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Abstract – A chiral bifunctional thiourea-catalyzed Mannich reaction of diethyl 

2-isocyanatomalonate with N-sulfonylimines was described. The tandem 

cyclization proceeded smoothly after Mannch reaction, directly furnishing chiral 

2-imidazolidinones in 72‒99% yields with 83‒98% ees. Sterically demanding 

sulfonyl group was crucial for aliphatic imines to afford the corresponding 

product in high enantioselectivity. 

INTRODUCTION 

Chiral 2-imidazolidinones are found in various natural product and biologically active compounds1 

(Figure 1). In addition, they can be considered to be 1,2-diamine or ,-diamino acid equivalents, and 

utilized as useful chiral building blocks.2 Furthermore, several 2-imidazolidinones have been used as 

chiral auxiliaries for stereoselective alkylation and aldol reactions.3 Therefore, continuous effort has been 

devoted to synthesis of this important scaffold in optically active form.4 

 

 

Figure 1. Examples of bioactive compounds bearing chiral 2-imidazolidinone scaffold 

 

Among them, catalytic asymmetric Mannich reactions of azlactones,5 glycine Schiff base derivatives,6 

-nitro esters,7 -isothiocyano carboxylic acid derivatives,8 -isocyano esters,9 and -azidoamide10 are 

one of the most efficient approaches for the construction of two continuous stereocenters (Scheme 1a). 
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However, these methods require the additional steps, such as deprotection, reduction, and cyclization, for 

the construction of imidazolidinones.2 We envisioned that the utilization of isocyanatomalonate diester 

would enable a straightforward synthesis of 2-imidazolidinone, since the cyclization would be expected to 

occur after Mannich reaction (Scheme 1c), according to our previously reported tandem aldol/cyclization 

reaction11 (Scheme 1b). 

 

 

Scheme 1. Synthesis of chiral 2-imidazolidinones through Mannich reaction 

 

RESULTS AND DISCUSSION 

We first investigated the reaction of N-tosylimine 1a with diethyl 2-isocyanatomalonate 2 in the presence 

of various bifunctional hydrogen bond (HB)-donor catalysts, including benzothiadiazine,12 urea, and 

thiourea13 (Table 1). As expected, when the catalysts 4‒6, bearing different HB-donating abilities,13 were 

employed at ‒60 °C,11 the tandem reaction proceeded efficiently within three hours to furnish the desired 

imidazolidinone 3a in high yields (89‒97%) with similar enantioselectivities (60‒64% ees) (entries 1‒3), 

indicating that the HB-donating abilities of the catalysts had little influence on the present tandem 

reaction. We next screened the solvent of this tandem Mannich/cyclization using thiourea catalyst 6 

(entries 4‒7). It was found that toluene slightly improved the enantiomeric excess (84% ee), albeit in 

somewhat lower reaction rate (76% yield in 60 hours), presumably due to the poor solubility of the imine 

1a in toluene (entry 6). The addition of CH2Cl2 as co-solvent (toluene/CH2Cl2 = 9/1) improved the 

solubility and reaction rate (97% yield in 12 hours) while maintaining the selectivity (entry 7). Utilizing 

this co-solvent system, we next screened several chiral thiourea catalysts, and found that the cinchona 
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alkaloid-derived thiourea13 7 gave the best result (96% yield, 94% ee) in terms of the chemical yield and 

selectivity (entry 8). In contrast to our previous work on the direct Mannich reaction,14 N-Boc-imine 1d 

resulted in worse selectivity (entry 11, 42% ee) than the results of N-sulfonylimines 1a‒c (entries 8‒10, 

88‒97% ees). The decreased selectivity of 3d might be explained by the inefficient cyclization of the 

N-Boc-amine intermediate due to its relatively poor nucleophilicity to cause retro-Mannich reaction. On 

the other hand, the N-sulfonyl groups played important roles for the efficient Mannich reaction as well as 

the subsequent cyclization. The absolute configuration of 3a and 3b could be determined in analogy to the 

reported data.15 

 
Table 1. Optimization of the reaction conditionsa 

 

Entry 1 (PG) catalyst solvent time (h) yield (%)b ee (%)c 

1 1a (p-Ts) 4 CH2Cl2 3 89 60 (S) 

2 1a 5 CH2Cl2 3 91 62 (S) 

3 1a 6 CH2Cl2 3 97 64 (S) 

4 1a 6 CHCl3 3 97 67 (S) 

5 1a 6 THF 15 77 67 (S) 

6 1a 6 toluene 60 76 84 (S) 

7 1a 6 toluene/CH2Cl2
d 12 97 82 (S) 

8 1a 7 toluene/CH2Cl2
d 21 96 94 (R) 

9 1b (p-Ns) 7 toluene/CH2Cl2
d 21 90 88 (R) 

10 1c (Ms) 7 toluene/CH2Cl2
d 69 92 97 

11 1d (Boc) 7 toluene/CH2Cl2
d 117 60 42 

 
a 0.1 mmol of 1 was used for each reaction in 1.0 mL of solvent (0.1 M). b Isolated yield. c Determined by 

chiral HPLC analyses. d The ratio was 9/1. 
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With optimized conditions in hand, we next examined the substrate scope of aromatic imines 1e‒n (Table 

