg, 0.02 mmol, 0.1
equiv), and 1,4-dioxane (2.0 mL) under argon atmosphere. The sealed tube was then
stirred at 80 °C for 10 h. Then a second portion of 2 (76 mg, 0.24 mmol, 1.2 equiv) was
added and the tube was stirred for an additional 10 h. After completion of the reaction
as monitored by TLC, EtOAc (30 mL) was added and the reaction mixture was washed
with saturated NaHCO3 (2 x 5 mL) solution. The organic layer was dried over
anhydrous Na>SOQg, filtered and concentrated to afford a crude product, which was
purified by flash column chromatography to afford products 3A-3C, 3F, 3H, 3J, 3K.

Method C: A25 mL Schlenk tube equipped with a magnetic stir bar was charged with 1
(0.2 mmol, 1.0 equiv), 2 (94.5 mg, 0.3 mmol, 1.5 equiv), CuCN (1.8 mg, 0.02 mmol,
0.1 equiv), and EtOAc (2.0 mL) under argon atmosphere. The sealed tube was then
stirred at 60 °C for 24 h. After completion of the reaction as monitored by TLC, EtOAc
(30 mL) was added and the reaction mixture was washed with saturated NaHCO3z (2 X 5
mL) solution. The organic layer was dried over anhydrous Na,SOg, filtered and
concentrated to afford a crude product, which was purified by flash column
chromatography to afford products 3L-3Q.



(E)-6-phenyl-4-(2,2,2-trifluoroethyl)hex-5-en-2-one

Compound 3A, colorless oil, 69% yield, *H NMR (500 MHz, CDClz) § 7.35—7.28 (m,
4H), 7.25—7.21 (m, 1H), 6.47 (d, J = 16.0 Hz, 1H), 6.11 (dd, J = 16.0, 9.0 Hz, 1H), 3.18
—3.09 (m, 1H), 2.68 (d, J = 6.5 Hz, 2H), 2.42 — 2.24 (m, 2H), 2.15 (s, 3H). *C NMR
(125 MHz, CDCls) 4 206.2, 136.7, 131.3, 130.2, 128.5, 127.6, 126.5 (q, J = 276.0 Hz),
126.2,47.8,38.0 (g, J=27.0 Hz), 32.9 (9, J = 2.6 Hz), 30.5. *F NMR (376MHz, CDCls)
8 —63.0. HRMS (APCI) m/z calcd. for C14H160Fs [M + H]* 257.1148, found 257.1142.

(E)-6-(p-tolyl)-4-(2,2,2-trifluoroethyl)hex-5-en-2-one

X CF;

Compound 3B, colorless oil, 69% yield, *H NMR (500 MHz, CDCl3) § 7.23 (d, J = 8.0
Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 6.42 (d, J = 16.0 Hz, 1H), 6.04 (dd, J = 16.0, 8.5 Hz,
1H), 3.16 — 3.07 (m, 1H), 2.67 (d, J = 6.5 Hz, 2H), 2.38 — 2.24 (m, 5H), 2.14 (s, 3H). 1*C
NMR (125 MHz, CDCl3) 6 206.3, 137.4,133.9,131.1, 129.2, 129.1, 126.5 (q, J = 275.9
Hz), 126.1, 47.9, 38.0 (q, J = 26.9 Hz), 32.9 (q, J = 2.5 Hz), 30.6, 21.1. °F NMR (376
MHz, CDCl3) 6 —63.1. HRMS (APCI) m/z calcd. for C15H1sOF3 [M + H]* 271.1304,
found 271.1297.

(E)-6-(4-chlorophenyl)-4-(2,2,2-trifluoroethyl)hex-5-en-2-one

N CF,

Compound 3C, colorless oil, 77% yield, *H NMR (500 MHz, CDCls3) § 7.27 — 7.23 (m,
4H), 6.41 (d, J=15.5Hz, 1H), 6.07 (dd, J = 15.5, 8.5 Hz, 1H), 3.16 — 3.08 (m, 1H), 2.67
(d, J = 6.5 Hz, 2H), 2.40 — 2.24 (m, 2H), 2.14 (s, 3H). *C NMR (125 MHz, CDCls) §

206.1, 135.2, 133.2, 130.9, 130.1, 128.7, 127.5, 126.5 (q, J = 275.9 Hz), 47.7,37.9 (q, J



=27.1 Hz), 32.8 (q, J = 2.5 Hz), 30.5. *F NMR (376 MHz, CDCl3) § —63.1. HRMS
(APCI) m/z calcd. for C14H1sOCIFs [M + H]* 291.0758, found 291.0752.

(E)-6-(4-bromophenyl)-4-(2,2,2-trifluoroethyl)hex-5-en-2-one

Br
3D

Compound 3D, colorless oil, 69% yield, *H NMR (500 MHz, CDCls3) § 7.43 —7.39 (m,
2H), 7.20-7.17 (m, 2H), 6.40 (d, J = 16.0 Hz, 1H), 6.09 (dd, J = 16.0, 8.5 Hz, 1H), 3.16
—3.08 (m, 1H), 2.67 (d, J = 6.5 Hz, 2H), 2.41 — 2.23 (m, 2H), 2.14 (s, 3H). 3C NMR
(125 MHz, CDCl3) 4 206.1, 135.6, 131.6, 131.0, 130.2, 127.8, 126.4 (q, J = 276.0 Hz),
121.3,47.6,37.9 (q, J = 27.1 Hz), 32.8 (q, J = 2.5 Hz), 30.5. 1°F NMR (376 MHz,
CDCls) 6 —63.1. HRMS (APCI) m/z calcd. for C14H150BrFs [M + H]* 335.0253, found
335.0248.

(E)-4-(5-0x0-3-(2,2,2-trifluoroethyl)hex-1-en-1-yl)benzonitrile

NC
3E

Compound 3E, colorless oil, 72% yield, *H NMR (500 MHz, CDCl3) § 7.58 (d, J = 8.0
Hz, 2H), 7.40 (d, J = 8.5 Hz, 2H), 6.48 (d, J = 16.0 Hz, 1H), 6.24 (dd, J = 16.0, 9.0 Hz,
1H), 3.20-3.12 (m, 1H), 2.70 (d, J = 6.0 Hz, 2H), 2.44 — 2.24 (m, 2H), 2.15 (s, 3H). *C
NMR (125 MHz, CDCl3) 6 205.7, 141.2, 134.3,132.4, 129.9, 126.8, 126.3 (q, J = 275.9
Hz), 118.9, 110.8, 47.5, 37.8 (q, J = 27.3 Hz), 32.8 (q, J = 2.4 Hz), 30.5. *°F NMR (376
MHz, CDCl3) 6 —63.1. HRMS (APCI) m/z calcd. for C15sH1sONF3 [M + H]* 282.1100,
found 282.1099.

(E)-4-(2,2,2-trifluoroethyl)-6-(4-(trifluoromethyl)phenyl)hex-5-en-2-one

3F




Compound 3F, colorless oil, 80% yield, *H NMR (500 MHz, CDCl3) § 7.54 (d, J = 8.5
Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 6.50 (d, J = 16.0 Hz, 1H), 6.21 (dd, J = 16.0, 9.0 Hz,
1H), 3.20—3.11 (m, 1H), 2.70 (d, J = 6.5 Hz, 2H), 2.44 — 2.24 (m, 2H), 2.15 (s, 3H). 1°C
NMR (125 MHz, CDClz) 6 205.9, 140.2, 132.9, 130.1, 129.4 (q, J = 32.1 Hz), 126.4(2),
126.4(1) (q, J = 275.9 Hz), 125.5 (q, J = 3.8 Hz), 124.1 (g, J = 270.3 Hz), 47.6, 38.2 (q,
J=27.1Hz),32.8(q, J = 2.6 Hz), 30.5. *F NMR (376 MHz, CDCl3) § —62.5 (s, 3F),
—63.1 (s, 3F). HRMS (APCI) m/z calcd. for C15sH1s0F¢ [M + H]* 325.1022, found
325.1016.

(E)-4-(2,2,2-trifluoroethyl)-6-(3-(trifluoromethyl)phenyl)hex-5-en-2-one

FsC \ CF;

3G

Compound 3G, colorless oil, 63% yield, *H NMR (500 MHz, CDCl3) & 7.56 (s, 1H),
7.51—7.45 (m, 2H), 7.41 (t, J = 7.5 Hz, 1H), 6.50 (d, J = 16.0 Hz, 1H), 6.18 (dd, J =
16.0, 9.0 Hz, 1H), 3.20 — 3.11 (m, 1H), 2.70 (d, J = 6.5 Hz, 2H), 2.43 — 2.25 (m, 2H),
2.16 (s, 3H). *C NMR (125 MHz, CDCl3) § 205.9, 137.5,132.2, 131.0 (q, J = 31.9 Hz),
130.1, 129.5, 129.0, 126.4 (q, J = 275.9 Hz), 124.1(1) (q, J = 3.8 Hz), 124.0(5) (q, J =
270.6 Hz), 122.8 (q, J = 3.9 Hz), 47.6, 37.9 (q, J = 27.1 Hz), 32.8 (g, J = 2.5 Hz), 30.5.
1%F NMR (376 MHz, CDCl3) 5 —62.8 (s, 3F), —63.1 (s, 3F). HRMS (APCI) m/z calcd.
for C15H150Fs [M + H]* 325.1022, found 325.1014.

(E)-4-(2,2,2-trifluoroethyl)-6-(2-(trifluoromethyl)phenyl)hex-5-en-2-one

CF,
X CF,

Compound 3H, colorless oil, 81% yield, *tH NMR (500 MHz, CDCl3) § 7.61 (d, J = 8.0
Hz, 1H), 7.54 — 7.45 (m, 2H), 7.33 (t, J = 7.5 Hz, 1H), 6.82 (dd, J = 15.5, 2.0 Hz, 1H),
6.09 (dd, J=15.5, 8.5 Hz, 1H), 3.22 - 3.13 (m, 1H), 2.70 (d, J = 6.5 Hz, 2H), 2.43 -
2.26 (m, 2H), 2.16 (s, 3H). *C NMR (125 MHz, CDCl3) § 206.0, 136.0, 134.7, 131.9,
127.6,127.5,127.4 (9, J=5.9 Hz), 127.3, 126.4 (9, J = 275.5 Hz), 125.7 (q, J = 5.6 Hz),
123.9 (d, J=272.3 Hz), 47.6, 37.8 (q, J = 27.3 Hz), 32.9 (9, J = 2.6 Hz), 30.4. 1°F NMR
(376 MHz, CDCl3) 6 —59.6 (s, 3F), —63.1 (s, 3F). HRMS (APCI) m/z calcd. for
C1sH1s0Fs [M + H]* 325.1022, found 325.1016.



(E)-4-methyl-6-phenyl-4-(2,2,2-trifluoroethyl)hex-5-en-2-one

(o}

3l

Compound 3I, colorless oil, 65% yield, *H NMR (500 MHz, CDCls3) § 7.37 — 7.34 (m,
2H), 7.33-7.29 (m, 2H), 7.25-7.21 (m, 1H), 6.37 (s, 2H), 2.72 (s, 2H), 2.64 — 2.52 (m,
2H), 2.13 (s, 3H), 1.38 (s, 3H). 13C NMR (125 MHz, CDCls) § 206.6, 137.0, 136.2,
128.6, 127.5, 127.4, 126.7 (g, J = 277.1 Hz), 126.3, 52.0, 41.6 (q, J = 25.9 Hz), 36.2 (q,
J=1.8Hz), 31.5, 25.0. 1°F NMR (376 MHz, CDCl3) § -59.8. HRMS (APCI) m/z calcd.
for C15H180OF3 [M + H]* 271.1304, found 271.1299.

(E)-1,5-diphenyl-3-(2,2,2-trifluoroethyl)pent-4-en-1-one

0]

Ph
N CF;

3J

Compound 3J, colorless oil, 58% yield, *H NMR (500 MHz, CDCls3) § 7.96 — 7.92 (m,
2H), 7.60 — 7.55 (m, 1H), 7.50 — 7.45 (m, 2H), 7.34 — 7.27 (m, 4H), 7.24 — 7.19 (m, 1H),
6.50 (d, J = 15.5 Hz, 1H), 6.19 (dd, J = 15.5, 8.5 Hz, 1H), 3.40 — 3.32 (m, 1H), 3.27 -
3.17 (m, 2H), 2.56 — 2.44 (m, 1H), 2.42 — 2.31 (m, 1H). 3C NMR (125 MHz, CDCl3) &
197.7, 136.8, 133.3, 131.3, 130.5, 128.7, 128.5, 128.0, 127.5, 126.6 (q, J = 276.0 Hz),

126.3, 43.1, 38.2 (0, J = 26.9 Hz), 33.2 (q, J = 2.5 Hz). *F NMR (376 MHz, CDCls) §
—63.0. HRMS (APCI) m/z calcd. for C19H180F3 [M + H]* 319.1304, found 319.1299.

(E)-5-(4-fluorophenyl)-3-(2,2,2-trifluoroethyl)pent-4-enal

N CF3

3K

Compound 3K, colorless oil, 44% yield, *H NMR (400 MHz, CDCl3) § 9.75 (s, 1H),
7.33-7.27 (m, 2H), 7.03 - 6.95 (m, 2H), 6.46 (d, J = 16.0 Hz, 1H), 6.01 (dd, J = 16.0,
8.4 Hz, 1H), 3.24 — 3.14 (m, 1H), 2.70 (d, J = 6.4 Hz, 2H), 2.42 — 2.26 (m, 2H). 3C
NMR (125 MHz, CDCl3) 6 199.9, 162.4 (d, J = 247.1 Hz), 132.6 (d, J = 3.3 Hz), 130.6,
129.3(d, J=2.1 Hz), 127.8 (d, J =8.1 Hz), 126.3 (g, J = 275.9 Hz), 115.5 (d, J = 21.5



Hz), 48.0, 38.2 (q, J = 27.3 Hz), 31.9 (g, J = 2.6 Hz). 2°F NMR (376 MHz, CDCl3) &
~63.2 (s, 3F), —114.2 (s, 1F). HRMS (APCI) m/z calcd. for C1sH130F4 [M + H]*
261.0897, found 261.0890.

(E)-1,6-diphenyl-4-(2,2,2-trifluoroethyl)hex-5-en-1-one

o]

Ph
Ph)J\/\(\/

CF;
3L

Compound 3L, colorless oil, 55% yield, *tH NMR (400 MHz, CDCl3) & 7.98 —7.91 (m,
2H), 7.60 — 7.54 (m, 1H), 7.49 — 7.43 (m, 2H), 7.39 — 7.30 (m, 4H), 7.28 — 7.23 (m, 1H),
6.46 (dd, J = 15.6, 3.6 Hz, 1H), 6.04 —5.93 (m, 1H), 3.05 (td, J = 7.6, 2.0 Hz, 2H), 2.78
—2.64 (m, 1H), 2.41 - 2.27 (m, 2H), 2.17 - 2.07 (m, 1H), 1.91 — 1.79 (m, 1H). °C NMR
(125 MHz, CDCl3) 6 199.6, 136.8, 136.8, 133.1, 132.0, 130.9, 128.6, 128.5, 127.6,
127.5, 126.5 (g, J = 275.8 Hz), 126.2, 39.6 (q, J = 26.8 HZz), 37.4 (q, J = 2.3 Hz), 35.8,
29.0. °F NMR (376 MHz, CDCls3) § —63.0. HRMS (APCI) m/z calcd. for C2oH200F3
[M + H]* 333.1461, found 333.1455.

(E)-1-(2-(5,5,5-trifluoro-1-phenylpent-1-en-3-yl)phenyl)ethanone

]

Compound 3M, colorless oil, 68% yield, *H NMR (500 MHz, CDCl3) § 7.62 (dd, J =
8.0, 1.5 Hz, 1H), 7.47 (td, J = 8.0, 1.5 Hz, 1H), 7.40 (dd, J = 7.5, 1.0 Hz, 1H), 7.35 —
7.30 (m, 3H), 7.29 — 7.26 (m, 2H), 7.22 — 7.18 (m, 1H), 6.45 (d, J = 16.0 Hz, 1H), 6.37
(dd, J = 16.0, 7.0 Hz, 1H), 4.70 — 4.64 (m, 1H), 2.71 — 2.62 (m, 2H), 2.59 (s, 3H). 1°C
NMR (125 MHz, CDClI3) 6 202.8, 141.5, 138.4, 136.8, 131.6, 130.9(9), 130.9(7), 128.8,
128.6,128.5,127.5,126.6, 126.4 (g, J = 276.0 Hz), 126.3, 40.8 (q, J = 26.9 HZz), 37.6 (q,
J =2.6 Hz), 30.1. *F NMR (376 MHz, CDCls3)  —63.4. HRMS (APCI) m/z calcd. for
C19H180F3 [M + H]* 319.1304, found 319.1297.

(E)-1-(2-(1-(4-chlorophenyl)-5,5,5-trifluoropent-1-en-3-yl)phenyl)ethanone

0O

Cl
SONe

CF;
3N




Compound 3N, colorless oil, 72% yield, *H NMR (400 MHz, CDCl3) § 7.64 (dd, J = 8.0,
1.2 Hz, 1H), 7.48 (td, J = 7.6, 1.2 Hz, 1H), 7.40 (dd, J = 8.0, 1.2 Hz, 1H), 7.33 (td, J =
7.6,1.2 Hz, 1H), 7.28 — 7.21 (m, 4H), 6.45 — 6.31 (m, 2H), 4.68 (q, J = 7.2 Hz, 1H), 2.73
—2.61 (m, 2H), 2.59 (s, 3H). *C NMR (100 MHz, CDCl3) § 202.7, 141.3, 138.3, 135 4,
133.1, 131.7, 131.6, 129.8, 128.9, 128.6(2), 128.5(8), 127.5, 126.7, 126.3 (q, J = 276.1
Hz), 39.7 (q, J = 26.9 Hz), 37.7 (q, J = 2.5 Hz), 30.0. *F NMR (376 MHz, CDCl3) &
—63.4. HRMS (APCI) m/z calcd. for C19H170CIF3 [M + H]* 353.0915, found 353.0905.

(E)-1-(2-(1-(3-chlorophenyl)-5,5,5-trifluoropent-1-en-3-yl)phenyl)ethanone

o

I x I Cl

CF;
30

Compound 30, colorless oil, 65% yield, *H NMR (400 MHz, CDCls) § 7.65 (dd, J =
8.0,1.2 Hz, 1H), 7.49 (td, J = 7.6, 1.2 Hz, 1H), 7.41 - 7.38 (m, 1H), 7.36 — 7.31 (m, 2H),
7.21-7.15 (m, 3H), 6.40 (d, J = 2.8 Hz, 2H), 4.72 — 4.65 (m, 1H), 2.71 — 2.62 (m, 2H),
2.60 (s, 3H). 13C NMR (100 MHz, CDCl3) § 202.6, 141.3, 138.8, 138.2, 134.5, 132.6,
131.7,129.8, 129.7, 129.0, 128.6, 127.4, 126.7, 126.3 (g, J = 276.1 Hz), 126.1, 124.6,
39.7 (9, J = 27.0 Hz), 37.6 (g, J = 2.6 Hz), 30.0. 1°F NMR (376 MHz, DMSO) & —64.1.
HRMS (APCI) m/z calcd. for C19H17OCIF3 [M + H]+ 353.0915, found 353.0904.

