
 

 S1 

SUPPLEMENTARY INFORMATION: 

 

Investigating the Reaction Mechanism and 

Organocatalytic Synthesis of ,'-Dihydroxy Ketones 

 

James L. Galman,
a
 David Steadman,

 a
 Lisa D. Haigh,

a
 and Helen C. Hailes*

a
 

a
Department of Chemistry, University College London, 20 Gordon Street, London WC1H 0AJ, UK. 

Fax:+44 (0)20 7679 7463; Tel: :+44 (0)20 7679 4654; E-mail: h.c.hailes@ucl.ac.uk 

 

 

Contents: 

 

1. Formation of Mosher’s esters of 3d, 3e, 3f, 3i, 3k, 3l.   S3–S5 
1
H NMR study of the reaction bewteen 1 and 2a to give 3a at pH 8   S5 

2. Spectral Data 
1
H NMR of [1-

13
C]-cyclohexyl-1,3-dihydroxy-2-propanone [1-

13
C]-3a    S6 and S7 

13
C NMR of [1-

13
C]-cyclohexyl-1,3-dihydroxy-2-propanone [1-

13
C]-3a  S8 

1
H NMR of [1-

13
C]-3-dihydroxy-1-phenyl-2-propanone [1-

13
C]-3b  S9 

13
C NMR of [1-

13
C]-3-dihydroxy-1-phenyl-2-propanone [1-

13
C]-3b  S10 

ESI-(-)-MS spectrum: reaction between 2c and Li-1 catalysed by DABCO S11 

ESI-(-)-MS/MS spectrum for m/z 215       S12 

ESI-(-)-MS/MS spectrum for m/z 327   S13 

Chiral HPLC analysis of dibenzoylated 3b  S14 
1
H NMR of 1,3-dihydroxy-1-(4-methylphenyl)-2-propanone (3d)  S15 

13
C NMR of 1,3-dihydroxy-1-(4-methylphenyl)-2-propanone (3d)  S16 

Chiral HPLC analysis of monobenzoylated 3d  S17 
1
H NMR of key region of Mosher’s ester of 3d  S18 

1
H NMR of 1-(4-fluorophenyl)-1,3-dihydroxy-2-propanone (3e)   S19 

13
C NMR of 1-(4-fluorophenyl)-1,3-dihydroxy-2-propanone (3e)  S20 

Chiral HPLC analysis of monobenzoylated 3e      S21 
1
H NMR of key region of  Mosher’s ester of 3e     S22 

1
H NMR of 1-(4-chlorophenyl)-1,3-dihydroxy-2-propanone (3f)   S23 

13
C NMR of 1-(4-chlorophenyl)-1,3-dihydroxypropan-2-one (3f)  S24 

Chiral HPLC analysis of monobenzoylated 3f      S25 
1
H NMR of key region of Mosher’s ester of 3f     S26 

1
H NMR of 1,3-dihydroxy-1-(4-methoxyphenyl)-2-propanone (3g)  S27 

13
C NMR of 1,3-dihydroxy-1-(4-methoxyphenyl)-propan-2-one (3g)   S28 

1
H NMR of 1-(4-bromophenyl)-1,3-dihydroxy-2-propanone (3h)  S29 

13
C NMR of 1-(4-bromophenyl)-1,3-dihydroxy-2-propanone (3h)   S30 

1
H NMR of 1-(3-Fluorophenyl)-1,3-dihydroxy-2-propanone (3i)   S31 

13
C NMR of 1-(3-fluorophenyl)-1,3-dihydroxy-2-propanone (3i)  S32 

Chiral HPLC analysis of monobenzoylated 3i      S33 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 

 S2 

1
H NMR of key region of Mosher’s ester of 3i     S34 

1
H NMR of 1-(2-fluorophenyl)-1,3-dihydroxy-2-propanone (3j)    S35 

13
C NMR of 1-(2-fluorophenyl)-1,3-dihydroxy-2-propanone (3j)  S36 

1
H NMR of 1,3-dihydroxy-1-(3-methoxyphenyl)-2-propanone (3k)  S37 

13
C NMR of 1,3-dihydroxy-1-(3-methoxyphenyl)-2-propanone (3k)  S38 

Chiral HPLC analysis of dibenzoylated 3k     S39 
1
H NMR of key region of Mosher’s ester of 3k     S40 

