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General information: 1H NMR spectra were recorded with a Bruker AM-300 (300 M Hz)，or 
Varian VXR (300 MHz) spectrometer. 19F NMR spectra were recorded with a Bruker AM-300 
(282 MHz) with CFCl3 as an external standard (negative for up field). 13C NMR spectra were 
recorded with a Bruker AM-400 (100 MHz) spectrometer. MS was recorded with a 
Hewlett–Packard HP-5989A spectrometer. Elemental analyses were obtained with a Perkin–Elmer 
2400 Series II Elemental Analyzer. Infrared spectra were measured with a Perkin–Elmer 983 
spectrometer. Optical rotations were measured on a JASCO P-1030 Polarimeter at λ=589 nm. 
Analytical high performance liquid chromatography (HPLC) was carried out on Waters 515 
instrument (2487 Dual λ Absorbance Detector and 515 HPLC Pump) using chiral column. 
N,N-disubstituted diamines were prepared according to literature procedure.1, 2 Unless otherwise 
noted, reagents were commercially available and used as received. 

 
Typical procedure for the synthesis of catalyst 1a-1c and 1f: 
Aqueous hydrochloric acid (0.9 mmol) was added to the solution of diamine (1 mmol) in water (2 
mL) and the mixture was stirred overnight. Then the solution was washed by ethyl ether (3×10 
mL). Water was removed under reduced pressure to give the diamine salt. The salt in methanol (3 
mL) was added slowly to the methanol (3 mL) solution of sodium 
1,1,2,2-tetrafluoro-2-(1,1,2,2,3,3,4,4-octafluorobutoxy)ethanesulfonate (420 mg, 1 mmol). The 
reaction mixture was stirred for 12 hours. The solvent was concentrated in vacuum and the residue 
was added to dichloromethane (5 mL). After filtration, the solvent was removed under reduced 
pressure and the pure product was obtained. 
 
(S)-1-(pyrrolidin-2-ylmethyl)pyrrolidinium 
1,1,2,2-tetrafluoro-2-(1,1,2,2,3,3,4,4-octafluorobutoxy)ethanesulfonate (1a) 
Viscous oil; 82% yield; [α]D

25 =14.1 (c = 0.60, CHCl3); 1H NMR (CD3OD, 300 MHz) δ 6.70 (1H, 
tt, J = 51.1, 5.3 Hz), 3.78~3.66 (1H, m), 3.28~3.19 (2H, m), 2.87 (1H, t, J = 12.5 Hz), 2.81~2.67 
(2H, m), 2.66~2.52 (3H, m), 2.24~2.10 (1H, m), 2.09~1.95 (2H, m), 1.89~1.75 (4H, m), 1.71~1.57 
(m, 1H); 19F NMR (CD3OD, 282 MHz) δ -83.94~-84.10 (m, 2F), -85.43~-85.67 (m, 2F), -120.08 
(s, 2F), -129.40~-129.55 (m, 2F), -132.34~-132.55 (m, 2F), -140.33~-140.67 (m, 2F); 13C NMR 
(CDCl3, 100MHz) δ 58.07, 56.41, 53.88, 45.46, 28.16, 23.59, 23.33; IR (film) (cm-1): 3080, 2975, 
2810, 1618, 1465, 1349, 1285, 1193, 1146, 1054, 974, 913, 811, 640; MS (ESI): 155.2 [cation]+, 
397.0 [anion ]-; Anal. Calcd for C15H20F12N2O4S: C, 32.62; H, 3.65; N, 5.07; Found: C, 32.70; H, 
3.71; N, 4.89. 
 
