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General Information: Commercial reagents were used as received, unless otherwise stated.  
Merck 60 silica gel was used for chromatography, and Whatman silica gel plates with 
fluorescence F254 were used for thin-layer chromatography (TLC) analysis.  1H and 13C 
NMR spectra were recorded on Broker Avance 500, and tetramethylsilane (TMS) was used 
as a reference.  Data for 1H are reported as follows:  chemical shift (ppm), and multiplicity 
(s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet).  Data for 13C NMR are 
reported as ppm.  Mass Spectra were obtained from Ohio State University Mass Spectral 
facility.   

General Procedure for addition of silyl enol ethers to unsaturated aldehydes: A mixture 
of an aldehyde (1 equiv.) in the presence of 30 mol % chiral amine I and DNBA in 0.5 mL of 
t-BuOH and i-PrOH (5/1, v/v) was stirred at rt for 10 min, then 5 equiv. of silyl enol ether 
was added and stirred for 4-18 h at rt or 0 oC.  The solution was concentrated in vacuo.  
The resulting residue was then purified by silica gel chromatography and fractions were 
collected and concentrated in vacuo to provide the desired product. 
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(R)-5-Oxo-3,5-diphenyl-pentanal (Table 2, entry 1): Yield: 75%; 1H NMR (500 MHz, 
CDCl3): δ 9.62 (s, 1H), 7.83 (d, 2H, J = 8.0 Hz), 7.12-7.48 (m, 8H), 3.90 (m, 1H), 3.27 (d, 2H, 
J = 7.0 Hz), 2.71-2.86 (m, 2H); 13C NMR (125 MHz, CDCl3): δ 201.1, 198.1, 143.2, 136.7, 
133.2, 128.8, 128.6, 128.0, 127.4, 126.9, 49.5, 44.9, 35.3; [α]D

25
 = + 1.4 (c = 0.5, CHCl3); 

HPLC (Daicel CHIRALPAK AS-H, Hexane/2-PrOH = 90:10, flow rate 1.0 ml/ min, λ = 254 
nm); tR = 17.66 (minor), 19.71 (major) min.   
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(R)-5-(4-Bromophenyl)-5-oxo-3-phenyl-pentanal (Table 2, entry 2): Yield: 58%; 1H NMR 
(500 MHz, CDCl3): δ 9.71 (d, 1H, J = 1.6 Hz), 7.76 (d, 2H, J = 8.6 Hz), 7.57 (d, 2H, J = 8.6 
Hz), 7.20-7.32 (m, 5H), 3.95 (m, 1H), 3.30 (d, 2H, J = 7.0 Hz), 2.79-2.94 (m, 2H); 13C NMR 
(125 MHz, CDCl3): δ 200.9, 197.1, 142.9, 135.4, 131.9, 129.5, 128.8, 128.4, 127.3, 127.0, 
49.5, 44.8, 35.3. [α]D

25
 = + 4.7 (c = 1.0, CHCl3); HPLC (Daicel CHIRALPAK AS-H, 

Hexane/2-PrOH = 90:10, flow rate 1.0 ml/ min, λ = 254 nm); tR = 20.99 (minor), 23.84 
(major) min. 
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(R)-5-Oxo-3-phenyl-5-p-tolyl-pentanal (Table 2, entry 3): Yield: 62%; 1H NMR (500 MHz, 
CDCl3): δ 9.69 (s, 1H), 7.81 (d, 2H, J = 8.1 Hz), 7.19-7.31 (m, 7H), 3.97 (m, 1H), 3.31 (d, 2H, 
J = 7.3 Hz), 2.77-2.93 (m, 2H), 2.39 (s, 3H); 13C NMR (125 MHz, CDCl3): δ 201.2, 197.7, 
144.1, 143.2, 134.3, 129.3, 128.8, 128.1, 127.3, 126.9, 49.5, 44.8, 35.4, 21.6. [α]D

25
 = + 4.1 (c 
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= 1.0, CHCl3); HPLC (Daicel CHIRALPAK AS-H, Hexane/2-PrOH = 90:10, flow rate 1.0 
ml/ min, λ = 254 nm); tR = 16.50 (minor), 17.55 (major) min. 
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(R)-5-(4-Methoxyphenyl)-5-oxo-3-phenyl-pentanal (Table 2, entry 4): Yield: 56%; 1H 
NMR (500 MHz, CDCl3): δ 9.70 (s, 1H), 7.89 (d, 2H, J = 8.5 Hz), 7.19-7.32 (m, 5H), 6.90 (d, 
2H, J = 8.5 Hz), 3.96 (m, 1H), 3.85 (s, 3H), 3.28 (d, 2H, J = 6.9 Hz), 2.78-2.93 (m, 2H); 13C 
NMR (125 MHz, CDCl3): δ 201.3, 196.6, 163.6, 143.3, 130.3, 129.8, 128.8, 127.4, 126.9, 
113.7, 55.4, 49.5, 44.6, 35.5. [α]D

