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A. General Information

Unless otherwise specified, all reactions were carried out under a nitrogen atmosphere in anhydrous
conditions. All the solvents were purified according to the standard procedures. All chemicals which
are commercially available were used without further purification unless otherwise noted. Thin-layer
chromatography (TLC) was performed on silica gel plates (60F-254) using UV-light (254 and 365 nm).
Flash chromatography was conducted on silica gel (200300 mesh). H and *3C NMR spectra were
recorded at ambient temperature in CDCl; on a Bruker AMX500 (500 MHz) or AMX400 (400 MHz)
spectrometer. Chemical shifts were reported in parts per million (ppm). All high resolution mass
spectra were obtained on a Finnigan/MAT 95XL-T spectrometer. Optical rotations were measured
using a Jasco DIP-1000 polarimeter. Enantiomeric excesses were determined by HPLC analysis on a

chiral stationary phase.

Catalyst 3 and 4 were synthesized by following our previously reported procedures.! B-Perfluoroalkyl
enones 2 were synthesized according to literature reported procedures.? Enones 7 were synthesized
according to previous reported procedures.® 3-Butynoate 1 was synthesized according to the
method established by the Fu group.?

B. Representative Procedures

1. Preparation of enone 2

1) 2 eq. LDA, -78 °C, 5 min OH 4eq.EtzN 0

FyC——= . /\)J\RZ

FsC* 'Br 2)R-CHO,-78°C,2h R? THF, reflux, 8h Fa

Enone 2 was synthesized according to literature reported procedures.? To a solution of LDA (2.6
mmol) in THF (5 mL) was added dropwise 2-bromo-3,3,3-trifluoropropene (0.13 mL, 1.3 mmol) at -78
°C. After stirring for 5 min, a THF solution (1 mL) of respective aldehyde (1 mmol) was added and the

mixture was stirred for 2 h at -78 °C. Subsequent extraction with ethyl acetate, drying over Na,SO,
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and concentration in vacuo afforded the crude product, which was then dissolved in 5 mL THF. To
this solution was added triethylamine (0.56 mL, 4 mmol), and the mixture was refluxed for 8 h.
Subsequently, 5 mL of 1M HCl was added to the mixture, and the crude product was extracted by
ethyl acetate for three times, dried, and concentrated in vacuo. The crude product was then purified

by column chromatography using 20% EtOAc/Hexane to afford enone 2.

2. Preparation of 3-butynoate 1

o

=  5%Cul
H\OEt N i 1/\002&
N, MeCN R

3-Butynoate 1 was synthesized according to literature reported procedures.? To a solution of alkyne
(2 mmol) and Cul (15 mg) in MeCN (2 mL) were added ethyl diazoacetate (1 mmol). The resulting
mixture was stirred at room temperature for 12 h, and the solvent was removed in vacuo. The crude
product was then purified by column chromatography using 5-10% EtOAc/Hexane to afford 3-

butynoate 1.

3. [3+2] Annulation of 3-Butynoates with B-Trifluoromethyl Enones Promoted by EtsN and NUSIOC-

Phos

R1\¢O
[1] 1.3 eq. Ef3N, toluene, rt, 12 h H
RZ/\COZEt 2 ok
1 [2] 2, NUSIOC-Phos (10 mol%), rt, 12 h
0 4 CO,Et

R1JV\CF

2

3

To a dried round bottle flask with a magnetic stirring bar under N, at room temperature was added
3-butynoate 1 (0.12 mmol) in toluene (1 mL), followed by the addition of EtsN (0.13 mmol), and the
mixture was stirred for 12 h. Catalyst NUSIOC-Phos (0.01 mmol, 4 mg) and enone 2 were then
introduced, and the reaction mixture was stirred for another 12 h. The solvent was then removed

under reduced pressure and crude *H NMR analysis of the residue was performed to identify the
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diastereomeric ratio of the product. The crude product was subsequently purified by column

chromatography (10%—20% EtOAc/Hexane) on silica gel to afford annulation adduct 4.

4. [3+2] Annulation of 3-Butynoate 1a with Enones 5 Promoted by EtsN and Bifunctional Chiral

Phosphine 3i

CO,Et
——4 Ph. _O
Ph—— 1a
. i) Et3N (1.5 eq.), rt, toluene, 12 h Pho N Ph

A)l i) 3i (20 mol%), rt, 12 h *
Ph X" “Ph

5

g COEt

To a dried round bottle flask with a magnetic stirring bar under N, at room temperature was added
3-butynoate 1a (0.12 mmol) in toluene (1 mL), followed by the addition of EtsN (0.15 mmol), and the
mixture was stirred for 12 h. Catalyst 3i (0.02 mmol, 19 mg) and enone 5 were then introduced, and
the reaction mixture was stirred for another 12 h. The solvent was then removed under reduced
pressure and crude *H NMR analysis of the residue was performed to identify the diastereomeric
ratio of the product. The crude product was subsequently purified by column chromatography

(10%—20% EtOAc/Hexane) on silica gel to afford annulation adduct 6.

5. [3+2] Annulation of 3-Butynoate 1a with Enones 7 Promoted by EtsN and Bifunctional Chiral

Phosphine 3j

CO,Et
Ph—— 1a 4-MePh ()
i) Et3N (1.5 eq.), rt, toluene, 12 h

o ii) 3j(20 mol%), rt, 12 h Ph + COiPr

iPrOzC/\)KQ\ 6 COEt
7

To a dried round bottle flask with a magnetic stirring bar under N, at room temperature was added

+

3-butynoate 1a (0.12 mmol) in toluene (1 mL), followed by the addition of EtsN (0.15 mmol), and the
mixture was stirred for 12 h. Catalyst 3j (0.02 mmol, 16 mg) and enone 7 were then introduced, and
the reaction mixture was stirred for another 12 h. The solvent was then removed under reduced

pressure and crude *H NMR analysis of the residue was performed to identify the diastereomeric
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ratio of the product. The crude product was subsequently purified by column chromatography

(10%—20% EtOAc/Hexane) on silica gel to afford annulation adduct 8.

C. Preliminary further investigation

1. Catalyst screening®

Ph._O
o .
CO,Et i) 1.5 eq. Et3N, toluene, rt, 12 h
ph—=—=—" 4 Ph/%)kph 3 Ph Ph
} ii) cat. (20 mol%), rt, 12 h
a 5
6 CO.Et
OTBDPS OTBDPS
: /\/\ OTBDPS
ZN"pph -~ “PPh :
H 2 H 2 N "pph,
O~ _NH Os_NH :
(0] (@) Nw)
N CFs NHBoc
OTBSH 3k N
. orad’
' Cr 3
entry phosphine drb yield (%)¢ ee (%)4
1 3i >99:1 92 92
2 3k 91 88 93
3 3l 1911 95 89

“Reactions were performed by treating 1a (0.12 mmol) in toluene (1 mL) with EtsN (0.15mmol) and
stirred for 12 h at room temperature, followed by the addition of 5 (0.10 mmol) and the catalyst (20
mol%). “Determined by crude 'H NMR analysis. ‘Isolated yield of the major diastereomer.
IDetermined by HPLC analysis on a chiral stationary phase.

2. Examining another annulation®

o 4-MePh o

CO,Et i) 1.5 eq. E3N, toluene, rt, 12 h
ph——=—/ + ROLCTN Ph CO,R
1a 7R =Bn ii) cat. (5 mol%), rt, 12 h
7:R=iPr 8" R=Bn CO,Et
8:R=iPr
OTBDPS OTBDPS OTBDPS
PPh PPh2 /\/\Pth
Ox_NH
(0]
TBSO,,, -,

: N)H< NHBoc
H
3

OTBS OTBDPS OTBDPS
“ " pph, 7 pen, A" pph,
Os_NH O NH Os_NH
(0]
NHBoc NHBoc N)H<
3m 3n H
30
entry phosphine 717 8/8 drb yield (%)¢ ee (%)4
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1 3 7 8 71 85 923
2 3k 7 8’ 1011 78 -37
3 3l 7 8’ 31 70 88
4 3m 7 8 41 77 89
5 3n 7 8 5:1 8o o1
6 30 7 8 41 76 93
7 3 7 8 131 88 94

%Reactions were performed by treating 1a (0.12 mmol) in toluene (1 mL) with EtsN (0.15mmol) and
stirred for 12 h at room temperature, followed by the addition of 7 or 7‘ (0.10 mmol) and the
catalyst (5 mol%). “Determined by crude *H NMR analysis. ‘Isolated yield of the major diastereomer.
YDetermined by HPLC analysis on a chiral stationary phase.

D. Analytical Data and HPLC Chromatograms of Substrates and Products

Ethyl 4-(3-chlorophenyl)but-3-ynoate 1c

Cl

Prepared according to Representative Procedure B-2. Flash column chromatography (eluent: 5%-10%
EtoAc/Hexane) to afford 1c as colorless oil (150 mg, 68%); *H NMR (400 MHz, CDCl;) 6 7.42 (t, J = 1.7
Hz, 1H), 7.31 (dt, J = 7.5 Hz, 1.4 Hz, 1H), 7.27-7.25 (m, 1H), 7.23 (d, J = 7.8 Hz, 1H), 4.23 (q, / = 7.1 Hz,
3H), 3.49 (s, 2H), 1.31 (t, J = 7.1 Hz, 4H); 3C NMR (100 MHz, CDCl3) & 168.0, 134.1, 131.7, 129.9,
129.5, 128.5, 124.7, 82.6, 82.2, 61.8, 26.7, 14.1; ; HRMS (ESI) m/z calcd for C12H1:CINaO; [M + Na]* =

245.0340, found = 245.0345.

Ethyl 4-(4-fluorophenyl)but-3-ynoate 1d

F

Prepared according to Representative Procedure B-2. Flash column chromatography (eluent: 5%-10%

EtoAc/Hexane) to afford 1d as colorless oil (134 mg, 65%);*H NMR (400 MHz, CDCl3) & 7.47-7.34 (m,
2H), 6.98 (t, J = 8.8 Hz, 2H), 4.22 (g, J = 7.1 Hz, 2H), 3.47 (s, 2H), 1.29 (t, J = 7.1 Hz, 3H); 3C NMR (100
MHz, CDCls) 6 168.17, 133.67, 133.59, 115.58, 115.36, 82.41, 61.68, 26.67, 14.12; HRMS (ESI) m/z

calcd for C;2H1:FNaO; [M + Na]* = 229.0635, found = 229.0630.
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Ethyl 4-(2-fluorophenyl)but-3-ynoate 1e

F

Prepared according to Representative Procedure B-2. Flash column chromatography (eluent: 5%-10%

EtoAc/Hexane) to afford 1e as colorless oil (144 mg, 70%);*H NMR (400 MHz, CDCl3) & 7.29-7.19 (m,
2H), 7.13 (ddd, J = 9.3 Hz, 2.4 Hz, 1.2 Hz, 1H), 7.05-6.97 (m, 1H), 4.23 (q, J = 7.1 Hz, 2H), 3.49 (s, 2H),
1.31 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) 6 168.0, 129.8, 129.7, 127.7, 127.6, 118.7, 118.5,
115.7, 115.5, 82.4, 61.8, 26.7, 14.1; HRMS (ESI) m/z calcd for Ci2H:1FNaO; [M + Na]* = 229.0635,

found =229.0627.

