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A Combined Experimental and Theoretical Study on Bis(pu-alkoxo)diiron(III)
Complexes with Hydroxybenzylaminoethanol [O,N,O] Donor Ligands:
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Three new neutral bis(u-alkoxo)diiron(Ill) complexes were
prepared from N(R),N-(2-methylene-4,6-di-tert-butylphen-
ol)aminoethan-1-ol ligands (H,L1, R = Me and H,L2, R = H).
In these complexes, the ligand wraps around the metal cen-
ter exhibiting a tridentate facial coordination mode with alk-
oxo-bridging oxygen, amine nitrogen and phenoxo oxygen
donor atoms. In the complex [Fe(acac)L1],:MeCN (1) acetyl-
acetonato coligand complete the distorted octahedral coordi-
nation spheres of the iron(Ill) ions, whereas in the five-coor-
dinate iron(Ill) chloride complexes [FeCIL1], (2) and

[FeClL2], (3) the ligands induce a geometry that is intermedi-
ate between square pyramidal and trigonal bipyramidal.
Magnetic studies carried out on these dinuclear complexes
showed that J values vary from —16.1 to —-29.6 cm™'. Both ex-
perimental and theoretical DFT studies address a strong
magneto-structural correlation between the exchange cou-
pling constant and the Fe—-O-Fe angle of the complexes. The
crossover point from antiferromagnetic to ferromagnetic cou-
pling is predicted to be 100.4° for this family of N(R),N-(2-
methylene-4,6-di-tert-butylphenol)aminoethan-1-ol ligands.

Introduction

Oxygen-bridged diiron(III) complexes have attracted
much attention during the last few decades due to their bio-
logical relevance as functional and structural models for
various non-heme proteins such as hemerytrin and methane
monooxygenase.'! Because of these bioinorganic implica-
tions, oxygen-bridged diiron(III) complexes have been the
subject of many magnetic studies aimed to establish mag-
neto-structural correlations. Thus, a nice correlation was es-
tablished by Le Gall et al. between J and the Fe-O-Fe an-
gle for a family of planar binuclear Fe(O),Fe complexes
with B-diketonate-alkoxide peripheral ligands.?l However,
other oxygen-bridged diiron(III) complexes do not obey
this correlation. The same can be ascribed for the semiem-
pirical correlation established by Gorum and Lippard®™ and
further refined by Haase et al.l* between J and the coupling
distance P, defined as half the shortest superexchange path-
way between the two Fe'l ions. More recently, Haase et
al.™ obtained an equation applying the angular and radial
overlap model, that, however, did not improve the J values
calculated by the semiempirical Gorum and Lippard’s
equation. It seems that the success of a particular equation
is tied to the nature of the oxygen-bridged diiron(III) com-
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plexes. In view of this, we decided to prepare three new
examples of dialkoxo-bridged diiron(III) complexes with
two closely related hydroxybenzylaminoethanol polydentate
ligands (Figure 1) and different anionic ancillary ligands
(acetylacetonate and chloride anions). The aim is to investi-
gate if the correlation between J and either the Fe-O dis-
tance or the Fe-O-Fe angles could be operative in this fam-
ily of compounds. These results might help to know which
are the most important factors governing the value of J
in each type of alkoxo-bridged diiron(III) complexes. This
information would be very useful to deliberately prepare
Fe, “molecular bricks” with predefined magnetic proper-
ties, which could be used in the construction of high nu-
clearity clusters that eventually could exhibit single-mole-
cule magnet (SMM) behaviour.!
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Figure 1. Schematic representation of ligands H,L1 and H,L2.