(E)-phenyl(2-(5,5,5-trifluoro-1-phenylpent-1-en-3-yl)phenyl)methanone

(0]
Ph
X Ph

CF
3p 0 °

Compound 3P, colorless oil, 78% yield, *H NMR (400 MHz, CDCl3) § 7.82 (d,J=7.6
Hz, 2H), 7.59 (t, J = 7.2 Hz, 1H), 7.53 — 7.49 (m, 1H), 7.49 — 7.41 (m, 3H), 7.34 - 7.30
(m, 2H), 7.28 — 7.18 (m, 5H), 6.39 — 6.23 (m, 2H), 4.23 (dd, J = 12.8, 6.4 Hz, 1H), 2.78
—2.64 (m, 2H). C NMR (126 MHz, CDCl3) § 198.3, 141.3, 138.4, 137.6, 136.7, 133.4,
131.2, 130.6, 130.5, 130.3, 128.9, 128.4(2), 128.3(7), 127.9, 127.5, 126.2(2), 126.1(8)
(q,J=276.3 Hz), 126.1, 39.7 (9, J = 27.0 Hz), 38.8 (0, J = 2.8 Hz). *®F NMR (376 MHz,
CDCl3) 6 —63.0. HRMS (APCI) m/z calcd. for C24H200F3 [M + H]* 381.1461, found
381.1451.



(E)-1,7-diphenyl-5-(2,2,2-trifluoroethyl)hept-6-en-1-one

/i\/\/ﬁ/
CF
Ph 3

3Q

Compound 3Q, colorless oil, 30% yield, *H NMR (400 MHz, CDCl3) § 7.94 (d,J=7.6
Hz, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.45 (t, J = 7.6 Hz, 2H), 7.38 — 7.25 (m, 4H), 7.25 —
7.20 (m, 1H), 6.46 (d, J = 16.0 Hz, 1H), 5.99 (dd, J = 16.0, 8.8 Hz, 1H), 3.05-2.93 (m,
2H), 2.68 —2.57 (m, 1H), 2.32 —2.19 (m, 2H), 1.88 — 1.74 (m, 2H), 1.71 — 1.64 (m, 1H),
1.56 — 1.49 (m, 1H). C NMR (125 MHz, CDCl3) § 199.8, 137.0, 136.8, 133.0, 131.4,
131.3, 128.6, 128.5, 128.0, 126.6 (q, J = 275.8 Hz), 127.4, 126.2, 39.2 (9, J = 26.5 Hz),
38.2,37.6 (q, J = 2.4 Hz), 34.5, 21.6. *F NMR (376 MHz, CDCls) 5 —-63.0. HRMS
(APCI) m/z calcd. for Co1H220F3 [M + H]* 347.1617, found 347.1609 .

General procedures for synthesis of medium- and large-sized alkenes

(5A-5L)

Method A: A 25 mL Schlenk tube equipped with a magnetic stir bar was charged with 4
(0.2 mmol, 1.0 equiv), 2 (75 mg, 0.24 mmol, 1.2 equiv), CuCN (1.8 mg, 0.02 mmol, 0.1
equiv), and 1,4-dioxane (2.0 mL) under argon atmosphere. The sealed tube was then
stirred at 80 °C for 10 h. Then a second portion of 2 (75 mg, 0.24 mmol, 1.2 equiv) was
added and the tube was stirred for an additional 10 h. After completion of the reaction
as monitored by TLC, EtOAc (30 mL) was added and the reaction mixture was washed
with saturated NaHCO3 (2 x 5 mL) solution. The organic layer was dried over
anhydrous Na>SOQg, filtered and concentrated to afford a crude product, which was
purified by flash column chromatography to afford products 5A-5E.

The experimental procedure for performing the large-scale synthesis of 5A is similar to
that mentioned above in Method A.

Method B: A25 mL Schlenk tube equipped with a magnetic stir bar was charged with 4
(0.2 mmol, 1.0 equiv), 2 (94.5 mg, 0.3 mmol, 1.5 equiv), CuCN (1.8 mg, 0.02 mmol,
0.1 equiv), and EtOAc (2.0 mL) under argon atmosphere. The sealed tube was then
stirred at 60 °C for 24 h. After completion of the reaction as monitored by TLC, EtOAc
(30 mL) was added and the reaction mixture was washed with saturated NaHCO3 (2 x 5



mL) solution. The organic layer was dried over anhydrous Na.SOg, filtered and
concentrated to afford a crude product, which was purified by flash column
chromatography to afford products 5F-5L..

(E)-5-phenyl-3-(2,2,2-trifluoroethyl)cyclooct-4-enone

Compound 5A, colorless oil, 65% yield, *H NMR (500 MHz, CDCls3) § 7.32 - 7.22 (m,
5H), 5.60 (d, J=9.5 Hz, 1H), 3.57 - 3.46 (m, 1H), 2.83 (dd, J = 12.5, 4.0 Hz, 1H), 2.78
—2.68 (m, 2H), 2.68 — 2.62 (m, 1H), 2.43 — 2.26 (m, 4H), 1.97 — 1.89 (m, 1H), 1.72 —
1.62 (m, 1H). 3C NMR (125 MHz, CDCls) 5 211.3, 142.4, 141.7, 129.9, 128.3, 127.3,
126.2(8) (q, J = 275.6 Hz), 126.2(5), 53.4, 41.1, 39.1 (q, J = 27.6 Hz), 31.5,29.1 (q, J =
2.6 Hz), 24.8. °F NMR (376 MHz, CDCls) § —64.0. HRMS (APCI) m/z calcd. for
C16H180F3 [M + H]* 283.1304, found 283.1299.

(E)-5-(p-tolyl)-3-(2,2,2-trifluoroethyl)cyclooct-4-enone

Compound 5B, colorless oil, 60% yield, *H NMR (500 MHz, CDCl3) § 7.17 (d, J = 8.0
Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 5.57 (d, J = 9.5 Hz, 1H), 3.55 — 3.44 (m, 1H), 2.82 (dd,
J=125,4.0 Hz, 1H), 2.76 — 2.61 (m, 3H), 2.42 — 2.26 (m, 7H), 1.96 — 1.89 (m, 1H),
1.70 — 1.63 (m, 1H). 3C NMR (125 MHz, CDCls) 5 211.4, 141.5, 139.4, 137.2, 129.2,
129.0, 126.3 (q, J = 275.8 Hz), 126.1, 53.5, 41.2, 39.2 (q, J = 27.5 Hz), 31.4, 29.1 (q, J
=2.6 Hz), 24.7, 21.0. *F NMR (376 MHz, CDCl3) 5 —64.0. HRMS (APCI) m/z calcd.
for C17H200F3 [M + H]* 297.1461, found 297.1454.

(E)-5-(4-fluorophenyl)-3-(2,2,2-trifluoroethyl)cyclooct-4-enone

Compound 5C, colorless oil, 70% yield, *H NMR (500 MHz, CDCl3) § 7.24 — 7.20 (m,



2H), 7.00 — 6.94 (m, 2H), 5.54 (d, J = 9.5 Hz, 1H), 3.56 — 3.47 (m, 1H), 2.84 (dd, J =
13.0, 4.5 Hz, 1H), 2.78 — 2.69 (m, 2H), 2.59 (dq, J = 14.0, 2.5 Hz, 1H), 2.41 — 2.25 (m,
4H), 1.96 — 1.89 (m, 1H), 1.69 — 1.59 (m, 1H). *C NMR (126 MHz, CDCl3) § 211.2,
162.2 (d, J =244.9 Hz), 140.8, 138.4 (d, J = 3.3 Hz), 130.0, 127.9 (d, J = 8.0 Hz), 126.2
(g, J = 275.8 Hz), 115.1 (q, J = 21.3 Hz), 53.4, 41.1, 39.1 (q, J = 27.6 Hz), 31.7, 29.1 (q,
J=2.6 Hz), 24.6. F NMR (376 MHz, CDCl3) § -64.0 (s, 3F), —115.23 (s, 1F). HRMS
(APCI) m/z calcd. for C16H170F4 [M + H]* 301.1210, found 301.1202.

(E)-5-phenyl-3-(2,2,2-trifluoroethyl)cyclonon-4-enone

FiC
5D

Compound 5D, colorless 0il,54% yield, *H NMR (500 MHz, CDCls3) § 7.34 — 7.25 (m,
5H), 5.65 (d, J=8.5Hz, 1H), 3.43 - 3.35 (m, 1H), 2.67 (t, J = 12.0 Hz, 1H), 2.59 — 2.53
(m, 2H), 2.51 - 2.31 (m, 5H), 1.83 — 1.73 (m, 1H), 1.71 — 1.65 (m, 1H), 1.61 — 1.54 (m,
1H), 1.53 — 1.45 (m, 1H). 3C NMR (125 MHz, CDCl3) § 214.4, 141.3, 141.2, 130.6,
128.4,127.4,126.4, 126.3 (q, J = 277.8 Hz), 48.0, 42.0, 40.4 (q, J = 27.3 Hz), 31.3(q, J
= 2.6 Hz), 27.1, 25.9, 20.7. *°F NMR (376 MHz, CDCl3) § —63.5. HRMS (APCI) m/z
calcd. for C17H200F3 [M + H]* 297.1461, found 297.1454.

(E)-5-phenyl-3-(2,2,2-trifluoroethyl)cyclotetradec-4-enone

Compound 5E, colorless oil, 46% yield, *H NMR (500 MHz, CDCls) & 7.34 — 7.28 (m,
4H), 7.26 —7.22 (m, 1H), 5.44 (d, J = 10.5 Hz, 1H), 3.38 — 3.28 (m, 1H), 2.70 — 2.58 (m,
2H), 2.52 — 2.41 (m, 5H), 2.14 — 2.04 (m, 1H), 1.74 — 1.65 (m, 2H), 1.41 — 1.27 (m,
10H), 1.23 — 1.15 (m, 2H). *C NMR (125 MHz, CDCls) § 210.1, 142.6, 141.7, 129.7,
128.2,127.0, 126.6, 126.5(q, J = 276.0 Hz), 47.2,42.1, 38.8 (4, J = 26.8 Hz), 29.2 (q, J
=2.5Hz), 28.7, 26.9, 26.5, 25.9(9), 25.9(6), 25.2(5), 25.1(8), 22.6. °F NMR (376 MHz,
CDCl3) 6 —63.5. HRMS (APCI) m/z calcd. for C22H30OF3 [M + H]* 367.2243, found
367.2236.



(E)-9-phenyl-11-(2,2,2-trifluoroethyl)-6,7,8,11-tetrahydro-5H-benzo[9]annulen-5-
one

F,;C

5F

Compound 5F, colorless oil, 46% yield, *H NMR (400 MHz, CDCl3) § 7.47 (td, J = 7.7,
1.5 Hz, 1H), 7.38 — 7.22 (m, 8H), 5.45 (d, J = 10.9 Hz, 1H), 4.67 (td, J = 10.8, 3.2 Hz,
1H), 3.06 — 2.89 (m, 3H), 2.72 (dt, J = 13.9, 3.7 Hz, 1H), 2.67 — 2.55 (m, 2H), 2.15 —
2.05 (m, 2H). *C NMR (125 MHz, CDCl3) § 210.2, 144.4, 141.9, 139.2, 138.0, 131.6,
130.4,128.3,127.4,127.3,127.0, 126.8, 126.7 (q, J = 276 Hz), 124.3,41.2,36.6 (9, J =
27.0 Hz), 35.1 (q, J = 2.6 Hz), 29.6, 24.4. °F NMR (376 MHz, CDCl3) § —62.8. HRMS
(ESI) calcd. for Co1H2oF30 [M + H]* 345.1460, found 345.1457.

(E)-9-(p-tolyl)-11-(2,2,2-trifluoroethyl)-6,7,8,11-tetrahydro-5H-benzo[9]annulen-
5-one

Compound 5G, colorless oil, 52% yield, *H NMR (500 MHz, CDCls) & 7.44 (td, J = 8.0,
1.5 Hz, 1H), 7.32 (t, J = 7.5 Hz, 1H), 7.25 — 7.20 (m, 2H), 7.15 — 7.08 (m, 4H), 5.41 (d,
J=11.0 Hz, 1H), 4.63 (td, J = 11.0, 3.0 Hz, 1H), 2.97 — 2.88 (m, 3H), 2.69 (dt, J = 13.5,
3.5 Hz, 1H), 2.58 — 2.51 (m, 2H), 2.32 (s, 3H), 2.09 — 2.03 (m, 2H). 13C NMR (125
MHz, CDCls3) 6 210.1, 144.4, 139.0, 138.8, 138.0, 137.1, 130.9, 130.3, 128.9, 127.1,
126.8, 126.6(5) (q, J = 275.9 Hz), 126.5(8), 124.2, 41.1, 36.4 (q, J = 27.1 Hz), 35.0 (q, J
= 2.6 Hz), 29.4, 24.3, 21.0. *°F NMR (376 MHz, CDCl3) § —62.8. HRMS (APCI) m/z
calcd. for C22H220F3 [M + H]* 359.1617, found 359.1607.

(E)-9-(4-fluorophenyl)-11-(2,2,2-trifluoroethyl)-6,7,8,11-tetrahydro-5H-benzo[9]a
nnulen-5-one




Compound 5H, white solid, 41% yield, *H NMR (500 MHz, CDCls) § 7.44 (td, J = 7.5,
1.5 Hz, 1H), 7.33 (t, J = 7.5 Hz, 1H), 7.26 (dd, J = 7.5, 1.5 Hz, 1H), 7.23 - 7.16 (m, 3H),
6.99 — 6.93 (m, 2H), 5.36 (d, J = 11.0 Hz, 1H), 4.65 (td, J = 11.0, 3.0 Hz, 1H), 3.01 —
2.88 (m, 3H), 2.66 — 2.48 (m, 3H), 2.09 — 2.00 (m, 2H). 13C NMR (125 MHz, CDCl3) §
210.0, 162.3 (d, J = 244.6 Hz), 144.3, 138.3, 138.0, 137.9 (d, J = 3.3 Hz), 131.8, 130.5,
128.4 (d, J = 8.0 Hz), 127.3, 127.2, 126.7 (q, J = 275.8 Hz), 124.2, 115.1 (d, J = 21.1
Hz), 41.2, 36.5 (q, J = 27.0 Hz), 35.1 (g, J = 2.4 Hz), 29.9, 24.2. SF NMR (376 MHz,
CDClz) 6 —62.7 (s, 3F), =115.3 (s, 1F). HRMS (APCI) m/z calcd. for C21H190F4 [M +
H]+ 363.1367, found 363.1362.

(E)-9-(3-fluorophenyl)-11-(2,2,2-trifluoroethyl)-6,7,8,11-tetrahydro-5H-benzo[9]a
nnulen-5-one

Compound 51, white solid, 48% yield, *H NMR (400 MHz, CDCls) & 7.44 (td, J = 8.0,
1.2 Hz, 1H), 7.32 (t, J = 7.2 Hz, 1H), 7.27 — 7.19 (m, 3H), 7.01 (d, J = 8.0 Hz, 1H), 6.97
—6.89 (M, 2H), 5.44 (d, J = 11.2 Hz, 1H), 4.64 (td, J = 11.2, 2.8 Hz, 1H), 3.02 — 2.87 (m,
3H), 2.67 — 2.50 (m, 3H), 2.11 — 2.02 (m, 2H). *C NMR (100 MHz, CDCl3) § 209.9,
162.7 (d, J = 243.8 Hz), 144.3, 144.1 (d, J = 7.4 Hz), 138.1, 137.5, 132.3, 130.4, 129.7
(d,J=8.3Hz),127.3,127.0, 126.6 (q, J = 275.8 Hz), 124.2,122.4 (d, J = 2.6 Hz), 114.2
(d,J=21.1Hz),113.6 (d, J = 21.7 Hz), 41.1, 36.4 (q, J = 27.1 Hz), 35.0 (q, J = 2.6 HZ),
29.5, 24.3. F NMR (376 MHz, CDCl3) 5 —62.8 (s, 3F), —113.4 (s, 1F). HRMS (APCI)
m/z calcd. for C21H190OF4 [M + H]* 363.1367, found 363.1363.

(E)-10-phenyl-12-(2,2,2-trifluoroethyl)-6,7,8,9-tetrahydrobenzo[10]annulen-5(12
H)-one

Compound 5J, colorless oil, 50% yield, *H NMR (500 MHz, CDCls3) § 7.50 — 7.44 (m,
1H), 7.35-7.31 (m, 1H), 7.29 — 7.20 (m, 5H), 7.13 (M, 2H), 5.51 (d, J = 10.5 Hz, 1H),
4.74—4.66 (m, 1H), 3.25-3.17 (m, 1H), 2.90 - 2.82 (m, 1H), 2.73 - 2.63 (m, 2H), 2.60
—2.48 (m, 2H), 1.64 — 1.58 (m, 1H), 1.55 — 1.46 (m, 2H), 1.39 — 1.29 (m, 1H). ®*C NMR



(125 MHz, CDCl3) 6 211.6, 141.6, 140.6, 140.1, 138.9, 132.7, 130.6, 128.2, 127.1,
126.6, 126.4 (g, J = 276.0 Hz), 126.2(1), 126.1(8), 125.8, 45.7, 38.1 (q, J = 27.3 Hz),
33.2 (g, J=3.1Hz), 27.9, 27.2, 21.0. **F NMR (376 MHz, CDCls) 5 —-63.9. HRMS
(APCI) m/z calcd. for C22H220F3 [M + H]* 359.1617, found 359.1612.

(E)-11-phenyl-13-(2,2,2-trifluoroethyl)-6,7,8,9,10,13-hexahydro-5H-benzo[11]ann
ulen-5-one

o

~

N

Fs;C

(E)-5K

Compound (E)-5K, colorless oil, 25% yield, *H NMR (500 MHz, CDCl3) § 7.50 — 7.44
(m, 2H), 7.41 - 7.38 (m, 1H), 7.32 — 7.20 (m, 6H), 5.77 (d, J = 10.0 Hz, 1H), 4.67 (td, J
=10.0,5.0 Hz, 1H), 3.03 - 2.95 (m, 1H), 2.75 - 2.55 (m, 4H), 2.28 — 2.20 (m, 1H), 2.11
—1.96 (m, 2H), 1.48 — 1.40 (m, 1H), 1.37 — 1.27 (m, 2H), 0.97 — 0.87 (m, 1H). °C NMR
(125 MHz, CDCl3) 6 209.2, 142.5, 141.6, 141.3, 141.0, 131.0, 130.2, 128.2, 127.8,
127.1,126.6, 126.4, 126.3 (g, J = 276.3 Hz), 126.1, 41.8, 40.3 (g, J = 21.4 Hz), 33.2 (q,
J=2.8Hz),28.3,26.8, 25.6, 25.3. °F NMR (376 MHz, CDCl3) 5 —63.8. HRMS (APCI)
m/z calcd. for C23H240F3 [M + H]* 373.1774 , found 373.1770.

