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1. General information and starting materials     
General Information. Unless otherwise noted, materials were purchased from commercial 
suppliers and used without further purification. Column chromatography was performed on silica 
gel (100~200 mesh). Enantiomeric excesses (ee) were determined by HPLC using corresponding 
commercial chiral columns as stated at 30 °C with UV detector at 254 nm. Optical rotations were 
reported as follows: [α]T

D (c g/100 mL, solvent). 1H and 13C NMR spectra were recorded on either 
a VARIAN INOVA-400 spectrometer (400 MHz for 1H, 100 MHz for 13C) or a BRUKER 
AVANCE II-400 spectrometer (400 MHz for 1H, 101 MHz for 13C) with chemical shifts reported 
as ppm (in CDCl3, TMS as internal standard). High resolution mass spectrometry data were 
obtained with an HP1100 LC/MSD mass spectrometer and an LC/Q-TOF MS spectrometer.  
Starting materials.  All solvents and materials were purchased from commercial sources and 
used without purification unless otherwise noted. Chiral guanidines G1 and G2 were prepared 
from L-tartaric acid according to the literature.1 Natural cinchona alkaloids and dihydroquinine 
were purchased from commercial sources and used without further purification. Cinchona alkaloid 
derived catalysts Q-4a and Q-4b were prepared according to literature methods.2 Racemic samples 
of 3 were prepared with 0.1 equiv. N,N,N',N'-tetramethylguanidine (TMG) as the catalyst in 
CH2Cl2 at room temperature.  
 
2. Preparation of 5-substituted rhodanines 

 
The mercapto carboxylic acids other than 2-mercapto-propanoic acid were prepared following 

the literature procedures.3 5-Substituted rhodanines were prepared from the corresponding 
mercapto carboxylic acids and isothiocyanates according to the literature procedure.4 

 

5-allyl-3-phenyl-2-thioxothiazolidin-4-one (1e) 
Yellow solid; mp: 64.7-65.3 oC; 1H NMR (400 MHz, CDCl3): δ 
2.76-2.83 (1H, m), 2.97-3.02 (1H, m), 4.47 (1H, dd, J = 4.1, 8.3 Hz), 
5.26-5.30 (2H, m), 5.82-5.90 (1H, m), 7.16-7.18 (2H, m), 7.48-7.55 
(3H, m); 13C NMR (100 MHz, CDCl3): δ 33.5, 48.1, 117.4, 125.3, 
126.6, 126.7, 132.0, 172.6, 197.6; HRMS (ESI) m/z calcd for 
C12H11NOS2Na+ ([M+Na]+) 272.0180, found 272.0184. 

5-(2-(methylthio)ethyl)-3-phenyl-2-thioxothiazolidin-4-one (1f) 
Yellowish solid; mp: 97.5-99.1 oC; 1H NMR (400 MHz, CDCl3): δ 
2.11 (3H, s), 2.37-2.46(1H, m), 2.51-2.59 (1H, m), 2.68-2.82 (2H, m), 
4.57 (1H, dd, J = 4.8, 7.8 Hz), 7.20-7.22 (2H, m), 7.49-7.53 (3H, m); 
13C NMR (100 MHz, CDCl3): δ 15.3, 31.0, 31.5, 50.5, 128.4, 129.7, 
129.9, 135.3, 176.3, 200.8; HRMS (ESI) m/z calcd for 
C12H13NOS3Na+

 ([M+Na]+) 306.0057, found 306.0062. 
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5-(o-methylbenzyl)-3-phenyl-2-thioxothiazolidin-4-one (1i)  
Yellow solid; mp: 108.5-110.7 oC; 1H NMR (400 MHz, CDCl3): δ 
2.40 (3H, s), 3.23 (1H, dd, J = 10.3, 14.4 Hz), 3.73 (1H, dd, J = 3.9, 
10.3 Hz), 4.66 (1H, dd, J = 3.9, 14.4 Hz), 7.14-7.25 (6H, m), 
7.49-7.55 (3H, m); 13C NMR (100 MHz, CDCl3): δ 19.8, 36.1, 52.7, 
52.8, 126.6, 128.0, 128.5, 129.4, 129.7, 129.9, 131.1, 134.3, 135.1, 
136.7, 175.7, 200.6; HRMS (ESI) m/z calcd for C17H15NOS2Na+ 

([M+Na]+) 336.0493, found 336.0498. 
5-(m-bromobenzyl)-3-phenyl-2-thioxothiazolidin-4-one (1j)  

Yellow solid; mp: 123.9-124.7 oC ; 1H NMR (400 MHz, CDCl3): δ 3.33 
(1H, dd, J = 8.3, 14.0 Hz), 3.47 (1H, dd, J = 4.0, 14.0 Hz), 4.65 (1H, dd, 
J = 4.0, 8.3 Hz), 7.02-7.03 (2H, m), 7.21-7.25 (2H, m), 7.44-7.53 (5H, 
m); 13C NMR (100 MHz, CDCl3): δ 19.8, 36.1, 52.7, 52.8, 126.6, 128.0, 
128.5, 129.4, 129.7, 129.9, 131.1, 134.3, 135.1, 136.7, 175.7, 200.6; 
HRMS (ESI) m/z calcd for C16H12NOS2BrNa+ ([M+Na]+) 399.9441, 
found 399.9443. 

5-(4-methylbenzyl)-3-phenyl-2-thioxothiazolidin-4-one (1k)  
Yellow solid; mp: 119.2-120.8 oC; 1H NMR (400 MHz, CDCl3): δ 
2.36 (3H, s), 3.30 (1H, dd, J = 8.7, 14.0 Hz), 3.50 (1H, dd, J = 3.9, 
14.0 Hz), 4.66 (1H, dd, J = 3.9, 8.7 Hz), 6.99-7.02 (2H, m), 7.14-7.19 
(4H, m), 7.46-7.52 (3H, m); 13C NMR (101 MHz, CDCl3): δ 21.2, 
38.1, 53.5, 128.3, 129.4, 129.6, 129.6, 129.7, 132.1, 135.0, 137.6, 
175.5, 200.5; HRMS (ESI) m/z calcd for C17H15NOS2Na+  
([M+Na]+) 336.0943, found 336.0940. 