(S)-1-(pyrrolidin-2-ylmethyl)piperidinium 
1,1,2,2-tetrafluoro-2-(1,1,2,2,3,3,4,4-octafluorobutoxy)ethanesulfonate (1b) 
Viscous oil; 84% yield; [α]D

23 = 16.9 (c = 0.86, CHCl3); 1H NMR (CD3OD, 300 MHz) δ 6.70 (1H, 
tt, J = 51.2, 5.6 Hz), 3.89~3.75 (1H, m), 3.29~3.17 (2H, m), 2.76~2.52 (4H, m), 2.45 (2H, br), 
2.23~1.93 (3H, m), 1.73~1.55 (5H, m), 1.55~1.36 (2H, m); 19F NMR (CD3OD, 282 MHz) δ 
-83.91~-84.09 (m, 2F), -85.43~-85.65 (m, 2F), -120.07 (s, 2F), -129.33~-129.55 (m, 2F), 
-132.32~-132.60 (m, 2F), -140.34~-140.68 (m, 2F); 13C NMR (CDCl3, 100MHz) δ 58.99, 56.57, 
54.31, 45.40, 27.99, 25.12, 23.56, 23.38; IR (film) (cm-1): 3085, 2946, 2862, 1618, 1459, 1350,  
1285, 1245, 1197, 1147, 1055, 975, 811, 640; MS (ESI): 169.2 [cation]+, 396.8 [anion ]-; Anal. 
Calcd for C16H22F12N2O4S.H2O: C, 32.88; H, 4.14; N, 4.79; Found: C, 33.24; H, 4.04; N, 4.58. 
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(S)-4-(pyrrolidin-2-ylmethyl)morpholin-4-ium 
1,1,2,2-tetrafluoro-2-(1,1,2,2,3,3,4,4-octafluorobutoxy)ethanesulfonate (1c) 
Viscous oil; 84% yield; [α]D

24 = 21.3 (c = 0.66, CHCl3); 1H NMR (CD3OD, 300 MHz) δ 6.71 (1H, 
tt, J = 51.0, 5.8 Hz), 3.88~3.78 (1H, m), 3.74~3.64 (4H, m), 3.29~3.19 (2H, m), 2.70~2.51 (4H, 
m), 2.49~2.33 (2H, m), 2.22~1.95 (3H, m), 1.71~1.57 (1H, m); 19F NMR (CD3OD, 282 MHz) δ 
-83.95~-84.10 (m, 2F), -85.45~-85.65 (m, 2F), -120.10 (s, 2F), -129.39~-129.55 (m, 2F), 
-132.39~-132.56 (m, 2F), -140.33~-140.69 (m, 2F); 13C NMR (CDCl3, 100MHz) δ 66.53, 58.92, 
56.79, 53.13, 45.44, 27.72, 23.51; IR (film) (cm-1): 3090, 2968, 2866, 2825, 1620, 1460, 1350, 
1285, 1249, 1195, 1147, 1118, 1055, 975, 811, 640; MS (ESI): 171.2 [cation]+, 396.8 [anion ]-; 
Anal. Calcd for C15H20F12N2O5S: C, 31.70; H, 3.55; N, 4.93; Found: C, 31.47; H, 3.94; N, 4.80. 
 
(1R,2R)-2-(dipropylamino)cyclohexanaminium 
1,1,2,2-tetrafluoro-2-(1,1,2,2,3,3,4,4-octafluorobutoxy)ethanesulfonate (1f)  
Viscous oil; 84% yield; [α]D

26 = -47.4 (c = 1.69, CHCl3); 1H NMR (CD3OD, 300 MHz) δ 6.69 (1H, 
tt, J = 50.8, 5.7 Hz), 2.99~2.87 (1H, m), 2.56~2.32 (5H, m), 2.15~2.05(1H, m), 1.98~1.70 (3H, m), 
1.61~1.22 (8H, m), 0.90 (6H, t, J = 7.4 Hz ); 19F NMR (CD3OD, 282 MHz) δ -83.86~-84.00 (m, 
2F), -85.38~-85.60 (m, 2F), -119.97 (s, 2F), -129.34~-129.46 (m, 2F), -132.30~-132.47 (m, 2F), 
-140.27~-140.60(m, 2F); 13C NMR (CDCl3, 100MHz) δ 63.51, 51.57, 30.43, 24.64, 24.08, 23.48, 
21.17 (br), 11.29; IR (film) (cm-1): 2964, 2879, 1461, 1349, 1285, 1255, 1201, 1147, 1054, 971, 
809, 639; MS (ESI): 199.6 [cation]+, 397.0 [anion ]-; Anal. Calcd for C18H28F12N2O4S: C, 36.25; H, 
4.73; N, 4.70; Found: C, 36.39; H, 4.79; N, 4.64. 
 
