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Tuning metal coordination number by ancillary ligand steric effects:
synthesis of a three-coordinate iron(II) complex
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The coordination number of the metal in iron(II) b-
diketiminate complexes can be tuned through the size of the
alkyl substituents on the ligand backbone.

Low coordinate transition metal complexes are of much interest
for their ability to achieve unusual and difficult transforma-
tions.1 Biological interest stems from the low coordinate iron
centres found in the iron–molybdenum cofactor of nitrogenase.2
The high reactivity of coordinatively unsaturated sites on iron
surfaces may also be imitated by these complexes.3

The chelating b-diketiminate ligands (Fig. 1) have experi-
enced a renaissance in interest recently, in part for their ability
to stabilise low-coordinate metal complexes.4 Here we show
how a simple modification of these ligands at a position away
from the immediate site of coordination results in dramatic
changes to the geometry of the metal atom.

Reaction of equimolar amounts of the lithium salt of
2,4-bis(2,6-diisopropylphenylimido)pentane5 (LiL) and
FeCl2(THF)1.5

6 in THF results in the formation of a yellow
solution, from which a yellow air-sensitive solid 1a can be
isolated by crystallisation from THF.† The molecular structure
of crystals grown from pentane solution was determined by X-
ray diffraction, revealing the product to be the ‘ate’ complex,
LFe(m-Cl)2Li(THF)2 1a.‡ The complex crystallises with two
molecules in the asymmetric unit (Fig. 2, only one molecule
shown). The iron atom is four-coordinate, and distorted from
ideal tetrahedral geometry. Thus, for example, the N(11)–

Fe(1)–N(21) bond angle is relatively acute at 93.21(14)°, while
the N(11)–Fe(1)–Cl(11) bond angle is relatively obtuse at
114.00(10)°. The bond lengths to iron do not significantly differ
from typical values.7 Interestingly, a second crystal form 1b‡§
can be grown from THF at 235 °C; it crystallises with 3
molecules in the asymmetric unit. The gross structural features
of all the unique molecules in both polymorphs are similar. The
analogous diethyl ether solvated complex, LFe(m-Cl)2Li(Et2O)2
1c can be obtained by crystallisation from diethyl ether at
235 °C.

The solid state magnetic moment is 5.4 mB, consistent with
tetrahedral high spin iron(II).8 More complicated behaviour is
observed in solution. An unexpectedly large number of signals
are observed in the 1H NMR spectrum of 1a in C6D6, although
the correct number of resonances are observed in THF-d8
solution. The solution magnetic moment9 in either solvent is 4.4
mB. No changes in the spectrum or magnetic moment are
observed in either solvent on addition of excess LiCl.
Complexes 1a and 1b give identical 1H NMR spectra in
C6D6.

To determine the effect of the source of the b-diketiminate
ligand on the coordination environment at iron, we used the
magnesium complex LMg(Cl)(THF),¶ prepared from L and
MeMgCl in THF. Reaction of this complex with FeCl2(THF)1.5
in THF solution results in the yellow complex
Mg(THF)4[LFeCl(m-Cl)]2 2 (Fig. 3).∑ The complex, which is
insoluble in less polar solvents, can be isolated in moderate
yield by multiple crystallisations from THF at 235 °C. An X-
ray diffraction study‡ revealed the product to have an unusual
structure, with the two iron centres bridged by a magnesium
atom lying on a crystallographic inversion centre. Once again
the iron is approximately tetrahedral, with bond lengths and
angles similar to those in 1.

Use of a slightly modified ligand resulted in a completely
different product. Thus, refluxing a mixture of toluene,
FeCl2(THF)1.5, and one molar equivalent of LiLA,10 in which the
ligand backbone methyls have been replaced by tert-butyl
groups, results in the formation of a red solution from which a

Fig. 1 b-Diketiminate ligands used in this study.

Fig. 2 Molecular structure of LFe(m-Cl)2Li(THF)2 1a. Hydrogen atoms not
shown, thermal ellipsoids at 50% probability. Selected bond lengths (Å) and
angles (°): Fe(1)–N(11) 2.006(3); Fe(1)–N(21) 2.021(4), Fe(1)–Cl(11)
2.324(1) Fe(1)–Cl(21) 2.338(1), Cl(11)–Li(11) 2.357(11), Cl(21)–Li(11)
2.363(8); N(11)–Fe(1)–N(21) 93.21(14), N(11)–Fe(1)–Cl(11) 114.00(10).

Fig. 3 Molecular structure of [LFe(m-Cl)2]Mg(THF)4 2. Hydrogen atoms
not shown, thermal ellipsoids at 50% probability. Selected bond lengths (Å)
and angles (°): Fe(1)–N(11) 2.011(3), Fe(1)–N(21) 2.014(3), Fe(1)–Cl(1)
2.377(1), Fe(1)–Cl(2) 2.267(1), Cl(1)–Mg(1) 2.5201(9); N(11)–Fe(1)–
N(21) 92.15(12), N(11)–Fe(1)–Cl(1) 110.25(9).
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highly air-sensitive red solid 3 can be isolated.** The molecular
structure of the product LAFeCl 3 was determined by X-ray
crystallography (Fig. 4).‡ The iron and chlorine atoms are on a
crystallographic mirror plane. The iron atom lies in a planar ring
formed with the ligand; the bond angles around the metal reveal
a planar geometry (sum of angles = 360°). The N(11)–Fe(1)–
N(11)A bond angle is compressed to 96.35(11)°, while the
N(11)–Fe(1)–Cl(1) angle opens up to 131.83(5)°. As expected,
the lower coordination number of the iron atom in 3 causes the
bond lengths to the metal to decrease as compared to 1 and 2.
Both the solution (meff = 5.5 mB) and solid state (meff = 5.9 mB)
magnetic moments confirm the high-spin iron(II) oxidation
state. The 1H NMR spectrum is relatively simple, consisting of
seven paramagnetically shifted resonances.

