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1. Experimental section

General Information:

All the air or moisture sensitive reactions and manipulations were performed by using
standard Schlenk techniques and in a nitrogen-filled glovebox. '"H NMR,'*C NMR and
9F NMR spectra were recorded on Bruker AV (400 MHz) spectrometers and JEOL
JINM-ECX600P and INM-ECS600 (400 MHz or 600 MHz) spectrometers. CDC13 was
the solvent used for the NMR analysis, with TMS as the internal standard. Chemical
shifts were reported upfield to TMS (0.00 ppm) for 'H NMR. Data is represented as
follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, dd = double
of doublets, t = triplet, q = quartet, m = multiplet) and coupling constants (/) in Hertz
(Hz). Optical rotation was determined using Autopol III Automatic polarimeter
(Rudolph research Analyical). GC analysis was conducted on an Agilent 7890A series
instrument. HPLC analysis was conducted on Agilent 1260 series instrument. SFC
analysis was conducted on Agilent 1260 series instrument. HRMS were recorded on a

Waters LCT Premier XE mass spectrometer with APCI or ESL.
2. General procedure for synthesis of substrates 1, 3 and compounds S - 8.

Method A: 1a-1r were prepared by the following protocol.[*?
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The 2-pyrrolidinone (30 mmol), iodoarenes (20 mmol), potassium phosphate (60
mmol), Cul (2 mmol) were placed in a three-neck round bottom flask equipped with a

stir bar. DMSO (24 mL) was added under nitrogen. The reaction mixture was heated to
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110 °C. After 24 h, the reaction mixture was diluted with ethyl acetate, washed with
saturated brine, dried over Na2SO4 and concentrated in vacuo. The residue was purified
by column chromatography over silica gel to give product in 55-87% yield.

Sodium hydride (20 mmol) was placed in a three-neck round bottom flask. THF (20
mL) was added under nitrogen. Then a solution of trifluoromethyl ethyl acetate (12
mmol) and the pyrrolidones derivatives (10 mmol) in THF (20 mL) was added dropwise.
The mixture was stirred for 24 h at room temperature and adjusted PH to 3 with 1M
HCI solution. The organic phase was extracted with ethyl acetate, washed with
saturated brine, dried over Na;SO4 and concentrated in vacuo. The crude product was
purified with column chromatography to give 3-(2,2,2-trifluoro-1-hydroxyethylidene)
pyrrolidin-2-one in 50-90% yield.

The 3-(2,2,2-trifluoro-1-hydroxyethylidene)pyrrolidin-2-one (10 mmol) was dissolved
in methanol (60 mL), NaBH4 was added (15 mmol) at 0 °C and the reaction mixture
was stirred at room temperature for 2 h. The organic phase was extracted with ethyl
acetate, then washed with saturated brine, and dried over Na>SO4, concentrated in vacuo
to give crude product 3-(2,2,2-trifluoro-1-hydroxyethyl) pyrrolidin-2-one without
purification.

To a solution of 3-(2,2,2-trifluoro-1-hydroxyethyl) pyrrolidin-2-one (10 mmol) in
CH2Cl> (27 mL) was added EtsN (10 mmol) under nitrogen. The solution was stirred
for 30 min at room temperature. Then methanesulfonyl chloride (15 mmol) was added
dropwise to the solution at -78 °C. After stirred at -78 °C for 30 min, the reaction
mixture was warmed to room temperature. Then EtsN (15 mmol) was added, followed
by stirring at room temperature for 3 h. The solution was stirred overnight and extracted
with CH2Clz. The organic phase was washed with saturated brine, and dried over
NazSOs4, concentrated in vacuo. The residue was purified by chromatography over
silica gel.

To a solution of 2,2,2-trifluoro-1-(2-oxopyrrolidin-3-yl)ethylmethanesulfonate (10
mmol) in methanol (30 mL) was added KOH (10 mmol) at 0 °C for 1 h. The organic

phase was extracted with ethyl acetate, then washed with saturated brine, and dried over



NazS0s, concentrated in vacuo. The residue was purified by chromatography over
silica gel to give compound 1 in 64-87% yield.

General Procedure for Synthesis of Product 1s and 1t

OMe
Q H N/Boc
CAN o (Boc),O, DMAP o
N o MeCN:H,0 = 5:1 E\T DCM, rt E\f
\ FsC F3C
FsC 1t, 91% yield 1s, 95% yield

1e
To a cold solution (0 °C) of 1e in CH3CN/H>0 (5:1) was added CAN (ceric ammonium
nitrate, 4.4 equiv.). The reaction was stirred for 30 min at 0 °C and then 12 h at room
temperature. The reaction mixture was diluted with EtOAc, washed with saturated
aqueous NaHCOs3, brine, dried (Na;SOs), and then concentrated. Purification of the
crude product by flash chromatography afforded the desired product 1t.
The compound 1t (4.0 mmol), DMAP (0.1 equiv.), and triethylamine (1.5 equiv.) were
dissolved in dichloromethane (8.0 mL), followed by slow addition of (Boc).O (2.0
equiv.). The mixture was stirred further for 5 h at room temperature. The reaction
mixture was concentrated under vacuum, and the residue was purified by
chromatography on silica gel to afforded the desired product 1s.
Method C: 3a-3m were prepared by the following protocol.
The 2-Piperidone (30 mmol), iodoarenes (20 mmol), potassium phosphate (60 mmol),
Cul (2 mmol) were placed in a three-neck round bottom flask equipped with a stir bar.
DMSO (24 mL) was added under nitrogen. The reaction mixture was heated to 130 °
C. After 48 h, the reaction mixture was diluted with ethyl acetate, washed with saturated
brine, dried over Na>SOs and concentrated in vacuo. The residue was purified by

column chromatography over silica gel to give product in 50-75% yield.
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The piperidone s derivatives (10 mmol) was placed in a three-neck round bottom flask.

THF (20 mL) was added under nitrogen. Then slowly add tetrahydrofuran solution of
LiHMDS (Lithium bis(trimethylsilyl)amide, 15 mmol). Next, a solution of
trifluoromethyl ethyl acetate (12 mmol) in THF (20 mL) was added dropwise. The
mixture was stirred for 6 h at -20 °C and adjusted PH to 3 with 1M HCI solution. The
organic phase was extracted with ethyl acetate, washed with saturated brine, dried over
Na>SOs and concentrated in vacuo. The crude product was purified with column
chromatography to give 3-(2,2,2-trifluoro-1-hydroxyethylidene)piperidin-2-one in 60-
88% yield..

The next synthesis method refers to the synthesis of substrate 1a.

General Procedure for Synthesis of Product 5

CFs
_DIBALH N
©/ DCM, -15°C ©/

2a, 97% ee 5, 90% yield; 94% ee

To a flame-dried round bottom flask charged with a magnetic stir and substrate 2a was
added CH:Cl> and cooled to -15 °C. Following, a freshly prepared 1M solution of
DIBAL-H (Diisobutylaluminium hydride) in toluene (1.2 equiv.) was added dropwise
to and the reaction was stirred at -15 °C until completion was observed by TLC analysis.
Upon completion the reaction was cooled to 0 °C and few milliliters of water are added
to quench the reaction. The reaction was transferred to a separatory funnel and the milky
aqueous layer was extracted twice with CH2Cl,. The combined organic layer was dried

over MgSOs and concentrated. The crude product was purified by column
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chromatography to give product 5 in 90% yield.

General Procedure for Synthesis of Product 6

o CAN CFs
N * HN *
0 MeCN:H,0 = 51
MeO

o

2e, 96% ee 6, 92% yield; 92% ee

To a cold solution (0 °C) of 2e in CH3CN/H2O (5:1) was added CAN (ceric ammonium
nitrate, 4.4 equiv.). The reaction was stirred for 30 min at 0 °C and then 12 h at room
temperature. The reaction mixture was diluted with EtOAc, washed with saturated
aqueous NaHCOs, brine, dried (Na;SOs), and then concentrated. Purification of the
crude product by flash chromatography afforded the desired product 6 in 92% yield.

General Procedure for Synthesis of Product 8

an an
N N H
o LiAIH,4 1) Hy, Pd/C, MeOH
e e s ‘HCI
THF 2) MeOH, HCI *
F3C F3C F3C
2r, 99.9% ee 7, 88% yield, 99% ee 8, 73% yield

LiAlH4 (2.5 equiv.) was added to a solution of 2r in THF. The resulting mixture was
refluxed for 10 h and quenched at 0°C with 25 wt.% NaOH. The formed precipitate was
filtered off on a plug of celite and the filter cake washed with Et;O. The filtrate was
washed with brine, dried (Na;SO4) and concentrated under reduced pressure affording
the crude amine. Purification of the crude product by flash chromatography afforded
the desired product 7 in 88% yield.

A solution of 7 in methanol was charged with palladium on carbon (2.5 equiv.), then
hydrogen gas (1 atm), and the mixture was stirred for 24 h. Then filter the reaction
solution and collect the filtrate, added 4 mol/L hydrochloric acid in methanol to the
filtrate. The reaction mixture was vigorously stirred at 45 °C in an oil bath for 16 h. The
mixture was concentrated under reduced pressure, washed with Et>O, and dried under

reduced pressure to give 8 as a brown oil in 73% yield.



3. General procedure for asymmetric hydrogenation of compounds 1 and 3

At room temperature, [Rh(COD)CI]2 and (R, R)-f-spirophos were mixed in methanol at
a molar ratio of 0.5:1.1 for 20 minutes in a nitrogen-filled glove box to prepare a stock
solution. An aliquot of the catalyst solution (1.0 mL, 0.00125 mmol)) was transferred
by syringe into the vials charged with different substrates 1 (0.125 mmol for each) in
anhydrous MeOH (2.0 ml). The vials were then placed into a steel autoclave which
hydrogen gas was charged. The reaction mixture was stirred under Hz (10 atm) at room
temperature for 1 h for the substrates. The hydrogen gas was released slowly and
carefully. The solution was passed through a short column of silica gel to remove the
metal complex. The conversion of products was determined by GC or *H NMR analysis.
The crude products were concentrated and purified by column chromatography and the

ee values were determined by HPLC or SFC analysis on a chiral stationary phase.
4. Procedure for asymmetric hydrogenation of 1a on gram-scale.

At room temperature, [Rh(COD)CI]2 and (R, R)-f-spirophos were mixed in methanol at
a molar ratio of 0.5:1.1 for 20 minutes in a nitrogen-filled glove box to prepare a stock
solution. An aliquot of the catalyst solution (1.0 mL, 0.00125 mmol)) was transferred
by syringe into the vials charged with substrate 1a (13.2 mmol) in anhydrous MeOH
(5.0 ml). The vials were then placed into a steel autoclave which hydrogen gas was
charged. The reaction mixture was stirred under H2 (80 atm) at 40 °C for 5 days. The
hydrogen gas was released slowly and carefully. The solid was washed with CH2Cly,
and filtered to give the product 2a as a white solid (3.05 g, 96% vyield) with 98% ee

determined by HPLC with a chiral column.
5. The characterization data for substrates 1 and 3

(E)-1-phenyl-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1a)



©\ o) White solid; Yield: 82%; (PE/EA = 12/1); 'H NMR (CDCl3, 600
N MHz) &: 7.71 (t, J = 6.5 Hz, 2H), 7. 42 —7.39 (m, 2H), 7.24 —
“Fs 720 (m, 1H), 6.64 — 6.56 (m, 1H), 3.98 — 3.93 (m, 2H), 3.13 —
3.10 (m, 2H); *C NMR (CDCls, 101 MHz) 8: 164.9, 142.8, 138.9, 129.2, 125.8, 123.5
(q, J = 270.2 Hz), 120.1, 118.7 (q, J = 35.6 Hz), 45.5, 22.2; '°F NMR (CDCl3, 377
MHz) &: -60.8 (t, J = 3.4 Hz, 3F); TOF-HRMS Calcd. for C12Hi; NOF; [M+H']:
242.0787, found 242.0790.
(E)-1-(m-tolyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1b)
White solid; Yield: 85%; (PE/EA = 10/1); 'TH NMR (CDCls, 400
@ 0 MHz) &: 7.55 (s, 1H), 7.49 — 7.46 (m, 1H), 7.28 (t, J= 7.9 Hz,
N&QCF?’ 1H), 7.04 — 7.02 (m, 1H), 6.62 — 6.55 (m, 1H), 3.94 (t,J = 6.3Hz,
2H), 3.12— 3.06 (m, 2H), 2.38 (s, 3H); '*C NMR (CDCL, 101
MHz) 6: 164.8, 142.9 (d, J = 5.1 Hz), 139.1, 138.8, 129.0, 126.7, 123.6 (q, J =271.7
Hz), 118.6 (q, J = 35.4 Hz), 117.2, 45.7,22.2, 21.7; 'F NMR (CDCl;, 377 MHz) §: -
60.8 (t, J= 3.8 Hz, 3F); TOF-HRMS Calcd. for Ci3H13NOF3 [M+H"]: 256.0943, found
256.0940.
(E)-1-(3-methoxyphenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1c)
OMe White solid; Yield:87%; (PE/EA = 10/1); 'H NMR (CDCls, 400
@ O MHz) &: 7.47 (s, 1H), 7.30 (t, J = 8.2 Hz, 1H), 7.19 (d, J = 8.2
N\i/>:\<;p Hz, 1H), 6.77 (d, J = 8.2, 1H), 6.63— 6.55 (m, 1H), 3.93 (t, J =
3 6.5 Hz, 2H), 3.82 (s, 3H), 3.12 -3.07 (m, 2H); '3C NMR (CDCls,
101 MHz) 6: 164.9, 160.19, 142.89 (q, J = 5.0 Hz), 140.09, 129.8, 123.5 (q, J =270.3
Hz), 118.6 (q, J = 35.6 Hz), 111.9, 111.4, 106.1, 55.4, 45.6, 22.0; '°F NMR (CDCls,
377 MHz) &: -60.8 (t, J = 3.8 Hz, 3F); TOF-HRMS Calcd. for C13H;3NO,F3 [M+H']:
272.0892, found 272.0890.
(E)-1-(p-tolyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1d)
\©\ 0 White solid; Yield: 75%; (PE/EA = 10/1); '"H NMR (CDCls,
N 400 MHz) &: 7.59 (d, J = 8.6 Hz, 2H), 7.20 (d, J = 8.2 Hz,

CF
> 2H), 6.62 — 6.55 (m, 1H), 3.93 (t, J= 6.4 Hz, 2H) 3.13 -3.08



(m, 2H); 2.34 (s, 3H); '*C NMR (CDCl;, 101 MHz) §: 164.7, 142.9 (q, J = 4.6 Hz),
136.4,135.6, 129.7, 123.6 (q, J=270.3 Hz), 120.1, 118.4 (q, J=35.5 Hz), 45.6 (d, J =
0.9 Hz), 22.2 (d, J= 0.8 Hz), 21.0; "’F NMR (CDCls, 377 MHz) &: -60.8 (t,J = 3.4 Hz,
3F); TOF-HRMS Caled. for Ci3Hi3NOF3 [M+H"]: 256.0943, found 256.0940.
(E)-1-(4-methoxyphenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1e)
MeO o White solid; Yield: 73%; (PE/EA = 10/1); 'H NMR
\©\N\§c\ (CDCls, 400 MHz) 6: 7.62 (d, J=9.2 Hz, 2H), 6.93 (d, J
CFs —_9) Hz, 2H), 6.62 — 6.54 (m, 1H), 3.92 (t, J = 6.2 Hz,
2H), 3.81 (s, 3H), 3.13 -3.08 (m, 2H); 3*C NMR (CDCls, 101 MHz) 6: 164.6, 157.4,
142.8 (d, J = 5.2 Hz), 132.1, 123.6 (q, J = 270.2 Hz), 121.7, 118.3 (q, J = 35.5 Hz),
114.3,55.6,45.9 (t,J= 1.0 Hz), 22. 2 (t,J = 1.0 Hz); ’F NMR (CDCl3, 377 MHz) 6:
-60.7 (t, J = 3.4 Hz, 3F); TOF-HRMS Calcd. for Ci3Hi3NO2F3; [M+H"]: 272.0892,
found 272.0890.
(E)-1-(3-fluorophenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1f)
F White solid; Yield: 68%; (PE/EA = 10/1); "H NMR (CDCls, 400
@\ O MHz) &: 7.64 (dt, J = 11.2, 2.3 Hz, 1H), 7.44 (dd, J = 8.3, 2.1
Né:\CF Hz, 1H), 7.36 (td, J= 8.2, 6.4 Hz, 1H), 6.92 (td, /= 8.2, 2.4 Hz,
3 1H), 6.66 — 6.58 (m, 1H), 3.94 (t, J = 6.6 Hz, 2H), 3.15 -3.10
(m, 2H); 3C NMR (CDCls, 101 MHz) &: 164.9, 162.9 (d, J = 245.5 Hz), 142.2 (q, J =
4.9 Hz), 140.3(d, J=10.5 Hz), 130.2 (d, /=9.2 Hz), 123.3 (q, /=271.7 Hz), 119.2 (q,
J=35.7Hz), 1149 (d,J=3.0 Hz), 112.4 (d, /=213 Hz), 107.4 (d, /= 26.6 Hz), 45 .4,
21.9; FNMR (CDCl3, 377 MHz) &: -60.9 (t,J = 3.8 Hz, 3F), -110.7 —-110.8 (m, 1F);
TOF-HRMS Calcd. for C12H1oNOF4 [M+H"]: 260.0693, found 260.0690.
(E)-1-(4-fluorophenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1g)
F o White solid; Yield: 65%; (PE/EA = 10/1); '"H NMR (CDCls,
\©\N§£\ 400 MHz) 6: 7.73 — 7.64 (m, 2H), 7.15 — 7.03 (m, 2H), 6.69
CFs _6.51 (m, 1H), 4.02 —3.79 (m, 2H), 3.15 =3,10 (m, 2H); 1*C
NMR (CDCI3, 101 MHz) 8: 164.8, 160.2 (d, J=246.1 Hz), 142.4 (q, J= 5.1 Hz), 135.0
(d, /=29 Hz), 123.5 (q,J=270.3 Hz), 121.8 (q, J = 8.1 Hz), 118.9 (q, J = 35.6 Hz),