5-(4-chlorobenzyl)-3-phenyl-2-thioxothiazolidin-4-one (1l)  
Yellow solid; mp: 148.2-148.9 oC; 1H NMR (400 MHz, CDCl3): δ 
3.33 (1H, dd, J = 8.3, 14.1 Hz), 3.47 (1H, dd, J = 3.9, 14.1 Hz), 
4.64 (1H, dd, J = 4.0, 8.2 Hz), 6.98-6.70 (2H, m), 7.22 (2H, d, J = 
8.4 Hz), 7.33 (2H, d, J = 8.4 Hz), 7.47-7.52 (3H, m); 13C NMR (100 
MHz, CDCl3): δ 37.8, 53.0, 53.1, 128.3, 129.1, 129.8, 131.1, 133.6, 
134.0, 134.9, 175.3, 200.0; HRMS (ESI) m/z calcd for 

C16H12NOS2ClNa+
 ([M+Na]+) 355.9947, found 355.9950. 

5-(3,4-dichlorobenzyl)-3-phenyl-2-thioxothiazolidin-4-one (1m)  
Yellow solid; mp: 122.8-123.5 oC; 1H NMR (400 MHz, CDCl3): 
δ 3.33 (1H, dd, J = 8.2, 14.1 Hz), 3.47 (1H, dd, J = 4.1, 14.1 Hz), 
4.64 (1H, dd, J = 4.1, 8.2 Hz), 6.99-7.15 (3H, m), 7.39 -7.52 (5H, 
m); 13C NMR (101 MHz, CDCl3): δ 37.4, 52.6, 128.2, 129.0, 
129.7, 129.9, 130.8, 131.4, 132.2, 132.9, 134.8, 135.3, 175.1, 
199.4; HRMS (ESI) m/z calcd for C16H11NOS2Cl2Na+ ([M+Na]+) 
389.9557, found 389.9562. 
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3-(4-fluorophenyl)-5-methyl-2-thioxothiazolidin-4-one (1p)  

Yellow solid; mp: 124.5-125.9 oC; 1H NMR (400 MHz, CDCl3): δ 1.78 
(3H, d, J = 7.3 Hz), 4.39 (1H, q, J = 7.3 Hz), 7.17-7.25 (4H, m); 19F NMR 
(376 MHz, CDCl3): δ -110.57 (1F, s); 13C NMR (100 MHz, CDCl3): δ 
18.5, 45.9, 116.8 (d, J = 23 Hz), 130.5 (d, J = 9 Hz), 130.9 (d, J = 3 Hz), 
163.0 (d, J = 248 Hz), 176.8, 200.5; HRMS (ESI) m/z calcd for 
C10H7NOFS2

-
 ([M-H]-) 239.9953, found 239.9954.  

3-(3,5-trifluoromethylphenyl)-5-methyl-2-thioxothiazolidin-4-one (1u)  

Yellowish solid; mp: 112.7-113.5 oC; 1H NMR (400 MHz, CDCl3): δ 
1.84 (3H, d, J = 7.3 Hz), 4.48 (1H, q, J = 7.3 Hz), 7.73 (2H, s), 7.99 
(1H, s); 19F NMR (376 MHz, CDCl3): δ -62.86 (6F, s); 13C NMR (100 
MHz, CDCl3): δ 18.3, 46.1, 122.6 (q, J = 272 Hz), 123.6 (2q, J = 3 Hz), 
129.4 (q, J = 3 Hz), 133.0 (q, J = 34 Hz), 136.2, 176.1, 199.1; HRMS 
(ESI) m/z calcd for C12H6NOS2F6Na+

 ([M+Na]+) 357.9795, found 
357.9788. 

 
3. General procedure for the enantioselective α-amination reaction  
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CH2Cl2, -60 oC

1a-u 2a 3a-u  
To a solution of 5-substituted rhodanines 1 (0.2 mmol) and catalyst quinine or quinidine (0.01 

mmol) in CH2Cl2 (2.0 mL) was added 2 (0.22 mmol). The reaction mixture was kept at -60 °C 
until complete consumption of 1. Purification of the reaction mixture by chromatography on silica 
gel afforded the desired product 3.       
 
4. Analytical data and HPLC analyses of α-aminated products 
 
(S)-diethyl 1-(5-methyl-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2-dicarboxylate 
(3a)   

Yellowish solid; mp: 74.2-75.9 oC；99% yield and 95% ee; 1H NMR 
for rotamers (400 MHz, CDCl3): δ 1.26-1.37 (6H, m, OCH2CH3 
rotamers), 1.96 (3H, s), 4.24-4.31 (4H, m, OCH2CH3 rotamers), 6.51, 
6.77(1H, 2s, NH rotamers), 7.26-7.31 (m, 2H), 7.48-7.53 (3H, m); 
13C NMR for rotamers (100 MHz, CDCl3): δ 14.5, 14.6, 25.6, 63.0, 

63.3, 64.1, 75.8, 128.6, 129.5, 129.7, 135.6, 153.8, 154.2, 155.8, 156.7, 174.1, 174.4, 199.7, 200.5; 
HRMS (ESI) m/z calcd for C16H19N3O5S2K+

 ([M+K]+) 436.0403, found 436.0398; [α]D
20 = +113.4 

(c 0.39, CH2Cl2). HPLC (chiral AD-H column), hexane /2-propanol = 98/2, flow rate 0.8 mL/min, 
λ = 254 nm, tmajor = 27.1 min, tminor = 38.9 min.  
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(R)-3a  This reaction was catalyzed by quinidine and the product was obtained in 98% yield and 
92% ee. HPLC (chiral AD-H column), hexane/2-propanol = 98/2, flow rate 0.8 mL/min, λ = 254 
nm, tminor = 26.5 min, tmajor= 37.8 min.  
 

