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A. General Information: All the reagents used are of commercial grade and used without 

purification. Organic solvents that are used for reactions were dried using standard methods. 

Reactions were monitored by silica gel 60 F254 (0.25mm). NMR spectra were recorded in 

CDCl3 and tetramethylsilane as the internal standard for 1H NMR (600 MHz) and CDCl3 solvent 

as the internal standard for 13C NMR (150 MHz). Chemical shifts are reported in ppm 

tetramethylsilane (CDCl3: δ 7.26, for 1H NMR and CDCl3: δ 77.23, for 13C NMR). For 1H NMR, 

datareported as follows: chemical shift, multiplicity (s = singlet, d = doublet, dd = double 

doublet, t =triplet, q = quartet, br = broad, m = multiplet), coupling constants (Hz) and 

integration. HRMS spectra were recorded using APCI and ESI mode. HPLC data were recorded 

using Dionex (Ultimate 3000) HPLC Instruments. 

Toluene was distilled over CaH2 under argon and stored over 4A° molecular sieves. DCM was 

distilled over CaH2 under argon and stored over 4A° molecular sieves. Silica gel (60-120 mesh 

size) was used for the column chromatography. Reactions were monitored by TLC on silica gel 

60 F254 (0.25 mm). Thiourea catalysts (I-IV) were prepared according to the reported 

procedure.[1] Squaramide catalyst was prepared according to the reported procedure.[2] Trans-α-

cyano-α,β-unsaturated ketones were prepared following literature procedures.[3] Amino enones 

were prepared according to literature procedures.[4] 
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B. General procedure for the synthesis of compound 3: 

Under argon atmosphere, compound N-tosyl aminomethyl enone 1 (0.05 mmol), trans-α-cyano-

α,β-unsaturated ketone 2 (0.075 mmol) and catalyst VIII(10 mol %) were added in a round 

bottom flask. Then methyl tertiary butyl ether (MTBE) 0.2 ml was mixed with the reaction 

mixture. Next 4 Å MS (For 0.1 mmol of 1a 100 mg MS was added) was added to the reaction 

mixture. Then the reaction mixture was stirred at room temperature for 2 days under argon 

atmosphere. After completion of the reaction as monitored by TLC, the crude product was 

purified by column chromatography using 15-18 % ethyl acetate in hexane as eluent. 

C. Optimization of reaction condition: 

    Catalyst screening: 
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Entrya Catalyst Yield(%)b drc ee(%)d 

1 I 60 10:1 30 

2 II 62 10:1 31 

3 III 65 10:1 25 

4 IV 68 10:1 45 

5 V 70 15:1 45 

6 VI 72 15:1 50 

7 VII 75 15:1 55 

8 VIII 78 15:1 60 

aReaction conditions: 0.05 mmol of 1a and 0.075 mmol2a in 0.2 mL solvent using 10 mol% catalyst at RT for 48 h. 
bIsolated yield after silica gel column chromatography. cDetermined by1H NMR. dDetermined by chiral HPLC of the 

major diastereomer. 

 

Solvent screening: 

 

Entrya Solvent Yieldb drc ee(%)d 

1 Toluene 78 15:1 60 

2 Et2O 79 15:1 68 

3 CH2Cl2 75 15:1 43 

4 DCE 71 15:1 50 

5 CHCl3 76 15:1 63 

6 TFT 78 15:1 61 

7 MTBE 80 15:1 89 

8e MTBE 80 15:1 91 

aReaction conditions: 0.05mmol of 1a and 0.075mmol2a in 0.2 mL solvent using 10 mol% catalyst at RT for 48 h. 
bIsolated yield after silica gel column chromatography. cDetermined by 1H NMR. dDetermined by chiral HPLC of 

the major diastereomer. eReaction was carried out in presence of 4 Å MS (For 0.1 mmol of 1a 100 mg MS was 

added). 
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D. Crystal data and structure refinement for chiral compound (CCDC No. 1862234) 3i: 

                                                                                  

 

 

                   

 

Empirical formula C33H27FN2O4S 

Formula weight 566.66 

CCDC Number 1862234 

Crystal habit, colour Needle, White 

Crystal size, mm3 0.25 × 0.18 ×0.18 

Temperature, T 293(2) 

Wavelength, (Å) 0.71073 

Crystal system Triclinic 

Space group P-1 

Unit cell dimensions a = 9.7629(4)Å 

 b = 11.7118(6)Å  

 c = 13.5050(7)Å 

  = 90.002(4)°, = 91.798(4)° 

  = 112.093(4)° 

Volume, V (Å3) 1429.97(13) 

Z 2 

Calculated density, Mg·m3 1.3159 

Absorption coefficient,  

µ (mm1) 

0.161 

F(000) 592.5 

 range for data collection 6.04 to 50.00° 

Limiting indices -13 ≤ h ≤ 11, -15 ≤ k ≤ 14, -16 ≤ l ≤ 18 

Reflection collected/unique 11400/5030[R(int)=0.0239] 

Completeness to  99.8% ( = 25.00°) 

Max. and min. transmission 0.817/1.000 

Refinement method ‘SHELXL97(Sheldrick, 1997)’ 
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Data/restraints/parameters 5030/0/379 

Goodnessoffit on F2 1.068 

Final R indices [I>2sigma(I)] R1 = 0.0594, wR2 = 0.1533 

R indices (all data) R1 = 0.0793, wR2 = 0.1689 

Largest diff. peak and hole 0.53and -0.58e·Å3 

 

E. Reaction in presence of benzoic acid: 

 

We performed the reaction in presence of benzoic acid and absence of benzoic acid using 

catalyst IV and catalyst VIII. Product 3a was isolated with similar diastereomeric ratio with 

lesser enantioselectivities in presence of acid. This result indicates the bifunctional mode of 

activation of the catalyst. 
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F. Characterization data for compounds (3a-3y): 

(2R,3S,4S)-3-benzoyl-4-(2-oxo-2-phenylethyl)-2-phenyl-1-tosylpyrrolidine-3-carbonitrile (3a): 

 

White sticky solid (43.8.4 mg, yield: 80%); Diastereomeric ratio: 15:1; 1H NMR (400 MHz, 

CDCl3): δ 7.75 (d, J = 7.2 Hz, 2H), 7.60 (d, J = 8.3 Hz, 2H), 7.47 (t, J = 7.4 Hz, 1H), 7.42 – 7.33 

(m, 3H), 7.32 – 7.23 (m, 9H), 7.16 (t, J = 7.9 Hz, 2H), 4.88 (s, 1H), 4.32 (dd, J = 11.8, 7.3 Hz, 

1H), 3.60 – 3.46 (m, 1H), 3.28 – 3.17 (m, 1H), 3.18 – 3.08 (m, 1H), 3.01 (dd, J = 17.3, 4.4 Hz, 

1H), 2.38 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 196.1, 191.6, 144.6, 136.0, 135.8, 135.3, 

134.1, 134.0, 133.6, 130.2, 129.6, 129.5, 129.0, 128.8, 128.5, 128.23, 128.2, 128.1, 117.2, 72.0, 

65.0, 53.2, 42.8, 38.2, 21.9; HRMS (+ESI): Calc for C33H29N2O4S[M+H]+ 549.1843; found 

549.1837; The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak IB 

column (80:20 n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 11.9 min, τmajor = 24.9 

min); Enantiomeric excess: 91%. 