116.0 (d, J = 22.6 Hz), 45.8, 22.1; ’F NMR (CDCls, 377 MHz) §: -60.8 (t, /= 3.8 Hz,
3F), -115.7 — -110.8 (m, 1F ); TOF-HRMS Calcd. for C12HioNOF4 [M+H"]: 260.0693,
found 260.0690.
(E)-1-(3-bromophenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1h)
Br Yellow solid; Yield: 87%; (PE/EA = 20/1); 'H NMR (CDCls,
@\ 0 400 MHz) 6: 7.91 (t,J=2.0 Hz, 1H), 7.71 (ddd, /= 8.1, 2.0, 0.9
N&\CF Hz, 1H), 7.35 (ddd, J=8.0, 1.6, 1.0 Hz, 1H), 7.28 (d, /= 8.1 Hz,
3 1H), 6.65 — 6.57 (m, 1H), 3.93 (t, J = 6.4 Hz, 2H), 3.15 -3.10
(m, 2H); *C NMR (CDCls, 101 MHz) &: 165.0, 142.2 (q, J = 5.1 Hz), 140.1, 130.4,
128.7,122.9,122.8, 122.4 (q, J =268.9 Hz), 119.3 (q, J=35.7 Hz), 118.3,45.4 (q, J =
1.2 Hz), 22.1 (q, J =0.9 Hz); '°F NMR (CDCls, 377 MHz) &: -61.0 (t, J = 3.4 Hz, 3F);
TOF-HRMS Calcd. for C12HioNOF3Br [M+H]: 319.9892, found 319.9890.
(E)-1-(4-(tert-butyl)phenyl)-3-(2,2-trifluoroethylidene) pyrrolidin-2-one (1i)
White solid; Yield: 78%; (PE/EA = 20/1); 'TH NMR (CDCls,
>‘\©\ 2 600 MHz) &: 7.62 (d, J = 8.7 Hz, 2H), 7.42 (d, J = 8.9 Hz,
Nés\ca 2H), 6.62 — 6.57 (m, 1H), 3.94 (t, J = 6.5 Hz, 2H), 3.12 —
3.09 (m, 2H), 1.31(s, 9H); '*C NMR (CDCls, 101 MHz) §:
164.8, 148.9, 142.9 (q,J =4.9 Hz), 136.3, 126.0, 123.6 (q, /=270.3 Hz), 119.8, 118.5
(q,J=35.5Hz),45.6 (d,J=0.9 Hz), 34.6,31.4,22.2 (d,J= 0.8 Hz); ’"F NMR (CDCls,
377 MHz) §: -60.8 (t, J = 3.8 Hz, 3F); TOF-HRMS Calcd. for CisHi19oNOF3 [M+H"]:
298.1413, found 298.1410.
(E)-1-(3-nitrophenyl)-3-(2,2,2-trifluoroethylidenepyrrolidin-2-one (1j)
NO, Yellow solid; Yield: 77%; (PE/EA = 6/1); '"H NMR (CDCls, 400
©\ 0 MHz) &: 8.48 (t,J=2.2 Hz, 1H), 8.29 (ddd, /=8.3,2.2, 0.7 Hz,
N&\CF 1H), 8.06 (ddd, J=8.2,2.1,0.7 Hz, 1H), 7.59 (t, /= 8.3 Hz, 1H),
3 6.67-6.51 (m, 1H), 4.03 (t, J= 6.5 Hz, 2H), 3.21-3.16 (m, 2H);
3C NMR (CDCl3, 101 MHz) 8: 165.3, 148.6, 141.6, 139.8, 130.0, 125.4, 123.2 (q, J =

271.9 Hz), 120.0, 119.9 (q,J=36.0 Hz), 114.0,45.3,21.9: "FNMR (CDCls, 377 MHz)

8: -61.0 (t, J = 3.4 Hz, 3F); TOF-HRMS Calcd. for C12HsN,03F3 [M-H']: 285.0492,

10



found 285.0490.
(E)-1-(3,5-dimethylphenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1k)
White solid; Yield: 66%; (PE/EA = 10/1); 'H NMR (CDCls,
o 400 MHz) &: 7.34 — 7.29 (m, 2H), 6.89 — 6.84 (m, 1H), 6.62 —
Né;\CF 6.54 (m, 1H), 3.92 ((t, J = 6.9 Hz, 2H), 3.12 -3.05 (m, 2H),
2.33 (s, 6H); >*C NMR (CDCl3, 101 MHz) 8: 164.8, 143.0 (q,
J=5.0 Hz), 138.9, 138.7, 127.7, 123.6 (q, /= 270.3 Hz), 118.4 (q, /= 35.6 Hz), 118.1,
45.8,22.2,21.6; ’FNMR (CDCls, 377 MHz) §: -60.8 (t, J= 4.1 Hz, 3F); TOF-HRMS
Calcd. for C14H;sNOF3; [M+H']: 270.1100, found 270.1198.
(E)-1-(3,4-dimethylphenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-onee (11)
D 0 White solid; Yield: 80%; (PE/EA = 20/1); 'H NMR (CDCls,
Néﬁ\ 400 MHz) &: 7.50 (s, 1H), 7.38 (d, J=8.2 Hz, 1H), 7.15 (d, J
ik = 8.2 Hz, 1H), 6.61 — 6.54 (m, 1H), 3.92 (t, J = 6.7 Hz, 2H),
3.11 =3.07 (m, 2H); 2.26 (d, J = 12.8 Hz, 6H); *C NMR (CDCls, 101 MHz) §: 164.7,
143.1 (q,J=5.1 Hz), 137.5, 136.6, 134.4, 130.1, 123.6 (q, J = 270.3 Hz), 121.4, 118.2
(q,J=35.5Hz),117.6,45.7(d,J=1.01 Hz), 22.2 (d, J= 1.0 Hz), 20.1, 19.3; ’F NMR
(CDCls, 377 MHz) 6: -60.8 (t, J = 3.8 Hz, 3F); TOF-HRMS Calcd. for C14HisNOF;
[M+H"]: 270.1100, found 270.1198.
(E)-1-(3,5-dimethoxyphenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1m)
OMe Yellow solid; Yield: 82%; (PE/EA = 4/1); 'H NMR
O (CDCl3, 400 MHz) &: 7.70 (d, J = 2.5 Hz, 1H), 6.93 (dd,
MeO N\i/>:\CF J=8.7,2.5 Hz, 1H), 6.86 (d, J=8.7 Hz, 1H), 6.61 — 6.53
3 (m, 1H), 3.93 (t,J=6.2 Hz, 2H), 3.90 (s, 3H), 3.88 (s, 3H),
3.13 -3.08 (m, 2H); 3*C NMR (CDCl3, 101 MHz) §: 164.7, 149.1, 147.0, 142.9 (d, J =
5.1 Hz), 132.5, 123.6 (q, J = 270.2 Hz), 118.3 (q, J = 35.6 Hz), 111.7, 111.0, 104.9,
56.1(d, J=5.05Hz), 45.9, 22. 1; ’F NMR (CDCl;3, 377 MHz) §: -60.6 —-61.2 (m, 3F );
TOF-HRMS Calcd. for C14HisNOsF3; [M+H']: 302.0998, found 302.1001.
(E)-1-(3,5-dichlorophenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1n)
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Cl White solid; Yield: 64%; (PE/EA = 10/1); '"H NMR (CDCls,
/@ 0 600 MHz) &: 7.71 (d, J = 1.7 Hz, 2H), 7.21 (t, J = 1.6 Hz,
cl N&CF 1H), 6.65 — 6.60(m, 1H),, 3.91 (t, J = 6.6 Hz, 2H), 3.15 —
3 3.12 (m, 2H); *C NMR (CDCl3, 101 MHz) &: 165.1 , 141.8
(d, J=5.1 Hz), 140.6, 135.5, 125.5, 123.3 (q, J = 270.5 Hz), 119. 8 (q, J = 35.8 Hz),
117. 9, 45.3, 21.9; '’F NMR (CDCl;, 377 MHz) §: -61.0 (t, J = 3.8 Hz, 3F); TOF-
HRMS Caled. for C12HoNOF3Cl, [M+H]: 310.0007, found 310.0005.
(E)-1-(3,4-dichlorophenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (10)
cl White solid; Yield: 65 %; (PE/EA = 10/1); '"H NMR (CDCls,
CI\@ 0 400 MHz) 5: 7.90 (d, J= 2.6 Hz, 1H), 7.64 (dd, J= 8.9, 2.6
N\i/>:\CF Hz, 1H), 7.45 (d, J= 8.9 Hz, 1H), 6.64 — 6.57 (m, 1H), 3.91
i (t, J=6.9 Hz, 2H), 3.15 -3.10 (m, 2H); 3C NMR (CDCls,
101 MHz) &: 165.0, 141.8 (q, J = 5.0 Hz), 138.2, 133.0, 130.6, 129.0, 123.2 (q, J =
270.7Hz), 121.3,119.4 (q,J=35.9 Hz), 118.7,45.2,21.9; ’FNMR (CDCls, 377 MHz)
8: -61.0 (t, J = 3.4 Hz, 3F); TOF-HRMS Calcd. for C12HyNOF3Cl, [M+H"]: 310.0007,
found 310.0005.
(E)-1-(naphthalen-1-yl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1p)
O 0 White solid; Yield: 66%; (PE/EA = 10/1); '"H NMR (CDCls,
O N\i/>q 400 MHz) &: 7.94 — 7.85 (m, 2H), 7.70 — 7.63 (m, 1H), 7.57
“Fs S48 (m, 3H), 7.41 (dd, J=7.3, 1.2 Hz, 1H), 6.71 — 6.23 (m,
1H), 3.97 (t,J= 6.2 Hz, 2H), 3.31 -3.26 (m, 2H); 3*C NMR (CDCl3, 101 MHz) §: 166.0,
142.0 (g, J=5.1 Hz), 134.8, 134. 7, 129.2, 129.2, 128.8, 127.2, 126.7, 125. 7, 124.9,
124.5, 123.6 (q, J = 274.4 Hz) 122.5, 119.0 (q, J = 35.6 Hz), 48.8, 23.4; 'F NMR
(CDCl3, 377 MHz) 6: -60.9 (t, J = 3.8 Hz, 3F); TOF-HRMS Calcd. for C16Hi3NOF3
[M+H"]: 292.0943, found 292.0946.
(E)-1-methyl-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1q)
N/ Colorless oil; Yield: 74% (PE/EA = 5/1); '"H NMR (600 MHz, Chloroform-
© d) 3 6.36 (qt, J=8.44,3.06 Hz, 1H), 3.42 (t,J= 6.24 Hz, 2H), 2.93 (s, 3H),
2.92 —2.87 (m, 2H). '3C NMR (151 MHz, Chloroform-d) § 166.0, 142.3 —
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142.0 (m), 123.6 (q, J = 270.17 Hz), 117.3 (q, J = 35.46 Hz), 46.5, 22.4. ’F NMR
(CDCl3, 376 MHz) &: -61.1 (s, 3F); TOF-HRMS Calcd. for C;HoFsNO [M+H']:
180.0631, found 180.0626.
(E)-1-benzyl-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1r)

Bn Colorless oil; Yield: 68% (PE/EA = 10/1); 1H NMR (600 MHz,

/

N o Chloroform-d) § 7.33 (t, J = 7.25 Hz, 2H), 7.29 (t, ] = 7.25 Hz, 1H), 7.24

\ (d, J=6.89 Hz, 2H), 6.52 (dtd, J = 11.60, 8.37, 3.20 Hz, 1H), 4.57 (s, 2H),
FaC 3.41 —3.26 (m, 2H), 2.92 (tt, J = 6.78, 3.44 Hz, 2H). *C NMR (151 MHz,
Chloroform-d) 6 165.8, 142.3 (t,J=5.48 Hz), 135.5, 128.9, 128.4, 128.1, 123.5 (q, J =
270.44 Hz), 118.0 (q, J = 35.78 Hz), 47.6, 43.8, 22.4. '°F NMR (CDCl;, 565 MHz) &: -
60.7 (s, 3F); TOF-HRMS Calcd. for Ci3Hi3F3sNO [M+H"]: 256.0944, found 256.0946.
tert-butyl (E)-2-0x0-3-(2,2,2-trifluoroethylidene)pyrrolidine-1-carboxylate (1s)

Boc  White solid; Yield: 80% (PE/EA = 20/1); 'H NMR (600 MHz, Chloroform-

o d)06.64—6.56(m, 1H), 3.89 — 3.63 (m, 2H), 2.94 (tt, J = 6.92, 3.44 Hz,

\ 2H), 1.53 (s, 9H). *C NMR (151 MHz, Chloroform-d) § 164.5, 123.0 (d, J

=270.63 Hz), 120.9 (q, J = 35.81 Hz), 43.2, 28.0, 21.4. ’F NMR (CDCl;,

377 MHz) &: -60.9 (t, J = 3.8 Hz, 3F); '°F NMR (565 MHz, Chloroform-d) &: -61.1 (s,
3F); TOF-HRMS Calcd. for C7H7F3NO3; [M+H']: 210.0373, found 210.0365.

(E)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1t)

H Brown solid; Yield: 69% (PE/EA = 3/1); '"H NMR (600 MHz, Chloroform-
° d) 3 8.32 (s, 1H), 6.41 (qt, J=8.30, 3.12 Hz, 1H), 3.50 (t, /= 6.27 Hz, 2H),
e 3.02 (tp, J = 6.88, 3.45 Hz, 2H). 1*C NMR (151 MHz, Chloroform-d) §

169.8,142.2 (q,J=5.03 Hz), 123.4 (q, /=270.29 Hz), 117.8 (q, J = 35.63
Hz), 39.7, 24.3. ’F NMR (CDCl3, 565 MHz) §: -61.1 (s, 3F); TOF-HRMS Calcd. for
CsH7F3NO [M+H"]: 166.0474, found 166.0476.
I-phenyl-3-(2,2,2-trifluoroethyl)-1,5-dihydro-2H-pyrrol-2-one (1u)
©\ o) White solid; NMR (CDCls, 400 MHz) 6: 7.73 — 7.70 (m, 2H),
N 7.40 — 7.36 (m, 2H), 7.17 — 7.13 (m, 2H), 4.43— 4.41 (m, 2H),

CF
° 3.24-3.18 (m, 2H); BC{*H}NMR (CDCls, 151 MHz) &: 168.8,
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139.0, 138.76, 130.7, 129.3, 125.6 (q, J = 277.8 Hz), 124.6, 118.8, 51.56, 30.4 (q, J =
31.7 Hz); F NMR (CDCls, 565 MHz) &: 64.9 (t, J = 5.6 Hz, 3F); TOF-HRMS Calcd.
for C16H13NOF3 [M+H"]: 292.0943, found 292.0946.
(E)-1-phenyl-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3a)
Ph White solid; Yield: 77%; (PE/EA = 12/1); 'H NMR (600 MHz,
RN/\/QO Chloroform-d) & 7.45 —7.37 (m, 2H), 7.32 — 7.24 (m, 3H), 6.96 — 6.87 (m,
A 1H), 3.76 (td, J=5.52, 0.98 Hz, 2H), 2.97 — 2.84 (m, 2H), 2.14 - 1.99 (m,

2H). *C NMR (151 MHz, Chloroform-d) & 162.0, 143.0, 140.8 (d, J =
5.11 Hz), 129.3,127.3,125.8, 126.8 (q, /= 34.7 Hz) 125.9 (d, /=271.8 Hz), 25.6, 22.5.
YF NMR (565 MHz, Chloroform-d) & -58.6 (s, 3F); TOF-HRMS Calcd. for
C13H13F3NO [M+H']: 256.0944, found 256.0947.
(E)-1-(o-tolyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3b)

White solid; Yield: 83%; (PE/EA = 20/1); 'H NMR (400 MHz,
©\ Chloroform-d) 6 7.32 — 7.20 (m, 3H), 7.17 — 7.06 (m, 1H), 6.91 (qt, J =

8.9, 2.2 Hz, 1H), 3.71 (ddd, J = 12.4, 7.3, 4.7 Hz, 1H), 3.60 — 3.47 (m,
R)\; 1H), 3.04 - 2.81 (m, 2H), 2.20 (s, 3H), 2.07 (ddt, /=9.8, 7.5, 5.1 Hz, 2H).