 

             
(racemic 3a) 

  
(3a catalyzed by quinine) 

 
(ent-3a catalyzed by quinidine) 
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(S)-diisopropyl 1-(5-methyl-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
dicarboxylate (3a’) 

Yellowish solid; mp: 172.0-172.5 oC；99% yield and 93% ee; 1H 
NMR for rotamers (400 MHz, CDCl3): δ 1.26-1.41 (12H, m, 
OCH(CH3)2 rotamers), 1.95 (3H, s), 5.01-5.08 (2H, m, OCH(CH3)2 
rotamers), 6.59, 6.74 (1H, 2s, NH rotamers), 7.30-7.31 (m, 2H), 
7.47-7.54 (3H, m); 13C NMR for rotamers (100 MHz, CDCl3): δ 
21.9, 22.0, 22.1, 25.8, 71.2, 72.3, 75.8, 128.6, 129.5, 135.6, 153.3, 

153.7, 155.5, 156.4, 174.1, 174.3, 199.8, 200.6; HRMS (ESI) m/z calcd for C18H23N3O5S2Na+ 
([M+Na]+) 448.0977, found 448.0982; [α]D

20 = +113.2 (c 0.43, CH2Cl2). HPLC (chiral AS-H 
column), hexane/2-propanol = 80/20, flow rate 0.6 mL/min, λ = 254 nm, tminor = 13.0 min, tmajor = 
29.1 min.  
 

 

 
(racemic 3a’)  
 

 

 
(3a’ catalyzed by quinine) 
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(S)-di-tert-butyl 1-(5-methyl-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
dicarboxylate (3a”) 

Yellowish solid; mp: 168.5-169.8 oC; 99% yield and 47% ee; 1H 
NMR for rotamers (400 MHz, CDCl3): δ 1.47-1.58 (18H, m, 
O(CH3)3 rotamers), 1.92 (3H, s), 6.32, 6.58 (1H, 2s, NH rotamers), 
7.30-7.32 (m, 2H), 7.46-7.54 (3H, m); 13C NMR for rotamers (100 
MHz, CDCl3): δ 25.8, 28.1, 28.1, 28.3, 75.6, 82.6, 83.9, 84.1, 128.6, 
129.4, 129.5, 135.7, 152.3, 152.9, 155.0, 155.6, 174.4, 200.9; 

HRMS (ESI) m/z calcd for C20H27N3O5S2Na+ ([M+Na]+) 476.1290, found 476.1281; [α]D
19 = 

+51.4 (c 0.45, CH2Cl2). HPLC (chiral AS-H column), hexane/2-propanol = 98/2, flow rate 0.6 
mL/min, λ = 254 nm, tminor = 29.5 min, tmajor = 56.9 min.  
 
 

 

 
(racemic 3a”)  

 
 

 

 
( 3a” catalyzed by quinine) 
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 (S)-diethyl 1-(5-ethyl-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2-dicarboxylate 
(3b) 

Light yellow solid; mp: 134.7-138.5 oC; 95% yield and 96% ee; 1H 
NMR for rotamers (400 MHz, CDCl3): δ 1.08-1.15 (3H, m), 
1.25-1.37 (6H, m, OCH2CH3 rotamers), 2.11-2.29 (2H, m), 4.17-4.32 
(4H, m, OCH2CH3 rotamers), 6.71, 6.90 (1H, 2s, NH rotamers), 
7.26-7.27 (m, 2H), 7.46-7.54 (3H, m); 13C NMR for rotamers (100 
MHz, CDCl3): δ 14.5, 14.6, 30.7, 30.9, 63.1, 63.4, 64.1, 80.5, 80.6, 

128.5, 129.6, 129.7, 135.6, 154.2, 155.9, 156.6, 173.3, 173.6, 200.3, 201.0; HRMS (ESI) m/z 
calcd for C17H21N3O5S2Na+

 ([M+Na]+) 434.0820, found 434.0820; [α]D
19 = +100.8 (c 0.74, 

CH2Cl2). HPLC (chiral OD-H column), hexane/2-propanol = 95/5, flow rate 0.8 mL/min, λ = 254 
nm, tminor = 22.1 min, tmajor = 37.7 min. 
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 (S)-diethyl 1-(5-isopropyl-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
dicarboxylate (3c)  

Yellowish solid; mp: 57.5-60.9 oC；99% yield and 91% ee; 1H NMR 
for rotamers (400 MHz, CDCl3): δ 1.18-1.34 (12H, m), 2.59-2.64 
(1H, m), 4.21-4.30 (4H, m, OCH2CH3 rotamers), 6.86, 6.94 (1H, 2s, 
NH rotamers), 7.20-7.26 (m, 2H), 7.46-7.53 (3H, m); 13C NMR for 
rotamers (100 MHz, CDCl3): δ 14.4, 14.6, 17.6, 18.0, 35.5, 63.0, 
64.0, 84.0, 128.5, 129.5, 135.7, 154.7, 156.9, 172.3, 201.1; HRMS 

(ESI) m/z calcd for C18H23N3O5S2Na+
 ([M+Na]+) 448.0977, found 448.0979; [α]D

18 = +100.4 (c 
0.78, CH2Cl2). HPLC (chiral OD-H column), hexane/2-propanol = 90/10, flow rate 0.7 mL/min, λ 
= 254 nm, tminor =11.2 min, tmajor =25.7 min. 
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(S)-diethyl 1-(5-butyl-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2-dicarboxylate 
(3d) 