Typical procedure for the synthesis of catalyst 1d and 1e: 
To the solution of diamine (0.55 mmol) in water (2 mL) was added the water (3 mL) solution of 
1,1,2,2-tetrafluoro-2-(1,1,2,2,3,3,4,4-octafluorobutoxy)ethanesulfonic acid (199 mg, 0.5 mmol) 
and the mixture was stirred overnight. An oil product was obtained and crowded at the bottom. 
The crude product was first separated by decantion and washed by water (3×4 mL). And then it 
was dissolved in dichloromethane (10 mL) and dried over anhydrous MgSO4. The solvent was 
removed under reduced pressure and the pure product was obtained. 
 
(S)-N,N-dipropyl-N-(pyrrolidin-2-ylmethyl) aminium 
1,1,2,2-tetrafluoro-2-(1,1,2,2,3,3,4,4-octafluorobutoxy)ethanesulfonate (1d) 
Viscous oil; 93% yield; [α]D

23 = 18.5 (c = 0.31, CHCl3); 1H NMR (CD3OD, 300 MHz) δ 6.71 (1H, 
tt, J = 51.2, 5.6 Hz), 3.78~3.67 (1H, m), 3.28~3.20 (2H, m), 2.75~2.40 (6H, m), 2.21~1.94 (3H, 
m), 1.72~1.60 (1H, m), 1.60~1.36 (4H, m), 0.90 (6H, t, J = 7.3 Hz ); 19F NMR (CD3OD, 282 MHz) 
δ -83.96~-84.11 (m, 2F), -85.46~-85.73 (m, 2F), -120.11 (s, 2F), -129.41~-129.56 (m, 2F), 
-132.33~-132.66 (m, 2F), -140.37~-140.72(m, 2F); 13C NMR (CDCl3, 100MHz) δ 57.20, 55.32, 
54.90, 45.04, 27.76, 23.26, 19.30, 11.31; IR (film) (cm-1): 3084, 2969, 2880, 2821, 1614, 1463, 
1350, 1055, 975, 811, 640; MS (ESI): 185.5 [cation]+, 397.0 [anion ]-; Anal. Calcd for 
C17H26F12N2O4S: C, 35.06; H, 4.50; N, 4.81; Found: C, 35.53; H, 4.61; N, 4.56. 
 
(S)-N,N-dibutyl-N-(pyrrolidin-2-ylmethyl) aminium 
1,1,2,2-tetrafluoro-2-(1,1,2,2,3,3,4,4-octafluorobutoxy)ethanesulfonate (1e) 
Viscous oil; 91% yield; [α]D

24 = 16.4 (c = 0.88, CHCl3); 1H NMR (CD3OD, 300 MHz) δ 6.71 (1H, 
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tt, J = 51.2, 5.6 Hz), 3.78~3.66 (1H, m), 3.28~3.20 (2H, m), 2.75~2.42 (6H, m), 2.32~1.91 (3H, 
m), 1.73~1.58 (1H, m); 1.56~1.19 (8H, m), 0.94 (6H, t, J = 7.2 Hz ); 19F NMR (CD3OD, 282 MHz) 
δ -83.92~-84.10 (m, 2F), -85.42~-85.68 (m, 2F), -120.06 (s, 2F), -129.36~-129.56 (m, 2F), 
-132.35~-132.61 (m, 2F), -140.31~-140.69(m, 2F); 13C NMR (CDCl3, 100MHz) δ 57.09, 54.75, 
53.13, 44.99, 28.14, 27.78, 23.32, 20.26, 13.71; IR (film) (cm-1): 3084, 2965, 2940, 2877, 1466, 
1350, 1286, 1249, 1195, 1145, 1054, 974, 809, 639; MS (ESI): 213.5 [cation]+, 397.0 [anion ]-; 
Anal. Calcd for C19H30F12N2O4S: C, 37.38; H, 4.95; N, 4.59; Found: C, 37.62; H, 5.02; N, 4.46. 
 
