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1. Synthesis of proline catalyst 

 

(2S,4R)-trans-N-Cbz-4-hydroxyproline1 

A solution of (2S,4R)-4-hydroxypyrrolidine-2-carboxylic acid (1.64 g, 12.6 mmol) and 

sodium carbonate (3.33 g, 31.5 mmol) in H2O/acetone (14 mL, 6 mL/1 mL v/v) was stirred 

at 0 °C for 10 min. To the mixture was slowly added benzyloxycarbonyl chloride (2.13 mL, 

15.12 mmol). The resulting mixture was warmed to room temperature and stirred for 21 h. 

The mixture was diluted with water (30 mL) and added 1N HCl until pH = 1-2. The reaction mixture was 

extracted with ethyl acetate. The organic layer was washed with brine, dried over Na2SO4, filtered, and 

concentrated. The crude was purified by silica gel chromatography (ethyl acetate : methanol = 5 : 1) to give 

desired product (3.27 g, 98%). 

White solid; m.p. 102.2-102.9 °C; 1H NMR (270 MHz, CDCl3) δ = 7.36-7.31 (m, 5H), 5.17 (d, J = 11.3 Hz, 

2H), 4.61-4.51 (m, 2H), 3.67-3.61 (m, 2H), 2.41-2.18 (m, 2H). 

 

(2S,4R)-4-(Allyloxy)-1-((benzyloxy)carbonyl)pyrrolidine-2-carboxylic acid 21 

Under N2 atmosphere, to a solution of (2S,4R)-trans-N-Cbz-4-hydroxyproline (2.1 g, 

7.9 mmol) in dry-THF (20 mL) was added sodium hydride (60% dispersion in oil, 

792 mg, 19.8 mmol) at 0 °C. After warming the reaction mixture to room temperature, 

allyl bromide (1.8 mL, 20.6 mmol) was added dropwise, and then the mixture was 

stirred for 41 h. The reaction mixture was quenched with water (17 mL) and added 1N HCl until pH = 1-2. 

After the addition of ethyl acetate, the organic phase was separated and the aqueous phase was extracted with 

ethyl acetate. The combined organic phase was washed with brine, dried over Na2SO4, filtered, and 

concentrated (crude 2.5 g). 

Next, a mixture of crude (2.5 g, 7.1 mmol), NaOH (511 mg, 12.9 mmol), H2O (3 mL), and methanol (3 mL) 

was stirred at room temperature for 24 h. The reaction mixture was washed with ethyl acetate. The pH of 

aqueous layer was adjusted to pH = 1-2 by addition of 1N HCl. The solution was extracted with ethyl acetate. 

The organic layer was washed with brine, dried over Na2SO4, filtered, and concentrated to give 2 (1.66 g, 69%). 

Colorless oil; 1H NMR (270 MHz, CDCl3) δ = 9.15 (brs, 1H), 7.35-7.29 (m, 5H), 5.95-5.79 (m, 1H), 5.29-5.07 

(m, 4H), 4.55-4.45 (m, 1H), 4.16-4.13 (m, 1H), 3.96 (d, J = 5.13 Hz, 2H), 3.75-3.53 (m, 2H), 2.44-2.04 (m, 

2H). 

  

N

HO
O

OHCbz

N

O
O

OHCbz



 3 

 

(2S,4R)-1-((Benzyloxy)carbonyl)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoro-2-

iodoundecyl)oxy)pyrrolidine-2-carboxylic acid1 

After the third freeze-pump-thaw cycle of 2 (3.85 g, 12.6 mmol), a mixture of 2 

and C8F17I (3.43 mL, 13.0 mmol) was heated at 80 °C. AIBN (210 mg, 1.3 

mmol) was added to this solution and the mixture was stirred for 48 h. After the 

addition of 1N HCl and ethyl acetate, The organic layer was washed with brine, 

dried over Na2SO4, filtered, and concentrated. The crude was purified by FSPE2) 

(methanol : H2O = 68 : 32) to give desired product (4.85 g, 43%). 

Yellow oil; 1H NMR (270 MHz, CDCl3) δ = 8.74 (brs, 1H), 7.36-7.30 (m, 5H), 5.24-5.13 (m, 2H), 4.57-4.47 

(m, 1H), 4.36-4.28 (m, 1H), 4.18-4.17 (m, 1H), 3.86-3.59 (m, 4H), 3.05-2.57 (m, 2H), 2.50-2.12 (m, 2H). 

 

(2S,4R)-1-((Benzyloxy)carbonyl)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-

heptadecafluoroundecyl)oxy)pyrrolidine-2-carboxylic acid 3a1 

A solution of (2S,4R)-1-((benzyloxy)carbonyl)-4-

((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoro-2-

iodoundecyl)oxy)pyrrolidine-2-carboxylic acid (652.5 mg, 0.766 mmol), AIBN 

(12.6 mg, 0.0766 mmol), Hypophosphorous Acid (1.44 mL, 7.66 mmol), and 

sodium hydrogen carbonate (772.8 mg, 9.19 mmol) in EtOH (10 mL) was stirred 

at reflux for 4 h. 1N HCl was added to reaction mixture until pH = 1-2. The mixture was extracted with ethyl 

acetate. The organic layer was washed with brine, dried over Na2SO4, filtered, and concentrated. The crude 

was purified by silica gel chromatography (dichloromethane : methanol = 95 : 5) to give 3 (348.7 mg, 63%). 

Yellow oil; 1H NMR (270 MHz, CDCl3) δ = 7.36-7.30 (m, 5H), 5.18-5.13 (m, 2H), 4.53-4.43 (m, 1H), 4.12-

4.06 (m, 1H), 3.75-3.45 (m, 4H), 2.35-2.04 (m, 4H), 1.90-1.82 (m, 2H). 

 

3,5-Bis(trifluoromethyl)benzenesulfonamide1 

To a solution of 3,5-bis(trifluoromethyl)benzenesulfonyl chloride (2.0 g, 6.4 mmol) 

in H2O (10 mL) was added 25% ammonia solution (2.59 mL, 67.5 mmol) at 100 °C 

and stirred for 2 h. Excess water was separated as the toluene azeotrope. After the 

addition of 1N HCl, the crude was purified by filtration to give desired product (1.6 g, 

85%). 

White solid; mp. 182-183 °C; 1H NMR (270 MHz, CDCl3) δ = 8.39 (s, 2H), 8.09 (s, 1H), 5.07 (s, 2H). 
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Benzyl(2S,4R)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)-4-

((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoroundecyl)oxy)pyrrolidine-1-carboxylate1 

Under N2 atmosphere, EDCI (127 mL, 0.72 mmol) was added 

dropwise to a solution of 3a (348.8 mg, 0.48 mmol), 3,5-

bis(trifluoromethyl) benzenesulfonamide (209.8 mg, 0.72 mmol), 

DMAP (19.6 mg, 0.12 mmol), and HOBt (110 mg, 0.72 mmol) 

in dry- dichloromethane/dry-DMF (15 mL, 2 mL/1 mL v/v) at 

0 °C and the mixture was stirred for 10 min. Then the reaction temperature rose to room temperature and the 

mixture was stirred for further 32 h. 1N HCl was added to reaction mixture until pH = 1-2. The mixture was 

extracted with ethyl acetate. The organic layer was washed with brine, dried over Na2SO4, filtered, and 

concentrated. The crude was purified by silica gel chromatography (ethyl acetate : n-hexane = 1 : 4) to give 

desired product (400.8 mg, 83%). 

Yellow oil; 1H NMR (270 MHz, CDCl3) δ = 8.53 (s, 2H), 8.12 (s, 1H), 7.37 (s, 5H), 5.26-5.15 (m, 2H), 4.43-

4.37 (m, 1H), 4.05-3.99 (m, 1H), 3.63-3.37 (m, 4H), 2.56-2.48 (m, 1H), 2.19-1.99 (m, 3H), 1.86-1.76 (m, 2H). 

 

(2S,4R)-N-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-

heptadecafluoroundecyl)oxy)pyrrolidine-2-carboxamide 1a1 

Benzyl(2S,4R)-2-(((3,5-

bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)-4-

((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-

heptadecafluoroundecyl)oxy)pyrrolidine-1-carboxylate (379.0 

mg, 0.38 mmol) and Pd/C (161.76 mg, 0.076 mmol) in methanol 

(6 mL) was stirred at room temperature for 17 h under H2 balloon. The Pd/C was removed by filtration through 

a pad of celite with methanol. The filtrate was concentrated. The crude was purified by silica gel 

chromatography (dichloromethane : methanol = 19 : 1) to give 1a (286.3 mg, 88%). 

white solid; m.p. 103.8-104.9 °C; 1H NMR (270 MHz, CDCl3) δ = 8.35 (s, 2H), 7.99 (s, 1H), 4.55-4.48 (m, 

1H), 4.20 (s, 1H), 3.62-3.46 (m, 4H), 2.59-2.51 (m, 1H), 2.18-2.02 (m, 3H), 1.85-1.75 (m, 2H). 

 

(2S,4R)-1-((Benzyloxy)carbonyl)-4-(undecyloxy)pyrrolidine-2-carboxylic acid 3b1 

Under N2 atmosphere, a solution of (2S,4R)-trans-N-Cbz-4-hydroxyproline 

(999.6 mg, 3.8 mmol) in dry-DMF (10 mL) was stirred at 0 °C, then sodium 

hydride (565.5 mg, 9.4 mmol) was added in two equal portions over a period of 

15 min. The reaction mixture was  warmed to room temperature and then 

stirred for further 15 min. 1-Iodododecane (2.2 mL, 9.8 mmol) was added 

dropwise to the reaction mixture. After being stirred at room temperature for 7 h, the reaction mixture was 
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quenched with H2O and added 1N HCl until pH = 1-2. The mixture was extracted with diethyl ether. The 

organic layer was washed with brine, dried over Na2SO4, filtered, and concentrated. The crude was purified by 

silica gel chromatography (ethyl acetate : methanol = 20 : 1) to give desired product (1238.3 mg, 78%). 

Yellow oil; 1H NMR (270MHz, CDCl3) δ = 7.35-7.29 (m, 5H), 5.17-5.12 (m, 2H), 4.52-4.43 (m, 1H), 4.09-

4.04 (m, 1H), 3.72-3.60 (m, 2H), 3.41-3.35 (m, 2H), 2.45-2.09 (m, 2H), 1.55-1.50 (m, 2H), 1.26 (s, 16H), 0.88 

(t, J = 6.6 Hz, 3H). 

 

3,5-Dimethylbenzenesulfonamide1 

To a solution of 3,5- Dimethylbenzenesulfonyl chloride (501 mg, 2.45 mmol) in 

H2O (5 mL) was added ammonium hydroxide (3.76 mL, 24.4 mmol) at 100 °C and 

stirred for 2 h. Excess water was separated as the toluene azeotrope. After the 

addition of 1 N HCl, the residue was purified by filtration to give desired product 

(453 mg, quant.). 

