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1. General experimental details

All reactions and manipulations were performed in a nitrogen-filled glove box or
under nitrogen using Schlenk techniques unless otherwise noted. Solvents were
purified by standard procedure before use. Commercial reagents were used without
further purification. The products were purified by column chromatography over
silica gel (200-300 mesh). '"H NMR spectra were recorded on a Brucker AV-500 (500
MHz) and Brucker AV-600 (600 MHz). 'F NMR spectra were recorded on a Brucker
AV-500 (470 MHz) and Brucker AV-600 (564 MHz). 3*C NMR spectra were recorded
on a Brucker AV-500 (125 MHz) and Brucker AV-600 (150 MHz). 'H NMR chemical
shifts were referenced to tetramethylsilane signal (0 ppm), '*C NMR chemical shifts
were referenced to the solvent resonance (77.00 ppm, CDCl3). Coupling constants are
given in hertz. The following abbreviations are used: s, singlet; d, doublet; t, triplet; q,
quadruplet; m, multiplet; dd, doublet of doublet; tt, triplet of triplet. High resolution
mass spectra (HRMS) were recorded on Bruck microTof by using ESI method.
Enantiomeric ratios were determined by chiral HPLC with hexane and ‘PrOH as
solvents. Infrared spectroscopy was recorded on Thermo Scientific Nicolet 1S 10
FTIR spectrometer. Optical rotation was determined using CHCI3 and as the solvent
on INESA WZZ-3. The absolute configuration was determined by single crystal X-ray
diffraction analysis on Rigaku XtaLAB PRO MMO003-DS dual system at 293 K with a

Cu micro-focus source.



2. General procedure for the synthesis of substrates and

characterization data

Procedure A: Preparation of a,a-difluoro-p-arylbutenoic esters (1a-1n, 1p, 1q),
amide (10) and a,a-difluoro-f,y-diphenylbutenoic esters (1r)

? 1,2-dibromoethane OH O D Marti iod
ethyl bromodifluoroacetate OEt ess-Martin periodane
R Zn, THF, 50-70 °C R FF CHyCl, 0°Ctort, 3 h
B o,
s1 S2 60-75 % for two steps
O O (0]
+ -
ot (PhsPCHg)'Br OFt
R FF NaNH,, THF, 0 °C to r.t R FF
10-30 %
S3 1a-1n

To an oven-dried 250 mL Schlenk tube was charged with Zn (98.4 mmol, 2
equiv.) in dry THF (100 mL). To activate the Zn, the initiator 1,2-dibromoethane (5.8
mmol, 0.1 equiv.) was added and the reaction mixture was heated to gentle reflux by
heat gun (ca. 65 °C) and then cooled to r.t. This heating-cooling procedure for
activating Zn was repeated three times. Subsequently, to this mixture, THF solution of
S1 (49 mmol, 1 equiv.) and ethyl bromodifluoroacetate (49 mmol, 1 equiv.) was
added dropwise at 50 °C in oil bath. After completion of the reaction, the reaction was
cooled to room temperature and filtered through Celite and 1N HCl(aq) was added
until the residual Zn was dissolved. Then the organic layer was separated and the
water phase was extracted with ethyl acetate for 3 times. The combined organic phase
was evaporated under reduced pressure to provide the compound S2 as a colorless

0il,5" which was pure enough and directly used for the next step.

To an oven-dried flask was added the solution of S2 (10 mmol, 1.0 equiv.) in
CH2Cl> (40 mL). Then the resulting solution was cooled to 0 °C with ice-bath and
Dess-Martin periodinane (15 mmol, 1.5 equiv.) was added in portion. After stirring at

room temperature for 3 hours, the mixture was filtered through Celite. NaHCO3 and
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NaxSO3 were added to the resulting filtrate until Dess-Martin periodinane was
consumed. Then organic phase was separated and the aqueous layer was extracted
with CH2Cl» (3 x 10 mL). The combined organic phase was washed with brine (1 x
10 mL), dried over anhydrous Na,SOs4 and concentrated under reduced pressure.
Purification by column chromatography over silica gel (200-300 mesh, PE/EA =30/1)

afforded S3 as 0il.[5%

To an over-dried 100 mL Schlenk tube was added the solution of S3 (5 mmol, 1
equiv) in dry THF (25 mL). Then the reaction mixture was cooled to 0 °C with
ice-bath and added THF solution of “instant ylide”!S3! (i.e. the Schlosser-Schaub
salt-base mixtures, 1 equiv) dropwise with syringe. The temperature was then allowed
to rise to 25 °C. After completion of the reaction, the reaction mixture was passed
through a short silica bed and washed with THF. The solvent was evaporated under
reduced pressure to give the crude product, which was purified by column

chromatography using mixture of petroleum ether as an eluent to afford 1a-1n!5%J,

The preparation of 1o followed procedure A by replacing ethyl
difluorobromoacetate with 2-bromo-N,N-diethyl-2,2-difluoroacetamide.
2-Bromo-N,N-diethyl-2,2-difluoroacetamide was prepared from ethyl
bromodifluoroacetate according to the experimental procedure reported in the
literature (eluent: petroleum ether).'*") The preparation of 1p followed procedure A
by replacing benzaldehyde with 2-thenaldehyde (eluent: petroleum ether). The
preparation of 1q followed procedure A by replacing benzaldehyde with
3-phenylpropanal (eluent: petroleum ether). The preparation of 1r followed procedure
A by replacing methyltriphenylphosphonium bromide with

benzyltriphenylphosphonium bromide (eluent: EA/PE = 100/1).

Preparation of ethyl 3-phenylbut-3-enoate (3)
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Pd(PPh3)s, PhMgBr, ZnCl,
OR'/>:

0] THF, 0°C tor.t

OH

Y

DCC/DMAP

OH OEt

Y

EtOH, 0 °C, 10 min
3

Synthesis of ethyl 3-phenylbut-3-enoate (3) was according to the reported literature. S
Under the nitrogen atmosphere, diketene (12.5 mmol, 1 equiv) and Pd (PPh3)4 (0.38
mmol, 3 mol%) dissolving in dry THF 20 mL were added dropwise to a suspension of
phenylzinc chloride, prepared by adding anhydrous ZnCl, (16.8 mmol, 1.3 equiv.) in
THF (15 mL) to phenyl magnesium bromide with ice-water cooling and the resulting
mixture was stirred for additional 3 h at 0 °C. The reaction mixture was poured into a
cold HCI aq. (2 equiv.) and extracted with ethyl acetate. The separated organic layer
was extracted with 3 equiv. NaOH aq. The alkaline extracts were acidified with 6
equiv. HCI aq. and then extracted with ethyl acetate (40 mL X 3). The ether extracts
were combined, washed with brine and dried over anhydrous Na;SOs. After removing
the solvent, the crude product can be purified by recrystallization in hexane to give
3-phenyl-3-butenoic acid.

An over-dried 100 mL Schlenk tube equipped with stirring bar was charged with
3-phenyl-3-butenoic acid (3.1 mmol, 1 equiv) and dry dichloromethane (30 mL).
Afterward, the solution was cooled to 0 °C and EtOH (6.2mmol, 2 equiv) solution of
4-dimethylaminopyridine (DMAP, 0.31 mmol, 0.1 equiv) was added. After ten
minutes stirring at 10 °C, N,N'-dicyclohexylcarbodiimide (DCC, 4.7 mmol, 1.5 equiv)
was added into the solution and the mixture was further stirred for 10 min at 0 °C. The
progress of the reaction was monitored by TLC. After completion of the reaction, the
reaction mixture was filtered through a short silica bed and eluting with ethyl acetate.

The filtrate was evaporated under reduced pressure and the crude product was purified
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by column chromatography using petroleum ether/ethyl acetate (PE/EA = 30/1) as an

eluent to afford ethyl 3-phenylbut-3-enoate 3.

Preparation of 2,2-dimethyl-3-phenylbut-3-enoate (5)

0 0) (0] (0]

NaH, Mel
OEt - OEt
THF/DMF
(0] O (0]
+ -
OEt (PhsPCH3)*Br, NaH= OEt
DMSO

5

Synthesis of ethyl 2,2-dimethyl-3-phenylbut-3-enoate (5) was according to the
reported literature.'”! To a suspension of NaH (2.10 g, 52.5 mmol, 60% wt. dispersion
in mineral oil) and ethyl benzoylacetate (9.98 g, 52 mmol) in THF (125 mL) and
DMF (1.5 mL), Mel (8.99 g, 63 mmol) was added dropwise at 0 °C, and the reaction
mixture was stirred for 2 h under reflux condition. The mixture was then cooled to
0 °C, and NaH (2.10 g, 52.5 mmol, 60% wt. dispersion in mineral oil) was added
followed by Mel (8.93 g, 63 mmol). The mixture was refluxed for 16 h. The reaction
was quenched by water (100 mL), and the mixture was extracted with diethyl ether,
washed with water and brine, dried over Na;SOs, and concentrated to give the crude
product ethyl 2,2-dimethyl-3-oxo0-3-phenylpropanoate as a yellow liquid (11.08 g).
The crude product was used in the next reaction without purification. To a suspension
of NaH (0.93 g, 24 mmol, 60% wt. dispersion in oil) in DMSO (25 mL), a solution of
methyltriphenylphosphonium bromide (8.24 g, 23 mmol) in DMSO (25 mL) was
added, and the reaction mixture was stirred for 1 h at 70 °C. Then ethyl
2,2-dimethylbenzoylacetate (4.37 g, 20 mmol) was added, and the mixture was stirred
for 20 h at 55 °C in oil bath. The reaction was quenched by water (85 mL), and the
mixture was extracted with diethyl ether (3 x 20 mL). The collected organic layers

were washed with water/DMSO (1/1, 50 mL) and brine, dried (Na>SOs), and
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concentrated to give the crude product, which was purified by silica gel
chromatography  (petroleum  ether/ethyl  acetate =  95/5) to  give

2,2-dimethyl-3-phenylbut-3-enoate 5 as a colorless oil.