 

 

 

(2R,3S,4S)-3-benzoyl-4-(2-oxo-2-phenylethyl)-2-(p-tolyl)-1-tosylpyrrolidine-3-carbonitrile 

(3b): 
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White sticky solid (43.8 mg, yield: 78%); Diastereomeric ratio: 12:1; 1H NMR (600 MHz, 

CDCl3): δ 7.84 (d, J = 7.2 Hz, 2H), 7.71 (d, J = 8.2 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 

7.4 Hz, 1H), 7.46 – 7.41 (m, 2H), 7.41 – 7.35 (m, 4H), 7.31 – 7.28 (m, 2H), 7.28 – 7.24 (m, 2H), 

7.16 (d, J = 7.9 Hz, 2H), 4.93 (s, 1H), 4.39 (dd, J = 11.8, 7.3 Hz, 1H), 3.69 – 3.53 (m, 1H), 3.28 

(ddd, J = 10.3, 9.4, 4.1 Hz, 1H), 3.23 (dd, J = 17.3, 9.2 Hz, 1H), 3.11 (dd, J = 17.3, 4.2 Hz, 1H), 

2.48 (s, 3H), 2.37 (s, 3H); 13C NMR (150 MHz, CDCl3):δ 196.2, 191.7, 144.6, 139.5, 135.9, 

135.3, 134.0, 133.9, 133.4, 132.7, 130.2, 129.6, 129.5, 129.0, 128.4, 128.2, 128.1, 128.0, 117.3, 

71.9, 65.0, 53.2, 42.7, 38.2, 21.9, 21.5; HRMS (+ESI): Calc for C34H31N2O4S [M+H]+563.1999; 

found 563.1984; The enantiomeric ratio was determined by HPLC analysis using Daicel 

Chiralpak IA column (75:25n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τmajor = 21.2 min, 

τminor= 24.6 min);Enantiomeric excess: 95%. 

(2R,3S,4S)-3-benzoyl-2-(4-isopropylphenyl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3c): 

 

White sticky solid (44.8 mg, yield: 76%); Diastereomeric ratio: 15:1; 1H NMR (600 MHz, 

CDCl3): δ 7.86 (d, J = 8.1 Hz, 2H), 7.66 (d, J = 7.9 Hz, 2H), 7.57 (t, J = 7.1 Hz, 1H), 7.49 – 7.40 

(m, 3H), 7.34 (d, J = 7.9 Hz, 2H), 7.28 (t, J = 10.8 Hz, 4H), 7.21 (t, J = 7.7 Hz, 2H), 7.17 (d, J = 

7.8 Hz, 2H), 4.85 (s, 1H), 4.44 (dd, J = 11.7, 7.7 Hz, 1H), 3.61 (t, J = 11.3 Hz, 1H), 3.35 (dt, J = 

15.7, 11.5 Hz, 1H), 3.22 (dd, J = 17.6, 9.3 Hz, 1H), 3.10 (dd, J = 17.6, 4.4 Hz, 1H), 2.92 (dt, J = 

13.7, 6.9 Hz, 1H), 2.46 (s, 3H), 1.26 (d, J = 7.1 Hz, 6H); 13C NMR (150MHz, CDCl3): δ 196.2, 

191.5, 150.5, 144.5, 136.0, 135.2, 134.0, 133.9, 133.6, 132.6, 130.1, 129.7, 129.0, 128.3, 128.3, 

128.2, 128.1, 126.8, 117.4, 72.0, 65.0, 53.0, 42.3, 38.3, 34.1, 24.2, 24.1, 21.9; HRMS (+ESI): 

Calc for C36H38N3O4S [M+NH4]
+608.2578; found 608.2584; The enantiomeric ratio was 

determined by HPLC analysis using Daicel Chiralpak IB column (80:20 n-Hexane/2-PrOH, 1.0 

mL/min, 25 °C, 254 nm, τminor = 7.1 min, τmajor = 18.4 min); Enantiomeric excess: 81%. 
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(2R,3S,4S)-3-benzoyl-2-(4-(tert-butyl)phenyl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3d): 

 

White sticky solid (48.4 mg, yield: 80%); Diastereomeric ratio: 15:1; 1H NMR (600 MHz, 

CDCl3): δ 7.86 (d, J = 7.4 Hz, 2H), 7.65 (d, J = 8.2 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.45 (dt, J 

= 15.5, 7.6 Hz, 3H), 7.36 – 7.30 (m, 4H), 7.30 – 7.26 (m, 4H), 7.20 (t, J= 7.9 Hz, 2H), 4.83 (s, 

1H), 4.45 (dd, J = 11.7, 7.7 Hz, 1H), 3.61 (t, J = 11.3 Hz, 1H), 3.44 – 3.32 (m, 1H), 3.22 (dd, J = 

17.6, 9.4 Hz, 1H), 3.11 (dd, J = 17.6, 4.5 Hz, 1H), 2.46 (s, 3H), 1.33 (s, 9H); 13C NMR (150 

MHz, CDCl3):δ 196.2, 191.4, 152.7, 144.4, 136.0, 135.2, 134.0, 133.9, 133.6, 132.2, 130.1, 

129.7, 129.0, 128.3, 128.2, 128.1, 128.1, 125.7, 117.4,  71.9, 64.9, 53.0, 42.2, 38.3, 34.9, 31.5, 

21.9; HRMS (+ESI): Calc for C37H38N2OS [M+H]+605.2469; found 605.2460; The 

enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak IB column (90:10 

n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 14.9 min, τmajor = 37.7 min); 

Enantiomeric excess: 95%. 

