Communications to the Editor

analogy to the case of DBH vs, DBO,! the highly efficient,
temperature-independent photolysis of 2 is attributed to its
rigidity and to its >12 kcal mol~! higher singlet energy than
1. Finally, we note that 18 shows a high &, despite its high E,*.
Although this anomalous behavior suggests an unusually large
Arrhenius A4 factor for decomposition of A*!, few A4 factors
for excited-state reactions are presently available, let alone
interpretable.*0
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One-Electron Oxidation of Vinylidene-Carbene
Complexes of Iron Porphyrins. Isolation of
Complexes Spectrally Analogous to Catalase and
Horseradish Peroxidase Compounds I

Sir:

The reactions of catalases and peroxidases with various
two-electron oxidants lead to intermediate iron complexes,
called compounds | and 11, which retain, respectively, 2 and
| oxidizing equiv above the native Fe(111) hemoprotein.! The
knowledge of the structure and reactivity of these intermediates
appears especially important since they play a key role in the
catalytic function of the corresponding hemoproteins. From
their spectroscopic properties,? compounds 11 of catalase and
peroxidases are generally believed to be porphyrin-iron(IV)
complexes with an oxygenated exogenous ligand which could
be an oxo or an OH ligand. The structures of compounds I,
which could be considered formally as iron(V) porphyrin
complexes, are even less clear. Cytochrome ¢ peroxidase
compound | has been depicted as an iron(IV) porphyrin
complex with a free radical of an amino acid residue in the
vicinity of the heme iron.? Horseradish peroxidase (HRP) and
catalase (CAT) compounds [ have been described as iron(IV)
[porphyrin 7 cation radical] complexes, because of their ab-
normal electronic absorption spectra which resemble those of
magnesium, nickel, or cobalt porphyrin 7 cation radicals.* lron
porphyrin 7 cation radicals® have also been proposed as in-
termediates in electron transfers by cytochromes.4d-f

The carbon analogues of porphyrin-iron oxo species, por-
phyrin-iron(1V)=0, possibly present in CAT and HRP
compounds 11, are the carbene complexes [porphyrin-iron-
(I1y«~—CRR’], which can be considered, at least formally,® as
[porphyrin-iron(IV)=CRR’] complexes. Evidence has been
presented in favor of the involvement of such cytochrome
P450-carbene complexes,” and we have isolated a number of
stable iron porphyrin-carbene complexes.® The latter exhibit
visible spectra quite similar to those of compounds 11 but are
considerably more stable. We thus could expect that their
one-electron oxidation would lead to iron porphyrin complexes
analogous to HRP and catalase compounds |, but also more
stable. The present paper describes the preparation of stable
iron porphyrin complexes from the one-electron oxidation of
the vinylidene-carbene complexes Fe[porphyrin] [C=C(p-
CICgH4)3]®% by ferric or cupric chloride, which exhibit visible
spectra similar to those of catalase or HRP compounds 1.

As shown in Figure la, the progressive addition of 1 equiv
of CuCl; in acetonitrile to a benzenic solution of complex 1,
Fe[TPP?][C=C(p-CIC¢Hy)2].t¢ leads to a gradual trans-
formation, with isobestic points at 377,430, 521 and 557 nm,
of the characteristic visible spectrum of complex 1 into that
of a new complex, 2. In a typical preparative experiment,
complex 2 was obtained from reaction of complex 1 (1074 M
in benzene) with 1 equiv of FeCl3 (10~! M in acetonitrile,
added progressively within 5 h), followed by solvent evapora-
tion, column chromatography on silica gel (elution with ben-
zene and benzene-acetone (70:30) affording respectively un-
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Figure 1. (1a) Oxidation of complex 1 (0.1 mM in CsHe) by increasing amounts of CuCly in CH3CN, followed by visible spectroscopy: (—) complex
1 and successive additions of 0.25 equiv of CuCl; and recording of the spectra after ~0.5 h (- - -) of complex 2 obtained after addition of 1 equiv of CuCl,.

