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A Mononuclear High-spin Iron(iit) Phthalocyanine
Nagao Kobayashi,*s Masami Koshiyama,2 Kaoru Funayama,? Tetsuo Osa,? Hirofusa Shirai,b and

Kenji Hanabusab

a Pharmaceutical Institute, Tohoku University, Aobayama, Sendai 980, Japan
b Faculty of Textile Science and Technology, Shinshu Unjversity, Ueda 386, Japan

Magnetic susceptibility, e.s.r., u.v. absorption, and m.c.d. spectroscopy have revealed that 4,4,4",4""-tetra-
decyloxycarbonyiphthalocyaninatoiron (1), its monoimidazole adduct (2), and its di-imidazole adduct (3) are
high-spin iron(m), low-spin iron(i), and low-spin iron(i1) complexes, respectively.

It is generally accepted that the oxidation state of iron in iron
porphyrins, both synthesized! and extracted from hemo-
proteins,? is -+11, but that in iron phthalocyanines is +1,%
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(1) no L' or L2
(2) L'=imidazole, no Lz
(3) U'=L2= imidazole

notwithstanding their structural similarity. Accordingly,
iron(in) phthalocyanines have rarely been identified, having
been obtained in tetrasulphonated low-spin form* and in bi-
nuclear u-oxo-species.>® We present here the first example of
a high-spin iron(1r) phthalocyanine, i.e. (1), which undergoes
a high-spin to low-spin transition and reduction from iron(iir)
to iron(11) on ligation of one and two imidazole molecules,
respectively. Complex (1) was obtained from 4,4',4"4""-
tetracarboxy-chlorinated iron phthalocyanine’ by esterifica-
tion with decyl alcohol and subsequent purification by silica
gel chromatography.t It had an effective magnetic moment

T Although (1) is a high-spin iron(1rr) complex no counter-anion
(in our case halide) was detected in the combustion analysis. It is
possible that the atomic charge density at iron is reduced marked-
ly.® Calculations indicate a charge density of +1.33 for iron(ir),
though a figure is not available for iron(1r). In connection with
this problem, we found that the interaction between iron(1ir) in
porphyrins and halide counter-anion depends on the porphyrin
skeleton, decreasing markedly in the order, meso-tetraphenyl-
porphyrin > tetrabenzoporphyrin > (1) (to be published).
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Figure 1. E.s.r. spectra of (1) and (2) in dichloromethane at 10 K,
showing g-values. [(1)] = [(2)] = ca. 1 x 10-2 M.
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Figure 2. (a) Magnetic circular dichroism and (b) absorption
spectra of (1), (2), and (3) in dichloromethane at ca. 20 °C. [(1)] =
[(2)] = [(3)] = 2.65 x 10~% m; magnetic field 1.1 T; path length
of cell 10 mm.

(pert), determined by the use of Evans method,® of 4.4 and 5.0
uz in CH,Cl, and CHCl; at 35 °C, respectively. Along with its
characteristic e.s.r. spectrum!® (Figure 1), these values indicate
that (1) is a high-spin iron(1r) complex.

When imidazole was added to solutions of (1), the forma-
tion of complexes (2) and (3) was confirmed from the u.v.
spectral changes. Under the same conditions as for (1), (2)
has a pesr value of 2.28 uy and the e.s.r. spectrum shown in
Figure 1; these are typical of low-spin iron(iir) porphyrin
derivatives.?1° In contrast, complex (3) gave no e.s.r. signal.

Figure 2 shows the u.v. absorption and m.c.d. spectra of
(1), (2), and (3). Although, it is not always correct to judge
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the oxidation- and spin-states only from u.v. absorption and
m.c.d. spectra, these spectra can be rationalized as follows.
Complex (1) shows near-i.r. bands at 825 and ca. 740 nm. If
we consider the fact that a;,(7), a,u(m) to eg(dm) charge-
transfer (CT) transitions in high-spin iron(ii1) porphyrin
derivatives appear in the 800—1000 nm region,'2~ and com-
pare the energy of the a,(77) orbital in porphyrins, tetrabenzo-
porphyrins, and phthalocyanines,'> the 825 nm band can be
ascribed to the a;y(m) to eg(dm) CT transition. Further, its
m.c.d. pattern in the 700—1000 nm region (i.e. — to + from
the lower-energy side for the 825 nm absorption peak and a
negative trough corresponding to the band at 740 nm) is that
which has been observed commonly among high-spin iron(iir)
porphyrin species.’®* Complex (2) has no absorption peak in
the 800—1000 nm region, but shows peaks at 1085 (e 170) and
1195 (190) nm. This may correspond to a CT transition from
phthalocyanine to iron by analogy with low-spin iron(i)
porphyrins.*?>** Complex (3) shows a new band at 440 nm,
absent from the spectra of (1) and (2), which can be assigned
to CT from iron to imidazole expected in low-spin iron(i)
phthalocyanines'®:'” and porphyrins.’® Also, the m.c.d. spec-
trum is quite similar in shape to that of the diamagnetic bis-
pyridine phthalocyanine.'®

From these observations, we deduce that (1), (2), and (3) are
high-spin iron(m), low-spin iron(i), and low-spin iron(i)
complexes, respectively.

We thank Dr. M. Kozuka, Research Institute of Non-
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