Typical procedure for the synthesis of catalyst 1g-1h and 1k-1m: 
To the dichloromethane (2 mL) solution of CF3SO3H (1 mmol) was added the solution of 
(1R,2R)-2-(dipropylamino)cyclohexanamine (1 mmol) in dichloromethane (2 mL) and the mixture 
was stirred overnight. The solvent was removed under reduced pressure. The resulting residue was 
then purified by flash chromatography to give (1R,2R)-2-(dipropylamino)cyclohexanaminium 
trifluoromethanesulfonate (1g). Viscous oil; 90% yield; [α]D

25 = -72.8 (c = 1.07, CHCl3); 1H NMR 
(CD3OD, 300 MHz) δ 3.06~2.93 (1H, m), 2.55~2.25 (5H, m), 2.17~2.06(1H, m), 1.99~1.71 (3H, 
m), 1.64~1.18 (8H, m), 0.91 (6H, t, J = 7.4 Hz ); 19F NMR (CD3OD, 282 MHz) δ -80.56 (s, 3F); 
13C NMR (CDCl3, 100MHz) δ 120.14 (q, J = 318.7 Hz), 63.28, 51.51, 30.28, 24.67, 24.14, 23.45, 
21.11, 11.39; IR (film) (cm-1): 2943, 2875, 1616, 1477, 1287, 1243, 1167, 1031, 639; MS (ESI): 
199.6 [cation]+, 149.1 [anion ]-; Anal. Calcd for C13H27F3N2O3S: C, 44.81; H, 7.81; N, 8.04; Found: 
C, 45.20; H, 7.48; N, 7.98. 
 
(1R,2R)-2-(dipropylamino)cyclohexanaminium 2,2,2-trifluoroacetate (1h) 
White solid; 96% yield; [α]D

24 = -74.8 (c = 0.48, CHCl3); 1H NMR (CD3OD, 300 MHz) δ 
3.06~2.94 (1H, m), 2.55~2.29 (5H, m), 2.16~2.06(1H, m), 2.00~1.70 (3H, m), 1.62~1.22 (8H, m), 
0.91 (6H, t, J = 7.3 Hz ); 19F NMR (CD3OD, 282 MHz) δ -77.39 (s, 3F); 13C NMR (CDCl3, 
100MHz) δ 161.94, 62.28, 51.35, 29.29, 24.83, 24.14, 23.40, 21.78 (br), 11.63; IR (film) (cm-1): 
2967, 2938, 2878, 1677, 1586, 1420, 1200, 1174, 1137, 832, 797, 720; MS (ESI): 199.6 [cation]+, 
113.2 [anion ]-; Anal. Calcd for C14H27F3N2O2

.H2O: C, 50.89; H, 8.85; N, 8.48; Found: C, 50.86; H, 
8.68; N, 8.08. 
 
(1R,2R)-2-(diethylamino)cyclohexanaminium trifluoromethanesulfonate (1k) 
Viscous oil; 95% yield; [α]D

23 = -57.9 (c = 0.55, CHCl3); 1H NMR (CD3OD, 300 MHz) δ 
3.07~2.92 (1H, m), 2.76~2.59 (2H, m), 2.56~2.37(3H, m), 2.17~2.05 (1H, m), 1.98~1.69 (3H, m), 
1.44~1.23 (m, 4H), 1.08 (6H, t, J = 7.2 Hz ); 19F NMR (CD3OD, 282 MHz) δ -80.55 (s, 3F); 13C 
NMR (CDCl3, 100MHz) δ 120.13 (q, J = 327.3 Hz), 62.94, 51.57, 43.62 (br), 30.60, 24.65, 24.09, 
23.81, 13.29; IR (film) (cm-1): 3512, 3114, 2942, 2868, 1624, 1477, 1458, 1388, 1285, 1246, 1167, 
1031, 759, 639; MS (ESI): 171.4 [cation]+, 149.0 [anion ]-; Anal. Calcd for C11H23F3N2O3S: C, 
41.24; H, 7.24; N, 8.74; Found: C, 41.35; H, 7.32; N, 8.66. 
 