(1b) Comparison of the spectra of complex 2 (- - -), 2" (—

reacted complex 1 and complex 2), and crystallization from
acetone-hexane. Black shiny crystals of complex 2 (80% yield)
were obtained: A (¢) 428 (5.4 X 10%) and 669 nm (7.8 X 103)
in benzene.

The following data indicate that complex 2 derives from
complex 1 only by a one-electron oxidation and a chloride
transfer. In mass spectrometry (70 eV, 107¢ mmHg), both
complexes decompose at ~70 °C with the appearance of an
intense peak with an isotopic cluster characteristic of the
presence of two chlorine atoms at m/e 246 (for 35Cl), indicative
of the ion corresponding to the vinylidene-carbene C=CR;
or its rearranged product RC=CR (R = p-CIC4H;). The el-
emental analysis of complex 2 (C, H, N, Cl) corresponds to the
formula Fe(TPP)(C4HgCl»){(Cl). Reduction of complex 2 by
sodium dithionite (C¢Hg-H>0) or iron powder (CH,Cl>-
MeOH) leads quantitatively to complex 1. Titration of com-
plex 1 by CuCl; or FeClj indicates that | oxidizing equiv is
necessary for the complete formation of complex 2.'0 More-
over, the thermal decomposition of complex 2 in a sealed tube
(150 °C, 1072 mmHg) leads quantitatively to Fe!/[TPP][C]]
and RC=CR (R = p-CIC¢Hy). In complex 2, one chloride is
present as a counterion or iron ligand since it can be replaced
by other anions (X~ = ClO4~, Br~, F7) upon treatment of
complex 2 in C¢Hg by AgClO4 and the X~ anion (H,0, | M
NaX, 102 M HX). The corresponding new entities 2’ (X =
Cl0y), 277 (X = Br), and 2’7 (X = F) exhibit visible spectra
similar to that of complex 2:2’, A (€) 410 (4.8 X 10%), 673 nm
(5.8 X 10%);27,432 (5.1 X 10%), 676 (7.4 X 103); 27,427 (5.3
X 10%), 654 (8.0 X 10°) (in C¢Hg). Complexes 2,2’, and 2 can
be equally obtained by oxidation of complex 1, respectively,
by Clz, Fe(ClO4)3, and Brz.

All of the above data are in agreement with the formula
Fe[TPP][C=C(p-CIC¢H4)2][Cl] for complex 2. More gen-
erally, analogues of complex 21! are obtained upon FeCls (or
CuCl,) oxidation of the vinylidene-carbene complexes of
various iron porphyrins, Fe[porphyrin] [C=C(p-CIC¢H4)]
(porphyrin = OEP, DPDME, and PPIX?).

The main characteristic of complex 2, and its analogues with
various porphyrins, is their peculiar electronic spectra with a
weak and broad Soret peak and a visible part (500-700 nm)

—) and of CAT compound | (— « —).
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Figure 2. Comparison between the electronic spectra of HRP compounds
Il (2a, ---) and | (22, —) and those of the complexes Fe[DPDME]-
[C=C(p-CIC¢H4)>][N-methylimidazole] (2b, - - -) and Fe[DPDME]-
[C=C(p-CICsH4)-][Cl] (2b, —).

involving either a peak at ~670 nm (complex 2) or a broad
absorption without any well-defined peak (OEP, DPDME, and
PPIX complexes'!). Such characteristics have been already
reported for & cation radicals of porphyrin complexes of several
metals not including iron.?

As shown in Figure 1b, there is a strong similarity between
the electronic spectra of complexes 2 and 2 and that of cat-
alase compound 1.'2 The electronic spectra of the OEP,
DPDME, and PPIX complexes!! rather resemble that of HRP
compound 1. Figure 2 underlines the analogy between the
electronic spectra of HRP compounds I1 and | and, respec-
tively, of the complexes Fe[DPDME][C=C(p-CICsH,)2]-
[N-methylimidazole]!®> and Fe[DPDME][C=C(p-Cl-
CeHa)-][Cl].

