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General information

All commercial reagents were used without additional purification unless otherwise
specified. Solvents were purified and dried according to standard methods prior to use.
All reactions were carried out in flame-dried glassware with dry, freshly distilled
solvents under anhydrous conditions, unless otherwise noted. All experiments were
monitored by thin layer chromatography (TLC) using UV light as visualizing agent.
TLC was performed on pre-coated silica gel plated. Column chromatography was
performed using silica gel 60 (300-400 mesh). 'H NMR (400 MHz), '3C NMR (101
MHz) and °F NMR (376 MHz) were measured on a Bruker AVANCE I111-400
spectrometer. 'H NMR (500 MHz), 3C NMR (126 MHz) and '°F NMR (471 MHz)
were measured on a Bruker AVANCE III-500 spectrometer. Chemical shifts are
reported in ppm (J) relative to internaltetramethylsilane (TMS, & 0.0 ppm) or with the
solvent reference relative to TMS employed as the internal standard. Data are reported
as follows: chemical shift (multiplicity [singlet (s), doublet (d), triplet (t), quartet (q),
broad (br) and multiplet (m)], coupling constants [Hz], integration). Melting points are
uncorrected. Values of optical rotation were measured on Rudolph Automatic
Polarimeter A21101 at the wavelength of the sodium D-line (589 nm). Infrared spectra
were obtained on Bruker Vector 22 in KBr pellets. HRMS were recorded on a LTQ-
Orbitrap XL (Thermofisher, USA). HPLC analysis was performed on Shimadzu SPD-
20A using Daicel Chiralpak 1G-3 Column.

Preparation of the MBH adducts '

Procedure A
OH OBoc

R R Boc,0 R
CO,Me CO,Me
X X DABCO X 2 DMAP B 2
| O+ Z>CO,Me | — |
P> neat — DCM, rt, 12h Pz

In a round bottom flask fitted with a magnetic stir-bar, aldehyde (1.0 equiv.) and methyl
acrylate (4.0 equiv.) were taken. Required amount of DABCO (1.0 equiv.) was added
to the neat reaction mixture and the resulting reaction mixture was stirred at 25 °C
vigorously. After specified reaction time, the reaction mixture was diluted with CH>Cl,

(15.0 mL) and then washed with 1M aqueous HCI (15.0 mL) followed by sat. aqueous
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NaHCO;3 solution (15.0 mL) and brine. Organic layer was separated and the aqueous
layer was extracted with CH2Cl (3 x 20.0 mL). Combined organic layer was dried over
anh. Na>SO4 and concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica-gel (230-400 mesh) using petroleum ether :
ethyl acetate (10:1) to obtain as thick oil.

MBH alcohol (1.0 equiv.) was taken in a flame dried round bottom flask and dissolved
it by dry dichloromethane (DCM) (4mL/mmol) then catalytic amount (10 mol%) of 4-
DMAP was added followed by BocoO (1.3 equiv.) was added. The reaction mixture
was diluted with additional amount of DCM then washed with water twice. The organic
fractions were combined dried with anhydrous Na,SO4 and evaporated by rotary
evaporator. The crude material was purified by 100-200 flash chromatography using

petroleum ether/ethyl acetate (20:1).

Procedure B
OH OAc

R R Ac,0 R
CO,Et CO,Et
N ™ DABCO X 2 DMAP X 2
| O+ Acoet o0 ] |
_— neat Pz DCM, rt, 12h =

In a round bottom flask fitted with a magnetic stir-bar, aldehyde (1.0 equiv.) and ethyl

acrylate (4.0 equiv.) were taken. Required amount of DABCO (1.0 equiv.) was added
to the neat reaction mixture and the resulting reaction mixture was stirred at 25 °C
vigorously. After specified reaction time, the reaction mixture was diluted with CH>Cl»
(15.0 mL) and then washed with 1M aqueous HCl (15.0 mL) followed by sat. aqueous
NaHCO3 solution (15.0 mL) and brine. Organic layer was separated and the aqueous
layer was extracted with CH>Cl> (3 % 20.0 mL). Combined organic layer was dried over
anh. Na>SO4 and concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica-gel (230-400 mesh) using petroleum ether
/ethyl acetate (10:1) to obtain as thick oil.

MBH alcohol (1.0 equiv.) was taken in a flame dried round bottom flask and dissolved
it by dry dichloromethane (DCM) (4mL/mmol) then catalytic amount (10 mol%) of 4-
DMAP was added followed by Ac,O (1.3 equiv.) was added. The reaction mixture was

diluted with additional amount of DCM then washed with water twice. The organic
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fractions were combined dried with anhydrous Na;SO4 and evaporated by rotary
evaporator. The crude material was purified by 100-200 flash chromatography using

petroleum ether/ethyl acetate (20:1).

Preparation of the a-CF3 ketones [

| X
R 0 NG R oTf R e}
|\ X + Tf,0 |\ A AgNO3, (NH4)2S,04 N .
t ) _ 3
Z DCM, rt, 24 h Z~n BuOI:I.Hzo 1:1 P~
n=1,2 30°C,12h

2,6-di-tert-butyl-4-methylpyridine (17 mmol) and trifluoromethanesulfonic anhydride
(18 mmol) were added to the solution of cyclohexanone (15 mmol) in dichloromethane
(45 mL). The reaction mixture was stirred overnight, and evaporated to dryness.
Petroleum ether was added and the solid pyridinium triflate was filtered off (the free
base can be recovered) which was washed with petroleum ether. The combined
petroleum ether solution was washed subsequently with cool HCI (1 M) and saturated
brine, and dried over NaSO4.The mixture was purified by flash column
chromatography on silica gel using petroleum ether as an eluent to get the product.

An oven-dried screw cap reaction tube was charged with a magnetic stir-bar,
(NH4)2S205 (12 mmol), AgNO3 (0.10 mmol) and corresponding enol triflate (10 mmol).
Solid reagents were weighed first followed by liquid reagents. ‘BuOH (20 mL) and H,O
(20 mL) were added. The reaction tube was stirred vigorously at 30 °C. After 12 h, the
reaction mixture was diluted with dichloromethane. The organic layer was separated
and the aqueous layer was washed with dichloromethane (3x10 mL). The combined
organic layers were dried over NaxSOs4. The solvent was removed under reduced
pressure and the residue was purified by flash column chromatography on silica gel

using petroleum ether/ethyl acetate as the eluent.

Procedures for asymmetric allylic alkylation

Procedure A (Cl-selective product)
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5 mol %)
0 OBoc dz(d (6 me CF
“ « Cco,Me b@& mol %) 3 |
R+ CF; * R,1L
170 _ 3 27 _ DI$E|A (2. 0162(]3.l rt MeO.C MeO,C NN
oluene 2

1 2

To a reaction tube with magnetic stirring bar were added the chiral ligand L8 (0.06
mmol), Pdx(dba); (0.0025 mmol) and Toluene (0.4 mL) under argon. The mixture was
stirred for 30 minutes at room temperature. Then the mixture was sequentially added 1
(0.05 mmol) and 2 (0.06 mmol) and DIPEA (0.1 mmol). The resulting mixture was
stirred for 12 h at room temperature. Then the solvent was removed in vacuo. The ratio
of 3/4 and the distereomeric ratios of 3 were determined by '°’F NMR analysis of the
crude mixture. The crude product was purified by flash chromatography on silica gel
with ethyl acetate/petroleum ether (1/10) and then dichloromethane/petroleum ether
(1:1) as the eluent to afford compound 3 as a white solid. The ee value of 3 was

determined by HPLC analysis using a Chiralcel 1G-3 column.

Procedure B (C3-selective product)

(10 mol %)
o] OAc sz(db : CF3 /\
« “ COEt % mol %) \
R CFy+ R,
[ " Nagpo, 0PI EtO T

THF, -30 °C, 48 h ‘O2C
1 2

To a 10-mL schlenk tube equipped with magnetic stirring bar were added the chiral
ligand L5 (0.012 mmol), Pdx(dba)z (0.005 mmol) and THF (0.4 mL) under argon. The
mixture was stirred for 20 minutes at room temperature and another 20 minutes at -
30 [I. Then the mixture was sequentially added 1 (0.05 mmol), NazPO4 (0.15 mmol)
and 2 (0.06 mmol in 0.6 mL THF). The resulting mixture was stirred for 48 h at -30 [].
Then the reaction was quenched by addition of saturated ammonium chloride solution
(2 mL) and water (10 mL), and the mixture was extracted with ethyl acetate (2 x 10
mL). The combined organic phases were dried over Na>SOs, filtered, and the solvent
was removed in vacuo. The ratio of 4/3 and the E/Z value of 4 were determined by '°F
NMR analysis of the crude mixture. The crude product was purified by flash

chromatography on silica gel with ethyl acetate/petroleum ether (1/10) as the eluent to
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afford compound 4 as a colorless oil. The ee value of 4 was determined by HPLC

analysis using a Chiralcel IG-3 column.

0]
O
CO,Me
3a

Methyl-2-((S)-((R)-1-ox0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-
yD(phenyl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
17.4 mg (93% yield), 95:5 3/4,>20:1 d.r., >99% ee. [a]*’p 111.4°(c = 0.2, CHCI3); 'H
NMR (400 MHz, Chloroform-d) 6 7.81 (dt, /= 7.7, 1.0 Hz, 1H), 7.66 (td, J= 7.5, 1.2
Hz, 1H), 7.49 (dt, /= 7.8, 0.9 Hz, 1H), 7.46 — 7.41 (m, 1H), 7.39 — 7.34 (m, 2H), 7.33
—7.23 (m, 3H), 6.15 (s, 1H), 5.38 (d, /= 1.1 Hz, 1H), 5.14 (d, J= 1.1 Hz, 1H), 3.81 (d,
J = 18.4 Hz, 1H), 3.61 (s, 3H), 3.37 (d, J = 18.4 Hz, 1H); ’F NMR (376 MHz,
Chloroform-d) & -68.31 (s, 3F); '*C NMR (126 MHz, Chloroform-d) & 199.5, 166.7,
151.7,139.4,137.2, 137.0, 136.0, 129.9, 128.4, 128.4, 127.8, 126.4, 125.8 (q, J = 284.7
Hz), 125.5, 124.9, 60.3 (q, J = 22.4 Hz), 52.4, 46.0, 32.3. IR (cm™): 2953, 1716, 1605,
1456, 1258, 1148, 963, 775, 703, 472. HRMS (ESI"): calcd. for [C21Hi7F303+H"]
375.1203, found 375.1201. The enantiomeric excess was determined by HPLC with an
IG-3 column at 254 nm (2-propanol/hexane = 1:9), 1.0 mL/min; tr = 8.2 min (major),

11.1 min (minor).

F

O
Coee

CO,Me
3b

Methyl-2-((S)-(4-fluorophenyl)((R)-1-oxo0-2-(trifluoromethyl)-2,3-dihydro-1H-
inden-2-yl)methyl)acrylate
The title compound was prepared according to the General Procedure A as a white solid,

17.9 mg (91% vield), 94:6 3/4, >20:1 d.r., >99% ee. [0]**p 65.1° (c = 0.4, CHCls); 'H
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NMR (500 MHz, Chloroform-d) 6 7.80 (d, J= 7.7 Hz, 1H), 7.66 (td, J= 7.5, 1.2 Hz,
1H), 7.50 (d, J=7.7 Hz, 1H), 7.43 (t,J=7.5 Hz, 1H), 7.38 — 7.29 (m, 2H), 6.98 (t, J =
8.6 Hz, 2H), 6.13 (s, 1H), 5.34 (d, /= 1.3 Hz, 1H), 5.13 (d, /= 1.2 Hz, 1H), 3.78 (d, J
= 18.3 Hz, 1H), 3.59 (s, 3H), 3.36 (d, J = 18.3 Hz, 1H); ’F NMR (471 MHz,
Chloroform-d) & -68.31 (s, 3F) , -114.63 (s, 1F); '*C NMR (126 MHz, Chloroform-d) &
199.2,166.5,162.3 (d, J=246.8 Hz), 151.5, 139.3, 136.7, 136.1, 132.9 (d, /= 3.3 Hz),
131.5 (d, J=8.0 Hz), 128.5, 126.5, 125.8 (q, J = 284.6 Hz), 125.3,124.9, 115.3 (d,
J=21.5Hz), 60.3 (q,J=22.4 Hz), 52.4,45.2,32.0. IR (cm™"): 2956, 1720, 1605, 1441,
1256, 1141, 960, 841, 783, 602, 516. HRMS (ESI"): calcd. for [C21Hi6F4O3+H']
393.1108, found 393.1109. The enantiomeric excess was determined by HPLC with an
IG-3 column at 254 nm (2-propanol:hexane = 1:9), 1.0 mL/min; tr = 7.9 min (major),

12.7 min (minor).

O Br
O
CO,Me
3c

Methyl-2-((S)-(4-bromophenyl)((R)-1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-
inden-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
18.3 mg (81% yield), 87:13 3/4, >20:1 d.r., >99% ee. [a]*’p 190.5° (¢ = 0.1, CHCI3);
"H NMR (400 MHz, Chloroform-d) & 7.81 (d, J= 7.7 Hz, 1H), 7.68 (td, J= 7.4, 1.3 Hz,
1H), 7.50 (d, J= 7.7 Hz, 1H), 7.48 — 7.40 (m, 3H), 7.26 — 7.22 (m, 2H), 6.14 (s, 1H),
5.34(d,J=1.1 Hz, 1H), 5.10 (d, J= 1.1 Hz, 1H), 3.76 (d, J = 18.4 Hz, 1H), 3.61 (s,
3H), 3.36 (d, J = 18.4 Hz, 1H); '°F NMR (376 MHz, Chloroform-d) & -68.29 (s, 3F);
3C NMR (101 MHz, Chloroform-d) § 199.1, 166.4, 151.4, 139.0, 136.7, 136.3, 136.2,
131.6, 131.6, 128.5, 126.5, 125.7 (q, J = 284.7 Hz), 125.6, 125.0, 122.0, 60.1 (q, J =
22.5 Hz), 52.4, 45.4,32.0. IR (cm™): 2956, 1709, 1605, 1441, 1256, 1163, 1008, 953,
781, 673, 590. HRMS (ESI"): caled. for [C21H16BrF;03+H'] 453.0308, found 453.0304.
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The enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=1:9), 1.0 mL/min; tr = 8.7 min (major), 23.9 min (minor).

o CF,
O
CO,Me
3d

methyl-2-((S)-((R)-1-o0x0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-yl)(4-
(trifluoromethyl)phenyl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
19.9 mg (90% yield), 93:7 3/4, >20:1 d.r., >99% ee. [a.]*p 111.0° (c = 0.2, CHCl3); 'H
NMR (500 MHz, Chloroform-d) & 7.82 (d, J = 7.7 Hz, 1H), 7.68 (td, J = 7.5, 1.2 Hz,
1H), 7.57 (d, J = 8.2 Hz, 2H), 7.54 — 7.48 (m, 3H), 7.48 — 7.42 (m, 1H), 6.18 (s, 1H),
5.38 (d, J = 1.1 Hz, 1H), 5.21 (d, J= 1.1 Hz,1H), 3.81 (d, J = 18.3 Hz, 1H), 3.60 (s,
3H), 3.38 (d, J= 18.3 Hz, 1H); '°F NMR (471 MHz, Chloroform-d) & -62.62 (s, 3F), -
68.29 (s, 3F); 1*C NMR (126 MHz, Chloroform-d) § 198.9, 166.3, 151.4, 141.4, 138.8,
136.7, 136.3, 130.4, 130.0 (q, J = 32.6 Hz), 128.6, 126.5, 126.0, 125.7 (q, J = 284.6
Hz), 125.4 (q, J = 3.6 Hz), 125.0, 124.1 (q, J = 272.1 Hz), 60.1 (q, J = 22.6 Hz), 52.5,
45.7,32.0. IR (cm™): 2961, 2365, 1709, 1607, 1457, 1329, 1258, 1159, 1115, 1070,
884, 785, 623. HRMS (ESI"): calcd. for [C22Hi6Fs03+Na*] 465.0896, found 465.0898.
The enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=1:9), 1.0 mL/min; tr = 6.1 min (major), 10.1 min (minor).

