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1. General information.

'H NMR and *C NMR spectra were recorded on an Agilent MR400 spectrometer. 1°F
NMR was recorded on an Agilent MR400 spectrometer (CFClz as outside standard and
low field is positive). Chemical shifts (5) are reported in ppm, and coupling constants
(J) are in Hertz (Hz). The following abbreviations were used to explain the
multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad.
NMR yield was determined by °F NMR using p-fluorotoluene as an internal standard

before working up the reaction.

Materials: All reagents were used as received from commercial sources, unless
specified otherwise, or prepared as described in the literature. All reagents were

weighed and handled in air at room temperature.

2. General procedure for the synthesis of Katritzky salts 1.

Tal'l) 162 1c2), 1d), 162, 1621, 1121, 1h) 1521, 1500 1%2) 1120, 1021 102, 1p2), 112,
121 121 1421 1ul) ) 1wl 1wl?l, lym, laal®¥l, 1ab?l | 1acl? 1ad?!, 1ae!?!, 1afl?, lag[z] ,
1ah?! 1ai?! 1al®l 1amP! 1anl® were prepared according to previous reported
procedures. 1m, In, 1z, 1aj, 1lak (unknown Katritzky salts) were prepared according to
literature procedures!?! as described as follows:

Procedure 2a. A 25 mL Schlenk tube equipped with a magnetic stirrer bar was charged
with triphenylpyrylium tetrafluoroborate (2.5 mmol, 1.0 equiv.) and the corresponding
primary amine (3.0 mmol, 1.2 equiv., if solid). Ethanol (2.5 mL, 1.0 M) was added
followed by the corresponding primary amine (3.0 mmol, 1.2 equiv., if liquid). No
precautions were taken to exclude oxygen or water. The reaction mixture was stirred
and heated at reflux in an oil bath at 90 °C for 5 h. If precipitation occurred during the
reaction, the solid was collected by filtration and washed with Et;O (3>25 mL). If no
precipitation occurred, Et2O (7.5 mL) was added and the crude mixture was stirred for

1 h. The resulting solid was collected by filtration and washed with Et:O (3>25 mL). If
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precipitation did still not take place, the solvent was removed under reduced pressure

and the crude product was purified by flash column chromatography, eluting with

CH>Cl2/MeOH.
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Amine hydrochlorides as starting materials: The corresponding amine
hydrochloride (3.0 mmol, 1.2 equiv.) was weighed into a 25 mL Schlenk tube
containing a magnetic stirring bar. EtOH (2.5 mL, 1.0 M) and Et;N (3.0 mmol, 1.2
equiv.) were added successively. The resulting suspension was stirred at room
temperature for 30 min. 2,4,6-Triphenylpyrylium tetrafluoroborate (2.5 mmol, 1.0
equiv.) was added in one portion and the reaction mixture was stirred and heated at
reflux in an oil bath at 90 °C for 5 h. If precipitation occurred during the reaction, the
solid was collected by filtration and washed with H,O (3>25 mL, to remove EtsN-HCI
salts) and Et;O (3>25 mL). If no precipitation occurred, Et2O (7.5 mL) was added and
the crude mixture was stirred for 1 h. The resulting solid was collected by filtration and
washed with HoO (325 mL, to remove Et;N-HCI salts) and Et;O (325 mL). If
precipitation did still not take place, the solvent was removed under reduced pressure.

The crude product was then dissolved in CH2Clz, washed with H,O and concentrated



under reduced pressure. The crude product was purified by flash column

chromatography, eluting with CH2Clo,/MeOH.
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Procedure 2b. The triphenylpyrylium tetrafluoroborate (2.5 mmol, 1.0 equiv.) and the
corresponding primary amine (2.5 mmol, 1.0 equiv.) was weighed into a 25 ml Schlenk
tube containing a magnetic stirring bar. CH2Cl2 (5.0 mL, 0.5 M) and then Et;N (1.0
equiv. for free base amines; 2.0 equiv. for amine hydrochloride salts) were added
successively. The mixture was stirred at room temperature for 30 min. Acetic acid (2.0
equiv.) was added and the reaction mixture was stirred at room temperature for 6 h. The
reaction mixture was diluted with CH2Clo, washed successively with aq. HCI (1.0 M,
2x25 mL), aq. NaHCO3 (sat., 2%25 mL) and brine (3%25 mL), dried over anhydrous
NayS0Oq, filtered and concentrated. The crude product was purified by flash column

chromatography, eluting with CH>Clo,/MeOH.
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3. General procedure for visible light promoted deaminative difluoroalkylation
of aliphatic amines.

Procedure a:

Ph.__~~_Ph Blue LEDs 24 W )
R N | + F. - OTES Hantzsch ester (10 mol%) R\(CcmOPh
NS -
YZ *Y BF, F: iph DMSO:NMP (3:1, 0.1M) R2
Ph 50 °C, 24 h
1 2 3

A 25 mL oven-dried Schlenk tube equipped with a magnetic stirrer bar was
charged with the Katritzky salt (1) (0.2 mmol, 1.0 equiv.), Hantzsch ester (10-50 mol1%).
The tube was evacuated and backfilled with argon three times, followed by DMSO and
NMP (3:1, 2.0 mL) with stirring. Difluoroenoxytriethylsilane (2) (0.4 mmol, 2.0 equiv.)
was added subsequently. The tube was screw capped and heated to 50 °C under
irradiation of blue LEDs. After stirring for 24 h, the reaction mixture was cooled to
room temperature, diluted with ethyl acetate, washed with H,O and brine, dried over
anhydrous Na,SOq, filtered and concentrated. The residue was purified with silica gel

chromatography to provide pure product.



Procedure b:

" ~ ‘ " OTES Ve
F. R Ph
R N . \ : Blue LEDs 24 W
:\[ BF4 F Ph DMSO (0.1M), 50 °C, 24 h 0

Ph MeO
MeO™ ~O o

1y-al 2 3y-al

A 25 mL oven-dried Schlenk tube equipped with a magnetic stirrer bar was
charged with the Katritzky salt (1) (0.2 mmol, 1.0 equiv.). The tube was evacuated and
backfilled with argon three times, followed by DMSO (2.0 mL) with stirring.
Difluoroenoxytriethylsilane (2) (0.4 mmol, 2.0 equiv.) was added subsequently. The
tube was screw capped and heated to 50 °C under irradiation of blue LEDs. After
stirring for 24 h, the reaction mixture was cooled to room temperature, diluted with
ethyl acetate, washed with H>O and brine, dried over anhydrous Na,SOg, filtered and
concentrated. The residue was purified with silica gel chromatography to provide pure

product.

4. Detailed procedure for the gram scale synthesis of compound 3a, 3af.
| Ph Ph Blue LEDs 24 W
\©\/ ~ | + F> _<OTES Hantzsch ester (10 mol%)
NS F Ph DMSO:NMP(3:1) | FF
Ph 50°C, 48 h
1a 2 3a

A 25 mL oven-dried Schlenk tube equipped with a magnetic stirrer bar was
charged with the 1a (4.0 mmol, 1.0 equiv.), Hantzsch ester (0.4 mmol, 10 mol%). The
tube was evacuated and backfilled with argon three times, followed by DMSO and
NMP (3:1, 16.0 mL) were added with stirring. Difluoroenoxytriethylsilane (2) (8.0
mmol, 2.0 equiv.) was added subsequently. The tube was screw capped and heated to
50 °C under irradiation of blue LEDs. After stirring for 48 h, the reaction mixture was
cooled to room temperature, diluted with ethyl acetate, washed with H,O and brine,
dried over anhydrous Na>SOyu, filtered and concentrated. The product 3a (1012 mg, 68%
yield) was purified with silica gel chromatography (Petroleum ether/ Dichloromethane

=200:1) as white solid.
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Procedure a: A 25 mL oven-dried Schlenk tube equipped with a magnetic stirrer
bar was charged with the 1af (4.0 mmol, 1.0 equiv.), Hantzsch ester (0.4 mmol, 10
mol%). The tube was evacuated and backfilled with argon three times, followed by
DMSO and NMP (3:1, 16.0 mL) with stirring. Difluoroenoxytriethylsilane (2) (8.0
mmol, 2.0 equiv.) was added subsequently. The tube was screw capped and heated to
50 °C under irradiation of blue LEDs. After stirring for 48 h, the reaction mixture was
cooled to room temperature, diluted with ethyl acetate, washed with H>O and brine,
dried over anhydrous Na>SQg, filtered and concentrated. The product 3af (904 mg, 71%
yield) was purified with silica gel chromatography (Petroleum ether/ Ethyl acetate =

100:1) as pale yellow oil.
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Procedure b: A 25 mL oven-dried Schlenk tube equipped with a magnetic stirrer
bar was charged with the 1af (4.0 mmol, 1.0 equiv.). The tube was evacuated and
backfilled with argon three times, followed by DMSO (16.0 mL) with stirring.
Difluoroenoxytriethylsilane (2) (8.0 mmol, 2.0 equiv.) was added subsequently. The
tube was screw capped and heated to 50 °C under irradiation of blue LEDs. After
stirring for 42 h, the reaction mixture was cooled to room temperature, diluted with
ethyl acetate, washed with H>O and brine, dried over anhydrous Na,SOg, filtered and
concentrated. The product 3af (777 mg, 61% yield) was purified with silica gel

chromatography (Petroleum ether/ Ethyl acetate = 100:1) as pale yellow oil.



5. Mechanism studies.

5.1 Addition of radical and SET inhibitors.

|
! P Fh F. OTES " O\/©/
| > _< Standard condition 3 N~
N + - a +
+ F TEMPO (1 equiv.)

Ph
1a 2 nd nd

Typical procedure: A 25 mL oven-dried Schlenk tube equipped with a magnetic stirrer
bar was charged with the Katritzky salt (1a) (0.2 mmol, 1.0 equiv.), Hantzsch ester (0.02
mmol, 10 mol%) and TEMPO (0.2 mmol, 1.0 equiv.). The tube was evacuated and
backfilled with argon three times, followed by DMSO and NMP (3:1, 2.0 mL) were
added with stirring. Difluoroenoxytriethylsilane (2) (0.4 mmol, 2.0 equiv.) was added
subsequently. The tube was screw capped and heated to 50 °C under irradiation of blue
LEDs 24 W. After stirring for 24 h, the reaction mixture was cooled to room temperature,
monitored by TLC. The reaction was totally suppressed by the addition of a radical
scavenger TEMPO (100 mol%), which suggests that the involvement of radical

intermediates is likely during the reaction.