(2)-11-phenyl-13-(2,2,2-trifluoroethyl)-6,7,8,9,10,13-hexahydro-5H-benzo[11]ann
ulen-5-one

Compound (Z)-5K, colorless oil, 6% yield, *H NMR (500 MHz, CDCls3) § 7.46 — 7.38

(m, 1H), 7.33 -7.27 (m, 2H), 7.20 — 7.13 (m, 3H), 6.99 — 6.87 (m, 1H), 6.73 (d, J = 6.9
Hz, 2H), 5.77 (d, J = 8.7 Hz, 1H), 3.62 (dd, J = 13.5, 8.8 Hz, 1H), 3.19 (t, J = 11.3 Hz,

1H), 3.07 - 2.92 (m, 1H), 2.70 — 2.48 (m, 2H), 2.41 (qd, J = 12.9, 3.4 Hz, 2H), 1.93 (dt,
J=12.1,75Hz, 1H), 1.70 — 1.55 (m, 2H), 1.46 (dd, J = 10.5, 4.9 Hz, 2H), 1.21 - 1.05
(m, 1H). 3C NMR (125 MHz, CDCl3) § 210.9, 144.8, 141.6, 141.1, 139.9, 131.6, 130.6,
129.6,127.8, 127.7,127.6, 126.8, 126.5 (9, J = 276.1 Hz), 126.3,42.1, 42.0 (9, J = 26.6
Hz), 40.2, 37.7, 25.4, 23.8, 23.4. °F NMR (376 MHz, CDCls)  —-64.2. HRMS (APCI)
m/z calcd. for C23H240F3 [M + H]* 373.1774, found 373.1771.



10-benzylidene-11-(2,2,2-trifluoroethyl)-6,7,8,9,10,11-hexahydro-5H-benzo[9]annulen-5-one

5L, ratio of isomer = 5/1

Compound (Z)-5L, colorless oil, (major isomer, 50%), *H NMR (400 MHz, CDCls3) &
7.38—7.19 (m, 5H), 7.11 — 7.00 (m, 3H), 6.73 (d, J = 7.5 Hz, 1H), 6.60 (s, 1H), 4.42 (t,
J=7.2Hz, 1H), 2.98 (dd, J = 14.5, 8.3 Hz, 1H), 2.78 — 2.58 (m, 3H), 2.52 — 2.41 (m,
1H), 2.20 (t, J = 13.7 Hz, 1H), 1.98 — 1.70 (m, 4H). 3C NMR (125 MHz, CDCl3) &
213.3,141.4, 140.5, 137.6, 137.5, 131.3, 130.3, 129.3, 128.5, 128.2, 126.8, 126.6,
126.5 (q, J = 276 Hz), 124.8, 45.6, 41.5, 37.6 (q, J = 27.2 Hz), 30.1, 28.6, 22.1. °F
NMR (376 MHz, CDClz) 6 —64.2. HRMS (ESI) calcd. for C22H22F30 [M + H]*
359.1617, found 359.1613.

General procedures for the synthesis of medium-sized cyclic alkenes

6-9

A 25 mL Schlenk tube equipped with a magnetic stir bar was charged with 1 (0.2 mmol,
1.0 equiv), 2 (94.5 mg, 0.3 mmol, 1.5 equiv), CuCN (1.8 mg, 0.02 mmol, 0.1 equiv),
and EtOAc or 1,4-dioxane (2.0 mL) under argon atmosphere. The sealed tube was then
stirred at 80 °C for 20 h. After completion of the reaction as monitored by TLC, EtOAc
(30 mL) was added and the reaction mixture was washed with saturated NaHCO3 (2 X 5
mL) solution. The organic layer was dried over anhydrous Na,SOg, filtered and
concentrated to afford a crude product, which was purified by flash column
chromatography to afford products 6-9.

(E)-5-(phenylsulfonyl)-3-(2,2,2-trifluoroethyl)cyclooct-4-enone

Compound 6, white solid, (70% conversion, 79% yield based on recovery of starting
material), *H NMR (500 MHz, CDCl3) § 7.80 (d, J = 7.0 Hz, 2H), 7.63 (t, J = 7.5 Hz,
1H), 7.56 (t, J = 7.5 Hz, 2H), 6.90 (d, J = 9.5 Hz, 1H), 3.39 — 3.30 (m, 1H), 2.82 (dd, J
=13.0,4.0 Hz, 1H), 2.64 — 2.52 (m, 2H), 2.46 — 2.33 (m, 4H), 2.28 —2.22 (m, 1H), 1.74



—1.67 (M, 1H), 1.20— 1.11 (m, 1H). 3C NMR (125 MHz, CDCl3)  209.0, 142.6, 141.4,
138.5, 133.7, 129.3, 128.4, 125.8 (d, J = 275.6 Hz), 52.1, 40.2, 38.4 (d, J = 28.4 Hz),
29.0 (d, J = 2.8 Hz), 26.5, 24.2. *F NMR (376 MHz, CDCl3) § —64.3. HRMS (APCI)
m/z calcd. for C16H1803F3S [M + H]* 347.0923, found 347.0916.



(E)-5-0x0-3-(2,2,2-trifluoroethyl)cyclooct-1-enecarbonitrile

(o)

Fs;C
7

Compound 7, colorless oil, (65% conversion, 58% yield based on recovery of starting
material), *H NMR (400 MHz, CDCl3) § 6.32 (d, J = 9.6 Hz, 1H), 3.50 — 3.38 (m, 1H),
2.81(dd,J=12.8,4.0 Hz, 1H), 2.67 (td, J = 11.2, 3.6 Hz, 1H), 2.56 — 2.39 (m, 4H), 2.36
—2.26 (m, 2H), 1.97 — 1.90 (m, 1H), 1.78 — 1.69 (m, 1H). *C NMR (100 MHz, CDCls)
§209.1, 148.2, 125.6 (q, J = 275.7 Hz), 118.7, 116.2, 52.4, 40.3, 38.2 (q, J = 28.4 Hz),
29.9,29.4 (q, J = 2.8 Hz), 23.7. **F NMR (376 MHz, CDCl3) § —64.3. HRMS (APCI)
m/z calcd. for C11H13ONF3 [M + H]* 232.0944, found 232.0939.

(E)-methyl 5-0x0-3-(2,2,2-trifluoroethyl)cyclooct-1-enecarboxylate

CO,Me
(o)==
CF3

8

Compound 8, colorless oil, (60% conversion, 60% yield based on recovery of starting
material), ‘H NMR (500 MHz, CDCls) § 6.68 (d, J = 9.5 Hz, 1H), 3.72 (s, 3H), 3.51 —
3.41 (m, 1H), 2.87 — 2.78 (m, 2H), 2.67 (td, J = 11.5, 3.0 Hz, 1H), 2.39 — 2.23 (m, 5H),
1.94 —1.86 (m, 1H), 1.62 — 1.52 (m, 1H). 3C NMR (125 MHz, CDCls) § 210.5, 166.8,
142.6, 133.5, 126.0 (q, J = 275.6 Hz), 52.7, 52.1, 41.0, 38.6 (q, J = 28.1 Hz), 29.3 (q, J
= 2.8 Hz), 26.8, 24.6. °F NMR (376 MHz, CDCl3) 5 —64.3. HRMS (APCI) m/z calcd.
for C12H1603F3 [M + H]* 265.1046, found 265.1041.

General procedures for synthesis of medium-sized cyclic alkenes 6, 10,

11
RfSO,CI (9) (1.5 equiv) SO,Ph
SO,Ph  Cul (10 mol%)
HO Ag,CO; (0.75 equiv) =
_ EtOAc, 80 °C, 20 h
am Ri
\ 6,10,11

Under argon, a 25mL Schlenk tube equipped with a magnetic stir bar was charged with 4M



(0.2 mmol, 55.6 mg, 1.0 equiv), 9 (0.3 mmol, 1.5equiv), Cul (1.8 mg, 0.02mmol, 0.1equiv),
Ag2CO3 (42 mg, 0.15 mmol, 0.75 equiv) and EtOAc (2.0 mL). The sealed tube was then
stirred at 80 °C for 20 h. After completion of the reaction as monitored by TLC, EtOAc (30
mL) was added and the reaction mixture was washed with brine (2 x5 mL). The organic
layer was dried over anhydrous Na>SOs, filtered and concentrated to afford a crude product,
which was purified by flash column chromatography to afford products 6, 10 and 11.

(E)-3-(2,2-difluoroethyl)-5-(phenylsulfonyl)cyclooct-4-enone

0 SO,Ph
(o)

HF,C
%" 10

Compound 10, colorless oil, (68% conversion, 65% yield based on recovery of starting
material), *H NMR (400 MHz, CDCl3) § 7.84 — 7.76 (m, 2H), 7.67 — 7.61 (t, J = 7.2 Hz,
1H), 7.59 — 7.52 (m, 2H), 6.90 (d, J = 9.2 Hz, 1H), 6.04 — 5.70 (m, 1H), 3.35 — 3.24 (m,
1H), 2.80 (dd, J = 12.8, 4.0 Hz, 1H), 2.64 — 2.53 (m, 2H), 2.47 — 2.37 (m, 2H), 2.24 -
2.05 (m, 3H), 1.70 - 1.61 (m, 1H), 1.09 — 0.96 (m, 1H). *3C NMR (100 MHz, CDCl3) &
209.6, 142.5, 142.2,138.6, 133.7, 129.3, 128.4, 115.4 (t, J = 238.7 Hz), 52.4, 40.1, 38.7
(t,J=21.2 Hz), 28.8 (t, J = 5.5 Hz), 26.5, 24.1. *F NMR (376 MHz, CDCl3) § —115.2 -
—-117.4 (m, 1F). HRMS (APCI) m/z calcd. for C16H1903F2S [M + H]* 329.1017, found
329.1011.

(E)-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-5-(phenylsulfonyl)cyclooct-4-enone

( 0 SO,Ph
O/

C4Fg
1

Compound 11, colorless oil, 45% yield, *H NMR (400 MHz, CDCls3) § 7.82 — 7.77 (m,
2H), 7.66 — 7.61 (m, 1H), 7.58 — 7.52 (m, 2H), 6.92 (d, J = 9.4 Hz, 1H), 3.55-3.43 (m,
1H), 2.83 (dd, J =13.2, 4.4 Hz, 1H), 2.67 — 2.53 (m, 2H), 2.50 — 2.30 (m, 4H), 2.28 —

2.21 (m, 1H), 1.74 — 1.65 (m, 1H), 1.20 — 1.07 (m, 1H). *3C NMR (125 MHz, CDCl3) §
208.8,142.3,141.7,138.5, 133.7, 129.3, 128.4, 119.3-106.3 (m), 52.5, 40.2, 35.3 (t, J =
20.9 Hz), 27.9, 26.5, 24.2. **F NMR (376 MHz, CDCl3) 5 —80.9 - —-81.0 (m), —112.9 -

—113.05 (m), —124.3 - -124.5 (m), —125.8 - —126.0 (m). HRMS (APCI) m/z calcd. for
C19H1803F9S [M + H]* 497.0827, found 497.0818.



(E)-4-phenyl-2-(2,2,2-trifluoroethyl)-6,7-dihydro-2H-benzo[b]oxecin-8(5H)-one

Compound 12, colorless oil, 12% yield, *H NMR (400 MHz, CDCl3) § 7.58 (dd, J = 7.6,
1.6 Hz, 1H), 7.48 (td, J= 7.6, 1.6 Hz, 1H), 7.39 - 7.29 (m, 5H), 7.21 (td, J = 7.6, 0.8 Hz,
1H), 7.08 (d, J = 8.0 Hz, 1H), 5.80 (d, J = 8.8 Hz, 1H), 4.87 — 4.80 (m, 1H), 3.61 — 3.52
(m, 1H), 2.81 — 2.65 (m, 3H), 2.59 — 2.46 (m, 2H), 2.37 — 2.26 (m, 1H), 1.81 - 1.70 (m,
1H). 3C NMR (125 MHz, CDCl3) § 204.2, 156.4, 147.0, 141.1, 134.0, 133.0, 130.4,
128.4,128.1,126.7, 125.9, 125.2 (q, J = 275.5 Hz), 124.5, 122.9, 38.6 (9, J = 27.1 Hz),
38.4, 29.2, 23.8. F NMR (376 MHz, CDCls) § -62.6. HRMS (APCI) m/z calcd. for
Co1H2002F3 [M + H]* 361.1410, found 361.1398.

8-phenyl-6-(2,2,2-trifluoroethyl)-6a,7,10,10a-tetrahydro-6H-benzo[c]chromen-10

a-ol
o ]
O Ph
o)

13

Compound 13, colorless oil, 43% yield, *H NMR (500 MHz, CDCl3) § 7.56 (dd, J = 8.0,
1.5 Hz, 1H), 7.39 — 7.28 (m, 5H), 7.26 — 7.21 (m, 1H), 7.08 — 7.03 (m, 1H), 6.87 (d, J =
8.5 Hz, 1H), 6.11 (s, 1H), 4.59 (dd, J = 9.5, 4.5 Hz, 1H), 3.50 (s, 1H), 2.60 — 2.49 (m,
1H), 2.30 — 2.08 (m, 5H), 1.79 — 1.70 (m, 1H). 13C NMR (125 MHz, CDCls) & 151.6,
140.5, 134.7, 129.7, 128.9, 128.8, 127.9, 127.7, 126.9, 126.5, 126.0 (q, J = 275.9 Hz),
122.1,118.1,69.9 (q, J = 2.8 Hz), 67.4, 47.2, 34.0 (q, J = 27.8 Hz), 32.8, 22.2. 9F NMR
(376 MHz, CDCls) § —64.8. HRMS (APCI) m/z calcd. for C21H2002F3 [M + H]*
361.1410, found 361.1401.

CF;

Procedures for Synthetic Applications

Experimental procedure for dihydroxylation of 5A

To a solution of 5A (50 mg, 0.16 mmol) in acetone (3 mL) and water (1 mL) were added
0s04 (0.5 mL, 2 mg/mL in t-BuOH) and N-methylmorpholine N-oxide (NMO)
monohydrate (25 mg, 0.19 mmol) sequentially. Upon completion, the reaction mixture
was stirred at room temperature for 4 days. Saturated Na>SO3z solution (2 mL) was then
added. Dichloromethane was used to extract the product from the aqueous layer (3 x15
mL). The combined organic layer was dried over anhydrous Na SO, filtered and
concentrated to afford a crude product, which was purified by flash column



chromatography to afford the product 14 (37 mg, 62%).

5-phenyl-3-(2,2,2-trifluoroethyl)-9-oxabicyclo[3.3.1]Jnonane-1,4-diol

®:Ph
HO'" / ~OH

-

FsC
14

Compound 14 colorless oil, 62% yield, *H NMR (500 MHz, CD30D) & 7.55 — 7.45 (m,
2H), 7.29 (dd, J = 10.6, 4.8 Hz, 2H), 7.23—7.17 (m, 1H), 3.49 (d, J = 10.9 Hz, 1H), 2.73
—2.57 (m, 1H), 2.31 (dd, J = 14.5, 5.5 Hz, 1H), 2.25 - 2.15 (m, 2H), 2.08 — 1.90 (m, 2H),
1.85 (dqd, J = 14.6, 5.0, 2.5 Hz, 1H), 1.77 — 1.63 (m, 2H), 1.56 (td, J = 13.2, 5.1 Hz, 1H),
1.47 (td, J = 13.0, 5.0 Hz, 1H). 3C NMR (126 MHz, CDCls) 5 141.1, 128.6, 128.1,
127.3(q, J=275Hz), 125.8,95.7, 80.8, 74.7, 38.4, 37.6, 35.4 (9, J = 27 Hz), 33.5, 32.4
(0, J = 2.7 Hz), 18.0. °F NMR (376 MHz, CDCls) § —62.7. HMRS (APCI) m/z calcd.
for C16H1802F3 [M - H20 + H]* 299.1253, found 299.1248.

@Ph
HO™ / ~OH

FsC
14

For a typical 9-oxabicyclo[3.3.1]nonane ring system, a boat-chair conformation is
predominant. In CD30D, the coupling constant for the protons on C2 and C3 is 11.0 Hz,
which is in accord with two trans axial protons, as shown above.

Experimental procedure for reduction of 5A

To a solution of 5A (28 mg, 0.1 mmol) in THF was added LiAIH4 (7 mg, 0.2 mmol) at
0 °C under argon atmosphere. Upon completion, the reaction mixture was stirred under
the same conditions for 10 min. Na;SO4*xH>0 was then added and the solution was
stirred for an additional 10 min and filtered. The solvent was evaporated to afford a
crude product, which was purified by flash column chromatography to afford product
15 (23 mg, 82%, E/Z = 15:1).

(E)-5-phenyl-3-(2,2,2-trifluoroethyl)cyclooct-4-en-1-ol

° i
HO

FaC 15




Compound 15: *H NMR (500 MHz, CDCls3) § 7.39 — 7.37 (m, 2H), 7.33 (t, J = 7.8 Hz,
2H), 7.29 — 7.27 (m, 1H), 5.61 (d, J = 9.5 Hz, 1H), 3.89 — 3.85 (m, 1H), 3.21 — 3.09 (m,
1H), 2.71 - 2.56 (m, 2H), 2.33 — 2.19 (M, 2H), 2.08 — 1.96 (m, 2H), 1.96 — 1.82 (m, 2H),
1.76 (ddd, J = 12.7, 9.8, 5.1 Hz, 1H), 1.68 — 1.58 (m, 2H). 13C NMR (125 MHz, CDCls)
§142.7,140.8, 129.4, 128.3,127.1, 126.6 (q, J = 278 Hz), 125.9, 71.5, 44.8,39.9 (q, J =
27.0 Hz), 39.0, 31.5, 29.6 (q, J = 2.7 Hz), 26.5. 1°F NMR (376 MHz, CDCls) & —63.8.
HMRS (APCI) m/z calcd. for CisHa0OFs [M + H]* 285.1461, found 285.1456.

Experimental procedure for transformation of 5A to 16

To a solution of 5A (0.10 mmol, 28.2 mg, 1.0 equiv) in dichloromethane (2 mL) was
added m-CPBA (0.30 mmol, 73.7 mg, 70% purity) at 0 °C under nitrogen. The reaction
flask was sealed under nitrogen and was allowed to warm to room temperature. Upon
completion, the stirring was continued for 16 h. The reaction was then quenched with
saturated NaHCOs solution and extracted with dichloromethane. The combined organic
phase was collected and dried with Na2SO4. After filtration and evaporation, the residue
thus obtained was purified by silica gel chromatography to afford product 16.

The procedure for synthesis of 17 and 18 is similar to that of 16.

8-phenyl-2-(2,2,2-trifluoroethyl)-9-oxabicyclo[6.1.0]nonan-4-one

Ph
0]

CF
16 8

Compound 16, colorless oil, 84% yield, *tH NMR (500 MHz, CDCls3) § 7.35 — 7.30 (m,
2H), 7.30 - 7.26 (m, 3H), 3.00 (dd, J = 13.5, 4.5 Hz, 1H), 2.87 (d, J = 10.0 Hz, 1H), 2.70
—2.51 (m, 3H), 2.49 — 2.42 (m, 2H), 2.41 — 2.36 (m, 1H), 2.27 — 2.15 (m, 1H), 1.95 —

1.75 (m, 3H). °C NMR (125 MHz, CDCls3) § 212.6, 139.8, 128.3, 128.1, 127.3, 126.2
(9,J=275.5Hz), 65.4,64.3,48.2, 40.8, 36.6 (g, J = 28.6 Hz), 35.4, 30.0 (q, J = 2.5 Hz),
23.5. °F NMR (376 MHz, CDCls3) § —63.2. HRMS (APCI) m/z calcd. for C16H1802F3
[M + H]*299.1253, found 299.1248.