Preparation of 2-(3,3,3-trifluoroprop-1-en-2-yl) naphthalene (7)

OH 0
No __TBAF, TMSCF; CF, Dess-Martin periodane> CF,
THF. 0°C - rt N82C03, DCM, 0°C-rt
sS4 S5
0]
cF, (Ph3PCH2)*Br, "BuLi CF,
THF, 0°C - r.t
S5 7

Synthesis of 2-(3,3,3-trifluoroprop-1-en-2-yl) naphthalene (7) was according to the
reported literature.[>8) An over-dried 100 mL Schlenk tube was charged with THF
solution (20 mL) of 2-naphthaldehyde (20 mmol, 1 equiv) under N> atmosphere,
TMSCF3 (24 mmol, 1.2 equiv) was added and the mixture was stirred in an ice bath.
After approximately 10 min, THF solution of TBAF (2.4 mmol, 0.12 equiv) was
added dropwise via syringe. After 10 min, the ice bath was removed and the solution
was stirred for approximately 6 h at room temperature. The progress of the reaction
was monitored by TLC. After completion of the reaction, the reaction was quenched
by water (20 mL), and the mixture was extracted with ethyl acetate (20 mL X 3). The
organic phase was washed with brine and then dried over anhydrous Na>SO4. After
filtration and evaporation under vacuum, the residue was subjected to silica gel
column chromatography using petroleum ether/ethyl acetate (PE/EA = 95/5) as eluent
to afford 2,2,2-trifluoro-1-(naphthalen-2-yl)ethan-1-ol (S4). The synthetic routes for

S4 — S5 and S5 — 7 are the same as routes of S1 — S2 and S2 — S3, respectively.
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Preparation of 2,2-difluoro-1,3-diphenylbut-3-en-1-one (9)

Q . ‘ E benzaldehyde,
F' (PhsPCH,)"Br, "BuLi o _l2-dibromoethane, Zn _
F B"  THF, -78°Ctort For THF, 70°C-50°C

S6 S7

OH O
Dess-Martin periodane O O
O FF O CHyCl,, 0°Ctort, 3h FF

9
S8

To an over-dried 250-mL Schlenk tube was added THF (60 mL) solution of
methyltriphenylphosphonium bromide (12.5 mmol, 1.3 equiv), then "BuLi (12 mmol,
1.2 equiv) was added dropwise to the mixture at -78 °C. After stirring at -78 °C for
0.5 h, 2-bromo-2,2-difluoro-1-phenylethan-1-one S6 (10 mmol, 1 equiv) was added to
the reaction mixture. Then stirring at room temperature for 2 h, the reaction was
quenched with an aqueous HCI solution (2N, 30 mL). The mixture was extracted with
diethyl ether three times. The combined organic phase was washed with brine and
dried over Na;SO4. After the solvent was removed under reduced pressure, the residue
was purified by silica gel column chromatography with hexane as an eluent to give S7

(700 mg, 30%) as colorless o0il.[>]

The synthetic routes for S7 — S8 and S8 — 9 are the same as routes of S1 — S2 and

S2 — 83, respectively.

Ethyl 2,2-difluoro-3-phenylbut-3-enoate (1a)54
o Colorless oil (4.0 g and 70% overall yield for S1 — S3; 800 mg
WOEt and 15% vyield for S3 — 1a). 'H NMR (600 MHz, CDCl3) &
o 7.40-7.38 (m, 2H), 7.35-7.33 (m, 3H), 5.90 (s, 1H), 5.72 (s, 1H),
4.22 (g, J = 7.2 Hz, 2H), 1.16 (t, J = 7.2 Hz, 3H). °F NMR (564 MHz, CDCl3) &
-102.4 (s).1*C NMR (150 MHz, CDCl3) § 163.6 (t, J = 33.8 Hz), 141.3 (t, J = 21.9
Hz), 134.8 (s), 128.7 (s), 128.4 (s), 127.7 (s), 120.1 (t, J = 8.6 Hz), 113.0 (t, J = 250.4
Hz), 62.9 (s), 13.7 (5).



Ethyl 2,2-difluoro-3-(4-fluorophenyl) but-3-enoate (1b)
0 Colorless oil (4.6 g and 74% overall yield for S1 — S3; 900
MOB mg and 22% yield for S3 — 1b). '"H NMR (500 MHz,
F T CDCla): § 7.40-7.36 (m, 2H), 7.04 (t, J = 9.0 Hz, 2H), 5.89 (s,
1H), 5.68 (s, 1H), 4.24 (g, J = 7.0 Hz, 2H), 1.19 (t, J = 7.0 Hz, 3H). 1°F NMR (470
MHz, CDCls): & -102.7 (s, 2F), -112.9 (s, 1F). 13C NMR (125 MHz, CDCls): 6 163.5
(t, J = 33.6 Hz), 163.0 (d, J = 247.0 Hz), 140.4 (t, J = 22.4 Hz), 130.9-130.8 (m),
129.8 (d, J = 8.1 Hz), 120.3 (t, J = 8.8 Hz), 115.4 (d, J = 21.4 Hz), 112.9 (t, J = 250.6
Hz), 63.0, 13.7. IR (ATR, cm™) max 1764.6, 1604.6, 1510.1, 1290.2, 1236.2, 1155.2,
1085.8, 1054.9, 1014.4, 941.1, 840.8, 777.2. HRMS (ESI) m/z: [M+Na]* calcd. for
C12H11FsNaO, [M+Na]* 267.0603, found 267.0603.
Ethyl 3-(4-chlorophenyl)-2,2-difluorobut-3-enoate (1c)
o) Green oil (4.5 g and 69% overall yield for S1 — S3; 789 mg
/@JAP(FN\OE and 30% vyield for S3 — 1c). *H NMR (500 MHz, CDCls): §
¢ 7.36-7.31 (M, 4H), 5.91 (t, J = 1.5 Hz, 1H), 5.71 (t, J = 1.5 Hz,
1H), 4.24 (q, J = 7.0 Hz, 2H), 1.20 (t, J = 7.5 Hz, 3H). °F NMR (470 MHz, CDCls): &
-102.5. 13C NMR (125 MHz, CDCls): & 163.4 (t, J = 33.6 Hz), 140.3 (t, J = 22.2 Hz),
134.9, 133.2, 129.2, 128.6, 120.7 (t, J = 8.4 Hz), 112.8 (t, J = 250.7 Hz), 63.1, 13.8.
IR (ATR,, cm-1) max 1764.6, 1490.8, 1288.3, 1155.2, 1091.6, 1054.9, 1014.4, 941.1,
835.1, 771.4. HRMS (ESI) m/z: [M+Na]" calcd. for C12H11CIF2NaO, 283.0308, found
283.0305.

Ethyl 3-(4-bromophenyl)-2,2-difluorobut-3-enoate (1d)
Q Colorless oil (5.4 g and 70% overall yield for S1 — S3; 780
Br/©)‘?(Fu\OEt mg and 22% yield for S3 — 1d). 'H NMR (600 MHz, CDCl3)
§ 7.49-7.48 (m, 2H), 7.28-7.27 (m, 2H), 5.91 (s, 1H), 5.72 (s, 1H), 4.24 (q, J = 7.2 Hz,
2H), 1.20 (t, J = 6.6 Hz, 3H). °F NMR (470 MHz, CDCls): § -102.5. 3C NMR (150

MHz, CDCls) & 163.4 (t, J = 33.8 Hz), 140.4 (t, J = 22.5 Hz), 133.7 (5), 131.6 (3),

129.4 (s), 123.1 (s), 120.7 (t, J = 8.4 Hz), 112.8 (t, J = 250.5 Hz), 63.1 (5), 13.8 (5). IR
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(ATR,, cm™) max 1764.6, 1720.3, 1488.8, 1394.3, 1284.4, 1155.2, 1087.7, 1053.0,
1010.6, 941.1, 852.4, 831.2. HRMS (ESI) m/z: [M+Na]* calcd. for C12H117°BrF2NaO>
and C12H1:®'BrF,NaO, 326.9803, 328.9782, found 326.9800, 328.9778.
Ethyl 2,2-difluoro-3-(p-tolyl)but-3-enoate (1e)
o Colorless oil (4.0 g and 66% overall yield for S1 — S3; 380 mg
MOB and 39% yield for S3 — 1e). *H NMR (500 MHz, CDCls): §
" 7.29 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 5.85 (s, 1H),
5.68 (s, 1 H), 4.22 (g, J = 7.0 Hz, 2H), 2.34 (s, 3H), 1.18 (t, J = 7.5 Hz, 3H). °F NMR
(470 MHz, CDCls): & -102.4 (s, 2F). 3C NMR (125 MHz, CDCls): 6 163.6 (t, J =
33.8 Hz), 141.1 (t, J = 22.0 Hz), 138.6, 131.8, 129.1, 127.6, 119.4 (t, J = 8.5 Hz),
113.1 (t, J = 250.2 Hz), 62.9, 21.1, 13.7. IR (ATR, cm™) max 1762.7, 1515.8, 1286.3,
1153.3, 1083.8, 1054.9, 935.3, 852.4, 823.5, 763.7. HRMS (ESI) m/z: [M+Na]* calcd.
for C13H14F2NaO, 263.0854, found 263.0852.
Ethyl 3-([1,1'-biphenyl]-4-yl)-2,2-difluorobut-3-enoate (1f)
o] White solid (5.5 g and 72% overall yield for S1 — S3; 600 mg
M Ot and 20% yield for 3 — 1f). '"H NMR (500 MHz, CDCls): &
o 7.61-7.57 (m, 4H), 7.50-7.43 (m, 4H), 7.38-7.34 (m, 1H), 5.92
(t, J=1.5Hz, 1H), 5.78 (t,J = 1.5 Hz, 1H), 4.26 (q, J= 7.0 Hz, 2 H), 1.20 (t, J = 7.5,
3H). F NMR (470 MHz, CDCls): § -102.3. 3C NMR (125 MHz, CDCls): § 163.6 (4,
J=33.8 Hz), 141.5, 140.9 (t, J = 22.1 Hz), 140.3, 133.6, 128.8, 128.1, 127.6, 127.1,
127.0, 120.0 (t, J = 8.5 Hz), 113.1 (t, J = 250.5 Hz), 63.0, 13.7. IR (ATR, cm™) max
1762.7, 1488.8, 1288.3, 1157.1, 1085.8, 1054.9, 844.7, 771.4, 740.6, 696.2. HRMS
(ESI) m/z: [M+Na]" caled. for CisHisF2NaO2 325.1011, found 325.1009.
Ethyl 2,2-difluoro-3-(m-tolyl)but-3-enoate (1g)
o Colorless oil (3.8 g and 62% overall yield for S1 — S3; 200
\©)‘F§(Fu\oa mg and 20% yield for S3 — 1g). *H NMR (500 MHz, CDCl5):
§7.26-7.14 (m, 4H), 5.87 (t, J = 1.5 Hz, 1H), 5.70 (s, 1H), 4.23
(9, J = 7.5 Hz, 2H), 2.35 (s, 3H), 1.18 (t, J = 7.0 Hz, 3H). °F NMR (470 MHz,
CDCl): §-102.3 (s, 2F). 13C NMR (125 MHz, CDCls): 6 163.6 (t, J = 33.8 Hz), 141.4
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(t, J = 22.0 Hz), 138.0, 134.7, 129.4, 128.5, 128.3, 124.9, 119.9 (t, J = 8.5 Hz), 113.1
(t, J = 250.4 Hz), 62.9, 21.4, 13.7. IR (ATR, cm™) max 1762.7, 1290.2, 1145.6,
1083.8, 1054.9, 939.2, 844.7, 792.6. HRMS (ESI) m/z: [M+Na]* calcd. for
Ci3H14F2NaO- 263.0854, found 263.0855
Ethyl 2,2-difluoro-3-(3-methoxyphenyl)but-3-enoate (1h)

o} Colorless oil (3.9 g and 60% overall yield for S1 — S3; 1.2 ¢
MGOMOH and 38% yield for S3 — 1h). 'H NMR (600 MHz, CDCls):

