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1. General Information

All reagents were commercially available and used without further purification
unless indicated otherwise. Reagents were purchased at the highest commercial
quality and used without further purification, unless otherwise stated. Reactions were
monitored by thin layer chromatorgraphy (TLC) carried out on GF254 plates (0.25
mm layer thickness) using UV light as visualizing agent. Flash chromatography was
performed with 200-300 mesh silica gels.

All NMR spectra were recorded on a Bruker Avance 500 (resonance frequencies
500 MHz for *H and 125 MHz for **C) equipped with a 5 mm inverse broadband
probe head with z-gradients at 295.8 K with standard Bruker pulse programs. The
samples were dissolved in 0.6 mL CDCI; (99.8% D.TMS). Chemical shifts were
given in values of 8H and 8C referenced to residual solvent signals (8H 7.26 for *H,
8C 77.0 for **C in CDClIs). Data are presented in the following space: chemical shift,
multiplicity, coupling constant in hertz (Hz), and signal area integration in natural
numbers. *°F NMR was recorded on an Agilent MR 400 spectrometer (CFCl; as an
external standard and low field is positive). *H, *C and *°F multiplicities are reported
as follows: singlet (s), doublet (d), triplet (t), quartet (g), doublet of doublets (dd),
triplet of doublets (td), multiplet (m), and broad resonance (br). High resolution mass
spectra (HRMS) (Compounds 2a-2m, 2n-2u, 4a-4k, 6a-6l, 6n-6w, 7a-7i) were
recorded under electron impact conditions using a MicroMass GCT CA 055
instrument and recorded on a MicroMass LCTTM spectrometer. High-resolution mass
spectra (HRMS) (Compound 6m) was recorded on a Bruker micro-TOF-QII time of
flight massspectrometer with electrospray ionization. High resolution mass spectra
(HRMS) (Compounds 2s, 2t, 12) were recorded on a Bruker solan X 70 FT-MS
(samples was dissolved in CH3OH and the ion source was ESI). High resolution mass
spectra (HRMS) (Compounds 2r, 10, 11)were recorded on P-SIMS-Gly of Bruker
Daltonics Inc. using ESI-TOF (electrospray ionization-time of flight). High-resolution
mass spectra (HRMS-ESI) (Compound 9)were obtained on an Agilent Technologies
6230 Accurate Mass TOF LC/MS instrument and Thermo fisher EASY1000-Fusion
instrument. Melting points are uncorrected.

2. General procedure for the Synthesis of

a-bromo-a-monofluoroketones 2a-2m

Cu(NO3),3H,0 OHO oH o

)(L . i - NaH u Selectfluor RMCF LiBr, Selectfluor R)K(Br
R FiC” 0 THF, it R CF3  CH4CN/H,0, -20°C s dry THF, EtN, rt ¢
1a-1m 2a-2m

To a stirred solution of sodium hydride (1g, 25 mmol) in tetrahydrofuran (25 mL)
was added dropwise the solution of trifluoromethyl ethyl acetate (1.78 g, 12.5 mmol)
and ketones (10 mmol) in tetrahydrofuran (25 mL), the mixture stirred for overnight
at room temperature. Then resulting mixture was diluted with 1M HCI solution (pH =
3) and extracted with ethyl acetate. The combined organic layers were dried over
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Na,SO, and concentrated under vacuum which was used in the next step without
further purification.

To a stirred solution of the 4,4,4-trifluoro-3-hydroxy-1-aryl(alkyl)-but-2-en-1-one
(10 mmol) in the acetonitrile (50 mL) was added Cu(NOs); 3H,O (483.2 mg, 2.0
mmol). The mixture was stirred for 2 h at room temperature, dropwise added
Selectfluor (4.25 g, 12 mmol) with the acetonitrile and water (50:4 mL) at -20 °C,
keeping stirred for 6 h, warmed to room temperature. The resulting solution was
evaporated, extracted with ethyl acetate, dried over Na,SO,4, and concentrated under
vacuum to give fluorinated gem-diols intermediates, which was used in the next step
without further purification.

To a solution of a-fluorinated gemdiols (1a-1m) (10 mmol) in tetrahydrofuran (30
mL) was added LiBr (5.21 g, 60 mmol) followed by Selectfluor (7.08 g, 20 mmol).
The reaction mixture was stirred for 5 min, and then Et;N (2.02 g, 20 mmol) was
added. After stirring for 30 min at room temperature, the reaction mixture was
quenched with saturated aqueous NH4CI (30 mL). The mixture was extracted with
ethyl acetate (50 mL > 3), and the organics were dried over Na,SO4 and concentrated
under  reduced pressure. SiO, flash  chromatography afforded the
a-bromo-a-monofluoroketones 2a-2m.
2-bromo-2-fluoro-1-phenylethan-1-one (2a):

)

Br
F

The product 2a is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as white solid (1.63 g, 75% yield, mp 50.2-51.3°C). The
compound is known?. *H NMR (500 MHz, CDCls): 5 8.08 (d, J = 7.9 Hz, 2H), 7.68 (t,
J =75 Hz, 1H), 7.54 (t, J = 7.8 Hz, 2H), 7.24 (d, J = 51.0 Hz, 1H); *C NMR (125
MHz, CDCls): & 187.6 (d, 2Jc.r = 20.0 Hz), 134.7, 131.1, 129.5 (d, *Jc.r = 2.5 Hz),
128.9, 85.9 (d, YJc.r = 266.3 Hz); °F NMR (376 MHz, CDCls): § -152.3 (d, J = 52.6
Hz, 1F); HRMS (EI-TOF) calculated [M]* for CgH¢°BrFO: 215.9586, found:
215.9583.

2-bromo-2-fluoro-1-(p-tolyl)ethan-1-one (2b):

o]

Br
F

The product 2b is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as white solid (1.66 g, 72% yield, mp 57.2-58.3°C). The
compound is known?. *H NMR (500 MHz, CDCls): § 7.96 (d, J = 8.0 Hz, 2H), 7.31 (d,
J=7.9Hz, 2H), 7.18 (d, J = 51.1 Hz, 1H), 2.44 (s, 3H); *C NMR (125 MHz, CDCls):
8 187.2 (d, “Jc.r = 20.0 Hz), 146.0, 129.6 (129.64), 129.6 (129.62 and 129.60) (d,
%Jc.F = 2.5 Hz), 128.5, 86.1 (d, "Jc.r = 266.3 Hz), 21.9; *°F NMR (376 MHz, CDCly):
8 -152.0 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated [M]* for CoHg>'BrFO:
231.9722, found: 231.9720.
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2-bromo-2-fluoro-1-(4-methoxyphenyl)ethan-1-one (2c):
0

/©)‘\(Br
F
\O

The product 2c is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as white solid (1.73 g, 70% yield, mp 45.1-46.7°C). The
compound is known?. *H NMR (500 MHz, CDCls):  8.05 (d, J = 8.7 Hz, 2H), 7.15 (d,
J=51.1 Hz, 1H), 6.97 (d, J = 8.9 Hz, 2H), 3.89 (s, 3H); *C NMR (125 MHz, CDCl5):
§ 186.2 (d, Y.k = 21.3 Hz), 164.7, 132.1 (d, Jc.r = 2.5 Hz), 123.7, 114.2, 86.3 (d,
Ye.r = 266.3 Hz), 55.7; *F NMR (376 MHz, CDCl3): & -151.0 (d, J = 52.6 Hz, 1F);
HRMS (EI-TOF) calculated [M]" for CoHg"*BrFO,: 245.9692, found: 245.9695.
2-bromo-2-fluoro-1-(3,4,5-trimethoxyphenyl)ethan-1-one (2d):

0] Br

The product 2d is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 40/1 as the eluent) as white solid (1.72 g, 56% yield, mp 100.7-101.1°C). *H
NMR (500 MHz, CDCl3): 8 7.30 (s, 2H), 7.20 (d, J = 50.9 Hz, 1H), 3.94 (s, 3H), 3.91
(s, 6H); *C NMR (125 MHz, CDCls): & 186.5 (d, 2Jc.r = 20.0 Hz), 153.1, 144.0,
125.8, 107.1, 86.1 (d, “Jc.r = 266.3 Hz), 61.1, 56.4; °F NMR (376 MHz, CDCls): &
-150.9 (d, J = 53.0 Hz, 1F); HRMS (EI-TOF) calculated [M]* for CyH1,*'BrFO:
307.9883, found: 307.9884.

2-bromo-2-fluoro-1-(4-fluorophenyl)ethan-1-one (2e):

o]

/©)‘\(Br
F
F

The product 2e is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as white solid (1.74 g, 74% yield, mp 44.6-45.9°C). The
compound is known?. *H NMR (500 MHz, CDCls):  8.11 (dd, J = 8.0, 5.7 Hz, 2H),
7.23-7.16 (m, 2H), 7.14 (d, J = 50.7 Hz, 1H); *C NMR (125 MHz, CDCl5): & 186.2
(d, 2cr = 21.3 Hz), 166.5 (d, "'Jc.r = 256.3 Hz), 133.5 (dd, *Jecr = 9.7, 2.9 H2),
127.4 (dd, *Jcr = 2.5, 1.3 Hz), 116.3 (d, * Jcr = 22.5 Hz), 86.3 (d, YJc.r = 266.3 Hz);
F NMR (376 MHz, CDCls): 6 -101.5 (s, 1F), -151.6 (d, J = 52.9 Hz, 1F); HRMS
(EI-TOF) calculated [M]" for CgHs'°BrFO: 233.9492, found: 233.9490.
2-bromo-1-(4-bromophenyl)-2-fluoroethan-1-one (2f):
0]

/@)J\(Br
F
Br

The product 2f is purified with silica gel chromatography (petroleum ether/ethyl
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acetate = 100/1 as the eluent) as yellow solid (2.07 g, 70% yield, mp 101.2-102.7°C).
'H NMR (500 MHz, CDCls): & 7.94 (d, J = 8.4 Hz, 2H), 7.67 (d, J = 8.6 Hz, 2H), 7.12
(d, J = 51.0 Hz, 1H); *C NMR (125 MHz, CDCls): 5 186.8 (d, 2Jc.r = 21.3 Hz), 132.2,
131.0 (d, 3Jc.r = 2.5 Hz), 130.2, 129.8, 86.3 (d, *Jc.r = 267.5 Hz); °F NMR (376 MHz,
CDCl3): & -151.9 (d, J = 52.6 Hz, 1F); HRMS (EI-TOF) calculated [M]* for
CgHs"°Br¥*BrFO: 295.8671, found: 295.8668.
2-bromo-1-(3-chlorophenyl)-2-fluoroethan-1-one (2g):
O

Cl Br
F

The product 2g is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as pale yellow oil (1.71 g, 68% yield). *H NMR (500
MHz, CDCls): 6 8.04 (s, 1H), 7.95 (d, J = 6.9 Hz, 1H), 7.62 (d, J = 6.9 Hz, 1H), 7.47
(t, J = 6.9 Hz, 1H), 7.14 (d, J = 50.9 Hz, 1H); *C NMR (125 MHz, CDCls): 5 186.5
(d, 2ck = 21.3 Hz), 135.2, 134.6, 132.6, 130.2, 129.6 (d, *Jc.r = 2.5 Hz), 127.6 (d,
%Jc.r = 3.8 Hz), 86.0 (d, "Jc.r = 267.5 Hz); °F NMR (376 MHz, CDCls): & -153.1 (d,
J = 52.6 Hz, 1F); HRMS (EI-TOF) calculated [M]" for CgHs>"CI**BrFO: 251.9176,
found: 251.9174.

2-bromo-2-fluoro-1-(2-fluorophenyl)ethan-1-one (2h):

o]

wBr
F
F

The product 2h is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as pale yellow oil (1.50 g, 64% yield). '"H NMR (500
MHz, CDCls): & 8.04 (t, J = 7.4 Hz, 1H), 7.67-7.60 (m, 1H), 7.35 (d, J = 51.0 Hz, 1H),
7.33 (d, J = 7.6 Hz, 1H), 7.19 (dd, J = 11.1, 8.4 Hz, 1H); *C NMR (125 MHz,
CDCl3): 6 185.8 (dd, 2Jc.r = 20.1, 4.1 Hz), 161.3 (d, ' Jc.r = 253.8 Hz), 136.4 (d, “Jcr
= 8.8 Hz), 131.8, 125.2, 120.3 (d, %Jc.r = 13.8 Hz), 116.7 (d, *Jc.r = 23.8 Hz), 86.7
(dd, Nc.r= 262.4, 13.1 Hz); *°F NMR (376 MHz, CDCls): & -107.0 (s, 1F), -152.4 (dd,
J=51.0, 7.7 Hz, 1F).
2-bromo-2-fluoro-1-(4-(trifluoromethoxy)phenyl)ethan-1-one (2i):
o]

/@)J\(Br
F
F,CO

The product 2i is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as pale yellow oil (2.14 g, 71% vyield). *H NMR (500
MHz, CDCly): & 8.14 (d, J = 8.7 Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H), 7.14 (d, J = 50.9
Hz, 1H); *C NMR (125 MHz, CDCls): & 186.3 (d, *Jc.¢ = 22.5 Hz), 153.6, 131.8 (d,
%Jc.r = 2.5 Hz), 129.1, 120.4, 120.3 (q, " Jc.r = 257.9 Hz), 86.3 (d, YJc.r = 266.3 Hz);
YF NMR (376 MHz, CDCly): & 58.5 (s, 3F), -152.7 (d, J = 52.6 Hz, 1F); HRMS
(EI-TOF) calculated [M-H]"* for CoHs °BrF,0,: 298.9331, found: 298.9328.
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1-([1,1'-biphenyl]-4-yl)-2-bromo-2-fluoroethan-1-one (2j):
o)

WBF
F
Ph

The product 2j is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as yellow solid (2.14 g, 73% yield, mp 106.2-106.4°C).
'H NMR (500 MHz, CDCls): & 8.14 (d, J = 8.2 Hz, 2H), 7.74 (d, J = 8.3 Hz, 2H), 7.65
(d, J = 7.3 Hz, 2H), 7.52-7.42 (m, 3H), 7.23 (d, J = 51.0 Hz, 1H); **C NMR (125
MHz, CDCls): & 187.2 (d, “Jc.r = 21.3 Hz), 147.4, 139.4, 130.2 (d, 3Jcr = 2.5 Hz),
129.7, 129.1, 128.7, 127.5, 127.4, 86.2 (d, Jc.r = 265.0 Hz); "*F NMR (376 MHz,
CDCls): & -152.8 (d, J = 52.6 Hz, 1F); HRMS (EI-TOF) calculated [M]" for
C14H10"°BrFO: 291.9899, found: 291.9896.
2-bromo-2-fluoro-1-(naphthalen-2-yl)ethan-1-one (2k):

Br
SN

The product 2k is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as white solid (1.79 g, 67% yield, mp 95.8-97.7°C). *H
NMR (500 MHz, CDCls): & 8.62 (s, 1H), 8.05 (d, J = 8.6 Hz, 1H), 7.98 (d, J = 8.1 Hz,
1H), 7.91 (dd, J = 19.6, 8.4 Hz, 2H), 7.66 (t, J = 7.2 Hz, 1H), 7.59 (t, J = 7.4 Hz, 1H),
7.34 (d, J = 50.9 Hz, 1H); *C NMR (125 MHz, CDCls): 5 187.6 (d, 2Jc.r = 21.3 Hz),
136.2, 132.2, 131.9 (d, 3Jcr=25 Hz), 130.0, 129.6, 128.9, 128.3, 127.9, 127.3, 124.3
(d, “dc.e= 1.3 Hz), 86.2 (d, "Jc.r= 266.3 Hz); °F NMR (376 MHz, CDCls): & -152.5
(d, J = 56.4 Hz, 1F); HRMS (EI-TOF) calculated [M]" for C1,Hg"°BrFO: 265.9743,
found: 265.9744.

2-bromo-2-fluoro-1-(thiophen-2-yl)ethan-1-one (2):

0]

@)K(Br
\_s F

The product 21 is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as pale yellow oil (1.54 g, 69% vyield). *H NMR (500
MHz, CDCls): § 8.01 (d, J = 3.4 Hz, 1H), 7.81 (d, J = 4.7 Hz, 1H), 7.22 (t, J = 4.3 Hz,
1H), 7.00 (d, J = 50.9 Hz, 1H); **C NMR (125 MHz, CDCls): § 181.6 (d, *Jc.c= 23.8
Hz), 136.8 (d, *Jc.r = 2.5 Hz), 136.5, 135.1 (d, *Jc.r = 5.0 Hz), 128.8, 86.7 (d, *Jcr=
266.3 Hz): *F NMR (376 MHz, CDCls): & -149.1 (d, J = 56.4 Hz, 1F).
(E)-1-bromo-1-fluoro-4-phenylbut-3-en-2-one (2m):

AN Br
F
The product 2m is purified with silica gel chromatography (petroleum ether/ethyl
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acetate = 100/1 as the eluent) as colorless oil (1.58 g, 65% yield). *H NMR (500 MHz,
CDCls): 6 8.00 (d, J = 15.7 Hz, 1H), 7.66 (d, J = 6.5 Hz, 2H), 7.57-7.42 (m, 4H), 7.21
(d, J = 15.7 Hz, 1H); **C NMR (125 MHz, CDCls): & 182.0 (d, 2Jc.r = 22.5 Hz), 149.6,
137.7, 131.9, 129.2, 129.1, 115.1, 91.4 (d, “Jcr = 326.3 Hz); °F NMR (376 MHz,
CDCls): & -58.1 (d, J = 15.0 Hz, 1F); HRMS (EI-TOF) calculated [M]" for
C1oHs"°BrFO: 241.9743, found: 241.9744.

