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1. General information

All reactions were generally performed in dried glassware under an atmosphere of dry Ar. 

Reaction mixtures were monitored by thin layer chromatography (TLC) with visualization by 

fluorescence quenching at 254 nm. TLC was performed on SGF254 glass plates percolated with 

0.15 – 0.20 mm thickness of silica gel. Flash chromatography was performed with silica gel (300-

400 mesh). The substrates 1[1], and 2 [2] were synthesized according to published procedures and 

the spectral data of the substrates were consisted with that reported in the literature. The others 

commercially available reagents were used as received without further purification. Solvents used 

in the catalysis were distilled from appropriate drying agents. NMR spectra were recorded on a 

Bruker 400 spectrometer operating at 400 MHz for 1H NMR, 100 MHz for 13C NMR and 376 

MHz for 19F NMR. Chemical shifts were reported in ppm relative to the central line of CHCl3 (δ 

7.28) for 1H NMR, for 13C NMR, the residual CDCl3 (δ 77.2) were used as the internal standards. 

The coupling constants are in Hertz (Hz). The following abbreviations are used for spin 

multiplicity: s = singlet, d = doublet, dd = doublet of doublet, dq = doublet of quartet, dt = doublet 

of quartet, t = triplet, q = quartet, m = multiplet and brs = broad singlet. Optical rotation were 

measured on PE polarmeter 341 and reported as [α]D. Enantiomeric excess was determined by 

HPLC analysis on Chiralpak IC column (Daicel Chemical Industries, LTD). Melting points were 

measured on X-4 Micro melting point apparatus. Electrospray ionization high-resolution mass 

spectra (ESI-HRMS) were recorded on a Waters Vion® IMS Q-TOF mass spectrometer. X-ray 

crystal structure analyses were performed on a Bruker D8 Venture Photon II using Cu-Kα 

radiation.
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2. Preparation of Substrates

General procedure for 5-membered cyclic imino esters1a:

CHO
R R

O1. vinylMgBr,
THF, 0 oC to rt

2. Jones reagent,
acetone, 0 oC

1. N-(Diphenylmethylene) glycine
ethyl ester, DBU, DCM, 0 oC to rt

2. HCl (conc.) R

N
CO2Et

The mixture of aldehyde (8 mmol) in dry THF (10 mL) was cooled to 0 ºC in an ice-water bath 

and vinylmagnesium bromide (9.6 mmol, 1.0 M solution in THF) was added dropwise. The 

mixture was warmed to room temperature and stirred overnight. Saturated NH4Cl solution (20 mL) 

was added to quench the reaction and the aqueous layer was extracted with EtOAc (20 mL×2). 

The combined organic layers were dried over anhydrous Na2SO4 and concentrated in vacuo. The 

residue was dissolved in acetone (20 mL) and cooled to 0 ºC in an ice-water bath, and then Jones 

reagent (2.5 M, 1.0 eq.) was added dropwise. The mixture was stirred at 0 ºC for 5 mins before 

isopropyl alcohol (1 mL) was added to quench the reaction. Water (50 ml) was added and the 

mixture was extracted with DCM (20 mL×2). The combined organic layers were dried over 

anhydrous Na2SO4 and concentrated in vacuo. The residue was purified by silica gel column 

chromatography to afford the desired vinyl ketone.

To a solution of vinyl ketone (1.1 eq.) and Schiff base (1.0 eq.) in DCM (1 M) at 0 °C was added 

DBU (0.1 eq.). After stirring at rt for 6 h, HCl 12 N (0.3 eq.) was added and the reaction mixture 

was stirred at rt overnight. Then, water was added and the mixture was extracted with DCM. The 

organic layers were combined, dried over Na2SO4, filtered and concentrated in vacuo. The crude 

residue was then purified by flash chromatography over silica gel.

All cyclic imino esters are known compounds and identical in the spectrum data reported by 

literatures.

7-membered cyclic imino ester 1l was synthesized according to the literature1b.
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methyl 4,4-dimethyl-7-phenyl-3,4,5,6-tetrahydro-2H-azepine-2-carboxylate (1l)

N
COOMe

1H NMR (400 MHz, Chloroform-d) δ 7.80 – 7.77 (m, 2H), 7.40 – 7.28 (m, 3H), 4.38 – 4.35 (d, J = 

10.4 Hz, 1H), 3.83 (s, 3H), 2.98 – 2.93 (m, 1H), 2.68 – 2.61 (m, 1H), 1.80 – 1.77 (m, 1H), 1.59 – 

1.53 (m, 2H), 1.38 – 1.31 (m, 1H), 1.18 (s, 3H), 0.99 (s, 3H).

General procedures for difluoroacrylates 22

CO2Et CO2Et CO2Et

N2 CF2AcHN

SO2N3

DBU

MeCN, rt., overnight

TMSCF3, NaI

THF, 60oC, 5 h
S1 S2 2

The mixture of ethyl phenylacetate S1 (15 mmol, 1.0 eq) and 4-acetamidobenzenesulfonyl azide 

(2.25 mmol, 1.5 eq) in MeCN (0.25 M) was cooled to 0 ºC in an ice-water bath, then DBU (2.25 

mmol, 1.5 eq) was added slowly. The mixture was warmed to room temperature and stirred 

overnight. Saturated NH4Cl solution (15 mL) was added to quench the reaction and the aqueous 

layer was extracted with EtOAc (20 mL×2). The combined organic layers were dried over 

anhydrous Na2SO4 and concentrated in vacuo. The residue was purified by silica gel column 

chromatography to afford the desired phenyl diazoacetate S2 (1.5 g, 53% yield).

To an oven-dried 100 mL flask equipped with a stir bar was added NaI (3.0 eq), the solid was 

heated at 60 °C in vacuo for 30 min (remove H2O). Then NaI was cooled down to room 

temperature followed by the addition of ethyl phenyl diazoacetate S2 (1.5 g, 1.0 eq) and TMSCF3 

(3.0 eq) in anhydrous THF (0.3 M) under argon. The resulting mixture was heated at 60 °C for 5 h 

with vigorous stirring. After cooling to room temperature, the reaction mixture was extracted with 

20 mL Et2O, washed with H2O (20 mL) and brine (20 mL), dried over Na2SO4 and concentrated in 
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vacuo. The residue was purified by flash column chromatography on silica gel (hexane : EA = 75 : 

1) to afford difluoroacrylate 2a as a yellow oil (820 mg, 48% yield).

All difluoroacrylates except 2l are known compounds and identical in the spectrum data reported 

by literatures.