Yellowish solid; mp: 131.4-133.2 oC；98% yield and 94% ee; 1H 
NMR for rotamers (400 MHz, CDCl3): δ 0.90-0.99 (3H, m), 
1.25-1.40 (9H, m), 1.65-1.68 (1H, m), 2.03-2.24 (2H, m), 4.18-4.32 
(4H, m, OCH2CH3 rotamers), 6.70, 6.89 (1H, 2s, NH rotamers), 
7.26-7.27 (m, 2H), 7.46-7.54 (3H, m); 13C NMR for rotamers (100 
MHz, CDCl3): δ 13.9, 14.4, 14.5, 22.5, 25.0, 37.1, 37.2, 63.0, 63.3, 

64.0, 79.8, 79.9, 128.5, 129.5, 129.6, 135.6, 153.8, 154.2, 155.9, 156.6, 173.4, 173.6, 200.2, 200.9; 
HRMS (ESI) m/z calcd for C19H25N3O5S2Na+

 ([M+Na]+) 462.1133, found 462.1127; [α]D
17 = 

+136.3 (c 0.82, CH2Cl2). HPLC (chiral OD-H column), hexane/2-propanol = 95/5, flow rate 0.8 
mL/min, λ = 254 nm, tminor = 10.9 min, tmajor = 21.7 min. 
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(S)-diethyl 1-(5-allyl-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2-dicarboxylate 
(3e) 

Yellowish solid; mp: 63.2-65.9 oC；90% yield and 94% ee; 1H NMR 
for rotamers (400 MHz, CDCl3): δ 1.26-1.37 (6H, m, OCH2CH3 
rotamers), 2.87-2.97 (2H, m), 4.25-4.31 (4H, m, OCH2CH3 rotamers), 
5.32-5.36 (2H, m), 5.84-5.90 (1H, m), 6.63, 6.84 (1H, 2s, NH 
rotamers), 7.22-7.26 (m, 2H), 7.46-7.52 (3H, m); 13C NMR for 
rotamers (100 MHz, CDCl3): δ 14.5, 14.6, 15.9, 27.8, 37.3, 63.3, 64.3, 

65.7, 79.1, 128.5, 129.0, 129.7, 129.8, 135.5, 153.8, 154.2, 156.6, 173.1, 200.1; HRMS (ESI) m/z 
calcd for C19H25N3O5S2Na+

 ([M+Na]+) 446.0820, found 446.0806; [α]D
16 = +175.1 (c 0.73, 

CH2Cl2). HPLC (chiral OD-H column), hexane/2-propanol = 95/5, flow rate 0.8 mL/min, λ = 254 
nm, tminor = 20.2 min, tmajor = 34.9 min. 
(R)-3e  This reaction was catalyzed by quinidine and the product was obtained in 99% yield and 
92% ee. HPLC (chiral OD-H column), hexane/2-propanol = 95/5, flow rate 0.8 mL/min, λ = 254 
nm, tmajor = 19.7 min, tminor= 40.4 min 
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(ent-3e catalyzed by quinidine) 

 
(S)-diethyl 1-(5-(2-(methylthio)ethyl)-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2 
-dicarboxylate (3f) 

Yellowish solid; mp: 162.1-164.3 oC；92% yield and 94% ee; 1H 
NMR for rotamers (400 MHz, CDCl3): δ 1.26-1.34 (6H, m, 
OCH2CH3 rotamers), 2.12 (3H, s), 2.39-2.53 (3H, m), 2.76-2.82 (1H, 
m), 4.22-4.32 (4H, m, OCH2CH3 rotamers), 6.61, 6.82 (1H, 2s, NH 
rotamers), 7.26-7.28 (m, 2H), 7.48-7.54 (3H, m); 13C NMR for 
rotamers (100 MHz, CDCl3): δ 14.5, 14.6, 15.9, 27.8, 37.3, 63.3, 64.3, 

65.7, 79.1, 128.5, 129.0, 129.7, 129.8, 135.5, 153.8, 154.2, 156.6, 173.1, 200.1; HRMS (ESI) m/z 
calcd for C18H23N3O5S3Na+

 ([M+Na]+) 480.0698, found 480.0705; [α]D
16 = +123.4 (c 0.83, 

CH2Cl2). HPLC (chiral OD-H column), hexane/2-propanol = 90/10, flow rate 0.7 mL/min, λ=254 
nm, tminor= 13.3 min, tmajor = 38.7 min. 
(R)-3f  This reaction was catalyzed by quinidine and the product was obtained in 99% yield and 
91% ee. HPLC (chiral OD-H column), hexane/2-propanol = 90/10, flow rate 0.7 mL/min, λ=254 
nm, tmajor = 12.9 min, tminor = 38.9 min. 
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(3f catalyzed by quinine) 

 

 

 
(ent-3f catalyzed by quinidine) 

 
(S)-diethyl 1-(4-oxo-3,5-diphenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2-dicarboxylate (3g) 

Yellowish solid; mp: 116.1-118.1 oC；91% yield and 81% ee; 1H 
NMR for rotamers (400 MHz, CDCl3): δ 1.10-1.40 (6H, 3t, 
OCH2CH3 rotamers), 4.02-4.32 (4H, m, OCH2CH3 rotamers), 6.27, 
6.49 (1H, 2s, NH rotamers), 7.22-7.25 (m, 2H), 7.40-7.44 (6H, m), 
7.84-7.89 (2H, m); 13C NMR for rotamers (100 MHz, CDCl3): δ 14.5, 

19.3, 62.7, 64.2, 82.9, 128.6, 129.1, 129.2, 129.5, 129.6, 130.4, 130.6, 132.6, 135.7, 154.8, 155.8, 
172.0, 199.7; HRMS (ESI) m/z calcd for C21H21N3O5S2Na+

 ([M+Na]+) 482.0820, found 482.0809; 
[α]D

19 = +110.4 (c 0.73, CH2Cl2). HPLC (chiral OD-H column), hexane/2-propanol = 90/10, flow 
rate 0.6 mL/min, λ = 254 nm, tminor = 30.8 min, tmajor = 54.1 min. 
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S14 

