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Two iron porphycene complexes having four trifluoromethyl groups, chloro-2,7,12,17-tetraethyl-3,6,13,16-tetrakis-
(trifluoromethyl)porphycenatoiron(III) [FeCIEtio(CF3)4Pc] and its n-oxo dimer [{FeIHEtio(CF3)4Pc}Z(M-O)], were
characterized. The (-oxo dimer was easily converted into the monomeric iron(Il) complex via the Fe—O bond cleavage
in pyridine. This is the first study to obtain a stable iron(Il) species in a series of porphycene iron complexes. The
iron(I) species crystallized in the monoclinic system C2/m, and the Fe—Npyrigy1 (2.007 A) and Fe-Nyro1y1 (1.958 /D\)
bonds were remarkably short distances among the bispyridine-coordinated iron(Il) porphyrins and porphyrinoids. To
evaluate the influences of the CF3 substituents and framework structure on the autoreduction, we compared the reactivity
of [{FeEtio(CF3)4Pc},(1-0)] in pyridine with the reference iron porphycene and porphyrins. Autoreduction
of [{Fe™Etio(CF3)4Pc},(1u-0)] smoothly proceeded at 20°C in pyridine, whereas the reaction of the j-oxo-bis-
{2,7,12,17-tetraethyl-3,6,13,16-tetramethylporphycenatoiron(Ill)} [{Fe"Etio(CH3)4Pc},(u-0)] was converted into the
monomeric iron(Ill) complex, and the iron(Il) species was not available. In contrast, the (-oxo-bis{1,3,5,7-tetrakis(tri-
fluoromethyl)-2,4,6,8-tetraethylporphyrinatoiron(IIl) } [ { Fe"™ Etio(CF3 )4Por },(14-O)] as a structural isomer of [{Fe™Etio-
(CF3)4Pc}2(1-0)] allowed the autoreduction, although the reaction was very slow and took over one month. These
results indicate that the introduction of strong electron-withdrawing groups at the pyrrole B-carbons exhibits a unique
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reactivity of the iron complex.

It is of particular interest to compare the structure, physico-
chemical properties, and chemical reactivities of metallo-
porphycenes with those of metalloporphyrins, because the
porphycene is a structural isomer of porphyrin with decrease
in its framework symmetry from Dy, to D! According to
the electrochemistry of porphyrin and porphycene, one of the
important characteristics of the porphycene is that the LUMO
energy level of its tetrapyrrole macrocycle is significantly low-
er than that of the porphyrin.>* In contrast, it is well-known
that the introduction of electron-withdrawing groups at the
peripheral position of the porphyrin framework stabilizes its
LUMO energy level of the macrocycle.”® Thus, it seems in-
teresting to introduce electron-withdrawing groups at the pe-
ripheral positions of the porphycene to obtain an electron-de-
ficient macrocycle,'%'# although almost all porphycenes have
only simple alkyl side chains as peripheral substituents such as
methyl, ethyl, or butyl groups on the framework.!>-!7

To further stabilize the LUMO energy level of porphycene,
we have recently prepared the trifluoromethylated porphycene,
2,7,12,17-tetraethyl-3,6,13,16-tetrakis(trifluoromethyl)porphy-
cene, Etio(CF3)4PcH,.'® The four electron-withdrawing tri-
fluoromethyl substituents provided an attractive electron-defi-
cient nature with a dramatically decreased HOMO-LUMO gap

in the porphycene framework. In addition, we initially deter-
mined that its iron p-oxo complex, [{Fe"Etio(CF3)4Pc},-
(u-0)] (1), was readily converted into a monomeric iron(IIl)
species, [Fe"Etio(CF3)4Pc(py),] (2-Py,), via the Fe—O bond
cleavage and then reduced to a iron(Il) complex in pyridine
solution.!"*!® In this paper, we wish to utilize iron porphycenes
without any electron-withdrawing groups, [{Fe™Etio(CHj),-
Pc}>(u-0)] (3) and [Fe™ClEtio(CH3)4Pc] (4-Cl), and the cor-
responding iron porphyrins, [Fe™CIEtio(CF;)4Por] (5-Cl) and
[{Fe"Etio(CF3)4Por}»(1-0)] (6), to discuss the mechanisms
of the unusual fast Fe—O bond cleavage and the following
autoreduction of 1 (Chart 1).'829 Furthermore, we describe
the first example of the crystal structure of the 6-coordinated
iron(I) porphycene complex.