13C NMR (101 MHz, Chloroform-d) § 161.5, 141.8, 140.6 (d, J = 5.07
Hz), 134.8,131.3,128.2,127.4,126.5, 124.8,123.6 (q, J=34.3 Hz), 123.4 (d, J=272.7
Hz), 51.1, 25.7, 22.6, 17.6. "F NMR (376 MHz, Chloroform-d) & -58.5 (s, 3F); TOF-
HRMS Calcd. for C14HisF3NO [M+H']: 270.1100, found 270.1096.
(E)-1-(m-tolyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3¢)

White solid; Yield: 82%; (PE/EA = 12/1); '"H NMR (400 MHz,
©/ Chloroform-d) 6 7.29 (t, J = 7.73 Hz, 1H), 7.16 — 7.01 (m, 3H), 6.97 —

N
LX 6.86 (m, 1H), 3.80 — 3.65 (m, 2H), 2.89 (ddt, J = 8.98, 4.70, 2.35 Hz, 2H),
X

2.36 (s, 3H), 2.05 (dq, J = 7.60, 6.04 Hz, 2H). 3*C NMR (101 MHz,

o Chloroform-d) 6 162.0, 142.9, 140.8 (q, /= 5.0 Hz), 139.3, 129.2, 128.2,

126.6, 123.7 (q, J = 35.3 Hz) 123.5 (d, J=272.7 Hz), 122.8, 51.5, 25.6, 21.4. '’F NMR
(376 MHz, Chloroform-d) 6 -58.6 (s, 3F); TOF-HRMS Calcd. for C14H;sF3NO [M+H']:

270.1100, found 270.1096.
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(E)-1-(3-bromophenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3d)
OMe White solid; Yield: 79%; (PE/EA = 15/1); 'H NMR (600 MHz,
Chloroform-d) 6 7.20 — 7.12 (m, 2H), 6.95 — 6.83 (m, 3H), 3.80 (d, J =
1.23 Hz, 3H), 3.72 (dd, J = 6.52, 4.98 Hz, 2H), 2.89 (ddt, J =9.09, 4.91,

N 0]
K/\/Q 2.37 Hz, 2H), 2.09 — 1.98 (m, 2H). '3C NMR (151 MHz, Chloroform-d)
X
0 162.2, 158.5, 140.8, 135.8, 127.0, 123.7 (q, J = 34.6 Hz), 123.5 (d, J =

CF
’ 270.3 Hz) 114.6, 55.5, 51.7,25.6, 22.5. "F NMR (376 MHz, Chloroform-
d) & -58.6 (s, 3F); TOF-HRMS Calcd. for Ci4HisFsNO, [M+H']: 286.1049, found
286.1046.
(E)-1-(4-(tert-butyl)phenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3e)
White solid; Yield: 81%; (PE/EA = 15/1); '"H NMR (400 MHz,
Chloroform-d) 6 7.49 — 7.35 (m, 2H), 7.19 (d, J = 8.62 Hz, 2H), 6.97 —
6.85 (m, 1H), 3.75 (t, J=5.61 Hz, 2H), 2.89 (ddt, J = 6.77, 4.62, 2.46 Hz,

N._O  2H),2.17-1.96 (m, 2H), 1.31 (s, 9H). 3*C NMR (101 MHz, Chloroform-
L/Vg d) 5 162.0,150.1, 140.9 (d,J= 5.1 Hz), 140.3, 126.3, 125.2, 123.7 (q, J =

CFs 343 Hz), 123.5 (d, J = 272.7 Hz), 51.4, 34.6, 31.4, 25.6, 22.5. ’F NMR
(376 MHz, Chloroform-d) 6 -58.6 (s, 3F); TOF-HRMS Calcd. for C17H2 FsNO [M+H"]:
312.1570, found 312.1570.
(E)-1-(2-chlorophenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3f)
White solid; Yield: 70%; (PE/EA = 15/1); 'H NMR (400 MHz,
©\CI Chloroform-d) 6 7.49 (dd, J = 7.32, 2.10 Hz, 1H), 7.37 — 7.27 (m, 2H),
N0 7.27—-7.24 (m, 1H), 6.91 (qt, /= 8.80, 2.16 Hz, 1H), 3.82 — 3.50 (m, 2H),
% 2.92 (dddt, J = 11.20, 7.17, 4.75, 2.31 Hz, 2H), 2.30 — 1.92 (m, 2H). *C
NMR (101 MHz, Chloroform-d) 6 161.9, 140.1, 131.9, 130.6, 129.5,
129.0, 128.2, 124.0 (q, J = 34.66 Hz), 122.0, 50.8, 25.6, 22.3. F NMR (565 MHz,
Chloroform-d) & -58.6 (s, 3F); TOF-HRMS Calcd. for Ci;3H;2CIFsNO [M+H']:
290.0554, found 290.0556.
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(E)-1-(3-fluorophenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3g)

F White solid; Yield: 80%; (PE/EA = 15/1); 'H NMR (400 MHz,
©/ Chloroform-d) 6 7.36 (td, J = 8.15, 6.32 Hz, 1H), 7.11 — 6.96 (m, 3H),

NzC  6.92(qt,J=8.84,2.28 Hz, 1H), 3.84 — 3.64 (m, 2H), 2.90 (ddq, J = 9.38,
R/\/g 477, 2.38 Hz, 2H), 2.16 — 1.98 (m, 2H). *C NMR (101 MHz,
Chloroform-d) 8 164.1, 162.0, 161.6, 144.2 (d, J= 9.5 Hz), 140.5 (d, J =
5.1 Hz), 130.4 (d,J=9.1 Hz), 124.4 (q, J=35.3 Hz), 123.4 (d, /J=281.7 Hz), 121.4 (d,
J = 3.3 Hz), 113.9 (dd, J = 80.4, 22.2 Hz), 51.2, 25.5, 22.4. ’F NMR (376 MHz,
Chloroform-d) & -58.7 (s, 3F), -111.25 (s, F); TOF-HRMS Calcd. for Ci3Hi2F4aNO
[M+H"]: 274.0850, found 274.0855.
(E)-1-(3-bromophenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3h)

Br  White solid; Yield: 56%; (PE/EA = 15/1); '"H NMR (400 MHz,
©/ Chloroform-d) & 7.67 — 7.44 (m, 1H), 7.44 — 7.38 (m, 1H), 7.28 (t, J =

N0  7.89 Hz, 1H), 7.25 — 7.20 (m, 1H), 7.17 — 6.85 (m, 1H), 3.86 — 3.59 (m,
Kjg 2H), 2.90 (tq, J = 7.08, 2.39 Hz, 2H), 2.17 — 1.97 (m, 2H). 3C NMR (101

CF
® MHz, Chloroform-d) & 162.0, 144.1, 140.4, 136.3, 134.91, 130.5 (d, J =

14.02 Hz), 129.1,124.7 (d, /= 120.1 Hz) 124.5 (d,J=11.0 Hz), 122.6, 51.3,25.5,22 4.
F NMR (376 MHz, Chloroform-d) & -58.7 (s, 3F); TOF-HRMS Calcd. for
C13H12BrFsNO [M+H"]: 334.0049, found 334.0051.
(E)-1-(4-bromophenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3i)
Br White solid; Yield: 51%; (PE/EA = 20/1); 'H NMR (400 MHz,
Chloroform-d) 6 7.76 — 7.47 (m, 2H), 7.20 — 7.00 (m, 2H), 6.91 (qt, J =
N O 8.87,2.27 Hz, 1H), 3.82 — 3.66 (m, 2H), 3.05 — 2.63 (m, 2H), 2.18 — 1.93
R)\: (m, 2H). 3C NMR (101 MHz, Chloroform-d) § 162.0, 141.9, 140.5 (d, J
\CF3 =5.0 Hz), 138.4, 132.4, 127.5, 124.2 (q, J = 34.4, 33.2 Hz), 120.7, 51.2,
25.5, 22.4. F NMR (376 MHz, Chloroform-d) & -58.7 (s, 3F); TOF-
HRMS Calcd. for C13H12BrF3NO [M+H"]: 334.0049, found 334.0051.
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(E)-1-(4-fluorophenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3j)
F White solid; Yield: 84%; (PE/EA = 15/1); 'H NMR (600 MHz,
Chloroform-d) 6 7.27 — 7.21 (m, 2H), 7.12 — 7.06 (m, 2H), 6.91 (qt, J =
8.85,2.19 Hz, 1H), 3.80 — 3.66 (m, 2H), 2.95 — 2.84 (m, 2H), 2.12 - 1.95

Cﬁ (m, 2H). *C NMR (101 MHz, Chloroform-d) § 162.3 (d, J = 39.5 Hz),
\CF3 160.1, 140.6, 138.9, 127.6 (d, J = 8.5 Hz), 124.0 (q, J = 35.3 Hz), 123.4
(d,J=272.7Hz), 116.2 (d, J=22.7 Hz), 51.5, 25.5, 22.5. ’F NMR (376
MHz, Chloroform-d) 8 -58.7 (s, 3F), -114.2 (s, F). TOF-HRMS Calcd. for C13H15F4NO;
[M+H"]: 274.0850, found 274.0855.
(E)-1-([1,1'-biphenyl]-4-yl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3k)
Ph White solid; Yield: 69%; (PE/EA = 20/1); 'H NMR (600 MHz,
Chloroform-d) 6 7.62 (dd, J=8.52, 2.52 Hz, 2H), 7.57 (dd, J=7.49, 2.34
Voo Hz, 2H), 7.44 (td, J=7.76,2.47 Hz, 2H), 7.35 (tq, /= 5.20, 2.64, 2.06 Hz,
(): 3H), 6.94 (qt, J = 8.83, 2.35 Hz, 1H), 3.81 (dq, J = 5.85, 2.69 Hz, 2H),
\CF3 2.93 (ddq, J=17.50,5.07,2.43 Hz, 2H), 2.09 (dqd, /= 8.47, 6.10, 2.61 Hz,
2H). 13C NMR (151 MHz, Chloroform-d) & 162.1, 142.1, 140.7, 140.4,
140.2, 128.9, 128.0, 127.6, 127.2, 126.0, 124.9 — 123.3 (m), 51.3, 25.6, 22.5. "F NMR
(376 MHz, Chloroform-d) 8 -58.6 (s, 3F); TOF-HRMS Calcd. for C19Hi7F3NO [M+H"]:
332.1257, found 334.1418.
(E)-1-(3,4-dimethylphenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (31)
White solid; Yield: 85%; (PE/EA = 12/1); 'H NMR (400 MHz,
Chloroform-d) 6 7.16 (d, J=7.98 Hz, 1H), 7.04 (d, J=2.28 Hz, 1H), 6.97
(dd, J=17.96, 2.34 Hz, 1H), 6.91 (qt, J = 8.90, 2.19 Hz, 1H), 3.80 — 3.64
L)? (m, 2H), 2.89 (ddt, J=8.95, 4.87, 2.34 Hz, 2H), 2.25 (t,J=1.19 Hz, 6H),
\CF3 2.05 (dg, J = 7.63, 6.03 Hz, 2H). 3*C NMR (101 MHz, Chloroform-d) &
162.0, 140.9 (d, J=5.30 Hz), 140.7, 137.8, 136.0, 130.5, 127.0, 123.6 (q,
J=34.3Hz), 123.5(d,J=272.7 Hz), 123.0, 51.6, 25.6, 22.5,19.9, 19.4. ’F NMR (376
MHz, Chloroform-d) & -58.6 (s, 3F); TOF-HRMS Calcd. for CisH;7FsNO [M+H']:
284.1257, found 284.1253.
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(E)-1-(3,5-dimethylphenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3m)
White solid; Yield: 85%; (PE/EA = 10/1); '"H NMR (400 MHz,
\©/ Chloroform-d) 6 6.95 — 6.88 (m, 2H), 6.88 — 6.84 (m, 2H), 3.80 —3.64
N (m, 2H), 2.95 — 2.82 (m, 2H), 2.31 (d, J = 0.72 Hz, 6H), 2.04 (dq, J =
RL 7.63,5.80 Hz, 2H). '3*C NMR (101 MHz, Chloroform-d) & 162.0, 142.9,
140.8 (d, /=5.0Hz), 139.2,129.2, 123.7 (q,J = 34.3 Hz), 123.6, 123.5

(d,J=272.7 Hz), 51.6, 25.6, 22.5, 21.3. 19F NMR (376 MHz, Chloroform-d) 3 -58.6 (s,
3F); TOF-HRMS Caled. for CisH7FsNO [M+H']: 284.1257, found 284.1253.

6. NMR, GC or SFC and HPLC, optical rotation and HRMS data of compounds
2,and4-8

1-phenyl-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2a)
©\ o White solid; 96% yield; 97% ee; [a]p?® =+28.4 (¢ = 0.5, CH2Cl);
N SFC condition: Lux 5u Cellulose-1 (250 x 4.60 mm), MeOH :

" CF
* COo,= 3:97, 2.0 mL/min, 230 nm; tr = 6.5 min (minor), tr = 7.1

min (major); '"H NMR (CDCls, 400 MHz) &: 7.51 (d, J = 8.3 Hz, 2H), 7.28 (t, J = 7.8
Hz, 2H), 7.07 (t, J = 7.5Hz, 1H), 3.79 — 3.67(m, 2H), 2.91 —2.78 (m, 2H), 2.48 — 2.42
(m, 1H), 2.12-2.00 (m, 1H), 1.91 — 1.81(m, 1H); '>*C NMR (CDCls, 101 MHz) &: 172.7,
139.1, 128.9, 126.9 (d, J=276.5 Hz), 124.9, 119.8, 46. 7, 38.3 (d, /= 2.5 Hz), 35.6 (q,
J =29.3 Hz), 25.8; '%F NMR (CDCls, 377 MHz) &: -64.9 (t, J = 10.8 Hz, 3F); TOF-
HRMS Calcd. for C12Hi3sNOF; [M+H"]: 244.0943, found 244.0941.
1-(m-tolyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2b)
White solid; 95% yield; 99.9% ee; [a]p® = +26.4 (c = 0.5,
©\ 2 CH>Cl); SFC condition: Lux 5u Cellulose-1 (250 x 4.60 mm),
N\§*’\CF3 MeOH : CO2=10:90, 3.0 mL/min, 230 nm; tr = 2.2 min (minor),
tr = 2.4 min (major); 'H NMR (CDCls, 400 MHz) &: 7.44 (s,
1H), 7.36 (d, J=8.0 Hz, 1H), 7.28 — 7.23 (m, 1H), 6.98 (d, /= 7.5 Hz, 1H), 3.86 —3.75
(m, 2H), 3.03 — 2.85 (m, 2H), 2.56 — 2.49 (m, 1H), 2.36 (s, 3H), 2.20 — 2.08 (m, 1H),
1.98 — 1.86 (m, 1H); *C NMR (CDCls, 101 MHz) &: 172.8, 139.1 138.9, 128.8, 127.2
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(q,J =275 Hz), 125.7, 120.76, 117.1, 46.9, 38.4 (q, J = 2.7 Hz), 35.6 (q, J = 29.0 Hz),
25.9, 21.7; YF NMR (CDCls, 377 MHz) &: -64.9 (t, J = 10.7 Hz, 3F); TOF-HRMS
Calcd. for C13H1sNOF3Na [M+Na']: 280.0919, found 280.0918.
1-(3-methoxyphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2c)
OMe White solid; 94% yield; 99.9% ee; [o]p®® = +20.6 (c = 0.5,
O CHCly); SFC condition: Lux 5u Cellulose-1 (250 x 4.60 mm),
Nér\CF MeOH : CO2 =5:95, 3.0 mL/min, 230 nm; tr = 4.4 min (minor),
i tr = 4.6 min (major); '"H NMR (CDCls, 400 MHz) &: 7.35 (t,J =
2.3 Hz, 1H), 7.27 (d, J = 8.2 Hz, 1H), 7.10 (ddd, J = 8.2, 2.1, 0.9 Hz, 1H), 6.72 (ddd, J
=8.3,2.5,0.8 Hz, 1H), 3.85 — 3.79 (m, 5H), 3.00 — 2.86 (m, 2H), 2.56 — 2.49 (m, 1H),
2.20—2.06 (m, 1H), 2.00 — 1.88 (m, 1H); >*C NMR (CDCls, 101 MHz) &: 172.9, 160.0,
140.3, 129.6, 126.9 (q, J=276.6 Hz), 111. 8, 110. 6, 105.9, 55.4, 46.8, 35.5 (q, /= 28.9
Hz), 25.8; "”FNMR (CDCl3, 377 MHz) §: -64.9 (t,J= 10.6 Hz, 3F); TOF-HRMS Calcd.
for C13HisNO2F3 [M+H']: 274.1049, found 274.1052.
1-(p-tolyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2d)
\@ o White solid; 96% yield; 99.5% ee; [a]p® = +27.6 (c = 1.0,
Né*’\ CH2Clz); SFC condition: Lux 5u Cellulose-1 (250 x 4.60
CFs mm), MeOH : CO2 = 10:90, 3.0 mL/min, 254 nm; tr = 2.2
min (minor), tr = 2.4 min (major);'"H NMR (CDCls, 400 MHz) &: 7.47 (d, J = 8.4 Hz,
2H), 7.17 (d, J = 8.3 Hz, 2H), 3.85 — 3.74(m, 2H), 3.04 — 2.84 (m, 2H), 2.60— 2.49(m,
1H), 2.32 (s, 3H), 2.17 — 2.08 (m, 1H), 1.99 — 1.88 (m, 1H); '*C NMR (CDCls, 101
MHz) 6: 172.7,136.6, 134.7, 129. 6, 127.0 (q, J=276.3 Hz), 112.0, 46.9, 38.3 ,35.7 (q,
J=129.1 Hz), 25.9, 21.0; '9F NMR (CDCls, 377 MHz) &: -64.9 (t, J = 10.8 Hz, 3F);
TOF-HRMS Calcd. for C13H14NOF3Na [M+Na*]: 280.0919, found 280.0918.
1-(4-methoxyphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2e)
MeO o White solid; 97% yield; 99.9% ee; [a]p?® = +11.1 (¢ = 0.5,
\©\N\i/>’\ CH2Cl); SFC condition: Lux 5u Cellulose-1 (250 %< 4.60
" CFs mm). MeOH : COs = 10:90, 3.0 mL/min, 254 nm: s = 2.8
min (minor), tr = 3.0 min (major); *H NMR (CDCls, 400 MHz) §: 7.48 (d, J = 8.5 Hz,
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2H), 6.90 (d, J = 8.7 Hz, 2H), 3.84— 3.71 (m, 2H), 3.79 (s, 3H), 3.03 — 2.84 (m, 2H),
2.55 — 2.48 (m, 1H), 2.19 — 2.08 (m, 1H), 1.99 — 1.89 (m, 1H); 3C NMR (CDCls, 101
MHz) ¢: 172.5, 156.9, 132.4, 127.0 (q, J = 279.6 Hz), 121.7, 114.2 ,55. 6, 47.2, 38.2,
35.7 (9, J = 29.0 Hz), 26.0; 1°F NMR (CDCls, 377 MHz) &: -64.9 (t, J = 10.7 Hz, 3F);
TOF-HRMS Calcd. for C13H1sNO2F3 [M+H]: 274.1049, found 274.1052.
1-(3-fluorophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2f)
F White solid; 94% vyield; 99.9% ee; [a]o® = +15.9 (c = 0.5,
@\ 0 CH2CIy); SFC condition: Lux 5u Cellulose-1 (250 x4.60 mm),
N&’\CF?) MeOH : CO2 =10:90, 3.0 mL/min, 210 nm; tr= 2.6 min (major),
tr = 2.8 min (minor); *H NMR (CDCls, 400 MHz) &: 7.51(dt, J
=11.3, 2.3 Hz, 1H), 7.35 - 7.31 (m, 2H), 6.89 — 6.84 (m, 1H), 3.85 — 3.77 (m, 2H), 3.03
—2.87 (M, 2H), 2.58 — 2.51 (m, 1H), 2.21 — 2.09 (m, 1H), 2.01 — 1.90 (m, 1H); *C
NMR (CDCls, 101 MHz) &: 173.0, 163.0 (d, J = 245.1 Hz), 140.6 (d, J = 10.5 Hz),
130.1 (d, 3 = 9.3 Hz), 126.9 (q, J = 276.5 Hz), 114.8 (d, J = 3.1 Hz), 111.6 (d, J = 21.2
Hz), 107.2 (d, J = 26.3 Hz), 46.7, 38.5 (q, J = 2.7 Hz), 35.5 (q, J = 29.2 Hz), 25.7; °F
NMR (CDCls, 376 MHz) &: -64. 9 (t, J = 11.3 Hz, 3F), -111.16 (s, 1F); TOF-HRMS