While the effect of the ligand backbone groups on the
coordination number of iron may not be immediately obvious,
it can be understood by examining the C–N–C bond angles in
the three complexes. In 1 they are in the range 118.6–120.3°,
while in 3 they are 128.4(2)°. Thus, the tert-butyl groups on the
ligand backbone in LA force the aryl rings to close in on the
metal, limiting the space available at the iron centre for more
ligands.

In most three-coordinate complexes of Fe(II),1,11 functional-
isation, if it is achieved, is usually at the expense of the low
coordination number. In contrast, complex 3 presents many
viable pathways for further functionalisation by reactions with
the chloride ligand while maintaining the low coordination
number.
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Notes and references
† 1a: Yield 90% based on FeCl2(THF)1.5, mp 310 °C (decomp.) (Anal.
Found: C, 63.88; H, 8.37; N, 4.11. C37H57Cl2FeLiN2O2 requires C, 63.89;
H, 8.25; N, 4.02%), dH(400 MHz, C6D6, 23 °C) 17.08, 15.33, 9.19, 6.42,
5.15, 2.67, 1.99, 1.14, 0.93, 0.31, 212.89, 213.14, 216.93, 224.25,
235.43, 240.44, 244.60, 265.39; dH(THF-d8, 23 °C) 15.28, 6.98, 216.77,
243.60, 264.68.
‡ Crystal data For 1a: C37H57Cl2FeLiN2O2, M = 695.54, orthorhombic,
space group Pna21, a = 23.1015(12), b = 9.9748(5), c = 35.9530(18), U
= 7786.4(7) Å3, T = 193(2) K, Z = 8, m(Mo-Ka) = 0.556 mm21, 32164
reflections measured, 10201 unique (Rint = 0.0307), R1 = 0.0478, wR2 =
0.0967 [I > 2s(I)].

For 1b: orthorhombic, space group P212121, a = 16.7761(8), b =
19.0238(9), c = 36.8905(19), U = 11773.4(10) Å3, T = 193(2) K, Z = 12,
m(Mo-Ka) = 0.556 mm21, 53706 reflections measured, 16937 unique (Rint

= 0.0520), R1 = 0.0447, wR2 = 0.0822 [I > 2s(I)]. The ratio of the two
enantiomorphic components was refined to a value of 0.461(13).

For 2: C42H70Cl2FeMg0.5N3, M = 1545.71, monoclinic, space group
P21/c, a = 12.6469(8), b = 13.0103(8), c = 26.414(2), b = 102.853(1), U
= 4237.3(5) Å3, T = 193(2) K, Z = 2, m(Mo-Ka) = 0.526 mm21, 18679
reflections measured, 6069 unique (Rint = 0.0551), R1 = 0.0546, wR2 =
0.1361 [I > 2s(I)].

For 3: C35H53ClFeN2, M = 593.09, monoclinic, space group C2/c, a =
16.9014(11), b = 9.3514(6), c = 22.7756(15), b = 107.237(1), U =
3428.0(4) Å3, T = 193(2) K, Z = 4, m(Mo-Ka) = 0.540 mm21, 7361
reflections measured, 2463 unique (Rint = 0.0256), R1 = 0.0398, wR2 =
0.0704 [I > 2s(I)].

CCDC reference numbers 167176–167180. See http://www.rsc.org/
suppdata/cc/b1/b103635c/ for crystallographic data in CIF or other
electronic format.
§ 1b: meff = 4.4 mB (Evans), meff = 5.4 mB (SQUID, 5000 G, 50–300 K).
¶ LMgCl(THF): Yield 75%, dH(400 MHz, C6D6, 23 °C) 7.2–7.3 (br s, 6H,
Ar-H), 4.95 (s, 1H, CH), 3.63 (br s, 4H, CH2), 3.94 (br s, 4H, CH(CH3)2),
1.78 (s, 6H, CH3), 1.48 (br s, 4H, CH2), 1.39 (br s, 24H, CH(CH3)2).
∑ 2: Yield 60% based on FeCl2(THF)1.5, mp 302–304 °C, dH(400 MHz,
THF-d8, 23 °C) 13.58, 12.95, 5.68, 20.97, 21.25, 21.74, 22.63, 220.76,
228.13, 241.02, 247.98, 269.77; meff = 4.2 mB.
** 3: Yield 88% based on FeCl2(THF)1.5, mp 270–272 °C (Anal. Found: C,
70.26; H, 8.86; N, 4.77. C35H53ClFeN2 requires C, 70.69; H, 8.42; N,
4.61%); dH(400 MHz, C6D6, 23 °C) 48.78, 2.35, 1.21, 0.40, 225.84,
2105.33, 2115.05; meff = 5.5 mB (Evans), meff = 5.9 mB (SQUID, 5000 G,
50–300 K).
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Fig. 4 Molecular structure of LAFeCl 3. Hydrogen atoms not shown, thermal
ellipsoids at 50% probability. Selected bond lengths (Å) and angles (°):
Fe(1)–N(11) 1.948(2), Fe(1)–Cl(1) 2.172(1); N(11)–Fe(1)–N(11)A
96.35(11), N(11)–Fe(1)–Cl(1) 131.83(5).
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