Results and Discussion

The N(R),N-(2-methylene-4,6-di-zert-butylphenol)amino-
ethan-1-ol ligands H,L1 (R = Me) and H,L2 (R = H) were
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prepared by a novel solvent-free Mannich-type condensa-
tion reaction. The flexible backbone of these hydroxybenz-
ylaminoethanol polydentate ligands should allow more ver-
satile coordination chemistry than their more frequently
used Schiff’s base counterparts. When fully deprotonated,
these ligands could act as tridentate anionic ligands capable
to coordinate iron(I1I) ions in a chelating/bridging fashion.
When H,L1 and H,L2 were allowed to react with either
Fe(acac); and/or FeCls, the bis(p-dialkoxo)diiron(IIT) com-
plexes [Fe(acac)L1],>MeCN (1), [FeLl], (2) and[FeCIL2],
(3) were obtained in moderate yields. In addition, few crys-
tals of complex 4S (Figure S1) were obtained when the
solution of ligand H,L3 (Figure S1) and Fe(acac); was
evaporated to dryness. The attempts to prepare this com-
pound on a larger scale were unsuccessful; hence other ex-
perimental data of the compound are absent. A detailed
description of the syntheses of 1-3 can be found in the Exp.
Section.

Solid State Structures of Complexes 1-3

The molecular structure of complex 1 is shown in Fig-
ure 2 and the relevant bond lengths and angles are pre-
sented in Table 1. The complex 1 consists of neutral
[Fe(acac)L1], molecules of C; symmetry and a non-coordi-
nating acetonitrile molecule per each dinuclear iron(III)
unit. The fully deprotonated L1?~ ligand wraps around the
metal center exhibiting a tridentate facial coordination
mode with alkoxo-bridging oxygen, amine nitrogen and
phenoxo oxygen donor atoms, leading to a [Fe(p-alk-
0Xx0),] rhombus-shaped core. The oxygen donor atoms of
the acetylacetonato coligand complete the distorted octahe-
dral FeOsN coordination environment of each iron(III) cen-
ter. The distortion from the octahedral geometry is mainly
caused by the strained five-membered ring formed by the
metal center and the -N-CH,—CH,—O- fragment of the li-
gand [bite angle of 77.8(1)°], which forces the N8—Fel-02!
angle to bend over 25° from the optimal value of 180°. Fe—
O(acac) bond lengths are comparable to those found in
Fe(acac); species!® with slightly longer values for Fe-O3

Figure 2. Molecular structure of [Fe(acac)L1], unit in (1); sym-
metry operation i: 1 — x, 1 — 3, 1 — z. Thermal ellipsoids are drawn
at 30% probability level; hydrogen atoms and non-coordinating
acetonitrile molecule are omitted for clarity.
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(trans to Fe-Ol bond) than for Fe-O4 (trans to Fe-O2
bond), thus indicating a stronger Fe-O(phenolate) bond in-
teractions in comparison to the Fe-O(ethanolate bridging)
bond. In general, the Fe-O, Fe-N bond lengths and Fe-Fe
separation are in good agreement with earlier studies.”)

Table 1. Selected bond lengths [A] and angles [°] for 1.14]

Fel N8 2.195(3) Ol Fel-02  102.7(1)
Fel-Ol 1.901(3) 02 Fel-020  76.7(1)
Fel-O2 2.028(3) N§-Fel-02 77.8(1)
Fel-02i 1.964(3) N§-Fel-02  154.3(1)
Fel-03 2.093(3) Ol Fel-021  99.1(1)
Fel-O4 2.003(3) Fel-02 Feli  103.3(1)
Fel Fel! 3.1311(9)

[a] Symmetry operation i: 1 —x, 1 —y, 1 —z.

Complex 2 crystallizes in the monoclinic space group
P2,/c, with two halves of distinct dinuclear iron(I1T) com-
plexes in the asymmetric unit forming neutral centrosym-
metric [FeCIL1], molecules in the unit cell. Although there
are small differences in the geometrical parameters around
the two different Fe-centers, the coordination spheres and
most of the bond lengths and angles are similar, hence
structural discussion concentrates on the Fel-Fel! centro-
symmetric unit depicted in Figure 3 (a). The selected bond
lengths and angles are presented in Table 2.

Figure 3. (a) molecular structure of one [FeCIL1], unit in 2; sym-
metry operation i: 1 — x, -y, 2 — z. (b) Molecular structure of one
[FeCIL2], in 3; symmetry operation i: —x, 1 — y, 1 — z. Thermal
ellipsoids are drawn at 30% probability level and all hydrogen
atoms are omitted for clarity.