Calcd. for C12H12NOF4 [M+H"]: 262.0849, found 262.0847.
1-(4-fluorophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (29)
White solid; 96% vyield; 96% ee; [a]o®® = +25.2 (¢ = 0.5,

AOW
N\i/>’\ CH:CIy); HPLC condition: Lux 5u Cellulose-2 (250 % 4.60
" CF mm), ipa:hex = 10:90, 1.0 mL/min, 210 nm; tr = 8.5 min
(major), tr = 8.9 min (minor); *H NMR (CDCls, 400 MHz) §: 7.56 (dd, J = 9.0, 4.8 Hz,
2H), 7.06 (t, J = 8.6 Hz, 2H), 3.86— 3.78 (M, 2H), 3.03 — 2.85 (M, 2H), 2.57 — 2.50 (m,
1H), 2.20 — 2.06 (m, 1H), 2.00 — 1.90 (m, 1H); *C NMR (CDCls, 101 MHz) &: 171.8,
158.8 (q, J = 245.4 Hz), 134.3 (d, J = 2.9 Hz), 125.9 (q, J = 276.4 Hz), 120.7 (d, J = 7.9
Hz), 114.7 (d, J = 22.4 Hz), 46.0 , 37.2 (q, J = 2.6 Hz), 34.6 (q, J = 29.0 Hz), 24.8; *°F
NMR (CDCls, 377 MHz) &: -64.9 (t, J = 10.6 Hz, 3F), -113.28 — -126.39 (m, 1F); TOF-
HRMS Calcd. for C1oH12NOF4 [M+H™]: 262.0849, found 262.0847.
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1-(3-bromophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2h)
Br White solid; 95% yield; 99.9% ee; [a]p® = +21.7(c = 1.0,
o CH>Cl); SFC condition: Lux 5u Cellulose-1 (250 x 4.60 mm),
Né*/\CF MeOH : CO2=10:90, 3.0 mL/min, 230 nm; tr = 2.9 min (minor),
i tr = 3.1 min (major); '"H NMR (CDCls, 400 MHz) &: 7.80 (t, J =
2.0 Hz, 1H), 7.58 (ddd, J=8.1, 2.1, 1.1 Hz, 1H), 7.31 — 7.27 (ddd, /= 8.0, 1.7, 1.2 Hz,
1H), 7.22 (t,J= 8.0 Hz, 1H), 3.85 — 3.74 (m, 2H), 3.02 — 2.86(m, 2H), 2.58 — 2.51 (m,
1H), 2.20 — 2.06 (m, 1H), 2.00 — 1.89 (m, 1H); '*C NMR (CDCls, 101 MHz) &: 172.9,
140.3, 130.2, 126.8 (q, J=277.8 Hz), 127.8, 122.7, 122.5, 118.1, 46.6, 38.3 (q, J = 2.6
Hz), 35.4 (q,J=29.1 Hz), 25. 7; "F NMR (CDCls, 377 MHz) §: -64.9 (t, J=10.6 Hz,
3F); TOF-HRMS Calcd. for Ci12H12NOF3Br [M+H]: 322.0048, found 322.0046.
1-(4-(tert-butyl)phenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2i)
White solid; 93% yield; 99% ee; [a]o® = +15.7 (¢ = 1.0,
>\©\ 2 CH>Cly); SFC condition: Lux 5u Cellulose-1 (250 <4.60
N\i/)ﬁCFg mm), MeOH : CO = 10:90, 3.0 mL/min, 254 nm; tr = 2.0
min (minor), tr = 2.1 min (major); *H NMR (CDCls, 400
MHz) &: 7.46 (d, J = 8.6 Hz, 2H), 7.33 (d, J = 8.5 Hz, 2H), 3.81 — 3.70 (m, 2H), 2.94 —
2.79 (M, 2H), 2.48 — 2.45(m, 1H), 2.11-2.03 (M, 1H), 1.93 — 1.83 (m, 1H), 1.25 (s, 9H);
13C NMR (CDCls, 101 MHz) &:172.6, 147.9, 136.4, 127.0 (q, J = 278.8 Hz), 125.8,
119.6, 46.7, 38.2 (¢, J = 3.0 Hz), 35.5 (q, J = 28.9 Hz), 34.4, 31.3, 25.8; 1°F NMR
(CDCls, 376 MHz) &: -64.9 (t, J = 10.7 Hz, 3F); TOF-HRMS Calcd. for C16H21NOF3
[M+H*]: 300.1569, found 300.1564.
1-(3-nitrophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2j)
NO, Yellow solid; 90% yield; 99.7% ee; [a]p®® = +20.3 (c = 0.5,
@\ o CH2Cly); SFC condition: Lux 5u Amylose-1 (250 % 4.60 mm),
N\i/>;’\CF3 MeOH : CO2 =10:90, 3.0 mL/min, 254 nm; tr=5.0 min (major),
tr = 6.5 min (minor); *H NMR (CDCls, 400 MHz) 5:8.38 (t, J =
2.0 Hz, 1H), 8.17 (d, J = 8.2 Hz, 1H), 8.02 (d, J = 8.2 Hz, 1H),7.55 (t, J = 8.2 Hz, 1H),
3.93-3.85 (m, 1H), 3.01 — 2.92 (m, 2H), 2.65 — 2.58 (dt, J = 14.1, 7.2 Hz), 2.24 — 2.09
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(m, 1H), 2.06 — 1,96 (m, 1H); 3C NMR (CDCls, 101 MHz) §: 173.4, 148.6, 140.2,
129.9, 126.8 (q, J = 277.8 Hz), 125.3, 119.3, 113.9, 38.4 (q, J = 2.9 Hz), 35.4 (q, J =
29.5 Hz), 25.6; °F NMR (CDCls, 376 MHz) §: -64. 7 (t, J = 10.2 Hz, 3F); TOF-HRMS
Calcd. for C12H12N203F4 [M+H*]: 289.0794, found 289.0798.
1-(3,5-dimethylphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2k)
White solid; 92% vyield; 99.9% ee; [a]p®® = +21.2 (c = 0.5,
/@\ 2 CH.CIy); SFC condition: Lux 5u Cellulose-1 (250 x<4.60 mm),
N\i/)’\CFS MeOH : COz = 10:90, 3.0 mL/min, 254 nm; tr = 2.0 min
(minor), tr = 2.5 min (major); *H NMR (CDCls, 400 MHz) &:
7.20 (s, 2H), 6.81 (s, 1H), 3.85 — 3.73 (m, 2H), 3.06 — 2.74 (m, 2H), 2.54 — 2.47 (m,
1H), 2.31 (s, 6H), 2.19 — 2.05 (m, 2H) 1.97 — 1.87 (m, 1H); 3C NMR (CDCls, 101
MHz) &: 172. 8, 139.1, 138.7, 127.0 (g, J = 277.8 Hz), 126.8, 118.0, 47.1,38.4 (q, J =
3.0 Hz), 35.6(q, J = 29.3 Hz), 26.0, 21.5; 1%F NMR (CDCls, 376 MHz) &: -64. 9 (t, J =
10.7 Hz, 3F); TOF-HRMS Calcd. for C14H17NOF3 [M+H]: 272.1256, found 272.1262.
1-(3,4-dimethylphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2I)
;@ 0 White solid; 92% vyield; 99% ee; [o]p® = +22.4 (c = 1.0,
N\i/>;\ CH:Cly); SFC condition: Lux 5u Cellulose-1 (250 %<4.60 mm),
ik MeOH : CO2 = 10:90, 3.0 mL/min, 254 nm; tr = 2.2 min
(minor), tr = 2.5 min (major); *H NMR (CDCls, 400 MHz) §: 7.38 (s, 1H), 7.27 (d, J =
8.2 Hz, 1H), 7.11 (d, J = 8.2 Hz, 1H), 3.84 — 3.72 (m, 2H), 3.03 — 2.83 (m, 2H), 2.54 —
2.48 (m, 1H), 2.26 (s, 3H), 2.23 (s, 3H), 2.16 — 2.07 (m, 1H), 1.98 — 1.87 (m, 1H); 13C
NMR (CDCls, 101 MHz) &: 172.7, 137.3, 136. 9, 133.6, 130.0, 127.0 (g, J = 276.6 Hz),
121.5,117.6,47.1,38.3 (q, J = 2.1 Hz), 35.7 (q, J = 29.0 Hz), 26.0, 20.1, 19.3; °F NMR
(CDCls, 377 MHz) &: -64.9 (t, J = 10.8 Hz, 3F); TOF-HRMS Calcd. for C14H17NOF3
[M+H"]: 272.1256, found 272.1262.
1-(3,5-dimethoxyphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2m)
White solid; 93% yield; 99.9% ee; [0]p?® = +3.5 (¢ = 0.5,

OMe
/@\ o CH:CIy); SFC condition: Lux 5u Cellulose-1 (250 % 4.60
MeO Né,\
" CF,

mm), MeOH : COz = 5:95, 2.0 mL/min, 254 nm; tr
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=9.7min (minor), tr = 10.1 min (major);*H NMR (CDCls, 400 MHz) &: 7.53 (t, J = 1.3
Hz, 1H), 6.84 (d, J = 1.3 Hz, 2H), 3.89 (s, 3H), 3.86 (s, 3H), 3.89 — 3.74 (m, 2H), 3.03—
2.86 (M, 2H), 2.56 — 2.49 (m, 1H), 2.18— 2.08 (m, 1H), 2.00 — 1.89 (m, 1H); 3C NMR
(CDCl3, 101 MHz) 6: 172.6, 149.1, 146.5, 132.9, 127.0 (q, J = 282.7 Hz), 111.6, 111.1,
105.1, 56.2, 56.1, 47.2, 38.4, 35.7 (q, J = 29.0 Hz), 25.8; 1°F NMR (CDCls, 377 MHz)
8. -64.9 (t, J = 10.6 Hz, 3F). TOF-HRMS Calcd. for C14H17FsNO3 [M+H™]: 304.1155,
found 304.1157.
1-(3,5-dichlorophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2n)
Cl White solid; 94% yield; 97% ee; [a]p® = +18.3 (c = 0.5,
/@\ O CH>Cly); SFC condition: Lux 5u Cellulose-1 (250 % 4.60
cl N\i/>mCF3 mm), MeOH : CO; = 10:90, 3.0 mL/min, 230 nm; tr = 2.9
min (minor), tr = 3.0 min (major); *H NMR (CDCls, 400
MHz) &: 7.59 (s, 2H), 7.15 (s, 1H), 3.81 — 3.76 (m, 2H), 2.98— 2.90 (m, 2H), 2.60 — 2.52
(m,1H), 2.20 — 2.10 (m, 1H), 2.06 — 1.93 (m, 1H); $3C NMR (CDCls, 101 MHz) &:
173.2, 140.9, 135.4, 126.8 (d, J = 276.4 Hz), 124.7, 117.8, 46.6, 38.4 (q, J = 2.7 Hz),
35.4 (g, J = 29.3 Hz), 25.6; °F NMR (CDCl3, 376 MHz) &: -64.7 — -64.9 (m, 3F ); TOF-
HRMS Calcd. for C12H1:NOF3Cl, [M+H*]: 312.0164, found 312.0165.
1-(3,4-dichlorophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (20)
o] White solid; 95% vyield; 98% ee; [a]p®® = +20.4 (c = 1.0,
CI\@\ O CH2CI); SFC condition: Lux 5u Amylose-1 (250 % 4.60
Nd)ﬂCFs mm), MeOH : CO, = 10:90, 3.0 mL/min, 254 nm; tr = 4.7
min (major), tr = 5.7 min (minor); *H NMR (CDCls, 400
MHz) &: 7.78 (s, 1H), 7.52 (d, J = 8.9 Hz, 1H), 7.42 (d, J = 8.9 Hz, 1H) 3.81-3.76 (m,
2H), 3.03 — 2.81 (M,2H ), 2.67 — 2.46 (m, 1H), 2.21 — 2.05 (m, 1H), 2.04 — 1.87 (m,
1H); 13C NMR (CDCls, 101 MHz) &: 173.1, 138.6, 132.9, 130.5, 128.2, 126.8 (q, J =
277.8 Hz), 121.2,118.8, 46.6, 38.4 (g, J = 2.0 Hz), 35.5 (g, J = 29.3 Hz), 25.6; 9F NMR
(CDCls, 377 MHz) &: -64.9 (t, J = 10.5 Hz, 3F); TOF-HRMS Calcd. for C12H1:NOFsCl,
[M+H"]: 312.0164, found 312.0165.
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1-(naphthalen-1-yl)-3-(2,2,2-trifluoroethyl) pyrrolidin-2-one (2p)
O 0 White solid; 91% yield; 99.9% ee; [a]p® = +23.4 (c = 0.5,

