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Effective  Copper( ) Metalation of Tetraphenylporphyrin  

Utilizing Ionic Liquids 

  
 Satoshi KITAOKA*1 and Tetsuro HORI*2  

 
   Metalation of porphyrins is usually carried out in a carefully chosen solvent that offers 
mutual solubility to both the metal salt and free-base porphyrin. However, these methods suffer 
from certain disadvantages, such as slow reaction rates, low yields, high boiling solvents.  
Recently, it has become clear that several ionic liquids dissolve both porphyrins and metal salts.  
Herein, we reported that metalation of TPP utilizing ionic liquids.  In [C8mim][Br], Cu( )-TPP 
complex is obtained 79 % yields.  In the presentation, we report detail reaction condition and 
effective ionic liquids structure for the metalation .  
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1-etyl-3-methylimidazolium bromide, [C2mim][Br]  
50 mL 1- 10 ml 

(0.13 mol) 1- 11.8 ml(0.15 mol) 
2

50 mL
50 mL 3

1
(0.1 MPa 60 )

25.62 g(0.11 mol, 71 %)  
1H NMR(400MHz,DMSO-d6): =9.12(s.1H.C2-H), 7.7
7(s.1H.C4-H), 7.71(s.1H.C5-H), 3.84(s.3H.N-CH3), 
1.27(m.2H.NCH2 -CH3), 0.92(t.3H.NCH2-CH3). LC-
MS(CH3OH), positive ion 126 [C2mim]+. 
1-butyl-3-methylimidazolium bromide, [C4mim][Br]  

50 mL 1- 10 ml
(0.13 mol) 1- 16.3 ml(0.15 mol) 

2
50 mL

50 mL 3
1

(0.1 MPa 60 )
25.62 g(0.13 mol, 98 %)  

1H NMR(400MHz, DMSO-d6) =9.14(s.1H.C2-H), 
7.78(s.1H.C4-H), 7.71(s.1H.C5-H), 3.84(s.3H.N-CH3), 
4.16(t.2H.N-CH2-CH2CH2CH3),1.75(m.2H.NCH2-CH2-
CH2CH3), 1.24(s.2H.NCH2CH2-CH2-CH3), 0.89
(t.3H.NCH2CH2CH2-CH3). LC-MS (CH3OH),  
positive ion 154 [C4mim]+. 
1-hexyl-3-methylimidazolium bromide, [C6mim][Br] 

50 mL 1- 10 ml

(0.13 mol) 1- 21.4 ml(0.15 mol) 
4

50 mL 50 
mL 3

1
(0.1 MPa 60 )

20.18 g(0.12 mol, 96 %)  
1H NMR(400MHz, DMSO-d6) =9.13(s.1H.C2-H), 7. 
77(s.1H.C4-H), 7.70(s.1H.C5-H), 3.83(s.3H.N-CH3), 4.1 
4(t.2H.N-CH2- (CH2)4CH3),1.77(m.2H.NCH2-CH2-
(CH2)3CH3), 1.25(m.6H.NCH2CH2-(CH2)3-CH3), 0.85 
( t.3H.N (CH2)5-CH3).LC-MS (CH3OH),  positive ion 
182 [C6mim]+. 
1-octyl-3-methylimidazolium bromide, [C8mim][Br] 

50 mL 1- 10 ml 
(0.13 mol) 1- 27 ml(0.15 mol) 

4
50 mL 50 

mL 3
1

(0.1 MPa 60 )
25.17 g(0.091 mol, 79 %)  
1H NMR(400MHz, DMSO-d6) =9.12(s.1H.C2-H), 
7.78(s.1H.C4-H), 7.72(s.1H.C5-H), 3.86(s.3H.N-CH3), 
4.16(t.2H.N-CH2- (CH2)6CH3), 1.79(m.2H.NCH2-CH2- 
(CH2)5CH3), 1.25(s.10H.NCH2CH2-(CH2)5-CH3), 0.85(t. 
3H.N (CH2)7-CH3). LC-MS (CH3OH), positive ion 210 
[C8mim]+. 
1-decyl-3-methylimidazolium bromide, [C10mim][Br] 

50 mL 10 ml 
(0.13 mol) 1- 36 ml(0.15 mol) 

4
50 mL 50 

mL 3
1

(0.1 MPa 60 )
31.44 g(0.10 mol, 77 %)  

1H NMR(400MHz, DMSO-d6) =9.14(s.1H.C2-H), 
7.78(s.1H.C4-H), 7.71(s.1H.C5-H), 3.85(s.3H.N-CH3), 
4.15(t.2H.N-CH2- (CH2)8CH3), 1.77(m.2H.NCH2-
CH2-(CH2)7CH3), 1.24(m.14H.NCH2CH2-(CH2)7-CH3), 
0.86(t.3H.N (CH2)9-CH3). LC-MS (CH3OH), positive 
ion 238 [C10mim]+. 
1-methyl-3-octylimidazolium tetrafluoroborate, 
[C8mim][BF4] 

50 mL [C8mim][Br]10 g(0.036 mol)