 

(2R,3S,4S)-3-benzoyl-2-(4-fluorophenyl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3e): 

 



S 10 
 

White sticky solid (46.4 mg, yield: 82%); Diastereomeric ratio: 16:1; 1H NMR (600 MHz, 

CDCl3): δ 7.84 (d, J = 7.6 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.52 (d, J = 

7.6 Hz, 1H), 7.47 – 7.42 (m, 4H), 7.38 (t, J = 7.0 Hz, 4H), 7.30 (t, J = 7.9 Hz, 2H), 7.04 (t, J = 

8.5 Hz, 2H), 4.97 (s, 1H), 4.40 (dd, J = 11.8, 7.2 Hz, 1H), 3.65 – 3.55 (m, 1H), 3.31 – 3.26 (m, 

1H), 3.26 – 3.20 (m, 1H), 3.12 (dd, J = 17.0, 4.0 Hz, 1H), 2.48 (s, 3H); 13C NMR (150 MHz, 

CDCl3):δ 196.0, 191.3, 164.2, 162.6, 144.8, 135.9, 135.3, 134.3, 134.0, 133.3, 131.7, 131.6, 

130.2, 130.1, 130.0, 129.5, 129.0, 128.6, 128.2, 128.1, 117.2, 115.9, 115.8, 71.3, 64.9, 53.1, 42.8, 

38.2, 21.9; HRMS (+ESI): Calc for C33H28FN2O4S [M+H]+567.1748; found 567.1736; The 

enantiomeric ratio was determined by HPLC analysis using Phenomenex Lux C1 column 

(75:25n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 11.3 min, τmajor = 42.9 min); 

Enantiomeric excess: 83%. 

(2R,3S,4S)-3-benzoyl-2-(4-chlorophenyl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3f): 

 

White sticky solid (46.6 mg, yield: 80%); Diastereomeric ratio: 15:1; 1H NMR (600 MHz, 

CDCl3): δ 7.81 (d, J = 8.6 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.51 (t, J = 7.4 Hz, 1H), 7.46 – 7.31 

(m, 11H), 7.28 (t, J = 3.8 Hz, 2H), 4.96 (s, 1H), 4.42 (dd, J = 11.8, 7.5 Hz, 1H), 3.62 (t, J = 11.3 

Hz, 1H), 3.32 (ddd, J = 15.6, 10.0, 4.7 Hz, 1H), 3.20 (dd, J = 17.7, 9.1 Hz, 1H), 3.09 (dd, J = 

17.7, 4.6 Hz, 1H), 2.50 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 195.0, 191.4, 144.7, 140.5, 

135.6, 135.2, 134.2, 134.1, 133.5, 130.2, 129.7, 129.6, 129.6, 129.3, 128.8, 128.5, 128.3, 128.1, 

117.2, 72.0, 64.9, 53.1, 42.7, 38.2, 21.9; HRMS (+ESI): HRMS (+ESI): Calc for 

C33H28ClN2O4S [M+H]+583.1453; found 583.1444; The enantiomeric ratio was determined by 

HPLC analysis using Phenomenex Lux C1 column (70:30 n-Hexane/2-PrOH, 1.0 mL/min, 25 

°C, 254 nm, τminor = 12.5 min, τmajor = 36.5 min); Enantiomeric excess: 82%. 



S 11 
 

(2R,3S,4S)-3-benzoyl-2-(4-bromophenyl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3g): 

 

White sticky solid (48.3 mg, yield: 77%); Diastereomeric ratio: 15:1; 1H NMR (400 MHz, 

CDCl3) δ 7.72 (d, J = 7.3 Hz, 2H), 7.58 (d, J = 8.2 Hz, 2H), 7.46 (t, J = 7.4 Hz, 1H), 7.40 (d, J = 

7.4 Hz, 1H), 7.33 (dd, J = 18.1, 8.1 Hz, 6H), 7.27 (d, J = 8.1 Hz, 2H), 7.20 (t, J = 7.9 Hz, 2H), 

7.16 (d, J = 7.0 Hz, 2H), 4.88 (s, 1H), 4.28 (dd, J = 11.8, 6.9 Hz, 1H), 3.56 – 3.42 (m, 1H), 3.21 

– 2.95 (m, 3H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3):δ 196.0, 191.2, 144.9, 135.9, 135.3, 

135.0, 134.3, 134.0, 133.4, 131.9, 130.3, 129.8, 129.5, 129.0, 128.6, 128.2, 128.1, 123.7, 117.1, 

71.2, 64.7, 53.2, 43.0, 38.1, 21.9; HRMS (+ESI): Calc for C33H28BrN2O4S [M+H]+627.0948; 

found 627.0944; The enantiomeric ratio was determined by HPLC analysis using Phenomenex 

column (75:25n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 15.3 min, τmajor = 46.6 

min);Enantiomeric excess: 84%. 

 

 

(2R,3S,4S)-3-benzoyl-4-(2-oxo-2-phenylethyl)-2-(m-tolyl)-1-tosylpyrrolidine-3-carbonitrile 

(3h): 
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White sticky solid (44.4 mg, yield: 79%); Diastereomeric ratio: 15:1;1H NMR (600 MHz, 

CDCl3): δ 7.85 (d, J = 7.3 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 

7.4 Hz, 1H), 7.44 (t, J = 7.8 Hz, 2H), 7.38 (dd, J = 16.5, 7.7 Hz, 4H), 7.28 – 7.22 (m, 3H), 7.18 

(d, J = 7.1 Hz, 2H), 7.12 (s, 1H), 4.95 (s, 1H), 4.44 (dd, J = 11.8, 7.4 Hz, 1H), 3.60 (t, J = 11.3 

Hz, 1H), 3.30 (ddd, J = 11.1, 9.6, 6.9 Hz, 1H), 3.22 (dd, J = 17.6, 9.3 Hz, 1H), 3.11 (dd, J = 17.5, 

4.5 Hz, 1H), 2.47 (s, 3H), 2.27 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 196.2, 191.7, 144.5, 

138.4, 136.0, 135.6, 135.3, 134.1, 134.0, 133.7, 130.4, 130.1, 129.6, 129.0, 128.8, 128.7, 128.4, 

128.2, 128.1, 125.3, 117.2, 72.0, 65.0, 53.1, 42.8, 38.2, 21.9, 21.6.HRMS (+ESI): Calc for 

C34H31N2O4S [M+H]+563.1999; found 563.1980; The enantiomeric ratio was determined by 

HPLC analysis using Daicel Chiralpak IB column (Initially polarity was 92:8 n-Hexane/2-PrOH 

and at 35.798 min polarity was increased to 75:25 n- Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 

nm, τminor = 21.3 min, τmajor = 48.4 min); Enantiomeric excess: 96%. 