O NO,
O
CO,Me
3e

methyl-2-((S)-(4-nitrophenyl)((R)-1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-

inden-2-yl)methyl)acrylate
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The title compound was prepared according to the General Procedure A as a white solid,
18.9 mg (90% yield), 94:6 3/4, >20:1 d.r., >99% ee. [a]*’p 86.0° (c = 0.2, CHCI3); 'H
NMR (500 MHz, Chloroform-d) 6 8.24 — 8.10 (m, 2H), 7.82 (d, /= 7.7 Hz, 1H), 7.70
(td, J=7.4, 1.2 Hz, 1H), 7.60 — 7.55 (m, 2H), 7.53 (dt, /= 7.7, 0.9 Hz, 1H), 7.50 — 7.43
(m, 1H), 6.21 (s, 1H), 5.40 (d, J = 1.1 Hz, 1H), 5.23 (d, /= 1.1 Hz, 1H), 3.82 (d, J =
18.3 Hz, 1H), 3.60 (s, 3H), 3.39 (d, J= 18.3 Hz, 1H); '°F NMR (471 MHz, Chloroform-
d) & -68.25 (s, 3F); *C NMR (126 MHz, Chloroform-d) & 198.5, 166.1, 151.2, 147.5,
145.0, 138.3, 136.5, 136.4, 130.8, 128.7, 126.5, 126.5, 125.6 (q, J = 284.7 Hz), 125.1,
123.6, 60.1 (q, J = 22.8 Hz), 52.6, 45.8,31.9. IR (cm™): 2956, 1718, 1519, 1349, 1259,
1146, 960, 935, 699, 596. HRMS (EST"): calcd. for [C21H16F3NOs+H '] 420.1053, found
420.1055. The enantiomeric excess was determined by HPLC with an 1G-3 column at

254 nm (2-propanol:hexane=3:7), 1.0 mL/min; tr = 7.6 min (major), 18.3 min (minor).

O CN
o
CO,Me
3f

Methyl-2-((S)-(4-cyanophenyl)((R)-1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-
inden-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
18.6 mg (93% yield), 95:5 3/4, >20:1 d.r., >99% ee. [a.]*p 143.2° (¢ = 0.2, CHCl3); 'H
NMR (500 MHz, Chloroform-d) & 7.82 (d, J = 7.7 Hz, 1H), 7.70 (td, J = 7.5, 1.3 Hz,
1H), 7.64 — 7.59 (m, 2H), 7.51 (t,J= 8.0 Hz, 4H), 7.47 (t,J= 7.3 Hz, 1H), 6.19 (s, 1H),
5.38 (d,J=1.2 Hz, 1H), 5.17 (d, 1H), 3.78 (d, J=18.3 Hz, 1H), 3.38 (d, /= 18.3 Hz,
1H); YF NMR (471 MHz, Chloroform-d) & -68.28 (s, 3F); '3*C NMR (126 MHz,
Chloroform-d) 6 198.6, 166.2, 151.2, 142.9, 138.4, 136.6, 136.4, 132.2, 130.7, 128.5,
126.5, 126.3, 125.5 (q, J = 284.8 Hz), 125.1, 118.6, 111.9, 60.1 (q, J = 22.8 Hz), 52.6,
46.0,31.9. IR (cm™): 2954, 2229, 1718, 1262, 1156, 1029, 1101, 787, 742, 598. HRMS
(EST"): caled. for [C22Hi6F3sNO3+Na'] 422.0974, found 422.0978. The enantiomeric
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excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=4:6), 1.0 mL/min; tr = 6.6 min (major), 15.3 min (minor).

O
CoEis

CO,Me

OMe

39
Methyl-2-((S)-(4-methoxyphenyl)((R)-1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-
inden-2-yl)methyl)acrylate
The title compound was prepared according to the General Procedure A as a white solid,
21.1 mg (90% yield), 91:9 3/4,>20:1 d.r., >99% ee. [a]*p 110.9° (c = 0.2, CHCl5); 'H
NMR (500 MHz, Chloroform-d) 6 7.82 (d, J= 7.6 Hz, 1H), 7.67 (td, J= 7.5, 1.2 Hz,
1H), 7.51 (d,J=7.7 Hz, 1H), 7.48 — 7.42 (m, 1H), 7.36 — 7.24 (m, 2H), 6.88 — 6.79 (m,
2H), 6.12 (s, 1H), 5.34 (d, /= 1.2 Hz, 1H), 5.12 (d, /= 1.2 Hz, 1H), 3.80 (s, 3H), 3.81
(d, J = 18.3 Hz, 1H), 3.62 (s, 3H), 3.37 (d, J = 18.4 Hz, 1H); '°F NMR (471 MHz,
Chloroform-d) § -68.34 (s, 3F); *C NMR (126 MHz, Chloroform-d) & 199.6, 166.8,
159.1, 151.7, 139.6, 136.9, 136.0, 131.0, 129.0, 128.4, 126.4, 125.9 (q, J = 284.6 Hz),
125.0, 124.9, 113.8, 60.3 (q, J = 22.4 Hz), 55.3, 52.3,45.2,32.2. IR (cm™): 2956, 2361,
1716, 1507, 1256, 1153, 1031, 951, 787, 669, 451. HRMS (ESI"): calcd. for
[C22H19F304+H'] 405.1308, found 405.1305. The enantiomeric excess was determined
by HPLC with an IG-3 column at 254 nm (2-propanol:hexane=1:9), 1.0 mL/min; tr =

11.6 min (major), 19.0 min (minor).

Me

O
CoEis

CO,Me
3h

Methyl-2-((S)-((R)-1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-yl)(p-
tolyl)methyl)acrylate
The title compound was prepared according to the General Procedure A as a white solid,

17.7 mg (91% yield), 92:8 3/4, >20:1 d.r., 98% ee. [a]*p 117.6° (¢ = 0.2, CHCls); 'H
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NMR (500 MHz, Chloroform-d) ¢ 7.81 (d, J= 7.7 Hz, 1H), 7.66 (t, J = 7.4 Hz, 1H),
7.49 (d,J=7.7 Hz, 1H), 7.43 (t,J= 7.4 Hz, 1H), 7.24 (d, /= 7.8 Hz, 2H), 7.10 (d, J =
7.8 Hz, 2H), 6.12 (s, 1H), 5.35 (s, 1H), 5.11 (s, 1H), 3.81 (d, /= 18.4 Hz, 1H), 3.60 (d,
J =09 Hz, 3H), 3.35 (d, J = 18.4 Hz, 1H), 2.32 (s, 3H); °F NMR (471 MHz,
Chloroform-d) & -68.31 (s, 3F); *C NMR (126 MHz, Chloroform-d) & 199.6, 166.8,
151.7,139.6, 137.5, 136.9, 136.0, 134.1, 129.8, 129.2, 128.3, 126.4, 125.8 (q, J = 284.6
Hz), 125.3, 124.9, 60.3 (q, J = 22.4 Hz), 52.3, 45.5, 32.2, 21.2. IR (cm™): 2954, 1720,
1607, 1439, 1258, 1150, 965, 814, 740, 675, 598. HRMS (ESI"): calcd. for
[C22H19F303+H '] 389.1359, found 389.1360. The enantiomeric excess was determined
by HPLC with an IG-3 column at 254 nm (2-propanol:hexane=1:9), 1.0 mL/min; tr =

8.3 min (major), 13.7 min (minor).

cl
O ¢

CD) A

CO,Me
3i

Methyl-2-((S)-(2,3-dichlorophenyl)((R)-1-0x0-2-(trifluoromethyl)-2,3-dihydro-
1H-inden-2-yl)methyl)acrylate
The title compound was prepared according to the General Procedure A as a white solid,
21.3 mg (96% yield), 99:1 3/4, >20:1 d.r., >99% ee. [a]*’p 22.1° (c = 0.3, CHCI3); 'H
NMR (500 MHz, Chloroform-d) 6 7.81 (d, J= 7.7 Hz, 1H), 7.65 (td, J = 7.4, 1.3 Hz,
1H), 7.47 (dt, J=17.8, 1.0 Hz, 1H), 7.45 — 7.41 (m, 1H), 7.36 (dd, /= 7.9, 1.5 Hz, 1H),
7.32(dd,J=7.9, 1.4 Hz, 1H), 7.08 (t,J=7.9 Hz, 1H), 6.26 (s, 1H), 5.77 (d,J=1.1 Hz
1H), 5.59 (d, J=1.1 Hz, 1H), 3.84 (d, J=18.0 Hz, 1H), 3.62 (s, 3H), 3.45 (d, J=18.0
Hz, 1H); 'F NMR (471 MHz, Chloroform-d) & -68.34 (s, 3F); '3C NMR (126 MHz,
Chloroform-d) 6 198.9, 166.4, 151.6, 138.3, 137.7, 136.4, 136.2, 134.1, 129.8, 128.7,
128.6, 128.4, 126.5, 126.3, 125.6 (q, J = 284.8 Hz), 124.9, 60.0 (q, J =23.1 Hz), 52.4,
43.4,32.7. IR (cm™): 2948, 1726, 1598, 1422, 1202, 1133, 974, 788, 680, 472. HRMS
(EST): caled. for [CaiHisCLF303+H'] 443.0423, found 443.0424. The enantiomeric
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excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=1:9), 1.0 mL/min; tr = 8.9 min (major), 12.3 min (minor).

o)
CF3
D) o
CO,Me
3j

Methyl-2-((S)-(3-chlorophenyl)((R)-1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-
inden-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
19.2 mg (94% yield), 95:5 3/4, >20:1 d.r., >99% ee. [a.]*p 100.3° (¢ = 0.3, CHCl3); 'H
NMR (500 MHz, Chloroform-d) & 7.80 (dt, J=7.7, 1.0 Hz, 1H), 7.67 (td, J= 7.5, 1.2
Hz, 1H), 7.51 (dt, J= 7.6, 0.9 Hz, 1H), 7.48 — 7.41 (m, 1H), 7.34 (d, J= 2.0 Hz, 1H),
7.31 —7.21 (m, 3H), 6.16 (s, 1H), 5.36 (d, J= 1.1 Hz, 1H), 5.12 (d, J = 1.1 Hz, 1H),
3.78 (d, J=18.4 Hz, 1H), 3.61 (s, 3H), 3.38 (d, /= 18.3 Hz, 1H); '°F NMR (471 MHz,
Chloroform-d) & -68.30 (s, 3F); '3C NMR (126 MHz, Chloroform-d) § 199.0, 166.4,
151.4,139.3,138.8,136.7,136.2, 134.2,129.7, 128.5, 128.4, 128.1, 126.5, 125.9, 125.7
(q,J=284.6 Hz), 124.9, 60.1 (q, J = 22.7 Hz), 52.4, 45.5, 32.1. IR (cm™): 2950, 1715,
1598, 1440, 1258, 1146, 960, 930, 781, 738, 701, 617. HRMS (ESI"): calcd. for
[C21H16CIF3035+H'] 409.0813, found 409.0811. The enantiomeric excess was
determined by HPLC with an IG-3 column at 254 nm (2-propanol:hexane=1:9), 1.0

mL/min; tr = 7.8 min (major), 12.6 min (minor).

o)
cF3
O’ Br
CO,Me
3k

Methyl-2-((S)-(3-bromophenyl)((R)-1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-

inden-2-yl)methyl)acrylate
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The title compound was prepared according to the General Procedure A as a white solid,
19.5 mg (86% yield), 93:7 3/4, >20:1 d.r., >99% ee. [a]*°p 135.4° (¢ = 1.6, CHCl3); 'H
NMR (500 MHz, Chloroform-d) 6 7.81 (dt, /= 7.7, 1.0 Hz, 1H), 7.68 (td, J= 7.4, 1.2
Hz, 1H), 7.52 (dt, J= 7.7, 1.0 Hz, 1H), 7.48 (t, J= 1.8 Hz, 1H), 7.47 — 7.43 (m, 1H),
7.40 (ddd, J = 8.0, 2.0, 1.0 Hz, 1H), 7.32 (d, /= 7.7 Hz, 1H), 7.18 (t, /= 7.9 Hz, 1H),
6.17 (s, 1H), 5.36 (d, /= 1.2 Hz, 1H), 5.10 (d, J = 1.1 Hz, 1H), 3.76 (d, J = 18.3 Hz,
1H), 3.62 (s, 3H), 3.38 (d, J = 18.3 Hz, 1H); '°F NMR (471 MHz, Chloroform-d) § -
68.30 (s, 3F); 1*C NMR (126 MHz, Chloroform-d) § 199.0, 166.4, 151.4, 139.6, 138.8,
136.7, 136.2, 132.5, 131.0, 123.0, 128.9, 128.5, 126.5, 126.0, 125.7 (q, J = 284.8 Hz),
125.0, 122.4, 60.1 (q, J = 22.6 Hz), 52.5, 45.5,32.1. IR (cm™): 2950, 1713, 1590, 1438,
1256, 1142, 960, 791, 698, 615. HRMS (ESI"): calcd. for [C21Hi6BrF303+H'] 453.0308,
found 453.0307. The enantiomeric excess was determined by HPLC with an 1G-3
column at 254 nm (2-propanol:hexane=1:9), 1.0 mL/min; tr = 8.1 min (major), 14.5

min (minor).

O

CF3
D) ve

CO,Me
3l

Methyl-2-((S)-((R)-1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-yl)(m-
tolyl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
17.1 mg (88% yield), 91:9 3/4, >20:1 d.r., >99% ee. [a]*’p 78.0° (c = 0.2, CHCl3); 'H
NMR (500 MHz, Chloroform-d) & 7.81 (dt, J=7.7, 0.9 Hz, 1H), 7.65 (td, J= 7.5, 1.2
Hz, 1H), 7.49 (dt, /= 7.7, 0.9 Hz, 1H), 7.45 — 7.40 (m, 1H), 7.20 — 7.13 (m, 3H), 7.09
—7.04 (m, 1H), 6.15 (s, 1H), 5.39 (d, J=1.1 Hz, 1H), 5.11 (d, J= 1.0 Hz, 1H), 3.79 (d,
J=18.4 Hz, 1H), 3.61 (s, 3H), 3.37 (d, J = 18.3 Hz, 1H), 2.32 (s, 3H); '°F NMR (471
MHz, Chloroform-d) § -68.27 (s, 3F); *C NMR (126 MHz, Chloroform-d) & 199.5,
166.8,151.7,139.4, 134.0,137.0, 136.9, 136.0, 130.6, 128.5, 128.3, 128.2, 126.9, 126 4,
125.8 (q, J = 284.6 Hz), 125.6, 124.8, 60.2 (q, J = 22.5 Hz), 52.3, 45.8, 33.1, 21.6. IR
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(cm™): 2954, 1720, 1604, 1439, 1258, 1150, 965, 785, 703, 676, 613. HRMS (ESI"):
calcd. for [C22H19F303+Na] 411.1179, found 411.1175. The enantiomeric excess was
determined by HPLC with an IG-3 column at 254 nm (2-propanol:hexane=1:9), 1.0

mL/min; tr = 7.5 min (major), 10.5 min (minor).

o)
CFLO
NN
CO,Me
3m

Methyl-2-((S)-furan-2-yl((R)-1-oxo-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-
yDmethyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
15.5 mg (85% yield), 98:2 3/4, >20:1 d.r., 98% ee. [a]*p 78.5° (¢ = 0.2, CHCl3); 'H
NMR (400 MHz, Chloroform-d) & 7.76 (d, J = 7.7 Hz, 1H), 7.63 (td, J = 7.5, 1.2 Hz,
1H), 7.46 (dt, J=7.7, 1.0 Hz, 1H), 7.43 — 7.37 (m, 1H), 7.32 (dd, /= 1.8, 0.8 Hz, 1H),
6.30 (dd, J=3.2, 1.9 Hz, 1H), 6.26 (dd, /= 3.2, 0.9 Hz, 1H), 6.16 (s, 1H), 5.87 — 5.82
(m, 1H), 5.20 (s, 1H), 3.90 (d, J= 18.4 Hz, 1H), 3.69 (s, 3H), 3.47 (d, /= 18.4 Hz, 1H);
F NMR (376 MHz, Chloroform-d) & -69.96 (s, 3F); *C NMR (126 MHz, CDCls) &
198.5, 166.7, 152.2, 151.0, 142.6, 136.7, 136.2, 136.0, 129.0, 128.2, 126.2, 125.6 (q, J
= 284.6 Hz), 124.7, 110.6, 109.4, 52.5, 39.2, 32.6. HRMS (ESI'): calcd. for
[Ci9H15F304+H'] 365.0995, found 365.0993. The enantiomeric excess was determined
by HPLC with an IG-3 column at 254 nm (2-propanol:hexane=1:9), 1.0 mL/min; tr =

8.5 min (major), 22.6 min (minor).