3. General procedure for the Synthesis of

a-bromo-a-monofluoroketones 2n-2s

o

o o O OH O HO OH
)k )k NaH M Selectfluor LiBr, Selectfluor l)K(BF
i T+ e N ¥ CFy — > i X CF. > % ,
R FsC” O THR it g%, S CH4CN, Ny 1t R 0 dyTHE BNt i F
1n-1s 2n-2s

To a stirred solution of sodium hydride (1 g, 25 mmol) in tetrahydrofuran (25 mL)
was added dropwise the solution of trifluoromethyl ethyl acetate (1.78 g, 12.5 mmol)
and ketones (10 mmol) in tetrahydrofuran (25 mL), the mixture stirred for overnight
at room temperature. Then resulting mixture was diluted with 1M HCI solution (pH =
3) and extracted with ethyl acetate. The combined organic layers were dried over
Na,SO, and concentrated under vacuum which was used in the next step without
further purification.

Under nitrogen, a solution of the solid (10 mmol) above was dissolved in
analytical grade acetonitrile (50 mL) and then treated with Selectfluor (4.25 g, 12
mmol) at room temperature. After stirring at room temperature overnight, the reaction
was diluted with ethyl acetate (250 mL) and filtered through Celite. The filtrate was
then washed with brine (75 mL > 3) and dried with anhydrous Na,SO,, and
concentrated under vacuum to give fluorinated gem-diols intermediates, which was
used in the next step without further purification.

To a solution of a-fluorinated gemdiols (10 mmol) in tetrahydrofuran (30 mL) was
added LiBr (5.21 g, 60 mmol) followed by Selectfluor (7.08 g, 20 mmol). The
reaction mixture was stirred for 5 min, and then Et;N (2.02 g, 20 mmol) was added.
After stirring for 30 min at room temperature, the reaction mixture was quenched with
saturated aqueous NH,4CI (30 mL). The mixture was extracted with ethyl acetate (50
mL x 3), and the organics were dried over Na,SO, and concentrated under reduced
pressure. SiO, flash chromatography afforded the a-bromo-a-monofluoroketones
2n-2s.
2-bromo-2-fluoro-2,3-dihydro-1H-inden-1-one (2n):

0
Crx
Br
The product 2n is purified with silica gel chromatography (petroleum ether/ethyl

acetate = 100/1 as the eluent) as white solid (1.69 g, 74% yield, mp 73.5-75.2°C). The
compound is known®. *H NMR (500 MHz, CDCls): 5 7.90 (d, J = 7.7 Hz, 1H), 7.74 (t,
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J=7.4Hz 1H), 7.50 (t, J = 7.5 Hz, 1H), 7.44 (d, J = 7.7 Hz, 1H), 4.01 (dd, J = 17.9,
4.0 Hz, 1H), 3.88 (t, J = 17.7 Hz, 1H); **C NMR (125 MHz, CDCl5): § 191.9 (d, 2Jc.¢
=20.0 Hz), 146.1 (d, ®Jc.F = 6.3 Hz), 137.1, 130.4 (d, *Jc.r = 2.5 Hz), 129.1, 126.5 (d,
*Je.r = 1.3 Hz), 126.3, 99.9 (d, YJc.r = 273.8 Hz), 45.1 (d, 2 Jcr = 22.5 Hz); *F NMR
(376 MHz, CDCls): & -112.1 (d, J = 22.5 Hz, 1F); HRMS (ESI-FT) calculated
[M+Na]" for CgHs"°BrFO: 250.9478, found: 250.9477.
2-bromo-2-fluoro-3,4-dihydronaphthalen-1(2H)-one (20):
O

F
Br

The product 20 is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 40/1 as the eluent) as white solid (1.85 g, 76% vyield, mp 77.3-79.1°C). The
compound is known®. *H NMR (500 MHz, CDCls): 6 8.12 (d, J = 7.8 Hz, 1H), 7.56 (t,
J=7.4Hz, 1H), 7.39 (t, J = 7.5 Hz, 1H), 7.29 (d, J = 7.7 Hz, 1H), 3.36-3.24 (m, 1H),
3.09 (d, J=17.3 Hz, 1H), 2.84 (d, J = 14.0 Hz, 1H), 2.61 (ddd, J = 19.1, 12.1, 6.7 Hz,
1H); 3C NMR (125 MHz, CDCls): § 185.5 (d, “Jc.r = 18.8 Hz), 141.7, 134.8, 129.2 (d,
%Jcr = 1.3 Hz), 128.9, 128.5, 127.6, 101.5 (d, "Jc.r = 265.0 Hz), 38.5 (d, * Jc.r = 18.8
Hz), 28.0 (d, * Jc.e= 7.5 Hz); *°F NMR (376 MHz, CDCls): 6 -114.4 (s, 1F); HRMS
(EI-TOF) calculated [M]" for C1oHg°BrFO: 241.9743, found: 241.9742.

2-bromo-2-fluoro-6-methoxy-3,4-dihydronaphthalen-1(2H)-one (2p):

The product 2p is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 40/1 as the eluent) as white solid (2.13 g, 78% yield, mp 89.1-90.3°C). *H
NMR (500 MHz, CDCls): & 8.09 (d, J = 8.9 Hz, 1H), 6.90 (dd, J = 8.8, 2.1 Hz, 1H),
6.71 (s, 1H), 3.87 (s, 3H), 3.27 (ddd, J = 16.8, 12.2, 4.4 Hz, 1H), 3.03 (dd, J = 17.3,
4.6 Hz, 1H), 2.81 (ddd, J = 14.1, 6.9, 3.6 Hz, 1H), 2.64-2.54 (m, 1H); **C NMR (125
MHz, CDCly): & 184.4 (d, 2Jc.r = 18.8 Hz), 164.8, 144.3, 131.7, 121.7 (d, *Jcr = 1.3
Hz), 114.5, 112.6, 101.6 (d, *Jc.r = 265.0 Hz), 55.7, 38.7 (d, * Jc.r = 18.8 Hz), 28.2 (d,
YJcr = 7.5 Hz); F NMR (376 MHz, CDCls): 5 -103.8 (s, 1F); HRMS (ESI-FT)
calculated [M+Na]* for Cy1H1o"°BrFO,: 294.9740, found: 294.9743.
3-bromo-3-fluoroindolin-2-one (2q):
Br g

s

H
The product 2q is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 10/1 as the eluent) as yellow solid (1.89 g, 82% vyield, mp 137.7-139.0°C).
'H NMR (500 MHz, DMSO): & 11.2 (s, 1H), 7.63 (d, J = 7.4 Hz, 1H), 7.44 (t, J = 7.6
Hz, 1H), 7.15 (t, J = 7.5 Hz, 1H), 6.95 (d, J = 7.7 Hz, 1H); *C NMR (125 MHz,
DMSO): & 168.7 (d, “Jc.r = 22.5 Hz), 140.3 (d, ?Jcr = 6.3 Hz), 138.8, 133.8, 125.8,
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123.9, 112.0, 93.2 (d, YJc.r = 265.0 Hz); *F NMR (376 MHz, DMSO): § -137.4 (s,
1F); HRMS (EI-TOF) calculated [M]* for  CgHs °BrFNO: 228.9539, found:
228.9542.

3-bromo-3,5-difluoroindolin-2-one (2r):

The product 2r is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 10/1 as the eluent) as yellow solid (1.61 g, 65% yield, mp 165.1-167.0°C).
'H NMR (500 MHz, CDCls): 9.33 (s, 1H), 7.32 (d, J = 7.0 Hz, 1H), 7.12 (td, J = 8.8,
1.8 Hz, 1H), 7.02-6.94 (m, 1H); *C NMR (125 MHz, CDCls): § 170.3 (d, 2Jc.r = 23.8
Hz), 159.8 (dd, Y Jc.r = 244.5, 2.2 Hz), 134.8 (dd, * Jc.r = 5.2, 2.3 Hz), 127.3 (dd,
2"Jc.r = 19.0, 8.6 Hz), 120.0 (M), 113.59 (dd, % Jc.r = 25.6, 1.0 Hz), 113.2 (d, ? Jcr =
7.5 Hz), 91.8 (d, "Jc.r = 268.8 Hz); F NMR (376 MHz, CDCls): & -117.0 (ddd, J =
11.8, 9.0, 4.2 Hz, 1F), -123.2 (s, 1F); HRMS (ESI-TOF) calculated [M+Na]® for
CgH4"°BrF,NO: 269.9342, found: 269.9326.
3-bromo-3-fluoro-6-(trifluoromethyl)indolin-2-one (2s):
F

Br
0
FsC N

H

The product 2s is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 10/1 as the eluent) as yellow solid (2.53 g, 85% yield, mp 185.3-185.9°C).
'H NMR (500 MHz, DMSO): & 11.55 (s, 1H), 7.90 (d, J = 7.8 Hz, 1H), 7.51 (d, J =
7.8 Hz, 1H), 7.18 (s, 1H); *C NMR (125 MHz, DMSO): & 168.4 (d, %Jc.r = 23.8 Hz),
141.2 (d, *Jcr = 5.0 Hz), 133.4 (q, ¥ Jcr = 32.5 Hz), 129.5 (d, *Jcr = 17.5 Hz),
126.7, 123.3 (q, YJc.r = 271.3 Hz), 120.8 (d, *Jc.r = 2.5 Hz), 108.5 (dd, ¥ Jcr = 7.6,
3.7 Hz), 91.7 (d, YJcr = 266.3 Hz); °F NMR (376 MHz, DMSO): § -57.1 (s, 3F),
-120.5 (s, 1F); HRMS (ESI-FT) calculated [M+Na]" for CgoH4°BrF,NO: 319.9305,
found: 319.9310.

4. General procedure for the Synthesis of paeonol

monofluorobromide 2t

o] O OH OHO OH

o
o Z CF3 CF3 Br
Br KaCO3 CF3COOEt Selectfluor F LiBr, Selectfluor
o on CHACN, reflux, 24h NaH, THF, rt CH3CN/H,0, -20°C EtN, dry THF, it O o
2t \©

To a solution of 4-methoxy-2-hydroxyacetophenone (4.99 g, 30 mmol) in CH3;CN
(80 mL), K,CO3(4.98 g, 36 mmol) benzyl bromide (4.96 g, 29 mmol) were added.
The reaction mixture was allowed to stir under refluxing conditions. The reaction
progress was followed by TLC. After 24 h the solvents were evaporated under
vacuum and the off white residue was dissolved in EtOAc and washed with 2 M
sodium hydroxide, 0.1 M HCI, H,0, and brine. After drying over anhyd Na,SO,and
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then filtration, the volatiles were evaporated under vacuum.

To a stirred solution of sodium hydride (1 g, 25 mmol) in tetrahydrofuran (25 mL)
was added dropwise the solution of trifluoromethyl ethyl acetate (1.78 g, 12.5 mmol)
and ketones (10 mmol) in tetrahydrofuran (25 mL), the mixture stirred for overnight
at room temperature. Then resulting mixture was diluted with 1M HCI solution (pH =
3) and extracted with ethyl acetate. The combined organic layers were dried over
Na,SO,4 and concentrated under vacuum which was used in the next step without
further purification.

To a stirred solution of the 4,4,4-trifluoro-3-hydroxy-1-aryl(alkyl)-but-2-en-1-one
(10 mmol) in the acetonitrile (50 mL) was added Cu(NOs), 3H,O (483.2mg, 2.0
mmol). The mixture was stirred for 2 h at room temperature, dropwise added
selectfluoro (4.25 g, 12 mmol) with the acetonitrile and water (50:4 mL) at -20°C,
keeping stirred for 6 h, warmed to room temperature. The resulting solution was
evaporated, extracted with ethyl acetate, dried over Na,SO,4, and concentrated under
vacuum to give fluorinated gem-diols intermediates, which was used in the next step
without further purification.

To a solution of a-fluorinated gemdiols (3.88 g, 10 mmol) in tetrahydrofuran (30
mL) was added LiBr (5.21 g, 60 mmol) followed by Selectfluor (7.08 g, 20 mmol).
The reaction mixture was stirred for 5 min, and then EtzN (2.02 g, 20 mmol) was
added. After stirring for 30 min at room temperature, the reaction mixture was
quenched with saturated aqueous NH4CI (30 mL). The mixture was extracted with
ethyl acetate (50 mL > 3), and the organics were dried over Na,SO4 and concentrated
under  reduced pressure. SiO, flash  chromatography afforded the
a-bromo-a-monofluoroketones 2t.
1-(2-(benzyloxy)-4-methoxyphenyl)-2-bromo-2-fluoroethan-1-one (2t):

0]

@f@
F
~o o)

The product 2t is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 50/1 as the eluent) as light yellow solid (1.31 g, 37% yield, mp 84.0-85.3°C).
'H NMR (500 MHz, CDCl3): & 8.03 (d, J = 8.9 Hz, 1H), 7.44 (ddd, J = 21.4, 16.8, 7.2
Hz, 6H), 6.63 (dd, J = 8.8, 1.7 Hz, 1H), 6.52 (d, J = 1.6 Hz, 1H), 5.15 (g, J = 9.8 Hz,
2H), 3.86 (s, 3H); **C NMR (125 MHz, CDCls): 5 186.9 (d, *Jc.r = 18.8 Hz), 166.0,
159.9, 135.0, 134.5 (d, “Jc.r = 1.3 Hz), 129.0, 128.9, 128.1, 115.2, 106.8, 99.3, 88.0 (d,
Yer = 257.5 Hz), 71.4, 55.7; °F NMR (376 MHz, CDCls): & -140.0 (d, J = 52.6 Hz,
1F); HRMS (ESI-FT) calculated [M+Na]* for CysH14°BrFO5: 375.0003, found:
375.0007.
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5. Screening of Reaction Conditions for Nickel-catalyzed

monofluoromethylation of phenylboronic acids

General procedure. [Ni] (0.03 mmol, 5 mol%), ligand (0.03 mmol, 5 mol%), K,CO3
(165.9 mg, 1.2 mmol), phenylboronic acid 3a (109.8 mg, 0.9 mmol) and
a-bromo-a-monofluoroketones 2a (130.2 mg, 0.6 mmol) were combined in an
over-dried sealing tube. The vessel was evacuated and backfilled with N, (repeated
for three times). 1,4-dioxane were added via syringe. The reaction mixture was
stirring at 80 <C for 8 h. The mixture was then cooled to room temperature, filtered
through a plug of silica and washed with EtOAc. The yield was determined by GC
before working up.

Table S1. Ligand Screening?

0 Ni(OTf), (5 mol%)

Br ©/B(OH)2 Ligand (5 mol%) _
©)J\|:( K,CO3 (2.0 equiv)
2a 3a

1,4-dioxane, 80°C, 8h

O-C H M

L1
\_ /N7 M < ; 2 >
L4 L5 L6
Entry Ni source Ligand Solvent Yield of 4a [%] "

1 Ni(OTf), - 1,4-dioxane NR
2 Ni(OTf), L1 1,4-dioxane 45
3 Ni(OTf), L2 1,4-dioxane 79
4 Ni(OTf), L3 1,4-dioxane 87
5 Ni(OTf), L4 1,4-dioxane 85
6 Ni(OTf), L5 1,4-dioxane 73
7 Ni(OTf), L6 1,4-dioxane 92

#Reaction conditions: 2a (0.6 mmol, 1.0 equiv), 3a (0.9 mmol, 1.5 equiv), Ni(OTf), (5 mol%), Ligand
(5 mol%), K,CO5 (1.2 mmol, 2.0 equiv), 1,4-dioxane (2.0 mL), 8h, under N,. * GC yield.
Table S2. Catalyst Screening®
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o [Ni] (5 mol%)

B(OH), L6 (5 mol%)
e =
F K,COs3 (2.0 equiv)

1,4-dioxane, 80°C, 8h

2a 3a
Entry Ni source Ligand Solvent Yield of 4a [%] "
1 Ni(OTf), L6 1,4-dioxane 92
2 NiBr, DME L6 1,4-dioxane 68
3 Ni(acac), L6 1,4-dioxane 74
4 Ni(NO3), 6H,0 L6 1,4-dioxane 78
5 NiCl, L6 1,4-dioxane trace

# Reaction conditions: 2a (0.6 mmol, 1.0 equiv), 3a (0.9 mmol, 1.5 equiv), [Ni] (5 mol%), phen (5
mol%), K,CO; (1.2 mmol, 2.0 equiv), 1,4-dioxane (2.0 mL), 8h, under N,. ® GC yield.
Table S3. Solvent Screening®

0 Ni(OTf), (5 mol%)

5 ©/B(OH)2 L6 (5 mol%)
r. .
F K>,COs3 (2.0 equiv)

Solvent, 80°C, 8h

2a 3a
Entry Ni source Ligand Solvent Yield of 4a [%] °
1 Ni(OTf), L6 1,4-dioxane 92
2 Ni(OTf), L6 CHiCN 46
3 Ni(OTf), L6 Tol 67
4 Ni(OTf), L6 DME 83
5 Ni(OTf), L6 DMF trace

#Reaction conditions: 2a (0.6 mmol, 1.0 equiv), 3a (0.9 mmol, 1.5 equiv), Ni(OTf), (5 mol%), phen (5
mol%), K,CO; (1.2 mmol, 2.0 equiv), 1,4-dioxane (2.0 mL), 8h, under N,. ® GC yield.
Table S4. Evaluation of Reaction Temperature®

o Ni(OTf), (5 mol%)

B ©/B(OH)2 L6 (5 mol%)
roo. .
F K>CO3 (2.0 equiv)

1,4-dioxane, 80°C, 8h

2a 3a
Entry Ni source Ligand Solvent Yield of 4a [%] °
1 Ni(OTf), L6 1,4-dioxane 92
2° Ni(OTf), L6 1,4-dioxane 73

#Reaction conditions: 2a (0.6 mmol, 1.0 equiv), 3a (0.9 mmol, 1.5 equiv), Ni(OTf), (5 mol%), phen (5
mol%), K,CO; (1.2 mmol, 2.0 equiv), 1,4-dioxane (2.0 mL), 8h, under N,. ® GC yield. ¢ Performed at
0 <.

