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Materials andMethods:

All reactions were carried out in oven dried glassware with magnetic stirring. All solventswere purified 

and dried according to standard methods prior to use. Starting materials -unsaturated pyrazolamide 

2a-l and azomethine ylides 3b-m were prepared by reported methods.1,2 Catalysts L1-L7 are 

commercially available. 1H spectra were recorded on 400 MHz or 500 MHz in CDCl3 and 13C NMR 

spectra were recorded on 100 or 125 MHz in CDCl3 using TMS or residual solvent signals as internal 

standard. Data for 1H NMR are recorded as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d 

= doublet, t = triplet, q = quartet, m =multiplet or unresolved, coupling constant (s) in Hz, integration). 

Data for 13C NMR are reported in terms of chemical shift (δ, ppm). High resolution mass spectra 

(HRMS) were obtained by the ESI (Q-TOF) ionization sources. IR spectra were measured with 

PerkinElmer FT/IR Vector 22 spectrometer. Optical rotations were measured on a commercial 

automatic polarimeter and reported as follows: [α]D
T (c = g/100 mL, solvent). Routine monitoring of 

reactions we reperformed using precoated silica gel TLC plates from E-Merck. All the chromatographic 

separations were carried out by using silica gel (Acme’s, 100-200 mesh). Melting points were recorded 

by using a melting point apparatus and are uncorrected. The enantioselectivity was determined by chiral 

HPLC analysis using chiralpak AD-H. OD-H, IA, IC and ID column with a 200 UV-detector by using 

iso-propanol and n-hexane as eluents at 25 °C.
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General procedure and characterization data of -unsaturated pyrazolamide 2a-l:

-unsaturated pyrazolamides 2a-l were synthesiszed according to modified literature procedure.1
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To a solution of pyrazole (5.0 g, 73.5 mmol) in CH2Cl2 (150 mL) was added SOCl2 (8.0 mL, 110 mmol) 

at 0 °C, then the reaction mixture was brought to room temperature and stirred at room temperature for 

1 h. Trans-Cinnamic acid (24.5 mmol) was added in one portion. The mixture was further stirred for 

additional 3 hours. The resulting solution was diluted with CH2Cl2 (150 mL), washed with aqueous 

NaOH solution (0.5 M, 3 x 100 mL), water (3 x 100 mL), then dried over Na2SO4. The solvent was 

removed under reduced pressure. The crude product was purified by flash chromatography on silica gel 

(n-hexane/CH2Cl2) to afford product 2a-l.

O

N N

2a

(E)-3-phenyl-1-(1H-pyrazol-1-yl)prop-2-en-1-one (2a): White solid, 6.01 g, 90% yield. MP: 42−45 

°C. 1H NMR (500 MHz, Chloroform-d) δ 8.42 (dd, J = 2.9, 0.7 Hz, 1H), 8.06 (d, J = 16.0 Hz, 1H), 7.94 
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(d, J = 16.0 Hz, 1H), 7.81 (d, J = 1.4 Hz, 1H), 7.78 – 7.66 (m, 2H), 7.50 – 7.37 (m, 3H), 6.52 (dd, J = 

2.8, 1.5 Hz, 1H). 13C NMR (125 MHz, Chloroform-d) δ 163.63, 147.88, 143.86, 134.44, 131.06, 

128.98, 128.83, 128.74, 115.74, 109.86. IR (film) νmax 3621, 3132, 1954, 1705, 1623, 1385, 1351, 935, 

767 cm-1; HRMS (ES+): Exact mass calcd for C12H10N2O [M+Na]+: 221.0685. Found: 221.0700.

O

N N

Br
2b

(E)-3-(4-bromophenyl)-1-(1H-pyrazol-1-yl)prop-2-en-1-one (2b): White solid, 2.07 g, 75% yield. 

MP: 104-107 °C.1H NMR (400 MHz, Chloroform-d) δ 8.36 (d, J = 2.8 Hz, 1H), 8.01 – 7.78 (m, 2H), 

7.75 (d,J = 1.5 Hz, 1H), 7.52 (s, 4H), 6.48 (dd, J = 2.8, 1.5 Hz, 1H).13C NMR (100 MHz, Chloroform-d) 

δ 163.35, 146.28, 143.94, 133.32, 132.24, 130.11, 128.74, 125.44, 116.42, 110.00. IR (film) νmax 3381, 

2106, 1907, 1693, 1623, 1485, 1386, 1349, 819, 762 cm-1; HRMS (ES+): Exact mass calcd for 

C12H9BrN2O [M+Na]+: 298.9790. Found: 298.9795.

O

N N

Cl 2c

(E)-3-(4-chlorophenyl)-1-(1H-pyrazol-1-yl)prop-2-en-1-one (2c): White solid, 4.46 g, 96% yield. 

MP: 104-107 °C. 1H NMR (400 MHz, Chloroform-d) δ 8.36 (d, J = 2.8 Hz, 1H), 8.01 – 7.80 (m, 2H), 

7.76 (d, J = 1.4 Hz, 1H), 7.65 – 7.57 (m, 2H), 7.43 – 7.33 (m, 2H), 6.48 (dd, J = 2.8, 1.5 Hz, 1H). 13C 

NMR (100 MHz, Chloroform-d) δ 163.36, 146.21, 143.93, 137.00, 132.91, 129.93, 129.27, 128.73, 

116.31, 109.97, 99.99. IR (film) νmax3138, 1695, 1623, 1386, 1349, 823, 763 cm-1; HRMS (ES+): Exact 

mass calcd for C12H9ClN2O [M+Na]+: 255.0296. Found: 255.0315.

O

N N

F 2d

(E)-3-(4-fluorophenyl)-1-(1H-pyrazol-1-yl)prop-2-en-1-one (2d): White solid, 3.30 g, 85% yield. 

MP: 117-120 °C. 1H NMR (500 MHz, Chloroform-d) δ 8.40 (d, J = 2.7 Hz, 1H), 7.99 (d, J = 16.0 Hz, 

1H), 7.84 (d, J = 16.0 Hz, 1H), 7.79 (d, J = 1.5 Hz, 1H), 7.73 – 7.64 (m, 2H), 7.17 – 7.07 (m, 2H), 6.51 
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(dd, J = 2.9, 1.5 Hz, 1H). 13C NMR (125 MHz, Chloroform-d) δ 165.35, 163.45, 163.34, 146.40, 143.86, 

130.81, 130.74, 116.25, 116.08, 115.49, 109.89. 19F NMR (470 MHz, Chloroform-d) δ -108.13. IR 

(film) νmax 3428, 2361, 1699, 1626, 1387, 828, 745 cm-1; HRMS (ES+): Exact mass calcd for 

C12H9FN2O [M+Na]+: 239.0591. Found: 239.0583.

O

N N

F3C 2e

(E)-1-(1H-pyrazol-1-yl)-3-(4-(trifluoromethyl)phenyl)prop-2-en-1-one (2e): White solid, 0.36 g, 

55% yield. MP: 90-93 °C. 1H NMR (400 MHz, Chloroform-d) δ 8.36 (d, J = 2.7 Hz, 1H), 7.97 (d, J = 

2.8 Hz, 2H), 7.75 (d, J = 8.9 Hz, 3H), 7.65 (d, J = 8.1 Hz, 2H), 6.52 – 6.43 (m, 1H).13C NMR (125 

MHz, Chloroform-d) δ 163.07, 145.57, 144.09, 137.69, 132.43, 132.17, 128.79, 125.90, 118.35, 110.16. 
19F NMR (470 MHz, Chloroform-d) δ -62.92. IR (film) νmax 3361, 2112, 1910, 1697, 1622, 1430, 1355, 

801, 749 cm-1; HRMS (ES+): Exact mass calcd for C13H9F3N2O [M+Na]+: 289.0559. Found: 289.0568.

O

N N

MeO 2f

(E)-3-(4-methoxyphenyl)-1-(1H-pyrazol-1-yl)prop-2-en-1-one (2f): White solid, 5.76 g, 90% yield. 

MP: 79-82 °C. 1H NMR (500 MHz, Chloroform-d) δ 8.42 (dd, J = 2.8, 0.7 Hz, 1H), 8.02 (d, J = 15.9 

Hz, 1H), 7.82 – 7.78 (m, 2H), 7.71 – 7.67 (m, 2H), 6.99 – 6.93 (m, 2H), 6.51 (dd, J = 2.8, 1.5 Hz, 1H), 

3.89 (s, 3H). 13C NMR (125 MHz, Chloroform-d) δ 163.88, 162.09, 147.74, 143.66, 130.71, 128.69, 

127.30, 114.43, 113.02, 109.62, 55.45. IR (film) νmax 3425, 2563, 1701, 1602, 1513, 1259, 826, 765 cm-

1; HRMS (ES+): Exact mass calcd for C13H12N2O2 [M+Na]+: 251.0791. Found: 251.0810.

