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Abstract 

Mossbauer spectra in frozen aqueous ethanolic 
solution of complexes of the type [(PPIX)Fe(II)- 
(HisR),] are reported where HisR = histidine, N+ 
acetyl histidine, pilocarpate or histamine. At alkaline 
pH 12.0, the complexes are found to be monomeric 
and low spin with quadrupole splittings (aEQ) 
similar to that of reduced cytochrome bs. The AE, 
values are typical of bis(imidazole) coordination to 
(protoporphyrinato IX)iron(II) (mQ = 0.9-l .04 
mm s-‘). The results indicate that hydrogen bonding 
to the N-H of the coordinated imidazole consider- 
ably decreases the LL!?~ values. 

Introduction 

The chemistry of (protoporphyrinato IX)iron(II), 
[(PPIX)Fe(II)], commonly known as ‘haem’, is of 
considerable significance since the haem group is 
to be found in all haemproteins. Understanding the 
structure-function relationships of the haem in 
proteins [l-3], particularly elucidation of spin 
state-stereochemistry relationships [4,5], is 
therefore important. Iron(H) porphyrins are also 
of some practical importance in the preparation 
of synthetic oxygen carriers [6-81 and in the pos- 
sible use as catalysts for oxidation and hydroxyla- 
tion of organic substrates [6-lo]. 

Haems have a strong tendency to undergo aggre- 
gation in aqueous solutions [I 11. This constitutes 
a major problem in the study of haems, since the 
tendency for dimerization leads to irreversible oxi- 
dation [6,8] or iron(H). However, following the 
work of Keilin [12] we found that in strong alkaline 
solution (see below) of ethanol-water mixed solvent 
the monomeric low spin six-coordinated complexes 
of [(PPIX)Fe(II)] can be prepared in the presence 
of ligands such as imidazole, pyridine and histidine. 
This paper presents a Mossbauer study on the bis 
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adducts of [(PPIX)Fe(II)] with histidine and its 
substituted derivatives. 

Mossbauer spectroscopy is a versatile technique 
in the study of ferrous porphyrins which are difficult 
to study by other methods. We have shown earlier 
[13-l 8] that preparation of frozen solution samples 
of [(PPIX)Fe(II)] using a rapid freezing technique 
in a nitrogen atmosphere prevents auto-oxidation 
of the iron(I1). In our continuing studies of the 
aqueous chemistry of [(PPIX)Fe(II)] in the presence 
of a variety of ligand environments [ 13-181, we 
have found that the Mossbauer parameters of the 
haem are sensitive to small changes in the iron 
electronic environment such as aggregation [ 13, 15, 
191 and a change in pH [13-181. 

In this paper we report Mossbauer spectra of 
complexes of the type [(PPIX)Fe(HisR)l], where 
HisR = histidine, Na-acetyl histidine, pilocarpate 
or histamine (Fig. 1). 
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Fig. 1. Structure of histidine and its derivatives relevant to 
this work. 

Experimental 

All chemicals used in this work were purchased 
from Aldrich Chemical Co. and were used without 
further purification. “Fe enriched iron(II1) proto- 
porphyrinato IX chloride was prepared according 
to the method of Caughey er al. [20]. The bis 
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ligated complexes of [(PPIX)Fe(II)] are obtained 
from dithionite reduction of monomeric [(PPIX)Fe- 
(III)(HisR),]+ complexes in ethanol:water mixed 
solvent reported previously by Baldwin et al. [21- 
23]. A typical sample preparation consists of reduc- 
ing 10 mM solutions of the ferric complexes in 
the presence of excess of histidine by solid sodium 
dithionite at pH 12.0. The solutions were encap- 
sulated in nylon cells under an Na atmosphere and 
rapidly quench frozen in liquid N,, then quickly 
transferred to the cryostat (80 K). All precautions, 
such as handling in inert atmosphere and presence 
of excess dithionite, are taken so as to eliminate 
any possible exposure of the sample to molecular 
oxygen, 

The Mossbauer spectra were recorded using an 
instrument previously described [24]. About 500 000 
counts per channel were collected and the data com- 
puter fitted. The source was “Co (25 mCi) in Rh 
(Radiochemical Centre, Amersham) at 20 ‘C. The 
isomer shifts reported here are relative to iron foil 
at room temperature. 

Results and Discussion 

The Mossbauer parameters obtained are presented 
in Table 1 and a representative spectrum shown 
in Fig. 2. 

The Mossbauer spectrum of [(PPIX)Fe(II)] in 
the presence of histidine in frozen ethanokwater 
(50% vol./vol.) solution is quite sensitive to changes 
in pH. At pH 8.0 the spectrum (6 = 0.6 mm s-l, 
A/?, = 1.7 mm s-r) is similar to that found [15] 
for aggregated haems [(PPIX)Fe(II)] ,,. At pH 12.0 
the spectrum resembles that expected [25,26] 
for bis(imidazole) coordination to [PPIX)Fe(II)] . 
This result is in agreement with that reported by 
Keilin [ 121 for room temperature solution studies. 
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Fig. 2. Frozen solution MGssbauer spectrum (80 K) of 
[ PPIX)Fe(II)(pilocarpate)z] at pH 12.0. 

In the bis adducts of [(PPIX)Fe(II)] with sub- 
stituted histidines the isomer shifts and quadrupole 
splitting of the low spin complexes are found to be 
quite insensitive to the nature of the substituent 
(Table 1). The quadrupole could be due to: 

(1) A lattice effect (q lattice would be negative 
and lower the hE,) based on charges around the iron 
centre changing. 

