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I. General Remarks 
1H NMR spectra were recorded on a VARIAN Mercury 300 MHz or Bruker 400 

MHz spectrometer in CDCl3. Chemical shifts are reported in ppm with the internal 

TMS signal at 0.0 ppm as a standard. The data are reported as (s = single, d = double, 

t = triple, q = quarte, m = multiple or unresolved, brs = broad single, coupling 

constant(s) in Hz, integration). 13C NMR spectra were recorded on a VARIAN 

Mercury 75 MHz or Bruker 100 MHz spectrometer in CDCl3 or DMSO-d6. Chemical 

shifts are reported in ppm with the internal chloroform signal at 77.0 ppm as a 

standard. Commercially obtained reagents were used without further purification. All 

reactions were monitored by TLC with silica gel-coated plates. Enantiomeric ratios 

were determined by HPLC, using a chiralpak AS-H column, chiralpak AD-H column, 

chiralpak IA, IB and IC column with hexane and i-PrOH as solvents. The starting 

materials 3-Methyl-4-Nitro-5-Styrylisoxazoles 1a-1f were prepared according to the 

literature procedure.1 All Chiral ligands were prepared according the previous 

procedure. The absolute configuration of 5 and 6 was determined unequivocally 

according to the X-ray diffraction analysis, and those of other adducts were deduced 

on the basis of these results. 

 

II. Proposed Catalyzed Mechanaism for Ligand-Controlled Diastereodivergent 

and Stereoselective 1,3-DC of Azomethine Ylides with 4-Nitro-5-Styrylisoxa- 

Zoles. (Scheme 1) 

On the basis of the absolute configurational assignments, the reaction mechanism 

explaining the observed diastereo-divergent and stereochemistry of the products was 

proposed (Scheme 1). The in situ formed azomethine ylide is coordinated to the 

AgOAc/tBu-Phosferrox (L3) complex, in a distorted tetrahedral geometry affording 

the catalytically active species A through the abstraction of a proton by the base, 

which has been supported by a DFT calculation study performed by Hou and 

co-workers (left cycle)2. The intermediate B provides the desired endo-cycloaddition 

product 3 and regenerates the active catalyst and base. The unfavorable steric 

repulsion between the substituents of dipolarophiles and the bulky tert-butyl group of 
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the Phosferrox ligand inhibits the exo approach, contributing to the good endo 

selectivity. On the other hand, Nájara and co-workers describes the origins of an 

unexpected stepwise exo-selective 1,3-DC catalyzed by silver salt and 

phosphoramidite ligand, which is also proved by DFT calculations3. Those 

calculations show that the silver center is coordinated to both the nitrogen atom and 

the carboxy group of the azomethine ylide, to the phosphorous atom of chiral ligand 

L10, furnishing the intermediate A’ in a trigonal pyramidal geometry (right cycle). 

The upper side of the metalloazomethine ylide is shielded by the bulky secondary 

amine group in the phosphoramidite ligand, and hinders the approach of the 

dipolarphile 1a from the below side. The intermidiate B’ tend to deliver the 

cycloadduct exo-adduct 4 and regenerate the catalysts. The plausible catalytic process 

is consistant with the observed stereochemical outcome, and further investigations to 

explore the mechanism are underway. 

 

 
 

III. General Procedure for Racemic 1,3-DC of Azomethine Ylides with 3-Methyl- 
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4-Nitro-5-Styrylisoxazoles. 

Under argon atmosphere, PPh3 (8.6 mg, 0.033 mmol) and AgOAc (5.0 mg, 0.030 

mmol) were dissolved in 2.0 mL CH2Cl2, and stirred at room temperature for about 30 

min. Then, the imino ester 2 (0.39 mmol), Et3N (0.045 mmol) and 3-methyl-4-nitro-5- 

styrylisoxazole 1 (0.3 mmol) were added sequentially. Once starting material was 

consumed (monitored by TLC), the organic solvent was removed and the residue was 

purified by column chromatography to give the product 3 (10 mol% racemic 

monophose ligand for the product 4), which was used as the racemic sample for the 

chiral HPLC analysis. 

 

IV. General Procedure for Asymmetric 1,3-DC of Azomethine Ylides with 

4-Nitro-5-Styrylisoxazoles Catalyzed by AgOAc/(Sp,S)-Phosferrox ligand or 

AgOAc/(Ra,S,S) - phosphoramidite ligand. 