The tridentate bridging L1>~ ligand settles around the
metal ion in the same manner as in complex 1 forming two
alkoxo bridges between the two iron(III) centers. A chloride
anion occupies the vacant site producing a neutral complex
where each iron atom exhibits a FeNO;Cl coordination en-
vironment with a geometry intermediate between trigonal
bipyramidal (TBPY-5) and square pyramidal (SPY-5). To
estimate the distortion of the coordination polyhedron, the
1991
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Table 2. Selected bond lengths [A] and angles [°] for 2a, 2b, 3a and
3b.[al

2a 2b 3a 3b

Fe N8 2.192(2)  2.179Q2)  2.134(7) 2.146(7)
Fe Ol 1.822(2)  1.8352)  1.831(5) 1.834(5)
Fe 02 1.955(2)  1.94922)  1.974(5) 1.948(5)
Fe-02ib] 1.9972)  1.986(2)  1.977(5) 1.969(5)
Fe Cll 2215509)  2.218(1)  2.255(2) 2.237(3)
Fe Fei 3.1376(5)  3.1128(6)  3.143(2) 3.125(2)
Ol Fe-02  122.0409)  121.559) 119.9(2) 123.92)
02 - Fe- 02  7487(8)  75.46(9)  74.6(2) 74.2(2)
N8 Fe-02 78.758)  79.51(9)  77.8(2) 79.3(2)
N8 Fe 021 153.19(8)  154.0509) 152.4(2) 153.3(2)
Ol-Fe-02  100.93(9)  96.1609)  103.5(2) 100.9(2)
Fe-02-Fe  105.13(9)  104.5(1)  105.4(2) 105.8(2)

[a] The numbers under 2a, 2b and 3a, 3b are related to the bond
parameters around Fel and Fe2 molecules in the asymmetric unit.
[b] Symmetry codes i for 2a, 2b, 3a and 3bare 2 — x, 1 -y, 2 — z;
l-x,»2-z1-x,-y,1-2z —x, 1 -y 1 -z respectively.

method of Addison and Raol®! was used to calculate the ¢
values for the metal centers. The analysis of the coordina-
tion sphere of the complexes units in 2 around Fel and Fe2
units gives 0 values of 0.54 and 0.52, respectively, which
indicate that the geometry is almost at the middle of the
TBPY-SPY deformation pathway. In the SPY-5 description,
the 02, 02", N8 and Ol atoms are located in the basal
positions whereas the chloride anion occupies the apical po-
sition. On the other hand, in the TBPY-5 description, the
equatorial positions are occupied by the O1, O2 and Cl
atoms and the axial positions by the N8 and O2i atoms.

Complex 3 crystallizes in the centrosymmetric triclinic
space group P1 (Figure 3, b). Selected bond lengths and
angles are presented in Table 2. The molecular structure of
the two dinuclear units in 3 is quite similar to those in 2.
As in 2, the geometry of each FeNO;Cl coordination poly-
hedron is intermediate between TBPY-5 and SPY-5 (6 =
0.49 and 0.54 for Fel and Fe2, respectively).

In complexes 1-3 the intermolecular interactions are
minimal due to the presence of bulky fert-butyl substituents
in the phenyl rings of the ligands. Thus, neither hydrogen
bonds nor w-7 interactions are present in the complexes and
the interdinuclear Fe--Fe distances are in general over 7 A.

Magnetic Properties

The temperature dependence of y\7T (yn is the molar
magnetic susceptibility per Fe, unit) of 1-3 in the range
300-2 K are shown in Figure 4. The y\ T product at room
temperature (6.59, 6.29 and 5.9 cm*mol ! K for 1, 2 and 3,
respectively) is lower than that expected for two uncoupled
S = 5/2 with g = 2.0 (8.75 cm®*mol ! K), thus indicating the
existence of a moderate to strong antiferromagnetic cou-
pling in these compounds.