1
H NMR of 3-(1,3-dihydroxy-2-oxo-propyl)-benzoic acid methyl ester (3l) S41 

13
C NMR of 3-(1,3-dihydroxy-2-oxo-propyl)-benzoic acid methyl ester (3l) S42 

Chiral HPLC analysis of monobenzoylated 3l     S43 
1
H NMR of key region of Mosher’s ester of 3l     S44 

3. References          S45 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 

 S3 

1. Formation of Mosher’s esters.
1
 

3,3,3-Trifluoro-2-methoxy-2-phenyl-propionic acid 3-hydroxy-2-oxo-3-p-tolyl-propyl ester 

(Mosher’s ester of 3d). The reaction was carried out under anhydrous conditions. To a stirred 

solution of 3d (0.010 g, 0.03 mmol) in CH2Cl2 (1 mL) was added 2,4,6-collidine (33 μL, 0.25 

mmol) and (S)-MTPA chloride (10 µL, 0.04 mmol), and the reaction was stirred for 12 h at rt. The 

product was dry loaded onto silica gel and purified using flash chromatography (EtOAc/hexane, 

1:4) to afford the titled compound as a colorless oil (0.012 g, 55%), (2R,3'R) major isomer. Rf 0.50 

(EtOAc/hexane, 1:4); 
1
H NMR (600 MHz; CDCl3)  2.35 (3H, s, CH3), 3.61 (3H, s, OCH3), 4.70 

(0.61H, d, J 17.4 Hz, CHHO (2R,3'R)), 4.85 (0.39H, d, J 17.4 Hz, CHHO (2S,3'R)), 4.89 (0.39H, d, 

J 17.4 Hz, CHHO (2S,3'R)), 5.00 (0.61H, d, J 17.4 Hz, CHHO (2R, 3'R)), 5.21 (1H, s, CHOH), 7.21 

(4H, m, ArH), 7.42 (3H, m, Ph), 7.63 (2H, m, ArH); 
13

C NMR (150 MHz; CDCl3)  21.4, 55.9, 

77.9, 127.3 (signal overlap), 128.6, 130.1 (signal overlap), 133.8, 139.6, 168.3, 201.0; 
19

F NMR 

(282 MHz; CDCl3)  -72.2; m/z (CI) 397 (MH
+
, 10%), 379 (100), 145 (84); m/z (HR-CI) calcd for 

MH
+
 C20H20F3O5 397.12628, found 397.12642. 

3,3,3-Trifluoro-2-methoxy-2-phenyl-propionic acid 3-(4-fluoro-phenyl)-3-hydroxy-2-oxo-

propyl ester (Mosher’s ester of 3e).The reaction was carried out under anhydrous conditions. To a 

stirred solution of 3e (0.008 g, 0.04 mmol) in CH2Cl2 (1 mL) was added 2,4,6-collidine (33 μL, 0.25 

mmol) and (S)-MTPA chloride (10 µL, 0.04 mmol) and the reaction was stirred for 12 h at rt. The 

product was dry loaded onto silica gel and purified using flash chromatography (EtOAc/hexane, 

1:4) to afford the titled compound as a colorless oil (0.010 g, 59%), (2R,3'R) major isomer. Rf 0.50 

(EtOAc/hexane, 1:4); 
1
H NMR (600 MHz; CDCl3)  3.61 (3H, s, OCH3), 4.74 (0.63H, d, J 16.8 Hz, 

CHHO (2R,3'R)), 4.88 (0.74H, m, CH2O (2S,3'R)), 4.99 (0.63H, d, J 16.8 Hz, CHHO (2R,3'R)), 

5.24 (1H, d, J 3.0 Hz, CHOH), 7.09 (3H, m, ArH), 7.42 (4H, m, ArH), 7.58 (2H, m, ArH); 
13

C 

NMR (150 MHz; CDCl3)  55.9, 66.4, 77.4, 114.3 (d, 
2
JCF  21.1 Hz), 116.6 (d, 

2
JCF  21.1 Hz), 122.9, 

127.5 (signal overlap), 128.6 (signal overlap), 130.0, 131.2, 131.7, 139.1, 163.3 (d, 
1
JCF  246 Hz, 

CF), 166.2, 201.4; 
19

F NMR (282 MHz; CDCl3)  -72.2, -112.4; m/z (HR-CI) calcd for MH
+
 

C19H17O5F4 401.10060, found 401.10051. 