White solid; m.p. 129-132 °C; 1H NMR (270 MHz, CDCl3); δ = 7.55 (s, 2H), 7.21 (s, 1H), 4.69 (s, 2H), 2.39 

(s, 6H). 

 

(2S,4R)-N-((3,5-Dimethylphenyl)sulfonyl)-4-(undecyloxy)pyrrolidine-2-carboxamide1 

Under N2 atmosphere, EDCI (107 µL, 0.61 mmol) was added 

dropwise to a solution of 3b (102 mg, 0.24 mmol), 3,5-

Dimethylbenzenesulfonamide (43 mg, 0.23 mmol), and DMAP 

(89 mg, 0.73 mmol) in t-butyl alcohol/1,2-dichloroethane (1 mL, 

0.5 mL/0.5 mL v/v) at 0 °C and the mixture was stirred for 10 

min. Then the reaction temperature was warmed to room temperature and the mixture was stirred for further 4 

h. 1N HCl was added to reaction mixture until pH = 1-2. The mixture was extracted with ethyl acetate. The 

organic layer was washed with brine, dried over Na2SO4, filtered, and concentrated. The crude was purified 

by silica gel chromatography (ethyl acetate) to give desired product (66 mg, 49%). 

Yellow oil; 1H NMR (270MHz, CDCl3) δ = 7.61 (s, 2H), 7.30 (s, 5H), 7.13 (s, 1H), 5.14 (q, J = 12.4 Hz, 2H), 

4.43-4.38 (m, 1H), 4.00-3.97 (m, 1H), 3.50 (brs, 2H), 3.31-3.26 (m, 2H), 2.30-1.96 (m, 8H), 1.45 (brs, 2H), 

1.24 (s, 18H), 0.88 (t, J = 6.5 Hz, 3H). 

 

(2S,4R)-N-((3,5-Dimethylphenyl)sulfonyl)-4-(undecyloxy)pyrrolidine-2-carboxamide 1b1 

(2S,4R)-N-((3,5-Dimethylphenyl)sulfonyl)-4-

(undecyloxy)pyrrolidine-2-carboxamide (44.6 mg, 0.076 mmol) 

and Pd/C (16.7 mg, 0.016 mmol) in methanol (1.2 mL) was 

stirred at room temperature for 16 h under H2 balloon. The Pd/C 

was removed by filtration through a pad of celite with methanol. 
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The filtrate was concentrated to give 1b (32.9 mg, 96%). 

Yellow oil; 1H NMR (270MHz, CDCl3) δ = 7.51 (s, 2H), 7.09 (s, 1H), 4.43-4.37 (m, 1H), 4.05 (brs, 1H) 3.69-

3.63 (m, 1H), 3.44-3.31 (m, 3H), 2.58-2.46 (m, 1H), 2.34 (s, 6H), 1.99-1.88 (m, 1H), 1.52-1.44 (m, 2H), 1.21 

(s, 16H), 0.88 (t, J = 6.8 Hz, 3H). 

 

(2S,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-Heptadecafluoroundecyl)oxy)pyrrolidine-2-carboxylic 

acid 1c2 

3a (1844 mg, 2.54 mmol) and Pd/C (332.9 mg, 0.508 mmol) in methanol (3.80 

mL) was stirred at room temperature for 22 h under H2 balloon. The Pd/C was 

removed by filtration through a pad of celite with methanol. The filtrate was 

concentrated. The crude was purified by silica gel chromatography (ethyl 

acetate : methanol = 8 : 2) to give 1c (489.1 mg, 32%). 

Yellow solid; m.p. 128.8-131.3 °C; 1H NMR (270 MHz, CD3OD) δ = 4.16-4.14 (m, 1H), 3.80-3.65 (m, 1H), 

3.56-3.26 (m, 2H), 2.93-2.88 (m, 2H), 2.53-2.38 (m, 1H), 2.30-2.05 (m, 3H), 1.92-1.82 (m, 2H). 

 

1-Benzyl 2-methyl (2S,4R)-4-hydroxypyrrolidine-1,2-dicarboxylate3 

Under N2 atmosphere, (2S,4R)-trans-N-Cbz-4-hydroxyproline (499.9 mg, 1.89 mmol), 

methyl iodide (587 µL, 9.42 mmol) and potassium carbonate (528.0 mg, 3.77 mmol) in 

dry-DMF (3.8 mL) was stirred at room temperature for 16 h. The reaction mixture was 

diluted with water and was extracted with ethyl acetate. the organic phase was separated 

and the aqueous phase was extracted with ethyl acetate. The combined organic phase was washed with 

saturated aqueous NaHCO3 solution and brine, dried over Na2SO4, filtered, and evaporated. The crude was 

purified by silica gel chromatography (ethyl acetate : n-hexane = 1 : 1) to give desired product (464.4 mg, 

88%). 

Pink oil; 1H NMR (400 MHz, CDCl3) δ = 7.33-7.26 (m, 5H), 5.18-4.94 (m, 2H), 4.49-4.39 (m, 2H), 3.71-3.52 

(m, 5H), 2.31-2.22(m, 1H), 2.05-1.97 (m, 1H). 

 

1-Benzyl 2-methyl (2S,4R)-4-(tert-butoxy)pyrrolidine-1,2-dicarboxylate4 

In a 20 mL round bottom flask equipped with a magnetic stirring bar and a condenser 

coil, Mg(ClO4)2 (185.4 mg, 0.83 mmol) and 1-benzyl 2-methyl (2S,4R)-4-

hydroxypyrrolidine-1,2-dicarboxylate (464.0 mg, 1.66 mmol) were dissolved in 

dichloromethane. (3.0 mL). This solution was treated with di-tert-butyl decarbonate 

(1087.8 mg, 4.98 mmol) in dichloromethane (2.5 mL) and was refluxed while the reaction progress was 

monitored by TLC. After the mixture was stirred for 46 h, and then the reaction mixture was diluted with water 

and extracted with dichloromethane. The organic phase was separated and the aqueous phase was extracted 

with dichloromethane. The combined organic phase was washed with brine, dried over Na2SO4, filtered, and 
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the solvent was removed by rotary evaporation. The crude was purified by silica gel chromatography (ethyl 

acetate : n-hexane = 1 : 2) to give desired product (322.6 mg, 58%). 

Colorless oil; 1H NMR (400 MHz, CDCl3) δ = 7.37-7.27 (m, 5H), 5.21-5.01 (m, 2H), 4.47-4.40 (m, 1H), 4.33-

4.25 (m, 1H), 3.80-3.26 (m, 5H), 2.18-2.04 (m, 2H), 1.17(s, 9H). 

 

(2S,4R)-1-((Benzyloxy)carbonyl)-4-(tert-butoxy)pyrrolidine-2-carboxylic acid 3f5 

1-Benzyl 2-methyl (2S,4R)-4-(tert-butoxy)pyrrolidine-1,2-dicarboxylate (161.6 mg, 0.48 

mmol) and LiOH·H2O (28.3 mg, 0.68 mmol) in H2O/THF (1.9 mL, 1.4 mL/0.5 mL v/v) 

was stirred at room temperature for 6 h. The reaction mixture was quenched with 1N HCl. 

The aqueous layer was extracted with ethyl acetate. The organic layer was dried over 

Na2SO4, filtered, and concentrated to give 3f (158 mg, quant.). 

Colorless oil; 1H NMR (400 MHz, CDCl3) δ = 7.36-7.29 (m, 5H), 5.21-5.08 (m, 2H), 4.50-4.44 (m, 1H), 4.34-

4.29 (m, 1H), 3.78-3.68 (m, 1H), 3.40-3.28 (m, 1H), 2.32-2.12 (m, 2H), 1.18 (s, 9H). 

 

Benzyl (2S,4R)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)-4-(tert-butoxy)pyrrolidine-1-

carboxylate 

3f (82 mg, 0.26 mmol), DMAP (92.2 mg, 0.77 mmol) and EDCI (112.5 µL, 

0.64 mmol) in t-butyl alcohol/1,2-dichloroethane (1.2 mL, 0.6 mL/0.6 mL 

v/v) was stirred at 0 °C for 10 min. 3,5-

Bis(trifluoromethyl)benzenesulfonamide (71.1 mg, 0.24 mmol) in t-butyl 

alcohol/1,2-dichloroethane (1.2 mL, 0.6 mL/0.6 mL v/v) was added dropwise to the reaction mixture, and then 

the mixture was stirred at room temperature for 24 h. 1N HCl was added to reaction mixture until pH = 1-2. 

The mixture was extracted with ethyl acetate. The organic layer was washed with brine, dried over Na2SO4, 

filtered, and concentrated. The crude was purified by silica gel chromatography (ethyl acetate : n-hexane = 1 : 

3) to give desired product (85.1 mg, 56%). 

Colorless Oil; 1H NMR (400 MHz, CD3OD) δ = 8.53, (s, 2H), 8.12, (s, 1H), 7.37 (s, 5H), 5.28-5.14 (m, 2H), 

4.38-4.35 (m, 1H), 4.23-4.18 (m, 1H), 3.53-3.49 (m, 1H), 3.28-3.24 (m, 1H), 2.51-2.46 (m, 1H), 1.89-1.84 (m, 

1H), 1.15 (s, 9H); 13C NMR (101 MHz, CDCl3) δ = 168.88, 157.81, 141.35, 135.53, 128.92, 128.70, 128.56, 

128.10, 127.40, 123.76, 121.04, 74.34, 68.85, 68.54, 59.47, 53.22, 34.11, 28.18; 19F NMR (376 MHz, CDCl3) 

δ = -62.80; HRMS-DART (m/z):[M+H]+ calcd for C25H26F6N2O6S 597.1494, found: 597.1492. 
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(2S,4R)-N-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)-4-(tert-butoxy)pyrrolidine-2-carboxamide 1e 

Benzyl (2S,4R)-2-(((3,5-

bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)-4-(tert-

butoxy)pyrrolidine-1-carboxylate (67.8 mg, 0.11 mmol) and Pd/C (48.2 mg, 

0.55 mmol) in methanol (2.3 mL) was stirred at room temperature for 2 h 

under H2 balloon. The catalyst was removed by filtration through a pad of celite with methanol. The filtrate 

was concentrated. The crude was purified by silica gel chromatography (dichloromethane : methanol = 10 : 

1) to give 1e (36.1 mg, 69%). 