*

O N é,\ CH>Cl); SFC condition: Lux 5u Cellulose-1 (250 % 4.60 mm),
CF,

MeOH : CO; = 10:90, 3.0 mL/min, 230 nm; tr = 4.6 min
(major), tr =5.8 min (minor); 'H NMR (CDCls, 400 MHz) &: 7.91 — 7.84 (m, 2H), 7.66
—7.63 (m, 1H), 7.54 — 7.47(m, 3H), 7.36 (dd, J= 7.3, 1.0 Hz, 1H), 3.94— 3.87 (m, 1H),
3.80 —3.74 (m, 1H), 3.10 — 2.97 (m, 2H), 2.70 — 2.62 (m, 1H), 2.32 — 2.14 (m, 2H); *C
NMR (CDCls, 101 MHz) é: 174.0, 135.2, 134.7, 129.6, 129.2 (q, /= 157.6 Hz), 128.8,
128.8, 127,0, 126.6, 125.7, 124.7, 122.4, 49.9, 37.4 (q, J = 2.2 Hz), 35.8 (q, J =29.3
Hz), 27.2; "F NMR (CDCls;, 565 MHz) &: -64.7 (s, 3F); TOF-HRMS Calcd. for
Ci16HisNOF; [M+H"]: 294.1100, found 294.1103.
I-methyl-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2q)
o) Colorless oil; 94% yield; 99.9% ee; [a]p® = 2.4 (¢ = 0.3, CH2CL);
N - GC conditions: Supelco Alpha DexTM 120 column (30 m x 0.25 mm
o % 0.25 um), N2 1.0 mL/min, programmed 70 °C - 0.6 °C/min - 190 °C
(hold 50 min); tg = 31.1 min (minor), tr = 31.9 (major); 'HNMR (600 MHz,
Chloroform-d) ¢ 3.32 (dt, J=19.89, 9.11 Hz, 2H), 2.86 (d, J=3.10 Hz, 4H), 2.66 (q, J
=10.73 Hz, 1H), 2.38 (dd, J=13.22, 7.42 Hz, 1H), 1.98 (dt, /= 15.68, 10.57 Hz, 1H),
1.80 (p, J=10.31 Hz, 1H). 3C NMR (151 MHz, Chloroform-d) § 173.7, 127.0 (d, J =
276.2 Hz), 47.5, 36.6, 35.7 (q, J = 28.8 Hz), 30.0, 25.8. ’F NMR (CDCls, 377 MHz) &:
-78.4 (s, 3F); TOF-HRMS Calcd. for CsH11F3NO [M+H"]: 182.0787, found 182.0789.
1-benzyl-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2r)
0 Colorless oil; 96% yield; 99.9% ee; [a]p?° =4.6 (¢ = 0.5 , CH2Cl);
Bn\N\§,\ SFC condition: Lux Su Amylose-1 (250 x 4.60 mm), MeOH : CO
CFs 10:90, 3.0 mL/min, 210 nm; tr = 3.5 min (major), tr = 3.7 min
(minor); "H NMR (600 MHz, Chloroform-d) § 7.34 —7.30 (m, 2H), 7.30 — 7.25 (m, 1H),
7.23 —7.18 (m, 2H), 4.46 (s, 2H), 3.28 —3.14 (m, 2H), 2.97 — 2.88 (m, 1H), 2.76 — 2.70
(m, 1H), 2.40 —2.30 (m, 1H), 2.09 — 1.99 (m, 1H), 1.81 — 1.74 (m, 1H). *C NMR (151
MHz, Chloroform-d) 6 173.6, 136.2, 128.8, 128.2, 127.8, 127.0 (q, J=276.3 Hz), 47.1,
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44.8,36.9 (d, J=2.9 Hz), 35.7 (q, J = 29.0 Hz), 25.9. '°F NMR (CDCls, 377 MHz) &:
-64.8 (s, 3F); TOF-HRMS Calcd. for C13HisF3NO [M+H"]: 258.1100, found 258.1103.
tert-butyl-2-ox0-3-(2,2,2-trifluoroethyl)pyrrolidine-1-carboxylate (2s)

Boc  White solid; 93% vyield; 93% ee; [o]p®> = 40.7 (c = 1.0, CH2Cly); SFC

1

N
o condition: Lux 5u Amylose-1 (250 % 4.60 mm), MeOH : CO> =20:80, 3.0

*

mL/min, 210 nm; tr = 1.4 min (major), tr = 1.5 min (minor); 'H NMR (600
FaC MHz, Chloroform-d) 6 3.82 (t, J = 9.99 Hz, 1H), 3.57 (td, J = 11.11, 6.67
Hz, 1H), 2.96 — 2.83 (m, 1H), 2.83 — 2.73 (m, 1H), 2.37 (dt, J = 14.15, 7.48 Hz, 1H),
2.04 (dp, J=15.19, 10.39 Hz, 1H), 1.76 (p, J = 11.41 Hz, 1H), 1.51 (d, J = 2.44 Hz,
9H). 3C NMR (151 MHz, Chloroform-d) § 173.0, 150.0, 126.7 (d, J=276.2 Hz), 83 .4,
44.5,38.7,34.9 (q, J = 29.4 Hz), 28.0, 25.2. ’F NMR (CDCls, 377 MHz) &: -64.8 (s,
3F); TOF-HRMS Calcd. for C7HoF3NO3; [M+H']: 212.0529, found 212.0532.
3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2t)
H White solid; 92% yield; 94% ee; [a]p®® = 11.8 (¢ = 1.0, CH2Cl,); SFC

© condition: Lux 5u Amylose-1 (250 x 4.60 mm), MeOH : CO, = 20:80, 3.0

*

FaC mL/min, 210 nm; tg = 2.7 min (major), tr = 2.2 min (minor); 'H NMR (600
MHz, Chloroform-d) ¢ 6.28 (d, J = 32.24 Hz, 1H), 3.41 — 3.27 (m, 2H),
2.83 (dqd, J=14.47,11.72,2.63 Hz, 1H), 2.64 (tdd, J=11.14, 8.26, 2.62 Hz, 1H), 2.47
(dt, J=13.96, 7.21 Hz, 1H), 2.06 — 1.97 (m, 1H), 1.96 — 1.85 (m, 1H). '*C NMR (151
MHz, Chloroform-d) 6 177.5, 126.9 (d, J = 276.22 Hz), 40.3, 35.9, 35.2 (q, J = 29.17
Hz), 28.4. ”F NMR (CDCls, 377 MHz) §: -65.0 (s, 3F); TOF-HRMS Calcd. for
CsHoF3NO [M+H']: 168.0631, found 168.0632.
1-phenyl-3-(2,2,2-trifluoroethyl)piperidin-2-one (4a)
Colorless oil; 93% yield; 96% ee; [a]p® = -26.7 (¢ = 1.0, CH,Cl,); SFC
© condition: Lux 5u Amylose-1 (250 x 4.60 mm), MeOH : CO» = 20:80,
3.0 mL/min, 210 nm; tr = 2.4 min (major), tr = 3.2 min (minor); '"H NMR
R)? (600 MHz, Chloroform-d) 6 7.38 (tt, J=7.49, 1.15 Hz, 2H), 7.25 (ddq, J
o =7.06, 5.93, 1.18 Hz, 1H), 7.21 (dt, J = 8.46, 1.18 Hz, 2H), 3.76 — 3.67

(m, 1H), 3.63 (dddt, J = 12.17, 5.44, 4.19, 1.27 Hz, 1H), 3.22 - 3.07 (m, 1H), 2.84 —
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2.70 (m, 1H), 2.38 — 2.29 (m, 1H), 2.28 — 2.17 (m, 1H), 2.09 — 1.92 (m, 2H), 1.75 (qd,
J=11.59, 431 Hz, 1H). 3C NMR (151 MHz, Chloroform-d) § 170.0, 143.2, 129.3,
127.3 (q, J = 276.3 Hz), 127.0, 126.1, 51.4, 37.4,35.2 (q, J = 28.4 Hz), 26.9, 22.5. °F
NMR (CDCls, 377 MHz) &: -63.3 (s, 3F); TOF-HRMS Calcd. for C13HisF3NO [M+H"]:
258.1100, found 258.0947.
1-(o-tolyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4b)
Colorless oil; 92% yield; 93% ee; [a]p® = -36.1 (c = 1.0, CH,Cly); SFC
©\ condition: Lux Su Amylose-2 (250 x 4.60 mm), MeOH : CO2=10:90, 3.0
N f © mL/min, 210 nm; tr = 2.8 min (major), tr = 3.1 min (minor); (PE/EA =
(/\/Q 15/1); 'H NMR (400 MHz, Chloroform-d) & 7.23 (ddd, J = 12.82, 5.84,
4.00 Hz, 3H), 7.08 (td, J=5.17, 2.31 Hz, 1H), 3.69 — 3.54 (m, 1H), 3.53
—3.35 (m, 1H), 3.24 — 3.00 (m, 1H), 2.77 (tdd, J = 9.82, 5.90, 2.72 Hz, 1H), 2.30 (ddq,
J=126.75,16.42, 5.53 Hz, 2H), 2.17 (d, /= 10.04 Hz, 3H), 2.10 — 1.89 (m, 2H), 1.86 —
1.70 (m, 1H). 3C NMR (151 MHz, Chloroform-d) § 169.3 (d, J=5.7 Hz), 142.0, 134.9
(d,/=24.7Hz), 131.2 (d, J=13.7 Hz), 127.9 (d, J=4.3 Hz), 127.5, 127.2 (d, J=11.2
Hz), 126.5,51.2 (d, J=25.5Hz), 37.3 (d, /= 8.1 Hz), 35.3 (q, /= 28.6 Hz), 26.9 (d, J
=80.4 Hz), 22.6 (d, J= 60.3 Hz), 17.4 (d, J = 8.6 Hz). ’F NMR (CDCls, 377 MHz) &:
-63.3 (s, 3F); TOF-HRMS Calcd. for C14H17F3NO [M+H"]: 272.1257, found 272.1257.
1-(m-tolyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4¢)
White solid; 94% yield; 94% ee; [a]p? = -33.6 (¢ =1.0, CH2Cl,); SFC
©/ condition: Lux 5u Amylose-1 (250 x 4.60 mm), MeOH : CO, = 20:80,
R/\/g 3.0 mL/min, 210 nm; tg = 1.7 min (major), tr = 1.9 min (minor);'H NMR
(600 MHz, Chloroform-d) 8 7.29 — 7.24 (m, 1H), 7.07 (ddt, /= 7.68, 1.81,
0.93 Hz, 1H), 7.03 (d, J = 1.87 Hz, 1H), 7.02 — 6.98 (m, 1H), 3.69 (ddd,
J=12.29,9.94, 491 Hz, 1H), 3.61 (dddt, J = 12.09, 5.33, 4.16, 1.20 Hz, 1H), 3.22 —
3.06 (m, 1H), 2.77 (tdd, J=9.78, 5.99, 3.03 Hz, 1H), 2.34 (s, 3H), 2.33 —2.27 (m, 1H),
2.27-2.17 (m, 1H), 2.09 — 2.01 (m, 1H), 2.00 — 1.92 (m, 1H), 1.80 — 1.72 (m, 1H). *C
NMR (151 MHz, Chloroform-d) 6 170.0, 143.2, 139.2,129.1, 127.8, 127.3 (q, J=28.4
Hz), 126.9, 123.0, 51.5, 37.4,35.2 (q, J = 28.4 Hz), 26.9, 22.5, 21.4. ’F NMR (CDCls,
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377 MHz) 8: -63.3 (s, 3F); TOF-HRMS Calcd. for Ci4Hi7F3NO [M+H']: 272.1257,
found 272.1257.
1-(4-methoxyphenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4d)
OMe White solid; 90% yield; 93% ee; [a]p® = -36.3 (¢ = 1.0, CH,Cl,); SFC
condition: Lux 5u Amylose-1 (250 x 4.60 mm), MeOH : CO> =10:90, 3.0
L mL/min, 210 nm; tg = 5.2 min (major), tr = 7.5 min (minor); 'H NMR
L/\/g (400 MHz, Chloroform-d) & 7.16 — 7.07 (m, 2H), 6.96 — 6.83 (m, 2H),
CF, 3.78 (s, 3H), 3.71 — 3.54 (m, 2H), 3.11 (dtd, J = 15.29, 12.27, 3.01 Hz,
1H), 2.75 (tdd, J = 9.71, 5.99, 3.02 Hz, 1H), 2.38 — 2.13 (m, 2H), 2.08 —
1.88 (m, 2H), 1.73 (dtd, J = 13.34, 11.23, 4.27 Hz, 1H). 3*C NMR (101 MHz,
Chloroform-d) 6 170.1, 158.3, 136.1, 127.3 (q, J=277.7 Hz), 127.2, 114.5, 55.5, 51.7,
37.4(d,J=2.6 Hz), 35.2 (q, J = 28.5 Hz), 26.9, 22.5. ’F NMR (CDCl;, 565 MHz) &:
-63.3 (s, 3F); TOF-HRMS Calcd. for C14H7F3NO2 [M+H']: 288.1206, found 288.1213.
1-(4-(tert-butyl)phenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4e)
White solid; 95% yield; 95% ee; [a]p® = -15.4 (¢ = 1.0, CH,Cl,); SFC
condition: Lux 5u Amylose-1 (250 x 4.60 mm), MeOH : CO2 =20:80, 3.0
mL/min, 210 nm; tr = 3.1 min (major), tr = 4.1 min (minor); '"H NMR
N._O (600 MHz, Chloroform-d) & 7.43 — 7.35 (m, 2H), 7.17 — 7.09 (m, 2H),
L)? 3.70 (ddd,J=12.21,9.91,4.94 Hz, 1H), 3.62 (dddd, J=12.26, 5.49, 4.21,
CFs 138 Hz, 1H), 3.13 (dqd, J = 15.33, 12.27, 3.06 Hz, 1H), 2.83 — 2.72 (m,
1H), 2.31 (dq, J = 10.49, 5.06 Hz, 1H), 2.22 (dp, J=15.26, 10.52 Hz, 1H), 2.07 — 1.92
(m, 2H), 1.74 (dtd, J = 13.46, 11.33, 4.34 Hz, 1H), 1.31 (s, 9H). 3*C NMR (151 MHz,
Chloroform-d) 6 170.0, 149.8, 140.5, 127.3 (q, J =276.3 Hz), 126.2, 125.4, 51.3, 37.4,
353 (q, J = 28.4 Hz), 34.6, 31.3, 26.9, 22.5. ’F NMR (CDCls, 565 MHz) &: -63.3 (s,
3F); TOF-HRMS Calcd. for Ci7H23F3NO [M+H"]: 314.1726, found 314.1723.
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1-(2-chlorophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4f)
White solid; 91% yield; 95% ee; [a]p®® = -19.2 (c = 1.0, CH,Cl,); SFC
©\CI condition: Lux 5u Amylose-1 (250 x 4.60 mm), MeOH : CO2> =10:90, 3.0
N i ° mL/min, 210 nm; tr = 5.2 min (major), tr = 5.7 min (minor); '"H NMR
(X (600 MHz, Chloroform-d) & 7.46 (td, J = 8.04, 1.57 Hz, 1H), 7.34 — 7.25
(m, 2H), 7.22 (ddd, J = 12.20, 7.63, 1.78 Hz, 1H), 3.69 — 3.45 (m, 2H),
3.12 (ddqd, J=21.62, 15.30, 12.23, 3.08 Hz, 1H), 2.88 — 2.71 (m, 1H), 2.40 — 2.17 (m,
2H), 2.16 — 1.92 (m, 2H), 1.86 — 1.72 (m, 1H). *C NMR (151 MHz, Chloroform-d) &
169.8 (d, /J=21.8 Hz), 140.4 (d,J=16.0 Hz), 132.1 (d, /= 18.8 Hz), 130.5 (d, J = 14.0
Hz), 129.5, 129.3 — 128.8 (m), 128.1 (d, /=48.9 Hz), 127.2 (q, J = 127.2 Hz), 50.8 (d,
J=136.9 Hz), 37.3 (d, J=18.1 Hz), 35.9 — 33.9 (m), 26.8 (d, J = 34.1 Hz), 22.4 (d, J =
37.5 Hz).
F NMR (565 MHz, Chloroform-d) & -63.37 (d, J = 172.13 Hz, CF3); TOF-HRMS
Calcd. for C13H14CIFsNO [M+H"]: 292.0711, found 292.0729.
1-(3-fluorophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4g)

F White solid; 94% yield; 98% ee; [a]p®® = -24.8 (c = 1.0, CH,Cl,); SFC
©/ condition: Lux 5u Amylose-1 (250 x 4.60 mm), MeOH : CO2 =20:80, 3.0

N0 mL/min, 210 nm; tg = 2.5 min (major), tr = 3.2 min (minor); '"H NMR
(400 MHz, Chloroform-d) ¢ 7.33 (td, J = 8.05, 6.39 Hz, 1H), 7.08 — 6.90

cFs (m, 3H), 3.79 — 3.54 (m, 2H), 3.11 (dqd, J = 15.18, 12.15, 3.07 Hz, 1H),
2.77 (dddd, J = 12.27, 9.61, 6.06, 3.13 Hz, 1H), 2.41 — 2.14 (m, 2H), 2.01 (dtq, J =
29.69, 9.35, 4.86 Hz, 2H), 1.74 (qd, J = 11.49, 4.61 Hz, 1H). *C NMR (101 MHz,
Chloroform-d) § 170.1, 162.9 (d, J=247.0 Hz), 144.6 (d, J= 9.6 Hz), 130.2 (d, J=9.1
Hz), 128.5, 125.8, 121.6 (d, J= 3.2 Hz), 113.7 (dd, J = 29.2, 22.0 Hz), 51.2, 37.5 (d, J
= 2.8 Hz), 35.1 (q, J = 28.5 Hz), 26.8, 22.5. ”F NMR (CDCls, 565 MHz) &: -63.4 (s,
3F), -111.5 (s, F); TOF-HRMS Calcd. for Ci3Hi4FsaNO [M+H']: 276.1006, found
276.1000.
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1-(3-bromophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4h)