0]
CFy> A\
~
CO,Me
3n

Methyl-2-((S)-((R)-1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-

yD(thiophen-2-yl)methyl)acrylate
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The title compound was prepared according to the General Procedure A as a white solid,
15.8 mg (83% yield), 98:2 3/4, >20:1 d.r., 98% ee. [a]*’p 87.4° (¢ = 0.2, CHCl3); 'H
NMR (500 MHz, Chloroform-d) & 7.78 (d, J = 7.7 Hz, 1H), 7.65 (t, J = 7.5 Hz, 1H),
7.50 (d, J=7.7 Hz, 1H), 7.42 (t, J="7.5 Hz, 1H), 7.21 (d, J=5.1 Hz, 1H), 7.05 (d, J =
3.5Hz, 1H), 6.93 (dd, J=5.2, 3.6 Hz, 1H), 6.15 (s, 1H), 5.60 (s, 1H), 5.46 (s, 1H), 3.90
(d, J = 18.3 Hz, 1H), 3.67 (s, 3H), 3.48 (d, J = 18.2 Hz, 1H); '°F NMR (471 MHz,
Chloroform-d) & -68.93 (s, 3F); '3C NMR (126 MHz, Chloroform-d) & 198.9, 166.6,
152.0, 140.1, 139.2, 136.5, 136.1, 128.4, 127.2, 126.8, 126.4, 125.6 (q, J = 284.7 Hz),
125.5,125.0, 60.5 (q, J=22.6 Hz), 52.5, 41.5,33.0. IR (cm™'): 2958, 2853, 1709, 1605,
1442, 1258, 1142, 965, 795, 713, 617. HRMS (ESI"): calcd. for [Ci9oHsF303S+H"]
381.0767, found 381.0766. The enantiomeric excess was determined by HPLC with an

IG-3 column at 254 nm (2-propanol:hexane=1:9), 1.0 mL/min; tr = 8.1 min (major),

11.7 min (minor).

Methyl-2-((S)-naphthalen-1-yl((R)-1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-
inden-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
17.4 mg (82% yield), 87:13 3/4, 15:1 d.r., >99% ee. [a]*p 132.4° (c = 0.3, CHCl3); 'H
NMR (500 MHz, Chloroform-d) & 8.54 (d, J= 8.7 Hz, 1H), 7.88 — 7.82 (m, 2H), 7.75
(d, J=8.1 Hz, 1H), 7.68 — 7.60 (m, 2H), 7.55 — 7.48 (m, 1H), 7.47 — 7.41 (m, 3H), 7.36
—7.30 (m, 1H), 6.22 (s, 1H), 6.12 (s, 1H), 5.52 (d, /= 1.0 Hz, 1H), 3.83 (d, J = 18.1
Hz, 1H), 3.57 (s, 3H), 3.44 (d, J= 18.1 Hz, 1H); '°F NMR (471 MHz, Chloroform-d) &
-68.19 (s, 3F); 3*C NMR (126 MHz, Chloroform-d) § 199.6, 167.1, 151.9, 139.7, 136.8,
136.0, 134.2, 132.3, 128.9, 128.6, 128.3, 127.0, 126.7, 126.4, 126.3, 125.9, 1259 (d, J
= 284.7 Hz), 124.8, 124.5, 124.1, 60.0 (q, J = 22.7 Hz), 52.4, 40.1, 33.1. IR (cm™):
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2920, 1724, 1606, 1436, 1278, 1253, 1152, 962, 786, 690. HRMS (ESI"): calcd. for
[C2sHioF303+Na'] 447.1179, found 447.1180. The enantiomeric excess was
determined by HPLC with an IG-3 column at 254 nm (2-propanol:hexane=1:9), 1.0

mL/min; tr = 8.7 min (major), 13.1 min (minor).

O
Coeie
F

CO,Me
3p

Methyl-2-((S)-((R)-5-fluoro-1-oxo0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-
yD)(phenyl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
18.0 mg (92% yield), 93:7 3/4, >20:1 d.r., >99% ee. [a.]*p 101.9° (¢ = 0.2, CHCl3); 'H
NMR (500 MHz, Chloroform-d) 6 7.81 (dd, J= 8.3, 5.2 Hz, 1H), 7.39 — 7.32 (m, 2H),
7.31—-7.23 (m, 3H), 7.17 - 7.09 (m, 2H), 6.17 (s, 1H), 5.42 (d, J= 1.1 Hz, 1H), 5.11
(d, J=1.1 Hz, 1H), 3.79 (d, J = 18.5 Hz, 1H), 3.61 (s, 3H), 3.35 (d, J = 18.5 Hz, 1H);
9F NMR (471 MHz, Chloroform-d) & -68.38 (s, 3F), -99.99 (s, 1F); '3C NMR (126
MHz, Chloroform-d) & 197.5, 167.8 (d, J = 258.9 Hz), 166.7, 154.6 (d, J = 10.4 Hz),
139.3, 136.9, 133.2, 129.8, 128.5, 127.9, 127.3 (d, J = 10.7 Hz), 125.7 (q, J = 284.7
Hz), 125.8, 116.8 (d, J=23.8 Hz), 113.3 (d, /= 22.7 Hz), 60.6 (q, J = 22.6 Hz), 52.4,
46.0, 32.3. IR (cm™'): 2954, 1724, 1595, 1484, 1438, 1258, 1150, 1085, 948, 824, 703,
606. HRMS (ESI"): calcd. for [CaiHi6F4O3+H'] 415.0928, found 415.0930. The
enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=2:8), 1.0 mL/min; tr = 5.6 min (major), 7.0 min (minor).

O
CoEs
Cl

CO,Me
3q
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Methyl-2-((S)-((R)-5-chloro-1-oxo-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-
yD(phenyl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
18.0 mg (88% yield), 90:10 3/4, >20:1 d.r., >99% ee. [a]*p 106.1° (c = 0.3, CHCl5);
"H NMR (500 MHz, Chloroform-d) & 7.73 (d, J= 8.2 Hz, 1H), 7.48 (d, J= 1.5 Hz, 1H),
7.41 (dd, J= 8.1, 1.7 Hz, 1H), 7.35 — 7.32 (m, 2H), 7.31 — 7.25 (m, 3H), 6.17 (s, 1H),
5.40 (d, J= 1.1 Hz, 1H), 5.13 (d, J = 1.1 Hz, 1H), 3.78 (d, J = 18.5 Hz, 1H), 3.61 (s,
3H), 3.33 (d, J = 18.5 Hz, 1H); '°F NMR (471 MHz, Chloroform-d) & -68.35 (s, 3F);
13C NMR (126 MHz, Chloroform-d) § 198.0, 166.6, 153.0, 142.7, 139.3, 136.9, 135.2,
129.8, 129.3, 128.5, 127.9, 126.7, 125.6 (q, J = 284.7 Hz), 126.0, 125.8, 60.5 (q, J =
22.7 Hz), 52.4, 46.0, 32.1. IR (cm™): 2954, 1722, 1601, 1438, 1258, 1150, 1071, 957,
706, 605, 424. HRMS (ESI"): calcd. for [C21H16CIF303+H "] 409.0813, found 409.0814.
The enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=2:8), 1.0 mL/min; tr = 5.7 min (major), 6.8 min (minor).

0]

e

| CO,Me
3r

Methyl-2-((S)-((R)-4-chloro-1-ox0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-
yD)(phenyl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
17.4 mg (85% yield), 90:10 3/4, >20:1 d.r., >99% ee. [a.]*p 69.3°(c = 0.2, CHCl3); 'H
NMR (500 MHz, Chloroform-d) & 7.82 (dd, J=7.8, 1.0 Hz, 1H), 7.75 (dd, J="7.7, 0.9
Hz, 1H), 7.36 (dd, J=9.8, 7.5 Hz, 3H), 7.33 — 7.29 (m, 3H), 7.29 — 7.25 (m, 1H), 6.16
(s, 1H), 5.38 (d, /= 1.1 Hz, 1H), 5.14 (d, J = 0.9 Hz, 1H), 3.70 (d, J = 18.7 Hz, 1H),
3.61 (s, 3H), 3.30 (d, J = 18.7 Hz, 1H); '°F NMR (471 MHz, Chloroform-d) & -68.16
(s, 3F); 3C NMR (126 MHz, Chloroform-d) § 198.8, 166.6, 151.4, 139.2, 138.7, 138.6,
136.8, 130.2, 129.8, 128.5, 127.9, 125.8, 125.6 (q, J = 284.7 Hz), 123.6, 121.8, 60.6 (q,
J =22.6 Hz), 52.4, 46.0, 33.5. IR (cm™): 2950, 1720, 1593, 1457, 1265,1154, 1090,
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964, 798, 701, 630. HRMS (ESI"): caled. for [C21Hi6sCIF303+H'] 409.0813, found
409.0810. The enantiomeric excess was determined by HPLC with an IG-3 column at

254 nm (2-propanol:hexane=2:8), 1.0 mL/min; tr = 5.2 min (major), 6.7 min (minor).

O

(I o

CO,Me
3s

Methyl-2-((S)-((R)-4-fluoro-1-oxo-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-
yD(phenyl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
16.5 mg (83% yield), 85:15 3/4, >20:1 d.r., >99% ee. [a]*>p 120.8° (c = 0.3, CHCl3);
"H NMR (500 MHz, Chloroform-d) § 7.64 (d, J= 7.6 Hz, 1H), 7.46 (td, J= 7.8, 4.5 Hz,
1H), 7.41 — 7.35 (m, 3H), 7.35 — 7.26 (m, 3H), 6.19 (s, 1H), 5.42 (d, J= 1.1 Hz, 1H),
5.17(d,J=1.1 Hz, 1H), 3.82 (d, J = 18.6 Hz, 1H), 3.63 (s, 3H), 3.41 (d, /= 18.6 Hz,
1H); F NMR (471 MHz, Chloroform-d) & -68.33 (s, 3F), -117.86 (s, 1F); 3C NMR
(126 MHz, Chloroform-d) ¢ 198.3, 166.6, 159.7 (d, J = 251.9 Hz), 139.4 (d, J = 2.7
Hz), 139.3, 137.5 (d, J = 19.3 Hz), 136.8, 130.5 (d, J = 6.3 Hz), 129.8, 128.5, 127.9,
125.7,125.5 (q, J = 284.7 Hz), 122.1 (d, J=19.7 Hz), 120.6 (d, /= 3.9 Hz), 60.4 (q, J
=22.7Hz),52.4,46.0,28.3. IR (cm™): 2954, 1720, 1619, 1483, 1437, 1247, 1146, 995,
798, 699, 609, 544. HRMS (ESI"): caled. for [C2iHisF4O3+H'] 393.1108, found
393.1109. The enantiomeric excess was determined by HPLC with an IG-3 column at

254 nm (2-propanol:hexane=2:8), 1.0 mL/min; tr = 5.0 min (major), 5.9 min (minor).

O
) o

CO,Me
3t

Methyl-2-((S)-((R)-6-fluoro-1-oxo-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-

yD(phenyl)methyl)acrylate
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The title compound was prepared according to the General Procedure A as a white solid,
17.7 mg (90% yield), 91:9 3/4, >20:1 d.r., >99% ee. [a]*p 125.7° (c = 0.2, CHCl3); '"H
NMR (500 MHz, Chloroform-d) 6 7.48 — 7.41 (m, 2H), 7.39 — 7.32 (m, 3H), 7.31 —
7.23 (m, 3H), 6.17 (s, 1H), 5.41 (d, J= 1.1 Hz, 1H), 5.09 (d, /= 1.1 Hz, 1H), 3.77 (d, J
= 18.2 Hz, 1H), 3.61 (s, 3H), 3.33 (d, J = 18.2 Hz, 1H); '°F NMR (471 MHz,
Chloroform-d) & -68.32 (s, 3F), -112.70 (s, 1F); *C NMR (126 MHz, Chloroform-d) &
198.6, 166.6, 162.7 (d, J=249.9 Hz), 147.1, 139.3, 138.5 (d, /= 8.6 Hz), 136.9, 129.8,
128.5,127.9, 127.9, 125.6 (q, J = 284.6 Hz), 125.7, 123.8 (d, J=23.8 Hz), 110.7 (d, J
=222 Hz), 61.2 (q,J = 22.6 Hz), 52.4, 46.1, 31.9. IR (cm™"): 2956, 1716, 1628, 1489,
1441, 1295, 1264, 1139, 963, 766, 609. HRMS (ESI"): calcd. for [C21Hi6F403+H']
393.1108, found 393.1109. The enantiomeric excess was determined by HPLC with an
IG-3 column at 254 nm (2-propanol:hexane=2:8), 1.0 mL/min; tr = 5.8 min (major),

7.5 min (minor).

O
e

CO,Me
3u

Methyl-2-((S)-((R)-6-bromo-1-o0x0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-
yD(phenyl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
18.1 mg (80% yield), 93:7 3/4, >20:1 d.r., >99% ee. [a]*p 43.0° (c = 0.2, CHCl3); 'H
NMR (500 MHz, Chloroform-d) & 7.93 (d, J = 1.9 Hz, 1H), 7.75 (dd, J = 8.1, 2.0 Hz,
1H), 7.37 (d, J= 8.1 Hz, 1H), 7.35 — 7.32 (m, 2H), 7.31 — 7.25 (m, 3H), 6.18 (s, 1H),
5.39(d,J=1.1 Hz, 1H), 5.11 (s d, J= 1.1 Hz, 1H), 3.74 (d, J = 18.4 Hz, 1H), 3.61 (s,
3H), 3.30 (d, J = 18.4 Hz, 1H); "°F NMR (471 MHz, Chloroform-d) & -68.32 (s, 3F);
3C NMR (126 MHz, Chloroform-d) § 198.1, 166.6, 150.2, 139.3, 138.8, 138.5, 136.9,
129.8, 128.5, 127.9, 127.9, 127.7, 125.8, 125.6 (q, J = 284.7 Hz), 122.6, 60.8 (q, J =
22.6 Hz), 52.4, 46.1, 32.1. IR (cm™): 2961, 1718, 1600, 1451, 1258, 1161, 1025, 814,
703, 605, 498. HRMS (ESI"): calcd. for [C21H16BrF303+H "] 453.0308, found 453.0307.
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The enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=2:8), 1.0 mL/min; tr = 6.3 min (major), 7.5 min (minor).

O
e

CO,Me
3v

Methyl-2-((S)-((R)-1-0x0-2,6-bis(trifluoromethyl)-2,3-dihydro-1H-inden-2-
yD)(phenyl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
20.4 mg (92% yield), 93:7 3/4, >20:1 d.r., >99% ee. [a.]*p 110.1° (¢ = 0.3, CHCL3); 'H
NMR (500 MHz, Chloroform-d) 6 8.10 — 8.06 (m, 1H), 7.91 (dd, J=7.9, 1.8 Hz, 1H),
7.64 (d, J= 8.0 Hz, 1H), 7.38 — 7.35 (m, 2H), 7.34 — 7.27 (m, 3H), 6.21 (s, 1H), 5.44
(d, J=1.1 Hz, 1H), 5.15 (d, J= 1.1 Hz, 1H), 3.90 (d, J = 18.7 Hz, 1H), 3.64 (s, 3H),
3.45(d, J=18.9 Hz, 1H); '°F NMR (471 MHz, Chloroform-d) § -62.61 (s, 3F) , -68.32
(s, 3F); 3C NMR (126 MHz, Chloroform-d) § 198.3, 166.6, 154.8, 139.3, 137.1, 136.8,
132.4 (q,J=3.4 Hz), 131.3 (q, J = 33.3 Hz), 129.8, 128.6, 128.1, 127.2, 126.1, 125.3
(q,J=284.7Hz), 123.5 (q, J =272.8 Hz), 122.0 (q, /= 3.9 Hz), 60.7 (q, J = 22.8 Hz),
52.4,46.2,32.6. IR (cm™): 2956, 1724, 1627, 1453, 1332, 1254, 1129, 1060, 958, 703,
680. HRMS (ESI"): calcd. for [C22Hi6FsO3+Na™] 465.0896, found 465.0898. The
enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=2:8), 1.0 mL/min; tr = 4.7 min (major), 5.4 min (minor).

(0]
O
Me CO,Me
3w

Methyl-2-((S)-((R)-4-methyl-1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-

yD)(phenyl)methyl)acrylate
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The title compound was prepared according to the General Procedure A as a white solid,
17.7 mg (91% yield), 94:6 3/4,>20:1 d.r., >99% ee. [a]*p 122.1° (c = 0.3, CHCl3); 'H
NMR (500 MHz, Chloroform-d) & 7.66 (d, J= 7.6 Hz, 1H), 7.48 (d, J = 7.3 Hz, 1H),
7.42 —7.38 (m, 2H), 7.37 (d, J= 7.5 Hz, 1H), 7.36 — 7.27 (m, 3H), 6.15 (s, 1H), 5.38
(d, J=1.1 Hz, 1H), 5.17 (d, J= 1.1 Hz, 1H), 3.68 (d, J = 18.3 Hz, 1H), 3.61 (s, 3H),
3.26 (d, J = 18.3 Hz, 1H), 2.39 (s, 3H); '°F NMR (471 MHz, Chloroform-d) & -68.19
(s, 3F); *C NMR (126 MHz, Chloroform-d) & 199.8, 166.7, 150.5, 139.4, 137.2, 136.7,
136.5, 135.7,129.9, 128.6, 128.4, 127.7, 125.8 (q, J = 284.6 Hz), 125.5, 122.3, 60.3 (q,
J =224 Hz), 52.3, 46.1, 31.2, 18.0. IR (cm™): 2954, 1724, 1593, 1438, 1258, 1150,
956, 798, 703, 608. HRMS (ESI"): calcd. for [C22H9F303+Na'] 411.1179, found
411.1181. The enantiomeric excess was determined by HPLC with an 1G-3 column at

254 nm (2-propanol:hexane=2:8), 1.0 mL/min; tr = 6.1 min (major), 7.6 min (minor).