 

 

(racemic 3g) 
 

 

 
(3g catalyzed by quinine) 

 
(S)-diethyl 1-(5-benzyl-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2-dicarboxylate 
(3h) 

Yellowish solid; mp: 143.7-145.9 oC；98% yield and 94% ee; 1H 
NMR for rotamers (400 MHz, CDCl3): δ 1.28-1.45 (6H, m, 
OCH2CH3 rotamers), 3.38 (1H, d, J=13.0 Hz), 3.48 (1H, d, J=13.0 
Hz), 4.27-4.39 (4H, m, OCH2CH3 rotamers), 6.64, 6.88 (1H, 2s, NH 
rotamers), 7.26-7.37 (m, 10H); 13C NMR for rotamers (100 MHz, 
CDCl3): δ 14.5, 14.6, 14.8, 42.6, 63.2, 63.5, 64.2, 80.5, 128.3, 128.4, 
128.5, 129.3, 129.5, 130.9, 131.1, 131.7, 135.2, 153.8, 154.2, 156.0, 

156.8, 172.5, 172.7, 199.2, 199.9; HRMS (ESI) m/z calcd for C22H23N3O5S2Na+ ([M+Na]+) 
496.0977, found 496.0971; [α]D

19 = +54.3 (c 0.88, CH2Cl2). HPLC (chiral AD-H column), 
hexane/2-propanol = 90/10, flow rate 0.8 mL/min, λ = 254 nm, tminor = 18.0 min, tmajor = 21.2 min. 
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S15 

  

 
(racemic 3h) 

 

 

 
(3h catalyzed by quinine) 

 
(S)-diethyl 1-(5-(2-methylbenzyl)-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
Dicarboxylate (3i) 

Yellowish solid; mp: 81.3-82.7 oC；96% yield and 89% ee; 1H NMR 
for rotamers (400 MHz, CDCl3): δ 1.25-1.44 (6H, m, OCH2CH3 
rotamers), 2.38 (3H, s), 3.48-3.60 (2H, m), 4.26-4.37 (4H, m, 
OCH2CH3 rotamers), 6.76, 6.94 (1H, 2s, NH rotamers), 7.12-7.31 (m, 
4H), 7.40-7.42 (3H, m); 13C NMR for rotamers (100 MHz, CDCl3): δ 
14.5, 14.6, 20.6, 38.4, 63.3, 64.2, 80.9, 126.0, 128.4, 129.4, 129.5, 
129.9, 131.2, 131.3, 135.5, 138.8, 154.1, 156.8, 173.3, 173.5, 200.3; 

HRMS (ESI) m/z calcd for C23H25N3O5S2Na+
 ([M+Na]+) 510.1133, found 510.1138; [α]D

19 = 
+46.1 (c 0.86, CH2Cl2). HPLC (chiral AD-H column), hexane/2-propanol = 95/5, flow rate 0.8 
mL/min, λ = 254 nm, tmajor = 23.3 min, tminor= 39.4 min. 
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S16 

  

 
(racemic 3i) 

 

 

 
(3i catalyzed by quinine) 

 
(S)-diethyl 1-(5-(3-bromobenzyl)-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
dicarboxylate (3j) 

Yellowish solid; mp: 171.4-173.2 oC；91% yield and 92% ee; 1H 
NMR for rotamers (400 MHz, CDCl3): δ 1.26-1.44 (6H, m, 
OCH2CH3 rotamers), 3.34 (1H, d, J = 13.0 Hz), 3.45 (1H, d, J = 13.0 
Hz), 4.27-4.37 (4H, m, OCH2CH3 rotamers), 6.78, 6.98 (1H, 2s, NH 
rotamers), 7.19-7.32 (4H, m), 7.41-7.52 (5H, m); 13C NMR for 
rotamers (100 MHz, CDCl3): δ 14.5, 14.8, 42.1, 63.4, 63.6, 64.3, 80.2, 
122.5, 128.3, 129.5, 129.6, 130.0, 130.7, 131.6, 133.5, 134.3, 154.1, 
156.8, 172.7, 199.4; HRMS (ESI) m/z calcd for C22H22N3O5S2BrNa+

 

([M+Na]+) 574.0082, found 574.0067; [α]D
19 = +105.3 (c 0.87, CH2Cl2). HPLC (chiral OG-H 

column), hexane/2-propanol = 80/20, flow rate 0.8 mL/min, λ = 254 nm, tminor = 11.9 min, tmajor = 
14.4 min. 
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S17 

 

 
(racemic 3j) 

 

 

 
(3j catalyzed by quinine) 

 
(S)-diethyl 1-(5-(4-methylbenzyl)-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
Dicarboxylate (3k) 

Yellowish solid; mp: 94.7-96.1 oC；97% yield and 95% ee; 1H NMR 
for rotamers (400 MHz, CDCl3): δ 1.25-1.43 (6H, m, OCH2CH3 
rotamers), 2.37 (3H, s), 3.34 (1H, d, J = 13.1 Hz), 3.44 (1H, d, J = 
13.1 Hz), 4.26-4.38 (4H, m, OCH2CH3 rotamers), 6.74, 6.92 (1H, 2s, 
NH rotamers), 7.11-7.26 (6H, m), 7.36-7.40 (3H, m); 13C NMR for 
rotamers (100 MHz, CDCl3): δ 14.5, 14.8, 21.3, 42.3, 63.2, 63.5, 64.1, 
80.6, 127.8, 127.9, 128.3, 129.2, 129.4, 131.6, 135.3, 138.1, 153.9, 
154.2, 155.9, 156.8, 172.8, 200.1; HRMS (ESI) m/z calcd for 

C23H25N3O5S2Na+
 ([M+Na]+) 510.1133, found 510.1118; [α]D

19 = +69.4 (c 0.94, CH2Cl2). HPLC 
(chiral OD-H column), hexane/2-propanol = 95/5, flow rate 0.8 mL/min, λ = 254 nm, tmajor = 21.0 
min, tminor = 37.3 min. 
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S18 