Table S5. Whether nitrogen protection is required®
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o Ni(OTf), (5 mol%)

5 ©/B(OH)2 L6 (5 mol%)
r + >
F K,COs3 (2.0 equiv)

1,4-dioxane, 80°C, 8h

2a 3a
Entry Ni source Ligand Solvent Yield of 4a [%] °
1 Ni(OTf), L6 1,4-dioxane 92
2° Ni(OTf), L6 1,4-dioxane 37

#Reaction conditions: 2a (0.6 mmol, 1.0 equiv), 3a (0.9 mmol, 1.5 equiv), Ni(OTf), (5 mol%), phen (5
mol%), K,COs3 (1.2 mmol, 2.0 equiv), 1,4-dioxane (2.0 mL), 8h, under N,. ®GC yield. © under air.
Table S6. The amount of phenylboronic acid ®

0 Ni(OTf), (5 mol%)
5 ©/B(OH)2 L6 (5 mol%)
ro. .
F K5,CO3 (2.0 equiv)
- i 0
22 33 1,4-dioxane, 80°C, 8h
Entry Ni source Ligand Solvent Yield of 4a [%] °
1 Ni(OTf), L6 1,4-dioxane 92
2° Ni(OTf), L6 1,4-dioxane 81
3 Ni(OTf), L6 1,4-dioxane 86

#Reaction conditions: 2a (0.6 mmol, 1.0 equiv), 3a (0.9 mmol, 1.5 equiv), Ni(OTf), (5 mol%), phen (5
mol%), K,COj3 (1.2 mmol, 2.0 equiv), 1,4-dioxane (2.0 mL), 8h, under N,. ® GC yield. ¢ 3a (1.2 equiv).
3a (1.5 equiv).

6. General procedure for Nickel-catalyzed monofluoromethylation of

arylboric acid.

General procedure. Ni(OTf); (0.03 mmol, 5 mol%), phen (0.03 mmol, 5 mol%),
K,COs; (1659 mg, 1.2 mmol), arylboric acid 3 (0.9 mmol) and
a-bromo-a-monofluoroketones 2 (0.6 mmol) were combined in an over-dried sealing
tube. The vessel was evacuated and backfilled with N, (repeated for three times).
1,4-dioxane were added via syringe. The reaction mixture was stirring at 80 <C for 8 h.
The mixture was then cooled to room temperature, filtered through a plug of silica
and washed with EtOAc. The filtrate was concentrated under vacuum and purified by
flash column chromatography on silica gel to give product.
2-fluoro-1,2-diphenylethan-1-one (4a):

i
(1

The product 4a is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (120.8 mg, 94% vyield). The compound is
known?. *H NMR (500 MHz, CDCls): & 7.95 (d, J = 7.4 Hz, 2H), 7.54 (t, J = 7.4 Hz,
1H), 7.50 (d, J = 7.7 Hz, 2H), 7.44-7.37 (m, 5H), 6.52 (d, J = 48.6 Hz, 1H); *C NMR
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(125 MHz, CDCls): 6 194.3 (d, Jc.r = 21.3 Hz), 134.3 (d, % Jc.r = 20.0 Hz), 134.0,
133.8, 129.7 (d, *Jc.r = 2.5 Hz), 129.1, 129.0, 128.7, 127.5 (d, * Jc.r = 6.3 Hz), 94.0 (d,
1Jc.e = 183.8 Hz); °F NMR (376 MHz, CDCls): § -175.8 (d, J = 48.5 Hz, 1F); HRMS
(EI-TOF) calculated [M]" for C14H1;FO: 214.0794, found: 214.0792.
2-fluoro-2-phenyl-1-(p-tolyl)ethan-1-one (4b):

The product 4b is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as white solid (123.3 mg, 90% yield, mp 77.5-78.1°C).
The compound is known?. *H NMR (500 MHz, CDCls): & 7.86 (d, J = 8.0 Hz, 2H),
7.50 (d, J = 6.7 Hz, 2H), 7.45-7.32 (m, 3H), 7.21 (d, J = 8.0 Hz, 2H), 6.52 (d, J = 48.6
Hz, 1H), 2.35 (s, 3H); *C NMR (125 MHz, CDCls): & 193.8 (d, “Jc.r = 21.3 Hz),
144.9, 134.5 (d, 2 Jcr = 20.0 Hz), 131.5, 129.6 (d, “Jc.r = 1.3 Hz), 129.4, 129.2 (d,
3Jc.p= 2.5 Hz), 129.1, 127.5 (d, * Jc.r = 5.0 Hz), 93.8 (d, YJc.r = 183.8 Hz), 21.7; *°F
NMR (376 MHz, CDCl3): & -175.5 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated
[M]" for CysH13FO: 228.0950, found: 228.0949.
2-fluoro-1-(4-methoxyphenyl)-2-phenylethan-1-one (4c):

3
(]
~o

The product 4c is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as white solid (130.4 mg, 89% yield, mp 85.4-85.9°C).
The compound is known®. *"H NMR (500 MHz, CDCls): & 7.94 (d, J = 8.9 Hz, 2H),
7.49 (d, J = 7.4 Hz, 2H), 7.40-7.32 (m, 3H), 6.87 (d, J = 8.9 Hz, 2H), 6.50 (d, J = 48.6
Hz, 1H), 3.78 (s, 3H); **C NMR (125 MHz, CDCls): & 192.7 (d, “Jc.r = 21.3 Hz),
164.0, 134.7 (d, *Jc.e = 20.0 Hz), 131.5 (d, Jc.r= 3.8 Hz), 129.6 (d, “Jc.r = 1.3 Hz),
129.1, 127.4 (d, *Jc.e = 5.0 Hz), 126.8, 114.0, 93.8 (d, “Jc.r = 183.8 Hz), 55.5; *°F
NMR (376 MHz, CDCl3): & -175.0 (d, J = 52.6 Hz, 1F); HRMS (EI-TOF) calculated
[M]" for C1sH13FO,: 244.0900, found: 244.0899.
2-fluoro-2-phenyl-1-(3,4,5-trimethoxyphenyl)ethan-1-one (4d):

The product 4d is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 40/1 as the eluent) as colorless oil (158.9 mg, 87% yield). *H NMR (500
MHz, CDCls): & 7.47 (d, J = 7.3 Hz, 2H), 7.42-7.33 (m, 3H), 7.18 (s, 2H), 6.48 (d, J =
48.5 Hz, 1H), 3.86 (s, 3H), 3.80 (s, 6H); *C NMR (125 MHz, CDCl3): & 192.8 (d,
2JcF = 21.3 Hz), 153.0, 143.0 (d, “Jc.r = 2.5 Hz), 134.6 (d, *Jc.r = 18.8 Hz), 129.7,
129.2, 128.8 (d, *Jc.r = 5.0 Hz), 127.2 (d, > Jc.r = 5.0 Hz), 106.7, 94.0 (d, *Jc.¢= 185.0
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Hz), 60.9, 56.2; *F NMR (376 MHz, CDCls): & -174.9 (d, J = 52.6 Hz, 1F); HRMS
(E'-TOF) calculated ['\/l]Jr for C.7H17FO4: 304.1111, found: 304.1112.
2-fluoro-1-(4-fluorophenyl)-2-phenylethan-1-one (4e):

The product 4e is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as yellow solid (125.4 mg, 90% yield, mp 57.9-58.4°C).
The compound is known*. *H NMR (500 MHz, CDCls): & 7.99 (dd, J = 8.4, 5.5 Hz,
2H), 7.49 (d, J = 6.6 Hz, 2H), 7.38 (d, J = 7.5 Hz, 3H), 7.06 (t, J = 8.6 Hz, 2H), 6.50
(d, J = 48.5 Hz, 1H); **C NMR (125 MHz, CDCls): § 192.9 (d, 2Jc.r = 22.5 Hz), 166.0
(d, ¥ Jc.p = 255.0 Hz), 134.2 (d, ?Jc.r = 20.0 Hz), 131.9 (dd, *'Jce = 9.5, 3.1 Hz),
130.4, 129.8 (d, *Jc.r = 2.5 Hz), 129.2, 127.3 (d, *Jc.p= 22.5 Hz), 116.0 (d, * Jcr=
22.5 Hz), 94.1 (d, “Jc.r= 185.0 Hz); **F NMR (376 MHz, CDCl3): & -103.3 (s, 1F),
-1755 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated [M]* for CisH:oF,O:
232.0700, found: 232.0698.

1-(4-bromophenyl)-2-fluoro-2-phenylethan-1-one (4f):

P
(]
Br

The product 4f is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as yellow solid (149.5 mg, 85% yield, mp 79.5-81.2°C).
'H NMR (500 MHz, CDCls): & 7.80 (d, J = 8.5 Hz, 2H), 7.54 (d, J = 8.5 Hz, 2H), 7.46
(d, J = 6.7 Hz, 2H), 7.42-7.34 (m, 3H), 6.46 (d, J = 48.5 Hz, 1H); **C NMR (125
MHz, CDCls): & 193.8 (d, 2c.r= 22.5 Hz), 134.0 (d, ?Jc.r = 18.8 Hz), 132.7, 132.1,
130.6 (d, ®Jc.r= 3.8 Hz), 129.8, 129.2, 129.1, 127.3 (d, *Jc.r= 6.3 Hz), 94.1 (d, “Jcr
= 185.0 Hz); *F NMR (376 MHz, CDCls):  -176.0 (d, J = 48.9 Hz, 1F); HRMS
(EI-TOF) calculated [M]" for C14H10°BrFO: 291.9899, found: 291.9892.
2-fluoro-1-(2-fluorophenyl)-2-phenylethan-1-one (49):

i
L1
F

The product 4g is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as yellow oil (125.4 mg, 90% vyield). *H NMR (500
MHz, CDCly): & 7.85 (t, J = 8.1 Hz, 1H), 7.53-7.42 (m, 3H), 7.40-7.32 (m, 3H), 7.20
(t, J = 7.5 Hz, 1H), 7.06 (dd, J = 10.8, 8.7 Hz, 1H), 6.54 (dd, J = 48.1, 1.0 Hz, 1H);
3C NMR (125 MHz, CDCls): 6 192.8 (dd, 2Jcr = 22.4, 4.1 Hz), 161.1 (d, Y Jcr =
252.5 Hz), 135.4 (d, ¥ Jc.r = 8.8 Hz), 133.3 (d, *Jc.r = 18.8 Hz), 131.1, 129.8 (d,
“Jer= 1.3 Hz), 128.9, 128.2 (d, *Jc.r = 3.8 Hz), 124.8 (d, “Jc.r= 3.8 Hz), 123.1 (d,
Jc.r= 13.8 Hz), 116.5 (d, ? Jc.r = 23.8 Hz), 95.4 (dd, Jc.r = 182.5, 8.8 Hz); '°F NMR
(376 MHz, CDCly): & -107.2 (s, 1F), -173.4 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF)
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calculated [M]" for C14H10F-0: 232.0700, found: 232.0701.
2-fluoro-2-phenyl-1-(4-(trifluoromethoxy)phenyl)ethan-1-one (4h):

P
(1
F4CO

The product 4h is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as yellow oil (159.3 mg, 89% vyield). The compound is
known®*. *H NMR (500 MHz, CDCls): & 8.04 (d, J = 8.3 Hz, 2H), 7.51 (d, J = 5.9 Hz,
2H), 7.43 (d, J = 6.8 Hz, 3H), 7.26 (d, J = 8.2 Hz, 2H), 6.49 (d, J = 48.5 Hz, 1H); *C
NMR (125 MHz, CDCls): & 193.0 (d, 2Jc.e= 21.3 Hz), 153.0, 134.0 (d, *Jc.r = 20.0
Hz), 132.1, 131.3 (d, %Jc.r = 2.5 Hz), 129.8, 129.2, 127.1 (d, *Jc.r = 5.0 Hz), 120.3,
120.2 (q, Y Jc.r = 257.5 Hz), 94.3 (d. “Jc.r = 185.0 Hz); °F NMR (376 MHz, CDCly):
8 -58.5 (s, 1F), -177.0 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated [M]" for
CisH10F405: 298.0617, found: 298.0616.
1-([1,1'-biphenyl]-4-yl)-2-fluoro-2-phenylethan-1-one (4i):

R
(T
Ph

The product 4i is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as white solid (149.8 mg, 86% yield, mp 78.2-79.5°C).
The compound is known*. *H NMR (500 MHz, CDCls): & 7.91 (d, J = 8.2 Hz, 2H),
7.51(d, J = 8.2 Hz, 2H), 7.44 (dd, J = 18.0, 7.4 Hz, 4H), 7.36-7.23 (m, 6H), 6.43 (d, J
= 48.5 Hz, 1H); **C NMR (125 MHz, CDCls): & 193.9 (d, 2Jc.r = 21.3 Hz), 146.5,
139.6, 134.4 (d, *Jc.r = 20.0 Hz), 132.7, 129.8 (d, *Jc.r= 2.5 Hz), 129.7 (d, *Jcr= 1.3
Hz), 129.2, 129.1, 129.0, 128.5, 127.5 (d, *Jc.r= 6.3 Hz), 127.3 (d, *Jc.r= 6.3 Hz),
94.1 (d, "Jc.r = 183.8 Hz); **F NMR (376 MHz, CDCls): & -176.1 (d, J = 56.4 Hz, 1F).
2-fluoro-1-(naphthalen-2-yl)-2-phenylethan-1-one (4j):

i
SO

The product 4j is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (138.0 mg, 87% yield). *H NMR (500
MHz, CDCls): 5 8.51 (s, 1H), 8.00 (d, J = 7.9 Hz, 1H), 7.90 (d, J = 7.4 Hz, 1H), 7.83
(t, J = 8.9 Hz, 2H), 7.60-7.52 (m, 4H), 7.40 (d, J = 7.0 Hz, 3H), 6.69 (d, J = 48.5 Hz,
1H); 3C NMR (125 MHz, CDCls): 5 194.3 (d, 2Jc.r = 21.3 Hz), 135.8, 134.5 (d, % Jc.r
= 20.0 Hz), 132.3, 131.4, 131.3 (d, “Jc.¢ = 2.5 Hz), 129.8, 129.7 (d, *Jc.r = 2.5 Hz),
129.2,129.1, 128.7, 127.8, 127.5 (d, *Jc.¢ = 5.0 Hz), 127.0, 124.3 (d, * Jc.r = 1.3 Hz),
94.1 (d, *Jc.r = 183.8 Hz); *°F NMR (376 MHz, CDCl3): § -175.8 (d, J = 56.4 Hz, 1F);
HRMS (EI-TOF) calculated [M]" for C1gH13FO,: 264.0950, found: 264.0951.
2-fluoro-2-phenyl-1-(thiophen-2-yl)ethan-1-one (4k):
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The product 4k is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (91.2 mg, 69% yield). The compound is
known®*. *H NMR (500 MHz, CDCls): § 7.90 (d, J = 3.8 Hz, 1H), 7.67 (d, J = 4.6 Hz,
1H), 7.53 (d, J = 6.9 Hz, 2H), 7.42-7.34 (m, 3H), 7.10 (t, J = 4.4 Hz, 1H), 6.29 (d, J =
48.3 Hz, 1H); **C NMR (125 MHz, CDCls): § 187.8 (d, 2Jc.r = 23.8 Hz), 139.9 (d,
YJc.p = 2.5 Hz), 135.3, 134.5 (d, 2 Jc.r = 21.3 Hz), 134.4, 129.7 (d, *Jc.r = 2.5 Hz),
129.0, 128.6, 127.1 (d, ¥*Jc.r = 6.3 Hz), 94.8 (d, YJc.r = 187.5 Hz); °F NMR (376
MHz, CDCls): § -176.4 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated [M]" for
C12HgFOS: 220.0358, found: 220.0359.
2-fluoro-3,4-dihydronaphthalen-1(2H)-one (5):
o]

The product 5 is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (42.4 mg, 43% yield). The compound is
known®. *H NMR (500 MHz, CDCls): & 8.09 (d, J = 7.8 Hz, 1H), 7.55 (t, J = 7.5 Hz,
1H), 7.38 (t, J = 7.5 Hz, 1H), 7.29 (d, J = 7.7 Hz, 1H), 5.17 (ddd, J = 47.9, 12.7, 5.1
Hz, 1H), 3.16-3.13 (m, 2H), 2.64-2.55 (m, 1H), 2.43-2.29 (m, 1H).
2-fluoro-1-phenyl-2-(p-tolyl)ethan-1-one (6a):

)
(1

The product 6a is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as white solid (115.0 mg, 84% yield, mp 77.1-77.8°C).
The compound is known®. *H NMR (500 MHz, CDCls): & 7.94 (d, J = 7.7 Hz, 2H),
7.53 (t, J = 7.4 Hz, 1H), 7.40 (dd, J = 17.1, 8.0 Hz, 4H), 7.20 (d, J = 7.7 Hz, 2H), 6.51
(d, J = 48.7 Hz, 1H), 2.33 (s, 3H); *C NMR (125 MHz, CDCls): 6 194.3 (d, 2Jcr =
21.3 Hz), 139.8 (d, “Jc.r= 2.5 Hz), 134.1, 133.7, 131.2 (d, *Jc.r = 20.0 Hz), 129.9,
129.0 (d, *Jc.r= 2.5 Hz), 128.7, 127.6 (d, *Jc.r = 5.0 Hz), 93.8 (d, *Jc.r = 183.8 Hz),
21.3; F NMR (376 MHz, CDCly): & -173.9 (d, J = 48.6 Hz, 1F); HRMS (EI-TOF)
calculated [M]" for C15H13FO: 228.0950, found: 228.0955.
2-fluoro-1-phenyl-2-(m-tolyl)ethan-1-one (6b):

)
(1

The product 6b is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (108.2 mg, 79% yield). *H NMR (500
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MHz, CDCls): § 7.94 (d, J = 7.7 Hz, 2H), 7.54 (t, J = 7.3 Hz, 1H), 7.42 (t, J = 7.7 Hz,
2H), 7.28-7.30 (m, 3H), 7.18 (s, 1H), 6.48 (d, J = 48.7 Hz, 1H), 2.35 (s, 3H); *C
NMR (125 MHz, CDCls): § 194.3 (d, 2Jc.r = 21.3 Hz), 139.0, 134.2 (d, *Jc.r= 17.5
Hz), 133.7, 130.5, 129.1 (d, *Jc.r = 2.5 Hz), 129.0, 128.7, 128.0, 127.9, 124.6 (d, > Jc.r
= 5.0 Hz), 94.1 (d, “Jc.r = 183.8 Hz), 21.4; *°F NMR (376 MHz, CDCls): 5 -175.3 (d,
J = 48.8Hz, 1F); HRMS (EI-TOF) calculated [M]" for CysH13FO: 228.0950, found:
228.0952.