2-((2,2-dimethyl-5-(2,5-dimethylphenoxy)pentanoyl)oxy)ethyl 3,3-difluoro-2-phenylacrylate 

(2l)

F

Ph

F

O

O
O

O

Me Me
O

Me

Me

1H NMR (400 MHz, Chloroform-d) δ 7.45 – 7.30 (m, 5H), 7.04 (d, J = 7.4 Hz, 1H), 6.70 (d, J = 

7.4 Hz, 1H), 6.64 (s, 1H), 4.49 – 4.41 (m, 2H), 4.36 – 4.28 (m, 2H), 3.93 (brs, 2H), 2.35 (s, 3H), 

2.21 (s, 3H), 1.75 (brs, 4H), 1.24 (s, 6H). 13C NMR (101 MHz, Chloroform-d) δ 177.5, 163.8 (dd, 

J = 11.1, 7.1 Hz), 159.8 (dd, J = 314.1, 300.0 Hz), 156.9, 136.5, 130.3, 130.03 (dd, J = 3.0, 2.0 

Hz), 128.5, 128.4, 123.6, 120.7, 111.9, 92.0 (dd, J = 22.2, 10.1 Hz), 67.8, 63.1, 61.9, 42.1, 37.0, 

25.11, 25.07, 21.4, 15.8. 19F NMR (376 MHz, Chloroform-d) δ -68.5 (d, J = 12.5 Hz), -70.3 (d, J 

= 12.8 Hz). HRMS (m/z, ESI): Calcd. for C26H30F2NaO5 [M+H]+: 483.1954, Found: 483.1951.
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3. Optimization of Reaction Conditions

Table S1. Screening of ligandsa

N
Ph

CO2Et
Cu(MeCN)4PF6 (10 mol%)

Ligand (12 mol%), Cs2CO3 (1.5 eq)
+

N
Ph

CO2Et

Ph

F

THF (1 mL), 20 oC, 15 h

1a
(E)-3aa

CO2EtPh

F F

2a
EtO2C

N
Ph

CO2Et

CO2Et

F

Ph

+

(Z)-3aa

OMe

MeO PR2

S
O L1, R = iPr

L2, R = Ph

PPh2

PPh2

L3

PPh2

PPh2

MeO

MeO

L5

O

O

O

O

PPh2

PPh2

L4

Fe
Ph2P

P(tBu)2

L6

L7, R = Ph

L8, R = Bn

L9, R = iPr

L10, R = tBu

Fe
PPh2

N

O
R

Entry ligand Yield (E/Z)b ee/% (E/Z)c

1 L1 88% (6.3/1) 31/10

2 L2 88% (7.8/1) 8/27

3 L3 99% (2.4/1) 42/50

4 L4 92% (4.4/1) 36/30

5 L5 91% (5.1/1) 12/41

6 L6 88% (6.3/1) 83/91

7 L7 91% (3.8/1) 98/98

8 L8 99% (13.1/1) 95/87

9 L9 95% (12.6/1) 98/94

10 L10 95% (7.6/1) 98/99

aReaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), Cs2CO3 (0.15 mmol), Cu(MeCN)4PF6 (10 

mol %) and Ligand (12 mol %) in 1 mL THF at 20 oC for 15 h. bYields (E + Z) and E/Z ratio were 
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determined by 1H-NMR using 1,1,2,2-Tetrachloroethane as an internal standard; cThe ee values 

were determined by chiral HPLC analysis. 

Table S2. Screening of basesa

N
Ph

CO2Et Cu(MeCN)4PF6 (10 mol%)
L9 (12 mol%), base (1.5 eq)

+

N
Ph

CO2Et

Ph

F

THF (1 mL), 20 oC, 15 h

1a
(E)-3aa

CO2EtPh

F F

2a
EtO2C

N
Ph

CO2Et

CO2Et

F

Ph

+

(Z)-3aa

Entry base Yield (E/Z)b ee/% (E)c

1 K2CO3 87% (11.4/1) 98

2 Na2CO3 39% (6.8/1) 98

3 NaHCO3 26% (5.5/1) 98

4 K3PO4 90% (9.5/1) 98

5 Cs2CO3 95% (12.6/1) 98

6 TEA 43% (4.4/1) 97

7 DBU N.R. /

aReaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), base (0.15 mmol), Cu(MeCN)4PF6 (10 mol 

%) and L9 (12 mol %) in 1 mL THF at 20 oC for 15 h. bYields (E + Z) and E/Z ratio were 

determined by 1H-NMR using 1,1,2,2-Tetrachloroethane as an internal standard; N.R.= no 

reaction. cThe ee values were determined by chiral HPLC analysis.

Table S3. Screening of solventsa

N
Ph

CO2Et Cu(MeCN)4PF6 (10 mol%)
L9 (12 mol%), Cs2CO3 (1.5 eq)

+

N
Ph

CO2Et

Ph

F

solvent (1 mL), 20 oC, 15 h

1a
(E)-3aa

CO2EtPh

F F

2a
EtO2C

N
Ph

CO2Et

CO2Et

F

Ph

+

(Z)-3aa

Entry solvent Yield (E/Z)b ee/% (E)c

1 DCM 90% (2.8/1) 97

2 DCE 53% (3.8/1) 98
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3 MeCN 46% (4.4/1) 94

4 CPME 93% (13.2/1) 98

5 DME 94% (10/1) 98

6 1,4-dioxane 85% (7.9/1) 98

7 2-Me-THF 96% (12.2/1) 96

8 THF 95% (12.6/1) 98

aReaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), Cs2CO3 (0.15 mmol), Cu(MeCN)4PF6 (10 

mol %) and L9 (12 mol %) in 1 mL solvent at 20 oC for 15 h. bYields (E + Z) and E/Z ratio were 

determined by 1H-NMR using 1,1,2,2-Tetrachloroethane as an internal standard. cThe ee values 

were determined by chiral HPLC analysis.

Table S4. Screening of Cu saltsa

N
Ph

CO2Et

+

N
Ph

CO2Et

Ph

F

THF (1 mL), 20 oC, 15 h

1a
(E)-
3aa

CO2EtPh

F F

2a
EtO2C

N
Ph

CO2Et

CO2Et

F

Ph

+

(Z)-3aa

Cu salt (10 mol%)
L9 (12 mol%), Cs2CO3 (1.5 eq)

Entry Cu salt Yield (E/Z)b ee/% (E)c

1 CuCl 52% (12/1) 98

2 CuI N.R. /

3 CuBr 43% (8.4/1) 98

4 CuOAc 66% (12.2/1) 98

5 Cu(OTf)2 81% (6.4/1) 98

6 Cu(MeCN)4PF6 95% (12.6/1) (66%)d 98

7e Cu(MeCN)4PF6 78%d (12.9/1) 98
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aReaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), Cs2CO3 (0.15 mmol), Cu salt (10 mol %) 

and L9 (12 mol %) in 1 mL THF at 20 oC for 15 h. bYields (E + Z) and E/Z ratio were determined 

by 1H-NMR using 1,1,2,2-Tetrachloroethane as an internal standard; N.R.= no reaction. cThe ee 

values were determined by chiral HPLC analysis; dIsolated yield; e2a (0.15 mmol) was used.
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4. General Procedure for the Copper-Catalyzed Enantioselective 

Nucleophilic Vinylic Substitution (SNV) Reaction of 

Difluoroacrylates

In the glove box, to a dried tube with a magnetic stir bar was added Cu(MeCN)4PF6 (10 mol %, 

0.01 mmol, 3.7 mg), L9 (12 mol %, 0.012 mmol, 5.8 mg) and 0.5 mL anhydrous THF, the mixture 

was stirred for 0.5 hour at 25 oC. Then, the mixture was successively added cyclic imino ester 1 