(1R,2R)-2-(dimethylamino)cyclohexanaminium trifluoromethanesulfonate (1l) 
White solid; 92% yield; [α]D

25 = -27.3 (c = 0.26, CHCl3); 1H NMR (CDCl 3, 300 MHz) δ 5.09 (3H, 
br), 2.93~2.81 (1H, m), 2.66~2.53 (1H, m), 2.45 (6H, s), 2.24~2.12 (1H, m), 1.98~1.74 (3H, m), 
1.56~1.18 (4H, m); 19F NMR (CDCl3, 282 MHz) δ -78.67 (s, 3F); 13C NMR (CDCl3, 100MHz) δ 
120.12 (q, J = 321.4 Hz), 66.22, 51.06, 39.39 (br), 31.56, 24.32, 24.22, 21.69; IR (film) (cm-1): 
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3500, 3103, 2945, 2870, 1653, 1475, 1255, 1228, 1170, 1032, 640; MS (ESI): 143.4 [cation]+, 
149.0 [anion ]-; Anal. Calcd for C9H19F3N2O3S.0.5H2O: C, 35.87; H, 6.69; N, 9.30; Found: C, 
35.43; H, 6.43; N, 9.01. 
 
(1R,2R)-2-(dibutylamino)cyclohexanaminium trifluoromethanesulfonate (1m) 
White solid; 95% yield; [α]D

25 = -68.9 (c=1.03, CHCl3) 1H NMR (CD3OD, 300 MHz) δ 3.06~2.88 
(1H, m), 2.65~2.31 (5H, m), 2.17~2.05 (1H, m), 1.99~1.67 (3H, m), 1.53~1.22 (12H, m), 0.95 (6H, 
t, J = 7.3 Hz); 19F NMR (CD3OD, 282 MHz) δ -80.59 (s, 3F); 13C NMR (CDCl3, 100MHz) δ 
120.17 (q, J = 325.7 Hz), 63.34, 51.65, 30.24, 24.68, 24.09, 23.51, 20.39, 13.67; IR (film) (cm-1): 
3219, 3161, 2956, 2872, 2839, 1619, 1465, 1443, 1287, 1239, 1221, 1166, 1030, 989, 637; MS 
(ESI): 227.4 [cation]+, 149.0 [anion ]-; Anal. Calcd for C15H31F3N2O3S: C, 47.85; H, 8.30; N, 7.44; 
Found: C, 48.12; H, 8.37; N, 7.58. 
 
Typical procedure for the aldol reaction: 
To a suspension of catalyst 1m (18.8 mg, 0.05 mmol) in water (2 mL) was added cyclic ketone (1 
mmol). After stirring for one minute, aryl aldehyde (0.5 mmol) was introduced. Then the reaction 
was kept at room temperature for the time indicated in Table 2. After completion of the reaction, 
the product precipitated as solid. The crude product was collected by filtration. 
Diastereoselectivity was determined by 1H NMR analysis of the crude product. Further column 
chromatography gave the pure product. 
 
2-(Hydroxy(p-nitrophenyl)methyl)cyclohexanone (4a) 
95% Yield; [α]D

27 = -12.1 (c=0.75, CHCl3), 95% ee; 1H NMR (300MHz, CDCl3): δ 8.21 (2H, d, J 
= 8.7 Hz), 7.51 (2H, d, J = 8.7 Hz), 4.90 (1H, dd, J = 8.4, 3.0 Hz), 4.09 (1H, d, J = 3.0 Hz ), 
2.65~2.45 (2H, m), 2. 43~2.30 (1H, m), 2.18~2.08 (1H, m), 1.87~1.78 (1H, m), 1.72~1.34 (4H, m); 
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (4:1 
hexane:2-propanol), 214 nm, 0.7 mL/min; major enantiomer tr = 17.8 min, minor enantiomer tr = 
22.8 min. 
 