5.2 Trapping of intermediates.

Ph Ph
=
) | F OTES CF,COPh o
~ _ + >_<— Standard condition + P CF,COPh
* I8 BF, F Ph MeOOC)W MeOJ\/\f’E ’
MeO 6]
4 nd 5, 5% '°F NMR

Typical procedure: A 25 mL oven-dried Schlenk tube equipped with a magnetic bar
was charged with the Katritzky salt (4)I' (0.2 mmol, 1.0 equiv.), Hantzsch ester (0.02
mmol, 10 mol%). The tube was evacuated and backfilled with argon three times,
followed by DMSO and NMP (3:1, 2.0 mL) were added with stirring.
Difluoroenoxytriethylsilane (2) (0.4 mmol, 2.0 equiv.) was added subsequently. The
tube was screw capped and heated to 50 °C under irradiation of blue LEDs 24 W. After
stirring for 24 h, the reaction mixture was cooled to room temperature, diluted with
ethyl acetate, washed with H20 and brine, dried over anhydrous Na2SOs, filtered and

concentrated. The residue was purified with silica gel chromatography to provide
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product 51, (The yield of the crude ring-opened product 5 was determined to be 5% by
F-NMR analysis with p-fluorotoluene as an internal standard). *H NMR (400 MHz,
CDCls) 5 8.11 (d, J = 7.6 Hz, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 8.0 Hz, 2H),
7.02 - 6.95 (m, 1H), 5.90 (dt, J = 15.6, 1.5 Hz, 1H), 3.73 (s, 3H), 2.54 — 2.48 (m, 2H),
2.42 — 2.30 (m, 2H). *F NMR (376 MHz, CDCls) & - 100.16 (t, J = 17.1 Hz, 2F). 13C
NMR (101 MHz, CDClz) 6 188.8 (t, J = 31.8 Hz), 166.7, 146.6, 134.5, 131.6, 130.2 (t,
J=3.0 Hz), 128.7, 121.9, 119.1 (t, J = 254.9 Hz), 51.6, 32.1 (t, J = 23.1 Hz), 24.3 (t, J
= 5.1 Hz).

5.3 UV-Vis spectroscopic measurement.

Solution 1: 1a (0.2 mmol, 1.0 equiv.) were added in DMSO/NMP (4.0 mL, 3:1). The
mixture was stirred for 20 minutes and filtered.

Solution 2: Hantzsch ester (0.2 mol, 1.0 equiv.) was added in DMSO/NMP (4.0 mL,
3:1). The mixture was stirred for 20 minutes and filtered.

Solution 3: 1a (0.2 mmol, 1.0 equiv.) combine Hantzsch ester (0.2 mol, 1 equiv.) was
added in DMSO/NMP (4.0 mL, 3:1). The mixture was stirred for 20 minutes and filtered.
Performed on UV visible spectrophotometer, recorded in 1 cm path quartz cuvettes

using T6 Xinyue visible spectrophotometer (PERSEET™), DMSO/NMP (3:1) as blank

sample.
A A
1a HE la+HE 1a HE la+HE

A (nm) A (nm)
440 0.213 0.505 0.852 530 0.075 0.007 0.078
450 0.183 0.052 0.295 540 0.063 0.007 0.065
460 0.164 0.013 0.217 550 0.053 0.008 0.055
470 0.15 0.009 0.187 560 0.046 0.007 0.047
480 0.136 0.007 0.163 570 0.041 0.008 0.041
490 0.124 0.007 0.143 580 0.036 0.007 0.036
500 0.111 0.007 0.124 590 0.032 0.007 0.032
510 0.099 0.007 0.108 600 0.03 0.008 0.03
520 0.088 0.007 0.094 610 0.027 0.007 0.026
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Solution 1: 1af (0.2 mmol, 1.0 equiv.) were added in DMSO (3.0 mL). The mixture was

stirred for 20 minutes and filtered.

Solution 2: Difluoroenoxytriethylsilane (0.4 mol, 2.0 equiv.) was added in DMSO (3.0

mL). The mixture was stirred for 20 minutes and filtered.

Solution 3: 1af (0.2 mmol, 1.0 equiv.) combine Difluoroenoxytriethylsilane (0.4 mol, 1

equiv.) was added in DMSO (3.0 mL). The mixture was stirred for 20 minutes and

filtered.

Performed on UV visible spectrophotometer, recorded in 1 cm path quartz cuvettes

using T6 Xinyue visible spectrophotometer (PERSEET™), DMSO (3.0 mL) as blank

sample.
A A
laf 2 laf +2 laf 2 laf +2
A (nm) A (nm)
420 0.535 0.019 0.472 520 0.037 0.01 0.058
430 0.499 0.017 0.422 530 0.029 0.011 0.052
440 0.447 0.016 0.36 540 0.022 0.01 0.046
450 0.339 0.014 0.262 550 0.019 0.01 0.043
460 0.234 0.013 0.178 560 0.016 0.01 0.04
470 0.17 0.011 0.133 570 0.014 0.01 0.039
480 0.123 0.011 0.106 580 0.013 0.01 0.037
490 0.092 0.011 0.091 590 0.012 0.01 0.036
500 0.067 0.011 0.078 600 0.011 0.01 0.036
510 0.049 0.011 0.068 610 0.011 0.01 0.035
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5.4 The time profile of reactions.
Typical procedure: To 25 mL oven-dried Schlenk tube (No0.1-8) equipped with a

magnetic stirrer bar was charged with the Katritzky salt (1a) (0.2 mmol, 1.0 equiv.),
Hantzsch ester (0.04 mmol, 20 mol%). The tube was evacuated and backfilled with
argon three times, followed by DMSO and NMP (3:1, 2.0 mL) with stirring.
Difluoroenoxytriethylsilane (2) (0.4 mmol, 2.0 equiv.) was added subsequently. The
tube 1 was determined by *H NMR and *®F NMR immediately. The tube 2-8 were
heated to 50 °C and stirring for 2-24 h. After stirring for2h, 4 h, 8 h, 12h, 16 h, 20 h
or 24 h, the reaction mixture was cooled to room temperature, then monitored by *H

NMR and *F NMR.

Entry Time (h) Yield of 3a (**F-NMR) 6: HE
1 0 0 0
2 2 2 0.024
3 4 14 0.017
4 8 19 0.04
5 12 30 0.57
6 16 46 0.65
7 20 82 0.72
8 24 82.5 0.76
Ratio(6/HE) Yield(3a
O.é 6/HE 108
98 Yield of 3a 8
0.6 60
0.5
0.4 40
0.3
0.2 20
0.1
0 0
0 5 10 15 20 25
Time (h)

12



5.5 Determination of the quantum yield ™.
o

| Ph._~_Ph £ OTEs Blue LEDS 24 W Ly 455 nm)
\©\/ | . > _< Hantzsch ester (10 mol%)
Ny FF ph DMSO:NMP(3:1) FF
L~ BFs 50°C, 2 h !
1a 2 3a

A 25 mL oven-dried Schlenk tube equipped with a magnetic stirrer bar was
charged with the 1a (0.6 mmol, 1.0 equiv.), Hantzsch ester (0.06 mmol, 10 mol%). The
tube was evacuated and backfilled with argon three times, followed by DMSO and
NMP (3:1, 6.0 mL) with stirring. Difluoroenoxytriethylsilane (2) (1.2 mmol, 2.0 equiv.)
was added subsequently. The tube was stored protected from light. 2.0 mL of this stock
solution was transferred to a quartz cuvette under an argon atmosphere. The cuvette
was capped with a stopper and sealed with parafilm. The reaction mixture was heated
to 50 °C under irradiation of blue LEDs (Amax =455 nm). After stirring for 2 h, the yield

determined by HPLC analysis with styrene as an internal standard. The yield of the

desired product 3a was determined to be 4.7 % (8.68 « 10 mol). The reaction quantum

yield (®) was determined using eq 1.
mol of product

(1)

- photon flux etef
8.68 * 107° mol

D =
25107 °Es~1 %7200 * 0.943

=0.51

Ph._~_Ph
‘ MeOOC.__CF,COPh
MeOOC. Ny~ _ F__ OTES DMSO, 50 °C, 24 h
BF, + =<
Ph F Ph Blue LEDS 24 W (Amay= 455 nm)

1ad 2 3ad

A 25 mL oven-dried Schlenk tube equipped with a magnetic stirrer bar was
charged with the 1af (0.6 mmol, 1.0 equiv.). The tube was evacuated and backfilled
with argon three times, followed by DMSO (6.0 mL) with stirring.

Difluoroenoxytriethylsilane (2) (1.2 mmol, 2.0 equiv.) was added subsequently. The

13



tube was stored protected from light. 2.0 mL of this stock solution was transferred to a
quartz cuvette under an argon atmosphere. The cuvette was capped with a stopper and
sealed with parafilm. The reaction mixture was heated to 50 °C under irradiation of blue
LEDs (Amax = 455 nm). After stirring for 2 h, the yield determined by HPLC analysis

with styrene as an internal standard. The yield of the desired product 3ad was
determined to be 1.3 % (2.34 « 10® mol). The reaction quantum yield (®) was

determined using eq 1.

mol of product

(1)

- photon flux etef
2.34 % 107° mol

D =
25%x107°Es~1 %7200 = 0.868

=0.15

6. Data for compounds 1, 3, 6.
Ph Ph

s@\,,\: |
pp BF4

2,4,6-triphenyl-1-(thiophen-2-ylmethyl)pyridin-1-ium tetrafluoroborate (1m). The
product (651.0 mg, 53% vyield) was purified with silica gel chromatography (DCM/
MeOH = 100:1) as yellow solid. *H NMR (400 MHz, CDCls) & 7.84 (s, 2H), 7.72 —
7.71 (m, 2H), 7.66 (d, J = 6.8 Hz, 4H), 7.52 — 7.47 (m, 9H), 6.06 (s, 1H), 6.39 (s, 1H),
6.26 (s, 1H), 5.71 (s, 2H). F NMR (376 MHz, CDCls) § -152.62 (minor, *BF4), -
152.67 (major, 1°BF,). 2*C NMR (101 MHz, CDCls) § 157.0, 156.1, 133.8, 133.6, 132.6,
132.2, 130.9, 129.6, 129.1, 128.9, 128.0, 126.9, 126.5, 125.5, 123.7, 54.0. MS (ESI):
m/z (%) 404.1 ([M-BF.]*, 100). HRMS (ESI): calculated for CasH22NS ([M-BF4]*):
404.1467; Found: 404.14609.

Ph /l Ph

N _

MeOOC + BF

/\r PR
1-(4-methoxy-4-oxobutan-2-yl)-2,4,6-triphenylpyridin-1-ium  tetrafluoroborate

(1x). The product (520.1 mg, 42% yield) was purified with silica gel chromatography

(DCM/ MeOH = 100:1) as yellow solid. '"H NMR (400 MHz, CDCls) § 7.77 (s, 2H),
14



7.70 — 7.64 (m, 6H), 7.60 — 7.55 (m, 6H), 7.49 — 7.46 (m, 1H), 7.41 — 7.37 (m, 2H),
5.41—-5.32 (m, 1H), 3.54 (s, 3H), 2.84 — 2.78 (m, 1H), 2.33 — 2.27 (m, 1H), 1.47 (d, J
= 7.2 Hz, 3H). '°F NMR (376 MHz, CDCls) § -152.94 (minor, 'BF4), -153.00 (major,
1'BF4). 3C NMR (101 MHz, CDCls) 6 169.7, 155.1, 133.7, 133.4, 131.9, 130.9, 129.4,
129.1 — 128.6 (m), 128.1, 61.6, 52.1, 39.5, 22.0 (three carbon signal missing due to
signal broadening). MS (ESI): m/z (%) 408.2 ([M-BF4]", 100). HRMS (ESI): calculated
for C23H26NO> ([M-BF4]"): 408.1958; Found: 408.1958.