O

N N

OMe 2g

(E)-3-(3-methoxyphenyl)-1-(1H-pyrazol-1-yl)prop-2-en-1-one (2g): White solid, 4.7 g, 73% yield. 

MP: 62-65 °C. 1H NMR (500 MHz, Chloroform-d) δ 8.42 (dd, J = 2.8, 0.7 Hz, 1H), 8.03 (d, J = 16.0 

Hz, 1H), 7.91 (d, J = 16.0 Hz, 1H), 7.84 – 7.76 (m, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.31 (dt, J = 7.6, 1.3 



S6

Hz, 1H), 7.23 (dd, J = 2.6, 1.7 Hz, 1H), 7.02 (ddd, J = 8.1, 2.6, 1.1 Hz, 1H), 6.53 (dd, J = 2.9, 1.5 Hz, 

1H), 3.89 (s, 3H). 13C NMR (125 MHz, Chloroform-d) δ 163.60, 159.97, 147.86, 143.87, 135.76, 

129.96, 128.76, 121.66, 117.17, 115.95, 113.37, 109.88, 55.41. IR (film) νmax 3424, 2085, 1705, 1622, 

1384, 774 cm-1; HRMS (ES+): Exact mass calcd for C13H12N2O2 [M+Na]+: 251.0791. Found: 251.0787.

O

N

O

N

2h

(E)-3-(furan-2-yl)-1-(1H-pyrazol-1-yl)prop-2-en-1-one (2h): White solid, 1.63 g, 87% yield. MP: 

67-70 °C. 1H NMR (400 MHz, Chloroform-d) δ 8.32 (d, J = 2.8 Hz, 1H), 7.72 (d, J = 6.3 Hz, 3H), 7.50 

(d, J = 1.7 Hz, 1H), 6.73 (d, J = 3.4 Hz, 1H), 6.45 (ddd, J = 11.9, 3.2, 1.7 Hz, 2H). 13C NMR (125 MHz, 

Chloroform-d) δ 163.64, 151.38, 145.60, 143.78, 133.38, 128.56, 116.69, 113.33, 112.69, 109.75. IR 

(film) νmax3418, 3174, 2095, 1761, 1622, 1348, 759, 593 cm-1; HRMS (ES+): Exact mass calcd for 

C10H8N2O2 [M+Na]+: 211.0478. Found: 211.0495.

S

N

O

N

2i

(E)-1-(1H-pyrazol-1-yl)-3-(thiophen-2-yl)prop-2-en-1-one(2i): White solid, 1.41 g, 69% yield. MP: 

66-69 °C. 1H NMR (400 MHz, Chloroform-d) δ 8.34 (d, J = 2.8 Hz, 1H), 8.10 (dd, J = 15.5, 3.1 Hz, 

1H), 7.75 (d, J = 2.5 Hz, 1H), 7.65 (dd, J = 15.6, 2.6 Hz, 1H), 7.41 (dt, J = 22.7, 4.5 Hz, 2H), 7.13 – 

7.02 (m, 1H), 6.52 – 6.40 (m, 1H). 13C NMR (100 MHz, Chloroform-d) δ 163.50, 143.82, 140.04, 

139.94, 132.50, 129.95, 128.67, 128.33, 114.28, 109.80. IR (film) νmax 3428, 3148, 2117, 1699, 1609, 

1385, 1201, 710 cm-1; HRMS (ES+): Exact mass calcd for C10H8N2OS [M+Na]+: 227.0250. Found: 

227.0273.

NO
N

2j

(E)-3-(naphthalen-1-yl)-1-(1H-pyrazol-1-yl)prop-2-en-1-one (2j): White solid, 1.8 g, 72% yield. 

MP: 71-74 °C. 1H NMR (500 MHz, Chloroform-d) δ 8.93 (d, J = 15.7 Hz, 1H), 8.47 (dd, J = 2.9, 0.7 

Hz, 1H), 8.34 (dd, J = 8.5, 1.1 Hz, 1H), 8.10 – 8.05 (m, 1H), 8.05 – 8.03 (m, 1H), 7.98 (d, J = 8.1 Hz, 

1H), 7.95 – 7.91 (m, 1H), 7.83 (dd, J = 1.5, 0.7 Hz, 1H), 7.65 (ddd, J = 8.4, 6.8, 1.4 Hz, 1H), 7.61 – 
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7.53 (m, 2H), 6.55 (dd, J = 2.8, 1.5 Hz, 1H). 13C NMR (125 MHz, Chloroform-d) δ 163.54, 144.53, 

143.94, 133.75, 131.69, 131.56, 131.40, 128.83, 128.80, 127.15, 126.33, 125.81, 125.47, 123.29, 

118.04, 109.92. IR (film) νmax 3404, 3055, 1704, 1616, 1416, 1385, 1352, 768 cm-1; HRMS (ES+): 

Exact mass calcd for C16H12N2O [M+Na]+: 271.0842. Found: 271.0863.

O

N N

2k

(E)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-3-phenylprop-2-en-1-one (2k) White solid, 3.8 g, 70% yield. 

MP: 53-56 °C. 1H NMR (400 MHz, Chloroform-d) δ 8.05 – 7.86 (m, 2H), 7.77 – 7.61 (m, 2H), 7.44 

(q, J = 3.2 Hz, 3H), 6.04 (s, 1H), 2.65 (s, 3H), 2.32 (s, 3H). 13C NMR (100 MHz, Chloroform-d) δ 

165.5, 151.9, 146.1, 144.4, 134.8, 130.6, 128.9, 128.7, 118.0, 111.4, 14.7, 13.9. IR (film) νmax 3622, 

3135, 1952, 1700, 1621, 1389, 1348, 932, 765 cm-1; HRMS (ES+): Exact mass calcd for C14H14N2O 

[M+Na]+: 249.0998. Found: 249.1026.

O

N N

2l

(E)-1-(1H-pyrazol-1-yl)but-2-en-1-one (3m): Yellowish oil, 2.68 g, 68% yield. Rf = 0.70 (10% EtOAc 

in hexanes). 1H NMR (500 MHz, Chloroform-d) δ 8.35 (dd, J = 2.9, 0.7 Hz, 1H), 7.76 (d, J = 1.2 Hz, 

1H), 7.38 (dq, J = 15.6, 6.3 Hz, 1H), 7.34 – 7.30 (m, 1H), 6.48 (dd, J = 2.8, 1.5 Hz, 1H), 2.07 (dd, J = 

6.4, 1.2 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 163.2, 148.8, 143.7, 128.6, 120.8, 109.6, 18.7. 

IR (film) νmax 3543, 3133, 2941, 1711, 1645, 1384, 910, 809, 772 cm-1; HRMS (ESI-TOF) m/z: [M+H]+ 

Calcd for C7H9N2O 137.07096; Found 137.0696.



S8

General procedure alkyl N-benzylideneglycinate 3a-m:

The following azomethine ylides (3a-m) were prepared according to literature procedure.2

-------------------------------------------------------------------------------------------------------------------------------------------
3a 3b 3c 3d

N CO2Et N CO2Et N CO2Et

N CO2Et

3e 3f 3g 3h

N CO2Et N CO2Et

3i 3j 3k

N CO2Et

N CO2Me

-------------------------------------------------------------------------------------------------------------------------------------------

Me MeO

Cl F3C

Ph

Br

--------------------------------------------------------------------------------------------------------------------------------------------

N CO2Et

Br

N CO2Et

OMe

N CO2Et

Me
Me

3l
-------------------------------------------------------------------------------------------------------------------------------------------

N CO2EtN CO2Me

CH3

3m

General procedure for the synthesis of highly substituted pyrrolidine:
In a round bottomed flask, Cu(CH3CN)4BF4 (6.28 mg, 0.02 mmol, 10 mol %) and (R)-DM-BINAP (L5) 

(11.37 mg, 0.024 mmol, 12 mol %) and 50 mg 4Å MS were taken and toluene (2.0 mL) was added to 

it. The mixture was stirred at room temperature (25 °C) for 1 hour under nitrogen atmosphere. Then 

azomethine ylide (57.3 mg, 0.3 mmol, 1.5 equiv.) was added slowly and stirred for 5 minutes followed 

by -unsaturated pyrazolamides (40 mg, 0.2 mmol, 1.0 equiv) and DBU (3 µL, 0.02 mmol, 10 mol 

%) were added. The reaction mixture was allowed to stir for additional 24 hours at -20 °C. After 

completion of reaction, the residue was charged over a column packed with silica gel. The cycloaddition 

products 4aa-4gm were isolated by flash column chromatography using ethyl acetate and hexane as 

eluents.

