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Summary: We report the synthesis of a cationic iron(II)
complex in which the iron atom is 3-coordinate in
solution and in the solid state. The complex undergoes
an unusual addition of ethyl diazoacetate, in which the
diketiminate forms a bond to the terminal nitrogen of
the diazo group. Coordination of the ester group to iron
is proposed to activate the diazo group so that it is
attacked by the nucleophilic diketiminate ligand.

Bulky aryl-substituted â-diketiminate ligands (inset,
Scheme 1) have become popular in the coordination
chemistry of transition metals because they are easily
synthesized and modified and because ortho substitu-
ents on the aryl ring provide great steric hindrance very
close to the coordinated metal.1 The use of â-diketimi-
nates in ethylene polymerization2 attests to their stabil-
ity. However, recent examples show that certain modes
of reactivity are available in which the backbone of the
â-diketiminate ligand is compromised. In some very
interesting early-metal complexes, the imine group of
the diketiminate undergoes a metathesis-type reaction
with multiply bonded ligands.3 Aluminum diketiminate
complexes react with ethylene to functionalize the
central (R) carbon of the â-diketiminate through an
apparent cycloaddition reaction,4 and a platinum methyl
complex transfers a methyl group to the same position.5
More often, this site on the ligand acts as a nucleophile.
For example, diketiminate complexes of copper(II) and
zinc(II) are oxidized by O2 to give a ketone at this
position,6 although some diketiminate-copper-O2 com-

plexes can be isolated.7 Chlorophosphines,8 alkyl ha-
lides,9 triflyl chloride,10 sulfur,11 ketones,9 and ketenes12

are also attacked by the nucleophilic R-carbon of this
ligand. In this communication, we report a different
transformation of the â-diketiminate ligand, which
arises from the reaction of a diazoalkane with the
central carbon atom of the diketiminate and generates
a new C-N bond. The precursor of this reaction is a
rare cationic 12-electron iron(II) complex, and the
product has an interesting new tridentate ligand that
may be useful for organometallic chemistry.

We have shown that the 3-coordinate, 12-electron
iron(II) methyl complex LFeCH3

13 (L ) 2,2,6,6-
tetramethyl-3,5-bis(2,6-diisopropylphenylimino)hept-4-
yl, Scheme 1 inset) is thermally stable despite its
flagrant violation of the “18-electron rule.” The reaction
of LFeCH3 with Ph3CBAr′4 (Ar′ ) 3,5-(CF3)2C6H3) in
diethyl ether results in abstraction of the methyl group
and formation of the cationic high-spin iron(II) species
[LFe(OEt2)]BAr′4 (1), which was isolated in 88% yield.14
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The crystal structure of 1 (Figure 1) shows two inde-
pendent cations and anions, which have similar metrical
parameters. The diketiminate π electrons are delocal-
ized, as shown by the planarity of the FeN2C3 backbone
and diketiminate bond lengths similar to those in other
3-coordinate iron(II) complexes.15 The Fe, N, and O
atoms lie in a plane (sum of angles at iron 360.0(1)°).

Because 1 has a high-spin electronic configuration
(µeff(Evans) ) 4.9 µB; S ) 2), the 1H NMR resonances
are paramagnetically shifted. We have previously re-
ported that planar three-coordinate (diketiminate)FeIIX
complexes have anisotropic magnetic properties, with
a large internal field along the iron-X bond, and that
this phenomenon is a result of the specific orbital
structure at iron.16 As a result of the internal field, the
paramagnetic shift of ligand proton resonances is domi-
nated by the pseudocontact (dipolar) contribution,17 and
exceptionally large chemical shift dispersions are ob-
served, with the aryl resonances shifted upfield by
roughly 100 ppm and the alkyl and proton substituents
of the diketiminate shifted downfield.13,15 In Et2O-d10
solution,14 the 1H NMR shifts of 1 are very similar to
those in the other 3-coordinate iron(II) complexes,15

providing strong evidence that the trigonal-planar
geometry of the X-ray crystal structure is maintained
in diethyl ether solution.