Br  White solid; 93% yield; 99% ee; [o]p> = -15.9 (c = 1.0, CHxCl,); SFC
©/ condition: Lux 5u Amylose-1 (250 x 4.60 mm), MeOH : CO> =15:85, 3.0
Nz®  mL/min, 210 nm; tr = 5.3 min (major), tx = 5.7 min (minor); 'H NMR
R)é (600 MHz, Chloroform-d) ¢ 7.61 — 7.35 (m, 2H), 7.25 (d, J = 15.83 Hz,
1H), 7.20 — 7.07 (m, 1H), 3.70 (ddd, J = 12.14, 10.05, 4.96 Hz, 1H), 3.62
(dddd, J=12.03, 5.42, 4.24, 1.39 Hz, 1H), 3.10 (dqd, J = 15.29, 12.18, 3.12 Hz, 1H),
2.82-2.72 (m, 1H), 2.32 (dd, /= 13.93, 5.36 Hz, 1H), 2.28 — 2.14 (m, 1H), 2.10—1.91
(m, 2H), 1.74 (dtd, J = 13.16, 11.37, 4.24 Hz, 1H). *C NMR (151 MHz, Chloroform-
d)5170.1, 144.4,135.5 (d, J= 137.6 Hz), 130.4, 129.7 (q, J = 111.7 Hz), 125.9 (d, J =
100.4 Hz), 124.8,122.5, 51.3,37.4, 35.1 (q, J = 28.6 Hz), 26.8, 22.5. ’F NMR (CDCls,
377 MHz) §: -63.4 (s, 3F); TOF-HRMS Calcd. for C13H14BrFsNO [M+H"]: 336.0205,
found 336.0211.
1-(4-bromophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4i)
Br White solid; 95% yield; 96% ee; [a]p® = -29.9 (¢ = 1.0, CH,Cl,); SFC
condition: Lux 5u Cellulose-1 (250 x 4.60 mm), MeOH : CO2 = 10:90,
N o 3.0 mL/min, 210 nm; tr = 4.7 min (major), tr = 5.2 min (minor); 'HNMR
L)? (600 MHz, Chloroform-d) 6 7.49 (ddt, J = 8.13, 2.99, 1.22 Hz, 2H), 7.15
CFy — 6.94 (m, 2H), 3.69 (ddd, J = 12.73, 9.75, 4.89 Hz, 1H), 3.61 (dddt, J =
12.03, 5.35,4.12, 1.22 Hz, 1H), 3.24 - 3.02 (m, 1H), 2.76 (ddt, J=12.99,
9.57, 3.04 Hz, 1H), 2.32 (dd, J = 13.61, 5.69 Hz, 1H), 2.22 (dp, J = 15.15, 10.45 Hz,
1H), 2.10 — 1.90 (m, 2H), 1.83 — 1.68 (m, 1H). *C NMR (151 MHz, Chloroform-d) &
170.1, 142.2, 132.3, 127.7, 127.1 (q, J = 276.3 Hz), 120.3, 51.2, 37.4,35.1 (q, J = 28.6
Hz), 26.8, 22.5. ”F NMR (CDCls, 565 MHz) &: -63.3 (s, 3F); TOF-HRMS Calcd. for
C13H14BrF3NO [M+H™]: 336.0205, found 336.0211.
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1-(4-fluorophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4j)
F White solid; 94% yield; 98% ee; [a]p®® = -37.0 (c = 1.0, CH,Cl,); SFC
condition: Lux 5u Amylose-1 (250 x 4.60 mm), MeOH : CO2 = 20:80,
b o 3.0 mL/min, 210 nm; tr = 2.3 min (major), tr =2.9 min (minor); 'HNMR
R)? (600 MHz, Chloroform-d) 6 7.22 — 7.13 (m, 2H), 7.11 — 6.99 (m, 2H),
CF, 3.68 (ddd, J=11.86, 10.10, 4.84 Hz, 1H), 3.60 (dtd, J = 12.25, 5.37, 4.74,
2.75 Hz, 1H), 3.10 (dqd, J = 15.24, 12.22, 3.07 Hz, 1H), 2.84 — 2.70 (m,
1H), 2.32 (dq, J = 14.77, 5.05 Hz, 1H), 2.23 (dp, /= 15.07, 10.50 Hz, 1H), 2.08 — 1.91
(m, 2H), 1.75 (dtd, J = 13.03, 11.43, 4.14 Hz, 1H). *C NMR (151 MHz, Chloroform-
d) 6170.2, 161.2 (d, J = 246.3 Hz), 139.1 (d, J = 3.3 Hz), 127.9, 127.8, 127.2 (q, J =
276.3 Hz), 116.2, 116.0, 51.6, 37.4,35.2 (q, J = 28.7 Hz), 26.8, 22.5. 'F NMR (CDCls,
565 MHz) &: -63.3 (s, 3F), -114.8 (s, F); TOF-HRMS Calcd. for C13H4FsNO [M+H"]:
276.1006, found 276.1000.
1-([1,1'-biphenyl]-4-yl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4Kk)
Ph White solid; 90% yield; 95% ee; [a]p® = -38.5 (¢ = 1.0, CH,Cl,); SFC
condition: Lux Su Cellulose-1 (250 x 4.60 mm), MeOH : CO; = 20:80,
3.0 mL/min, 210 nm; tr = 3.9 min (major), tr =4.5 min (minor); 'HNMR

KN/\/QO (600 MHz, Chloroform-d) ¢ 7.62 — 7.58 (m, 2H), 7.58 — 7.53 (m, 2H),

CF, 7.43 (dd,J=8.43,6.97 Hz, 2H), 7.37 - 7.32 (m, 1H), 7.32 — 7.27 (m, 2H),
3.76 (ddd, /=12.19,9.92,4.91 Hz, 1H), 3.68 (dddd, /= 12.19, 5.48, 4.19,
1.37 Hz, 1H), 3.15 (dqd, J = 15.28, 12.23, 3.07 Hz, 1H), 2.85 - 2.76 (m, 1H), 2.34 (dq,
J=10.46, 5.05 Hz, 1H), 2.25 (dp, J=15.27, 10.49 Hz, 1H), 2.13 — 1.94 (m, 2H), 1.77
(dtd, J=13.52,11.41,4.36 Hz, 1H). 3*C NMR (151 MHz, Chloroform-d) § 170.1, 142.3,
140.5, 139.9, 128.8, 128.0, 127.5, 127.2, 126.3, 51.3, 37.5, 35.2 (q, J = 28.2 Hz), 26.9,
22.5.""F NMR (CDCls, 565 MHz) &: -63.3 (s, 3F); TOF-HRMS Calcd. for C19H;9F3NO

[M+H']: 334.1413, found 334.1418.
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1-(3,4-dimethylphenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (41)
White solid; 93% yield; 92% ee; [a]p* = -36.6 (c = 1.0, CH,Cl,); HPLC
condition: Lux 5u Cellulose-2 (250 x 4.60 mm), MeOH : CO; = 10:90,
N. O 3.0 mL/min, 210 nm; tg = 13.3 min (major), tr = 12.0 min (minor); 'H
R/\/E NMR (400 MHz, Chloroform-d) ¢ 7.14 (d, /= 7.95 Hz, 1H), 6.98 (d, J =
CF, 2.23Hz, 1H), 6.92 (dd,J=7.99, 2.30 Hz, 1H), 3.67 (ddd, J=12.22, 9.76,
5.12 Hz, 1H), 3.59 (dddd, J = 12.24, 5.49, 4.14, 1.37 Hz, 1H), 3.14 (dqd, J = 15.29,
12.31,3.01 Hz, 1H), 2.84 —2.60 (m, 1H), 2.35-2.26 (m, 1H), 2.24 (t, /= 1.17 Hz, 6H),
2.23 -2.15 (m, 1H), 2.09 — 1.88 (m, 2H), 1.73 (dtd, J = 13.32, 11.21, 4.48 Hz, 1H). *C
NMR (101 MHz, Chloroform-d) 6 170.0, 141.0, 137.7, 135.6, 130.4, 127.4 (d,J=277.7
Hz), 127.3, 123.3, 51.6, 37.4, 35.2 (q, J = 28.4 Hz), 26.9, 22.5, 19.9, 19.4. ’F NMR
(376 MHz, Chloroform-d) 6 -63.3 (s, CF3); TOF-HRMS Calcd. for CisHi9F3NO
[M+H"]: 286.1413, found 286.1416.
1-(3,5-dimethylphenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4m)
White solid; 95% yield; 93% ee; [a]p® = -24.4 (c = 1.0, CH2CL); SFC
\©/ condition: Lux 5u Amylose-1 (250 x 4.60 mm), MeOH : CO = 20:80,
N ] © 3.0 mL/min, 210 nm; tr = 1.7 min (major), tr = 1.9 min (minor); 'H
L)\: NMR (400 MHz, Chloroform-d) 6 6.90 (s, 1H), 6.82 (s, 2H), 3.75 —
3.50 (m, 2H), 3.14 (tt, J = 12.30, 2.99 Hz, 1H), 2.76 (tdd, J = 10.00,
5.94, 3.02 Hz, 1H), 2.30 (s, 7H), 2.20 (dq, J = 15.25, 10.43 Hz, 1H), 2.08 — 1.88 (m,
2H), 1.81 — 1.66 (m, 1H). 1*C NMR (101 MHz, Chloroform-d) & 170.0, 143.1, 139.0,
128.8,127.3 (q, J=278.7 Hz), 123.8, 51.5, 37.4 (d, J=2.5 Hz), 35.2 (q, J = 28.4 Hz),
26.9, 22.5, 21.3. ’F NMR (376 MHz, Chloroform-d) & -63.4 (s, CF3); TOF-HRMS
Calcd. for C1sH19F3NO [M+H']: 286.1413, found 286.1416.
1-phenyl-3-(2,2,2-trifluoroethyl)pyrrolidine (5)
White solid; 90% yield; 94% ee; [o]p®> = 3.1 (¢ = 0.5, CH.Cl,); SFC
@ condition: Lux 5u Amylose-1 (250 x 4.60 mm), MeOH : CO, = 20:80, 3.0
" mL/min, 210 nm; tg = 1.8 min (major), tr = 1.6 min (minor); 'H NMR (600

MHz, Chloroform-d) & 7.28 — 7.18 (m, 2H), 6.69 (td, J="7.28, 1.11 Hz, 1H),
FsC
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6.58 — 6.49 (m, 2H), 3.55 (t, /= 8.33 Hz, 1H), 3.39 (td, J = 8.80, 2.83 Hz, 1H), 3.36 —
3.27 (m, 1H), 3.00 (t, J = 8.74 Hz, 1H), 2.60 (dq, J = 9.57, 7.24 Hz, 1H), 2.36 — 2.22
(m, 3H), 1.76 (dq, J=12.26, 9.06 Hz, 1H). '3C NMR (151 MHz, Chloroform-d) § 147.5,
129.4, 129.3, 116.0, 111.6, 53.0, 47.1, 37.5 (q, J = 28.1 Hz), 32.8, 31.7. ’F NMR
(CDCls, 377 MHz) &: -64.8 (s, 3F); TOF-HRMS Calcd. for Ci2HisF3N [M+H]:
230.1151, found 230.1154.

3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (6)

H White solid; 92% yield; 92% ee; [a]p> = 11.8 (¢ = 1, CH2Cly); SFC

condition: Lux 5u Amylose-1 (250 x 4.60 mm), MeOH : CO, = 20:80, 3.0

E.C mL/min, 210 nm; tr = 2.7 min (major), tr = 2.2 min (minor); 'H NMR (600
3

MHz, Chloroform-d) 6 6.28 (d, J = 32.24 Hz, 1H), 3.41 — 3.27 (m, 2H),

2.83 (dqd, J=14.47,11.72,2.63 Hz, 1H), 2.64 (tdd, /= 11.14, 8.26, 2.62 Hz, 1H), 2.47

(dt, J=13.96, 7.21 Hz, 1H), 2.06 — 1.97 (m, 1H), 1.96 — 1.85 (m, 1H). *C NMR (151

MHz, Chloroform-d) 6 177.5, 126.9 (d, J = 276.22 Hz), 40.3, 35.9, 35.2 (q, J = 29.17

Hz), 28.4. YF NMR (CDCls, 377 MHz) §: -65.0 (s, 3F); TOF-HRMS Calcd. for
CsHoF3NO [M+H]: 168.0631, found 168.0632.
1-benzyl-3-(2,2,2-trifluoroethyl)pyrrolidine (7)

Bn Colorless oil; 88% yield; 99.9% ee; [a]p®®> = 1.5 (¢ = 0.1, CH2Cl»); HPLC

N condition: Chiralpak OD-H (250 x 4.60 mm), hexane: isopropanol =97:3, 210

*

nm; tg = 4.6 min (major), tr = 4.9 min (minor); 'H NMR (600 MHz,
FC Chloroform-d) § 7.33 — 7.29 (m, 4H), 7.27 — 7.22 (m, 1H), 3.66 — 3.55 (m,
2H), 2.84 (dd, J = 9.33, 7.44 Hz, 1H), 2.66 (ddd, J = 9.31, 8.06, 5.86 Hz, 1H), 2.51 —
2.42 (m, 2H), 2.21 — 2.13 (m, 3H), 2.13 — 2.07 (m, 1H), 1.53 — 1.47 (m, 1H). '>C NMR
(151 MHz, Chloroform-d) & 139.0, 128.8, 128.3, 127.0, 126.9 (g, J = 276.1 Hz). 60.4,
59.8, 53.4, 38.9 (q, J = 27.5 Hz), 31.4, 30.7. '°F NMR (376 MHz, Chloroform-d) & -
65.0 (s, CF3).l%!

3-(2,2,2-trifluoroethyl)pyrrolidine hydrochloride (8)
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H Colorless oil; 73% yield; [a]p®> = 1.8 (c = 0.3, CH2Cl»); '"H NMR (400

/- HCl MHz, D;0) 6 3.45 (dd, J = 11.85, 7.80 Hz, 1H), 331 (ddd, J = 11.89,

F.C 8.79,3.13 Hz, 1H), 3.13 (td, J=11.62, 11.21, 8.45 Hz, 1H), 2.89 — 2.78
3

(m, 1H), 2.56 —2.44 (m, 1H), 2.37 —2.23 (m, 2H), 2.18 (dtd, J = 13.53,
6.66, 2.97 Hz, 1H), 1.70 — 1.54 (m, 1H). *C NMR (151 MHz, D,0) § 126.6 (q, J =
276.1 Hz), 49.4, 45.1, 35.1 (q, J = 28.5 Hz), 31.9, 29.8. '°’F NMR (376 MHz, D,0) & -
65.1 (s, CF3).l%!
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7.NMR, GC and HPLC spectra

(E)-1-phenyl-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1a)
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(E)-1-(m-tolyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1b)
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(E)-1-(3-methoxyphenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1c)
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(E)-1-(p-tolyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1d)
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(E)-1-(4-methoxyphenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1e)
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(E)-1-(3-fluorophenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1f)
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(E)-1-(4-fluorophenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (19)
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(E)-1-(3-bromophenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1h)
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(E)-1-(4-(tert-butyl)phenyl)-3-(2,2-trifluoroethylidene)pyrrolidin-2-one (1i)
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(E)-1-(3-nitrophenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1j)
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(E)-1-(3,5-dimethylphenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1k)

HEbE

8290°¢
0LL0E
COLO'E
6980°¢
£560°¢
9t01'¢
1T

6T06'¢
mx;.mW

9SE6'E

98659
£955°91
045591
9655791
$L95°94
05L5791
LOSS9
PR8591
096591
L1099
£609°01
04199

00989
€198°9
CL98°'9
8F98'9
£998°9

EEIEL

ﬁ

wleL
a:m._..W

CFj3

-

=06'¢

F00'T

=16']

E60

=160

=98'1

00 -05

0.5

1.0

1.5

3.0

3.5

40

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

Rer—

LL9L
oo._..__.v
ILL

16°LI1
80811
9T'8II
9811
L6811
mm.mm_\
ol
mc._..m_.\
€L°8¢€1
98'8¢1

68°Tr1
£6'Trl
66Tyl

rOErl

08+91—

CF3

i

-10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

180

54



60.75
60.76
60.77

CF3

L

1w 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180

55



(E)-1-(3,4-dimethylphenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (11)
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(E)-1-(3,5-dimethoxyphenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1m)
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(E)-1-(3,5-dichlorophenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1n)
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(E)-1-(3,4-dichlorophenyl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (10)
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(E)-1-(naphthalen-1-yl)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1p)
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(E)-1-methyl-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1q)
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(E)-1-benzyl-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1r)
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tert-butyl (E)-2-0x0-3-(2,2,2-trifluoroethylidene)pyrrolidine-1-carboxylate (1s)
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(E)-3-(2,2,2-trifluoroethylidene)pyrrolidin-2-one (1t)
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1-phenyl-3-(2,2,2-trifluoroethyl)-1,5-dihydro-2H-pyrrol-2-one (1u)
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(E)-1-phenyl-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3a)
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(E)-1-(o-tolyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3b)
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(E)-1-(m-tolyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3c)
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(E)-1-(4-methoxyphenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3d)
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(E)-1-(4-(tert-butyl)phenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3e)
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(E)-1-(2-chlorophenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3f)
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(E)-1-(3-fluorophenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3g)
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(E)-1-(3-bromophenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3h)
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(E)-1-(4-bromophenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3i
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(E)-1-(4-fluorophenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3j)
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(E)-1~([1,1'-biphenyl]-4-y1)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3k)
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(E)-1-(3,4-dimethylphenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (31)
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(E)-1-(3,5-dimethylphenyl)-3-(2,2,2-trifluoroethylidene)piperidin-2-one (3m)
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1-phenyl-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2a)

