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Typical procedure of asymmetric cross-aldol reaction of two aldehydes in water 
(Table 2, entry 4) 
To a mixture of (2S, 4R)-4-decanoyloxypyrrolidine-2-carboxylic acid (11 mg, 0.04 mmol), water (130 mL) 
and benzaldehyde (41ml, 0.4 mmol) added propanal (144 mL, 2.0 mmol) successively at 0 °C. After stirring 
the reaction mixture for 72 hours at that temperature, MeOH (2 mL) and NaBH4 (151 mg, 4 mmol) was added. 
The reaction mixture was stirred for 1 hour at 0 °C. The reaction was quenched with pH 7.0 phosphate buffer 
solution and the organic materials were extracted with chloroform three times and the combined organic 
extracts were dried over anhydrous Na2SO4, and concentrated in vacuo after filtration. Purification by 
preparative thin layer chromatography (diethyl ether : benzene = 2 : 1) gave (1R,2R)-1-phenyl-2- 
methylpropane-1,3-diol (59 mg, 0.35 mmol) in 88% yield as the diastereomeric mixture (anti : syn =>20:1). 
 
(1R, 2R)-1-Phenyl-2-methylpropane-1,3-diol1, 2(Table 2, entry 4) 
was known compound. 
Enantiometric excess was determined by HPLC with a Chiralpak AD-H column (30 : 1 
hexane : 2-propanol, l= 230 nm), 1.0 mL / min; major enantiomer tr = 27.2 min, minor 
enantiomer tr = 38.6 min, after conversion to the monobenzoyl ester. 
 
The absolute stereochemistry of the anti aldol adduct was determined by the chiral HPLC analysis by 
comparing the retention time of present aldol product with that synthesized by L-proline in DMF by 
MacMillan’s procedure3.   
 
(1R, 2R)-1-(o-Chlorophenyl)-2-methylpropane-1,3-diol (Table 2, entry 1) 
1H NMR (400 MHz, CDCl3): d 0.81 (3H, d, J= 7.2 Hz), 2.02-2.05 (1H, m), 2.80 (1H, br 
s), 3.30 (1H, br s), 3.61-3.70 (2H, m), 5.05 (1H, d, J= 6.8 Hz), 7.14 (1H, t, J= 7.6 Hz), 
7.22-7.27 (2H, m), 7.50 (1H, d, J= 7.6 Hz); 
13C NMR (100 MHz, CDCl3): d 13.7, 40.7, 67.1, 76.1, 127.2, 128.1, 128.7, 129.4, 132.5, 
140.9; 
IR (neat): n 3357, 2966, 2932, 1572, 1471, 1438, 1034, 754, 703 cm-1;  
HRMS (FAB): [M+Na] calcd for [C10H13ClNaO2]: 223.0504, found: 223.0496; 
Enantiomeric excess was determined by HPLC with a Chiralpak AS-H column (100 : 1 hexane:2-propanol, 
l=254 nm), 1.2 mL/min; major enantiomer tr =15.2 min, minor enantiomer tr =17.2 min, after conversion to 
the monobenzoyl ester. 
 
(1R, 2R)-1-(p-Chlorophenyl)-2-methylpropane-1,3-diol (Table 2, entry 2) 
1H NMR (400 MHz, CDCl3): d 0.62 (3H, d, J= 7.2Hz), 1.88-1.95 (1H, m), 2.79 (1H, br 
s), 3.29 (1H, br s), 3.58-3.70 (2H, m), 4.45 (1H, d, J= 8.4 Hz), 7.12-7.21 (2H, m), 
7.25-7.26 (2H, m); 
13C NMR (100 MHz, CDCl3): d 13.7, 41.7, 67.8, 76.7, 128.1, 128.6, 133.5, 141.9; 
IR (neat): n 3342, 2927, 2359, 1490, 1456, 1089, 1013, 830 cm-1; 
HRMS (FAB): [M+Na] calced for [C10H13ClNaO2]: 223.0496, found: 223.0487; 
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (100 : 1 hexane : 2-propanol, 
l= 254 nm), 1.0 mL / min; major enantiomer tr = 9.6 min, minor enantiomer tr = 13.0 min, after conversion to 
the dibenzoyl ester. 
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(1R, 2R)-1-(p-Fluorophenyl)-2-methylpropane-1,3-diol (Table 2, entry 3) 
1H NMR (400 MHz, CDCl3): d 0.65 (3H, d, J= 4.0 Hz), 1.94-2.01 (1H, m), 3.00 (1H, br 
s), 3.37 (1H, br s), 3.63-3.75 (2H, m), 4.49 (1H, d, J= 8.0 Hz), 6.98-7.03 (2H, m), 
7.25-7.30 (2H, m); 
13C NMR (100 MHz, CDCl3): d 13.7, 41.7, 67.9, 76.7, 115.3, 128.3, 139.1, 162.3; 
IR (KBr): n 3341, 2925, 1604, 1510, 1224, 1025, 834 cm-1; 
HRMS (FAB): [M+Na] calced for [C10H13FNaO2]: 207.0792, found: 207.0787; 
Enantiomeric excess was determined by HPLC with a Chiralpak AS-H column (100 : 1 hexane : 2-propanol, 
l= 254 nm), 1.0 mL / min; major enantiomer tr = 20.2 min, minor enantiomer tr = 26.9 min, after conversion 
to the monobenzoyl ester. 
 