(0.1 mmol), difluoroacrylate 2 (0.15 mmol), and Cs2CO3 (0.15 mmol, 48.8 mg). After that, 

another 0.5 mL THF was added into the mixture. The tube was sealed by the rubber stopper, 

removed out of the glove box and stirred at 20 oC for 15 h. When the reaction was completed, the 

mixture was filtered through celite and the filtrate was concentrated in vacuo. The E/Z ratio was 

determined by 1HNMR analysis of the crude product. Then the recovered residue was purified by 

flash chromatography over silica gel with petro ether/Ethyl acetate (6:1 – 4:1) as the eluent to give 

the product 3, the ee was determined by HPLC analysis. The isolated yields and ee values given in 

the text were all refer to E-isomer of 3. 
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5. 1 mmol-scale synthesis

In the glove box, to a dried 50 ml round-bottom flask with a magnetic stir bar was added 

Cu(MeCN)4PF6 (10 mol %, 0.1 mmol, 37 mg), L9 (12 mol %, 0.12 mmol, 58 mg) and 5 mL 

anhydrous THF, the mixture was stirred for 0.5 hour at 25 oC. Then to the mixture was 

successively added cyclic imino ester 1k (1.0 mmol, 203 mg), difluoroacrylate 2a (1.5 mmol, 

318 mg), and Cs2CO3 (1.5 mmol, 487 mg). After that, another 5.0 mL THF was added into the 

mixture. The flask was sealed by the rubber stopper, removed out of the glove box and stirred 

at 20 oC for 20 h. When the reaction was completed, the mixture was filtered through celite 

and silica gel and the filtrate was concentrated in vacuo. The residue was purified by flash 

chromatography over silica gel with petro ether/ethyl acetate (15:1 – 6:1) as the eluent to give 

the product (E)-3ka as white solid, 316 mg, 80% yield, 99% ee. 
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6. Characterization data for Products (E)-3aa – (E)-3al

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-phenylacrylate (E)-(3aa)

N
CO2Et

F

EtO2C

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 32 mg, 78% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 8.84 min (major) and 11.68 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ 7.92 (d, J = 6.8 Hz, 2H), 7.58 – 7.29 (m, 8H), 4.29 (q, J = 7.1 Hz, 2H), 4.23 

– 4.12 (m, 2H), 3.34 – 3.12 (m, 2H), 2.91 – 2.85 (m, 1H), 2.55 – 2.40 (m, 1H), 1.35 (t, J = 7.1 

Hz, 3H), 1.20 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 177.7, 170.2, 166.9 

(d, J = 15.2 Hz), 161.2 (d, J = 271.7 Hz), 133.6, 132.0, 1314, 129.0 (d, J = 4.0 Hz), 128.5 (d, 

J = 4.0 Hz), 128.2, 128.0, 116.3 (d, J = 17.2 Hz), 84.6 (d, J = 28.3 Hz), 62.0, 61.4, 35.6, 31.8 

(d, J = 3.0 Hz), 14.1, 13.8. 19F NMR (376 MHz, Chloroform-d) δ -104.7. HRMS (m/z, ESI): 

Calcd. for C24H25FNO4 [M+H]+: 410.1762, Found: 410.1772. [α]D 
20= -102.6 (c 1.8, CHCl3).

ethyl (R, Z)-3-(2-((ethylperoxy)-l2-methyl)-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-3-fluoro-2-

phenylacrylate (Z)-(3aa)

N
CO2Et

F

CO2Et

1H NMR (400 MHz, Chloroform-d) δ 7.64 (d, J = 8 Hz, 2H), 7.58 – 7.29 (m, 8H), 4.27 – 4.22 

(m, 2H), 3.95 –3.83 (m, 2H), 3.14 – 3.03 (m, 2H), 2.64 – 2.48 (m, 2H), 1.28 (t, J = 8 Hz, 3H), 

1.21 (t, J = 8 Hz, 3H). 19F NMR (376 MHz, Chloroform-d) δ -99.9.
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(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-(4-methyl)phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-phenylacrylate (E)-(3ba)

N
CO2Et

F

EtO2C

Me

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 37 mg, 88% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 11.24 min (major) and 14.87 min (minor). 1H NMR (400 

MHz, Chloroform-d) δ 7.81 (d, J = 8.1 Hz, 2H), 7.47 (d, J = 8.9 Hz, 2H), 7.42 – 7.30 

(m, 3H), 7.25 (d, J = 7.9 Hz, 2H), 4.28 (qd, J = 7.1, 1.9 Hz, 2H), 4.17 (q, J = 7.1 Hz, 

2H), 3.32 – 3.09 (m, 2H), 2.91 – 2.84 (m, 1H), 2.49 – 2.40 (m, 4H), 1.34 (t, J = 7.1 Hz, 

3H), 1.20 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 177.6, 170.3, 

166.8 (d, J = 16.2 Hz), 161.4 (d, J = 271.7 Hz), 141.8, 132.0, 131.0, 129.2, 129.0 (d, J 

= 4.0 Hz), 128.4, 128.2, 128.0, 116.2 (d, J = 17.2 Hz), 84.6 (d, J = 28.3 Hz), 62.0, 

61.4, 35.6, 31.8 (d, J = 3.0 Hz), 21.6, 14.1, 13.8. 19F NMR (376 MHz, Chloroform-d) 

δ -104.6. HRMS (m/z, ESI): Calcd. for C25H27FNO4 [M+H]+: 424.1919, Found: 

424.1916. [α]D 
20= -112.0 (c 1.5, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-(4-methyloxy)phenyl-3,4-dihydro-2H-pyrrol-

2-yl)-2-phenylacrylate (E)-(3ca)

N
CO2Et

F

EtO2C

MeO

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 26 mg, 82% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 18.16 min (major) and 23.36 min (minor). 1H NMR (400 

MHz, Chloroform-d) δ 7.86 (d, J = 8.9 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H), 7.43 – 7.29 

(m, 3H), 6.94 (d, J = 8.8 Hz, 2H), 4.34 – 4.22 (m, 2H), 4.17 (q, J = 7.2 Hz, 2H), 3.87 

(s, 3H), 3.30 – 3.08 (m, 2H), 2.87 (ddd, J = 13.3, 8.8, 4.3 Hz, 1H), 2.51 – 2.38 (m, 
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1H), 1.34 (t, J = 7.1 Hz, 3H), 1.20 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 176.9, 170.4, 166.9 (d, J = 15.2 Hz), 162.2, 161.4 (d, J = 271.7 Hz), 

132.0, 130.2, 129.0 (d, J = 4.0 Hz), 128.2, 128.0, 126.5, 116.1 (d, J = 18.2 Hz), 113.8, 

84.5 (d, J = 28.3 Hz), 62.0, 61.4, 55.4, 35.5, 31.8 (d, J = 2.0 Hz), 14.1, 13.8. 19F NMR 

(376 MHz, Chloroform-d) δ -104.7. HRMS (m/z, ESI): Calcd. for C25H27FNO5 

[M+H]+: 440.1868, Found: 440.1869. [α]D 
20= -111.4 (c 1.7, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-(4-fluoro)phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-phenylacrylate (E)-(3da)

