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Ligand and Carbon Monoxide Affinities of Iron(II) ‘C4capped’ Porphyrins
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Ligand and CO binding constants are reported for
Fe(Cy-Cap) [1]. The results show that the CO affin-
ities are Fe(Cy-Cap)(B) =Fe(Cy-Cap)(B) > Fe(C-
Cap)(B). Also the CO affinities are Fe(Cap)(1,5-
DCIm) > FefCap)(1,2-Me,Im). These results are ex-
plained in terms of the possible steric factors in-
volved.

Introduction

Whether or not the heme cavity, in the natural
heme oxygen carriers, plays a major role in causing
discrimination between the binding of O, and CO to
hemoproteins is a question being actively investigated
by the use of model iron(Il) complexes [2--7]. It is
suggested [8,9] that the discrimination favoring O,
over CO, relative to corresponding ‘flat-open’ iron(II)
complexes, in hemoproteins is due to distal steric
effects on the bonding of CO. Because of this steric
hindrance, CO is unable to bind in its stable linear
Fe—C—O fashion, so it binds less strongly than it
would were it not distorted from its usual structure.
In contrast, the distal steric effect does not disturb
the binding of O, which forms a stable end-on bent
structure of the moiety Fe—0—0.

We previously reported and compared [2] the O,
and CO affinities of the iron(Il) C,- and Cs-capped
porphyrins. Here we extend the study of CO affinities
to the C4-capped system, and also make use of the
bulky 1,5-DCIm axial ligand.

Experimental

Reagents

Toluene was reagent grade and distilled under
N, from sodium metal prior to use. 1,2-Me,Im was
dried over KOH, distilled under vacuum and stored
under N, at 0 °C. 1.5-DCIm was synthesized by the
method of Traylor and coworkers [3]. The N, gas
was Matheson prepurified grade and was passed
through a Redox column to remove residual O,.
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Gaseous carbon monoxide was Matheson Primary
Standard 15.1 ppm, 190.3 ppm and 1.002% CO in
N, for the measurements of CO binding constants.

Synthesis

The synthetic methods of Fe(C,-Cap)Cl, Fe(C;-
Cap)Cl, and Fe(TPP)C] were described in our previous
paper [2]. Fe(C,4-Cap)Cl was obtained from Baldwin
and coworkers.

Procedure

Base equilibrium measurements

The procedure used was described earlier [10].
For equilibria involving only a single ligand, B, there
are two possible equilibrium expressions (eqns. 1
and 2):

KB
Fe(Por) + B— Fe(Por)(B) (1)
KgB
Fe(Por)(B) + B—= Fe(Por)(B), 2)

Data were treated in one of three different ways, de-
pending on relative values of KB and KgB, as de-
scribed earlier [10].

Carbon monoxide affinity measurements
The procedure used was described in our previous
paper [2]. The CO binding to five coordinate iron-
(II) porphyrin complexes is illustrated by eqn. 3:
K=CO

B
Fe(Por)(B) + CO ——— Fe(Por)}(B)(CO) 3)
where
P, €0 = 1

172 - KBCO

The Fe(Por)(B) solutions were prepared as described
in the previous paper [2]. The base concentration was
chosen to give greater than 99% of five-coordinate
complex in the capped porphyrin systems, and 98%
of that in the flat-open porphyrin system such as
Fe(TPP)(1,2-Me,Im). The concentrations of base
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required were determined from the equilibrium con-
stants K and Kg® (Table I).

Results

Table I contains data on the axial ligand and the
CO affinities of some iron(Il) capped porphyrins.
Data for the corresponding Fe(TPP) are also included
for comparison. Values of the equilibrium constants
K® (eqn. 1), for ligand (or base) addition to the com-
plexes Fe(Por), in toluene, were estimated from titra-
tion spectra. Isosbestic points, after dilution correc-
tions, were maintained throughout the titrations of
Fe(Por) with ligand solutions (Fig. 1). It was not
possible to obtain the value of K® for the reaction of
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Fig. 1. Spectral changes occurring upon titration of 7.029 X
1075 M toluene solution of Fe(C4-Cap) with 0.2240 M 1,5-
DCIm in toluene at 23.1 °C. The final base concentration is
1.12 X102 M.
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Fe(TPP) with 1,5-DCIm, because of the known
behavior that KB<Kg® for reactions of open-flat
Fe(Por) with ligands unhindered near the coordinated
nitrogen ligand atom.

Spectrophotometric CO titrations of toluene solu-
tions of Fe(Cap)(B) gave optical spectral changes,
with isosbestic points, in accord with equilibria of the
type represented by eqn. 3 (Fig. 2).
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Fig. 2. Spectral changes occurring upon titration of a toluene
solution of ~107% M in Fe(C4-Cap)(1,5-DCIm), 0.1 M in
1,5-DCIm, with the following pressures of carbon monoxide
at 25°C; 0, 1.33 x1072, 2.51 Xx1072, 3.65 X 1072, 8.10 X
1072,1.45 x 107! and 7.31 torr.