White Solid; m.p. 42.2-43.2 °C; 1H NMR (400 MHz, CDCl3) δ = 8.38 (s, 2H), 7.98 (s, 1H), 4.51 (m, 

1H), 4.35 (brs, 1H), 3.69 (dd, J = 12 Hz, 4.8 Hz, 1H), 3.33 (d, J = 12 Hz, 1H), 2.35-2.29 (m, 1H), 

2.11-2.04 (m, 1H), 1.14 (s, 9H); 13C NMR (101 MHz, CDCl3) δ = 174.15, 145.60, 132.32, 131.99, 127.04, 

125.19, 121.47, 75.01, 69.76, 62.27, 53.78, 38.36, 28.01; 19F NMR (376 MHz, CDCl3) δ = -62.75; HRMS-

DART (m/z):[M+H]+ calcd for C17H20F6N2O4S 463.1126, found: 463.1122. 

 

(2S,4R)-1-((Benzyloxy)carbonyl)-4-methoxypyrrolidine-2-carboxylic acid 3d6 

Under N2 atmosphere, a solution of (2S,4R)-trans-N-Cbz-4-hydroxyproline (1000 mg, 3.77 

mmol) in dry-THF (10 mL) was stirred at 0 °C, then sodium hydride (301.6 mg, 7.539 

mmol) was added. The reaction mixture was warmed to room temperature and then stirred 

for 10 min. Iodomethane (470 µL, 7.539 mmol) was added dropwise to the reaction 

mixture. After stirred at room temperature for 18 h, the reaction mixture was quenched with H2O and added 

1N HCl until pH = 1-2. The mixture was extracted with dichloromethane. The organic layer was dried over 

Na2SO4, filtered, and concentrated. The crude was purified by silica gel chromatography (ethyl acetate : n-

hexane = 1 : 1) to give 3d (903.8 mg, 86%). 

Colorless oil; 1H NMR (400 MHz, CDCl3) δ = 11.27 (s, 1H), 7.34-7.26 (m, 5H), 5.19-5.07 (m, 2H), 4.50-4.44 

(m, 1H), 4.01-3.98 (m, 1H), 3.77-3.57 (m, 2H), 3.30 (s, 3H), 2.45-2.33 (m, 1H), 2.21-2.10 (m, 1H). 

 

Benzyl (2S,4R)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)-4-methoxypyrrolidine-1-

carboxylate 

3d (80.3 mg, 0.286 mmol), DMAP (105.4 mg, 0.863 mmol) and EDCI (101 

µL, 0.575 mmol) in t-butyl alcohol/1,2-dichloroethane (2 mL, 1 mL/1 mL 

v/v) was stirred at 0 °C for 10 min. 3,5-

Bis(trifluoromethyl)benzenesulfonamide (90.0 mg, 0.273 mmol) in t-butyl 

alcohol/1,2-dichloroethane (2 mL, 1 mL/1 mL v/v) was added dropwise to the reaction mixture, and then the 

mixture was stirred at room temperature for 12 h. 1N HCl was added to reaction mixture until pH = 1-2. The 

mixture was extracted with ethyl acetate. The organic layer was washed with 1N HCl, saturated aqueous 
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NaHCO3 solution and brine, dried over Na2SO4, filtered, and concentrated. The crude was purified by silica 

gel chromatography (ethyl acetate : n-hexane = 1 : 3) to give desired product (111.6 mg, 74%). 

Colorless oil; 1H NMR (400 MHz, CDCl3) δ = 8.46, (s, 2H), 7.94, (s, 1H), 7.26 (s, 5H), 5.15 (brs, 2H), 4.43 

(s, 1H), 3.91 (s, 1H), 3.59-3.20 (m, 5H), 2.29-2.14 (m, 2H); 13C NMR (101 MHz, CDCl3) δ = 174.16, 157.23, 

145.20, 135.45, 132.22, 128.52, 127.87, 126.62, 123.90, 121.18, 118.46, 78.41, 77.24, 68.43, 56.59, 51.80, 

29.72; 19F NMR (376 MHz, CDCl3) δ = -62.88; HRMS-DART (m/z):[M+H]+ calcd for C22H20F6N2O6S 

555.1025, found: 555.1019. 

 

(2S,4R)-N-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)-4-methoxypyrrolidine-2-carboxamide 1f 

Benzyl (2S,4R)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)-

4-methoxypyrrolidine-1-carboxylate (56.0 mg, 0.101 mmol) and Pd/C (43.0 

mg, 0.020 mmol) in methanol (2 mL) was stirred at room temperature for 2 

h under H2 balloon. The Pd/C was removed by filtration through a pad of 

celite with methanol. The filtrate was concentrated. The crude was purified by silica gel chromatography 

(chloroform : methanol = 10 : 1) to give 1f (41.1 mg, 97%). 

White solid; m.p. 46.6-46.9 °C; 1H NMR (400 MHz, CDCl3) δ = 8.38 (s, 2H), 8.00 (s, 1H), 4.53-4.49 (m, 

1H), 4.09 (s, 1H), 3.64 (s, 2H), 3.30 (s, 3H), 2.59-2.54 (m, 1H), 2.02-1.95 (m, 1H); 13C NMR (101 MHz, 

CDCl3) δ = 173.94, 145.45, 127.12, 125.29, 124.17, 121.38, 79.24, 62.14, 56.68, 51.67, 35.35; 19F NMR 

(376 MHz, CDCl3) δ = -62.78; HRMS-DART (m/z):[M+H]+ calcd for C14H14F6N2O4S 421.0657, found: 

421.0653. 

 

(2S,4R)-4-(Benzyloxy)-1-((benzyloxy)carbonyl)pyrrolidine-2-carboxylic acid 3e6 

Under N2 atmosphere, a solution of (2S,4R)-trans-N-Cbz-4-hydroxyproline (1000 mg, 

3.770 mmol) in dry-THF (10 mL) was stirred at 0 °C, then sodium hydride (60% dispersion 

in oil, 301.6 mg, 7.539 mmol) was added. The reaction mixture was warmed to room 

temperature and then stirred for 10 min. Benzyl bromide (897 µL, 7.539 mmol) was added 

dropwise to the reaction mixture. After stirred at room temperature for 18 h, the reaction mixture was quenched 

with H2O and added 1N HCl until pH = 1-2. The mixture was extracted with dichloromethane. The organic 

layer was dried over Na2SO4, filtered, and concentrated. The crude was purified by silica gel chromatography 

(ethyl acetate : n-hexane = 1 : 1) to give 3e (1107.3 mg, 83%). 

Colorless Oil; 1H NMR (400 MHz, CDCl3) δ = 10.70 (s, 1H), 7.30-7.25 (m, 10H), 5.15-5.05 (m, 2H), 4.55-

4.38 (m, 3H), 4.14-4.10 (m, 1H), 3.82-3.57 (m, 2H), 2.42-2.34 (m, 1H), 2.16-2.06 (m, 1H). 
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Benzyl (2S,4R)-4-(benzyloxy)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)pyrrolidine-1-

carboxylate 

3e (150 mg, 0.42 mmol), DMAP (153.7 mg, 1.27 mmol) and WSCD·HCl 

(161.7 mg, 0.84 mmol) in t-butyl alcohol/1,2-dichloroethane (2.0 mL, 1.0 

mL/1.0 mL v/v) was stirred at 0 °C for 10 min. 3,5-

Bis(trifluoromethyl)benzenesulfonamide (112.2 mg, 0.38 mmol) in t-butyl 

alcohol/1,2-dichloroethane (2.2 mL, 1.1 mL/1.1 mL v/v) was added dropwise to the reaction mixture, and then 

the mixture was stirred at room temperature for 15 h. 1N HCl was added to reaction mixture until pH = 1-2. 

The mixture was extracted with ethyl acetate. The organic layer was washed with 1N HCl, saturated aqueous 

NaHCO3 solution and brine, dried over Na2SO4, filtered, and concentrated. The crude was purified by silica 

gel chromatography (ethyl acetate : n-hexane = 1 : 3) to give desired product (238.6 mg, 99%). 

Colorless oil; 1H NMR (400 MHz, CDCl3) 8.42 (s, 2H), 7.92 (s, 1H), 7.27-7.18 (m, 10H), 5.10-4.94 (m, 2H), 

4.41-4.32 (m, 3H), 4.10 (s, 1H), 3.62-3.46 (m, 2H), 2.23 (brs, 2H); 13C NMR (101 MHz, CDCl3) δ = 174.17, 

156.75, 144.63, 137.72, 135.81, 132.16, 131.97, 128.52, 128.21, 127.85, 127.78, 127.63, 125.67, 124.06, 

121.18, 118.76, 71.33, 67.88, 62.08, 52.15, 35.26; 19F NMR (376 MHz, CDCl3) δ = -62.78; HRMS-DART 

(m/z):[M+H]+ calcd for C28H24F6N2O6S 631.1338, found: 631.1338. 

 

(2S,4R)-N-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)-4-hydroxypyrrolidine-2-carboxamide 1g 

Benzyl (2S,4R)-4-(benzyloxy)-2-(((3,5-

bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)pyrrolidine-1-carboxylate 

(56.7 mg, 0.090 mmol) and Pd(OH)2 (12.6 mg, 0.018 mmol) in methanol (2 

mL) was stirred at 35 °C for 24 h under H2 balloon. The Pd(OH)2 was 

removed by filtration through a pad of celite with methanol. The filtrate was concentrated. The crude was 

purified by silica gel chromatography (chloroform : methanol = 5 : 1) to give 1g (36.5 mg, 54%). 

White solid; m.p. 36.5-37.3 °C; 1H NMR (400 MHz, CD3OD) δ = 8.36 (s, 2H), 8.03 (s, 1H), 4.39 (t, J = 3.6 

Hz, 1H), 4.15-4.10 (m, 1H), 3.24-3.20 (m, 1H), 3.10-3.07 (m, 1H), 2.31-2.26 (m, 1H), 1.91-1.84 (m, 1H); 
13C NMR (101 MHz, CD3OD) δ = 173.53, 146.47, 131.25, 127.79, 124.56, 121.71, 69.77, 61.09, 53.32, 

38.43; 19F NMR (376 MHz, CD3OD) δ = -64.10; HRMS-DART (m/z):[M+H]+ calcd for C13H12F6N2O4S 

407.0500, found: 407.0495. 

 

Benzyl (S)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)pyrrolidine-1-carboxylate 

((Benzyloxy)carbonyl)-L-proline (100.3 mg, 0.40 mmol), DMAP (146.9 mg, 

1.20 mmol) and WSCD·HCl (154.5 mg, 0.80 mmol) in t-butyl alcohol/1,2-

dichloroethane (2.0 mL, 1.0 mL/1.0 mL v/v) was stirred at 0 °C for 10 min. 3,5-

Bis(trifluoromethyl)benzenesulfonamide (111.7 mg, 0.38 mmol) in t-butyl 

alcohol/1,2-dichloroethane (2.0 mL, 1.0 mL/1.0 mL v/v) was added dropwise to the reaction mixture, and then 
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the mixture was stirred at room temperature for 72 h. 1N HCl was added to reaction mixture until pH = 1-2. 