Experimental

Instruments. The 'H and "FNMR spectra were recorded by
a Bruker Avance500 NMR spectrometer. 'H and '°FNMR chemi-
cal shift were reported relative to residual CHCl; (7.24 ppm) and
CFCl3 (0ppm), respectively. The UV—vis spectra were recorded
using a Shimadzu UV-3150 double beam spectrometer with a
thermostated cell holder having a 0.1 °C deviation. The MALDI-
TOF-MS was carried out using a mass spectrometer equipped
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FsC CF3

X=CIl,Y =(none),n=0:
[Fe''CIEtio(CH3),Pc] (4-Cl)

X=Y=Py,n=1:
[Fe""Etio(CH3)4Pc(py),]" (4-Py,)

[{Fe""CIEtio(CHj),Por] (8)

X =Cl,Y = (none), n=0:
[Fe"'CIEtio(CF3),Pc] (2-Cl)

X=Y=Py,n=1:
[Fe'Etio(CF3)4Pc(py)al” (2-Py2)

X=Y=Py,n=0:
[Fe"Etio(CF3)4Pc(py),] (7)

X=Cl,Y =(none),n=0:
[Fe'CIEtio(CF5),Por] (5-Cl)

X=Y=Py,n=1:
[Fe'"Etio(CF3)4Por(py),]" (5-Py2)
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[{Fe"Etio(CHz)4Pc},(1-0)] (3)

[{Fe""Etio(CF3),Por},(u-0)] (6)

[{Fe'"Etio(CHz),Por},(1-0)] (9)

Chart 1.

from an Applied Biosystems Voyager. The electrochemical stud-
ies were performed by BAS Bioanalytical System CV-50W elec-
trochemical workstations with a platinum wire as the counter elec-
trode. A Ag/AgCl (saturated NaCl) electrode obtained from BAS,
Inc., was used as the reference electrode. The working electrode
was a polished disk containing platinum materials.

Chemicals. All reagents and chemicals were obtained from
commercial sources and used as received unless otherwise noted.
For all the measurements, dichloromethane was distilled over cal-
cium hydride prior to use. Pyridine was carefully distilled over po-
tassium hydroxide prior to use. The kinetic studies were carried
out in pyridine and CHCl;3 (1:1 v/v). The dehydrated CHCl; with
amylene added was obtained from Wako Pure Chemical Indus-
tries, Ltd. Tetrabutylammonium perchlorate (TBAP) was recrys-
tallized from ethanol and then dried under reduced pressure prior
to use. Compounds 1 and 2-Cl were prepared in the same manner
as in previous studies.!! The compounds 3 and 4-Cl were prepared

as described in the literature.!” Compound 5-Cl was prepared by a
modified method.!%?

Synthesis of [Fe'ClEtio(CF3)4Por] (5-Cl). To a solution of
10 mg of Etio(CF3)4PorH; in 15 mL of acetic acid was dropwise
added a mixture of 80 mg of iron(II) sulfate and 80 mg of sodium
chloride in 0.2 mL of water and 0.4 mL of pyridine. The mixture
was stirred at 130 °C for 40 min. After cooling to room tempera-
ture, 50mL of CHCl; was added and the solution was washed
with 3M HCI. The organic layer was separated and washed with
water twice. The solvent was evaporated and the residue was
purified with CHCl3 on TLC. The product was isolated in 44%
yield (5mg). 'HNMR (500 MHz, CDCl3) § 33.3 (br s, 8H), 6.3
(br s, 12H), —68.5 (br s, 4H); ’FNMR (470 MHz, CDCl;) § 8.79
(br s); TOF MS (MALDI) m/z calculated for [M — CI]* 748.1;
found 748.4; UV—vis (CHCl3) Amax, nm (&, M~'ecm™!) 369
(26500), 409 (76300), 507 (7600), 535 (5300), 634 (1100).