(1R, 2R)-1-(Naphthalen-2-yl)-2-methylpropane-1,3-diol (Table 2, entry 5) 
1H NMR (400 MHz, CDCl3): d 0.72 (3H, d, J=7.2 Hz), 2.22-2.10 (1H, m), 3.01 
(1H, br d, J=2.4 Hz), 3.46 (1H, br s), 3.66-3.84 (2H, m), 4.71 (1H, d, J= 8.4 Hz), 
7.43-7.51 (3H, m), 7.76 (1H, s), 7.78-7.86 (3H, m); 
13C NMR (100 MHz, CDCl3): d 13.9, 41.4, 68.0, 80.9, 124.5, 125.8, 126.0, 126.2, 
127.7, 128.0, 128.3, 133.1, 133.2, 140.7; 
IR (neat): n 3308, 2964, 2925, 2878, 1389, 1357, 1030, 867, 821, 750 cm-1;  
HRMS (FAB): [M+Na] calcd for [C14H16NaO2]: 239.1043, found: 239.1043; 
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column, (50 : 1 hexane : 2-propanol), 
l= 254 nm, 1.0 mL / min; major enantiomer tr =9.0 min, minor enantiomer tr =10.3 min after, conversion to 
the dibenzoyl ester. 
 
(1R, 2R)-1-(Naphthalen-1-yl)-2-methylpropane-1,3-diol (Table 2, entry 6) 
1H NMR (400 MHz, CDCl3): d 0.79 (3H, d, J=4.5 Hz), 2.30-2.41 (1H, m), 3.04 
(1H, br s), 3.15 (1H, br s), 3.67-3.84 (2H, m), 5.31 (1H, d, J=7.6 Hz), 7.43-7.53 
(3H, m), 7.59 (1H, d, J=7.2 Hz), 7.78 (1H, d, J=8.0 Hz), 7.83-7.89 (1H, m), 
8.15-8.22 (1H, m);  
13C NMR (100 MHz, CDCl3): d 14.4, 40.8, 67.6, 78.0, 123.6, 124.6, 125.3, 125.6, 126.0, 128.3, 128.9, 130.8, 
134.0, 139.0; 
IR (KBr): n 3347, 2927, 2360, 1509, 1457, 1167, 1086, 1025, 799, 778 cm-1;  
HRMS (FAB): [M+Na] calcd for [C14H16NaO2]: 239.1043, found: 239.1029; 
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (100:1 hexane:2-propanol), 1.0 
mL/min; major enantiomer tr = 15.5 min, minor enantiomer tr =18.6 min, after conversion to the dibenzoyl 
ester. 
 
(1R, 2R)-1-(p-Tolyl)-2-methylpropane-1,3-diol(Table 2, entry 7) 
1H NMR (400 MHz, CDCl3): d 0.68 (3H, d, J=6.8 Hz), 2.01-2.07 (1H, m), 2.33 (3H, 
s), 2.60 (1H, br s), 2.77 (1H, br s), 3.68-3.80 (2H, m), 4.50 (1H, d, J=8.4 Hz), 7.15 
(2H, d, J=8.0 Hz), 7.21 (2H, d, J=8.0 Hz); 
13C NMR (150 MHz, CDCl3): d 13.9, 21.2, 41.7, 68.2, 80.9, 126.6, 129.2, 137.7, 
140.4; 
IR (neat): n 3358, 2924, 2386, 1558, 1541, 1508, 1457, 1027, 812, 560 cm-1;  
HRMS (FAB): [M+Na] calcd for [C11H16NaO2]: 203.1043, found: 203.1046; 
Enantiomeric excess was determined by HPLC with a Chiralcel OJ-H column (30 : 1 hexane:2-propanol), 1.0 
mL/min; major enantiomer tr = 19.2 min, minor enantiomer tr =28.3 min, after conversion to the dibenzoyl 
ester. 
 