Under argon atmosphere, (Sp,S)-tBu-Phosferrox L3 (16.3 mg, 0.033 mmol) and 

AgOAc (5.0 mg, 0.03 mmol) were dissolved in 2.0 mL CH2Cl2, and stirred at room 

temperature for about 30 min. Then, the imino ester 2 (0.39 mmol), Et3N (0.045 mmol) 

were added sequentially, the reaction temperature was dropped to 0 oC and then 

3-methyl-4-nitro-5-styrylisoxazole 1 (0.3 mmol) was added. Once starting material 

was consumed (monitored by TLC), the organic solvent was removed and the residue 

was purified by column chromatography to give the product 3 (10 mol% chiral 

(Ra,S,S)-Phosphoramidite L10 for the product 4), which was then directly analyzed by 

HPLC to determine the enantiomeric excess. 

 

 3a 

Methyl (2S,3R,4S,5R)-5-(4-chlorophenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-3- 

phenylpyrrolidine-2-carboxylate: 

Yield (90 %); yellow solid. m.p. 136-138 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 
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7.34 (d, J = 3.9 Hz, 4H), 7.31-7.27 (m, 1H), 7.27 (d, J = 4.1 Hz, 1H), 7.19 (s, 3H), 

5.14 (d, J = 8.9 Hz, 1H), 4.82 (t, J = 9.1 Hz, 1H), 4.18 (d, J = 8.2 Hz, 2H), 3.72 (s, 

3H), 2.89 (s, 1H), 2.30 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 172.28, 172.00, 

155.19, 137.94, 137.76, 137.75, 130.52, 128.94, 128.48, 128.15, 127.76, 127.65, 

67.12, 64.38, 52.36, 52.09, 50.76, 11.31; HRMS Calcd. For C22H20ClN3O5 + H+: 

442.1164, found: 442.1161. The product was analyzed by HPLC to determine the 

enantiomeric excess: 87 % ee (Chiralpak AS-H, i-propanol/hexane = 20/80, flow rate 

1.0 mL/min, λ = 220 nm); tr = 11.94 and 16.44 min. 

 

 3b 

Methyl (2S, 3R, 4S, 5R)-5-(2-chlorophenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-3- 

phenyl pyrrolidine-2-carboxylate:  

Yield (89 %); yellow solid. m.p. 125-128 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.34-7.20 (m, 6H), 7.14 (s, 3H), 5.12 (d, J = 8.1 Hz, 1H), 4.84 (t, J = 9.2 Hz, 1H), 

4.26-4.11 (m, 2H), 3.74 (s, 3H), 2.91 (s, 1H), 2.31 (s, 3H); 13C NMR (CDCl3, TMS, 

75 MHz) δ 172.34, 171.29, 155.04, 137.84, 136.89, 132.34, 130.90, 129.38, 129.07, 

128.96, 128.78, 127.75, 127.54, 126.99, 67.12, 61.26, 52.33, 51.62, 49.58. 11.56; 

HRMS Calcd. For C22H20ClN3O5 + H+: 442.1164, found: 442.1163. The product was 

analyzed by HPLC to determine the enantiomeric excess: 87 % ee (Chiralpak AD-H, 

i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 11.82 and 15.10 

min. 

 

 3c 
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Methyl (2S, 3R, 4S, 5R)-5-(4-bromophenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-3- 

phenyl pyrrolidine-2-carboxylate: 

Yield (89 %); yellow solid. m.p. 150-153 oC.; 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.34-7.20 (m, 7H), 7.14 (d, J = 8.1 Hz, 2H), 5.12 (d, J = 8.7 Hz, 1H), 4.82 (t, J = 9 Hz, 

1H), 4.19-4,13 (m, 2H), 3.72 (s, 3H), 2.89 (s, 1H), 2.30 (s, 3H); 13C NMR (CDCl3, 

TMS, 75 MHz) δ 172.35, 172.00, 158.93, 155.07, 138.14, 133.60, 129.38, 128.61, 

128.38, 128.09, 114.21, 113.91, 67.03, 64.05, 55.07, 52.26, 52.12, 49.99, 11.23; 

HRMS Calcd. For C22H20BrN3O5 + H+: 486.0659, found: 486.0660. The product was 

analyzed by HPLC to determine the enantiomeric excess: 87 % ee (Chiralpak AS-H, 

i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 12.52 and 18.21 

min. 

 

 3d 

Methyl (2S, 3R, 4S, 5R)-4-(3-methyl-4-nitroisoxazol-5-yl)-3-phenyl-5-(o-tolyl) 

pyrrolidine-2-carboxylate: 

Yield (75 %); yellow solid. m.p. 110-112 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.45 (d, J = 7.2 Hz, 1H), 7.40-7.20 (m, 5H), 7.17 (t, J = 7.5 Hz, 1H), 6.89 (t, J = 7.5 

Hz, 1H), 6.64 (d, J = 8.1 Hz, 1H), 5.33 (t, J = 9.3 Hz, 1H), 4.97 (t, J = 8.7 Hz, 1H), 

4.17-4.07 (m, 2H), 3.72 (s, 3H), 3.66 (s, 3H), 3.24 (s, 1H), 2.27 (s, 3H); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 172.75, 172.39, 155.82, 154.80, 138.40, 129.06, 128.82, 