N
CO2Et

F

EtO2C

F

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 25 mg, 59% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 8.49 min (major) and 10.34 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ 7.91 (dd, J = 8.7, 5.5 Hz, 2H), 7.47 (d, J = 8.3 Hz, 2H), 7.43 – 7.29 

(m, 3H), 7.13 (t, J = 8.6 Hz, 2H), 4.29 (q, J = 7.1 Hz, 2H), 4.22 – 4.12 (m, 2H), 3.31 – 

3.09 (m, 2H), 2.91– 2.81 (m, 1H), 2.55 – 2.41 (m, 1H), 1.35 (t, J = 7.1 Hz, 3H), 1.21 

(t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 176.4, 170.2, 166.9 (d, J = 

15.2 Hz), 164.7 (d, J = 253.5 Hz), 161.1 (d, J = 271.7 Hz), 131.9, 130.7, 130.6, 129.9 

(d, J = 3.0 Hz), 129.0 (d, J = 4.0 Hz), 128.3, 128.0, 116.3 (d, J = 17.2 Hz), 115.6 (d, J 

= 22.2 Hz), 84.6 (d, J = 28.3 Hz), 62.1, 61.4, 35.6, 31.9 (d, J = 4.0 Hz), 14.1, 13.8. 19F 

NMR (376 MHz, Chloroform-d) δ -104.8, -108.3. HRMS (m/z, ESI): Calcd. for 

C24H24F2NO4 [M+H]+: 428.1668, Found: 428.1667. [α]D 
20= -99.2 (c 1.7, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-(4-bromo)phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-phenylacrylate (E)-(3ea)
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N
CO2Et

F

EtO2C

Br

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 30 mg, 61% yield, 97% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 9.20 min (major) and 11.42 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ 7.77 (d, J = 8.5 Hz, 2H), 7.58 (d, J = 8.5 Hz, 2H), 7.46 (d, J = 7.2 Hz, 

2H), 7.42 – 7.30 (m, 3H), 4.29 (q, J = 7.1 Hz, 2H), 4.22 – 4.12(m, 2H), 3.30 – 3.07 (m, 

2H), 2.87 (dt, J = 13.2, 9.0 Hz, 1H), 2.48 (dt, J = 13.4, 9.0 Hz, 1H), 1.34 (t, J = 7.1 Hz, 

3H), 1.21 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 176.7, 170.0, 

166.8 (d, J = 16.2 Hz), 161.0 (d, J = 271.7 Hz), 132.5, 1319, 131.8, 129.9, 129.0 (d, J 

= 4.0 Hz), 128.3, 128.1, 126.1, 116.4 (d, J = 18.2 Hz), 84.7 (d, J = 28.3 Hz), 62.1, 

61.4, 35.6, 31.8 (d, J = 4.0 Hz), 14.1, 13.8. 19F NMR (376 MHz, Chloroform-d) δ -

104.7. HRMS (m/z, ESI): Calcd. for C24H24BrFNO4 [M+H]+: 488.0867, Found: 

488.0867. [α]D 
20= -97.0 (c 2.0, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-(4-trifluoromethyloxy)phenyl-3,4-dihydro-2H-

pyrrol-2-yl)-2-phenylacrylate (E)-(3fa)

N
CO2Et

F

EtO2C

F3CO

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 36 mg, 73% yield, 97% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 6.00 min (major) and 7.46 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ 7.95 (d, J = 8.8 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.40 (t, J = 7.4 Hz, 

2H), 7.36 – 7.26 (m, 3H), 4.30 (q, J = 7.1 Hz, 2H), 4.24 – 4.11 (m, 2H), 3.33 – 3.10 

(m, 2H), 2.87 (dt, J = 13.2, 9.0 Hz, 1H), 2.50 (dt, J = 14.7, 8.9 Hz, 1H), 1.35 (t, J = 

7.1 Hz, 3H), 1.22 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 176.3, 

170.1, 166.9 (d, J = 15.2 Hz), 161.0 (d, J = 271.7 Hz), 151.4 (d, J = 1.0 Hz), 132.2, 
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131.9, 130.1, 129.0 (d, J = 4.0 Hz), 128.3, 128.1, 121.7, 120.6, 119.1, 116.4 (d, J = 

17.2 Hz), 84.6 (d, J = 18.2 Hz), 62.1, 61.4, 35.6, 31.8 (d, J = 4.0 Hz), 14.1, 13.8. 19F 

NMR (376 MHz, Chloroform-d) δ -57.7, -104.8. HRMS (m/z, ESI): Calcd. for 

C25H24F4NO5 [M+H]+: 494.1585, Found: 494.1587. [α]D 
20= -93.6 (c 2.4, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-(4-phenyl)phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-phenylacrylate (E)-(3ga)

N
CO2Et

F

EtO2C

Ph

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 29 mg, 60% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 13.98 min (major) and 20.15 min (minor). 1H NMR (400 

MHz, Chloroform-d) δ 8.00 (d, J = 7.9 Hz, 2H), 7.68 (dd, J = 11.4, 8.0 Hz, 4H), 7.55 

– 7.45 (m, 4H), 7.45 – 7.31 (m, 4H), 4.31 (q, J = 7.1 Hz, 2H), 4.22 (q, J = 7.1 Hz, 2H), 

3.38 – 3.15 (m, 2H), 2.91 (dt, J = 13.2, 8.7 Hz, 1H), 2.50 (dt, J = 13.4, 8.9 Hz, 1H), 

1.36 (t, J = 6.4 Hz, 3H), 1.23 (t, J = 6.4 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) 

δ 177.4, 170.2, 166.9 (d, J = 15.2 Hz), 161.3 (d, J = 271.7 Hz), 144.1, 140.2, 132.5, 

132.0, 129.01 (d, J = 4.0 Hz), 129.0, 128.9, 128.3, 128.0, 127.9, 127.2, 127.1, 116.3 

(d, J = 17.2 Hz), 84.7 (d, J = 28.3 Hz), 62.1, 61.5, 35.7, 31.8 (d, J = 3.0 Hz), 14.1, 

13.8. 19F NMR (376 MHz, Chloroform-d) δ -104.6. HRMS (m/z, ESI): Calcd. for 

C30H29FNO4 [M+H]+: 486.2075, Found: 486.2074. [α]D 
20= -135.5 (c 1.9, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-(2-napthyl)-3,4-dihydro-2H-pyrrol-2-yl)-

2-phenylacrylate (E)-(3ha)

N
CO2Et

F

EtO2C
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Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 32 mg, 70% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 13.20 min (major) and 16.55 min (minor). 1H NMR (400 

MHz, Chloroform-d) δ 8.26 (s, 1H), 8.15 (d, J = 8.6 Hz, 1H), 7.98 – 7.85 (m, 3H), 

7.64 – 7.46 (m, 4H), 7.45 – 7.31 (m, 3H), 4.36 – 4.25 (m, 2H), 4.20 (q, J = 7.1 Hz, 

2H), 3.47 – 3.27 (m, 2H), 2.96 (dt, J = 13.1, 8.6 Hz, 1H), 2.53 (dt, J = 13.4, 9.0 Hz, 