Ethyl 4-(4-bromophenyl)but-3-ynoate 1f

Q/\ COEt
Br

Prepared according to Representative Procedure B-2. Flash column chromatography (eluent: 5%-10%

EtoAc/Hexane) to afford 1f as colorless oil (160 mg, 60%); *H NMR (400 MHz, CDCls) & 7.43-7.38 (m,
1H), 7.30-7.25 (m, 1H), 4.20 (g, J = 7.1 Hz, 1H), 3.46 (s, 1H), 1.28 (t, J = 7.1 Hz, 2H); 3C NMR (100
MHz, CDCl5) 6 168.0, 133.2, 131.5, 122.4, 122.0, 82.6, 61.7, 26.8, 14.1; HRMS (ESI) m/z calcd for

C12H11BrNaO, [M + Na]* = 288.9835, found = 288.9831.

Ethyl 4-(4-ethylphenyl)but-3-ynoate 1g

Et

Prepared according to Representative Procedure B-2. Flash column chromatography (eluent: 5%-10%

EtoAc/Hexane) to afford 1g as colorless oil (108 mg, 50%); 'H NMR (400 MHz, CDCls) § 7.37-7.32 (m,
1H), 7.14-7.07 (m, 2H), 4.21 (q, J = 7.0 Hz, 2H), 3.48 (s, 2H), 2.62 (q, / = 7.6 Hz, 2H), 1.29 (t, / = 7.1 Hg,
3H), 1.20 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) 6 168.5, 144.5, 131.7, 127.8, 120.2, 83.6, 80.4,
61.6, 28.8, 26.8, 15.3, 14.1; HRMS (ESI) m/z calcd for Ci4H1sNaO, [M + Na]* =239.1043, found =

239.1044.
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Ethyl (3R,4S,5R)-4-benzoyl-3-phenyl-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4a

e

Phy

CO,Et

Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4a as colorless oil (33.8 mg, 87%); [a]** b = -28.9 (c 1.0, CHCls); *H NMR (400
MHz, CDCls) § 7.73-7.65 (m, 2H), 7.58=7.51 (m, 1H), 7.41-7.28 (m, 6H), 7.08 (dd, J = 6.4, 3.1 Hz, 2H),
6.82 (s, 1H), 4.63-4.52 (m, 1H), 4.37-4.21 (m, 3H), 4.03-3.96 (m, 1H), 1.33 (t, J = 7.1 Hz, 3H); 13C
NMR (100 MHz, CDCls) § 198.2, 163.3, 147.5, 140.2, 135.3, 133.9, 131.9, 129.2, 129.0, 128.7, 128.1,
127.9, 126.3 (q, J = 279.9 Hz), 61.1, 55.5, 54.1, 51.4 (q, J = 28.9 Hz), 14.1; HRMS (ESI) m/z calcd for
CxoH1oF3NaOs3 [M + Na]* = 411.1179, found = 411.1187; The ee value was 99%, tg (minor) = 7.552

min, tr (major) = 8.476 min (Chiralpak IC, A = 254 nm, 5% i-PrOH/hexane, flow rate = 1.0 mL/min).

my
2005 Detector A 254N
2004
] 2
] b 3
3 A
] | -"" \
100 \ [
504 / \ ‘-"I‘ IL"-‘
4 / A\ / \
] 1 \
] \ N
B_
st ¥FF " "7
6.5 70 75 80 85 90 95
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 7.539 1724460 154266 50.334 M
2 8.464 1701605 139056 49 666
Total 3426065 293322 100.000
Racemic 4a
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my

750 Detecior A 254nm|

8.476

500 {1\

250

7.552
-

o - S
A S o A e B e e R B B B e E s e
6.5 7.0 7.5 8.0 8.5 9.0 9.5
min
<Peak Table>
Detector A 254n
Peak#| Ret. Time Area Height Conc Unit Mark Name
1 7.552 28000 2307 0.395 M
2 8.476 7055370 547507 99.605 M
Total 7083369 549814 100.000

Enantiomeric enriched 4a

Ethyl (3R,4S,5R)-4-(4-chlorobenzoyl)-3-phenyl-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4b

CF3

CO,Et
Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4b as colorless oil (37.6 mg, 89%); [a]* b =-71.4 (c 1.0, CHCl3); *H NMR (400
MHz, CDCl3) 6 7.65-7.56 (m, 2H), 7.37-7.28 (m, 2H), 7.13-7.05 (m, 1H), 6.80 (s, 1H), 4.62-4.49 (m,
1H), 4.39-4.20 (m, 2H), 4.17 (t, J = 5.5 Hz, 1H), 4.01-3.87 (m, 1H), 1.33 (t, J = 7.1 Hz, 3H); 3C NMR
(100 MHz, CDCl3) 6 197.0, 163.2, 147.3, 140.6, 140.0, 133.6, 131.9, 130.5, 129.1, 129.0, 128.1, 128.0,
126.2 (q, J = 279.7 Hz), 61.2, 55.5, 54.3, 51.4 (g, J = 29.5 Hz), 14.1; HRMS (ESI) m/z calcd for
C2H18CIF3NaOs [M + Na]* = 445.0789, found = 445.0795; The ee value was 99%, tz (minor) = 7.381

min, tg (major) = 8.225 min (Chiralpak IC, A = 254 nm, 5% i-PrOH/hexane, flow rate = 1.0 mL/min).
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my
30007 o Detector A 254nm]
= :
I \‘ ~
] [ A
2000 [ A
] [ [
- |
- |
] / I‘u‘ ."
1000+ | \ | \
1 | \ | \
| \ [ \
/ \ / \
] / SN
o~
. — T T — T T T
60 6.5 70 75 80 85 90
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc Unit Mark Name
1 7.065| 28241786 2539396 49.926 M
2 7.811| 28325629 2329923 50.074 M
Total 56567416 4869319 100.000
Racemic 4b
my
200 Detector A 254N
1504
1 wy
&
1 ©
1 ol
100 I
1 / \
504 J
4 / A\
3 fo
1 ~ J \_ -
o - S
T —— T — T — —
6.5 7.0 75 8.0 85 9.0 9.5
min
<Peak Table>
etector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 7.381 9838 914 0.669
2 8.225 1461655 111629 99.331
Total 1471493 112543 100.000

Enantioenriched 4b

Ethyl (3R ,4S,5R)-4-(3-chlorobenzoyl)-3-phenyl-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4c

Cl

=0

Ph
CFs
CO,Et
Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4c as colorless oil (38.1 mg, 90%); [a]?® b = -39.6 (c 1.0, CHCl3); *H NMR (500
MHz, CDCls) & 7.62 (s, 1H), 7.54-7.46 (m, 2H), 7.37-7.24 (m, 4H), 7.12-7.03 (m, 2H), 6.79 (s, 1H),

4.64-4.52 (m, 1H), 4.37-4.20 (m, 2H), 4.15 (t, J = 5.5 Hz, 1H), 3.97-3.89 (m, 1H), 1.32 (t, / = 7.1 Hg,

3H); **C NMR (125 MHz, CDCl;) § 196.8, 163.2, 147.2, 139.9, 136.8, 135.1, 133.8, 131.9, 129.9, 129.3,
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129.2,128.1, 128.0, 127.2, 126.2 (q, / = 279.7 Hz), 125.1, 122.9, 61.2, 55.4, 54.6, 51.2 (q, / = 29.3 Hz),
14.1; **F NMR (376 MHz, CDCls) & -67.51; HRMS (ESI) m/z calcd for CxHi1sCIFsNaOs [M + Na]* =
445.0789, found = 445.0785; The ee value was 99%, tg (minor) = 6.955 min, tg (major) = 8.230 min

(Chiralpak IC, A = 254 nm, 5% i-PrOH/hexane, flow rate = 1.0 mL/min).

mv
5007 Detector A 254N
4004
1 w
] o
] © ~
300 N g
] \ A
200 /
] [ [
{ \ / \
L5 — \ \_,‘_7
——r 7 " "
6.0 65 70 75 8.0 85 9.0
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc Unit Mark Name
1 6.916 3161064 310350 50.040
2 8.217 3155968 264011 49.960 M
Total 6317032 574361 100.000
Racemic 4c
my
| Detector A 254nn
501
1 2
8
@
~
FAERY
1 J" “.
25 [
] /N
/
5 Y
g 5 o _/ \__
T T T T T T
6.0 6.5 70 75 80 85 9.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 6.955 3244 308 0.627 M
2 8.230 514148 37049 99.373
Total 517392 37357 100.000

Enantioenriched 4c

Ethyl (3R,4S5,5R)-4-(2-chlorobenzoyl)-3-phenyl-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4d

CO,Et
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Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4d as colorless oil (31.7 mg, 75%); [a]* p = -70.5 (c 1.0, CHCl3); *H NMR (400
MHz, CDCls) & 7.43-7.40 (m, 2H), 7.28-7.24 (m, 2H), 7.23-7.18 (m, 3H), 6.88 (dd, J = 6.6 Hz, 2.9 Hz,
2H), 6.83 (s, 1H), 4.58-4.48 (m, 1H), 4.39-4.21 (m, 2H), 4.19-4.12 (m, 2H), 1.34 (t, J = 7.1 Hz, 3H); 3C
NMR (100 MHz, CDCls) 6 199.6, 163.2, 147.2, 140.3, 137.8, 132.2, 131.9, 131.4, 130.7, 129.1, 128.8,
127.6, 127.5, 126.9, 126.2 (q, J = 279.7 Hz), 122.0, 61.2, 58.4, 53.5, 49.9 (q, J = 29.3 Hz), 14.1; *°F
NMR (376 MHz, CDCl;) § -68.01; HRMS (ESI) m/z calcd for Cy;H1sCIFsNaOs [M + Na]* = 445.0789,

found = 445.0784; The ee value was 91%, tz (major) = 6.161 min, tg (minor) = 7.719 min (Chiralpak

IE, A = 254 nm, 10% i-PrOH/hexane, flow rate = 1.0 mL/min).

mV
5007 Defector A 254nm]
400
1 © &
300+ N 8
1 ."I “. 9’{\‘.
200 | [
| \
1 [ | )
100 | \ | \
] | \ / \
] / \ / \
o] 7 N - / N o
ST T T T T T T T T T T T T T
5.5 6.0 6.5 7.0 7.5 80 85 9.0
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 6.177 3173713 308104 49.740
2 7027 3206929 269473 50.260
Total 6380642 577577 100.000
Racemic 4d
mv
Detector A 254nm|
1 &
50 pe
1 M\
4 ‘I‘I‘ I‘l‘
25 / 1
1 ."I !
1 f \ ]
1 / ' =
oS N =
—— 7T T T
55 6.0 65 7.0 75 8.0 85

min

<Peak Table>
Detector A 254n|

Peak# Ret. Time Area Height Conc Unit Mark Name
1 6.161 581095 45119 95.408
2 7719 27965 1978 4592 M
Total 609059 47097 100.000