N
H

COOEt

O
N

N

4aa
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Ethyl (2S,3S,4R,5R)-3,5-diphenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-carboxylate (4aa): 

White solid, 55 mg, 70% yield. MP: 157−160 °C. dr = 85:15 [α]D
25 = +42.54 (CHCl3, c = 3.11 for 98% 

ee). HPLC (Chiralpak ID , n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 nm): tR = 13.06 min 

(major), 23.33 min (minor). 1H NMR (500 MHz, Chloroform-d) δ 7.69 (d, J = 38.8 Hz, 2H), 7.42 (d, J 

= 7.5 Hz, 2H), 7.35 (t, J = 7.5 Hz, 3H), 7.29 – 7.25 (m, 1H), 7.23 – 7.10 (m, 5H), 6.24 (s, 1H), 5.17 (d, 

J = 9.4 Hz, 1H), 4.98 (t, J = 9.7 Hz, 1H), 4.25 (t, J = 8.6 Hz, 1H), 4.13 (dq, J = 20.8, 10.1, 8.2 Hz, 3H), 

1.16 (t, J = 7.2 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 172.8, 169.7, 143.7, 139.9, 139.0, 128.7, 

128.6, 128.3, 128.3, 128.1, 128.1, 128.1, 127.8, 127.3, 127.1, 109.6, 67.6, 65.6, 61.2, 57.5, 51.8, 14.1. 

IR (film) νmax 3433, 2119, 1721, 1645, 1207, 755 cm-1; HRMS (ES+): Exact mass calcd for C23H23N3O3 

[M+H]+: 390.1812. Found: 390.1817

N
H

CO2Et

O

N
N

Br

4ba

Ethyl (2S,3S,4R,5R)-3-(4-bromophenyl)-5-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4ba): White solid, 66 mg, 70% yield. MP: 123−126 °C. dr = 85:15. [α]D
25 = +27.69 

(CHCl3, c = 0.82 for 98% ee). HPLC (Chiralpak ID , n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 

nm): tR = 11.03 min (major), 20.94 min (minor). 1H NMR (500 MHz, Chloroform-d) δ 8.10 (d, J = 2.8 

Hz, 1H), 7.59 – 7.54 (m, 2H), 7.49 (d, J = 1.5 Hz, 1H), 7.41 – 7.37 (m, 2H), 7.32 (t, J = 7.3 Hz, 2H), 

7.30 – 7.24 (m, 3H), 6.32 (dd, J = 2.9, 1.5 Hz, 1H), 4.96 (t, J = 9.8 Hz, 1H), 4.71 (d, J = 9.5 Hz, 1H), 

4.40 (d, J = 9.3 Hz, 1H), 4.25 (t, J = 9.7 Hz, 1H), 3.93 – 3.82 (m, 1H), 3.78 – 3.64 (m, 1H), 0.88 (t, J = 

7.1 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 172.42, 171.72, 144.08, 139.02, 136.71, 131.32, 

130.11, 128.62, 128.59, 128.16, 128.07, 127.14, 121.33, 110.25, 68.16, 65.37, 61.04, 54.24, 53.88, 

13.60. IR (film) νmax 3429, 2095, 1725, 1643, 1490, 1389, 1202, 755 cm-1; HRMS (ES+): Exact mass 

calcd for C23H22BrN3O3 [M+H]+: 468.0917. Found: 468.0904.

N
H

COOEt

N

O
N

Cl

4ca
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Ethyl (2S,3S,4R,5R)-3-(4-chlorophenyl)-5-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4ca): White solid, 61 mg, 72% yield. MP: 135−138 °C. dr = 90:10 [α]D 
25 = +51.66 

(CHCl3, c = 0.48 for 98% ee); HPLC (Chiralpak ID, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 

nm): tR = 10.42 min (major), 19.30 min (minor).1H NMR (500 MHz, Chloroform-d) δ 8.10 (d, J = 2.9 

Hz, 1H), 7.62 – 7.55 (m, 2H), 7.49 (d, J = 1.4 Hz, 1H), 7.32 (dd, J = 8.1, 6.3 Hz, 4H), 7.30 – 7.26 (m, 

1H), 7.26 – 7.21 (m, 2H), 6.31 (dd, J = 2.8, 1.4 Hz, 1H), 4.96 (t, J = 9.7 Hz, 1H), 4.71 (d, J = 9.5 Hz, 

1H), 4.46 – 4.35 (m, 1H), 4.26 (t, J = 9.5 Hz, 1H), 3.91 – 3.80 (m, 1H), 3.70 (dq, J = 10.7, 7.2 Hz, 1H), 

2.83 (s, 1H), 0.88 (t, J = 7.2 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 172.5, 171.8, 144.1, 139.1, 

136.2, 133.2, 129.8, 128.6, 128.4, 128.2, 128.1, 127.1, 110.2, 61.0, 13.6. IR (film) νmax 3438, 2356, 

2117, 1732, 1649, 1207, 751 cm-1;HRMS (ES+): Exact mass calcd for C23H22ClN3O3 [M+H]+: 

424.1422. Found: 424.1400.

N
H

COOEt

N
ON

F

4da

Ethyl (2S,3S,4R,5R)-3-(4-fluorophenyl)-5-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4da): White solid, 53 mg, 65% yield. MP: 88−91 °C. dr = 83:17 [α]D
25 = -70.10 (CHCl3, 

c = 0.19 for 96% ee). HPLC (Chiralpak ID, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 nm): tR 

= 9.90 min (major), 17.78 min (minor). 1H NMR (500 MHz, Chloroform-d) δ 8.09 (d, J = 2.8 Hz, 1H), 

7.58 (d, J = 7.5 Hz, 2H), 7.49 (s, 1H), 7.37 – 7.30 (m, 4H), 7.27 (s, 1H), 6.95 (t, J = 8.5 Hz, 2H), 6.31 

(d, J = 2.7 Hz, 1H), 4.99 (t, J = 9.9 Hz, 1H), 4.70 (d, J = 9.6 Hz, 1H), 4.40 (d, J = 9.4 Hz, 1H), 4.29 (t, 

J = 9.8 Hz, 1H), 3.86 (ddd, J = 14.6, 9.0, 5.5 Hz, 1H), 3.75 – 3.62 (m, 1H), 0.87 (t, J = 7.1 Hz, 3H). 13C 

NMR (125 MHz, Chloroform-d) δ 172.6, 171.8, 144.0, 139.1, 133.3, 130.0, 129.9, 128.6, 128.2, 128.1, 

127.2, 115.2, 115.0, 110.2, 68.2, 65.4, 61.0, 54.1, 54.0, 29.7, 13.6. IR (film) νmax 3429, 2114, 1645, 

1514, 1267, 752 cm-1; HRMS (ES+): Exact mass calcd for C23H22FN3O3 [M+H]+: 408.1718. Found: 

408.1743.

N
H

COOEt

N
ON

CF3

4ea
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Ethyl (2S,3S,4R,5R)-5-phenyl-4-(1H-pyrazole-1-carbonyl)-3-(4-

(trifluoromethyl)phenyl)pyrrolidine-2-carboxylate (4ea): White solid, 55 mg, 60% yield. MP: 

85−88 °C. dr = 88:12 [α]D
25 = -835.13 (CHCl3, c = 0.15 for 96% ee). HPLC (Chiralpak ID, n-hexane/ 

iso-propanol = 80/20, 1.0 mL/min, 254 nm): tR = 7.49 min (major), 13.44 min (minor); 1H NMR (500 

MHz, Chloroform-d) δ 8.11 (d, J = 2.8 Hz, 1H), 7.61 – 7.56 (m, 2H), 7.53 (s, 4H), 7.49 (d, J = 1.3 Hz, 

1H), 7.38 – 7.23 (m, 3H), 6.32 (dd, J = 2.9, 1.5 Hz, 1H), 5.00 (t, J = 9.6 Hz, 1H), 4.74 (s, 1H), 4.45 (d, 

J = 9.4 Hz, 1H), 4.34 (t, J = 9.4 Hz, 1H), 3.82 (ddd, J = 14.1, 8.9, 5.4 Hz, 1H), 3.74 – 3.59 (m, 1H), 

2.86 (s, 1H), 0.80 (t, J = 7.2 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 172.3, 171.6, 144.1, 142.0, 

138.9, 128.8, 128.7, 128.2, 128.1, 127.1, 125.2, 125.1, 123.0, 110.3, 68.1, 65.4, 61.0, 54.3, 54.0, 13.4. 
19F NMR (470 MHz, Chloroform-d) δ -62.58. IR (film) νmax 3431, 2101, 1732, 1647, 1328, 753, cm-1; 