2-(Hydroxy(m-nitrophenyl)methyl)cyclohexanone (4b) 
94% Yield; [α]D

22= -33.3 (c=1.09, CHCl3), 96% ee; 1H NMR (300MHz, CDCl3): δ 8.21 (1H, s), 
8.16 (1H, d, J= 7.8 Hz), 7.67 (1H, d, J = 7.5 Hz), 7.53 (1H, t, J = 7.8 Hz), 4.89 (1H, dd, J = 8.7, 
3.0 Hz), 4.12(1H, d, J = 3.0 Hz ), 2.67~2.56 (1H, m), 2.55~2.45 (1H, m), 2.44~2.30 (1H, m), 
2.17~2.07 (1H, m), 1.87~1.78 (1H, m), 1.75~1.23 (4H, m); Enantiomeric excess was determined 
by HPLC with a Chiralpak AD-H column (4:1 hexane:2-propanol), 214 nm, 0.7mL/min; major 
enantiomer tr = 19.12 min, minor enantiomer tr = 15.64 min. 
 
2-(Hydroxy(p-(trifluoromethyl)phenyl)methyl)cyclohexanone (4c) 
94% Yield; [α]D

22 = -23.8 (c = 1.05, CHCl3), 96% ee; 1H NMR (300MHz, CDCl3): δ 7.61 (2H, d, 
J= 7.8 Hz), 7.45 (2H, d, J = 7.8 Hz), 4.85 (1H, dd, J = 8.8, 2.7 Hz), 4.03 (1H, d, J = 2.7 Hz), 
2.66~2.55 (1H, m), 2.54~2.45(1H, m), 2.43~2.30 (1H, m), 2.17~2.06 (1H, m), 1.87~1.76 (1H, m), 
1.76~1.23 (4H, m); 19F NMR (282 MHz, CDCl3) δ -62.5 (s, 3F); Enantiomeric excess was 
determined by HPLC with a Chiralpak AD-H column (4:1 hexane:2-propanol), 214 nm, 0.7 
mL/min; major enantiomer tr = 12.08 min, minor enantiomer tr = 14.09 min. 
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2-(Hydroxy-(p-cyanophenyl)methyl)cyclohexanone (4d) 
82% Yield; [α]D

23 = -19.6 (c = 0.77, CHCl3), 86% ee. 1H NMR (300MHz, CDCl3): δ 7.65 (2H, d, J 
= 8.1 Hz), 7.44 (2H, d, J = 8.1 Hz), 4.84 (1H, dd, J = 8.6, 3.0 Hz), 4.04 (1H, d, J = 3.0 Hz), 
2.63~2.45 (2H, m), 2.43~2.30 (1H, m), 2.17~2.06 (1H, m), 1.88~1.78 (1H, m), 1.76~1.24 (4H, m); 
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (4:1 
hexane:2-propanol), 214 nm, 0.7 mL/min; major enantiomer tr = 16.08 min, minor enantiomer tr = 
19.63min. 
 
2-(Hydroxy(p-bromophenyl)methyl)cyclohexanone (4e) 
>99% Yield; [α]D

27 =-22.7 (c = 0.79, CHCl3), 98% ee. 1H NMR (300MHz, CDCl3): δ 7.47 (2H, d, 
J = 8.1 Hz), 7.20 (2H, d, J = 8.1Hz), 4.75 (1H, dd, J = 8.9, 2.7 Hz), 3.98 (1H, d, J = 2.7 Hz), 
2.62~2.43 (2H, m), 2.42~2.28 (1H, m), 2.16~2.03 (1H, m), 1.86~1.75 (1H, m), 1.75~1.19 (4H, m); 
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (4:1 
hexane:2-propanol), 214 nm, 0.7 mL/min; major enantiomer tr = 13.32 min, minor enantiomer tr = 
15.02 min. 
 