7.29-7.22 (m, 1H), 7.01-6.96 (m, 1H), 6.96-6.92 (m, 1H),

6.92-6.88 (m, 1H), 5.90 (t, J = 1.8 Hz, 1H), 5.73 (t, J = 1.2 Hz, 1H), 4.24 (g, J = 7.2
Hz, 2H), 3.81 (s, 3H), 1.19 (t, J = 7.2 Hz, 3H). *°F NMR (470 MHz, CDCls): § -102.2.
13C NMR (150 MHz, CDCla): § 163.5 (t, J = 33.6 Hz), 159.4, 141.1 (t, J = 21.8 Hz),
136.1, 129.4, 120.2, 120.2 (t, J = 9.8 Hz), 114.2, 113.4, 113.0 (t, J = 250.2 Hz), 63.0,
55.2, 13.7. IR (ATR, cm™) max 1762.7, 1577.6, 1488.8, 1286.3, 1240.0, 1145.6,
1081.9, 1039.5, 941.1, 786.8, 757.9. HRMS (ESI) m/z: [M+Na]* calcd. for
C13H14F2NaO3 279.0803, found 279.0804.
Ethyl 2,2-difluoro-3-(3-(trifluoromethyl)phenyl)but-3-enoate (1)

o Colorless oil (4.6 g and 62% overall yield for S1 — S3; 900
FSCMOEt mg and 26% vyield for S3 — 1i). *H NMR (500 MHz, CDCla):

8 7.66 (s, 1H), 7.63-7.59 (m, 2H), 7.50-7.47 (m, 1H), 5.99 (t,

J=15Hz, 1H), 5.77 (t, J = 1.5 Hz, 1H), 4.25 (g, J = 7.0 Hz, 2 H), 1.19 (t, J = 7.0,
3H). 19 NMR (470 MHz, CDCls): § -102.6 (s, 2F), -62.8 (s, 3F). 3C NMR (125 MHz,
CDCl3): 8 163.3 (t, J = 33.6 Hz), 140.4 (t, J = 22.9 Hz), 135.6, 131.2, 130.9 (g, J =
32.1 Hz), 129.0, 125.4 (g, J = 3.8 Hz), 124.8 (g, J = 3.9 Hz), 123.8 (q, J = 270.5 Hz),
121.7 (t, J = 8.3 Hz), 112.7 (t, J = 250.9 Hz), 63.2, 13.7. IR (ATR, cm™) max 1762.7,
1515.8, 1286.3, 1153.3, 1083.8, 1054.9, 935.3, 852.4, 823.5, 763.7. HRMS (ESI) m/z:

[M + Na]* calcd. for C13H11FsNaO, 317.0571, found 317.0570.
Ethyl 2,2-difluoro-3-(4-fluoro-3-methylphenyl)but-3-enoate (1j)

o] Colorless oil (5.1 g and 65% overall yield for S1 — S3; 900
MOH mg and 26% vield for S3 — 1j). 'H NMR (500 MHz, CDCl5):
F
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0 7.24-7.13 (m, 2H), 6.96 (t, J = 9.0 Hz, 1H), 5.86 (t, J = 1.5 Hz, 1H), 5.66 (t, J = 1.5
Hz, 1H), 4.24 (q, J = 7.0 Hz, 2H), 2.27 (d, J = 2.0 Hz, 3H), 1.20 (t, J = 7.0 Hz, 3H).
1F NMR (470 MHz, CDCls): § -102.6, -117.2. 3C NMR (125 MHz, CDCls): § 163.5
(t, J =33.6 Hz), 161.6 (d, J = 245.5 Hz), 140.5 (t, J = 22.1 Hz), 131.1 (d, J = 5.4 Hz),
130.6-130.5 (m), 127.0 (d, J = 8.3 Hz), 124.9 (d, J = 17.5 Hz), 120.0 (t, J = 8.4 Hz),
115.0 (d, J = 22.5 Hz), 113.0 (t, J = 250.5 Hz), 63.0, 14.5 (d, J = 3.4 Hz), 13.8. IR
(ATR, cm™) max 1762.7, 1504.3, 1297.9, 1238.1, 1137.8, 1120.5, 1085.8, 1056.8,
941.1, 825.4 . HRMS (ESI) m/z: [M + Na]" calcd. for C13H13F3NaO2 281.0760, found
281.0759.
Ethyl 2,2-difluoro-3-(2-methoxyphenyl)but-3-enoate (1k)

OMe o] Colorless oil (3.9 g and 60% overall yield for S1 — S3; 1.4 g and
M OEt 449 yield for S3 — 1k). '"H NMR (500 MHz, CDCl3): § 7.32 (t, J

= 7.5 Hz, 1H), 7.20 (d, J = 7.5 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H),

6.85 (d, J = 8.0 Hz, 1H), 5.97 (s, 1H), 5.65 (s, 1H), 4.30 (q, J = 7.0 Hz, 2H), 3.73 (s,
3H), 1.29 (t, J = 7.5 Hz, 3H). ’F NMR (470 MHz, CDCls): § -102.8. 1*C NMR (125
MHz, CDCl3): § 163.6 (t, J = 34.8 Hz), 156.4, 139.7 (t, J = 24.9 Hz), 130.7, 130.0,
125.0 (t, J=2.1 Hz), 122.6 (t, J = 8.0 Hz), 120.7, 113.0 (t, J = 249.6 Hz), 110.6, 62.6,
55.1, 13.9. IR (ATR, cm) max 1764.6, 1598.8, 1492.7, 1294.1, 1159.1, 1134.0,
1072.3, 1039.5, 937.3, 852.4, 752.1. HRMS (ESI) m/z: [M+Na]" caled. for
Ci3H14F2NaOs 279.0803, found 279.0806.
Ethyl 2,2-difluoro-3-(2-fluorophenyl)but-3-enoate (11)

F o] Green oil (4.5 g and 73% overall yield for S1 — S3; 160 mg and
M OBt 10% yield for S3 — 11). '"H NMR (500 MHz, CDCl5): § 7.36-7.29

(m, 2H), 7.15-7.06 (m, 2H), 6.10 (t, J = 1.5 Hz, 1H), 5.72 (s, 1H),

428 (q, J = 7.0 Hz, 2H), 1.24 (t, J = 7.0 Hz, 3H). '°F NMR (470 MHz, CDCl;): §
-103.6 (d, J = 5.2 Hz, 2F), -114.0 (t, J = 5.2 Hz, 1F). 3C NMR (125 MHz, CDCls): §
163.3 (t, J = 33.9 Hz), 159.9 (d, J = 246.8 Hz), 135.6 (t, J = 24.4 Hz), 131.0 (d, J =
2.6 Hz), 130.5 (d, J = 8.1 Hz), 124.0-123.8 (m), 122.8-122.6 (m), 115.8, 115.6, 112.5
(t, J = 251.0 Hz), 63.1, 13.7. IR (ATR, cm™) max 1766.6, 1492.7, 1452.2, 1297.9,
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1259.3, 1081.9, 1051.1, 1012.5, 788.8, 759.8. HRMS (ESI) m/z: [M + Na]" calcd. for
C12H11F3NaO2 [M+Na]*: 267.0603, found 267.0603.
Ethyl 2,2-difluoro-3-(2-( trifluoromethyl) phenyl) but-3-enoate (1m)
or, o Colorless oil (4.8 g and 65% yield for S1 — S3; 650 mg and 23%
ogt Yield for 83 — 1m). 'H NMR (600 MHz, CDCls): $7.71 (d,J =
- F 7.8 Hz, 1H), 7.54 (t, J = 7.2 Hz, 1H), 7.48 (t, J = 7.8 Hz, 1H),
7.38 (d, J = 7.8 Hz, 1H), 6.07 (t, J = 1.5 Hz, 1H), 5.60 (s, 1H), 4.28 (q, J = 7.2 Hz,
2H), 1.27 (t, J = 7.2 Hz, 3H). 1%F NMR (470 MHz, CDCls): § -102.7 (s, 2F), -57.2 (s,
3F). 13C NMR (150 MHz, CDCls): & 163.4 (t, J = 33.6 Hz), 138.4 (t, J = 24.8 Hz),
133.1, 131.4, 131.2, 129.6 (q, J = 29.7 Hz), 128.7, 126.4 (q, J = 4.8 Hz), 124.3-124.2
(m), 122.8 (t, J = 271.8 Hz), 112.4 (t, J = 251.3 Hz), 63.1, 13.7. IR (ATR, cm™) max
1766.6, 1313.3, 1128.2, 1112.8, 1035.6, 952.7, 852.4, 769.5. HRMS (ESI) m/z:
[M+Na]* calcd. for C13H11FsNaO, 317.0571, found 317.0573.
Ethyl 2,2-difluoro-3-(naphthalen-1-yl)but-3-enoate (1n)
O o Colorless oil (4.2 g and 60% yield for S1 — S3; 700 mg and 30%
O oEt vyield for S3 — 1n). '"H NMR (500 MHz, CDCl;) § 7.96-7.94 (m,
" 1H), 7.86-7.83 (m, 2H), 7.51-7.42 (m, 3H), 7.38 (d, J = 7.0 Hz,
1H), 6.28 (s, 1H), 5.66 (s, 1H), 4.11 (g, J = 7.5 Hz, 2H), 1.04 (t, J = 7.5 Hz, 3H); *°F
NMR (470 MHz, CDCls): § -103.5; 3C NMR (125 MHz, CDCls) § 163.5 (t, J=33.8
Hz), 139.3 (t, J = 23.3 Hz), 133.6, 132.3, 132.2, 129.0, 128.2, 127.3, 126.3, 125.9,
125.5, 124.8, 123.7 (t, J = 7.6 Hz), 113.0 (t, J = 251.1 Hz), 62.9, 13.5. IR (ATR, cm™)
max 1762.7, 1288.3, 1105.1, 1056.8, 946.9, 804.2, 779.1. HRMS (ESI) m/z: [M +

Na]* calcd. for C1H14F2NaO2 299.0854, found 299.0854.

