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The resonance Raman spectrum of oxy CoSCP with
AdIm(2-H) showed an unusually low v(O-O) frequency at
1123 cm™". This result is due to the cooperative effect of strong
donation from AdIm(2-H) and hydrogen bonding between the
inner hydroxyl groups and coordinated dioxygen.

Myoglobin (Mb) and hemoglobin (Hb) reversibly bind
molecular oxygen (O,) in the so-called distal site.! The most
significant effect of the residues on the distal site, invoked in the
stabilization of O, ligation in Hb and Mb, is the hydrogen bonding
interaction between coordinated O, and the distal histidine.?
Numerous experiments have provided evidence for hydrogen
bonding of bound dioxygen with the distal histidine residue.> On
the other hand, proton transfer to the heme-peroxy complex in the
course of oxygen activation process in cytochrome P450 is the
key of the O-O bond cleavage.* Thus, the evaluation of the oxy
complex with a suitable hydrogen bonding is important for this
chemistry.

The iron center in Mb and Hb has been replaced by cobalt,
and cobalt-substituted Mb and Hb have also been shown to
reversibly bind O,.7 The Co-substituted globins and model cobalt
porphyrins have been proven to be very useful in increasing our
understanding of oxy hemes.’*™¢ Most important differences
between Co(II) and Fe(II) system are that a dioxygen adduct of
Co(Il) is paramagnetic, which can be characterized by ESR, and
that the O-O stretching band V(O-O) can be observed directly by
resonance Raman (RR) spectroscopy.

In order to mimic the function of the distal hydrogen bond, we
designed and synthesized a cobalt single-coronet porphyrin,
CoSCP (Figure 1).%7 In CoSCP, two chiral bulky binaphthalene
groups are connected to meso aryl groups by amide bonds on the
one side of the porphyrin ring to make a hydrophobic pocket. Two
naphtholic hydroxyl groups, which are oriented toward the center
of the cavity, are expected to form hydrogen bonding to bound O,.
Two kinds of imidazoles with a bulky tail, AdIm(2-H) and
AdIm(2-Me) were chosen as axial ligands to avoid the formation
of undesired six-coordinate species.® The bulky group on the
imidazole will also work for the prevention of undesired hydrogen
bonding between the exogenous imidazoles and the naphtholic
OH groups in the cavity. It allows the fair estimation of the effect
of the OH groups on bound O,.

The ESR spectrum of oxy CoSCP (1.18 x 107> M) in the
presence of AdIm(2-H) (1.77 x 1072M) was obtained in a
frozen toluene solution at 77 K. Resultant spectrum (g, = 2.08,
A; =1.18mT, g,, =2.01, A;; = 1.68mT) is attributed to a
complex of a six-coordinate cobalt porphyrin with one imidazole
and one dioxygen molecule. A similar spectrum was also
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Figure 1. CoSCP coordinated by bulky imidazoles.

observed when AdIm(2-Me) was present at the same concentra-
tion (gL = 209, AL = 130mT, g// = 20], A// = 1.81 mT)
The splitting constants (A) and g values are similar to those for
CoHb and Mb and other models.®® In the case of CoSCP-
AdIm(2-H), the A values were smaller than for the oxy CoSCP-
AdIm(2-Me). Generally, decrease of the A value is attributed to
the electron transfer of the unpaired electron from the Co(II)
metal onto the dioxygen p7t* orbital, depending on the donating
character of the trans axial ligand.!? This leads to the decrease of
splitting constants, because of the decrease of interaction between
unpaired electron and cobalt nucleus. The UV-vis spectral data
for conversion to the oxy complex also showed that AdIm(2-H)
had higher donating character than AdIm(2-Me).!! UV-vis
spectrum of AdIm(2-H) coordinated CoSCP immediately
changed to that of the oxy species by addition of O, gas at
—80°C. The oxy CoSCP-AdIm(2-H) had a sharp Soret band at
438 nm. This indicates the complete conversion of the five-
coordinated species to the oxy form. On the other hand, use of
AdIm(2-Me) exhibited incomplete conversion to the correspond-
ing oxy form at room temperature from its UV-vis spectrum,
which gave a shoulder at 418 nm. These ESR and UV-vis results
are in good agreement with the higher donating ability of 1-Melm
than 1,2-Me,Im due to a steric reason.'?

The v(0-0) band for oxy CoSCP-AdIm(2-H) in RR spectra
appeared at 1123cm™" [Agys(100,/805) = 68cm™!; Agared =
64 cm™!] (Figure 2). On the other hand, oxy CoSCP-AdIm(2-
Me) showed its V(O-O) band at 1145cm™! [Aobs(1602 /
80,) = 61cm™!]. The V(0-O) frequency of oxy CoSCP-
AdIm(2-H) shifted by 22 cm™! to the lower region than that for
oxy CoSCP-AdIm(2-Me)."*> The value of 1123cm™" is unu-
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Figure 2. RR spectraof oxy CoSCP (1.23 x 10~* M) with AdIm(2-H)
(1.85 x 1073 M), toluene, —80 °C, 441.6 nm excitation, 15 mW: trace A,
100,; trace B, '30,. Inset: '*0, adduct of CoSCP on H/D exchange
experiment. trace C, -OD; trace D, -OH. S denote solvent peak.

sually low in comparison with those (1140-1150 cm™~") of the oxy
Co-porphyrins.'* Therefore, the 1123 cm™! band is characteristic
to oxy CoSCP-AdIm(2-H).

From a molecular modeling of the oxy CoSCP-AdIm(2-H),
the distances between the four amide N atoms and both the two O
atoms of the ligated O, are estimated to be over 4.0 A, and those
between the two hydroxyl O atoms and the bound O, are
estimated to be 2.8-3.2 A. The distances of the bound O, to the
amide protons are almost the same as those of picket fence
model.!> However, the two naphtholic hydroxyl groups are
considered to be much closer to the ligated O,. The partially
negative charge accumulated on the terminal oxygen atom in the
O, adduct would be stabilized by a hydrogen bonding with
hydroxyl groups in the cavity. The hydrogen bonding in the oxy
form enhances the electron donation from cobalt d orbitals to O,
p7r*, significantly decreasing the O-O bond order. To confirm the
hydrogen bonding interaction in this complex, V(O-O) was
observed after deuterium substitution of the exchangeable
protons of CoSCP(OH).'® In the RR spectrum of oxy
CoSCP(OD)-AdIm(2-H), the v('80-'80) peak upshifted by
2cm~!1718 Therefore, the bound dioxygen interacts with the
adjacent exchangeable protons, that is, the inner hydroxyl groups
in the cavity.'?°

In summary, we concluded that the lower ESR splitting
values and the unusually low V(O-0) of oxy CoSCP-AdIm(2-H)
are due to the cooperative effect of strong donation from AdIm(2-
H) and hydrogen bonding with the inner hydroxyl groups. To the
best our knowledge, the 1123 cm™! band is the lowest V(O-O)
frequency of oxy Co-porphyrinato systems.

The detailed analysis of the stability of the oxy form as well as
its equilibrium with the deoxy form is now under way.
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