1H), 1.36 (t, J = 7.0 Hz, 3H), 1.20 (t, J = 6.5 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 177.7, 170.2, 166.9 (d, J = 15.2 Hz), 161.4 (d, J = 270.7 Hz), 134.8, 

132.8, 132.0, 131.2, 129.4, 129.1 (d, J = 3.0 Hz), 128.9, 128.3, 128.2, 128.0, 127.8, 

127.6, 126.6, 124.9, 116.3 (d, J = 18.2 Hz), 84.8 (d, J = 28.3 Hz), 62.1, 61.5, 35.7, 

31.9 (d, J = 3.0 Hz), 14.1, 13.8. 19F NMR (376 MHz, Chloroform-d) δ -104.5. HRMS 

(m/z, ESI): Calcd. for C28H27FNO4 [M+H]+: 460.1919, Found: 460.1911. [α]D 
20= -

117.9 (c 2.1, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-(3-methyl)phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-phenylacrylate (E)-(3ia)

N
CO2Et

F

EtO2CMe

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 35 mg, 83% yield, 97% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 9.50 min (major) and 13.64 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ 7.77 (s, 1H), 7.68 (d, J = 7.1 Hz, 1H), 7.47 (d, J = 7.5 Hz, 2H), 7.43 

– 7.29 (m, 5H), 4.33 – 4.24 (m, 2H), 4.18 (q, J = 7.1 Hz, 2H), 3.32 – 3.13 (m, 2H), 

2.91 (dt, J = 13.3, 8.9 Hz, 1H), 2.50 – 2.37 (m, 4H), 1.35 (t, J = 7.1 Hz, 3H), 1.21 (t, J 

= 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 177.9, 170.1, 166.8 (d, J = 16.2 

Hz), 161.5 (d, J = 270.7 Hz), 138.1, 133.6, 132.2, 132.0, 129.1 (d, J = 4.0 Hz), 128.9, 

128.4, 128.2, 128.0, 125.7, 116.2 (d, J = 17.2 Hz), 84.7 (d, J = 28.3 Hz), 62.0, 61.4, 

35.8, 31.8 (d, J = 3.0 Hz), 21.4, 14.1, 13.8. 19F NMR (376 MHz, Chloroform-d) δ -
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104.2. HRMS (m/z, ESI): Calcd. for C25H27FNO4 [M+H]+: 424.1919, Found: 

424.1917. [α]D 
20= -87.6 (c 2.3, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-(3-methyloxy)phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-phenylacrylate (E)-(3ja)

N
CO2Et

F

EtO2CMeO

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 27 mg, 62% yield, 97% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 10.96 min (major) and 16.23 min (minor). 1H NMR (400 

MHz, Chloroform-d) δ 7.54 (s, 1H), 7.48 (d, J = 7.3 Hz, 2H), 7.44 – 7.29 (m, 5H), 

7.05 (dd, J = 8.3, 2.6 Hz, 1H), 4.29 (q, J = 7.1 Hz, 2H), 4.24 – 4.15 (m, 2H), 3.89 (s, 

3H), 3.33 – 3.10 (m, 2H), 2.84 (dt J = 13.2, 9.0 Hz, 1H), 2.48 (dt, J = 13.5, 9.0 Hz, 

1H), 1.35 (t, J = 7.1 Hz, 3H), 1.22 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 177.5, 170.2, 167.0 (d, J = 15.2 Hz), 161.1 (d, J = 271.7 Hz), 159.6, 

135.0, 132.0, 129.4, 129.0 (d, J = 4.0 Hz), 128.2, 128.0, 121.1, 118.0, 116.4 (d, J = 

17.2 Hz), 112.7, 84.4 (d, J = 28.3 Hz), 62.0, 61.34, 55.5, 35.7, 31.8 (d, J = 4.0 Hz), 

14.1, 13.8. 19F NMR (376 MHz, Chloroform-d) δ -105.1. HRMS (m/z, ESI): Calcd. 

for C25H27FNO5 [M+H]+: 440.1868, Found: 424.1868. [α]D 
20= -76.7 (c 1.8, CHCl3).

(R, E)-Ethyl 3-F-3-(2-methyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-phenylacrylate (E)-(3ka)

N
CO2Me

F

EtO2C

Eluent: petroleum ether/ethyl acetate (6/1), white solid, 30 mg, 76% yield, 97% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 10.63min (major) and 14.21 min (minor). 1H NMR (400 MHz, 
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Chloroform-d) δ 7.98 – 7.86 (m, 2H), 7.55 – 7.29 (m, 8H), 4.16 (q, J = 7.2 Hz, 2H), 

3.84 (s, 3H), 3.37 – 3.14 (m, 2H), 2.91 (dt, J = 13.3, 8.8 Hz, 1H), 2.57 – 2.41 (m, 1H), 

1.19 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 177.9, 170.7, 166.8 (d, 

J = 15.2 Hz), 161.0 (d, J = 271.7 Hz), 133.5, 131.9, 131.5, 129.0 (d, J = 4.0 Hz), 

128.5 (d, J = 4.0 Hz), 128.3, 128.1, 116.4 (d, J = 18.2 Hz), 84.6 (d, J = 29.3 Hz), 61.5, 

53.1, 35.7, 31.8 (d, J = 3.0 Hz), 13.8. 19F NMR (376 MHz, Chloroform-d) δ -105.1. 

HRMS (m/z, ESI): Calcd. for C23H23FNO4 [M+H]+: 396.1606, Found: 396.1604. [α]D 

20= -100.6 (c 2.0, CHCl3).

(R, E)-Ethyl 3-F-3-(2-tert-butyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-phenylacrylate (E)-(3la)

N
CO2tBu

F

EtO2C

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 21 mg, 48% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 5.60 min (major) and 7.26 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ 7.99 – 7.83 (m, 2H), 7.60 – 7.29 (m, 8H), 4.30 – 4.16 (m, 2H), 3.30 – 

3.07 (m, 2H), 2.75 (dt, J = 12.9, 8.7 Hz, 1H), 2.49 – 2.37 (m, 1H), 1.54 (s, 9H), 1.23 (t, 

J = 7.2 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 177.1, 169.2, 167.0 (d, J = 

15.2 Hz), 161.2 (d, J = 271.7 Hz), 133.86, 132.2, 131.2, 129.0, 128.9, 128.4 (d, J = 

5.0 Hz), 128.2, 127.9, 115.8 (d, J = 18.2 Hz), 85.1 (d, J = 28.3 Hz), 61.4, 35.4, 31.6 (d, 

J = 5.0 Hz), 27.9, 13.9. 19F NMR (376 MHz, Chloroform-d) δ -105.2. HRMS (m/z, 

ESI): Calcd. for C26H29FNO4 [M+H]+: 438.2075, Found: 438.2066. [α]D 
20= -106.0 (c 

1.4, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-(4-methylphenyl)acrylate (E)-(3ab)



S-20

N
Ph

CO2Et
F

EtO2C Me

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 29 mg, 69% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 10.04 min (major) and 15.85 min (minor). 1H NMR (400 