Discussion

Our previous papers report [2] studies on the
binding of O, and of CO by five-coordinate iron(II)
C,- and C;-capped porphyrins, (I).

TABLE I. Ligand and Carbon Monoxide Affinities of Some ‘Capped’ Iron(II) Porphyrins in Toluene.

Affinity log KBa Pmco(torr)b

1,2-Me,Im 1,5-DCIm 1.0 M 1,2-Me,Im 0.1 M 1,5-DcIM
Ligand 23.1°C 23.1°C 25°C 25°C
TPP 4.430d e 1.4 x1071df —e
C,-Cap 3.064 3.174 2.0x1071d 7.5x1073
C3-Cap 3.614 3.00d 14 x1071d 1.6 x1073
C4-Cap 3.39 2.99 4.1 2.1 X1072

aValues reproducible within 0.05.
Since KB < KBB, these values were not determined (see text).

bValues reproducible within 10%.
fSolution is 3.1 X 1073 M, 1,2-Me?Im in toluene.

¢Log KgBis 0.39 + 0.10 at 23.1 °C.  9Reference 2.
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The results of these studies provided the first example
{model or natural) of iron(I) complexes which dis-
criminate against the binding of O, relative to CO.
The weaker bonding of O, by Fe(Cap)(B) compared
with Fe(TPP)B) was attributed [2] to peripheral
steric effects in the capped systems. In contrast, the
similar binding of CO by Fe(Cap)(B) and by Fe(TPP)-
(B) was explained in terms of there being no central
steric effect in the capped complexes. Other explana-
tions [7, 11] have been given for these observations.

This paper reports the results of extending our
previous studies on CO affinities to the C,4-capped
system, in order to see if the trends found for the
C,- and Cj-capped iron(Il) complexes continue. We
also wanted to investigate the bulky ligand, 1,5-
DCIm, because it was not expected to enter the cap
of the C,- and Cs-capped iron(IT) complexes (II).

The data obtained are summarized in Table I.

Values of log KB for 1,5-DCIm show it behaves
similar to other imidazole ligands in binding to
iron(IT) porphyrins, in spite of its large molecular
size. This is true because the cyclohexyl groups are
at the back of the ligand and do not impede coordi-
nation at the front. The bulky cyclohexyl groups
should make it difficult for 1,5-DCIm to enter a cap
to coordinate with Fe(Cap)(B), yet we find [12]
that Fe(C,-Cap)(1,5-DCIm), forms at 0°C. This
suggests the Cy-cap is sufficiently flexible to scoot
aside and allow a second 1,5-DCIm to coordinate.

The values of Py,,€C (Table I) clearly show that
(1) the CO affinity of Fe(C,-Cap)(B) is less than that
of the other iron(II) capped porphyrins, and (2) the
CO affinities of Fe(Cap}B) are larger for 1,5-DCIm
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than for corresponding 1,2-Me,Im complexes. The
first of these results can be explained in terms of cen-
tral steric effects on the bonding of CO to give the
linear moiety Fe—C—O. The affinities of Fe(C,-
Cap)(B) for both 1,2-Me,Im and 1,5-DCIm are less
than for the corresponding C,- and Cs-cap com-
plexes, which are similar to that of the flat-open
Fe(TPP)(B). This sudden decrease in CO affinity of
the C4-Cap complex may be caused by its greater
flexibility which allows it to achieve a squashed
configuration, (IIl), more readily than do the C,-
and Cjs-cap complexes. Studies [13] on shifts of the
Soret bands of zinc capped porphyrins suggest a
squashed structure for Zn(C;-Cap). Since C4-cap is
expected to have even a greater tendency to do this,
it follows that the linear Fe—C—Q moiety would
experience the greatest central steric effect in the
C,-cap complex. Models also indicate that Fe(C,4-Cap)
can form a ‘twisted’ configuration, (IV),

1 v

Squashed structure. Twisted structure.

which could have a similar steric effect on Fe—~C—0O
as does a squashed structure. Whichever structure
occurs at C4-cap, it can cause this system to have the
experimentally observed sudden drop in CO affinity
relative to C,-cap and Cs-cap.

The lower CO affinities of the Fe(Cap)(1,2-Me,-
Im) complexes, compared with corresponding Fe-
(Cap)(1,5-DCIm) complexes, may be due to the strain
caused by the methyl group in the 2-position, (V).

Q
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Addition of CO to form (VI) pulls the iron into the
porphyrin plane, causing considerable strain in the
complex and rendering it less stable. This results in
the smaller affinity observed for 1,2-Me,Im systems,
relative to corresponding 1,5-DCIm systems. Note
that the bulky ligand 1,5-DCIm has its bulk at the
back of the molecule, but offers no steric strain at
the front with the porphyrin piane, (II).
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The interpretation of these new results in terms of
central steric effects is in keeping with our earlier
discussion [2]. This is not to dogmatically say that
alternative explanations [3, 7, 11] should not be con-
sidered. As so often is true in science, the experimen-
tal facts are valid but explanations of the facts are
speculations which can be modified or even discarded
when more is learned about the systems. Surely these
are systems where more study is warranted.
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