N, N-diethyl-2,2-difluoro-3-phenylbut-3-enamide (10)
O Colorless oil (3.1 g and 67% vyield for S1 — S3; 370 mg and 10%

7 NEt2 yield for S3 — 10). "H NMR (500 MHz, CDCl3) & 7.45-7.43 (m,
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2H), 7.36-7.33 (m, 3H), 5.77 (t, J = 1.5 Hz, 1H), 5.69 (s, 1H) , 3.38-3.31 (m, 4H),
1.15 (t, J = 7.0 Hz, 3H), 1.02 (t, J = 7.0 Hz, 3H). *F NMR (470 MHz, CDCls): §
-95.0. *C NMR (125 MHz, CDCl3) & 162.1 (t, J = 29.1 Hz), 143.0 (t, J = 22.9 Hz),
134.9, 128.6, 128.3, 127.8, 119.6 (t, J = 8.1 Hz), 115.2 (t, J = 249.1 Hz), 42.0 (t, J =
3.6 Hz), 41.1, 13.9, 11.8. HRMS (ESI) m/z: [M+Na]" calcd. for Ci4sH17F2NNaO
276.1170, found 276.1171.

Ethyl 2,2-difluoro-3-(thiophen-2-yl)but-3-enoate (1p)

o) Colorless oil (4.0 g and 68% yield for S1 — S3; 700 mg and 59%
S

O OEt vyield for S3 — 1p).tH NMR (500 MHz, CDCls): § 7.26-7.24 (m,
F F

1H), 7.18-7.16 (m, 1H), 6.99-6.97 (m, 1H), 5.82 (t, J = 1.5 Hz,
1H), 5.77 (s, 1 H), 4.26 (g, J = 7.0 Hz, 2H), 1.22 (t, J = 7.0 Hz, 3H). °F NMR (470
MHz, CDCls): § -103.9 (s, 2F). 3C NMR (125 MHz, CDCls) 5 163.3 (t, J = 33.8 Hz),
136.4 (t, J = 1.3 Hz), 134.6 (t, J = 23.5 Hz), 127.7, 126.7 (t, J = 1.8 Hz), 125.9, 117.7
(t, J = 8.5 Hz), 112.4 (t, J = 251.1 Hz), 63.1, 13.7. HRMS (ESI) m/z: [M + Na]* calcd.
for C1o0H10F2NaO.S 255.0262, found 255.0264.
Ethyl 2,2-difluoro-3-methylene-5-phenylpentanoate (1q)
O Colorless oil (4.6 g and 71% overall yield for S1 — S3; 400
MOH mg and 40% yield for S3 — 1q). 'H NMR (600 MHz,
CDCl3) & 7.33-7.28 (m, 2H), 7.24-7.18 (m, 3H), 5.60 (s,
1H), 5.32 (s, 1H), 4.33 (q, J = 7.1 Hz, 2H), 2.83 (t, J = Hz, 2H), 2.50 (t, J = Hz, 2H),
1.34 (t, J = 7.1 Hz, 3H). 13C NMR (150 MHz, CDCl3) & 164.0 (t, J = 34.5 Hz), 141.0,
140.5 (t, J = 21.0 Hz), 128.6, 128.5, 126.3, 117.8 (t, J = 9.0 Hz), 114.0 (t, J = 250.2

Hz), 63.2, 34.1, 31.4, 14.1. *F NMR (470 MHz, CDCl3) & -106.1. HRMS (ESI) m/z:
[M+Na]" calcd. for C14H16F2NaO, 277.1011, found 277.1008.

Ethyl 2,2-difluoro-3,4-diphenylbut-3-enoate (1r)
Colorless oil (330 mg and 25% yield for S3 — 1r). The ratio of
@ | o (E)- to (2)-alkene is ca. 5:1 determined by *H NMR. *H NMR (600

F F S14



MHz, CDClz) 6 7.47 (d, J = 6.6 Hz, 1H for (2)-alkene), 7.43-7.34 (m, overlapped
peaks for (E)- and (Z)-alkene), 7.28-7.26 (m, overlapped peaks for (E)- and
(2)-alkene), 7.20-7.08 (m, overlapped peaks for (E)- and (Z)-alkene), 6.99 (d, J =7.2
Hz, 1H for (E)-alkene), 4.22 (q, J = 7.1 Hz, 2H for (E)-alkene), 3.86 (q, J = 7.1 Hz,
2H for (Z)-alkene), 1.20 (t, J = 7.1 Hz, 3H for (E)-alkene), 1.03 (t, J = 7.2 Hz, 3H for
(2)-alkene). 3C NMR (150 MHz, CDCl3) & 163.76 (t, J = 34.8 Hz), 138.29 (t, J = 6.1
Hz), 134.79, 134.12, 132.88, 132.73, 132.52 (t, J = 8.9 Hz), 130.10, 130.03, 128.95 (t,
J=2.7 Hz), 128.85, 128.69, 128.62, 128.54, 128.31, 128.13 (t, J = 10.3 Hz), 113.63 (t,
J = 253.2 Hz), 62.89, 62.78, 13.83, 13.47. 1°F NMR (471 MHz, CDCl3) & -91.93
((E)-alkene), -103.12 ((Z)-alkene). HRMS (ESI) m/z: [M + Na]® calcd. for
CigH1sF2NaO» 325.1011, found 325.1014.

Ethyl 3-phenylbut-3-enoate (3)S°!
0 Colorless oil (500 mg and 25% vyield for the first step; 350 mg
OEt and 59% yield for the second step). *H NMR (600 MHz, CDCls)
§ 7.44-7.41 (m, 2H), 7.34-7.30 (m, 2H), 7.28-7.23 (m, 1H), 5.53
(s, 1H), 5.23 (s, 1H), 4.10 (g, J = 7.2 Hz, 2H), 3.51 (d, J = 0.9 Hz, 2H), 1.17 (t, J = 7.2
Hz, 3H).
Ethyl 2,2-dimethyl-3-phenylbut-3-enoate(5)!57]
0 Colorless oil (4.4 g and 77% vyield for the first step; 380 mg and
©)‘><”\0Et 10% vyield for the second step). *H NMR (600 MHz, CDCls) &
7.29-7.22 (m, 3H), 7.17-7.15 (m, 2H), 5.32 (s, 1H), 5.15 (s, 1H), 4.11 (q, J = 7.2 Hz,

2H), 1.39 (s, 6H), 1.18 (t, J = 7.2 Hz, 3H). 3C NMR (150 MHz, CDCls) & 176.5,

153.2, 141.8, 127.9, 127.8, 127.0, 114.4, 60.7, 47.5, 25.9, 14.0.

2-(3,3,3-trifluoroprop-1-en-2-yl) Naphthalene (7)€l
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Colorless oil (1.0 g and 90% vyield for the synthesis of S5; 674

OO CFs mg and 68% yield for S5 — 7). *H NMR (600 MHz, CDCls) §
7.92 (s, 1H), 7.84-7.80 (m, 3H), 7.54 (d, J = 8.4 Hz, 1H),
7.50-7.47 (m, 2H), 6.02 (d, J = 0.6 Hz, 1H), 5.86 (d, J = 1.2 Hz, 1H). °F NMR (564
MHz, CDCls) 6 -64.4.
2,2-Difluoro-1,3-diphenylbut-3-en-1-one (9)S51s]
0o Green oil (700 mg and 30% yield for S6 — S8; 470 mg and 70%

O 0 yield for S8 — 9). *H NMR (600 MHz, CDCls) & 8.00 (d, J =

7.8 Hz, 2H), 7.61-7.57 (m, 1H), 7.46-7.42 (m, 2H), 7.40-7.38
(m, 2H), 7.34-7.31 (m, 3H), 5.87 (t, J = 1.8 Hz, 1H), 5.76 (t, J = 1.2 Hz, 1H).%°F
NMR (470 MHz, CDCl3) § -96.8. 3C NMR (125 MHz, CDCl3) & 188.5 (t, J = 30.0
Hz), 142.7 (t, J = 22.3 Hz), 134.9, 134.2, 132.2, 130.1 (t, J = 2.6 Hz), 128.7, 128.6,
128.4,128.0, 120.9 (t, J = 8.4 Hz), 116.2 (t, J = 252.1 Hz).

3. Asymmetric hydrogenation of a,a-difluoro-g-arylbutenoic esters

Table S1. Screening of acid for Pd-catalyzed AH of 1a“

o Pd(OAC), (5 mol %) Q
OEt (S)-Segphos (6 mol %) _ OEt
F F acid, H, (30 bar), F F

TFE (1 mL), 25 °C, 16 h

1a 2a

Entry Acid (x mol%) Conv. (%)’ er (%)
1 CFsSOsH (25) >99 90:10
2 PTSA-H,0 (25) >99 91:9
3 PTSA-H,0 (10) >99 89:11
4 PTSA-H0 (30) >99 87:13
5 CH3;COOH (25) 66 86:14
6 L-DTTA (25) 90 87:13
7 L-CSA (10) >99 90:10
8 L-CSA (20) 16 88:12
9 L-CSA (30) 38 90:10
10 D-CSA (10) >99 90:10
11 D-CSA (20) 49 88:12
12 D-CSA (30) 45 89:11

“Reaction conditions: 1a (0.2 mmol), Pd (OAc): (5 mol %), (S)-Segphos (6 mol%),
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H, (30 bar), TFE (1 mL), 25 °C, 16 h; *Determined by GC analysis using isooctane as
internal standard; “Determined by chiral HPLC analysis. L-DTTA =
di-p-toluoyl-L-tartaric acid. L-CSA = (1R)-(-)-10-camphorsulfonic acid.