The mixture was extracted with ethyl acetate. The organic layer was washed with 1N HCl, saturated aqueous 

NaHCO3 solution and brine, dried over Na2SO4, filtered, and concentrated. The crude was purified by silica 

gel chromatography (ethyl acetate : n-hexane = 1 : 3) to give desired product (187.5 mg, 94%). 

Colorless oil; 1H NMR (400 MHz, CDCl3) δ = 8.46 (s, 2H), 8.00 (s, 1H), 7.29 (s, 5H), 5.17-5.03 (m, 2H), 4.29 

(s, 1H), 3.41 (d, J = 8.0 Hz, 2H), 2.28-1.83 (m, 4H); 13C NMR (101 MHz, CDCl3) δ = 174.50, 156.93, 143.24, 

135.81, 128.56, 128.30, 128.13, 127.90, 123.92, 121.46, 118.49, 68.01, 61.97, 47.16, 28.20, 24.32; 19F NMR 

(376 MHz, CDCl3) δ = -62.83; HRMS-DART (m/z):[M+H]+ calcd for C21H18F6N2O5S 525.0919, found: 

525.0915. 

 

(S)-N-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)pyrrolidine-2-carboxamide 1h7 

Benzyl (S)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)pyrrolidine-

1-carboxylate (256 mg, 0.49 mmol) and Pd/C (208 mg, 0.098 mmol) in methanol 

(2.44 mL) was stirred at room temperature for 7 h under H2 balloon. The Pd/C 

was removed by filtration through a pad of celite with methanol. The filtrate was 

concentrated to give 1h (175 mg, 92%). 

White solid; m.p. 186.4-186.8 °C; 1H NMR (500 MHz, CD3OD) δ = 8.36 (s, 2H), 8.03 (s, 1H), 3.93-3.90 (m, 

1H), 3.25-3.09 (m, 2H), 2.25-2.18 (m, 1H), 1.96-1.76 (m, 3H). 

 

(Perfluorohexyl)benzene 5b8 

To a suspension of iodobenzene (546 µL, 4.90 mmol) and Cu powder (4.99 g, 78.43 mmol) in dry-

DMSO (7.0 ml) was added perfluorohexyl iodide (3.18 mL, 14.71 mmol) under N2 atmosphere at 

120 °C and stirred for 19 h. After the addition of saturated aqueous Na2S2O3 solution, Cu powder 

was removed by filtration through a pad of Celite and washed with diethyl ether. The filtrate was extracted 

with diethyl ether. The organic phase was separated and the aqueous phase was extracted with diethyl ether. 

The combined organic phase was washed with brine, dried over Na2SO4, filtered, and concentrated. The residue 

was purified by column chromatography on silica gel (n-hexane) to give 5b (1494.2 mg, 77%). 

Colorless oil; 1H NMR (400 MHz, CDCl3) δ = 7.60-7.55 (m, 3H), 7.51-7.48 (m, 2H). 

 

3-(Perfluorohexyl)benzenesulfonyl chloride 

5b (200.6 mg, 0.51 mmol) was added to chlorosulfonamide (503 µL, 7.57 mmol) at room 

temperature. The mixture was stirred at 120 °C for 3 h, and then cooled to room temperature 

was pippeted cautiously onto ice. The aqueous layer was extracted with diethyl ether. The 

organic layer was dried over Na2SO4, filtered, concentrated. The residue was purified by 

column chromatography on silica gel (n-hexane) to give desired product (112.2 mg, 45%). 
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Colorless oil; 1H NMR (400 MHz, CDCl3) δ = 8.30-8.28 (m, 2H), 7.98 (d, J = 8.0 Hz, 1H), 7.84 (t, J = 8.0 Hz, 

1H). 

3-(Pq6erfluorohexyl)benzenesulfonamide 6b 

In a 50 mL round bottom flask equipped with a magnetic stirring bar and a condenser coil, 

3-(Perfluorohexyl)benzenesulfonyl chloride (200.8 mg, 0.51 mmol) was dissolved in THF 

(2.7 mL). This solution was treated with 25% ammonia solution (756 µL, 5.05 mmol) and 

was refluxed for 19 h. Excess water was separated as the toluene azeotrope. After the 

addition of 1N HCl, the suspension was purified by filtration to give 6b (190.7 g, 80%). 

Yellow solid; m.p. 123.2-123.6 °C; 1H NMR (400 MHz, DMSO-d6) δ = 8.17 (d, J = 8.0 Hz, 1H), 8.09 (s, 1H), 

7.97 (d, J = 8.4 Hz, 1H), 7.88 (t, J = 8.0 Hz, 1H), 7.63 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ = 145.21, 

130.55, 129.91, 129.79, 127.82, 123.69; 19F NMR (376 MHz, DMSO-d6) δ = -80.11, -109.62, -121.14, -122.44, 

-125.64; HRMS-DART (m/z):[M+H]+ calcd for C12H6F13NO2S 475.9990, found: 475.9983. 

 

Benzyl (2S,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoroundecyl)oxy)-2-(((3-

(perfluorohexyl)phenyl)sulfonyl)carbamoyl)pyrrolidine-1-carboxylate 

3a (127 mg, 0.18 mmol), DMAP (42.1 mg, 0.35 mmol) and 

EDCI (92.6 µL, 0.53 mmol) in t-butyl alcohol/1,2-

dichloroethane (0.2 mL, 0.1 mL/0.1 mL v/v) was stirred at 0 °C 

for 10 min. 6b (61.2 mg, 0.13 mmol) in t-butyl alcohol/1,2-

dichloroethane (0.4 mL, 0.2 mL/0.2 mL v/v) was added 

dropwise to the reaction mixture, and then the mixture was stirred at room temperature for 24 h. 1N HCl was 

added to reaction mixture until pH = 1-2. The mixture was extracted with ethyl acetate. The organic layer was 

washed with 1N HCl, saturated aqueous NaHCO3 solution and brine, dried over Na2SO4, filtered, and 

concentrated. The crude was purified by silica gel chromatography (ethyl acetate : n-hexane = 1 : 3) to give 

desired product (96.4 mg, 63%). 

White solid; 112-113 °C; 1H NMR (400 MHz, CD3OD) δ = 8.21-8.12 (m, 2H), 7.88-7.80 (m, 1H), 7.75-7.62 

(m, 1H), 7.22-7.02 (m, 5H), 4.92-4.62 (m, 2H), 4.22-4.15 (m, 1H), 3.96 (brs, 1H), 3.56-3.36 (m, 4H), 2.30-

2.04 (m, 3H), 1.83-1.67 (m, 3H); 13C NMR (101 MHz, CD3OD) δ = 173.23, 155.06, 140.99, 136.51, 131.54, 

129.77, 128.13, 127.76, 127.51, 127.46, 126.90, 126.35, 121.37, 118.81, 118.64, 117.97, 115.39, 114.01, 

113.61, 112.58, 112.44, 112.33, 111.50, 111.17, 111.08, 110.04, 76.59, 66.98, 59.51, 59.40, 52.01, 36.32, 

27.46, 20.49; 19F NMR (376 MHz, CD3OD) δ = -82.27, -111.73, -115.29, -122.25, -122.45, -122.49, -122.63, 

-122.80, -123.66, -124.34, -127.17; HRMS-DART (m/z):[M+H]+ calcd for C36H24F30N2O6S 1183.0954, found: 

1183.0941. 
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(2S,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-Heptadecafluoroundecyl)oxy)-N-((3-

(perfluorohexyl)phenyl)sulfonyl)pyrrolidine-2-carboxamide 1j 

Benzyl (2S,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-

heptadecafluoroundecyl)oxy)-2-(((3-

(perfluorohexyl)phenyl)sulfonyl)carbamoyl) pyrrolidine-1-

carboxylate (23.6 mg, 0.02 mmol) and Pd/C (4.3 mg, 0.004 

mmol) in methanol (0.3 mL) was stirred at room temperature for 

24 h under H2 balloon. The Pd/C was removed by filtration through a pad of celite with methanol. The filtrate 

was concentrated. The crude was purified by recyclization (methanol) to give 1j (15.0 mg, 71%). 

White solid; m.p. 89-90 °C; 1H NMR (500 MHz, CD3OD) δ = 8.13-8.11 (m, 2H), 7.69 (d, J = 8.0 Hz, 1H), 

7.61 (t, J = 8.0 Hz, 1H), 4.11 (brs, 1H), 4.03-3.99 (m, 1H), 3.50-3.40 (m, 2H), 3.25-3.21 (m, 2H), 2.48-2.43 

(m, 1H), 2.23-2.12 (m, 2H), 1.91-1.75 (m, 3H); 13C NMR (125 MHz, CD3OD) δ = 172.84, 144.76, 130.99, 

129.64, 128.78, 128.61, 125.63, 121.53, 119.58, 118.86, 118.42, 117.65, 117.09, 115.76, 114.72, 113.38, 

113.13 110.55, 108.23, 107.34, 106.59, 78.02, 67.12, 61.03, 50.82, 35.02, 27.47, 20.55; 19F NMR (466 MHz, 

CD3OD) δ = -82.32, -111.50, -115.26, -122.30, -122.49, -122.61, -122.80, -123.68, -124.33, -127.18; HRMS-

DART (m/z):[M+H]+ calcd for C28H18F30N2O4S 1049.0586, found: 1049.0568. 

 

(Perfluorobutyl)benzene 5c9 

To a suspension of iodobenzene (546 µL, 4.90 mmol) and Cu powder (4.99 g, 78.43 mmol) in dry-

DMSO (7.0 ml) was added perfluorobutyl iodide (2.53 mL, 14.71 mmol) under N2 atmosphere at 

120 °C and stirred for 14 h. After the addition of saturated aqueous Na2S2O3 solution, Cu powder 

was removed by filtration through a pad of Celite and washed with diethyl ether. The filtrate was extracted 

with diethyl ether. The organic phase was separated and the aqueous phase was extracted with diethyl ether. 

The combined organic phase was washed with brine, dried over Na2SO4, filtered, concentrated. The residue 

was purified by column chromatography on silica gel (n-hexane) to give 5c (406.1 mg, 28%). 

Colorless oil; 1H NMR (400 MHz, CDCl3) δ = 7.60-7.56 (m, 3H), 7.52-7.49 (m, 2H). 

 

3-(Perfluorobutyl)benzenesulfonyl chloride10 

5c (299.5 mg, 1.01 mmol) was added to chlorosulfonamide (1.0 mL, 15.20 mmol) at room 

temperature. The mixture was stirred at 120 °C for 2.5 h, and then cooled to room temperature 

was pippeted cautiously onto ice. The aqueous layer was extracted with diethyl ether. The 

organic layer was dried over Na2SO4, filtered, concentrated. The residue was purified by 

column chromatography on silica gel (n-hexane) to give desired product (229 mg, 57%). 