The yy vs. T plots show a wide maximum in the 55-85,
80-120, and 100-125 K range for 1, 2 and 3, respectively.
Below the temperature of the maximum, yy; decreases with
decreasing the temperature and, in the case of 2 and 3, at
very low temperature, y,; increases, which indicates the
1992
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Figure 4. Temperature dependence of the yy7 for 1-3.

presence of a small amount of paramagnetic impurity. This
behaviour supports the antiferromagnetic interaction be-
tween the iron(I1I) atoms leading to an S = 0 ground state.
Magnetic susceptibility data were analyzed with the iso-
tropic Hamiltonian H = —JS.S, + gf(S; + S;)H. The energy
levels derived from this Hamiltonian were introduced in the
van Vleck equation to obtain the following theoretical
Equation (1).

Ng’ 3 2expx +10cexp3x + 28exp6x + 60cxp10x + 110exp15x 1
=P8 L 20px e P ; PIX (| )+ 2.1875¢°
kT 143expx+5Sexp3x+7expbx+9explOx+llexplsx
)]

A p parameter was included in the theoretical equation
to account for the percentage of paramagnetic impurity.
The best fit of the experimental data to the theoretical
equation led to the following parameters: J = —16.1(1) cm™!
and g = 2.001(3) for 1, J = —27.2(5) cm™! and g = 2.15(1)
and p = 0.003(2) for 2 and J = -29.6(2) cm™! and g =
2.105(4) and p = 0.0041(5) for 3. The J values for 2 and 3
are among the highest found for bis(pu-dialkoxo)diiron(I11)
complexes.™

DFT calculations of the magnetic exchange coupling car-
ried out on the molecular structures as found in the solid
state predicts J values for 1-3 (see Table 3) which are close
to those obtained from the experimental susceptibility data.
The calculations were performed also for complex 4S and
the obtained values are in line with the similar complex 1
(Table S1). J values are calculated taking into account that
the difference between the high-spin state (of multiplicity
11) and the broken-symmetry singlet state is equal to —15J.

Table 3. Calculated and experimental J values for 1-3.

Jear [em™] Jep [emr'] Fe-O-Fe [] Fe-O,, Al [ Joqifem™ 1

1 -158 -l6.1 103.33 1.996 21 -9.64

2 2150 272 104.54 1.9675 25 -143
~23.301 105.13 1.9760 148 -12.7

3 2650 -29.6 105.41 1.9755 1.9 128
~28.90b1 105.83 1.9585 10.5 -16.2

[a] Dinuclear unit a. [b] Dinuclear unit b. [c] Values obtained from
Equation (1).

In 1991, Gorum and Lippard®! were able to establish a
semiempirical correlation for dinuclear oxygen-bridged
iron(ITT) complexes with double or triple bridges (OR",
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OPh-, OH and three-atomic bridging anions of the type
0,X" like acetate, nitrate, etc.). They showed that the ex-
change coupling constant, J, could be correlated with the
half of the length of the shortest Fe-O-Fe bridge in the
complex (P) as follows [Equation (2)]

J = Aexp[BP(A)] 2

with 4 = -8.763 X 10'° cm ' and B = —12.663 A!. Later on,
using an expanded collection of data for double oxygen-
oxygen-bridged dinuclear iron(I1I) complexes, Haase et al.l
obtained the following improved coefficients (4 =
~1.08 X 10"* cm! and B = -13.9 A~"). However, J values for
bis(p-hydroxo) and bis(p-alkoxo)diiron(III) complexes were
not well reproduced by Equation (1). In view of this, Haase
et al.,® following a strategy previously used by Weihe and
Giidel for single-oxo-bridged diiron(IIT) complexes,® ob-
tained an equation that takes into account a radial as well
as an angular dependence of the exchange parameter for
symmetrically bridged complexes. However, application of
this angular and radial overlap model did not improve the
J values calculated by the semiempirical Equation (2).
Therefore, they concluded that the magnitude of the Fe-O—
Fe angle had not any noticeable influence on the exchange
coupling. This fact was explained by considering that, for
the spherical distribution of the high-spin d* ions, the angu-
lar dependences of the overlap integral for the several ex-
change pathways in the dinuclear iron(III) complex com-
pensate each other in such a way that the resulting exchange
interaction shows no pronounced angle dependence. In
view of this, we have used the improved 4 and B values into
Equation (2) to determine the J values for 1-3. However,
the calculated values (see Table 3) are far from the experi-
mental ones. It should be noted that for planar double-
bridged Fe(OR),Fe complexes, such as 1-3 the exchange
pathway involving the d,. »/d,. . orbitals should be the
most effective in mediating the magnetic exchange interac-
tion. In this case, not only the Fe-O distance but also the
Fe-O-Fe angle should have a significant influence on the
magnetic exchange coupling. We have found, by analyzing
a large amount of planar Fe(OR),Fe complexes, that there
exists a correlation between the Fe—O distance and the Fe—
O-Fe angle: the smaller the Fe-O-Fe angle the longer is
the Fe-O distance. Complexes 1-3 follow this trend as can
be observed in Table 3. If these two structural parameters
are correlated, in principle, it should be possible to establish
a magneto-structural correlation based on one of these
structural parameters. Thus, even though the calculated J
values and the average Fe—O distances for 1-3 data can be
fitted to a straight line (Figure 5), the > = 0.72 value is
not good. There exists, however, a good linear relationship
between the calculated J values and the Fe—O-Fe angle val-
ues with > = 0.97.