Enantioenriched 4d
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Ethyl (3R,4S,5R)-4-(4-bromobenzoyl)-3-phenyl-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4e

CF3

CO,Et
Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4e as colorless oil (37.4 mg, 80%); [a]* p = -65.5 (c 1, CHCI3); *H NMR (400
MHz, CDCls) § 7.55-7.45 (m, 4H), 7.36-7.30 (m, 3H), 7.11-7.05 (m, 2H), 6.80 (s, 1H), 4.60—4.51 (m,
1H), 4.38-4.20 (m, 2H), 4.17 (t, J = 5.5 Hz, 1H), 3.99-3.92 (m, 1H), 1.33 (t, J = 7.1 Hz, 3H); 3C NMR
(100 MHz, CDCls) 6 197.2, 163.2, 147.3, 140.0, 133.9, 132.0, 131.9, 130.6, 129.4, 129.1, 128.1, 128.0,
126.2 (q, J = 279.7 Hz), 61.2, 55.5, 54.2, 51.4 (q, J = 29.2 Hz), 14.1; 5F NMR (376 MHz, CDCl5) § -67.49;
HRMS (ESI) m/z calcd for Cy;Hi1sBrFsNaOs; [M + Na]* = 489.0284, found = 489.0286; The ee value was
98%, tr (minor) = 7.220 min, tg (major) = 8.013 min (Chiralpak IC, A = 254 nm, 5% i-PrOH/hexane,

flow rate = 1.0 mL/min).

mvy

2750 Detecior A 254nm
b
& g
] -
5004 A A
1 [ \\
250 | [
1 \ / \
] \ / \
B / A / \
I N /! B
S e N ——————————
650 675 700 725 750 775  BO0 825 B850 875 900

min

<Peak Table>

Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 7.271 5688314 541923 49852
2 7.986 5722055 494810 50.148 v
Total 11410369 1036733 100.000
Racemic 4e
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Detector A 254nm|

100

] /

50
25] / \
] - / \
b &
/
. - R S \.\_ ]
25
L T B e o e e LA e e e e e BRI e e
6.50 6.75 7.00 725 750 775 B8.00 825 8.50 8.75 9.00
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc Unit Mark Name
1 7.220 10015 792 0.948
2 8.013 1046486 83430 99.052
Total 1056500 84221 100.000

Enantioenriched 4e

Ethyl (3R,4S,5R)-4-(4-fluorobenzoyl)-3-phenyl-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4f

CF3

S

CO,Et
Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4f as colorless oil (92%, 37.4 mg); [a]®® b = -56.2 (c 1, CHCI5); *H NMR (500
MHz, CDCls) § 7.73=7.66 (m, 2H), 7.33 (dd, J = 5.4 Hz, 1.6 Hz, 3H), 7.09 (dd, J = 7.1 Hz, 2.1 Hz, 2H),
7.02 (t, J = 8.5 Hz, 2H), 6.81 (s, 1H), 4.63—4.50 (m, 1H), 4.37—4.21 (m, 2H), 4.19 (t, J = 5.5 Hz, 1H),
4.01-3.91 (m, 1H), 1.33 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCls) 6 196.6, 167.3, 164.2 (d, J =
248.3 Hz), 147.3, 140.1, 131.9 (d, J = 9.6 Hz), 131.7 (d, J = 3 Hz), 129.1, 128.0, 126.3 (q, J = 279.5 Hz),
115.8 (d, J = 22.0 Hz), 61.1, 55.6, 54.2, 51.5 (g. J = 29.0 Hz), 14.1; F NMR (376 MHz, CDCl5) & -67.52,
-103.63; HRMS (ESI) m/z calcd for Cy;HisF4NaOs; [M + Na]* = 429.1084, found = 429.1088; The ee
value was 99%, tz (minor) = 7.388 min, tg (major) = 8.416 min (Chiralpak IC,A = 254 nm, 5% i-

PrOH/hexane, flow rate = 1.0 mL/min).
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<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 7.328 8171797 567251 50.102 M
2 8.316 6146660 511396 49.898 M
Total 12318457 1078647 100.000
Racemic 4f
mv
75 Detector A 254nm|
@«
1 I
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6.0 6.5 70 75 a0 85 9.0 95 100
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 7.388 4880 405 0.677
2 8.416 715756 52761 99.323 S
Total 720636 53166 100.000

Enantioenriched 4f

Ethyl (3R,4S,5R)-4-(4-cyanobenzoyl)-3-phenyl-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4g

NC

7\/\/0
Ph
CFs
CO,Et

Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4g as colorless oil (90%, 37.2 mg); [a]®® o = -62.0 (c 1, CHCI5); *H NMR (400
MHz, CDCls) § 7.75-7.70 (m, 2H), 7.67—7.61 (m, 2H), 7.34-7.32 (m, 3H), 7.09 — 7.03 (m, 2H), 6.79 (s,
1H), 4.62—4.49 (m, 1H), 4.37-4.22 (m, 2H), 4.20 (t, J = 5.8 Hz, 1H), 3.99-3.91 (m, 1H), 1.33 (t, J= 7.1

Hz, 3H); 3C NMR (100 MHz, CDCls) § 197.0, 163.1, 147.0, 139.7, 138.3, 132.4, 129.4, 129.3, 128.3,
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127.9,126.1 (q, J = 279.7 Hz), 61.2, 55.3, 54.8, 51.4 (q, J = 29.4 Hz), 14.1; °F NMR (376 MHz, CDCls) &

-67.51; HRMS (ESI) m/z calcd for C3HisFsNNaOs [M + Na]* =

value was 95%, tz (minor) = 11.518 min, tg (major)

PrOH/hexane, flow rate = 1.0 mL/min).

436.1131, found = 436.1128; The ee

= 12.479 min (Chiralpak IE, A = 254 nm, 40% i-

my
20007 Detector A 254N
] g .
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1000+ | \ \
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min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc Unit Mark Name
1 12.509| 25866535 1534069 49 991 M
2 13.227| 25875574 1441451 50.009 M
Total 51742109 2975520 100.000
Racemic 4g
mv
1000 = Defector A 254N
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min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 11.518 445982 22981 2.500 M
2 12.479] 17511087 876673 97.500
Total 17960069 899654 100.000

Enantioenriched 4g

Ethyl (3R,4S5,5R)-4-(4-methylbenzoyl)-3-phenyl-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4h

Q

Ph

CF3

CO,Et
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Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4h as colorless oil (91%, 36.6 mg); [a]* p = -61.3 (c 1, CHCI3); *H NMR (500
MHz, CDCls) & 7.60 (d, J = 8.2 Hz, 2H), 7.34-7.29 (m, 3H), 7.16 (d, J = 8.1 Hz, 2H), 7.12-7.08 (m, 2H),
6.82 (s, 1H), 4.60-4.50 (m, 1H), 4.38-4.18 (m, 3H), 4.04—3.95 (m, 1H), 2.39 (s, 3H), 1.33 (t, J = 7.1 Hz,
3H); 13C NMR (125 MHz, CDCls) 6 197.8, 163.4, 147.6, 144.9, 140.3, 132.7, 132.0, 129.4, 129.3, 129.0,
128.1, 127.8, 126.4 (g, J = 279.9 Hz), 61.1, 55.6, 53.9, 51.5 (g, J = 28.6 Hz), 21.7, 14.1;'°F NMR (376
MHz, CDCl5) 6 -67.47.; HRMS (ESI) m/z calcd for Cy;sHaiFsNaOs [M + Na]* = 425.1335, found =
425.1347; The ee value was 99%, tz (major) = 6.655 min, tz (major) = 8.377 min (Chiralpak IE, A = 254

nm, 10% i-PrOH/hexane, flow rate = 1.0 mL/min).

mv
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<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc Unit Mark Name
1 6.680| 10091693 973339 49.981
2 8.385] 10099385 801342 50.019
Total 20191077 1774681 100.000
Racemic 4h
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<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 6.655 9543615 754343 99.385 S
2 8.377 59101 3983 0.615 M
Total 9602716 758376 100.000

Enantioenriched 4h
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Ethyl (3R,4S,5R)-4-(4-methoxybenzoyl)-3-phenyl-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4i

MeO,
—=0
Ph
CF3
CO,Et

Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4i as colorless oil (91%, 38 mg); [a]?® o =-72.5 (c 1, CHCl3); *H NMR (400 MHz,
CDCl3) 6 7.70-7.65 (m, 2H), 7.36-7.29 (m, 3H), 7.13-7.08 (m, 2H), 6.85-6.79 (m, 3H), 4.61-4.48 (m,
1H), 4.38-4.21 (m, 2H), 4.19 (t, J = 5.4 Hz, 1H), 4.02-3.96 (m, 1H), 3.84 (s, 3H); 1.33 (t, / = 7.1 Hz, 3H);
13C NMR (100 MHz, CDCl3) 6 197.0, 164.2, 163.4, 147.6, 140.4, 132.0, 131.6, 129.0, 128.2, 128.1,
127.8, 126.4 (g, J = 279.9 Hz), 113.8, 61.1, 55.7, 55.5, 53.7, 51.6 (q, J = 29.1 Hz), 14.1; *°F NMR (376
MHz, CDCls) 6 -67.49; HRMS (ESI) m/z calcd for Ca3H21FsNaO4 [M + Na]* = 441.1284, found = 441.1289;
The ee value was 99%, tr (minor) = 14.633 min, tg (major) = 15.327 min (Chiralpak IC, A = 254 nm, 5%

i-PrOH/hexane, flow rate = 1.0 mL/min).

my
500

Detector A 254nm|
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T T L L e L e e e e e U IS
12.0 12.5 13.0 135 140 145 15.0 155 16.0
min

<Peak Table>

etector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 13.516 5906003 293420 50.125
2 14.224 5876593 272287 49.875 v
Total 11782597 565707 100.000
Racemic 4i
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<Peak Table>
Detector A 2564n
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 14.633 129250 8013 0.366 M
2 15.327| 35139960 1405263 99.634
Total 35269210 1413276 100.000

