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Copper-Catalyzed Addition Reaction of Carbon Nucleophiles to Olefins 
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(Received October 1, 2007) 

 
Addition reaction of carbon nucleophiles to olefins was studied using copper as a catalyst.  For example, 

reaction of dibenzoylmethane (2a) with styrene (1a) in the presence of Cu(OTf)2 catalyst at 70 oC for 24 h in 
benzene gave 1,3-diphenyl-2-(1-phenylethyl)propane-1,3-dione (3aa) in 95% yield.  This reaction was able to be 
applied for various -dicarbonyl compounds and olefins including diene.  Furthermore, reaction mechanism was 
proposed. 
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1,3-Diphenyl-2-(1-phenylethyl)propane-1,3-

dione (3aa) 
1H NMR (300 MHz, CDCl3) 8.03 (2H, d, J = 7.2 Hz), 

7.73 (2H, d, J = 7.2 Hz), 7.58-7.04 (11H, m), 5.59 (1H, 

d, J = 10.2 Hz), 4.07 (1H, m), 1.34 (3H, d, J = 6.9 Hz).  

FAB-MS (m/z) 328. 

 

2-(1-Phenylethyl)-1,3-phenylbutane-1,3-dione 

(3ab) 
1H NMR (300 MHz, CDCl3) 8.10 (1H, d, J = 10.2 

Hz), 7.79 (1H, d, J = 10.2 Hz), 7.62-7.03 (7H, m), 4.86 

(1H, d, J = 10.2 Hz), 3.90-3.82 (1H, m), 1.90 (3H, s, J = 

6.9 Hz), 1.30 (3H, d, J = 6.6 Hz). 

GC-MS (m/z) 266. 

 

3-(1-Phenylethyl)pentane-2,4-dione (3ac) 
1H NMR (300 MHz, CDCl3) 7.29-7.15 (5H, m), 4.05 

(1H, d, J = 11.2 Hz), 3.60 (1H, m), 2.26 (3H, s), 1.83 

(3H, s), 1.21 (3H, d, J = 7.2 Hz). 

GC-MS (m/z) 204. 

 

3-(1-Phenylethyl)heptane-3,5-dione (3ad) 
1H NMR (300 MHz, CDCl3) 7.29-7.14 (5H, m), 4.03 

(1H, d, J = 11.4 Hz), 3.68-3.58 (1H, m), 2.66-2.50 (2H, 

m), 2.27-2.14 (1H, m), 2.09-1.95 (1H, m), 1.20-1.18 

(3H, d, J = 6.9 Hz), 1.09-1.04 (3H, t, J = 7.2 Hz), 

0.72-0.67 (3H, t, J = 7.2 Hz). 

GC-MS (m/z) 232. 

 

2-Acethyl-2-(1-phenylethyl)cyclopentanone 

(3ae) 

新川　慶・大西紀子・宮本崇史・太田哲男・伊藤嘉彦222



（　  ）3

3/7 

1H NMR (300 MHz, CDCl3) 7.29-7.26 (5H, m), 3.79 

(1H, m), 2.77-2.67 (1H, m), 2.38 (3H, s), 2.20-2.01 (1H, 

m), 2.20-2.10 (2H, m), 2.08-1.70 (5H, m), 1.19 (3H, d, J 

= 7.2 Hz). 

GC-MS (m/z) 230. 

 

-Acethyl- -methyl methyl benzenepropanoate 

(3af)
1H NMR (300 MHz, CDCl3) (5H, m), 

3.82-3.74 (1H, m), 3.57-3.51 (1H, m), 3.42, 3.75 (3H, s), 

2.29, 1.91 (3H, s), 1.29, 1.24 (3H, d, J = 6.9 Hz).  

GC-MS (m/z) 220. 

 

2-(1-(4-Chlorophenyl)ethyl)-1,3-diphenyl- 

propane-1,3-dione (3ba) 
1H NMR (300 MHz, CDCl3) 8.04 (2H, d, J = 8.0 Hz), 

7.75 (2H, d, J = 8.0 Hz), 7.58-7.12 (10H, m), 5.57 (1H, 

d, J = 10.2), 4.07 (1H,m), 1.32 (3H, d, J = 6.9 Hz). 

FAB-MS (m/z) 363. 

 

2-(1-(4-Methylphenyl)ethyl)-1,3-diphenyl- 

propane-1,3-dione (3ca) 
1H NMR (300 MHz, CDCl3) 8.04 (2H, d, J = 8.0 Hz), 

7.75 (2H, d, J = 8.0 Hz), 7.58-7.12 (10H, m), 5.57 (1H, 

d, J = 10.2), 4.07 (1H,m), 2.21 (3H, s), 1.32 (3H, d, J = 

6.9 Hz). 

FAB-MS (m/z) 342. 