HRMS (ES+): Exact mass calcd for C24H22F3N3O3 [M+Na]+: 480.1505. Found: 480.1480

N
H

COOEt

N
ON

OMe

4fa

Ethyl (2S,3S,4R,5R)-3-(4-methoxyphenyl)-5-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4fa): White solid, 63 mg, 75% yield. MP: 130-133 °C. dr = 90:10 [α]D
25 = +79.8 (CHCl3, 

c = 0.62 for 99% ee). HPLC (Chiralpak IC, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 nm): tR 

= 12.13 min (major), 24.63 min (minor).1H NMR (500 MHz, Chloroform-d) δ 8.08 (d, J = 2.9 Hz, 1H), 

7.63 – 7.55 (m, 2H), 7.49 (d, J = 1.4 Hz, 1H), 7.34 – 7.25 (m, 5H), 6.82 – 6.75 (m, 2H), 6.29 (dd, J = 

2.9, 1.5 Hz, 1H), 5.02 (t, J = 9.9 Hz, 1H), 4.69 (d, J = 9.9 Hz, 1H), 4.38 (d, J = 9.4 Hz, 1H), 4.29 (t, J = 

9.7 Hz, 1H), 3.93 – 3.82 (m, 1H), 3.76 (s, 3H), 3.72 – 3.63 (m, 1H), 0.88 (t, J = 7.2 Hz, 3H). 13C NMR 

(125 MHz, Chloroform-d) δ 172.9, 172.0, 158.9, 143.9, 139.2, 129.4, 129.3, 128.6, 128.1, 128.0, 127.2, 

113.6, 110.0, 60.9, 55.2, 54.4, 53.8, 13.7. IR (film) νmax 3422, 2925, 2063, 1731, 1257, 753 cm-1;HRMS 

(ES+): Exact mass calcd for C24H25N3O4 [M+H]+: 420.1918. Found: 420.1926.

N
H

COOEt

N
ON OMe

4ga

Ethyl (2S,3S,4R,5R)-3-(3-methoxyphenyl)-5-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4ga): White solid, 43.70 mg, 52% yield. MP: 145−148 °C. dr = 75:25 [α]D
25 = +26.06 
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(CHCl3, c = 1.42 for 98% ee). HPLC (Chiralpak ID, n-hexane/ iso-propanol = 60/40, 1.0 mL/min, 254 

nm): tR = 12.81 min (major), 20.68 min (minor).1H NMR (500 MHz, Chloroform-d) δ 8.06 (d, J = 2.9 

Hz, 1H), 7.61 – 7.52 (m, 2H), 7.47 (d, J = 1.5 Hz, 1H), 7.32 – 7.27 (m, 2H), 7.24 (dd, J = 8.4, 6.2 Hz, 

2H), 7.14 (t, J = 7.9 Hz, 1H), 6.97 – 6.87 (m, 2H), 6.73 (dd, J = 8.0, 2.6 Hz, 1H), 6.28 (dd, J = 2.8, 1.4 

Hz, 1H), 5.05 (t, J = 10.0 Hz, 1H), 4.67 (d, J = 9.6 Hz, 1H), 4.38 (d, J = 9.5 Hz, 1H), 4.30 (t, J = 9.8 

Hz, 1H), 3.83 (dd, J = 10.7, 7.2 Hz, 1H), 3.74 (s, 3H), 3.71 – 3.63 (m, 1H), 0.83 (t, J = 7.2 Hz, 3H). 13C 

NMR (125 MHz, Chloroform-d) δ 172.7, 169.7, 159.7, 143.7, 140.6, 139.9, 129.7, 128.1, 128.1, 127.7, 

127.1, 120.2, 114.0, 112.6, 109.6, 67.5, 65.6, 61.2, 57.4, 55.2, 51.8, 14.1. IR (film) νmax 3436, 3385, 

2926, 1734, 1608, 1264, 747, 702 cm-1; HRMS (ES+): Exact mass calcd for C24H25N3O4 [M+H]+: 

420.1918 Found: 420.1922.

N
H

COOEt

N
ON

O

4ha

Ethyl (2S,3R,4R,5R)-3-(furan-2-yl)-5-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4ha) : White solid, 34.11 mg, 45% yield. MP: 160−163 °C. dr = 64:36 [α]D
25 = +15.84 

(CHCl3, c = 0.40 for 40% ee). HPLC (Chiralcel OD-H, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 

254 nm): tR = 8.07 min (minor), 12.31 min (major).1H NMR (500 MHz, Chloroform-d) δ 7.75 (d, J = 

2.8 Hz, 1H), 7.61 (d, J = 1.4 Hz, 1H), 7.35 (d, J = 1.8 Hz, 1H), 7.21 – 7.03 (m, 5H), 6.29 (dd, J = 3.2, 

1.8 Hz, 1H), 6.25 – 6.19 (m, 2H), 5.03 (dt, J = 17.5, 9.3 Hz, 2H), 4.30 (dd, J = 10.8, 7.2 Hz, 1H), 4.21 

(dt, J = 10.6, 7.1 Hz, 3H), 2.94 (s, 1H), 1.25 (t, J = 7.2 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 

172.4, 169.9, 152.2, 143.8, 142.1, 139.2, 128.1, 127.7, 127.0, 110.3, 109.7, 107.1, 65.4, 64.9, 61.4, 54.3, 

45.4, 14.2. IR (film) νmax 3432, 2085, 1645, 1028, 697, 598 cm-1; HRMS (ES+): Exact mass calcd for 

C21H21N3O4 [M+Na]+: 402.1424. Found: 402.1433.

N
H

COOEt

N
ON

S

4ia

Ethyl (2S,3R,4R,5R)-5-phenyl-4-(1H-pyrazole-1-carbonyl)-3-(thiophen-2-yl)pyrrolidine-2-

carboxylate (4ia): White solid, 32 mg, 40% yield. MP: 166−169 °C. dr = 50:50 [α]D
25 = +39.73 (CHCl3, 

c = 0.60 for 52% ee). HPLC (Chiralpak AD-H, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 nm): 

tR = 13.8 min (major), 16.3 min (minor). 1H NMR (500 MHz, Chloroform-d) δ 7.75 (d, J = 2.9 Hz, 1H), 

7.65 (d, J = 1.4 Hz, 1H), 7.23 – 7.09 (m, 6H), 7.03 (dd, J = 3.5, 1.2 Hz, 1H), 6.94 (dd, J = 5.1, 3.5 Hz, 
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1H), 6.24 (dd, J = 2.9, 1.5 Hz, 1H), 5.11 (d, J = 9.4 Hz, 1H), 4.93 (t, J = 9.7 Hz, 1H), 4.43 (t, J = 9.9 

Hz, 1H), 4.32 – 4.24 (m, 1H), 4.24 – 4.18 (m, 1H), 4.14 (d, J = 9.8 Hz, 1H), 2.58 (s, 1H), 1.23 (t, J = 

7.1 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 172.3, 169.5, 143.9, 142.2, 139.6, 128.1, 128.1, 

127.8, 127.0, 126.9, 125.4, 124.2, 109.7, 68.0, 65.2, 61.4, 58.2, 46.8, 14.2. IR (film) νmax 3435, 2089, 

1641, 1021, 695, 595 cm-1; HRMS (ES+): Exact mass calcd for C21H21N3O3S [M+Na]+: 418.1196. 

Found: 418.1215.

N
H

COOEt

N
ON

4ja

Ethyl (2S,3S,4R,5R)-3-(naphthalen-1-yl)-5-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4ja): White solid, 57 mg, 65% yield. MP: 146−149 °C. dr = 66:34 [α]D
27 = +7.20 (CHCl3, 

c = 0.70 for 96% ee). HPLC (Chiralpak AD-H, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 nm): 

tR = 17.2 min (major), 33.4 min (minor). 1H NMR (500 MHz, Chloroform-d) δ 8.25 (d, J = 8.6 Hz, 1H), 

7.77 (dd, J = 8.1, 1.4 Hz, 1H), 7.69 (d, J = 8.1 Hz, 1H), 7.63 – 7.57 (m, 2H), 7.51 (d, J = 1.4 Hz, 1H), 

7.50 – 7.45 (m, 1H), 7.41 (ddd, J = 10.0, 8.7, 6.6 Hz, 2H), 7.21 – 7.18 (m, 2H), 7.12 – 7.05 (m, 3H), 

6.10 (dd, J = 2.9, 1.4 Hz, 1H), 5.18 (d, J = 9.4 Hz, 1H), 5.11 (t, J = 9.4 Hz, 1H), 4.96 (t, J = 9.5 Hz, 

1H), 4.16 (d, J = 9.4 Hz, 1H), 3.89 (qd, J = 7.2, 1.2 Hz, 2H), 0.68 (t, J = 7.1 Hz, 3H). 13C NMR (125 

MHz, Chloroform-d) δ 173.1, 170.2, 143.7, 139.6, 135.7, 133.9, 132.4, 128.8, 128.2, 128.1, 127.8, 

127.8, 127.1, 126.3, 125.7, 125.4, 123.2, 109.6, 68.6, 66.0, 61.3, 57.7, 13.5, 1.0. IR (film) νmax 3431, 

2106, 1645, 610 cm-1; HRMS (ES+): Exact mass calcd for C27H25N3O3 [M+H]+: 440.1969. Found: 

440.1952.

