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a b s t r a c t

fac-[FeII(CO)3X3]1� (X = Br, I) are synthesized and their structures have been determined. They are the first
crystallographically characterized iron tricarbonyl trihalide complexes. fac-[FeII(CO)3X3]1� (X = Br, I) are
fairly thermally stable and therefore lead themselves as excellent starting materials for the preparation
of various iron carbonyl complexes since both the halide and carbonyl ligands are substitutionally labile.

� 2009 Elsevier B.V. All rights reserved.
Metal carbonyl halides are one of the most fundamental com-
plexes in inorganic and organometallic chemistry. The feasible li-
gand substitution of carbonyls and/or halides can yield a great
number of metal carbonyl complexes. Since the discovery that both
carbonyl and cyanide are naturally occurring ligands at the active
sites of hydrogenases [1–4], iron carbonyl halides have gained sig-
nificant attention since they are excellent starting materials for the
preparation of structural analog complexes of the hydrogenase en-
zyme active sites as well as other complexes.

Although not very robust, cis-FeII(CO)4X2 (X = Cl, Br and I) were
synthesized about 80 years ago [5,6]; these compounds are the
only iron carbonyl halides to have been characterized in detail.
Their infrared spectroscopic properties and reactions with phos-
phines or other ligands have been extensively studied [7–10].
The existence of iron tricarbonyl trihalide have been noted in the
past, but the work was based only on the infrared and elemental
analysis data [11,12]. We have found that fac-[FeII(CO)3X3]1�

(X = Br, I) can be readily synthesized by the reaction of iron penta-
carbonyl with bromine or iodine in the presence of bromide or io-
dide under ambient condition [13]. The products are acquired in
about 80% yield. X-ray diffraction experiments [14] and infrared
studies have established that the products are the facial isomer.
In addition, fac-[FeII(CO)3I3]1� can also be made by the equal molar
reaction between cis-FeII(CO)4I2 and iodide.

Due to its C3v symmetry, IR spectrum of [Et4N]fac-[FeII(CO)3Br3]
in CH2Cl2 shows two IR-allowed CO stretches at 2044 cm�1 and
2098 cm�1. IR spectrum of [Et4N]fac-[FeII(CO)3I3] in CH2Cl2 also
ll rights reserved.
shows two IR-allowed CO stretches, but at lower frequencies:
2025 cm�1 and 2078 cm�1. Since iodide is a better electron-donor
than bromide, all CO peaks shift to lower frequencies when bro-
mides were replaced by iodides. In both complexes, the lower fre-
quency stretches are assigned to the degenerate asymmetric mode
E and the higher frequency stretches are assigned to the symmetric
mode A1. The CO stretching frequencies of fac-[FeII(CO)3X3]1�

(X = Br, I) do not show any significant change in different solvents.
[Et4N]fac-[FeII(CO)3Br3] was synthesized by adding 1 equivalent

of Br2 to Fe(CO)5 in the presence of 1 equivalent of Et4NBr in dichlo-
romethane or acetonitrile at room temperature [13]. We postulate
that the reaction proceeds in two steps: (1) the addition of Br2

to Fe(CO)5 generates cis-FeII(CO)4Br2 (reaction (1)) and cis-FeII

(CO)4Br2 subsequently reacts with Br� to form fac-[FeII(CO)3Br3]1�

(reaction (2)).

FeðCOÞ5 þ Br2 ! cis-FeIIðCOÞ4Br2 ð1Þ
cis-FeIIðCOÞ4Br2 þ Br� ! fac-½FeIIðCOÞ3Br3�1� ð2Þ

In order to test our hypothesis, the reaction between Br2 and
Fe(CO)5 in the absence of Et4NBr was monitored by IR in CH2Cl2

solution at room temperature. It is found that cis-FeII(CO)4Br2 was
the major product and no fac-[FeII(CO)3Br3]1� was observed. When
an equivalent of Et4NBr was added after the addition of Br2, fac-
[FeII(CO)3Br3]1� was generated, but with a much lower yield, likely
because part of the cis-FeII(CO)4Br2 had decomposed at room tem-
perature before Br� was added. The infrared spectra of the reaction
between Fe(CO)5, halogen (Br2 or I2) in the absence or presence of
added halide are shown in Fig. 1.