Enantioenriched 4i

Ethyl (3R,4S,5R)-4-(3,4-dimethoxybenzoyl)-3-phenyl-5-(trifluoromethyl)cyclopent-1-ene-1-

carboxylate 4j

MeO OMe
=0
Ph 3
CF3
CO,Et

Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4j as colorless oil (72%, 32.3 mg); [a]® b = -52.4 (c 1, CHCl3); 'H NMR (400
MHz, CDCls) & 7.37-7.23 (m, 5H), 7.17-7.11 (m, 2H), 6.80 (s, 1H), 6.75 (d, J = 8.4 Hz, 1H), 4.66—4.56
(m, 1H), 4.37-4.19 (m, 3H), 4.00-3.95 (m, 1H), 3.90 (s, 3H), 3.69 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H); 13C
NMR (100 MHz, CDCls) 6 196.5, 163.3, 154.0, 149.0, 147.6, 140.5, 131.8, 129.1, 128.2, 128.1, 127.9,
126.4 (q, J = 279.8 Hz), 124.0, 111.1, 110.1, 61.1, 56.1, 55.8, 55.6, 53.7, 51.5 (q, J = 29.1 Hz), 14.1; 1°F
NMR (376 MHz, CDCls) 6 -67.45; HRMS (ESI) m/z calcd for Cy4H23F3sNaOs [M + Na]* = 471.1390, found
=471.1403; The ee value was 99%, tr (major) = 15.774 min, tz (minor) = 18.211 min (Chiralpak IE, A =

254 nm, 10% i-PrOH/hexane, flow rate = 1.0 mL/min).
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<Peak Table>
etector A 254nm
Peak#| Ret. Time Area Height Conc Unit Mark Name
1 15.643 8597338 331807 50.107
2 17.815 8560515 262535 49.893 vV
Total 17157853 594342 100.000
Racemic 4j
mv
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<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 15.774 2043576 86049 99.595
2 18.211 8315 338 0.405 M
Total 2051891 86386 100.000

Enantioenriched 4j

Ethyl (3R,4S,5R)-4-(2-naphthoyl)-3-phenyl-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4k

o

CF3

CO,Et
Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4k as colorless oil (95%, 41.6 mg); [a]®® o = 29.4 (c 1, CHCl3); 'H NMR (400
MHz, CDCls) & 7.96 (dd, J = 8.7 Hz, 1.8 Hz, 1H), 7.91 (s, 1H), 7.85 (d, J = 8.5 Hz, 2H), 7.63-7.53 (m, 2H),
7.53-7.46 (m, 1H), 7.36-7.30 (m, 3H), 7.13 (dd, J = 7.6 Hz, 1.7 Hz, 2H), 6.84 (s, 1H), 4.78-4.64 (m, 1H),

4.43-4.23 (m, 3H), 4.05-3.97 (m, 1H), 1.35 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) & 197.6,
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163.4,147.3, 140.4, 135.9, 132.3, 132.1, 132.1, 131.8, 129.7, 129.1, 129.0, 128.6, 128.3, 128.0, 127.7,
126.9, 126.4 (q, J = 279.7 Hz), 124.4, 61.1, 55.7, 54.6, 51.2 (q, J = 29.1 Hz), 14.1; **F NMR (376 MHz,
CDCls) 6 -67.43; HRMS (ESI) m/z caled for Ca6H21FsNaOs [M + Nal* = 461.1335, found = 461.1342; The
ee value was 97%, tr (minor) = 10.466 min, tg (minor) = 11.643 (Chiralpak IC, A= 254 nm, 5% i-

PrOH/hexane, flow rate = 1.0 mL/min).
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<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 10.445] 16507736 905545 49.157 M
2| 11572 17074131 811842 50.843 M
Total 33581867 1717387 100.000
Racemic 4k
mV
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min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc Unit Mark Name
1 10.466 140455 7768 0.796
2| 11643] 17497104 841421 99204
Total 17637559 849188 100.000
Enantioenriched 4k
Ethyl (3R,4S,5R)-3-phenyl-4-(thiophene-2-carbonyl)-5-(trifluoromethyl)cyclopent-1-ene-1-

carboxylate 4l
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AN

Ph
CFs
CO,Et
Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4l as colorless oil (93%, 36.6 mg); [a]*® b =-80 (c 1, CHClz); *H NMR (400 MHz,
CDCls) & 7.69 (dd, J = 4.9 Hz, 1.0 Hz, 1H), 7.36-7.30 (m, 3H), 7.17 (dd, J = 3.9 Hz, 1.0 Hz, 1H), 7.16—
7.11 (m, 2H), 6.99 (dd, J = 4.9 Hz, 3.9 Hz, 1H), 6.84 (s, 1H), 4.56-4.44 (m, 1H), 4.37—4.20 (m, 2H),
4.12-4.08 (m, 1H), 4.03 (t, J = 5.6 Hz, 1H), 1.33 (t, J = 7.1 Hz, 3H); 23C NMR (100 MHz, CDCl5) § 191.0,
163.2, 147.6, 142.8, 140.3, 135.7, 133.6, 131.9, 129.0, 128.3, 128.0, 127.9, 126.2 (q, J = 279.8 Hz),
122.0, 61.1, 55.7, 55.6, 51.7 (q, J = 29.2 Hz), 14.1; °F NMR (376 MHz, CDCls) & -67.60; HRMS (ESI)

m/z calcd for CoH17FsNaOsS [M + Na]* = 417.0743, found = 417.0746; The ee value was 98%, tr

(minor) = 10.884 min, tr (major) = 12.141 (Chiralpak IC, A = 254 nm, 5% i-PrOH/hexane, flow rate =

1.0 mL/min).
mv
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<Peak Table>

Detector A 254n
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 11.074] 11037163 693561 50.002
2 12.258| 11036175 624449 49.998 v
Total 22073338 1318010 100.000
Racemic 4l
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<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc Unit Mark Name
1 10.884 9657 477 0.869
2 12.141 1101889 62668 99.131
Total 1111546 63145 100.000

Enantioenriched 4l

Ethyl (3R,4S,5R)-4-benzoyl-3-(4-chlorophenyl)-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4m

Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4m as colorless oil (78%, 33.0 mg); [a]®® o = -91.2 (c 1, CHCl3); *H NMR (400
MHz, CDCls) & 7.70 (dd, J = 8.3 Hz, 1.2 Hz, 2H), 7.62—7.55 (m, 1H), 7.43-7.37 (m, 2H), 7.32-7.27 (m,
2H), 7.04-6.98 (m, 2H), 6.78 (s, 1H), 4.58—4.48 (m, 1H), 4.38-4.21 (m, 2H), 4.18 (t, J = 5.1 Hz, 1H),
4.02-3.96 (m, 1H), 1.33 (t, J = 7.1 Hz, 3H); 3*C NMR (100 MHz, CDCl5) § 197.9, 163.1, 146.8, 138.7,
135.1, 134.0, 133.8, 132.4, 129.4,129.2, 129.1, 128.8, 126.2 (q, / = 279.7 Hz), 61.2, 54.7, 53.9, 51.3 (q,
J=29.4 Hz), 14.1; *°F NMR (376 MHz, CDCls) & -67.55; HRMS (ESI) m/z calcd for C2:H1sCIFsNaOs [M +
Na]* = 445.0789, found = 445.0791; The ee value was 99%, tg (minor) = 7.497 min, tg (major) = 8.511

min (Chiralpak IC, A = 254 nm, 5% i-PrOH/hexane, flow rate = 1.0 mL/min).
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<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc Unit Mark Name
1 7.537 7029566 634128 49.954
2 8.545 1042476 554725 50.046 M
Total 14072042 1188854 100.000
Racemic 4m
mv
2007 Detecior A 254N
1501 5
] ©
1 a)
100] [
501 / \
] = / kY
o — & / \
¥
65 7.0 75 8.0 85 90 95
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 7.497 7596 617 0.446 M
2 8.511 1696175 135247 99.554
Total 1703771 135864 100.000

Enantioenriched 4m

Ethyl (3R,4S,5R)-4-benzoyl-3-(3-chlorophenyl)-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4n

Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4n as colorless oil (73%, 30.9 mg); [a]* o = -61.7 (c 1, CHCIl3); *H NMR (400
MHz, CDCl3) 6 7.71 (dd, J = 8.3 Hz, 1.1 Hz, 2H), 7.62-7.56 (m, 1H), 7.40 (dd, J = 8.1 Hz, 7.6 Hz, 2H),
7.29-7.22 (m, 2H), 7.04 (t, J = 1.7 Hz, 1H), 6.96 (dt, J = 7.2 Hz, 1.4 Hz, 1H), 6.80 (s, 1H), 4.60-4.48 (m,
1H), 4.37-4.18 (m, 3H), 4.02-3.96 (m, 1H), 1.34 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCl3) § 197.8,

163.1, 146.5, 142.2, 135.1, 134.9, 134.1, 132.6, 130.2, 129.1, 128.8, 128.2, 128.1, 126.2 (q, J = 279.8
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Hz), 126.2, 61.2, 54.8, 53.8, 51.3 (g, J = 29.3 Hz), 14.1; °F NMR (376 MHz, CDCl5) 6 -67.53; HRMS (ESI)
m/z calcd for CyH1sCIFsNaOs [M + Na]* = 445.0789, found = 445.0785; The ee value was 98%, tr

(minor) = 7.104 min, tg (major) = 8.214 min (Chiralpak IC, A = 254 nm, 5% i-PrOH/hexane, flow rate =

1.0 mL/min).
mv
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<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 7.096 1900715 178457 50.680 M
2 8.216 1858455 155247 49.320
Total 3768170 333705 100.000
Racemic 4n
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<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 7.104 20283 1674 1.255 M
2 8.214 1595629 131927 98.745
Total 1615912 133601 100.000

Enantioenriched 4n

Ethyl (3R,4S,5R)-4-benzoyl-3-(4-fluorophenyl)-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 40
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Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4o as colorless oil (81%, 32.9 mg); [a]* b = -51.7 (c 1, CHCI3); *H NMR (400
MHz, CDCls) 6 7.69 (dd, J = 8.3 Hz, 1.1 Hz, 2H), 7.60-7.55 (m, 1H), 7.39 (t, J = 7.8 Hz, 2H), 7.08-6.98
(m, 4H), 6.78 (s, 1H), 4.60—4.49 (m, 1H), 4.38-4.21 (m, 2H), 4.18 (t, J = 5.2 Hz, 1H), 4.02-3.94 (m, 1H),
1.33 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCl) 6 198.0, 163.2, 162.3 (d, J = 247.1 Hz), 147.0, 136.0
(d, J = 3.3 Hz), 135.2, 134.0, 132.2, 129.7 (d, J = 8.2 Hz), 129.1, 128.7, 126.3 (g, / = 279.9 Hz), 115.9 (d,
J=21.5Hz), 61.2,54.7,54.1,51.3 (q, J = 29.2 Hz), 14.1; °F NMR (376 MHz, CDCls) § -67.56, -114.10;
HRMS (ESI) m/z calcd for CyHisF4sNaOs [M + Nal* = 429.1084, found = 429.1087; The ee value was
99%, tr (minor) = 7.594 min, tg (major) = 8.640 min (Chiralpak IC, A = 254 nm, 5% i-PrOH/hexane,

flow rate = 1.0 mL/min).
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<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc Unit Mark Name
1 7.548 2172585 202221 49.957 S
2 8.641 2176354 178434 50.043 M
Total 4348938 380655 100.000
Racemic 4o
mv
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<Peak Table>

Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 7.594 3535 246 0.570 M
2 8.640 616308 44502 99.430
Total 619843 44747 100.000
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Enantioenriched 40

Ethyl (3R,4S,5R)-4-benzoyl-3-(2-fluorophenyl)-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4p

Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4p as colorless oil (70%, 28.4 mg); [a]* b = -57.8 (c 1, CHCI3); *H NMR (400
MHz, CDCl3) 6 7.75-7.67 (m, 2H), 7.61-7.56 (m, 1H), 7.43-7.36 (m, 2H), 7.28 (td, J = 8.0 Hz, 6.0 Hz,
1H), 7.00 (tdd, J = 8.4 Hz, 2.6 Hz, 0.8 Hz, 1H), 6.86 (d, J = 7.7 Hz, 1H), 6.80 (ddd, J = 5.2 Hz, 4.4 Hz, 2.3
Hz, 2H), 4.60—4.48 (m, 1H), 4.38—4.20 (m, 3H), 4.03—4.00 (m, 1H), 1.33 (t, J = 7.1 Hz, 3H); *C NMR
(100 MHz, CDCl5) 6 197.9, 163.1, 163.0 (d, J = 247.5 Hz), 146.6, 142.7 (d, J = 6.9 Hz), 135.1, 134.0,
132.5, 130.5 (d, J = 8.3 Hz), 129.1, 128.8, 126.2 (q, J = 279.7 Hz), 123.7 (d, J = 2.5 Hz), 115.0 (d, J =
22.0 Hz), 114.9 (d, J = 21.1 Hz), 61.2, 54.9, 53.8, 51.4 (q, J = 29.3 Hz), 14.1; *°F NMR (376 MHz, CDCl3)
6 -67.53, -111.79; HRMS (ESI) m/z calcd for Cx;HisF4sNaOs [M + Na]* = 429.1084, found = 429.1083;
The ee value was 99%, tg (minor) = 10.006 min, tg (major) = 12.153 min (Chiralpak IC, A = 254 nm, 2%

i-PrOH/hexane, flow rate = 1.0 mL/min).
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<Peak Table>
Detector A 2564nm
Peak# Ret. Time Area Height Conc Unit Mark Name
1 9.945 2090819 1563543 49.987 M
2 12.102 2091894 122031 50.013
Total 4182713 275573 100.000
Racemic 4p
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<Peak Table>

Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 10.006 7827 661 0.306
2 12.153 2546893 144657 99.694
Total 2554720 145319 100.000

Enantioenriched 4p

Ethyl (3R,4S,5R)-4-benzoyl-3-(4-bromophenyl)-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4q

Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4q as colorless oil (71%, 33.2 mg); [a]?® b = -99.1 (c 1, CHCls); *H NMR (400
MHz, CDCls) & 7.71 (dd, J = 8.3 Hz, 1.2 Hz, 2H), 7.62—7.55 (m, 1H), 7.46—7.37 (m, 4H), 6.98-6.92 (m,
2H), 6.78 (s, 1H), 4.57-4.49 (m, 1H), 4.38-4.20 (m, 2H), 4.17 (t, J = 5.1 Hz, 1H), 4.01-3.95 (m, 1H),
1.33 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCl5) § 197.9, 163.1, 146.7, 139.2, 135.1, 132.5, 132.1,
129.7, 129.1, 128.8, 126.2 (g, J = 279.8 Hz), 121.9, 61.2, 54.7, 53.8, 51.3 (q, J = 29.1 Hz), 14.1; °F
NMR (376 MHz, CDCls) 6 -67.55; HRMS (ESI) m/z calcd for Cy;HisBrFsNaOs; [M + Na]* = 489.0284,
found = 489.0293; The ee value was 98%, tz (minor) = 7.304 min, tg (major) = 8.510 min (Chiralpak

IC, A = 254 nm, 5% i-PrOH/hexane, flow rate = 1.0 mL/min).
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<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 7.487 4406739 390724 49.802
2 8455 4441848 350047 50.198 M
Total 8848587 740771 100.000
Racemic 4q
mv
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100+ ]
1 =
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min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc Unit Mark Name
1 7.304 12607 691 1.240 M
2 8.510 1004084 78761 98.760
Total 1016691 79452 100.000

Enantioenriched 4q

Ethyl (3R,4S,5R)-4-benzoyl-3-(4-ethylphenyl)-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4r

S29

Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4r as a white solid (89%, 37.0 mg); [a]*® b = -74.2 (c 1, CHCl3); *H NMR (400
MHz, CDCl5) 6 7.71 (dd, J = 8.3 Hz, 1.1 Hz, 2H), 7.60-7.53 (m, 1H), 7.36 (dd, J = 10.8 Hz, 4.9 Hz, 2H),
7.15 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 8.1 Hz, 2H), 6.81 (s, 1H), 4.62—4.51 (m, 1H), 4.37-4.20 (m, 3H),

3.99-3.93 (m, 1H), 2.65 (q, J = 7.6 Hz, 2H), 1.33 (t, J = 7.1 Hz, 3H), 1.24 (t, J = 7.6 Hz, 3H); *C NMR



(100 MHz, CDCls) 6 198.3, 163.4, 147.7, 144.0, 137.4, 135.3, 133.8, 131.7, 129.2, 128.6, 128.4, 128.0,
126.3 (q, J = 279.8 Hz), 61.1, 55.2, 54.2, 51.3 (q, J = 28.9 Hz), 28.5, 15.6, 14.1; *°F NMR (376 MHz,
CDCl3) 6 -67.46; HRMS (ESI) m/z calcd for C2sH,3F3sNaOs [M + Nal* = 439.1492, found = 439.1502; The
ee value was 99%, tz (minor) = 7.153 min, tg (major) = 8.081 min (Chiralpak IC, A = 254 nm, 5% i-

PrOH/hexane, flow rate = 1.0 mL/min).
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<Peak Table>
Detector A 254n|
Peak#| Ret. Time Area Height Conc Unit Mark Name
1 6.963 1967492 188649 50.166
2 7.826 1954505 167863 49.834 M
Total 3921997 356512 100.000
Racemic 4r
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<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 7.153 16156 1631 0.361 M
2 8.081 4453186 325680 99.639 S
Total 4469343 32731 100.000

Enantioenriched 4r

Ethyl (3R,4S5,5R)-4-benzoyl-3-(p-tolyl)-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4s
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Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4s as a white solid (88%, 35.4 mg); [a]®® b = -66.6 (c 1, CHCl3); 'H NMR (400
MHz, CDCls) & 7.71 (dd, J = 8.4 Hz, 1.2 Hz, 2H), 7.59-7.53 (m, 1H), 7.41-7.33 (m, 2H), 7.12(d, J=7.8
Hz, 2H), 6.97 (d, J = 8.0 Hz, 2H), 6.80 (s, 1H), 4.63—-4.50 (m, 1H), 4.37-4.19 (m, 3H), 3.99-3.92 (m, 1H),
1.33 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) 6 198.3, 163.3, 147.7, 137.6, 137.2, 135.3, 133.8,
131.7, 129.6, 129.2, 128.6, 128.0, 126.3 (q, J = 279.8 Hz), 61.1, 55.2, 54.1, 51.3 (g, J = 29.0 Hz), 21.1,
14.1; F NMR (376 MHz, CDCls) & -67.48; HRMS (ESI) m/z calcd for CasH,:1FsNaOs [M + Na]* =
425.1335, found = 425.1344; The ee value was 99%, tz (minor) = 7.807 min, tz (major) = 8.686 min

(Chiralpak IC, A = 254 nm, 5% i-PrOH/hexane, flow rate = 1.0 mL/min).
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<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 7.788 3349975 290641 49.886
2 8.679 33656327 258393 50.114 v
Total 6715302 549034 100.000
Racemic 4s
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<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 7.807 24950 2455 0.461
2 8.686 5383923 395209 99.539
Total 5408873 397663 100.000

Enantioenriched 4s

S31



Ethyl (3R,4S,5R)-4-benzoyl-3-(4-methoxyphenyl)-5-(trifluoromethyl)cyclopent-1-ene-1-carboxylate 4t

MeO

Prepared according to Representative Procedure B-3. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 4t as colorless oil (82%, 34.3 mg); [a]?® b = -113.5 (c 1, CHCl3); *"H NMR (400
MHz, CDCl3) 6 7.71 (dd, J = 8.4 Hz, 1.2 Hz, 2H), 7.60-7.53 (m, 1H), 7.40-7.35 (m, 2H), 7.03-6.97 (m,
2H), 6.87-6.82 (m, 2H), 6.78 (s, 1H), 4.63-4.51 (m, 1H), 4.38-4.22 (m, 2H), 4.19 (t, J = 5.2 Hz, 1H),
3.95-3.90 (m, 1H), 3.81 (s, 3H), 1.33 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) & 198.2, 163.4,
159.2, 147.7, 135.3, 133.8, 132.2, 131.6, 129.2, 128.7, 126.4 (q, J = 279.7 Hz), 114.3, 61.1, 55.3, 54.9,
54.3, 51.1 (g, J = 29.0 Hz), 14.1; °F NMR (376 MHz, CDCls) & -67.52; HRMS (ESI) m/z calcd for
Ca3H21F3NaO4 [M + Na]* = 441.1284, found = 441.1296; The ee value was 99%, tz (minor) = 10.413

min, tr (major) = 11.465 min (Chiralpak IC, A = 254 nm, 5% i-PrOH/hexane, flow rate = 1.0 mL/min).
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<Peak Table>

Detector A 254nm

Peak# Ret. Time Area Height Conc. Unit Mark Name
1 10.415 5535079 351296 50.170
2 11.480 5497644 313090 49.830 M
Total 11032722 664385 100.000
Racemic 4t
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<Peak Table>
Detector A 254nm

Peak# Ret. Time Area Height Conc. Unit Mark Name
1 10.413 9477 g2 0.557 M
2 11.465 1693094 93130 09.443
Total 1702572 93721 100.000

Enantioenriched 4t

Ethyl 4-benzoyl-3,5-diphenylcyclopent-1-ene-1-carboxylate 6

Ph._0O
Ph—""\\*-Ph
CO,Et

Prepared according to Representative Procedure B-4. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 6 as colourless oil (88%, 34.8 mg); [@]3°= +5.2 (c 0.5, CHCl3); The *H NMR
was in agreement with literature reported values.> *H NMR (400 MHz, CDCl3) 6 7.43-7.42 (m, 3H),
7.31-6.96 (m, 12H), 6.95 (t, J = 2.4 Hz, 1H), 4.64 (dt, J = 7.2 Hz, 2.4 Hz, 1H), 4.48 (dt, J = 7.2 Hz, 2.4 Hz,
1H), 4.12-3.97 (m, 3H), 1.07 (t, / = 7.2 Hz, 3H); The ee value was 92%, tz (major) = 14.1 min, tr (minor)