2). Various functional groups, including methoxy, chloro, ester, cyano, and nitro groups, were tolerated 

under the reaction conditions (entries 1‒5). The substrates 1e,f bearing methoxy and chloro substituents 

on the aromatic ring reacted efficiently to furnish the corresponding imidazolidinones 3e,f in high yields 

with excellent enantioselectivities (entries 1 and 2). On the other hand, the imines having strong 

electron-withdrawing groups on the aromatic rings 3g‒i resulted in somewhat lower yields (72‒98%) and 

selectivities (83‒90% ees), presumably due to the lower solubility and the enhanced electrophilicity of the 

imines, even after the minor optimization on the temperature and solvent (entries 3‒5). The positions of 

the substituents on the aromatic ring have little effect on the reaction, and the imidazolidinones 3j and 3k 

were obtained in 85% and 91% yields with 94% ee and 96% ee, respectively (entries 6 and 7). In addition, 

this tandem asymmetric Mannich/cyclization could be applicable to heteroaromatic imines 1l‒n to afford 

the corresponding imidazolidinones 3l‒n in good yields with excellent enantioselectivities15 (entries 8‒

10). 

 
Table 2. Substrate Scope of aromatic iminesa 

 

entry 1 (Ar) yield (%)b ee (%)c 

1 1e (4-OMe-C6H4) 97 97 

2 1f (4-Cl-C6H4) 86 92 

3d 1g (4-CO2Me-C6H4) 98 90 

4d,e 1h (4-CN-C6H4) 72 86 

5d,e 1i (4-NO2-C6H4) 81 83 

6 1j (3-OMe-C6H4) 85 94 

7 
1k  

91 96 

8 1l (3-furyl) 95 98 

9 1m (3-thienyl) 97 93 

10 1n (3-pyridyl) 78 92 

a 0.1 mmol of 1 was used for each reaction in toluene/CH2Cl2 (9/1, 0.1 M). b Isolated yield. c Determined 

by chiral HPLC analyses. d The reaction was performed at ‒78 ºC. e The ratio of toluene/CH2Cl2 was 1/1. 
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It is worth noting that the present tandem asymmetric Mannich/cyclization could be successfully applied 

to aliphatic N-sulfonylimines (Figure 2). For example, when -branched aliphatic N-tosylimines were 

reacted under the optimized condition (1.1 equiv of 2 and 10 mol% of 7 in toluene/CH2Cl2 at ‒60 ºC for 

24 hours), the corresponding imidazolidinone 3o was obtained in 96% yield with 96% ee. However, 

,,-trisubstituted aliphatic N-tosylimine afforded no desired adduct 3p because of the steric hindrance. 

On the other hand, a linear aliphatic N-tosylimine gave the product 3q in 90% yield with 55% ee,11 which 

allowed us to improve the stereoselectivity. Gratifyingly, the replacement of tosyl group to more 

sterically demanding sulfonyl group (2,4,6-(i-Pr)3C6H2SO2-)
16 was found to be effective, and the 

corresponding imidazolidinone 8q was obtained in 99% yield with 96% ee. Utilizing this protecting 

group, different aliphatic imines also provided the corresponding heterocycles 8r and 8s in 79‒97% yields 

with excellent enantioselectivities (96‒97% ees). 

 

 

Figure 2. Substrate Scope of aliphatic imines with optimized condition 

 

In conclusion, we have developed a straightforward asymmetric synthesis of 2-imidazolidinones from 

readily available N-sulfonylimines and diethyl 2-isocyanatomalonate. It was found that cinchona-alkaloid 

derived thiourea catalyst was most effective for both aromatic and aliphatic imines, affording the 

corresponding imidazolidinones in good yields with high enantioselectivities. In the case of aliphatic 

imines, the utilization of 2,4,6-triisopropylbenzensulfonyl group successfully improved the selectivities of 

the products. The application of the products is now under investigation in our laboratory, and will be 

reported in due course. 
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EXPERIMENTAL 

Unless otherwise noted, all chemicals and solvents were obtained from commercial suppliers and used 

without further purification. Analytical thin-layer chromatography was performed with Merck Silica gel 

60. Column chromatography was performed on Cica silica gel 60 (particle size, 63–210 µm) and flash 

column chromatography was performed on Cica silica gel 60 (spherical/40–100 µm). All melting points 

were measured on BÜCHI M-565 melting point apparatus and are uncorrected. Proton nuclear magnetic 

resonance (1H NMR) spectra were recorded with a JEOL JNM-LA 500 at 500 MHz. Chemical shifts are 

reported relative to CDCl3 ( 7.26). Multiplicity is indicated by one or more of the following: s (singlet) d 

(doublet) dd (doublet of doublets) t (triplet) q (quartet) quin (quintet) sex (sextet) sep (septet) non (nonet) 

m (multiplet) br (broad). Carbon nuclear magnetic resonance (13C NMR) spectra were recorded with a 

JEOL JNM-LA 500 at 126 MHz. Chemical shifts are reported relative to CDCl3 ( 77.0). Infrared spectra 

were recorded on a JASCO FT/IR-4100. High resolution mass spectra were obtained on a Shimadzu 