N
H

COOEt

O

N
N

4ka

Ethyl (2S,3S,4R,5R)-4-(3,5-dimethyl-1H-pyrazole-1-carbonyl)-3,5-diphenylpyrrolidine-2-

carboxylate (4ka): White solid, 30 mg, 36% yield. MP: 65−68 °C. dr = 67:33 [α]D
25 = +9.30 (CHCl3, 

c = 1.54 for 6% ee). HPLC (Chiralcel OD-H, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 nm): 

tR = 5.30 min (minor), 6.12 min (major). 1H NMR (700 MHz, Chloroform-d) δ 7.41 (d, J = 7.6 Hz, 2H), 

7.32 (t, J = 7.6 Hz, 2H), 7.23 (t, J = 7.4 Hz, 1H), 7.19 – 7.09 (m, 5H), 5.71 (s, 1H), 5.09 (s, 1H), 4.98 

(t, J = 10.0 Hz, 1H), 4.21 (ddd, J = 14.2, 8.9, 5.4 Hz, 1H), 4.10 (dq, J = 10.7, 7.1 Hz, 2H), 4.01 (t, J = 

10.4 Hz, 1H), 2.23 (s, 3H), 1.95 (s, 3H), 1.12 (t, J = 7.1 Hz, 3H). 13C NMR (175 MHz, Chloroform-d) 
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δ 170.9, 151.8, 143.9, 128.6, 128.2, 127.9, 127.7, 127.2, 127.1, 110.7, 61.1, 14.1, 13.8, 13.6. IR (film) 

νmax 3435, 2120, 1723, 1642, 1208, 750 cm-1; HRMS (ES+): Exact mass calcd for C25H27N3O3 [M+H]+: 

418.2125. Found: 418.2152

N
H

CH3

COOEt

O

N
N

4la

Ethyl (2S,3R,4R,5R)-3-methyl-5-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-carboxylate 

(4la) Viscous colourless oil, 45 mg, 68% yield. dr = 72:28 [α]D
25 = +1.52 (CHCl3, c = 2.24 for 96% ee). 

HPLC (Chiralcel OD-H, n-hexane/ iso-propanol = 85/15, 1.0 mL/min, 254 nm): tR = 7.65 min (major), 

9.14 min (minor).1H NMR (500 MHz, Chloroform-d) δ 7.81 (d, J = 2.9 Hz, 1H), 7.68 (s, 1H), 7.45 – 

7.32 (m, 1H), 7.13 – 7.06 (m, 4H), 6.28 (d, J = 3.0 Hz, 1H), 4.93 (d, J = 9.1 Hz, 1H), 4.40 – 4.23 (m, 

3H), 3.63 (d, J = 9.6 Hz, 1H), 2.93 (td, J = 9.7, 6.6 Hz, 1H), 1.36 (t, J = 7.1 Hz, 3H), 1.28 (d, J = 6.6 

Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 173.2, 170.3, 143.8, 140.2, 128.1, 127.6, 126.9, 109.6, 

109.6, 67.0, 64.8, 61.3, 57.0, 40.9, 16.9, 14.3. IR (film) νmax 3426, 2978, 1724, 1417, 1387, 1335, 1199, 

1027, 760 cm-1; HRMS (ES+): Exact mass calcd for C18H21N3O3 [M+H]+: 328.1656. Found: 328.1673

N
H

COOEt

N
ON

H3C
4ab

Ethyl (2S,3S,4R,5S)-3-phenyl-4-(1H-pyrazole-1-carbonyl)-5-(p-tolyl)pyrrolidine-2-carboxylate 

(4ab): White solid, 52 mg, 64% yield. MP: 159−162 °C. dr = 95:5 [α]D
25 = +11.76 (CHCl3, c = 1.22 for 

94% ee). HPLC (Chiralpak AD-H, n-hexane/ iso-propanol = 85/15, 1.0 mL/min, 254 nm): tR = 17.02 

min (major), 18.55 min (minor). 1H NMR (500 MHz, Chloroform-d) δ 7.98 (d, J = 2.8 Hz, 1H), 7.42 – 

7.36 (m, 3H), 7.26 (d, J = 7.2 Hz, 2H), 7.18 – 7.08 (m, 4H), 7.03 (d, J = 7.8 Hz, 2H), 6.20 (dd, J = 2.9, 

1.5 Hz, 1H), 4.96 (t, J = 10.0 Hz, 1H), 4.57 (d, J = 9.7 Hz, 1H), 4.30 (d, J = 9.5 Hz, 1H), 4.23 (t, J = 

9.9 Hz, 1H), 3.72 (dd, J = 10.7, 7.1 Hz, 1H), 3.51 (dd, J = 10.7, 7.2 Hz, 1H), 2.22 (s, 3H), 0.71 (t, J = 

7.2 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 172.8, 172.1, 143.9, 137.8, 137.4, 135.9, 129.3, 

128.3, 128.2, 128.0, 127.4, 127.2, 110.0, 68.4, 65.7, 60.9, 55.3, 53.5, 21.1, 13.5. IR (film) νmax 3430, 

1722, 1651, 1381, 1209, 757 cm-1; HRMS (ES+): Exact mass calcd for C24H25N3O3 [M+Na]+: 

426.1788. Found: 426.1800.
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N
H

COOEt

N
ON

MeO
4ac

Ethyl (2S,3S,4R,5S)-5-(4-methoxyphenyl)-3-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4ac): White solid, 50.4 mg, 60% yield. MP: 128−131 °C. dr = 87:13 [α]D
23 = +90.05 

(CHCl3, c = 0.50 for 99% ee). HPLC (Chiralpak ID, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 

nm): tR = 12.11 min (major), 24.63 min (minor).1H NMR (500 MHz, Chloroform-d) δ 8.04 (d, J = 2.9 

Hz, 1H), 7.55 – 7.46 (m, 3H), 7.38 – 7.29 (m, 2H), 7.23 (t, J = 7.3 Hz, 2H), 7.20 – 7.15 (m, 1H), 6.82 

(d, J = 8.3 Hz, 2H), 6.27 (dd, J = 2.9, 1.5 Hz, 1H), 5.03 (t, J = 9.9 Hz, 1H), 4.61 (s, 1H), 4.32 (q, J = 

12.6, 9.4 Hz, 2H), 3.85 – 3.79 (m, 1H), 3.77 (s, 3H), 3.58 (dd, J = 10.6, 7.2 Hz, 1H), 0.78 (t, J = 7.1 Hz, 

3H). 13C NMR (100 MHz, Chloroform-d) δ 172.8, 169.7, 159.0, 143.7, 139.0, 132.1, 128.6, 128.2, 

128.1, 128.0, 127.3, 67.5, 65.0, 61.1, 57.6, 55.1, 51.8, 14.1. IR (film) νmax 3421, 2929, 2306, 2121, 

1730, 1642, 1515, 1261, 1027, 743 cm-1; HRMS (ES+): Exact mass calcd for C24H25N3O4 [M+H]+: 

420.1918. Found: 420.1937.

N
H

COOEt

N
ON

Ph
4ad

Ethyl (2S,3S,4R,5S)-5-([1,1'-biphenyl]-4-yl)-3-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4ad): White solid, 45 mg, 48% yield. MP: 159−162 °C. dr = 70:30 [α]D
22 = +125.40 

(CHCl3, c = 0.70 for 94% ee). HPLC (Chiralpak ID, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 

nm): tR = 9.95 min (major), 20.50 min (minor). 1H NMR (500 MHz, Chloroform-d) δ 8.07 (d, J = 2.9 

Hz, 1H), 7.64 (d, J = 8.0 Hz, 2H), 7.59 – 7.51 (m, 4H), 7.47 (d, J = 1.4 Hz, 1H), 7.42 (t, J = 7.6 Hz, 

2H), 7.38 – 7.32 (m, 3H), 7.24 (t, J = 7.3 Hz, 2H), 7.21 – 7.16 (m, 1H), 6.27 (dd, J = 2.9, 1.4 Hz, 1H), 