128.18, 127.55, 126.15, 120.51, 109.40, 67.76, 61.43, 54.79, 52.38, 52.22, 51.24, 

11.28; HRMS Calcd. For C23H23N3O5 + H+: 422.1710, found: 422.1705. The product 

was analyzed by HPLC to determine the enantiomeric excess: 82 % ee (Chiralpak 

AS-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 10.82 and 

24.13 min. 
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 3e 

Methyl (2S, 3R, 4S, 5R)-5-(4-methoxyphenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)- 

3-phenylpyrrolidine-2-carboxylate: 

Yield (57 %); yellow solid. m.p. 100-102 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.38-7.22 (m, 5H), 7.15 (d, J = 8.4 Hz, 2H), 6.72 (d, J = 8.7 Hz, 2H), 5.12 (d, J = 9.0 

Hz, 1H), 4.80 (s, 1H), 4.17 (s, 2H), 3.74 (s, 3H), 3.72 (s, 3H), 2.88 (s, 1H), 2.28 (s, 

3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 172.45, 172.45, 159.15, 155.17, 155.17, 

138.16, 138.16, 131.09, 131.09, 128.91, 128.91, 127.88, 127.88, 127.67, 127.67, 

113.68, 113.68, 67.34, 65.03, 55.17, 52.67, 52.36, 51.34, 11.38; HRMS Calcd. For 

C23H23N3O6 + H+: 438.1660, found: 438.1652. The product was analyzed by HPLC to 

determine the enantiomeric excess: 90 % ee (Chiralpak AS-H, i-propanol/hexane = 

20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 15.19 and 29.73 min. 

 

 3f 

Methyl (2S, 3R, 4S, 5R)-4-(3-methyl-4-nitroisoxazol-5-yl)-3,5-diphenylpyrrolidine 

-2-carboxylate: 

Yield (90 %); yellow solid. m.p. 96-98 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.49-7.10 (m, 10H), 5.16 (d, J = 9.0 Hz, 1H), 4.84 (t, J = 8.4 Hz, 1H), 4.23-4.10 (m, 

2H), 3.72 (s, 3H), 2.96 (s, 1H), 2.25 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

172.38, 155.09, 139.05, 138.08, 128.90, 128.34, 128.05, 127.66, 126.64, 67.39, 65.44, 

52.54, 52.32, 51.20, 11.24; HRMS Calcd. For C22H21N3O5 + H+: 408.1481, found: 

408.1479. The product was analyzed by HPLC to determine the enantiomeric excess: 

85% ee (Chiralpak AS-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 

nm); tr = 10.85 and 18.18 min. 
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 3g 

Methyl (2S, 3R, 4S, 5R)-5-(furan-2-yl)-4-(3-methyl-4-nitroisoxazol-5-yl)-3-phenyl 

pyrrolidine-2-carboxylate: 

Yield (62 %); yellow solid. m.p. 121-123 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.40-7.20 (m, 5H), 7.20 (s, 1H), 6.30 (d, J = 2.9 Hz, 1H), 6.22 (s, 1H), 5.16 (d, J = 8.2 

Hz, 1H), 4.80 (t, J = 9.3 Hz, 1H), 4.27-4.07 (m, 2H), 3.70 (s, 3H), 3.04 (s, 1H), 2.39 (s, 

3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 172.80, 171.21, 155.26, 152.62, 142.55, 

137.65, 130.60, 128.85, 128.53, 127.83, 127.67, 110.37, 110.24, 108.30, 66.99, 58.79, 

52.35, 51.70, 50.36, 11.56; HRMS Calcd. For C20H19N3O6 + H+: 398.1274, found: 

398.1278. The product was analyzed by HPLC to determine the enantiomeric excess: 

80 % ee (Chiralpak AS-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 

nm); tr = 11.76 and 23.40 min. 

 

 3h 

Methyl (2S, 3R, 4S, 5R)-4-(3-methyl-4-nitroisoxazol-5-yl)-5-(naphthalen-1-yl)-3- 

phenylpyrrolidine-2-carboxylate: 

Yield (80 %); yellow solid. m.p. 132-134 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

8.00-7.89 (m, 2H), 7.71 (m, 2H), 7.50-7.20 (m, 8H), 5.97 (d, J = 8.5 Hz, 1H), 5.22 (t, 

J = 9.2 Hz, 1H), 4.32 (d, J = 9.7 Hz, 1H), 4.19 (t, J = 9.8 Hz, 1H), 3.76 (s, 3H), 3.07 

(s, 1H), 1.98 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 172.48, 171.49, 154.50, 

137.78, 135.08, 133.20, 130.88, 130.08, 128.94, 128.74, 128.34, 127.72, 127.63, 

125.68, 125.49, 125.36, 134.66, 121.64, 67.06, 60.31, 52.34, 51.57, 50.91. 11.00; 
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HRMS Calcd. For C26H23N3O5 + H+: 458.1638, found: 458.1641. The product was 

analyzed by HPLC to determine the enantiomeric excess: 85% ee (Chiralpak AS-H, 

i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 8.73 and 15.33 

min. 