¥LO8'1
L£68°1
198'1
T888°1
8r161
9400'T
$0€0°T
6010
€L50°C
LLIO'T
6£60°Z1
YOTITH
0LIPTH
1SE7'T
805t
[
8E8H'T

L8LLT
_oow‘mW

€LI8T
€ES8TF
owwx.m\
6T
0S89°¢
mhcﬁm/
¥8TL €~
obrL'e
[€SL°E
69LE
le6L'e

ncmo.n
;no.nw
6C60°L
OP9T L~
1+8TL
0£0¢°L
omcm,n\
¢mmm.n

I

0.0

CF3

91T
68°1

9l
IT1

11

0re

Fooz

Rogo

-1.0

-0.5

65 60 55 50 45 40 35 30 25 20 1.5 1.0 05

7.0

7.5

8.0

ot
cw.wmw.
696t
[£°8E
€8¢

L9Op—

mc.cm
génv
[€°LL

8611
06211
zesTIL
LT8TI~
63017

60°6E1—

PLTLL—

-10

60 50 40 30 20 10

70

CF3
100 90 80
101

110

120

170 160 150 140 130

180




-64.85
-64.88
-64.91

o

o0 -0 -20 -30 -40 -50 -60 -70 -80 -90 -100

-120 -140 -160 -180

102



1-(m-tolyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2b)
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1-(3-methoxyphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2c)
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1-(p-tolyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2d)
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1-(4-methoxyphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2e)
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1-(3-fluorophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2f)
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1-(4-fluorophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (29)
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1-(3-bromophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2h)
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1-(4-(tert-butyl)phenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2i)
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1-(3-nitrophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2j)
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1-(3,5-dimethylphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2k)
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1-(3,4-dimethylphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2I)
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1-(3,5-dimethoxyphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2m)
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1-(3,5-dichlorophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2n)
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1-(3,4-dichlorophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (20)
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1-(naphthalen-1-yl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2p)
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1-methyl-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2q)
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1-benzyl-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2r)
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tert-butyl-2-oxo-3-(2,2,2-trifluoroethyl)pyrrolidine-1-carboxylate (2s)
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3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2t)
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1-phenyl-3-(2,2,2-trifluoroethyl)piperidin-2-one (4a)
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1-(o-tolyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4b)
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(8)-1-(m-tolyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4c¢)
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1-(4-methoxyphenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4d)
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1-(4-(tert-butyl)phenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4e)
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1-(2-chlorophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4f)
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1-(3-fluorophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4g)
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1-(3-bromophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4h)
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1-(4-bromophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4i)
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1-(4-fluorophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4j)
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1-([1,1'-biphenyl]-4-yl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4K)
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1-(3,4-dimethylphenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (41)
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1-(3,5-dimethylphenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4m)
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1-phenyl-3-(2,2,2-trifluoroethyl)pyrrolidine (5)
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1-benzyl-3-(2,2,2-trifluoroethyl)pyrrolidine (7)
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3-(2,2,2-trifluoroethyl)pyrrolidine hydrochloride (8)
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The "H NMR of deuterium labeling experiments.
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1-phenyl-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2a)

MWD1 D, Sig=230,4 Ref=off (YZH\2019-12_-01"16-59-62YZH-2-23-BEN-RAC.D)
mAU ]

350 (rac)-

| O
300

| O
250 CF3;

200

6.513
7.110

150
100

50

MWD1 D, Sig=230,4 Ref=off (YZH\2019-12-0717-15-52YZH-BEN-GU.D)
mAU ]

175—? ©\ (0]

f O
150 -

] CF,
125

100

7111

75

50
25
0 s
5 6 - 7 8 9
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

mmmm | e e | ——mm == | —mmmmmm e | —mmmmm |
1 2.948 VW R 0.0425 91.31137 32.78270 1.4353
2 3.073 VW R 0.0489 6270.69873 1980.46948 98.5647

Totals : 6362.01010 2013.25218
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1-(m-tolyl)-3-(2,2,2-trifluoroethyl) pyrrolidin-2-one (2b)

MWD D, Sig=230,4 Ref=off (YZI\2018-12-1120 43 08YZH 4 43RAC.D)

3500 (rac)-

3000

2188

2.369

@ 7
2500 — Né/\
] CF 3
2000
1500 :

1000 -

500

MWD1 D, Sig=230,4 Ref=off (YZH\2018-12-2516-04-55YZH-4-70-A.D)
mAU ]
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1500—: E * CF3

1250 —E
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—— ———— —— — ———
2.2 24 2.6 2.8 3 3.2 34 miry

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

e R R — | === |~ == |
1 2.442 BV R 0.0424 3883.56323 1398.43164 100.0000

Totals : 3883.56323 1398.43164

175



1-(3-methoxyphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2c)

MWD1 D, Sig=230,4 Ref=off (YZH\2018-12-2516-26-36YZH-4-44-rac.D)
mAU ']
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700 7
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] OMe
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500—: Né’\
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4.370
4.550
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3 35 4 4.5 5 55

MWD D, Sig=230,4 Ref=off (YZF\2016-12-2516-16-66YZH-4-70-B.D)
mAU ]
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0 .
.
3 3.5 4 45 5 5.5

Peak RetTime Type Width Area Height Area
# [min] [min] [(mAU*s] [mAU] %

1 4.558 BB 0.0803 2638.98633 506.16745 100.0000

Totals : 2638.98633 506.16745
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1-(p-tolyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2d)

MWDT B, Sig=254,4 Ref=off (YZH\2019-01-0410-06-33YZH-4-62-RAC.D)
mAU |
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WWOT B, Sig=254 4 Ref=off (YZH2010-01-0409.57 30V ZHA-T3A D)
maU ]
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| 3 \©\ 0
1500 -] a
1250 CF;
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5m{
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04— . . ﬁ — — . : — : :
1.8 2 22 24 26 28 3 i
Peak RetTime Type Width Area Height Area
¥ [min] [min] [MAU*s] [mAU] %
Bl it |- === |- |- | ===
1 2.242 VW E 0.0351 10.75305 4.24057 0.2694

2 2.358 VW R 0.04032 3580.263594 1507.88783 89.73086

Totals : 35861.03695% 1512.13840
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1-(4-methoxyphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2e)

MWD1 B, Sig=254,4 Ref=off (YZH\2019-01-0820-35-41YZH-4-63-RAC.D)
mAU ]
14007 (rac)-
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1 o]
1000 Né/\
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800 | @ 2
] o 8
o
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200;
.
R e I P T T T Y ™ ]
MWD1 B, Sig=254,4 Ref=off (YZH\2019-01-0820-45-29YZH-4-73-B.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

e Dt e |--—mm - R | == |
1 2.965 VV R 0.0524 1564.96265 457.23709 100.0000

Totals : 1564.96265 457.23709
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1-(3-fluorophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2f)

MWDT C, 51g=210,4 ReT=off (YZH\2019-01-2110-26-00YZH 55-RAC D)
mAU ]
200 (rac)-

1 F
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] (0]

] CF
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0 1

-——]T———————F————F— [ —7— [T 77—
2 2.25 25 2.75 3 3.25 3.5 375 miry

MWD1 C, Sig=210,4 Ref=off (YZH2010-01-2110-35-43YZH5-2-A D)
mAU ]
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2 Tahs T Uo7 Tohs

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e B |-=== | === ——- e e | -—— o |
1 2.549 VV R 0.0450 1971.38428 696.45831 100.0000

Totals : 1971.38428 696.45831
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1-(4-fluorophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (29)

VWD A, Wavelength=210 nm (YZH\S02-0704A000145 D)
mAU __
] (rac)-
500+
1 F
] \O\ o
400
] N (i/>,\
1 CF;
300 £r]
' 28
(-]
200 ;
100 —-
0 -
7.5 Eli 8.5 SIJ 9!5 1IU 10.5 1I1 11.5 min|
VWD A, Wavelength=210 nm (YZF\S02-0704A000146 D)
mAU 7]
350 -
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1 \O\ ')
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5 Néﬂ
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] 2 CF;
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8
0 -1 =]
T T T T I-'_ T T T
7.5 8 8.5 9 95 10 105 11 1.5 mir]
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

e | === === P | ——mmm o e |
1 8.576 BV 0.1882 2772.76611 230.71695 958.1103
2 6.959 VB 0.2075 53.40612 3.78834 1.8897

Totals : 2826.17224 234.50529
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1-(3-bromophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2h)

MWD1 D, Sig=230,4 Ref=off (YZH\2019-072082043-65YZH-Er-rao.D)
mAU ]
700 (rac)—
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(0]
500 — Né’\
400 CF3
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2.6 2‘.7 2{8 2!9 :IS 3!1 3?2 min
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %

el R R R R | -——mmmmm-- R |
1 3.079 BV R 0.0539 4476.41650 1262.8747¢ 100.0000

Totals : 4476.41650 1262.87476
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1-(4-(tert-butyl)phenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2i)

MWD B, S1g=264,4 Ref=off (YZF\2019-07-0610-38-50YZH-BU--ac.D)
mAU
700 (rac)-
600
. 0
500 n 2
N
400 CF3
300
200
100
U T T T T T T
1‘.8 1!9 2‘ 2‘.1 2!2 2{3 2{4 min
MWD1 B, Sig=254,4 Ref=off (YZH\2019-07-0521-09-49YZH-6-5-A-1Bu.D)
mAU |
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Oﬁ "vaflr' L e B B B
18 19 2 2.1 2.2 23 24 min
Peak RetTime Type Width Area Height Area
# [min] [min) [MAU*s] [MAU] %
e B e | ——mmmmm - | ——mmmmm - | ————— - |
1 1.948 v E 0.0381 8.32995 3.23315 0.5321
2 2.049 vwW R 0.0366 1557.14990 645.38452 99.4679
Totals 1565.47985 648.61767
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1-(3-nitrophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2j)

MWD1 B, Sig=254,4 Ref=off 1YZH\ZO19—08_-2314-43-5—1YZH-N02—raC D)

Ay (rac)-
NO,
400 @\ (0]
”&“
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300 = 3
1 ©
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100 j\
0 1 L T T
T T T T T T T
35 4 45 5 55 6 6.5 T miny
MWD1 B, Sig=254,4 Ref=olf (YZI2019-08-2815-11-35YZH-6-21-C.0)
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©\ O
w0
<
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*
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200
=]
] g
-
0 T 1 T T 1 — T T
3.5 4 45 5 55 6 6.5 7 i
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAT] %

1 4,965 BV R 0.0917 32632.43018
2 6.508 VW 0.0294 6.39376

Totals : 3638.82394
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1-(3,5-dimethylphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2k)

MWD1 B, Sig=254,4 Ref=off (YZH\2018-07:0509-20-‘iSYZH-35Me-raC.D)
mAU 7]
] (rac)-
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] 0]
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1 N
] 5 CF;
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o~
] 2
o~
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0
T T T T T T T T T
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MWD1 B, Sig=254,4 Ref=off (YZH‘\2019-07-0520—39-51YZH—B—5—B-Me.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mATU] 3

el BEEE Rl |=mm | —mmm | ———— - |
1 2.442 Vv R 0.0446 3834.03589 1330.37695 100.0000

Totals : 3834.03589 1330.37695
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1-(3,4-dimethylphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2I)
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Peak RetTime Type

#

[min]
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1
2

Totals

2.248 VV R
2.486 VV R

0.0306

1544.44049
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1-(3,5-dimethoxyphenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2m)

MWD1 B, Sig=254,4 Ref=off (YZH\2019-07-0510-19-57YZH-35--OMe--rac.D)
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(rac)-  OMe
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400*: CF3
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10.150

200

100 —

MWD1 B, Sig=254,4 Ref=off (YZH\2019-07-0820-51-5/YZH-6-5-c.D)
mAU ]

400 OMe

300_, MeO f Né,\
] CF,
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9.995
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-7 T T
85 9 95 10 10.5 11 115 miry

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* 3] [mAU] %
——— | | == | = R —— | - R —— |
1 9.995 vww R 0.1524 1857.11304 148.46355 100.0000

Totals : 1857.11304 148.46355
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1-(3,5-dichlorophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2n)

MWD1 D, Sig=230,4 Ref=off (YZH\2019-077-0509-2B-éQYZH-Sﬁ--CI--rac‘D)

mAU |

Uad-Cl
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: )
Cl q:f>,‘\
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300

200+
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MWD1 D, Sig=230,4 Ref=off (YZI\2019-07-0520-4757YZH-6-4-B I D)
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Peak RetTime Type Width Area Height Area
# (min] [min] [MAU* 5] [mAU] %
il Bt [-——— === | === |- | === |
1 2.672 VW R 0.0462 145.30211 48.76148 1.5341
2 2,947 BV R 0.0586 9583.18945 2532.50488 98.4659

Totals : 9732.45156 2581.26636
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1-(3,4-dichlorophenyl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (20)

mAU |

400
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100

0

MWD1 B, Sig=254,4 Ref=off (YZH\2019—OB:261 6-17—1-7yzh-3,4-cl-rac.D)
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MWD B, Sig=254 4 Ref=off (YZH\2019-08-2616-41-28yzh-6-21b.D)

4.721
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T T . . . T
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#
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Area

1
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Totals

4.7721 VWV R

5.685 BV R 0.0839
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1-(naphthalen-1-yl)-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2p)

MWD1 D, Sig=230.4 Ref=off (YZH\2019-01-0009-13-14yzh-4-68-rac.0)
mAU |
1400 —
] (rac)-
1200+
| O
1000—: Né/\
800+ <
600—- 2
400;
200—-
3.5 I z;. r 4?5 ‘ ‘jj ‘ 5[5 ' t’lj ‘ 6?5 I % ' 7[5 ‘ min|
MWD1 D, Sig=230,4 Ref=off (YZH\2019-01-0809-25-13yzh-4 73 c.D)
mAU ]
500;
0]
400—: Né/\
" TR,
300 -
200—‘
100;
R
N Y T T R
Peak RetTime Type Width Area Height Lrea
# [min] [min] [MAU*5] [mAU] %
- e |- |- [~ I
1 4.695 BV R 0.09%37 1537.27405 241.86537 100.0000
Totals 1537.27405 241.86537
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1-methyl-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2q)

FIO7 A, Front Signal (KCCXCC-N-MERAC 1858.0)
pA ]
250
] (rac)- 0
: CF,
150*_
100 5F
oo
— T T | T r ‘1T ‘T [ T ‘1t ‘t T [ Tt T T T | T T T T [ T T T T [ T T T 1
5 10 15 20 25 30 35 i
FIDT A, Front Signal (XCCXCC-N-ME-F01863.D)
pA ]
250 o
] AN
200 '\é"‘_\
] CF, 8
150i ©
100 -]
50
5 10 45 90 "5 "3 " "3 md
Peak RetTime Type Width Area Height Area
# [min] [min] [ph*s] [pA] %

—mm R | == mmm e e | ==
1 31.981 BB 0.3077 2670.02979 131.27904 1.000e2

Totals : 2670.02979 131.27%04

190



1-benzyl-3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2r)

MWD1 C, Sig=210.4 Ref=off (xcc\XCC-12-71-1RAC 2022-04-15 11-42-34.D)
mAU :
1400
] (rac)- o)
1200
f B”‘Néz\
000 +
1000 CF5
8007_ § %
600—-
400;
200;
0 )
T T T T T T T T T T T
0 1 2 4 min|
MWD1 C, Sig=210.4 Ref=off (xcc\XCC-12-71-1 2022-04-15 12-01-05.D)
mAU ]
2000+
] 0]
Bn\w:f>iﬂ\
1500 | CF3
i P~
2
Larl
1000 —
500
0 : \ ; i - ‘L T T 7 T
0 1 2 4 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

1 3.497 BB

Totals

0.0768 6114.55322 1245.28137 100.0000

6114 .55322 1245.28137
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tert-butyl (S)-2-oxo0-3-(2,2,2-trifluoroethyl)pyrrolidine-1-carboxylate (2s)

MWD1 C, Sig=210,4 Ref=off (xcOXCC-15-23-11-1RAC 2022-08-15 17-14-00.0)
mAU ]
] (rac)- Boc
/
800 N
0]
© ©o
| g <
600 N
FsC
400
200
o I
T T T T T T T T T
0 0.5 1 1.5 2 2.5 min|

mAU ]
2500 ,BOC
] N
] o)
2000+ *
] F4C )
1500
1000:
500;
o A A
0 ' 0!5 ' ‘: ' 1!5 2I 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
=== | === ======- | === | === | ========
1 1.415 BV R 0.0364 3918.84009 1700.91638 96.6022
2 1.507 VB E 0.0349 137.83948 60.85395 3.3978
Totals 4056.67957 1761.77033
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3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (2t)

