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Cytochrome P-450 contains a cysteine thiolate ligand at the
axial position of (porphinato)iron(lll) core. The axial thiolate
has been shown to promote the heterolysis of the coordinated
dioxygen upon sequential donation of electron and prétén.
The crystallographic structure of cytochrome P-450eported
by Poulos et at. has suggested the presence of weak double
NH---S hydrogen bonds between S of Cys 357 and two amide
NHs of Gly 359 and GIn 360, as shown in Figure 1a. Recently,
the presence of two clear NHS hydrogen bonds was reported
for the crystal structure of chloroperoxid&se&imilar hydrogen
bonds are found in the active site of P-4(03,° P-45Qer,” and
P-45Q,r® For P-45Q.m a molecular dynamics simulation from
the reported crystallographic structure results in the shortening
of the NH--S hydrogen bond distanc&sFurthermore, com-
parison of the Protein Data Bank crystallographical structural
parameters at the active sites of substrate-bound By4a@h
substrate-free P-459i%indicates shorter N-S distance at the
active site of the substrate-bound P-d&0accompanied by a
positive shift of the reported redox potentlal.A remarkable
effect on the electrochemical properties by N3 hydrogen
bond have already been revealed by us for various metal thiolate
complexe¥’~14 as well as iron-sulfur protein$:17 In order
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Table 1. Crystal Parameters(NH) Shifts, and Redox Potentials
of Doubly NH:--S Hydrogen-Bonded

[Fe"(OEPY S-2,6-(CECONH)CeH3}] (1), Singly NH-+S
Hydrogen-Bonded [F&OEP)(S-2-CECONHGH,)] (3) and
[Fe'"(OEP)(SPh)

1 3 [Fe"(OEP)(SPhA

Fe-S 2.356(3) 2.327(4) 2.299(3)
Fe-Njplane 0.4142 0.3862 0.466(1)
Fe-S—C° 104.5(3) 104.0(5) 102.5(3)
N---SP 2.962(9), 2.956(9) 2.93(1)
v(NH) shiftd - -123
Fe'/Fe' redox —0.35 —0.52 —0.68

couple

aThe crystal parameters were quoted from the literattiré.in
angstroms¢ In degrees? In centimeters! (KBr disk). ¢ Shift from free
v(NH) at 3370 cm* of { S-2,6-(CRCONH),CsH3} > in dichloromethane.
fShift from free v(NH) at 3358 cm' of (S-2-CRCONHGH,) in
dichloromethane? In volts vs SCE in dichloromethane.

(RCONH)CgH3} 8  (1:0.5), whereas [F&(OEP)(S-2-
RCONHGH,)] (R = CRs (3), CHs (4), t-Bu (5)) was prepared
by a reaction (eq 2) between [F€OEP)LO and the thiol, as
for [Fe' (OEP)(S-4-NQCgH4)].1°

[Fe" (OEP)(SPh)H Y/, ArSSAr—
[Fe" (OEP)(SAN]+ PhSSPh (1)

[Fe" (OEP)LO + 2ArSH— 2[F€" (OEP)(SAN]+ H,O (2)
(SAr = S-2,6-(RCONH)C,H, or S-2-RCONHGH,)

The molecular structures @fand3 were determined by X-ray
analysis to indicate thdt and3 possess intramolecular double
and single NH--S hydrogen bonds, respectively, as illustrated
in Figure 1b,%2! The selected crystal parameters are listed
in Table 1 and compared with those reported for'[f@EP)-
(SPh)], implying that the FeS bond distance fot is longer
than those o8 or [Fe' (OEP)(SPh)F? For Fe(ll) and Mo(lV)
complexes, the NH-S hydrogen bonding shortens the-3
bond, mainly due to the charge transfer from the antibonding
M—S HOMO to amide LUMO!21323 On the contrary, the
hydrogen bonding irl and 3 results in a bond elongation, as
shown in Table 1. The(NH) shift in the IR spectra of these
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(e.g.,—92 cnrl for 1 and—123 cnt! for 3). InthelH NMR
spectra of1-5 in benzenad;, the paramagnetically shifted
aromatic proton signals appear in the range fred00 to 70
ppm, which are characteristic for various high-spin iron(lll)
porphyrin complexe3* The contact-shifted amide NH signals
of 1 and 3 are observed at24.8 and—38.1 ppm due to the
direct NH--S hydrogen bond formation. [H¢OEP)(S-2-
CH3CgHa4)] exhibits methyl protons at 87.1 ppm with the
opposite contact-shifted spin sign resulting from #heonjuga-
tion. Similarly, the amide NH signal of [MEOEP)(S-4-
CFRCONHGH,)] was observed at 30.4 ppm ins@Qs.

The Fe-N4 plane distances df and3 are shorter compared
with that of [Féd''(OEP)(SPh)] reported in Table 1. If the
elongation was caused by steric hindrance, the distance betweeen
Fe atom and N plane must be elongated as well as the-Be
bond distance, as found in [Co(TPP)(1-Melm)] and [Co(TPP)(1,2-
Melm)].25> Actually, [F€'(OEP)(S-2-CHC¢H4)] gradually de-
composes and is less stable against dioxygeniteamd3. Two
bulky thiolate Fe(lll) complexes, [H{OEP)(S-2,4,6-M¢CsH,)]
and [Fé' (OEP){S-2,4,6-(-Pr)sC¢H,}], are readily reduced to
Fe(ll) species by their dissociative thiolates to form Fe(ll)
species. Thus, the steric hindrance of bulky thiolates is not
crucial for the stabilization of the Fe(lll) state.

The cyclic voltammograms df—5 in dichloromethane show
a positively shifted P&/F€' redox couple in the comparison
with that (—0.68 V vs SCE) of [Fe(OEP)(SPh)] without NHS
hydrogen bond by 0.160.33 V. For examplel exhibits the
redox couple at-0.35 V vs SCE in dichloromethane. These
results are consistent with the known fact that the substrate-
bound P-45Q, has a more positively shifted redox potential
(—0.415 V) when compared with that0.572 V) of substrate-
free P-45Q,m11

When1 and 3 were reduced by tetraethylammonium boro-
hydride, the isolated iron(ll) species was found to be detected
as [Fe¢/(OEP)] without axial thiolate. The direct oxidation of
1 by PhIO results in the formation of [F¢OEP)}LO, whereas,
H,0, decomposes the OEP ligand itself.

Although all the known iron(Ill) porphyrin thiolato complexes
have been reported to be unstable to air and moidt#fahese
new complexes are stable againstdd H,O. For examplel
is extremely stable in benzene and not oxidized at least for 5
days under air. A polyethyene glycol lauryl ether (10%)
aqueous micellar solution (0.20 mM) &fis also stable even
under similar aerobic conditions. These results indicate that

complexes also supports the presence of the hydrogen bondshe hydrogen bond plays an important role in the regulation of
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the stability and reactivity of P-45§, in biological systems.
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