 

 3i 

Methyl (2S, 3R, 4S, 5R)-4-(3-methyl-4-nitroisoxazol-5-yl)-5-(naphthalen-2-yl)-3- 

phenylpyrrolidine-2-carboxylate: 

Yield (92 %); yellow solid. m.p. 134-136 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.75-7.65 (m, 4H), 7.50-7.20 (m, 8H), 5.33 (d, J = 7.8 Hz, 1H), 4.93 (t, J = 9.2 Hz, 

1H), 4.25 (d, J = 5.8 Hz, 2H), 3.76 (s, 3H), 3.06 (s, 1H), 2.13 (s, 3H); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 173.31, 171.55, 155.77, 135.74, 135.48, 133.39, 133.05, 

131.47, 129.02, 128.61, 127.91, 127.80, 127.69, 126.62, 126.28, 124.41, 68.58, 65.35, 

55.01, 51.78, 48.83, 11.58; HRMS Calcd. For C26H23N3O5 + H+: 458.1638, found: 

458.1635. The product was analyzed by HPLC to determine the enantiomeric excess: 

91 % ee (Chiralpak AS-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 

nm); tr = 13.11 and 36.63 min. 

 

 3j 

Methyl (2S, 3R, 4S, 5R)-3,5-bis(4-chlorophenyl)-4-(3-methyl-4-nitroisoxazol-5-yl) 

pyrrolidine-2-carboxylate: 

Yield (84 %); yellow solid. m.p. 145-147 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 
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7.29 (m, 4H), 7.18 (m, 4H), 5.13 (d, J = 8.9 Hz, 1H), 4.76 (t, J = 9.0 Hz, 1H), 4.16 (m, 

2H), 3.73 (s, 3H), 2.88 (s, 1H), 2.31 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

172.03, 171.55, 155.22, 137.87, 136.15, 133.81, 133.58, 130.57, 129.11, 129.03, 

128.50, 128.10, 66.86, 64.09, 52.41, 52.04, 49.91, 11.26; HRMS Calcd. For 

C22H19Cl2N3O5 + H+: 476.0702, found: 476.0708. The product was analyzed by 

HPLC to determine the enantiomeric excess: 85% ee (Chiralpak AS-H, 

i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 11.69 and 16.97 

min. 

 

 3k 

Methyl (2S, 3R, 4S, 5R)-5-(4-chlorophenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-3- 

(m-tolyl)pyrrolidine-2-carboxylate: 

Yield (81 %); yellow solid. m.p. 134-136 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.25-7.00 (m, 8H), 5.13 (d, J = 8.6 Hz, 1H), 4.80 (t, J = 9.1 Hz, 1H), 4.21-4.05 (m, 

2H), 3.73 (s,3H), 2.88 (s, 1H), 2.33 (s, 3H), 2.30 (s, 3H); 13C NMR (CDCl3, TMS, 75 

MHz) δ 172.28, 172.07, 155.10, 138.51, 137.94, 137.72, 133.65, 130.47, 128.73, 

128.48, 128.40, 128.28, 128.11, 124.66, 67.10, 64.38, 52.27, 52.04, 50.71, 21.33, 

11.24; HRMS Calcd. For C23H22ClN3O5 + H+: 456.1248, found: 456.1250. The 

product was analyzed by HPLC to determine the enantiomeric excess: 86 % ee 

(Chiralpak AS-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 

9.62 and 15.26 min. 

 

 3l 

Methyl (2S, 3R, 4S, 5R)-5-(4-chlorophenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-3- 
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(o-tolyl)pyrrolidine-2-carboxylate: 

Yield (78 %); yellow solid. m.p. 125-127 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.40 (d, J = 7.6 Hz, 1H), 7.25-7.13 (m, 7H), 5.17 (d, J = 9.0 Hz, 1H), 4.81 (t, J = 9.4 

Hz, 1H), 4.49 (t, J = 9.7 Hz, 1H), 4.18 (d, J = 9.0 Hz, 1H), 3.72 (s, 3H), 2.91 (s, 1H), 

2.38 (s, 3H), 2.30 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 172.47, 172.22, 

155.23, 137.90, 137.10, 136.23, 133.73, 130.79, 130.42, 128.48, 128.13, 127.33, 

126.65, 125.89, 67.59, 64.52, 52.53, 52.37, 45.82, 19.51, 11.29; HRMS Calcd. For 

C23H22ClN3O5 + H+: 456.1248, found: 456.1249. The product was analyzed by HPLC 

to determine the enantiomeric excess: 84 % ee (Chiralpak AS-H, i-propanol/hexane = 

20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 9.47 and 13.89 min. 