(2R,3S,4S)-3-benzoyl-2-(3-fluorophenyl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3i): 

 

White sticky solid (45.9 mg, yield: 81%); Diastereomeric ratio: 15:1; 1H NMR (600 MHz, 

CDCl3): δ 7.84 (d, J = 7.3 Hz, 2H), 7.72 (d, J = 8.2 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.54 – 7.50 

(m, 1H), 7.48 – 7.42 (m, 4H), 7.39 (d, J = 8.1 Hz, 2H), 7.31 (t, J = 7.9 Hz, 3H), 7.18 – 7.11 (m, 

2H), 7.08 (t, J = 8.4 Hz, 1H), 5.04 (s, 1H), 4.40 (dd, J = 11.9, 6.9 Hz, 1H), 3.62 – 3.55 (m, 1H), 

3.25 (dd, J = 6.1, 3.4 Hz, 1H), 3.23 (t, J = 7.0 Hz, 1H), 3.13 (t, J = 10.7 Hz, 1H), 2.49 (s, 3H). 

13C NMR (151 MHz, CDCl3) δ 196.0, 191.3, 163.6, 162.0, 144.9, 138.5 (d, J = 5 Hz), 135.9, 

135.3, 134.3, 134.1, 133.3, 130.3, 129.5, 129.0, 128.6, 128.2 (d, J = 5 Hz), 123.8 ( d, J = 2 Hz), 

117.0, 116.7, 116.5, 115.4, 115.2, 71.2, 64.8, 53.2, 43.1, 38.1, 21.9; HRMS (+ESI): Calc for 

C33H28FN2O4S [M+H]+567.1748; found 567.1735; The enantiomeric ratio was determined by 

HPLC analysis using Daicel Chiralpak IB column (Initially the polarity was 93:7  n-Hexane/2-
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PrOH and at 32.984 min the polarity was increased to 70:30 n-Hexane/2-PrOH, 1.0 mL/min, 25 

°C 25 °C, 254 nm, τminor = 26.7 min, τmajor = 45.8 min); Enantiomeric excess: 98%. 

(2R,3S,4S)-3-benzoyl-2-(3-chlorophenyl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3j): 

 

White sticky solid (46.6 mg, yield: 80%); Diastereomeric ratio: 15:1; 1H NMR (600 MHz, 

CDCl3): δ 7.84 (d, J = 7.3 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.53 (d, J = 

7.4 Hz, 1H), 7.49 (d, J = 7.4 Hz, 2H), 7.44 (t, J = 7.8 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.35 (dd, 

J = 8.9, 2.1 Hz, 1H), 7.31 (dd, J = 15.9, 7.5 Hz, 5H), 5.03 (s, 1H), 4.42 (dd, J = 11.8, 7.1 Hz, 

1H), 3.65 – 3.54 (m, 1H), 3.31 – 3.25 (m, 1H), 3.23 (t, J = 11.3 Hz, 1H), 3.14 (dd, J = 16.7, 3.7 

Hz, 1H), 2.48 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 196.0, 191.1, 144.9, 138.0, 135.9, 135.2, 

134.7, 134.3, 134.1, 133.4, 130.3, 130.1, 129.7, 129.5, 129.0, 128.6, 128.3, 128.2, 128.1, 126.4, 

116.9, 71.1, 64.7, 53.1, 43.1, 38.1, 21.9; HRMS (+ESI): Calc for C33H28ClN2O4S 

[M+H]+583.1453; found 583.1458; The enantiomeric ratio was determined by HPLC analysis 

using Daicel Chiralpak IB column (Initially the polarity was 93:7  n-Hexane/2-PrOH and at 

34.039 min the polarity was increased to 70:30 n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, 

τminor = 27.4 min, τmajor = 51.4 min); Enantiomeric excess: 95%. 

(2R,3S,4S)-3-benzoyl-2-(3-bromophenyl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3k): 
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White sticky solid (47.7 mg, yield: 76%); Diastereomeric ratio: 15:1; 1H NMR (600 MHz, 

CDCl3): δ 7.87 – 7.82 (m, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.53 (d, J = 7.4 

Hz, 1H), 7.51 – 7.48 (m, 3H), 7.44 (t, J = 7.8 Hz, 2H), 7.42 – 7.34 (m, 4H), 7.32 (dd, J = 8.3, 7.6 

Hz, 2H), 7.23 (t, J = 7.8 Hz, 1H), 5.03 (s, 1H), 4.42 (dd, J = 11.8, 7.1 Hz, 1H), 3.62 – 3.54 (m, 

1H), 3.29 (dd, J = 10.1, 5.6 Hz, 1H), 3.22 (d, J = 9.0 Hz, 1H), 3.14 (dd, J = 17.0, 4.1 Hz, 1H), 

2.48 (s, 3H); 13C NMR (150 MHz, CDCl3):δ 196.0, 191.1, 144.9, 138.2, 135.9, 135.2, 134.4, 

134.1, 133.5, 132.6, 131.1, 130.3, 130.2, 129.5, 129.0, 128.7, 128.2, 128.1, 126.9, 122.8, 116.9, 

70.9, 64.7, 53.1, 43.1, 38.1, 21.9.HRMS (+ESI): Calc for C33H28BrN2O4S [M+H]+627.0948; 

found 627.0948; The enantiomeric ratio was determined by HPLC analysis using Daicel 

Chiralpak IB column (Initially the polarity was 93:7  n-Hexane/2-PrOH and at 35.047 min the 

polarity was increased to 70:30 n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 29.0 min, 

τmajor = 54.9 min); Enantiomeric excess: 91%. 

(2R,3S,4S)-3-benzoyl-4-(2-oxo-2-phenylethyl)-2-(o-tolyl)-1-tosylpyrrolidine-3-carbonitrile (3l): 

 

White sticky solid (42.7 mg, yield: 76%); Diastereomeric ratio:15:1; 1H NMR (600 MHz, 

CDCl3): δ 7.88 (d, J = 7.4 Hz, 2H), 7.81 (d, J = 7.6 Hz, 1H), 7.66 (d, J = 8.1 Hz, 2H), 7.58 (t, J = 

7.4 Hz, 1H), 7.50 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.8 Hz, 2H), 7.38 (d, J = 7.6 Hz, 2H), 7.33 (d, J 

= 8.0 Hz, 3H), 7.28 (t, J = 6.9 Hz, 1H), 7.26 – 7.21 (m, 2H), 7.02 (d, J = 7.5 Hz, 1H), 5.30 (d, J = 

5.7 Hz, 1H), 4.46 (dd, J = 11.6, 7.2 Hz, 1H), 3.59 (t, J = 11.1 Hz, 1H), 3.46 (td, J = 10.8, 4.1 Hz, 

1H), 3.24 (dd, J = 17.6, 9.6 Hz, 1H), 3.14 (dd, J = 17.5, 4.1 Hz, 1H), 2.46 (s, 3H), 1.94 (s, 3H); 

13C NMR (150 MHz, CDCl3): δ 196.2, 191.3, 144.5, 136.1, 136.0, 134.7, 134.4, 134.2, 134.0, 

130.6, 130.1, 129.5, 129.2, 129.0, 128.9, 128.5, 128.3, 128.0, 126.7, 117.4, 66.7, 64.3, 52.8, 43.0, 

38.2, 21.9, 19.6; HRMS (+ESI): Calc for C34H31N2O4S [M+H]+563.1999; found 563.1995; The 

enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak IA column (80:20 
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n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor= 10.5 min, τmajor = 23.6 min); Enantiomeric 

excess: 87%. 