3,3,3-Trifluoro-2-methoxy-2-phenyl-propionic acid 3-(4-chloro-phenyl)-3-hydroxy-2-oxo-

propyl ester (Mosher’s ester of 3f). The reaction was carried out under anhydrous conditions. To a 

stirred solution of 3f (0.007 g, 0.04 mmol) in CH2Cl2 (1 mL) was added 2,4,6-collidine (33 μL, 0.25 

mmol) and (S)-MTPA chloride (10 µL, 0.04 mmol), and the reaction was stirred for 12 h at rt. The 

product was dry loaded onto silica gel and purified using flash chromatography (EtOAc/hexane, 

1:4) to afford the titled compound as a colourless oil (0.009 g, 60%), (2R,3'R) major isomer. Rf 0.50 

(EtOAc/hexane, 1:4); max(neat)/cm
–1

 3420, 2930, 2855, 1734; 
1
H NMR (600 MHz; CDCl3)  3.60 

(3H, s, OCH3), 4.74 (0.70H, d, J 17.1 Hz, CHHO (2R,3'R)), 4.88 (0.60H, m, CH2O (2S,3'R)), 4.99 
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(0.70H, d, J 17.1 Hz, CHHO (2R,3'R)), 5.22 (1H, d, J 3.0 Hz, CHOH), 7.29–7.42 (7H, m, ArH), 

7.52 (2H, m, ArH); 
13

C NMR (150 MHz; CDCl3)  55.9, 66.5, 84.7 (d, 
2
JCF 28.5 Hz), 123.1 (d, 

1
JCF 

285 Hz), 127.5, 128.6, 128.7, 129.7, 130.0, 131.7, 135.2, 135.6, 166.2, 201.4; 
19

F NMR (282 MHz; 

CDCl3) -72.2; m/z (HR-ES-) calcd for [M-H]
–
 C19H15

35
ClF3O5 415.0560, found 415.0506. 

3,3,3-Trifluoro-2-methoxy-2-phenyl-propionic acid 3-(3-fluorophenyl)-3-hydroxy-2-oxo-

propyl ester (Mosher’s ester of 3i).  The reaction was carried out under anhydrous conditions. To 

a stirred solution of 3i (0.008 g, 0.04 mmol) in CH2Cl2 (1 mL) was added 2,4,6-collidine (33 μL, 

0.25 mmol) and (S)-MTPA chloride (10 µL, 0.04 mmol) the reaction was stirred for 12 h at rt. The 

product was dry loaded onto silica gel and purified using flash chromatography (EtOAc/hexane, 

1:4) to afford the titled compound as a colourless oil (0.010 g, 59%), and (2R,3'R) as the major 

isomer. Rf 0.50 (EtOAc/hexane, 1:4); 
1
H NMR (600 MHz; CDCl3)  3.61 (3H, s, OCH3), 4.73 

(0.63H, d, J 16.8 Hz, CHHO (2R,3'R)), 4.87 (0.75H, m, CH2O (2S,3'R)), 4.99 (0.63H, d, J 16.8 Hz, 

CHHO (2R, 3'R)), 5.24 (1H, d, J 3.0 Hz, CHOH), 7.04–7.10 (2H, m, ArH), 7.29–7.43 (5H, m, 

ArH), 7.58 (2H, m, ArH); 
13

C NMR (150 MHz; CDCl3)  55.9, 66.4, 77.4, 114.2 (d, 
2
JCF 21.0 Hz), 

116.5 (d, 
2
JCF 21.1 Hz), 127.5, 128.6 (signals superimposed), 130.0, 131.2, 131.7, 139.1, 163.3 (d, 

1
JCF  246 Hz, CF), 166.2, 201.4; 

19
F NMR (282 MHz; CDCl3) -72.2, -112.4; m/z (HR-ES+) calcd 

for MH
+
 C19H17F4O5 401.10060, found 401.10051. 

3,3,3-Trifluoro-2-methoxy-2-phenyl-propionic acid 3-hydroxy-3-(3-methoxyphenyl)-2-oxo-

propyl ester (Mosher’s ester of 3k). The reaction was carried out under anhydrous conditions. To 

a stirred solution of 3k (0.007 g, 0.04 mmol) in CH2Cl2 (1 mL) was added 2,4,6-collidine (33 μL, 

0.25 mmol) and (S)-MTPA chloride (10 µL, 0.04 mmol) and the reaction was stirred for 12 h at rt. 