 

 
(racemic 3k) 

 

 

 
(3k catalyzed by quinine) 

 
(S)-diethyl 1-(5-(4-chlorobenzyl)-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
dicarboxylate (3l) 

Yellowish solid; mp: 93.4-95.1 oC；93% yield and 94% ee; 1H NMR 
for rotamers (400 MHz, CDCl3): δ 1.25-1.44 (6H, m, OCH2CH3 
rotamers), 3.35 (1H, d, J = 13.1 Hz), 3.45 (1H, d, J = 13.1 Hz), 
4.24-4.38 (4H, m, OCH2CH3 rotamers), 6.75, 6.93 (1H, 2s, NH 
rotamers), 7.25-7.32 (6H, m), 7.40-7.41 (3H, m); 13C NMR for 
rotamers (100 MHz, CDCl3): δ 14.6, 14.7, 29.9, 42.0, 63.4, 63.7, 64.3, 
80.3, 128.2, 128.8, 129.5, 129.7, 133.1, 134.7, 135.1, 154.2, 156.9, 
172.6, 199.6; HRMS (ESI) m/z calcd for C22H22N3O5S2ClNa+

 

([M+Na]+) 530.0587, found 530.0594; [α]D
17 = +38.7 (c 0.93, CH2Cl2). HPLC (chiral AD-H 

column), hexane/2-propanol = 90/10, flow rate 0.7 mL/min, λ = 254 nm, tmajor = 14.1 min, tminor = 
22.3 min.  
(R)-3l This reaction was catalyzed by quinidine and the product was obtained in 99% yield and 
92% ee. HPLC (chiral OD-H column), hexane/2-propanol = 90/10, flow rate 0.8 mL/min, λ = 254 
nm, tmajor = 14.0 min, tminor= 21.0 min. 
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S19 

 

 
(racemic 3l) 

 

 

 
(3l catalyzed by quinine) 

 

 

 
(ent-3l catalyzed by quinidine) 

 
 
 



S20 

(S)-diethyl 1-(5-(3,4-dichlorobenzyl)-4-oxo-3-phenyl-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
dicarboxylate (3m) 

Yellowish solid; mp: 93.9-95.5 oC；90% yield and 95% ee; 1H NMR 
for rotamers (400 MHz, CDCl3): δ 1.25-1.44 (6H, m, OCH2CH3 
rotamers), 3.33 (1H, d, J = 13.1 Hz), 3.44 (1H, d, J = 13.1 Hz), 
4.24-4.38 (4H, m, OCH2CH3 rotamers), 6.75, 6.93 (1H, 2s, NH 
rotamers), 7.16-7.26 (3H, m), 7.39-7.42 (5H, m); 13C NMR for 
rotamers (100 MHz, CDCl3): δ 14.5, 14.6, 41.6, 63.4, 63.7, 64.4, 80.0, 
128.2, 129.6, 129.7, 130.4, 131.3, 131.5, 132.6, 133.3, 135.0, 154.1, 
156.8, 172.6, 199.1; HRMS (ESI) m/z calcd for C22H21N3O5S2Cl2Na+

 

([M+Na]+) 564.0197, found 564.0191; [α]D
19 = +58.1 (c 0.88, CH2Cl2). HPLC (chiral OD-H 

column), hexane/2-propanol = 95/5, flow rate 0.8 mL/min, λ = 254 nm, tmajor = 26.1 min, tminor = 
35.9 min. 
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 (3m catalyzed by quinine) 
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S21 

(S)-diethyl 1-(3-(4-methoxyphenyl)-5-methyl-4-oxo-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
Dicarboxylate (3n) 

Yellowish solid; mp: 133.1-134.9 oC；98% yield and 95% 
ee; 1H NMR for rotamers (400 MHz, CDCl3): δ 1.25-1.38 
(6H, m, OCH2CH3 rotamers), 1.94 (3H, s), 3.84 (3H, s), 
4.24-4.31 (4H, m, OCH2CH3 rotamers), 6.70, 6.92 (1H, 2s, 
NH rotamers), 7.02 (2H, d, J = 8.5 Hz), 7.21 (2H, m, d, J = 
8.5 Hz); 13C NMR for rotamers (100 MHz, CDCl3): δ 14.5, 

14.6, 25.6, 55.6, 63.2, 63.4, 64.1, 75.6, 114.9, 128.1, 129.6, 153.8, 154.1, 155.9, 156.6, 160.3, 
174.5, 200.9; HRMS (ESI) m/z calcd for C17H21N3O6S2Na+

 ([M+Na]+) 450.0769, found 450.0767; 
[α]D

18 = +110.0 (c 0.84, CH2Cl2). HPLC (chiral OD-H column), hexane/2-propanol = 90/10, flow 
rate 0.6 mL/min, λ = 254 nm, tmajor = 34.4 min, tminor = 43.0 min. 
 
 

 

 
(racemic 3n) 

 

 

 
(3n catalyzed by quinine) 
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S22 

(S)-diethyl 1-(5-methyl-4-oxo-2-thioxo-3-p-tolylthiazolidin-5-yl)hydrazine-1,2-dicarboxylate 
(3o) 

Yellowish solid; mp: 137.4-139.8 oC；95% yield and 95% ee; 
1H NMR for rotamers (400 MHz, CDCl3): δ 1.24-1.35 (6H, m, 
OCH2CH3 rotamers), 1.93 (3H, s), 2.40 (3H, s), 4.24-4.25 (4H, 
m, OCH2CH3 rotamers), 6.93, 7.10 (1H, 2s, NH rotamers), 
7.16 (2H, d, J = 7.0 Hz), 7.31 (2H, m, d, J = 7.0 Hz); 13C 
NMR for rotamers (100 MHz, CDCl3): δ 14.5, 21.4, 21.5, 25.6, 

62.7, 63.3, 64.0, 75.6, 75.7, 128.1, 130.2, 132.8, 139.7, 153.7, 154.0, 155.8, 156.5, 174.3, 200.6; 
HRMS (ESI) m/z calcd for C17H21N3O5S2Na+

 ([M+Na]+) 434.0820, found 434.0804; [α]D
18 = 

+114.8 (c 0.63, CH2Cl2). HPLC (chiral AD-H column), hexane/2-propanol = 90/10, flow rate 0.8 
mL/min, λ = 254 nm, tmajor =8.0 min, tminor =12.9 min. 
 
