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A new asymmetric pentadentate ligand was designed to impose
low symmetry to trivalent ions. Five-coordinate Fe3+ and Ga3+

complexes were investigated by crystallographic, electrochemical,
and electron paramagnetic resonance methods showing enhanced
redox reversibility. Calculations were performed to account for the
observed trends.

Several current advances in nanoscience depend on the
development of molecular materials with customized and
controlled properties. Synthetic chemistry plays a unique role
in delivering such materials and molecules that can act as
switches are expected to have significant potential for
information technology.1 Therefore, molecular magnetic
materials are receiving increasing attention,2 when the
requirements of response to an external stimulus and bista-
bility are fulfilled.3 Transition-metal complexes with elec-
troactive ligands able to support the generation and stabili-
zation of organic radicals are of special interest.4 Among
the well-characterized redox-active systems, phenoxyl radi-

cals resulting from phenolate oxidation can be generated in
pseudo-octahedral complexes,5 but the remarkable redox
reversibility seen in biological systems cannot be matched.
In nature the phenolate/phenoxyl couple is bound to five-
coordinate ions, and this environment might be responsible
for the observed redox versatility. Thus, ligand design can
be used to foster unusual geometries in trivalent metal centers
and may enhance stable switching mechanisms. In this
account, we report the design and structural data on five-
coordinate complexes[M III L] containing trivalent iron and
gallium ions surrounded by an N2O3 coordination sphere in
which phenolate groups are capable of supporting the
formation of up to three phenoxyl radicals. Electrochemical
data support an improved reversibility of the ligand-centered
redox processes and suggest that unusual magnetic interac-
tions between metal and radicals may take place.

The new ligandH3L was synthesized according to Scheme
1 and treated with FeCl3 and GaCl3, yielding [FeIII L] (1)
and [GaIII L] (2), respectively. The five-coordination mode
has been observed by electrospray ionization (ESI) spec-
trometry in methanol by both peak position and isotopic
distribution, as well as via elemental analysis in the solid
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Scheme 1. Synthesis of the New N2O3 Ligand H3L

Inorg. Chem. 2006, 45, 955−957

10.1021/ic050809i CCC: $33.50 © 2006 American Chemical Society Inorganic Chemistry, Vol. 45, No. 3, 2006 955
Published on Web 01/06/2006



state, and has been confirmed by electron paramagnetic
resonance (EPR) and single-crystal X-ray diffraction.

X-ray data reveal two independent molecules in the unit
cell of 16 differing slightly in their parameters. The ORTEP
view and selected bond lengths and angles of1 are shown
in Figure 1.

The Fe3+ ion is surrounded by three phenolate oxygen
atoms and two amine nitrogen atoms ofL3-. The oxygen
O2 and O3 and the nitrogen N1 atoms form a trigonal plane
around the metal center, whereas the remaining oxygen O1
and nitrogen N2 atoms lie at the apical positions of the
distorted trigonal bipyramid. Although a trigonal-bipyramidal
geometry was defined, a square pyramid could also be used
to describe the geometry ofL3- around the Fe3+ center
considering the calculated values for the degree of trigonality7

τ ) 0.29 and 0.53 for the two molecules in1. In general,
the Fe-N and Fe-O bond distances are in the range of those
reported for other Fe3+ complexes containing related ligands.8

The molecular structure of2 was also determined9 and shows
a five-coordinate arrangement ofL3- around the gallium ion

(τ ) 0.57) similar to that observed for1. The average Ga-O
and Ga-N bond lengths are respectively 0.026 and 0.066 Å
smaller than the corresponding distances for the iron complex
(Figure S1 in the Supporting Information).

The cyclic voltammogram (CV) of1 (Figure 2) exhibits
a one-electron process atE1/2 ) -1.44 V vs Fc+/Fc, which
is assigned to the FeIII /FeII couple. This value is on average
0.4 V less negative when compared with the metal-centered
process seen for N3O3-FeIII complexes containing three
phenolate groups.10 As expected, no cathodic peak was found
associated with the gallium(III) ion. Nonetheless, two anodic
waves are observed at 0.47 and 0.81 V vs Fc+/Fc for 2, and
three waves at 0.51, 0.77, and 0.99 V vs Fc+/Fc are observed
for 1 (Figure 2). These processes are attributed to the
oxidation of the phenolate groups inL3-, thus generating
phenoxyl radical species.11 The potentials agree with the
observed ligand-centered waves at 0.38, 0.65 and 0.96 (irr)
V vs Fc+/Fc in a six-coordinate iron complex with the tris-
(di-tert-butylphenol)triazacyclononane ligand.10b It is sug-
gested that the more positive wave at 0.78 V for2 (Figure
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Figure 1. ORTEP view of1. Selected bond distances (Å) and angles
(deg): Fe1-O1 ) 1.887(1), Fe1-O2 ) 1.868(1), Fe1-O3 ) 1.871(1),
Fe1-N1 ) 2.148(2), Fe1-N2 ) 2.233(2), C7-N1 ) 1.414(3), O1-Fe1-
N2 ) 158.67(6), O2-Fe1-O3 ) 115.98(6), O2-Fe1-N1 ) 140.92(7),
O3-Fe1-N1 ) 101.09(7), N1-Fe1-N2 ) 77.40(6), O2-Fe1-N2 )
88.75(6), O3-Fe1-N2 ) 92.20(6), N1-Fe-O1 ) 87.96(6), O2-Fe1-
O1 ) 93.15(6), O3-Fe1-O1 ) 105.93(6).