LCMS-IT-TOF for ESI-MS. All imines 1 were prepared according to the known procedures.17 The 

prepareation of isocyanatomalonate diester 2 was reported previously.11 

General Procedure of the Tandem Mannich/Cyclization Reaction. To a solution of isocyanate 2 (22.1 

mg, 0.11 mmol) in toluene/CH2Cl2 (1.0 mL, 9:1), imine 1 (0.1 mmol) and catalyst 7 (5.9 mg, 0.01 mmol, 

10 mol%) were added at ‒60 C. The reaction mixture was stirred at the same temperature until the 

reaction completed (monitored by TLC). The reaction was quenched by the addition of MeOH (10 L), 

and the mixture was filtered through a short pad of silica gel. The resulting filtrate was then concentrated 

in vacuo, and purified by preparative thin layer chromatography on silica gel to give the desired product 

3. 

Diethyl (R)-2-oxo-5-phenyl-1-tosylimidazolidine-4,4-dicarboxylate (3a): colorless amorphous; []30
D 

+62.3 (c 0.68, CHCl3); 
1H NMR (500 MHz, CDCl3):  7.47 (d, 2H, J = 8.0 Hz), 7.32‒7.27 (m, 1H), 7.22 

(brm, 4H), 7.10 (d, 2H, J = 8.0 Hz), 6.12 (s, 1H), 5.79 (s, 1H), 4.37‒4.25 (m, 2H), 3.77‒3.70 (m, 1H), 

3.64‒3.57 (m, 1H), 2.36 (s, 3H), 1.29 (t, 3H, J = 7.0 Hz), 0.77 (t, 3H, J = 7.0 Hz); 13C NMR (126 MHz, 

CDCl3):  166.5, 164.8, 152.7, 144.5, 135.6, 134.3, 129.2, 129.0, 128.3, 128.2, 69.3, 67.0, 63.8, 63.5, 

62.7, 21.5, 13.8, 13.2; IR (ATR) 3337, 2984, 2360, 2341, 1737, 1169 cm‒1; HPLC [CHIRALPAK IB, 

hexane/2-propanol = 90/10, 0.5 mL/min, =254 nm, retention times: (major) 24.4 min, (minor) 32.3 min]; 

HRMS (ESI): Calcd. for C22H25N2O7S [M+H]+ 461.1377, found 461.1360. 

Diethyl (R)-2-oxo-5-phenyl-1-nosylimidazolidine-4,4-dicarboxylate (3b): colorless oil; []30
D +125.5 

(c 0.18, CHCl3); 
1H NMR (500 MHz, CDCl3);  8.09 (d, 2H, J = 9.0 Hz), 7.71 (d, 2H, J = 9.0 Hz), 7.33 (t, 

1H, J = 6.5 Hz), 7.19 (m, 4H), 6.20 (s, 1H), 6.13 (s, 1H), 4.41‒4.29 (m, 2H), 3.79‒3.72 (m, 1H), 3.68‒

3.61 (m, 1H), 1.32 (t, 3H, J = 7.0 Hz), 0.75 (t, 3H, J = 7.0 Hz); 13C NMR (126 MHz, CDCl3):  166.23, 
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166.21, 164.4, 152.4, 150.2, 143.9, 133.7, 129.7, 129.4, 128.5, 123.5, 69.2, 63.8, 63.7, 62.9, 13.8, 13.1; 

IR (ATR) 3337, 2361, 2340, 1741, 1532, 1178 cm‒1; HPLC [CHIRALPAK IB, hexane/2-propanol = 

90/10, 0.5 mL/min, =254 nm, retention times: (major) 45.6 min, (minor) 61.0 min] HRMS (ESI): Calcd. 

for C21H22N3O9S [M+H]+ 492.1071, found 492.1067. 

Diethyl (R)-2-oxo-5-phenyl-1-mesylimidazolidine-4,4-dicarboxylate (3c): colorless oil; []30
D +39.0 (c 

2.05, CHCl3); 
1H NMR (500 MHz, CDCl3);  7.43‒7.36 (m, 5H), 6.21 (s, 1H), 6.04 (s, 1H), 4.40‒4.29 (m, 

2H), 3.82‒3.75 (m, 1H), 3.67‒3.61 (m, 1H), 3.01 (s, 3H), 1.32 (t, 3H, J = 7.0 Hz), 0.81 (t, 3H, J = 7.0 

Hz); 13C NMR (126 MHz, CDCl3):  166.4, 164.8, 153.4, 134.6, 129.7, 128.7, 127.8, 69.5, 63.6, 63.2, 

62.9, 41.8, 13.9, 13.3; IR (ATR) 3330, 2985, 2360, 2341, 1734, 1165 cm‒1; HPLC [CHIRALPAK IB, 

hexane/2-propanol = 90/10, 0.5 mL/min, =254 nm, retention times: (major) 31.6 min, (minor) 40.8 min]: 

HRMS (ESI): Calcd. for C16H21N2O7S [M+H]+ 385.1064, found 385.1061. 