 

 3m 

Methyl (2S, 3R, 4S, 5R)-5-(4-chlorophenyl)-3-(4-methoxyphenyl)-4-(3-methyl-4- 

nitroisoxazol-5-yl)pyrrolidine-2-carboxylate: 

Yield (65 %); yellow solid. m.p. 136-138 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.26-7.15 (m, 6H), 6.85 (d, J = 8.6 Hz, 2H), 5.12 (d, J = 8.9 Hz, 1H), 4.77 (t, J = 9.5 

Hz, 1H), 4.15-4.10 (m, 2H), 3.77 (s, 3H), 3.73 (s, 3H), 2.87 (s, 1H), 2.30 (s, 3H); 13C 

NMR (CDCl3, TMS, 75 MHz) δ 172.35, 172.00, 158.93, 155.07, 138.14, 133.60, 

129.38, 128.61, 128.38, 128.09, 114.21, 113.91, 77.43, 77.00, 76.58, 67.03, 64.05, 

55.07, 52.26, 52.12, 49.99, 11.23; HRMS Calcd. For C23H22ClN3O6 + H+: 472.1197, 

found: 472.1180. The product was analyzed by HPLC to determine the enantiomeric 

excess: 90 % ee (Chiralpak AS-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, 

λ = 220 nm); tr = 16.50 and 25.22 min. 
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 3n 

Methyl (2S, 3S, 4S, 5R)-5-(4-chlorophenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-3- 

((E)-styryl)pyrrolidine-2-carboxylate: 

Yield (80 %); yellow solid. m.p. 124-126 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.33-7.20 (m, 5H), 7.17 (m, 4H), 6.56 (d, J = 15.7 Hz, 1H), 6.14 (dd, J = 15.7, 8.5 Hz, 

1H), 5.01 (d, J = 5.4 Hz, 1H), 4.59 (t, J = 9.5 Hz, 1H), 3.96 (d, J = 6.0 Hz, 1H), 

3.86-3.73 (m, 4H), 2.80 (s, 1H), 2.35 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

172.65, 172.31, 155.51, 138.25, 136.35, 134.21, 134.07, 129.35, 128.84, 128.41, 

128.25, 126.66, 126.08, 105.35, 77.73, 77.31, 76.88, 65.80, 64.37, 52.78, 50.67, 49.55, 

11.65; HRMS Calcd. For C24H22ClN3O5 + H+: 468.1248, found: 468.1250. The 

product was analyzed by HPLC to determine the enantiomeric excess: 85 % ee 

(Chiralpak AS-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 

12.21 and 17.63 min. 

 

 3o 

Methyl (2S, 3S, 4S, 5R)-5-(4-chlorophenyl)-3-cyclopropyl-4-(3-methyl-4-nitro- 

isoxazol-5-yl)pyrrolidine-2-carboxylate: 

Yield (87 %); yellow oil. 1H NMR (CDCl3, TMS, 300 MHz) δ 7.08-7.15 (m, 4H), 

4.90 (d, J = 8.4 Hz, 1H), 4.45-4.57 (m, 1H), 3.94 (d, J = 8.4 Hz, 1H), 3.86 (s, 3H), 

2.64-2.75 (m, 1H), 2.36 (s, 3H), 0.81-0.92 (m, 1H), 0.55-0.62 (m, 1H), 0.33-0.45 (m, 

1H), 0.21-0.31 (m, 1H), 0.07-0.14 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

172.98, 155.10, 137.37, 133.45, 129.43, 128.28, 127.94, 65.75, 64.44, 52.33, 51.54, 

49.71, 13.79, 11.32, 4.01, 3.16; HRMS Calcd. For C19H20ClN3O5 + H+: 406.1091, 

found: 406.1093. The product was analyzed by HPLC to determine the enantiomeric 
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excess: 64 % ee (Chiralpak AS-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, 

λ = 220 nm); tr = 11.95 and 16.84 min. 

 

 4a 

Methyl (2R, 3R, 4S, 5S)-5-(4-chlorophenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-3- 

phenylpyrrolidine-2-carboxylate: 

Yield (95 %); yellow solid. m.p. 134-136 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.48 (d, J = 8.1 Hz, 2H), 7.32 (d, J = 8.1 Hz, 2H), 7.27-7.20 (m, 5H), 4.89-4.96 (m, 

1H), 4.66 (d, J = 9.9 Hz, 1H), 4.35-4.44 (m, 2H), 3.25 (s, 3H), 2.41 (s, 3H); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 173.25, 171.19, 155.773, 137.03, 135.49, 134.36, 129.04, 

128.59, 127.72, 67.52, 65.09, 54.59, 51.72, 48.97, 11.54; HRMS Calcd. For 

C22H20ClN3O5 + H+: 442.1164, found: 442.1158. The product was analyzed by HPLC 

to determine the enantiomeric excess: 93 % ee (Chiralpak AS-H, i-propanol/hexane = 

20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 9.05 and 13.58 min. 