Figure 2. CVs of [FeIII L] and[GaIII L] at 2.0× 10-3 mol L-1 in CH2Cl2
with 0.1 mol L-1 TBAPF6, at 0.1 V s-1 at room temperature using a three-
electrode system (W) carbon, Ref.) Ag/AgCl, Aux. ) Pt wire). Ferrocene
was used as an internal standard (E1/2 ) 0.46 V).
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2c) is an overlap of two redox processes. At-30 °C in
MeCN (Figure S2 in the Supporting Information), this
assignment unfolds in three cathodic waves at 0.52, 0.67,
and 0.89 V vs Fc+/Fc. An attempt to evaluate the reversibility
of the phenolate/phenoxyl couples in1 and2 was performed
by cycling 20 times through the wave associated with the
first ligand-centered process. This cycling simulates a
switching mechanism (Figure 2b,d). No current decay was
detected, thus indicating that decomposition of the generated
species in the time scale of the voltammetry did not take
place. It suggests that the phenoxyl species are stable when
under a five-coordinate geometry in noncoordinating sol-
vents. Only minor current changes were observed when full-
range CVs including all of the anodic processes were
scanned.

The EPR spectrum of1 shows a large signal atg ) 4.26
expected for a high-spin Fe3+-containing species and a small
peak atg ) 8.3 (Figure 3a). The zero-field parametersD
andE are used to assess the electrical symmetry around the
iron center, with the magnitude ofE being found within 0
and |D/3|. A maximum deviation from axial symmetry is
obtained whenE ) D/3. Examination of a series of simulated
spectra with varyingD andE (Figure S3 in the Supporting
Information) suggests that a single peak atg ) 4.26 requires
D g 3000 G andE nearD/3. The turning point seen at about
800 G becomes more prominent whenE is slightly less than
D/3. This spectrum supports a highly distorted nature of the
compound in solution, thus in good agreement with its solid
X-ray crystal structure.

The product of the first oxidation of1 shows a signal at
g ) 2.00 attributed to phenoxyl radical species along with
substantial changes in the shape of the iron-related signal.
A new turning point around 1100-1200 G indicates the
presence of a different Fe3+ site with a lowerE value relative
to D, suggesting increased symmetry, possibly related to six-
coordination. Despite the relative reversibility of post-
electrolysis CVs, the ESI spectrum of the electrolyzed
solution is complex, with new peaks being present along with
1. Although the differences in the intensity and shape of the

Fe3+ signal may imply unusual metal/radical couplings, we
refrain from discussing these interactions at this time. A
signal atg ) 2.00 (Figure 3c) has been observed for the
product of the first oxidation of2 and is attributed to the
formation of a phenoxyl radical.

Density functional theory calculations have been carried
out on 1 and 2 to study the electronic structure of these
compounds and their mono-, bi-, and trivalent cations,
generated upon radical formation. Spin-density plots for1,
1+, and 2+ are shown in Figure 4. An antiferromagnetic
coupling is predicted to be the more stable configuration for
1+. Consistent with the high-spin 3d5 configuration of the
iron(III) center, excessR spin density is centered on the metal
atom for1. The plots for1+ and2+ indicates that oxidation
results in radical formation on the phenolate rings.

A slow conversion of the secondary amine group to the
corresponding imine was observed via ESI spectrometry for
both 1 and 2, as seen recently for similar systems.12 The
characterization of these species and a detailed study on the
EPR properties of these systems will be the subject of a future
paper.

In summary, we have developed a new pentadentate
electroactive ligand capable of stabilizing five-coordinate
iron(III) and gallium(III) complexes. Phenoxyl radicals can
be generated for both compounds, and the first ligand-
centered oxidative process can be reversibly cycled without
apparent structural changes. This result points out the
potential relevance of these compounds as ground-state
switches.
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Figure 3. X-band EPR at 120 K from 1× 10-3 mol L-1 frozen solutions
of 1 before (a) and after (b) electrolysis at 0.60 V vs Fc+/Fc and2 after
electrolysis at 0.65 V vs Fc+/Fc (c), in dichloromethane/TBAPF6 (0.1 mol
L-1).

Figure 4. Spin-density plot for1 (left), 1+ (center), and2+ (right). The
yellow color indicates excessR electron density, whereas the green color
indicates excessâ electron density. Hydrogen atoms were omitted for clarity.
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