－ 84 －



40%HBF4 9.5 g(0.010 mol) 12
50 mL

2 50 mL 4
50 mL

1
40

60 (0.1 MPa) 7.1 g
(0.025mol, 70 %)  
1H NMR(400MHz, DMSO-d6) =9.12(s.1H.C2-H), 
7.78(s.1H.C4-H), 7.72(s.1H.C5-H), 3.86(s.3H.N-CH3), 
4.16(t.2H.N-CH2- (CH2)6CH3),1.79(m.2H.NCH2-CH2-
(CH2)5CH3), 1.25(s.10H.N-CH2CH2-(CH2)5-CH3), 
0.85(t.3H.N- (CH2)7-CH3). LC-MS(CH3OH), positive 
ion 210 [C8mim]+. 
1-methyl 3-octylimidazolium dicyanamide, 
[C8mim][N(CN)2] 

50 mL 1.6 g(0.018 
mol) 3.06 g(0.018 mol)
1 (AgN(CN)2)

50 mL [C8mim][Br]5.0 g(0.018 mol)
AgN(CN)2 3.1 g(0.018 mol) 3

1
(0.1 MPa 

60 ) 4.3 g(0.013 mol, 88 %)
 

1H NMR(400MHz, DMSO-d6) =9.12(s.1H.C2-H), 
7.78(s.1H.C4-H), 7.72(s.1H.C5-H), 3.86(s.3H.N-CH3), 
4.16(t.2H.N-CH2- (CH2)6CH3),1.79(m.2H.NCH2-CH2- 
(CH2)5CH3), 1.25(s.10H.NCH2CH2-(CH2)5-CH3), 0.85 
(t.3H.N (CH2)7-CH3).LC-MS(CH3OH), positive ion 210 
[C8mim]+. 

Tetraphnylporphyrinate copperese, Cu -TPP  
DMSO  

DMSO12 mL  0.01 g(0.06 mmol)
TPP 0.03 g(0.05 mmol) 90 12

50 mL
50 mL 2

( 1 )

 ( : /
=1:1)

20
0.021g(0.034 mmol ,68%)  

UV-vis( ) 410nm,536nm. 

Tetraphnylporphyrinate copperese, Cu -TPP  
 ( [C8mim][Br]

) 
 [C8mim][Br]1.8 g(1.5 mL) CuCl2 2H2O 0.010 g 
(0.060 mmol) 90 TPP 0.030 g(0.050 
mmol) 12
50 mL 50 mL 2

(
1 )

( :
/ =1:1)

20
0.027 g(0.040 mmol,79%)  

UV-vis( ) 410nm,538nm. 
 

TPP
1.5mL TPP ( )

1 : 1.2
Cu -TPP  

[C8mim][Br] ( 1-methy-3-octyllimidazolium 
bromide) DMSO

( 1)  2  
 

1 [C8mim][Br]  TPP ( )
DMSO  

 
Solvent Yield / % 
1.5 mL [C8mim][Br]a) 79 
12 mL DMSOb) 68 

a)[TPP]=33 mM, [CuCl2 2H2O]=39 mM. b)[TPP]=4.1 mM, 

[CuCl2 2H2O]=4.8 mM. 
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 [C8mim][Br] 
1.5mL TPP CuCl2 2H2O

 
 [C8mim][Br] 79% Cu -TPP

DMSO
12mL

TPP ( )

 

DMSO TPP ( )

TPP CuCl2 2H2O

TPP  
[Cnmim][Br](n=2 10 )

( )
[C8mim][X] (X = Br BF4

N(CN)2 )
 

 

 
 

 
 

[Cnmim][Br](n=2 10 )
TPP ( )

TPP

 

Cu -TPP
TPP

[C10mim][Br]
(22%)  

2 TPP ( )
 

 
n Yield / % 
2 -a)

4 15 
6 34 
8 79 
10 22 

ILs 1.5 mL, [TPP]=33 mM, [CuCl2 2H2O]=39 mM,reaction 
time : 12h. a)TPP  
 

C8

 

( ) ( )

( )
( 3)  

 
3 TPP ( )  

 
X Yield / % 
Br 79 
BF4 50 
N(CN)2 6 

ILs 1.5 mL, [TPP]=33 mM,[CuCl2 2H2O]=39 mM,reaction 
time : 12h. 
 

3 BF4- N(CN)2-

Br-

[C8mim][Br]
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79% Cu -TPP [C8mim][BF4]
[C8mim][N(CN)2] 50% 6%

[C8mim][Br]
Cu -TPP Cu -TPP

Cu( )

 

140
2 3

TPP CuCl2 2H2O

70 140 ( 4)  
 

4 TPP ( )  

 
Temperature / oC Yield / % 

70 25 
80 60 
90 79 
120 68 
140 58 

ILs 1.5 mL, [TPP]=33 mM,[CuCl2 2H2O]=39 mM. 
 

90 79%
Cu -TPP 100

DMSO
50
 

2 3
7)

( 5)  
12 8

12
Cu -TPP 12

DMSO  

5 TPP ( )  

 
Reaction Time / h Yield / % 

8 16 
10 26 
11 44 
12 79 
13 54 

ILs 1.5 mL, [TPP]=33 mM,[CuCl2 2H2O]=39 mM. 

2 3 7)

12
 

 

Cu TPP
[C8mim][Br]

EL
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