/©/\CFZCOPh
|

2,2-difluoro-3-(4-iodophenyl)-1-phenylpropan-1-one (3a). The product (60.3 mg, 81%
yield) was purified with silica gel chromatography (Petroleum ether/ Dichloromethane
=200:1) as white solid. "H NMR (400 MHz, CDCl;) § 8.05 (d, J = 8.0 Hz, 2H), 7.66 —
7.61 (m, 3H), 7.48 (t, J = 7.6 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H), 3.46 (t, /= 17.8 Hz,
2H). 'F NMR (376 MHz, CDCl3) § -98.48 (t, J = 17.1 Hz, 2F). *C NMR (101 MHz,
CDClI3) 6 189.0 (t,J=31.4 Hz), 137.5,134.4, 132.8, 131.8 (t, J=2.7 Hz), 1309 (t, J =
3.6 Hz), 130.1 (t, J=3.3 Hz), 128.6, 118.0 (t,J=256.3 Hz), 93.4, 39.5 (t, /= 23.4 Hz).
MS (EI): m/z (%) 372 (M*), 105 (100). HRMS (EI): calculated for CisHi1F2IO:
371.9823; Found: 371.9819.

/©/\CFZCOPh
Cl

3-(4-Chlorophenyl)-2,2-difluoro-1-phenylpropan-1-one (3b). This compound is
knownl?. The product (44.3 mg, 79% vyield) was purified with silica gel
chromatography (Petroleum ether/ Dichloromethane = 200:1) as white solid. 'H NMR
(400 MHz, CDCl3) 6 8.05 (d, J= 7.6 Hz, 2H), 7.63 (t, J= 7.4 Hz, 1H), 7.48 (t, J= 8.0
Hz, 2H), 7.31 — 7.24 (m, 4H), 3.49 (t, J = 17.6 Hz, 2H). '°F NMR (376 MHz, CDCl3) §
-98.58 (t,J=17.7 Hz, 2F). 3.C NMR (101 MHz, CDCl3) §189.1 (t,J=31.4 Hz), 134.4,
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133.7, 132.2, 131.9 (t, J= 2.5 Hz), 130.1 (t, J = 3.4 Hz), 129.8 (t, J = 3.7 Hz), 128.7,
128.6, 118.1 (t, J= 256.2 Hz), 39.3 (t, J = 23.4 Hz).

/©/\CFZCOPh
F

2,2-Difluoro-3-(4-fluorophenyl)-1-phenylpropan-1-one (3c). This compound is
knownl?. The product (40.2 mg, 76% yield) was purified with silica gel
chromatography (Petroleum ether/ Dichloromethane = 200:1) as white solid. 'H NMR
(400 MHz, CDCls3) 6 8.04 (d, J= 7.6 Hz, 2H), 7.62 (t, J=7.4 Hz, 1H), 7.48 (t,J=7.8
Hz, 2H), 7.29 — 7.27 (m, 2H), 7.01 (t, J = 8.6 Hz, 2H), 3.49 (t, J = 17.8 Hz, 2H). '°F
NMR (376 MHz, CDCls) § -98.80 (t, J = 17.7 Hz, 2F), -114.95 — -115.02 (m, 1F). 13C
NMR (101 MHz, CDCl3) 6 189.3 (t,J=31.3 Hz), 162.4 (d,J=247.3 Hz), 134.3, 132.4
(d, J=8.2 Hz), 132.0 (t, J = 2.5 Hz), 130.1 (t, /= 3.4 Hz), 128.6, 127.0 — 126.9 (m),
118.2 (t, J=256.3 Hz), 115.3 (d, J=21.6 Hz), 39.2 (t, /= 23.5 Hz).

/©/\CFZCOPh
NC

4-(2,2-Difluoro-3-oxo-3-phenylpropyl)benzonitrile (3d). This compound is known!?.
The product (46.1 mg, 85% yield) was purified with silica gel chromatography
(Petroleum ether/ Ethyl acetate = 50:1) as white solid. 'H NMR (400 MHz, CDCls) §
8.06 (d, J=8.4 Hz, 2H), 7.66 — 7.62 (m, 3H), 7.51 — 7.44 (m, 4H), 3.58 (t, /= 17.4 Hz,
2H). 'F NMR (376 MHz, CDCl3) § -97.98 (t, J = 17.5 Hz, 2F). *C NMR (101 MHz,
CDCl3) 6 188.5 (t,J=31.5Hz), 137.0 (t,J=3.5 Hz), 134.6, 132.1, 131.7, 131.6, 130.1
(t,J=3.3 Hz), 128.7, 118.6, 117.9 (t, J=257.1 Hz), 111.6, 39.8 (t, J = 23.4 Hz).

/@ACFZCOPh
MeOOC
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Methyl 4-(2,2-difluoro-3-oxo-3-phenylpropyl)benzoate (3e). This compound is
knownl?. The product (51.1 mg, 84% yield) was purified with silica gel
chromatography (Petroleum ether/ Ethyl acetate = 50:1) as white solid. 'H NMR (400
MHz, CDCI3) & 8.04 (d, J= 7.6 Hz, 2H), 7.99 (d, J = 8.0 Hz, 2H), 7.61 (t, /= 7.4 Hz,
1H), 7.46 (t, J= 7.8 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 3.90 (s, 3H), 3.57 (t, /= 17.6
Hz, 2H). ’F NMR (376 MHz, CDCl3) & -98.24 (t, J = 17.7 Hz, 2F). >*C NMR (101
MHz, CDCI3) 6 188.9 (t,J=31.4 Hz), 166.8, 136.6 (t, J = 3.5 Hz), 134.4, 131.8 (t, J =
2.8 Hz), 130.9, 130.1 (t, J=3.3 Hz), 129.6, 129.4, 128.6, 118.1 (t, J = 256.5 Hz), 52.1,
39.9 (t,J=23.4 Hz).

/©/\CF2COPh
Me

2,2-Difluoro-1-phenyl-3-(p-tolyl)propan-1-one (3f). This compound is known!?., The
product (33.3 mg, 64% yield) was purified with silica gel chromatography (Petroleum
ether/ Dichloromethane = 200:1) as white solid. *H NMR (400 MHz, CDCls) § 8.06 (d,
J=8.0 Hz, 2H), 7.62 (d, J = 7.4 Hz, 1H), 7.48 (t, J = 7.6 Hz, 2H), 7.22 — 7.14 (m, 4H),
3.50 (t, J = 18.0 Hz, 2H), 2.35 (s, 3H). °F NMR (376 MHz, CDCl3) § -98.79 (t, J =
17.9 Hz, 2F). 3C NMR (101 MHz, CDCl3) 6 189.5 (t, J = 31.2 Hz), 137.3, 134.2, 132.1
(t,J=2.7 Hz), 130.7, 130.1 (t, J = 3.3 Hz), 129.1, 128.6, 128.0 (t, J = 3.6 Hz), 118.3 (t,
J=255.5Hz), 39.7 (t, J = 23.3 Hz), 21.1.

@f\cacoph
B

"
3-(2-Bromophenyl)-2,2-difluoro-1-phenylpropan-1-one (3g). This compound is
known!?. The product (50.1 mg, 77% yield) was purified with silica gel
chromatography (Petroleum ether/ Dichloromethane = 200:1) as pale yellow oil. 'H
NMR (400 MHz, CDCl;) 6 8.11 (d, J = 8.0 Hz, 2H), 7.65 — 7.59 (m, 2H), 7.49 (t, J =
7.6 Hz, 2H), 7.42 (d, J= 7.6 Hz, 1H), 7.30 (t, /= 7.6 Hz, 1H), 7.17 (t, /= 7.8 Hz, 1H),
3.76 (t, J = 18.0 Hz, 2H). '°F NMR (376 MHz, CDCI;) & -98.86 (t, J = 18.0 Hz, 2F).
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13C NMR (101 MHz, CDCls) 6 189.1 (t, J = 30.9 Hz), 134.4, 133.1, 132.6, 131.8 (t, J
=2.6 Hz), 131.5 (t, J= 2.6 Hz), 130.2 (t, /= 3.4 Hz), 129.3, 128.6, 127.3, 126.1, 118.2
(t, J=256.7 Hz), 39.3 (t, J=23.1 Hz).

@f\cmoph
CF4

2,2-difluoro-1-phenyl-3-(2-(trifluoromethyl)phenyl)propan-1-one ~ (3h).  This
compound is known!?. The product (45.9 mg, 73% yield) was purified with silica gel
chromatography (Petroleum ether/ Dichloromethane = 200:1) as pale yellow oil. 'H
NMR (400 MHz, CDCl3) 6 8.12 (d, J= 8.4 Hz, 2H), 7.71 (d, J=7.6 Hz, 1H), 7.64 (t,J
= 7.4 Hz, 1H), 7.58 — 7.41 (m, 5H), 3.77 (t, J = 18.2 Hz, 2H). '’F NMR (376 MHz,
CDCls) & -58.64 (t, J = 5.8 Hz, 3F), -98.34 — -98.45 (m, 2F). *C NMR (101 MHz,
CDCI3) 6 189.0 (t,J=31.4 Hz), 134.4,133.1, 131.6, 130.5, 130.2 (t,J = 3.4 Hz), 130.0,
128.7, 127.7, 126.4 (q, J = 5.7 Hz), 124.2 (q, J = 275.2 Hz), 117.8 (t, J = 256.9 Hz),
35.7 (t,J=22.7 Hz).