Colorless oil; 1H NMR (500 MHz, CDCl3) δ = 8.29-8.28 (m, 2H), 7.98 (d, J = 8.0 Hz, 1H), 7.84 (t, J = 7.5 Hz, 

1H). 
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3-(Perfluorobutyl)benzenesulfonamide 6c 

In a 50 mL round bottom flask equipped with a magnetic stirring bar and a condenser coil, 

3-(perfluorobutyl)benzenesulfonyl chloride (200.0 mg, 0.68 mmol) was dissolved in THF. 

This solution was treated with 25% ammonia solution (1.01 mL, 6.76 mmol) and was 

refluxed for 19 h. Excess water was separated as the toluene azeotrope. After the addition 

of 1N HCl, the suspension was purified by filtration to give 6c (217.7 mg, 86%). 

Yellow solid; m.p. 106.9-107.7 °C; 1H NMR (270 MHz, CDCl3) δ = 8.17-8.15 (m, 2H), 7.83 (d, J = 7.8 Hz, 

1H), 7.71 (t, J = 8.1 Hz, 1H), 4.88 (brs, 2H); 13C NMR (101 MHz, CDCl3) δ = 143.13, 131.05, 130.34, 130.03, 

129.88, 125.22 115.94, 115.10, 114.02, 110.44; 19F NMR (376 MHz, CDCl3) δ = -80.86, -110.95, -122.28, -

125.40; HRMS-DART (m/z):[M+H]+ calcd for C36H24F30N2O6S 1183.0954, found: 1183.0941.. 

 

Benzyl (2S,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoroundecyl)oxy)-2-(((3-

(perfluorobutyl)phenyl)sulfonyl)carbamoyl)pyrrolidine-1-carboxylate 

3a (102.5 mg, 0.14 mmol), DMAP (51.8 mg, 0.42 mmol) and 

WSCD·HCl (54.2 mg, 0.28 mmol) in t-butyl alcohol/1,2-

dichloroethane (0.7 mL, 0.35 mL/0.35 mL v/v) was stirred at 

0 °C for 10 min. 6c (50.4 mg, 0.28 mmol) in t-butyl alcohol/1,2-

dichloroethane (0.7 mL, 0.35 mL/0.35 mL v/v) was added 

dropwise to the reaction mixture, and then the mixture was stirred at room temperature for 5 h. 1N HCl was 

added to reaction mixture until pH = 1-2. The mixture was extracted with ethyl acetate. The organic layer was 

washed with 1N HCl, saturated aqueous NaHCO3 solution and brine, dried over Na2SO4, filtered, and 

concentrated. The crude was purified by silica gel chromatography (ethyl acetate : n-hexane = 1 : 3) to give 

desired product (124.2 mg, 81%). 

Yellow oil; 1H NMR (400 MHz, CDCl3) δ = 10.58 (s, 1H), 8.28-8.26 (m, 2H), 7.84 (d, J = 7.6 Hz, 1H), 7.68 

(t, J = 8.0 Hz, 1H), 7.37 (s, 5H), 5.24-5.16 (m, 2H), 4.41-4.38 (m, 1H), 4.02-3.98 (m, 1H), 3.59-3.38 (m, 4H), 

2.54-2.49 (m, 1H), 2.17-1.96 (m, 3H), 1.84-1.77 (m, 2H); 13C NMR (101 MHz, CDCl3) δ = 168.53, 157.72, 

139.87, 135.54, 132.03, 130.31, 130.06, 129.81, 129.59, 128.73, 128.63, 128.20, 127.11, 118.84, 

118.61,118.46, 118.27, 118.15, 115.96, 115.74, 115.62, 115.41, 115.06, 114.75, 68.59, 68.41, 67.79, 59.47, 

51.58, 32.19, 27.81, 20.92; 19F NMR (376 MHz, CDCl3) δ = -80.64, -80.88, -110.95, -114.17, -121.60, -121.77, 

-122.29, -122.58, -123.29, -125.40, -125.97; HRMS-DART (m/z):[M+H]+ calcd for C34H24F26N2O6S 

1083.1018, found: 1083.1029. 
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(2S,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-Heptadecafluoroundecyl)oxy)-N-((3-

(perfluorobutyl)phenyl)sulfonyl)pyrrolidine-2-carboxamide 1k 

Benzyl (2S,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-

heptadecafluoroundecyl)oxy)-2-(((3-

(perfluorobutyl)phenyl)sulfonyl)carbamoyl) pyrrolidine-1-

carboxylate (112.0 mg, 0.10 mmol) and Pd/C (22.0 mg, 0.02 

mmol) in methanol (2.1 mL) was stirred at room temperature for 

23 h under H2 balloon. The Pd/C was removed by filtration through a pad of celite with methanol. The filtrate 

was concentrated. The crude was purified by recyclization (methanol) to give 1k (64.2 mg, 65%). 

White solid; m.p. 28.8-29.6 °C; 1H NMR (500 MHz, CD3OD) δ = 8.20-8.18 (m, 2H), 7.76 (d, J = 10.5 Hz, 

1H), 7.68 (t, J = 10.0 Hz, 1H), 4.20 (d, J = 2.5 Hz, 1H), 4.13-4.09 (m, 1H), 3.58-3.47 (m, 2H), 3.34-3.28 (m, 

2H), 2.54 (dd, J = 17.5 Hz, J = 9.5 Hz, 1H), 2.31-2.18 (m, 2H), 1.96-1.78 (m, 3H); 13C NMR (125 MHz, 

CD3OD) δ = 172.86, 144.73, 130.96, 129.35, 128.98, 128.42, 125.59, 121.35, 118.85, 118.58, 116.05, 115.72, 

113.18, 111.19, 110.94, 110.53, 108.28, 107.29, 105.60, 77.91, 67.12, 61.10, 50.88, 35.12, 27.48, 20.54; 19F 

NMR (466 MHz, CD3OD) δ = -82.29, -82.56, -111.73, -115.29, -122.61, -122.79, -123.50, -123.63, -124.31, 

-126.62, -127.17; HRMS-DART (m/z):[M+H]+ calcd for C26H18F26N2O4S 949.0650, found: 949.0659. 

 

4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,13,13,13-Henicosafluoro-2-iodotridecan-1-ol11 

A stirred solution of allyl alcohol (3.82 µL, 6.811 mmol) and perfluorodecyl iodide (1.1 

g, 1.703 mmol) was heated at 90 ◦C under N2 atmosphere. To this solution was added 

AIBN (28.0 mg, 0.170 mmol), and the mixture was heated at 90 ◦C for 18h. The reaction mixture was 

concentrated. The crude was purified by silica gel chromatography (ethyl acetate : n-hexane = 1 : 3) to give 

desired product (984.7 mg, 82%). 

White solid; m.p. 130-132 °C; 1H NMR (400 MHz, CDCl3) δ = 4.46-4.40 (m, 1H), 3.84-3.76 (m, 2H), 3.08-

2.69 (m, 2H), 2.02 (t, J = 6.4 Hz, 1H). 

 

4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,13,13,13-Henicosafluorotridecan-1-ol 711 

To a stirred solution of 4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,13,13,13-

henicosafluoro-2-iodotridecan-1-ol (984.7 g, 1.399 mmol) in dry toluene (6 mL) at 

90 °C under N2 atmosphere, Bu3SnH (451 µL, 1.678 mmol) and AIBN (23 mg, 0.140 mmol) were added. After 

the mixture was subsequently heated at 90 °C for 19 h, the solvent was evaporated. The residue was subjected 

to column chromatography on silica gel (ethyl acetate : n-hexane = 1 : 5) to give desired product (514.4 mg, 

64%). 

White solid; m.p. 82-83 °C; 1H NMR (400 MHz, CDCl3) δ = 3.74 (t, J = 5.6 Hz, 2H), 2.28-2.14 (m, 2H), 1.90-

1.83 (m, 2H). 

 

N
H

O

C8F17

O

HN S
O O

C4F9

HO C10F21
I

HO C10F21
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1,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10-Henicosafluoro-13-iodotridecane 812 

7 (847.7 mg, 1.47 mmol) was added to a solution of triphenylphosphine (694.8 mg, 2.65 

mmol) and imidazole (200.2 mg, 2.94 mmol) in diethyl ether/acetonitrile (7.3 mL, 4.4 

mL/2.9 mL v/v), and the solution was cooled down to 0 °C. Solid iodine (745.7 mg, 2.94 mmol) wad added in 

one portion, and the mixture was stirred at this temperature for an additional 10 min, then the reaction mixture 

was warmed to room temperature and stirred for 5 h. The reaction mixture was diluted with saturated aqueous 

Na2S2O3 solution, and was extracted with ethyl acetate. The organic phase was separated and the aqueous 

phase was extracted with ethyl acetate. The combined organic phase was washed with saturated aqueous 

Na2S2O3 solution and brine, dried over Na2SO4, filtered, concentrated. The crude was purified by silica gel 

chromatography (n-hexane) to give 6 (948.0 mg, 98%). 

White solid; m.p. 72-73 °C; 1H NMR (400 MHz, CDCl3) δ = 3.24 (t, J = 6.8 Hz, 2H), 2.28 -2.09 (m, 4H). 

 

  

I C10F21
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2. Asymmetric aldol reaction 

 

Table 1, entry 1 

(S)-2-((R)-Hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one 4a5) 

To a solution of 1a (5.63 mg, 0.0065 mmol) in dry-THF (660 µL) was added 

cyclohexanone (680 µL, 6.57 mmol) and 4-nitrobenzaldehyde (100.3 mg, 0.66 

mmol). After being stirred at room temperature for 96 h, the mixture was 

concentrated. The resulting residue was purified by silica gel chromatography 

(ethyl acetate : n-hexane = 1 : 3) to give 2-(hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one 4a (143.9 mg, 

87%). Diastereoselectivity (anti : syn) was determined by 1H NMR of the crude product. Ee of the anti aldol 

product was determined via HPLC of the crude product after confirming the retention time of each racemic 

compound. 