Table S2. Screening of ligand for Pd-catalyzed AH of 1a*

o) Pd(OAC), (5 mol %) O
i o,
Ot ligand (6 mol %) . OEt
FF PTSA-H,0 (25 mol%) FF

H, (30 bar), TFE (1 mL)

1a 25°C, 16 h 2a

Entry Ligand (6 mol%) Conv. (%) er (%)
1 (R)-Hs-BINAP >99 89:11

2 (S,5)-Me-Duphos 6 -
3 (R)-DM-Segphos >99 83:17
4 (R)-DTBM-Segphos >99 50:50
5 (R)-Tol-BINAP >99 50:50
6 (R)-Xyl-BINAP >99 89:11
7 (R)-Garphos >99 15:85
8 (S)-BIPHEP >99 50:50
9 (1R,1’R,28,2°S)-Duanphos >99 42:58

10 (R.R)-Ph-BPE 9 -
11 (R,R)- JoSPOphos >99 47:53

“Reaction conditions: 1a (0.2 mmol), Pd (OAc): (5 mol %), ligand (6 mol%), H> (30
bar), TFE (1 mL), 25 °C, 16 h; Determined by GC analysis using isooctane as
internal standard; ‘Determined by chiral HPLC analysis.

3.1 General procedure for asymmetric hydrogenation: In a 4-mL tube, Pd(OAc):
(2.3 mg, 5 mol%), PTSA monohydrate (9.5 mg, 25 mol%) and (S)-difluorphos (8.2
mg, 6 mol%) was dissolved in TFE/DCE (0.5/0.5 mL) and the solution was stirred at
room temperature for 0.5 h. Substrate 1 (0.2 mmol) was added to the above solution
and then the tube was transferred into an autoclave. The autoclave was sealed and
purged five times with hydrogen. The autoclave was charged with hydrogen to 30 bar
and the reaction mixture was stirred at 10 °C for 24 h. After releasing the hydrogen
and removing the solvent, the mixture was purified by silica gel column
chromatography (PE/EA = 98/2) to give the desired product. The er values were
determined by chiral HPLC. For Ni-catalyzed asymmetric hydrogenation, the

autoclave was heated to 60 °C with the heating mantle.
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0 Pd(OAc), (5 mol%) (0]
L3 (6 mol%)
OEt PTSA<H,0 (25 mol%) OEt
FF H, (30 bar) FF

TFE/DCE, 10 °C, 24 h
’ ’ 2a,410 mg
1a, 452 m ;
9 90%, 90:10 er

Scale-up experiments for asymmetric hydrogenation of 1a (2 mmol): In a 30-mL
tube, Pd(OAc), (23 mg, 5 mol%), PTSA monohydrate (95 mg, 25 mol%) and
(S)-Difluorphos (82 mg, 6 mol%) was dissolved in TFE/DCE (5/5 mL) and the
solution was stirred at room temperature for 0.5 h. Substrate 1a (452 mg, 2 mmol)
was added to the above solution and then the tube was transferred into an autoclave.
The autoclave was sealed and purged three times with hydrogen. The autoclave was
charged with hydrogen to 30 bar and the reaction mixture was stirred at 10 °C for 24 h.
After releasing the hydrogen and removing the solvent, the mixture was purified by
silica gel column chromatography (PE/EA = 98/2) to give the desired product 2a in 90%

yield. The er ratio was determined as 90:10 by chiral HPLC analysis.

Table S3. Screening of ligand for Ni-catalyzed AH of 1a*

0 Ni(OAc),*4H,0 (5 mol%) 0
OEt ligand (6 mol%) OEt
FF H, (30 bar), TFE (1 mL) FF

1a 60 °C, 16 h 2a
Entry Ligand Conv. (%)° er (%)°

1 (S,5)-Me-Duphos 20 33:67
2 (S,5)-Et-Duphos 3 -
3 (R,R)-Quinoxp >99 70:30
4 (R,R)-Ph-BPE 0 -
5 (8)-Binapine >99 12:88
6 (R)-Segphos 0 -

74 (8)-Binapine >99 11:89

“Reaction conditions: 1a (0.2 mmol), [Ni] (5.0 mol%), (S)-Binapine (6.0 mol%), H:
(30 bar), solvent, 60 °C, 16 h. *Determined by GC analysis using isooctane as internal
standard. “Er was determined by HPLC analysis on a chiral stationary phase. “The
temperature was 25 °C.

Table S4. Screening of Solvent for Ni-Catalyzed AH of 1a“
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0 Ni(OAC),*4H,0 (5 mol%) .0
OFEt (S)-Binapine (6 mol%) N OEt
F F H, (30 bar), 25 °C, 16 h FF

1a 2a
Entry Sovent Conv. (%)" er (%)°

1 MeOH 0 -

2 TFE >99 11:89
3 Toluene 0 -

4 DCE 0 -

5 TFE/DCE (1:1) >99 10:90
6 TFE/Toluene (1:1) >99 8:92
74 TFE/Toluene (1:1) >99 8:92

“Reaction conditions: 1a (0.2 mmol), [Ni] (5.0 mol%), (S)-Binapine (6.0 mol%), H>
(30 bar), solvent, 25 °C, 16 h. *Determined by GC analysis using isooctane as internal
standard. “Er was determined by HPLC analysis on a chiral stationary phase. “The
temperature was 0 °C.

Ethyl 2,2-difluoro-3-phenylbutanoate (2a)
Purified by column chromatography (2% ethyl acetate in petroleum ether) to provide
o a green oil (45.0 mg, 92% vyield); 95:5 er, [o]o®® -20 (c 0.1,
oet CHCI3); *H NMR (500 MHz, CDCls) & 7.33-7.26 (m, 5H), 4.16
FF (9, J = 7.5 Hz, 2H), 3.56-3.44 (m, 1H), 1.46 (d, J = 7.0 Hz, 3H),
1.16 (t, J = 7.0 Hz, 3H). *F NMR (470 MHz, CDCls): § -108.7 (d, J = 251.5 Hz, 1F),
-114.7 (d, J = 251.5 Hz, 1F). 3C NMR (125 MHz, CDCl3): § 164.0 (t, J = 32.5 Hz),
136.9 (d, J = 6.1 Hz), 128.8, 128.5, 127.9, 116.5 (dd, J = 254.6, 252.1 Hz), 62.5, 44.3
(dd, J = 23.1, 21.9 Hz), 13.7-13.6 (m, 2C). IR (ATR, cm™) max 1756.9, 1456.1,
1297.9,1211.1, 1191.8, 1124.3, 1093.5, 1026.0, 777.2, 698.1. HRMS (ESI) m/z: [M +
Na]" calcd. for C12H14F2NaO2 251.0854, found 251.0860. The enantiomeric ratio of
2a was determined by chiral HPLC analysis on OJ-3. Conditions: hexane/isopropanol

=99/1, flow rate = 1.0 mL/min, UV-vis detection at A = 208 nm, tr = 8.6 min (major),

9.9 min (minor).

Ethyl 2,2-difluoro-3-(4-fluorophenyl)butanoate (2b)
o Purified by column chromatography (2% ethyl acetate in

ogt Petroleum ether) to provide a colorless oil (48.0 mg, 99%
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yield); 93:7 er, [0]p?®-17.0 (c 0.1, CHCI3); *H NMR (600 MHz, CDCls): & 7.26-7.24
(m, 2H), 7.02-6.98 (m, 2H), 4.18 (q, J = 7.2 Hz, 2H), 3.55-3.45 (m, 1H), 1.43 (d, J =
7.2 Hz, 3H), 1.19 (t, J = 7.2 Hz, 3H). °F NMR (564 MHz, CDCls): 5 -109.2 (d, J =
252.1 Hz), -114.5, -114.6 (d, J = 252.7 Hz). 3C NMR (150 MHz, CDCls): § 163.9 (4,
J=32.4 Hz), 162.4 (d, J = 245.3 Hz), 132.7-132.6 (m), 130.5 (d, J = 8.3 Hz), 116.4 (t,
J=253.2 Hz), 115.4 (d, J = 21.5 Hz), 62.6, 43.6 (t, J = 22.7 Hz), 13.9-13.8 (m), 13.8.
IR (ATR, cm-1) max 1756.9, 1606.5, 1512.0, 1301.8, 1228.5, 1120.5, 1103.1, 1029.8,
837.0. HRMS (ESI) m/z: [M+Na]® calcd. for CioHizFsNaO, 269.0760, found
269.0758. The enantiomeric ratio of 2b was determined by chiral HPLC analysis on
0J-3. Conditions: hexane/isopropanol = 99/1, flow rate = 1.0 mL/min, UV-vis
detection at A =263 nm, tr = 6.7 min (major), 7.0 min (minor).

Ethyl 3-(4-chlorophenyl)-2,2-difluorobutanoate (2c)

o Purified by column chromatography (2% ethyl acetate in
OEt petroleum ether) to provide a green oil (47.0 mg, 90% yield);
F F
cl 94:6 er, [a]p® -11.1 (¢ 0.2, CHCl3); 'H NMR (500 MHz,

CDCl3): 6 7.30 (d, J = 8.5 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 4.19 (q, /= 7.2 Hz, 2H),
3.55-3.44 (m, 1H), 1.43 (d, J = 7.0 Hz, 3H), 1.20 (t, J = 7.0 Hz , 3H). '°F NMR (564
MHz, CDCls): § -109.30 (d, J = 254.4 Hz), -114.02 (d, J = 254.4 Hz). 3C NMR (125
MHz, CDCl3): 6 163.8 (t, J = 32.4 Hz), 135.4 (d, J = 6.0 Hz), 133.9, 130.2, 128.7,
116.2 (dd, J = 254.1, 252.8 Hz), 62.7, 43.7 (t, J = 22.2 Hz), 13.8, 13.8-13.7 (m). IR
(ATR, cm-1) max 1758.8, 1494.6, 1458.0, 1373.1, 1301.8, 1213.1, 1093.5, 1031.8,
1014.4, 831.2, 798.4 . HRMS (ESI) m/z: [M + Na]" calcd. for Ci2H3*CIF2NaO;
285.0464, found 285.0465; calcd. for C12Hi3*’CIF2NaO; 287.0435, found 287.0437.
The enantiomeric ratio of 2¢ was determined by chiral HPLC analysis on OJ-3.
Conditions: hexane/isopropanol = 99/1, flow rate = 1.0 mL/min, UV-vis detection at A

=221 nm, tr = 6.9 min (major), 7.6 min (minor).

