Inorganica Chimica Acta, 197 (1992) 121-124

In
Chimica Aeta
PERLER

A new N,O-donor binucleating ligand
and its first iron(IIl) complex as a
model for the purple acid phosphatases

Ademir Neves*, Sueli M. D. Erthal

Departamento de Quimica, Universidade Federal de Santa
Catarina, 88049 Florianépolis, SC (Brazil)

Valderes Drago

Departamento de Fisica, Universidade Federal de Santa
Catarina, 88049 Floriandpolis, SC (Brazil)

Klaus Griesar and Wolfgang Haase

Institut fiir Physikalische Chemie, Technische Hochschule
Darmstadt, D-6100 Darmstadt (Germany)

(Received January 16, 1992; revised May 12, 1992)

Inrecentyears binuclear iron complexes have received
a great deal of attention since binuclear iron units were
found in the active sites of iron proteins such as
hemerythrin (Hr) [1], ribonucleotide reductase (RR)
[2] and purple acid phosphatases (PAPs) [3]. While
hemerythrin is the best characterized member of this
group [4], the structural, magnetic, spectroscopic and
electrochemical properties of purple acid phosphatases
(PAPs) are yet less well understood [5]- They constitute
a novel class of enzymes that catalyze the hydrolysis
of certain phosphate esters, including nucleoside di-
and triphosphates and aryl phosphates [6]. The active
site of the PAPs isolated from porcine uterus and
bovine spleen consists of a homonuclear diiron complex
with two accessible oxidation states — a catalytically
inactive, purple Fe(III)-Fe(III) form characterized by
typical absorption maxima at A_,,=550 nm, and an
enzymatically active, pink Fe(III)-Fe(II) form which is
blue shifted (Ay..=505 nm) [7]. These bands are as-
signed as being tyrosinate-to-iron(III) charge-transfer
transitions [7]. Resonance Raman spectra of the purple
and pink forms using visible excitation, clearly show
the presence of tyrosine ring modes [8]. The inter-
conversion of the two forms by using reductants such
as ascorbate or dithioerythritol and oxidants such as
ferricyanide and hydrogen peroxide and the similar
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extinction coeflicients found in both states, suggest that
tyrosinate is coordinated to only one of the iron centers,
the non-reducible site [7, 8].

The presence of histidine imidazole is a probable
ligand to both iron centers, as has been demonstrated
by NMR [9] and ENDOR [10] studies.

Despite the preparation and characterization of sev-
eral synthetic analogues, most of the works have focused
more attention on anion interaction with the active
sites [11] and EPR properties [12] of some mixed-
valence Fe(II)-Fe(III) complexes. However, with regard
to the visible chromophore in PAPs, [Fe,O(OBz)-
(HDP),]* [HDP~'=(N-(o-hydroxybenzyl)-N,N-bis(2-
pyridylmethyl) amine)] [13] is the unique example of
a binuclear Fe(IIT)-Fe(III) complex with one phenolate
per iron center, which exhibits a purple colour
(Amax=3522 nm), comparable to those found for the
Fe(III)-Fe(III) enzymes [13]. No redox properties have
been described for this complex.

In this study, we report the synthesis and some
physicochemical properties of the first binuclear iron
complex, which readily shows similar UV-Vis properties
like those observed in the purple and pink forms of
PAPs. Moreover, binuclear iron complexes containing
the (u-alkoxo)(u-carboxylato), structural entity are ex-
ceedingly rare [14].

Experimental

Synthesis of N,N', N, N'-bis{(2-hydroxybenzyl}(2-
methylpyridyl) ]-2-0l-1,3-propanediamine (H;BBPPNOL)

2-OH-SALPN. This compound was prepared by the
method of Mazurek et al. [15].

N, N'-bis(2-hydroxybenzyl)-2-ol-1,3-propanediamine
(H;BBPNOL). To a solution of 2-OH-SALPN (44.6 g;
151 mmol) in methanol (300 ml) was added slowly
NaBH, (2.9 g; 75 mmol) with stirring. The methanol
was removed by rotary evaporation and the sirup ob-
tained was dissolved in chloroform (300 ml), washed
with a brine solution and dried over MgSO,. The
chloroform was removed by rotary evaporation and the
oil obtained was dried under vacuum. Yield 42 g; 70%
with respect to 2-OH-SALPN. '"H NMR (CDCl,; é):
6.7-1.5(m, 8H, phenyl); 3.6-4.3(s, 5H, N-CH,-R and
R,~CH-OH); 2.3-3.0(m, 4H, (N-CH.,),).