 

 4b 

Methyl (2R, 3R, 4S, 5S)-5-(4-bromophenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-3- 

phenylpyrrolidine-2-carboxylate: 

Yield (63 %); yellow solid. m.p. 156-158 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.48 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.19-7.30 (m, 5H), 4.88-4.96 (m, 

1H), 4.65 (d, J = 9.9 Hz, 1H), 4.31-4.45 (m, 2H), 3.25 (s, 3H), 2.41 (s, 3H); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 173.25, 171.18, 155.81, 137.55, 135.49, 132.02, 131.27, 

128.81, 128.63, 127.96, 127.73, 122.56, 67.56, 65.12, 54.63, 51.75, 48.91, 11.57; 

HRMS Calcd. For C22H20BrN3O5 + H+: 486.0659, found: 486.0652. The product was 
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analyzed by HPLC to determine the enantiomeric excess: 92 % ee (Chiralpak AS-H, 

i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 9.95 and 15.25 

min. 

 

 4c 

Methyl (2R, 3R, S, 5S)-4-(3-methyl-4-nitroisoxazol-5-yl)-3-phenyl-5-(p-tolyl) 

pyrrolidine-2-carboxylate: 

Yield (89 %); yellow solid. m.p. 113-115 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.40 (d, J = 8.1 Hz, 2H), 7.20-7.32 (m, 5H), 7.15 (d, J = 8.1 Hz, 2H), 4.89-4.98 (m, 

1H), 4.63 (d, J = 9.9 Hz, 1H), 4.30-4.45 (m, 2H), 3.23 (s, 3H), 2.39 (s, 3H), 2.33 (s, 

3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 173.25, 171.70, 155.70, 138.43, 135.86, 

134.93, 129.56, 128.56, 127.78, 126.96, 68.29, 65.31, 54.96, 51.75, 49.03, 21.12, 

11.60; HRMS Calcd. For C23H23N3O5 + H+: 422.1710, found: 422.1703. The product 

was analyzed by HPLC to determine the enantiomeric excess: 92 % ee (Chiralpak 

AD-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 15.92 and 

19.87 min. 

 

 4d 

Methyl (2R, 3R, 4S, 5S)-4-(3-methyl-4-nitroisoxazol-5-yl)-3-phenyl-5-(m-tolyl) 

pyrrolidine-2-carboxylate: 

Yield (96 %); yellow solid. m.p. 84-86 oC. 1H NMR (CDCl3, TMS, 300 MHz) 

δ7.09-7.38 (m, 9H), 4.85-4.98 (m, 1H), 4.65 (d, J = 9.9 Hz, 1H), 4.30-4.48 (m, 2H), 

3.24 (s, 3H), 2.39 (s, 3H), 2.35 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 173.17, 

171.60, 155.67, 138.54, 137.88, 135.85, 129.38, 128.70, 128.52, 127.76, 124.04, 
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68.39, 65.24, 54.87, 51.69, 48.98, 21.33, 11.52; HRMS Calcd. For C23H23N3O5 + H+: 

422.1710, found: 422.1703. The product was analyzed by HPLC to determine the 

enantiomeric excess: 90 % ee (Chiralpak AS-H, i-propanol/hexane = 20/80, flow rate 

1.0 mL/min, λ = 220 nm); tr = 7.00 and 10.52 min. 

 

 4e 

Methyl (2R, 3R, 4S, 5S)-5-(4-methoxyphenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)- 

3-phenylpyrrolidine-2-carboxylate: 

Yield (85 %); yellow solid. m.p. 96-98 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 7.45 

(d, J = 8.1 Hz, 2H), 7.18-7.32 (m, 5H), 6.87 (d, J = 8.1 Hz, 2H), 4.89-4.98 (m, 1H), 

4.62 (d, J = 10.2 Hz, 1H), 4.30-4.43 (m, 2H), 3.79 (s, 3H), 3.23 (s, 3H), 2.40 (s, 3H); 
13C NMR (CDCl3, TMS, 75 MHz) δ 173.30, 171.67, 159.65, 155.66, 135.80, 129.95, 

128.53, 128.27, 127.73, 114.15, 68.00, 65.20, 55.12, 54.78, 51.70, 48.93, 11.57; 

HRMS Calcd. For C23H23N3O6 + H+: 438.1660, found: 438.1658. The product was 

analyzed by HPLC to determine the enantiomeric excess: 90 % ee (Chiralpak AS-H, 

i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 11.11 and 16.25 

min. 