This result shows that for this family of planar Fe(OR),-
Fe complexes the main structural factor governing the sign
and magnitude of the magnetic exchange coupling is the
Fe-O-Fe angle. It should be noted that neither the 7 angle
[out-of-plane shift of the carbon atom with respect to the
Fe(O),Fe plane] nor the Fe:--Fe distance seems to have any
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Figure 5. Plots of the calculated J vs. the average Fe-O distance
(top) and the Fe-O-Fe angle (bottom). Calculated and experimen-
tal values are represented by circles and triangles, respectively.

clear influence on the magnetic exchange coupling. More-
over, as expected from the spherical distribution of high-
spin d? ions, the coordination geometry of the iron(IIl) ions
(distorted octahedral for 1 and intermediate between
square-pyramidal and trigonal-bipyramidal for 2 and 3) has
not any direct effect on J either. From the linear correlation
between J and the Fe-O-Fe angle, the crossover point from
AF to F interactions is predicted at 100.4° for this family
of N(R),N-(2-methylene-4,6-di-zert-butylphenol)amino-
ethan-1-ol ligands. It should be noted that there exists also
a good linear relationship between the experimental J val-
ues and the Fe-O-Fe angles, also with > = 0.97 (see Fig-
ure 5). Notice that in two cases, compounds 2 and 3, the
Fe-O-Fe angle actually is the average value for two crystal-
lographically independent molecules, which may introduce
some degree of uncertainty in the J vs. Fe-O-Fe corre-
lation. We and others have previously found that for planar
bis(phenoxo)-bridged copper(Il) complexes the main struc-
tural factor governing the sign and magnitude of the mag-
netic exchange coupling is the Cu-O—Cu angle.['*]

As far as we know, no examples of ferromagnetic cou-
pled planar Fe(OR),Fe complexes have been reported so far
that could support that prediction. Nevertheless, the fact
that the experimental and calculated J values for the com-
plex [Fe,(bbpnol),] [Hsbbpnol = N, N-bis(2-hydroxybenzyl)-
2-hydroxy-1,3-propanediamine]™ 4 (Joy, = —2.2cm™! and
Jeal = —3.9 cm 1), which contains a ligand similar to those
existing in complexes 1-3 and a smaller Fe-O-Fe angle
(101.1°), fully obey the J vs. Fe-O-Fe linear relationships
depicted in Figure 5 (the correlation is improved on con-
sidering also the structure 4S: 72 = 0.99 for both experimen-
tal and calculated J values and the crossover point from AF
1993
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Table 4. Spin density for compounds 1-3.

Fel Fell 02 02 Ol oli N8 N§i Cll Clli O3acac  Odacac
1 +4.2010 -4.2010 +0.0193 -0.0194 +0.2167 -0.2168 +0.0934 -0.0934 - - +0.0760 -0.0760
2a +4.0953 -4.0952 -0.0414 +0.0414 +0.2635 -0.2635 +0.1031  -0.1031 +0.2213 -0.2213 - -
2b  -4.0827 +4.0827 +0.0387 -0.0384 -0.2769 +0.2766 -0.1036 ~ +0.1036  -0.2208 +0.2208 - -
3a -4.0865 +4.0865 +0.0285 -0.0286 -0.2827 +0.2831 -0.1074  +0.1074  -0.2124 +0.2122 - -
3b —4.0913 +4.0912 +0.0275 -0.0278 -0.2719 +0.2723 -0.0972  +0.0972  -0.2273 +0.2273 - -

to F interactions remains at 100.4° for the calculated J val-
ues) seems to support the goodness of the predicted cross-
over point value for this family of complexes containing
hydroxybenzylaminoethanol ligands.