25
 = + 4.0 (c = 1.0, CHCl3); HPLC (Daicel CHIRALPAK 

AS-H, Hexane/2-PrOH = 90:10, flow rate 1.0 ml/ min, λ = 254 nm); tR = 35.75 (minor), 
38.15 (major) min. 
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(R)-3-(4-Fluorophenyl)-5-oxo-5-p-tolyl-pentanal (Table 2, entry 5): Yield: 71%; 1H NMR 
(500 MHz, CDCl3): δ 9.69 (s, 1H), 7.80 (d, 2H, J = 8.1 Hz), 7.22-7.26 (m, 4H), 6.98 (t, 2H, J 
= 8.6 Hz), 3.97 (m, 1H), 3.29 (d, 2H, J = 7.0 Hz), 2.76-2.93 (m, 2H), 2.40 (s, 3H); 13C NMR 
(125 MHz, CDCl3): δ 200.8, 197.5, 162.6, 160.6, 144.2, 138.9, 134.2, 129.3, 128.9, 128.8, 
128.1, 115.6, 115.5, 49.7, 44.8, 34.7, 21.6. [α]D

25
 = + 2.5 (c = 1.0, CHCl3); HPLC 

(CHIRALCEL OJ-H, Hexane/2-PrOH = 90:10, flow rate 1.0 ml/ min, λ = 254 nm); tR = 
45.13 (minor), 48.47 (major) min. 
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(R)-3-(4-Fluorophenyl)-5-(4-methoxyphenyl)-5-oxo-pentanal (Table 2, entry 6): Yield: 
63%; 1H NMR (500 MHz, CDCl3): δ 9.62 (s, 1H), 7.81 (d, 2H, J = 9.0 Hz), 7.06 (q, 2H, J = 
5.4 Hz, J = 8.4 Hz), 6.90 (t, 2H, J = 8.6 Hz), 6.83 (d, 2H, J = 8.8 Hz), 3.88 (m, 1H), 3.80 (s, 
3H), 3.18 (d, 2H, J = 7.0 Hz), 2.68-2.86 (m, 2H); 13C NMR (125 MHz, CDCl3): δ 200.9, 
196.4, 163.6, 162.5, 160.6, 139.0, 130.3, 129.7, 128.9, 128.8, 115.6, 115.5, 113.7, 55.4, 49.7, 
44.5, 34.7. [α]D

25
 = + 5.7 (c = 1.0, CHCl3); HPLC (Daicel CHIRALPAK AS-H, 

Hexane/2-PrOH = 85:15, flow rate 1.0 ml/ min, λ = 254 nm); tR = 35.05 (major), 42.22 
(minor) min. 
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(R)-4-[3-Oxo-1-(2-oxo-ethyl)-3-phenyl-propyl]-benzonitrile (Table 2, entry 7): Yield: 
59%; 1H NMR (500 MHz, CDCl3): δ 9.72 (s, 1H), 7.90 (d, 2H, J = 7.5 Hz), 7.41-7.60 (m, 
7H), 4.05 (m, 1H), 3.38 (m, 2H), 2.85-3.01 (m, 2H); 13C NMR (125 MHz, CDCl3): δ 199.7, 
197.2, 136.3, 133.4, 132.5, 128.7, 128.3, 127.9, 118.6, 110.7, 49.1, 44.0, 35.0. [α]D

25
 = + 17.4 

(c = 1.0, CHCl3); HPLC (CHIRALCEL OJ-H, Hexane/2-PrOH = 60:40, flow rate 0.7 ml/ min, 
λ = 254 nm); tR = 37.60 (minor), 41.58 (major) min. 
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(R)-4-[3-(4-Methoxyphenyl)-3-oxo-1-(2-oxo-ethyl)-propyl]-benzonitrile (Table 2, entry 
8): Yield: 61%; 1H NMR (500 MHz, CDCl3): δ 9.71 (s, 1H), 7.88 (d, 2H, J = 8.8 Hz), 7.59 (d, 
2H, J = 8.2 Hz), 7.40 (d, 2H, J = 8.2 Hz), 6.91 (d, 2H, J = 8.8 Hz), 4.03 (m, 1H), 3.86 (s, 3H), 
3.31 (m, 2H), 2.83-3.00 (m, 2H); 13C NMR (125 MHz, CDCl3): δ 199.8, 195.7, 163.8, 149.0, 
132.5, 130.3, 129.5, 128.4, 118.7, 113.8, 110.7, 55.5, 49.2, 43.7, 35.3. [α]D