White solid; m.p. 97.7-98.8 °C; 1H NMR (270 MHz, CDCl3) δ = 8.22 (d, J = 8.9 Hz, 2H), 7.51 (d, J = 8.6 Hz, 

2H), 4.90 (dd, J = 8.6 Hz, 3.0 Hz, 1H), 4.07 (d, J = 3.0 Hz, 1H), 2.64-2.31 (m, 3H), 2.17-2.09 (m, 1H), 1.86-

1.35 (m, 5H). 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 87%, anti : syn = 100 : 0, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 44.14 min (major), tR = 62.83 

min (minor)] 

 

 

 

 

 

 

 

 

 

 solvent : THF  
 

 

 

 solvent : THF  
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HPLC analysis of racemic compound (anti form + syn form) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HPLC analysis of racemic compound (anti form) 
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HPLC analysis of racemic compound (syn form) 
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Table 1, entry 2 

To a solution of 1a (5.63 mg, 0.0065 mmol) in H2O (660 µL) was added cyclohexanone (680 µL, 6.57 mmol) 

and 4-nitrobenzaldehyde (100.3 mg, 0.66 mmol). After being stirred at room temperature for 168 h, the mixture 

was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : hexane = 

1 : 3) to give 4a (132.7 mg, 81%). Diastereoselectivity (anti : syn) was determined by 1H NMR of the crude 

product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

Yield : 81%, anti : syn = 100 : 0, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 44.25 min (major), tR = 78.58 

min (minor)] 

  

 solvent : H2O  
 
 

 solvent : H2O  
 
 

 solvent : H2O  
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Table 1, entry 3 

To a solution of 1a (5.63 mg, 0.0065 mmol) in dry-toluene (660 µL) was added cyclohexanone (680 µL, 6.57 

mmol) and 4-nitrobenzaldehyde (100.1 mg, 0.66 mmol). After being stirred at room temperature for 120 h, the 

mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : 

hexane = 1 : 3) to give 4a (152.0 mg, 92%). Diastereoselectivity (anti : syn) was determined by 1H NMR of 

the crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 92%, anti : syn = 97 : 3, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 49.19 min (major), tR = 68.39 

min (minor)] 

  

後藤 修論 Table10 entry 1 cat.C8F17+CF3×2 1 mol% 
120 h 92%. syn:anti = 3:97, >99% ee 
 

 

後藤 修論 Table10 entry 1 cat.C8F17+CF3×2 1 mol% 
120 h 92%. syn:anti = 3:97, >99% ee 
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Table 1, entry 4 

To a solution of 1a (5.2 mg, 0.0060 mmol) in dry-MeCN (3.9 mL) was added cyclohexanone (596.2 µL, 5.8 

mmol) and 4-nitrobenzaldehyde (87.5 mg, 0.58 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 1H NMR of the 

crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 3%, anti : syn = 82 : 18, 88% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 46.49 min (major), tR = 61.11 

min (minor)] 
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Table 1, entry 5 

To a solution of 1a (5.0 mg, 0.0058 mmol) in dry-DMF (3.9 mL) was added cyclohexanone (596.2 µL, 5.8 

mmol) and 4-nitrobenzaldehyde (87.2 mg, 0.58 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 1H NMR of the 

crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 31%, anti : syn = 97 : 3, 85% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 42.37 min (major), tR = 56.25 

min (minor)] 
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Table 1, entry 6 

To a solution of 1a (5.0 mg, 0.0058 mmol) in dry-DMSO (3.9 mL) was added cyclohexanone (596.2 µL, 5.8 

mmol) and 4-nitrobenzaldehyde (87.1 mg, 0.58 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 1H NMR of the 

crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 9%, anti : syn = 86 : 14, 79% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 44.83 min (major), tR = 59.05 

min (minor)] 
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Table 1, entry 7 

To a solution of 1a (4.9 mg, 0.0057 mmol) in dry-MeOH (3.8 mL) was added cyclohexanone (584.3 µL, 5.7 

mmol) and 4-nitrobenzaldehyde (85.5 mg, 0.57 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 1H NMR of the 

crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 10%, anti : syn = 87 : 13, 83% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 42.50 min (major), tR = 56.25 

min (minor)] 
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Table 1, entry 8 

To a solution of 1a (56.3 mg, 0.065 mmol) in dry-toluene (660 µL) was added cyclohexanone (680 µL, 6.57 

mmol) and 4-nitrobenzaldehyde (100.7 mg, 0.66 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : 

hexane = 1 : 3) to give 4a (155.4 mg, 94%). Diastereoselectivity (anti : syn) was determined by 1H NMR of 

the crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 

 

 

 

 

 

 

 

 

 

 

Syn aldol product 

Anti aldol product 

ab
un

da
nc

e
0

10
.0

20
.0

30
.0

40
.0

50
.0

X : parts per Million : 1H

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

   
8.

22
0

   
8.

18
8

   
7.

53
5

   
7.

50
3

   
5.

48
0

   
4.

93
2

   
4.

92
2

   
4.

90
0

   
4.

89
1

   
4.

13
6

   
4.

12
5

   
2.

61
5

   
2.

47
7

   
2.

47
1

   
2.

46
2

   
2.

45
5

   
2.

41
0

   
2.

38
6

   
2.

36
3

   
2.

09
2

   
1.

64
8

   
1.

63
7

   
1.

61
7

   
1.

58
8

   
1.

57
6

   
1.

55
5

   
1.

54
3

   
1.

41
0

   
1.

39
7

   
0.

00
0

52
6.

98

40
9.

39

19
9.

56

19
0.

27

97
.0

0

94
.4

8

2.
62



 34 

HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 94%, anti : syn = 97 : 3, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 46.25 min (major), tR = 64.18 

min (minor)] 

  

後藤 修論 Table10 entry 2 cat.C8F17+CF3×2 10 mol% 
24 h 94 syn:anti = 3:97, >99% ee 
 

 

 

後藤 修論 Table10 entry 2 cat.C8F17+CF3×2 10 mol% 
24 h 94 syn:anti = 3:97, >99% ee 
 

 

 

後藤 修論 Table10 entry 2 cat.C8F17+CF3×2 10 mol% 
24 h 94 syn:anti = 3:97, >99% ee 
 

 

 



 35 

Table 1, entry 9 

To a solution of 1a (43.4 mg, 0.050 mmol) in dry-toluene (240 µL) was added cyclohexanone (176 µL, 1.70 

mmol) and 4-nitrobenzaldehyde (25 mg, 0.17 mmol). After being stirred at room temperature for 23 h, the 

mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : 

hexane = 1 : 3) to give 4a (42.6 mg, quant.). Diastereoselectivity (anti : syn) was determined by 1H NMR of 

the crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 
 

1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : quant., anti : syn = 94 : 6, 97% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 51.10 min (major), tR = 70.66 

min (minor)] 

  

後藤 修論 Table10 entry 3 cat.C8F17+CF3×2 30 mol% 
23 h quant. syn:anti = 6:94, 97% ee 

 

後藤 修論 Table10 entry 3 cat.C8F17+CF3×2 30 mol% 
23 h quant. syn:anti = 6:94, 97% ee 
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Table 1, entry 10 

To a solution of 1b (6.2 mg, 0.014 mmol) in dry-toluene (200 µL) was added cyclohexanone (150 µL, 1.45 

mmol) and 4-nitrobenzaldehyde (25.2 mg, 0.17 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : 

hexane = 1 : 3) to give 4a (23.1 mg, 56%). Diastereoselectivity (anti : syn) was determined by 1H NMR of the 

crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 56%, anti : syn = 82 : 18, 84% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 43.31 min (major), tR = 55.97 

min (minor)] 

C11H23+CH3×2 

 

C11H23+CH3×2 

 

C11H23+CH3×2 
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Table 1, entry 11 

To a solution of 1c (25.4 mg, 0.043 mmol) in dry-toluene (430 µL) was added cyclohexanone (450 µL, 4.35 

mmol) and 4-nitrobenzaldehyde (64.9 mg, 0.43 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 1H NMR of the 

crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 3%, anti : syn = 53 : 47, 85% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 42.66 min (major), tR = 55.47 

min (minor)] 
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Table 2, entry 1 

To a solution of 1a (56.3 mg, 0.065 mmol) in dry-toluene (660 µL) was added cyclohexanone (680 µL, 6.57 

mmol) and 4-nitrobenzaldehyde (100.7 mg, 0.66 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : 

hexane = 1 : 3) to give 4a (155.4 mg, 94%). Diastereoselectivity (anti : syn) was determined by 1H NMR of 

the crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 94%, anti : syn = 97 : 3, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 46.25 min (major), tR = 64.18 

min (minor)] 

 

  

後藤 修論 Table10 entry 2 cat.C8F17+CF3×2 10 mol% 
24 h 94 syn:anti = 3:97, >99% ee 
 

 

 

後藤 修論 Table10 entry 2 cat.C8F17+CF3×2 10 mol% 
24 h 94 syn:anti = 3:97, >99% ee 
 

 

 

後藤 修論 Table10 entry 2 cat.C8F17+CF3×2 10 mol% 
24 h 94 syn:anti = 3:97, >99% ee 
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Table 2, entry 2 

To a solution of 1d (15.9 mg, 0.028 mmol) in dry-toluene (0.28 mL) was added cyclohexanone (0.3 mL, 2.8 

mmol) and 4-nitrobenzaldehyde (43 mg, 0.28 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 1H NMR of 

the crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 99%, anti : syn = 98 : 2, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 42.33 min (major), tR = 57.29 

min (minor)] 
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Table 2, entry 3 

To a solution of 1e (17.7 mg, 0.038 mmol) in dry-toluene (0.38 mL) was added cyclohexanone (0.4 mL, 3.8 

mmol) and 4-nitrobenzaldehyde (57.9 mg, 0.38 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 1H NMR of the 

crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 94%, anti : syn = 99 : 1, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 40.34 min (major), tR = 53.91 

min (minor)] 
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Table 2, entry 4 

To a solution of 1f (17.7 mg, 0.042 mmol) in dry-toluene (0.42 mL) was added cyclohexanone (0.44 mL, 4.2 

mmol) and 4-nitrobenzaldehyde (62.6 mg, 0.41 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 1H NMR of the 

crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 98%, anti : syn = 97 : 3, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 43.68 min (major), tR = 58.97 

min (minor)] 
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Table 2, entry 5 

To a solution of 1g (17.7 mg, 0.044 mmol) in dry-toluene (0.44 mL) was added cyclohexanone (0.45 mL, 4.4 

mmol) and 4-nitrobenzaldehyde (66.0 mg, 0.44 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 1H NMR of the 

crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 98%, anti : syn = 96 : 4, 99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 39.90 min (major), tR = 53.95 

min (minor)] 
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Table 2, entry 6 

To a solution of 1h (15.0 mg, 0.038 mmol) in dry-toluene (0.38 mL) was added cyclohexanone (0.4 mL, 3.8 

mmol) and 4-nitrobenzaldehyde (57.5 mg, 0.38 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 1H NMR of the 

crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 97%, anti : syn = 95 : 5, 97% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 42.71 min (major), tR = 58.07 

min (minor)] 
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Table 2, entry 7 

 (R)-4-hydroxy-4-(4-nitrophenyl)butan-2-one 4b13) 

 To a solution of 1a (20.0 mg, 0.023 mmol) in dry-toluene (0.23 mL) was added 

acetone (459 µL, 6.2 mmol) and 4-nitrobenzaldehyde (34.9 mg, 0.23 mmol). After 

being stirred at room temperature for 24 h, the mixture was concentrated. 