H;BBPPNOL. To a solution of 2-(chloromethyl) pyr-
idine hydrochloride (10.8 g; 33 mmol) in water (100
ml), previously neutralized with N(Et), in an ice bath
under argon, was added the diamine H;BBPNOL (10
g; 33 mmol) with stirring. The reaction mixture was
heated (60 °C) and further N(Et); (23 ml; 165 mmol)
was added over a period of 2 h in small portions so
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that the pH never exceeded 10. The red solution was
cooled and extracted with chloroform (3X50 ml),
washed with a brine solution (2 X50 ml) and dried over
MgSO,. The chloroform was removed by rotary evap-
oration and the oil obtained was dried under vacuum.
Yield 14 g; 87% with respect to H;BBPNOL. '"H NMR
(CDCl; 6): 8.9(m, 2H, two phenolic protons), 6.9-8.3(m,
16H, phenyl and py), 3.9-4.4(m, 9H, N-CH,-R and
R,-CH-OH), 2.6-3.0 (d, 4H, (N-CH,),).

Synthesis of [Fe,”(BBPPNOL)(CH,CO,),][PF,]-
0.5CH;0H-0.5CH,Cl, (1-PFy)

To a solution of H;BBPPNOL (2.1 mmol) in methanol
was added Et;N (6.2 mmol), sodium acetate (4.1 mmol)
and Fe(ClO,);-xH,0 (4.1 mmol). The clear deep purple
solution was heated to 50 °C and stirred for 10 min.
After cooling the solution to room temperature, a
microcrystalline precipitate was formed, which was fil-
tered off, and washed with cold ethanol and ether*.
Metathesis with NH,PF; and recrystallization from
CH,OH/CH,Cl, (1:2) affords a complex that analyses
satisfactorily —as  1-PFs.  Anal. Calc. for
Fe,C, H N, O, PECL: C, 44.0; H, 4.1; N, 6.5. Found:
C, 44.6; H, 42; N, 6.1%.

Results and discussion

The IR spectra of 1-PFg shows one »,(COO™) at
1550 cm~* and two »,(COQ ™) at 1450 and 1420 cm ™!
indicating the presence of one symmetrical and one
unsymmetrical carboxylato groups [16]. The large band
at 830 cm™? is attributed to the stretching vibrations
of the PF¢~ anion while the broad band around 3400
cm ™' may be attributed to the »(O-H) band of methanol
of crystallization. The IR spectra of the corresponding
perchlorate salt is quite the same as that of 1-PF,
except for the stretching vibrations of the uncoordinated
ClO,~ anion which are in the 1050-1140 cm ! range.
The molar conductivity of 1-PF, in acetonitrile deter-
mined at 298 K is 153 Q~! cm?® mol ™!, characteristic
of a 1:1 electrolyte [17]. From this information and
from the binucleating character of BBPPNOL?~, com-
plex 1-PF¢ can be formulated as [Fe,(BBPPNOL)-
(CH;COO0),){PF¢]-0.5CH,;0OH-0.5CH,Cl,. In order to
confirm the binuclear formulation, a series of adequate
physicochemical measurements was carried out.

The magnetic susceptibility measurements on a pow-
der sample of 1-ClO, between 4.2 and 284.5 K show
that the two iron(Ill) ions are antiferromagnetically
coupled (Fig. 1). The data were fitted based on an
isotropic Heisenberg model, H= —2JS;-S, (§;=5;=

*Anal. of 1-ClO,. Calc. for Fe,Cy;H3sN,0,,Cl: C, 48.9; H, 4.3;
N, 6.9. Found: C, 47.0; H, 4.0; N, 7.0%.
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Fig. 1. Magnetic susceptibility of 1-ClO, as a function of tem-
perature (@: experimental data) and temperature dependence
of the effective magnetic moment of 1-ClO, (O: experimental
data).

5/2) by using the following parameters: g=2.00 (fixed);
J=—=137(£0.7) cm~; %imp=2.1%+02; 6= —7.0 K.
The antiferromagnetic spin coupling constant of —13.7
cm ™! lies in the typical range for p-alkoxo or u-hydroxo
bridged binuclear Fe(III) complexes [14, 18].

The electronic spectrum of 1-PF, measured in MeCN
solution exhibits features at 327 nm (e=3550 1 mol~!
cm ™~ !/Fe) and 540 nm (e=2200 | mol~! cm™!/Fe). The
lower energy band is assigned by analogy to previously
studied iron-phenolate complexes [19], as being a phen-
olate-to-iron(III) charge transfer (CT) transition. The
higher energy band at 327 nm is also assigned to a
phenolate-to-iron(I11) (CT) transition on the basis of
spectroelectrochemical studies, which show that this
band disappears upon reduction of 1-PF, to the cor-
responding Fe(II)Fe(II) complex.