(2S,3S,4S)-3-benzoyl-2-(2-fluorophenyl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3m): 

 

White sticky solid (42.4 mg, yield: 75%); Diastereomeric ratio: 15:1; 1H NMR (600 MHz, 

CDCl3): δ 7.85 (d, J = 7.3 Hz, 2H), 7.81 (d, J = 7.8 Hz, 2H), 7.58 (t, J = 6.8 Hz, 3H), 7.53 (t, J = 

7.4 Hz, 2H), 7.44 (dd, J = 13.3, 5.7 Hz, 4H), 7.40 – 7.37 (m, 1H), 7.31 (t, J = 7.9 Hz, 3H), 6.94 

(t, J = 9.2 Hz, 1H), 5.40 (s, 1H), 4.38 (dd, J = 12.1, 6.7 Hz, 1H), 3.59 (dd, J = 12.0, 10.3 Hz, 1H), 

3.24 – 3.08 (m, 3H), 2.49 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 196.01, 190.57, 161.00, 

159.36, 144.86, 135.92, 134.91, 134.22, 133.99, 131.04, 130.99, 130.34, 129.35, 128.97, 128.56, 

128.29, 128.19, 124.96, 124.27, 124.19, 117.07, 77.44, 77.23, 77.02, 63.88, 53.03, 43.49, 38.01, 

21.94; HRMS (+ESI): Calc for C33H28FN2O4S [M+NH4]
+ 584.2014; found 584.2019; The 

enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak IA column 

(85:15n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 26.5 min, τmajor = 31.0 min); 

Enantiomeric excess: 96%. 

 

(2S,3S,4S)-3-benzoyl-2-(2-chlorophenyl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3n): 
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White sticky solid (43.1 mg, yield: 74%); Diastereomeric ratio: 15:1; 1H NMR (600 MHz, 

CDCl3): δ 8.05 (d, J = 9.2 Hz, 1H), 7.85 (dd, J = 14.3, 7.7 Hz, 4H), 7.58 (t, J = 7.4 Hz, 1H), 7.54 

– 7.50 (m, 2H), 7.50 – 7.46 (m, 3H), 7.45 (t, J = 8.0 Hz, 3H), 7.37 (t, J = 7.7 Hz, 1H), 7.28 (dd, J 

= 10.5, 5.4 Hz, 3H), 5.53 (s, 1H), 4.34 (dd, J = 12.1, 6.4 Hz, 1H), 3.62 (dd, J = 11.9, 9.6 Hz, 1H), 

3.21 (dd, J = 18.3, 6.8 Hz, 2H), 3.13 (t, J = 10.9 Hz, 1H), 2.50 (s, 3H); 13C NMR (150 MHz, 

CDCl3):δ 196.1, 190.3, 144.9, 136.0, 134.8, 134.7, 134.4, 134.0, 133.6, 132.5, 130.7, 130.6, 

130.3, 129.5, 129.4, 129.0, 128.52, 128.50, 128.2, 127.7, 117.1, 66.7, 63.6, 53.0, 43.3, 38.1, 

22.0; HRMS (+ESI): Calc for C33H28ClN2O4S [M+H]+ 583.1453; found 583.1453; The 

enantiomeric ratio was determined by HPLC analysis using Daicel Phenomenex Lux C1 column 

(85:15n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 17.9 min, τmajor = 39.1 min); 

Enantiomeric excess: 96%. 

(2R,3S,4S)-3-benzoyl-2-(naphthalen-1-yl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3o): 

 

White sticky solid (47.9 mg, yield: 80%); Diastereomeric ratio: 16:1; 1H NMR (600 MHz, 

CDCl3): δ 8.17 (d, J = 7.2 Hz, 1H), 7.91 (d, J = 8.1 Hz, 1H), 7.85 (dd, J = 19.8, 8.3 Hz, 3H), 

7.74 (d, J = 8.2 Hz, 2H), 7.66 (t, J = 7.7 Hz, 1H), 7.58 (t, J = 7.4 Hz, 1H), 7.46 (dd, J = 13.6, 5.8 

Hz, 3H), 7.40 (d, J = 8.0 Hz, 2H), 7.32 (dd, J = 16.0, 8.1 Hz, 2H), 7.24 – 7.19 (m, 1H), 7.18 (d, J 

= 7.5 Hz, 2H), 7.04 (t, J = 7.9 Hz, 2H), 5.99 (s, 1H), 4.47 (dd, J = 11.9, 7.1 Hz, 1H), 3.70 (dd, J 
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= 11.8, 10.4 Hz, 1H), 3.45 – 3.37 (m, 1H), 3.29 (dd, J = 17.7, 9.7 Hz, 1H), 3.14 (dd, J = 17.7, 4.0 

Hz, 1H), 2.50 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 196.1, 192.2, 144.7, 136.0, 134.8, 134.0, 

133.6, 133.3, 132.1, 131.0, 130.2, 129.9, 129.4, 129.2, 129.0, 128.3, 128.2, 128.1, 127.4, 126.9, 

125.8, 125.7, 121.7, 117.3, 66.3, 65.1, 53.2, 44.0, 38.2, 22.0; HRMS (+ESI): Calc for 

C37H31N2O4S [M+H]+ 599.1999; found 599.197; The enantiomeric ratio was determined by 

HPLC analysis using Daicel Chiralpak IB column (85:15n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 

254 nm, τminor = 12.9 min, τmajor = 25.4 min); Enantiomeric excess: 87%. 

