
106 J.C.S. CHEM. COMM., 1977 

Kinetics of Binding of Irnidazole to apy6 -Tetraphenylporphinatoiron( 111) 

in Dimethyl Sulphoxide 

By ROBERT F. PASTERNACK* and JAMES R. STAHLBUSH 
(Department of Chemistry, Ithaca College, Ithaca, N e w  York 14850) 

Summary A mechanism is proposed for the complexation INTERPRETATIONS of previous studies of the kinetics of 
of c$y&tetraphenylporphinatoiron(III) by imidazole in bonding of ligand molecules to iron porphyrins have had to 
dimethyl sulphoxide in which the substitution of the contend with complications such as mixed solvents,l 
second imidazole ligand for a bound solvent molecule is multiple forms of the attacking ligand and metalloporphy- 
rate determining. rin,lS2 and the necessity of using micelles to solvate the 

porphyrin to prevent aggregati~n.~ In the present study 



J.C.S. CHEM. COMM., 1977 107 

these complications are avoided by considering the inter- 
action of ccpy8-tetraphenylporphinatoiron (111) chloride (Fe- 
TPPC1) and imidazole (Im) in the polar, aprotic solvent 
Me,SO. 
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FIGURE. Plot of 7-1 us. [Im], (0) and us. [Im] (m) at 25 O C ,  
p = 0.040 moll-l. The parabolic nature of the latter plot 
indicates that the kinetics have been studied over a sufficiently 
wide concentration range unambiguously to  determine the order 
of the reaction with respect to imidazole. 

FeTPPCl was synthesized according to literature 
 method^.^ The substantial difference between the spec- 
trum of FeTPPCl in Me,SO and spectra obtained in nonco- 
ordinating solvents5 indicates that  the major metallo- 
porphyrin species in solution is FeTPP(Me,SO)+ rather than 
FeTPPCl. Magnetic susceptibility measurements obtained 
using Evans' method6 indicate that the iron atom in 
FeTPP+ is high-spin and hence five-co-ordinate' in Me,SO 
and is low-spin and six-co-ordinate in the presence of a 
large excess of imidazole. A spectrophotometric titration 
revealed that there are at most two absorbing species in 
solution, FeTPP(Me,SO)+ and FeTPP(Im),. The equili- 
brium constant for reaction (1) is 6.3 x 10412 rnol-, at 

(1) 

25 "C and a t  an ionic strength of 0.040 mol 1-1 in NaNO,. 
The equilibrium constant was shown to be almost invariant 
with respect to ionic strength below ,u ca. 0.05 moll-l. 

The kinetics of the complexation reaction (1) were 
studied using the temperature-jump technique under the 

hi 
FeTPP(Me,SO)+ + 21m + FeTPP(Im),+ + Me,SO 

kr- 

conditions: [FeTPP+] = 1.27 x mol l-l, 2-81 x < 
[Im] < 1.73 x moll -I, p = 0.040 mol l-l, t = 25 "C. 
The wavelength of observation was 526 nm. A plot of 7-l 

against [Im]2 is linear (Figure). We obtain kp = 3.8 & 
0.4 x lo5 12m01-2~-1 and K r  = 17 & 2 s-l. 

A two-step mechanism consistent with the experimental 
results is shown in equations (2) and (3).  The first step is 

k l  
FeTPP(Me,SO)+ + Im + FeTPP(Me,SO) (Im)+ 

k-1 
(2) 

k2 

k-2 
FeTPP(Me,SO)(Im)+ + Im + FeTPP(Im),+ + Me,SO (3) 

the addition of an imidazole molecule to the distal side of 
the solvated porphyrin. The iron atom may (but need not 
necessarily) change in this step from high-spin to low-spin;* 
previous studies have shown that such a change in spin 
state can be very rapid.g The second step involves the 
substitution of an imidazole molecule for a solvent molecule, 
a step, which in analogy to other metalloporphyrin sub- 
stitution reactions, we believe to be primarily SN1 in 
character.l* Equation (4) gives an expression for 7-1 

resulting from this mechanism, utilizing the steady-state 
approximation for FeTPP(Me,SO) (Im)+ and the experi- 
mental fact that  [Im]total >> [FeTPP+]t,-,t,l. When 

k-, >> k,[Im], equation (4) reduces to equation (5) and 
Kp is given by equation (6).  The rates of breaking of 
FeTPP+-solvent bonds have been determinedll in dimethyl- 
formamide and MeOH as > lo6 s-l. If this approximate 
value is applicable here, K,, the stability constant for the 

(6) k f  = k,K,/k-, = K,k, while kr  = k-, 

formation of FeTPP(Me,SO) (Im)+, will be less than unity. 
This result is consistent with the lack of appreciable build-up 
of the monoimidazole adduct in solution. 
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