©\/\CFZCOPh
M

e
2,2-difluoro-1-phenyl-3-(o-tolyl)propan-1-one (3i). This compound is known(?!. The
product (40.1 mg, 77% yield) was purified with silica gel chromatography Petroleum
ether/ Dichloromethane = 200:1) as colorless oil. 'H NMR (400 MHz, CDCI3) § 8.06
(d, J=7.6 Hz, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.8 Hz, 2H), 7.27 (d, J= 7.6
Hz, 1H), 7.22 - 7.15 (m, 3H), 3.57 (t, J = 18.4 Hz, 2H), 2.38 (s, 3H). '°F NMR (376
MHz, CDCl3) § -98.67 (t, J = 18.4 Hz, 2F). 3*C NMR (101 MHz, CDCl3) § 189.8 (t, J
=31.3 Hz), 138.0, 134.2,132.1 (t,J=2.4 Hz), 131.7, 130.5, 130.1 (t, /= 3.4 Hz), 129.8
(t,J=2.8 Hz), 128.6, 127.7, 125.8, 118.8 (t, J = 255.7 Hz), 36.7 (t, J = 23.3 Hz), 19.9
(t,J=1.9 Hz).
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CF
3\©/\CFZCOPh

2,2-Difluoro-1-phenyl-3-(3-(trifluoromethyl)phenyl)propan-1-one  (3j).  This
compound is known!?l. The product (54.7 mg, 87% yield) was purified with silica gel
chromatography (Petroleum ether/ Dichloromethane = 200:1) as pale yellow oil. *H
NMR (400 MHz, CDCl3) & 8.08 (d, J = 7.2 Hz, 2H), 7.65 — 7.44 (m, 7H), 3.58 (t, J =
17.8 Hz, 2H). °F NMR (376 MHz, CDCl3) 5 -62.68 (s, 3F), -98.54 (t, J = 17.7 Hz, 2F).
13C NMR (101 MHz, CDCl3) & 188.8 (t, J = 31.4 Hz), 134.5, 134.3, 132.4 (t, J = 3.5
Hz), 131.7 (t, J = 3.0 Hz), 130.8 (g, J = 32.3 Hz), 130.2 (t, J = 3.3 Hz), 128.8, 128.7,
127.6 (g, J = 3.8 Hz), 124.5 (q, J = 3.8 Hz), 123.9 (g, J = 273.6 Hz), 118.0 (t, J = 256.6
Hz), 39.6 (t, J = 23.4 Hz).

©/\CFZCOPh

2,2-difluoro-1,3-diphenylpropan-1-one (3k). This compound is known[. The
product (36.4 mg, 74% yield) was purified with silica gel chromatography Petroleum
ether/ Dichloromethane = 200:1) as white solid. '"H NMR (400 MHz, CDCls)  8.05 (d,
J=28.0 Hz, 2H), 7.62 (t,J=7.6 Hz, 1H), 7.47 (t, J= 7.8 Hz, 2H), 7.33 (s, SH), 3.54 (t,
J=17.8 Hz, 2H). ’F NMR (376 MHz, CDCl3) § -98.68 (t,J = 17.9 Hz, 2F). 3C NMR
(101 MHz, CDCI3) & 189.5 (t, J =31.3 Hz), 134.2, 132.1 (t, /= 2.6 Hz), 131.2 (t, J =
3.7 Hz), 130.8, 130.1 (t, J= 3.4 Hz), 128.6, 128.4, 127.6, 118.3 (t, J = 255.7 Hz), 40.1
(t,J=23.4 Hz).

| Xy “CF,COPh

7

N
2,2-Difluoro-1-phenyl-3-(pyridin-3-yl)propan-1-one (31). This compound is
known[?. The product (40.1 mg, 81% yield) was purified with silica gel
chromatography (Petroleum ether/ Ethyl acetate = 10:1) as pale yellow oil. 'H NMR
(400 MHz, CDCI3) 6 8.58 — 8.55 (m, 2H), 8.07 (d, J=7.6 Hz, 2H), 7.70 (d, /= 7.6 Hz,
1H), 7.64 (t, J=7.4 Hz, 1H), 7.49 (t,J = 7.8 Hz, 2H), 7.30 — 7.28 (m, 1H), 3.53 (t,J =
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17.6 Hz, 2H). ’F NMR (376 MHz, CDCl;3) § -98.34 (t,J=17.7 Hz, 2F). *C NMR (101
MHz, CDCl3) 6 188.6 (t, J = 31.6 Hz), 151.5, 148.7, 138.4, 134.5, 131.6, 130.1 (t,J =
3.3 Hz), 128.7, 127.4 (t, J= 3.0 Hz), 123.3, 117.9 (t, J = 256.6 Hz), 37.2 (t, J = 23.7
Hz).

CF,COPh
al

S

2,2-difluoro-1-phenyl-3-(thiophen-2-yl)propan-1-one (3m). The product (37.8 mg,
75% yield) was purified with silica gel chromatography (Petroleum ether/
Dichloromethane = 120:1) as pale yellow oil. 'H NMR (400 MHz, CDCl3) & 8.04 (d, J
=17.6 Hz, 2H), 7.62 (t, /= 7.4 Hz, 1H), 7.47 (t, J= 7.8 Hz, 2H), 7.29 — 7.27 (m, 1H),
7.19 (s, 1H), 7.06 (d, J = 4.8 Hz, 1H), 3.58 (t, J = 17.4 Hz, 2H). '°F NMR (376 MHz,
CDCl3) § -98.47 (t,J = 17.5 Hz, 2F). 3C NMR (101 MHz, CDCl3) § 189.4 (t, J=31.4
Hz), 134.2,132.1, 131.0 (t,J=4.1 Hz), 130.1 (t,J=3.4 Hz), 129.5, 128.6, 125.6, 124.9,
118.1 (t, J =256.0 Hz), 34.8 (t, J = 24.2 Hz). MS (ESI): m/z (%) 275 ([M+Na]*, 100).
HRMS (ESI): calculated for C13H10F20SNa ([M+Na]*): 275.0420; Found: 275.0313.

CF,COPh
BOCNQ/

Tert-butyl 3-(1,1-difluoro-2-oxo-2-phenylethyl)pyrrolidine-1-carboxylate (3n).
This compound is known!?!. The product (49.5 mg, 76% yield) was purified with silica
gel chromatography (Petroleum ether/ Ethyl acetate = 20:1) as pale yellow oil. *H NMR
(400 MHz, CDCI3) & 8.11 (d, J = 7.2 Hz, 2H), 7.64 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.6
Hz, 2H), 3.68 — 3.14 (m, 6H), 2.16 — 2.08 (m, 1H), 1.45 (s, 9H). °F NMR (376 MHz,
CDCls) § -105.61 — -105.94 (m, 2F). 3C NMR (101 MHz, CDCl3) 5 188.7 (t, J = 32.1
Hz), 154.3,134.6, 131.7, 130.2(t, J = 3.3 Hz), 128.7, 119.1 (t, J = 257.1 Hz), 79.5, 45.23,
45.17,41.7 (br), 28.5, 24.6.
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CF,COPh
Bocl\E:r

Tert-butyl 4-(1,1-difluoro-2-oxo-2-phenylethyl)piperidine-1-carboxylate (30). This
compound is known?!, The product (58.4 mg, 86% yield) was purified with silica gel
chromatography (Petroleum ether/ Ethyl acetate = 20:1) as pale yellow oil. 'TH NMR
(400 MHz, CDCls) 6 8.07 (d, J= 8.0 Hz, 2H), 7.63 (t, /J=7.4 Hz, 1H), 749 (t, J=7.6
Hz, 2H), 4.19 (br, 2H), 2.69 (t,J = 11.8 Hz, 2H), 2.50 — 2.37 (m, 1H), 1.78 (d, /= 12.8
Hz, 2H), 1.52 — 1.47 (m, 2H), 1.44 (s, 9H). ’F NMR (376 MHz, CDCl3) § -107.87 (t,
J=13.3 Hz, 2F). >*C NMR (101 MHz, CDCl3) § 189.5 (t, J=31.0 Hz), 154.6, 134.3,
132.4, 130.0 (t, J=3.5 Hz), 128.7, 119.4 (t, J = 256.5 Hz), 79.6, 43.1 (br), 40.2 (t, J =
22.2 Hz), 28.4, 24.2.

CF,COPh
LY

2,2-Difluoro-1-phenyl-2-(tetrahydro-2H-pyran-4-yl)ethan-1-one (3p). This
compound is known. The product (22.6 mg, 47% yield) was purified with silica gel
chromatography (Petroleum ether/ Ethyl acetate = 50:1) as pale yellow oil. *H NMR
(400 MHz, CDCl3) 6 8.09 (d, J = 8.4 Hz, 2H), 7.64 (t, J = 7.6 Hz, 1H), 7.51 (t, J = 7.6
Hz, 2H), 4.04 (d, J = 11.2 Hz, 2H), 3.46 — 3.38 (m, 2H), 2.64 — 2.49 (m, 1H), 1.74 —
1.61 (m, 4H). °F NMR (376 MHz, CDCls) & -108.57 (d, J = 14.3 Hz, 2F). 3C NMR
(101 MHz, CDCl3) § 189.4 (t, J = 31.0 Hz), 134.3, 132.4 (t, J = 2.3 Hz), 130.0 (t, J =
3.6 Hz), 128.7, 119.2 (t, J = 256.3 Hz), 67.0, 39.1 (t, J = 22.4 Hz), 24.8 (t, J = 4.4 Hz).

CF,COPh

2-Cyclododecyl-2,2-difluoro-1-phenylethan-1-one (3q). This compound is known(?],
The product (45.8 mg, 71% yield) was purified with silica gel chromatography
(Petroleum ether/ Dichloromethane = 200:1) as colorless oil. '"H NMR (400 MHz,
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CDCL3) & 8.08 (d, J = 8.0 Hz, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.8 Hz, 2H),
2.53 —2.41 (m, 1H), 1.61 — 1.23 (m, 22H). '°F NMR (376 MHz, CDCls) & -105.25 (d,
J=16.5 Hz, 2F). 3C NMR (101 MHz, CDCl3) & 190.4 (t, J = 30.6 Hz), 134.0, 132.8,
129.9 (t, J = 3.3 Hz), 128.6, 121.6 (t, J = 256.7 Hz), 38.4 (t, J = 20.6 Hz), 24.3, 23.6,
23.5,23.4,22.4.

OCFZCOPh

2-Cyclooctyl-2,2-difluoro-1-phenylethan-1-one (3r). This compound is known?],
The product (32.5 mg, 61% yield) was purified with silica gel chromatography
(Petroleum ether/ Dichloromethane = 200:1) as colorless oil. 'H NMR (400 MHz,
CDCl3) 6 8.08 (d, J = 8.0 Hz, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.8 Hz, 2H),
2.59 —2.46 (m, 1H), 1.80 — 1.75 (m, 4H), 1.61 — 1.49 (m, 10H). "°F NMR (376 MHz,
CDCl3) §-107.04 (d, J=15.0 Hz, 2F). *C NMR (101 MHz, CDCls3) & 190.5 (t,J=31.0
Hz), 134.0, 132.9, 129.9 (t, J=3.5 Hz), 128.6, 121.4 (t, J=256.9 Hz), 41.2 (t, J=20.4
Hz), 26.6, 26.2,25.6 (t,J=4.1 Hz), 25.4.