8-(4-fluorophenyl)-2-(2,2,2-trifluoroethyl)-9-oxabicyclo[6.1.0]nonan-4-one

FsC 47

Compound 17, colorless oil, 74% yield, *H NMR (500 MHz, CDCls3) § 7.35 — 7.23 (m,
2H), 7.03 (t, J = 8.7 Hz, 2H), 3.03 (dd, J = 12.9, 4.3 Hz, 1H), 2.85 (d, J = 9.7 Hz, 1H),



2.72 252 (m, 3H), 2.49 — 2.36 (m, 3H), 2.30 — 2.19 (M, 1H), 1.91 — 1.75 (m, 3H). 1°C
NMR (126 MHz, CDCl3) § 212.7, 162.4 (d, J = 246 Hz), 135.8 (d, J = 3.2 Hz), 129.2 (d,
J=8.2Hz), 126.2 (q, J = 276 Hz), 115.2 (d, J = 21.4 Hz), 64.8, 64.5, 48.3, 40.7, 36.6 (q,
J=28.7 Hz), 35.5, 30.0 (q, J = 2.4 Hz), 23.5. 9F NMR (376 MHz, CDCl3) § —63.2,

~113.5. HRMS (APCI) m/z calcd. for C16H1702F4 [M + H]* 317.1159, found 317.1154.

9-phenyl-2-(2,2,2-trifluoroethyl)-10-oxabicyclo[7.1.0]decan-4-one

F,C” 18

Compound 18: colorless oil, 78% yield, *H NMR (500 MHz, CDCl3) § 7.45 — 7.30 (m,
5H), 3.16 (d, J = 9.4 Hz, 1H), 2.83 (dd, J = 13.1, 3.7 Hz, 1H), 2.75 — 2.65 (m, 2H), 2.65
—2.54 (m, 1H), 2.54 — 2.44 (m, 1H), 2.44 — 2.36 (m, 2H), 2.34 — 2.22 (m, 1H), 2.09 —
1.96 (m, 1H), 1.79 — 1.68 (m, 1H), 1.59 (dt, J = 15.0, 3.9 Hz, 1H), 1.57 — 1.50 (m, 1H),
1.37 — 1.30 (m, 1H). C NMR (125 MHz, CDCl3) § 212.1, 139.3, 128.4, 128.3, 127.5,
126.4 (q, J =276 Hz), 66.7, 65.0, 45.2, 39.5, 37.6 (9, J = 27.8 Hz), 32.1 (q, J = 2.4 Hz),
28.7, 22.0, 21.3. F NMR (376 MHz, CDCl3) 5 —62.9. HRMS (APCI) m/z calcd. for
C17H2002F3 [M + H]* 313.1410, found 313.1402.



Mechanistic study

o]

F,C—I—O0
A><Oi\ L CuCN(10 mol%)
P N O additive (2.0 equiv)
SN CF,
EtOAc, 80 °C, 18 h  Ph

1A 2 3A

additive: TEMPO, 3A, 13%
benzoquinone, 3A, 10%

A 25 mL Schlenk tube equipped with a magnetic stir bar was charged with 1A (37.6 mg,
0.2 mmol, 1.0 equiv), 2 (94.5 mg, 0.3 mmol, 1.5 equiv), CuCN (1.8 mg, 0.02 mmol, 0.1
equiv), 2,2,6,6-tetramethylpiperidinooxy (47.3 mg, 0.3 mmol, 1.5 equiv) or
benzoquinone (32 mg, 0.3 mmol, 1.5 equiv), and EtOAc (2.0 mL) under argon
atmosphere. The sealed tube was then stirred at 80 °C for 18 h. Upon completion, the
reaction solution was added with EtOAc (30 mL), followed by washing with saturated
NaHCO3 (2 x 5 mL) solution. The organic layer was dried over anhydrous Na>SOs,
filtered and concentrated to afford the crude product. PhCF3 (29.2 mg, 0.2 mmol) was
added as an internal standard. °F NMR analysis of this reaction mixture indicated that
3A was formed in 13% and 10% vyield, respectively.

We have qualitatively compared the energy profiles for the corresponding 1,3-carbonyl,
aryl, and vinyl migration reactions, as shown in fig. S1 below. We have tentatively
assumed that the incipient radicals I all go through strained 4-membered transition
states TS1 leading to the formation of the corresponding radical intermediates 11. The
final radical intermediates I11 are all relatively stable than both I and Il and thus, we
speculate that the second step, i.e., from 11 to I11, should be of lower activation energy
(TS2) than the first step (I to 11, TSa). In this sense, we consider the different activation
energies TS for the first step as the reason for different reactivity. Specifically,
compared with vinyl migration, the formation of transition states TS1 during envisioned
carbonyl and aryl migration involves breaking a relatively high-energy C=0 bond
(BDE of C=0 to C-0 is 88 kcal/mol, while that of C=C to C-C is 84 kcal/mol) and
dearomatization, respectively, which we speculate might have disfavored these two
process. However, this is a rather qualitative and rough speculation and we need more
theoretical study for further demonstration of the detailed mechanism.



carbonyl, Ar

vinyl migration




NMR spectra

'H NMR Spectrum of Compound 3A
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14 Spectrometer Frequency 500. 13
15 Spectral Width 10000. 0
16 Lowest Freguency -1823.0
17 Nucleus 1H
[
|
|
|
‘)L ||l I
B, IR B I B I | PR |
7 ™o T el
— o = = — o
=9 = = = o= =
+ S — — — — i
T T T T T T T T T T T T T T T T
9.5 8.0 8.5 8.0 7.5 7.0 6.5 6.0 55 50 45 40 5 a0 2.5 20 L5 L0 0.5 0.0 0.5
£1 (ppm)



13C NMR Spectrum of Compound 3A

11-12-5§-L£ 500 o WD [~ Oh D W S 0w
1-12-56F 500 THERRERA[E A EF TEEARTSRET T
=] e =R e B el e BT o = e 99 01 = 00 o T 09 08 00 W
= R 0N 0N 04 01 09 0 00 [ ] =00 00 0= - el el ol O
=] e = Lol o e N I B T Bl B
| e R - |t
Farameter value
1 11-12-58 C 500
z spect 0O
3 CDC13
4 Temperature 286. 1
5 Pulse Sequence zgpe3l
& Experiment 1D \ CF3
7 Number of Scans 44
8 183
G 2. 0000
9. 6000 L 3A
1.1010
2016-11-17T10:
2016-11-18T09:
14 Spectrometer Freguency 123.7 A
15 Spectral Width 29761. 9
16 Lowest Freguency -2312.7
17 ¥ucleus 13C |
1
! |
|
I
| |
I
l I
LULL .
T T T T T T T T T T T T T T T T T T T
210 200 130 180 170 160 150 140 130 120 110 100 a0 &0 50 40 30 20 10 -10

f1 (ppm)



11-12-58 F

F NMR Spectrum of Compound 3A

<
11-1258  F 2
[aa}
7
|
-
Farameter O
1 Title
2 Spectromeler
3 nt
4 Temperature NN CF3
5 Pulze Sequence
& Experiment
7 Number of Scans 8
B Receiver Gain 136 3A
9 Relaxation Delay 1. 0000 -
10 Pulse Width 13. 0000
11 0. 7340
12 A 2016-11-17T10:37:
13 Mo 2016-11-13T09:55:08
14 Spectrometer Freguency 376. 50
15 Spectral Width 89285. 7
16 Lowest Freguency —82292.7
17 Nucleus 19F
1
T T T T T T T T T T T T T T T T T T
10 0 =10 =20 =30 —40 =50 —&0 =70 —80 =50 =100 -110 =120 -130 -140 =150 -16
f1 (ppm)



COSY of compound 3A
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6 i . 8 7 6\5 4 CF,
9 13 14
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' 1 3A
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HSQC of compound 3A
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'H NMR Spectrum of Compound 3B



11-12-74 H 500
11-12-74 H 500

Farameter

Title
Specirometer
Solvent
Temperature
Fulse Sequence
Experiment
Number of Scans
Receiver Gain
Relaxation Delay
10 Fulse Width

11 Acquisition Time
12 Acquisition Date
13 Medification Date

G0 1 OB e L3RI e

14 Spectrometer Freguency

15 Spectral Width
16 Lowest Freguency
17 ¥ucleus

7.260
7.234
7.218
7.115
7.099

i
Y

Value
11-12-74 H 500
spect
CDC13
296. 1 ||
zg3l
=]
] ]
71
1. 0000
11. 2300
3.2768
2016-11-21T16:23:00
2016-11-22T22:38:55
500. 13
10000. 0
-1824. 0
IH

6.440
6.050
6.035
6.018
3,149
3136
3121
3107
3092
3.078

12,365

1.98-¢
2.014

1,047 2=
1,977
5.30

2.86

1-2.375

o
ra

@ | 1,032

L2357
L2345
2,334
2,325
L2314
2,308
2301
2292
L2286
12,278
12,270
12,263
12,256
12,240

M 1A




13C NMR Spectrum of Compound 3B

11-12-T454C 00 = s =T !
n-1zTdE 500 TE3R2ETY HEF % @8 3T
el [ 06— O O [ D W ~ o %9 — 9y 9 00 W
8 comodasaq EES T Ensae
t e - | =
Parameter value
1 Title 11-12-74 C 500
2 Specirometer spect O
3 Solvent CDC13
4 Temperature 296.2
5 Pulse Seguence zgpg3l
& Experiment 1D \ CF3
7 Number of Scans 43
8 Receiver Gain 183
9 Relaxation Delay 2. 0000 3B
10 Fulse Width 9. 6000
1.1010
2016-11-21T16: 24:56
2016-11-22722:35:538
14 Spectrometer Freguency 125 76
15 Spectral Width 29761. 9
16 Lowest Freguency -2311. 3
17 Nucleus 13C
L
\ | | I
| |l I
1L l
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 G0 80 0 &0 50 40 30 20 10 0 -10

£l (ppm)



F NMR Spectrum of Compound 3B

11-12-T4 F on
11-12-T4 F =
o]
e
Parameter Value
1 Title 11-12-74 F
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 295.0
5 Fulze Sequence zgfhiggn. 2 AN CF3
& Experiment 1D
7 Number of Scans 2
8 Receiver Gain 196 3B
9 Relaxation Delay 1. 0000
10 Fulse Width 18. 0000 <
11 Acquisition Time 0. 7340
12 Acquiszition Date 2016-11-22T15:45:13
Modification Date 2016-11-22T22:40:36
14 Spectrometer Fregquency 376. 50
15 Spectral Width 89285. 7
16 Lowest Freguency —-B2282. 7
17 Xucleus 19F
|
T T T T T T T T T T T T T T T T
0 =10 20 —-30 =40 50 —60 =70 —80 =50 =100 -110 =120 130 —140 —150

f1 (ppm)



'H NMR Spectrum of Compound 3C
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Parameter ¥alue f
(
1 Title 11-12-73 H &O0
2 Spectrometer spect :
3 Selvent CDC13
4 Temperature 296, 1 . N
f
5 FPulse Sequence 230 | i 0]
|
6 Experiment 10 R . p | !
7 Humber of Scans 3 | i I|I I'I |
g Recelver Gain 63 | { | J J /
9 Relaxation Delay 1. 0000 X CF3
10 Pulse Width 11. 2900
11 Acquisition Time 3. 2765 I
12 Aequisition Date Z016-11-16T09:11:55 c 3C
13 Modification Date 2016-11-16T16:36:60
14 Spectrometer B00. 13
Frequenoy
15 Spectral Width 10000, 0
16 Lowest Frequency -1923.0
17 Huelens 1H
|
|
Iy I
A [ A D I
. o T,
o0 o o [} — O W
= = = = =
= = = — oo
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 b 8.0 7.5 7.0 6.5 B. 5.5 5.0 4.5 4.0 3.5 30 2.b 2.0 L5 L0 0.5 0.0 0.5



13C NMR Spectrum of Compound 3C
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1127 500 SCECoREagn s 78¢ gIagenoneg
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] — [l el e A R T I T S B I S B B
I e iem— L | e ———
Parameter Value
1 Title 11-12-73 € 300
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 256.1 e CF3
5 Pulse Seguence zgpg30
& Experiment 1D
7 Number of Scans 13 Cl
8 Receiver Gain 193 3C
9 FRelaxation Delay 2. 000D
10 Pulse Width 9. 8000
1. 1010
2016-11-15T09:13:28
2016-11-16T16:36:54
14 Spectrometer Freguency 123. 76
15 Spectral Width 25761. 9
16 Lowest Frequeney =2311. &
17 ¥ucleus 13C |
l
| |
I
I
|
[T |
T T T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 60 a0 40 30 20 10 0 -10

£l (ppm)



1%F NMR Spectrum of Compound 3C

£l (ppm}

11-12-73 F o0
1F12-73 pdrameter valus g
1 Title 11-17-73 F E,
2 Spectrometer gpect
3 ent CDC13
4 Temperature 2947
5 Pulze Sequence zgfhigqn 2
& Experiment 1D
T Number of Scans 2 \ CF3
8 Receiver Gain 186
8 FRelaxation Delay 1. 0000
10 Pulze Width 18, 0000 CI
11 dcquisition Time 0.7340 3C
12 Acqu icn Date 2016~-11-15T09:34:07
13 Modification Date 2016-11-16T16:36:47
14 Spectrometer Freguency 376. 50
15 Spectral Width 89285. 7
16 Lowest Freguency —-B2292.7
17T Xucleus 19F
I
T T T T T T T T T T T T T T T T T T T T T T T T T
] -5 -0 -1% -20 -3 -30 -3 40 45 50 b5 €O -8 -T0 -7 -BO -8 OO -GG -108 -115 -125 -135 -145




'H NMR Spectrum of Compound 3D
11-12-88 H 500 e A e e B Y ot o B o B BT R ©1 o 0 — T 0 A DG G 00 s G W O
11-12-88 H 500 o= S O Ch\D O Oh Oy 00 [ — 00— Oh 00 AD Wi fn 0N o— oho o0 MO~ oW s M SO0 [~
U A R B e S B B ST e s e R R A B R AL B B i
PRI A A A gy gogoagadadaadagaac
e —
Parameter Value
1 Title 11-12-88 H 300 f
2 Spectromeier spect [ I|
3 Solvent CDCL3 | 0
4 Temperature 296, 2 ‘ | [ , P I.'
5 Pulse Sequence zg30 | J I'I II |
6 Experiment 1D | | I| |
7 Number of Scans 4 I ! ! / / X CF3
8 Receiver Gain 63
9 Relaxation Delay 1. 0000 B
10 Fulse Width 11. 2300 r 3D
11 Acquisition Time 3. 2768
12 Acqui ion Date 2016-11-15T23:30:36
13 Modification Date 2016-11-18T09:54:31
14 Spectrometer Fregquency 500. 13
15 Spectral Width 10000. 0
16 Lowest Freguency -15323.0
17 Xucleus 1H
1
|
! |
i i I
| h Lo |
o oo b s
Wy Oh = = — ooo o
o 3 = = = o= =
—_— —_- - — — e on
T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 8.0 8.5 8.0 1.5 7.0 6.5 6.0 8.5 5.0 4.5 4.0 3.5 3 2.5 2.0 1.5 L0 0.5 0.0 0.5



13C NMR Spectrum of Compound 3D

11-1Z-8B84 500

e T — — o WD Oh oo
— 23 500 00— O~ S 00l — =T o W [E T i B o B B ALY
117128 o SO S~ nne— @ Vi © ST 00 W0 I 6a D T 0N o ol
o Wi— = SOy [ [~ W — oo Lo oy W00 00 00 I W
= el I I R B I e B I O~ [~ O =00 [~ [~ 0= 04 040 0o
& —_— o — — [ e e I T R I I i
| e - | et
Parameter Value
1 Title 11-12-88 C 300
2 Spectrometer 0]
3 Solvent CDC13
4 Temperature |
5 Pulse Sequence A CF3
& Experiment 1
7 Xumber of Scans Br
8 Receiver Gain 3D
8 FRelaxation Delar
10 Pulze Width
nan
13 Modification Date 2016-11-18T09:54:32 !
14 Spectrometer Frequency 12576
15 Spectral Width 290761.9
16 Lowest Freguency —2311.%8
17 ¥ucleus 13C
[
I
| |
|
I
I J
1] ]! n
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 T0 60 a0 40 an 20 10 =10

f1 (ppm)



F NMR Spectrum of Compound 3D

11-12-88 F —
11-12-88 F S
o]
7
|
O
Parameter Value
1 Title 11-12-88 F
2 Spectrometer spect \ CF3
3 Solvent CDC13
4 Temperature 284.3
5 Pulse Seguence zgfhiggn. 2 Br
& Experiment 1D 3D
7 Number of Scans 4
8 Receiver Gain 186
8 FRelaxation Delay 1. ({00
158. 0000
0. 7340
12 Acquisition Date 2016-11-16T08: &
13 Modification Date 2016-11-13T09:54:19
14 Spectrometer Freguency 376. 30 !
15 Spectral Width 89285.7
16 Lowest Freguency —B32232.7
17 Nucleus 19F
|
T T T T T T T T T T T T T T T T
0 -10 —Z0 =30 —40 —50 —60 =70 —80 —-90 -100 —110 120 —130 —140 -15

£l (ppm)



'H NMR Spectrum of Compound 3E

11-12-75 H 500 [~ — 01 [~ W [~ Oy W00 [~ W 00D O [ WO 0 — 00— [~ O W Oh SF W D0 oh o
JRpa— = 0O~ — Ch WD Oy D WD T e — e e R [ R T s B T s i e = I RV
11-12-76 H 500 L o M 04 o o 04 0 0 0 —— [~ O =F 60 00 0N 07 0N 0N 00 00 0N 0N on 00 01 69 —
ol el el e Y = = I =R Rt e oen on onoedoen el cdedcddedcdodedcd e
k‘"""&\‘ll")/ L._\_\%"L\_H_\W '_"I"‘-hnh:.é(f' .z_'_'_,_J)_J_JJJJ-J_IJ_IAAA_I_A
Parameter Value
1 Title 11-12-75 H 500 In’
2 Spectrometer spect|' l /
3 Solvent CDC13 II
4 Temperature 286.1 | B |'I
5 Pulse Sequence zg30 [ I.' III | 0
& Experiment 1 IJ | I| | .'I
7 Xumber of Scans 3 I 1 _,' v J J J
8 Receiver Gain 8 X CF3
9 Relaxation Delay 1. 0000
10 Pulse Width 11. 2500
11 Acquisition Time 3. 2768 NC
17 Acquisition Date 2016-11-15T22:40: 42 3E
13 Modification Date 2016-11-18T09:34:24
14 Spectrometer Fregquency 500.13
15 Spectral Width 10000. 0
16 Lowest Freguency -1923. 0
17 Xucleus 1H
b
.
|
I
|
II h
oy LY oo
[l - [=] — = O
oo o o th = ) (=T~
— [= R = — — o ood
T T T T T T T T T T T T T T T T T T T T T T T T
9.5 8.0 85 g0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 L0 0.5
f1 (ppm}



13C NMR Spectrum of Compound 3E

fl (ppm)

11-12-Toed 200 Vi S N O N WS GO 0N
1-12-75%c 500 CAREETILETE % %2R FEREERLE S
wi = 0l g [N W od O Mo N 9 00 \3 w00 00 00 00 W
& Thoddaadd == EEE CERERGOLNR
| e ~- |
Parameter Value
1 Title 11-12-75 € 500
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 296. 2 r
5 FPulse Sequence zgpe30 (6]
& Experiment 1
T Number of Scans B4
8 Receiver Gain 183
8 Relaxaticn Delay 2. 0000 A CF3
10 Fulse Width 8. 6000
1. 1010
2016-11-15T22:42:24 NC
13 Modification Date 2016-11-18T09:34:28 3E
14 Spectrometer Freguency 125 76 L
15 Spectral Width 29761.9
16 Lowest Freguencyr -2311. 3
17 X¥ucleus 13C
I
1 I |
| | 0 |
L J | .
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0 &0 70 G0 20 40 30 20 10 -10