MHz, Chloroform-d) δ 7.91 (d, J = 9.4 Hz, 2H), 7.51 – 7.42 (m, 3H), 7.36 (d, J = 7.8 

Hz, 2H), 7.20 (d, J = 7.8 Hz, 2H), 4.28 (q, J = 7.1 Hz, 2H), 4.17 (q, J = 7.1 Hz, 2H), 

3.32 – 3.12 (m, 2H), 2.91 – 2.84 (m, 1H), 2.51 – 2.43 (m , 1H), 2.38 (s, 3H), 1.34 (t, J 

= 8.0 Hz, 3H), 1.20 (t, J = 8.0 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 177.6, 

170.3, 167.0 (d, J = 15.2 Hz), 160.9 (d, J = 270.7 Hz), 137.9, 133.7, 131.4, 129.0, 

129.0, 128.9 (d, J = 4.0 Hz), 128.4 (d, J = 3.0 Hz), 116.2 (d, J = 17.2 Hz), 84.7 (d, J = 

28.3 Hz), 62.0, 61.4, 35.6, 31.8 (d, J =4.0 Hz), 21.3, 14.1, 13.8. 19F NMR (376 MHz, 

Chloroform-d) δ -105.4. HRMS (m/z, ESI): Calcd. for C25H27FNO4 [M+H]+: 

424.1919, Found: 424.1916. [α]D 
20= -101.6 (c 1.9, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-(4-methyloxyphenyl)acrylate (E)-(3ac)

N
Ph

CO2Et
F

OMeEtO2C

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 33 mg, 75% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 15.56 min (major) and 26.21 min (minor). 1H NMR (400 

MHz, Chloroform-d) δ 7.91 (d, J = 7.4 Hz, 2H), 7.66 – 7.32 (m, 5H), 6.92 (d, J = 10.9 

Hz, 2H), 4.37 – 4.23 (m, 2H), 4.17 (q, J = 7.2 Hz, 2H), 3.83 (s, 3H), 3.33 – 3.09 (m, 

2H), 2.93 – 2.76 (m, 1H), 2.51– 2.43 (m, 1H), 1.34 (t, J = 8.1 Hz, 3H), 1.20 (t, J = 6.1 

Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 177.6, 170.3, 167.1 (d, J = 15.2 Hz), 

160.5 (d, J = 270.7 Hz), 159.24, 133.7, 131.4, 130.2 (d, J = 4.0 Hz), 128.4 (d, J = 4.0 
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Hz), 124.2, 115.9 (d, J =17.2 Hz), 113.7, 84.6 (d, J = 29.3 Hz), 62.0, 61.4, 55.3, 35.6, 

31.8 (d, J =4.0 Hz), 14.1, 13.8. 19F NMR (376 MHz, Chloroform-d) δ -106.3. HRMS 

(m/z, ESI): Calcd. for C25H27FNO5 [M+H]+: 440.1868, Found: 440.1867. [α]D 
20= -

109.5 (c 2.2, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-(4-fluorophenyl)acrylate (E)-(3ad)

N
Ph

CO2Et
F

EtO2C F

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 20 mg, 47% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 6.85 min (major) and 8.79 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ 7.91 (d, J = 8.1 Hz, 2H), 7.55 – 7.40 (m, 5H), 7.08 (t, J = 8.7 Hz, 

2H), 4.29 (q, J = 7.1 Hz, 2H), 4.22 – 4.14 (m, 2H), 3.33 – 3.14 (m, 2H), 2.90 – 2.83 

(m, 1H), 2.53 – 2.40 (m, 1H), 1.34 (t, J = 7.1 Hz, 3H), 1.20 (t, J = 7.1 Hz, 3H). 13C 

NMR (101 MHz, Chloroform-d) δ 177.7, 170.1, 166.8 (d, J = 15.2 Hz), 162.3 (d, J = 

248.5 Hz), 161.6 (d, J = 271.7 Hz), 133.6, 131.4, 130.9 (q, J = 4.0 Hz), 128.5, 128.4, 

115.4, 115.1, 84.6 (d, J = 17.2 Hz), 62.1, 61.5, 35.63, 31.8 (d, J = 3.0 Hz), 14.1, 13.8. 
19F NMR (376 MHz, Chloroform-d) δ -104.2, -113.6. HRMS (m/z, ESI): Calcd. for 

C24H24FNO4 [M+H]+: 428.1668, Found: 428.1669. [α]D 
20= -133.7 (c 1.3, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-(4-chlorophenyl)acrylate (E)-(3ae)

N
Ph

CO2Et
F

EtO2C Cl

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 31 mg, 70% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 
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254 nm, retention time: 6.74 min (major) and 8.97 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ 7.90 (d, J = 9.0 Hz, 2H), 7.57 – 7.33 (m, 7H), 4.35 – 4.25 (m, 2H), 

4.24 – 4.12 (m, 2H), 3.30 – 3.15 (m, 2H), 2.90 – 2.84 (m, 1H), 2.54 – 2.42 (m, 1H), 

1.34 (t, J = 7.3 Hz, 3H), 1.20 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) 

δ 177.8, 170.0, 166.6 (d, J = 15.0 Hz), 161.9 (d, J = 272.7 Hz), 133.9, 133.5, 131.5, 

130.43, 130.39, 128.50, 128.47, 128.4, 115.4 (d, J = 18.2 Hz), 84.6 (d, J = 28.3 Hz), 

62.1, 61.6, 35.64, 31.8 (d, J = 3.0 Hz), 14.1, 13.8. 19F NMR (376 MHz, Chloroform-d) 

δ -103.3. HRMS (m/z, ESI): Calcd. for C24H24ClFNO4 [M+H]+: 444.1372, Found: 

444.1370. [α]D 
20= -96.2 (c 2.1, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-(4-bromophenyl)acrylate (E)-(3af)

N
Ph

CO2Et
F

EtO2C Br

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 39 mg, 80% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 7.20 min (major) and 9.80 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ 7.90 (d, J = 8.9 Hz, 2H), 7.58 – 7.40 (m, 5H), 7.34 (d, J = 10.9 Hz, 

2H), 4.28 (q, J = 8.1, 6.8 Hz, 2H), 4.23 – 4.11 (m, 2H), 3.35 – 3.10 (m, 2H), 2.95 – 

2.79 (m, 1H), 2.54 – 2.39 (m, 1H), 1.34 (t, J = 9.0 Hz, 3H), 1.20 (t, J = 8.5 Hz, 3H). 
13C NMR (101 MHz, Chloroform-d) δ 177.8, 170.0, 166.5 (d, J =14.1 Hz), 161.9 (d, J 

= 272.7 Hz), 133.5, 131.5 (d, J = 4.0 Hz), 131.4, 130.9, 130.7 (d, J = 4.0 Hz), 128.5, 

128.4, 122.17, 115.4 (d, J = 17.2 Hz), 84.6 (d, J = 18.2 Hz), 62.1, 61.6, 35.6, 31.8 (d, 

J = 3.0 Hz), 14.1, 13.8. 19F NMR (376 MHz, Chloroform-d) δ -103.15. HRMS (m/z, 

ESI): Calcd. for C24H24BrFNO4 [M+H]+: 488.0867, Found: 488.0868. [α]D 
20= -75.8 (c 