1-(tert-Butyl) 4,4-diethyl (R)-2-oxo-5-phenylimidazolidine-1,4,4-tricarboxylate (3d): colorless 

amorphous; []30
D ‒27.4 (c 0.65, CHCl3); 

1H NMR (500 MHz, CDCl3);  7.32 (brs, 5H), 5.88 (s, 1H), 

5.73 (s, 1H), 4.37‒4.26 (m, 2H), 3.79‒3.72 (m, 1H), 3.62‒3.56 (m, 1H), 1.30 (t, 3H, J = 7.0 Hz), 1.24 (s, 

9H), 0.83 (t, 3H, J = 7.0 Hz); 13C NMR (126 MHz, CDCl3):  167.1, 165.5, 153.5, 148.7, 136.2, 128.9, 

128.3, 127.3, 83.1, 68.0, 63.3, 62.6, 62.4, 27.6, 13.9, 13.3; IR (ATR) 3309, 2981, 2360, 2341, 1792, 1745, 

1158 cm‒1; HPLC [CHIRALPAK AD, hexane/2-propanol = 90/10, 0.5 mL/min, =254 nm, retention 

times: (major) 22.9 min, (minor) 30.9 min]: HRMS (ESI): Calcd. for C20H26N2O7Na [M+Na]+ 429.1632, 

found 429.1621. 

Diethyl (R)-5-(4-methoxyphenyl)-2-oxo-1-tosylimidazolidine-4,4-dicarboxylate (3e): colorless oil; 

[]29
D +37.2 (c 3.33, CHCl3); 

1H NMR (500 MHz, CDCl3);  7.50 (d, 2H, J = 7.5 Hz), 7.14‒7.11 (m, 4H), 

6.72 (d, 2H, J = 8.5 Hz), 6.07 (s, 1H), 5.74 (s, 1H), 4.36‒4.24 (m, 2H), 3.82‒3.73 (m, 4H), 3.70‒3.63 (m, 

1H), 2.37 (s, 3H), 1.29 (t, 3H, J = 7.0 Hz), 0.83 (t, 3H, J = 7.0 Hz); 13C NMR (126 MHz, CDCl3):  166.6, 

164.8, 160.2, 152.6, 144.5, 135.8, 129.4, 129.0, 128.2, 126.3, 113.6, 69.3, 63.5, 63.4, 62.7, 55.3, 21.6, 

13.9, 13.4; IR (ATR) 3333, 2983, 2359, 2342, 1736, 1168 cm‒1; HPLC [CHIRALPAK IB, 

hexane/2-propanol = 90/10, 0.5 mL/min, =254 nm, retention times: (major) 31.6 min, (minor) 44.0 min]: 

HRMS (ESI): Calcd. for C23H27N2O8S [M+H]+ 491.1483, found 491.1466. 

Diethyl (R)-5-(4-chlorophenyl)-2-oxo-1-tosylimidazolidine-4,4-dicarboxylate (3f): colorless solid; mp 

164.9‒167.7 C; []30
D +58.1 (c 0.78, CHCl3); 

1H NMR (500 MHz, CDCl3);  7.53 (d, 2H, J = 8.5 Hz), 

7.21‒7.15 (m, 6H), 6.08 (s, 1H), 5.91 (s, 1H), 4.36‒4.24 (m, 2H), 3.83‒3.77 (m, 1H), 3.70‒3.64 (m, 1H), 

2.39 (s, 3H), 1.29 (t, 3H, J = 7.0 Hz), 0.84 (t, 3H, J = 7.0 Hz); 13C NMR (126 MHz, CDCl3):  166.4, 

164.7, 152.5, 144.9, 135.5, 135.3, 133.2, 129.2, 128.5, 128.1, 69.1, 63.6, 63.0, 62.9, 25.3, 21.6, 13.8, 

13.3; IR (ATR) 3334, 2984, 2360, 2342, 1737, 1170 cm‒1; HPLC [CHIRALPAK IB, hexane/2-propanol 
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= 90/10, 0.5 mL/min, =254 nm, retention times: (major) 23.0 min, (minor) 29.1 min]: HRMS (ESI): 

Calcd. for C22H24N2O7SCl [M+H]+ 495.0987, found 495.0997. 

Diethyl (R)-5-(4-(methoxycarbonyl)phenyl)-2-oxo-1-tosylimidazolidine-4,4-dicarboxylate (3g): 

colorless oil; []29
D +41.3 (c 1.03, CHCl3); 

1H NMR (500 MHz, CDCl3);  7.91 (d, 2H, J = 8.0 Hz), 7.53 

(d, 2H, J = 9.0 Hz), 7.33 (d, 2H, J = 7.5 Hz), 7.14 (d, 2H, J = 8.0 Hz), 6.17 (s, 1H), 5.94 (s, 1H), 4.37‒

4.24 (m, 2H), 3.94 (s, 3H), 3.79‒3.72 (m, 1H), 3.61‒3.55 (m, 1H), 2.38 (s, 3H), 1.29 (t, 3H, J = 7.0 Hz), 

0.80 (t, 3H, J = 7.0 Hz); 13C NMR (126 MHz, CDCl3)  166.31, 166.29, 164.6, 152.5, 144.9, 139.3, 135.4, 

130.9, 129.5, 129.2, 128.1, 69.0, 63.6, 63.2, 62.9, 52.3, 21.6, 13.8, 13.3 (one carbon peak is missing due 

to overlapping); IR (ATR) 3328, 2984, 2363, 2343, 1742, 1170 cm‒1; HPLC [CHIRALPAK IB, 

hexane/2-propanol = 90/10, 0.5 mL/min, =254 nm, retention times: (major) 28.7 min, (major) 39.0 min]: 

HRMS (ESI): Calcd. for C24H27N2O9S [M+H]+ 519.1432, found 519.1429. 