The calculated spin density for the ground singlet state
of 1-3 are given in Table 4 (the spin density for 1 and 2 are
shown in Figure 6, whereas the spin density for 3, which is
very similar to that of 2 is given in the Supporting Infor-
mation) and offer information on the electronic structure
and the mechanism of the magnetic exchange interaction.

Figure 6. Calculated spin density distribution for the singlet
broken-symmetry state of 1 (top) and 2a (down). Light grey and
dark grey shapes correspond to positive and negative spin densities,
respectively. The isodensity surface corresponds to a cut-off value
of 0.002 e bohr=.

The shape of the Fe' atoms is quasi spherical as ex-
pected for a set of five d orbitals with one unpaired electron
on each. The sphere is somewhat flattened in the directions
of the metal-ligand bonds and small spin densities of the
same sign appear on the ligands. This loss of sphericity at
the Fe'" atoms is the result of the smaller spin density at the
e, orbitals than at the t,, orbitals, which is a consequence of
the significant spin density delocalization for the o-type e,
orbitals to the donor atoms of the ligand.l''l As expected,
the delocalization is more important for the atoms directly
bound to the Fe''! atoms. Nevertheless, the spin density de-
localized on the oxygen atoms of the bridging region is al-
ways significantly smaller than those on the phenolate oxy-
gen atoms and chloride ligands. Anyway, the spin density is
mainly found at the metal, as expected if they are the mag-
1994
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netic centers. It should be noted that the spin density on
the Fe''l ions in 1 is higher than in 2 and 3, which indicates
that the spin density is less delocalized for the former. This
is in agreement with the fact that compound 1 exhibits the
smaller AF coupling.

Conclusions

We have prepared three novel dinuclear p-dialkoxo-
bridged iron(III) complexes and examined their solid-state
structures and magnetic properties. We have found that a
magneto-structural correlation exists between both the ex-
perimental and calculated J values and the Fe—O-Fe angle
for these complexes. It should be noted that such a strong
correlation does not exist with other structural parameters
(e.g. Fe-O or Fe-Fe distances), hence the main structural
factor governing the magnetic exchange coupling between
planar Fe(OR),Fe complexes is proven to be the Fe-O-Fe
angle. The crossover point from AF to F interactions is
predicted at 100.4°. It should be noted that no examples of
ferromagnetic coupled planar Fe(OR),Fe complexes have
been reported so far that could support that prediction.
Therefore, experimental efforts aimed to prepare this kind
of compounds are required. The use of the same family of
N(R),N-(2-methylene-4,6-di-tert-butylphenol)aminoethan-
1-ol ligands together with bidentate anions (acetate, benzo-
ate, etc) that can also bridge the iron(I1I) ions, may lead to
planar Fe(OR),Fe complexes with smaller Fe—-O-Fe angles
and ferromagnetic exchange interactions. Work along this
line is currently undertaken in our lab.