2.6, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-
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2-(3-chlorophenyl)acrylate (E)-(3ag)

N
Ph

CO2Et
F

EtO2C

Cl

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 25 mg, 56% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 6.90 min (major) and 8.91 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ 7.91 (d, J = 6.8 Hz, 2H), 7.55 – 7.41 (m, 4H), 7.39 – 7.29 (m, 3H), 

4.29 (q, J = 7.1 Hz, 2H), 4.23 – 4.15 (m, 2H), 3.33 – 3.12 (m, 2H), 2.92 – 2.81 (m, 

1H), 2.54 – 2.40 (m, 1H), 1.35 (t, J = 7.1 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H). 13C NMR 

(101 MHz, Chloroform-d) δ 177.8, 170.0, 166.4 (d, J = 15.2 Hz), 162.2 (d, J = 273.7 

Hz), 134.1, 133.6, 133.5, 131.5, 129.5, 129.2 (d, J = 4.0 Hz), 128.5, 128.4, 128.2, 

127.2 (d, J = 4.0 Hz), 115.3 (d, J = 17.2 Hz), 84.6 (d, J = 28.3 Hz), 62.1, 61.6, 35.6, 

31.8 (d, J = 3.0 Hz), 14.1, 13.8. 19F NMR (376 MHz, Chloroform-d) δ -102.5. HRMS 

(m/z, ESI): Calcd. for C24H24ClFNO4 [M+H]+: 444.1372, Found: 444.1373. [α]D 
20= -

88.6 (c 1.7, CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-(2-napthyl)acrylate (E)-(3ah)

N
Ph

CO2Et
F

EtO2C

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 35 mg, 76% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 10.73 min (major) and 21.04 min (minor). 1H NMR (400 

MHz, Chloroform-d) δ 8.02 – 7.91 (m, 3H), 7.91 – 7.82 (m, 3H), 7.60 (d, J = 8.6 Hz, 

1H), 7.55 – 7.42 (m, 5H), 4.33 (q, J = 7.1 Hz, 2H), 4.23 (q, J = 6.6, 6.1 Hz, 2H), 3.36 

– 3.17 (m, 2H), 2.96 – 2.89 (m, 1H), 2.57 – 2.49 (m, 1H), 1.38 (t, J = 7.1 Hz, 3H), 

1.22 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 177.8, 170.2, 166.9 (d, 
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J = 15.0 Hz), 161.7 (d, J = 271.7 Hz), 133.6, 133.1, 132.8, 131.4, 128.5 (d, J = 4.0 

Hz), 128.4 (d, J = 4.0 Hz), 128.3, 127.8, 127.6, 126.8 (d, J = 4.0 Hz), 126.4, 126.2, 

116.4 (d, J = 18.2 Hz), 84.7 (d, J = 28.3 Hz), 62.1, 61.5, 35.7, 31.8 (d, J = 3.0 Hz), 

14.2, 13.8. 19F NMR (376 MHz, Chloroform-d) δ -104.2. HRMS (m/z, ESI): Calcd. 

for C28H27FNO4 [M+H]+: 460.1919, Found: 460.1918. [α]D 
20= -125.5 (c 2.3, CHCl3).

(R, Z)-1-F-1-(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-2-(2-

napthyl)ethylene (Z)-(3ah’)

N
Ph

CO2Et
F

H

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 17 mg, 43% yield, 99% ee, 

HPLC analysis: Daicel Chiralpak OJ-H, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 33.15 min (major) and 45.16 min (minor).1H NMR (400 MHz, 

Chloroform-d) δ 8.08 – 7.94 (m, 3H), 7.86 – 7.76 (m, 3H), 7.72 (d, J = 8.7 Hz, 1H), 

7.62 – 7.38 (m, 5H), 6.14 (d, J = 40.2 Hz, 1H), 4.46 – 4.21 (m, 2H), 3.38 – 3.12 (m, 

2H), 3.01 – 2.87 (m, 1H), 2.51 – 2.38 (m, 1H), 1.35 (t, J = 7.1 Hz, 3H). 13C NMR (101 

MHz, Chloroform-d) δ 177.6, 170.8, 159.0 (d, J = 268.7 Hz), 133.6 (d, J = 1.0 Hz), 

133.5, 132.5 (d, J = 2.0 Hz), 131.5, 130.6 (d, J = 3.0 Hz), 128.6, 128.4, 128.1, 128.0 

(d, J = 8.0 Hz), 127.9, 127.6, 126.8 (d, J = 8.0 Hz), 126.1, 126.0, 106.3 (d, J = 5.0 Hz), 

84.5 (d, J = 30.0 Hz), 62.3, 35.9, 30.8, 14.2. 19F NMR (376 MHz, Chloroform-d) δ -

110.6. HRMS (m/z, ESI): Calcd. for C25H23FNO2 [M+H]+: 388.1707, Found: 

388.1713.

(R, E)-Benzyl 3-F-3-(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-phenylacrylate (E)-(3ai)
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N
Ph

CO2Et
F

BnO2C

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 27 mg, 57% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 8.60 min (major) and 11.42 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ 7.92 (d, J = 6.9 Hz, 2H), 7.56 – 7.42 (m, 5H), 7.42 – 7.21 (m, 8H), 

5.25 – 5.08 (m, 2H), 4.20 – 4.12 (m, 2H), 3.37 – 3.08 (m, 2H), 2.91– 2.84 (m, 1H), 

2.49– 2.42 (m, 1H), 1.24 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 

177.9, 170.1, 166.7 (d, J = 16.2 Hz), 161.3 (d, J = 270.7 Hz), 135.5, 133.6, 131.8, 

131.5, 129.0 (d, J = 4.0 Hz), 128.5 (d, J = 4.0 Hz), 128.34, 128.31, 128.27, 128.1, 

116.1 (d, J = 18.2 Hz), 84.7 (d, J = 29.3 Hz), 67.1, 62.1, 35.7, 31.8 (d, J = 3.0 Hz), 

14.0. 19F NMR (376 MHz, Chloroform-d) δ -104.7. HRMS (m/z, ESI): Calcd. for 

C29H27FNO4 [M+H]+: 472.1919, Found: 472.1919. [α]D 
20= -101.2 (c 1.8, CHCl3).

(R, E)-ethyl 3-F-3-(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-benzylacrylate (E)-(3aj)

N
Ph

CO2Et
F

EtO2C
Ph

Eluent: petroleum ether/ethyl acetate (6/1), pale yellow oil, 28 mg, 66% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 9.13 min (major) and 12.64 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ 7.90 (d, J = 6.8 Hz, 2H), 7.51 – 7.42(m, 3H), 7.33 – 7.25 (m, 4H), 

7.24 – 7.19 (m, 1H), 4.23 (qd, J = 7.2, 1.7 Hz, 2H), 4.17 – 4.02 (m, 2H), 3.88 – 3.68 

(m, 2H), 3.34 – 3.11 (m, 2H), 3.04 (ddd, J = 13.5, 9.4, 4.1 Hz, 1H), 2.41 – 2.26 (m, 

1H), 1.28 (t, J = 7.1 Hz, 3H), 1.15 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 177.6, 170.0 (d, J = 3.0 Hz), 167.1 (d, J = 17.2 Hz), 165.9 (d, J = 

272.7 Hz), 138.7 (d, J = 2.0 Hz), 133.6, 131.3, 128.50, 128.45, 128.34, 128.3, 126.2, 
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113.6 (d, J = 22.2 Hz), 85.1 (d, J = 25.3 Hz), 61.9, 61.0, 35.9, 32.4, 32.0 (d, J = 6.0 

Hz), 14.0, 13.8. 19F NMR (376 MHz, Chloroform-d) δ -97.1. HRMS (m/z, ESI): 

Calcd. for C25H27FNO4 [M+H]+: 424.1919, Found: 424.1917. [α]D 
20= -94.5 (c 1.9, 

CHCl3).