F NMR Spectrum of Compound 3E

11-12-75 F =
11-12-75 F Z
o~
i
Parameter Value (0]
1 Title
2 Spectrometer spect
3 Solvent CDC13 X CF3
4 Temperaturs 2045
5 Pulze Sequence zgfhigqn. 2 |
& Experiment 1D NC
7 Number of Scans 15 3E
8 Receiver Gain 196
g ion Delay 1. 0000
18. 0000
0. 7340

12 Acquisition Date 2016-11-16T08:51:11
13 Modification Date 2016-11-18T09:54:17
14 Spectrometer Frequency
15 Spectral Width

16 Lowest Freguency

17 Nucleus

T T T T T T T T T T T T T T T T T T T T
0 -5 -10 -15 -20 -25 -30 -3% -40 -45 -50 -5 -60 -65 -70 -75 -BO -BE -O0 -G§
f1 (ppm)

T T T T T
-105 -115 -125 -135 -145



'H NMR Spectrum of Compound 3F

11-12-76 H 200 0D [~ — O S 0 — o Oh 0 el Il e o [T B e B B o B B B S e ot T e s st M ]
11-12-76 H 500 ARSTE nEOR2E TEZLDE EZSREREELONEAmRLRRY
el S N S o S Vs S R o e o oof o o oenoon il el el il il i ©
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Parameter Value

1 Title 11-17-76 H 500 o ) f
2 Spectrometer spect |
3 Solvent CDC13 ‘ ‘ ‘ |
4 Temperature 296.1 . . III o
5 Pulse Sequence zg30 | [ { |' ‘ |
& Experiment 1D f I|I II .'I
7 Number of Scans 4 / J ] ’ l 4 R CF;
8 Receiver Gain 63
8 FRelaxation Delar 1. 00
10 Pulse Width 11. 2800 F3C
11 Acquisition Time 3. 2768 3F
12 Acqui ion Date 2016-11-15T23:03:42
13 Modification Date 2016-11-18T09:54: 30
14 Spectrometer Freguency 500. 13
15 Spectral Width 10000 0
16 Lowest Freguency -1823.0
17 Nucleus 1H

! |

I

|
[
[
| [} I

J ﬁ J LI JIk _JL - 11

gy o M o

o o o= — o ooy

o= = = = o=y

— — — — — ™
T T T T T T T T T T T T T T T T T T T T

10. 0 9.5 8.0 8.5 B0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 30 2.5 Z0 L5 1.0 0.5 0.0



13C NMR Spectrum of Compound 3F
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Parameter Value
1 Title 11-12-76 C 500
2 Spectrometer spect
3 1+ CDCL3
4 Temperature 286. 2
5 Pulse Sequence zgpg30
& Experiment 1D
7 Number of Scans 64 R CF;
8 Receiver Gain 183
3 Relaxation Delay 2. 00
10 Pulse Width 9. 6000 FSC
11 Acquizition Time 1. 1010 3F
12 Acquizition Date 2016-11-15T23:10:19
13 Modification Date 2016-11-18T09: 54: 30
14 Spectrometer Fregquency 125 76
15 Spectral Width 29761. 9
16 Lowest Freguency -2310.3
17 Nucleus 13C
|
| | i
I
I
I
)
N N
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 130 140 130 120 110 100 90 80 0 a0 o0 40 a0 20 10 —-10

fl (ppm)



F NMR Spectrum of Compound 3F

11-12-76 F L=
11-12-76 F gz
3 on
s
— S5
Parameter Value
1 Title 11-172-76 F
2 Spectrometer spect
3 Zolvent CDC13
4 Temperaturse 254 3
5 Pulse Seguence zgfhiggn. 2 0
& Experiment 1D
7 Number of Scans 3
B Receiver Gain 156
9 Relaxation Delay 1. 0000 X CF3
10 Fulse Width 18. (000
11 Acquisition Time 0. 7340 F3C
12 Acquisition Date 2016-11-16T08:51:59 3F
13 Modification Date 2016-11-18T09:54:16
14 Spectrometer Freguency 376. 30
15 Spectral Width 89285. 7
16 Lowest Freguency -82292.7
17 Nucleus 13F
1!
T T T T T T T T T T T T T T T T T T T T T T
-5 -10 -1§8 -20 -2z -30 35 -40 -0 -85 -70 -¥& 8O -8B 00 G5 10O -110 -120 -130 =140

1 (ppm}



00
500

11-12-77 H
11-12-77 H

Farameter
Title
Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of Scans

=1 1 e L3 R e

Receiver Gain

W

Relaxation Delay
10 Pulze Wi

12 Acquisition Date
13 Modification Date

'H NMR Spectrum of Compound 3G

S S M NS o— W D S O
oS00 — O — &
N R R A S L B
L e e i L e i S

Value
11-12-77 H 500
spect [
cDcls |
286.1
zg30
1D [
; I
71
1. 0000
11. 2800
3.2768
2016-11-15T22:48: 41
2016-11-18T09: 54: 26

6,201
6,183
6.16%
6.152

3.193
3180
3164
3152
3135
3123

2
?

2703

2,690
2,390
L2381
L2379
L2370
L2359
2,356

L2348
12,338
12,333
+2.317
2,312

2,304
12,206
12,288
12,282

F4C

a7 1eg

14 Spectrometer Freguency 500. 13
15 Spectral Width 10000. 0
16 Lowest Freguency -1823.0
17 Nucleus 1H
I | |
| |
| i A oo |
A Ty Gl e e
oMo —_ = =) =3 (=
[==1=1 = o = o =
— o~ — = — — oo
T T T T T T T T T T T T T T T T T T T T
0.0 9.5 8.0 8.5 B.0 7.h 7.0 6.5 6.0 5.0 4.5 4.0 3 b 3.0 2.b 2.0 Lb L0 0.5 0.0

ch (ppm) '



13C NMR Spectrum of Compound 3G
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Parameter value
1 Title 11-12-77 C 500
2 Spectrometer spect
3 Solvent CDC13 r
4 Temperature 296. 2 O
5 Fulze Sequence zgpe30
& Experiment 1D
7 Number of Scans G4
8 Receiver Gain 193 FsC X
9 Relaxation Delay 2. 0000
10 Pulse Width 8. 6000
11 Acquisition Time 1.1010 3G
12 Acquisition Date 2016-11-15T22:
13 Modification Date 2016-11-18T09:5 >
14 Spectrometer Freguency 125.7
15 Spectral Width 23761. 9
16 Lowest Freguency -2310.2
17 ¥ucleus 13C
|
! I
|
|
| | I
! |
LI | . -
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 50 80 70 60 a0 40 30 20 10

f1 (ppm)



1%F NMR Spectrum of Compound 3G

11-12-77 F — =t
11-12-77 F L=
0 00
o
Parameter Value A ( )
1 Title 11-12-77 F
2 Spectrometer spect
3 : CDC13
4 Temperature 284. 3
5 Pulse Sequence zgfhiggn. 2 F3C \ CF3
& Experiment 10
T Number of Scans 2z
8 Receiver Gain 196
9 Relawation Delay 1. 0000 3G
10 Pulse Width 18. 0000 L )
on Time 0. 7340
on Date 2016-11-16T08:33:32
13 Modification Date 2016-11-18T09:54:13
14 Spectrometer Fregquency 376. 50
15 Spectral Width 89283. 7
16 Lowest Freguency -82282.7
17 Nucleus 15F
[
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 -5 -0 -1 -20 -2 -30 -3 -4) -4 -BO —H5 €O 65 -T0 -75 B0 -85 90 95 -100 —-110 -120 —130 —140

fl (ppm)




'H NMR Spectrum of Compound 3H

11-12-78 H 500 ofr o0 = — — 'O — 11 &
L-1278H 50 Z A A RS % E 3@ M
Ul )
Parameter Value
1 Title 11-12-78 H 300
2 Spectrometer Ipect ||
3 Solvent CDC13 |
4 Temperature 296. 2 [ || |
5 Pulse Sequence zg30 | | I|
6 Experiment 1D J I
7 XNumber of Scans 4
8 Receiver Gain 63
9 Relaxation Delay 1. 0000
10 Pulse Width 11. 2800
11 Acquisition Time 3. 2768

\7.260

6.834
6.807
6397

6.094

¥
;

6.080
6.062

3.210

3.197
3181
3168

3152
3139
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CF;
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21&87

12 Acquisition Date 2016-11-15T22:57:14
13 Modification Date 2016-11-18T09:54:25 3H
14 Spectrometer Freguency 300. 13 )
15 Spectral Width 10000. 0
16 Lowest Freguency -1823. 0
17 ¥ucleus 1H
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13C NMR Spectrum of Compound 3H
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Parameter value
1 Title 11-12-78 C 300
2 Spectrometer spech
3 vent CDC13
4 Temperature 296.2
5 Pulse Seguence zgpe3l
& Experiment 1D
7 XNumber of Scans 4
8 Receiver Gain 133 O
9 Relaxation Delay 2. 0000
10 Pulze Width 9. 6000
11 Aequisition Time 1. 1010 CF3
2016-11-15T23:01:51 CF
Modification Date 2016-11-18T09:54: 28 \ 3
14 Spectrometer Frequency
15 Spectral Width 29761. 9
16 Lowest Freguency -2310. 3
17 ¥ucleus 13C 3H
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F NMR Spectrum of Compound 3H

11-12-78 F |
11-12-78 F P
o N
R
— |
Parameter Value
1 Title 11-12-78 F
2 ESpectrometer Ipect ( O h
3 Solvent CDC13
4 Temperature 2945
5 Pulse Sequence zgfhiggn. 2 CF3
& Experiment 1D
7 Number of Scans & \ CF3
8 Receiver Gain 186
9 Relaxation Delay 1. 0000
10 Pulse Width 15 OO0
11 Acquiszition Time 0. 7340 3H
12 Acquisition Date 2016-11-16T08:54:24
13 Modification Date 2016-11-18T09:534:19 . y,
14 Spectrometer Fregquency 376. 50
15 Spectral Width 89285. 7
16 Lowest Freguency =32292. 7
17 Nucleus 13F
|
B e A
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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'H NMR Spectrum of Compoun
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Parameter
Title
Spectrometer
vent

Pulse Sequence
Experiment

1
2
3
4 Temperature
5
[
7 Number of Scans

12 Acquisit
13 Modification Date

14 Spectrometer Freguency

15 Spectral Width
16 Lowest Freguency
17 Nucleus

Value
11-12-7% H 500
spect
CDC13 ‘l
796. 1 | |
2230 || II
o il
48
1. 0000
11. 2800
3. 2763
2016-11-107T21:52:28
2016-11-11T11:18:52

12,720
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2,586
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13C NMR Spectrum of Compound 31
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P Parameter Value ~ I =S
1 Title 11-12-79 C 300
2 Spectrometer spect
3 Solvent CDC13 ( B
4 Temperature 296. 1
5 Pulse Seguence zgpe30
& Experiment 10
7 XNumber of Scans 13 [
8 Receiver Gain 193 CF;
9 Relaxation Delay 2. 0000
10 Pulse Width B, 6000
1. 1010
2016-11-10T21: 3' J
13 Modification Date 2016-11-11T11:
14 Spectrometer Freguency 123.7
15 Spectral Width 29761. 9
16 Lowest Freguency -2311. 9
17 Kucleus 13C
I
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F NMR Spectrum of Compound 31

11-12-79 F
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Parameter Valus (0]
1 Title 11-12-T8 F
2 Spectrometer speCh
3 Zolvent CDC13
4 Temperature 293.8 X CF3
5 Pulse Sequence zgfhiggn. 2
& Experiment 1D
7 Kumber of Scans 5
8 Receiver Gain 136 3l
9 i 1. 0000 ~ >
10 18. D000
11 Acquisition Time 0. 7340
12 Acquis on Date 2016-11-10T22:03:34
13 Medification Date 2016-11-11T11:13:44
ectrometer Freguency
Spectral Width
16 Lowest Freguency
17 Nucleus
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'H NMR Spectrum of Compound 3J
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Parameter value |
1 Title 11-12-85 H 500
2 Spectrometer spect | N
3 D13 | | o)
4 Temperature 296.1 | ‘
5 Pulse Sequence 30 | TN [ |
: i J Ph
& Experiment 1D | || | {
7 Number of Scans 4 L, 'I J J
8 Receiver Gain 71 \ CF3
9 FRelaxation Delay 1. 0000
11. 2800
3. 2768
2016-11-15T23:22:06 3J
13 Modification Date 2016-11-18T09:34:33 - <
14 Spectrometer Freguency 300. 13
15 Spectral Width 10000. 0
16 Lowest Freguency -1523. 0
17 ¥ucleus 1H
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13C NMR Spectrum of Compound 3J
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Farameter Value
1 Title 11-12-85 € 500
2 Spectrometer spect ( A
3 lvent CDC13
4 Temperature 206. 1
5 Pulse Sequence zgpg3l
6 Experiment i Ph
T XNumber of Scans 64
8 Receiver Gain 193 \ CF3
9 FRelaxation Delay 2. D000
10 Fulse Width 9. 6000
11 Acquisition Time 1. 1010
12 Acqui icn Date 2016-11-13T23:26:-46 3J
13 Modification Date 2016-11-18T09:534:33 N\ J
14 Spectrometer Freguency 123. 7@
Spectral Width 28761, 9
16 Lowest Frequency -2311.%9
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1%F NMR Spectrum of Compound 3J
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Parameter Value
1 Title 11-12-85 F
2 Spectrometer spect
3 CDC13 ( )
4 Temperature 285. 7 O
5 Fulze Sequence zgfhiggn. 2
® Experiment iy
7 Number of Scans 2 Ph
8 Receiver Gain 196 A CF3
9 FRelaxation Delay 1. 0000
10 Fulze Width 18. 0000
ition Time 0. 7340
12 Acquisition Date 2016-11-21720:56:19 3J
13 Modification Date 2016-11-22T22:359:44 \ J
14 Spectrometer Frequency 376. 50
15 Spectral Width 89285. T
16 Lowest Freguency —-82282.7
17 Nucleus 18F
L -
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'H NMR Spectrum of Compoun
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13C NMR Spectrum of Compound 3K
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Parameter Valus
' ~\
1 Title 11-13-60 300 o
2 Spectrometer spect
3 Zolvent CDC13
4 Temperaturse 296.1 H
5 Pulze Sequence zgpg30
6 Experiment 1 A CF3
T XNumber of Scans 56
8 Receiver Gain 183
9 Relaxation Delay 2. 0000 F
10 Fulse Width 3. 6000 3K
1.1010 b <
2017-03-10T21:22:26
13 Modification Date 2017-03-10T21:48:33
14 Spectrometer Freguency 123 76
153 Spectral Width 29761. 9
16 Lowest Freguency —2310. 8
17 X¥ucleus 13C
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F NMR Spectrum of Compound 3K
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Parameter Value O
1 Title 11-13-60 F
2 Spectrometer spect H
3 Solvent CoCl3
4 Temperature 204 4 \ CF3
5 Pulse Seguence zgfhiggn. 2
& Experiment 1D
7 Yumber of Scans 5 F
8 Receiver Gain 196 3K
9 Relaxation Delar 1. 0000 N 4
10 Fulse dth 18. 0000
11 Acquiszition Time 0. 7340
12 Acquisition Date 2017-03-10T17:13:59
13 Modification Date 2017-03-10T21:45:35
14 Spectrometer Freguency
15 Spectral Width
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1
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'H NMR Spectrum of Compound 3L
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13C NMR Spectrum of Compound 3L
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Parameter Value
1 Title 2p—3-xid
2 Spectrometer spect ( 0
3 lvent cDCl3 O
4 Temperature 296.1
3 Pulse Sequence zgpg30 Ph \ Ph
& Experiment 10
7 Number of Scans 206
8 Receiver Gain 183
8 FRelaxation Delar 2. 0000 3L CF3
10 Pulze Width 9. 8000 AN S
11 1. 1010
2016-10-10T17:12:58
2016-10-10T18:25:19
Spectrometer Freguency 123. 76
3 Spectral Width 29761. 9
Lowast Freguency -2311. 8
17 Nucleus 13C
J ‘ﬂ A " 1
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F NMR Spectrum of Compound 3L
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Farameter Value =
) [as]
1 Title sp—3xid o
2 Spectrometer spect
3 Zolvent CDC13
4 Temperature 284.1
5 Pulse Seguence zgflgn (
& Experiment 1D
T Number of Scans 9
8 Receiver Gain 196 NN Ph
9 Relazation Delay 1.0000 Ph
10 Pulse Width 18. 0000
11 ¢ Time 0. 7340
12 2 Date 2016-10-10T16:48: 3L CF
13 Modification Date 2016-10-10T18: 3
- .
14 Spectrometer Freguency
15 Spectral Width
16 Lowest Freguency
17 Xucleus
"
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'H NMR Spectrum of Compound 3M
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Parameter Valus _
Titl 11-11-41-1 5 | s 3
1 tle 11-11-41-1 3500 || f O
2 ectromater spect | |
3 Solvent cocl3 |
1 2961 | IIIIH f If f |
5 Pulze Sequence zg30 [ | || | |' |
- |
6 Experiment 1D I Il _|| || I'J|I ] ! | \
T Number of Scans 3
8 Receiver Gain 71
9 Relaxation Delar 1. 0000 CF3
10 Pulse Width 12. 0000 3M
11 Acquisition Time 3. 2768 ~ g
12 Acquisition Date 2016—02-29T22:55:48
13 Modification Date 2016—03-17T22:40:24
14 Spectrometer Freguency 500. 13
153 Spectral Width 10000, ¢
16 Lowest Freguency -1827.3
17 ¥ucleus 1H
h
|
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13C NMR Spectrum of Compound 3M

f1 (ppm)
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Parameter Valus
1 Title 11-11-41-1 500
2 Spectrometer spect s
3 5 nt CDCl3 O
4 Temperaturs 286.1
3 Fulse Sequence zgpe3l
& Experiment 1D
7 Number of Scans 256 ™
8 Receiver Gain 183
9 Relaxation Delay 2. 0000
10 Pulze Width 10. 0000 CF3
i ion Time 1. 1010 3M
n Date 2016—02-29T23:34:34 \.
ication Date 2016—03-17T22:40:26
14 Spectrometer Freguency 125 77
15 Spectral Width 28761. 9
16 Lowest Freguency -2311. 0
17 X¥ucleus 13C
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F NMR Spectrum of Compound 3M