The above results suggest a common formulation [porphy-
rin-Fe=Y]*. for complex 2 and its analogues with other
porphyrins (Y = C=C(p-CIC¢H,),) and for CAT and HRP
compounds I (Y = O). More detailed studies are still necessary
to precisely determine the electronic structure of these com-
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Scheme 1. Possible Structures for Complex 2 (a) and for CAT and

HRP Compounds 1 (b)

o

_I(/v) . J(“l) ;
Cl—Ffe —Y Cl—Fe &Y Fe for iron porphyrin,

@) ¢cT il y |
T= C=C(p.CLl-C H,),
'+

*2uv)

L—Fe—0 L — £d

{
&

&) L-——)Fngo U(—C} L=possible enrdogenous

—_—t

axial ligand frem the
protein

plexes'? (Scheme 1) which should depend upon the nature of
Y, the porphyrin,!4 the possible second axial ligand of iron, and
the heme environment.
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Reactions of Butane and Isobutane Catalyzed
by Zirconium Oxide Treated with Sulfate Ion.
Solid Superacid Catalyst!

Sir:

The synthesis of solid superacids as catalysts has been de-
sired because of many advantages of solid catalyst. We have
succeeded in synthesizing a solid superacid, not containing any
halogen, which can be used at the high temperature up to 500
°C.

In the previous paper,? we reported that remarkable in-
creases in the surface acidity and in the catalytic activity of
Fe,O; were caused by treatment with sulfate ion, followed by
calcination, of Fe{(OH); or Fe,O; prior to the crystallization.
This preparation method of catalyst was applied to other metal
oxides,? and zirconium oxide was found to show the exceed-
ingly high surface acidity, much higher than that of SiO,-
Al,0O; which is well known as one of the solid acid catalysts
with the highest surface acidity.® In the present work, we
studied the catalytic action for reactions of saturated hydro-
carbons which are generally catalyzed by strong acid, espe-
cially superacid such as SbFs-HF and SbFs-FSO;H,3 and
found that the sulfate-treated zirconium oxide is catalytically
active for the reactions of butane and isobutane, even at room
temperature.

The catalyst was prepared as follows. Zr(OH),® was ob-
tained by hydrolyzing ZrOCI»-8H,0 with aqueous ammonium
hydroxide, washing the precipitates, and drying them at 100
°C for 24 h. The treatment of catalyst with sulfate ion was
performed by pouring 30 mL of 1 N H,SO,7 into 2 g of the
dried hydroxides on a filter paper. After drying, the materials
were powdered below 100 mesh, calcined in a Pyrex tube in air
at 500 °C for 3 h, and finally sealed in an ampule until use.

The catalyst prepared in the present manner® showed ac-
tivity for the skeletal isomerization of butane at room tem-
perature. When the reaction was carried out in a recirculation
reactor having a volume of ~170 mL, 0.8 g of the catalyst and
10 mL (NTP) of butane being used, isobutane was produced
in 7% yield for 48 h and 18% yield for 120 h.

Since the present catalyst is calcined at 500 °C,° and hence
can be used up to 500 °C for reaction, the reaction was carried
out at high temperature under the pulse reaction conditions,
where the contact period is quite short. The reaction was car-
ried out in a microcatalytic pulse reactor using a stainless tube
with a fixed bed catalyst (flow rate of He for carrier gas, 3
mL/min; catalyst amount, 0.3 g; pulse size, 0.04 mL). The
catalyst was held in place by a glass wool plug and heat treated
at 400 °C for 1.5 h in the He flow before reaction. Gaseous
reactants were introduced via a syringe pump and passed
through the catalyst bed. Effluent products were directly in-
troduced into a gas chromatographic column for analysis
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