(0]
MeO l CF3

CO,M
e
3x

Methyl-2-((S)-((R)-6-methoxy-1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-
yD)(phenyl)methyl)acrylate

The title compound was prepared according to the General Procedure A as a white solid,
18.2 mg (90% yield), 91:9 3/4, >20:1 d.r., >99% ee. [a.]*p 165.4° (¢ = 0.3, CHClL3); 'H
NMR (500 MHz, Chloroform-d) 6 7.39 — 7.34 (m, 3H), 7.32 — 7.20 (m, 5H), 6.14 (s,
1H), 5.37 (d, J= 1.2 Hz, 1H), 5.14 (d, /= 1.2 Hz, 1H), 3.84 (s, 3H), 3.73 (d, /= 18.0
Hz, 1H), 3.60 (s, 3H), 3.27 (d, J = 18.1 Hz, 1H); ’F NMR (471 MHz, Chloroform-d) &
-68.32 (s, 3F); 3*C NMR (126 MHz, Chloroform-d) § 199.4, 166.7, 160.0, 144.5, 139.4,
138.1,137.1,129.9, 128.4, 127.8, 127.1, 125.8 (q, J = 284.7 Hz), 125.5, 125.3, 61.1 (q,
J =225 Hz), 55.8, 52.3, 45.9, 31.5. IR (cm™): 2960, 1703, 1618, 1491, 1254, 1137,
1023, 964, 784, 701, 608, 541. HRMS (ESI"): calcd. for [C22Hi9F304+H"] 405.1308,

found 405.1309. The enantiomeric excess was determined by HPLC with an 1G-3
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column at 254 nm (2-propanol:hexane=2:8), 1.0 mL/min; tr = 6.9 min (major), 9.4 min

(minor).

Ethyl-(R,E)-3-(4-fluorophenyl)-2-((1-ox0-2-(trifluoromethyl)-2,3-dihydro-1H-
inden-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure B as a colorless
oil, 9.3 mg (46% yield), 95:5 4/3, 15:1 E/Z, 95% ee. [a]*p -20.0° (¢ = 0.1, CHCl3); 'H
NMR (500 MHz, Chloroform-d) 6 7.74 —7.71 (m, 1H), 7.70 (s, 1H), 7.60 (td, J = 7.5,
1.2 Hz, 1H), 7.42 — 7.32 (m, 4H), 7.14 — 7.05 (m, 2H), 3.99 (dq, /= 10.8, 7.1 Hz, 1H),
3.86 (dq, J=10.8, 7.1 Hz, 1H), 3.40 (d, J = 14.5 Hz, 1H), 3.34 (d, J = 17.7 Hz, 1H),
3.30 (d, J=14.4 Hz, 1H), 3.23 (d, J=17.7 Hz, 1H), 1.12 (t, J= 7.2 Hz, 3H); "’F NMR
(471 MHz, Chloroform-d) § -72.14 (s, 3F), -111.26 (s, 1F); 3C NMR (126 MHz,
Chloroform-d) 6 199.4, 167.6, 163.0 (d, J=250.3 Hz), 151.4, 142.4, 135.7, 135.6 (d, J
=2.0Hz), 131.2 (d,J=8.4 Hz), 130.8 (d, /= 3.5 Hz), 128.1, 127.6, 126.4 (q, J = 282.6
Hz), 126.3, 124.6, 116.0 (d, J=21.9 Hz), 61.3, 56.2 (q, J = 23.8 Hz), 33.2, 28.5, 14.0.
IR (cm™): 2920, 1720, 1601, 1508, 1279, 1228, 1197, 1153, 1107, 833, 788, 740, 522.
HRMS (ESI'): caled. for [CxHisF4O3+Na'] 429.1084, found 429.1085. The
enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=1:9), 1.0 mL/min; tr = 9.8 min (major), 18.9 min (minor).

Ethyl-(R,E)-3-(4-bromophenyl)-2-((1-oxo0-2-(trifluoromethyl)-2,3-dihydro-1H-
inden-2-yl)methyl)acrylate
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The title compound was prepared according to the General Procedure B as a colorless
oil, 11.7 mg (50% yield), 95:5 4/3, 18:1 E/Z, 93% ee. [a]*p -26.2° (c = 0.3, CHCl5);
"H NMR (500 MHz, Chloroform-d) § 7.72 (d, J= 7.7 Hz, 1H), 7.66 (s, 1H), 7.61 (td, J
=7.5,1.2 Hz, 1H), 7.56 — 7.49 (m, 2H), 7.42 — 7.36 (m, 2H), 7.24 — 7.18 (m, 2H), 4.00
(dq, J=10.8, 7.1 Hz, 1H), 3.87 (dq, J = 10.8, 7.1 Hz, 1H), 3.39 (d, J = 14.4 Hz, 1H),
3.34(d,J=17.7 Hz, 1H), 3.28 (d, /= 14.4 Hz, 1H), 3.22 (d, /= 17.6 Hz, 1H), 1.13 (t,
J=17.1 Hz, 3H); ’F NMR (471 MHz, Chloroform-d) & -72.08 (s, 3F); '*3C NMR (126
MHz, Chloroform-d) 6 199.3, 167.5, 151.4, 142.2, 135.7, 135.5, 133.6, 132.1, 130.7,
128.5, 128.2, 126.4 (q, J = 282.6 Hz), 126.3, 124.7, 123.4, 61.4, 56.2 (q, J = 23.9 Hz),
33.3, 28.6, 14.0. IR (cm™): 2922, 1724, 1608, 1487, 1369, 1278, 1235, 1153, 1111,
1010, 788, 740, 516. HRMS (EST"): calcd. for [C22HsF3BrO3+Na'] 489.0284, found
489.0283. The enantiomeric excess was determined by HPLC with an IG-3 column at

254 nm (2-propanol:hexane=1:9), 1.0 mL/min; tr = 11.7 min (major), 21.2 min (minor).

Ethyl-(R,E)-2-((1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-yl)methyl)-3-
(4-(trifluoromethyl)phenyl)acrylate

The title compound was prepared according to the General Procedure B as a colorless
oil, 9.8 mg (43% yield), 95:5 4/3, 13:1 E/Z, 93% ee. [a]*’p -18.7° (¢ = 0.1, CHCL;); 'H
NMR (500 MHz, Chloroform-d) 6 7.74 (s, 1H), 7.70 (dd, /= 8.0, 1.2 Hz, 1H), 7.65 (d,
J=28.1 Hz, 2H), 7.60 (td, J = 7.4, 1.2 Hz, 1H), 7.46 — 7.42 (m, 2H), 7.40 — 7.36 (m,
2H), 4.02 (dq, J=10.8, 7.1 Hz, 1H), 3.91 (dq, J=10.8, 7.2 Hz, 1H), 3.42 — z3.31 (m,
2H), 3.26 (d, J = 14.5 Hz, 1H), 3.22 (d, J = 17.7 Hz, 1H), 1.14 (t, J = 7.2 Hz, 3H); \°F
NMR (471 MHz, Chloroform-d) & -62.79 (s, 3F) , -72.07 (s, 3F); 3*C NMR (126 MHz,
Chloroform-d) 6 199.2, 167.3,151.3, 141.7, 138.4, 135.8, 135.5, 130.8 (q, /= 32.6 Hz),
129.9, 129.3, 128.2, 126.3 (q, J = 282.5 Hz), 126.3, 125.8 (q, J= 3.7 Hz), 124.7, 124.0
(q,J=272.2 Hz), 61.5, 56.2 (q, J = 24.1 Hz), 33.5, 28.6, 14.0. IR (cm™): 2922, 1720,
1610, 1466, 1323, 1273, 1153, 1111, 1068, 1016, 934. 854, 788, 598, 512. HRMS



S24
Supplementary Information

(EST): caled. for [CasHisFsO3+Na'] 479.1052, found 479.1053. The enantiomeric
excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=1:9), 1.0 mL/min; tr = 7.9 min (major), 14.3 min (minor).

Ethyl-(R,E)-2-((1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-yl)methyl)-3-
(4-(trifluoromethoxy)phenyl)acrylate

The title compound was prepared according to the General Procedure B as a colorless
oil, 11.1 mg (47% yield), 94:6 4/3, 19:1 E/Z, 95% ee. [a]*p -14.1° (¢ = 0.1, CHCl5);
"H NMR (500 MHz, Chloroform-d) § 7.74 — 7.69 (m, 2H), 7.60 (td, J = 7.5, 1.2 Hz,
1H), 7.41 - 7.35 (m, 4H), 7.26 — 7.23 (m, 2H), 4.01 (dq, /= 10.8, 7.2 Hz, 1H), 3.88 (dq,
J=10.8,7.1 Hz, 1H), 3.39 (d, /= 14.6 Hz, 1H), 3.35 (d, /J=17.7 Hz, 1H), 3.28 (d, J =
14.5 Hz, 1H), 3.23 (d, J = 17.6 Hz, 1H), 1.13 (t,J= 7.1 Hz, 3H); '°F NMR (471 MHz,
Chloroform-d) & -57.75 (s, 3F), -72.10 (s, 3F); 3C NMR (126 MHz, Chloroform-d) &
199.3,167.4, 151.4, 149.5, 141.8, 135.7, 135.5, 133.3, 130.7, 128.7, 128.2, 126.4 (q, J
=282.5 Hz), 126.3, 124.7, 121.1, 120.5 (q, J = 257.9 Hz), 61.4, 56.2 (q, J = 23.8 Hz),
33.3, 28.6, 14.0. IR (cm™): 2922, 1720, 1608, 1508, 1467, 1256, 1215, 1156, 1111,
1016, 933, 855, 788, 740, 541. HRMS (ESI"): calcd. for [C23HisF3sNO3+Na*]495.1001,
found 495.1000. The enantiomeric excess was determined by HPLC with an 1G-3
column at 254 nm (2-propanol:hexane=1:9), 1.0 mL/min; tr = 7.0 min (major), 11.5

min (minor).

Ethyl-(R,E)-3-(4-cyanophenyl)-2-((1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-
inden-2-yl)methyl)acrylate
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The title compound was prepared according to the General Procedure B as a colorless
oil, 11.1 mg (47% yield), 94:6 4/3, 19:1 E/Z, 95% ee. [a]*p 130.4° (c = 0.3, CHCl5);
'"H NMR (500 MHz, Chloroform-d) & 7.74 — 7.67 (m, 4H), 7.62 (td, J = 7.4, 1.2 Hz,
1H), 7.48 — 7.35 (m, 4H), 4.03 (dq, J = 10.8, 7.1 Hz, 1H), 3.93 (dq, /= 10.8, 7.2 Hz,
1H), 3.41 — 3.33 (m, 2H), 3.23 (m, 2H), 1.14 (t, J= 7.1 Hz, 3H); '°F NMR (471 MHz,
Chloroform-d) & -72.07 (s, 3F); '3C NMR (126 MHz, Chloroform-d) § 199.1, 167.1,
151.4,141.1, 139.5,135.9, 135.4, 132.5, 130.6, 129.6, 128.3, 126.3, 126.2 (q, J = 282.6
Hz), 124.7,118.5, 112.5, 61.7, 56.2 (q, J = 23.9 Hz), 33.7, 28.6, 14.0. IR (cm™): 2922,
1720, 1605, 1467, 1370, 1273, 1235, 1194, 1153, 1098, 1013, 934, 857, 826, 788, 740,
557. HRMS (EST"): caled. for [C23HisF3sNO3+Na'] 436.1131, found 436.1132. The
enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=2:8), 1.0 mL/min; tr = 12.7 min (major), 27.7 min (minor).

Ethyl-(R,E)-3-(4-nitrophenyl)-2-((1-o0xo0-2-(trifluoromethyl)-2,3-dihydro-1H-
inden-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure B as a colorless
oil, 10.2 mg (47% yield), 95:5 4/3, 10:1 E/Z, 96% ee. [a]*’p -30.2° (¢ = 0.1, CHCl3);
'H NMR (500 MHz, Chloroform-d) § 8.29 — 8.23 (m, 2H), 7.74 (s, 1H), 7.70 (m, 1H),
7.62 (td, J=17.5, 1.2 Hz, 1H), 7.49 (m, 2H), 7.40 (m, 2H), 4.04 (dq, /= 10.8, 7.1 Hz,
1H), 3.95 (dq, J=10.8, 7.1 Hz, 1H), 3.42 - 3.33 (m, 2H), 3.24 (m, 2H), 1.15 (t, J="7.1
Hz, 3H); ’F NMR (471 MHz, Chloroform-d) § -72.06 (s, 3F); >*C NMR (126 MHz,
Chloroform-d) 6 199.0, 167.1, 151.4, 147.7, 141.4, 140.7, 135.9, 135.4, 131.1, 129.8,
128.3, 126.3, 126.2 (q, J = 282.5 Hz), 124.8, 124.0, 61.7, 56.2 (q, J = 24.2 Hz), 33.8,
28.7,14.0. IR (cm™): 2933, 1713, 1597, 1519, 1343, 1224, 1105, 1025, 928, 851, 749,
687. HRMS (ESI"): caled. for [C22HisF3sNOs+Na'] 456.1029, found 456.1030. The
enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=2:8), 1.0 mL/min; tr = 14.1 min (major), 30.6 min (minor).
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Ethyl-(R,E)-3-(2,3-dichlorophenyl)-2-((1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-
inden-2-yl)methyl)acrylate (a mixture of isomers with 10:1 E/Z)

The title compound was prepared according to the General Procedure B as a colorless
oil, 9.4 mg (41% yield), 95:5 4/3, 10:1 E/Z, 99% ee. [a.]*p -2.8° (¢ = 0.2, CHCl3); 'H
NMR (500 MHz, Chloroform-d) 6 7.72 (s, 1H), 7.68 (d, ] = 7.7 Hz, 1H), 7.60 (td, J =
7.5, 1.2 Hz, 1H), 7.47 (dd, J = 8.0, 1.6 Hz, 1H), 7.43 — 7.36 (m, 2H), 7.29 — 7.23 (m,
1H), 7.19 (d, J = 7.6, 1.2 Hz, 1H), 4.06 (dq, J = 10.8, 7.2 Hz, 1H), 3.94 (dq, J = 10.8,
7.2 Hz, 1H), 3.38 — 3.24 (m, 2H), 3.19 — 3.08 (m, 2H), 1.16 (t, ] = 7.1 Hz, 3H). '°F
NMR (471 MHz, Chloroform-d) § -72.59 (s, 3F); '*C NMR (126 MHz, Chloroform-d)
0 199.2, 167.0, 151.6, 143.5, 140.6, 135.8, 135.8, 133.7, 132.2, 130.8, 130.3, 128.2,
128.1, 127.7, 126.4, 126.2 (q, J = 282.6 Hz) 124.7, 61.6, 56.1 (q, J = 23.9 Hz), 32.9,
27.9, 14.0. IR (cm™): 2924, 1720, 1608, 1448, 1410, 1370, 1277, 1228, 1153, 1097,
1026, 787, 736, 470. HRMS (ESI"): calcd. for [C22H17CL1F303+Na’] 479.0399, found
479.0400. The enantiomeric excess was determined by HPLC with an IG-3 column at

254 nm (2-propanol:hexane=1:9), 1.0 mL/min; tr = 10.5 min (major), 14.3 min (minor).

Ethyl-(R,E)-2-((4-bromo-1-o0xo0-2-(trifluoromethyl)-2,3-dihydro-1H-inden-2-
yDmethyl)-3-(4-bromophenyl)acrylate

The title compound was prepared according to the General Procedure B as a colorless
oil, 10.9 mg (40% yield), 92:8 4/3, 12:1 E/Z, 84% ee. [a]*’p -10.6° (¢ = 0.1, CHCl3);
'H NMR (500 MHz, Chloroform-d) § 7.69 (s, 1H), 7.62 (dd, J = 7.5, 1.0 Hz, 1H), 7.60
(dd,J=7.8,1.0Hz, 1H), 7.56 - 7.51 (m, 2H), 7.39 — 7.34 (m, 1H), 7.23 — 7.19 (m, 2H),
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4.01 (dq, J = 10.8, 7.2 Hz, 1H), 3.93 (dq, J=10.8, 7.1 Hz, 1H), 3.38 (d, J = 14.6 Hz,
1H), 3.29 (d, J = 10.0 Hz, 1H), 3.26 (d, J = 13.7 Hz, 1H), 3.16 (d, J = 18.1 Hz, 1H),
1.14 (t,J=17.1 Hz, 3H); "’F NMR (471 MHz, Chloroform-d) & -72.10 (s, 3F); *C NMR
(126 MHz, Chloroform-d) 6 198.4, 167.3, 148.9, 142.6, 137.4, 135.3 , 133.5, 132.6,
132.1,130.6, 129.7, 128.0, 126.1 (q, J=282.6 Hz), 123.5, 122.9, 61.5, 56.5 (q, J=24.2
Hz),32.4,28.5,14.0. IR (cm™): 2921, 1703, 1601, 1487, 1461, 1263, 1231, 1153, 1107,
1074, 1008, 943, 807, 744, 501. HRMS (ESI'): calcd. for [C2Hi7Br2F303+Na']
566.9389, not found. The enantiomeric excess was determined by HPLC with an 1G-3
column at 254 nm (2-propanol:hexane=1:19), 1.0 mL/min; tg = 10.3 min (major), 19.2

min (minor).