Synthesis of [{Fe"Etio(CF3)4Por},(#t-0)] (6). Compound 6
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Table 1. Summary of Structure Determination of [Fe'Etio-
(CF3)4Pc(py)2] (7)

Table 2. Selected Bond Distances and Angles for [Fe'Etio-
(CF3)4Pc(py)al (7)

Formula C42 H34F| 2F€N6
Formula weight 906.60
T/K 100(2)
A/A 0.71073
Crystal system Monoclinic
Space group C2/m
Cell constants
a/A 14.1005(17)
b/A 14.8043(18)
c/A 10.0704(12)
B/deg 114.858(2)
V/A3 1907.4(4)
Z 2
Dcalcd/Mg m~3 1.579
(Mo Kar)/mm™! 0.496
Crystal size/mm?> 0.20 x 0.05 x 0.03
0/deg 2.10-26.37
No. of reflection 6177
No. of independent reflection 2028
No. of parameters 150
Data/parameters 13.52
R1? 0.0459
Goodness-of-fit on F? 1.039
wR2Y 0.1056

a) Observation criterion / > 20(1).

was obtained by treating with NaOH (1 M) in CH,Cl, and then
purified by chromatography (Silica, CH,Cl,) to give a brown
solid. The product was isolated in 37% yield. '"HNMR (500 MHz,
CDCl3) § 6.97 (br s, 4H), 6.03 (br s, 4H), 4.88 (br s, 4H), 1.80 and
1.74 (br s, 12H, regioisomer); “FNMR (470 MHz, CDCls) 8§
—47.3 and —47.5 (br s, regioisomer); FAB-MS contains only a
signal of the fragment ion produced by the cleavage of Fe-O
bond; m/z calculated for [M — C3;H4FoNyFeO]t 748.1169;
found 748.1159; UV-vis (CHCl3) Ama, nm (€, M~'ecm™!) 326
(32900), 404 (103000), 569 (9400).

Crystal Structure Determination. A suitable crystal
(0.20 x 0.05 x 0.03mm?) of the 2,7,12,17-tetraethyl-3,6,13,16-
tetrakis(trifluoromethyl)porphycenatoiron(Il) bispyridine complex
[Fe”Etio(CF3)4Pc(py)2] (7) was attached to a glass fiber and trans-
ferred to a Bruker SMART APEX diffractometer with graphite-
monochromated Mo Ko X-radiation (4 = 0.71073 1&), a 2kW
rotating anode generator and a CCD area detector. The data were
collected at 100 or 173 K by a cooled nitrogen gas stream with a
maximum 26 value of 54° in 0.30° oscillations with 32's frame
exposures. The data frames were integrated using SAINT (version
6.45) and merged to give a unique data set for the structure deter-
mination.?! SADABS software was used for the absorption cor-
rections.”? The structure of the complex was solved by direct
methods and difference Fourier synthesis using SHELXS-97 and
SHELXL-97.2% Full-matrix least-squares refinements on F2, using
all the data, were carried out with anisotropic displacement pa-
rameters applied to all non-hydrogen atoms. The hydrogen atoms
were added to the calculated positions and included as riding
contributions with isotropic displacement parameters tied to those
of the carbon atoms to which they were attached. The crystallo-
graphic details for all complexes are presented in Table 1. A
selection of important bond distances and angles is depicted in
Table 2. Crystallographic data for 7 have been deposited with

Bond Distance/ A Angle? Angle/deg
Fe-N(1) 1.9582(19) N(1)-Fe(1)-N(1)#3 180.00(12)
Fe-N(2) 2.007(3) N(D#2-Fe(1)-N(1)#3  81.64(11)
N(1)-C(1) 1.377(3) N(1)-Fe(1)-N(1)#2 98.36(11)
N(1)-C4) 1.366(3) N(1)-Fe(1)-N(2) 90.35(8)
N(D#3-Fe(1)-N(2) 89.65(8)
N(D#1-Fe(1)-N(1)#2 180.0

a) Code of equivalent symmetry positions: #1 —x, y, 1 — z; #2
X, =y, 2, #3 —x, —y, 1 — z.

