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The organometallic chemistry of iron is dominated by cyclo-
pentadienyl derivatives which satisfy the 18-electron rule.1 As
frequently cited analogues of cyclopentadienyl, tris(pyrazolyl)-
hydroborato ligands2 form a variety of complexes that have
counterparts in the classic cyclopentadienyl-iron system; for
example, [Tp]2Fe is an analogue of ferrocene, Cp2Fe, while [Tp]-
Fe(CO)2X derivatives are analogues of CpFe(CO)2X. In this
paper, we demonstrate that the sterically demanding phenyl tris-
(3-tert-butylpyrazolyl)borato ligand enables isolation of iron
complexes which have no counterparts in the cyclopentadienyl-
iron system, such as low-electron-count, four-coordinate methyl
and carbonyl derivatives.

Trofimenko’s tris(pyrazolyl)hydroborato ligand system, [TpRR′],
has been used extensively in synthesizing and studying the
reactivity of four-coordinate alkyl derivatives of the pre- and post-
transition metals, e.g., [TpRR′]MR (M ) Be, Mg, Zn, Cd).2b By
comparison, however, [TpRR′] ligands have not yet been widely
employed for studying four-coordinate alkyl complexes of the
transition metals. For this reason, we have started to explore the
organometallic chemistry of iron supported by such ligands. In
this regard, [TpBut]FeCl, the first four-coordinate tris(pyrazolyl)-
hydroborato iron complex,3 which we previously reported, has
the potential for being a useful precursor for the synthesis of
organometallic derivatives. The possibility of ligand degradation
via reaction at the B-H bond, however, prompted us to investigate
the modified ligand [PhTpBut]4 in which the hydride substituent
is replaced by phenyl. Indeed, this modified ligand allows facile
isolation of the iron methyl complex [PhTpBut]FeMe via reaction
of [PhTpBut]FeCl with either Me2Mg or MeLi (Scheme 1).
[PhTpBut]FeMe is a colorless paramagnetic complex, the methyl
group of which is characterized by a signal at 1453 ppm in the
2H NMR spectrum of thed3-isotopomer at room temperature.5

The molecular structure of [PhTpBut]FeMe has been determined
by X-ray diffraction (Figure 1), and the Fe-CH3 bond length of
2.079(3) Å is comparable to the mean value of 2.046 Å for
structurally characterized iron methyl complexes in the Cambridge
Structural Database.6 As a 14-electron four-coordinate complex
belonging to the classification [FeL2X2],7 [PhTpBut]FeMe provides
a marked contrast with other structurally characterized iron methyl

complexes which typically belong to the 18-electron class
[FeL4X2], as exemplified by [CpR]Fe(CO)(L)Me1 andcis-(dmpm)2-
FeMe2.8 The closely related allyl and benzyl complexes [TpPri2]FeR
(R ) CH2CHCH2, CH2-p-Tol)9,10 have also been recently
reported.11

The iron methyl group is highly reactive toward a variety of
substrates, as illustrated in Scheme 1. For example, both I2 (room
temperature) and MeI (120°C) react with [PhTpBut]FeMe to yield
the iodide complex [PhTpBut]FeI. Much more interesting, how-
ever, is the reaction of [PhTpBut]FeMe with CO (120°C) which
yields the novel 15-electron four-coordinate monovalent iron
carbonyl complex [PhTpBut]FeCO.12 The latter complex has been
structurally determined by X-ray diffraction (Figure 1) and is
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Figure 1. Molecular structures of [PhTpBut]FeCH3 (left) and [PhTpBut]-
FeCO (right).

Scheme 1
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characterized by an Fe-CO bond length of 1.789(3) Å13 and a
ν(CO) stretching frequency of 1907 cm-1 [ν(13CO)) 1863 cm-1].
[PhTpBut]FeCO is of interest not only because its cyclopentadienyl
counterpart [CpFeCO] is unstable and has not been isolated,14

but also because analogous complexes have not yet been isolated
using other [TpRR′] ligands; specifically, only 18-electron six-
coordinate iron carbonyl complexes, illustrated by [Tp]Fe(CO)2-
[C(O)Me],15 [Tp]Fe(CO)[η2-CF2C(O)NPri2],16 and [TpPri2]Fe(CO)2-
[C(O)CH2-p-Tol],9 have previously been structurally authenticated.17

Moreover, [PhTpBut]FeCO is of interest since Fe(I) is a most
uncommon valence state for iron.18 Undoubtedly, the ability to
isolate the four-coordinate 15-electron carbonyl complex [PhTpBut]-
FeCO is a consequence of the steric protection provided by the
bulky tert-butyl substituents.19

In addition to the above reactions in which the [PhTpBut] ligand
retains tridentate coordination, there is also a class of reactions
which is characterized by the formation of products in which the
[PhTpBut] ligand adopts a bidentate coordination mode. For
example, rather than yield a terminal hydroxide derivative,
[PhTpBut]FeMe reacts with H2O to give a dinuclear complex
{[η2-PhTpBut]Fe(µ-OH)}2 in which one of the pyrazolyl donors
of each ligand is displaced as a result of the hydroxide bridges.
The molecular structure of{[η2-PhTpBut]Fe(µ-OH)}2

20 is of
interest since it is unlike those of other tris(pyrazolyl)borato iron
hydroxide complexes, namely the four-coordinate terminal hy-

droxide complex [TpBut,Pri]FeOH21 and the dinuclear five-
coordinate bridging hydroxide complex{[TpPri2]Fe(µ-OH)}2

22

which retain tridentate coordination of the [TpPri2] ligand. Cor-
respondingly, the average Fe-OH bond length in{[η2-PhTpBut]-
Fe(µ-OH)}2 [1.98(1) Å] is intermediate between those in [TpBut,Pri]-
FeOH [1.830(8) Å]21 and{[TpPri2]Fe(µ-OH)}2 [2.03(1) Å].22

A further example of a reaction of [PhTpBut]FeMe which
involves a tridentate-to-bidentate conversion of the [PhTpBut]
ligand is that with NO to give the 17-electron dinitrosyl complex
[η2-PhTpBut]Fe(NO)2 (Scheme 1).23 The molecular structure of
[η2-PhTpBut]Fe(NO)2 has been determined by X-ray diffraction,24

and the Fe-NO bond lengths of 1.688(3) Å and 1.694(3) Å are
comparable to the mean value of 1.663 Å for iron nitrosyl
complexes listed in the Cambridge Structural Database.6 [η2-
PhTpBut]Fe(NO)2 is also characterized byν(NO) absorptions at
1811 and 1728 cm-1 in the IR spectrum.

In summary, the four-coordinate iron methyl complex [PhTpBut]-
FeMe, synthesized by reaction of [PhTpBut]FeCl with Me2Mg, is
a versatile precursor to an array of tris(pyrazolyl)borato deriva-
tives, including the novel monovalent iron carbonyl complex
[PhTpBut]FeCO.
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