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Their iron(I1) complexes have a magnetic high spin 
state (S = 2) characteristic of deoxymyoglobins and 
hemoglobins. Addition of O2 and CO to these com- 
plexes results in the formation of hexacoordinated 
diamagnetic species (S = 0), as in oxy and carboxy- 
hemoproteins, without any paramagnetic perturba- 
tions by low lying thermally excited states. 

A systematic study of the O2 and CO rates and 
equilibrium binding constants has been carried out in 
toluene by laser flash photolysis using a modified 
exchange rate law [5]. This clearly establishes the 
important role of factors such as the distal steric 
hindrance, the proximal base constraint and the 
polarity of the dioxygen environment in the control 
of the O2 binding and of the stability of oxygenated 
complexes. The association rate constants of O2 and 
CO are of the same order of magnitude in the two 
series, but a large variation in the dissociation rate 
constants is observed. The smaller dissociation rate 
constants are observed for the compounds having 
amide linkages as compared with their analogous 
ether bearing linkages. This results in an increase of 
the intrinsic stability of the oxygenated derivatives 
up to the values observed in the natural compounds. 

The proton magnetic resonance spectra of the 
oxygenated complexes indicate that the bound di- 
oxygen molecule lies preferentially in a plane orien- 
ted toward the distal amide groups in the B series, 
in contrast with series A in which four nearly equiv- 
alent orientations are observed. This preferential 
orientation of the oxygen molecule results from an 
hydrogen bonding interaction with the amide groups 
as shown by the chemical shift of the corresponding 
protons. The role of this bond in the stability and the 
bent geometry of the oxygenated complex is of the 
same type as those proposed for hemoproteins 
involving distal histidine [6,7]. 
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A new series of hemoprotein models, the iron(I1) 
‘pocket’ porphyrins [ 11, have been synthesized (Fig. 
1). This series of congruent models has been designed 
so as to incorporate varying degrees of steric encum- 
brance at the gaseous ligand binding site. Throughout 
the series, the pockets are expected to accommodate 
the formation of unhindered, bent FeOz units, while 
providing, in differing degrees, steric hindrance suffi- 
cient to interfere with the binding of CO in a normal 
linear fashion. Dilute solutions of several iron(I1) 
‘pocket’ porphyrin complexes in toluene are five- 
coordinate in the presence of excess axial ligands 
(1-methylimidazole and 1,2-dimethylimidazole) and 
are sufficiently stable with respect to oxidation so as 
to allow determination of Pyz and P$ at room 
temperature under equilibrium conditions. Whereas 
the oxygen affinities of the ferrous ‘pocket’ systems 
are comparable to those of the ‘picket fence’ [2] 
compounds, the carbon monoxide affinities are signif- 
icantly lowered and approach that of myoglobin 
(Table I). Kinetic data indicate that the lowered CO 
affinities in the ‘pocket’ complexes are primarily 
reflected in decreased association rates. By contrast, 
the ‘pocket’ models show both decreased O2 dissocia- 
tion and association rates as compared to the ‘picket 
fence’ analogues, FeTpivP(l ,2-MezIm), I, and FePiva- 
SCIm, II. These results indicate that steric hindrance 
can selectively discriminate against CO binding in 
model compounds and support the hypothesis that 
the intrinsic CO affinities of hemes may be reduced 
by steric interaction with the binding pocket in 
hemoproteins [3]. 

A full account of this work is to be published 
elsewhere [ I]. 
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Fig. 1. Five-coordinate iron(H) porphyrins: FeTpivP(1,2-MeaIm), I; FePiva5CIm, ZZ; FePocPiv(l-MeIm), ZZZa; FePocPiv(l,2,- 
MeaIm),ZZZb; FeMedPoc(l-MeIm), ZVa; FeMedPoc(l,2-MeaIm), ZVb; FeTalPoc(l,2-MezIm), V. 

TABLE I. 02 and CO Binding to Iron Porphyrins and Hemoproteinsa*b. 

kg0 (M--l s-l) Pf,y (torr) k2 @Z-’ s--l) PF,$ (torr) 

MbC IO.1 M KPi] 3-5 x 10s 0.014-0.025 l-2 x 10’ 0.37-l 
HbA, R stateC [ 0.05-0.1 M KPi] 4.6 x lo6 0.0014 3.3 x 10’ 0.22d, 0.36e 

HbA, T stateC [O.l M KPi] 2.2 x 10s 0.30 
2.9 x lo6 d 
1.2 x lo’= 

40d, 140e 

FePiva5CIm (ZZ)f 3.6 x 10’ 2.2 x 10-s 4.3 x 10s 0.58 
FeMedPoc(l-MeIm) (ZVap 1.5 x 106 6.5 X 1O-4 1.7 x 10’ 0.36g 
FePocPiv(l-MeIm) (ZZZa)f 5.8 X lo5 1.5 x 10-a 2.2 x 106 0.36 
FeTpivP(1,2-MeaIm) (Z)f 1.4 x 106 8.9 x 1O-3 1.1 x 10s 38 
FeTalPoc(l,2-MeaIm) ( V)f 1.1 x10-a 7.4 x 108 4 
FeMedPoc(l,2-MerIm) (ZUJ)~ 2.1 x 10s 0.026 5.2 x lo6 12.4 
FePocPiv(l,2-Mea Im) (ZZfi)f 9.8 x lo4 0.067 1.9 x 106 12.6 

aErrors < 15%, unless otherwise indicated. bFor original literature citations see references la and lc. CAqueous, pH 7.0- 
1.4,20 “C. dVaIue for OL chain. eValue for (3 chain. fToluene, 25 “C. +20% error. 
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Active centers of iron-sulfur proteins and rubre- 
doxin are surrounded with cysteine thiolates and 
peptide bonds in a hydrophobic environment, where 
specific interactions, such as NH***.9 hydrogen 