Q/CFZCOPh

2-Cycloheptyl-2,2-difluoro-1-phenylethan-1-one (3s). This compound is known!?l,
The product (36.3 mg, 72% yield) was purified with silica gel chromatography
(Petroleum ether/ Dichloromethane = 200:1) as colorless oil. H NMR (400 MHz,
CDCl3) § 8.08 (d, J = 6.8 Hz, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.8 Hz, 2H),
2.50—2.35 (m, 1H), 1.88 — 1.82 (m, 2H), 1.78 — 1.72 (m, 2H), 1.60 — 1.41 (m, 8H). *°F
NMR (376 MHz, CDCls) § -106.95 (d, J = 16.5 Hz, 2F). $3C NMR (101 MHz, CDCls)
5 190.5 (t, J = 30.8 Hz), 134.0, 132.9, 129.9 (t, J = 3.6 Hz), 128.6, 121.1 (t, J = 256.6
Hz), 43.3 (t, J = 20.7 Hz), 28.2, 26.49, 26.46, 26.4.

: _CF,COPh
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2-Cyclohexyl-2,2-difluoro-1-phenylethan-1-one (3t). This compound is known?l.
The product (41.5 mg, 87% yield) was purified with silica gel chromatography
(Petroleum ether/ Dichloromethane = 200:1) as colorless oil. '"H NMR (400 MHz,
CDCl) ¢ 8.08 (d, J = 8.0 Hz, 2H), 7.62 (t, /= 7.6 Hz, 1H), 7.49 (t, J = 7.8 Hz, 2H),
2.31-2.18 (m, 1H), 1.82 (t, /=9.2 Hz, 4H), 1.70 — 1.68 (m, 1H), 1.34 — 1.16 (m, SH).
F NMR (376 MHz, CDCls) § -108.55 (d, J = 15.0 Hz, 2F). '*C NMR (101 MHz,
CDCI3) 6 190.4 (t,J=30.4 Hz), 134.0, 132.9 (t,J= 1.8 Hz), 130.0 (t,J = 3.6 Hz), 128.6,
120.3 (t, J=255.5Hz),42.1 (t, J=21.8 Hz), 25.9, 25.4, 24.8 (t, J = 4.2 Hz).

i ,CF,COPh

2-(2,3-Dihydro-1H-inden-2-yl)-2,2-difluoro-1-phenylethan-1-one =~ (3u).  This
compound is known!?!. The product (40.8 mg, 75% yield) was purified with silica gel
chromatography (Petroleum ether/ Dichloromethane = 200:1) as colorless oil. 'H NMR
(400 MHz, CDCl3) 6 8.17 (d, J=7.6 Hz, 2H), 7.66 (t, J= 7.4 Hz, 1H), 7.53 (t, J= 7.8
Hz, 2H), 7.24 — 7.16 (m, 4H), 3.54 — 3.37 (m, 1H), 3.21 (d, /= 1.6 Hz, 2H), 3.18 (d, J
= 2.8 Hz, 2H). F NMR (376 MHz, CDCI3) § -105.6 (d, J = 16.5 Hz, 2F). 3*C NMR
(101 MHz, CDCI3) 6 189.3 (t, J=31.8 Hz), 141.3, 134.3, 132.2 (t, J = 2.3 Hz), 130.2
(t,J=3.4 Hz), 128.7, 126.6, 124.4, 120.2 (t, J = 255.7 Hz), 42.4 (t, /= 22.5 Hz), 32.8
(t,J=4.6 Hz).

CF,COPh
FQ

F
2-(4,4-difluorocyclohexyl)-2,2-difluoro-1-phenylethan-1-one (3v). This compound

is knownl. The product (39.5 mg, 72% yield) was purified with silica gel
chromatography Petroleum ether/ Dichloromethane = 200:1) as white solid. '"H NMR
(400 MHz, CDCl3) 6 8.09 (d, J= 7.6 Hz, 2H), 7.65 (t,J=7.4 Hz, 1H), 7.51 (t,J=7.6
Hz, 2H), 2.46 — 2.33 (m, 1H), 2.22 — 2.18 (m, 2H), 1.97 — 1.95 (m, 2H), 1.83 — 1.63 (m,
4H). F NMR (376 MHz, CDCl3) 6 -92.23 (d, J=237.3 Hz, 1F), -102.42 —-103.23 (m,
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1F), -107.02 (d, J= 14.3 Hz, 2F). '3C NMR (101 MHz, CDCl3)  189.4 (t, J=31.1 Hz),
134.4, 132.3 (t, J = 2.1 Hz), 130.1 (t, J = 3.6 Hz), 128.7, 122.5 (dd, J = 243.5, 240.9
Hz), 119.5 (td, J = 257.0, 2.2 Hz), 39.6 (td, J = 22.0, 1.1 Hz), 32.7 (dd, J = 25.7, 23.8
Hz), 21.5 - 21.3(m).

CF,COPh

2,2-Difluoro-3-methyl-1,5-diphenylpentan-1-one (3w). This compound is known!?,

The product (35.2 mg, 61% yield) was purified with silica gel chromatography

(Petroleum ether/ Dichloromethane = 150:1) as colorless oil. 'H NMR (400 MHz,

CDCl3) 6 8.03 (d, J = 8.0 Hz, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.8 Hz, 2H),

7.26 (t,J=7.6 Hz, 2H), 7.19 — 7.14 (m, 3H), 2.84 — 2.77 (m, 1H), 2.62 — 2.54 (m, 1H),

2.49 —2.35 (m, 1H), 2.05 - 1.96 (m, 1H), 1.67 — 1.58 (m, 1H), 1.13 (d, /= 6.8 Hz, 3H).

YFNMR (376 MHz, CDCl3) § -107.58 (t, J=16.7 Hz, 2F). *C NMR (101 MHz, CDCl3)
3190.0 (t,J=30.5 Hz), 141.3, 134.1, 132.6, 129.9 (t, /= 3.6 Hz), 128.6, 128.4, 128.3,

126.0, 120.7 (t, J=256.4 Hz), 37.0 (t, /= 21.7 Hz), 33.0, 30.6 (t, /= 3.8 Hz), 12.2 (t,

J=5.1 Hz).

CF

Methyl-4,4-difluoro-3-methyl-5-oxo-5-phenylpentanoate (3x). The product (33.3
mg, 65% yield) was purified with silica gel chromatography (Petroleum ether/ Ethyl
acetate = 100:1) as pale yellow oil. 'H NMR (400 MHz, CDCl3) & 8.09 (d, J = 8.0 Hz,
2H), 7.64 (t,J="7.2 Hz, 1H), 7.50 (t,J=7.6 Hz, 2H), 3.70 (s, 3H), 3.13 — 2.97 (m, 1H),
2.77 (m, 1H), 2.35 (m, 1H), 1.11 (d, J = 6.8 Hz, 3H). '°F NMR (376 MHz, CDCl) & -
105.41 (dd, J = 278.4, 11.8 Hz, 1F), -110.67 (dd, J = 278.4, 17.9 Hz, 1F). 3C NMR
(101 MHz, CDCI3) & 189.1 (t, J=30.6 Hz), 172.1, 134.4, 132.2 (t, J = 2.0 Hz), 130.0
(t,J=3.4 Hz), 128.7, 119.8 (dd, J = 257.8, 256.3 Hz), 51.9, 34.7 (t, J=22.2 Hz), 34.2
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(t, J=4.4 Hz), 13.2 (t, J = 4.8 Hz). MS (ESI): m/z (%) 279 ([M+Na]*, 100). HRMS
(ESI): calculated for C13H14F203Na ([M+Na]*): 279.0911; Found: 279.0803.

MeOOC\rCFZCOPh

Methyl-3,3-difluoro-2-methyl-4-oxo0-4-phenylbutanoate (3y). The product (32.9 mg,
68% yield, procedure b) was purified with silica gel chromatography (Petroleum ether/
Ethyl acetate = 100:1) as pale yellow oil. 'H NMR (400 MHz, CDCl;) § 8.08 (d, J =
8.0 Hz, 2H), 7.64 (t, J = 7.8 Hz, 1H), 7.50 (t, J= 7.8 Hz, 2H), 3.69 (s, 3H), 3.63 — 3.50
(m, 1H), 1.46 (d,J="7.6 Hz, 3H). '’F NMR (376 MHz, CDCl3) 6 -101.41 (dd, J=293.3,
9.0 Hz, 1F), -109.42 (dd, J=293.3, 19.9 Hz, 1F). *C NMR (101 MHz, CDCl3) & 189.2
(t,J=30.8 Hz), 170.7 (d,/=10.8 Hz), 134.2, 132.1, 130.0, 128.6, 117.7 (dd, J = 264.1,
254.8 Hz), 52.3, 43.6 (t, J = 23.7 Hz), 9.8 (t, J = 4.6 Hz). MS (ESI): m/z (%) 265
([M+Na]*, 100). HRMS (ESI): calculated for C12H12F203Na ([M+Na]*): 265.0755;
Found: 265.0647.

CF,COPh
\O 2

Methyl-2-(cyclohexylmethyl)-3,3-difluoro-4-oxo-4-phenylbutanoate  (3z). The
product (48.7 mg, 75% yield, procedure b) was purified with silica gel chromatography
(Petroleum ether/ Ethyl acetate = 150:1) as pale yellow oil. "H NMR (400 MHz, CDCl5)
0 8.08 (d, J = 8.0 Hz, 2H), 7.64 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.8 Hz, 2H), 3.71 (s,
3H), 3.56 — 3.45 (m, 1H), 1.89 — 1.82 (m, 2H), 1.70 — 1.58 (m, 4H), 1.25 — 1.13 (m,
4H) , 1.00 — 0.83 (m, 3H). '°F NMR (376 MHz, CDCls) & -102.24 (dd, J=292.9, 13.5
Hz, 1F), -104.29 (dd, J=293.3, 15.8 Hz, 1F). >*C NMR (101 MHz, CDCI5) § 188.8 (t,
J=30.9 Hz), 170.5 (d, J = 8.6 Hz), 134.3, 132.0 (t, J = 2.8 Hz), 130.1 (t, /= 3.4 Hz),
128.7, 118.0 (dd, J = 262.7, 258.2 Hz), 52.2, 46.7 (dd, J = 23.4, 21.2 Hz), 35.3, 33.7,
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32.8 (t, J=3.1 Hz), 32.1,26.4, 26.0 (d, J = 15.4 Hz). MS (ESI): m/z (%) 325 ([M+H]*,
100). HRMS (ESI): calculated for C1gH23F203 ([M+H]"): 325.1611; Found: 325.1537.