25
 = + 26.4 (c = 1.0, 

CHCl3); HPLC (CHIRALCEL OJ-H, Hexane/2-PrOH = 60:40, flow rate 0.7 ml/ min, λ = 
254 nm); tR = 71.74 (minor), 92.92 (major) min. 
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(R)-3,5-Bis-(4-methoxyphenyl)-5-oxo-pentanal (Table 2, entry 9): Yield: 63%; 1H NMR 
(500 MHz, CDCl3): δ 9.68 (t, 1H, J = 1.7 Hz), 7.90 (d, 2H, J = 8.9 Hz), 7.18 (d, 2H, J = 8.7 
Hz), 6.91 (d, 2H, J = 8.9 Hz), 6.83 (d, 2H, J = 8.7 Hz), 3.92 (m, 1H), 3.85 (s, 3H), 3.77 (s, 
3H), 3.25 (d, 2H, J = 7.0 Hz), 2.73-2.91 (m, 2H); 13C NMR (125 MHz, CDCl3): δ 201.4, 
196.7, 163.5, 158.3, 135.2, 130.3, 129.9, 128.3, 114.1, 113.7, 55.4, 55.2, 49.7, 44.8, 34.8. 
[α]D

25
 = + 3.6 (c = 1.0, CHCl3); HPLC (Daicel CHIRALPAK AS-H, Hexane/2-PrOH = 60:40, 
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flow rate 0.7 ml/ min, λ = 254 nm); tR = 59.20 (minor), 68.93 (major) min. 
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(R)-3-Methyl-5-oxo-5-p-tolyl-pentanal (Table 2, entry 10): Yield: 60%; 1H NMR (500 
MHz, CDCl3): δ 9.78 (s, 1H), 7.86 (d, 2H, J = 8.1 Hz), 7.26 (d, 2H, J = 8.1 Hz), 3.00 (q, 1H, 
J = 6.6 Hz, J =16.4 Hz), 2.88 (q, 1H, J = 6.9 Hz, J =16.4 Hz), 2.78 (m, 1H), 2.57 (m, 1H), 
2.41 (s, 3H), 2.38 (m, 1H); 13C NMR (125 MHz, CDCl3): δ 202.0, 198.7, 143.9, 134.4, 129.3, 
128.2, 50.5, 44.8, 24.6, 21.6, 20.4. [α]D

25
 = -9.7 (c = 1.0, CHCl3); HPLC (CHIRALCEL OJ-H, 

Hexane/2-PrOH = 95:5, flow rate 1.0 ml/ min, λ = 254 nm); tR = 15.73 (minor), 16.93 (major) 
min. 

 

H

O OPh

 
(R)-3-(1,2,3,4-Tetrahydro-1-oxonaphthalen-2-yl)-3-phenylpropanal (Table 2, entry 11):  
Yield: 87%; 1H NMR (500 MHz, CDCl3): δ 9.67 (m, 1H), 8.05 (d, 1H, J = 7.8 Hz), 7.46 (m, 
1H), 7.20-7.34 (m, 7H), 4.33 (m, 1H), 2.76-2.95 (m, 5H), 2.08 (m, 1H), 2. 1.91 (m, 1H); 13C 
NMR (125 MHz, CDCl3): δ 201.8, 201.1, 199.3, 198.3, 143.8, 143.5, 141.5, 141.3, 133.5, 
132.7, 132.4, 128.7, 128.4, 127.6, 127.5, 127.0, 126.9, 126.7, 53.7, 52.0, 48.5, 43.5, 38.2, 
38.1, 29.3, 27.3, 25.8, 24.3. [α]D

25
 = -39.9 (c = 1.0, CHCl3); HPLC (Daicel CHIRALPAK 

AS-H, Hexane/2-PrOH = 90:10, flow rate 1.0 ml/ min, λ = 254 nm); tR = 14.90 (major), 
18.24 (minor) min. 
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