(2R,3S,4S)-3-benzoyl-2-(naphthalen-2-yl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3p): 

 

White sticky solid (48.4 mg, yield: 81%); Diastereomeric ratio: 16:1; 1H NMR (600 MHz, 

CDCl3) δ 7.86 (d, J = 8.5 Hz, 4H), 7.70 (d, J = 8.2 Hz, 4H), 7.58 (dd, J = 13.6, 6.4 Hz, 3H), 7.51 

– 7.48 (m, 2H), 7.46 – 7.42 (m, 3H), 7.42 – 7.38 (m, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.15 (t, J = 

7.9 Hz, 2H), 5.20 (s, 1H), 4.49 (dd, J = 11.8, 7.4 Hz, 1H), 3.74 – 3.63 (m, 1H), 3.41 – 3.32 (m, 

1H), 3.30 – 3.25 (m, 1H), 3.15 (dd, J = 17.7, 4.6 Hz, 1H), 2.44 (s, 3H); 13CNMR (150 MHz, 

CDCl3)δ 196.2, 191.7, 144.6, 136.0, 135.3, 134.1, 134.0, 133.9, 133.7, 133.2, 133.0, 130.2, 

129.5, 129.0, 128.7, 128.5, 128.4, 128.2, 128.1, 128.0, 127.8, 126.9, 126.6, 117.3, 72.0, 65.0, 

53.2, 43.0, 38.2, 21.9; HRMS (+ESI): Calc for C37H31N2O4S [M+H]+599.1999; found 599.199; 

The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak IB column 

(85:15n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 14.7 min, τmajor = 32.9 min); 

Enantiomeric excess: 88%. 

 

(2R,3S,4S)-3-benzoyl-2-(2,4-dimethylphenyl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3q): 
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White sticky solid (44.9 mg, yield: 78%); Diastereomeric ratio: 15:1; 1H NMR (600 MHz, 

CDCl3): δ 7.88 (d, J = 7.4 Hz, 2H), 7.70 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.1 Hz, 2H), 7.58 (t, J = 

7.4 Hz, 1H), 7.51 (d, J = 7.4 Hz, 1H), 7.45 (t, J = 7.8 Hz, 2H), 7.40 (d, J = 7.6 Hz, 2H), 7.34 (d, J 

= 8.0 Hz, 2H), 7.26 (dd, J = 9.1, 6.7 Hz, 2H), 7.15 (d, J = 7.7 Hz, 1H), 6.84 (s, 1H), 5.25 (s, 1H), 

4.43 (dd, J = 11.7, 7.2 Hz, 1H), 3.58 (t, J = 11.2 Hz, 1H), 3.43 (dd, J = 20.6, 10.7 Hz, 1H), 3.23 

(dd, J = 17.6, 9.6 Hz, 1H), 3.12 (dd, J = 17.5, 4.1 Hz, 1H), 2.47 (s, 3H), 2.34 (s, 3H), 1.89 (s, 

3H); 13C NMR (151 MHz, CDCl3):δ 196.3, 191.5, 144.4, 138.9, 136.0, 135.8, 134.8, 134.4, 

134.1, 133.9, 131.3, 130.0, 129.5, 129.0, 128.5, 128.3, 128.1, 127.6, 117.5, 66.7, 64.5, 52.8, 43.0, 

38.2, 21.9, 21.4, 19.5.HRMS (+ESI): Calc for C35H33N2O4S [M+H]+577.2156; found 577.2134; 

The enantiomeric ratio was determined by HPLC analysis using Merck OD column (85:15n-

Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 14.4 min, τmajor = 49.5 min); Enantiomeric 

excess: 91%. 

(2S,3S,4S)-3-benzoyl-2-(2,4-dichlorophenyl)-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-

carbonitrile (3r): 

 

White sticky solid (46.9 mg, yield: 76%); Diastereomeric ratio: 7:1; 1H NMR (600 MHz, 

CDCl3): δ 7.97 (d, J = 8.5 Hz, 1H), 7.86 (d, J = 7.3 Hz, 2H), 7.82 (d, J = 8.2 Hz, 2H), 7.55 (dd, J 

= 12.9, 8.0 Hz, 4H), 7.50 – 7.44 (m, 5H), 7.33 (dd, J = 8.3, 7.5 Hz, 2H), 7.30 (d, J = 2.1 Hz, 1H), 

5.49 (s, 1H), 4.33 – 4.27 (m, 1H), 3.62 – 3.56 (m, 1H), 3.21 (dd, J = 12.1, 7.6 Hz, 2H), 3.14 (t, J 

= 10.9 Hz, 1H), 2.51 (s, 3H); 13C NMR (150 MHz, CDCl3):δ 196.0, 190.2, 145.1, 135.9, 135.8, 
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135.0, 134.7, 134.6, 134.2, 134.1, 133.6, 132.3, 131.6, 130.4, 129.4, 129.3, 129.0, 128.7, 128.5, 

128.2, 117.0, 66.4, 63.4, 53.0, 43.4, 38.1, 22.0; HRMS (+ESI): Calc for C33H27Cl2N2O4S 

[M+H]+617.1063; found 617.1073; The enantiomeric ratio was determined by HPLC analysis 

using Daicel Chiralpak IB column (90:10 n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 

15.7 min, τmajor = 34.6 min); Enantiomeric excess: 99%. 

(2R,3S,4S)-3-benzoyl-2-cyclohexyl-4-(2-oxo-2-phenylethyl)-1-tosylpyrrolidine-3-carbonitrile 

(3s): 

 

White sticky solid (39.9 mg, yield: 72%); Diastereomeric ratio:16:1; 1H NMR (600 MHz, 

CDCl3): δ 7.87 (d, J = 7.4 Hz, 2H), 7.83 (d, J = 7.3 Hz, 2H), 7.77 (d, J = 8.3 Hz, 2H), 7.61 (t, J = 

7.5 Hz, 1H), 7.57 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.8 Hz, 2H), 7.44 (t, J = 7.8 Hz, 2H), 7.32 (d, J 

= 8.1 Hz, 2H), 4.36 (d, J = 6.5 Hz, 1H), 4.19 (dd, J = 13.1, 6.7 Hz, 1H), 3.26 (dd, J = 17.6, 4.8 

Hz, 1H), 3.19 – 3.08 (m, 2H), 2.92 – 2.79 (m, 1H), 2.44 (s, 3H), 2.12 – 2.03 (m, 1H), 2.01 (d, J = 

12.3 Hz, 1H), 1.85 (d, J = 12.6 Hz, 1H), 1.74 (d, J = 10.9 Hz, 1H), 1.68 (d, J = 12.7 Hz, 1H), 

1.43 – 1.27 (m, 5H), 1.19 (d, J = 16.0 Hz, 1H); 13C NMR (150 MHz,CDCl3):δ 196.3, 192.0, 

144.4, 136.0, 135.2, 135.0, 133.9, 133.8, 130.1, 129.2, 129.0, 128.9, 128.3, 128.2, 117.8, 71.3, 

62.5, 54.0, 43.12, 43.11, 38.6, 31.6, 29.8, 26.5, 26.4, 26.1, 21.9; HRMS (+ESI): Calc for 

C33H35N2O4S [M+H]+555.2312; found 555.2322; The enantiomeric ratio was determined by 

HPLC analysis using Daicel Chiralpak IB column (80:20 n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 

254 nm, τminor = 7.1 min, τmajor = 18.4 min); Enantiomeric excess: 78%. 

