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Copper-Catalyzed Addition Reaction of Carbon Nucleophiles to Olefins
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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), catalyst at 70 °C 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 B-dicarbonyl compounds and olefins including diene. Furthermore, reaction mechanism was

proposed.

Key words : carbon nucleophile, olefin, copper, keto-enol tautomerism

F——F

BRIFRKGH), AL T 12, B, b — VIS

SRfRIE 2 F N T2 IR FBSREZARN DO AV 7 0 v ~DFH I

Bl B - RV AT - BHA

1. [EC®HIC
F L7 4 VHEOBERBMEO FIEDO—DIEERE
TRl A T - SRS A O e A MBS 3 o 5 Y
FLT7 4 U ERER L D B AT T ATR
570 MR RO A G b 6, (MG D & T
T —LRT 2, T AT IR EOFEEN G LN
L0, FFEICHAMROETHD LW a D, i
e s KIS ADRWT Az )
RSO FEBNHIFFCE B IO ERE A

RX + NuH —

Nu = OH, OR, COOR, NRy, etc.

Nu H
R,)\/H or R,)\/Nu

Markovnikov anti-Markovnikov

Scheme 1

S5 oKW HE - Ok

i
R

2RO, {ERICHERN TN TWa. LirL, Zh
FTOWIEBNL, BHRPMF R EDO~T i1 E2f
T % KA 2 O T AR AN BOE A3 E & A E T
& -7 (Schemel).

—Ji, B =Y S UEBHERICRES
AUVDIEME A F L ALE WL IR FREZAI & L THEE
LEEDICH b 5T, L7 ¢ VEEA~ OB
IS DAL T i £ TIThIL T o 7.
BERD 13- HIVR = NALEM D T L F ALK
TITECBFEE I L CY &L E oMK L e
TN bBEET DN, LT 4 o ~OMINIE
DIEFTIHUE, 13D MITHEER D 72 A RSO 23 ZE K
T& %, $/o, fAZHEL L&) ilfne s
TECROSDHEITTAUR, IR R LERBEREEE b
MEEWDOER B ERTEDLE VWAL & D

(Scheme 2) .

*  Department of Molecular Science and Technology, Doshisha University, Kyotanabe, Kyoto 610-0321
Telephone: +81-774-65-6548, Fax: +81-774-65-6789, E-mail: tota@mail.doshisha.ac.jp

o SCREHERAE B 2006 4F 12 7 23 A%



222 OB - KR TF - WAL - KHYY - tlEREEZ
T iE 13- B RSERER ET A4 L [E#a L 7=, Cu(OTf), (0.0181 g, 0.05 mmol), (KK

7 A SO INBOS A S, £

S OEAEFITIEEMZ AuCly <2, AU HUR THLY
BNV AgOTE Z 0B L L, FEMHEICHT LS

DTHo1-2.

(6] (0]
. 1) Base R R+ X
2) X
R
O O )\R'
R)J\/U\R
(0] O
cat.
R R
Py
Z R R
Scheme 2

FZCARWE T, KV EHMREIGE T et AD
BIRAZ B L, ZMiTHOIDFRNIRES 7 Cu fil

BECEER Lic, ~A 7 UATINRISZ T T, e o
BOSIZIWNT, /A ARgfibfit & U CHRITA < AW
LITEY, RFEREROA L7 4 FHA~OfREER)
SR IEH C & 2 et 217 - 72,

2. EBAE
2.1 SR
7 — U =AM R SRR E - (FT-NMR)  Varian

# Mercury plus 300-4N. T A7 v~ ~75 7 —4
MR (GC-MS) @ BHRAERTR GC17A/QP-5000
system. & B/3HT(FAB-MS) : H AT 78 TMS-700.
WEorsa~ 77740 =M U TNVTL— ]
(TLC):Merck tL:8L U 7160 7 L— b Fass.

2.2 RIGHFOREAR
TR A R
BTN T AR 10 4
AT, Ty R
TIRORIEITZ DO EEREMT L L REHLE.

X VBRI L, AR
TR AN T L S D IE TR

2.3 fAfMEZERAVRFRBEFEAL I ED
& it
O0mL > 2LV EETL—LRTA, 7T

A T CIRIELIZ S D& -,

(2)

Al (1 mmol) #MM%x, W2 mLEBIOA LT 4
> (2 mmol) ZNZ T, 70 CT 24 BEfEf{HE L7,
RISHE T, Y2FNLT—T L THIRL, REKT
3El, fEfnEEAKC1IEPESRL, MBS MY vLa%E
Mz TR S T=. |k, vV 5 nvrse~ b7
77 4 — CHEEERL L 72, AT 'THINMR, KO
GC-MS, FAB-MS |2 XY [RIEEIT- 7.

2.4 1,3-Diphenyl-2-(1-phenylethyl)propane-1,3-
dione (3aa)

'H NMR (300 MHz, CDCLy) & 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.

2.5 2-(1-Phenylethyl)-1,3-phenylbutane-1,3-dione
(3ab)

'H NMR (300 MHz, CDCly) 68.10 (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.