11-11-41-1 500

[5}]
11-11-41-1 F ﬁ
[s2]
(Ef)
Parameter Value ( O
1 Title 11-11-41-1 300
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 2945 N
5 Pulse Seguence zgfhiggn 2
& Experiment 1D
7 Number of Scans 8
8 i 196 3M CF3
E 1. 0000 L
10 18, D000
11 Acquisition Time 0. 7340
12 Aequiszition Date 2016—02-29T22:20:50
13 Modification Date 2016—03-01TO8: 10: 00
14 Spectrometer Freguency 376. 50
15 Spectral Width 89285. 7
16 Lowest Freguency —B2292. 7
17 Nucleus 19F
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'H NMR Spectrum of Compound 3N
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Parameter Value ( 0
1 Title sp—3-38ach
2 Spectrometer spect CI
3 Solvent CDC13
4 Temperature 296. 6 \
5 Pulze Segquence zg30
& Experiment 1D
7 Number of Scans 3 CF
8 Receiver Gain 32 3
9 FRelaxation Delay 1. 0000 L 3N
10 Fulze Width 9. 6000
1. 9999
2016-07-20T11:42124
2016-10-10T19:16]12
14 Spectrometer Freguency 400. 13
15 Spectral Width 8012.8
16 Lowest Frequency =1545.0
17 ¥ucleus 1H
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13C NMR Spectrum of Compound 3N
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Farameter Value
1 Title 2p—3-33ach
2 Spectrometer speCh
3 Solv CDC13
4 Temperature 296. 6
5 Pulze Seaquence zgpg30 o)
6 Experiment 1D
7 Kumber of Scans 31 CI
8 Receiver Gain 196 O
9 Relawation Delay 20000
10 Fulse Width 10. OO0 \
11 4 i 1.3631
£ 2016—07-20T11:44:18 CF
13 M icaticn Date 2016-10-10T18:16:13 3
ometer Fregquency 104. 61 3N
15 Spectral Width 24038. 5
16 Lowest Freguency =1964. 1
17 Nucleus 13C
" L |
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F NMR Spectrum of Compound 3N

=
Paramater Value &
1 Title sp~3-3%ach g
2 eetrometer spact '
3 CDC13
4 Temperature 2968 ( o)
5 Pulse Seguence zgflgn
& Experiment 1 C|
7 Number of Scans 6
8 Receiver Gain 196 \
3 Felaxation Delar 1. 0000
18. D000
0. 7340
2016—07-20T11:51:03 CF3
cation Date 2016-10-10T19:16:13 3N
Spectrometer Fregquency 376. 46 ~
15 Spectral Width 89285. 7
16 Lowest Freguency —B2292.7
17 Nucleus 19F
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'H NMR Spectrum of Compound 30
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Paramater Value

1 Title SF-3-414

2 Spectromater spact

3 Solvent CDC13

4 Temperaturs 2858.0

5 Pulse Seguence zg30

& Experiment 1D

7 Number of Scans 3

8 Receiver Gain 53

9 Relaxation Delay 1. 0000

10 Fulze 9. 6000

11 Acqui 1.9999

12 Acqui 2016—07-20T20:37:12

13 Modification Date 2016-10-10T18:50:35

14 Spectrometer Freguency

15 Spectral Width
16 Lowest Freguency
17 ¥ucleus

7.190
7.186
4716
4,708
4.699
4.690
4.682
4.673
4,664

2712
L2708
L 2.695
2,686

2,682

2,668
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2.659
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L2.615
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L2.597
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13C NMR Spectrum of Compound 30

=) DO 0O ST o 00 ST o— S LG 00 WD [ O 0
= AESYAZEES2232253 zsg R2grnZ
od — o6 od of 8 — On N 08 08 [ [~ WO S o <f R =g e
8 Toofondaanananag EEd FRARRR
| B e G e — - =
Farameter Value
1 Title SP-3-41a 3
2 Spectrometer spect O
3 vent CDC13
4 Temperature 283. 0
5 Pulse Sequence zgpg3l
& Experiment 10 \
7 Number of Scans 36 Cl
8 Receiver Gain 186
9 Relaxation Delay 2. 0000 CF3
10 Fulse Width 10. 0000 30
114 isiti 1. 3631 . /
2016-07-20720:39:17
Modification Date 2016-10-10T15:30: 36
14 Spectrometer Freguency 100. 61
15 Spectral Width 24038.5
16 Lowest Freguency =1962.5
17 Nucleus 13C
T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 0 60 a0 40 30 20 10 -10

fl (ppm)



%F NMR Spectrum of Compound 30
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Parameter Value
1 Title EP-3-414
2 Spectrometer spect
N e A
3 Solvent DHSD (0]
4 Temperature 288.0
5 Fulse Seguence zgflan
& Experiment 1D
7 Number of Scans T NN
8 Receiver Gain 196 Cl
8 FRelaxation Delay 1. 0000
18. 0000
- CF3
0. 7340 3 0
2016—-07-20T20:32:33 L y,
13 Modification Date 2016-10-10T18:50:33
14 Spectrometer Freguency 376. 46
15 Spectral Width 89285. 7
16 Lowest Frequency -82282.7
17 ¥ucleus 13F

T T T T T T T T T T T T T T T T T T
-5 -0 -1% -20 -5 -30 -35 -40 -45 -&0 -35 -60 -85 -70 -7% -BO -B; -G0 G5 100
f1 (ppm)
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'H NMR Spectrum of Compound 3P
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Parameter Value
1 Title sp—~3-20161016xi
2 Spectrometer spect O
3 Solvent D13
4 Temperature 2047 Ph
5 Pulze Seguence zg30
& Experiment 10 NN
7 Mumber of Scans 3
8 Receiver Gain 32
9 FRelaxation Delay 1. 0000 CF
10 Fulse Width 8. 6000 3P 3
11 Acquisition Time 1. 5533
12 Acquisition Date 2016-10-16T22:46:21
13 Modification Date 2016-10-17T18:45:00
14 Spectrometer Freguency 400. 13
15 Spectral Width 82012.8
16 Lowest Freguency -1545.0
17 ¥ucleus 1H
e o
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13C NMR Spectrum of Compound 3P
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Parameter Value
1 Title sp—3-xi3
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 286.1
5 Pulse Sequence zgpg30
6 Experiment 1D
7 Number of Scans 55
8 Receiver Gain 183
g Delay 2. 0000
3. 6000
1.1010

ectral Width

ectrometer Freguency

2016-10-12T20:27:5
2016-10-12T20:45:31

=]

29761.9
16 Lowest Freguency =2315.0
17 Nucleus 13C

Ph

CF3

”‘ -
T T

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 50
fl (ppm)



F NMR Spectrum of Compound 3P
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Farameter Value 8
; 58]
1 Title sp—3xid g
2 ESpectrometer Ipect
3 Solvent CDC13
4 Temperature 2941
53 Pulse Seguence zgflgn
6 Experiment 1D ( O R
7 Number of Scans 9
8 Receiver Gain 186
9 Relaxation Delar 1. 0000 Ph
10 Pulse Width 15 OO0
11 Acquiszition Time 0. 7340 \
12 Acquisition Date 2016-10-10T16: 4
13 Modification Date 2016-10-10T18:25:
14 Spectrometer Freguency 376. 50 CF3
15 Spectral Width 89285. T 3P
16 Lowest Frequency -82292.7 ~ ~
17 Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T T
10 ] 0 -5 -0 -1&% -20 -2 -3 3% -40 45 &0 -B% B0 65 -T0 -7 B0 -8 OO0 G5 -105 -115 -125 -135

fl (ppm)



'H NMR Spectrum of Compound 3Q
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13C NMR Spectrum of Compound 3Q
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Parameter Value
1 Title sp—3-124-5
2 Spectrometer spect
3 Solvent CDC13 - N
4 Temperature 296.1 Ph
5 Pulse Seguence zgpR30
& Experiment 1D /
7 Number of Scans 136 O
8 Receiver Gain 183
9 Relaxation Delay 2. 0000 CF3
: ' Ph
10 Pulse Width g. 6000
1.1010
2016-11-17T21:09:16 \ 3Q J
2016-11-22T12:43:01
14 Spectrometer Freguency 123. 78
15 Spectral Width 29761. 9
16 Lowest Freguency -2311.7
17 Xucleus 13C
T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 50 &0 0 60 a0 40 30 20 10 0 =10

fl (ppm)




F NMR Spectrum of Compound 3Q
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Parameter Value "
1 Title sp—3—-124aCHF5
2 Spectrometer spect
3 Solvent CDC13
4 Temperaturs 295. 8 e N
5 Pulse Seguence zgflgn Ph
& Experiment 1D
7 Number of Scans g /
8 FReceiver Gain 196 O
9 Relaxation Delay 1. 0000
10 Pulee Width 12, D000 Ph CF3
0. 7340
2016-11-16T22:04:13 L 3Q )
13 Modification Date 2016-11-16T23:
14 Spectrometer Frequency 376. 50
15 Spectral Width
16 Lowest Freguency -32282.7
17 Nucleus 19F
-
T T T T T T T T T T T T T T T T T T T T T T T T T
i} 0 -5 -0 -15 -20 -25 30 -3 40 45 -850 -5 60 -6 -T0 -75 —BO -BE B0 -Oh -105 -115 -125 —-135

fl (ppm)



'H NMR Spectrum of Compound 5A
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Farameter value
1 Title 11-12-127-1 H 500 ,'l
J ( 1\
2 Spectrometer spect I|
3 Solvent cocls / Ph
4 Temperaturs 206. 2 i l'l
5 Pulse Sequence zg30 |' /
& Experiment i) | f Ju' f | i
7 Number of Scans 4 .I| J [ /
8 Receiver Gain 31
§ FRelaxation 1. 0000
Delay F3C
10 FPulse Width 11. 2800
11 Acgquisition 3. 2763 5A
Time - /
12 Acquisition 2016-12-14T21:30:15
Date
13 Modification 2016-12-15T11:1
Date
14 Spectrometer 500. 13
Frequency
15 Spectral Width 10000.0
16 Lowast -1975. 4
Frequency
17 Xucleus 1H
|
|
| |
I
| I h j' ﬁt_._.ﬁ_J__ - .l
i i as P g
[ =] o0 [ oo N
- = = Lo e s = m
Wi — [=1 =Nl — -
T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 B 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 .B 0.0



13C NMR Spectrum of Compound 5A

f1 (ppm)
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Parameter Value
1 Title 11-12-127 1 C 300 s
2 Spectrometer spact
3 ent CDCl3
4 Temperaturs 206.1
5 Pulse Seguence zgpE30 O ~
& Experiment 1
7 Number of Scans 33
8 Receiver Gain 183
9 FRelaxation Delar 2. 0000
10 Pulse Width 9. 8000 F3C
11 Acquizition Time 1. 1010 5A
12 Acqu on Date 2016-12-14T21:32:26 N\
13 Modification Date 2016-12-15T11:18:52
14 Spectrometer Frequency 125 76
15 Spectral Width 29761. 9
16 Lowest Freguency —2313.6
17 Nucleus 13C
|
|
! I
| |
I | ‘
I II
|
Lt
T T T T T T T T T T T T T T T T T T T T T T
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F NMR Spectrum of Compound 5A

13 Modification Date

2016-12-15T11:18: 40

11-12-127-1 F ]
11-12-127-1 F [y
o
Paramster Value i
1 Title 11-12-127-1 F (
? Spectrometer spect Ph
3 Solvent CDC13
4 Temperature 293.9
5 Pulse Sequence zgfhiggn. 2 0/
& Experiment 1D
7 Number 2
8 Receiw 196
9 Fel 1. 0000 F3C
10 Ful 18, 0000
11 Acquis 0. 7340 5A
12 Acguis 2016-12-14T21:21:1%8 N~

1 ectrometer Freguency 376. 50
pectral Width B3783.7
16 Lowest Freguency —B2292.7
17 ¥ucleus 19F
T T T T T T T T T T T T T T T T
0 -10 =Z0 =30 =40 =50 -850 =70 —-80 a0 100 -110 =120 —-130 =140 -15

f1 (ppm)



COSY of compound 5A
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HSQC of compound 5A
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HMBC of compound 5A
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1
H NMR Spectrum of Compound 5B
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Parameter Value |
1 Title 11-12-148 H 300 |
2 Spectrometer spect .
3 Solvent cDcl3 i |
4 Temperaturs 2961 [ Ia' .'I
5 Pulse Sequence zg30 I| I| r I I,l' I.' I|I
) / )
6 Experiment 10 H 4 ’ o
7 Number of Scans 4
8 Receiver Gain 83
9 Relaxation Delay 1. (000
10 Pulse Width 11. 2300
n Time 3. 2768
n Date 2016-12-22T10:30:23
on Date 2016-12-26T20:13:17 =
14 Spectrometer Freguency 500. 13
15 Spectral Width 10000, O
16 Lowest Freguency -1923. 3
17 Xucleus 1H
|
|
1
|
i | Nk |
| |L J
| . | A N L N O J
2 T i M
= (=1 i) viowo o o wn
o = = === = =
— = — — — o= — =
T T T T T T T T T T T T T T T T T T T
0.0 9.5 9.0 8.5 B0 7.b 7.0 6.5 6.0 b.b 2.0 4.5 4.0 b 3.0 2.5 2.0 1.5 L0 0.5 0.0



13C NMR Spectrum of Compound 5B
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Farameter Value
1 Title 11-12-148 C 300 s
2 Spectrometer spect
3 CDC13
4 Temperature 296. 2
3 Pulse Sequence zgpg30
& Experiment 1D
7 Number of Scans 100 (o)=2
8 Receiver Gain 133
9 Relaxation Delay 2. 0000
10 Fulze Width 9. 8000
11 Acqui ion Time 1.1010 F3c 5B
12 Acquisition Date 2016-12-22T10:33:04 ~
13 Modification Date 2016-12-26T20:13:19
14 Spectrometer Freguency 125, 76
15 Spectral Width 29761. 9
16 Lowest Freguency -2311.7
17 Nucleus 13C
b
i I ! .
| ! I |
Ll il

T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 50 80 70 60 a0 40 30 20 10 10

f1 (ppm)



F NMR Spectrum of Compound 5B
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Parameter Value
1 Title 11-12-148 F
2 Spectrometer spech
3 Solvent CDC13
4 Temperaturs 294.0
3 Fulse Sequence zgfhiggn. 2
& Experiment 1D
7 Number of Scans 4
8 Receiver Gain 186
9 Relaxation Delay 1. 0000 (0 )=
10 Pulse Width 18, 0000
0. 7340
12 Acquisgition Date 2016-12-22T10:34:02 F C
13 Modification Date 2016-12-26T20:13:22 3 5B
14 Spectrometer Freguency 376. 30
15 Spectral Width 89285. 7
16 Lowest Frequency -82292.7
17 Nucleus 19F
]
R T R EEEEEE———————

T T T T
43 44 45 46 -47 48 49 -50 -5l -2 B3 B4 -

T T T T T T T T T T T T T T T T
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fl (ppm)
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'H NMR Spectrum of Compound 5C
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Parameter Value II
1 Title 11-12-145 H 500 f
]
2 Spectrometer spect |r Ir i |
3 lvent CDCl3 | | Il III .
4 Temperature 286. 1 | | ( ||'r | II [ Ilr I.r
5 Pulse Sequence 2230 |1 [ | [ | | I |
! i 4 / A ) i y
& Experiment 1D F
7 Number of Scans 4
3 54
g 1. 0000
10 Pulse Width 11. 2800
1 3.2768 (o)==
12 2016-12-21T16:18:29
13 4 cation Date 2016-12-26T20:12: 26
14 Spectrometer Freguency 300. 13 F c
15 Spectral Width 10000. 0 3 5C
16 Lowest Freguency -1823.5
17 Nucleus 1H
|
I
| I
| 1l I
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4 — o= = —

o 1,995



13C NMR Spectrum of Compound 5C
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Parameter Value
1 Title 11-12-145 C 300
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 296.1 O =
5 Pulse Sequence zgpg3l
& Experiment 1D
T Number of Scans 38
8 Receiver Gain 183 F3c 5C
9 Relaxation Delay 2. (00 L
3. 6000
1. 1010
2016-12-21T16:20:51
ication Date 2016-12-26T20:12:27
14 Spectrometer Freguency 125. 76
15 Spectral Width 29761. 9
16 Lowest Freguency —2311.8
17 Nucleus 13C
| |
|
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I I
L !
|1
] L
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1%F NMR Spectrum of Compound 5C
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Parameter Value
1 Title 11-12-145 F
2 Spectrometer spect
3 CDC13 (
4 Temperature 204 2 F
5 Pulse Sequence zgfhiggn. 2
& Experiment 10
7 Number of Scans 2
8 Receiver Gain 196 (o)
8 Relaxation Delay 1. (00
10 Pulse Width 18. 0000
0. 7340
2016-12-21T17:02:52 F3c 5c
ication Date 2016-12-26T20:12:18 N
14 Spectrometer Freguency 376. 30
15 Spectral Width
16 Lowest Freguency
17 Nucleus
I
|
T T T T T T T T T T T T T T T T T
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'H NMR Spectrum of Compound 5D
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Parameter Value
1 Title 11-12-146 H 300
2 Spectrometer spact
3 rent CDC13
4 Temperature 296 2
5 Pulse Seguence zg30
& Experiment 1D
7 Number of Scans 4
8 Receiver Gain 34
9 FRelaxation Delay 1. D000
10 Pulze Width 11 2800
3. 2768

2016-12-21T16:27:08

2,572
2.565

2,560
2.551

2,500

2.495

2.475
2.470
2.464
2.442
2.435

2.422

2.415

2.409

2.402
2.392
2.386

2.381

2.374

2.365
2,358
2,354
2.345

2,339
2,333
2,323
2318

231

1.796
1,789
1.768
1,766

|

Y1691
1,684

L1 678

-1.675
-1.668
-1.629
+1.575
H1.567
F1.552
F1.544
L1.503

5D

Ph

13 Modification Date 2016-12-26T20:12:24
14 Spectrometer Freguency 500. 13 ~ <
15 Spectral Width 10000. 0
16 Lowest Freguency -1823.5
17 Nucleus 1H
|
I ||‘ !
|
J l A ,\h Ml_ o J
i T i P e
o [=] [aa] o O ooh 00 ™4
— S S So— 8899
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1l=12-146 C 500

13C NMR Spectrum of Compound 5D
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Paramater Value

1 Title 11-12-146 C 300

2 Spectrometer spect

3 Solvent CDC13 (

4 Temperature 296. 1

5 Pulse Seguence zgpE30

6 Experiment 1D o/ Ph

7 Number of Scans [0

8 Recelver Gain 183

9 Relaxation Delay 2. 0000

10 Fulze Width 9. 8000 F c

fon Time 1.1010 3
ition Date 2016-12-21T16:25: 28 5D

13 Modification Date 2016-12-26T20:12:29 \

14 Spectrometer Fregquency 125 76

15 Spectral Width 29761. 9

16 Lowest Freguency -2312.2

17 Nucleus 13C
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F NMR Spectrum of Compound 5D
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Farameter Value
1 Title 11-12-146 F
2 ZSpectrometer spect 0/ Ph
3 r CDC13
4 Temperature 284.2
5 Pulse Seguence zgfhiggn. 2
& Experiment 1D F3C
7 Number of Scans 2 5D
8 Recelver Gain 196
9 Relaxation Delay 1. 0000 ~ ~
10 Pulse Width 18. 0000
11 Acqui on Time 0. 7340
12 Acquisition Date 2016~12-21T17:03:42
13 Modification Date 2016-12-26T20:12:16
14 Spectrometer Freguency 376. 30
15 Spectral Width
16 Lowest Freguency -B2292.7
17 Nucleus 19F
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COSY of compound 5D
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HSQC of compound 5D
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'H NMR Spectrum of Compound 5E
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Parameter Value |
1 Title 11-12-178-2 H 500 I )
2 Spectrometer spect ||
3 Solvent CDC13 { [ O
4 Temperature 296. 1 [ || ey
5 Fulze Sequence zg30 | ; I|
g iz:-@;n:-micans ;D ) / / / -"I / 'Jl .-'I | F3C
8 Receiver Gain 63 Ph
3 Relaxation Delay 1. 0000 5E
10 Pulse Width 11. 2800 \ Y,
3.2768
2017-01-05T11:14:03
2017-01-16T22:48: 30
14 Spectrometer Freguency 500. 13
15 Spectral Width 10000, 0
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13C NMR Spectrum of Compound 5E
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Parameter Value
1 Title 11-12-179-2 C 500
2 Spectrometer spect )
3 Solvent CDC13
4 Temperaturs 286. 2
5 Pulse Seguence zgpg3l O_
& Experiment 1D
T Number of Scans 131
8 Receiver Gain 183 F3c
9 Relaxation Delay 2. 0000 Ph
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1.1010 5E
2017-01-03T11:16: 49 S Z
13 Modification Date 2017-01-16T22:48:31
14 Spectrometer Freguency 125 76
15 Spectral Width 2876l. 9
16 Lowest Freguency -2310. 6
17 Nucleus 13C
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F NMR Spectrum of Compound 5E
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Parameter Value e
1 Title 11-12-178-2 F
2 Spectrometer spect
3 Solvent CDC13 (o
4 Temperature 293.9
5 Pulze Sequence zgfhiggn. 2
& Experiment 1D F3C
T Number of Scans z Ph
8 Receiver Gain 196
9 Relaxation Delar 1. 0000 SE
10 Fulse Width 13. 0000 N
ion Time 0. 7340
ticn Date 2017-01-03T10:38:
13 Modification Date 2017-01-16T22:48:
14 Spectrometer Fregquency 376. 50
15 Spectral Width 89285. 7
16 Lowest Freguency —-32292. 7
17 Xucleus 19F
|
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'H NMR Spectrum of Compound 5F
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13C NMR Spectrum of Compound 5F
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Parameter Value