Cambridge Crystallographic Data Centre, CCDC No. 651038.
Copies of the data can be obtained free of charge via http://www.
ccde.cam.ac.uk/conts/retrieving.html (or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge, CB2
1EZ, UK; Fax: +44 1223 336033; e-mail: deposit@ccdc.cam.
ac.uk).

Kinetic Measurements. All the kinetic measurements were
carried out in mixed solvents of CHCl3 and pyridine (1:1, v/v)
at 20°C. Autoreduction of the porphycenes and porphyrins was
followed by the '"’FNMR and/or UV-vis spectroscopies. The rate
constants of the autoreductions for 1, 2-Cl, and 6 were determined
by analyzing the peak integrations for the iron(IIl) species and
the iron(II) species in the '”’FNMR spectra according to first-order
kinetics law. Furthermore, the rate constants for 1 and 5-Cl were
measured by UV-vis spectroscopy, where the absorbance changes
at 367 nm for 1, and at 415 nm for 5-Cl during the reactions, were
analyzed by the single-exponential kinetics.

Results and Discussion

Synthesis and Characterization of [{Fe!'Etio(CF3)4-
Pc}>(#-0)] (1) and [Fe ClEtio(CF3)4Pc] (2-Cl). The prep-
aration of the iron porphycene 1 was reported in our previous
paper.!! The corresponding monomeric complex 2-Cl was not
available because the formation of the [t-oxo dimer was pref-
erable even under the neutral conditions. After the treatment of
CF;COOH/HClaq for over 30 min at room temperature, the
monomeric 2-Cl was obtained, however, further purification
of the monomeric complex was difficult, because 2-Cl was
easily converted into the (-oxo dimer 1 again in the solution.
The UV-vis spectra of 1 and 2-Cl are shown in Fig. 1 together
with those of the corresponding reference iron porphycenes, 1
and 2-Cl. The Q-band absorptions of 1 and 2-Cl exhibited
significant red shifts compared to those of 3 and 4-Cl in
CH,Cl,. For example, the characteristic Q-band of 2-Cl is lo-
cated at 687 nm, which is 69 nm red-shifted from that of 4-Cl.
These significant red shifts are similar in behavior to a series of
perhaloganoporphyrin iron complexes,?* indicating that the
four trifluoromethyl groups at the pyrrolic S-carbons effective-
ly regulate the electronic properties of the iron porphycene
complexes.

Redox Potentials of Trifluoromethylated Iron Porphy-
cene. The Fe'/Fe'" redox couple of 2-Cl displayed in
Fig. 2 is observed at the potential of —0.02V (vs. Ag/AgCl)
in CH,Cl,. As shown in Table 3, this potential is anodically
shifted by more than 250 mV from that of 4-Cl due to the in-
troduction of the four electron-withdrawing trifluoromethyl
groups, whereas the corresponding trifluoromethylated iron
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a) [{Fe"Etio(CF ) Pc},(4-0)] (1)

absorbance
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wavelength / nm

<) [{Fe"Etio(CH ) Pc},(1-0)] (3)
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wavelength / nm
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b) [Fe”'CIEtio(CFS)APc] (2-cI)

absorbance

T T T T
300 400 500 600 700 800
wavelength / nm

d) [Fe CIEtio(CHa)‘Pc] (4-Cl)

absorbance

T T T T
300 400 500 600 700 800

wavelength / nm

Fig. 1. UV-vis spectra of (a) [{Fe"Etio(CF3)4Pc},(14-0)] (1), (b) [Fe'ClEtio(CF3)4Pc] (2-Cl), (c) [{FeEtio(CH;3)4Pc},(14-0)]
(3), and (d) [Fe™ClEtio(CH3)4Pc] (4-Cl) in CH,Cl,. Each absorption maximum is normalized by setting the highest absorbance

(Soret band) equal to unity.