The zero-field Mdossbauer spectrum of 1-PF, at 115
and 300 K (Fig. 2) shows two overlapping quadrupole
doublets of equal area. The least-squares fits give the
following isomer shifts & (referred to metallic iron at
room temperature) and quadrupole splittings AE, for
Fe, and Fey respectively: §*=0.503; §°=0.502 mm
s™'and AE$=1.27; AE3=0.89 mm s~ ' at 115 K and
& =0386; 8°=0409 mm s™*' and AE5=122;
AEZ=1.00 mms~!at 300 K. These values are consistent
with a high-spin Fe(III)-Fe(IIl) formulation [20] in
agreement with the magnetic results. The large AE,
values for both sites suggest major distortions from
effective octahedral symmetry and are comparable to
those observed for uteroferrin and purple acid phos-
phatase from bovine spleen [8]. From this information,
we suggest that the ferric ions Fe, and Fey in 1-PF;
are inequivalent. In addition, the observed asymmetry
does not change by rotation of the sample with respect
to the incident y-ray, which shows that there are no
texture effects.

The cyclic voltammogram of 1-PFs in MeCN is
illustrated in Fig. 3(a). The complex shows two quasi-
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Fig. 2. Mossbauer spectra of a polycrystalline sample of 1-PF;
at 115 and 300 K.

reversible redox couples at —0.61 and —1.0 V versus
Fc*/Fc, which can be ascribed to the successive redox
reactions of Fe(IIl)-Fe(III)/Fe(1I1)~Fe(II) and
Fe(III)-Fe(II)/Fe(11)~Fe(1I). A large asymmetry of two
iron sites in the redox behavior may partly come from
a structural asymmetry, although both iron sites have
N,O, donor set. The comproportionation constant of
4x10° for the equilibrium [Fe(III)-Fe(IIl)]+
[Fe(I)-Fe(II)] = 2[Fe(III)-Fe(11)], calculated from the
separation of the redox potentials indicates that the
mixed-valence complex is considerably stabilized. Thus,
we have used a spectroelectrochemical study, at the
same conditions as employed in the CV experiments,
to explore the accessibility of the Fe(III)-Fe(Il) an-
alogue of complex 1-PF,. The spectral change for the
reaction of Fe(III)-Fe(11l) to Fe(III)-Fe(Il) is shown
in Fig. 3(b). The E,,= —0.61 V versus Fc*/Fc and
n=1.040.1 electrons values obtained from the Nernst
plot (inset of Fig. 3(b)) are in very good agreement
with the CV results. The maintenance of a strict isobestic
point in successive spectra strongly corroborates for
the presence of a single product throughout the course
of the clectrolysis. However, it is interesting to note
that the reduction of 1-PF; (A,..=540 nm) to the
corresponding Fe(III}-Fe(II) species (Ap.,=484 nm)
is accompanied by essentially no change in the intensity
of the absorption band. To interpret this fact, we
tentatively suggest that the new band at 484 nm is
originated from the overlapping of two (CT) transitions,
specifically the phenolate-to-Fe(III) and the Fe(II)-to-
pyridine transitions. The lack of appearance of any
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Fig. 3. (a) Cyclic voltammogram of 1-PF, in MeCN (0.1 M
[Bu,N][PF,] supporting electrolyte, platinum working electrode,
ferrocene internal standard, scan rate 100 mV s~'). (b) Spectra
recorded during spectropotentiostatic experiment on 1-PF; (0.1
M [Bu/N][PF] in MeCN). Applied potentials in V vs. SCE are:
A: —0.14; B: —0.18; C:—0.22; D:—0.26; E: —0.30; F: —0.38;
G: —-042.

new band in the 300400 nm range supports this as-
signment. A somewhat similar behavior has recently
been reported [21] for the mixed-valence
[Fe™Fe"BPMP(OPr),J** species (BPMP~ =2,6-bis-
[(bis (2-pyridylmethyl)amino) methyl }-4- methylpheno-
late), in which the Fe(II)-to-pyridine (CT) transition
is shifted to higher energy with respect to the phenolate-
to-Fe(III) band.

Based on the IR and Madssbauer spectra, and the
electrochemical data, we can assume that the cation
1 present in 1-PF4/1-ClO, complexes has a binuclear
structure in which the two iron(ITI) Fe, and Fey sites
are inequivalent as shown in Fig. 4. On Fe,, the pyridine
nitrogen is trans to the alkoxo bridge, while a phenolate
is trans on Fegy. One of the carboxylato bridges con-
sequently must be frans to a phenolate on Fe, and to
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Fig. 4. Proposed structure of the cation [Fe,(BBPPNOL)(u-
Ac),]*. The program used was Chem 3D - Mackintosh.

the pyridine on Feg, giving rise to an asymmetrically
bridged entity.

Finally, the Mossbauer and UV-Vis spectral prop-
erties of 1 recall those of the oxidized purple acid
phosphatases. Thus 1 serves as a potential model for
the visible chromophore of these enzymes. Further
studies of such type of dinuclear iron complexes are
under current investigation in our group and will be
the subject of future reports.
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