Ethyl-(R,E)-3-(4-bromophenyl)-2-((6-methoxy-1-oxo-2-(trifluoromethyl)-2,3-
dihydro-1H-inden-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure B as a colorless
oil, 9.2 mg (37% yield), 92:8 4/3, 15:1 E/Z, 90% ee. [a]*’p -13.5° (¢ = 0.1, CHCl3); 'H
NMR (500 MHz, Chloroform-d) 6 7.65 (s, 1H), 7.55 — 7.50 (m, 2H), 7.27 — 7.25 (m,
2H), 7.23 —7.17 (m, 4H), 7.11 (d, /= 2.4 Hz, 1H), 4.02 (dq, J=10.8, 7.1 Hz, 1H),
3.92 (dq, J=10.8, 7.1 Hz, 1H), 3.83 (s, 3H), 3.38 (d, /= 14.6 Hz, 1H), 3.30-3.19
(m, 2H), 3.12 (d, J = 17.3 Hz, 1H), 1.15 (t, J= 7.1 Hz, 3H); '°’F NMR (471 MHz,
Chloroform-d) & -72.15 (s, 3F); '3*C NMR (126 MHz, Chloroform-d) & 199.3, 167.5,
159.9, 144.3, 142.0, 136.8, 133.7, 132.1, 130.7, 128.5, 127.0, 126.4 (q, J = 282.6 Hz),
125.2,123.4,105.6, 61.4, 57.0 (q, J = 24.1 Hz), 55.8, 32.6, 28.6, 14.0. IR (cm™"):
2920, 1715, 1631, 1489, 1433, 1275, 1226, 1151, 1107, 1073, 1010, 818, 766, 511.
HRMS (ESI"): calcd. for [C23H20BrF304+Na'] 519.0389, found 519.0386. The
enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=1:9), 1.0 mL/min; tr = 16.0 min (major), 25.1 min (minor).
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Ethyl-(R,E)-3-(4-bromophenyl)-2-((6-methyl-1-oxo-2-(trifluoromethyl)-2,3-
dihydro-1H-inden-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure B as a colorless
oil, 9.1 mg (38% yield), 92:8 4/3, 12:1 E/Z, 90% ee. [a]*>p -10.0° (¢ = 0.1, CHCl3); 'H
NMR (500 MHz, Chloroform-d) 6 7.64 (s, 1H), 7.55 — 7.50 (m, 2H), 7.49 (d, J= 1.6
Hz, 1H), 7.41 (dd, J="7.8, 1.7 Hz, 1H), 7.27 — 7.23 (m, 1H), 7.23 — 7.18 (m, 2H), 4.01
(dq, J=10.7, 7.1 Hz, 1H), 3.89 (dq, J = 10.8, 7.1 Hz, 1H), 3.37 (d, J = 14.5 Hz, 1H),
3.31-3.23 (m, 2H), 3.14 (d, J = 17.5 Hz, 1H), 2.39 (s, 3H), 1.13 (t, J= 7.1 Hz, 3H);
F NMR (471 MHz, Chloroform-d) § -72.08 (s, 3F); '>*C NMR (126 MHz, Chloroform-
d) 81994, 167.5, 148.8, 142.0, 138.3, 137.0, 135.7, 133.7, 132.1, 130.7, 128.6, 126.4
(q,/=282.6 Hz), 125.9, 124.5,123.4,61.4, 56.5 (q,J=23.8 Hz), 33.0, 28.6,21.2, 14.0.
IR (cm™): 2922, 1709, 1584, 1489, 1353, 1280, 1232, 1174, 1146, 1092, 1008, 956, 822,
646, 505. HRMS (ESI"): calcd. for [C23H20BrF303+Na'] 503.0440, found 503.0441.
The enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=1:9), 1.0 mL/min; tr = 12.3 min (major), 19.1 min (minor).

Ethyl-(R,E)-3-(naphthalen-1-yl)-2-((1-0x0-2-(trifluoromethyl)-2,3-dihydro-1H-
inden-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure B as a colorless
oil, 8.8 mg (40% yield), 93:7 4/3, 9:1 E/Z, 98% ee. [0]*’p -14.5° (¢ = 0.1, CHCls); 'H
NMR (500 MHz, Chloroform-d) 6 8.14 (s, 1H), 7.81 — 7.74 (m, 2H), 7.65 — 7.61 (m,
1H), 7.49 — 7.36 (m, 6H), 7.25 (dt, /= 7.0, 1.2 Hz, 1H), 7.21 (td, /= 7.5, 0.9 Hz, 1H),
7.14 (dt, J=17.6, 1.0 Hz, 1H), 4.00 (dq, J = 10.8, 7.2 Hz, 1H), 3.88 (dq, J = 10.8, 7.1
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Hz, 1H), 3.28 (d, /= 14.3 Hz, 1H), 3.19 (d, J=14.2 Hz, 1H), 3.07 (d, /= 17.6 Hz, 1H),
2.97 (d,J=17.7 Hz, 1H), 1.11 (t, J= 7.2 Hz, 3H); "°F NMR (471 MHz, Chloroform-
d) & -72.37 (s, 3F); *C NMR (126 MHz, Chloroform-d) § 199.3, 167.3, 151.3, 142.5,
135.6, 135.5, 133.6, 132.0, 131.6, 130.0, 129.3, 128.8, 128.0, 126.7, 126.4, 126.2 (q, J
=282.5 Hz), 126.1, 126.1, 125.4, 124.5, 124.4, 61.4, 56.3 (q, J = 24.1 Hz), 32.9, 28.3,
14.0. IR (cm™): 2931, 1720, 1607, 1447, 1367, 274, 1228, 1150, 1100, 1034, 936, 863,
803, 781, 736, 688, 423. HRMS (ESI"): calcd. for [C26H21F303+Na'] 461.1335, found
461.1332. The enantiomeric excess was determined by HPLC with an IG-3 column at

254 nm (2-propanol:hexane=1:9), 1.0 mL/min; tr = 14.7 min (major), 28.1 (minor).

Br
0] l
CF;
=
O‘ OEt
4]

Ethyl-(R,E)-3-(4-bromophenyl)-2-((1-oxo-2-(trifluoromethyl)-1,2,3,4-
tetrahydronaphthalen-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure B as a white solid,
9.0 mg (37% yield), 91:9 4/3, 10:1 E/Z, 99% ee. [a]*p -13.2° (c = 0.1, CHCL); 'H
NMR (500 MHz, Chloroform-d) 6 7.88 (dd, J=8.0, 1.4 Hz, 1H), 7.69 (s, 1H), 7.47 (td,
J=1.5, 1.5 Hz, 1H), 7.45 - 7.39 (m, 2H), 7.28 (td, J= 7.7, 1.2 Hz, 1H), 7.17 (dd, J =
7.7, 1.2 Hz, 1H), 7.16 — 7.11 (m, 2H), 4.18 — 4.02 (m, 2H), 3.05 — 2.85 (m, 2H), 2.32
(ddd,J=14.1,8.5,5.6 Hz, 1H), 2.13 (dt, /= 14.0, 5.8 Hz, 1H), 1.18 (t, /= 7.2 Hz, 3H);
F NMR (471 MHz, Chloroform-d) § -69.85 (s, 3F); *C NMR (126 MHz, Chloroform-
d)5191.9,167.9,142.3, 141.4, 134.1, 133.9, 131.8, 130.3, 129.3, 128.5, 128.3, 127.1,
126.5 (q, J = 285.4 Hz), 122.8, 61.4 , 53.7 (q, J = 22.0 Hz), 27.9, 27.1, 24.7, 14.0. IR
(cm™): 2939, 1709, 1686, 1601, 1487, 1455, 1368, 1262, 1234, 1170, 1121, 1074, 930,
741. HRMS (ESI'): calcd. for [C23H20BrF303+Na*] 503.0440, found 503.0443. The
enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=1:9), 1.0 mL/min; tr = 16.6 min (major), 19.3 min (minor).



S30
Supplementary Information

Br

0] l

CF3

_
O‘ OEt

4m

Cl

Ethyl-(R,E)-3-(4-bromophenyl)-2-((7-chloro-1-oxo-2-(trifluoromethyl)-1,2,3,4-
tetrahydronaphthalen-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure B as a white solid,
9.0 mg (43% yield), 93:7 4/3, 12:1 E/Z, 99% ee. [a]*p -14.8° (c = 0.1, CHCl3); 'H
NMR (500 MHz, Chloroform-d) ¢ 7.81 (d, J = 2.3 Hz, 1H), 7.69 (s, 1H), 7.50 — 7.37
(m, 3H), 7.18 = 7.07 (m, 4H), 4.18 — 4.05 (m, 2H), 3.36 —3.26 (m, 2H), 3.01 —2.86 (m,
2H), 2.30 (ddd, J = 14.2, 8.5, 5.6 Hz, 1H), 2.12 (dt, J = 14.1, 5.7 Hz, 1H), 1.22 (t, J =
7.1 Hz, 3H); '’F NMR (471 MHz, Chloroform-d) § -69.98 (s, 3F); *C NMR (126 MHz,
Chloroform-d) 6 190.7, 167.8, 141.6, 140.4, 134.0, 133.7, 133.3, 132.9, 131.8, 130.3,
130.1, 129.0, 128.1, 126.3 (q, J = 285.4 Hz), 122.8, 61.5, 53.6 (q, J = 22.3 Hz), 27.8,
26.9, 24.2, 14.1. IR (ecm'): 2939, 1716, 1595, 1446, 1368, 1299, 1252, 1224, 1159,
1081, 1006, 963, 811, 630, 503. HRMS (ESI"): caled. for [C23Hi9BrCIF303+Na']
537.0050, found 537.0049. The enantiomeric excess was determined by HPLC with an
IG-3 column at 254 nm (2-propanol:hexane=1:9), 1.0 mL/min; tr = 14.5 min (major),

23.9 min (minor).

Ethyl-(R,E)-3-(4-bromophenyl)-2-((6-chloro-1-oxo0-2-(trifluoromethyl)-1,2,3,4-
tetrahydronaphthalen-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure B as a white solid,

9.0 mg (45% vyield), 93:7 4/3, 10:1 E/Z, 99% ee. [a]*p -14.3° (¢ = 0.1, CHCL:); 'H



S31
Supplementary Information

NMR (500 MHz, Chloroform-d) ¢ 7.82 (d, J = 8.5 Hz, 1H), 7.70 (s, 1H), 7.48 — 7.43
(m, 2H), 7.30 — 7.25 (m, 1H), 7.19 (d, J=2.0 Hz, 1H), 7.16 — 7.12 (m, 2H), 4.20 — 4.05
(m, 2H), 3.31 (s, 2H), 3.00 — 2.91 (m, 2H), 2.31 (ddd, J = 14.1, 8.4, 5.6 Hz, 1H), 2.12
(dt,J=14.0, 5.9 Hz, 1H), 1.22 (t, J= 7.1 Hz, 3H); '°’F NMR (471 MHz, Chloroform-d)
§ -69.91 (s, 3F); 3C NMR (126 MHz, Chloroform-d) § 190.9, 167.9, 143.8, 141.6,
140.4, 134.1, 131.9, 130.3, 130.1, 129.1, 128.5, 128.4, 127.7, 126.4 (q, J = 285.4 Hz),
122.9, 61.5, 53.6 (q, J = 22.2 Hz), 27.8, 27.1, 24.6, 14.2. IR (cm™): 2930, 1709, 1683,
1592, 1444, 1366, 1301, 1280, 1234, 1157, 1157, 1072, 930, 814, 759, 503, 430. HRMS
(EST): calcd. for [C23H19BrCIF303+Na*] 537.0050, found 537.0051. The enantiomeric
excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=1:9), 1.0 mL/min; tr = 15.7 min (minor), 17.3 min (major).

Ethyl-(R,E)-3-(4-bromophenyl)-2-((7-methoxy-1-o0xo0-2-(trifluoromethyl)-1,2,3,4-
tetrahydronaphthalen-2-yl)methyl)acrylate

The title compound was prepared according to the General Procedure B as a white solid,
13.0 mg (51% yield), 94:6 4/3, 16:1 E/Z, 99% ee. [a]*b -20.9° (¢ = 0.1, CHCl3); 'H
NMR (500 MHz, Chloroform-d) & 7.68 (s, 1H), 7.43 — 7.38 (m, 2H), 7.32 (d, J = 2.6
Hz, 1H), 7.12 (d, J = 8.4 Hz, 2H), 7.09 — 7.01 (m, 2H), 4.20 — 4.03 (m, 2H), 3.80 (s,
3H), 3.39 — 3.23 (m, 2H), 2.97 — 2.80 (m, 2H), 2.30 (ddd, J = 14.2, 8.7, 5.6 Hz, 1H),
2.11 (dt, J = 14.0, 5.7 Hz, 1H), 1.20 (t, J = 7.1 Hz, 3H); '°F NMR (471 MHz,
Chloroform-d) & -69.95 (s, 3F); 3C NMR (126 MHz, Chloroform-d) & 191.8, 167.9,
158.5, 141.3, 134.9, 134.1, 132.5, 131.8, 130.3, 129.7, 129.3, 126.5 (q, J = 286.2 Hz),
122.7,122.3,110.2, 61.4, 55.5,53.6 (q, J = 22.1 Hz), 28.1, 27.0, 23.9, 14.1. IR (cm™):
2930, 1687, 1610, 1498, 1422, 1366, 1329, 1250, 1170, 1071, 1010, 971, 814, 501.
HRMS (ESI"): caled. for [CasH2BrF304+Na'] 533.0546, found 533.0542. The
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enantiomeric excess was determined by HPLC with an IG-3 column at 254 nm (2-

propanol:hexane=2:8), 1.0 mL/min; tr = 19.0 min (major), 25.1 min (minor).
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1F NMR spectrum of 3a
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13C NMR spectrum of 3b
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'"H NMR spectrum of 3¢
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1F NMR spectrum of 3¢
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'"H NMR spectrum of 3e
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1F NMR spectrum of 3e

ggee—

CO,Me

Fooe

D) B b0 " —Too " 1o " —120 = —1B0 " -f40  -150 ' 160  -170 '~ -180 ' -190 = Zoo = -2

~6o

“Jo

f1 (ppm)

'"H NMR spectrum of 3f

9eE~
eee””

09e—

[N
08e—

tmv

116

8€ mv

8E'S

6L9—

L
Sv'L
Sv'L
L
8v'L
0S°L
1672
€54

09°L

19°2

29,

9L
89°L
89°L
69°L
oLL
(Y93
VoL
182
€871

CO,Me

3f

Lo

Eo00¢
Foot

Lo

004

=101

1 (ppm)



S41

Supplementary Information

13C NMR spectrum of 3f
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'"H NMR spectrum of 3g
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1F NMR spectrum of 3g
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13C NMR spectrum of 3h
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"H NMR spectrum of 3i
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19F NMR spectrum of 3i
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13C NMR spectrum of 3j
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19F NMR spectrum of 3k
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13C NMR spectrum of 31
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'"H NMR spectrum of 3m

sve/
8v'e
19°€

~
68'€—
z6°¢

58
SL'9
sz'9
sc9
92’9
9z'9
829
629
629
629
293
LeL
zeL
€2
1872
8€°L
ov'L
or'L
S¥'L
Sv'L
Sv'L
'L
'L
L
09°2
192
29'L
z9°L
€9°L
Y9'L
YL
SLL

) Nt |

CF3O \

CO,Me

3m

=

H\oo 3
661

x
00t
oot
001
=101

660

oTO

o7

TO

3TO

5T0

5T5

6T5

TO

TO

£1 (ppm)

13C NMR spectrum of 3m

LL'60L—
PSObL
szzek
8y «N—/
Lzl
R
vL9TL—
viszL/
96'821
96'5eL >
ee1/
0r9eL__
Lozl

~
66051 —
21261

$9'991

29'861

3m

—10

o

0

50

70

£1 (ppm)



Supplementary Information

S52

19F NMR spectrum of 3m

-69.95

CF3O \

CO,Me

3m

o o =10 =20 =30 I AV =0 =0 m’l\} —H0 =90 =100 =10 =120 =130 =P —1H0 =160 =IO sl =190 =200 =210
£1 (ppm)
'"H NMR spectrum of 3n
PRGEE8IILIITINNIEE388s © 3¢ 858 53¢
TR S 1 IRYAREN o)
S
CF3 \
NS
3n
I
I
o | | h
i LJL l_AgJ;
P’itg"‘?‘ g%gw FW‘ _T‘OT‘ F’T‘ OT‘NT‘
ottt —sr— 510 e