2-fluoro-1-phenyl-2-(o-tolyl)ethan-1-one (6¢):

i
(1

The product 6¢ is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as light yellow solid (113.7 mg, 83% yield, mp
68.1-69.3°C). The compound is known®. *H NMR (500 MHz, CDCls): & 7.89 (d, J =
7.8 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.42 (t, J = 7.7 Hz, 2H), 7.33-7.24 (m, 3H), 7.18
(d, J = 7.2 Hz, 1H), 6.71 (d, J = 48.1 Hz, 1H), 2.52 (s, 3H); **C NMR (125 MHz,
CDCls): & 194.9 (d, 2Jc.r = 21.3 Hz), 137.4 (d, “Jc. = 3.8 Hz), 134.5, 133.7, 132.8 (d,
¥Jc.r=18.8 Hz), 131.4 (d, *Jc.r = 2.5 Hz), 130.0 (d, > Jc.r= 2.5 Hz), 128.8 (d, J= 1.3
Hz), 128.7 (d, *"Jcr = 2.5 Hz), 128.6, 126.6, 91.8 (d, "Jc.r = 182.5 Hz), 19.3; *°F
NMR (376 MHz, CDCls): § -175.5 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated
[M]" for CysH13FO: 228.0950, found: 228.0949.
2-(4-(tert-butyl)phenyl)-2-fluoro-1-phenylethan-1-one (6d):

The product 6d is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as light yellow solid (126.5 mg, 78% yield, mp
92.5-94.1°C). The compound is known®. *H NMR (500 MHz, CDCls): & 7.96 (d, J =
7.5 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.46-7.37 (m, 6H), 6.50 (d, J = 48.7 Hz, 1H),
1.29 (s, 9H); 3C NMR (125 MHz, CDCls): § 194.4 (d, 2Jcr = 21.3 Hz), 152.9 (d,
“Jer= 2.5 Hz), 134.2, 133.7, 131.2 (d, *Jc.r = 20.0 Hz), 129.1 (d, *Jc.r = 2.5 Hz),
128.7, 127.3 (d, *Jc.e = 5.0 Hz), 126.1, 93.8 (d, J= 183.8 Hz), 34.7, 31.2; °F NMR
(376 MHz, CDCls): & -174.4 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated [M]*
for C1gH19FO: 270.1420, found: 270.1421.
2-fluoro-2-(4-isopropylphenyl)-1-phenylethan-1-one (6e):

The product 6e is purified with silica gel chromatography (petroleum ether/ethyl
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acetate = 100/1 as the eluent) as colorless oil (130.7 mg, 85% vyield). *H NMR (500
MHz, CDCls): § 7.97 (d, J = 7.7 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.49-7.37 (m. 4H),
7.28 (d, J = 7.5 Hz, 2H), 6.53 (d, J = 48.7 Hz, 1H), 2.97-2.86 (m, 1H), 1.25 (d, J = 6.9
Hz, 6H); *C NMR (125 MHz, CDCls): & 194.4 (d, *Jc.r = 21.3 Hz), 150.6, 134.2 (d,
YJc.p = 2.5 Hz), 133.7, 131.6 (d, 2Jc.r = 22.5 Hz), 129.1 (d, *Jc.r = 2.5 Hz), 128.7,
127.6 (d, *Jc.r= 5.0 Hz), 127.2, 93.8 (d, *Jc.r = 185.0 Hz), 33.9, 23.8; °F NMR (376
MHz, CDCls): & -174.9 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated [M]* for
C17H17FO: 256.1263, found: 256.1262.
2-fluoro-2-(4-pentylphenyl)-1-phenylethan-1-one (6f):

CsH
0 g 511

The product 6f is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (131.4 mg, 77% yield). *H NMR (500
MHz, CDCly): 8 7.95 (d, J = 7.6 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.46-7.36 (m, 4H),
7.21(d, J = 7.8 Hz, 2H), 6.51 (d, J = 48.7 Hz, 1H), 2.59 (t, J = 7.7 Hz, 2H), 1.64-1.53
(m, 2H), 1.39-1.23 (m, 4H), 0.88 (t, J = 6.8 Hz, 3H); **C NMR (125 MHz, CDCls): §
194.4 (d, Ycr = 21.3 Hz), 144.8, 134.2, 133.7, 1315 (d, ?Jc.r = 20.0 Hz), 129.2,
129.1 (d, *Jc.r= 2.5 Hz), 128.7, 127.6 (d, *Jc.r = 5.0 Hz), 93.8 (d, *Jc.r = 183.8 Hz),
35.7, 31.5, 30.9, 22.5, 14.0; *°F NMR (376 MHz, CDCls): & -174.6 (d, J = 48.9 Hz,
1F); HRMS (EI-TOF) calculated [M]" for C1gH,;FO: 284.1576, found: 284.1574.
2-fluoro-1-phenyl-2-(4-(trimethylsilyl)phenyl)ethan-1-one (6g):

TMS
L
(J

The product 6g is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (158.1 mg, 92% yield). *H NMR (500
MHz, CDCls): § 7.98 (d, J = 7.5 Hz, 2H), 7.58-7.52 (m, 3H), 7.49 (d, J = 7.3 Hz, 2H),
7.43 (t,J = 7.2 Hz, 2H), 6.53 (d, J = 48.6 Hz, 1H), 0.27 (s, 9H); *C NMR (125 MHz,
CDCls): § 194.3 (d, Yc.r= 21.3 Hz), 142.5, 134.6 (d, 2 Jc.r = 20.0 Hz), 134.1, 134.0,
133.8, 129.2 (d, *Jc.r = 2.5 Hz), 128.7, 126.5 (d, * Jc.r = 5.0 Hz), 94.0 (d, *Jc.¢= 185.0
Hz), -1.23; F NMR (376 MHz, CDCl3): & -177.0 (d, J = 48.9 Hz, 1F); HRMS
(EI-TOF) calculated [M]* for C17H1sFOSi: 286.1189, found: 286.1190.
2-(3,5-dimethylphenyl)-2-fluoro-1-phenylethan-1-one (6h):

The product 6h is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (117.8 mg, 81% yield). The compound is
known®. *H NMR (500 MHz, CDCls): & 7.95 (d, J = 7.6 Hz, 2H), 7.54 (t, J = 7.4 Hz,
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1H), 7.42 (d, J = 7.7 Hz, 2H), 7.11 (s, 2H), 7.01 (s, 1H), 6.46 (d, J = 48.7 Hz, 1H),
2.30 (s, 6H); *C NMR (125 MHz, CDCls): § 194.4 (d, Jc.r = 21.3 Hz), 138.9, 134.1,
134.0 (d, *Jc.r = 16.3 Hz), 133.7, 131.4, 129.1 (d, 3Jcr = 2.5 Hz), 128.7, 125.3 (d,
¥Jc.r = 6.3 Hz), 94.0 (d, “Jc.r = 183.8 Hz), 21.3; *F NMR (376 MHz, CDCl): &
-175.2 (d, J = 67.7 Hz, 1F); HRMS (EI-TOF) calculated [M]" for C16H1sFO: 242.1107,
found: 242.1110.

2-fluoro-2-(4-fluoro-3-methylphenyl)-1-phenylethan-1-one (6i):

F
8

CH,

F

The product 6i is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (112.3 mg, 76% yield). *H NMR (500
MHz, CDCls): § 7.93 (d, J = 7.8 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.42 (t, J = 7.5 Hz,
2H), 7.35-7.28 (m, 2H), 7.01 (t, J = 8.8 Hz, 1H), 6.49 (d, J = 48.5 Hz, 1H), 2.24 (s,
3H); *C NMR (125 MHz, CDCls): 6 194.1 (d, 2Jc.r = 21.3 Hz), 162.0 (dd, * Jcr=
246.9, 3.2 Hz), 134.0, 133.9, 130.9 (t, * Jc.r = 5.6 Hz), 129.9 (dd, *Jc.r= 18.8, 2.5
Hz), 129.0 (d, %Jc.e= 2.5 Hz), 128.8, 127.0 (t, ¥ Jc.r = 6.9 Hz), 126.1 (d, Yc.r= 17.5
Hz), 115.8 (d, 2 Jc.r = 22.5 Hz), 93.1 (d, “Jc.r = 185.0 Hz), 14.5 (d, * Jcr = 2.5 H2);
YF NMR (376 MHz, CDCls): & -116.0 (s, 1F), -174.2 (dd, J = 48.9, 2.5 Hz, 1F);
HRMS (EI-TOF) calculated [M]" for C15H1,F,0: 246.0856, found: 246.0858.
2-fluoro-2-(4-fluorophenyl)-1-phenylethan-1-one (6j):

gl
(7
The product 6j is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (126.8 mg, 91% yield). *H NMR (500
MHz, CDCls): & 7.99 (dd, J = 8.4, 5.5 Hz, 2H), 7.49 (d, J = 6.6 Hz, 2H), 7.38 (d, J =
7.5 Hz, 3H), 7.06 (t, J = 8.6 Hz, 2H), 6.50 (d, J = 48.5 Hz, 1H); *C NMR (125 MHz,
CDClg): & 192.9 (d, 2Jc.p= 22.5 Hz), 166.0 (d, ' Jc.p = 255.0 Hz), 134.2 (d, ?Jce=
20.0 Hz), 131.9 (dd, * Jc.r = 9.5, 3.1 Hz), 130.4, 129.8 (d, *Jc.r = 2.5 Hz), 129.2, 127.3
(d, 3Jc.e = 5.0 Hz),116.0 (d, ' Jc.e = 22.5 Hz), 94.1 (d, "Jc.r = 185.0 Hz); *F NMR
(376 MHz, CDCl3): 6 -111.9 (s, 1F), -175.0 (d, J = 52.6 Hz, 1F); HRMS (EI-TOF)
calculated [M]" for C14H10F,0: 232.0700, found: 232.0701.
2-(4-chlorophenyl)-2-fluoro-1-phenylethan-1-one (6k):
of

The product 6k is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (128.3 mg, 86% yield). The compound is
known®. *H NMR (500 MHz, CDCls): 6 7.94 (d, J = 7.8 Hz, 2H), 7.56 (t, J = 7.4 Hz,
1H), 7.50 (s, 1H), 7.46-7.40 (m, 2H), 7.39-7.29 (m, 3H), 6.47 (d, J = 48.4 Hz, 1H);
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13C NMR (125 MHz, CDCls): & 194.0 (d, 2cr = 21.3 Hz), 135.7 (d, *Jc.r = 2.5 Hz),
134.0, 133.9, 132.8 (d, % Jc.r = 20.0 Hz), 129.4, 129.1 (d, 3Jc.r = 2.5 Hz), 128.8, 128.7
(d, *Jcr= 6.3 Hz), 93.2 (d, YJc.r = 185.0 Hz); *F NMR (376 MHz, CDCls): § -177.3
(d, J = 56.4 Hz, 1F); HRMS (EI-TOF) calculated [M]* for C14H10CIFO: 248.0404,
found: 248.0407.

2-(4-bromophenyl)-2-fluoro-1-phenylethan-1-one (6l):

Br
2
SR

The product 61 is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as yellow solid (123.1 mg, 70% yield, mp 89.1-90.6 °C).
'H NMR (500 MHz, CDCls): 6 7.92 (d, J = 7.7 Hz, 2H), 7.59-7.50 (m, 3H), 7.44 (t, J
= 7.7 Hz, 2H), 7.36 (d, J = 7.9 Hz, 2H), 6.45 (d, J = 48.4 Hz, 1H); *C NMR (125
MHz, CDCls): 6 193.9 (d, 2Jc.r = 21.3 Hz), 134.0, 133.9 (d, *Jc.r = 2.5 Hz), 133.2 (d,
¥Jc.p=20.0 Hz), 132.3, 131.8, 129.1 (d, *Jc.r = 2.5 Hz), 128.8, 123.9, 93.4 (d, "Jcr=
186.3 Hz); °F NMR (376 MHz, CDCls): & -177.2 (d, J = 48.3 Hz, 1F); HRMS
(EI-TOF) calculated [M]" for C14H1>*BrFO: 293.9879, found: 293.9879.
2-fluoro-2-(3-fluorophenyl)-1-phenylethan-1-one (6m):

§
F
F

The product 6m is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (115.7 mg, 83% yield). *H NMR (500
MHz, CDCls): § 7.97 (d, J = 7.8 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.39-7.36 (m, 3H),
7.29 (d, J = 8.7 Hz, 1H), 7.24 (d, J = 9.2 Hz, 1H), 7.09 (t, J = 8.3 Hz, 1H), 6.51 (d, J =
48.4 Hz, 1H); *C NMR (125 MHz, CDCls): & 193.9 (d, *Jc.r = 21.3 Hz), 162.9 (d,
" Jc.r= 246.3 Hz), 136.6 (dd, 2 Jc.r = 20.5, 7.0 Hz), 134.0, 130.8 (d, * Jc.r = 7.5 Hz),
129.2 (d, *Jc.p = 2.5 Hz), 128.8, 126.9 (d, * Jc.r= 21.3 Hz), 122.7, 116.6 (d, % Jc.r =
21.3 Hz), 114.1 (dd, *Jc¢= 23.0, 6.5 Hz), 93.3 (d, "Jc.r = 186.3 Hz); *°F NMR (376
MHz, CDCls): § -112.1 (dd, J = 15.0, 8.9 Hz, 1F), -178.7 (d, J = 48.9 Hz, 1F); HRMS
(ESI-TOF) calculated [M+Na]" for C14H;0F,0: 255.0597, found: 255.0598.
2-(3-chlorophenyl)-2-fluoro-1-phenylethan-1-one (6n):

The product 6n is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as yellow oil (108.9 mg, 73% vyield). *"H NMR (500
MHz, CDCls): § 7.96 (d, J = 7.9 Hz, 2H), 7.69-7.56 (m, 5H), 7.48-7.40 (m, 2H), 6.54
(d, J = 48.3 Hz, 1H); *C NMR (125 MHz, CDCls): 5 193.8 (d, 2Jc.r = 21.3 Hz), 136.2
(d, ?Jc.e= 20.0 Hz), 135.1, 134.1, 133.8, 130.4, 129.8 (d, *Jc.r = 1.3 Hz), 129.2 (d,
3Jc.r= 2.5 Hz), 128.8, 127.2 (d, *Jc.r = 6.3 Hz), 125.2 (d, * Jc.r = 5.0 Hz), 93.2 (d,
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1Jc.e = 186.3 Hz); °F NMR (376 MHz, CDCl,): § -178.5 (d, J = 60.2 Hz, 1F); HRMS
(EI-TOF) calculated [M]" for C14H10> CIFO: 248.0404, found: 248.0416.
2-(3,5-difluorophenyl)-2-fluoro-1-phenylethan-1-one (60):

The product 60 is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (118.6 mg, 79% yield). *H NMR (500
MHz, CDCls): § 7.95 (d, J = 7.7 Hz, 2H), 7.60 (t, J = 7.3 Hz, 1H), 7.47 (d, J = 7.6 Hz,
2H), 7.03 (d, J = 5.6 Hz, 2H), 6.81 (t, J = 8.6 Hz, 1H), 6.42 (d, J = 48.3 Hz, 1H); *C
NMR (125 MHz, CDCly): & 193.5 (d, 2Jc.r= 21.3 Hz), 163.2 (dd,  Jc.r = 248.8, 12.5
Hz), 138.2-137.7 (m), 134.2, 133.7, 129.2 (d, *Jc.r = 2.5 Hz), 128.9, 110.1-109.3 (m),
104.9 (t, *Jc.r= 25.0 Hz), 93.0 (d, YJc.r = 187.5 Hz); **F NMR (376 MHz, CDCly): &
-108.4 (s, 1F), -180.8 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated [M-HF]" for
C14HoF30: 230.0543, found: 230.0545.
2-fluoro-1-phenyl-2-(4-(trifluoromethyl)phenyl)ethan-1-one (6p):

CF
GO
(T

The product 6p is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as yellow solid (121.9 mg, 72% yield, mp 78.5-79.4°C).
The compound is known*. *"H NMR (500 MHz, CDCls): & 7.93 (d, J = 7.7 Hz, 2H),
7.56 (t, J = 7.3 Hz, 1H), 7.46-7.39 (m, 4H), 7.36 (d, J = 8.2 Hz, 2H), 6.49 (d, J = 48.3
Hz, 1H); *C NMR (125 MHz, CDCls): & 193.9 (d, 2Jc.r = 21.3 Hz), 138.2 (d, “Jcr=
20.0 Hz), 134.1, 133.8, 131.6 (q, % Jc.r = 32.5 Hz), 129.2 (d, *Jc.r = 3.8 Hz), 128.8,
127.1 (d, ¥ Jcr = 6.3 Hz), 126.0 (d, 3Jcr = 3.8 Hz), 124.5 (q, * Jc.r = 270.4 Hz), 93.5
(d, YJc.e = 187.5 Hz); *°F NMR (376 MHz, CDCls): 5 -63.6 (s, 3F), -180.5 (d, J = 48.9
Hz, 1F).