Conversion was determined by 1H NMR of the crude product. Ee of the aldol 

product was determined via HPLC of the crude product. 

 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 95%, 92% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex : 
iPrOH = 80 : 20, flow rate 0.8 mL/min, tR = 19.06 min (major), tR = 21.57 min (minor)] 
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HPLC analysis of racemic compound 
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Table 2, entry 8 

To a solution of 1d (14.6 mg, 0.026 mmol) in dry-toluene (0.26 mL) was added acetone (517 µL, 7.0 mmol) 

and 4-nitrobenzaldehyde (39.2 mg, 0.26 mmol). After being stirred at room temperature for 24 h, the mixture 

was concentrated. Conversion was determined by 1H NMR of the crude product. Ee of the aldol product was 

determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 93%, 95% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex : 
iPrOH = 80 : 20, flow rate 0.8 mL/min, tR = 21.43 min (major), tR = 23.69 min (minor)] 
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Table 2, entry 9 

To a solution of 1e (18.1 mg, 0.039 mmol) in dry-toluene (0.39 mL) was added acetone (778 µL, 11 mmol) 

and 4-nitrobenzaldehyde (59.0 mg, 0.39 mmol). After being stirred at room temperature for 24 h, the mixture 

was concentrated. Conversion was determined by 1H NMR of the crude product. Ee of the aldol product was 

determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 95%, 78% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex : 
iPrOH = 80 : 20, flow rate 0.8 mL/min, tR = 21.39 min (major), tR = 23.74 min (minor)] 
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Table 2, entry 10 

To a solution of 1f (19.2 mg, 0.046 mmol) in dry-toluene (0.46 mL) was added acetone (907 µL, 12 mmol) 

and 4-nitrobenzaldehyde (69.0 mg, 0.46 mmol). After being stirred at room temperature for 24 h, the mixture 

was concentrated. Conversion was determined by 1H NMR of the crude product. Ee of the aldol product was 

determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 99%, 40% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex : 
iPrOH = 80 : 20, flow rate 0.8 mL/min, tR = 21.12 min (major), tR = 23.32 min (minor)] 
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Table 2, entry 11 

To a solution of 1g (16.0 mg, 0.039 mmol) in dry-toluene (0.40 mL) was added acetone (781 µL, 11 mmol) 

and 4-nitrobenzaldehyde (59.5 mg, 0.39 mmol). After being stirred at room temperature for 24 h, the mixture 

was concentrated. Conversion was determined by 1H NMR of the crude product. Ee of the aldol product was 

determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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aldol product 



 63 

HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 94%, 70% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex : 
iPrOH = 80 : 20, flow rate 0.8 mL/min, tR = 21.84 min (major), tR = 24.20 min (minor)] 
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Table 2, entry 12 

To a solution of 1h (13.5 mg, 0.035 mmol) in dry-toluene (0.35 mL) was added acetone (690 µL, 9.3 mmol) 

and 4-nitrobenzaldehyde (52.4 mg, 0.35 mmol). After being stirred at room temperature for 24 h, the mixture 

was concentrated. Conversion was determined by 1H NMR of the crude product. Ee of the aldol product was 

determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 98%, 55% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex : 
iPrOH = 80 : 20, flow rate 0.8 mL/min, tR = 21.95 min (major), tR = 24.42 min (minor)] 
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Table 3, entry 1 

(S)-2-((R)-hydroxy(phenyl)methyl)cyclohexan-1-one 4c1) 

To a solution of 1a (9.6 mg, 0.0111 mmol) in dry-toluene (110 µL) was added 

cyclohexanone (115.0 µL, 1.11 mmol) and benzaldehyde (11.28 µL, 0.111 mmol). After 

being stirred at room temperature for 24 h, the mixture was concentrated. The resulting 

residue was purified by silica gel chromatography (ethyl acetate : hexane = 1 : 3) to give 4c (9.1 mg, 40%). 

Diastereoselectivity (anti : syn) and ee of the anti aldol product were determined via HPLC of the crude product 

after confirming the retention time of each racemic compound. 

Yellow oil; 1H NMR (270 MHz, CDCl3) δ 7.38-7.29 (m, 5H), 4.79 (dd, J = 8.9 Hz, 2.4, 1H,), 3.96 (d, J = 2.4 

Hz, 1H), 2.67-2.30 (m, 3H), 2.13-2.04 (m, 1H), 1.82-1.22 (m, 5H). 

 

 

 

 

  

OH O

1H NMR, 270 MHz, 

CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 40%, anti : syn = 89 : 11, 98% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 11.96 min (syn : minor), tR = 

13.90 min (syn : major), tR = 16.87 min (anti : major), tR = 20.77 min (anti : minor)] 

  



 68 

HPLC analysis of racemic compound (anti form + syn form) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HPLC analysis of racemic compound (anti form) 
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HPLC analysis of racemic compound (syn form) 
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Table 3, entry 2 

(S)-2-((R)-hydroxy(4-(trifluoromethyl)phenyl)methyl)cyclohexan-1-one 4d1) 

To a solution of 1a (11.6 mg, 0.0134 mmol) in dry-toluene (140 µL) was added 

cyclohexanone (140 µL, 1.34 mmol) and p-trifluorobenzaldehyde (23.6 mg, 0.134 

mmol). After being stirred at room temperature for 24 h, the mixture was 

concentrated. The resulting residue was purified by silica gel chromatography 

(ethyl acetate : hexane = 1 : 3) to give 4d (13.7 mg, 38%). Diastereoselectivity (anti : syn) and ee of the anti 

aldol product were determined via HPLC of the crude product after confirming the retention time of each 

racemic compound. 

White solid; m.p. 91.9-92.7 °C; 1H NMR (270 MHz, CDCl3) 7.61 (d, J = 7.8, 2H), 7.45 (d, J = 7.8 Hz, 2H), 

4.85 (dd, J = 8.6 Hz, 2.4 Hz, 1H), 4.06 (d, J = 2.7 Hz, 1H), 2.65-2.31 (m, 4H), 2.18-2.05 (m, 1H), 1.84-1.26 

(m, 4H). 
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1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 38%, anti : syn = 95 : 5, 93% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 11.76 min (sun : major), tR = 

12.62 min (sun : minor), tR = 15.49 min (anti : major), tR = 18.35 min (anti : minor)] 
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HPLC analysis of racemic compound (anti form + syn form) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HPLC analysis of racemic compound (anti form) 
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HPLC analysis of racemic compound (syn form) 
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Table 3, entry 3 

4-((R)-hydroxy((S)-2-oxocyclohexyl)methyl)benzonitrile 4e1) 

To a solution of 1a (13.8 mg, 0.0159 mmol) in dry-toluene (160 µL) was added 

cyclohexanone (165 µL, 1.59 mmol) and p-cyanobenzaldehyde (20.6 mg, 0.159 

mmol). After being stirred at room temperature for 24 h, the mixture was 

concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : hexane = 1 : 3) 

to give 4e (36.4 mg, 100%). Diastereoselectivity (anti : syn) was determined by 1H NMR of the crude product. 

Ee of the anti aldol product was determined via HPLC of the crude product after confirming the retention time 

of each racemic compound. 

Yellow oil; 1H NMR (270 MHz, CDCl3) δ 7.65 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.1 Hz, 2H), 4.84 (d, J = 8.4 

Hz, 1H), 4.05 (s, 1H), 2.62-2.30 (m, 3H), 2.16-2.05 (m, 1H), 1.86-1.47 (m, 5H). 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 100%, anti : syn = 98 : 2, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 36.36 min (syn), tR = 44.83 min 

(anti : major), tR = 61.77 min (anti : minor)] 
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HPLC analysis of racemic compound (anti form + syn form) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HPLC analysis of racemic compound (anti form : syn form = 10 : 1)* 

* determined by 1H NMR 
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HPLC analysis of racemic compound (syn form) 
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Table 3, entry 4 

(S)-2-((R)-hydroxy(4-methoxyphenyl)methyl)cyclohexan-1-one 4f1) 

To a solution of 1a (15.1 mg, 0.017 mmol) in dry-toluene (170 µL) was added 

cyclohexanone (176 µL, 1.7 mmol) and p-methoxybenzaldehyde (20.7 µL, 0.17 

mmol). After being stirred at room temperature for 24 h, the mixture was 

concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : hexane = 1 : 3) 

to give 4f (6.1 mg, 15%). Diastereoselectivity (anti : syn) was determined by 1H NMR of the crude product. 

Ee of the anti aldol product was determined via HPLC of the purified product (anti form) after confirming 

the retention time of each racemic compound. 

Yellow oil; 1H NMR (270 MHz, CDCl3) δ 7.24 (d, J = 8.9 Hz, 2H), 6.88 (d, J = 8.4 Hz, 2H), 4.74 (dd, J = 8.9, 

1.9 Hz, 1H), 3.93 (d, J = 2.4 Hz, 1H), 3.80 (s, 3H), 2.64-2.30 (m, 3H), 2.13-2.05 (m, 1H), 1.81-1.23 (m, 5H). 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 15%, anti : syn = 87 : 13, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 33.63 min (anti : major)] 
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HPLC analysis of racemic compound (anti form + syn form) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HPLC analysis of racemic compound (anti form) 
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HPLC analysis of racemic compound (syn form)� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*Syn form could not be separated to the enantiomers under these conditions. 
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Table 5, entry 1 

To a solution of 1i (10.1 mg, 0.0087 mmol) in dry-toluene (0.087 mL) was added cyclohexanone (90 µL, 0.87 

mmol) and 4-nitrobenzaldehyde (13.2 mg, 0.087 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : 

hexane = 1 : 3) to give 4a (3.2 mg, 15%). Diastereoselectivity (anti : syn) was determined by 1H NMR of the 

crude product.  Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 15%, anti : syn = 91 : 9, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 52.64 min (major), tR = 69.58 

min (minor)] 
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Table 5, entry 2 

To a solution of 1i (5.6 mg, 0.0049 mmol) in dry-toluene (0.049 mL) was added cyclohexanone (152 µL, 1.5 

mmol) and 4-nitrobenzaldehyde (7.4 mg, 0.049 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : 

hexane = 1 : 3) to give 4a (1.3 mg, 11%). Diastereoselectivity (anti : syn) was determined by 1H NMR of the 

crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 11%, anti : syn = 93 : 7, 89% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 43.01 min (major), tR = 57.75 

min (minor)] 
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Table 5, entry 3 

To a solution of 1j (6.5 mg, 0.0062 mmol) in dry-toluene (0.062 mL) was added cyclohexanone (64.2 µL, 0.62 

mmol) and 4-nitrobenzaldehyde (9.7 mg, 0.062 mmol). After being stirred at room temperature for 24 h, the 

mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : 

hexane = 1 : 3) to give 4a (12.9 mg, 83%). Diastereoselectivity (anti : syn) was determined by 1H NMR of the 

crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 400 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 83%, anti : syn = 95 : 5, 94% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 41.98 min (major), tR = 54.48 

min (minor)] 
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Table 5, entry 4 

To a solution of 1k (10.0 mg, 0.0105 mmol) in dry-toluene (0.105 mL) was added cyclohexanone (109 µL, 

1.054 mmol) and 4-nitrobenzaldehyde (15.9 mg, 0.105 mmol). After being stirred at room temperature for 24 

h, the mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl 

acetate : hexane = 1 : 3) to give 4a (22.1 mg, 84%). Diastereoselectivity (anti : syn) was determined by 1H 

NMR of the crude product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 84%, anti : syn = 89 : 11, 76% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 61.63 min (major), tR = 74.87 

min (minor)] 
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Table 5, entry 5 

To a solution of 1i (6.0 mg, 0.0052 mmol) in dry-toluene (0.052 mL) was added acetone (104 µL, 1.4 mmol) 

and 4-nitrobenzaldehyde (7.9 mg, 0.052 mmol). After being stirred at room temperature for 24 h, the mixture 

was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : hexane = 

1 : 3) to give 4b (5.3 mg, 49%). Ee of the aldol product was determined via HPLC of the crude product. 