5.09 (t, J = 9.9 Hz, 1H), 4.73 (d, J = 9.7 Hz, 1H), 4.42 (d, J = 9.5 Hz, 1H), 4.34 (t, J = 9.8 Hz, 1H), 3.82 

(dq, J = 10.7, 7.1 Hz, 1H), 3.61 (dq, J = 10.7, 7.2 Hz, 1H), 2.35 (s, 1H), 0.80 (t, J = 7.1 Hz, 3H). 13C 

NMR (125 MHz, Chloroform-d) δ 172.8, 171.9, 144.0, 140.9, 140.7, 138.1, 137.3, 128.7, 128.3, 128.3, 

128.1, 127.7, 127.4, 127.3, 127.0, 110.1, 68.2, 65.6, 60.9, 55.1, 53.6, 13.5. IR (film) νmax 3412, 2119, 

1725, 1641, 1387, 1209, 1027, 740 cm-1; HRMS (ES+): Exact mass calcd for C29H27N3O3 [M+H]+: 

466.2125. Found: 466.2151.
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N
H

COOEt

N
ON

Cl
4ae

Ethyl (2S,3S,4R,5R)-5-(4-chlorophenyl)-3-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4ae): White solid, 47.5 mg, 56% yield. MP: 118−121 °C. dr = 77:23 [α]D
25 = +105.23 

(CHCl3, c = 0.43 for 96% ee). HPLC (Chiralcel OD-H, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 

254 nm): tR = 6.01 min (major), 7.44 min (minor). 1H NMR (500 MHz, Chloroform-d) δ 8.08 (d, J = 

2.9 Hz, 1H), 7.62 – 7.53 (m, 2H), 7.49 (d, J = 1.5 Hz, 1H), 7.38 – 7.32 (m, 2H), 7.28 – 7.17 (m, 3H), 

7.00 (t, J = 8.7 Hz, 2H), 6.30 (dd, J = 2.9, 1.5 Hz, 1H), 5.05 (t, J = 10.0 Hz, 1H), 4.66 (d, J = 9.7 Hz, 

1H), 4.37 (dt, J = 19.7, 9.6 Hz, 2H), 3.82 (dq, J = 10.7, 7.1 Hz, 1H), 3.62 (dq, J = 10.7, 7.2 Hz, 1H), 

2.59 (s, 1H), 0.80 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, Chloroform-d) δ 172.7, 169.4, 143.9, 138.7, 

138.7, 133.5, 128.7, 128.5, 128.3, 128.2, 128.0, 127.4, 109.8, 67.4, 64.6, 61.2, 57.2, 51.3, 14.1. IR 

(film) νmax 3111, 2928, 1727, 1391, 1208, 758 cm-1; HRMS (ES+): Exact mass calcd for C23H22ClN3O3 

[M+H]+: 424.1422. Found: 424.1439.

N
H

COOEt

N
ON

F3C
4af

Ethyl (2S,3S,4R,5S)-3-phenyl-4-(1H-pyrazole-1-carbonyl)-5-(4-

(trifluoromethyl)phenyl)pyrrolidine-2-carboxylate (4af): White solid, 68.5 mg, 75% yield. MP: 

118−121 °C. dr = 94:6 [α]D
23 = +25.21 (CHCl3, c = 0.94 for 99% ee). HPLC (Chiralpak AD-H, n-

hexane/ iso-propanol = 80/20, 1.0 mL/min, 254 nm): tR = 12.03 min (major), 14.23 min (minor).1H 

NMR (500 MHz, Chloroform-d) δ 7.75 (d, J = 2.8 Hz, 1H), 7.67 (s, 1H), 7.42 (dd, J = 8.0, 3.8 Hz, 4H), 

7.38 – 7.32 (m, 4H), 7.28 (d, J = 7.0 Hz, 1H), 6.42 – 5.95 (m, 1H), 5.23 (d, J = 9.5 Hz, 1H), 5.00 (t, J 

= 9.8 Hz, 1H), 4.35 – 3.94 (m, 4H), 3.00 (s, 1H), 1.18 (t, J = 7.1 Hz, 3H).13C NMR 13C NMR (126 

MHz, Chloroform-d) δ 172.7, 169.3, 144.0, 138.6, 128.8, 128.2, 128.1, 127.6, 127.5, 125.0, 109.9, 67.4, 

64.7, 61.3, 57.1, 51.2. IR (film) νmax 3427, 2924, 2306, 2128, 1739, 1643, 1510, 1265, 1022, 745 cm-1; 

HRMS (ES+): Exact mass calcd for C24H22F3N3O3 [M+Na]+: 480.1505. Found: 480.1511.
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N
H

COOEt

N
ON

Br
4ag

Ethyl (2S,3S,4R,5S)-5-(2-bromophenyl)-3-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4ag): White solid, 47 mg, 50% yield. MP: 150−153 °C. dr = 77:23 [α]D
25 = +12.35 

(CHCl3, c = 0.16 for 98% ee ). HPLC (Chiralpak AD-H, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 

254 nm): tR = 10.93min (major), 12.43 min (minor). 1H NMR (500 MHz, Chloroform-d) δ 7.80 (d, J = 

2.9 Hz, 1H), 7.60 (dd, J = 7.8, 1.7 Hz, 1H), 7.52 (d, J = 1.4 Hz, 1H), 7.44 (dt, J = 8.4, 1.9 Hz, 2H), 7.41 

– 7.32 (m, 3H), 7.30 – 7.23 (m, 2H), 7.01 (td, J = 7.7, 1.7 Hz, 1H), 6.19 (dd, J = 2.9, 1.5 Hz, 1H), 5.48 

(d, J = 8.5 Hz, 1H), 5.17 (dd, J = 8.6, 6.6 Hz, 1H), 4.36 – 4.26 (m, 1H), 4.21 (dq, J = 10.7, 7.1 Hz, 1H), 

4.17 – 4.08 (m, 2H), 3.10 (s, 1H), 1.24 (t, J = 7.1 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 172.3, 

170.7, 143.7, 140.1, 137.7, 132.4, 129.1, 128.8, 128.4, 127.8, 127.7, 127.3, 124.2, 109.8, 68.0, 64.8, 

61.3, 54.8, 53.0, 14.2. IR (film) νmax 3441, 2113, 1729, 1647, 1390, 1264, 1027, 740 cm-1; HRMS 

(ES+): Exact mass calcd for C23H22BrN3O3 [M+H]+: 468.0917. Found: 468.0926

N
H

COOEt

N
ON

4ahBr

Ethyl (2S,3S,4R,5S)-5-(3-bromophenyl)-3-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4ah): White solid, 72 mg, 77% yield. MP: 140−143 °C. dr = 77:23 [α]D
25 = +0.5 (CHCl3, 

c = 1.1 for 92% ee ). HPLC (Chiralpak AD-H, n-hexane/ iso-propanol = 80/20, 1.0 mL/min, 254 nm): 

tR = 15.73 min (major), 16.72 min (minor). 1H NMR (500 MHz, Chloroform-d) δ 7.76 (d, J = 2.8 Hz, 

1H), 7.72 – 7.62 (m, 1H), 7.39 (d, J = 7.6 Hz, 2H), 7.32 (t, J = 7.5 Hz, 2H), 7.26 – 7.17 (m, 4H), 7.04 

(t, J = 7.6 Hz, 1H), 6.33 – 6.14 (m, 1H), 5.12 (s, 1H), 4.95 (s, 1H), 4.29 – 4.09 (m, 3H), 4.06 (s, 1H), 

2.88 (s, 1H), 1.16 (t, J = 7.1 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 169.3, 144.0, 130.8, 130.5, 

129.7, 128.7, 128.2, 128.1, 127.4, 125.6, 122.2, 109.9, 61.3, 14.1. IR (film) νmax 3440, 2115, 1728, 

1648, 1391, 1265, 1028, 740 cm-1; HRMS (ES+): Exact mass calcd for C23H22BrN3O3 [M+H]+: 

468.0917. Found: 468.0924



S18

N
H

COOEt

N
ON

4aiMeO

Ethyl (2S,3S,4R,5S)-5-(3-methoxyphenyl)-3-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4ai): White solid, 34 mg, 40% yield. MP: 119−122 °C. dr = 68:32 [α]D
25 = +105 (CHCl3, 

c = 0.60 for 98% ee). HPLC (Chiralcel OD-H, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 nm): 

tR = 7.21 min (major), 15.55 min (minor).1H NMR (500 MHz, Chloroform-d) δ 8.07 (d, J = 2.8 Hz, 

1H), 7.50 – 7.48 (m, 1H), 7.35 – 7.31 (m, 2H), 7.25 – 7.20 (m, 3H), 7.18 (d, J = 6.9 Hz, 1H), 7.16 – 

7.11 (m, 2H), 6.78 (ddd, J = 8.1, 2.6, 1.1 Hz, 1H), 6.28 (dd, J = 2.8, 1.4 Hz, 1H), 5.04 (t, J = 9.8 Hz, 

1H), 4.67 (s, 1H), 4.38 (s, 1H), 4.30 (t, J = 9.7 Hz, 1H), 3.83 – 3.78 (m, 1H), 3.77 (s, 3H), 3.61 – 3.55 

(m, 1H), 0.78 (t, J = 7.2 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 172.0, 159.8, 144.0, 140.7, 

137.3, 129.6, 128.3, 128.2, 128.1, 127.4, 119.5, 114.1, 112.4, 110.1, 68.5, 65.6, 60.9, 13.5. IR (film) 

νmax 3429, 2926, 2307, 2132, 1728, 1654, 1511, 1265, 1022, 745 cm-1; HRMS (ES+): Exact mass calcd 

for C24H25N3O4 [M+H]+: 420.1918. Found: 420.1937.