2-((4-chlorophenyl)(hydroxy)methyl)cyclohexanone (4f) 
96% Yield; [α]D

24 = -26.0 (c = 1.09, CHCl3), 93% ee. 1H NMR (300MHz, CDCl3): δ 7.29 (4H, dd, 
J = 20.0, 8.5 Hz), 4.76 (1H, dd, J = 8.6, 2.7 Hz), 3.98 (1H, d, J = 2.7 Hz), 2.64~2.43 (2H, m), 
2,41~2.28 (1H, m), 2.18~2.00 (1H, m), 1.86~1.73 (1H, m), 1.70~1.16 (4H, m); Enantiomeric 
excess was determined by HPLC with a Chiralpak AD-H column (4:1 hexane:2-propanol), 214 nm, 
0.7 mL/min; major enantiomer tr = 12.55 min, minor enantiomer tr = 13.98 min.  
 
2-((2,4-dichlorophenyl)(hydroxy)methyl)cyclohexanone (4g) 
84% Yield; [α]D

23 = -21.3 (c = 1.06, CHCl3), 97% ee; 1H NMR (300 MHz, CDCl3): δ 7.50 (1H, d, 
J = 8.4 Hz), 7.35 (1H, d, J = 2.0 Hz), 7.30 (1H, dd, J = 8.4, 2.0 Hz), 5.29 (1H, d, J = 8.0 Hz), 4.05 
(1H, br), 2.68~2.57 (1H, m), 2.52~2.42 (1H, m), 2.41~2.27 (1H, m), 2.16~2.04 (1H, m), 
1.88~1.78 (1H, m), 1.77~1.50 (4H, m); Enantiomeric excess was determined by HPLC with a 
Chiralpak AS-H column (9:1hexane:2-propanol), 214 nm, 0.7 mL/min; major enantiomer tr = 
14.22 min, minor enantiomer tr = 16.89 min. 
 
2-((3,4-dichlorophenyl)(hydroxy)methyl)cyclohexanone (4h) 
94% Yield; [α]D

23 = -19.8 (c = 0.82, CHCl3), 96% ee; 1H NMR (300 MHz, CDCl3): δ 7.44 (1H, d, 
J = 2.1 Hz), 7.41 (1H, d, J = 8.2 Hz), 7.15 (1H, dd, J = 8.2, 2.1 Hz), 4.74 (1H, dd, J = 8.7, 3.0 Hz), 
4.01 (1H, d, J = 3.0 Hz), 2.60~2.44 (2H, m), 2.41~2.28 (1H, m), 2.16~2.05 (1H, m), 1.87~1.76(1H, 
m), 1.75~1.48 (3H, m), 1,40~1.23 (1H, m); 13C NMR (100 MHz, CDCl3) δ 215.30, 141.50, 132.76, 
131.99, 130.49, 129.21, 126.66, 73.98, 57.42, 42.89, 30.94, 27.89, 24.90; IR (film, cm-1): 3505, 
2944, 2917, 1704, 1560, 1465, 1127, 1029, 888; MS (EI): 274, 272, 256, 254, 219, 175, 145; Anal. 
Calcd for C13H14Cl2O2: C, 57.16; H, 5.17; Found: C, 57.16; H, 5.10; Enantiomeric excess was 
determined by HPLC with a Chiralpak AD-H column (9:1hexane:2-propanol), 214 nm, 0.7 
mL/min; major enantiomer tr = 20.02 min, minor enantiomer tr = 18.29 min. 
2-(biphenyl-4-yl(hydroxy)methyl)cyclohexanone (4i) 
56% Yield; [α]D

23 = -21.1 (c = 0.59, CHCl3), 93% ee. 1H NMR (300MHz, CDCl3): δ 7.61~7.54 
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(4H, m), 7.48~7.31 (5H, m), 4.84 (1H, dd, J = 8.8, 2.7 Hz), 3.99 (1H, d, J = 2.7 Hz), 2.74~2.60 
(1H, m), 2.57~2.31 (2H, m), 2.17~2.03 (1H, m), 1.86~1.74 (1H, m), 1.72~1.22 (4H, m); 
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (9:1 
hexane:2-propanol), 214 nm, 0.7 mL/min; major enantiomer tr = 28.25 min, minor enantiomer tr = 
31.62 min. 
 