Diethyl (R)-5-(4-cyanophenyl)-2-oxo-1-tosylimidazolidine-4,4-dicarboxylate (3h): brown solid; mp 

190.3‒191.7 C; []29
D +52.9 (c 0.49, CHCl3); 

1H NMR (500 MHz, CDCl3);  7.58 (t, 4H, J = 8.5 Hz), 

7.41 (d, 2H, J = 7.5 Hz), 7.21 (d, 2H, J = 8.5 Hz), 6.15 (s, 1H), 5.79 (s, 1H), 4.37‒4.24 (m, 2H), 3.83‒

3.76 (m, 1H), 3.66‒3.60 (m, 1H), 2.41 (s, 3H), 1.28 (t, 3H, J = 7.5 Hz), 0.84 (t, 3H, J = 7.0 Hz); 13C NMR 

(126 MHz, CDCl3):  166.1, 164.5, 152.4, 145.3, 139.9, 135.2, 132.1, 129.4, 128.8, 128.1, 118.0, 113.1, 

68.9, 63.8, 63.1, 62.9, 21.6, 13.8, 13.4; IR (ATR) 3335, 2984, 2362, 2342, 2230, 1743, 1170 cm‒1; HPLC 

[CHIRALPAK ADH, hexane/2-propanol = 90/10, 0.5 mL/min, =254 nm, retention times: (major) 63.2 

min, (minor) 79.1 min]: HRMS (ESI): Calcd. for C23H24N3O7S [M+H]+ 486.1329, found 486.1335. 

Diethyl (R)-5-(4-nitrophenyl)-2-oxo-1-tosylimidazolidine-4,4-dicarboxylate (3i): yellow solid; mp 

188.5‒192.5 C; []29
D +44.0 (c 0.45, CHCl3); 

1H NMR (500 MHz, CDCl3);  8.13 (d, 2H, J = 8.0 Hz), 

7.62 (d, 2H, J = 8.5 Hz), 7.49 (d, 2H, J = 8.0 Hz), 7.20 (d, 2H, J = 8.0 Hz), 6.20 (s, 1H), 5.91 (s, 1H), 

4.38‒4.24 (m, 2H), 3.84‒3.78 (m, 1H), 3.66‒3.59 (m, 1H), 2.41 (s, 3H), 1.29 (t, 3H, J = 7.0 Hz), 0.85 (t, 

3H, J = 7.0 Hz); 13C NMR (126 MHz, CDCl3):  166.1, 164.5, 152.4, 148.3, 145.4, 141.7, 135.2, 129.4, 

129.1, 128.2, 123.5, 68.9, 63.9, 63.1, 62.7, 21.6, 13.8, 13.4; IR (ATR) 3335, 2361, 2343, 1742, 1524, 

1350, 1169 cm‒1; HPLC [CHIRALPAK IB, hexane/2-propanol = 90/10, 0.5 mL/min, =254 nm, 

retention times: (major) 35.4 min, (minor) 40.7 min]: HRMS (ESI): Calcd. for C22H24N3O9S [M+H]+ 

506.1228, found 506.1233. 

Diethyl (R)-5-(3-methoxyphenyl)-2-oxo-1-tosylimidazolidine-4,4-dicarboxylate (3j): colorless oil; 

[]29
D +54.3 (c 0.45, CHCl3); 

1H NMR (500 MHz, CDCl3);  7.49 (d, J = 8.5 Hz, 2H), 7.15‒7.11 (m, 3H), 

6.84‒6.81 (m, 2H), 6.61 (brs, 1H), 6.09 (s, 1H), 5.86 (s, 1H), 4.37‒4.25 (m, 2H), 3.80‒3.74 (m, 1H), 

3.69‒3.61 (m, 4H), 2.37 (s, 3H), 1.30 (t, J = 7.0, 3H), 0.80 (t, J = 7.5 Hz, 3H); 13C NMR (126 MHz, 

CDCl3):  166.5, 164.7, 159.4, 152.6, 144.5, 135.6, 135.3, 129.6, 129.3, 129.0, 128.2, 126.4, 115.5, 69.1, 
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63.8, 63.5, 62.8, 55.0, 21.5, 13.8, 13.2; IR (ATR) 3334, 2365, 2342, 1748 cm‒1; HPLC [CHIRALPAK 

ADH, hexane/2-propanol = 90/10, 0.5 mL/min, =254 nm, retention times: (minor) 68.3 min, (major) 

93.5 min]: HRMS (ESI): Calcd. for C23H27N2O8S [M+H]+ 491.1483, found 491.1504. 