03 02 0.1 0 01 02 03
potential (V vs. Ag/AgCl)

Fig. 2. Cyclic voltammogram for the Fel/Fe reaction of
[Fe"'CIEtio(CF3)4Pc] (2-Cl) in CH,Cl,, 0.1 M TBAP.

porphyrin, 5-Cl, exhibited the same potential. It is not surpris-
ing that the redox potential of 2-Cl is comparable to that of 5-
CL.% This is the same behavior for the Fe'l/Fe™ redox couple
that is moderately different between 4-Cl and [Fe'CIEtio-
(CH3)4Por] (8). Therefore, the symmetry of the macrocycle
does not have any significant influence on the redox potential.
In any event, the introduction of four trifluoromethyl groups
into the B-pyrrolic carbons of the porphycene ring may stabi-
lize the iron(II) oxidation state.

Table 3. Half-Wave Potentials (V vs. Ag/AgCl) for Metal
Reduction and Oxidation of Iron Complexes in CH,Cl,,
0.1 M TABP at 25°C¥

Ey/p (V vs. Ag/AgCl)

Iron complexes Fell / Fell
2-Cl —0.02
4-Cl (=0.48)E,, (—0.09)E,,
5-Cl1 0.00
8 —0.57

a) Scan rate = 0.1 Vs~

Autoreduction of (t-Oxo Dimer of Iron Porphycenes and
Porphyrins in Pyridine. In our previous study, it was found
that the iron pt-oxo dimer 1 was converted into the monomeric
iron(II) species via the Fe-O bond cleavage in pyridine
under the aerobic conditions.!! The UV-vis spectroscopic
studies demonstrated the conversion from the iron(IIl) 1 to the
iron(Il) form without any intermediate, such as the monomeric
iron(Ill) complex. Furthermore, we have recently monitored
the autoreduction of 1 by '’FNMR spectroscopy, showing that
the signal of 1 at —44.70 ppm assigned to the C'°F; groups
disappeared after 1 day along with the increasing intensity at
—53.21 ppm due to the iron(Il) species. In contrast, no mono-
meric [Fe™Etio(CF3)4Pc(py),]* (2-Py,) was detected during
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Fe-O bond cleavage
X

m—‘ 1+ | §
N’ N’

Fell m
‘ N’ autoreduction
<|3 P Fe'l Fel
Fel /N /N
~ ]
porphycene framework
Scheme 1.

the conversion of 1 to the iron(I) species.?® The autoreduction
product, the iron(I) complex, was also characterized by UV—
vis and '"HNMR spectroscopies and an X-ray structural analy-
sis (vide infra). Based on these findings, we concluded that the
autoreduction of 1 smoothly proceeded after the Fe—O bond
cleavage of the pt-oxo dimer as shown in Scheme 1.

Crystal Structure of the Reaction Product.

Figure 3

presents the molecular structure of the autoreduction product
recrystallized from chloroform including pyridine (1:1, v/v).
The iron porphycene in the monoclinic system with the space
group C2/m has both a crystallographically required 2-fold
axis and a mirror plane of symmetry, with the iron atom at a
symmetry center. Two pyridine molecules coordinated to the
iron atom were found in the complex with an eclipsed con-
formation. The porphycene framework is slightly distorted,
whereas the iron atom is located inside the plane; the displace-
ments of the Cg carbon atoms from the least-squares plane
defined by the four central nitrogen atoms are determined to
be £0.224 and ﬂ:0.313A, and those of Cy and Ceylene are
40.085 and £0.045 A, respectively.

Table 4 displays an informative comparison with the series

of low-spin bispyridine iron(Il) complexes. The magnitudes
of the perpendicular displacements of these carbon atoms
from the plane of the four pyrrolyl nitrogen atoms for [Fe!l-
Etio(CF3)4Pc(py),] (7) are clearly smaller than those of the

iron porphyrin bispyridine complexes with electron-with-

drawing substitutes.'®?”-?® However, as seen in Table 4, the
Fe—Npyridyl (2.007 A) and Fe—Npyrrory1 (1.958 A) bonds in 7 re-

veal remarkably short distances among the bispyridine-co-
ordinated iron(IT) porphyrins.?®-3° Particularly, the short Fe—
Npyridyl bond lengths in 7 suggest that the electron-deficient
iron atom in the porphycene ring having the four strong elec-
tron-withdrawing CF; groups tightly interacts with the pyri-
dine molecule with a strong Lewis basicity. Moreover, the

e " /
38 o o T Bals
=) l
1 AYINATL
Xt LY
IS .= 8
I’ e )
| 1
|
S I
4.2 .1 3 &
td\;&ff- ":’c:— i ‘--.VY
2 G B &

10
(=38!