=11.4 min (Chiralcel IF, A = 254 nm, 20% i-PrOH/hexanes, flow rate = 1.0 mL/min).
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PeakTable
Detector A Chl 254mm
Peald Ret. Time Area Height Area % Height %
1 11.804 140411 01815 50300 55.501
2 14772 1423213 73614 49700 44 400
Total 2863623 165429 100.000 100.000
Racemic 6
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min
PeakTable
Detector AChl 254nm
Peal® Ret. Time Area Height Area % Height %
1 11.408 40316 3056 3.080 5.561
2 14.150 072561 51897 96.020 04 430
Total 1012877 54053 100.000 100.000

Enantioenriched 6

2-Ethyl 1-isopropyl 5-(4-methylbenzoyl)-4-phenylcyclopent-2-ene-1,2-dicarboxylate 8
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Prepared according to Representative Procedure B-5. Flash column chromatography (eluent: 10%-20%
EtoAc/Hexane) to afford 8 as colorless oil (88%, 37.0 mg); [a]3°= +9.2 (c 2.0, CHCs); *H NMR (500
MHz, CDCl5) 6 7.67 (d, J= 8.5 Hz, 2H), 7.30-7.21 (m, 6H), 7.17 (d, J= 8.0 Hz, 2H), 6.81 (t, J= 2.5 Hz, 1H),
4.99 (sep, J= 6.5, 6.0 Hz, 1H), 4.39-4.37 (m, 1H), 4.24-4.19 (m, 4H), 2.37 (s, 3H), 1.28 (t, J=7.0 Hz, 3H),
1.24 (d, J= 6.5 Hz, 3H), 1.06 (d, J=6.5 Hz, 3H); *C NMR (125 MHz, CDCl5) 6 198.3, 172.8, 163.7, 145.6,
1445, 141.4, 134.3, 133.3, 129.3, 129.1, 128.8, 128.0, 127.4, 68.7, 60.7, 58.1, 54.8, 53.4, 29.7, 21.6,
21.6, 21.5, 14.1; HRMS (ESI) m/z calcd for CasH280s [M+Na]* = 443.1835, found = 443.1829; The ee
value was 93%, tr (major) = 29.3 min, tg (minor) = 22.9 min (Chiralcel IC, A = 254 nm, 10% i-

PrOH/hexanes, flow rate = 1.0 mL/min).
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Detector AChl 254nm

Peak# Ret. Time Area Height Area % Height %
1 22.957 92374 2140 3.378 4.671
2 29.320 2642121 43673 96.622 95.329
Total 2734495 45812 100.000 100.000

Enantioenriched 8

E. X-Ray Crystallographic Analysis and Determination of the Absolute Configurations of the

Products

X-Ray Crystallographic Analysis of 4s

Figure S1. X ray structure of 4s

Table 1. Crystal data and structure refinement for 1677.

Identification code 1677

Empirical formula C23 H21 F3 03
Formula weight 402.40
Temperature 100(2) K
Wavelength 154178 A
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Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

F. References

Orthorhombic

P212121

a=9.5725(10) A a=90°.
b =14.2327(14) A B=90°.
c=14.4772(14) A y=90°
1972.4(3) A3

4

1.355 Mg/m?3

0.910 mm-!

840

0.351 x 0.345 x 0.172 mm3

4.356 to 80.049°.

-12<=h<=10, -18<=k<=18, -18<=I<=17
30482

4253 [R(int) = 0.0341]

100.0 %

Semi-empirical from equivalents
0.7543 and 0.6697

Full-matrix least-squares on F2
425310/ 264

1.090

R1=0.0331, wR2 = 0.0936
R1=0.0346, wR2 = 0.0997

0.094(19)

n/a

0.560 and -0.477 e.A3
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G. NMR Analysis of the Isomerization Process of 3-Butynoate 1a

EZ'T
w2 ﬁv
SE°T

EFE—

FTH

SF#
D.VW
2

L
56 m/\v

559

wm.ov
LTS

TE iy

s
s
ETL
ECL
bl
b L
9L
8L
98 L
LE L
LE L
BE' L
BE'L
BE' L

CO,Et

1a

Ph

CO,Et

1a

Ph

freshly prepared

CO,Et

=O0E

oo

=80re

=600

600

=L
it

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
fi (ppm)

9.5

B E—

Eld
STy

SF#
PN
FAN S

Gl

L
56 muv

LR
g ov

61'd
0z's
L
22’ 4-}

o
ol
€2 )
£z
vz e
sz
.
2]
7
i
o'y
E
£y
T
8L
By

CO,Et
1a’

1.1 eq. Et3N, toluene
1h

CO,Et

=Z
1a

Ph

CO,Et

1a

Ph

Forz

e

S0

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1

4.0

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0

9.5

S39



656
e 54
595
5.94

<

343

/\COZEt 1.1 eq. Et3N, toluene 7.*/(302Et
Ph
1a 2h PR (#) qa
H_ H
/COZEt
Ph 1a
H CO,Et
PH H
1a'
|
l | L.A
||| l“' I‘.'
< < 2
95 90 85 &0 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -0 -5
f1 (ppm)
Y T
/\COZEt 1.1 eq. E3N, toluene — CO,Et
Ph
1a 4n PR () 1qar
H :<002Et W
P /COZEt
1a Ph
l |
. - o
2 2 ]
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 10
f1 (ppm)

5S40



CO,Et

1.1 eq. Et3N, toluene

6h

CO,Et

=

1a

Ph

EbE

L0
56° 5

LR
a5 9

S,
e

>

Ph

CO,Et

T JE——

ooz

Fare

=548

2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0 -15 20

3.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

9.5

CO,Et
1a’

1.1 eq. Et3N, toluene
8h

CO,Et

=
1a

Ph

P65
-

#5°9
as' 9.

Ph

CO,Et

Fore

Lase

=55

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5

3.5

8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5

9.0

S41



/\COZE'[ 1.1 eq. Ef3N, toluene ._/COZEI

Ph Vo
1a 12 h Ph (£) 1a'
VU :
H :<002Et
PH 1 H
: H_ H
\l/ \l/ /COQEt
Ph
{
|
. l | \
! T =
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 40 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)
CO,Et
/\CozEt 1.1 eq. Et3N, toluene 0
Ph
12 24h P (@) 1a
vow :
H CO,Et
Ph 18
: H_ H

e
e

Ay
13

4.86
483

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5




Cl

—3.4580

T T T T T T T T T T 1
6.5 6.0 5.5 5 4.5 .0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
(= Ty!
o o I'V"
(=] W0 h s U
. . PR W - - =
o ' r oo o . - . -
Lo MM o N e -
- PR Rl el o m [T o -
[N | 1 I
=~ TCO.Et
T 1 n
1c
cl
Airishyii
T T T T T T T T T T T
200 1380 1le0 140 120 100 a0 &0 40 20 0 Fon

543



USSRRRSEE zaA2 & RARH
IERREERE LS TEET =3 -—-<:
el LT LS age k
= “CO.Et
1d
F
|
1
|
]
L 1 \
L i
BB d E ‘T
- v ~ ~ -
T T T T T T T T T T T T T T T T T T
15 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 5 4.0 35 30 15 1.0 0.5 00 05
f1 {ppm)
5 Y ; - 3 . -
2 a4 =3 3 E F b
| W Y | | |
4 CO,Et
1d
F
1
1 i 1
|
. ‘ | l L H
T T T T T T T T T T T T T T T T T T T
210 200 150 180 170 160 150 140 120 110 f 100 ) a0 70 &0 50 30 20 10 ] =10
(ppm

S44



BT

CO,Et

1e

FHEOE

4.0

4.5

fi

5.0

ppm})

}
\

CO,Et

1e

$45



Fazt

aBz”
gaz”

LLT

L LTA,
ABT "
E6E "L
SIv”

'k
FET”
ZTZ”

gz’

E

J

CO,Et

=Z
1f

Ppm

\."u_u 't
[ —

¥

L

-

(-]

o

"TET
EET

TET —
EET—

CO,Et

Z
1f

T
100

n
u

S46



oeT”
a0E”
822
gLE”
1T
Fic”

¥ES*
ET9°
zeas
I5e”

FEF”

T

T

SNy

L R ]

[ e—

sotT”
LOT"
5zT
Era
zye”
T

CO,Et

19

A

Et

Ty T
tb e
T

=007

—" Ll
1% 284

— g6l

=T671

T HT
£GT——

LP9E—

LTBE—

L=
-
o

bO8—
§UEE—

0ET—

LT LET—
LYTET

=P T—

BT —

CO,Et

Et

ppm

T
B0

T
100

T
160

]

S47



35
L

CO,Et

4a

|

I-E1E

T¥l—

50

55

6.0

6.5

e —

0

5

B8O

BRI —

8.5

CO,Et

4a

30

50

70

B0

T
a0

T
110

T
130

T
160

T
180

T
200

T
210

f1 {ppm)

548



B L-—

CO,Et

T T T
-180  -1%0 -200

T
=170

=110

.
-100
1 (ppm)

T
a0

-20 -50 -8

10

TET
®T

Cl

Ph

CO,Et

4b

Ju

N*,.

ot
T
T
Tz

80 75 70 6.5 6.0 55 50 4.5 4.0 35 30 25 20 15 10 0.5 0.0
F1 fmnm’

85



3 5 m BIREL85I4Y - -
5 P § SEAARRRARNY bbb EEE 3
| | IRVASY P JREEES
Cl
—0
Phy &
CF3
4b  co,Et

T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 {ppm)

T T T T T T
210 200 190 180 170 160

—-57.50

cl
=0
Phy
CFs
4b  co,Et
I
10 o =10 =20 =30 =40 =50 =60 =70 -80 =90 -100 -110 -120 =130 -140 -150 -160 -170 -180 -190  -200 =210
f1 (ppm)

S50



LA
[43 dV

vm.ﬂkﬁ

6 E
53 L_
e
(e
bys
T
Ty
£ by
2 by
bE b
S by _.
s2'b

9 b
87 b
G b
0E'y
1EP
Er
Ep
EEb
PEb
SE'b
55
95k
25p
a5k
142
[
1]

iy
LOrs
[Urs
524
mm.m./
BE' L
ZE
e
(A
PEL

57
15
75
5
75y
9l

|

Fa0E

“een
001
e

L0

oot
ot
Mopry

L~00°C
00T

0.0

0.5

1.0

15

2.0

2.5

3.0

3.5

5.0

2.5

6.0

6.5

7.0

7.5

8.0

8.5

el

98°05

B0°TS
TS
0515

9P F
55
91 T9—

28221
or'sz1
07421
EE'47T
0821
zrszt

SE 621
0621
75621
5621 —
05 1ET-
R.mﬂﬁm
01 SET-)
9 961
15 eerd
N dpT—

TEEIT

#896T—

Cl

CF3

4c co,Et

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220

f1 (ppm)