2-fluoro-2-(3-fluoro-5-(trifluoromethyl)phenyl)-1-phenylethan-1-one (6q):

F

e
CF3
F

The product 6q is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (149.5 mg, 86% yield). *H NMR (500
MHz, CDCls): & 7.97 (d, J = 7.9 Hz, 2H), 7.62-7.55 (m, 2H), 7.47 (t, J = 7.7 Hz, 2H),
7.41 (d, J = 8.5 Hz, 1H), 7.33 (d, J = 8.0 Hz, 1H), 6.52 (d, J = 47.9 Hz, 1H); *C NMR
(125 MHz, CDCls): & 193.4 (d, 2Jc.e= 21.3 Hz), 162.6 (d, * Jc.e = 250.0 Hz), 138.1
(dd, Jc.e= 21.3, 7.5 Hz), 134.3, 133.7, 133.3 (dd, *"Jc.r = 33.7, 8.0 Hz), 129.2 (d,
3Jc.p=21.3 Hz), 128.9, 122.9 (qd, * " Jcr = 272.9, 3.3 Hz), 119.2 (qt, 2 Jc.r= 7.0, 3.4
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Hz), 117.3 (dd, 2" Jc.p = 22.9, 6.7 Hz), 113.8 (d, ¥ Jc.p = 24.6, 3.0 Hz), 92.7 (d, Ycr=
188.8 Hz); *F NMR (376 MHz, CDCls): & -63.0 (s, 3F), -108.8 (t, J = 9.4 Hz, 1F),
-180.2 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated [M-F]" for CysHgFsO:
281.0590, found: 281.0589.
2-(3,5-bis(trifluoromethyl)phenyl)-2-fluoro-1-phenylethan-1-one (6r):

CF,4

R
CF3
F

The product 6r is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (170.2 mg, 81% vyield). *H NMR (500
MHz, CDCls): & 7.99 (d, J = 8.1 Hz, 2H), 7.96 (s, 2H), 7.90 (s, 1H), 7.63 (t, J = 7.5
Hz, 1H), 7.50 (t, J = 7.7 Hz, 1H), 6.59 (d, J = 47.6 Hz, 1H); *C NMR (125 MHz,
CDCls): 8 193.3 (d, 2Jc.r = 21.3 Hz), 137.0 (d, 2 Jc.r= 21.3 Hz), 134.5, 133.6, 132.4
(9, 2 Jc.r = 33.8 Hz), 129.3 (d, *Jc.r = 3.8 Hz), 129.0, 126.8, 123.4-123.2 (m), 123.1 (q,
YJcp=271.3 Hz), 92.7 (d, }Jc.r = 188.8 Hz); *°F NMR (376 MHz, CDCls): & -63.9 (s,
6F), -181.7 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated [M-F]" for CiHgF;0:
331.0558, found: 331.0563.

2-([1,1'-biphenyl]-4-yl)-2-fluoro-1-phenylethan-1-one (6s):

Ph

The product 6s is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (130.7 mg, 75% yield). *H NMR (500
MHz, CDCls): § 7.98 (d, J = 7.6 Hz, 2H), 7.62 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 7.8 Hz,
5H), 7.44 (dd, J = 13.9, 7.5 Hz, 4H), 7.36 (t, J = 7.3 Hz, 1H), 6.56 (d, J = 48.6 Hz,
1H); 3C NMR (125 MHz, CDCly): & 194.3 (d, 2Jc.r = 21.3 Hz), 142.6 (d, *Jcr= 2.5
Hz), 140.2, 134.1, 133.8, 133.2 (d, *Jc.r = 20.0 Hz), 129.2 (d, ¥*Jc.r= 2.5 Hz), 128.9,
128.7, 127.9, 127.8, 127.7, 127.2, 93.8 (d, *Jc.r = 183.8 Hz). F NMR (376 MHz,
CDCls): §-175.7 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated [M]* for CxoH15FO:
290.1107, found: 290.1106.

2-([1,1'-biphenyl]-3-yl)-2-fluoro-1-phenylethan-1-one (6t):

The product 6t is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (127.2 mg, 73% yield). *H NMR (500
MHz, CDCl3): & 8.00 (d, J = 8.0 Hz, 2H), 7.75 (s, 1H), 7.64-7.53 (m, 4H), 7.52-7.41
(m, 6H), 7.38 (t, J = 7.3 Hz, 1H), 6.61 (d, J = 48.5 Hz, 1H); *C NMR (125 MHz,
CDCls): 6 194.3 (d, 2c.r= 21.3 Hz), 142.2, 140.3, 134.9 (d, ZJc.c = 20.0 Hz), 134.1,
133.9, 129.6, 129.2 (d, %Jc.r = 2.5 Hz), 128.9, 128.8, 128.5, 127.8, 127.2, 126.2 (d,
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¥Jc.r= 6.3 Hz), 126.1 (d, ¥ Jo.r = 6.3 Hz), 94.0 (d, *Jc.r= 185.0 Hz); **F NMR (376
MHz, CDCls): § -176.7 (d, J = 52.6 Hz, 1F); HRMS (EI-TOF) calculated [M]" for
C20H15FOZ 2901107, found: 290.1104.
2-fluoro-2-(naphthalen-2-yl)-1-phenylethan-1-one (6u):

LI
(7

The product 6u is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (117.3 mg, 74% yield). *H NMR (500
MHz, CDCls): & 8.00 (d, J = 7.9 Hz, 2H), 7.90-7.80 (m, 3H), 7.59 (d, J = 8.5 Hz, 2H),
7.54-7.50 (m, 3H), 7.40 (t, J = 7.8 Hz, 2H), 6.72 (d, J = 48.5 Hz, 1H); *C NMR (125
MHz, CDCls): § 194.3 (d, “Jc.r = 21.3 Hz), 134.0, 133.9, 133.7 (d, “Jc.r = 2.5 Hz),
133.2, 131.6 (d, 2Jc.p = 21.3 Hz), 129.2, 129.1 (d, *Jc.¢ = 2.5 Hz), 128.8, 128.4, 127.9,
127.6 (d, *Jc.r = 6.3 Hz), 127.2, 126.8, 124.3 (d, *Jcr = 3.8 Hz), 94.1 (d, cr =
183.8 Hz); F NMR (376 MHz, CDCly): & -175.0 (d, J = 52.6 Hz, 1F); HRMS
(EI-TOF) calculated [M]" for C1gH13FO: 264.0950, found: 264.0949.
2-fluoro-1-phenyl-2-(thiophen-3-yl)ethan-1-one (6v):

O

S

F
The product 6v is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as yellow oil (88.5 mg, 67% yield). "H NMR (500 MHz,
CDCls): § 7.95 (d, J = 7.6 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.46-7.41 (m, 3H),
7.36-7.33 (m, 1H), 7.16 (d, J = 4.9 Hz, 1H), 6.60 (d, J = 49.2 Hz, 1H); **C NMR (125
MHz, CDCls): § 193.9 (d, 2c.r= 21.3 Hz), 135.1 (d, ?Jc.r = 21.3 Hz), 134.0, 133.9,
129.1 (d, *Jc.r= 2.5 Hz), 128.7, 127.2, 126.3 (d, *Jc.r = 2.5 Hz), 125.7, 89.8 (d, “Jc.r
= 183.8 Hz); F NMR (376 MHz, CDCls): 6 -173.4 (d, J = 48.9 Hz, 1F); HRMS
(EI-TOF) calculated [M]" for C1,HgFOS: 220.0358, found:220.0352.
2-(cyclohex-1-en-1-yl)-2-fluoro-1-phenylethan-1-one (6w):

e
(7

The product 6w is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (119.2 mg, 91% yield). *H NMR (500
MHz, CDCls): § 7.98 (d, J = 7.5 Hz, 2H), 7.60 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.7 Hz,
2H), 6.08 (s, 1H), 5.87 (d, J = 48.9 Hz, 1H), 2.18-2.10 (m, 3H), 1.93 (d, J = 16.6 Hz,
1H), 1.63 (dd, J = 15.4, 10.0 Hz, 3H), 1.51 (dd, J = 12.1, 5.8 Hz, 1H); *C NMR (125
MHz, CDCls): & 195.0 (d, 2c.r = 21.3 Hz), 134.5, 133.6, 132.9 (d, *Jc.r= 17.5 Hz),
131.7 (d, ¥Jc.r= 10.0 Hz), 128.8 (d, *Jc.r = 2.5 Hz), 128.6, 96.2 (d, “Jc.r= 181.3 Hz),
25.3, 23.9, 22.1, 21.7; *F NMR (376 MHz, CDCls): & -182.2 (d, J = 52.6 Hz, 1F);
HRMS (EI-TOF) calculated [M]" for C14H15sFO: 218.1107, found:218.1106.
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2-fluoro-1,2-di-p-tolylethan-1-one (7a):

The product 7a is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (103.2 mg, 71% yield). The compound is
known®. *H NMR (500 MHz, CDCls): & 7.84 (d, J = 7.6 Hz, 2H), 7.37 (d, J = 7.4 Hz,
2H), 7.20 (t, J = 7.2 Hz, 4H), 6.49 (d, J = 48.7 Hz, 1H); 2.36 (s, 3H), 2.33 (s, 3H); **C
NMR (125 MHz, CDCls): & 193.9 (d, 2Jc.r = 21.3 Hz), 144.7, 139.7 (d, *Jc.r = 2.5 Hz),
131.6, 131.5 (d, 2 Jc.e = 20.0 Hz), 129.8, 129.4, 129.2 (d, 3Jc.r = 2.5 Hz), 127.6 (d,
¥Jc.r=5.0 Hz), 93.7 (d, *Jc.r = 182.5 Hz), 21.7, 21.3; **F NMR (376 MHz, CDCl5): &
-174.6 (d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated [M]* for C16H15FO: 242.1107,
found:242.1109.

2-fluoro-1-(4-methoxyphenyl)-2-(o-tolyl)ethan-1-one (7b):

1
(]
~o

The product 7b is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (130.2 mg, 84% yield). *H NMR (500
MHz, CDCl5):  7.90 (d, J = 8.8 Hz, 2H), 7.32-7.25 (m, 3H), 7.18 (t, J = 7.2 Hz, 1H),
6.90 (d, J = 8.4 Hz, 2H), 6.69 (d, J = 48.2 Hz, 1H), 3.83 (d, J = 1.7 Hz, 3H), 2.53 (s,
3H); 3C NMR (125 MHz, CDCls): § 193.3 (d, ?Jc.r = 21.3 Hz), 163.9, 137.4 (d, “Jc.r
= 2.5 Hz), 133.1 (d, ?Jc.r= 18.8 Hz), 131.3 (131.30), 131.3 (131.27 and 131.25) (d,
%Jc.p = 2.5 Hz), 129.9, 128.7 (d, ¥Jc.r = 5.0 Hz), 127.3 (d, *Jcr = 1.3 Hz), 126.5,
114.0, 91.6 (d, “Jc.r = 181.3 Hz), 55.5, 19.3; **F NMR (376 MHz, CDCls): § -175.1 (d,
J = 489 Hz, 1F); HRMS (EI-TOF) calculated [M]* for CisHisFO,: 258.1056,
found:258.1055.

2-(4-chlorophenyl)-2-fluoro-1-(4-methoxyphenyl)ethan-1-one (7c):

cl
Qg
(I
~o

The product 7c is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (135.4 mg, 81% yield). *H NMR (500
MHz, CDCl3): 6 7.92 (d, J =8.8 Hz, 2H), 7.41 (d, J = 7.8 Hz, 2H), 7.34 (d, J = 8.2 Hz,
2H), 6.89 (d, J = 8.9 Hz, 2H), 6.45 (d, J = 48.5 Hz, 1H), 3.82 (s, 3H); *C NMR (125
MHz, CDCly): & 192.4 (d, 2c.r= 21.3 Hz), 164.2, 135.6 (d, “Jc.r = 2.5 Hz), 133.2 (d,
ZJcr = 20.0 Hz), 131.6 (d, *Jc.r = 3.8 Hz), 130.9, 129.3, 128.6 (d, *Jcr = 6.3 Hz),
114.1, 93.1 (d, *Jc.r = 185.0 Hz), 55.6; 1°F NMR (376 MHz, CDCls): § -176.0 (d, J =
52.6 Hz, 1F); HRMS (EI-TOF) calculated [M]* for CisHi,FO,*Cl: 278.0510,
found:278.0514.
2-fluoro-2-(4-isopropylphenyl)-1-(4-(trifluoromethoxy)phenyl)ethan-1-one (7d):
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F5CO
The product 7d is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (175.6 mg, 86% yield). *H NMR (500
MHz, CDCls): § 8.05 (d, J = 8.7 Hz, 2H), 7.42 (d, J = 7.5 Hz, 2H), 7.28 (dd, J = 15.3,
8.2 Hz, 4H), 6.47 (d, J = 48.7 Hz, 1H), 2.98-2.87 (m, 1H), 1.25 (d, J = 6.9 Hz, 6H);
13C NMR (125 MHz, CDCls): § 193.1 (d, 2Jc.r = 22.5 Hz), 152.9, 150.8, 132.2, 131.3
(131.32), 131.3 (131.30), 131.2, 127.3, 120.3, 120.2 (q, * Jc.r = 257.5 Hz), 94.2 (d,
1Jc.e= 183.8 Hz), 33.9, 23.8; 1°F NMR (376 MHz, CDCls): & -58.4 (s, 3F), -175.1 (d,
J = 52.6 Hz, 1F); HRMS (E|-TOF) calculated [M]+ for C1sH15F405: 340.1086,
found:340.1091.

1-([1,1'-biphenyl]-4-yl)-2-fluoro-2-(p-tolyl)ethan-1-one (7e):

R
(1
Ph

The product 7e is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as white solid (151.6 mg, 83% yield, mp 92.5-93.1°C).
The compound is known*. *"H NMR (500 MHz, CDCls): & 8.03 (d, J = 8.2 Hz, 2H),
7.64 (d,J=8.2 Hz, 2H), 7.59 (d, J = 7.4 Hz, 2H), 7.44 (dt, J = 15.1, 7.3 Hz, 5H), 7.23
(d, J = 7.8 Hz, 2H), 6.54 (d, J = 48.7 Hz, 1H), 2.35 (s, 3H); **C NMR (125 MHz,
CDCls): & 193.9 (d, 2Jc.r= 21.3 Hz), 146.4, 139.9 (d, *Jc.c = 2.5 Hz), 139.6, 132.7,
131.4 (d, ?Jc.p = 20.0 Hz), 129.9, 129.7 (d, *Jc.r = 2.5 Hz), 129.0, 128.5, 127.7, 127.6,
127.3 (d, *Jcr = 3.8 Hz), 93.9 (d, YJc.r = 183.8 Hz), 21.3; *F NMR (376 MHz,
CDCls):  -174.6 (d, J = 63.9 Hz, 1F); HRMS (EI-TOF) calculated [M]* for Cy:H:7FO:
304.1263, found:304.1264.
1-([1,1'-biphenyl]-4-yl)-2-fluoro-2-(4-(trimethylsilyl)phenyl)ethan-1-one (7f):