(2) Internal H bonding of NHa+ (a) versus NH,, 
(b) with NH of the imidazole ring may influence 
AE,: 
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(a) would only form a weak or no H bond to the 
NH of the imidazole ring, since solvation of NHs+ 

TABLE 1. MBssbauer spectra of the adducts of [ (PPIX)Fe(II)] with histidine and its substituted derivatives at 80 K 

Compound PH Isomer shift Quadrupole splitting Linewidtha 
(mm s-i) (mm s-l) (mm s-r) 

[ (PPIX(Fe(II)(His)z] 8.0b 0.61(l) 1.70(2) 0.15(2) 

lO.Ob 0.63(l) 1.73(2) 0.20(2) 
0.42(2) 1.02(3) 0.16(2) 

12.0 0.42(2) 0.88(4) 0.41(3) 

[(PPIX)Fe(II)(N+acetyl histidine)2] 12.0b 0.64(2) 1.74(3) 0.19(3) 
0.44(2) 1.04(2) 0.18(2) 

[ (PPIX)Fe(II)(pilocarpate)a] 12.0 0.46(l) 1.04(2) 0.16(2) 

[ (PPIX)Fe(II)(histamine)2] 12.0 0.48(2) 1.04(3) 0.25(2) 

aHalf width at half height. bThe site with A/?Q = 1.7 mm s-l corresponds to aggregated [ (PPIX)Fe(II)] n (see ref. 15). 
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would tend to break any H bonding. Hence the 
AEQ of 1.02(3) at pH 10 is similar to 1.04(2) for 
the pilocarpate (at pH 12.0) which cannot form an 
H bond. On the other hand, (b) would form a strong 
H bond. At pH 10.0 two iron(H) electronic spectra 
are observed, the first is that of [(PPIX)Fe(II)], 
[15] and the second is that of a low spin haemo- 
chrome. Interestingly, this site has a larger AEQ 
than that at pH 12.0, though both are in the range 
expected for low spin haemochromes [17,25 1. We 
are therefore faced with a dilemma why should the 
A/& of a bis(histidine) haemochrome [(PPIX)Fe- 
(His)Z] be pH dependent? The obvious answer is 
that at pH 10.0 the NH2 on the histidine is proto- 
nated (and the species present is [(PPIX)Fe(His- 
H)2 ] ‘+), and as at room temperature this has a pK, 
of around 12.0 [21,23]. Then in frozen solutions 
(frozen at pH 12.0) this will be deprotonated (and 
the species present is [(PPIX)Fe(His)J). This change 
of protonation influences the AE, of the complex 
as it is transmitted via electronic effects of some kind 
to the Fe atom by the histidine molecule. 

Such a change in bonding to the NH of the imida- 
zole ring would be expected to cause a pronounced 
difference to the AE,. Although we have suggested 
the species present at pH 12.0 is [(PPIX)Fe(His)Z], 
it could equally be [(PPIX)Fe(His)(HisH)]+. The 
fact that histamine and N-cw acetyl histidine show 
larger A,!?, values at pH 12.0 may be due to a dif- 
fering pK, for the NH2 of the former compound and 
steric hindrance preventing H bonding in the latter 
compound. 

The Al?, values of these adducts are similar to 
those found for [(PPIX)Fe(II)(l-MeIm),] (AEo = 
1.03(l) mm s-r) [25] and are clearly different 
from that of the bis(histidine) or bis(imidazole) 
analogues (AE, c. 0.9 mm s-‘) [26]. It is interesting 
to note that the Mossbauer parameters of reduced 
cytochrome b5 (S = 0.43(2) mm s-r, LL?Z, = 1.04(3) 
mm s-l) [27] are similar to the N-methyl imidazole 
and the analogous pilocarpate adduct (Fig. 2). 

We have earlier pointed out [26] that hydrogen 
bonding of the N-H of imidazoles greatly influences 
quadrupole splitting of the bis(imidazole) complexes 
of [(PPIX)Fe(II)] . Such hydrogen bonding influences 
the basicity of the imidazole and hence alters the 
extent of metal ligand u bonding. Histidine coordi- 
nated to [(PPIX)Fe(II)] can form hydrogen bonds 
with solvent or excess histidine molecules, in addi- 
tion, it can form an internal hydrogen bond with the 
carboxylate or the amine moiety of the side chain. 

The fact that the quadrupole splitting of ferrous 
cytochrome bS is similar to the N-methyl imidazole 
and pilocarpate may indicate that the histidines 
bound in the hydrophobic pocket of cytochrome 
b5 do not form any hydrogen bonds with any exter- 
nal or internal proton donors. In the absence of a 
protecting hydrophobic environment the Mossbauer 

parameters of coordinated histidine ligands are 
influenced by hydrogen bonding to these axial 
ligands. 

Conclusions 

Mossbauer studies on the bis adducts of [(PPIX) 
Fe(II)] with histidine, iV+acetyl histidine, pilo- 
carpate and histamine show that monomeric low 
spin complexes are obtained at high pH. The 
quadrupole splitting in these complexes indicate 
bis(imidazole) coordination as in reduced cyto- 
chrome bg. The results indicate that hydrogen bond- 
ing of the N-H of imidazole considerably influences 
the quadrupole splitting. 
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