Ethyl 3-(4-bromophenyl)-2,2-difluorobutanoate (2d)

Purified by column chromatography (2% ethyl acetate in

0}
petroleum ether) to provide a colorless oil (61.6 mg, 99%
OEt
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yield); 94:6 er, [0]p* -12.3 (c 0.2, CHCl3); '"H NMR (600 MHz, CDCls): § 7.45 (d, J =
8.4 Hz, 2H), 7.16 (d, J = 8.4 Hz, 2H), 4.19 (q, J = 7.2 Hz, 2H), 3.52-3.43 (m, 1H),
1.43 (d, J = 7.2 Hz, 3H), 1.20 (t, J = 7.2 Hz, 3H). '°F NMR (564 MHz, CDCl;): §
-109.4 (d, J = 253.2 Hz), -113.9 (d, J = 252.7 Hz). '*C NMR (150 MHz, CDCl5): &
163.8 (t, J=32.4 Hz), 136.0 (d, J = 5.7 Hz), 131.7, 130.5, 122.0, 116.1 (t, J = 254.0
Hz,), 62.7, 43.8 (t, J = 23.3 Hz), 13.8, 13.8-13.6 (m). IR (ATR, cm-1) max 1770.4,
1756.9, 1490.8, 1301.8, 1259.3, 1105.1, 1074.2, 1029.8, 1010.6, 825.4, 796.5. HRMS
(BESI) m/z: [M+Na]* caled. for Ci2Hi3*>BrF2NaO> [M+Na]® 328.9959, found
328.9956; caled. for Ci2His*'BrFoNaO, [M+Na]™ 330.9939, found 330.9936. The
enantiomeric ratio of 2d was determined by chiral HPLC analysis on OJ-3.
Conditions: hexane/isopropanol = 99/1, flow rate = 1.0 mL/min, UV-vis detection at A
=221 nm, tr = 7.7 min (major), 8.6 min (minor).
Ethyl 2,2-difluoro-3-(p-tolyl)butanoate (2e)
0 Purified by column chromatography (2% ethyl acetate in
OEt petroleum ether) to provide a colorless oil (47.6 mg, 99%
yield); 85:15 er, [a]p® -17.4 (¢ 0.2, CHCl3); '"H NMR (600
MHz, CDCl3): 6 7.16 (d, J=7.8 Hz, 2H), 7.12 (d, J= 7.8 Hz, 2H), 4.16 (q, J = 7.2 Hz,
2H), 3.51-3.41 (m, 1H), 2.32 (s, 1H), 1.43 (d, /= 7.2 Hz, 3H), 1.18 (t, /= 7.2 Hz, 3H).
F NMR (564 MHz, CDCls): § -108.8 (d, J=251.5 Hz), -114.6 (d, J = 251.0 Hz). 1°C
NMR (150 MHz, CDCI3): 6 164.1 (t,J=32.7 Hz), 137.5, 133.8 (d, /= 5.9 Hz), 129.2,
128.7, 116.6 (t, J = 252.9 Hz), 62.5, 43.9 (t, J = 22.5 Hz), 21.0, 13.8-13.7 (m, 2C). IR
(ATR, cm™) max 1770.4, 1515.8, 1456.1, 1373.1, 1296.0, 1211.1, 1108.9, 1049.1,
1016.3, 819.6, 723.2. HRMS (ESI) m/z: [M+Na]" caled. for C13H16F2NaO> 265.1011,
found 265.1013. The enantiomeric ratio of 2e was determined by chiral HPLC
analysis on OJ-3. Conditions: hexane/isopropanol = 99/1, flow rate = 1.0 mL/min,
UV-vis detection at A = 212 nm, fr = 8.5 min (minor), 9.5 min (major).
Ethyl (S)-3-([1,1'-biphenyl]-4-yl)-2,2-difluorobutanoate (2f)

- o Purified by column chromatography (2% ethyl acetate in

WOEt petroleum ether) to provide a white solid (60.2 mg, 99%
F F
Ph
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yield); 93:7 er, [a]p® -14.9 (c 0.3, CHCl3); '"H NMR (500 MHz, CDCl3) § 7.58-7.53
(m, 4H), 7.43 (t, J = 7.5 Hz, 2H), 7.37-7.32 (m, 3H), 4.18 (q, J = 7.0 Hz, 2H),
3.60-3.50 (m, 1H), 1.49 (d, J = 7.5 Hz, 3H), 1.17 (t, J = 7.0 Hz, 3H). '°F NMR (470
MHz, CDCl3) & -108.8 (d, J = 250.5 Hz), -114.4 (d, J = 250.5 Hz). 3C NMR (125
MHz, CDCl3) 6 164.0 (t, J = 32.6 Hz), 140.8, 140.6, 135.9 (d, J = 5.9 Hz), 129.2,
128.8, 127.4, 127.2,127.0, 116.5 (dd, J = 254.3, 252.6 Hz), 62.6, 44.0 (t, J = 22.4 Hz),
13.8-13.7 (m, 2C). IR (ATR, cm™") max 1747.3, 1481.2, 1291.2, 1107.8, 1030.7, 840.7,
704.3. HRMS (ESI) m/z: [M + Na]® caled. for CisHisFaNaO, 327.1167, found
327.1166. The enantiomeric ratio of 2f was determined by chiral HPLC analysis on
OD-3. Conditions: hexane/isopropanol = 99/1, flow rate = 1.0 mL/min, UV-vis
detection at A = 251 nm, fr = 5.8 min (minor), 8.2 min (major).
Ethyl 2,2-difluoro-3-(m-tolyl)butanoate (2g)
0 Purified by column chromatography (2% ethyl acetate in

Ot petroleum ether) to provide a colorless oil (40.2 mg, 83%

yield); 91:9 er, [o]p® -11.4 (¢ 0.1, CHCL3); '"H NMR (600
MHz, CDCl3): & 7.19 (t, J= 7.8 Hz, 1H), 7.08 (t, J= 7.8 Hz, 3H), 4.16 (q, J = 7.2 Hz,
2H), 3.50-3.41 (m, 1H), 2.33 (s, 3H), 1.44 (d, /= 7.2 Hz, 3H), 1.16 (t,J= 7.2 Hz, 3H).
F NMR (564 MHz, CDCl3): § -108.6 (d, J = 250.4 Hz), -114.6 (d, J = 252.1 Hz). 1°C
NMR (150 MHz, CDCl3): 6 164.0 (t, J = 32.6 Hz), 138.0, 136.8 (d, /= 5.7 Hz), 129.5,
128.6, 128.3, 125.8, 116.6 (dd, J = 254.1, 252.3 Hz), 62.5, 44.3 (t, J = 22.4 Hz), 21.3,
13.7-13.6 (m, 2C). IR (ATR, cm) max 1756.9, 1608.4, 1459.9, 1373.1, 1297.9,
1203.4, 1118.5, 1033.7, 842.8, 790.7, 713.6. HRMS (ESI) m/z: [M + Na]" calcd. for
CizHi6F2NaO, 265.1011, found 265.1009. The enantiomeric ratio of 2g was
determined by chiral HPLC analysis on OJ-3. Conditions: hexane/isopropanol = 99/1,
flow rate = 1.0 mL/min, UV-vis detection at A = 264 nm, fr = 6.6 min (major), 8.2
min (minor).
Ethyl 2,2-difluoro-3-(3-methoxyphenyl)butanoate (2h)
Purified by column chromatography (2% ethyl acetate in

O
MeO oEt Dpetroleum ether) to provide a colorless oil (50.1 mg, 97%
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yield); 88:12 er, [a]p” -16.9 (c 0.3, CHCI3); '"H NMR (600 MHz, CDCls): § 7.24-7.20
(m, 1H), 6.87-6.81 (m, 3H), 4.17 (q, J = 7.2 Hz, 2H), 3.79 (s, 3H), 3.52-3.43 (m, 1H),
1.44 (d, J = 7.2 Hz, 3H), 1.18 (t, J = 7.2 Hz, 3H). ’F NMR (564 MHz, CDCl3): §
-108.60 (d, J = 252.1 Hz), -114.37 (d, J = 251.0 Hz). *C NMR (150 MHz, CDCl3): &
164.0 (t, J=32.1 Hz), 159.6, 138.4 (d, J= 6.0 Hz), 129.4, 121.2, 116.5 (dd, J = 254.6,
252.3 Hz), 114.7, 113.1, 62.6, 55.2, 44.3 (t, J = 22.4 Hz), 13.8, 13.7-13.6 (m). IR
(ATR, cm') max 1762.7, 1577.6, 1488.8, 1284.4, 1230.4, 1145.6, 1081.9, 1039.5,
786.8, 757.9. HRMS (ESI) m/z: [M+Na]" calcd. for Ci3Hi7F203 259.1140, found
259.1137. The enantiomeric ratio of 2h was determined by chiral HPLC analysis on
OD-3. Conditions: hexane/isopropanol = 99/1, flow rate = 1.0 mL/min, UV-vis
detection at A = 273 nm, fr = 5.8 min (major), 6.7 min (minor).
Ethyl 2,2-difluoro-3-(3-(trifluoromethyl)phenyl)butanoate (2i)
0 Purified by column chromatography (2% ethyl acetate in
FoC OEt petroleum ether) to provide a colorless oil (56.2 mg, 95%
yield); 91:9 er, [a]p*’-31.7 (¢ 0.3, CHCl3); 'H NMR (500
MHz, CDCl3): 6 7.57-7.44 (m, 4H), 4.19 (q, J = 7.0 Hz, 2H), 3.64-3.53 (m, 1H), 1.48
(d, J = 7.5 Hz, 3H), 1.18 (t, J = 7.0 Hz, 3H). '’F NMR (470 MHz, CDCl;): § -62.7,
-109.6 (d, J = 253.8 Hz), -113.7 (d, J = 253.3 Hz). *C NMR (125 MHz, CDCl3): §
163.6 (t, J = 32.4 Hz), 137.9 (d, J = 5.6 Hz), 132.2, 130.8 (q, J = 32.0 Hz), 129.0,
125.7 (q, J = 3.8 Hz), 124.8 (q, J = 3.8 Hz), 123.9 (q, J = 270.4 Hz), 116.1 (dd, J =
254.0,253.3 Hz), 62.8, 44.1 (t,J = 23.4 Hz), 13.7, 13.7-13.6 (m). IR (ATR, cm™") max
1635.4, 1263.2, 1093.5, 1026.0, 808.3. HRMS (ESI) m/z: [M+Na]" caled. for
CisHi3FsNaO; 319.0728, found 319.0725. The enantiomeric ratio of 2i was
determined by chiral HPLC analysis on OJ-3. Conditions: hexane/isopropanol = 99/1,
flow rate = 1.0 mL/min, UV-vis detection at A = 208 nm, tr = 4.7 min (major), 5.9
min (minor).
Ethyl 2,2-difluoro-3-(4-fluoro-3-methylphenyl)butanoate (2j)
Purified by column chromatography (2% ethyl acetate in