TMS
R
(J 7
Ph

The product 7f is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (182.7 mg, 84% yield). *H NMR (500
MHz, CDCls): & 8.08 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 7.62-7.59 (m, 4H),
7.55(d, J = 7.2 Hz, 2H), 7.47 (t, J = 7.5 Hz, 2H), 7.41 (t, J = 7.3 Hz, 1H), 6.57 (d, J =
48.6 Hz, 1H), 0.29 (s, 9H); *C NMR (125 MHz, CDCl5): & 193.8 (d, Jc.r = 21.3 Hz),
146.5, 142.6, 139.6, 134.7 (d, * Jc.r = 20.0 Hz), 134.1, 132.7, 129.8 (d, *Jc.r = 2.5 Hz),
129.1, 128.5, 127.3, 127.2, 126.6 (d, *Jc.r = 5.0 Hz), 94.1 (d, *Jc.r = 183.8 Hz), -1.18;
YF NMR (376 MHz, CDCls): & -176.9 (d, J = 67.7 Hz, 1F); HRMS (EI-TOF)
calculated [M]" for Ca3H,3FOSi: 362.1502, found:362.1504.
2-fluoro-2-(4-pentylphenyl)-1-(thiophen-2-yl)ethan-1-one (79):
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The product 7g is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (148.1 mg, 85% vyield). *H NMR (500
MHz, CDCl3): 6 7.89 (d, J = 3.8 Hz, 1H), 7.69 (d, J = 4.6 Hz, 1H), 7.42 (d, J = 7.4 Hz,
2H), 7.21 (d, J = 7.9 Hz, 2H), 7.12 (t, J = 4.4 Hz, 1H), 6.25 (d, J = 48.4 Hz, 1H), 2.59
(t, J = 7.7 Hz, 2H), 1.64-1.53 (m, 2H), 1.37-1.23 (m, 4H), 0.88 (t, J = 6.8 Hz, 3H); *C
NMR (125 MHz, CDCls): & 188.0 (d, 2Jc.r = 23.8 Hz), 144.8, 140.1 (d, *Jc.r = 2.5 Hz),
135.1, 134.2 (d, *Jc.r = 6.3 Hz), 131.7 (d, Jc.r = 21.3 Hz), 129.1, 128.4, 127.1 (d,
¥Jc.r= 5.0 Hz), 94.9 (d, “Jc.r = 186.3 Hz), 35.7, 31.5, 31.0, 22.5, 14.0; **F NMR (376
MHz, CDCls): & -174.8 (d, J = 52.6 Hz, 1F); HRMS (EI-TOF) calculated [M]* for
Cy7H19FOS: 290.1141, found:290.1142.
2-fluoro-2-(4-fluorophenyl)-1-(thiophen-2-yl)ethan-1-one (7h):
F
S F
W
o]
The product 7h is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (117.2 mg, 82% yield). *H NMR (500
MHz, CDCls): 6 7.90 (d, J = 3.8 Hz, 1H), 7.71 (d, J = 4.8 Hz, 1H), 7.49 (dd, J = 7.2,
5.5 Hz, 2H), 7.13 (t, J = 4.4 Hz, 1H), 7.08 (t, J = 8.5 Hz, 2H), 6.26 (d, J = 48.1Hz,
1H); **C NMR (125 MHz, CDCls): & 187.6 (d, “Jc.r = 25.0 Hz), 163.4 (dd, * Jc.r =
249.2, 2.6 Hz), 139.8 (d, *Jc.r= 3.8 Hz), 135.5, 134.4 (d, *Jc.r = 7.5 Hz), 130.4 (dd,
ZJcr=20.8, 3.1 Hz), 129.1 (dd, *Jc.r= 8.5, 6.0 Hz), 128.6, 116.1 (d, > Jc.r = 21.3
Hz), 94.1 (d, YJc.r = 187.5 Hz); *F NMR (376 MHz, CDCls): & -111.2 (s, 1F), -175.0
(d, J = 48.9 Hz, 1F); HRMS (EI-TOF) calculated [M]* for Ci,HgF,0S: 238.0264,
found:238.0265.
2-(cyclohex-1-en-1-yl)-2-fluoro-1-(thiophen-2-yl)ethan-1-one (7i):
K
S
W
o]
The product 7i is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as colorless oil (111.7 mg, 83% yield). *H NMR (500
MHz, CDCl3): 6 7.91 (d, J =3.7 Hz, 1H), 7.70 (d, J = 4.6 Hz, 1H), 7.14 (t, J = 4.4 Hz,
1H), 6.07 (s. 1H), 5.58 (d, J = 48.7 Hz, 1H), 2.17-2.10 (m, 3H), 1.91 (d, J = 15.4 Hz,
1H), 1.65-1.57 (m, 3H), 1.51 (dt, J = 13.6, 5.8 Hz, 1H); **C NMR (125 MHz, CDCl5):
8 188.4 (d, *Jc.r = 25.0 Hz), 140.4 (d, *Jc.r = 2.5 Hz), 134.8, 134.1 (d, *Jc.¢ = 6.3 Hz),
132.7 (d, ¥Jc.r = 17.5 Hz), 131.4 (dd, *Jcr = 9.3, 4.1 Hz), 128.3, 97.3 (d, "Jc.r =
183.8 Hz), 25.3, 23.7, 22.1, 21.7; **F NMR (376 MHz, CDCls): & -180.0 (d, J = 48.9
Hz, 1F); HRMS (EI-TOF) calculated [M]" for C1,H13FOS: 224.0671, found:224.0670.
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7. Mechanistic Studies

Radical Trapping Experiment with TEMPO:

Ni(OTf), (5 mol%)
phen (5 mol%)

(0]
Br ©/B(OH)2 TEMPO (1.0 equiv)
+
F K,CO3, 80°C, N,
2a 3a

1,4-dioxane

Y

4a, 0%

Ni(OTf); (10.7 mg, 0.03 mmol), phen (5.4 mg, 0.03 mmol), K,CO3 (165.9 mg, 1.2
mmol), phenylboronic acid (109.7 mg, 0.9 mmol), PhACOCFHBr (130.2 mg, 0.6 mmol)
and TEMPO (93.7 mg, 0.6 mmol) were combined in an oven-dried sealing tube. The
vessel was evacuated and backfilled with N, (repeated for 3 times). 1,4-dioxane (2.0
mL) were added via syringe. The reaction mixture was placed into a preheated oil
bath at 80°C for 8 h. No Monofluoromethylation product was detected by GC
analysis.

Procedure of monofluoromethylation of (1S)-(-)-p-Pinene:

Ni(OTf), (5 mol%)
@) phen (5 mol%)

©)1\(Br 7& PhB(OH), (1.5 equiv)

+ >

F K,CO3, 80°C, N,
1,4-dioxane
2a 8 (4.0 equiv) 9, 40%

Ni(OTf), (10.7 mg, 0.03 mmol), phen (5.4 mg, 0.03 mmol), K,CO3 (165.9 mg, 1.2
mmol), phenylboronic acid (109.7 mg, 0.9 mmol), PhACOCFHBr (130.2 mg, 0.6 mmol)
and TEMPO (93.7 mg, 0.6 mmol) were combined in an oven-dried sealing tube. The
vessel was evacuated and backfilled with N, (repeated for 3 times). 1,4-dioxane (2.0
mL) and (1S)-(-)-p-Pinene (327.0 mg, 2.4 mmol) were added via syringe. The
reaction mixture was placed into a preheated oil bath at 80°C for 8 h. The mixture was
then cooled to room temperature, filtered through a plug of silica and washed with
EtOAc. The filtrate was concentrated under vacuum and purified by preparatory thin
layer chromatography (PE:EA = 50:1) to give product 9 as a colorless oil (65.1 mg,
40%) and cross-coupling product 4a as a white solid (65.6 mg, 51%).
2-fluoro-1-phenyl-3-(4-(prop-1-en-2-yl)cyclohex-1-en-1-yl)propan-1-one (9):

L

)

The product 9 is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 50/1 as the eluent) as yellow oil (65.1 mg, 40% yield). '"H NMR (500 MHz,
CDCl3): 6 7.95 (d, J = 7.8 Hz, 2H), 7.60 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.7 Hz, 2H),
5.77-5.50 (m, 2H), 4.70 (d, J = 9.7 Hz, 2H), 2.60 (dd, J = 25.0, 7.0 Hz, 2H), 2.14-2.00
(m, 3H), 1.98-1.78 (m, 2H), 1.72 (s, 3H), 1.70-1.63 (m, 1H), 1.51-1.41 (m, 1H); **C
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NMR (125 MHz, CDCls): & 196.7 (d, 2Jc.r = 20.0 Hz), 149.7 (d, “Jc.r = 6.3 Hz), 134.5,
133.7, 131.7 (dd, *Jc.e = 18.8, 1.7 Hz), 128.9 (128.92 and 128.90) (d, * Jc.r = 2.5 Hz),
128.9 (128.88), 128.7, 125.3 (d, *Jc.r = 5.0 Hz), 108.7 (d, * Jc.r = 3.8 Hz), 92.6 (dd,
YJc.e= 185.6, 40.8 Hz), 40.7 (d, ® Jc.r = 2.8 Hz), 30.8 (d, > Jcr = 6.3 Hz), 29.1 (d,
>Je.r= 6.3 Hz), 27.7 (d, ®Jc.r = 3.8 Hz), 20.8; *F NMR (376 MHz, CDCl5): & -186.8
(d, J = 244.4 Hz, 1F); HRMS (ESI-TOF) calculated [M+H]* for C15H,:FO: 273.1649,
found:273.1652.

8. General procedure for the Synthesis of benzyl protected

BMS-204352 (racemate)

‘?JQ
CI\C[B\O
Br F Br F O/
NaH, BnBr 1"
0O ————>» o) >
F.C N DMF, 0°C F.C N Ni(OTf), (5 mol%)

3 H 3 ! FsC \
Bn phen (5 mol%) Bn

K,COg, 1,4-dioxane, 80°C, N,
2s 10, 95% 12, 47%

A solution of 2s (1.49 g, 5 mmol) in DMF (10 mL) was cooled to 0 <C (ice bath).
NaH (60% dispersion in mineral oil, 0.21 g, 5.25 mmol) was added portionwise to the
solution. When the gas evolution stopped, benzyl bromide (0.94 g, 5.5 mmol) was
added slowly. After the reaction mixture was stirred for 15 min at 0 <C, H,O was
introduced to precipitate the product. The mixture was extracted with ethyl acetate (15
mL x 3), and the organics were dried over Na,SO, and concentrated under reduced
pressure. SiO; flash chromatography afforded the compound 10.

The 5-chloro-2-methoxybenzeneboronic acid (1.86 g, 10 mmol) and pinacol
(2.36 g, 20 mmol) were dissolved in CH,Cl, (50 mL) and MgSO, (12 g, 100 mmol)
was added. The suspension was stirred for 16 h at r.t. The solid was filtered off, the
filtrate was concentrated in vacuo, and the residue was purified by column
chromatography to give product 11.

Ni(OTf), (0.03 mmol, 5 mol%), phen (0.03 mmol, 5 mol%), K,CO3 (165.9 mg,
1.2 mmol), 11 (241.7 mg, 0.9 mmol) and 10 (232.9 mg, 0.6 mmol) were combined in
an over-dried sealing tube. The vessel was evacuated and backfilled with N, (repeated
for three times). 1,4-dioxane were added via syringe. The reaction mixture was
stirring at 80 <C for 8 h. The mixture was then cooled to room temperature, filtered
through a plug of silica and washed with EtOAc. The filtrate was concentrated under
vacuum and purified by flash column chromatography on silica gel to give product
12.
1-benzyl-3-bromo-3-fluoro-6-(trifluoromethyl)indolin-2-one (10):
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The product 10 is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 100/1 as the eluent) as yellow oil (1.79 g, 95% yield). *H NMR (500 MHz,
CDCls): § 7.73 (d, J = 7.8 Hz, 1H), 7.43 (d, J = 7.8 Hz, 1H), 7.35 (dt, J = 12.1, 7.7 Hz,
5H), 6.97 (s, 1H), 4.95 (dd, J = 87.4, 15.8 Hz, 2H); *C NMR (125 MHz, CDCls): &
167.5 (d, “Jc.r = 23.8 Hz), 141.2 (d, *Jc.r = 5.0 Hz), 134.6 (q, 2 Jc.r = 32.5 Hz), 133.7,
129.3, 129.1 (d, #Jc.r = 20.0 Hz), 128.5, 127.2, 125.8, 123.2 (q, * Jc.r = 270.8 Hz),
121.2 (d, *Jc.r= 2.5 Hz), 107.2 (dd, * Jer = 7.4, 3.7 Hz), 90.5 (d, Jc.r = 270.0 Hz),
44.4; F NMR (376 MHz, CDCly): & -63.2 (s, 3F), -125.1 (s, 1F); HRMS (ESI-TOF)
calculated [M+H]" for CysH10"°BrF,NO: 387.9955, found:387.9956.
2-(5-chloro-2-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (11):

‘?J%
C|\E>B\O
O/

The product 11 is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 200/1 as the eluent) as white solid (2.42 g, 90% yield, mp 47.1-48.6°C). 'H
NMR (500 MHz, CDCls): 6 7.61 (s, 1H), 7.32 (d, J = 8.6 Hz, 1H), 6.77 (d, J = 8.8 Hz,
1H), 3.80 (s, 3H), 1.35 (d, J = 0.9 Hz, 12H); *C NMR (125 MHz, CDCl5): § 162.7,
136.1, 132.0, 126.2, 125.4, 111.9, 83.8, 56.1, 24.8; HRMS (ESI-TOF) calculated
[M+Na]" for C13H13BCIOs: 291.0930, found:291.0934.
1-benzyl-3-(5-chloro-2-methoxyphenyl)-3-fluoro-6-(trifluoromethyl)indolin-2-one
(10):

The product 12 is purified with silica gel chromatography (petroleum ether/ethyl
acetate = 50/1 as the eluent) as white solid (126.9 mg, 47% yield, mp 99.9-101.2°C).
'"H NMR (500 MHz, CDCls): § 7.49-7.46 (m, 1H), 7.40-7.30 (m, 5H), 7.23 (d, J = 7.4
Hz, 1H), 7.20 (dd, J = 8.8, 2.5 Hz, 1H), 7.13 (d, J = 7.7 Hz, 1H), 6.93 (s, 1H), 6.75 (d,
J=8.8 Hz, 1H), 5.12 (d, J = 15.8 Hz, 1H), 4.75 (d, J = 15.9 Hz, 1H), 3.40 (s, 3H); **C
NMR (125 MHz, CDCls): & 166.5 (d, “Jc.r = 32.5 Hz), 151.2 (d, *Jc.r = 2.5 Hz),
143.5 (d, *Jcr = 5.0 Hz), 141.2, 134.1 (q, ¥ Jc.r = 33.8 Hz), 134.0, 129.1, 129.0,
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128.2, 127.2, 127.1, 127.0, 126.0 (q, * Jc.r = 255.8 Hz), 125.3, 125.0 (d, * Jc.r= 6.3
Hz), 120.0 (d, * Jc.e = 5.0 Hz), 113.0, 106.6 (dd, % Jc.r= 7.4, 4.5 Hz), 104.8 (d, YJc.r
= 236.3 Hz), 55.6, 43.9; *°F NMR (376 MHz, CDCls): & -63.2 (s, 3F), -115.1 (s, 1F);
HRMS (ESI-FT) calculated [M+H]" for Co3H16 > CIFsNO,: 450.0878, found:450.0872.
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9. NMR Spectra and HRMS
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10. X-Ray Crystal Structure
X-Ray Crystal Structure of 2d (CCDC 1897634)
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Figure 1 X-Ray Structure of 2d
Crystallization: Crystal of compound 2d was grown from the solvents n-Hexane +
DCM by slow evaporation method.

Table 1. Crystal data and structure refinement for ga_81219d a.

Identification code ga_81219d a

Empirical formula Cl11H12BrFO4

Formula weight 307.12

Temperature 173(2) K

Wavelength 1.34138 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=7.9110(7) A a= 95.663(4)<
b =8.3831(8) A b=100.671(4)<
c=9.1283(7) A g=90.119(4)°

S164



Volume 591.88(9) A3

z 2

Density (calculated) 1.723 Mg/m3

Absorption coefficient 3.233mm-1

F(000) 308

Crystal size 0.700 x 0.300 x 0.250 mm3
Theta range for data collection 4.310t0 53.497<

Index ranges -9<=h<=9, -10<=k<=9, -10<=I<=10
Reflections collected 6141

Independent reflections 2076 [R(int) = 0.0450]
Completeness to theta = 53.497 97.6 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.751 and 0.390

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 2076 /0/158

Goodness-of-fit on F2 1.072

Final R indices [I>2sigma(l)] R1=0.0411, wR2 =0.1082

R indices (all data) R1=0.0415, wR2 =0.1086
Extinction coefficient 0.021(3)

Largest diff. peak and hole 1.563 and -0.449 e.A-3

Table 2. Atomic coordinates (X 104) and equivalent isotropic displacement parameters (Azx
103) for ga_81219d_a. U(eq) is defined as one third of the trace of the orthogonalized uii
tensor.

X y Z U(eq)
Br(1) 6427(1) 159(1) 2168(1) 38(1)
F(1) 9353(3) 1001(3) 1314(3) 50(1)
0(1) 9430(3) 3510(3) 3206(3) 40(1)
0(2) 5494(3) 8011(3) 4590(3) 27(2)
0@3) 2634(3) 7547(3) 2492(3) 27(2)
0(4) 2095(3) 4903(3) 625(3) 30(2)
C() 7797(5) 1666(4) 1363(4) 32(1)
C(2) 8028(4) 3204(4) 2451(4) 29(1)
C(3) 6519(4) 4246(4) 2520(4) 24(1)
C(4) 6749(4) 5580(4) 3597(4) 24(1)
C(5) 5429(4) 6664(4) 3623(4) 24(1)
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C(6)
c(7)
Cc(8)
o)
C(10)
C(11)

3892(4)
3655(4)
4974(4)
7015(4)
1575(4)
1679(4)

6423(4)
5050(4)
3966(4)
8298(4)
7494(5)
3371(4)

2578(3)
1553(3)
1520(4)
5713(4)
3606(4)
-233(4)

23(1)
23(1)
24(1)
31(1)
33(1)
32(1)

Table 3.  Bond lengths [A] and angles [] for ga_81219d_a.