Experimental Section

General: Starting materials for all syntheses were purchased from
Aldrich, Merck or Riedel and were of reagent grade and used as
received. Solvents were of HPLC grade and dried with 4 A molecu-
lar sieves prior to use. All syntheses were performed under ambient
laboratory atmosphere. Fe(acac); was prepared according to litera-
ture.l'”? The NMR spectra of the ligands were recorded with a
Bruker Avance DPX 250 FTNMR spectrometer. The 'H NMR
spectra were recorded in CDCl; at 30 °C. The chemical shifts are
reported in ppm and referenced internally by using the residual
protic solvent resonances relative to tetramethylsilane CDCI: ¢ =
7.26 ppm. Elemental analysis was performed by using a Vario El I11
elemental analyzer. HPLC measurements were made with a Perkin—
Elmer series 200 equipment [column: Phenomenex Luna 5u C18
250 X 4.60 mm, solvent: 97.5% methanol, 2% water and 0.5%
tris(hydroxymethyl)aminomethane, flow rate 2mL/min, A =
254 nm]. Single-crystal X-ray measurements were performed by
using an Enraf Nonius Kappa CCD area detector diffractometer
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with the use of graphite monochromated Mo-K, radiation. Vari-
able-temperature (2-300 K) magnetic susceptibility measurements
on polycrystalline samples were carried out with a Quantum De-
sign Squid MPMSXL-5 device operating at 1 T from room tem-
perature to 50 K and at 0.05 T from this latter temperature to 2 K.
The experimental susceptibilities were corrected for the diamagne-
tism of the constituent atoms by using Pascal’s tables.

Ligand and Complex Synthesis: Ligands H,L1 and H,L2 were syn-
thesized following a general procedurel'?! as follows: 11 mmol of
2,4-di-tert-butylphenol, 11 mmol of paraformaldehyde and
10 mmol of the corresponding amine (N-methylethanolamine or 2-
aminoethanol, respectively) were placed in a partially closed reac-
tion vial. The vial was kept in thermal oven (120 °C) and the reac-
tion was monitored with HPLC. When the reaction finished
(judged by disappearance of the starting materials by HPLC) the
formed yellow oil was dissolved in acetonitrile. Concentrated
HCl(aq.) was added to the solution until the corresponding ligand
hydrochloride precipitated. The precipitate was filtered, washed
with acetonitrile and neutralized with NaHCOj; (aq.) to yield the
N(R),N-(2-methylene-4,6-di-zert-butylphenol)aminoethan-1-ol ~ li-
gand.

H,L1: Yield 2.51 g (86%), '"H NMR (250 MHz, CDCI3): 6 = 1.30
[s, 9 H, aryl-C(CHs)3], 1.43 [s, 9 H, aryl-C(CH3);], 2.40 (s, 3 H,
NCH;), 2.68 (t, 2 H, NCH,CH,OH), 3.75 (s, 2 H, aryl-CH,-N),
3.78 (t, 2 H, NCH,CH,OH), 6.84 (d, 1 H, ArH3), 7.24 (d, 1 H,
ArHS) ppm.

H,L2: Yield 1.43 g (51%), '"H NMR (250 MHz, CDCI3): 6 = 1.29
[s, 9 H, aryl-C(CH;)s], 1.43 [s, 9 H, aryl-C(CH3)3], 2.86 (t, 2 H,
NCH,CH,0H), 3.78 (t, 2 H, NCH,CH,OH), 4.00 (s, 2 H, aryl-
CH,-N), 6.88 (d, 1 H, ArH3), 7.24 (d, 1 H, ArH5) ppm.

[Fe(acac)L1],;MeCN (1): Complex 1 was prepared by dissolving
H,L1 (1.0 mmol) and Fe(acac); (1.0 mmol) in 40 mL of dry aceto-
nitrile. The dark red solution was stirred until all starting materials
dissolved. The resulting solution was kept at room temperature for
1 week, leading to brown X-ray quality crystals. The crystals were
filtered off and dried in air; yield 90 mg (10%). CsgH;5Fe,N3Og
(933.81): caled. C 61.74, H 8.10, N 4.50; found C 61.24, H 791, N
4.27.

[FeCIL1];, (2): Complex 2 was prepared by mixing with continuous
stirring a solution of H,L1 (147 mg, 0.5 mmol) in 30 mL of aceto-
nitrile with another solution of FeCl; (82 mg, 0.5 mmol) in 30 mL
of acetonitrile. The resulting dark red-brown olution was kept at
room temperature for 2 weeks, leading to dark brown/red X-ray
quality crystals. The crystals were filtered off and dried in air; yield
122 mg (32%). C36Hs3Cl,Fe,N,Oy (765.45): caled. C 56.49, H 7.64,
N 3.66; found C 56.06, H 7.31, N 3.64.