(1R, 2R)-1-(o-Methoxyphenyl)-2-methylpropane-1,3-diol(Table 2, entry 8) 
1H NMR (400 MHz, CDCl3): d 0.72(3H, d, J=6.8 Hz), 1.64 (1H, br s), 2.15-2.27 (1H, 
m), 3.04 (1H, br s), 3.65-3.76 (2H, m), 3.84 (3H, s), 4.80 (1H, d, J=8.4 Hz), 6.88 (1H, 
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d, J= 8.0 Hz), 6.96 (1H, t, J=7.6), 7.22-7.31 (2H, m); 
13C NMR (100 MHz, CDCl3): d 13.8, 40.4, 55.3, 67.9, 76.2, 110.6, 120.8, 128.1, 128.6, 130,9, 156.6; 
IR (KBr): n 3367, 2931, 2360, 1602, 1491, 1458, 1287, 1241, 1028, 934, 755, 418cm-1;  
HRMS (FAB): [M+Na] calcd for [C11H16NaO3]: 219.0992, found: 219.1015; 
Enantiomeric excess was determined by HPLC with a Chiralpak AS-H column (10 : 1 hexane:2-propanol), 
1.0 mL/min; major enantiomer tr =6.8 min, minor enantiomer tr =7.2 min, after conversion to the dibenzoyl 
ester. 
 
(1R, 2R)-1-(p-Methoxyphenyl)-2-methylpropane-1,3-diol4 (Table 2, entry 9) 
was known compound. 
1H NMR (400 MHz, CDCl3): d 0.66 (3H, d, J= 7.2 Hz), 1.98-2.09 (1H, m), 2.66 (1H, 
br s), 2.87 (1H, br s), 3.61-3.77 (2H, m), 3.79 (3H, s), 4.48 (1H, d, J= 8.6 Hz), 6.87 
(2H, br d, J= 8.7 Hz), 7.26 (2H, br d, J= 8.7 Hz);  
13C NMR (100 MHz, CDCl3): d 13.8, 41.7, 55.3, 68.1, 80.6, 113.8, 127.9, 135.7, 159.2; 
IR (neat): n 3366, 2959, 2927, 2360, 1612, 1513, 1247, 1032, 834 cm-1; 
HRMS (FAB): [M+Na] calced for [C11H16NaO3]: 219.0992, found: 219.0992; 
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (100 : 1 hexane:2-propanol), 
1.2 mL/min; minor enantiomer tr =145.1 min, major enantiomer tr =149.4 min 
 
(1R, 2R)-1-Cyclohexyl-2-methylpropane-1,3-diol2, 5 (Table 2, entry 10) 
was known compound. 
Enantiomeric excess was determined by HPLC with a Chiralcel OJ-H column (100 : 1 
hexane:2-propanol), 0.5 mL/min; major enantiomer tr =11.8 min, minor enantiomer tr 
=13.6 min after conversion to the dibenzoyl ester. 
 
(1R, 2R)-1-(Furan-2-yl)-2-methylpropane-1,3-diol2 (Table 2, entry 11) 
was known compound. 
Enantiomeric excess was determined by HPLC with a Chiralpak AS-H column (100 : 1 
hexane:2-propanol), 0.5 mL/min; major enantiomer tr =42.4 min, minor enantiomer tr 
=47.8 min, after conversion to the monobenzoyl ester. 
 
(1R, 2R)-1-(o-Chlorophenyl)-2-isopropylpropane-1,3-diol (Table 2, entry 12) 
1H NMR (400 MHz, CDCl3): d 1.01 (3H, dd, J= 1.2, 6.8 Hz), 1.13 (3H, dd, J= 1.2, 6.8 
Hz), 1.97-2.08 (1H, m), 2.41-2.47 (1H, m), 3.20-3.27 (1H, m), 3.66-3.82 (2H, m), 5.45 
(1H, t, J= 4.9 Hz), 7.17-7.27 (1H, m), 7.28-7.36 (2H, m), 7.61-7.66 (1H, m); 
13C NMR (100 MHz, CDCl3): d 20.0, 21.1, 25.8, 49.6, 61.2, 73.4, 126.9, 128.0, 128.4, 
129.5, 131.8, 141.4; 
IR (neat): n 3324, 2960, 1469, 1439, 1194, 1048, 1036, 998, 757, 705 cm-1;  
HRMS (FAB): [M+Na] calcd for [C12H17ClNaO2]: 251.0809, found: 251.0815; 
Enantiomeric excess was determined by HPLC with a Chiralpak IA column (150 : 1 hexane:2-propanol), 1.0 
mL/min; major enantiomer tr = 21.9 min, minor enantiomer tr =25.2 min. 
 