~ CF,COPh

Methyl-2-(1,1-difluoro-2-oxo-2-phenylethyl)hexanoate (3aa). The product (40.9 mg,
72% yield, procedure b) was purified with silica gel chromatography (Petroleum ether/
Ethyl acetate = 150:1) as pale yellow oil. '"H NMR (400 MHz, CDCls) & 8.08 (d, J =
8.0 Hz, 2H), 7.63 (t, J=7.4 Hz, 1H), 7.49 (t, J= 7.8 Hz, 2H), 3.71 (s, 3H), 3.44 - 3.33
(m, 1H), 1.93 — 1.79 (m, 2H), 1.43 — 1.33 (m, 4H), 0.91 (t, J = 6.8 Hz, 3H). '°F NMR
(376 MHz, CDCl3) 6 -101.70 (dd, J = 294.6, 11.5 Hz, 1F), -104.80 (dd, J=294.8, 16.5
Hz, 1F). *C NMR (101 MHz, CDCl3) & 188.9 (dd, J=31.6, 30.6 Hz), 170.3 (d, J = 8.6
Hz), 134.3, 132.0 (t, J = 2.9 Hz), 130.1 (t, J = 3.4 Hz), 128.6, 117.9 (dd, J = 263.3,
257.2 Hz), 52.1,49.2 (dd, J=23.8, 21.2 Hz), 29.4, 25.2 (t, J= 3.6 Hz), 22.4, 13.7. MS
(ESD): m/z (%) 307 ([M+Na]*, 100). HRMS (ESI): calculated for CisHisF2O3Na
([M+Na]™): 307.1116; Found: 307.1224.

CF,COPh
MeO 2

SMe
Methyl 3,3-difluoro-2-(2-(methylthio)ethyl)-4-0xo-4-phenylbutanoate (3ab). This
compound is known. The product (49.6 mg, 82% yield, procedure a) was purified
with silica gel chromatography (Petroleum ether/ Ethyl acetate = 100:1) as pale yellow
oil. 'H NMR (400 MHz, CDCls) & 8.06 (d, J = 8.4 Hz, 2H), 7.63 (t, J = 7.6 Hz, 1H),
7.49 (t, J=7.8 Hz, 2H), 3.75 — 3.62 (m, 4H), 2.69 — 2.67 (m, 1H), 2.60 — 2.55 (m, 1H),
2.28-2.15 (m, 2H), 2.10 (s, 3H). '’F NMR (376 MHz, CDCl3) § -100.76 (dd, J=293.7,
11.7 Hz, 1F), -105.22 (dd, J=293.5, 18.2 Hz, 1F). >*C NMR (101 MHz, CDCl5) § 188.6
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(t,J=30.9 Hz), 169.7 (d, J= 9.6 Hz), 134.4, 131.8, 130.0 (t, J = 3.4 Hz), 128.7, 117.8
(dd, J=264.0, 257.4 Hz), 52.3, 47.8 (t, J= 22.7 Hz), 31.6, 24.7, 15.0.

O O

MeO OMe
CF,COPh

Dimethyl 2-(1,1-difluoro-2-oxo-2-phenylethyl)pentanedioate (3ac). This compound
is known!?l. The product (44.6 mg, 71% yield, procedure a) was purified with silica gel
chromatography (Petroleum ether/ Ethyl acetate = 10:1) as pale yellow oil. 'TH NMR
(400 MHz, CDCls) 6 8.07 (d, J= 7.6 Hz, 2H), 7.64 (t, J=7.4 Hz, 1H), 7.50 (t, J="7.8
Hz, 2H), 3.70 (s, 3H), 3.69 (s, 3H), 3.56 — 3.46 (m, 1H), 2.60 — 2.43 (m, 2H), 2.29 —
2.17 (m, 2H). ’F NMR (376 MHz, CDCl3) § -100.21 —-100.99 (m, 1F), -105.72 — -
106.51 (m, 1F). 3C NMR (101 MHz, CDCls) § 188.6 (t, J = 30.7 Hz), 172.7, 169.6 (d,
J=10.2 Hz), 134.4, 131.8 (t, J= 2.7 Hz), 130.1 (t, J=2.9 Hz), 128.7, 117.7 (dd, J =
264.6, 256.8 Hz), 52.3, 51.8, 48.1 (dd, /= 23.7,21.7 Hz), 31.4, 20.5 (t, /= 4.0 Hz).

0]

MeO
MeO

CF,COPh

(0]

Dimethyl 2-(1,1-difluoro-2-oxo-2-phenylethyl)succinate (3ad). This compound is
known!?!, The product (46.8 mg,78% yield, procedure a) was purified with silica gel
chromatography (Petroleum ether/ Ethyl acetate = 10:1) as pale yellow oil. 'H NMR
(400 MHz, CDCl3) 6 8.06 (d, J= 7.6 Hz, 2H), 7.65 (t, J= 7.4 Hz, 1H), 7.51 (t, J= 7.8
Hz, 2H), 4.12 — 4.02 (m, 1H), 3.74 (s, 3H), 3.68 (s, 3H), 3.08 — 3.01 (m, 1H), 2.87 —
2.81 (m, 1H). '°F NMR (376 MHz, CDCl3) & -99.74 (dd, J = 288.0, 10.5 Hz, 1F), -
105.58 (dd, J = 288.2, 18.2 Hz, 1F). *C NMR (101 MHz, CDCls) § 188.1 (t, J=29.9
Hz), 171.2,168.5 (dd, J=17.3, 2.5 Hz), 134.5, 131.8, 130.0 (t, /= 3.1 Hz), 128.7, 117.3
(dd, J=1262.5,259.1 Hz), 52.7, 52.3, 45.9 (t, J=23.1 Hz), 30.0 (t, J = 4.1 Hz).
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O

CF,COPh
MeO 2

NHBoc

Methyl 6-((tert-butoxycarbonyl)amino)-2-(1,1-difluoro-2-oxo-2-phenylethyl)hex-

anoate (3ae). This compound is known?l. The product (71.1 mg, 89% yield, procedure
b) was purified with silica gel chromatography (Petroleum ether/ Ethyl acetate = 10:1)
as pale yellow oil. 'H NMR (400 MHz, CDCl3) & 8.07 (d, J = 8.0 Hz, 2H), 7.64 (t, J =
7.4 Hz, 1H), 7.49 (t, J = 7.8 Hz, 2H), 4.55 (br, 1H), 3.70 (s, 3H), 3.44 — 3.33 (m, 1H),
3.12 (s, 2H), 1.97 — 1.80 (m, 2H), 1.59 — 1.50 (m, 4H), 1.42(s, 9H). "’F NMR (376 MHz,
CDCIs) 6 -101.45 (dd, J = 295.0, 11.5 Hz, 1F), -104.96 (dd, J = 294.8, 17.3 Hz, 1F).
3C NMR (101 MHz, CDCls) & 188.7 (t, J = 31.1 Hz), 170.1 (d, J = 9.5 Hz), 155.9,
134.4, 131.8 (t, J = 2.7 Hz), 130.1 (t, J = 3.2 Hz), 128.6, 117.7 (dd, J = 263.8, 257.2
Hz), 79.1,52.2,49.0 (dd, J=23.8, 21.3 Hz), 40.1, 29.8, 28.3, 25.1 (t,J = 3.6 Hz), 24.5.

MeOOC._ _CF,COPh

Methyl 2-benzyl-3,3-difluoro-4-oxo-4-phenylbutanoate (3af). This compound is
known!?!. The product (52.2 mg, 82% yield, procedure b) was purified with silica gel
chromatography Petroleum ether/ Ethyl acetate = 70:1) as pale yellow oil. 'H NMR
(400 MHz, CDCl3) 6 8.11 (d, J = 8.0 Hz, 2H), 7.66 (t, J= 7.2 Hz, 1H), 7.51 (t, J=7.6
Hz, 2H), 7.32 — 7.24 (m, 5H), 3.78 — 3.67 (m, 1H), 3.58 (s, 3H), 3.19 (d, J = 7.2 Hz,
2H). F NMR (376 MHz, CDCls) 6 -101.90 (dd, J = 294.9, 13.7 Hz, 1F), -103.69 (dd,
J=1295.0, 15.2 Hz, 1F). 3C NMR (101 MHz, CDCl3) é 188.4 (t, J = 31.0 Hz), 169.5,
137.4, 134.5, 131.8, 130.1 (t, J = 3.3 Hz), 128.9, 128.7, 128.5, 126.8, 117.6 (dd, J =
263.4,259.5 Hz), 52.1, 51.5 (dd, J=23.0, 21.1 Hz), 31.7 (t, /= 4.3 Hz).
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MeOOC.__CF,COPh

F
Methyl 3,3-difluoro-2-(4-fluorobenzyl)-4-oxo-4-phenylbutanoate (3ag). This

compound is known. The product (58.5 mg, 87% yield, procedure a) was purified
with silica gel chromatography (Petroleum ether/ Ethyl acetate = 100:1) as pale yellow
oil. '"H NMR (400 MHz, CDCls) & 8.10 (d, J = 7.6 Hz, 2H), 7.65 (t, J = 7.6 Hz, 1H),
7.51(t,J=7.8 Hz, 2H), 7.22 — 7.18 (m, 2H), 7.01 — 6.96 (m, 2H), 3.74 — 3.63 (m, 1H),
3.58 (s, 3H), 3.16 (d, J = 7.2 Hz, 2H). ’F NMR (376 MHz, CDCl3) § -101.88 (dd, J =
295.9, 13.2 Hz, 1F), -103.55 (dd, J = 295.9, 14.7 Hz, 1F), -116.02 (s, 1F). *C NMR
(101 MHz, CDCl3) 6 188.3 (t,J =30.9 Hz), 169.3 (d, J=7.7 Hz), 161.8 (d, J = 246.2
Hz), 134.6, 133.1 (d, /= 3.1 Hz), 131.7 (t, J=2.9 Hz), 130.5 (d, /= 8.1 Hz), 130.1 (t,
J=3.4Hz), 128.7,117.5 (dd, J=263.5, 259.7 Hz), 115.4 (d, J=21.5 Hz) 52.2, 51.5 (t,
J=22.2Hz),30.9 (t,J=4.5 Hz).

MeOOC._ _CF,COPh

HO
Methyl 3,3-difluoro-2-(4-hydroxybenzyl)-4-oxo-4-phenylbutanoate (3ah). The

product (58.2 mg, 87% yield, procedure a) was purified with silica gel chromatography
(Petroleum ether/ Ethyl acetate = 100:1) as white solid. '"H NMR (400 MHz, CDCls) &
8.10 (d, J=7.6 Hz, 2H), 7.65 (t, J= 7.6 Hz, 1H), 7.50 (t, J= 7.8 Hz, 2H), 7.07 (d, J =
8.4 Hz, 2H), 6.74 (d, J= 8.4 Hz, 2H), 5.66 (br, 1H), 3.73 — 3.62 (m, 1H), 3.58 (s, 3H),
3.12 - 3.10 (m, 2H). "’F NMR (376 MHz, CDCls) § -102.04 (dd, J = 295.5, 13.9 Hz,
1F), -103.40 (dd, J = 295.5, 15.4 Hz, 1F). *C NMR (101 MHz, CDCl3) 5 188.5 (t, J =
31.1 Hz), 169.9 (d, J=17.3 Hz), 154.6, 134.6, 131.7, 130.2 (t, /= 3.4 Hz), 130.1, 129.1,
128.7, 117.5 (t, J = 261.4 Hz), 115.4, 52.2, 51.7 (t, J = 21.9 Hz), 30.9 (t, J = 4.4 Hz).
MS (ESI): m/z (%) 357 ([M+Na]", 100). HRMS (ESI): calculated for C1gH1sF204Na
([M+Na]"): 357.1017; Found: 357.0908.