2-(hydroxy(p-nitrophenyl)methyl)cyclopentanone (4j) 
34% Yield; [α]D

22 = 3.22 (c = 0.73, CHCl3), 84% ee. 1H NMR (300MHz, CDCl3): δ 8.23 (2H, d, J 
= 8.6 Hz), 7.54 (2H, d, J = 8.6 Hz), 5.43 (1H, br) (syn), 4.85 (1H, d, J = 9.2 Hz) (anti), 4.75 (1H, 
s), 2.56~1.63 (7H, m); Enantiomeric excess was determined by HPLC with a Chiralpak AD-H 
column (19:1 hexane:2-propanol), 214 nm, 0.7 mL/min; major enantiomer tr = 40.85 min, minor 
enantiomer tr = 44.78 min. 
 
3-(hydroxy(4-nitrophenyl)methyl)dihydro-2H-pyran-4(3H)-one (4k) 
57% Yield; [α]D

23 = 3.6 (c = 0.90, CHCl3), 98% ee. 1H NMR (300 MHz, CDCl3): δ 8.24 (2H, d, J 
= 8.6 Hz), 7.52 (2H, d, J = 8.6 Hz), 4.99 (1H, dd, J = 8.6, 3.4 Hz), 4.27~4.16 (1H, m), 3.84~3.67 
(3H, m), 3.46 (1H, dd, J = 12.2, 9.9 Hz), 2.96~2.85 (1H, m), 2.75~2.63 (1H, m); 2.58~2.47 (1H, 
m); Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (4:1 
hexane:2-propanol), 254 nm, 0.7 mL/min; major enantiomer tr = 30.05 min, minor enantiomer tr = 
35.55 min. 
 
3-(hydroxy(4-(trifluoromethyl)phenyl)methyl)dihydro-2H-pyran-4(3H)-one (4l) 
75% Yield; [α]D

27 = -9.5 (c = 0.76, CHCl3), 95% ee; 1H NMR (300 MHz, CDCl3): δ 7.63 (2H, d, J 
= 7.6 Hz), 7.46 (2H, d, J = 7.6 Hz), 4.94 (1H, d, J = 8.5 Hz), 4.25~4,14 (1H, m), 3.81~3.65 (3H, 
m), 3.41 (1H, t, J = 11.0 Hz), 2.94~2.83 (1H, m), 2.75~2.61 (1H, m); 2.58~2.48 (1H, m); 19F 
NMR (282 MHz, CDCl3) δ -62.5 (s, 3F); 13C NMR (100 MHz, CDCl3) δ 209.40, 144.20, 130.45 
(q, J = 30.6 Hz), 126.95, 125.57 (q, J = 3.6 Hz), 123.94 (q, J = 272 Hz), 71.48, 69.73, 68.32, 57.82, 
42.65; IR (film, cm-1): 3446, 2979, 2868, 1701, 1621, 1478, 1335, 1096, 843; MS (EI): 274, 256, 
175,173, 145; Anal. Calcd for C13H13F3O3: C, 56.94; H, 4.78; Found: C, 56.92; H, 4.72; 
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column 
(4:1hexane:2-propanol), 214 nm, 0.7 mL/min; major enantiomer tr = 12.79 min, minor enantiomer 
tr = 15.29 min. 
 
Crystal data for 1m (CCDC 737246): C15H31F3N2O3S, M = 376.48, Orthorhombic, space group P2 
(1)2(1)2(1), a = 7.6593 (7) Å, b = 12.5747 (11) Å, c =20.4376(18) Å, alpha = beta = gamma = 90 
deg. V = 1968.4(3) Å3, T = 293(2) K, Z = 4, μ(Mo-Kα) = 0.206 mm-1, R1 = 0.0451, wR2 = 0.1018 
(I > 2σ (I)); R1 = 0.0521, wR2 = 0.1048 (all data). Reflections collected / unique: 11642 / 4266 
[R(int) = 0.0617]. 
 
References: 
1. M. Asami, Bull. Chem. Soc. Jpn., 1990, 63, 721-727. 
2. S. Luo, H. Xu, J. Li, L. Zhang, J.-P. Cheng, J. Am. Chem. Soc. 2007, 129, 3074-3075. 
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Copies of HPLC Spectra of Michael Reaction Products: 
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