OEt petroleum ether) to provide a colorless oil (51.0 mg, 99%
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yield); 91:9 er, [a]p® -24.1 (¢ 0.4, CHCI3); 'H NMR (500 MHz, CDCl3): § 7.10-7.04
(m, 2H), 6.94 (t, /= 9.0 Hz, 1H), 4.19 (q, J = 7.5 Hz, 2H), 3.51-3.40 (m, 1H), 2.25 (s,
3H), 1.42 (d, J= 7.0 Hz, 3H), 1.19 (t, J = 7.0 Hz, 3H). '°F NMR (470 MHz, CDCl3): §
-109.1 (d, J = 251.9 Hz), -114.5 (d, J = 251.9 Hz), -118.8. 3C NMR (125 MHz,
CDCl3): 6 164.0 (t, J=32.6 Hz), 160.9 (d, J = 243.6 Hz), 132.4-132.2 (m), 131.9 (d, J
=5.3 Hz), 127.7 (d, J=8.1 Hz), 124.8 (d, /= 17.4 Hz), 116.4 (t,J = 252.9 Hz), 115.0
(d, J=22.1 Hz), 62.6, 43.6 (t, J = 23.0 Hz), 14.5 (d, J = 3.5 Hz), 13.9-13.8 (m, 2C).
IR (ATR, cm™) max 1758.8, 1504.3, 1296.0, 1247.8, 1203.4, 1116.6, 1083.8, 1033.7,
821.6, 767.6. HRMS (ESI) m/z: [M+Na]" calcd. for C13HisF3NaO> 283.0916, found
283.0918. The enantiomeric ratio of 2j was determined by chiral HPLC analysis on
0J-3. Conditions: hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, UV-vis

detection at A =265 nm, fr = 11.5 min (minor), 12.4 min (major).

Ethyl 2,2-difluoro-3-(2-methoxyphenyl)butanoate (2k)
Purified by column chromatography (2% ethyl acetate in

OMe O
petroleum ether) to provide a colorless oil (51.0 mg, 99% yield);

E
FF - 87:13 er, [a]p? 9.3 (c 0.2, CHCI3). 'H NMR (600 MHz, CDCl5):
0734 (d,J=7.8 Hz, 1H), 7.25-7.22 (m, 1H), 6.94 (t,J=7.2 Hz, 1H), 6.85 (d, /= 8.4
Hz, 1H), 4.22-4.12 (m, 3H), 3.81 (s, 3H), 1.38 (d, /= 7.2 Hz, 3H), 1.16 (t, /= 7.2 Hz,
3H). 'F NMR (564 MHz, CDCl3): & -107.7 (d, J = 249.3 Hz), -113.5 (d, J = 249.3
Hz). 3C NMR (150 MHz, CDCls): & 164.2 (t, J = 32.6 Hz), 157.0, 128.8, 128.6,
125.8 (d, J=5.7 Hz), 120.7, 116.7 (dd, J = 253.4, 251.6 Hz), 110.5, 62.3, 55.5, 35.3 (t,
J=22.8Hz), 13.7,13.7-13.5 (m). IR (ATR, cm™") max 1762.7, 1602.6, 1494.6, 1463.8,
1301.8, 1247.8, 1186.1, 1105.1, 1026.0, 798.4, 754.0. HRMS (ESI) m/z: [M + Na]"
calcd. for C13Hi6F2NaO3 281.0960, found 281.0963. The enantiomeric ratio of 2k was
determined by chiral HPLC analysis on OJ-3. Conditions: hexane/isopropanol = 99/1,
flow rate = 1.0 mL/min, UV-vis detection at A = 273 nm, tr = 7.3 min (major), 7.7
min (minor).
Ethyl 2,2-difluoro-3-(2-fluorophenyl)butanoate (21)

F O Purified by column chromatography (2% ethyl acetate in

OEt
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petroleum ether) to provide a green oil (47.1 mg, 95% yield); 97:3 er, [a]p® -9.2 (c
0.2, CHCl3); '"H NMR (600 MHz, CDCl3) & 7.39 (t, J = 7.8 Hz, 1H), 7.29-7.24 (m,
2H), 7.14 (t, J = 7.8 Hz, 1H), 7.05-7.02 (m, 1H), 4.21 (q, J = 7.2 Hz, 2H), 4.02-3.93
(m, 1H), 1.44 (d, J = 7.2 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H). ’F NMR (564 MHz,
CDCl3) § -109.1 (dd, J = 252.7, 13.5 Hz), -113.2 (dd, J = 257.2, 18.0 Hz), -117.4. 13C
NMR (150 MHz, CDCls) 6 163.7 (t, J = 32.4 Hz), 160.6 (d, J = 245.6 Hz), 129.6,
129.4 (d, J= 8.1 Hz), 124.3 (d, J = 3.5 Hz), 124.2-124.1 (m), 116.1 (t, J = 252.6 Hz),
115.4 (d, J=22.8 Hz), 62.7, 35.9 (t,J=21.5 Hz), 13.7, 13.4-13.2 (m). IR (ATR, cm™)
max 1766.6, 1494.6, 1456.0, 1301.8, 1205.3, 1128.2, 1056.8, 1029.8, 756.0. HRMS
(ESI) m/z: [M+Na]" caled. for Ci2Hi3F3NaO> 269.0760, found 269.0761. The
enantiomeric ratio of 21 was determined by chiral HPLC analysis on OJ-3. Conditions:
hexane/isopropanol = 99/1, flow rate = 1.0 mL/min, UV-vis detection at A = 210 nm,
fr = 14.9 min (major), 18.1 min (minor).
Ethyl 2,2-difluoro-3-(2-(trifluoromethyl)phenyl)butanoate (2m)
CF3 O Purified by column chromatography (2% ethyl acetate in
OEt  petroleum ether) to provide a colorless oil (56.2 mg, 95% yield);
92:8 er, [a]p>-8.9 (c 0.2, CHCI3); 'H NMR (600 MHz, CDCl;)
3 7.66 (d, J=8.4 Hz, 2H), 7.55 (t, J="7.8 Hz, 1H), 7.39 (t, /= 7.8 Hz, 1H), 4.21-4.10
(m, 2H), 4.01-3.90 (m, 1H), 1.45 (d, J = 7.2 Hz, 3H), 1.14 (t, J = 7.2 Hz, 3H). °F
NMR (470 MHz, CDCl3) & -58.6, -107.5 (d, J = 255.7 Hz), -110.76 (d, J = 255.2 Hz).
3C NMR (150 MHz, CDCls) & 163.5 (t, J = 32.3 Hz), 136.7 (d, J = 5.4 Hz), 132.2,
129.5-129.3 (m), 128.9 (q, J = 29.3 Hz), 127.6, 126.0 (q, J = 5.7 Hz), 124.2 (q, J =
272.1 Hz), 116.1 (t,J = 252.8 Hz), 62.8, 39.5 (t, J = 23.6 Hz), 15.6-15.3 (m), 13.6. IR
(ATR, cm™) max 1768.5, 1456.1, 1311.4, 1161.0, 1122.4, 1081.9, 1031.8, 848.6,
769.5. HRMS (ESI) m/z: [M+Na]" caled. for Ci3HisFsNaO, 319.0728, found
319.0725. The enantiomeric ratio of 2m was determined by chiral HPLC analysis on
AD-3. Conditions: hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, UV-vis
detection at A = 208 nm, fr = 7.7 min (major), 8.0 min (minor).

Ethyl (S)-2,2-difluoro-3-(naphthalen-1-yl)butanoate (2n)
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o Purified by column chromatography (2% ethyl acetate in
OO OEt petroleum ether) to provide a green oil (51.8 mg, 92% yield);
i 85:15 er, [a]p® -24.1 (¢ 0.4, CHCl5); '"H NMR (500 MHz,
CDCI3) 6 8.09 (d, J = 8.5 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H),
7.60 (d, J = 7.0 Hz, 1H), 7.57-7.52 (m, 1H), 7.51-7.43 (m, 2H), 4.54-4.43 (m, 1H),
4.05-3.93 (m, 2H), 1.58 (d, J = 7.0 Hz, 3H), 0.92 (t, J = 7.0 Hz, 3H). "’F NMR (470
MHz, CDCl3) & -106.6 (d, J = 251.0 Hz), -113.3 (d, J = 251.5 Hz). *C NMR (125
MHz, CDCl3) 6 164.0 (t, J = 32.5 Hz), 133.8, 133.4 (d, J = 6.4 Hz), 131.7, 129.0,
128.3, 126.3, 125.8, 125.6, 125.4, 122.8, 116.7 (dd, J = 254.6, 251.5 Hz), 62.5, 37.7,
14.6-14.5 (m), 13.4. IR (ATR, cm™) max 1768.5, 1288.3, 1199.6, 1120.5, 1076.1,
1035.6, 1000.9, 800.3, 779.1. HRMS (ESI) m/z: [M+Na]" calcd. for CisHisF2NaO»
301.1011, found 301.1013. The enantiomeric ratio of 2n was determined by chiral
HPLC analysis on OJ-3. Conditions: hexane/isopropanol = 99/1, flow rate = 1.0
mL/min, UV-vis detection at A = 224 nm, fr = 9.2 min (major), 10.8 min (minor).
Ethyl 2,2-difluoro-3-(thiophen-2-yl) butanoate (2p)

o Purified by column chromatography (2% ethyl acetate in
W OEt Petroleum ether) to provide a colorless oil (44.3 mg, 95% yield);
\s FF 53:47 er. 'H NMR (500 MHz, CDCly): § 7.24-7.23 (m, 1H),