 

2-(Bicyclo[2.2.1]heptan-2-yl)-1,3-diphenyl- 

propane-1,3-dione (3ea) 
1H NMR (300 MHz, CDCl3) 8.03 (2H, d, J = 7.2 Hz), 

7.93 (2H, d, J = 6.8 Hz), 7.57-7.37 (6H, m), 5.03 (1H, d, 

J = 10.8), 2.74 (1H, m), 2.24 (1H, m), 1.96 (1H, s), 1.62 

(1H, m), 1.51-1.48 (3H, m) , 1.30 (1H, m), 1.22-1.19 

(2H, m), 1.13-1.10 (1H, m). 

FAB-MS (m/z) 318. 

 

2-(Cyclohex-2-enyl)-1,3-diphenyl-propane- 

1,3-dione (3fa) 
1H NMR (300 MHz, CDCl3) 7.99-7.97 (4H, m), 

7.55-7.50 (2H, m), 7.43-7.34 (4H, m), 5.75-5.68 (1H, 

m), 5.52-5.48 (1H, m), 5.30 (1H, d, J = 9.9 Hz), 

3.52-3.44 (1H, m), 2.03-2.00 (2H, m), 1.81-1.66 (2H, 

m), 1.63-1.25 (2H, m).  

GC-MS (m/z) 304. 
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Scheme 3 Table 1  

Cu(OTf)2 86 %

3aa

 (Entry 1) Cu(OAc)2 Cu(acac)2

Entries 2 and 3 Cu(OTf)2

2-
4)  

 
Table 1. Effect of copper-catalysta) 

Entry Cu catalyst Yield (%)b) 

1 Cu(OTf)2 86 

2 Cu(OAc)2 Trace 

3 Cu(acac)2 Trace 

4 Cu(ClO4)2 6H2O 72 

5 Cu(BF4)2 6H2O N.r. 

6 Cu(CH3CN)4PF6 N.r. 
a) Styrene (2.0 mmol), Dibenzoylmethane (1.0 mmol), Cu-catalyst 
(0.10 mmol), CHCl3 (2 mL), at 70 oC, for 24 h, under Ar.   
b) Isolated yield. 
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Table 2. Effect of amount of catalysta) 

Entry Amount of catalyst (mol%) Yield (%)b) 

1 2.5 87 

2 5.0 90 

3 10 86 
a) Styrene (2.0 mmol), Dibenzoylmethane (1.0 mmol), Cu(OTf)2, 
CHCl3 (2 mL), at 70 oC, for 24 h, under Ar.  b) Isolated yield. 

Cu(OTf)2 5.0 mol%

Scheme 5 Table 3  

3aa  (Entry 1 vs. 3)

 (Entries 4 and 5)

 

(Entry 6)
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Solvent, 70 oC, 24 hPh Ph
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Scheme 5 
 

Table 3. Solvent effecta) 

Entry Solvent Yield (%)b) 

1 CHCl3 90 

2 Benzene 95 

3 Toluene 90 

4 THF 12 

5 CH3CN 16 

6 EtOH N.r. 
a) Styrene (2.0 mmol), Dibenzoylmethane (1.0 mmol), 
Cu(OTf)2 (0.05 mmol), Solvent (2 mL), at 70 oC, for 24 h, 
under Ar.  b) Isolated yield. 

 

5)

TfOH
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TfOH

Table 4

TfOH

 

 
Table 4 Effect of acid a) 

Entry Acid (mol%) Yield (%)b) 

1 TfOH (5 ) 23 

2 TfOH (10) 14 
a) Styrene (2.0 mmol), Dibenzoylmethane (1.0 mmol), TfOH, Benzene 
(2 mL), at 70 oC, for 24 h, under Ar.  b) Isolated yield. 

 

Cu(OTf)2 (5.0 mol%)

Benzene, 70 oC, 24 h Nu+ NuH

H

1a 2a-g 3aa-af

Scheme 6 
 
Table 5. Investigation of various Carbon Nucleophilesa) 
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2f 
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a) Styrene (1.0 mmol), Nucleophile (2.0 mmol), Cu (OTf) 2 (0.05 
mmol), Benzene (2 mL), at 70 oC, for 24 h, under Ar.. b)Isolated yield
c) Nitromethane was used instead of benzene. d) Toluene was used 
instead of benzene at 90 oC 

Scheme 6

Table 5  
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Table 6. Investigation of various Olefinsa) 

Entry Olefin Yield (%)b) 

1  
1a 

95 

2 Cl
1b 

90 

3  
1c 

84 

4 O  
1d 

Trace 

5  
1e 

90 

6c)  
1f 

36 

a) Olefin (1.0 mmol), Nucleophile (2.0 mmol), Cu (OTf) 2 (0.05
mmol), Benzene (2 mL), at 70 oC, for 24 h, under Ar.. b)Isolated 
yield  c) Reaction run at 50 oC 
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Cu(OTf)2 5 mol%

2,4- 3,5-

2-

23%

2- 1,3-

 

 

12 23
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