N
H

COOEt

N
ON

H3C
4aj

H3C

Ethyl (2S,3S,4R,5S)-5-(3,4-dimethylphenyl)-3-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4aj): White solid, 33.5 mg, 40% yield. MP: 158−161 °C. dr = 66:34 [α]D
25 = +80 (CHCl3, 

c = 1.08 for 95% ee). HPLC (Chiralpak AD-H, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 nm): 

tR = 10.50 min (minor), 11.40 min (major).1H NMR (500 MHz, Chloroform-d) δ 7.97 (d, J = 2.8 Hz, 

1H), 7.41 (s, 1H), 7.26 (d, J = 7.4 Hz, 2H), 7.22 (d, J = 8.6 Hz, 2H), 7.15 (t, J = 7.4 Hz, 2H), 7.10 (d, J 

= 7.1 Hz, 1H), 6.98 (d, J = 7.6 Hz, 1H), 6.19 (dd, J = 2.9, 1.4 Hz, 1H), 4.95 (t, J = 10.0 Hz, 1H), 4.55 

(d, J = 9.7 Hz, 1H), 4.30 (d, J = 9.6 Hz, 1H), 4.21 (t, J = 9.9 Hz, 1H), 3.75 – 3.63 (m, 1H), 3.56 – 3.43 

(m, 1H), 2.13 (s, 3H), 2.12 (s, 3H), 0.70 (t, J = 7.1 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 

172.7, 172.2, 143.9, 137.4, 136.7, 136.4, 136.2, 129.8, 128.6, 128.4, 128.2, 128.1, 127.3, 124.5, 110.0, 

68.4, 65.7, 60.9, 55.5, 53.4, 19.7, 19.4, 13.5. IR (film) νmax 3429, 2924, 2309, 2125, 1731, 1647, 1515, 

1266, 1021, 748 cm-1; HRMS (ES+): Exact mass calcd for C25H27N3O3 [M+H]+: 418.2125. Found: 

418.2142.



S19

N
H

CO2Me

N
ON

4ak

Methyl (2S,3S,4R,5R)-3,5-diphenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-carboxylate (4ak): 

White solid, 65.2 mg, 87% yield. MP: 130−133 °C. dr = 90:10 [α]D
25 = +81.01 (CHCl3, c = 0.65 for 

93% ee). HPLC (Chiralpak AD-H, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 nm): tR = 11.17 

min (major), 14.94 min (inor).1H NMR (500 MHz, Chloroform-d) δ 7.96 (d, J = 2.9 Hz, 1H), 7.60 – 

7.45 (m, 2H), 7.36 (d, J = 1.5 Hz, 1H), 7.30 – 7.19 (m, 4H), 7.15 (dd, J = 8.1, 6.8 Hz, 3H), 7.13 – 7.07 

(m, 1H), 6.16 (dd, J = 2.9, 1.5 Hz, 1H), 4.97 (t, J = 9.9 Hz, 1H), 4.61 (d, J = 9.6 Hz, 1H), 4.42 – 4.25 

(m, 1H), 4.22 (d, J = 9.8 Hz, 1H), 3.14 (s, 3H), 2.72 (s, 1H). 13C NMR (125 MHz, Chloroform-d) δ 

173.2, 171.9, 144.0, 139.2, 137.2, 128.6, 128.3, 128.2, 128.1, 128.0, 127.4, 127.2, 110.1, 68.6, 65.7, 

55.1, 51.6. IR (film) νmax 3428, 2926, 2855, 2114, 1737, 1651, 1390, 1208, 752 cm-1; HRMS (ES+): 

Exact mass calcd for C22H21N3O3 [M+Na]+: 398.1475. Found: 398.1488

4al

N
H

CO2Me

N
ON

CH3

Methyl (2S,3S,4R,5R)-2-methyl-3,5-diphenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4al): White solid, 40 mg, 51% yield. MP: 127−130 °C. dr = 80:20 [α]D
25 = +12.22 (CHCl3, 

c = 3.20 for 4% ee). HPLC (Chiralpak AD-H, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 nm): 

tR = 7.28 min (major), 17.35 min (minor).1H NMR (500 MHz, Chloroform-d) δ 7.72 (s, 1H), 7.68 (d, J 

= 2.8 Hz, 1H), 7.33 (d, J = 6.5 Hz, 4H), 7.29 – 7.25 (m, 1H), 7.25 – 7.20 (m, 2H), 7.16 (d, J = 7.0 Hz, 

3H), 6.24 (dd, J = 2.9, 1.5 Hz, 1H), 5.33 (dd, J = 11.9, 9.8 Hz, 1H), 5.18 (s, 1H), 4.47 (d, J = 12.0 Hz, 

1H), 3.84 (s, 3H), 3.15 (s, 1H), 1.36 (s, 3H). 13C NMR (125 MHz, Chloroform-d) δ 175.4, 169.7, 143.8, 

143.7, 140.1, 136.7, 128.7, 128.4, 128.2, 128.1, 127.7, 127.4, 127.3, 109.6, 109.5, 68.8, 52.5, 52.5. IR 

(film) νmax 3365, 2928, 2342, 1737, 1410, 1390, 1259, 752 cm-1; HRMS (ES+): Exact mass calcd for 

C23H23N3O3 [M+H]+:390.1812. Found: 390.1838
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4am

N
H

COOEt

N
ON

Ethyl (2S,3S,4R,5S)-5-cyclohexyl-3-phenyl-4-(1H-pyrazole-1-carbonyl)pyrrolidine-2-

carboxylate (4am): Viscous yollowish oil, 42 mg, 53% yield. dr = 83:17 [α]D
25 = -50.00 (CHCl3, c = 

1.27 for 96% ee). HPLC (Chiralpak AD-H, n-hexane/ iso-propanol = 70/30, 1.0 mL/min, 254 nm): tR 

= 7.71 min (major), 8.65 min (minor).1H NMR (700 MHz, Chloroform-d) δ 8.16 (d, J = 2.9 Hz, 1H), 

7.62 (d, J = 1.4 Hz, 1H), 7.25 – 7.18 (m, 4H), 7.18 – 7.13 (m, 1H), 6.38 (dd, J = 2.9, 1.5 Hz, 1H), 4.58 

(t, J = 9.0 Hz, 1H), 4.26 (d, J = 9.2 Hz, 1H), 4.02 (t, J = 9.1 Hz, 1H), 3.75 (dq, J = 10.8, 7.1 Hz, 1H), 

3.60 – 3.45 (m, 2H), 2.63 (s, 1H), 2.12 – 2.02 (m, 1H), 1.78 – 1.73 (m, 1H), 1.61 (p, J = 4.2, 3.8 Hz, 

1H), 1.58 – 1.52 (m, 1H), 1.27 – 1.05 (m, 7H), 0.77 (t, J = 7.2 Hz, 3H). 13C NMR (175 MHz, 

Chloroform-d) δ 173.3, 172.1, 144.1, 138.3, 128.3, 128.1, 127.2, 110.2, 70.1, 65.8, 60.8, 55.8, 51.2, 

41.6, 30.1, 29.8, 26.3, 26.2, 26.1, 13.5. IR (film) νmax 3366, 2925, 2852, 1724, 1450, 1387, 1341, 1198, 

1027, 769 cm-1; HRMS (ES+): Exact mass calcd for C23H29N3O3 [M+H]+: 396.2282. Found: 396.2298

4gm

N
H

COOEt

N
ON OMe

Ethyl (2S,3S,4R,5S)-5-cyclohexyl-3-(3-methoxyphenyl)-4-(1H-pyrazole-1-carbonyl)pyrrolidine-

2-carboxylate (4gm): Viscous yollowish oil, 50 mg, 59% yield. dr = 87:13 [α]D
25 = +47.09 (CHCl3, c 