The product was dry loaded onto silica gel and purified using flash chromatography 

(EtOAc/hexane, 1:4) to afford the titled compound as a colorless oil (0.010 g, 67%), (2R,3'R) as the 

major isomer. Rf 0.50 (EtOAc/hexane, 1:4); 
1
H NMR (600 MHz; CDCl3)  3.61 (3H, s, OCH3), 

3.81 (3H, s, OCH3), 4.71 (0.64H, d, J 17.1 Hz, CHHO (2R,3'R)), 4.87 (0.32H, d, J 17.1 Hz, CHHO 

(2S,3'R)), 4.92 (0.32H, d, J 17.1 Hz, CHHO (2S,3'R)), 5.03 (0.64H, d, J 17.1 Hz, CHHO (2R,3'R)), 

5.22 (1H, s, CHOH), 6.86–6.92 (3H, m, ArH), 7.31 (1H, app. t, J 7.8 Hz, ArH), 7.41 (3H, m, ArH), 

7.59 (2H, m, ArH); 
13

C NMR (150 MHz; CDCl3)  55.5, 55.9, 66.5, 77.6, 112.6, 115.2, 119.6, 

127.5, 128.6 (signal overlap), 130.0, 130.6, 138.2, 160.4, 166.3, 201.6; 
19

F NMR (282 MHz; 

CDCl3)  -72.2; m/z (HR-ES-) calcd for [M-H]
–
 C20H18F3O6 411.1056, found 411.1036. 

3-[1-Hydroxy-2-oxo-3-(3,3,3-trifluoro-2-methoxy-2-phenyl-propionyloxy)-propyl]-benzoic 

acid methyl ester (Mosher’s ester of 3l). The reaction was carried out under anhydrous conditions. 

To a stirred solution of 3l (0.010 g, 0.04 mmol) in CH2Cl2 (1 mL) was added 2,4,6-collidine (33 μL, 

0.25 mmol) and (S)-MTPA chloride (10 µL, 0.04 mmol) the reaction was stirred for 12 h at rt. The 

product was dry loaded onto silica gel and purified using flash chromatography (EtOAc/hexane, 
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1:4) to afford the titled compound as a colourless oil (0.013 g, 65%), (2R,3'R) as the major isomer. 

Rf 0.50 (EtOAc/hexane, 1:4); 
1
H NMR (600 MHz; CDCl3)  3.62 (3H, s, OCH3), 3.80 (3H, s, 

OCH3), 4.72 (0.83H, d, J 17.0 Hz, CHHO (2R,3'R)), 4.87 (0.17H, d, J 17.0 Hz, CHHO (2S,3'R)), 

4.93 (0.17H, d, J 17.0 Hz, CHHO (2S,3'R)), 5.04 (0.83H, d, J 17.0 Hz, CHHO (2R,3'R)), 5.22 (1H, 

s, CHOH), 6.86–6.92 (3H, m, ArH), 7.31 (1H, app. t, J 7.8 Hz, ArH), 7.41 (3H, m, ArH), 7.59 (2H, 

m, ArH); 
13

C NMR (150 MHz; CDCl3)  55.5, 55.9, 66.5, 78.0, 112.6, 115.2, 119.6, 127.5, 127.6, 

128.6 (signal overlap), 130.0, 130.6, 160.4, 166.3, 201.6; 
19

F NMR (282 MHz; CDCl3)  -72.2; m/z 

(HR-ES+) calcd for MNa
+
 C21H19F3O7Na 463.0981, found 463.0975. 

 

1
H NMR study of the reaction bewteen 1 and 2a to give 3a (%conversion, not isolated yield) at pH 

8 using 0, 5, 25, 50, 100 mol% of NMM 
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 Spectral Data 
1
H NMR of [1-

13
C]-cyclohexyl-1,3-dihydroxy-2-propanone [1-

13
C]-3a   
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13
C NMR of [1-

13
C]-cyclohexyl-1,3-dihydroxy-2-propanone [1-

13
C]-3a   
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1
H NMR of [1-

13
C]-3-dihydroxy-1-phenyl-2-propanone [1-

13
C]-3b   
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13

C NMR of [1-
13

C]-3-dihydroxy-1-phenyl-2-propanone [1-
13

C]-3b   
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ESI-(-)-MS spectrum for the reaction between 2c and Li-1 catalysed by DABCO   
jgth1A #222 RT: 2.23 AV: 1 NL: 6.84E5
T: ITMS - c ESI Full ms [95.00-500.00]
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ESI-(-)-MS/MS spectrum for m/z 215 for the reaction between 2c and Li-1 catalysed by DABCO 
jgth1A #527 RT: 4.07 AV: 1 NL: 3.15E2
T: ITMS - c ESI Full ms2 215.00@cid19.00 [55.00-500.00]
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ESI-(-)-MS/MS spectrum for m/z 327 for the reaction between 2c and Li-1 catalysed by DABCO 
jgth1A #293 RT: 2.66 AV: 1 NL: 2.00E3
T: ITMS - c ESI Full ms2 327.00@cid17.00 [90.00-500.00]
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Chiral HPLC analysis of dibenzoylated 3b  
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1
H NMR of 1,3-dihydroxy-1-(4-methylphenyl)-2-propanone (3d)  
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13
C NMR of 1,3-dihydroxy-1-(4-methylphenyl)-2-propanone (3d)  
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Chiral HPLC analysis of monobenzoylated 3d    