29



MeOOC CF,COPh

t-BuO
Methyl -2-(4-(tert-butoxy)benzyl)-3,3-difluoro-4-oxo-4-phenylbutanoate (3ai).

This compound is knownl. The product (66.4 mg, 85% yield, procedure b) was
purified with silica gel chromatography (Petroleum ether/ Ethyl acetate = 100:1) as pale
yellow oil. "H NMR (400 MHz, CDCls3) § 8.10 (d, J = 7.6 Hz, 2H), 7.64 (t, J= 7.4 Hz,
1H), 7.50 (t, /= 7.8 Hz, 2H), 7.11 (d, /= 8.4 Hz, 2H), 6.92 (d, J = 8.4 Hz, 2H), 3.74 —
3.63 (m, 1H), 3.54 (s, 3H), 3.15 (s, 1H), 3.13 (d, J= 2.8 Hz, 1H). "°F NMR (376 MHz,
CDCI) & -101.99 (dd, J = 295.5, 13.5 Hz, 1F), -103.72 (dd, J = 295.2, 15.4 Hz, 1F).
3C NMR (101 MHz, CDCls) & 188.4 (t, J = 30.9 Hz), 169.5 (d, J = 8.2 Hz), 154.1,
134.5,132.2,131.8 (t,J=2.7 Hz), 130.1 (t, J=3.2 Hz), 129.3, 128.7, 124.2, 117.5 (dd,
J=263.2,259.5 Hz), 78.3, 52.0, 51.5 (dd, J=23.0, 20.8 Hz), 31.1 (t, /= 4.4 Hz), 28.8.

MeOOC CF,COPh

O,N

Methyl-3,3-difluoro-2-(4-nitrobenzyl)-4-oxo-4-phenylbutanoate (3aj). The product

(51.6 mg, 71% yield, procedure b) was purified with silica gel chromatography

(Petroleum ether/ Ethyl acetate = 50:1) as pale yellow solid. 'H NMR (400 MHz, CDCls)
0 8.18 (d, J= 8.8 Hz, 2H), 8.10 (d, J= 7.6 Hz, 2H), 7.67 (t, /= 7.6 Hz, 1H), 7.52 (t, J
= 7.8 Hz, 2H), 7.43 (d, J= 8.4 Hz, 2H), 3.81 — 3.70 (m, 1H), 3.60 (s, 3H), 3.31 —3.28

(m, 2H). F NMR (376 MHz, CDCl3) § -101.72 (dd, J = 297.2, 13.0 Hz, 1F), -104.25

(dd, J = 297.0, 15.4 Hz, 1F). *C NMR (101 MHz, CDCls) § 188.1 (t, J = 30.8 Hz),

168.8 (d, /J=8.0 Hz), 147.0, 145.2, 134.7, 131.4, 130.2, 130.0, 128.8, 123.8, 117.4 (dd,

J=1264.2,260.0 Hz), 52.4, 50.7 (t, J = 22.2 Hz), 31.5 (t, J = 4.3 Hz). MS (ESI): m/z

(%) 386 ([M+Na]*, 100). HRMS (ESI): calculated for CigHisF2NOsNa ([M+Na]*):

386.0813; Found: 386.0918.
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CF,COPh

Methyl-3,3-difluoro-2-(naphthalen-1-ylmethyl)-4-oxo0-4-phenylbutanoate(3ak).

COOMe

The product (67.8 mg, 92% yield, procedure b) was purified with silica gel
chromatography (Petroleum ether/ Ethyl acetate = 100:1) as pale yellow oil. 'H NMR
(400 MHz, CDCl3) 6 8.18 —8.13 (m, 3H), 7.89 (d, /= 8.0 Hz, 1H), 7.80 — 7.78 (m, 1H),
7.67 (t,J=7.4 Hz, 1H), 7.60 — 7.50 (m, 4H), 7.43 — 7.39 (m, 2H), 3.89 — 4.00 (m, 1H),
3.78 (dd, J = 14.0, 4.0 Hz, 1H), 3.62 — 3.55 (m, 1H), 3.49 (s, 3H). '°F NMR (376 MHz,
CDCl3) 6 -102.27 (dd, J = 297.0, 14.3 Hz, 1F), -103.47 (dd, J = 297.2, 14.5 Hz, 1F).
3C NMR (101 MHz, CDCl3) & 188.4 (t, J = 31.1 Hz), 169.5 (d, J = 7.2 Hz), 134.6,
134.0, 133.2, 131.8, 131.7, 130.2 (t, J = 3.3 Hz), 129.0, 128.8, 127.9, 127.6, 126.5,
125.7, 125.4, 117.8 (dd, J = 262.7, 260.1 Hz), 52.1, 50.5 (t, J =21.9 Hz), 29.2 (t, J =
4.5 Hz). MS (ESI): m/z (%) 369 ([M+H]", 100). HRMS (ESI): calculated for
Co2H19F203([M+H]™): 369.1300; Found: 369.1224.

- CF,COPh

Methyl-3,3-difluoro-4-oxo-2,4-diphenylbutanoate (3al). This compound is known!®l,
The product (44.4 mg, 73% yield, procedure a) was purified with silica gel
chromatography (Petroleum ether/ Ethyl acetate = 150:1) as pale yellow oil. 'H NMR
(400 MHz, CDCls) 6 8.07 (d, J = 8.0 Hz, 2H), 7.63 (t, J=7.4 Hz, 1H), 749 (t, J="7.8
Hz, 2H), 7.43 — 7.39 (m, 5H), 4.72 (dd, J = 22.4, 8.8 Hz, 1H), 3.72 (s, 3H). ’"F NMR
(376 MHz, CDCl3) 6 -99.35 (dd, J = 300.2, 8.8 Hz, 1F), -107.53 (dd, J = 300.4, 22.2
Hz, 1F). *C NMR (101 MHz, CDCls) § 189.3 (t, J=32.6, 29.5 Hz), 168.9 (d, J=12.8
Hz), 135.0, 134.4, 132.0 (t, J = 3.1 Hz), 130.3, 130.2 (dd, J = 4.4, 2.2 Hz), 128.70,
128.67, 128.6, 116.4 (dd, J=267.8, 254.1 Hz), 54.4 (dd, J = 25.2, 20.6 Hz), 52.6.

31



CF,COPh

COOMe
N\

N
Methyl 2-((1H-indol-3-yl)methyl)-3,3-difluoro-4-oxo-4-phenylbutanoate (3am).
The product (36.5 mg, 51% yield) was purified with silica gel chromatography
(Petroleum ether/ Ethyl acetate = 5:1) as pale yellow oil. 'H NMR (400 MHz, CDCls)
0 8.13 (d, J=7.6 Hz, 2H), 8.08 (s, 1H), 7.66 (t, J = 7.8 Hz, 2H), 7.52 (t, J = 7.8 Hz,
2H), 7.35 (d, J = 8.0 Hz, 1H), 7.23 — 7.13 (m, 2H), 7.04 (s, 1H), 3.93 — 3.82 (m, 1H),
3.57 (s, 3H), 3.44 —3.31 (m, 2H). '’F NMR (376 MHz, CDCl3) § -102.09 —-103.92 (m,
2F). 3C NMR (101 MHz, CDCl3) & 188.4 (t, J=30.6 Hz), 169.9, 136.1, 134.4, 131.8,
130.1 (t, J=3.4 Hz), 128.7, 127.0, 122.7, 122.1, 119.6, 118.5, 117.7 (t, J = 261.1 Hz),
111.5, 111.2, 52.1, 50.6 (t, J= 21.7 Hz), 21.7 (t, J = 4.8 Hz). MS (ESI): m/z (%) 380
([M+Na]*, 100). HRMS (ESI): calculated for C2oH17F2NOsNa ([M+Na]*): 380.1176;
Found: 380.1068.

Boc

(o

N
CF,COPh

Tert-butyl 2-(3-(1,1-difluoro-2-oxo-2-phenylethyl)-2-ox0-2,3,4,5-tetrahydro-1H-
benzo|b]azepin-1-yl)acetate (3an). The product (37.8 mg, 44% yield) was purified
with silica gel chromatography (Petroleum ether/ Ethyl acetate = 30:1) as pale yellow
oil. "H NMR (400 MHz, CDCl3) & 8.07 (d, J = 8.0 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H),
7.46 (t,J=7.6 Hz, 2H), 7.36 — 7.31 (m, 1H), 7.29 — 7.27 (m, 1H), 7.24 — 7.20 (m, 2H),
4.66 (d, J=17.2 Hz, 1H), 4.19 (d, J = 17.2 Hz, 1H), 3.62 — 3.50 (m, 1H), 3.44 — 3.35
(m, 1H), 2.78 — 2.65 (m, 2H), 2.40 — 2.30 (m, 1H), 1.39 (s, 9H). '°F NMR (376 MHz,
CDCl3) § -107.77 (d, J = 20.3 Hz, 1F), -108.55 (d, J = 20.3 Hz, 1F). 3*C NMR (101
MHz, CDCl3) 6 189.9 (dd, J = 33.2, 28.4 Hz), 169.5 (d, J = 12.3 Hz), 167.6, 141.3,
135.7,133.8, 132.6, 130.1 (d, /= 5.0 Hz), 129.4, 128.4, 127.9, 126.9, 122.5, 118.2 (dd,

J =268.8, 247.8 Hz), 82.0, 50.6, 45.6 (dd, J = 25.7, 19.9 Hz), 28.5, 27.9, 23.8. MS
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(ESI): m/z (%) 452 ([M+Na]*, 100). HRMS (ESI): calculated for Ca4H2sF2NOsNa
([M+Na]"): 452.1752; Found: 452.1645.