 

 4f 

Methyl (2R, 3R, 4S, 5S)-5-(2-methoxyphenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)- 

3-phenylpyrrolidine-2-carboxylate: 

Yield (80 %); yellow solid. m.p. 148-150 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.45 (d, J = 7.2 Hz, 1H), 7.20-7.35 (m, 6H), 6.83-6.67 (m, 2H), 4.97-5.08 (m, 1H), 
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4.79 (d, J = 9.9 Hz, 1H), 4.49 (d, J = 9.6 Hz, 1H), 4.27-4.37 (m, 1H), 3.84 (s, 3H), 

3.20 (s, 3H), 2.41 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 172.64, 172.18, 

157.41, 155.51, 137.19, 129.51, 128.36, 127.90, 127.56, 124.96, 120.82, 110.53, 

65.47, 65.20, 55.12, 54.81, 51.54, 48.54, 11.55; HRMS Calcd. For C23H23N3O6 + H+: 

438.1660, found: 438.1653. The product was analyzed by HPLC to determine the 

enantiomeric excess: 84 % ee (Chiralpak AS-H, i-propanol/hexane = 20/80, flow rate 

1.0 mL/min, λ = 220 nm); tr = 7.85 and 16.30 min. 

 

 4g 

Methyl (2R, 3R, 4S, 5S)-5-(3-methoxyphenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)- 

3-phenylpyrrolidine-2-carboxylate: 

Yield (89 %); yellow solid. m.p. 134-136 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.20-7.35 (m, 6H), 7.00-7.15 (m, 2H), 6.85 (d, J = 8.1 Hz, 1H), 4.89-5.05 (m, 1H), 

4.65 (d, J = 9.9 Hz, 1H), 4.28-4.57 (m, 2H), 3.83 (s, 3H), 3.25 (s, 3H), 2.41 (s, 3H); 
13C NMR (CDCl3, TMS, 75 MHz) δ 173.16, 171.45, 159.84, 155.63, 139.84, 135.70, 

131.18, 129.77, 128.48, 127.70, 119.17, 114.25, 112.26, 68.21, 65.20, 55.05, 54.71, 

51.60, 48.80, 22.52, 11.45; HRMS Calcd. For C23H23N3O6 + H+: 438.1660, found: 

438.1652. The product was analyzed by HPLC to determine the enantiomeric excess: 

87 % ee (Chiralpak AS-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 

nm); tr = 18.54 and 23.49 min. 

 

 4h 

Methyl (2R, 3R, 4S, 5S)-4-(3-methyl-4-nitroisoxazol-5-yl)-3-phenyl-5-(thiophen- 

2-yl)pyrrolidine-2-carboxylate: 
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Yield (90 %); yellow solid. m.p. 146-148 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.15-7.35 (m, 7H), 7.00-7.10 (m, 1H), 6.88-6.98 (m, 1H), 4.89-5.05 (m, 3H), 4.44 (d, 

J = 9.6 Hz, 1H), 4.25-4.38 (m, 1H), 3.24 (s, 3H), 2.44 (s, 3H); 13C NMR (CDCl3, 

TMS, 75 MHz) δ 172.47, 171.25, 155.77, 141.77, 135.71, 131.40, 128.51, 127.86, 

127.75, 126.84, 125.60, 125.11, 65.24, 63.25, 54.76, 51.69, 49.96, 11.53; HRMS 

Calcd. For C20H19N3O5S + H+: 414.1118, found: 414.1112. The product was analyzed 

by HPLC to determine the enantiomeric excess: 85 % ee (Chiralpak AS-H, 

i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 10.18 and 14.51 

min. 

 

 4i 

Methyl (2R , 3R ,4S, 5R)-5-butyl-4-(3-methyl-4-nitroisoxazol-5-yl)-3-phenylpyrr- 

olidine-2-carboxylate: 

Yield (75 %); yellow oil. 1H NMR (CDCl3, TMS, 300 MHz) δ 7.15-7.30 (m, 5H), 

4.26-4.40 (m, 2H), 4.10-4.25 (m, 1H), 3.46-3.60 (m, 1H), 3.18 (s, 3H), 2.49 (s, 3H), 

1.55-1.80 (m, 2H), 1.36-1.50 (m, 1H), 1.25-1.35 (m, 2H), 0.80-0.90 (m, 3H); 13C 

NMR (CDCl3, TMS, 100 MHz) δ 172.46, 155.74, 136.62, 128.84, 128.38, 127.71, 

127.62, 127.29, 126.84, 65.61, 65.21, 55.16, 51.60, 49.17, 33.39, 28.80, 22.54, 13.78, 