S51



157 £9-—

CF3

4c Go,Et

-20 -30 -40 -50 -60 -70 -80 -00 . -(lDD ) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm

-10

10

ZE'T
PE dV

om.ﬂl\

9
9
Jix
'y
£
¥
2
92’y
vy
82+
62 by
0"+
TED
TE'H
5 b
PE b
SE' b
9€ T\‘__
LEb
b ﬁ
61

05 b4
1544
15+
154
(238
€5
5
¥5H-
PGP
S5
95
5

£59
a8 mk
59

58 GW
2
be's
0zs
17s
1z
=
s
57y
e
s
s
o
el

e

=z
L

Lot

00T
FophT

e
Sare
oz

75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 20 15 1.0 0.5 0.0
f1 (ppm)

8.0

S52



(AN S

o
T OVW
00054

6z 054/

mmﬂ
BE'BS _\n

k1 Sk\

11
9 vl
58 921
i
P51
9471
18821
1621

26 0E T
59'0E1+|
9 1ET

06 1€1

81 el
PELET—
62 b 1—

LN

0z EgaT—

£ B6T—

-10

200 190 180 170 160 130 140 130 120 110 100 an a0 70 a0 50 40 30 20 10
f1 (ppm)

210

10 89-—

-20 -30 -40 -50 -60 -70 -80 -90 . -(lDD ) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm

-10

10

S53



L
mm.~V

mmd\\

sip
@
sy
e
s
v
e
seb
9k
o]
6z b
62 by
[
€p
ZE b
€6 by
PE b
b
£E -
15k,
25 b
b
£5 )
£5 b
p5b
e
[
sk
55 b
9y
agp
S
&
Fegs
85b
1
0gp
w9y

i
604
o Nu,,r

TE'd,

L8 L~
EE'S
EE'S |
e
B L)
B
[20F
05°¢
5
e
£S5
e

- e

e A

oot

et
=TT

—86'0

- oot
i ez
Fae

O

4e  co,Et

Br.

7.3 7.0 6.3 6.0 3.3 5.0 4.0 3.3 3.0 2.5 2.0 1.5 1.0 0.3
f1 (ppm)

8.0

et

5605
82’15

5 EW
s
PEBS

woas!
s1re—

507219
£9¥E1
19421
00821
0821
E16E1
56621
6€0ET
09'0E1+
68 1E1
S.E.lv
661617
po el
10061 —

92 Hr 1—

0z Ear—

02°46T—

Br.

CO,Et

-10

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

210

S54



ol {9

CO,Et

-20 -30 -40 -50 -60 -70 -80 -90  -i00 -110  -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-10

10

[
EE ﬂW
#ET

9%6'E
E
i3
Iy
[
0z
s
£ by
¥
524y
S _-
92" b

s
824
b
TE b
'y
e b ﬂ
b

¥E
PEbY
9y
£5°4]
55+
a5
5y
5
85
09t

189

D:.h”_)
[LUrS
0L
s
BO°L
60 L
s

EL

AL

89"
0L L~
0L ¢
T4
el

CO,Et

4f

]
o660
et

Foso

BN
o mo.ﬁ
Lroet

e

T

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

S55



Tl

s ﬁm/

VMEW
575
o815

£ vm.____‘_
9555
e S\

S£6TT

@aHA

£0'821)
I RLW
S 1ET
S.EW
S 1ET7
€611

LAN T B

TEHT—

SEEIT—
2T 59T—
9z d9T="

29 96T—

CO,Et

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10

220

1 (ppm

Z5E

E9EDT-—

CO,Et

-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

-10

10

S56



~m.~V
mmﬂL\
SE°1

PEE
56 E
S6°E
s6E
9E
EE
8T'b,
02 b
e
€y
b
st b
9z
%
@
oz v]
62k
[y
1eh
@
EEF
PEE
sk
&

Lo
we)
s
ey
e\

€94
mm.hW
v
o)
T
i
4L
ki

=are

[

Font

- A
ez

Fror

=z

HE

- = 66T
- e

CFs
4
9 Co,Et
|

NC
Ph

7.0 6.3 6.0 3.3 5.0 4.0 3.3 3.0 2.3 2.0 1.5 1.0 0.3 0.0
f1 (ppm)

75

8.5

kT

F6'05
ET'T S
[R5
1818
[T42%
VM.mm.\

ECT9—

R
:.EL“_
6 21|
0621

82 BT
sz 6zt
62T~
e
aar
82 BT~
£ 66T

8GOk T—

o 9T

B9 T—

NC
Ph

CO,Et

-10

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

210

S57



1649-—

NC

o

Vi,

Ph

CF3

CO,Et

49

-40 -45 -50 -35 -60 -65 -70 -75 -80 -85 -90 -95 -100 -105 -110 -115

-35

f1 (ppm)

[
EE dv
#ET

BEE—

66'E
[ L_
0k
0zt
174
£
s
$E b
¥
SC'b
9y _.
120

80k
62§
ey
TEb
€t

b ﬂ
PE b
PE' b
96 ]
75+
+5b-]
551
55
S5
5
85k

il
a
s
WE%
TEs
EEL

65 4
09~

CO,Et

‘L

A,

e

et

—0Ze

Eown

=y

e
e
- FOrE

= Farz

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

S58



(AR e

91—

775,

915y
amﬂmw
[ERE

16654/
#5551/
019

10E21
T 5014
oz
8421
60821+
86821
ZE 621
9" 62T

B BZT
oo.ﬁmﬁ\y
T4 EET

TE T
EBbFT~
[l .

GEEAT—

LT

CO,Et

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10

220

f1 (ppm)

£ d9-—

CO,Et

20 30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 200 -210
f1 (ppm)

-10

10

S59



T1ET
1 AN
#i
B8O E
BEE
(g3
0o
oo’
FAN
(183
e
0z b
[
ET b
L
ST
az' b
P
f:fa
e vl_
160
e
EEP
PE b
SE b
9E' b
15 by
5% m
5k
mm.vV
ES b
ESP
P5
P54
85
551
55k
a5 |-
95t
L5
P
85
85

08" 99
e
a9
wa
EBD
89
k¥

TE' L4
TE NW.
EE'L

594
99 L=
9L
894
89
6974

CF3

CO,Et

4i

MeO,

Fare

Sane
Fpt
LTt
Trave

=00t

ES0E

66T

=68

0.0

0.5

1.0

15

2.0

2.5

3.0

3.5

4.0

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

f1 (ppm)

et

FITS
mvﬂmk
ZLTs
mes

2 mm\.
£5'55-)
€455
5019

B BH

921
e eEly
80°8Z1
rael

86 BET—
g 1ET=F
T0EET .\

[N

BT

9EEIT~
arpat-"

69 96T—

MeO,

CF;

CO,Et

4i

-10

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

210

S60



ol {9

MeO

CO,Et

-20 -30 -40 -50 -60 -70 -80 -00 . -(lDD ) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm

-10

10

et
ZE dV

Vm.~|\1

B E—

086
ey
22 by
£ ]
bt
52"t
2t
924
8zt
sz
et
Te b
e
v )
e
65b
[
65'b
9y
9%
9%
X
Wy

e o./

99—
yy

EVE
E.MW
L
1S
EZ

vz
9z
9z
R.ﬁ
BEL
o'
[
e
€é
[
L
B
e

OMe

MeO,

CO,Et

e

Bere
e
o 0T

—oare

Foos

i
B0t

E
Les

0.0

0.5

1.0

1.5

2.0

2.5

3.0

35

4.0

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

S61



el

BT 5
LTS

a9 EW
5615

zresdp
2] mmM‘
£8'55 ,_ﬁ

50°95
worad

o
W
1051
R.E.é
® RL?
:.mi&.
uzsz-L
w6zt
a1
varterd

B e T—

G817
PO BPT s
96 EST~—

ZEEAT—

BT

OMe

MeO,

CO,Et

-10

200 190 180 170 160 130 140 130 120 110 100 an a0 70 a0 50 40 30 20 10
f1 (ppm)

210

Sk £9-—

OMe
CO,Et

MeO,

-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

-10

10

S62



EE'T
mm.~V

mm.ﬂ\\

oy
0
oy
e
0y
gy
sTh
azp
@y
sy
s
s
ey
€y
'y
YE b
e by
5E 1
9y
©y
8€° b
6E" b
0 b3
W
b,
£b]
39 b4
8b
69
59 b
01
e v
ey
100
7
@
zy
By
ey
Pt
e
sep

(A /.
W
1L
EETL
PEL i
¥E' L)
b L]
19
188
5574
09 L
09s
L
98
TE'L
LA
564
96" L
hm.h_

CO,Et

_ M

=a0E

=00t

oz
prUE
Font
u
freve
e

et
oy

8.0 7.3 7.0 6.3 6.0 3.3 5.0 4.5 4.0 3.3 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

8.5

9.0

PR

805
ho.ﬁmw
9ET S
154
59 ﬁm%
L5k 5
mm.mm.__

[ ﬁw%
BTEY

PETET
QEPET
52T
8T
ToLET
ngLer
B 2T
BT BET
9 RET
BB T
B0 BET
£ BE T

85 0ET
sirErE
50 NEW
1zt

EE NmT“

9E"E9T—

ToLET—

CO,Et

uis

-10

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

210

S63



Eb £9-—

CO,Et

-20 -30 -40 -50 -60 -70 -80 -00 . -(lDD ) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm

-10

10

€1
AN
1
iR
ST
60
60
[
i
e
e
[
e
s
ST
9t
@y
[
[
064§
16
€
6y
PEE
SE'
9E -
5
b
ERa

b

"t
[
[
05
05|
05
1544
15ed

+8'0
29
669
669
s
o
E1'd
#1io
#IL
a1
1A
B1'dA
814
ey
PEL

8y
s
694
6L

CO,Et

4]

v

=PIE

By
Lot
e
R

B
0T
bz
gt
= ET

=460

3.0 2.5 2.0 15 1.0 0.5 0.0 -0.5

3.5

8.0 75 70 6.5 6.0 5.5 5.0 4.5

8.5

S64



el

0E ﬁm./
BT~y
BR'TS
fA gyt
85551
#4554
Zr'1e

el
g VNL/_
85421\
67421
S.EW
62 821
£ 6zt

ac 01

88 11

zoeet 4
o set)

09° 41

ZEEAT—

LB 06T—

CF3

CO,Et

7
S
4]

-10

200 190 180 170 160 130 140 130 120 110 100 a0 a0 70 a0 50 40 30 20 10
f1 (ppm)

210

09'49-—

CO,Et

4]

-20 -30 -40 -50 -60 -70 -80 -00 . -(lDD ) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm

-10

10

S65



LA
mm.ﬂuk/\.
SE°1

86E
BEE
66°E
oy
w0
ary
sy
135
1y
[
vz
s
STy
9z
iz
6z b
e
wy
e v
£E b
Vb
b
wy
05
151
15
15
150
25 b
251
£S5y
€5t ]
s
51
55
S5
55
a5
a5
5
85p
897
569+
004
00 ¢l
e

0L~

A

=ITE

Seart
AT
e

ot

=o't

a0z

Feanz
ez
90T
0T

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

8.0 75 70 6.5 6.0 5.5 5.0 4.5

8.5

f1 (pp

kT

6305,

L1716
WIS
LTS

s
99°p 5/
0 T—

50°ZeTq
[RCAn
Ry
et
60621
S1 62T
8E6e T

BE IET—
wzel—
eee 1
e T
E.mmT_ﬁ_‘
2 st
%1

EVE9T—

ToBT—

-10

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

210

S66



5857 £9-—

-20 -30 -40 -50 -60 -70 -80 -90  -i00 -110  -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-10

10

ZET

PE ~V
g1
BB E-
BB E:
oot
0o
Bk
0zt
12
ET'P
LA
SE
9Pk
hm.v._
82'by
67t
164
EE' b+
FEE
SE'P
9E b
15k

iy
b
iy
5y
5
[
b
S5
agpd

0594
5694
569
969
269
£6'9
259
s
L
507
s

A
oz
£z
82 ¢
BEL
82 ]
8e'< ]
b4
v ]
e
5]
£5¢
54
654
19y
19
19s
0od
e
[
s

-

A

BLE

oot
=001
Nt
=10
=00
T
e

-1.0

-0.5

95 90 85 &0 A5 70 65 60 55 50 40 35 3.0 25 20 15 L0 05 0.0
f1 (ppm)

10.0



el

B8'05
175
%15
5415
4
'es
v

BLPS
Er—

ND.NNT_
B PLT
FARCTAY
L57ET
LA:Tal
L Ta
9s BE1
[N Ta Y
PT0ET
LETDET
PO ZET~
A PET—7
mm.vmﬂu_.
TI°5€T

6F 21—

59k T—

B E9IT—

PR LT —

-10

200 190 180 170 160 130 140 130 120 110 100 a0 a0 70 a0 50 40 30 20 10
f1 (ppm)

210

E5°49-

-20 -30 -40 -50 -60 -70 -80 -00 . -(lDD ) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm

-10

10

S68



€T
AN
it
H6'E
66 E
33
[
Fig
ary
s
7
s
s
(13
STl
9k
T
[
1€
E P
ZE b
£E'b ]
PEF

SEb

£E b
15 b
25 b

ESP
E5 b
P5 b
b
551
55
95 b
95" -
95 -
£5p
Figs
85
o5b

mh.wa
L) w._
[y m._
¢
oo’y
o
s
E0° L
#0'4
0L
S0°4 r
90" L~
oS
LE L
_.um.h”JV

ﬁv.h\\

5574~
95 L
95

85¢
65 ¢
894
894
0sé
0

o, .

are

Fepy
b T
Toez

=00t
e
Mz

AT
ST

8.5 8.0 7.3 7.0 6.3 6.0 5.3 5.0 4.5 4.0 3.3 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.0

et

£8°05,
arrsy
WS

015"
L

P15
59 Vm.\

LPE9—

BLSET
TN

0T 6ZTy
vm.omTP
T BETA
aF mmT/

26 EET-
07 SET—F
woers
voogtd

POLET—

60197~
61 EI T~
55 €91~

00 BET—

200 190 180 170 160 150 140 130 120 110 . ](.DD ) a0 80 70 60 50 40 30 20 10 -10
1 (ppm

210

S69



orerT-—

95°L% —

-20 -30 -40 -50 -60 -70 -80 -00 . -(lDD ) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm

-10

10

1
£E'1
561
o'y
e
w0
W
£0d
e
e
@y
24
L
ST
9z
@&
seb
[
6z
e
ey
ey
PEE
PP
sEb
&y
5
5
w5y
[y
a4
5y
5y
P
PP
554
554y
9g'p
954§

B9
LT3 w”_
[T
ng'9

09
e
189
e
589
g
859
29
869
669
s
o]
i
s
i
20é
£0'dA
£0df
s
&
R.L
62 {~%
[
1E¢]
i)
BE'
BE'L
6E'2]
1]
T
o
95
54
B5'L
09's
09s
s
e
[
1od
[
[

=60

et
—0EE

oot

56T
et
By

Booggry
Sz
0T
e

9.0 8.5 8.0 7.5 7.0 65 6.0 5.5 5.0 4 4.0 3.5 3.0 25 2.0 1.5 1.0 05 0.0 -05
f1 (ppm)

8.5



el

505

2’154
ES ﬁmw
£8'15
bLES]

BR#5
0z 19—

[74 v:./

GEFT 1)
S.v:W.
Wl
50821\
60621+
6 DET r
L5 0ET
EOBET~,
£ SET—

EXERT
[ NEV

0 a1

60191~
e —
sz

EG'LBT—

-10

200 190 180 170 160 130 140 130 120 110 100 a0 a0 70 a0 50 40 30 20 10
f1 (ppm)

210

BSTIT-

E5'£9-

-20 -30 -40 -50 -60 -70 -80 -00 . -(lDD ) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm

-10

10

S71



1eT
EE dw

mm.ﬂ\

s
a
s
17
s
vor
vor
2k
s
e
e
e

[
b
£E by
E b
5
£
-
B
5
054
1504
1504
a5
e
s
£5 0]
£l
vap
P
e
[y
a5t
e
e

|
b L__r

(L
969
969
&y
BE'd
[
[
s
g
£
L
e
5]
54
254
654
19
[
s
i

(s

CO,Et

EEFE

St
9T
T

e

=00t
=60z

Mosr
e d0'T
EZ

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

et

06°05

61154
8IS
LETS
bres

TS
0Z're—

5 1E1
50221+
et
mm.RL,__
b 8214
60621k

TERET—
hm.:mﬂ\

Z.mmﬂnﬁ

28 EETH]
FISET _n_.ﬁ
ETBET

89 91—

THEIT—

06°46T—

CO,Et

-10

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

210

S72



5857 £9-—

CO,Et

-20 -30 -40 -50 -60 -70 -80 -90  -i00 -110  -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-10

10

w1
vf/
9z 1%
TET

mfﬂ

ST

e
$9'E
99'Z
T
95 m._
e
e
8'E
e
£
b
b
PP
STk
e
62
62 b
0y
'y
£y
PE
SE'F
55
S5
95
5
5
e

189,
6691
e
iy
ario
s
Es
9L
seif
5o
[ o
[

a5 i—F
58
854 f
8L

694
047
[Lars

zred

CO,Et

FEUE
e

iz

=t
—17E

Fewo

uacﬁ

eer
ez
'z
|‘ﬁ::
ER 0
F

3.0 2.5 2.0 15 1.0 0.5 0.0 05

3.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.0

S73



(AR
ag'§1-"

15'82—

#8057
ET'T54)
W15

0015
S1Pe-7
0z mm\
S0'719—

SUEElq

564217

% EL_

081

£ 8214

19°8214|

12621~
15 0E1—
89 Eﬁ
08 Ee1-f
sz se1-
agse14

10H1—
il —

GEEIT—

b BOT—

-10

10

20

200 190 180 170 160 130 140 130 120 110 100 a0 a0 70 a0 50 40 30
f1 (ppm)

210

U L9 —

-20 -30 -40 -50 -60 -70 -80 -00 . -(lDD ) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm

-10

10

S74



L
mm.~V

SE° dlx\

S8 L

L MA_

56 €+
96 £
95 mw
3
2z b=
0 b
£2 1)
P
sz'b

9z b}
s
32 -]
4%
Ep
£e b
VE b
SEb
b5 b
S5k
EEe
S5b
95 b
95'p
L5
L5
85
85k
85

08 9~
959

B9
T
AV S

SEd
om.hw
fars
i
68 L
66 ¢
[y
[
s5¢
952
854
85|
85L
04é
0sé
i
[

O0E

M FSTE

=t

—0E

oo

ey
oz
T

Mz
01
iz

8.3 8.0 7.3 7.0 6.3 6.0 5.3 5.0 4.0 3.5 3.0 2.3 2.0 1.5 1.0 0.5
f1 (ppm)

9.0

kT

orrE—

mm.om,.
[Am 3\
TS
om.ﬁmw
[AN 2ot
mﬁ.mm\
a0 T9—

EUaS
ERras|
£ RJ“
ve 21
bz
517621
ER

T8 0ET—
Dh.ﬁmﬁk.“
EREETH )

mm.mmﬁn‘_‘\_ﬂ
STLET
Z9LET
EL P T—

PEEIT—

6E' BHT—

-10

a0 70 60 50 40 30 20 10

90

E LN
e ™~
= (%]
s
=
=

200 190 180 170 160 150 140 130 120

210



B {9

-20 -30 -40 -50 -60 -70 -80 -00 . -(lDD ) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm

-10

10

TET
Mm.~V

mmd\_\

18°E
[0 MHM__

6" E
EBEYL
EB'E
11
(195
T2t
[
EZ' b
L
G2t
Fa
Bt
(U
CE'
EE'P
SE'H
Py
RSt |

89
€8 m”__
£8'94
9
589+
5894
989
29
669
69 r
o+
1ooF
s

9 ¢~
wof
BEL
6e 4]
Es
[Ers
e
¢
a5
852
852
85¢
¢
0ié
e
[

=ane

=11E
=t
60T

—ErT

oot

ot
ez
T

e
S
LT

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0



(AN

LY :m.__

00'1s
6215
515
B2,
89 b5

E'554
90 19—

0EBTT—
61 221
Eal)
b 421
" \9
59 mﬁ)/
[N TAENS
5 0ET
mm;m@%
£ZZET i.
ggeer
525614

P T—

EERST—
9EEIT—

P RET—

200 190 180 170 160 150 140 130 120 110 . ](.DD ) a0 a0 70 60 a0 40 30 20 10 -10
1 (ppm

210

5749

-20 -30 -40 -50 -60 -70 -80 -00 . -(lDD ) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm

-10

10

S77



Z30° 1
SLO°T
GET"T Jf.
NmmJUuV
FLE"T
mmN.._%.
EOE"T

LLE"
E6T"

SLE"
TRE"

L3g"
66"

LEQT
BoB"

[ = [ P P M = [ = == =10 W 0 0 u) ) oop o o o o e o eN mp oo Ep vH EH oeR e e T

B e

ppm

15 10

2.0

50 45 40 35 30 25

75 70 &5 60 55

85 8.0

BE "E5
6E8 Tu.V
G600 "BE —
ZIL 09"
POL 89
BZF"LET
£v0" 871
Ep8 871
vOT 671
652 621
BEE ....E&\
FOZ FET
et b1 /F
iw.@z\
529 'Sh1
SOL"E9] —
E6LTZLI
SEEBET

S78