[FeCIL2], (3): Complex 3 was prepared by mixing with continuous
stirring a solution of H,L2 (154 mg, 0.5 mmol) in 25 mL of aceto-
nitrile with another solution of FeCl; (82 mg, 0.5 mmol) in 25 mL
of acetonitrile. The resulting dark red solution was kept at room
temperature for 3 d, leading to dark red, X-ray quality crystals.
The crystals were filtered off and dried in air; yield 49 mg (13%).
C34H54ClLFe; N0, (737.40): caled. C 55.38, H 7.38, N 3.80; found
C 55.08, H 7.19, N 3.70.

X-ray Crystallography: Crystals suitable for single-crystal X-ray
measurements were obtained directly from the reaction vessels. The
crystal data for compounds 1-3 are summarized in Table 5 along
with other experimental details. The crystallographic data were col-
lected at 123 K (structures 1 and 3) or 173 K (structure 2) with an
Enraf Nonius Kappa CCD area-detector diffractometer with the
use of graphite-monochromated Mo-K,, radiation (A = 0.71073 A).
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Data collection was performed by using ¢ and w scans, and the
data were processed by using DENZO-SMN v0.93.0.1'4 SAD-
ABSIS! absorption correction was applied for compounds. The
structures were solved by direct methods by using the SHELXS-
971161 program or the SIR-97!'71 program and full-matrix least-
squares refinements on F> were performed using the SHELXL-
97111 program. Figures were drawn with ORTEP-3 for Microsoft
Windows®.I'8] For all compounds the heavy atoms were refined an-
isotropically. The CH hydrogen atoms were included at the calcu-
lated distances with fixed displacement parameters from their host
atoms (1.2 times of the host atom).

Table 5. Summary of crystallographic data for 1-3.

1 2 3
Formula CysH7sFeoN;0,  C36HsgCLFe,N,O4 CayHisyClFe,N,Oy
M, 933.81 765.44 737.40
Crystal syst. monoclinic monoclinic triclinic
Space group (no.) C2/c (15) P2i/c (14) PiQ)
a A 20.4842(10) 11.8804(6) 10.1562(3)
b [A] 9.09400(29) 9.9248(5) 11.3655(3)
c[A] 27.4012(13) 33.9254(16) 16.5073(5)
a [ 90 90 95.8785(17)
AN 102.579(5) 99.1893(15) 89.3037(17)
7 [°] 90 90 93.6103(23)
VA] 4981.8(4) 3948.8(3) 1891.63(9)
VA 4 4 2
D, [gem™] 1.245 1.288 1.295
#(Mo-K,) [mm™']  0.634 0.907 0.944
T [K] 123(2) 173(2) 123(2)
Observed refl. 12706 17419 24364
Riny 0.0537 0.0427 0.0943
Parameters 287 460 417
R 0.086 (0.061)®! 0.063 (0.047) 0.134 (0.091)
WR,C! 0.147 (0.135) 0.131 (0.123) 0.238 (0.216)

1.088 / -0.368  0.459 / -0.569 1.901 / -0.854

Largest difference
peak / hole [e A3

[a] Ry = X||F,| — |FI/Z|F,]. [b] Values in parentheses: reflections
with 1>26(1). [c] wR, = {Z[W(F,> — FAJE[W(F,2)?]}"? and w =
U[c?(F,%) + (aP)* + (bP)], where P = 2F> + F,2)/3.

CCDC-797577 (for 1), -797578 (for 2), -797579 (for 3), contain the
supplementary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccde.cam.ac/uk/data_request/cif

Computational Details: All theoretical calculations were carried out
at the DFT level of theory using the hybrid B3LYP exchange-corre-
lation functional'®! as implemented in the Gaussian 03 program.*]
A quadratic convergence method was employed in the SCF pro-
cess.”!l The triple-{ quality basis set proposed by Ahlrichs and co-
workers has been used for all atoms.??! Calculations were per-
formed on the complexes built from the experimental geometries.
The electronic configurations used as starting points were created
using Jaguar 7.6 software.[>’! The approach used to determine the
exchange coupling constants for polynuclear complexes has been
described in detail elsewhere.**!

Supporting Information (see footnote on the first page of this arti-
cle): The spin density of compound 3 is given in Figure S1.
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