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Abstract

Titration calorimetry was used in a thermodynamic study on the interactions of pyridine with
natural zinc(II) porphyrin derivatives in benzene and chloroform at 298.15 K. The ability of zinc
porphyrins to coordinate to pyridine is higher in benzene than in chloroform and also depends on
the molecular structure of the metalloporphyrin.
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Introduction

Porphyrins and metalloporphyrins are important as a class of compounds of im-
mense physical and chemical interest and for their crucial role in many biological
processes. Metalloporphyrins are the prosthetic groups for a wide variety of proteins
and enzymes involved in oxygen transport (myoglobin and hemoglobin), oxygen
and peroxide activation (cytochrome P-450 and horseradish peroxidase), and elec-
tron transfer (cytochrome b) [1]. In all of the heme proteins investigated to date, the
moiety is bound to the protein by at least one coordinate covalent bond between iron
and the ‘aromatic’ nitrogen of a histidine residue of the protein. In some cases there
are additional covalent or coordinate covalent linkages as in cytochromes b and c,
but the iron-imidazole linkage is common to all those where axial ligands have been
indentified [2]. Physicochemical and biological properties of naturally occurring
heme proteins are controlled by various factors [3]. In heme proteins, there are sev-
eral factors which may influence the function of the iron porphyrin, e.g. the oxida-
tion state of the metal, the substituents on the porphyrin macrocycle, and the inner-
sphere coordination. It has been observed in heme proteins that the aromatic moie-
ties of amino acids such as phenylalanine, tyrosine and histidine are often oriented
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so as to be parallel to the porphyrin ring and sufficiently close to it that extensive
overlap of their P-orbitals with those of the porphyrin must occur [4, 5].

Recent studies indicated that P-interactions with aromatic acceptors and donors
can modulate the thermodynamic and kinetic parameters of axial ligations [6–10]. In
this connection, study of the above-mentioned structural and solvation factors and
their influence on the coordinating properties of natural metalloporphyrins in rela-
tion to electron-donor or -acceptor molecular ligands is of great importance.

Accordingly, our aim was to study the interactions of natural zinc(II) porphyrins
(Fig. 1) with an electron-donor ligand (pyridine) and an aromatic P-donor molecule
(benzene) and to establish the influence of structural and solvation factors on the
thermodynamic characteristics of axial pyridine coordination in different solvents
(benzene and chloroform).

Materials and methods

The complexes of zinc(II) with protoporphyrin IX dimethyl ester (ZnPP), he-
matoporphyrin IX tetramethyl ester (ZnHP), deuteroporphyrin IX dimethyl ester
(ZnDP) and mesoporphyrin IX dimethyl ester (ZnMP) were prepared and purified
according to literature methods [11]. The solvents benzene, chloroform and pyridine
(Sigma) were distilled and dried over a 4A molecular sieve. Purity was checked
chromatographically and found to be 99.98% for benzene and pyridine and 99.95 %
for chloroform. The water contents in the solvents, as determined by the Fisher
method, were below 0.01%. Chloroform was stabilized with amylene (2-methyl-2-
butene), which is inert to these metalloporphyrins (in a proportion of 1:1000).

The thermodynamic parameters of the interactions of pyridine with zinc(II) por-
phyrins (ZnP) in benzene and chloroform at 298.15 K were examined by a microcal-
orimetric titration method. A titration calorimeter of sensitivity 64 V W–1, equipped
with a calorimetric vessel 10 cm3 in volume, was used for the measurements. The
titrant, 0.19–0.25 mol dm–3 pyridine (Py), was microdosed into the calorimetric ves-
sel at uniform intervals. The number of doses in one experiment was 6–17. The titra-

Fig. 1 Zn(II) porpyrines. R=D – deuteroporphyrine (ZnDP); R= –CH2–CH3 – mezopor-
phyrine (ZnMP); R= –CH=CH2 – protoporphyrine (ZnPP); R= –CH–CH3 – hemato-
porphyrine (ZnHP)                                                                    OCH3
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tion process was stopped when the excess of the titrant in the solution was not less
than 10 mol for 1 mol of ZnP. The initial concentration of the ZnP solutions was in
the range (0.3–2.5)×10–3 mol dm–3 and was checked spectroscopically. The results
obtained indicate that in all cases pyridine interacts with ZnP to form a 1:1 complex:

ZnP + Py = ZnP×Py

The complex formation equilibrium constant Kc can be expressed [12] as

Kc=c(ZnP×Py)co/c(ZnP)c(Py) (1)

or

Kc=c(ZnP×Py)nc
o{[ co(ZnP)n–c(ZnP×Py)n][c

o(Py)n–c(ZnP×Py)n} (2)

where c(ZnP×Py)n is the concentration of complex upon addition of n doses of the li-
gand pyridine; c(ZnP)n denotes the total concentration of c(ZnP)+c(ZnP×Py) follow-
ing the n-th dose of the ligand solution; c(Py)n is the sum of the bound the non-bound
ligand concentrations following the n-th dose; and co=1 mol dm–3.

The relation between the sum Qn of the heats involved, following the n-th titra-
tion step, and the molar enthalpy DHm of the process can be expressed as

Qn = DHmVn c(ZnP×Py)n (3)

where Vn is the total volume of the reaction mixture upon addition of the n-th dose.
After substituing (3) into (2), we obtain

1/Kc = c(ZnP)nc(Py)nDHmVn/Qnc
o–c(ZnP)n/c

o–c(Py)n/c
o+Qn/DHmVn) (4)

The algorithm of the least square sum method was used to determine DHm, Kc and
then the molar entropy DSm of the process studied.

Results and discussion

The experimental data are presented in Table 1, and the DHm, Kc and DSm values
calculated from them in Table 2. Inspection of the data in Table 2 demontrates that a) the
enthalpy and entropy of the pyridine – ZnP interactions in benzene are always negative;
b) DHm is increasingly negative in the sequence ZnHP<ZnDP<ZnMP< ZnPP. The inter-
action of pyridine with ZnPP shows the largest entropy decrease (–81.6 J mol–1 K–1).
The interaction with ZnHP in chloroform is characterized by the lowest Kc. A possi-
ble reason for the low coordinating ability of ZnHP in relation to pyridine in chloro-
form is the specific solvation of the oxygen-containing peripheral ubstituents of por-
phyrin due to the formation of H-bonds with chloroform molecules. The ZnHP
molecule has four ester groups as peripheral substituents, while the other ZnP con-
tain dimethyl esters, so they demonstrate a lesser degree of specific chloroform
solvation effects. The CH3(OCH3)CH substituent in hematoporphyrin demonstrates
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an overall negative electron effect in relation to the macroring. The formation of H-
bonds with solvent molecules must weaken the electron-acceptor properties of the
given substituent, which in turn leads to a strengthening ZnP interation and weaker
coordinating properties of ZnHP. Further, chloroform molecules H-bonded to periph-
eral groups can present steric obstacles to the coordination of pyridine molecules.

Table 2 Equilibrium constants Kc, molar enthalpies DHm and molar entropies DSm for the process
of interactions of zinc(II) porphyrins with piridine in benzene and chloroform at
298.15 K

System DHm/
kJ mol–1 Kc

    DSm/
J mol–1 K–1

ZnPP×Py(C6H6) –45.7±0.8 5795±310 –81±3

ZnMP×Py(C6H6) –35.8±0.4 5586±339 –48±2

ZnDP×Py(C6H6) –33.6±0.4 17646±1637 –31±3

ZnHP×Py(C6H6) –33.1±0.4 4694±391 –41±3

ZnDP×Py(CHCl3) –32.1±0.3 2592±204 –42±2

ZnMP×Py(CHCl3) –29.2±0.3 2590±143 –33±2

ZnPP×Py(CHCl3) –25.4±0.4 3267±220 –18±2

ZnHP×Py(CHCl3) –24.6±0.3 1136±44 –24±2

Analysis of the results obtained demonstrates that the process of axial pyridine
coordination for all the natural ZnP under study is more exothermic in benzene than
in chloroform. A similar dependence of thermodynamic characteristics on the nature
of solvent was earlier reported for the interaction of Fe(II) protoporphyrin with 4-
methylpyridine and a number of metalloderivatives of tetraphenylporphyrin with
pyridine [13], which was due to the better solvation ability of chlorofom in compari-
son with that of benzene.
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