1 Title 1z1-4-6p

2 Spectrometer spect

3 Solvent CDC13

4 Temperaturs 296. 2

5 Pulse Seguence zgpg3l

& Experiment 1D

7 MNumber of Scans 3z

8 Receiver Gain 183

9 Felaxation Delar 2. (000

10 Pulse Width 10. 0000
1.1010

2016—04-27T11:37:06
2016—07-23T09:51:09

14 Spectrometer Freguency 125. 76

15 Spectral Width 2876l. 9
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F NMR Spectrum of Compound 5F
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3 ncls ~
4 Temperature 235.9
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'H NMR Spectrum of Compound 5G
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1 Title 11-12-71 H 500 ‘ |
2 Spectrometer spect | | f | N\
3 cocl3 [l | | [ (o)
. | | | NS
4 Temperature 286.1 a | - . | f | |
- ) )
5 Pulse Sequence zg30 | ||I I|| | || {1 |
6 Experiment 1D {1 | I ! [ [
7 Number of Scans 4
8 Receiver Gain 31
9 Re ion Delay 1. 0000
10 Fulse Width 11. 2800 Fs;C
11 Acquisition Time 3. 2763 5G
12 Acquisition Date 2016-11-08T21:44:44 A <
13 Modification Date 2016-11-11T11:19:52
14 Spectrometer Freguency 500. 13
15 Spectral Width 100:00. 0
16 Lowest Freguency -1824. 0
17 Nucleus 1H
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13C NMR Spectrum of Compound 5G
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1 Title 11-12-71 € 300
2 Spectrometer speCT ( 0
3 Solvent CDC13 NG
4 Temperaturs 296 2
5 Fulze Sequence zgpR30
& Experiment 1D
T Number of Scans 47
8 Receiver Gain 133
9 Relaxation Delay 2. 0000
10 Pulze Width 9. 86000 F3C
1.1010 5G
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13 Modification Date 2016-11-11T11:19:53
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F NMR Spectrum of Compound 5G
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'H NMR Spectrum of Compound 5H
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13C NMR Spectrum of Compound 5H
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1 Title g-4-59-p—
z ectrometer spect (o]
R N
3 ant CDC13
4 arature 286.1
5 Fulse Seguence zgpg3l F
6 Experiment 1D
7 Number of Scans 60
8 193 F
3 2. 0000 3C 5H
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1 ectrometer Frequency 1
15 Spectral Width 297 g
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F NMR Spectrum of Compound 5H
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Parameter Value

1 Title
2 Spectrometer s N
3 Solvent O
4 Temperature ~
5 Pulse Seguence zgfhiggn 2
& Experiment 10 F
7 Number of Scans 8
8 Receiver Gain 186
g 1. 0000
10 18, D000 F3C
11 Acquisition Time 0. 7340 B5H
12 Acquisition Date 2016-12-01T15:03:09 ~ g
13 Modification Date 2016-12-02T09:50:03
14 Spectrometer Freguency 376. 46

pectral Width B3283. 7
16 Lowest Freguency —-32282. 7
17 Nucleus 19F \
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H NMR Spectrum of Compound 5l
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11 Acgquisition Time 1. 9559
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13C NMR Spectrum of Compound 5l
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Parameter Value
1 Title 11-12-105-2-1 C
2 Spectrometer spect ( O )
3 Solvent CDC13
N
4 Temperature 283.8
5 Pulse Sequence zgpE30
& Experiment 1D
7 Number of Scans G4
3 196
3 2. D000 F
10. 0000
F5;C
1.3631 5|
2016-11-28T22: 36:56 - J
13 Modification Date 2016-12-06T19:56:07
14 Spectrometer Frequency 100. €1 '
15 Spectral Width 24038. 3
16 Lowest Freguency -1364. 3
17 Nucleus 13C
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F NMR Spectrum of Compound 51
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1 Title 11-12-105-2-1 F
2 Spectrometer spect
3 Solvent CDC13 P N
4 Temperature 7331 O
5 Pulse Sequence zgfhiggn. 2 N
& Experiment i
T Number of Scans 2
8 Receiver Gain 196
9 Relaxation Delay 1. 0000
10 Pulse Width 18. 0000 F
ion Time 0. 7340
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13 Modification Date 2016-12-06T19: L 5' )
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15 Spectral Width 89285. 7
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'H NMR Spectrum of Compound 5J
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13C NMR Spectrum of Compound 5J
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Parameter
Title

Spectrometer

[

Tenperaturs
Pulse Sequence
Experiment
Number of Scans
Receiver Gain

Wooa = i

Relaxation Delay
10 Pulse Width
11 Acquiszition Time
12 Acguisi
13 Modification Date
14 Spectrometer Freguency

ion Date

15 Spectral Width
16 Lowest Freguency
17 ¥ucleus
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1%F NMR Spectrum of Compound 5J

_ g
Parameter Value g?:
1 Title 425 pf
2 Spectrometer spect
3 CDC13
4 Temperature 0.0
5 Pulze Sequence zgfhiggn. 2
& Experiment 1D
7 Xumber of Scans 7
8 Receiver Gain 136
9 Relaxation Delay 1. 0000
10 18. OO0 (o)
11 ¢ 0. 7340 N
12 ; 2016-11-03122:02:
13 2016-12-02T10:15:
14 Spectrometer Freguency 376. 46
15 Spectral Width Ph
16 Lowest Freguency -82282.7
17 Nueleus 19F FsC 5J
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COSY of compound 5J
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HSQC of compound 5J
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13C NMR Spectrum of Compound (E)-5K
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Parameter Value
1 Title 11-12-114-2 500 0\
2 Spectrometer spect
3 Solvent €DCl3
4 Temperature 296. 2
3 Fulse Seguence zgpg3l Ph
& Experiment 1D F3C
T XNumber of 3cans 312
B Receiver Gain 193 (E)-5K
9 Relawation Delay 2.0000
Pulse Width 5. 6000
ition Time 1.1010
2016-12-13T01:25:32
ification Date 2016-12-14T20:18:22
{ Spectrometer Fregquency 12576
15 Spectral Width 28761. 9
16 Lowest Freguency -2311. 4
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F NMR Spectrum of Compound (E)-5K
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Farameter Value 8
1 Title g-4-38-p-f [
2 Spectrometer 2pect )
3 Solvent CDC13
4 Temperature 2937
5 Pulse Sequence zgfhiggn. 2
6 Experiment 1D ( h
7 XNumber of 3cans 3 0
8 Receiver Gain 196 ~
% Relaxation Delay 1. 0000
10 Pulse Width 18. 0000
11 Acquisition Time 0. 7340
12 Acgquisi Date 2016-11-30T16:47:08 Ph
13 Modification Date 2016-12-02T10:03:54
14 Spactrometer Frequency 376. 46 F3C
15 Spectral Width
16 Lowest Freguency -82292. 7 L (E)-SK )
17 ¥ucleus 19F
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COSY of compound (E)-5K
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HSQC of compound (E)-5K

3
7 716
11-13-114-2 500
4l 8
53
15
16
7
Ph 18-23
— |
5.5 5.0 5 10 55 3.0 25 2.0 s 0

£2 (ppm)

20

30

40

50

- 60

70

80

90

100

110

120

130

- 140

£1 (ppm)



U

(2)-5K

&

8:3

q

lug

5

C13

76
00,13
1000, O

2016-12-12722:36

2016-12-14720:1

spect
zg30

1D

16

63

1. (0
11. 2800
3.2
-1936. 3
1H

=

5

=

*
Can.

Faramete
egUence
n Delay

f

riment
Receiver Gain
s

dification Date

pectromete
Temperature
pectrometer Frequency
pectral Width

west Freguency

Relaxat
10 Pulse Width

Pulse
& Expe

Numbe

Nucleu

=
s
=

17

16 L

2
b
13
14
1

'H NMR Spectrum of Compound (Z)-5K

=860

=00°L

£1 (ppm)




13C NMR Spectrum of Compound (Z)-5K
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Farameter Value S5 N rrr— ~- e e Vg
1 Title 11-12-114-1 500
2 Spectrometer spect
3 vEnt CDCl3 (
4 Temperaturs 286, 2
3 Fulse Sequence zgpe3l
& Experiment 1D
7 Number of Scans 1024
8 Receiver Gain 183
9 Relaxation Delay 2. 0000

10 Pulse Width 9. 6000
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F NMR Spectrum of Compound (2)-5K
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13C NMR Spectrum of Compound 5L
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Parameter Value
1 Title 1z1-3-182-ppp
2 eClrometer spect
3 Solvent CDCl3 (
4 Temperature 296.1 O
5 Pulse Seguence zgpE30 ~
& Experiment 1
T XNumber of Scans 1004
8 193 N\
g 2. 0000 Ph
10 10. D000
11 1. 1010 F3c
12 2016-04-22T21:10:23 5L
13 Modification Date 2016-07-23T09:51:19 ~
14 Spectrometer Frequency 125 76
15 Spectral Width 29761. 9
16 Lowest Fraguency -2311.8
17 Nucleus 13C
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F NMR Spectrum of Compound 5L
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Parameter Value
1 Title 1z1-3-182-pp (o)
2 Spectrometer spect N
3 Solvent cDCl3
4 Temperature 294 B
5 Pulse Seguence zgfhiggn. 2
& Experiment 1D \ Ph
T Number of Scans 1
8 Receiver Gain 196 F3C
9 Relaxation Delay 1. 0000
18. 0000 5L
0. 7340
2016-04-22T20:
13 Modification Date 2016-07-23T09:
14 Spectrometer Freguency 376. 50
15 Spectral Width 89285. 7
16 Lowest Freguency -32282.7
17 Nucleus 19F
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'H NMR Spectrum of Compound 6
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Parameter Value ||
1 Title 11-12-138 H 500 ||
2 Spectrometer spect i
3 solvent cofis | ||
4 Temperature 2061 III |
5 Pulse Sequence z El,'| f I.'r I|r l.' | | |l|r Sozph
6 Experiment i [ JI | [ ] | | /
| [ |
7 Number of Scans 5 ! '
8 Receiver Gain 78 o=
8 Felaxation Delar 1. 0000
10 Pulse Width 11. 2800
11 Acqui ion Time 3. 2763 F3C 6
12 Acquisition Date 2016-12-26T22:02:34
13 Modification Date 2016-12-28T17:14:30 ~ 4
14 Spectrometer Freguency 300. 13
15 Spectral Width 10000. 0
16 Lowest Frequency -1824.0
17 Nucleus 1H
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13C NMR Spectrum of Compound 6
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Paramster Value
1 Title 11-12-158 C 500
2 Spectrometer spech
3 lvent CDC13
4 Temperature 286. 2 SOZPh
5 Pulze Sequence zgpg30
& Experiment 1D
7 Number of Scane 150 o=
% FRecelver Gain 183
% FRelaxation Delar 2. 0000
10 Fulse 9. 6000 F3C 6
11 Acqui 1. 1010
12 Acquisition Date 2016-12-26T22:05: ~ 4
13 Modification Date 2016-12-28T17:14:31
14 Spectrometer Frequency 125 76
15 Spectral Width 28761. 9
16 Lowest Freguency -2311.7
17 Xucleus 13C
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1%F NMR Spectrum of Compound 6
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Farameter Value
1 Title 11-17-138 F
2 Spectrometer spect
3 Solvent CDC13
4 Temperaturs 283.9 )
5 Fulse Sequence zgfhigan. 2 SOZPh
& Experiment 1D
7 XNumber of Scans 5
8 Receiver Gain 196 o=
9 Felaxation Delay 1. 0000
18. 0000
0. 7340 F3C 6
2016-12-26T17:00:20
13 Modification Date 2016-12-28T17:14:36 <
14 Spectrometer Freguency 376. 30
15 Spectral Width 89285. 7
16 Lowest Freguency —-B82232.7
17 ¥ucleus 19F
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Farameter Value |
1 Title 11-12-191 H I|
2 Spectrometer spect
3 Solvent CDC13 e N
4 Temperature 293.5 .
5 Pulse Sequence 2230 |’ / II Iu' | CN
) )
& Experiment 1 J'I ,'I Ir J.' |
7 Number of Scans 5 '
- ) . . (0)=2
8 Receiver Gain 93
8 FRelaxation Delay 1. 0000
10 Fulse Width 3. 6000
11 Acqui Time 1. 9339 F3C
12 Acquisition Date 2017-01-13T22:06:-39
13 Modification Date 2017-01-16T22:45:21 7
14 Spectrometer Freguency 400. 13 q )
15 Spectral Width 8012.8
16 Lowest Frequency —1545.0
17 Xuecleus 1H
| I
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13C NMR Spectrum of Compound 7
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Parameter Value
1 Title 11-12-181 C ( )
2 Spectrometer spect CN
3 rENT CDC13
4 Temperaturs 293. 6
5 Pulse Seguence zgpg3l 0/
& Experiment 10
T Number of Scans 214
8 Receiver Gain 196
9 Relaxation Delay 2. 0000 F3C
10 Pulse Width 10. 0000
1. 3631 7
2017-01-13T22:11:38 \. y,

ication Date 2017-01-16T22:45:23
14 Spectrometer Freguency 100. 61
15 Spectral Width 24038.3
16 Lowest Freguency -1962. 7
17 Nucleus 13C
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1F NMR Spectrum of Compound 7
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Parameter Value
1 Title 11-12-191 F - N\
2 Spectrometer spect
3 Solvent CoCl3 CN
4 Temperature 283.3
5 Pulse Seguence zgfhiggn. 2
& Experiment 1D (o)=2
7 Number of Scans 4
B Receiver Gain 196
9 FRelaxation Delar 1. (000
10 Pulse Width 18. 0000 F3C
11 Acquisition Time 0. 7340 7
12 Acquisition Date 2017-01-13T22:08:33
13 Modification Date 2017-01-16T22:45:22 ~ <
14 Spectrometer Freguency 376. 50
15 Spectral Width BO285. T
16 Lowest Freguency -82282.7
17 Nucleus 13F
1
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Parameter Value II
1 Title 11-13-39-2 H 500 Il'
2 Spectrometer spect I|
3 Selvent CDC13 |
4 Temperature 296.2 i [
- )
5 Pulse Sequence zg30 |' | COOMe
6 Experiment 1D [ f | | || [/
7 Number of Scans B J / _IIl / | / / o~
8 Receiver Gain 63
9 Relaxation Delay 1. (000
10 Pulse Width 11. 2500
11 Acquisition Time 3. 2768 F3c 8
12 Acquisition Date 2017-02-21T17:03:01
13 Modification Date 2017-02-217T22:27:00
14 Spectrometer Freguency 500. 13
15 Spectral Width 10000. 0
16 Lowest Freguency -1924.0
17 Nucleus 1H
]
i 1
! 1 L
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ok o R, B
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13C NMR Spectrum of Compound 8
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Parameter Value \
1 Title 11-13-33-2 C 300
2 Spectrometer spact
3 ent CDC13
4 Temperature 206.1
5 Pulse Sequence zgpe30
& Experiment 1 COOMe
7 Number of Scans 43
8 193 o~
g9 2. 0000
9. 8000
1. 1010
12 Acquis 2017-02-21T17:05:09 F3c 8
13 Modification Date 2017-02-21T22:27:06
14 Spectrometer Freguency 123. 76
15 Spectral Width 29761. 9
16 Lowest Freguency —2311.3
17 Nucleus 13C
| |
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1F NMR Spectrum of Compound 8