2.6 3-(1-Phenylethyl)pentane-2,4-dione (3ac)

'"H NMR (300 MHz, CDCl;) & 7.29-7.15 (5H,.m), 4.05
(1H, d, J = 11.2 Hz), 3.60 (1H, m), 2.26 (3H, s), 1.83
(H, s), 1.21 (3H, d, J = 7.2 Hz).

GC-MS (m/z) 204.

2.7 3-(1-Phenylethyl)heptane-3,5-dione (3ad)

'"H NMR (300 MHz, CDCls) & 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
GH, 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.

2.8 2-Acethyl-2-(1-phenylethyl)cyclopentanone
(3ae)
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'H NMR (300 MHz, CDCl;) & 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
=17.2 Hz).

GC-MS (m/z) 230.

2.9 o-Acethyl-f-methyl methyl benzenepropanoate
(3af)

'H NMR (300 MHz, CDCly) &7.30-7.16 (SH, 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, /= 6.9 Hz).
GC-MS (m/z) 220.

2.10 2-(1-(4-Chlorophenyl)ethyl)-1,3-diphenyl-
propane-1,3-dione (3ba)

"H NMR (300 MHz, CDCl;) & 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.

2.11  2-(1-(4-Methylphenyl)ethyl)-1,3-diphenyl-
propane-1,3-dione (3ca)

"H NMR (300 MHz, CDCl;) & 8.04 (2H, d, J = 8.0 Hz),
775 (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, 5), 1.32 (3H, d, J =
6.9 Hz).

FAB-MS (m/z) 342.

2.12 2-(Bicyclo[2.2.1]heptan-2-yl)-1,3-diphenyl-
propane-1,3-dione (3ea)

'"H 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.

2.13 2-(Cyclohex-2-enyl)-1,3-diphenyl-propane-
1,3-dione (3fa)
'"H NMR (300 MHz, CDCl;) & 7.99-7.97 (4H, m),
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7.55-7.50 (2H, m), 7.43-7.34 (4H, m), 5.75-5.68 (1H,
m), 5.52-548 (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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Table 1. Effect of copper-catalyst”

Entry Cu catalyst Yield (%)
1 Cu(OTH), 86
2 Cu(OAc), Trace
3 Cu(acac), Trace
4 Cu(ClOy),* 6H,0O 72
5 Cu(BF,),*6H,0 Nur.
6 Cu(CH;CN)4PF, Nur.

9 Styrene (2.0 mmol), Dibenzoylmethane (1.0 mmol), Cu-catalyst
(0.10 mmol), CHCl; (2 mL), at 70 °C, for 24 h, under Ar.
Y [solated yield.
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Table 2. Effect of amount of catalyst”
Entry Amount of catalyst (mol%) Yield (%)”
1 2.5 87
2 5.0 90
3 10 86

9 Styrene (2.0 mmol), Dibenzoylmethane (1.0 mmol), Cu(OTf),,
CHCI; (2 mL), at 70 °C, for 24 h, under Ar. ” Isolated yield.
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Table 3. Solvent effect”
Entry Solvent Yield (%)
1 CHCl; 90
2 Benzene 95
3 Toluene 90
4 THF 12
5 CH;CN 16
6 EtOH N.r.

9 Styrene (2.0 mmol), Dibenzoylmethane (1.0 mmol),
Cu(OTf), (0.05 mmol), Solvent (2 mL), at 70 °C, for 24 h,
under Ar. ” Isolated yield.
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Table 4 Effect of acid ®
Entry Acid (mol%) Yield (%)
1 TfOH (5) 23
2 TfOH (10) 14

 Styrene (2.0 mmol), Dibenzoylmethane (1.0 mmol), TfOH, Benzene
(2mL), at 70 °C, for 24 h, under Ar. ® Isolated yield.
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Table 5. Investigation of various Carbon Nucleophiles”

Entry NuH Yield (%)”
0O O

| AN, 95
2a
O O

2 ph)J\/U\ 97
2b
0O O

39 )J\/U\ 78
2c
O o

49 \/”\/”\/ 52
2d
O o

59 M 57
2e
O O

6" )J\/U\O/ 23
2f

? Styrene (1.0 mmol), Nucleophile (2.0 mmol), Cu (OTf) , (0.05
mmol), Benzene (2 mL), at 70 °C, for 24 h, under Ar.. [solated yield
9 Nitromethane was used instead of benzene. ¥ Toluene was used
instead of benzene at 90 °C

(5)
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Table 6. Investigation of various Olefins®

Entry Olefin Yield (%)
X
1 95
1a
o
2 ol 90
1b
AN
3 84
1c
o
4 ~o Trace
1d
5 (Z] 90
1e
6° (j 36
1f

9 QOlefin (1.0 mmol), Nucleophile (2.0 mmol), Cu (OTf), (0.05
mmol), Benzene (2 mL), at 70 °C, for 24 h, under Ar.. Y[solated
yield © Reaction run at 50 °C
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