£1 (ppm)



S53

Supplementary Information

13C NMR spectrum of 3n

0]
3n

S62€—

9Ly —

1ses—

¥2°09
2v'09
09°09

82709

1692
9L t.v

Wil

8zzTL
ySrzL
S6vZL
9or'szL
LE°9TL
LL°92h
6921
122z~
9e'8CL 7
90 mwr\
90981\
vS9EL—
81661
o0or”

S6LSL

15991

68861

~To

4o 30 ED 1o

50

o "~ 1do T 1to T 1bo T 1ho

260

S0

£1 (ppm)

1F NMR spectrum of 3n

€689~

CO,Me

3n

Fooe

5o ~6o D) B b0 " —Too " 1o~ —120 = —1B0 " -f40  -150 ' 160  -170 '~ -180 ' -190 = —Zoo = -2

“To

£1 (ppm)



S54

Supplementary Information

'H NMR spectrum of 30

55’8

Foo'L
=00'¢

ot

oot

860
660

001
86T
660
o0z
=660
oz

660

25

370

£1 (ppm)

13C NMR spectrum of 30

zLL9L—

$9'66L—

o 180 ' 1to ' 180 1o

15

260

S0

£1 (ppm)



S55

Supplementary Information

1F NMR spectrum of 30

61°89-—

CO,Me

3o

Fooe

5o -0 D) B b0 " —Too " 1o " —120 = —1B0 " -f40  -150 ' 160  -170 ' -180 ' -190 = Zoo = -2

“To

f1 (ppm)

'"H NMR spectrum of 3p

€EE~
887"
09°¢

boe\
8LE_
18e—~
L
1167
f4a4 mg
zr's

o3
o
1L
s1L
viL
L

siL ﬁ
1z

sl

oL's ﬁ
veL

vz
szL
szL
oz
ozL

oz

e

1z
1z
9217
6z L
622
oeL
oe'L
182y
e
veL|
[
VeI~
sez
seL

08'L
18°2
8L

€82

CO,Me

3p

ot

Fooe
Foot

660

Foo

Fiot

Fe6l
20'¢
007

Foot

f1 (ppm)



S56

Supplementary Information

13C NMR spectrum of 3p

ogze—

25vS,

L9vSL

89 wowv

127991
zgg9L”

€5°261—

4
F

CO,Me

3p

o "~ 1do T 1to T 1bo T 1ho

260

£1 (ppm)

66°66-—

CO,Me

3p

8€'89-—

1F NMR spectrum of 3p

660

=00¢

5o ~6o D) B b0 " —Too " 1o~ —120 = —1B0 " -f40  -150 ' 160  -170 '~ -180 ' -190 = —Zoo = -2

“To

£1 (ppm)



S57

Supplementary Information

TH NMR spectrum of 3q

lee~
see”

L9e—
AN
08—

LG
z1e
0r'S )
or's
219
ve'L
9z'L (
9L
9T'L
7L
L
7L
8z'L
8T'L

6T'L
0eL
1L

LeL
[0

£e'2]
£e'2]
€€
vE'L
se'2 )
ov'2
ov'2
L2

2y ﬁ

v L

e
AR
wv.NV.
[
€L NW

vLL

CO,Me

Feou

Fooe
Fiot

Fo0'L

o0

FooL

yroe
10z
ot
20’k

Fo0'L

65

7.0

f1 (ppm)

13C NMR spectrum of 3q

ciee—

909y —

s —

€209
709
6509

LL°09

18°9L
9L RW

7]

vzzeL
15veL
61521
oSzl
69971
R
0622k
zg'8TL
o6zt
sz6TL
veezL

STl

9z mmv\

LE9EL T/

Le'eel
692yl

90°eSL—

69991 —

10861 —

O
Cl

CO,Me

3q

o "~ 1do T 1to T 1bo T 1ho

260

S0

f1 (ppm)



S58

Supplementary Information

CO,Me

3q

S€'89-—

19F NMR spectrum of 3q

Fooe

5o -0 D) B b0 " —Too " 1o " —120 = —1B0 " -f40  -150 ' 160  -170 ' -180 ' -190 = Zoo = -2

“To

f1 (ppm)

'"H NMR spectrum of 3r

82E~
zee””

L9e~
69€~
zre””

e

CO,Me

3r

Fo0'L

Eo0e
Foot

o

Fo00'L

Fo0'L

660
MMD (4

S6'T

FooL
660

f1 (ppm)



S59

Supplementary Information

13C NMR spectrum of 3r

lgee—

L1zh
vzeL
99°€Zk
ervzh
0g'szh
69'921
2622k
55'821
96821
98621 >
o’
LU98LN_

z9'8el
Nnvwmfw

STBEL

8EIGL—

09'99L —

6,861

CO,Me

e

3r

150

160

170

o

150

260

S0

£1 (ppm)

1F NMR spectrum of 3r

91'89-—

Fooe

5o ~6o D) B b0 " —Too " 1o~ —120 = —1B0 " -f40  -150 ' 160  -170 '~ -180 ' -190 = —Zoo = -2
£1 (ppm)

“To




S60

Supplementary Information

'TH NMR spectrum of 3s

6E'e~
e
£9e—
08'e~\_
vee—

s

CO,Me

3s

F660 |

Fooe
Foot

Fo

Fo01

Fiot

65

7.0

£1 (ppm)

13C NMR spectrum of 3s

z90zL
S9°021
20221
1z
[z x241
rrTL
oLszL
02921
€6°221
vS'8Ch

¥8'6Z1
?.ompw

25°0EL
LL9ELN
evsEL

L57LEL
0E'6EL
or'eeL

ZreeEL

69851 —
02091

19'99L—

62861 —

CO,Me

3s

o "~ 1do T 1to T 1bo T 1ho

260

£1 (ppm)



S61

Supplementary Information

19F NMR spectrum of 3s

CO,Me

98 LI — =00’k

eeger— — —00¢

5o -0 D) B b0 " —Too " 1o " —120 = —1B0 " -f40  -150 ' 160  -170 ' -180 ' -190 = Zoo = -2

“To

f1 (ppm)

'"H NMR spectrum of 3t

LEeE~
see”

19°e—
SLENL
6LE—

[0S

zLs

or's
iy mw

STL

9z'L
pra
@ZL
@ZL
8T'L

8T'L
6L
oe'L
0g'L
1eL
ee L
e LY

Se'L

SELY
SE NJW

ey’

e’

ol

CO,Me

3t

Fo0'L

Fooe
Fiot

10

F00'L

001

Fioe
Fooe
o6l

65

7.0

EX)

f1 (ppm)



S62

Supplementary Information

13C NMR spectrum of 3t

65861

CO,Me

3t

o "~ 1do T 1to T 1bo T 1ho

260

£1 (ppm)

1F NMR spectrum of 3t

CO,Me

3t

0LZ— E—

€89

=00k

—€0€

—120 " 150 140~ —150  -1eo = -170 ' 180 ' -190 = 200 = -2

10

5o ~6o D) B b0 " —Too T -1
£1 (ppm)

“To




S63

Supplementary Information

TH NMR spectrum of 3u

8Te~
zee””

19°€~

SLE~
9re"

s
6E°S

6€ mv
81°9"

9T'L
7L
Lzl
7L

e

CO,Me

3u

Fo0'1

Fooe
Foo'L

Foot

=660

ot

86°C
mmm 3

00'L

660

Feso

65

7.0

f1 (ppm)

13C NMR spectrum of 3u

orze—

$9'99L—

zLesL—

CO,Me

3u

o "~ 1do T 1to T 1bo T 1ho

260

S0

f1 (ppm)



S64

Supplementary Information

1F NMR spectrum of 3u

CO,Me

€89

Foo0e

5o -0 D) B b0 " —Too " 1o " —120 = —1B0 " -f40  -150 ' 160  -170 ' -180 ' -190 = Zoo = -2

“To

f1 (ppm)

'"H NMR spectrum of 3v

e
e
y9e—

88'6~
z6e”

CO,Me

e
3v

%

Lo

Fooe

Foot

Lo

F00'L

1ol

Feoe
=20

F00'L

660
o

f1 (ppm)



S65

Supplementary Information

13C NMR spectrum of 3v

99Ce—

¥9'99L —

9€'86L —

e

CO,Me

3v

5o

o "~ 1do T 1to T 1bo T 1ho

260

S0

£1 (ppm)

1F NMR spectrum of 3v

CO,Me

0]
T
3v

€89

loze-—

—z0¢

=00¢

5o ~6o D) B b0 " —Too " 1o~ —120 = —1B0 " -f40  -150 ' 160  -170 '~ -180 ' -190 = —Zoo = -2
£1 (ppm)

“To




S66

Supplementary Information

'TH NMR spectrum of 3w

6€T—

116
C.mv.
885,

8€'S

5197

8T'L
8T,
62'L

62'L
0g'L

12
12
2e2
[
ceLy
vE'L
vE'L
ses
1872
8€°2\ W
682
6€' L7
1L

;,&
8L
mv#;
992

192

e

CO,Me

Me

3w

Feoe

oy

00'€
WQO 3

o0k
ot

oot

€0°€
160

H/wm.—

o0t

65

7.0

£1 (ppm)

13C NMR spectrum of 3w

(&)

aLe—

S0'9r—

ees—

9009
¥209
L7709

65709

16 on/

oviLF
Ty R\

1z22L
vrzzL
s
6v'szL
16921
vLLZL
ov'ezL
15821
£z62L~
o6zt
£LGEL_
L5981
wm.wmpN
LV2EL \
LE6EL

05°05L—

69991 —

V2661

e

CO,Me

Me

3w

o "~ 1do T 1to T 1bo T 1ho

260

S0

£1 (ppm)



S67

Supplementary Information

1F NMR spectrum of 3w

CO,Me

Me

3w

6189-—

Fooe

5o -0 D) B b0 " —Too " 1o " —120 = —1B0 " -f40  -150 ' 160  -170 ' -180 ' -190 = Zoo = -2

“To

f1 (ppm)

'"H NMR spectrum of 3x

vies,

yLG

L85

86

vro—

1z
2z Ly
€z L
VT LY

9z L
9T L
PryA\

seL”

MeO l CF3

CO,Me

3x

A \

N

Foot

Fooe
=660
o0t

Foot

FooL

Foo

Toos

Foo0¢e

f1 (ppm)



S68

Supplementary Information

13C NMR spectrum of 3x

CO,Me

8y'LE—

98'5y—
ve'zs

sL mmW (@)
2809\ @
00'19

8119 M

9€°19

1692
9L t.v

Wil

6E'66L—

3x

~To

4o 30 ED 1o

50

o "~ 1do T 1to T 1bo T 1ho

260

£1 (ppm)

1F NMR spectrum of 3x

€89

MeO l CF3

CO,Me

3x

al

Trooe

5o ~6o D) B b0 " —Too " 1o~ —120 = —1B0 " -f40  -150 ' 160  -170 '~ -180 ' -190 = —Zoo = -2

“To

£1 (ppm)



S69

Supplementary Information
H NMR spectrum of 4a

mw N
0
EtO,C7 X g
o
CF,
) < i
Et0,C7 X

2}
= Fooe
@)

XX

/]

£1 (ppm)

24181 —
TL°EQT
EELOT—

8e2
662
6c2
662
or'zy
or'2
852 =
- _
ot L Feet

09'2 — Te6e
—w#;w e
192 — 2660

0LL~y —_— WMGO.F

vz T 660
VL

2L L=
eL @

€LL

65

7.0

G661 —

13C NMR spectrum of xx

100 90
£1 (ppm)

110

120

130

140

200 190 180 1700 1860 150

210




S70

Supplementary Information

1F NMR spectrum of xx

9T L

vLze—

oy

O

Et0,C7 X

XX

—860

—o0€

—120 " 150 140~ —150  -1eo = -170 ' 180 ' -190 = 200 @ -2

10

B b0 " —Too -1
1 (ppm)

D)

~6o

'"H NMR spectrum of 4b

2z
2z 1
€22
€22
122
182
862
6¢°2
6€L
662
L2
2527
€52\

652

——

€LL

TFooe

Fooz

102z
m\mm L
WS L

Z660
o0t

f1 (ppm)



S71

Supplementary Information

13C NMR spectrum of 4b

L6€L—

09'82—

6zeE—

06'SS

mcvmmV
8z wm\.
17967

6E°19

1692
9L t.v

Wil

00'€zh
zvezL
9921
sz'szh
8z'9z)
0522k
1182k
sv'8zL
262k
02081E
60ZeL~

SyLoL—

€661

160 150

o

o 1bo | 1do

26

S0

£1 (ppm)

1F NMR spectrum of 4b

80CL

Fooe

~190  —do 2

~180

-5 6o ED 5o -0 —1bo -0~ —120  -1%0

~Io

5o

lo

£1 (ppm)



S72

Supplementary Information

H NMR spectrum of 4¢

9z'L

ov'
ov'2)
£v'2)
£v'L
£v'2
St
SL
652
652
09'2\
09'2
29'L
29,
YL
99'2
69'2

\rar—

69°L
0LL
WL
YLl

EtO,C

4c

z0'L
MNO#
20T

Feot
Feo

65

7.0

£1 (ppm)

13C NMR spectrum of 4¢

L6°€L—

09'82—

6ree—

88'GS

80’ me.
Lz wm\-
kid om\

€519

0692
ol R/

Wi~
€40z
68'zzL
26221
£rPTL
69721
90°GZL
11521
erszL
ssszLy
61521
g5z
8z9z1
2z 221y
evszLy
£2'821
62'6zL
99621
£6'621
8E0EL
$9'0E1L~
06 om@

9L'LEL
SY'SEL
8L mmv\
N.\mmp\

99 ¥l

0E'LGL—

9z 291

L1661

o "~ 1do T 1to T 1bo T 1ho

260

S0

£1 (ppm)



S73

Supplementary Information

19F NMR spectrum of 4¢

2020

6429

O CF5
Et0,C7 X

LA

4c

—o0€

—S6C

~Io 5o -0 D) B b0 " —Too " 1o " —120 = —1B0 " -f40  -150 ' 160  -170 ' -180 ' -190 = Zoo = -2

5o

f1 (ppm)

'"H NMR spectrum of 4d

€TL
€T'L
ve'L
STL
szL
szl
9T'L
9€°L
Py
LE°L
LE°L
Py
8E°L
6€°L
6EL
ov'L
8G°L
85°L

19°L
oLL
0LL
VUL
VoL
(Y3

09°L
09°L
19°L

0 & oCF,
W Etozc N O

/I

4d

Foo0e

2oz
e66€

660
Foet

f1 (ppm)



S74

Supplementary Information

13C NMR spectrum of 4d

S6€EL—

95'8¢—

yeee—

68'SS

80 mmV
1z wm\.
9v'9s”,

Ly'19

1692
9L E.W

TviL

vrLLL
6v6LL
ziizL
vsLzL
00°€gt
6S°ETL
S9veL
szszL
8Z'9ZL
ev'LeL
8L'8ZL
19821
PL6ZLNC
€081
eeeeL—
6v'GEL
vn.mmr\.
2204

8y'6rL—
LE1S5L

erL9L—

1661

h‘ii

o "~ 1do T 1to T 1bo T 1ho

260

S0

£1 (ppm)

oveLr—

SLLG

1F NMR spectrum of 4d

—00¢

=68

5o ~6o D) B b0 " —Too " 1o~ —120 = —1B0 " -f40  -150 ' 160  -170 '~ -180 ' -190 = —Zoo = -2

“To

£1 (ppm)



S75

Supplementary Information

TH NMR spectrum of 4e

4e

0
’ CF,
EtO,C

F00'¢

Fioe
66t

Fzo1
Fo0L

20"
20t
Tsee

60

65

£1 (ppm)

13C NMR spectrum of 4e

0L —

98—

LUee—

YSTLL—

1S58LL
«m.mwv/

vLVZL
AN
0£'9zL "~
mm.g\
67'8zL
65621
£9°0EL
yZEL
ov'SEL
68'SEL
6v'6EL
SoLvL S

SE'LGL

LezoL—

90'66L —

l CN

LA

EtO,C7 X

4e

o "~ 1do T 1to T 1bo T 1ho

260

£1 (ppm)



S76

Supplementary Information
19F NMR spectrum of 4e

CN
NO,

—t80 T =190

=11

4e
4f

EtO,C7 X
0
Et0,C

' CF3
[llliiil ||| (:[::3

—180
Y
o

—1eo
0
S
@

Lz
m\

—1Tror
3
<

=100
1 (ppm)
3
3
<
J

90/ 204

=90
o
&
~

—50
o
N
~

I —— i

202L- 00°€

=70

—10 =50

=30

'"H NMR spectrum of 4f

oTO

TS

TO

3TO

cie g

EroL

£1 (ppm)

5T0

5T5

TS5 TO

TO




S77

Supplementary Information

13C NMR spectrum of 4f

86'€L—

ogzelL
00¥ZL
vl
Y052l
0€'9ZL
mwuﬁ/

62'821L\C

209 —

20661 —

o "~ 1do T 1to T 1bo T 1ho

260

S0

£1 (ppm)

1F NMR spectrum of 4f

902L—

Fooe

5o ~6o D) B b0 " —Too " 1o~ —120 = —1B0 " -f40  -150 ' 160  -170 '~ -180 ' -190 = —Zoo = -2

“To

£1 (ppm)



S78

Supplementary Information

'TH NMR spectrum of 4g (a mixture of isomers with 10:1 E/Z)

£1 (ppm)

13C NMR spectrum of 4g (a mixture of isomers with 10:1 E/Z)

6L22L
S9veL
90°G2L
1£°92L
og’Leh
§9'/2L
S0'8zL
61821
GG'62L

7
mm,om_\\
mu,om_\\
vezel

LLeel
GLsEL
wh.mmr\m

N

€901
0sevh
60°051
95'bSh~_
LY'S9L -~
26'991

0Z'661

=10

o

0

50

70

£1 (ppm)



S79

19F NMR spectrum of 4g (a mixture of isomers with 10:1 E/Z)
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19F NMR spectrum of 4k
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13C NMR spectrum of 41
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HPLC Chromatograms
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X-ray crystallography

Single crystal of the product 3i was obtained by recrystallization from CH2CI12/n-
hexane. X-ray diffractional data and the refinement were shown in Table S1. The
absolute configuration of 3i was determined to be (R,S) by X-ray crystallographic
analysis (Figure S7).