11-13-3%-2 F [
11-13-3%-2 F &
2
Parameter value '
1 Title 11-13-38-2 F
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 284 3 COOMe
5 Pulse Seguence zgfhiggn. 2
& Experiment 1D (o)==
7 Number of 3cans L]
B Receiver Gain 196
8 FRelaxation Delay 1. 0000
10 Pulse Width 18. 0000 F3c 8
11 Acquisition Time 0.7340
12 Acguisition Date 2017-02-21T16:31:41
13 Modification Date 2017-02-21T22:27:27
14 Spectrometer Fregueney 376. 50
15 Spectral Width 89285. T
16 Lowest Freguency -82282.7
17 X¥ucleus 18F
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Parameter Value |I
B o . |
1 Title n-13-7-1z o
|
2 Spectrometer spect | | | I|
3 Selvent 13 || p ) ) | . .
4 Temperature 2340 | Ill [ ~ II' [ Il ||"
5 Pulse Seguence zg30 | | Jl | I.' | I|'
.~ ] )
& Experiment 1D |l J .l J J o l | !
T Number of Scans 4 - N
3 iver Gain v SO Ph
E 1. 0000 2
10 Fulse 9. 6000
11 1. 9933
12 Acgquisition Date 2017-01-17T21:41:18 o -
13 Modification Date 2017-01-17T22:453:12
14 Spectrometer Freguency 400. 13
15 Spectral Width 8012. 8
16 Lowest Frequency -1545. 0 HF2C
17 Nucleus 1H
N J
]
|
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oy oy — TR 0%
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13C NMR Spectrum of Compound 10
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Parameter Value
1 Title 11-13-7-1-2 C
2 Spectrometer spect
3 Solvent COC13
4 Temperaturse 2841 e N
5 Pulse Sequence zgpg3l SOzPh
& Experiment 10
T Number of Scans 106
8 Receiver Gain 186 0/
9 Relaxation Delay 2. (000
10 Pulse Width 10. 0000
1. 3631
2017-01-17T21:45 HF
Modification Date 2017-01-17122: ZC 10
14 Spectrometer Freguency 100. 61
15 Spectral Width 24038. 3 N~ <
16 Lowest Freguency —1963. 8
17 Nucleus 13C
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F NMR Spectrum of Compound 10
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Farameter Value L‘_"_‘\/I_")'
1 Title 11-13-7-1-2 F
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 234.0
5 Pulse Sequence zgfhiggn. 2 ( )
& Experiment 10 SOZPh
7 Number of Scans [
8 Receiver Gain 196
9 FRelaxation Delay 1. 0000 0 v
10 Pulse Width 13. 0000
0. 7340
2017-01-17T21:43:20
2017-01-17T22:43:
14 Spectrometer Freguency 376. 50 HF2C 10
15 Spectral Width 89285.7
16 Lowest Frequency -32292.7 ~ <
17 Nucleus 13F
I
|
T T T T T T T T T T T T T T T T T T T T T T T
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'H NMR Spectrum of Compound 11
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13C NMR Spectrum of Compound 11
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Parameter Value |
1 11-13-23-3 C 500
2 spect
3 CDC13
4 Temperature 206.1 N
5 Pulse Seguence zzpg3l SOzph
& Experiment 1D
7 Xumber of Scans 51
8 193 o=
] 2. 0000
10 9. 8000
11 Acquiszition Time 1. 1010
2017-02-17T22:00:30
Modification Date 2017-02-22T20:15:44
14 Spectrometer Fregquency 123 76 <
15 Spectral Width 29761. 9
16 Lowest Freguency -2311.3
17 Nucleus 13C
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F NMR Spectrum of Compound 11
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Farameter Value ‘q—%’# N TR e
1 Title 11-13-28-3 F
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 2041
5 Pulse Sequence zgfhiggn. 2 ( )
& Experiment 1 SOZPh
T Number of Scans 12
3 Re_ce'_-.-e_t Ga'_n_ 196 0/
9 Relaxation Delay 1. (000
10 Pulze Width 18. D000
11 Acqui n Time 0. 7340
12 Acquisition Date 2017-02-17T22:07:43 C4F9
13 Modification Date 2017-02-22T20:18:5 11
14 Spectrometer Frequency 376. 50 \ J
15 Spectral Width 39285. 7
16 Lowest Freguency -82292.7
17 N¥ucleus 15F
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'H NMR Spectrum of Compound 12
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Parameter Value I[
1 Title 11-10-101-1-] K
2 Spectrometer spect I"
3 Solvent [urmk] ‘ f
| f
4 Temperature 294. 6 I| |
= - = | r
5 Pu_se_dequence zg3l [ ."| ,". i r r fr I| JII ."’ ./
x ri ) { !
& Experiment 1D J|' JII I I|' )|' _,u' / |, /
T XNumber of 3cans 4
& Receiver Gain 142
9 Relaxation Delay 1. 0000
10 Pulse Width 3. 6000
i 1. 9959
2017-03-10T14:30:17
13 Modification Date 2017-03-10T14:55:52
14 Spectrometer Freguency 400. 13
15 Spectral Width B8012. 8
16 Lowest Freguency -1543. 0
17 X¥ucleus 1H
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13C NMR Spectrum of Compound 12
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Parameter Value
1 Title 11-13-27-1-1 C 500
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 206.1 o
5 Pulse Sequence zgpg30
& Experiment 10
7 Number of Scans 151
8 Receiver Gain 153
3 ion Delay 2. (000
9. 6000
Lo F5C
on Date 2017-02-15T21:50:00
ion Date 2017-02-17T09:33: 44 12
14 Spectrometer Freguency
15 Spectral Width 23761. 9
16 Lowest Freguency —-2311. 4
17 Nucleus 13C
I
[l 1 | |
i L) 1]I‘Mh i 1]
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F NMR Spectrum of Compound 12
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PFarameter Value
1 Title 11-10-101-1-1 H
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 2846
5 Pulze Segquence zgfhiggn. 2
& Experiment 1D
T Number of Scans 4
8 196
9 FRelaxation Delar 1. 0000
10 Pulze Width 18. 0000
11 Acquisition Time 0. 7340
12 Acg on Date 2017-03-10T14:31:36
13 Modification Date 2017-03-10T14:55:53
14 Spectromater Freguency 376. 50
15 Spectral Width 89285.7
16 Lowest Freguency —-32282. 7
17 Xucleus 19F
|
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'H NMR Spectrum of Compound 13
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13C NMR Spectrum of Compound 13

11-13-27-1-3 500
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Farameter Value | &MW L__laﬁé‘l
1 11-13-27-1-3 500
2 spect
3 CDC13
4 Temperature 206.2
5 Pulse Seguence zgpg30
6 Experiment 1D
7 Number of Scans 43
8 Receiver Gain 153
9 Felaxation Delay 2. 0000
10 Fulse 8. 8000
11 Acquis Time 1. 1010
12 Acquisi Date 2017-02-17T16:33:33
13 Modification Date 2017-02-22T20:18:00

Spectrometer Freguency
15 Spectral Width
16 Lowest Freguency

W

17 Nucleus

69,949
£9.929
69.907
69.886
67.395
—47.200
+34.375
34,150
33,928
33,702
32,823
—22.232

§
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F NMR Spectrum of Compound 13

11-13-27-1-3 F

fl (ppm)

v
11-12-27-1-3  F =
2
Parameter value
1 Title 11-13-27-1-3 F
2 ctrometer spect e
3 ent CDC13
4 Temperature 283.9 HO
5 Pulse Seguence zgfhiggn. 2
6 Experiment 1D
7 Number of 3cans 16 Ph
8 Receiver Gain 196
3 FRelaxation Delar 1. 0000 O
10 Pulse Width 18. 0000
11 Acquisition Time 0.7340 13 CF3
12 Acquis Date 2017-02-17T11:01:18
dification Date 2017-02-22720:19:24 ~
ctrometer Freguency 376. 50
15 Spectral Width 89285. 1
16 Lowest Freguency —-82282. 7
17 X¥ucleus 18F
I
T T T T T T T T T T T T T T T T T T T T T T T T T T
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1z1-5-168-1-ppp

'H NMR Spectrum of Compound 14
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Parameter Value
1 Title 1z1-5-168-1-ppp
2 (wmer nmr
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 206.1
§ Fulse Sequence zg30 r N\
7 Exzperiment iD Ph
8 Number of Scans 7
5 Receiver Gain 31
10 Relazation Delay 1. 0000 HO\“ OH
11 Pulse Width 11,2800 .
12 Acquisition Time 3.2768 -
13 Acquisition Date 2017-03-07T08:23:27 /
14 Modification Date 2017-03-08T18:24:21 F3C
15 Spectrometer Frequency 500. 13 L 14 )
16 Spectral Width 10000.0
17 Lowest Freguency —-1923.8
18 Fucleus 1H
19 Acquired Size 32768
20 Spectral Size 85538
I NIy LWW LA
ik T T e
Ww - 0o [a=] (D
9o, < "“_ = C! C! C! C! ‘_. ‘_. @
—— = - O N~ «— — [=
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13C NMR Spectrum of Compound 14

121-5-168-1-ppp

Parameter Value BT NHO — 1O
! Tiue 141-5-168 13m0 SOCERISS s 3 SILeBEINIS
RS- B - J5e3588858
3 Spectrometer spect +TONNNNNN 0 o ONDOWODWONMNN N
4 Solvent cDC13 T T T T » ¢ OOOOOOOHOOOM ~—
5 Temperature 296. 1 I === ‘ ‘ T |
6 Pulse Sequence 7gpg30
7 Experiment 1D
8 Number of Scans 68
9 Receiver Gain 193
10 Relaxation Delay 2. 0000
11 Pulse Width 9. 6000
12 Acquisition Time 1. 1010 ( )
13 Acquisition Date 2017-03-07T09:25:41 Ph
14 Modification Date 2017-03-09T18:24:21
15 Spectrometer Frequencyl25.76 W
16 Spectral Width 29761.9 HO\ OH
17 Lowest Frequency -2305.8 —’,/
18 Nucleus 13C /
19 Acquired Size 32768 F3C
20 Spectral Size 65536 14

A J
l ‘ lML . l .
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DEPT Spectrum of Compound 14
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F NMR Spectrum of Compound 14
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HSQC of compound 4
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'H NMR Spectrum of Compound 15

1z1-5-163-pppp

1.9119
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1.8763
118502
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|1 5187
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11,5897

-~ O T NN~ OO0 W~ OmOO000000 MO 00000 N0 T N0 OO o
O~ 000 OoOWn 000 O~ ®OWOD O < OO0 00— O o0 oS
W OIWNMON~- OO OIDWY OO0 @000 OO0 00 W0 0u
MAMMOAOOaANNANNADNNODOOOOINNANNANNNCOODOOO®O0 0
oo oo P P oo P B o B P P B P MO WD OO OO OO IO O O O I O NN O N v v v v v v v v
Farameter e S e e e —— —
1 Title 1z1-5-163-pppp
2 Owner mr
3 Spectrometer spect
4 Solwent COC13
5 Temperature 2961
B Pulse Sequence zZ30
T Experiment 10
& Mumber of Scans ]
9 Receiver Gain Tl Ph
10 Relaxation Delay 1.0000
11 Pulse fidth 11, 2900
12 Aequisition Time 3. 2TBE HO
13 hequisition Date 2017-03-11T14:27:20
14 Modification Date 201T-06-01T16:34:35
15 Spectrometer Fregquency S00. 13 F C
16 Spectral Width 10000. 0 3 15
1T Lowest Frequency -1824. 4
15 Fuclens 11
19 Aequired Size 32TES
20 Spectral Size BS536
| I !
R, T T
228 5 3
- o -
T T T T T T T T T T T T T T
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13C NMR Spectrum of Compound 15

121-5-163-pppD

Parameter Value NP OO MO N
! Tite L21-5-163-p000 CEBITIBSESN 3 523ISISRRNQ
2 Owner nmr NNN Y ONOQW ~ NOYN— DWW~ @
. NSO ®wwN~N LW LW < NNOC®K©OT WL
3 Spectrometer spect TTANNNNNANANN -~ FTOONIDT— O MO
4 Solvent cnels3 MR ™~ TYITOODONNN
5 Temperature 296. 1 \ / ‘\\%%4&/‘ ‘ k\‘k&"// ///
6 Pulse Sequence zgpg30
7 Experiment 1D
8 Number of Scans 88 p
9 Receiver Gain 193 Ph
10 Relaxation Delay 2.0000
11 Pulse Width 9. 6000
12 Acquisition Time 1.1010 HO
13 Acquisition Date 2017-03-11T14:29:52
14 Modification Date 2017-06-01T16:34:40
15 Spectrometer Frequencyl25.76
16 Spectral Width 29761.9 F3C
17 Lowest Frequency -2305. 8 15
18 Nucleus 13¢ h
19 Acquired Size 32768
20 Spectral Size 65536
" A " " N
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)



F NMR Spectrum of Compound 15

121-5-163-pp
Parameter Value o
1 Title 121-5-163-pp 5
2 Owner nmr ~
3 Spectrometer spect 8
4 Solvent cnel3 "
5 Temperature 295.3
6 Pulse Sequence zgfhigqn. 2
7 Experiment 1D
8 Number of Scans 3
9 Receiver Gain 196
10 Relaxation Delay 1.0000
11 Pulse Width 18. 0000 e ~
12 Acquisition Time 0.7340 Ph
13 Acquisition Date 2017-02-22T16:20: 17
14 Modification Date 2017-03-12T16:05:38
15 Spectrometer Frequency376. 50 HO
16 Spectral Width 89285. 7
17 Lowest Frequency -82292. 7
18 Nucleus 19F
19 Acquired Size 65536 F3C1 5
20 Spectral Size 131072 \ Y,
T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 =50 60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

£1 (ppm)



'H NMR Spectrum of Compound 16
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Farameter Value |
1 Title 11-13-35 H 500 |
2 ZSpectrometer spect |
3 lvent CDC13
4 Temperature 286. 2 “
5 Pulse Sequence zg30 [
& Experiment 1D ” | |
7 Number of Scans i |||
8 34
g 1. 0000
11. 2500
3. 2768
2017-02-16T16:24:40
ification Date 2017-02-17T09:27: 45
14 Spectrometer Freguency 300. 13
15 Spectral Width 100:00. 0
16 Lowest Fregueancy -1924. 0
17 Nucleus 1H
J J
Ay o
Rl o
o 9 =
— —
T T T T T T T T T T T T T T
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13C NMR Spectrum of Compound 16

fl (ppm)
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Paramater Value
1 Title 11-13-35 C 300
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 2962 (
5 Pulze Sequence zgpe30 Ph
& Experiment 1D
T XNumber of Scans 37 O
8 Receiver Gain 193 O
9 Relaxation Delay 2. 0000
10 Fulze Width 9. 86000
11 Acg ion Time 1.1010 CF3
12 Acg n Date 2017-02-16T16:26: 534 16
13 Modification Date 2017-02-17T09:27:50 \
14 Spectrometer Freguency 125
15 Spectral Width
16 Lowest Frequency
17 ¥ueleus
!
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|
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|
I
|
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F NMR Spectrum of Compound 16

11-13-35 F o
11-13-35 F =
o
h
Parameter value
1 Title 11-13-35 F
2 Spectrometer spect p N
3 Solvent CDC13 Ph
4 Temperature 204 2
5 Pulze Sequence zgfhiggn. 2
& Experiment 10 O
7 Number of Scans z O
8 Receiver Gain 196
9 FRelaxation Delar 1. 0000
10 Pulse Width 18. 0000 CF3
11 Acqui ion Time 0. 7340 16
2017-02-16T17:00:15 - s
13 Modification Date 2017-02-17T08:27:47
14 Spectrometer Freguency 376. 50
15 Spectral Width 882857
16 Lowest Freguency —-32292. 7
17 Xucleus 19F
|
T T T T T T T T T T T T T T T T T T T T T T T T T
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COSY of compound 16
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HSQC of compound 16
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'H NMR Spectrum of Compound 17

1z1-5-16T-pp
OO0~ MFOMDCHCO - I~~~ 0000 OO OO~ 000 OO0MNOMEOU O~ W OO0 TON— WS < <7 3 0ed -
T OO TOHNWDME-OOOTHCNTOTODOWOoOnHOM OO0~ 0®O00S e - 00 000 STW0 oW s 500w
O OOOMF-OTHNOT I - O~ DO~~~ TOM—- OO0~ OO0 OO N0~ OO @D~ O0OW0T 0O O
NENANNNNNOOOOOOOOOROOEOOOOEOOOQOOIDINWNWDWLIWOLWS LT T ANNNNNDDD0MD 0
[l el el e S el S el el e T b o T I B It I I I I Nt N Tt I I I I O Tt T I I I T T i el il Sl il
PP ettt il il el i Lol | ——
Parameter Value
1 Title 1:z1-5-16T-pp
2 Owner mz
3 Spectrometer =pact F
4 Solwent CIC13
5 Temperature 296. 2
B Fulse Sequence zg30
T Experiment 1D
g Humber of Scans & o
9 Receiwver Gain 4 0]
10 Relaxation Delay 1.0000
11 Fulse Width 11. 2900
e Wit Fac 17
12 hequisition Time 3. 2TB5 3
13 Aequisition Date 2017-02-27T09:51: 47
14 Modification Date 2017-03-13T15:10:05
15 Spectrometer Frequeney S00.13
16 Spectral Width 10000, 0
1T Lowest Freguency -1911.5
15 Fucleus 1H
19 hequired Size SETRS
20 Spectral Size B5536
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13C NMR Spectrum of Compound 17

121-5-167-pp
(&) A N~ NOOOW—MON
[*2] @ ™M LAOONMN—TMO N O ~ <t TANO—O0ONDDODM
™ oM N NOVLOTUOT MO o wn AN~ O™~ NONMOD
N~ [spep] WOUOANTM~— M — < 0 VMO OMO T~ M — ©
o Pk Y P NN DY ARONOMOOON
— © © OONNANNAN — — < < VO OVWOWOWOLOOM
N ~ T YT YT YT T YT T v o © TTFTOOOOOOMOOMAN

\ N/ e N "
Parameter Value

1 Title 121-5-167-pp F

2 Owner nmr

3 Spectrometer spect

4 Solvent CDC13

5 Temperature 296. 2

6 Pulse Sequence 7gpg30 (o)

7 Experiment 1D (@)

8 Number of Scans 57

9 Receiver Gain 193

10 Relaxation Delay 20000 F,c 17

11 Pulse Width 9. 6000

12 Acquisition Time 1.1010

13 Acquisition Date 2017-02-27T09:47:55

14 Modification Date 2017-03-13T15:10: 05

15 Spectrometer Frequencyl25. 76

16 Spectral Width 29761.9

17 Lowest Frequency -2305. 8

18 Nucleus 13C

19 Acquired Size 32768

20 Spectral Size 65536
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F NMR Spectrum of Compound 17

121-5-167-p
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Parameter Value " "
1 Title 121-5-167-p
2 Owner nmr F
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 293.8
6 Pulse Sequence zgfhigqn. 2
7 Experiment 1D 0
8 Number of Scans 5 O
9 Receiver Gain 196
10 Relaxation Delay 1. 0000
U Pulse Width 18. 0000 F,c 17
12 Acquisition Time 0. 7340
13 Acquisition Date 2017-02-25T19:47:20
14 Modification Date 2017-03-13T15:10: 05|
15 Spectrometer Frequency376.50
16 Spectral Width 89285. 7
17 Lowest Frequency -82292.7
18 Nucleus 19F
19 Acquired Size 65536
20 Spectral Size 131072
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'H NMR Spectrum of Compound 18

1z1-5-165-ppp
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Farameter Value
1 Title 1z1-5-1B5-ppp
2 Owner nnr
3 Spectrometer spect
4 Solwent COC13 . N
5 Temperaturse 296.2
B Pulsze Sequence zgal
T Experiment 10
8 Humber of Scans g O Ph
9 EReceiver Gain o4
10 Belavation Delay 1. 0000 0
11 Pulse Width 11. 2900
12 Aequizition Time 3 2TEE
13 Acquisition Date 201T-03-11T21:14:40
14 Modification Date EOT-03-12T16:25:42 F3C 1 8
15 Spectrometer Freguency 500,13 A /
16 Spectral Width 10000, o
1T Lowest Frequency -1822.1
18 Hucleus 1K
19 Acquired Size 32TRE
20 Spectral Size B5536
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121-5-165-ppp

13C NMR Spectrum of Compound 18
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Parameter Value

1 Title 121-5-165—ppp

2 Owner nmr

3 Spectrometer spect

4 Solvent CDC13 N

5 Temperature 296. 2

6 Pulse Sequence 7gpg30

7 Experiment 1D O Ph

8 Number of Scans 64 o

9 Receiver Gain 193

10 Relaxation Delay 2. 0000

11 Pulse Width 9. 6000

12 Acquisition Time 1.1010 FBC 18

13 Acquisition Date 2017-03-11T21:19:2 2

14 Modification Date 2017-03-12T16:25:42

15 Spectrometer Frequencyl25.77

16 Spectral Width 29761.9

17 Lowest Frequency —2305. 8

18 Nucleus 13C

19 Acquired Size 32768

20 Spectral Size 65536
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F NMR Spectrum of Compound 18

121-5-165-p
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Parameter Value &
1 Title 121-5-165-p @@
2 Owner nmr
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 293.5
6 Pulse Sequence zgfhiggn. 2 )
7 Experiment 1D
8 Number of Scans 5
9 Receiver Gain 196 O Ph
10 Relaxation Delay 1. 0000
11 Pulse Width 18. 0000
12 Acquisition Time 0.7340
13 Acquisition Date 2017-02-24T15:59:31
14 Modification Date 2017-02-24T16:55:17 F3C 1 8
15 Spectrometer Frequency376.50 ~
16 Spectral Width 89285. 7
17 Lowest Frequency -82292. 7
18 Nucleus 19F
19 Acquired Size 65536
20 Spectral Size 131072
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COSY of compound 18
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HSQC of compound 18
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