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General Information.  All commercially available reagents were used without further 

purification. Purification of products was carried out by flash column chromatography using 

silica gel 60. Analytical thin layer chromatography was performed on aluminium sheets precoted 

with silica gel 60F254. Visualization was accomplished with UV light and anisaldehyde followed 

by heating.  

General Procedure for the Enantioselective Direct Aldol Reaction  

Proline (0.025 mmol, 2.9 mg), thiourea 4 (0.025 mmol, 12.5 mg) and 1.8 mL hexane were placed 

in a screw capped vial, then cyclohexanone  (4 mmol, 0.4 mL) was added, in which the resulting 

mixture was stirred for 15 min at ambient temperature followed by addition of aldehyde (0.25 

mmol) wherein stirring was continued until the completion of the reaction (TLC monitoring). 

After completion of the reaction, the reaction mixture was treated with saturated aqueous 

ammonium chloride solution and the whole mixture was extracted with ethyl acetate. The organic 

layer was washed with brine, dried and concentrated to give a crude residue, which was purified 

with column chromatography over silica gel using hexane-ethyl acetate as an eluent to afford 

pure product.  Diastereoselectivity and conversion were determined by 1H NMR analysis of the 

crude aldol product. The enantiomeric excess (ee) of 3 was determined by chiral-phase HPLC 

analysis. The absolute configuration of aldol products were determined by comparing the values 

with those previously reported in the literature. 
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Table 2. Enantioselective Direct Aldol Reaction of aldehydes (2 ) and Cyclohexanone (1)   

R

H

O O
proline:thiourea
10:10
Hexane, rt

+

OOH

R

2 1 3  

entry aldehyde   

R 

time 

(h) 

yield (%)e anti:syna ee (%)b 

1 2a  4-NO2Ph c 24 75 92:8 >99 

2 2a  4-NO2Ph   16 96 90:10 99 

3 2b  3-NO2Phc 24 79 93:7 >99 

4 2b  3-NO2Ph 16 94 92:8 >99 

5 2c  4-CNPh 16 98 93:7 99 

6 2d  4-CF3Ph 24 93 94:6 99 

7 2e 4-ClPh 36 91 88:12 99 

8 2f 4-BrPh 36 87 90:10 99 

9 2g  2-ClPh 36 83 94:6 99 

10 2h  Ph 48 79 88:12 98 

11 2ic  4-NO2Ph 16 93 60:40 97 

a. Determined from crude NMR spectra 

b. Determined by HPLC with appropriate chiral column 

c. Toluene is used 

d. Cyclopentanone is used  

e.   After purification                                                                                                                                                           
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Figure 1. The NMR spectra of proline-thiourea complex 

 

                                                                                                                                                      

 

 

 

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2009



 

- 5 - 
 

  

 

 (S)-2-((R)-hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one (3a)1, 2 : It 
was obtained in a maximum of >99% ee. The optical purity was 
determined by HPLC on chiralpak AD-H column [hexane/2-propanol 
90.0:10.0]; flow rate 0.5 mL/min.  
 

 
 (S)-2-((R)-hydroxy(3-nitrophenyl)methyl)cyclohexan-1-one (3b)1 : It 
was obtained in a maximum of >99% ee. The optical purity was 
determined by HPLC on chiralpak AD-H column [hexane/2-propanol 
95.0:5.0]; flow rate 1.0mL/min. Anti/Syn= 92/8, anti-diastereomer, 
1HNMR (400 MHz, CDCl3) δ (ppm) 1.33-2.10 (m, 6H), 2.32-2.48 (m, 2H), 

2.58-2.64 (m, 1H), 4.14 (s, 1H), 4.87 (d, J = 8.4 Hz, 1H), 7.50 (t, J = 8.0 Hz, 1H), 7.64 (t, J = 7.6 
Hz, 1H), 8.12 (d, J = 7.6 Hz, 1H), 8.18 (d, J = 1.6 Hz, 1H); syn-diastereomer, 1HNMR (400 MHz, 
CDCl3) δ (ppm) 1.48-2.10 (m, 6H), 2.33-2.46 (m, 2H), 2.62-2.66 (m, 1H), 3.27 (s, 1H), 5.44 (d, J 
= 2.0 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 8.06 (t, J = 6.0 Hz, 1H); 8.15 (s, 
1H). 
 
 

 (S)-2-((R)-hydroxy(4-cyanophenyl)methyl)cyclohexan-1-one (3c)1 : It 
was obtained in a maximum of 99% ee. The optical purity was determined 
by HPLC on chiralpak OD-H column [hexane/2-propanol 90.0:10.0]; flow 
rate 0.5 mL/min. Anti/Syn= 93/7, anti-diastereomer, 1HNMR (400 MHz, 
CDCl3) δ (ppm) 1.31-2.11 (m, 6H), 2.30-2.48 (m, 2H), 2.53-2.59 (m, 1H), 

4.07 (s, 1H), 4.82 (d, J = 8.4 Hz, 1H), 7.43 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.0 Hz, 2H); syn-
diastereomer, 1HNMR (400 MHz, CDCl3) δ (ppm) 1.52-2.12 (m, 6H), 2.33-2.48 (m, 2H), 2.57-
2.61 (m, 1H), 3.19 (s, 1H), 5.42 (s, 1H), 7.42 (d, J = 8.0 Hz, 2H), 7.62 (d, J = 8.4 Hz, 2H). 
 
 
 

 (S)-2-((R)-(4-(trifluoromethyl)phenyl)(hydroxy)methyl)cyclohexan-1-
one (3d)3 : It was obtained in a maximum of 99% ee. The optical purity 
was determined by HPLC on chiralpak OD-H column [hexane/2-propanol 
95.0:5.0]; flow rate 1.0mL/min.  
 

 
 (S)-2-((R)-hydroxy(4-chlorophenyl)methyl)cyclohexan-1-one (3e)1 : It 
was obtained in a maximum of 99% ee. The optical purity was determined 
by HPLC on chiralpak AD-H column [hexane/2-propanol 90.0:10.0]; flow 
rate 0.5 mL/min. 
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 (S)-2-((R)-hydroxy(4-bromophenyl)methyl)cyclohexan-1-one (3f)1 : It 
was obtained in a maximum of 99% ee. The optical purity was determined 
by HPLC on chiralpak AD-H column [hexane/2-propanol 90.0:10.0]; flow 
rate 0.5 mL/min.  
 

 
 (S)-2-((R)-hydroxy(2-chlorophenyl)methyl)cyclohexan-1-one (3g)4 : It 
was obtained in a maximum of 99% ee. The optical purity was determined 
by HPLC on chiralpak OD-H column [hexane/2-propanol 95.0:5.0]; flow 
rate 0.5 mL/min. 
 

 
 

 (S)-2-((R)-hydroxy(phenyl)methyl)cyclohexan-1-one (3h)1 : It was 
obtained in a maximum of 98% ee. The optical purity was determined by 
HPLC on chiralpak OD-H column [hexane/2-propanol 90.0:10.0]; flow rate 
1.0 mL/min. 
 

                                                                                                                                                        
 (S)-2-((R)-hydroxy(4-nitrophenyl)methyl)cyclopentan-1-one (3i)5 : It 
was obtained in a maximum of >97% ee. The optical purity was 
determined by HPLC on chiralpak AD-H column [hexane/2-propanol 
95.0:5.0]; flow rate 0.5 mL/min.  
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