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The Copper-Cadmium N-Methyltetraphenylporphyrin 
Electrophilic Substitution Reaction: Evidence 
for a Cis Attack 

Sir: 
The kinetics of the substitution of one metal ion in solution 

for another coordinated to a porphyrin molecule usually follow 
a rate law first order in replacing ion and first order in metal-
loporphyrin, with no evidence for rate retardation by the de
parting ion.1 One common interpretation is that the activated 
complex has the form [M-P-M*], with the entering and 
leaving metal ions on opposite sides of the porphyrin plane. 
Such activated complex geometries in solutions are also sug
gested by solid state crystal structures of several dimetallic 
mononuclear porphyrins.2 We report a kinetic study of copper 
replacing cadmium from the Cd(II) TV-methyltetraphenyl-
porphin (Cd-N-MeTPP+) complex. The TV-methyl group 
prohibits the copper from occupying a position on the distal 
side of the porphyrin plane from the cadmium ion.3 

The kinetics were run at 25 0C in DMF at an ionic strength 
of 0.36 using (Et)4NBF4. Using the mole ratio method, cad
mium forms only a 1:1 complex with the /V-methylporphyrin,4 

even at concentrations of cadmium/porphyrin of 30:1. The 
Cu(BF4)2/Cd-N-MeTPP+ reaction, followed spectrophoto-
metrically, went clearly to Cu-N-MeTPP+. Isosbestic points 
were found at 597, 575, and 435 nm, and no evidence for the 
demethylation5 of Cu-N-MeTPP+ into Cu-TPP was observed 
during the course of the reaction. Under pseudo-first-order 
conditions with at least a 20-fold excess of copper to porphyrin, 
the reaction was first order in porphyrin. As shown in Figure 
1, the reaction was also first order in copper, and independent 
of added cadmium. The second-order rate constant was 25.7 
±2.2 M - 1 min-'. 

The lack of rate inhibition by added cadmium tends to rule 
out a mechanism whereby cadmium first dissociates before 
copper incorporation. Since the /V-methyl group sterically 
blocks one face of the porphyrin toward metal ion coordination, 
the simplest interpretation is that cadmium and copper are on 
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Figure 1. Plot of the observed rate constant ka\,si vs. (Cu2+)o for the Cu2+/ 
Cd-N-MeTPP+ reaction at 25 0C in DMF at an ionic strength of 0.36 
[(Et)4BF4]. The Cd(BF4)2 concentrations are: • = 7.2 X 1O-4 M, O = 
14.8 X 10"4M, D = 35.1 X 10"4M, « = 50 X 10"4M1A = 1.76 X IO"2 

M. 

the same side of the porphyrin plane during the substitution 
process. 

Cu2+ + Cd-N-MeTPP+ slow 

fast 

Cu 
\ 

TPP-N-CH3 

/ 
Cd 

Cd2+ + Cu-N-MeTPP+ 

The observations on 7V-methylporphyrins imply that either or 
both cis and trans geometries may occur during electrophilic 
substitution reactions of metaloporphyrins themselves. 

Preliminary work indicates that, consistent with their 
basicities, the Cu/Cd-TPP reaction is orders of magnitude 
faster than that of Cu/Cd-N-MeTPP+. In addition, the for
mer reaction is also faster than the Cu/H2-TPP process, where 
N-H bond breaking may be the rate limiting step. 
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