 

 

 

  
 

   21% ee 
 

1
H NMR of key region of 3,3,3-Trifluoro-2-methoxy-2-phenyl-propionic acid 3-hydroxy-2-oxo-3-p-tolyl-propyl ester (Mosher’s ester of 3d)  
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(3R)-major isomer 
 

 

 

 

 

 

 

 

 

 

 

1
H NMR of 1-(4-fluorophenyl)-1,3-dihydroxy-2-propanone (3e)  
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13

C NMR of 1-(4-fluorophenyl)-1,3-dihydroxy-2-propanone (3e)  
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Chiral HPLC analysis of monobenzoylated 3e 
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1
H NMR of key region of 1-(4-Fluorophenyl)-1-hydroxy-3-(2,2,2-trifluoro-1-methoxy-1-phenyl-ethoxy)-2-propanone (Mosher’s ester of 3e) 
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(3R)-major isomer 
 

 

 

 

 

 

 

1
H NMR of 1-(4-chlorophenyl)-1,3-dihydroxy-2-propanone (3f)  
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13
C NMR of 1-(4-chlorophenyl)-1,3-dihydroxypropan-2-one (3f)  
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Chiral HPLC analysis of monobenzoylated 3f  
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50% ee 
 

 

 

1
H NMR of key region of 1-(4-chlorophenyl)-1-hydroxy-3-(2,2,2-trifluoro-1-methoxy-1-phenyl-ethoxy)-2-propanone (Mosher’s ester of 3f) 
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(3R)-major isomer 
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1
H NMR of 1,3-dihydroxy-1-(4-methoxyphenyl)-2-propanone (3g)  
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13

C NMR of 1,3-dihydroxy-1-(4-methoxyphenyl)-propan-2-one (3g)  
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1
H NMR of 1-(4-bromophenyl)-1,3-dihydroxy-2-propanone (3h)  
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13
C NMR of 1-(4-bromophenyl)-1,3-dihydroxy-2-propanone (3h)  
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1
H NMR of 1-(3-fluorophenyl)-1,3-dihydroxy-2-propanone (3i)  
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13

C NMR of 1-(3-fluorophenyl)-1,3-dihydroxy-2-propanone (3i)  
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Chiral HPLC analysis of monobenzoylated 3i  
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1
H NMR of key region of 3,3,3-trifluoro-2-methoxy-2-phenyl-propionic acid 3-(3-fluoro-phenyl)-3-hydroxy-2-oxo-propyl ester (Mosher’s ester 

of 3i)  
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1
H NMR of 1-(2-fluorophenyl)-1,3-dihydroxy-2-propanone (3j)  
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13

C NMR of 1-(2-fluorophenyl)-1,3-dihydroxy-2-propanone (3j)  
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1
H NMR of 1,3-dihydroxy-1-(3-methoxyphenyl)-2-propanone (3k) 
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13
C NMR of 1,3-dihydroxy-1-(3-methoxyphenyl)-2-propanone (3k) 
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Chiral HPLC analysis of dibenzoylated 3k 
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1
H NMR of key region of 3,3,3-trifluoro-2-methoxy-2-phenyl-propionic acid 3-hydroxy-3-(3-methoxyphenyl)-2-oxo-propyl ester (Mosher’s 

ester of 3k) 
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1
H NMR of 3-(1,3-dihydroxy-2-oxo-propyl)-benzoic acid methyl ester (3l)  
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13

C NMR of 3-(1,3-dihydroxy-2-oxo-propyl)-benzoic acid methyl ester (3l)  
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Chiral HPLC analysis of monobenzoylated 3l    
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 1
H NMR of key region of 3-[1-hydroxy-2-oxo-3-(3,3,3-trifluoro-2-methoxy-2-phenyl-propionyloxy)-propyl]-benzoic acid methyl ester 

(Mosher’s ester of 3l) 
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