Diethyl (R)-5-(benzo[d][1,3]dioxol-5-yl)-2-oxo-1-tosylimidazolidine-4,4-dicarboxylate (3k): white 

solid; mp 168.9‒170.3 C; []29
D +45.6 (c 0.90, CHCl3); 

1H NMR (500 MHz, CDCl3);  7.57 (d, 2H, J = 

8.0 Hz), 7.16 (d, 2H, J = 8.0 Hz), 6.75 (brs, 1H), 6.67 (d, 1H, J = 8.0 Hz), 6.61 (brs, 1H), 6.02 (s, 1H), 

5.94 (d, 1H, J = 1.5 Hz), 5.91 (d, 1H, J = 1.0 Hz), 5.68 (s, 1H), 4.36‒4.23 (m, 2H), 3.88‒3.82 (m, 1H), 

3.80‒3.70 (m, 1H), 2.38 (s, 3H), 1.29 (t, 3H, J = 7.0 Hz), 0.89 (t, 3H, J = 7.5 Hz); 13C NMR (126 MHz, 

CDCl3):  166.5, 164.7, 152.5, 148.3, 147.6, 144.6, 135.7, 129.4, 129.1, 128.2, 127.8, 107.9, 101.3, 69.2, 

63.7, 63.5, 62.8, 21.6, 13.8, 13.4 (one carbon peak is missing due to overlapping); IR (ATR) 3335, 2985, 

2361, 2342, 1741, 1171 cm‒1; HPLC [CHIRALPAK ADH, hexane/2-propanol = 90/10, 0.5 mL/min, 

=254 nm, retention times: (minor) 64.4 min, (major) 95.3 min]: HRMS (ESI): Calcd. for C23H25N2O9S 

[M+H]+ 505.1275, found 505.1276. 

Diethyl (R)-2-oxo-5-(furan-3-yl)-1-tosylimidazolidine-4,4-dicarboxylate (3l): colorless oil; []29
D 

+54.7 (c 0.94, CHCl3); 
1H NMR (500 MHz, CDCl3);  7.62 (d, 2H, J = 8.5 Hz), 7.50 (s, 1H), 7.27 (s, 1H), 

7.21‒7.17 (m, 3H), 6.11 (d, 1H, J = 5.5 Hz), 5.85 (s, 1H), 4.36‒4.24 (m, 2H), 3.94 (q, 2H, J = 7.0 Hz), 

2.38 (s, 3H), 1.29 (t, 3H, J = 7.0 Hz), 0.97 (t, 3H, J = 7.0 Hz); 13C NMR (126 MHz, CDCl3):  166.3, 

164.5, 152.2, 144.6, 143.3, 142.4, 135.6, 129.1, 128.1, 119.2, 108.8, 68.9, 63.5, 62.9, 56.4, 21.6, 13.8, 

13.3; IR (ATR) 3336, 2984, 2360, 2342, 1738, 1170 cm‒1; HPLC [CHIRALPAK IB, hexane/2-propanol 

= 90/10, 0.5 mL/min, =254 nm, retention times: (major) 25.6 min, (minor) 29.9 min]: HRMS (ESI): 

Calcd. for C20H23N2O8S [M+H]+ 451.1170, found 451.1174. 

Diethyl (R)-2-oxo-5-(thiophen-3-yl)-1-tosylimidazolidine-4,4-dicarboxylate (3m): colorless 

amorphous; []29
D +83.9 (c 0.62, CHCl3); 

1H NMR (500 MHz, CDCl3);  7.47 (d, 2H, J = 8.5 Hz), 7.29‒

7.28 (m, 1H), 7.13‒7.10 (m, 3H), 6.82 (d, 1H, J = 5.0 Hz), 6.23 (s, 1H), 5.79 (s, 1H), 4.37‒4.26 (m, 2H), 

3.87‒3.75 (m, 2H), 2.37 (s, 3H), 1.30 (t, 3H, J = 7.0 Hz), 0.87 (t, 3H, J = 7.0 Hz); 13C NMR (126 MHz, 

CDCl3):  166.4, 164.6, 152.3, 144.5, 135.6, 134.9, 129.1, 128.0, 126.4, 126.1, 125.9, 69.0, 63.5, 62.9, 

59.4, 21.6, 13.8, 13.3; IR (ATR) 3335, 2983, 2360, 2341, 1740, 1171 cm‒1; HPLC [CHIRALPAK IB, 

hexane/2-propanol = 90/10, 0.5 mL/min, =254 nm, retention times: (major) 26.6 min, (minor) 33.5 min]: 

HRMS (ESI): Calcd. for C20H23N2O7S2 [M+H]+ 467.0941, found 467.0952. 