600 f
500 —
400 —
300 —
200 —

100

mAU 7]

MWD1 C, Sig=210,4 Ref=off (xcc\XCC-14-67RAC 2022-08-16 16-20-11.D)
(rac)-
H
N

700 ]
] (@]

F3C

2181

2.691

i

mAU 7]
700 —
600 —
500 —
400 —
300 —
200 —

100

MWD1 C, Sig=210.4 Ref=off (xcc\XCC-M-é? 2022-08-16 16-45-48.D)

H
N
O

FsC

2721

2.212

~
o
M-
N
[~
(&)

2.5 2.75 3

Peak
#

RetTime Type Width

[min]

Area
[mAU*s]

Height
[mAU] %

1
2

Totals

2.212 BB
2.721 BB

0.0483 39.66670
0.0517 1254.29224

12.24830
382.85352

1293.95893 395.10182
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1-phenyl-3-(2,2,2-trifluoroethyl)piperidin-2-one (4a)

MWD1 C, Sig=210,4 Ref=off (xcc\XCC-M-éOJRAC 2022-07-06 15-37-45.D)
mAU ]
1750—:
] (rac)-
1500i
1250—5
] N.__O <
] <
1000_, ~
750—; CF3 ;
500
250
0 05 1 15 2 25 3 as i
MWD1 C, Sig=210,4 Ref-—mff (ch\XCC—14—gl}1 2022;}7—05 15-52-14.D)
mAU ]
1750+
1500 4
N o g
1250 4 o
1000
CF;
750
500_
2504
0 A
0 IJ|5 { 1!5 é 2‘5 é 3!5 miny
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU) %
- el |————————- |————————= |- |
1 2.471 BV R 0.0470 3746.72314 1238.81628 98.0849
2 3.203 BB 0.0579 73.15430 19.23549 1.9151

Totals : 3819.87744 1258.05177
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1-(o-tolyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4b)

MWD1 C, Sig=210,4 Ref=off (xcc\xce-1 1-25-Trac 2022-02-17 11-25-28.D)

mAU

] (rac)-
20004

] N.__O
1500 L/\/Q

1000 —

2.788

500+

MWD1 G, Sig=210.4 Ref=off (xcOlXCC-11-25-1 2022-02-17 12-12:03.0)
mAU ]
1400

1200

] N (0]
1000 LX

800 1 CF,4

2.854

600 -
400

200

4()3.189

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU) 2
=== === | ====|======= | —========= | —========= | ======== |
1 2.854 BB 0.0704 2803.23413 624.26410 96.2786
2 3.189 VB 0.0783 108.35059 20.29696 3.7214

Totals : 2911.58472 644.56106
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1-(m-tolyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4c)

MWD1 C, Sig=210,4 Ref=off (xcoOXCC-11-20-1-RAC 2022-02-15 20-50-27.D)
mAU ]
(rac)-
5000 |
4000 - N 0
E B

3000 T

| CF;
2000
1000

0 T T T T T T T T T T
0 05 1 1.5 2 25 3 35

MWD C, Sig=210,4 Ref=off (xcc\XCC-11-20-1 2022-02-15 21-55-34.0)
mAU 7]

5000
4000 N (0]

3000+

O

m
w
1.766

2000+

1000

T1.950

|
fnd
3

0 0.5 1 15 2 25

Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAU) 2
——==| == | === ======= | === | —==—====== | —======= I
1 1.766 BV R 0.0416 6834.88525 2602.01245 96.8056
2 1.950 VB E 0.0358 225.53506 98.13914 3.1944

Totals : 7060.42032 2700.15160
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1-(4-methoxyphenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4d)

MWD1 C, Sig=210.4 Ref=off (xcc\XCC-H-:iE-IRAC 5022-02-22 19-00-54.D)
mAU 7]
] OMe
700 (rac)-
600
] 5 N 0]
500 =
400
] CF, 3
1 0
300 1 ~
200
100
0 — "
T T T T T T T T
4.5 5.5 6 6.5 7 7.5 8 8.5 min|
MWD1 C, Sig=210.4 Ref=off (xcc\XCC-11-:13-1 2022-62-22 19-13-41.D)
mAU ]
1 OMe
1000
800
N__O
600 - ] *
] CF;
400
200
2
~
D,
T T T T T T T T T T T
4.5 5 5.5 6 6.5 7 7.5 8 8.5 min|
Peak RetTime Type Width Area Height Area
= [min] [min] [mMAU*s] [mAU] %

1 5.251 BB 0.1117 3996.45313 546.96100 96.4394
2 7.574 BB 0.1043 147.55339 17.24218 3.56086

Totals : 4144.,00652 564.20317
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1-(4-(tert-butyl)phenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4e)

MWD1 C, Sig=210,4 Ref=off (xcc\XCC-H-éO-QRAC 2022-02-15 22-02-31.D)
mAU ]
5000—- (l’aC)-
4000—-
1 N.__O
3000;
CF3 g .
1 o« wn
2000 b=
1000—-
L A s S Sy B S S Sy B e e T T T
2 25 3 3.5 4 45 5 5.5 min|
MWD1 C, Sig=210.4 Ref=off (xcc\XCC-11-20-2 2022-02-15 22-11-21.D)
mAU ]
800 —
600 | N O
*
5
400 - ;
] CF3
200+
8
<~
0"“I""II""I""I“"‘\""\""I""
2 25 3 3.5 4 45 5 5.5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

] L L |-===|-—-———- | -=—-—-———- e | -————-—-
1 3.157 BB 0.0848 2007.34888 369.72351 97.2234
2 4.165 BB 0.0989 57.32841  6.86928  2.7766

Totals : 20604.67729 376.59279
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1-(2-chlorophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4f)

mAU 7]
moé (rac)-

600 7 C|
500 —
400 7
300 —
200 —

100

0

MWD1 C, Sig=210,4 Ref=off (xcc\XCC-O-éICFarac 2022-05-19 17-01-27.0)

5.360
5.797

3 4

mAU ]
3500 —
3000 -
2500 — *

2000 — CF3
1500 —
1000

500 ]

MWD1 C, Sig=210,4 Ref=off (xcc\XCC-O-C_ICFS 2022-05-19 17-14-57.D)

5.241

5.695

1
4

Peak RetTime Type Width
# [min] [min]

Area
[mAU*s]

Height
[mAU]

eI EELEEE | === == | === | ===mmmm- | ===
1 5.241 BB 0.0992 1.59987e4

2 5.695 BB 0.1005

Totals

397.08264

1.63957e4
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2034.98645
52.36831

2087.35476

97.5781
2.4219



1-(3-fluorophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4g)

MWD1 C, Sig=210,4 Ref=off (xcc\XCC-M-F_CFSRAC 2022-05-19 16-33-43.D)
mAU 7]
(rac)- F
4000
1 N.__O
3000
1 CF
2000 3
] b
~ @
] g
1000 2
0 T T T T T T T T T T T T T —f T T T T T T T T T T T T T T
1 1.5 2 25 3 3.5 min|
MWD1 C, Sig=210.4 Ref=off (xcc\XCC-M-FCF3 2022-05-19 16-40-37.D)
mAU ]
] F
4000 4
] N.__O
3000+
4 *
] CF4
2000 +
] g
o
1000
g
1 o
(2]
0 T T T T T T T T T T T T T T T T T T T T — T T T T T T T
1 1.5 2 25 3 3.5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [MAU] %

el EECEEEE | === | === | === | ==mmm - | ===——-- |
1 2.567 VB R 0.0477 4447.97949 1452.87524 98.8059
2 3.262 BB 0.0542 53.75637 15.42774 1.1941

Totals : 4501.73586 1468.30299
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1-(3-bromophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4h)

MWD1 C, Sig=210,4 Ref=off (xcc\XCC-M-érCFZBrac 2622-05—19 20-53-23.D)
mAU 7]
1750—: (rac)- Br
1500—5
] N__O
1250
1000 CF,
500
250;
D: — T L S | ™ T i T T
z 25 3 35 4 45 5 5.5 <] min|
MWD1 C, Sig=210,4 Ref=off (xcc\XCC-M-BrCF3 2022-05-19 21-03-35.D)
mAU ]
3000 Br
2500—:
]
2000—: " o
1500—: CF3
1000—:
500{
07 — 1 1 L B A AL | T T ‘|'m.'|'
P 25 3 35 4 45 5 55 6 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [MAU] %
=== = | === === | === | === | —===—=== |
1 5.282 BB 0.1098 1.24385e4 1743.09387 99.2472
2 5.747 BB 0.0724 94.35030 16.21813 0.7528
Totals 1.25328e4 1759.31200
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1-(4-bromophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4i)

MWD1 C, Sig=210.4 Ref=off (xcc\XCC-P-B_rCFiirac 2022-04-13 17-39-42.D)
mAU ]

] Br

(rac)-

800
600 LN/\/l;o
400

_ CF3 g 8

- 5

200

0_

I N T L L L L S B B R L R
1.5 2 25 3 3.5 4 4.5 5 5.5 min|
MWD1 C, Sig=210.4 Ref=off (xcc\XCC-P-BrCF3 2022-04-13 17-49-52.D)

mAU ]
1?50—: Br
1500
1250 N. _O 2
] Lj@ 3
] *
1000—_
750 CFs
500
250
] «©
]
Ot B e T L S e s B S Sy B s
1.5 2 25 3 3.5 4 4.5 5 5.5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

- | === === e | == —mm | ===
1 4.713 BB 0.0924 7082.33398 1141.08997 98.0785
2 5.238 BB 0.0883 138.75333  20.94371  1.9215

Totals : 7221.08731 1162.03367
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1-(4-fluorophenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4j)

mAU ]
3500
3000 -
2500
2000 —
1500 —
1000 —

500 ]

MWD1 C, Sig=210.4 Ref=off (xcc\XCC-P-FbF3RAC 2022-06-19 19-43-05.D)

F
(rac)-

AQ
o
2.358

CF3

2.958

w—

mAU )
3500
3000 -
2500 —
2000
1500 —
1000 —

500

MWD1 C, Sig=210.4 Ref=off (xcc\XCC-P-FE:FS 2022-05-19 19-53-22.D)

AQ
o
2.326

min|

Peak
#

RetTime Type Width Area
[min] [min] [mMAU*s]

1
2

2.326 VW R 0.0429 5375.07373 1774.05896

2.954 BB 0.0505 63.50900
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19.02128

5438.58273 1793.08024

98.8323
1.1677



1-([1,1'-biphenyl]-4-yl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4Kk)

MWD1 C, Sig=210.4 Ref=off (xcc\XCC-P-P]WCFSRAdZOE2-04-27 10-36-15.D)
mAU ]
] Ph
1750 -
] (rac)-
1500
1250 N O
] [=2]
] 5
1000 ™ o
] 3
] CF4 H
750
500
250
0 ] T T T T T T T T T
1.5 2 25 3 3.5 4 45 5 5.5 min|
MWD1 C, Sig=210.4 Ref=off (xcc\XCC-P-P_hCFS 2025—04-27 11-09-01.D)
mAU 7_
Ph
2500 —
2000 2
] N O i
1 *
1500 -} LX
] CF;
1000 —|
500;
] =
] 3
0 T - T T A ———————————
1.5 2 25 3 3.5 4 4.5 5 5.5 min|
Peak RetTime Type Width Area Height Area
= [min] [min] [MAU*s] [mAU] %

eI EEL R | === | === | === | === | —=———--
1 3.875 BB 0.0849 1.04525e4 1835.32056 97.2923
2 4.514 BB 0.0990 290.89856  39.24723  2.7077

Totals : 1.07434e4 1874.56779
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1-(3,5-dimethylphenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (41)

VWD A, Wavelength=210 nm (XCCWXCC-2-ME000884.D)
mAU 7]
(rac)-
250
200-] N O
150 L)?
1 CF;
100
o <
] 2 <
50 o @
0- ‘ M
T T T T T T T T T T T T T T T
6 8 10 12 14 16 18 min
VWD1 A, Wavelength=210 nm (XCCXCC-2-MEOD0886.0)
mAU ]
800
600
N (0]
* ~
400 &
CF;
200
«©
g
o
0
T T T T T T T
6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAU] %

1 12.088 BB 0.3856 320.26678 12.85644 3.8393
2 13.377 BB 0.3745 8021.53467 331.28864 96.1607

Totals : 8341.80145 344.14508
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1-(3,5-dimethylphenyl)-3-(2,2,2-trifluoroethyl)piperidin-2-one (4m)

MWD1 C, Sig=210,4 Ref=off (xcc\XCC-1 1-26RAC 2022-02-16 21-47-10.D)
mAU ]
(rac)-
2000+
1 N O
] CFs T 8
1000
500;
o A
0 0‘5 ‘II 1I5 2‘ 2,‘5 min|
MWD1 C, Sig=210,4 Ref=off (xcc\XCC-11-26 2022-02-16 22-03-57.D)
mAU ]
2000:
1500 (N)W:
] x S
1000 CF;
500—-
0 1 T 'L' 1 : ‘_‘ | 1
0 0.5 1 1.5 2 2.5 min|
Peak RetTime Type Width Area Height
# [min] [min] [mAU*s] [mAU]
== | === === | === | === | === I
1 1.718 BB 0.0337 2660.83447 1208.53259 96.6183

2 1.890 BB 0.0351 93.13111 40.86246

Totals 2753.96558 1249.39505
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1-phenyl-3-(2,2,2-trifluoroethyl)pyrrolidine (5)

mAU ]

700

400

200

1004

0 0.5

MWD C, Sig=210,4 Ref=off (xcOXCC-15-34RAC 2022-06-18 18-32-46.0)

600 (rac)-

500 N

FsC

1.663
1.869

-
w
n

25

min|

mAU :
1400 |

1200 —
1000 —
800 7
600 7
400 —

200+

MWD1 C, Sig=210.4 Ref=off (xcc\XCC-15-54 2022-06-18 18-09-18.D)

1.864

1.661

~1=

Peak
=

RetTime Type Width Area Height
[min] [min] [MAU*s] [mAU]

1
2

Totals : 1266.97360 640.25906

1.661 BB 0.0271 38.44345 21.76937
1.864 BB 0.0307 1228.53015 ©€18.48969
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3-(2,2,2-trifluoroethyl)pyrrolidin-2-one (6)

MWD1 C, Sig=210.4 Ref=off (xcc\XCC-M—éTRAC 20é2-05-16 16-20-11.D)
mAU ]
] (rac)-

i H
700
] N
O

600

500—: FsC
400

300

2.181

2.691

200
1004

0 1

1.8 2 22 24 26 28

MWD1 C, Sig=210.4 Ref=off (xcoXCC-14-67 2022-08-16 16-3142.0)
mAU ]

] H
700 N
] (0]

600 ] ¢

500 Fs;C

2712

400
300]
200

100

2.200

D_- T T T T
1.8 2

N
)
~ Y
IS
)
o
)
o

1
3 3.2 34  min

Peak RetTime Type Width Area
# [min] [min] [MAU*s]

Height Area
[MAU] 2

1 2.200 BB 0.0601 50.74048
2 2.712 BB 0.0512 1239.32263

Totals : 1290.06311

208

11.69973 3.9332
378.25339 96.0668

389.95311



1-benzyl-3-(2,2,2-trifluoroethyl)pyrrolidine (7)

mAU ]
1400

1200 —
1000 f
800 —
600 f
400 —

200 —

(rac)-

FsC

VWD A, Wavelength=210 nm (XCOWXCC-17-21001213.D)

4.666

4.940

0

0

mAU :
1400+

1200 —:
1000 —:
800{
600 —i
400 —:

200+

VWD1 A, Wavelength=210 nm (XCC\XCC-17-21001212.D)

*
1 4.645
3

min

Peak RetTime Type

#

[min]

Width Area

Height
[min] [mAU*s] [mAU]

1

Totals

4.645 BB

0.1142 5688.37646 743.93665 100.0000

5688.37646 T743.93665
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8. X-ray crystallographic analysis of compound 2I.

Table S1. Crystal Data and Experimental Parameters for Compound 21

Compound 21

Formula CisHi6F3NO

Fw 271.28

crystal system monoclinic
space group P1211

a(A) 6.4877(3)

b (A) 14.6746(8)

c(A) 13.7914(6)

o (deg) 90

/3 (deg) 99.427(4)

y (deg) 90

V(A% 1295.27(11)

4 4

Dealc (g/cm?) 1.391
21(MO/K)cate (cm™) 1.001

size (mm) 0.20 x 0.15 % 0.10
F(000) 568

20range (deg) 8.864 to 144.996
no. of reflns, collected 11747

no of obsd reflns 4640

no of variables 347
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abscort (Tmax, Tmin)

R

Rw

Ran

Absolute structure parameter
Gof

CCDC

1.00, 0.73
0.049
0.117
0.058
0.01 (13)
1.01
2235529
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