= 2.39 for 91% ee). HPLC (Chiralpak IC, n-hexane/ iso-propanol = 80/20, 1.0 mL/min, 254 nm): tR = 

7.38 min (minor), 17.72 min (major). 1H NMR (500 MHz, Chloroform-d) δ 8.16 (s, 1H), 7.63 (s, 1H), 

7.11 (t, J = 7.8 Hz, 1H), 6.86 – 6.75 (m, 2H), 6.69 (d, J = 8.2 Hz, 1H), 6.39 (s, 1H), 4.71 – 4.48 (m, 

1H), 4.20 (d, J = 19.2 Hz, 1H), 4.02 (s, 1H), 3.77 (d, J = 7.9 Hz, 1H), 3.72 (s, 3H), 3.61 (t, J = 8.9 Hz, 

2H), 2.50 (s, 1H), 2.07 (s, 1H), 1.74 (d, J = 13.1 Hz, 1H), 1.61 – 1.49 (m, 2H), 1.30 – 1.04 (m, 7H), 

0.81 (d, J = 7.2 Hz, 3H). 13C NMR (125 MHz, Chloroform-d) δ 159.33, 144.05, 144.03, 129.06, 128.35, 

120.79, 113.65, 113.14, 110.19, 60.76, 55.14, 41.64, 26.33, 26.22, 26.06, 13.58. IR (film) νmax 3365, 

2926, 2853, 1725, 1602, 1387, 1199, 1040, 774, 697 cm-1; HRMS (ES+): Exact mass calcd for 

C24H31N3O4 [M+H]+: 426.2387. Found: 426.2403.
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4aa; 90% ee

N
H

Ph CO2Et

Ph
O

N
N

N
H

Ph

MeO2C

CO2Me

Ph

5; 90%, 90% ee

NaOMe, MeOH

rt, 8 h

To a solution of 4aa (77.9 mg, 0.2mol) in MeOH (2 mL) was added NaOMe (21.68 mg, 0.4 mol) at °C. 

After stirred for 8 hours at room temperature, the reaction was quenched with saturated aqueous NH4Cl 

and extracted three times with EtOAc. Combined organic layers were washed with brine and dried over 

Na2SO4. After filtration and evaporation, the residue was purified through a small pad of silica gel by 

column chromatography (PE/EtOAc) to afford 5 as a colorless viscous gel (61.2 mg, 90%)

Dimethyl (2S,3S,4R,5R)-3,5-diphenylpyrrolidine-2,4-dicarboxylate (5) Viscous gel, 61.2 mg, 90% 

yield. [α]D
25 = +152.27 (CHCl3, c = 0.63 for 90% ee). HPLC (Chiralcel OD-H 

, n-hexane/ iso-propanol = 60/40, 1.0 mL/min, 210 nm): tR = 3.6 min (minor), 

5.3 min (major). 1H NMR (500 MHz, Chloroform-d) δ 7.66 – 7.58 (m, 2H), 

7.42 (t, J = 7.4 Hz, 2H), 7.39 – 7.21 (m, 7H), 4.55 (d, J = 9.7 Hz, 1H), 4.36 (d, 

J = 9.5 Hz, 1H), 4.12 (t, J = 9.7 Hz, 1H), 3.55 (s, 3H), 3.41 (t, J = 9.8 Hz, 1H), 3.25 (s, 3H). 13C NMR 

(125 MHz, Chloroform-d) δ 173.2, 173.1, 140.2, 138.0, 128.8, 128.4, 128.1, 128.0, 127.4, 127.1, 66.9, 

65.3, 57.3, 53.6, 52.0, 51.5. IR (film) νmax 3381, 3037, 3031, 2927, 2105, 1958, 1739, 1440, 1266, 1170, 

752, 703 cm-1; HRMS (ES+): Exact mass calcd for C20H21NO4 [M+H]+: 340.1543. Found: 340.1563.

rt, 48 hN
H

Ph CO2Et

Ph
O

N
N

90% ee

NPh

Ph
O

N
N



Ph

CO2Et

70%, 90:10 dr
90% ee





4aa 6

N Ph

O

O

Ph

HO

N

O

O

Ph+ +
toluene

7 8

To a solution of 4aa (77.9 mg, 0.2mol) in toluene (2 mL) were added trans-cinnamaldehyde (6) (21.68 

mg, 0.4 mol) and N-phenylmaleimide (7) at room temperature. The reaction mixture was allowed to stir 

for 48 h at room temperature. After completion of the reaction, the residue was charged over a column 

packed with silica gel. The pyrrolizidine derivative 8 was isolated as white solid ( 70% yield by flash 

column chromatography using 25-30% EtOAc in hexanes as the eluent.

N
H

Ph

MeO2C

CO2Me

Ph

5
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Ethyl (6R,7R,8S,8aS)-1,3-dioxo-2,6,8-triphenyl-7-(1H-pyrazole-1-carbonyl)-4-((E)-

styryl)tetrahydro-1H,4H-3al3,4l3,8bl3-pyrrolo[3,4-a]pyrrolizine-8a(6H)-carboxylate (8): White 

solid, 95 mg, 70% yield. MP: 220-223 °C. dr = 90:10 [α]D
25 = +2.85 (CHCl3, 

c = 1.11 for 90% ee). HPLC (Chiralpak AD-H , n-hexane/ iso-propanol = 

60/40, 1.0 mL/min, 254 nm): tR = 8.70 min (minor), 13.90 min (major).1H 

NMR (500 MHz, Chloroform-d) δ 8.18 (d, J = 2.9 Hz, 1H), 7.56 (d, J = 7.6 

Hz, 2H), 7.49 (t, J = 7.7 Hz, 2H), 7.44 – 7.38 (m, 6H), 7.28 (t, J = 3.9 Hz, 

2H), 7.21 (t, J = 7.3 Hz, 3H), 7.15 (dt, J = 4.3, 2.4 Hz, 4H), 6.81 (dd, J = 6.7, 

2.9 Hz, 2H), 6.59 (d, J = 15.8 Hz, 1H), 6.35 (t, J = 2.1 Hz, 1H), 5.94 (dd, J = 15.8, 7.3 Hz, 1H), 5.13 (t, 

J = 9.2 Hz, 1H), 4.78 (d, J = 9.0 Hz, 1H), 4.61 (t, J = 7.5 Hz, 1H), 4.50 (d, J = 9.4 Hz, 1H), 4.32 (d, J = 

10.2 Hz, 1H), 4.03 (dd, J = 10.2, 7.6 Hz, 1H), 3.87 – 3.73 (m, 2H), 0.82 (t, J = 7.2 Hz, 3H). 13NMR 

(125 MHz, Chloroform-d) δ 175.3, 171.6, 169.5, 144.3, 141.0, 138.4, 136.3, 132.2, 129.1, 128.6, 128.4, 

128.3, 128.2, 128.0, 127.7, 127.6, 127.1, 126.7, 126.6, 126.5, 126.1, 84.8, 68.6, 66.1, 57.6, 57.2, 52.4, 

13.4. IR (film) νmax 3472, 3062, 2925, 2260, 1951, 1887, 1775, 1719, 1603, 1382, 1205, 747 cm-1; 

HRMS (ES+): Exact mass calcd for C42H36N4O5 [M+Na]+ 699.2578; Found 699.2564.
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Crystal structure (with 50% ellipsoid probability) of 4ba(CCDC No. 1578386)
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Table: Crystallographic data and structure refinement for 4ba (CCDC No. 1578386)

Empirical formula C23H22BrN3O3

Formula weight 468.35

Temperature/K 140

Crystal system triclinic

Space group P1

a/Å 5.6515(12)

b/Å 8.034(2)

c/Å 12.082(3)

α/° 81.886(8)

β/° 88.585(9)

γ/° 73.865(9)

Volume/Å3 521.6(2)

Z 1

ρcalcg/cm3 1.491

μ/mm-1 2.0

F(000) 240

Crystal size/mm3 0.29 × 0.21 × 0.12

Radiation MoKα (λ = 0.71073)

2 θ range for data collection/° 5.92 to 61.16

Index ranges -8 ≤ h ≤ 6, -10≤ k ≤ 10, -14 ≤ l ≤ 17

Reflections collected 3016

Independent reflections 2978 [Rint = 0.0945, Rsigma = 0.1550]

Data/restraints/parameters 2978/3/271

Goodness-of-fit on F2 0.926

Final R indexes [I ≥ 2σ (I)] R1 = 0.0615, wR2 = 0.1341

Final R indexes [all data] R1 = 0.0922, wR2 = 0.1497

Largest diff. peak/hole / e Å-3 0.501/-0.585

Flack parameter 0.031(15)
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1H NMR and 13C NMR spectra of products:
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