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Magnetic susceptibility, magnetic circular dichroism(MCD), UV~
visible absorption, and ESR spectroscopy have revealed that spin state
of iron in 1,2,8,9,15,16,22,23-octadecyloxycarbonylphthalocyaninato-
iron(III) dissolved in CH2C12 or CHCl3 changes from high-spin to low-
spin state by the addition of ca. 10 equiv. of tetrabutylammonium-

chloride (Bu4NCl) and/or —bromide(Bu4NBr), (electrolytes).

In order to change spin state of metals in metalloporphyrins and phthalocyanines
from, for example, high-spin to low-spin state, strong bases such as imidazoles and

1,2) In the case of normal

pyridines have generally been utilized for a long time.

iron(III) porphyrins, spin state of the iron transforms

R R from high- to low-spin by the ligation of two molecules

FQ of these bases at the 5th and 6th coordination positions.

= Here, we present the first example of iron(III) phthalo-

,—Pq rq // cyanine, 1, in which the spin state of the iron changes
\F¥9 hq by the addition of electrolytes as Bu4NC1 or Bu,NBr.

4 Complex 1 was obtained from 1,2,8,9,15,16,22,23~

\\ Y. octacarboxy-chlorinated iron phthalocyanine3) by ester-

FQ Pd FQ ification with decyl alcohol in anhydrous pyridine. 1In

order to change 1l's axial ligand from pyridine to Cl1~,

FQ crude 1 was first heated to constant weight in vacuo at

R=COOC1OH21 150 °C and then dissolved in distilled CH,Cl, containing

dry HC1l gas. This solution was imposed on a silica gel

column with absolute CH2C12. The first fraction was col-

lected and brought to dryness. 1In the elemental analysis of thus obtained 1, however,
4)
d.

5)

no halide (counter-anion) was detecte It had an effective magnetic moment(ueff),

of 5.9 and 5.8 Bohr magneton in CH2C12 and

at 35 °C, respectively. Also, 1 showed ESR signals at around g = 6 and 2 in

determined by the use of Evans method,

CHCl3

CH2C12 at 7.5 K6) which is a characteristic of high-spin iron(III) complexes. Thus,
3)
the

though the oxidation state of iron in iron phthalocyanines is generally +II,
above values suggest that 1 is in a trivalent iron high-spin state in CH2C12 or CHC13.
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Fig. 1 Absorption spectral changes
(bottom) observed on addition of Bu,NCI
to 1.75 x 107°M solution of 1 in CH,C1,.
[Bu4NCl]/[]] (mol/mol): 0.030.35;0.70;
1.05;1.4035.0; and 10.0 (dotted Tine).
MCD (top) spectra of 1 in the absence
(solid line) and presence (dotted line)
of [BugNC11/M = 1.75 x 1074, Magnetic
field/T = 1.1.

+
(83}

+50

o

an

Absorption and MCD spectra of 1 can also
be interpreted as an iron(III) high-spin

6] M X 10'f/degree dm3mol']cm']T']

state complex (Fig.l). Namely, as we re-
ported in detail for 2,9,16,23-tetradecyl-
oxycarbonylphthalocyaninatoiron(III)

7)
(2),

[
(=]

b3

the redmost band at 817 nm can be

'5 S assigned to the alu(“) to eg (dm) charge-

i transfer (CT) transitions.8s9)

é Figure 1 includes also the spectral

fg changes which take place when Bu4NCl is

o> added to 1. In the absence of Bu4NC1, 1

's exhibits peaks at 817(e=11800), 738(7900),

N , 650(43700), and 337(41800) nm. When Bu,NC1
W) 0300 5 700 900 is added, this spectrum changes dramati-

Wavelength/nm cally with a set of isosbestic points at

723, 662, 617, 604, 578, 472, 433, 383, and ca. 295 nm, and for [Bu4NC1]/[1] = ca.
10, saturation occurs with new peaks at 690(¢=69000), 617(16800), 552(9700), 410
(17300), and 329(31200) nm. As shown minutely for the reaction of 2 and imidazole,7)
this change appears to correspond to from the high~spin to low-spin transition of 1.
Accompanying this change in electronic absorption spectrum, on the other hand, the
strength of the Soret MCD is greatly intensified. This phenomenon is also consistent
with that observed from iron(III) high-spin to low-spin state transition in iron por-

10) The datum of the magnetic susceptibility also lends support to this con-

11)

phyrins.
clusion. That is, the above final solution gave p of f of 2.1 Bohr magneton at 35 °C,
exemplary for low-spin iron(III) complexes (2.1<p ff<2 8). L
observed by the use of Bu4NBr. In this case also, the condition that [Bu4NBr]/[1]

= ca. 10 was required to attain spin state transition. When this condition was satis-
11)

Similar behavior was

fied, the Haff of the solution became 2.5 Bohr magneton. Spectral changes were,

however, not complete when Bu4NClO4 was employed.

It has been pointed out, in the electrochemistry of metal porphyrins and phthalo-
cyanines, that there is some interaction between metals and electrolytes.lZ) For
example, redox potentials of these complexes vary depending on the concentration of
electrolytes. However, in no case has been found such a drastic influence to produce
spin-state transition. As one of the causes for this phenomenon, we can propose a
very weak interaction between iron in 1 and axial ligand in the absence of extraneous

13)

electrolytes. As summarized in Table 1, 1 reacts with strong bases to form its
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Table 1. Complex formation constants of 1 and bases mono- and subsequently di-
to form its mono-(K]) and subsequently di—base(Kz) base complexes wi:h formation
complexes in CH,C1, at ca. 20 °C @) constants of Z%F (K;s) and
68-145 dm> mol T (K s), res-
Base Ky/M Ko/M . 2
pectively. Then, based on
Imidazole 310; 81 the results of NMR study of
1-Methylimidazole 2106 68 high-spin iron(III) porphy-
4-Dimethylaminopyridine z210 145 rins, XFeP (X = Cl1~, Br ,
. C . 6 - -
4-Aminopyridine Z10 and I), which showed that
a) Estimated in a manner reported previous]y.7) the greater the extent of

dissociation of X the larger

the Kl/K2 ratio becomes,14)

it is concluded that Fe-X bond in 1 is very weak. There
is another fact which may support the weak Fe-X interaction in 1. Namely, it is known
that tetrabenzoporphinatoiron(III) is, in many respects, a compound situating between

15) And, Fe-Cl  interaction

normal iron(III) porphyrins and iron(III) phthalocyanines.
decreases markedly on going from meso-tetraphenylporphinatoiron(III) chloride to
tetrabenzoporphinatoiron(III) chloride. Since, as mentioned above, no counter-anion
could be detected in the combustion analysis of 1, it is difficult to measure the
strength of its Fe-X interaction. However, the above fact "suggests" that Fe-X bond
in 1 is very weak, if present at all. Under such condition, the access of electrolyte
molecule to iron, i.e. the coordination of extraneous ligand(s) to iron would become
easier, thereby facilitating the spin-state change.

Thus 1 is the first example which shows spin-state transition by the addition

of electrolytes in the metalloporphyrin and metallophthalocyanine family.
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