Fig. 3. ORTEP diagrams of [Fe'Etio(CF3)4Pc(py)2] (7)
with ellipsoids drawn at the 50% probability level.

relative orientation of the two axial pyridine planes of 7 is
quite different from those of the other low-spin iron(II) com-
plexes having electron-withdrawing groups,
known that the bispyridine iron(II) complex of the tetraphenyl-
porphyrin [Fe''(CsHs)4Por(py),] without any electron-with-
drawing groups exhibit a similar eclipsed configuration of

27,28

Table 4. Selected Bond Distances and Angles for Bispyridine-Coordinated Iron(II) Complexes

Fe_prridyl Fe_prt‘rol% blS(py)z relative C(melhylene or meso) C,B R
Iron complexes distance/A  distance/A  orientation/°9 deviation/A® deviation/A?  Reference
7 2.007 1.958 0.0 0.05 0.27 this work
[Fe''(C3F;)4Por(py),]¥ 2.002 1.958 87.5 0.62 0.24 27
[Fe''(CgFs)4BrgPor(py);] 2.012 1.963 68.3 0.11 0.97 28
[Fe'(C¢Hs)4Por(py),]° 2.037 2.001 4.8 0.10 0.25 29

a) [Fe'(C3F;)4Por(py),] = bispyridine-5,10,15,20-tetrakis(heptafluoropropyl)porphyrinatoiron(Il). b) [Fe'(C¢Fs);Brs-
Por(py),] = bispyridine-2,3,7,8,12,13,17,18-octabromo-5,10,15,20-tetrakis(pentafluorophenyl)porphyrinatoiron(II).
¢) [Fe'(C¢Hs)4Por(py),] = bispyridine-5,10,15,20-tetraphenylporphyrinatoiron(Il). d) Defined as the torsional angle be-
tween two planar pyridines. e) Defined as the average value of methylene or meso-carbon atom deviation from the N4
mean plane. f) Defined as the average value of B-carbon atom deviation from the N4 mean plane.

whereas it is
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two pyridine planes as 7.%° It is likely that the four trifluoro-
methyl substituents in 7 produce no serious strain on the por-
phycene framework, and the two axial ligands are consequent-
ly eclipsed in the complex, which features a relatively planar
porphyrin macrocycle.?

In addition, surprisingly, the crystal of the bispyridine—
iron(II) porphycene complex was not oxidized even under
aerobic conditions for over a month, suggesting that the bis-
pyridine complex of the iron(Il) porphycene is extremely
stable.

Kinetic Study of the Autoreduction from Iron(III) u-
Oxo Dimer Complexes. To evaluate the influence of the
CF; substituents and framework structure on the autoreduction
from the iron(Ill) ;-oxo dimers via the Fe—O bond cleavage,

we compared the reactivities of 1 in pyridine with the refer-
ence iron porphycene and porphyrins. Scheme 2 summarizes
the rates of the sequential two-step reactions of the iron por-
phycene and porphyrin compounds. The rate constants depict-
ed in Scheme 2 were determined by the 'H or ?FNMR and/or
UV-vis spectroscopic analyses shown in Fig. 4. First of all, it
is clear that the Fe—O bond cleavages of the (t-oxo dimers of
the iron porphycenes occurred at the initial stage of the reac-
tions are faster than those of the iron porphyrins, regardless
of whether or not there are electron-withdrawing groups at the
peripheral positions of the porphycene framework. It is known
that the equilibrium between the two iron species is shifted to
the pt-oxo dimer in the iron porphyrin chemistry. Therefore,
the unusual equilibrium shifted to the monomeric species,
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10 20 30 40
time /h

absorbance

460 560 660 7(‘)0 S(I)O
wavelength /nm

Fig. 4. UV-vis spectral changes in the autoreduction from
[{Fe"Etio(CF3)4Pc},(14-0)] (1) (blue line) to [Fe'Etio-
(CF3)4Pc(py)2] (7) (red line) in CHCl3 /pyridine (1:1, v/v)
at 20 °C for 45 h. The inset is a plot of In(As — A,) at 367
nm vs. time, where A, and A, stand for the absorbances
at the completion of the reaction and at certain time,
respectively.