 

 

 
(racemic 3o) 

 
 

 

 
(3o catalyzed by quinine) 
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S23 

(S)-diethyl 1-(3-(4-fluorophenyl)-5-methyl-4-oxo-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
dicarboxylate (3p) 

Yellowish solid; mp: 135.1-137.8 oC；99% yield and 94% ee; 
1H NMR for rotamers (400 MHz, CDCl3): δ 1.24-1.37 (6H, m, 
OCH2CH3 rotamers), 1.93 (3H, s), 4.23-4.30 (4H, m, 
OCH2CH3 rotamers), 6.88, 7.03 (1H, 2s, NH rotamers), 
7.17-7.21 (2H, m), 7.27-7.28 (2H, m); 19F NMR for rotamers 
(376 MHz, CDCl3): δ -111.48, -111.28 (1F, 2s); 13C NMR for 

rotamers (100 MHz, CDCl3): δ 14.4, 14.5, 14.6, 25.4, 63.2, 63.4, 64.1, 75.7, 75.7, 116.6 (d, J = 22 
Hz), 130.5 (d, J = 8 Hz), 131.3, 154.1, 155.8, 156.5, 163.0 (d, J = 248 Hz), 174.0, 174.3, 199.7, 
200.4; HRMS(ESI) m/z calcd for C16H18N3O5S2FNa+

 ([M+Na]+) 438.0570, found 438.0575; 
[α]D

18 = +104.3 (c 0.40, CH2Cl2). HPLC (chiral OD-H column), hexane/2-propanol = 95/5, flow 
rate 0.8 mL/min, λ = 254 nm, tmajor = 18.0 min, tminor = 22.2 min. 
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(3p catalyzed by quinine) 
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S24 

(S)-diethyl 1-(3-(4-bromophenyl)-5-methyl-4-oxo-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
dicarboxylate (3q) 

Yellowish solid; mp: 148.4-151.6 oC；96% yield and 94% ee; 
1H NMR for rotamers (400 MHz, CDCl3): δ 1.25-1.33 (6H, 
m, OCH2CH3 rotamers), 1.94 (3H, s), 4.23-4.30 (4H, m, 
OCH2CH3 rotamers), 6.78, 6.97 (1H, 2s, NH rotamers), 7.18 
(2H, d, J = 8.3 Hz), 7.64 (2H, d, J = 8.3 Hz); 13C NMR for 

rotamers (100 MHz, CDCl3): δ 14.4, 14.5, 14.6, 25.4, 63.1, 63.4, 64.1, 75.7, 75.8, 123.8, 123.9, 
130.3, 132.8, 134.5, 153.8, 154.1, 155.8, 156.5, 173.7, 174.0, 199.3, 200.0; HRMS (ESI) m/z 
calcd for C16H18N3O5S2BrNa+

 ([M+Na]+) 497.9769, found 497.9762; [α]D
19 = +100.2 (c 0.82, 

CH2Cl2). HPLC (chiral OD-H column), hexane/2-propanol = 90/10, flow rate 0.6 mL/min, λ = 254 
nm, tmajor = 13.3 min, tminor = 18.0 min. 
 
 

 

 
(racemic 3q) 

 
 

 

 
(3q catalyzed by quinine) 
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S25 

(S)-diethyl 1-(3-(4-iodophenyl)-5-methyl-4-oxo-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
dicarboxylate (3r) 

Yellowish solid; mp: 143.1-145.2 oC；98% yield and 94% ee; 
1H NMR for rotamers (400 MHz, CDCl3): δ 1.25-1.38 (6H, m, 
OCH2CH3 rotamers), 1.94 (3H, s), 4.23-4.30 (4H, m, 
OCH2CH3 rotamers), 6.74, 6.77 (1H, 2s, NH rotamers), 7.04 
(2H, d, J = 8.2 Hz), 7.84 (2H, d, J = 8.2 Hz); 13C NMR for 
rotamers (100 MHz, CDCl3): δ 14.4, 14.6, 25.5, 63.2, 63.4，

64.2, 75.8, 95.7, 130.5, 135.2, 138.8, 153.8, 154.1, 155.8, 156.5, 174.0, 200.0; HRMS (ESI) m/z 
calcd for C16H18N3O5S2INa+

 ([M+Na]+) 545.9630, found 545.9644; [α]D
18 = +95.4 (c 1.00, 

CH2Cl2). HPLC (chiral OD-H column), hexane/2-propanol = 90/10, flow rate 0.6 mL/min, λ = 254 
nm, tmajor = 13.8 min, tminor = 18.2 min. 
 