CIF files of 3i can be obtained from the Cambridge Crystallographic Data Centre
using deposition numbers 1911158. Copies of the data can be obtained, free of charge,
on application to the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [fax: +44
(1223) 336 033; e-mail:deposit@ccdc.cam.ac.uk].

Table S1. Crystal data and structure refinement for 3i.

Bond precision: C-C=0.0049 A Wavelength = 0.71073

Cell: a=17.0725(12) b=9.9051 (17) c=27.867 (5)
alpha =90 beta =90 gamma = 90

Temperature: 296 K

Calculated 1952.2(6) Reported
Volume 1952.2(6)
Space group Hall P 212121 P 212121
group P 2ac 2ab P 2ac 2ab

Moiety formula

Sum formula

C21 H15 CI2 F3 O3

C21 H15 CI2 F3 O3

C21 H15 CI2 F3 O3

C21 H15 CI12 F3 O3

Mr 443.23 443.23
Dx,g cm-3 1.508 1.508

zZ 4 4

Mu (mm-1) 0.381 0.381

F000 904.0 904.0

F000’ 905.72

h,k,lmax 8,11,33 8,11,33
Nref 3447 [2013] 3447

Tmin, Tmax 0.917,0.934 0.643, 0.746
Tmin’ 0.916

Correction method= # Reported T Limits: Tmin = 0.643 Tmax = 0.746
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AbsCorr = MULTI-SCAN

Data completeness = 1.71 / 1.00 Theta(max) = 25.002
R(reflections) = 0.0371 ( 2647) wR2(reflections) = 0.0741 ( 3447)
S =0.963 Npar =263
Cl
O ci

e

Figure S1. X-ray crystal structure of (R,S)-3i

Single crystal of the product 4n was obtained by recrystallization from CH2CI2/n-
hexane. X-ray diffractional data and the refinement were shown in Table S2. The
absolute configuration of 4n was determined to be (R,E) by X-ray crystallographic
analysis (Figure S2).

CIF files of 4n can be obtained from the Cambridge Crystallographic Data Centre
using deposition numbers 2009810. Copies of the data can be obtained, free of charge,
on application to the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [fax: +44
(1223) 336 033; e-mail:deposit@ccdc.cam.ac.uk].

Table S2. Crystal data and structure refinement for 4n.

Bond precision: C-C=0.0074 A Wavelength = 0.71073
Cell: a=6.4217 (5) b =9.9437 (8) c=17.0193 (16)
alpha =90 beta =95.419 (3) gamma = 90

Temperature: 296 K
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Calculated 1081.92(16) Reported
Volume 1081.92(16)
Space group Hall P21 P21
group P 2yb P 2yb
Moiety formula C23 H19 Br C1 F3 O3 C23 H19 Br C1 F3 O3
Sum formula C23 H19 Br C1 F3 O3 C23 HI9 Br C1F3 O3
Mr 515.73 515.74
Dx,g cm-3 1.583 1.583
Z 2 2
Mu (mm-1) 2.072 2.072
F000 520.0 520.0
F000’ 520.00
h,k,Imax 8, 13,22 8, 13,22
Nref 5382 [2843] 4436
Tmin, Tmax 0.149, 0.661 0.230, 0.682
Tmin’ 0.116

Correction method= # Reported T Limits: Tmin = 0.643 Tmax = 0.746
AbsCorr = MULTI-SCAN

Data completeness = 1.56 / 0.82 Theta(max) = 28.276
R(reflections) = 0.0424 ( 2968) wR2(reflections) = 0.1284 ( 4436)
S =1.009 Npar =282

Figure §2. X-ray crystal structure of (R,E)-4n
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Computational details:

All calculations were carried out at the (SMD:THF)-M06L/6-311++G(2d,p)-SDD//
(SMD:THF)-B3LYP/6-31G(d)-LANL2DZ* level of theory with Gaussian 09

program® and visualized with CYLview".

1. Discussion on inner/outer sphere nucleophilic addition:
For Cl-attack, the lowest energy transition state for outer-sphere addition is 2.7
kcal/mol lower than that for inner-sphere (Figure S1). Accordingly, the outer-sphere is

preferred over the inner sphere nucleophilic addition.

Outer-sphere Inner-sphere
AAG' = 0.0 kcal/mol AAG' = 2.7 keal/mol
Figure S1 Optimized geometry of transition states and their relative free energy for outer-sphere

and inner-sphere nucleophilic addition at (SMD:THF)-M06L/6-311++G(2d,p)-SDD//(SMD: THF)-
B3LYP/6-31G(d)-LANL2DZ level of theory. Bond lengths are denoted in A.
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endo:

exo:

AAG' =57 AAG' =43 AAGH =91 AAG' =10.5

AAG" =126 AAG' =18.1 AAG' =155 AAG' =16.8
Figure S2 Conformers and their relative free energies for C1-attack inner-sphere transition states at
(SMD:THF)-MO06L/6-311++G(2d,p)-SDD//(SMD: THF)-B3LYP/6-31G(d)-LANL2DZ level of
theory. Energies are relative to the lowest outer-sphere addition transition state and denoted in

kcal/mol. The lowest energy transition state for inner-sphere addition is marked in red.
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2. Discussion on conformers of outer-sphere nucleophilic addition

As shown in Figure S3, possible conformers could originate from the following 5
factors. (1). The direction for allyl moiety relative to the PHOX ligand could form exo-
/endo- conformers; (2). The direction of methyl ester moiety could generate two
conformers; (3) cis-/trans/ conformers of the allyl moiety; (4) Conformers on allyl
moiety resulted in two faces and two terminal carbons that are subjected to nucleophilic

attack; (5). Conformers formed by two attacking faces of nucleophiles.

1. exo-endo conformers 2. -CO,Me conformers

77N\ VRN

P /N P N

S e e .

endo- exo-
- conformers .
3. cis trans 4. Si-Re of C1/C3 attack conformers 5. Si-Re conformers of Nu

CO,Me

CF3
@O
trans- cis-

64 in total

Figure S3 Types of Conformers for outer-sphere nucleophilic addition.
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endo:

AAG' =53 AAG' =51 AAG' =35 AAG' =52

Figure S4 Endo- conformers and their relative free energies for Cl-attack outer-sphere transition
states at (SMD:THF)-MO06L/6-311++G(2d,p)-SDD//(SMD: THF)-B3LYP/6-31G(d)-LANL2DZ
level of theory. Energies are relative to the lowest outer-sphere addition transition state and denoted
in kcal/mol. The lowest energy transition state for outer-sphere addition is marked in red.
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eXo:

AAG' =25 AG' =96 AAG' =59 AAG' =6.8

AAG' =35 AAG =71 AAG' =6.1 AAG' =48

Figure S5 Exo- conformers and their relative free energies for C3-attack outer-sphere transition
states at (SMD:THF)-MO06L/6-311++G(2d,p)-SDD//(SMD: THF)-B3LYP/6-31G(d)-LANL2DZ
level of theory. Energies are relative to the lowest outer-sphere addition transition state and denoted

in kcal/mol.
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endo:

AAG™ = 8.1 AAG' =74 AAG' =6.0 AAG' =88

Figure S6 Endo- conformers and their relative free energies for Cl-attack outer-sphere transition
states at (SMD:THF)-MO06L/6-311++G(2d,p)-SDD//(SMD: THF)-B3LYP/6-31G(d)-LANL2DZ
level of theory. Energies are relative to the lowest outer-sphere addition transition state and denoted

in kcal/mol.
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eXxo:

'@,

AAG' =123 AAG™ = 4.1 AAG' =4.4 AAG' = 8.1

Figure S7 Exo- conformers and their relative free energies for Cl-attack outer-sphere transition
states at (SMD:THF)-MO6L/6-311++G(2d,p)-SDD//(SMD: THF)-B3LYP/6-31G(d)-LANL2DZ
level of theory. Energies are relative to the lowest outer-sphere addition transition state and denoted
in kcal/mol. The lowest energy transition state for C1-attack outer-sphere addition is marked in red.

3. Atomic coordinates:
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(Only the lowest energy transition state structures are listed)

C3-Attack (inner-sphere)

e}
o
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0.06854100
-0.54342200
-1.92469500
-3.07442500

0.76722800

2.27322400

0.10617000
-3.98446900
-2.93616200

0.08151900

0.25762600

1.19078500
1.34947800

2.17709800

2.66081600

0.69649900
-0.66830200
-0.97076300

0.61203100
-0.18925200
-0.03484300
-1.26567200

0.11806500

2.11352800

2.33895300

2.45870100

2.70823300

0.35728500

0.67300100
-0.70595800

0.91224600

3.65658500

4.41418000

4.02658200

2.87058500

2.10647100

2.50369800

3.96027700

5.31162800

4.63104900

1.19291300

0.02283200
2.08133200
2.10864700
2.13549900
-2.23380400
0.31620000
247586100
2.52550800
2.37262400
-3.25160300
-4.54791900
-4.18228800
-2.83841500
-2.26302900
-0.92574600
-5.38346500
-4.88065200
-2.96313700
-3.32505600
-4.41607900
-5.41424200
-4.20326500
-4.46142100
-3.65776500
-4.63387400
-3.69286300
-2.89933400
-1.97989100
-2.03581600
-1.71766400
-1.16544500
4.38385500
3.78983300
2.56164800
1.91306400
2.52309100
3.74612500
5.33933000
4.27888200
2.11437100
2.05435300

-0.10440800
-0.03575600
0.42992200
-0.37766000
-0.19176700
0.56069000
0.74059200
0.06020100
-1.42655000
-1.02836300
-0.20130400
0.84957200
0.78360700
1.86809200
1.88915300
-0.74789000
0.27692000
-1.07923700
-2.49409900
-3.23421200
-2.80678200
-3.21103900
-4.28598700
-2.54269600
-2.09502300
-3.58317100
-2.02251900
-3.19767100
-4.24728100
-3.17452200
-2.72277500
2.35417000
1.34274300
0.80087900
1.26436000
2.27701800
2.82054900
2.77376400
0.97297400
0.01895000
2.63228500
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1.90398000
5.33276100
5.58300500
4.67374100
3.49743900
3.25157100
4.16721700
6.04138900
6.48779500
4.88695400
2.34285100
3.96369200
3.45561400
3.84633900
2.50034300
2.12757300
3.76505200
4.38326600
3.28166000
3.50914500
-2.08577700
-1.17864800
-3.38761500
-0.14988500
-0.62262500
0.76191100
-0.21128500
-1.29754000
1.17306700
1.14564700
0.68680000
-0.59377300
1.87378100
1.00584400
-3.61592800
-3.15033900
-4.69955200
-3.22519200
-4.78819900
-3.48317000
-2.79713400
-3.44400200
-4.74872700
-5.42770400

4.20416500
-0.53086300
-1.02526500
-0.78963000
-0.06216900

0.42726200

0.19887300
-0.71490200
-1.59353300
-1.17203400

0.98571200

0.58479500
-0.53051000

0.47919400
-3.12760000
-4.14413200
-1.40102300
-1.05222000
-2.70588100
-3.39562300

2.11583500
2.08533600
2.19402600
2.62908400
2.12135400
3.70330900
2.67346700

1.27541200

4.25524400

4.11178000

3.74394300

2.26066700

5.08688700

4.17169300

2.19552800
3.06532000
2.24053600
1.28437800
-0.72085800
-1.16253900
-1.98297300
-2.36258200
-1.92110200
-1.09147400

3.60269700
-2.84461600
-1.56249400
-0.52795100
-0.76847900
-2.06251400
-3.09136300
-3.64778600
-1.36299100
0.46540400
-2.26669200
-4.08662400
2.97539700
3.01063400
2.92908500
2.90729000
4.02228200
4.84481700
4.00151900
4.80899300
1.89817100
2.72463800
2.28988300
-1.37306500
-2.59894300
-1.41885900
-3.81406200
-2.59800100
-2.63308500
-0.48739900
-3.83959900
-4.74460700
-2.63543800
-4.78660200
3.70325100
4.17731200
3.82681800
4.16521900
1.30966800
1.04486100
1.94603500
3.12328500
3.39122700
2.48992500
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Zero-point correction=

-1.78365300
-2.93560500
-5.23865400
-6.43728200
-3.04359600
-1.91451000
-4.06376300
-5.28336200
-6.13425900
-5.63378000
-4.37689500
-3.29625600
-5.14178900
-5.10584600

Thermal correction to Energy=
Thermal correction to Enthalpy=
Thermal correction to Gibbs Free Energy=
Sum of electronic and zero-point Energies=
Sum of electronic and thermal Energies=
Sum of electronic and thermal Enthalpies=
Sum of electronic and thermal Free Energies=

C1-Attack (outer-sphere)

e}
o

oNoNeoN--NoNoNoNeNs iR A oNONe

-0.49274300
1.57713400
1.98391100
0.70300700

-1.20023900

-2.75064500
2.32509600
0.41444200
1.77544500

-0.47025700

-0.92088500

-2.10676200

-2.09776100

-1.21043200

-5.15568200

-3.92966500

-3.22044200

-2.31031900
-3.00185600
-2.22638000
-0.75226500
-0.63555000
-0.84577100
0.25749300
0.14811800
-0.31964700
1.12294400
0.37331400
0.39990300
-0.67333100
1.49011800

-0.01127900
0.78136200
-0.44785100
1.73186100
-2.04379300
0.61103700
-1.24074700
2.53920800
-0.69870700
-3.29159700
-4.25327700
-3.61701400
-2.33827300
-5.25052100
-0.83341700
-0.17842300
0.24046100

1.73221300
3.84036900
4.31233100
2.70981300
-0.26487800
-0.78991400
-0.73945000
0.17685400
-0.33691400
0.53666000
-2.18898800
-3.00250400
-2.63331700
-2.46759800

0.787634 (Hartree/Particle)

0.823654
0.824424

0.722561

-2901.305243

-2901.269223

-2901.268453
-2901.370316

-0.21238200
-0.46995900
0.07612000
0.18369200
-0.71261500
-0.24280900
-0.57193100
-0.48376400
1.10266600
-0.35180400
-1.47115800
-2.02296800
-1.59253800
-1.14227000
3.46367200
3.60984000
2.48378100
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-3.73887500
-4.97303200
-5.67391800
-5.70280300
-3.51927400
-2.26442100
-5.39380100
-6.62636200
-3.70924300
-4.42686800
-4.16892400
-3.18045200
-2.45630200
-2.72552200
-3.91209500
-5.19218100
-4.73968000
-1.68003400
-2.16134800
-4.76353500
-5.16087600
-4.54511200
-3.52685500
-3.13032200
-3.76199600
-5.22653300
-5.94448100
-4.86677800
-3.45668700
-0.18512000
-0.76026200
0.06534000
-0.24264300
1.13502200
-0.05878200
-2.25686900
-2.63150700
-2.42658600
-2.86743300
-0.29919900
-0.52015800
0.78194100
-0.80829700
0.60158900

0.02257700
-0.63142300
-1.05974600
-1.16740700
-0.00060400

0.74126200
-0.80778700
-1.56886800

5.12913100

4.38513700

3.02106300

2.39097400

3.14912200

4.50679300

6.18924800

4.86281200

2.45492400

2.67756800

5.07956700
-1.28633400
-0.04322600

0.48631200
-0.19841700
-1.47289100
-1.99175900
-1.71154000

0.51988700

1.45574500
-2.96144400
-4.33441000
-3.78417600
-5.06522500
-5.89285400

-4.88470500
-5.40158700
-4.07792400
-4.84539900
-4.44581600
-3.17751600
-2.72367800
-3.06241000