(R, E)-Ethyl 3-F-3-(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-

2-(4-phenylphenyl)acrylate (E)-(3ak)

N
Ph

CO2Et

EtO2C

F

Eluent: petroleum ether/ethyl acetate (4/1), pale yellow oil, 41 mg, 84% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 12.12 min (major) and 15.75 min (minor). 1H NMR (400 

MHz, Chloroform-d) δ 7.94 (d, J = 6.7 Hz, 2H), 7.65 – 7.58(m, 4H), 7.57 (d, J = 8.1 

Hz, 2H), 7.52 – 7.43 (m, 5H), 7.39 (d, J = 7.3 Hz, 1H), 4.31 (q, J = 7.1 Hz, 2H), 4.22 

(qd, J = 7.2, 2.0 Hz, 2H), 3.34 – 3.16 (m, 2H), 2.93 – 2.86 (m, 1H), 2.55 – 2.47 (m, 

1H), 1.37 (t, J = 7.1 Hz, 3H), 1.24 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 177.8, 170.3, 167.0 (d, J = 15.2 Hz), 161.4 (d, J = 276.5 Hz), 140.9, 

140.7, 133.7, 131.5, 131.1, 129.5 (d, J = 4.0 Hz), 128.9, 128.55 (d, J = 4.0 Hz), 127.5, 

127.2, 127.1, 116.1 (d, J = 17.2 Hz), 84.7 (d, J = 28.3 Hz), 62.2, 61.6, 35.7, 31.9 (d, J 

= 3.0 Hz), 14.2, 13.9. 19F NMR (376 MHz, Chloroform-d) δ -109.8. HRMS (m/z, 

ESI): Calcd. for C30H29FNO4 [M+H]+: 486.2075, Found: 486.2073. [α]D 
20= -86.9 (c 2.7, 

CHCl3).

(R, E)-2-((2,2-dimethyl-5-(2,5-dimethylphenoxy)pentanoyl)oxy)ethyl 3-F-3-

(2-ethyloxycarbonyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)-2-phenylacrylate (E)-(3al)
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NPh CO2Et

Ph

F

O

O
O

O

Me Me
O

Me

Me

Eluent: petroleum ether/ethyl acetate (6/1), colorless oil, 38 mg, 58% yield, 98% ee, 

HPLC analysis: Daicel Chiralpak IC, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 

254 nm, retention time: 14.12 min (major) and 17.81 min (minor). 1H NMR (400 

MHz, Chloroform-d) δ 7.91 (d, J = 6.7 Hz, 2H), 7.60 – 7.41 (m, 5H), 7.41 – 7.24 (m, 

3H), 7.03 (d, J = 7.4 Hz, 1H), 6.69 (d, J = 7.5 Hz, 1H), 6.60 (s, 1H), 4.42 – 4.14 (m, 

6H), 3.86 (s, 2H), 3.33 – 3.14 (m, 2H), 2.95 – 2.81 (m, 1H), 2.54 –  2.40 (m, 1H), 

2.34 (s, 3H), 2.18 (s, 3H), 1.76 – 1.61 (m, 4H), 1.35 (t, J = 7.1 Hz, 3H), 1.17 (s, 6H). 
13C NMR (101 MHz, Chloroform-d) δ 177.9, 177.5, 170.1, 166.6 (d, J = 15.2 Hz), 

161.5 (d, J = 271.7 Hz), 156.9, 136.5, 133.5, 131.7, 131.5, 130.3, 129.0, 128.9 (d, J = 

3.0 Hz) , 128.6, 128.4, 128.3, 128.1, 123.5, 120.7, 115.9 (d, J = 18.2 Hz), 111.9, 84.6 

(d, J = 28.3 Hz), 67.8, 63.1, 62.1, 61.7, 42.0, 37.0, 35.6, 31.7 (d, J = 2.0 Hz), 25.1, 

25.0, 21.4, 15.8, 14.1. 19F NMR (376 MHz, Chloroform-d) δ -103.96. HRMS (m/z, 

ESI): Calcd. for C39H45FNO7 [M+H]+: 658.3175, Found: 658.3180. [α]D 
20= -79.0 (c 2.5, 

CHCl3).
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8. NMR and HPLC Spectra for The New Compounds

N
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1H NMR (400 MHz, Chloroform-d)
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9. X-ray Crystal structure of Compounds (E)-3ka (CCDC 2151837)

The single crystal for compound (E)-3ka were prepared from a mixture solvent of hexane and 

ethyl acetate (v/v = 3:1) at 14 oC. The data were collected on a Bruker D8 Venture Photon II 

instrument using Cu-Kα radiation (λ = 1.54178 Å) at 170 K. The crystal structures were 

solved and refined using the SHELXTL software package. All non-hydrogen atoms were 

refined anisotropically. Hydrogen atoms were added in the riding model and refined with 

isotropicthermal parameters. The crystallographic data have already been deposited at the 

Cambridge Crystallographic Data Centre. CCDC numbers: 2151837

Figure S1 X-ray derived ORTEP of (E)-3ka with thermal ellipsoids shown at 50% probability 

level

Table S5 Crystal data and structure refinement for (E)-3ka

Identification code (E)-3ka
Empirical formula C23H22FNO4

Formula weight 395.41
Temperature/K 169.99
Crystal system orthorhombic
Space group P212121
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a/Å 9.4819(3)
b/Å 11.7917(3)
c/Å 18.3290(5)
α/° 90
β/° 90
γ/° 90
Volume/Å3 2049.32(10)
Z 4
ρcalcg/cm3 1.282
μ/mm-1 0.775
F(000) 832.0
Crystal size/mm3 0.09 × 0.08 × 0.08
Radiation CuKα (λ = 1.54178)
2Θ range for data collection/° 8.916 to 133.476
Index ranges -11 ≤ h ≤ 9, -14 ≤ k ≤ 14, -20 ≤ l ≤ 21
Reflections collected 19517
Independent reflections 3586 [Rint = 0.0428, Rsigma = 0.0283]
Data/restraints/parameters 3586/0/265
Goodness-of-fit on F2 1.052
Final R indexes [I>=2σ (I)] R1 = 0.0278, wR2 = 0.0716
Final R indexes [all data] R1 = 0.0285, wR2 = 0.0721
Largest diff. peak/hole / e Å-3 0.17/-0.13