When a solution of 1 was treated with ethyl diazo-
acetate, a rapid, nearly quantitative reaction took place.
The cationic, high-spin iron(II) product 2 (Scheme 1 and
Figure 2) was isolated in 84% yield as its BAr′4 salt,
and its connectivity was established by crystallogra-
phy.18 There are substantial changes in the diketiminate
ligand, with an apparent 10π cycloaddition between the
diazo group in 2 and the diketiminate-iron unit. The
ester is reduced to an alkoxide (C131-O11 ) 1.269 Å),
and the diketiminate is oxidized to a diketimine. In the
crystal structure of 2 (Figure 2), C31 has sp3 hybridiza-
tion, as evidenced by the tetrahedral geometry and the
bond lengths to C21 and C41. The N-C distances and
N-N distances clearly indicate double bonds, as shown
in Scheme 1. There is one example of a diazo ester
reduction to an enolate at a transition metal,19 but it
does not create an N-C bond like the novel reaction
shown here.

Several mechanisms can account for the unusual
ligand transformation. First, the nucleophilic terminal
nitrogen atom of the diazo group could coordinate to the
metal, which is common in the literature.20 To give the
observed product, the diazo group would then migrate
to the R-carbon followed by coordination. In another
potential mechanism, the diazo reaction could occur in
a concerted fashion, in a [5 + 4] cycloaddition that would
be an extension of the well-known [3 + 2] cycloadditions
of diazoalkanes.21 Cycloaddition and methyl transfer
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Figure 1. One of the cations in the crystal structure of 1,
with thermal ellipsoids at the 50% probability level.
Selected bond lengths, averaged between the two independ-
ent cations (Å): Fe-N ) 1.941(7), Fe-O ) 1.978(4),
N-Cimine ) 1.33(2), Cimine-CR ) 1.40(2).

Figure 2. The cationic portion of 2, with thermal ellipsoids
at 50% probability. Aryl and methyl groups are omitted
for clarity. Selected bond lengths (Å): Fe-N11 ) 2.105(2),
Fe-N21 ) 2.118(2), Fe-N41 ) 2.137(2), Fe-O11 )
2.051(2), N11-C21 ) 1.279(3), C21-C31 ) 1.538(4), C31-
C41 ) 1.541(4), C41-N21 ) 1.281(3), C31-N31 ) 1.514(3),
N31-N41 ) 1.279(3).
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go through pericyclic routes to functionalize the CR
carbon atom of the diketiminate.4,5

We favor the mechanism shown in Scheme 2, in which
the conversion of 1 to 2 is initiated by coordination of
the ester group. The resonance structures show that
coordination of the carbonyl oxygen to iron could
withdraw electron density from the organic fragment,
making the diazo group electrophilic. Coordination
would also steer the terminal nitrogen atom of the diazo
group into an ideal position for attack by CR of the
â-diketiminate, which is nucleophilic.6-12 The cyclo-
addition reaction described here was extremely rapid
at -80 °C, and we observed no spectroscopic evidence
for any intermediate in the reaction.

In an effort to support the idea that ester coordination
is important in the formation of 2, 1 was treated with
ethyl acrylate, an ester with steric demands similar to
those of ethyl diazoacetate. This led to the adduct 3
(inset, Scheme 2), which was isolated in 78% yield.22

The crystal structure of 3 (Figure 3) shows that the
carbonyl oxygen of the ester is bound to the iron atom.
Importantly, the vinyl group is in the same orientation
that would place the diazo group close to the nucleo-
philic CR atom of the diketiminate ligand in the forma-
tion of 2. Therefore, we propose that 3 models the
transient intermediate in Scheme 2. Activation of ethyl
diazoacetate through coordination of the ester group

could also explain a recently reported iron-catalyzed
phosphine attack on ethyl diazoacetate.23

The reaction of ethyl diazoacetate with the â-diketim-
inate is interesting, because it results in a new
â-diketimine ligand. Upon treatment of 2 with an
ethereal solution of HCl, the coordinated diazene is
protonated and displaced from iron. Mass spectral
evidence supports the formation of the free functional-
ized diketimine.18 Further studies are necessary to
understand the scope of this new C-N bond forming
reaction and the utility of the tridentate ligand formed
in the reaction.

In conclusion, we have characterized a cationic three-
coordinate iron complex that is quite reactive. Its
electrophilic character at iron is expected to be useful
in various catalytic reactions. In a demonstration of its
strong Lewis acidity, it coordinates the CdO bond of
esters, activating a nearby functional group toward
nucleophilic attack by the ligand.
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Scheme 2

Figure 3. The cationic portion of 3, with thermal ellipsoids
at 50% probability. Aryl and methyl groups are omitted
for clarity. The major conformation of the diethyl ligand is
shown. Selected bond lengths (Å): Fe-N1 ) 1.997(2), Fe-
N2 ) 1.988(2), Fe-O1 ) 2.076(2), Fe-O35 ) 2.024(2),
C-O1 ) 1.234(4).
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