 
(1R, 2R)-1-(o-Chlorophenyl)-2-benzylpropane-1,3-diol (Table 2, entry 13) 
1H NMR (400 MHz, CDCl3): d 2.15-2.23 (1H, m), 2.82-2.96 (2H, m), 3.50-3.56 (1H, 
m), 3.68-3.72 (1H, m), 5.21 (1H, t, J= 4.8 Hz), 7.15-7.38 (8H, m), 7.65 (1H, dd, J= 1.2, 
7.6 Hz); 
13C NMR (100 MHz, CDCl3): d 34.9, 45.8, 62.4, 74.5, 126.2, 127.0, 127.8, 128.4, 
128.6, 128.8, 129.0, 129.2, 129.5, 131.9, 140.0, 140.9; 
IR (neat): n 3336, 2924, 1440, 1192, 1127, 1073, 1031, 911, 753, 701 cm-1;  
HRMS (FAB): [M+Na] calcd for [C16H17ClNaO2]: 299.0809, found: 299.0810; 
Enantiomeric excess was determined by HPLC with a Chiralcel OJ-H column (30 : 1 hexane:2-propanol), 1.0 
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mL/min; major enantiomer tr = 17.6 min, minor enantiomer tr =22.5 min. 
 
4,4-Dimethoxy-2-benzylbutane-1,3-diol (diastereomeric mixture (ratio=4 : 1), Table 2, entry 14) 
The relative stereochemistry of this compound was not determined. 
1H NMR (400 MHz, CDCl3): d 2.07-2.17 (0.8H, m), 2.45-2.48 (0.2H, m), 2.67 (0.2H, 
d, J= 2.4 Hz), 2.72 (0.8H, d, J= 3.2 Hz), 2.80-2.92 (3H, m), 3.34 (2.4H, s), 3.40 (0.6H, 
s), 3.45 (2.4H, s), 3.49 (0.6H, s), 3.62-3.73 (2H, m), 3.90 (0.8H, dt, J= 11.6, 3.2 Hz), 
3.95 (0.2H, dt, J= 2.4, 6.8 Hz), 4.41 (0.2H, d, J= 6.8 Hz), 4.49 (0.8H, d, J= 6.8 Hz), 
7.22-7.36 (5H, m); 
13C NMR (100 MHz, CDCl3): d 31.7, 35.6, 42.6, 43.6, 54.8, 55.1, 55.3, 55.5, 62.8, 64.3, 73.4, 73.7, 105.2, 
105.6, 126.4, 126.5, 128.8, 129.6, 140.6, 141.1; 
IR (neat): n 3423, 3061, 3027, 2936, 2832, 2360, 1496, 1454, 1193, 1133, 1064, 971, 746, 701 cm-1;  
HRMS (FAB): [M+Na] calcd for [C13H20NaO4]: 263.1254, found: 263.1248; 
Enantiomeric excess of major diastereomer was determined by HPLC with a Chiralpak IA column (50 : 1 
hexane:2-propanol), 1.0 mL/min; major enantiomer tr = 21.2 min, minor enantiomer tr =19.6 min after 
conversion to the monobenzoyl ester. 
 

Procedure of asymmetric self-aldol reaction of propanal in water (Table 2, entry 15) 
To a mixture of (2S, 4R)-4-Decanoyloxypyrrolidine-2-carboxylic acid (29 mg, 0.1 mmol) and water (54 mL) 
added propanal (144 mL, 2.0 mmol) successively at room tempreture. After stirring the reaction mixture for 
96 hours at that temperature, the reaction mixture was cooled at 0 °C and MeOH (2 mL) and NaBH4 (151 mg, 
4 mmol) was added. The reaction mixture was stirred for 1 hour at 0 °C. The reaction was quenched with pH 
7.0 phosphate buffer solution and the organic materials were extracted with ethyl acetate three times and the 
combined organic extracts were dried over anhydrous Na2SO4, and concentrated in vacuo after filtration. 
Purification by silica gel column chromatography (ethyl acetate:hexane=1:2 ~ 1:1) gave 
(2R,3R)-2-methylpentane-1,3-diol and (2R, 3S)-2-methylpentane-1,3-diol (41 mg, 0.35 mmol) in 35% yield as 
the diastereomeric mixture (anti : syn =10:1). 
 
(2R, 3S)-2-Methylpentane-1,3-diol 1 

was known compound. 
Enantiomeric excess was determined by HPLC with a Chiralpak IA column (100 : 1 
hexane:2-propanol, l=254 nm), 1.0 mL/min; major enantiomer(anti) tr =31.5 min, minor 
enantiomer(anti) tr =34.4 min, after conversion to the monobenzoyl ester. 
 
The absolute stereochemistry of the anti aldol adduct was determined by the chiral HPLC 
analysis by comparing the retention time of the monobenzoyl ester of present aldol product with that 
synthesized by L-proline in DMF by MacMillan’s procedure3.   
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