i.e., from 1 and 3 to 2-Py, and [FeEtio(CH3)4Pc(py):]* (4-
Py,) respectively, in pyridine supports the facts that the pyri-
dine-ligated monomeric iron porphycenes are thermodynami-
cally more stable than the corresponding (-oxo dimers. This
finding can be explained by the increase in the Lewis acidity
of the central iron atom in the porphycene frameworks;>'3?
the strong binding of pyridine promotes the Fe—O bond cleav-
age. In addition, it is known that the Fe—O bond cleavage of
the -oxo dimer in pyridine is also observed for the iron di-
oxoporphodimethene complex.®

Second, the autoreduction reactivities between 1 and 3 are
quite different. As described above, the Fe—O bond cleavage
and the following autoreduction of 1 smoothly proceeded with
the overall rate constant of 4.3 x 1072h~! in CHCl; /pyridine
(1:1, v/v) at 20°C, whereas the reaction of 3 stopped at the
formation of the monomeric iron(IIT) porphycene, and the dia-
magnetic iron(II) complex was not detected in CDCl;3/pyri-
dine-ds (1:1, v/v) by 'THNMR spectroscopy. The monomeric
iron porphycene with CF3 groups, 2-Cl, was also converted
into the iron(Il) complex with the rate constant of &2 x
107" h~!,3* while 4-Cl as the starting material was not reduced
in CHCl;/pyridine (1:1, v/v). On the other hand, both 5-Cl
and 6 allowed the autoreduction upon dissolution in CHCl3/
pyridine (1:1, v/v) at room temperature. The reaction from
the monomeric species, 5-Cl is much slower by 2-fold than
that observed for 2-Cl, and the overall reaction from the cor-
responding (t-oxo dimer, 6, took over one month.*> Moreover,
neither [Fe™CIEtio(CH3)4Por] (8) nor its p-oxo dimer (9)
showed any reactions in CHCls/pyridine (1:1, v/v). These
findings suggest that the autoreduction of the tetrapyrrole iron
complexes mainly depend on the Fe'/Fe redox potential
in spite of the structure of the macrocyclic ligands, i.e., more
positive the redox potential, more readily the autoreduction
proceeds.

Summary

It is well-known that most iron(I) complexes with a
series of tetrapyrrolic ligands autoxidize to the corresponding

iron(III) species and/or jt-oxo dimers. However, in the present
study, we successfully obtained the clearly stable iron(II) por-
phycene complex linked by four strong electron-withdrawing
groups, CF; substituents, upon dissolution of the correspond-
ing iron(Ill) p-oxo dimer in pyridine. The Fe—O bond cleav-
age and the following autoreduction was also reported by iron
dioxoporphodimethene complex for over one week at room
temperature,>> whereas the present [t-oxo dimer of the iron
porphycene is more readily cleaved and reduced in pyridine
after one day at room temperature. Moreover, to the best of
our knowledge, the crystal structure of [Fe""Etio(CF3)4Pc(py)s]
(7) is the first example of a 6-coordinate low-spin iron(Il) por-
phycene complex, although there is only one report describing
the 4-coordinated iron(II)porphycene without any axial li-
gands.*® The Fe-N,yiqy1 and Fe-Nyyrony bond lengths of our
iron(Il) complex are remarkably shortened as seen in the spe-
cial iron porphyrin with C3F; groups at each meso-position,?’
whereas the structure of the macrocycle and the two axial
ligand configurations are relatively similar to those of [Fe!l-
(CeHs)4Por(py),]. It is concluded that the attractive physico-
chemical property of the present iron porphycene with four
CF; groups is due to the strong Lewis acidic iron atom and
highly positive Fe'/Fe™ redox potential.
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