 

 
(racemic 3r) 

 
 

 

 
(3r catalyzed by quinine) 
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S26 

(S)-diethyl 1-(5-methyl-4-oxo-2-thioxo-3-m-tolylthiazolidin-5-yl)hydrazine-1,2-dicarboxylate 
(3s) 

Yellowish solid; mp: 80.5-81.9 oC；95% yield and 95% ee; 1H 
NMR for rotamers (500 MHz, CDCl3): δ 1.26-1.38 (6H, m, 
OCH2CH3 rotamers), 1.95 (3H, s), 2.41(3H, s), 4.22-4.31 (4H, 
m, OCH2CH3 rotamers), 6.59, 6.83 (1H, 2s, NH rotamers), 
7.05-7.13 (2H, m), 7.26-7.30 (1H, m), 7.39-7.42 (1H, m); 13C 
NMR for rotamers (100 MHz, CDCl3): δ 14.4, 14.5, 21.4, 25.5, 

63.0, 63.3, 64.0, 75.7, 125.4, 128.9, 135.4, 139.6, 153.7, 154.1, 155.8, 156.6, 174.0, 174.3, 199.7, 
200.4; HRMS (ESI) m/z calcd for C17H21N3O5S2Na+

 ([M+Na]+) 434.0820, found 434.0835; 
[α]D

19= +186.3 (c 0.75, CH2Cl2). HPLC (chiral OD-H column), hexane/2-propanol = 95/5, flow 
rate 0.8 mL/min, λ = 254 nm, tminor = 21.6 min, tmajor = 28.7 min. 
(R)-3s  This reaction was catalyzed by quinidine and the product was obtained in 99% yield and 
87% ee. HPLC (chiral OD-H column), hexane/2-propanol = 95/5, flow rate 0.8 mL/min, λ = 254 
nm, tmajor = 19.6 min, tminor= 31.4 min. 
 

 

 
(racemic 3s) 

 

 

 
(3s catalyzed by quinine) 
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S27 

 
(ent-3s catalyzed by quinidine) 

 
(S)-diethyl 1-(3-(3-bromophenyl)-5-methyl-4-oxo-2-thioxothiazolidin-5-yl)hydrazine-1,2- 
dicarboxylate (3t) 

Yellowish solid; mp: 80.9-84.1 oC；96% yield and 93% ee; 
1H NMR for rotamers (400 MHz, CDCl3): δ 1.26-1.39 (6H, 
m, OCH2CH3 rotamers), 1.95 (3H, s), 4.21-4.32 (4H, m, 
OCH2CH3 rotamers), 6.65, 6.87 (1H, 2s, NH rotamers), 
7.25-7.26 (1H, m), 7.38-7.46 (2H, m), 7.60-7.62 (1H, m); 
13C NMR for rotamers (100 MHz, CDCl3): δ 14.5, 14.6, 

25.5, 63.2, 63.5, 64.3, 75.9, 122.8, 127.6, 130.7, 136.7, 154.1, 155.7, 156.6, 174.0, 199.9; HRMS 
(ESI) m/z calcd for C16H18N3O5S2BrNa+ ([M+Na]+) 497.9769, found 497.9762; [α]D

17= +150.6 (c 
0.90, CH2Cl2). HPLC (chiral OD-H column), hexane/2-propanol = 98/2, flow rate 0.8 mL/min, λ = 
254 nm, tmajor = 34.2 min, tminor = 57.3 min. 
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S28 

 

 
(ent-3t catalyzed by quinine) 

 
 (S)-diethyl 1-(3-(3,5-bis(trifluoromethyl)phenyl)-5-methyl-4-oxo-2-thioxothiazolidin-5-yl) 
hydrazine-1,2-dicarboxylate (3u) 

Yellowish solid; mp: 114.8-116.5 oC；99% yield and 88% 
ee; 1H NMR for rotamers (400 MHz, CDCl3): δ 1.28-1.38 
(6H, m, OCH2CH3 rotamers), 1.98 (3H, s), 4.23-4.33 (4H, 
m, OCH2CH3 rotamers), 6.53, 6.79 (1H, 2s, NH rotamers), 
7.79 (2H, s), 7.98 (1H, s); 19F NMR for rotamers (376 
MHz, CDCl3): δ -62.79 (6F, s); 13C NMR for rotamers 

(100 MHz, CDCl3): δ 14.4, 14.5, 25.3, 25.5, 63.3, 63.6, 64.5, 76.1, 122.9 (q, J = 271 Hz), 123.6 (q, 
J = 3 Hz), 129.7 (q, J = 3 Hz), 133.0 (q, J = 34 Hz), 137.0, 154.0, 154.3, 155.7, 156.6, 173.6, 
173.9, 198.6, 199.4; HRMS (ESI) m/z calcd for C18H17N3O5F6S2BrNa+ ([M+Na]+) 556.0412, 
found 556.0405; [α]D

17= +90.8 (c 0.97, CH2Cl2). HPLC (chiral AS-H column), hexane/2-propanol 
= 95/5, flow rate 0.7 mL/min, λ = 254 nm, tminor = 8.8 min, tmajor = 34.1 min. 
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S29 

 

 
(3u catalyzed by quinine) 

 
5. Derivatization of the Amination Products5 

 

(S)-diethyl 1-(3-(4-bromophenyl)-5-methyl-2,4-dioxothiazolidin-5-yl)hydrazine-1,2- 
dicarboxylate (4) 

White solid; mp: 129.7-131.3 oC；81% yield and 91% ee; 
1H NMR for rotamers (400 MHz, CDCl3): δ 1.25-1.36 (6H, 
m, OCH2CH3 rotamers), 1.97 (3H, s), 4.23-4.32 (4H, m, 
OCH2CH3 rotamers), 6.56, 6.80 (1H, 2s, NH rotamers), 
7.23 (2H, d, J = 8.5 Hz), 7.62 (2H, d, J = 8.5 Hz); 13C 
NMR for rotamers (100 MHz, CDCl3): δ 14.3, 14.5, 26.5, 

63.0, 63.3, 64.0, 74.8, 123.2, 129.1, 132.1, 132.5, 153.9, 155.7, 156.4, 169.9, 173.0; HRMS (ESI) 
m/z calcd for C16H18N3O6SBrNa+ ([M+Na]+) 481.9997, found 481.9992; [α]D

20= +69.5 (c 0.34, 
CH2Cl2). HPLC (chiral AD-H column), hexane/2-propanol = 9/1, flow rate 0.7 mL/min, λ = 254 
nm, tmajor = 13.8 min, tminor = 27.4 min.  
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