White solid; m.p. 58-59 °C; 1H NMR (270 MHz, CDCl3) δ = 8.21 (d, J = 8.4 Hz, 2H), 8.54 (d, J = 8.9 Hz, 2H), 

5.29-5.25 (m, 1H), 5.60 (s, 1H), 2.92-2.78 (m, 2H), 2.23 (s, 3H). 

 

 

 

 

 

 

 

 

  

1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield : 49%, 66% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex : 
iPrOH = 80 : 20, flow rate 0.8 mL/min, tR = 19.11 min (major), tR = 21.47 min (minor)] 
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Table 6, entry 1 

To a solution of 1l (20.0 mg, 0.0207 mmol) in dry-toluene (0.2 mL) was added cyclohexanone (214 µL, 2.07 

mmol) and 4-nitrobenzaldehyde (31.2 mg, 0.207 mmol). After being stirred at room temperature for 24 h. 

Ethyl acetate was added to reaction mixture and organic layer was washed with brine. Aqueous layer was 

extracted with ethyl acetate, dried over Na2SO4, filtered, and concentrated. Conversion and diastereoselectivity 

(anti : syn) was determined by 1H NMR of the crude product. Ee of the anti aldol product was determined via 

HPLC of the crude product. 

 
1H NMR, 400 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 94%, anti : syn = 98 : 2, 98% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 32.810 min (major), tR = 41.912 

min (minor)] 
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Table 6, entry 2 

To a solution of 1l (20.2 mg, 0.0209 mmol) in dry-toluene (0.2 mL) was added acetone (415 µL, 5.64 mmol) 

and 4-nitrobenzaldehyde (31.6 mg, 0.209 mmol). After being stirred at room temperature for 24 h. Ethyl 

acetate was added to reaction mixture and organic layer was washed with brine. Aqueous layer was extracted 

with ethyl acetate, dried over Na2SO4, filtered, and concentrated. Conversion and diastereoselectivity (anti : 

syn) was determined by 1H NMR of the crude product. Ee of the anti aldol product was determined via HPLC 

of the crude product. 

 
1H NMR, 400 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 80%, 90% ee; The ee of product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex : iPrOH 

= 80 : 20, flow rate 0.8 mL/min, tR = 17.177 min (major), tR = 18.969 min (minor)] 
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Table 7, entry 1 

To a solution of 1l (10.7 mg, 0.0111 mmol) in dry-toluene (332 µL) was added cyclohexanone (115 µL, 1.107 

mmol) and 4-nitrobenzaldehyde (16.7 mg, 0.111 mmol). After being stirred at room temperature for 24 h. 

Teflon® (321 mg) and water (775 µL) were then added, and the mixture was stirred for 15 minutes.  

The reaction mixture was then filtered. The filtrate was extracted with ethyl acetate, dried over Na2SO4, filtered, 

and concentrated. Conversion and diastereoselectivity (anti : syn) was determined by 1H NMR of the crude 

product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 400 MHz, CD3OD 
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1H NMR spectrum of 4-nitrobenzaldehyde in CD3OD  
1H NMR, 400 MHz, CD3OD 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 24%, anti : syn = 98 : 2, 98% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 35.755 min (major), tR = 45.889 

min (minor)] 
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Table 7, entry 2 

To a solution of 1l (10.7 mg, 0.0111 mmol) in dry-THF (332 µL) was added cyclohexanone (115 µL, 1.107 

mmol) and 4-nitrobenzaldehyde (16.7 mg, 0.111 mmol). After being stirred at room temperature for 24 h. 

Teflon® (321 mg) and water (775 µL) were then added, and the mixture was stirred for 15 minutes.  

The reaction mixture was then filtered. The filtrate was extracted with ethyl acetate, dried over Na2SO4, filtered, 

and concentrated. Conversion and diastereoselectivity (anti : syn) was determined by 1H NMR of the crude 

product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 400 MHz, CD3OD 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 97%, anti : syn = 98 : 2, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 36.969 min (major), tR = 47.899 

min (minor)] 
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Table 7, entry 3 

To a solution of 1l (10.7 mg, 0.0111 mmol) in dry-MeOH (332 µL) was added cyclohexanone (115 µL, 1.107 

mmol) and 4-nitrobenzaldehyde (16.7 mg, 0.111 mmol). After being stirred at room temperature for 24 h. 

Teflon® (321 mg) and water (332 µL) were then added, and the mixture was stirred for 15 minutes.  

The reaction mixture was then filtered. The filtrate was extracted with ethyl acetate, dried over Na2SO4, filtered, 

and concentrated. Conversion and diastereoselectivity (anti : syn) was determined by 1H NMR of the crude 

product. Ee of the anti aldol product was determined via HPLC of the crude product. 

 
1H NMR, 400 MHz, CD3OD 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 10%, anti : syn = 89 : 11, 91% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 37.376 min (major), tR = 48.470 

min (minor)] 
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3. Reuse of multi-fluorous proline catalyst on FluoroFlash® in the aldol reaction 

Cyclohexanone (1.03 mL, 10 mmol) and 4-nitrobenzaldehyde (151.1 mg, 1 mmol) were added to a slurry of 

supported catalyst 1a on fluorous silica gel (86.6 mg, 0.1 mmol; 2.6 g: fluorous silica gel 30-fold by mass in 

comparison to the amount of catalyst) in toluene (3 mL). After stirring for 24 h at room temperature, water (3 

mL) was added to the mixture. The resulting mixture was filtered through a glass filter 3G4 (diameter : 5-10 

µ) and washed with toluene/H2O (1 : 1 v/v). The filtrate was extracted with ethyl acetate. The organic layer 

was dried over Na2SO4, filtered, and concentrated. The recovered catalyst 1a was dried and used directly in 

the next cycle. 

 

Table 4, cycle 1 

 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 100%, Yield : 94%, anti : syn = 97 : 3, >99% ee; The ee of anti aldol product was determined by HPLC. 

[Daicel chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 46.25 min (major), tR = 

64.18 min (minor)] 
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Table 4, cycle 2 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 79%, anti : syn = 98 : 2, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 40.51 min (major), tR = 58.31 

min (minor)] 
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Table 4, cycle 3 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 61%, anti : syn = 96 : 4, 98% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 41.46 min (major), tR = 54.83 

min (minor)] 
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Table 4, cycle 4 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 41%, anti : syn = 95 : 5, 97% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 37.49 min (major), tR = 49.80 

min (minor)] 
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Table 4, cycle 5 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 34%, anti : syn = 94 : 6, 97% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 41.07 min (major), tR = 54.92 

min (minor)] 
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Table 4, cycle 6 
1H NMR, 270 MHz, CDCl3 
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HPLC analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conv. : 68%, anti : syn = 89 : 11, 93% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 42.11 min (major), tR = 56.18 

min (minor)] 
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4. Reuse of multi-fluorous proline catalyst on Teflon® in the aldol reaction 

 

To a solution of 1l (10.7 mg, 0.0111 mmol) in dry-THF (332 µL) was added cyclohexanone (115 µL, 1.107 

mmol) and 4-nitrobenzaldehyde (16.7 mg, 0.111 mmol). After being stirred at room temperature for 24 h. The 

reaction solvent was then removed, and the residue was dissolved in MeOH (332 µL). Teflon® (321 mg, 30 

times the weight of the catalyst) was added, followed by of water (332 µL, the same volume as that of MeOH). 

The reaction mixture was stirred for 15 min and then filtered. The resulting mixture was filtered through a 

glass filter 3G4 (diameter : 5-10 µ) and washed with MeOH/H2O (1 : 1 v/v). The filtrate was extracted with 

ethyl acetate. The organic layer was dried over Na2SO4, filtered, and concentrated. The recovered catalyst 1l 

was dried and used directly in the next cycle. 

 

Table 8, cycle 1 
1H NMR, 400 MHz, CD3OH 
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HPLC analysis 

 

Conv. : 98%, anti : syn = 98 : 2, 99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 36.041 min (major), tR = 46.910 

min (minor)] 
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Table 8, cycle 2 
1H NMR, 400 MHz, CD3OH 
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HPLC analysis 

 

Conv. : 98%, anti : syn = 98 : 2, 99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 37.126 min (major), tR = 48.211 

min (minor)] 
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Table 8, cycle 3 
1H NMR, 400 MHz, CD3OH 
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HPLC analysis 

 

 
Conv. : 98%, anti : syn = 97 : 3, 99% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 35.547 min (major), tR = 47.032 

min (minor)] 
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Table 8, cycle 4 
1H NMR, 400 MHz, CD3OH 
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HPLC analysis 

 

Conv. : 98%, anti : syn = 97 : 3, 98% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 31.439 min (major), tR = 43.307 

min (minor)] 
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Table 8, cycle 5 
1H NMR, 400 MHz, CD3OH 
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HPLC analysis 

 

 
Conv. : 95%, anti : syn = 98 : 2, 98% ee; The ee of anti aldol product was determined by HPLC. [Daicel 

chiralpac IB+OD-3 column, hex : iPrOH = 96 : 4, flow rate 1.0 mL/min, tR = 36.391 min (major), tR = 48.720 

min (minor)] 
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6. Spectral data for products 
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1H NMR, 270 MHz, CDCl3 
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