Br(1)-C(1)
F(1)-C(1)
0(1)-C(2)
0(2)-C(5)
0(2)-C(9)
0(3)-C(6)
0(3)-C(10)
0(4)-C(7)
0(4)-C(11)
C(1)-C(2)
C(1)-H(1)
C(2)-C(3)
C(3)-C(8)
C(3)-C(4)
C(4)-C(5)
C(4)-H4)
C(5)-C(6)
C(6)-C(7)
C(7)-C(8)
C(8)-H(8)
C(9)-H(9A)
C(9)-H(9B)
C(9)-H(9C)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)

1.945(3)
1.358(4)
1.204(4)
1.358(4)
1.432(4)
1.369(4)
1.436(4)
1.359(4)
1.440(4)
1.537(5)
1.0000
1.488(4)
1.388(5)
1.402(5)
1.388(4)
0.9500
1.400(5)
1.399(4)
1.388(4)
0.9500
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
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C(5)-0(2)-C(9)
C(6)-0O(3)-C(10)
C(7)-0(4)-C(11)
F(1)-C(1)-C(2)
F(1)-C(1)-Br(1)
C(2)-C(1)-Br(1)
F(1)-C(1)-H()
C(2)-C(1)-H()
Br(1)-C(1)-H(1)
O(1)-C(2)-CB)
O(1)-C(2)-C(1)
C(3)-C(2)-C(1)
C(8)-C(3)-C(4)
C(8)-C(3)-C(2)
C(4)-C(3)-C(2)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
O(2)-C(5)-C(4)
O(2)-C(5)-C(6)
C(4)-C(5)-C(6)
O(3)-C(6)-C(7)
O(3)-C(6)-C(5)
C(7)-C(6)-C(5)
O(4)-C(7)-C(8)
0O(4)-C(7)-C(6)
C(8)-C(7)-C(6)
C(7)-C(8)-C(3)
C(7)-C(8)-H(8)
C(3)-C(8)-H(8)

0O(2)-C(9)-H(9A)
0O(2)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
0O(2)-C(9)-H(9C)
H(9A)-C(9)-H(9C)
H(9B)-C(9)-H(9C)
O(3)-C(10)-H(10A)

117.4(2)
113.8(3)
116.6(2)
109.8(3)
107.7(2)
107.3(2)
110.7
110.7
110.7
123.1(3)
118.2(3)
118.7(3)
121.1(3)
121.9(3)
117.0(3)
119.2(3)
120.4
120.4
125.1(3)
114.8(3)
120.0(3)
118.8(3)
121.1(3)
120.0(3)
124.6(3)
115.3(3)
120.1(3)
119.5(3)
120.3
120.3
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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0(3)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
0(3)-C(10)-H(10C)
H(L10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
0(4)-C(11)-H(11A)
0(4)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
0(4)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

Symmetry transformations used to generate equivalent atoms:

Table 4.  Anisotropic displacement parameters (Azx 103) for ga_81219d_a. The anisotropic
displacement factor exponent takes the form: -2p2[ h2a*2Ull+ . +2hka*b*Ul2]

yll u22 u33 u23 ul3 ul2
Br(1) 52(1) 19(1) 47(1) 5(1) 19(1) 4(1)
F(1) 46(1) 39(1) 72(2) 3(1) 30(1) 17(1)
o) 27(1) 33(1) 58(2) 0(1) 4(1) 9(1)
0(2) 30(1) 19(1) 31(1) -5(1) 4(1) 3(1)
0(3) 31(1) 20(1) 30(1) 2(1) 6(1) 12(1)
o4) 27(1) 24(1) 34(1) -5(1) 0(1) 7(1)
C@1) 38(2) 24(2) 38(2) 7(1) 19(2) 12(1)
C(2) 32(2) 21(2) 38(2) 8(1) 12(1) 7(1)
C@3) 27(2) 16(2) 31(2) 7(1) 10(1) 5(1)
C) 26(2) 18(2) 28(2) 4(1) 4(1) 3(1)
C(5) 30(2) 16(2) 27(2) 3(1) 11(1) 1(1)
C(6) 28(2) 16(2) 26(2) 4(1) 9(1) 6(1)
C(7) 26(2) 19(2) 25(2) 4(1) 6(1) 3(1)
C(8) 29(2) 15(2) 30(2) 2(1) 9(1) 3(1)
C(9) 29(2) 29(2) 33(2) -3(1) 2(1) 1(1)
C(10) 28(2) 33(2) 38(2) -5(2) 9(1) 6(1)
C(11) 31(2) 24(2) 36(2) -6(1) 2(1) 2(1)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (AZX 10 3)
for ga_81219d_a.

X y z U(eq)
H(1) 7212 1899 340 38
H(4) 7797 5740 4300 29
H(8) 4820 3038 817 29
H(9A) 7157 7416 6353 47
H(9B) 6912 9308 6326 47
H(9C) 8018 8364 5231 47
H(10A) 1065 6417 3538 50
H(10B) 658 8277 3437 50
H(10C) 2279 7754 4604 50
H(11A) 2390 3222 -1007 48
H(11B) 461 3334 -708 48
H(11C) 1905 2516 431 48

Table 6. Torsion angles [] for ga_81219d_a.

F(1)-C(1)-C(2)-0(1) -8.0(4)
Br(1)-C(1)-C(2)-0(2) 108.7(3)
F(1)-C(1)-C(2)-C(3) 171.8(3)
Br(1)-C(1)-C(2)-C(3) -71.5(3)
0(1)-C(2)-C(3)-C(8) 172.4(3)
C(1)-C(2)-C(3)-C(8) -7.3(5)
0(1)-C(2)-C(3)-C(4) -4.4(5)
C(1)-C(2)-C(3)-C(4) 175.8(3)
C(8)-C(3)-C(4)-C(5) -2.3(5)
C(2)-C(3)-C(4)-C(5) 174.6(3)
C(9)-0(2)-C(5)-C(4) -3.0(4)
C(9)-0(2)-C(5)-C(6) 178.2(3)
C(3)-C(4)-C(5)-0(2) -179.1(3)
C(3)-C(4)-C(5)-C(6) -0.3(5)
C(10)-0(3)-C(6)-C(7) 102.7(3)
C(10)-0(3)-C(6)-C(5) -80.3(4)
0(2)-C(5)-C(6)-0(3) 4.9(4)
C(4)-C(5)-C(6)-O(3) -174.0(3)
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0(2)-C(5)-C(6)-C(7) -178.1(3)

C(4)-C(5)-C(6)-C(7) 3.0(5)
C(11)-O(4)-C(7)-C(8) 12.9(5)
C(11)-O(4)-C(7)-C(6) -168.1(3)
0(3)-C(6)-C(7)-O(4) -5.2(4)
C(5)-C(6)-C(7)-O(4) 177.7(3)
0(3)-C(6)-C(7)-C(8) 173.8(3)
C(5)-C(6)-C(7)-C(8) -3.3(5)
0(4)-C(7)-C(8)-C(3) 179.7(3)
C(6)-C(7)-C(8)-C(3) 0.7(5)
C(4)-C(3)-C(8)-C(7) 2.1(5)
C(2)-C(3)-C(8)-C(7) -174.6(3)

Symmetry transformations used to generate equivalent atoms:

Table 7. Hydrogen bonds for ga_81219d_a [Aand 9.

D-H..A d(D-H) d(H...A) d(D...A)

<(DHA)
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X-Ray Crystal Structure of 2s (CCDC 1922967)

Figure 2 X-Ray Structure of 2s
Crystallization: Crystal of compound 2s was grown from the solvents n-Hexane +
Ethyl acetate by slow evaporation method.

Table 1. Crystal data and structure refinement for mo_dd19161 Om.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

mo_dd19161 Om

COH4BrFANO

298.04

293(2) K

0.71073 A

Triclinic

P-1

a=8.3249(4) A a= 74.1700(10)<
b=9.3737(4) A b=81.721(2)<
c=14.3173(7) A g = 78.1940(10)<
1047.52(8) A3
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4 4

Density (calculated) 1.890 Mg/m3

Absorption coefficient 3.958 mm-1

F(000) 576

Crystal size 0.200 x 0.140 x 0.100 mm3
Theta range for data collection 2.293 10 25.500<

Index ranges -10<=h<=10, -11<=k<=11, -17<=I<=17
Reflections collected 19446

Independent reflections 3881 [R(int) = 0.0433]
Completeness to theta = 25.242° 99.5 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.3520

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3881/85/344

Goodness-of-fit on F2 1.043

Final R indices [I>2sigma(l)] R1=0.0593, wR2 =0.1747

R indices (all data) R1=0.0841, wR2 =0.1999
Extinction coefficient 0.016(4)

Largest diff. peak and hole 0.747 and -0.743 e.A-3

Table 2.  Atomic coordinates (X 104) and equivalent isotropic displacement parameters (Azx
103) for mo_dd19161 _Om. U(eq) is defined as one third of the trace of the orthogonalized ulj
tensor.

X y Z U(eq)
Br(1) 5326(1) 6719(1) 3926(1) 111(12)
Br(2) 10302(1) 4597(1) 6414(1) 128(1)
N(1) 1253(4) 8468(5) 4730(3) 57(1)
N(2) 6156(4) 6803(5) 6682(3) 66(1)
0(1) 3212(4) 7880(5) 5810(3) 85(1)
0(2) 8182(4) 8009(5) 5712(3) 80(1)
C() 2787(5) 8259(6) 4992(3) 61(1)
C(2) 3919(5) 8598(6) 4025(3) 60(1)
C(3) 2762(6) 9147(5) 3258(3) 57(2)
C(4) 1177(5) 9028(5) 3723(3) 49(1)
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C(5) -191(6) 9477(5) 3223(3) 58(1)
C(6) 65(7) 10036(6) 2218(4) 68(1)
C(7) 1622(8) 10147(7) 1745(4) 81(2)
C(8) 2990(7) 9696(7) 2275(4) 79(2)
C(©9) -1401(10) 10579(10) 1645(5) 97(2)
C(10) 7712(5) 7041(5) 6396(4) 60(1)
C(11) 8813(6) 5845(6) 7112(4) 65(1)
C(12) 7618(6) 5029(6) 7831(4) 64(1)
C(13) 6060(5) 5642(5) 7523(3) 55(1)
C(14) 4676(7) 5123(6) 8032(4) 68(1)
C(15) 4913(9) 3945(7) 8859(4) 84(2)
C(16) 6457(10) 3334(9) 9173(5) 104(2)
C(7) 7821(9) 3864(8) 8644(5) 98(2)
C(18) 3418(14) 3356(12) 9432(6) 115(3)
F(1) 4972(3) 9534(4) 4033(2) 76(1)
F(5) 9855(4) 6529(3) 7531(2) 78(1)
F(2) -1152(19) 10470(30) 764(10) 137(6)
F(3) -2604(15) 9710(20) 2020(10) 144(4)
F(4) -2070(30) 11910(20) 1587(18) 151(6)
F(6) 3760(20) 2813(18) 10396(11) 138(6)
F(7) 3010(30) 2400(30) 9107(17) 172(7)
F(8) 2039(17) 4448(16) 9450(11) 137(4)
F(2" -1380(30) 9700(20) 1080(16) 160(8)
F(3) -2777(13) 10970(20) 2109(8) 127(4)
F(4) -1230(20) 11930(20) 981(13) 147(6)
F(6" 3838(18) 1698(14) 9566(10) 133(4)
F(7" 2210(18) 3550(30) 8985(14) 165(6)
F(8" 3120(20) 3440(20) 10295(16) 150(7)
Table 3.  Bond lengths [A] and angles [] for mo_dd19161_Om.

Br(1)-C(2) 1.933(5)

Br(2)-C(11) 1.895(5)

N(1)-C(1) 1.344(6)

N(1)-C(4) 1.400(6)

N(1)-H(1) 0.8600

N(2)-C(10) 1.346(6)

N(2)-C(13) 1.390(6)
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N(2)-H(2)
0(1)-C(1)
0(2)-C(10)
C(1)-C(2)
C(2)-F(1)
C(2)-CB3)
C(3)-C(8)
C(3)-C(4)
C(4)-C(5)
C(5)-C(6)
C(3)-HE)
C(6)-C(7)
C(6)-C(9)
C(7)-C(8)
C(7)-H()
C(8)-H(8)
C(9)-F(4)
C(9)-F(2)
C(9)-F(3)
C(9)-F(2)
C(9)-F@3)
C(9)-F(4)
C(10)-C(11)
C(11)-F(5)
C(11)-C(12)
C(12)-C(17)
C(12)-C(13)
C(13)-C(14)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(15)-C(18)
C(16)-C(17)
C(16)-H(16)
C(17)-H(17)
C(18)-F(7"
C(18)-F(7)
C(18)-F(8)

0.8600
1.210(6)
1.219(6)
1.553(6)
1.365(5)
1.480(7)
1.361(7)
1.401(6)
1.364(6)
1.391(7)
0.9300
1.383(8)
1.493(8)
1.388(8)
0.9300
0.9300
1.241(15)
1.277(16)
1.277(13)
1.294(18)
1.376(14)
1.379(14)
1.540(6)
1.453(6)
1.490(7)
1.366(7)
1.388(6)
1.374(7)
1.387(8)
0.9300
1.381(10)
1.506(10)
1.374(10)
0.9300
0.9300
1.225(17)
1.240(18)
1.25(2)
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C(18)-F(8)
C(18)-F(6)
C(18)-F(6)

C(1)-N(1)-C(4)
C(1)-N(1)-H(1)
C(4)-N(1)-H(1)

C(10)-N(2)-C(13)

C(10)-N(2)-H(2)
C(13)-N(2)-H(2)
O(1)-C(1)-N(1)
O(1)-C(1)-C(2)
N(1)-C(1)-C(2)
F(1)-C(2)-C(3)
F(1)-C(2)-C(1)
C(3)-C(2)-C(1)
F(1)-C(2)-Br(1)
C(3)-C(2)-Br(1)
C(1)-C(2)-Br(1)
C(8)-C(3)-C(4)
C(8)-C(3)-C(2)
C(4)-C(3)-C(2)
C(5)-C(4)-N(1)
C(5)-C(4)-C(3)
N(1)-C(4)-C(3)
C(4)-C(5)-C(6)
C(4)-C(5)-H(®)
C(6)-C(5)-H(5)
C(7)-C(6)-C(5)
C(7)-C(6)-C(9)
C(5)-C(6)-C(9)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H()
C(3)-C(8)-C(7)
C(3)-C(8)-H(8)
C(7)-C(8)-H(8)
F(4)-C(9)-F(2)

1.375(18)
1.38(2)
1.486(18)

112.6(4)
123.7
123.7
112.2(4)
123.9
123.9
127.5(4)
126.7(4)
105.8(4)
116.1(4)
112.5(4)
104.3(3)
104.9(3)
111.9(3)
107.0(3)
120.4(4)
132.5(4)
107.1(4)
127.9(4)
122.2(4)
109.9(4)
116.6(4)
121.7
121.7
122.0(5)
119.5(5)
118.5(5)
120.0(5)
120.0
120.0
118.7(5)
120.6
120.6
104.7(13)
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F(3)-C(9)-F(2)
F(4)-C(9)-F(3)
F(2)-C(9)-F(3)
F(3)-C(9)-F(4)
F(2)-C(9)-F(4)
F(4)-C(9)-C(6)
F(2)-C(9)-C(6)
F(3)-C(9)-C(6)
F(2)-C(9)-C(6)
F(3)-C(9)-C(6)
F(4)-C(9)-C(6)
0(2)-C(10)-N(2)
0(2)-C(10)-C(11)
N(2)-C(10)-C(11)
F(5)-C(11)-C(12)
F(5)-C(11)-C(10)
C(12)-C(11)-C(10)
F(5)-C(11)-Br(2)
C(12)-C(11)-Br(2)
C(10)-C(11)-Br(2)
C(17)-C(12)-C(13)
C(17)-C(12)-C(11)
C(13)-C(12)-C(11)
C(14)-C(13)-C(12)
C(14)-C(13)-N(2)
C(12)-C(13)-N(2)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)
C(16)-C(15)-C(14)
C(16)-C(15)-C(18)
C(14)-C(15)-C(18)
C(17)-C(16)-C(15)
C(17)-C(16)-H(16)
C(15)-C(16)-H(16)
C(12)-C(17)-C(16)
C(12)-C(17)-H(17)
C(16)-C(17)-H(17)

117.5(14)
106.6(15)
101.6(12)
100.0(13)
101.9(13)
115.8(9)
115.5(9)
116.7(7)
109.3(11)
111.3(7)
109.5(7)
127.7(4)
125.9(4)
106.4(4)
114.7(4)
111.4(4)
103.8(4)
104.8(3)
113.3(4)
109.0(4)
120.6(5)
132.3(5)
107.1(4)
121.5(4)
128.1(4)
110.4(4)
116.8(5)
121.6
121.6
122.0(5)
119.9(6)
118.0(7)
119.9(5)
120.1
120.1
119.1(6)
120.4
120.4
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F(7)-C(18)-F(8) 115.7(17)

F(7)-C(18)-F(8) 105.7(17)
F(7)-C(18)-F(6) 112.6(16)
F(8)-C(18)-F(6) 104.5(13)
F(7')-C(18)-F(6") 96.6(15)
F(8')-C(18)-F(6") 101.1(12)
F(7')-C(18)-C(15) 116.5(9)

F(7)-C(18)-C(15) 112.6(12)
F(8')-C(18)-C(15) 117.5(11)
F(8)-C(18)-C(15) 113.8(8)

F(6)-C(18)-C(15) 107.4(10)
F(6')-C(18)-C(15) 104.7(9)

Symmetry transformations used to generate equivalent atoms:

Table 4.  Anisotropic displacement parameters (Azx 103) formo_dd19161 Om. The
anisotropic displacement factor exponent takes the form: -2p2[ h2a*x2ull+ . +2hka*b*
ul2 ]

yll u22 u33 u23 ul3 ul2
Br(1) 90(1) 101(1) 130(1) -42(1) -13(1) 31(1)
Br(2) 95(1) 85(1) 180(1) -38(1) 33(1) 8(1)
N(1) 41(2) 73(2) 49(2) 2(2) -2(1) -15(2)
N(2) 42(2) 78(3) 63(2) 12(2) -9(2) -11(2)
o) 56(2) 126(3) 58(2) 3(2) -14(2) -11(2)
0(2) 51(2) 86(3) 82(2) 13(2) 1(2) -14(2)
C@1) 47(2) 69(3) 56(3) 2(2) -7(2) -7(2)
C(2) 43(2) 70(3) 62(3) -12(2) 1(2) -8(2)
C@3) 55(2) 60(3) 50(2) -6(2) 2(2) -13(2)
C) 48(2) 51(2) 46(2) -5(2) -5(2) -10(2)
C(5) 54(2) 62(3) 57(3) -8(2) -8(2) -14(2)
C(6) 72(3) 71(3) 60(3) -6(2) -17(2) -16(2)
C(7) 90(4) 98(4) 49(3) -3(3) -10(3) -21(3)
C(8) 65(3) 108(4) 56(3) -10(3) 8(2) -24(3)
C(9) 108(5) 121(6) 63(4) -10(4) -35(4) -18(5)
C(10) 44(2) 63(3) 63(3) -2(2) -4(2) -6(2)
C(11) 49(2) 64(3) 81(3) -10(2) -19(2) -8(2)
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C(12)  61(3) 62(3) 61(3) 1(2) -18(2) -8(2)

C(13)  56(2) 54(2) 52(2) 2(2) -6(2) -15(2)
c(14)  67(3) 75(3) 59(3) 5(2) -4(2) -24(3)
C(15)  110(5) 88(4) 58(3) -4(3) -1(3) -51(4)
c(16)  121(6) 96(5) 76(4) 29(3) -23(4) -37(4)
C(17)  92(4) 88(4) 98(5) 23(4) -42(4) -20(4)
c(18)  152(8) 123(7) 75(5) 2(5) 5(5) -83(7)
F(1) 60(2) 98(2) 77(2) -12(2) -9(1) -38(2)
F(5) 72(2) 79(2) 89(2) -4(2) -27(2) -39(2)
F(2) 121(8) 204(15) 82(7) -44(9) -43(5) 14(10)
F(3) 95(7) 205(11) 127(8) 12(8) -57(6) -57(8)
F(4)  151(12) 126(10) 178(13) -55(10) -87(10) 45(9)
F6)  161(12) 134(10) 82(7) 24(7) 29(7) -39(8)
F(7)  182(14) 157(13) 210(14) -64(11) 22(11) -106(11)
F(8) 112(8) 144(9) 140(9) -13(8) 46(7) -62(8)
F(2)  178(12) 180(13) 168(15) -71(10) -92(11) -47(10)
F(3) 74(5) 185(11) 97(6) -7(8) -32(5) 14(7)
F(4)  143(10) 142(10) 131(9) 55(8) -83(7) -43(8)
F(6) 141(9) 101(7) 150(9) -8(6) 26(7) -65(6)
F(7) 100(8) 181(13) 179(11) 39(11) -2(8) -65(9)
F8)  152(12) 177(14) 139(12) -78(12) 50(10) -59(11)

Table5. Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Azx 10 3)
for mo_dd19161_0m.