Diethyl (R)-2-oxo-5-(pyridin-3-yl)-1-tosylimidazolidine-4,4-dicarboxylate (3n): white solid; mp 

115.5‒116.4 C; []23
D +75.4 (c 1.00, CHCl3); 

1H NMR (500 MHz, CDCl3);  8.58‒8.57 (m, 2H), 7.57 (d, 

2H, J = 8.0 Hz), 7.52 (d, 1H, J = 8.0 Hz), 7.19‒7.14 (m, 3H), 6.15 (s, 1H), 5.89 (s, 1H), 4.40‒4.25 (m, 

2H), 3.83‒3.76 (m, 1H), 3.71‒3.64 (m, 1H), 2.39 (s, 3H), 1.29 (t, 3H, J = 7.0 Hz), 0.82 (t, 3H, J = 7.0 
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Hz); 13C NMR (126 MHz, CDCl3):  166.2, 164.5, 152.4, 150.5, 149.7, 145.1, 135.4, 130.5, 129.4, 128.1, 

123.2, 69.0, 63.8, 63.1, 61.4, 30.9, 21.6, 143.9, 13.3; IR (ATR) 2360, 2342, 1541, 1235, 1195 cm‒1; 

HPLC [CHIRALPAK IC, hexane/2-propanol = 80/20, 1.5 mL/min, =254 nm, retention times: (minor) 

94.2 min, (major) 165.9 min]: HRMS (ESI): Calcd. for C21H24N3O7S [M+H]+ 462.1329, found 462.1345. 

Diethyl (R)-5-cyclohexyl-2-oxo-1-tosylimidazolidine-4,4-dicarboxylate (3o): Colorless oil; []24
D 

+19.5 (c 2.54, CHCl3); 
1H NMR (500 MHz, CDCl3); 7.91 (d, 2H, J = 8.0 Hz), 7.28 (d, 2H, J = 8.5 Hz), 

5.61 (s, 1H), 5.07 (s, 1H), 4.36‒4.28 (m, 2H), 4.19‒4.05 (m, 2H), 2.41 (s, 3H), 1.82‒1.67 (m, 5H), 1.62‒

1.61 (d, 1H), 1.53‒1.46 (m, 1H), 1.33‒1.08 (m, 10H); 13C NMR (126 MHz, CDCl3):  167.1, 165.2, 

153.2, 144.7, 135.7, 129.1, 128.7, 69.8, 65.8, 63.2, 63.1, 41.1, 31.1, 26.6, 26.2, 26.0, 25.7, 21.6, 13.9, 

13.7; IR (ATR) 3362, 2970, 2933, 2856, 1743, 1170, 1091 cm‒1; HPLC [CHIRALPAK AS, 

hexane/2-propanol = 90/10, 0.5 mL/min, =254 nm, retention times: (minor) 34.1 min, (major) 63.2 min]: 

HRMS (ESI): Calcd. for C22H31N2O7S [M+H]+ 467.1846, found 467.1852. 

(E)-2,4,6-Triisopropyl-N-(3-phenylpropylidene)benzenesulfonamide (1q): white solid; mp 56.0‒59.8 

C; 1H NMR (500 MHz, CDCl3);  8.64 (t, 1H, J = 3.5 Hz), 7.26‒7.13 (m, 7H), 4.21‒4.15 (m, 2H), 2.98‒

2.83 (m, 5H), 1.27‒1.24 (m, 18H); 13C NMR (126 MHz, CDCl3):  175.4, 153.8, 151.3, 139.8, 130.2, 

128.6, 128.3, 126.4, 123.8, 37.6, 34.2, 30.6, 29.7, 24.7, 23.6; IR (ATR) 2954, 1625, 1313, 1153 cm‒1; 

HRMS (ESI): Calcd. for C24H34NO2S [M+H]+ 400.2305, found 400.2288. 

Diethyl (R)-2-oxo-5-phenethyl-1-[(2,4,6-triisopropylphenyl)sulfonyl]imidazolidine-4,4-dicarboxylate 

(8q): colorless amorphous; []24
D ‒8.8 (c 0.84, CHCl3); 

1H NMR (500 MHz, CDCl3):  7.29‒7.26 (m, 

2H), 7.20‒7.16 (m, 5H), 5.73 (s, 1H), 5.38‒5.37 (m, 1H), 4.40‒4.07 (m, 6H), 3.05 (dt, 1H, J = 13.0, 4.5 

Hz), 2.89 (quin, 1H, J = 7.0 Hz), 2.72 (dt, 1H, J = 13.5, 4.5 Hz), 2.57‒2.49 (m, 1H), 2.23‒2.16 (m, 1H), 

1.32‒1.19 (m, 24H); 13C NMR (126 MHz, CDCl3):  166.8, 165.4, 154.0, 153.2, 152.6, 141.0, 131.6, 

128.41, 128.38, 126.0, 124.0, 68.4, 63.4, 63.2, 61.0, 34.2, 33.7, 31.6, 29.8, 29.5, 25.2, 24.4, 23.47, 23.45, 

13.9, 13.8; IR (ATR) 2961, 1733, 1166, 1068, 769 cm‒1; HPLC [CHIRALPAK AD, hexane/2-propanol = 

90/10, 0.5 mL/min, =254 nm, retention times: (minor) 12.6 min, (major) 17.6 min]: HRMS (ESI): Calcd. 

for C32H45N2O7S [M+H]+ 601.2942, found 601.2940. 

