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Formation Constants of Some Pyridine-Metalloporphyrins 
By PETER HAMBRIGHT 

(Chemistry Defiavtnzent, Howard Unzwmity, Wash irigtou, D.C. 2000 I ) 

&my metalloporphyrins in nonaqueous solution 
form 1 : 1 or 2 : 1 pyridiiic comp1exes.l Thc 
stoicheionietry and formation constants of the 
reaction can bc obtained froiii changes in the 
inetalloporphyrins' characteristic absorption spec- 
tra upon comp1exation.l s 2  These parameters are 
reported for several porphyrins containing various 
transition-metal ions at  25' in chloroforni solutions. 
,111 titrations showed isosbestic points, and con- 
stants calculated at  different wavcleiigths agreed 
within 15%. 

The basicity tolvards protons of thc iiietal-frec 

porphyrins studied follows tlie order iiiesolwr- 
phyrin > haematoporphyrin > niesotetrapyriclyl- 
porphine.3 Forniation constants for the mono- 
pyridine-zinc(I1) , -copper (II), and dipyridinc- 
nickcl(I1) porphyrins increased as the porphyrins 
basicity decreased. This trend was also observcd 
in aqueous solution for dipyridineiron(I1) por- 
phyrins.4 The rationalization was that electron- 
withdrawing groups on the porphyrin decrease the 
electron density at  the central nitrogen atoms 
making the metal atom inore electropositive and 
attractive to extra-planar donor ligands. 

TABLE 

Fonnatioiz constants of soiiic ~ ~ i : . i d i ? z e - n t e t a l l o ~ o ~ ~ ~ ~ y r ~ ~ a s  

log I~forrnatlon~ 
Tetrapyridylporphinc h 1 Iaematoporphyrin Mcsoporphyrin b 

3.76 2.97c 2.47 - 1.1 -2.1 c - 
3.7 1 - 5 c  - 

__- 3.9 - 
0.7 O.! )  - 
0.40 0.34 0-54 - 0.92 - 1-oc  - 

a All units L/M except Nin entries of (L/Ar)z; IJ AUl compounds ga\Tc satisfactory analytical 
data; C Dimethyl ester derivatives. All others non-esterified. 
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However, the formation constants for the inono- 
pyridine-VOII, -1LInIIIC1, and -Fe=ICl complexes 
are relatively independent of the porphyrins 
basicity. This effect could be due to these par- 
ticular metal ions lying significantly above and 
not in the plane of the four central nitrogen atoms, 
thereby being less affected by the porphyrins, 
inductive behaviour. The crystal structures of 
several inetalloporphyrins show that CuII, NiII, 
and ZnII ions lie in thc mean porphyrin  lane,^.^ 
whereas FeIII is Inore than 0.3 Ak above the 
central nitrogen atoms. It has been speculated 
that low-spin FeII lies in the plane.G Theoretical 
calcii hiions placc VOII above the plane.’ Also, 

Mossbauer parameters for high-spin FeIII 
porphyrins arc rather independent of porphyrin 
basicity while the dipyridine-FeII low-spin para- 
meters depend strongly on the particular 
porphyrin.* 

In combination with Miller and Dorough’s data, 
the affinity of pyridine for metal ions in porphyrins 
follows the order CoIIICl > ZnII > CdII > 
MgII > HgII, FeIIICI, MnIIICl > VOII > CuII. 
With the exception of CoIIICl, which could involve 
strong r-bonding, the affinity for pyridine roughly 
parallels the ease of displacement of the inetal ion 
from the porphyrin by acidic reagents.!) 
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