EtO,C._~_-CO2Et
»
N

Diethyl 2,6-dimethylpyridine-3,5-dicarboxylate (6). This compound is known®. The
product was purified with silica gel chromatography (Petroleum ether/ Ethyl acetate =
10:1) as white solid. *H NMR (400 MHz, CDCls) 6 8.67 (s, 1 H), 4.38 (q, J = 6.8 Hz, 4
H), 2.84 (s, 6 H), 1.40 (t, J = 6.8 Hz, 6 H); 1*C NMR (101 MHz, CDCl3) § 165.7, 162.1,
141.3, 123.3,61.5, 24.6, 14.3.
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2,2-difluoro-3-(4-iodophenyl)-1-phenylpropan-1-one (3a.)
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2,2-Difluoro-3-(4-fluorophenyl)-1-phenylpropan-1-one (3c).
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Methyl 4-(2,2-difluoro-3-oxo-3-phenylpropyl)benzoate (3e).
TN NSNS O o Nt =) -
2385385 R333ISRS Sewl & g
XL~ e en e e - <
TS ——— N\ I I
/©/\Ccmoph
MeOOC
Compound 3e
"H NMR (400 MHz, CDCl3)
Mlj J N !
A 3 &
ass<s< S =
- e (o] g} (o]

(o]
95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -0.5
f1 (ppm)

-98.197
-98.243
-98.291

~
/©/\cmoph
MeOOC
Compound 3e
F NMR (376 MHz, CDCl,)
s
<
(o]

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

43



$S0°0-
986°0 7

099°6€
Naw.mmw
€Croy

€L0°TS —

€89°9L
000°LL W
61E°LL

0SS'STI
060811 1
0£9°021 |
£r9°8T1 |
£€°621 |
095671 1
950°0€1
6L0°0ET |
TIT0ET A
9L8'0ET —
6SLIEL 4
SSLIEL ]

P18 1S ]
69€bET
TES'9ET Q
L9S9%T |
109°9€1

192991 —

——r—

009°881 /
116°881 N
T 681

CF,COPh

MeOOC

Compound 3e
3C NMR (101 MHz, CDClg)

-10

100 90 8 70 60 50 40 30 20 10
f1 (ppm)

130 120 110

140

160 150

170

190 180

210 200

€€0°0 —

68T°1 —

6vET —

LSY'E
Ncm.mW
LyS'e

p-tolyl)propan-1-one (3f).

CF,COPh

Me

Compound 3f
"H NMR (400 MHz, CDCl3)

\s

00
90T
=701

90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1.0

9.5

f1 (ppm)

44



8€8°86-
16L°86-
€VL 86~

?

CF,COPh

Me

Compound 3f
19F NMR (376 MHz, CDCl5)

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

-10

f1 (ppm)

790°17 —

981°6¢
LIL6E /
8¥6'6¢

v89°9L
T00°LL
YoOT'LL
0TE°LL

POS'SII |
PEESIT |
£98°021 |
LOO'STI |
PPO°8TT |
6L0°8T1 |
SLS'8TI
801°671 |
£50°0€1 |

e

0€T°681 /
0vS 681 W
818681

CF,COPh

Me

Compound 3f
13C NMR (101 MHz, CDCl3)

mn

-10

20 10

110 100 9 80 70 60 50 40 30

180 170 160 150 140 130 120

210 200 190

f1 (ppm)

45



3-(2-Bromophenyl)-2,2-difluoro-1-phenylpropan-1-one (3g).
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2,2-difluoro-1-phenyl-3-(3-(trifluoromethyl)phenyl)propan-1-one (3j).
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2,2-difluoro-1,3-diphenylpropan-1-one (3k).
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2,2-difluoro-1-phenyl-3-(thiophen-2-yl)propan-1-one (3m).
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1-carboxylate (30).
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fluoro-1-phenylethan-1-one
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2-difluoro-1-phenylethan-1-one (3s).
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lethan-1-one (3u).
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2-(4,4-difluorocyclohexyl)-2,2-difluoro-1-phenylethan-1-one (3v).
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2,2-Difluoro-3-methyl-1,5-diphenylpentan-1-one (3w).

10070
6111 |
9€T°T |
SST'T |
9LS'1 ;
009°1 |
T19°1
vT9°1 |
SE9°T
859°T 1
859°T 4
TLY'T
v86°T
6671
666
800°C
L10°T
S0z
£€0°T
80v°T
1507
0Fy'T
pSt'T |
PsT |
€957 |
6LS°T |
2097 |
1297 ]
69LT ]
1807 ]
p6L'T
S08'T
SI8'T
678'T
8T
9ET'L
SST'L
9LT'L
€61°L
0T LT
0927°L -
8Lz'L ]
LyrL
LovL]
ogp-L |
L6SL
L19°L 1
vE9°L |
610°8 1
6£0°'8

=

CF,COPh

Compound 3w
"H NMR (400 MHz, CDCl5)

0°¢

H{N.—
jx Al

Tl
AN}
M\ﬁv—.—

78T

r

M@.—

s

-1.0

-0.5

50 45 40 35 30 25 20 15 1.0 05 0.0

5.5

6.0

90 85 80 75 7.0 6.5

9.5

f1 (ppm)

9Lol-
6LSLOT-
€ESLOT-

}

CF,COPh

Compound 3w
9F NMR (376 MHz, CDClj5)

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

-10

f1 (ppm)

70



S8I'8IL
€TL0T1
09Tetl
SL6°STI
78T'8CI /
T6€°8CI W
LT9°8C1
906°6C1
we'6Tl
8L6°6T1
wITel
080°vEL
({11584

VIL 681 /
L1I0°061 N
81€°061

CF,COPh

Compound 3w
3C NMR (101 MHz, CDCl3)

-10

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

140 130

150

180 170 160

210 200 190

Methyl-4,4-difluoro-3-methyl-5-oxo-5-phenylpentanoate (3x).

800°0- —

1011
SII'L -
8T'I
vIET
8€€°T
SSE'T
8LET
6¥L'T
09L°T
06L°T
008°Z
696'C
¥86°C
p10°€ ]
170°€
780°€
$60°€
0€T°€ |
669°€”

e

09T°L
I8¥°L /
00s°L /
61ISL~\
129°L T
6€9°L \
LS9'L

180°8 X

101°8

CF,COPh

MeOOC

Compound 3x
"H NMR (400 MHz, CDClj)

L1l
PEL'T
port

0T
£66°0

20 1.5 1.0 05 0.0 -0.5 -1.0

2.5

35

90 85 80 75 7.0 65 60 55 50 45 4.0

9.5

f1 (ppm)

71



190°111-
€107 111~
ozeorr-
€LTOLL-
86L°S01-
LoLsor-
850°S01-
970°s01-

CF,COPh

MeOOC

Compound 3x
9F NMR (376 MHz, CDClj)

=001
=0°'1

20 -30 -4 -50 -60 -70 -8 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

-10

f1 (ppm)

SY0°0- —

9TI°¢cl
V\L.mﬁw

1Tel
vSI've
oa—.vm%
wTre
vosve
LTLVE
€v6've
168°1S —

v89°9L
100°LL
SOT'LL
0TELL

STLIL
68L°611
vo8°611
weTl

€TL'8TL /
€10°0€1
LY0 0EL
180°0¢€1
I81°CEL
S0T'TEL
1TTTel
L9EPEL

0S0°CLY —

TSL'881 /
950°681 N
8SE€°681

CF,COPh

MeOOC

Compound 3x
3C NMR (101 MHz, CDCls)

-10

100 90 8 70 60 50 40 30 20 10
f1 (ppm)

140 130 120 110

190 180 170 160 150

210 200

72



- - I — I XSRS XRXRXD A = ;

QA Ween == R0 O RS RO =D -~ >

Sseeling I S8 & wwn N R S

- - o e 6 e en en en N N o — - 1

ey e S\ \
MeOOC._ _CF,COPh

T

Compound 3y
"H NMR (400 MHz, CDCl5)

=
51 3.03=

1.0 05 0.0 -05 -1.0

005
029
785
809
003
056
783
836

-109
-109.

ﬁ
Y

CF,COPh

MeOOC\r

Compound 3y
F NMR (376 MHz, CDCl3)

g

1 0.99=x

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

73



008°6
hvw.av

168°6

€99°67 —

96€°EH
979°ct
998°ct
99775 7

789'9L
000°LL
10T°LL
8I€LL

9ET'STI
amﬁ:W
ISL'LIT
yLzoz1
809°8T1 .
. e
S200ET
STI'TEL \

TYel

£6S°0LL
00L°0LT

S€8°881 /
IS1°681 W
vy 681

MeOOCTCFzCOPh

Compound 3y
3C NMR (101 MHz, CDClj)

i

Ad

-10

120 110 100 90 80 70 60 S50 40 30 20 10

130

190 180 170 160 150 140

210 200

f1 (ppm)

(32).

Methyl-2-(cyclohexylmethyl)-3,3-difluoro-4-oxo-4-phenylbutanoate

£00°0-
690°0 |
LT8°0
SS8°0 1
$L8°0 |
m;.o%
9670 |
LL6%0 A
$00°T |
eﬁ.jw
9T I~
081°T

SSM
s
ST

LLS'T]
985°1 ]
0091
0191 |
0Z9°1 |
s€9'T |
€9° |
PLY'T
£0L°1 ]
L1871 ]
678'T

P81

SS8'T

po8'T

LLS'T

068'T

pShE ]
£opc |
18+°€
06+°€
a3
£IS°E
67s°€
8es'e
sss'€|f
o1
097°L

8Ly'L ]
L6bL
L1sL ]
619°L ]
8€9°L |
959°L
0L0°8 |
060'8 °

S

CF,COPh

Compound 3z
"H NMR (400 MHz, CDCls)

Fore
09T
Rer'1
ST
50T

orr
_Sm

770°T
o1

e

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1.0

9.5

f1 (ppm)

74



869°v01-
LS9VOI-
616°€01-
9L8€01-
0S9°201-
v19°701-
L8101~
SESI01-

CF,COPh

Compound 3z
"H NMR (400 MHz, CDCl5)

220°1
2001

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

-10

f1 (ppm)

bmc.cn
0S6°ST /
€01°9T
09€°9T
vL9"6T
€60°C¢
68L°TE
€78°C¢
1S8°C¢€
Tl ee —
10€°se /
SISO \

viLoy

@Vh.ch
bma.cv\
v81°cs

899°9L
986°9L
061°LL
YOE'LL

9IP'SIL
TL6'LIT
LT0°8IL
€LE0TT
YS9°8CI1 /
8L0°0ET
€Iroel
SYI0EL
9€6°I€1
196°1€1
166°1€1
|33 43§

9SP OLL
IPSOLL

961881 /
908°881 N
801681

CF,COPh

Compound 3z
3C NMR (101 MHz, CDCls)

-10

110 100 9% 8 70 60 50 40 30 20 10

160 150 140 130 120

180 170

190

210 200

f1 (ppm)

75



Methyl-2-(1,1-difluoro-2-oxo-2-phenylethyl)hexanoate
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Dimethyl 2-(1,1-difluoro-2-oxo-2-phenylethyl)pentanedioate (3ac).
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Methyl 6-((tert-butoxycarbonyl)amino)-2-(1,1-difluoro-2-oxo-2-phenylethyl)-

hexanoate (3ae).
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Methyl -2-(4-(tert-butoxy)benzyl)-3,3-difluoro-4-oxo-4-phenylbutanoate (3ai).
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Methyl-3,3-difluoro-2-(naphthalen-1-ylmethyl)-4-0xo0-4-phenylbutanoate(3ak).
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Methyl (E)-6,6-difluoro-7-oxo-7-phenylhept-2-enoate (5).
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