 

(2R,3S,4S)-3-benzoyl-4-(2-oxo-2-(p-tolyl)ethyl)-2-phenyl-1-tosylpyrrolidine-3-carbonitrile (3t): 
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White sticky solid (45.0 mg, yield: 80%); Diastereomeric ratio: 15:1; 1H NMR (400 MHz, 

CDCl3) δ 7.72 (dd, J = 16.1, 8.2 Hz, 4H), 7.48 (t, J = 7.4 Hz, 1H), 7.43 – 7.34 (m, 9H), 7.26 (dd, 

J = 8.8, 7.1 Hz, 4H), 4.99 (s, 1H), 4.40 (dd, J = 11.8, 7.4 Hz, 1H), 3.67 – 3.56 (m, 1H), 3.30 (dt, 

J = 22.4, 7.6 Hz, 1H), 3.20 (dd, J = 17.3, 9.0 Hz, 1H), 3.08 (dd, J = 17.3, 4.5 Hz, 1H), 2.47 (s, 

3H), 2.39 (s, 3H); 13C NMR (150 MHz, CDCl3) δ 195.8, 191.7, 145.0, 144.6, 135.8, 135.4, 

134.1, 133.5, 133.4, 130.2, 129.7, 129.6, 129.5, 128.8, 128.5, 128.4, 128.2, 128.1, 117.3, 72.1, 

65.0, 53.3, 42.9, 38.1, 21.9; HRMS (+ESI): Calc for C34H31N2O4S [M+NH4]+580.2265; found 

580.2276; The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak IB 

column (80:20 n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 12.0 min, τmajor = 16.8 

min); Enantiomeric excess: 91%. 

(2R,3S,4S)-3-benzoyl-4-(2-(4-methoxyphenyl)-2-oxoethyl)-2-phenyl-1-tosylpyrrolidine-3-

carbonitrile (3u): 

 

White sticky solid (45.7 mg, yield: 79%); Diastereomeric ratio: 15:1; 1H NMR (600 MHz, 

CDCl3): δ 7.84 (d, J = 8.9 Hz, 2H), 7.72 (d, J = 8.2 Hz, 2H), 7.50 (t, J = 7.4 Hz, 1H), 7.44 – 7.35 

(m, 9H), 7.30 – 7.26 (m, 2H), 6.91 (d, J = 8.9 Hz, 2H), 5.00 (s, 1H), 4.41 (dd, J = 11.8, 7.5 Hz, 

1H), 3.87 (s, 3H), 3.63 (t, J = 11.3 Hz, 1H), 3.34 – 3.26 (m, 1H), 3.20 (dd, J = 17.4, 9.2 Hz, 1H), 

3.08 (dd, J = 17.4, 4.7 Hz, 1H), 2.49 (s, 3H); 13C NMR (150 MHz,CDCl3): δ 194.6, 191.6, 

164.1, 144.6, 135.8, 135.4, 134.0, 133.4, 130.6, 130.2, 129.9, 129.6, 1295, 129.0, 128.8, 128.4, 

.128.2, 128.1, 126.6, 117.3, 114.1, 72.0 65.0, 55.7, 53.3, 43.0, 37.8, 21.9; HRMS (+ESI): Calc 



S 21 
 

for C34H31N2O5S [M+NH4]+ 579.1948; found 579.1955; The enantiomeric ratio was determined 

by HPLC analysis using Daicel Chiralpak IB column (70:30 n-Hexane/2-PrOH, 1.0 mL/min, 25 

°C, 254 nm, τminor = 12.8 min, τmajor = 13.9 min); Enantiomeric excess: 57%. 

(2R,3S,4S)-3-benzoyl-4-(2-(4-chlorophenyl)-2-oxoethyl)-2-phenyl-1-tosylpyrrolidine-3-

carbonitrile (3v): 

 

White sticky solid (46.6 mg, yield: 80%); Diastereomeric ratio: 15:1; 1H NMR (600 MHz, 

CDCl3): δ 7.81 (d, J = 8.6 Hz, 2H), 7.71 (d, J = 8.2 Hz, 2H), 7.51 (t, J = 7.4 Hz, 1H), 7.46 – 7.34 

(m, 11H), 7.31 – 7.26 (m, 2H), 4.96 (s, 1H), 4.42 (dd, J = 11.8, 7.5 Hz, 1H), 3.62 (t, J = 11.3 Hz, 

1H), 3.32 (ddd, J = 16.3, 10.5, 4.7 Hz, 1H), 3.20 (dd, J = 17.7, 9.1 Hz, 1H), 3.10 (dd, J = 17.7, 

4.7 Hz, 1H), 2.50 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 195.0, 191.4, 144.7, 140.5, 135.6, 

135.2, 134.2, 134.1, 133.4, 130.2, 129.7, 129.6, 129.6, 129.3, 128.8, 128.5, 128.2, 128.1, 117.2, 

72.0, 64.8, 53.1, 42.7, 38.2, 21.9; HRMS (+ESI): Calc for C33H28ClN2O4S [M+H]+583.1453; 

found 583.1456; The enantiomeric ratio was determined by HPLC analysis using Daicel 

Chiralpak IB column (80:20 n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 15.5 min, 

τmajor = 16.9 min); Enantiomeric excess: 67%. 

 

 

 

 

(2R,3S,4S)-3-benzoyl-4-(2-(4-bromophenyl)-2-oxoethyl)-2-phenyl-1-tosylpyrrolidine-3-

carbonitrile (3w): 
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White sticky solid (48.9 mg, yield: 78%); Diastereomeric ratio: 15:1; 1H NMR (600 MHz, 

CDCl3): δ 7.71 (dt, J = 16.3, 7.1 Hz, 4H), 7.60 (d, J = 8.5 Hz, 2H), 7.51 (t, J = 7.4 Hz, 1H), 7.45 

– 7.32 (m, 9H), 7.29 – 7.26 (m, 2H), 4.96 (s, 1H), 4.42 (dd, J = 11.8, 7.5 Hz, 1H), 3.62 (t, J = 

11.3 Hz, 1H), 3.36 – 3.28 (m, 1H), 3.19 (dd, J = 17.7, 9.1 Hz, 1H), 3.09 (dd, J = 17.7, 4.7 Hz, 

1H), 2.50 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 195.2, 191.4, 144.7, 135.6, 135.2, 134.6, 

134.2, 133.5, 132.3, 130.2, 129.7, 129.6, 129.6, 129.4, 129.3, 128.8, 128.7, 128.5, 128.2, 128.1, 

117.2, 72.0, 64.8, 53.1, 42.7, 38.2, 21.9; HRMS (+ESI): Calc for C33H28BrN2O4S 

[M+H]+627.0948; found 627.0949; The enantiomeric ratio was determined by HPLC analysis 

using Daicel Chiralpak IB column (80:20 n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 

17.4 min, τmajor = 18.4 min); Enantiomeric excess: 60%. 