6.97-6.94 (m, 2H), 4.22 (q, J = 7.0 Hz, 2H), 3.90-3.79 (m, 1H), 1.50 (d, J = 7.5 Hz,
3H), 1.23 (t, J= 7.0 Hz, 3H). "°F NMR (470 MHz, CDCl3): § -109.3 (d, J = 251.5 Hz,
1F), -114.7 (d, J = 251.5 Hz, 1F). 13C NMR (125 MHz, CDCl3) § 163.7 (t, J = 32.5
Hz), 138.9 (d, J = 6.4 Hz), 126.7, 126.7, 125.2, 115.7 (dd, J = 254.5, 253.1 Hz), 62.7,
39.8 (dd, J = 24.9, 23.1 Hz), 14.9-14.8 (dd, J = 5.1, 3.0 Hz), 13.8. HRMS (ESI) m/z:
[M + Na]" calcd. for CioH12F2NaO2S 257.0418, found 257.0416. The enantiomeric
ratio of 2p was determined by chiral HPLC analysis on OJ-3. Conditions:
hexane/isopropanol = 99/1, flow rate = 1.0 mL/min, uv-vis detection at A = 232 nm, fr

= 8.6 min (major), 9.1 min (minor).
Ethyl 2,2-difluoro-3-methyl-5-phenylpentanoate (2q)

o Purified by column chromatography (2% ethyl acetate in
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Petroleum ether) to provide a colorless oil (47.7 mg, 93% yield); 84:16 er, [a]p>’ -14.0
(c 0.3, CHCl3); 'H NMR (500 MHz, CDCI3): § 7.30-7.27 (m, 2H), 7.21-7.16 (m, 3H),
4.29 (q, J = 7.0 Hz, 2H), 2.81-2.75 (m, 1H), 2.60-2.56 (m, 1H), 2.26-2.21 (m, 1H),
1.94-1.90 (m, 1H), 1.60-1.54 (m, 1H), 1.31 (t, J = 7.0 Hz, 3H), 1.09 (d, J = 7.0 Hz,
3H). ’F NMR (470 MHz, CDCls): § -112.4. 3C NMR (125 MHz, CDCl3) § 164.3 (4,
J =33.0 Hz), 141.2, 128.4, 128.3, 126.0, 117.8 (t, J = 251.1 Hz), 62.6, 37.2 (t, J =
21.9 Hz), 32.9, 30.6 (t, J = 3.4 Hz), 13.9, 12.0 (t, /= 4.6 Hz). HRMS (ESI) m/z: [M +
Na]" caled. for Ci4HisFaNaO;z 279.1167, found 279.1160. The enantiomeric ratio of
2q was determined by chiral HPLC analysis on OJ-3. Conditions: hexane/isopropanol
= 99/1, flow rate = 1.0 mL/min, uv-vis detection at A = 209nm, fgr = 8.8 min (major),
10.6 min (minor).
Ethyl 3-phenylbutanoate (4)51%
0] Purified by column chromatography (2% ethyl acetate in
©)\)‘\0Et petroleum ether) to provide a colorless oil (38.0 mg, 99% yield).
"H NMR (600 MHz, CDCl3) § 7.29 (t, J = 7.8 Hz, 2H), 7.23-7.18
(m, 3H), 4.07 (q, J = 7.2 Hz, 2H), 3.31-3.24 (m, 1H), 2.62-2.51 (m, 2H), 1.30 (d, J =
7.2 Hz, 3H), 1.18 (q, J = 7.2 Hz, 3H). The enantiomeric ratio of 4 was determined by

chiral HPLC analysis on OJ-3. Conditions: hexane/isopropanol = 99/1, flow rate = 1.0

mL/min, UV-vis detection at A = 208 nm, fr = 7.8min, 8.5 min.

Ethyl 2,2-dimethyl-3-phenylbutanoate (6)
0 Purified by column chromatography (2% ethyl acetate in
OEt petroleum ether) to provide a colorless oil (39.0 mg, 89% vyield).
IH NMR (600 MHz, CDCl3) § 7.28-7.25 (m, 2H), 7.22-7.17 (m,
3H), 4.12-4.07 (m, 2H), 3.17 (9, J = 7.2 Hz, 1H), 1.26 (d, J = 7.2 Hz, 3H), 1.23 (t, J =
7.2 Hz, 3H), 1.11 (s, 3H), 1.05 (s, 3H). 3C NMR (125 MHz, CDCl3) 5 177.7, 142.5,
129.1, 127.7, 126.5, 60.3, 46.4, 46.3, 23.9, 20.6, 15.9, 14.1. HRMS (ESI) m/z: [M +
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Na]* calcd. for C1aH20NaO> 243.1356, found 243.1353. The enantiomeric ratio of 6
was determined by chiral HPLC analysis on OJ-3. Conditions: hexane/isopropanol =
95/5, flow rate = 1.0 mL/min, UV-vis detection at A =209 nm, tr = 5.7 min, 5.9 min.
2-(1,1,1-trifluoropropan-2-yl)naphthalene (8)5*H

Purified by column chromatography (2% ethyl acetate in

OO CFs petroleum ether) to provide a colorless oil (44.6 mg, 99% yield).

IH NMR (600 MHz, CDCls) & 7.84-7.82 (m, 3H), 7.77 (s, 1H)
7.51-7.46 (m, 2H), 7.44 (d, J = 8.4 Hz, 1H), 3.64-3.55 (m, 1H), 1.60 (d, J = 7.2 Hz,
3H). F NMR (470 MHz, CDCl3) & -71.2. The enantiomeric ratio of 2s was
determined by chiral HPLC analysis on OJ-3. Conditions: hexane/isopropanol = 99/1,
flow rate = 1.0 mL/min, UV-vis detection at A =209 nm, tr = 7.9 min, 8.3 min.
2,2-difluoro-1,3-diphenyl-122,323-butan-1-ol (10)

oH Purified by column chromatography (2% ethyl acetate in

O O petroleum ether) to provide a colorless oil (52.1 mg, 99%
FF yield); dr: 1.5:1, 61:39 er; 65:35 er. 'H NMR (500 MHz,

CDCl3) 6 7.41-7.16 (m, 10H), 4.76-4.44 (m, 1H), 3.62-3.03 (m, 1H), 2.40-2.20 (m,
1H), 1.43-1.42 (m, 3H). ’F NMR (470 MHz, CDCl3) § -115.2 (d, J = 248.2 Hz),
-116.1 (d, J = 248.2 Hz), -116.7 (d, J = 252.4 Hz), -117.7 (d, J = 251.9 Hz). ’C NMR
(125 MHz, CDCl3) 6 139.7 (d, J = 7.7 Hz), 139.1 (d, J= 5.2 Hz), 136.8, 136.4 (d, J =
3.5 Hz), 129.0, 129.0, 128.9, 128.8, 128.6, 128.4, 128.3, 128.2, 128.1, 127.9, 127.4,
127.3,123.3 (t, J = 249.4 Hz), 122.9 (dd, J = 253.1, 249.2 Hz), 74.4 (t, J = 26.0 Hz),
73.2 (dd, J=32.7,25.6 Hz), 43.5 (t, J =23.2 Hz), 43.0 (dd, J = 24.9, 22.3 Hz), 15.6 (t,
J=4.6Hz), 14.3 (t,J= 5.3 Hz). IR (ATR, cm™") max 1454.1, 1186.0, 1058.8, 970.0,
738.6, 698.1. HRMS (ESI) m/z: [M+Na]" calcd. for Ci¢HisF2NaO 285.1061, found
285.1060. The diastereomeric and enantiomeric ratios of 10 was determined by chiral
HPLC analysis on OZ-3. Conditions: hexane/isopropanol = 98/2, flow rate = 1.0
mL/min, UV-vis detection at A = 208 nm, fr1 = 8.2 min (minor), 14.2 min (major); fr2

= 11.7 min (major), 13.2 min (minor).
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4. Determination of the absolute configuration of product 2f

To determine the absolute configuration of 2f, the single crystal of product 2f was
grown in 2-mL vial by liquid/liquid diffusion technique. Less-dense n-hexane (0.6 mL)
was slowly dropped into the dichloromethane solution (0.2 mL) of 2f at 25 °C, so that
they formed distinct layers. Then, the vial was cooled down to 0 °C. n-Hexane
gradually diffused into the dichloromethane solution, creating a solvent mixture with
lower solubility for the compound 2f than that of pure dichloromethane. The crystal
was grown from the solution, which was suitable for X-ray diffraction analysis.

The structure in Figure S1 showed that the absolute configuration of 2f is (S).
[CCDC number: 1978406] contains the structure and supplementary crystallo-
graphic data for compound (S5)-2f. These data can be obtained free of charge from the

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk.

Figure S1 ORTEP diagram of (S5)-2f

Table S5. Crystal data and structure refinement for exp_1146.

Identification code exp_1146
Empirical formula CisH1sF202
Formula weight 304.32
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Temperature/K
Crystal system
Space group
alA

b/A

c/A

o/°

pre

v/°
Volume/A3

Z

pcalcg/ cm?®
p/mm

F(000)

Crystal size/mm?

Radiation

100.00(10)
monoclinic

P21

8.2127(2)
7.21400(10)
13.1423(2)

90

101.549(2)

90

762.87(2)

2

1.325

0.848

320.0

0.25x0.14 x0.12
CuKoa (A =1.54184)

20 range for data collection/°6.864 to 134.08

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (1)]
Final R indexes [all data]

-9<h<9,-8<k<8,-15<1<15
19742

2708 [Rint = 0.0529, Rsigma = 0.0242]
2708/1/201

1.062

R1=0.0357, wR2 = 0.0958
R1=0.0360, wR2 = 0.0960

Largest diff. peak/hole / e A©0.31/-0.21

Flack parameter

0.07(6)
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6. Copy of NMR spectra, HRMS reports of new compounds and
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HPLC spectra of 2b
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HPLC spectra of 2¢
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Meas.m/z # lon Formula miz err[ppm] mSigma Score rdb e Conf N-Rule
3289956 1 C12H13BrF2Na02 328.9959 1.0 120 1 10000 45 even ok
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HPLC spectra of 2d
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HPLC spectra of 2e
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HPLC spectra of 2f
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HPLC spectra of 2g
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HPLC spectra of 2i
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HPLC spectra of 2j
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HPLC spectra of 2k
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HPLC spectra of 21
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HPLC spectra of 2m
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HPLC spectra of 2n
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HPLC spectra of 2p
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HPLC spectra of 2q
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