11.62; HRMS Calcd. For C20H25N3O5 + H+: 388.1794, found: 388.1799. The product 

was analyzed by HPLC to determine the enantiomeric excess: 86 % ee (Chiralpak 

AS-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 220 nm); tr = 12.00 and 

22.94 min. 
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 4j 

Methyl (2R, 3R, 4S, 5S)-5-(4-chlorophenyl)-2-methyl-4-(3-methyl-4-nitro 

isoxazol-5-yl)-3-phenylpyrrolidine-2-carboxylate: 

Yield (67 %); yellow solid. m.p. 135-137 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.48 (d, J = 8.1 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H), 7.20-7.27 (m, 6H), 5.10-5.21 (m, 

1H), 4.71 (d, J = 10.5 Hz, 1H), 3.93 (d, J = 12.6 Hz, 1H), 3.29 (s, 3H), 2.38 (s, 3H), 

1.69 (s, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 175.13, 170.97, 155.73, 136.91, 

134.82, 134.29, 131.17, 129.02, 128.62, 128.56, 128.11, 127.63, 70.47, 66.33, 62.96, 

52.17, 49.35, 25.32, 11.59; HRMS Calcd. For C23H22ClN3O5 + H+: 456.1248, found: 

456.1252. The product was analyzed by HPLC to determine the enantiomeric excess: 

82 % ee (Chiralpak AS-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 220 

nm); tr = 7.14 and 9.07 min. 

 

 4k 

(2S, 3S, 4R, 5R)-3-(3-methyl-4-nitroisoxazol-5-yl)-2,4-diphenyl-7-oxa-1-azaspiro 

[4.4]nonan-6-one: 

Yield (61 %); yellow oil. 1H NMR (CDCl3, TMS, 300 MHz) δ 7.58-7.65 (m, 2H), 

7.26-7.45 (m, 8H), 5.35-5.51 (m, 1H), 4.79 (d, J = 10.2 Hz, 1H), 4.01-4.20 (m, 2H), 

3.41-3.58 (m, 1H), 2.61-2.79 (m, 2H), 2.36 (s, 3H); 13C NMR (CDCl3, TMS, 100 

MHz) δ 178.97, 170.48, 155.76, 141.77, 138.40, 132.96, 129.23, 129.00, 128.80, 

127.48, 70.04, 67.41, 64.70, 61.14, 49.66, 37.11, 11.60; HRMS Calcd. For 

C23H21N3O5 + H+: 420.1481, found: 420.1485. The product was analyzed by HPLC to 

determine the enantiomeric excess: 76 % ee (Chiralpak AS-H, i-propanol/hexane = 

20/80, flow rate 1.0 mL/min, λ = 220 nm); tr = 16.58 and 26.14 min. 
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 5 

Methyl (2S, 3R, 4S, 5R)-1-benzoyl-5-(4-chlorophenyl)-4-(3-methyl-4-nitro 

isoxazol-5-yl)-3-phenylpyrrolidine-2-carboxylate: 

Yield (91 %); yellow solid. m.p. 148-150 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.11-7.36 (m, 14H), 5.10-5.18 (m, 1H), 4.79-4.86 (m, 1H), 4.14-4.21 (m, 2H), 3.72 (s, 

3H), 2.30 (s, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 171.57, 168.47, 155.03, 

134.43, 130.49, 129.13, 128.55, 128.07, 127.93, 127.65, 126.94, 66.56, 64.34, 52.59, 

50.69, 46.87, 11.31; HRMS Calcd. For C29H24ClN3O6 + H+: 546.1426, found: 

546.1426. The product was analyzed by HPLC to determine the enantiomeric excess: 

84 % ee (Chiralpak IC-H, i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 220 

nm); tr = 14.67 and 20.57 min. 

 

 6 

Methyl (2S, 3R, 4S, 5R)-1-benzoyl-5-(4-chlorophenyl)-4-(3-methyl-4-nitro 

isoxazol-5-yl)-3-phenylpyrrolidine-2-carboxylate: 

Yield (85 %); white solid. m.p. 153-155 oC. 1H NMR (CDCl3, TMS, 300 MHz) δ 

6.83-7.80 (m, 14H), 5.38-5.52 (m, 2H), 5.09-5.28 (m, 1H), 4.31-4.68 (m, 1H), 3.38 (s, 

3H), 2.41 (s, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 174.74, 171.88, 147.75, 

135.88, 133.61, 130.03, 128.90, 128.40, 127.75, 65.32, 53.71, 49.59, 36.47, 27.52, 

11.67; HRMS Calcd. For C29H24ClN3O6 + H+: 546.1422, found: 546.1419. The 

product was analyzed by HPLC to determine the enantiomeric excess: 86 % ee 
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(Chiralpak IC-H, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, λ = 220 nm); tr = 

16.41 and 18.99 min. 
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VII HPLC Chromatograms 
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