(2R,3S,4S)-3-benzoyl-2-(3-fluorophenyl)-4-(2-(4-methoxyphenyl)-2-oxoethyl)-1-

tosylpyrrolidine-3-carbonitrile (3x): 

 

White sticky solid (44.7 mg, yield: 75%); Diastereomeric ratio: 7:1; 1H NMR (400 MHz, 

CDCl3): δ 7.81 (d, J = 8.9 Hz, 2H), 7.71 (d, J = 8.2 Hz, 2H), 7.53 – 7.46 (m, 3H), 7.38 (d, J = 

8.0 Hz, 2H), 7.30 (t, J = 7.9 Hz, 3H), 7.10 (dt, J = 17.6, 8.0 Hz, 3H), 6.89 (d, J = 8.9 Hz, 2H), 

5.07 (s, 1H), 4.37 (dd, J = 11.8, 7.1 Hz, 1H), 3.85 (s, 3H), 3.59 (dd, J = 11.6, 10.7 Hz, 1H), 3.25 

(ddd, J = 12.9, 7.3, 3.8 Hz, 1H), 3.21 – 3.03 (m, 2H), 2.48 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ 194.4, 191.3, 164.2, 144.8, 138.7 (d, J = 7 Hz), 135.4, 134.2, 130.6, 130.2, 129.6, 

129.5, 129.2, 128.6, 128.2, 123.8 (d, J = 3 Hz), 117.0, 116.6, 116.4, 115.4, 115.2, 114.1, 71.2, 



S 23 
 

64.9, 55.7, 53.3, 43.4, 37.7, 21.9; HRMS (+ESI): Calc for C34H30FN2O5S [M+H]+597.1845; 

found 597.1852; The enantiomeric ratio was determined by HPLC analysis using Daicel 

Chiralpak IB column (80:20 n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 19.6 min, 

τmajor = 21.1 min); Enantiomeric excess: 90%. 

(2R,3S,4S)-3-benzoyl-4-(2-(4-chlorophenyl)-2-oxoethyl)-2-(3-fluorophenyl)-1-tosylpyrrolidine-

3-carbonitrile (3y): 

 

White sticky solid (46.3 mg, yield: 77%); Diastereomeric ratio: 10:1; 1H NMR (400 MHz, 

CDCl3): δ 7.78 (d, J = 8.6 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.51 (d, J = 7.4 Hz, 1H), 7.47 (d, J 

= 7.4 Hz, 2H), 7.39 (dd, J = 13.4, 8.4 Hz, 4H), 7.30 (t, J = 7.9 Hz, 3H), 7.15 – 7.06 (m, 3H), 5.04 

(s, 1H), 4.38 (dd, J = 11.8, 7.3 Hz, 1H), 3.64 – 3.51 (m, 1H), 3.27 (ddd, J = 10.4, 7.7, 4.9 Hz, 

1H), 3.22 – 3.06 (m, 2H), 2.48 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 194.9, 191.1, 164.1, 

161.6, 144.9, 140.6, 138.5 (d, J = 7 Hz), 135.3, 134.3 (d, J = 7 Hz), 133.6, 130.2, 129.6, 129.5, 

129.3, 128.6, 128.2, 123.9 (d, J = 3 Hz), 117.0, 116.7, 116.5, 115.5, 115.3, 71.2, 64.7, 53.1, 43.0, 

38.1, 21.9; HRMS (+ESI): Calc for C33H27ClFN2O4S [M+H]+ 601.1359; found 601.1361; The 

enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak IB column (80:20 

n-Hexane/2-PrOH, 1.0 mL/min, 25 °C, 254 nm, τminor = 15.2 min, τmajor = 16.7 min); 

Enantiomeric excess: 93%. 
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G. 4-methoxyphenyl 2-((3S,4S,5R)-4-benzoyl-4-cyano-5-(3-fluorophenyl)-1-tosylpyrrolidin-3-

yl)acetate (4): 

 

 

General procedure for the synthesis of compound 4: 

To a solution of 3x (0.1 mmol) in MTBE (4 ml), was added disodium hydrogen phosphate (0.3 

mmol) and m-CPBA (0.3 mmol). The reaction mixture was stirred at room temperature for 48h. 

Then the solvent was evaporated and the crude product was purified by column chromatography 

using 15% ethyl acetate in hexane as the eluent.  

White sticky solid (24.5 mg, yield: 40%); Diastereomeric ratio: 7:1; 1H NMR (400 MHz, 

CDCl3) δ 7.65 (d, J = 8.3 Hz, 2H), 7.53 (t, J = 8.1 Hz, 2H), 7.46 (d, J = 7.4 Hz, 2H), 7.36 – 7.27 

(m, 5H), 7.14 – 7.07 (m, 2H), 6.90 (td, J = 9.3, 5.2 Hz, 4H), 5.04 (s, 1H), 4.36 (dd, J = 11.8, 7.4 

Hz, 1H), 3.80 (s, 3H), 3.68 (t, J = 11.4 Hz, 1H), 3.27 – 3.11 (m, 1H), 2.76 (qd, J = 16.9, 7.3 Hz, 

2H), 2.46 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 191.0, 169.1, 157.8, 144.9, 143.8, 138.3 (d, J 

= 8 Hz), 135.1, 134.5, 133.6, 130.5, 130.4, 130.3, 129.6, 128.7, 128.1, 123.9 (d, J = 3 Hz), 122.2, 

116.6 (d, J = 2 Hz), 115.5, 115.3, 114.8, 71.4, 64.5, 55.8, 52.9, 43.5, 36.9, 21.9; HRMS (+ESI): 

Calc for C34H30FN2O6S [M+H]+ 613.1803; found 613.1804; The enantiomeric ratio was 

determined by HPLC analysis using Phenomenex lux C1 column (88:12 n-Hexane/2-PrOH, 1.0 

mL/min, 25 °C, 254 nm, τminor = 77.7min, τmajor = 83.8 min); Enantiomeric excess: 90%. 
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I. NMR Spectra of compounds (3a-3y): 
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J. NMR Spectra of compounds 4: 
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K. HPLC chromatograms of (3a-3y): 
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L. HPLC chromatograms of 4: 

 

 