(E)-n-Hexylidene-2,4,6-triisopropylbenzenesulfonamide (1r): white solid; mp 93.0‒94.8 C; 1H NMR 

(500 MHz, CDCl3):  8.58 (t, 1H, J = 4.0 Hz), 7.18 (s, 2H), 4.21‒4.13 (m, 2H), 2.95‒2.86 (m, 1H), 2.53‒

2.49 (td, 2H, J = 7.5, 4.5 Hz), 1.66‒1.60 (m, 2H), 1.33‒1.28 (m, 4H), 1.26‒1.24 (m, 18H), 0.87 (t, 3H, J = 

7.0 Hz); 13C NMR (126 MHz, CDCl3):  176.6, 153.7, 151.2, 130.3, 123.8, 35.9, 34.2, 31.2, 29.7, 24.7, 

24.2, 23.5, 22.3, 13.8; IR (ATR) 2953, 1625, 1313, 1154 cm‒1; HRMS (ESI): Calcd. for C21H36NO2S 

[M+H]+ 366.2461, found 366.2474. 
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Diethyl (R)-2-oxo-5-pentyl-1-((2,4,6-triisopropylphenyl)sulfonyl)imidazolidine-4,4-dicarboxylate 

(8r): white amorphous; []24
D ‒39.9 (c 0.85, CHCl3); 

1H NMR (500 MHz, CDCl3);  7.16‒7.15 (m, 2H), 

5.63 (s, 1H), 5.29‒5.28 (m, 1H), 4.36‒4.04 (m, 6H), 2.88 (sep, 1H, J = 7.0 Hz), 2.21‒2.13 (m, 1H), 2.01‒

1.94 (m, 1H), 1.67‒1.62 (m, 2H), 1.46‒1.16 (m, 28H), 0.89 (t, 3H, J = 7.5 Hz); 13C NMR (126 MHz, 

CDCl3):  166.9, 165.4, 153.9, 153.2, 152.4, 131.8, 123.9, 68.3, 63.2, 63.1, 61.5, 34.1, 31.9, 31.4, 29.8, 

25.2, 24.3, 23.44, 23.42, 23.0, 22.3, 14.0, 13.9, 13.8; IR (ATR) 2960, 1733, 1167, 1071 cm‒1; HPLC 

[CHIRALPAK IC, hexane/2-propanol = 95/5, 1.0 mL/min, =254 nm, retention times: (minor) 13.0 min, 

(major) 14.5 min]: HRMS (ESI): Calcd. for C29H47N2O7S [M+H]+ 567.3098, found 567.3122. 

(E)-2,4,6-Triisopropyl-N-(3-methylbutylidene)benzenesulfonamide (1s): white solid; mp 78.1‒79.8 

C; 1H NMR (500 MHz, CDCl3):  8.57 (t, 1H, J = 5.0 Hz), 7.18 (s, 2H), 4.20‒4.12 (m, 2H), 2.95‒2.86 

(m, 1H), 2.40 (dd, 2H, J = 6.5, 4.5 Hz), 2.14‒2.03 (m, 1H), 1.26‒1.24 (m, 18H), 0.97 (d, 6H, J = 7.0 Hz); 

13C NMR (126 MHz, CDCl3):  176.1, 153.7, 151.3, 130.3, 123.8, 44.5, 34.2, 29.7, 25.8, 24.7, 23.5, 22.5; 

IR (ATR) 2953, 1624, 1314, 1155, 672 cm‒1; HRMS (ESI): Calcd. for C20H34NO2S [M+H]+ 352.2305, 

found 352.2308. 

Diethyl (R)-5-isobutyl-2-oxo-1-((2,4,6-triisopropylphenyl)sulfonyl)imidazolidine-4,4-dicarboxylate 

(8r): colorless amorphous; []24
D ‒56.1 (c 1.11, CHCl3); 

1H NMR (500 MHz, CDCl3):  7.15 (s, 2H), 

5.53 (s, 1H), 5.24 (dd, 1H, J = 8.5, 3.5 Hz), 4.37‒4.14 (m, 4H), 4.05 (sep, 2H, J = 6.5 Hz), 2.88 (sep, 1H, 

J = 6.5 Hz), 2.09‒2.03 (m, 1H), 1.78‒1.71 (m, 2H), 1.60 (s, 1H), 1.32‒1.17 (m, 23H), 1.08 (d, 3H, J = 6.0 

Hz), 0.94 (d, 3H, J = 6.5 Hz); 13C NMR (126 MHz, CDCl3)  167.1, 165.9, 153.8, 153.2, 152.4, 131.8, 

123.9, 69.0, 63.2, 62.9, 60.0, 40.5, 34.1, 29.7, 25.1, 24.8, 24.3, 23.5, 23.4, 23.2, 21.6, 13.83, 13.80; IR 

(ATR) 2962, 1735, 1169, 1073, 786, 752 cm‒1; HPLC [CHIRALPAK IC, hexane/2-propanol = 90/10, 1.0 

mL/min, =254 nm, retention times: (minor) 13.0 min, (major) 14.5 min]; HRMS (ESI): Calcd. for 

C28H45N2O7S [M+H]+ 553.2942, found 553.2964. 
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