X y z U(eq)
H(1) 410 8278 5136 68
H(2) 5318 7310 6380 79
H(5) -1241 9413 3538 69
H(7) 1753 10523 1072 97
H(8) 4041 9768 1963 95
H(14) 3631 5542 7831 81
H(16) 6573 2566 9741 124
H(17) 8869 3436 8838 118

Table 6. Torsion angles [ for mo_dd19161 Om.
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C(4)-N(1)-C(1)-0(1)
C(4)-N(1)-C(1)-C(2)
O(1)-C(1)-C(2)-F(1)
N(1)-C(1)-C(2)-F(1)
O(1)-C(1)-C(2)-C(B)
N(1)-C(1)-C(2)-C(3)
O(1)-C(1)-C(2)-Br(1)
N(1)-C(1)-C(2)-Br(1)
F(1)-C(2)-C(3)-C(8)
C(1)-C(2)-C(3)-C(8)
Br(1)-C(2)-C(3)-C(8)
F(1)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
Br(1)-C(2)-C(3)-C(4)
C(1)-N(1)-C(4)-C(5)
C(1)-N(1)-C(4)-C(3)
C(8)-C(3)-C(4)-C(5)
C(2)-C(3)-C(4)-C(5)
C(8)-C(3)-C(4)-N(1)
C(2)-C(3)-C(4)-N(1)
N(1)-C(4)-C(5)-C(6)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(4)-C(5)-C(6)-C(9)
C(5)-C(6)-C(7)-C(8)
C(9)-C(6)-C(7)-C(8)
C(4)-C(3)-C(8)-C(7)
C(2)-C(3)-C(8)-C(7)
C(6)-C(7)-C(8)-C(3)
C(7)-C(6)-C(9)-F(4)
C(5)-C(6)-C(9)-F(4)
C(7)-C(6)-C(9)-F(2)
C(5)-C(6)-C(9)-F(2)
C(7)-C(6)-C(9)-F(3)
C(5)-C(6)-C(9)-F(3)
C(7)-C(6)-C(9)-F(2)
C(5)-C(6)-C(9)-F(2)
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175.1(5)
-5.3(5)
-48.2(7)
132.2(4)

-174.7(5)

5.6(5)
66.6(6)

-113.1(4)

51.5(8)
175.8(6)
-68.9(7)

-128.2(4)

-3.9(5)
111.4(4)

-174.3(5)

2.9(6)
-1.4(8)
178.4(4)

-178.7(5)

1.1(5)
178.1(5)
1.3(7)
-0.5(8)

-178.4(5)

-0.2(9)
177.7(7)
0.6(9)

-179.1(6)

0.1(10)

-92.1(18)

85.8(18)
30.8(16)

-151.3(14)
-155.0(14)

22.9(16)
68.5(14)

-113.5(13)



C(7)-C(6)-C(9)-F(3)
C(5)-C(6)-C(9)-F(3)
C(7)-C(6)-C(9)-F(4")
C(5)-C(6)-C(9)-F(4")
C(13)-N(2)-C(10)-0(2)
C(13)-N(2)-C(10)-C(11)
0(2)-C(10)-C(11)-F(5)
N(2)-C(10)-C(11)-F(5)
0(2)-C(10)-C(11)-C(12)
N(2)-C(10)-C(11)-C(12)
0(2)-C(10)-C(11)-Br(2)
N(2)-C(10)-C(11)-Br(2)
F(5)-C(11)-C(12)-C(17)
C(10)-C(11)-C(12)-C(17)
Br(2)-C(11)-C(12)-C(17)
F(5)-C(11)-C(12)-C(13)
C(10)-C(11)-C(12)-C(13)
Br(2)-C(11)-C(12)-C(13)
C(17)-C(12)-C(13)-C(14)
C(11)-C(12)-C(13)-C(14)
C(17)-C(12)-C(13)-N(2)
C(11)-C(12)-C(13)-N(2)
C(10)-N(2)-C(13)-C(14)
C(10)-N(2)-C(13)-C(12)
C(12)-C(13)-C(14)-C(15)
N(2)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(16)
C(13)-C(14)-C(15)-C(18)
C(14)-C(15)-C(16)-C(17)
C(18)-C(15)-C(16)-C(17)
C(13)-C(12)-C(17)-C(16)
C(11)-C(12)-C(17)-C(16)
C(15)-C(16)-C(17)-C(12)
C(16)-C(15)-C(18)-F(7")
C(14)-C(15)-C(18)-F(7")
C(16)-C(15)-C(18)-F(7)
C(14)-C(15)-C(18)-F(7)
C(16)-C(15)-C(18)-F(8)

146.0(11)
-36.1(13)
-42.4(15)
135.5(13)
-177.0(5)
2.6(6)
52.5(7)
-127.1(4)
176.4(5)
-3.2(6)
-62.7(6)
117.7(4)
-57.4(9)
-179.2(7)
62.8(8)
124.4(4)
2.7(6)
-115.3(4)
1.2(9)
179.6(5)
-179.7(6)
-1.4(6)
178.1(5)
-0.9(6)
-0.8(8)
-179.7(5)
1.2(9)
179.8(6)
-2.0(12)
179.4(8)
-1.9(10)
-179.8(7)
2.3(12)
-156.7(19)
25(2)
-96.1(19)
85(2)
59.7(17)
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C(14)-C(15)-C(18)-F(8)
C(16)-C(15)-C(18)-F(8)
C(14)-C(15)-C(18)-F(8)
C(16)-C(15)-C(18)-F(6)
C(14)-C(15)-C(18)-F(6)
C(16)-C(15)-C(18)-F(6")
C(14)-C(15)-C(18)-F(6")

-119.0(14)
143.6(12)
-35.1(14)
28.3(14)
-150.3(10)
-51.4(12)
129.9(9)

Symmetry transformations used to generate equivalent atoms:

Table 7. Hydrogen bonds for mo_dd19161_ Om [Aand 9.

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
N(2)-H(2)...0(1) 0.86 1.95 2.787(5) 163.0
N(L)-H(1)...0(2)#1 0.86 1.96 2.790(5) 163.4
N(2)-H(2)...0(1) 0.86 1.95 2.787(5) 163.0
N(L)-H(1)...0(2)#1 0.86 1.96 2.790(5) 163.4

Symmetry transformations used to generate equivalent atoms:

#1 x-1y,z
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X-Ray Crystal Structure of 6k (CCDC 1901373)

Cl
R

(1

Table 1. Crystal data and structure refinement for mo_d8v19175_0m.
mo_d8v19175 Om

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
z
Density (calculated)

Figure 3 X-Ray Structure of 6k
Crystallization: Crystal of compound 6k was grown from the solvents n-Hexane +
DCM by slow evaporation method.

C14HI0CIFO
248.67

293(2) K
0.71073 A
Monoclinic

P 21/n
a=8.6951(3) A
b = 14.0296(4) A
¢ =9.6665(3) A
1162.11(6) A3
4

1.421 Mg/m3

S182

a=90<
b= 99.7680(10)<
g=90°



Absorption coefficient 0.320 mm-1

F(000) 512

Crystal size 0.200 x 0.170 x 0.120 mm3
Theta range for data collection 2.584 10 26.000<

Index ranges -10<=h<=10, -17<=k<=17, -11<=I<=11
Reflections collected 17404

Independent reflections 2272 [R(int) = 0.0343]
Completeness to theta = 25.242° 99.0 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.6597

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 22721017155

Goodness-of-fit on F2 1.065

Final R indices [I>2sigma(l)] R1=0.0353, wR2 =0.1040

R indices (all data) R1=0.0396, wR2 = 0.1091
Largest diff. peak and hole 0.241 and -0.215 e.A-3

Table 2. Atomic coordinates (X 104) and equivalent isotropic displacement parameters (Azx
103) for mo_d8v19175 Om. U(eq) is defined as one third of the trace of the orthogonalized ulj
tensor.

X y Z U(eq)
Cl(2) 2524(1) 5912(1) 10851(1) 62(1)
F(1) 120(1) 2603(1) 6134(1) 59(1)
0(1) 965(1) 3458(1) 4029(1) 64(1)
C(3) 1882(2) 3664(1) 7483(1) 37(2)
C(©9) 3692(2) 3443(1) 4849(2) 41(1)
C(8) 3028(2) 3568(1) 8660(2) 43(1)
C() 2029(2) 3279(1) 4973(2) 42(1)
C(2) 1664(2) 2904(1) 6366(2) 41(1)
C(7) 3231(2) 4260(1) 9691(2) 46(1)
C(4) 935(2) 4468(1) 7354(2) 46(1)
C(6) 2268(2) 5048(1) 9541(2) 44(1)
C(10) 4925(2) 3040(1) 5772(2) 48(1)
C(14) 4019(2) 4019(1) 3763(2) 50(1)
C(5) 1114(2) 5158(1) 8382(2) 48(1)
Cc(13) 5540(2) 4191(1) 3610(2) 59(1)

S183



C(11) 6451(2) 3211(1) 5603(2) 56(1)
C(12) 6753(2) 3783(1) 4523(2) 59(1)

Table 3.  Bond lengths [A] and angles [] for mo_d8v19175_Om.

CI(1)-C(6) 1.7405(16)
F(1)-C(2) 1.3884(16)
0(1)-C(1) 1.2104(18)
C(3)-C(8) 1.3854(19)
C(3)-C(4) 1.390(2)
C(3)-C(2) 1.507(2)
C(9)-C(14) 1.392(2)
C(9)-C(10) 1.393(2)
C(9)-C(1) 1.489(2)
C(8)-C(7) 1.380(2)
C(8)-H(8) 0.9300
C(1)-C(2) 1.528(2)
C(2)-H(2) 0.9800
C(7)-C(6) 1.379(2)
C(7)-H(7) 0.9300
C(4)-C(5) 1.376(2)
C(4)-H(4) 0.9300
C(6)-C(5) 1.381(2)
C(10)-C(11) 1.385(2)
C(10)-H(10) 0.9300
C(14)-C(13) 1.377(3)
C(14)-H(14) 0.9300
C(5)-H(®) 0.9300
C(13)-C(12) 1.379(3)
C(13)-H(13) 0.9300
C(11)-C(12) 1.376(3)
C(11)-H(11) 0.9300
C(12)-H(12) 0.9300
C(8)-C(3)-C(4) 119.04(14)
C(8)-C(3)-C(2) 120.35(13)
C(4)-C(3)-C(2) 120.62(13)
C(14)-C(9)-C(10) 119.02(15)
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C(14)-C(9)-C(1)
C(10)-C(9)-C(1)
C(7)-C(8)-C(3)
C(7)-C(8)-H(8)
C(3)-C(8)-H(8)
0(1)-C(1)-C(9)
0(1)-C(1)-C(2)
C(9)-C(1)-C(2)
F(1)-C(2)-C(3)
F(1)-C(2)-C(1)
C(3)-C(2)-C(1)
F(1)-C(2)-H(2)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H(7)
C(3)-C(4)-CE)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(7)-C(6)-C(5)
C(7)-C(6)-CI(1)
C(5)-C(6)-CI(1)
C(11)-C(10)-C(9)
C(11)-C(10)-H(10)
C(9)-C(10)-H(10)
C(13)-C(14)-C(9)
C(13)-C(14)-H(14)
C(9)-C(14)-H(14)
C(4)-C(5)-C(6)
C(4)-C(5)-HEB)
C(6)-C(5)-H()
C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)

118.41(14)
122.57(14)
120.72(14)
119.6
119.6
122.39(14)
119.28(14)
118.29(12)
109.34(12)
107.62(11)
111.57(12)
109.4
109.4
109.4
119.09(14)
120.5
120.5
120.83(14)
119.6
119.6
121.29(15)
118.80(12)
119.91(12)
120.15(16)
119.9
119.9
120.39(16)
119.8
119.8
119.03(14)
120.5
120.5
120.16(17)
119.9
119.9
120.02(17)
120.0
120.0
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C(11)-C(12)-C(13) 120.26(16)
C(11)-C(12)-H(12) 119.9
C(13)-C(12)-H(12) 119.9

Symmetry transformations used to generate equivalent atoms:

Table 4.  Anisotropic displacement parameters (Azx 103) for mo_d8v19175 Om. The
anisotropic displacement factor exponent takes the form: -2p2[ h2 a*2ull + . +2hka*b*
ul2 ]

yll u22 u33 u23 ul3 ul2
Cl(1) 81(1) 52(1) 52(1) -9(1) 11(1) -6(1)
F(1) 43(1) 70(1) 62(1) -7(1) 2(1) -19(1)
o) 47(1) 92(1) 48(1) 14(1) -7(1) 6(1)
C@3) 33(1) 42(1) 37(1) 5(1) 4(1) -4(1)
C(9) 43(1) 42(1) 37(1) -4(1) 4(1) 1(1)
C(8) 42(1) 44(1) 40(1) 6(1) 0(1) 4(1)
C@) 41(1) 45(1) 39(1) -1(1) -1(1) 3(1)
C(2) 34(1) 45(1) 42(1) 1(1) 0(1) -4(1)
C(7) 47(1) 51(1) 37(1) 5(1) -4(1) 0(1)
C) 38(1) 53(1) 44(1) 5(1) -3(1) 4(1)
C(6) 48(1) 44(1) 39(1) 1(1) 9(1) -6(1)
C(10) 44(1) 53(1) 45(1) 2(1) 6(1) 5(1)
C(14) 56(1) 53(1) 39(1) 0(1) 5(1) -2(1)
C(5) 45(1) 45(1) 52(1) 4(1) 5(1) 6(1)
C(13) 68(1) 64(1) 47(1) -6(1) 18(1) -15(1)
C(11) 41(1) 69(1) 57(1) -9(1) 4(1) 6(1)
C(12) 48(1) 73(1) 58(1) -17(1) 17(1) -11(1)

Table5. Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Azx 10 3)
for mo_d8v19175_0m.

X y z U(eq)
H(8) 3667 3033 8755 51
H(2) 2346 2362 6678 50
H(7) 4006 4195 10476 56
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H(4) 170 4541 6563 55
H(10) 4724 2655 6504 57
H(14) 3206 4289 3138 59
H(5) 467 5690 8296 57
H(13) 5750 4583 2890 71
H(11) 7272 2939 6218 68
H(12) 7778 3894 4408 71
Table 6. Torsion angles [] for mo_d8v19175 Om.

C(4)-C(3)-C(8)-C(7) 0.0(2)
C(2)-C(3)-C(8)-C(7) -179.71(14)
C(14)-C(9)-C(1)-0(2) 15.4(2)
C(10)-C(9)-C(1)-0(2) -164.41(16)
C(14)-C(9)-C(1)-C(2) -162.45(13)
C(10)-C(9)-C(2)-C(2) 17.7(2)
C(8)-C(3)-C(2)-F(1) 125.81(14)
C(4)-C(3)-C(2)-F(1) -53.89(17)
C(8)-C(3)-C(2)-C(1) -115.26(15)
C(4)-C(3)-C(2)-C(1) 65.04(17)
0(1)-C(1)-C(2)-F(1) 15.6(2)
C(9)-C(1)-C(2)-F(1) -166.47(12)
0O(1)-C(1)-C(2)-C(3) -104.33(17)
C(9)-C(1)-C(2)-C(3) 73.59(16)
C(3)-C(8)-C(7)-C(6) 0.4(2)
C(8)-C(3)-C(4)-C(5) -0.7(2)
C(2)-C(3)-C(4)-C(5) 179.03(14)
C(8)-C(7)-C(6)-C(5) -0.2(2)
C(8)-C(7)-C(6)-CI(1) 179.64(12)
C(14)-C(9)-C(10)-C(11) -0.2(2)
C(1)-C(9)-C(10)-C(11) 179.59(15)
C(10)-C(9)-C(14)-C(13) -0.3(2)
C(1)-C(9)-C(14)-C(13) 179.87(14)
C(3)-C(4)-C(5)-C(6) 0.9(2)
C(7)-C(6)-C(5)-C(4) -0.5(2)
CI(1)-C(6)-C(5)-C(4) 179.69(12)
C(9)-C(14)-C(13)-C(12) 0.8(3)
C(9)-C(10)-C(11)-C(12) 0.2(3)
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C(10)-C(11)-C(12)-C(13) 0.3(3)
C(14)-C(13)-C(12)-C(11) -0.8(3)

Symmetry transformations used to generate equivalent atoms:

Table 7. Hydrogen bonds for mo_d8v19175 Om [Aand 9.

D-H..A d(D-H) d(H...A) d(D...A)

<(DHA)

C(5)-H(5)...0(1)#1 0.93 2.66 3.3227(19)

128.7

Symmetry transformations used to generate equivalent atoms:
#1 -x,-y+1,-z+1
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