-2.55717500
-1.76486100

-3.09160300

1.19464000
1.05636800
2.18712200
4.34111500
4.60011000
2.60884600
0.07150100
2.06634400
-0.76057300
0.17741500
0.34245000
-0.42783000
-1.36561900
-1.53597700
-0.88625800
0.78332100
1.07139200
-1.96249900
-2.26695500
-4.01730700
-3.53435400
-2.39820600
-1.72041900
-2.21047700
-3.35480600
-4.90278200
-4.03318200
-2.03469700
-3.72792800
-2.27716600
1.10317700
1.34318100
0.69369500
1.17858700
2.37937700
1.31283300
0.62496000
2.33165800
1.18340800
2.12028900
3.14011300
2.05729600
1.97114300
-0.42922800
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Zero-point correction=

0.62434300
1.27594000
-0.16297700
1.12880400
1.92359500
-0.31230400
-0.65881500
0.33069700
1.65075700
-0.92459800
0.22105600
1.83785900
1.57345800
2.40709200
2.75230300
3.42456300
3.25271600
1.85388900
5.56619300
5.51698600
6.04931400
6.64676200
6.70808400
6.16445800
6.01240200
7.07228400
7.18205200
6.20403700
4.40679800
4.15105300
3.47385800
3.41440700
5.28115200
4.85286000
5.56881500
4.02790800
4.93335300
4.89041300

Thermal correction to Energy=
Thermal correction to Enthalpy=
Thermal correction to Gibbs Free Energy=
Sum of electronic and zero-point Energies=

2.14503400
1.51805600
3.28286700
1.99896600
0.66748600
3.75826000
3.79799800
3.11422300
1.49790700
4.63744200
3.48361700
1.07084900
2.12847200
0.03527300
0.25429000
1.11022700
0.65918700
0.42622900
0.22240400
1.26525000
2.51495300
2.69732600
1.64568100
0.39723100
3.33529500
3.66446300
1.80766500
-0.42946700
-0.61477500
-1.59417300
-1.05265500
-2.67017600
-2.14369100
0.79124400
0.81087600
1.45726900
-1.01048000
-2.11544800

1.60651800
2.68715100
1.89166000
3.98955100
2.52750000
3.19238800
1.07322400
4.25366700
4.80085100
3.37609900
5.26975500
-1.92355600
-2.47147000
-2.56317000
-3.94174300
-4.03892400
-4.26410600
-4.54179900
-1.04060200
-0.10643300
-0.42215900
-1.67555100
-2.60250500
-2.28960300
0.29176000
-1.93248500
-3.56779700
-2.99471700
0.81229600
1.86815500
2.93788600
1.46544200
2.43918700
1.16994800
2.00795500
1.46190400
-0.46884700
-1.04264500

0.822883

0.823653
0.718355

-2901.305321

0.786289 (Hartree/Particle)
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Sum of electronic and thermal Energies=
Sum of electronic and thermal Enthalpies=
Sum of electronic and thermal Free Energies=

C3-Attack (outer-sphere)

Pd
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-0.80339100
1.14642700
0.21053400
1.95627400

-1.40182700

-2.90597100

-0.27346700
0.45064200
1.83418900

-0.81956100

-1.04695700

-2.02367100

-2.06659300

-1.46864800

-6.24164600

-5.05820600

-4.06535300

-4.25204900

-5.44399800

-6.43049700

-7.01117000

-4.90337600

-3.14205700

-5.60962100

-7.34756100

-3.44602300

-4.45166300

-4.31894600

-3.16996500

-2.15848400

-2.29998300

-3.55131700

-5.34417600

-5.11240500

-1.25891000

-1.51106400

-4.00156600

0.10515700
0.73229500
1.78381500
0.22974400

-1.92078600

0.81764500

2.33279500
2.39366100
0.80494800

-3.18293200
-4.15928200
-3.48257000
-2.19635100
-5.12542900
-0.33010200

0.27952600

0.60421100

0.33819300

-0.27099000
-0.60649100
-0.59085800

0.49512300

1.06504400
-0.48475100
-1.08150900

5.35560200

4.66673100

3.29956200

2.61040400

3.31317000

4.67506100

6.41886000

5.19066200

2.77619200

2.79394100

5.20534800

-1.10143000

-2901.268727

-2901.267957
-2901.373255

0.25131400
1.25923400
0.90863500
0.20072200

-0.44366200
-0.41793700
1.71032700
0.04114500
-0.71190600
0.08544800
-1.08790000
-1.92489000
-1.51457600
-0.81293800

2.60780000

3.03458500

2.11011900

0.74176200

0.32084100

1.25245600

3.32929600

4.08832200

245111100

-0.73032900

0.91437200

-1.26140900
-0.58074400
-0.32283800
-0.74059300
-1.41841400
-1.68337400
-1.45937100
-0.24923900
0.20109100
-1.73799000
-2.20966800
-4.54077700
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-4.45358300
-4.11771600
-3.33165400
-2.87882800
-3.22753100
-4.24612500
-5.06253500
-4.47655500
-2.87913300
-0.14504600
-1.43255800
-0.72160200
-0.91230100
0.36455400
-1.07356200
-2.94869100
-3.19354000
-3.34855100
-3.48160500
-1.16190300
-1.54281800
-0.08735300
-1.65182700
0.24987200
2.59461800
2.78983800
2.98002000
3.31588200
2.51971500
3.51674200
2.86886900
3.68182600
3.44866700
3.81253300
4.09822500
1.26577400
2.17654100
0.24935400
0.32623900
-0.55350000
0.30692100
1.23696700
5.46063500
5.99931300

0.16727200
0.70084800
-0.00517400
-1.30557100
-1.82719300
-1.53040800
0.74758100
1.69125100
-2.81549500
-4.31223200
-3.62906100
-4.92806200
-5.76062200
-4.78438600
-5.23820800
-3.87167300
-4.65732900
-4.19001300
-2.95988000
-2.55235100
-2.88331700
-2.36430100
-1.60476200
-3.02104300
-1.06773200
-1.39579800
-2.02437700
-2.62566700
-0.66894400
-3.25187800
-1.79213800
-3.56396400
-2.84797000
-3.96826900
-4.52345700
0.33036500
-0.31380000
0.81194900
0.53149300
1.00436400
-0.54622600
0.95664400
0.67144800
0.22016300

-4.19100100
-2.94527000
-2.02367600
-2.37985100
-3.63877600
-5.50795100
-4.87833600
-2.68951700
-3.91124600
-1.68813500
1.45096900
1.88384700
1.19633100
1.94504600
2.87498300
1.34236200
0.61727600
2.31247900
1.05031300
2.51794600
3.49225700
2.62742600
2.27101800
0.24384700
-0.05439800
-1.41813400
0.91016800
-1.80199900
-2.17904200
0.51965300
1.95972400
-0.83214700
-2.85731300
1.28201800
-1.12739900
2.69042900
3.18644900
3.44130400
4.84897500
5.28771500
5.03314300
5.27978700
-1.43952700
-0.22772900
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Zero-point correction=

7.05148200
7.56304500
7.02815500
5.96645200
7.47562600
8.38884700
7.44368800
5.53601600
4.20244800
3.68381100
3.24831600
4.63665600
2.66261200
4.34773300
3.70042900
5.27812000
4.87328700
5.96959500

Thermal correction to Energy=
Thermal correction to Enthalpy=
Thermal correction to Gibbs Free Energy=
Sum of electronic and zero-point Energies=
Sum of electronic and thermal Energies=
Sum of electronic and thermal Enthalpies=
Sum of electronic and thermal Free Energies=

C1-Attack precursor
Pd
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-0.31166500

-1.92616300
-1.05155100
-2.52127500
1.82017000
0.17374900
-0.46837500
-2.91283600
-1.14271600
2.44863400
3.83171500
3.95292600
2.73023900

-0.69419600
-1.13447000
-0.67026900
0.23693500
-1.05996600
-1.84193200
-1.02338000
0.60688400
1.69230200
2.86988700
2.59386100
3.85822900
3.49643000
1.64015000
2.21661400
0.86892300
0.11579100
1.48860300

-0.84253300
-1.81540000
-2.84133500
-0.93800400
-1.17588700
1.38436800
-3.35998200
-0.01758700
-3.33276000
-2.48332200
-2.35170000
-0.92931500
-0.39105600

-0.22800200
-1.45530100
-2.66673900
-2.66596200
0.70484100
-1.46992300
-3.60761300
-3.59340500
0.25023500
0.94793000
2.22014500
1.14076400
0.31338600
-1.18136900
-2.07892300
0.93437500
1.62617400
1.52744300

0.822680

0.823450
0.719346

-2901.300030

-2901.263657
-2901.262887

-2901.366991

0.48144100
1.60149800
1.21005600
0.63672300
0.41467800
-0.15098700
1.96217900
1.05981200
0.24871300
0.07119200
0.74556500
1.03244000
0.89281700

0.786308 (Hartree/Particle)
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4.68076500
1.60805300
0.45904300
0.04823500
0.77947500
1.92885000
2.34024900
1.93105600
-0.11523400
-0.84544500
2.50432400
3.23323200
-3.08954500
-2.32103000
-1.32986700
-1.10461100
-1.88672000
-2.86869100
-3.85998800
-2.48826400
-0.73611400
-1.73141100
-3.46483600
3.66620500
2.65514300
1.62884500
1.58328600
2.62162200
3.64941400
4.46795500
2.65535700
0.85169800
4.43972400
3.88988000
2.48060300
3.13335000
4.17915500
2.59042900
3.11871700
3.27754000
4.32546600
3.27697900
2.83905900
1.04438600

-2.62772400
1.83249100
1.09890200
0.96532200
1.57612500
2.31688500
2.43997100
1.92936000

0.62463700
0.39112800
2.80015800
3.01304800
4.62526700
4.64553300
3.68246200
2.68564600
2.66674100
3.63586000
5.37510800
5.41169800
3.71255700
1.89634300
3.61327100
2.81252800
3.68514700
3.23162800
1.90825000
1.02157700
1.49489200
3.14894800
4.71749100
3.92696900
0.81692400

-2.88449100

-2.78951300

-4.17427300

-4.19549600

-4.95102700

-4.45002200

-1.72700300

-1.67725800

-1.96969900

-0.72933000

-2.85849300

0.12227600
-4.54418600
-4.23615700
-2.90959900
-1.87574100
-2.19260000
-3.52216200
-5.57702900
-5.02716000
-2.68174300
-1.40953300
-3.75613700
0.47998900
-0.68519000
-0.89195400
0.06972900
1.23840800
1.44296400
0.63684900
-1.43716900
-1.79955900
1.98860300
2.35089400
2.60734000
2.21696700
1.38421900
0.92795800
1.32161400
2.15496900
3.25760300
2.55419200
1.08840900
2.45331000
1.69912600
-1.45993500
-1.64968500
-1.32288000
-1.09612700
-2.71041600
-2.23769400
-1.91863200
-3.30665200
-2.12773600
-2.01039400
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Zero-point correction=

1.06363500
0.45656400
0.52001000
1.86438600
-3.12649100
-3.40359400
-3.52921800
-4.03024200
-3.16955700
-4.14915400
-3.35510300
-4.39705800
-4.24442100
-4.44916000
-4.88744600
-1.97514700
-2.58717600
-1.29927800
-1.31169300
-2.33758100
-0.74836500
-0.83118700

Thermal correction to Energy=
Thermal correction to Enthalpy=
Thermal correction to Gibbs Free Energy=
Sum of electronic and zero-point Energies=
Sum of electronic and thermal Energies=
Sum of electronic and thermal Enthalpies=
Sum of electronic and thermal Free Energies=

C1-Attack precursor
Pd

T TEZYZ0O00n

-0.31269600
-1.68139300
-0.29159200
-2.38942600
-0.60799700
1.94463400
0.28659500
-0.00499500
-1.94173600

-3.11190400
-3.62968600
-1.90183200
-3.27178400
-1.30234500
-2.62514100
-0.25496100
-2.88781100
-3.45343300
-0.52016400
0.77359300
-1.84060700
-3.91590900
0.30370900
-2.04971900
-1.35121200
-0.36738300
-2.16520700
-1.80721300
-1.77272300
-2.59250500
-0.83662100

-0.53179300
-2.35662100
-2.54718800
-1.39858300
1.60403200
-0.15351400
-3.24761500
-2.50141200
-1.14478000

-3.07720100
-1.49747600
-1.90756200
0.55358600
-0.66371300
-1.05852300
-1.51865700
-2.27703200
-0.39872700
-2.73729600
-1.21385800
-3.12564800
-2.55624500
-3.37914100
-4.07234600
3.04230500
3.41326200
3.86102200
5.26046000
5.63471900
5.76446800
5.40890600

0.649264 (Hartree/Particle)

0.677050
0.677820

0.594496

-2141.901775

-2141.873989

-2141.873219
-2141.956544

-0.52320800
-0.76846800
-1.09545800
-1.50208800
-0.23625300
-0.13078200
-0.50073500
-2.14598900
-2.46377500
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-1.86001200
-1.81358900
-0.41431600
0.13418800
-2.07429300
2.95736900
2.13356500
1.82561500
2.35343100
3.18389700
3.47890400
3.19038100
1.72476100
1.17769600
3.60369200
4.11938900
4.90124600
5.03540800
4.16177300
3.13894200
3.00560200
3.88652800
5.58260500
5.82243500
4.28245300
2.21792600
3.77764600
3.23629100
4.12471000
3.70948400
241229800
1.51274700
1.94613400
3.53927400
5.13722500
4.41203600
1.25889100
-2.40403700
-1.94606300
-3.31550200
-3.42493700
-4.13887100
-3.43964900
-0.81636600

2.23343600
3.60958500
3.76054000
2.53315400
4.45878300
0.51375100
-0.54232500
-0.71706600
0.15809800
1.21390900
1.39024700
0.65366800
-1.22628200
-1.53420500
1.89691500
2.21266000
3.39580800
2.90003900
1.91667700
1.42731400
1.93567700
2.90858800
-4.15943400
3.27360200
-1.53537500
-1.56625900
3.29030400
3.61898100
2.57488100
1.46837000
1.37796700
2.45428900
3.55776800
4.48168000
2.60945900
0.66053200
4.37539700
3.64112100
2.27388600
2.87810000
3.91287900
2.29219200
2.88353300
3.11590800

0.27249100
-0.41765300
-0.79266000
-0.74588100
0.21203900
4.34409300
3.94455400
2.59527200
1.62996400
2.03604400
3.39025500
5.39607200
4.68309100
2.29037700
1.30439000
3.69661600
-1.64906800
-0.35155600
0.12117600
-0.70457700
-2.00913400
-2.47906500
-2.01382600
0.29773400
1.12962100
-2.66045400
-3.49044300
-2.55950200
-2.32143400
-1.57659900
-1.05460300
-1.28211200
-2.03727400
-3.14503900
-2.71266700
-1.40514800
-2.21573300
-1.33850100
1.83214100
2.20577100
1.86063000
1.77866300
3.29496600
2.45325200
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Zero-point correction=

-0.84793500
-0.90862700
0.17225500
-1.87509800
-2.02423600
-2.65551200
-0.90361300
-2.70848900
-3.73185100
-4.30678200
-4.47337300
-5.57916000
-3.74684000
-5.74328500
-4.06295600
-6.30431900
-6.00281000
-6.29825500
-7.29622600
-2.25971500
-3.31253000
-1.44411300
-1.86902300
-1.08845800
-2.82709300
-1.95705000

Thermal correction to Energy=
Thermal correction to Enthalpy=
Thermal correction to Gibbs Free Energy=
Sum of electronic and zero-point Energies=
Sum of electronic and thermal Energies=
Sum of electronic and thermal Enthalpies=
Sum of electronic and thermal Free Energies=

4.16312100
3.11216400
2.71126400
0.84273200
0.85637500
0.20631800
0.37716000
1.64984100
-0.83575500
-0.18782200
-0.87486500
0.37616100
-0.13942900
-0.30674600
-1.34262800
0.31705100
0.86069300
-0.35050000
0.75620600
-3.14971900
-3.74856200
-3.19510800
-4.05428500
-3.97387000
-3.71706100
-5.08636400

2.13093100
3.54575800
2.20872500
2.39294800
3.47948600
1.95905400
2.19734000
-0.09278900
-1.31955000
-2.43336800
-0.12009000
-2.36383100
-3.36431800
-0.05196600
0.76659300
-1.17169200
-3.23910500
0.88111500
-1.11186000
0.37472000
0.29348700
1.43755000
2.52073800
3.27705500
2.92317700
2.17232700

0.649046 (Hartree/Particle)

0.676858
0.677628

0.594053

-2141.900516

-2141.872704

-2141.871934
-2141.955509
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