The synthesis shows that the halide ion has the ability to substi-
tute one CO ligand cis to the two halides in cis-FeII(CO)4X2. This
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IR spectra of Fe(CO)5 with X2 in the absence or presence of X-
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Fig. 1. IR spectra of Fe(CO)5 with X2 in the absence or presence of X�.
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observation is consistent with the substitution of isonitrile or
phosphine in cis-FeII(CO)4X2 [7,15].

[Et4N]fac-[FeII(CO)3Br3] crystallizes in the monoclinic space
group P21/c with one molecule per asymmetric unit. All atoms of
the fac-[FeII(CO)3Br3]1� anion are disordered in a way that the two
independent but mutually exclusive Fe positions are about 0.4 Å
apart. This disorder can be described as an approximate mirror
operation about a plane ca. 0.2 Å from and almost parallel to the
Fe-C(2)C(3)–Br(1)Br(3) equatorial plane, leading to an almost over-
lap of the equivalent atoms of the four equatorial ligands (two Br
atoms and two carbonyl groups) and the mixed overlap of the two
axial ligands (twice a carbonyl group coming close to a Br atom).
The four ethyl groups of the Et4N+ cation are disordered in such a
fashion that the methyl groups superimpose, while the methylene
groups occupy opposite sites of imaginary lines between the nitro-
gen atom and the methyl carbons. The ratios between the two com-
ponents of both disorders were refined freely and converged at
0.853(3) for the [Et4N] ion and 0.841(2) for the [Fe(CO)3Br3] moiety.
Bond lengths and angles between atoms of the major components
of the disorders are determined with significantly higher accuracy
than for those between the corresponding atoms of the minor com-
ponents. Therefore, the selected bond distances and angles listed in
Table 1 for the structure of (Et4N)fac-[FeII(CO)3Br3] are those of the
major component. [Ph4P]fac-[FeII(CO)3I3] crystallizes in the mono-
Table 1
Bond distances (Å) for [Et4N]fac-[FeII(CO)3Br3] and [Ph4P]fac-[FeII(CO)3I3].

X = Br X = I

Fe(1)–X(1) 2.452(3) 2.626(2)
Fe(1)–X(2) 2.448(2) 2.635(2)
Fe(1)–X(3) 2.446(2) 2.629(2)
Fe(1)–C(1) 1.826(5) 1.839(12)
Fe(1)–C(2) 1.790(6) 1.815(16)
Fe(1)–C(3) 1.787(6) 1.782(14)
C(1)–O(1) 1.080(9) 1.066(13)
C(2)–O(2) 1.120(7) 1.080(16)
C(3)–O(3) 1.126(7) 1.109(15)
clinic space group P21/n with one molecule per asymmetric unit.
The structure of fac-[FeII(CO)3I3]1� anion is also disordered but not
as severe as those in fac-[FeII(CO)3Br3]1�. Only I1 and its trans-
C(1)O(1) disordered in opposite positions. The major component
is refined to 0.918(2) occupancy. The OETEP drawing of fac-
[FeII(CO)3Br3]1� and fac-[FeII(CO)3I3]1� anions are shown in Figs. 2
and 3.

fac-[FeII(CO)3Br3]1� is considerably more thermally stable than
cis-FeII(CO)4Br2. [Et4N]fac-[Fe(CO)3Br3] is stable in the dark at 0 �C
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Fig. 2. ORTEP drawing of fac-[FeII(CO)3Br3]1� at 50% probability level.
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Fig. 3. ORTEP drawing of fac-[FeII(CO)3I3]1� at 50% probability level.
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as crystalline material. Elemental analysis data show that the com-
position of C, H and N does not change over two months at 0 �C.
However, when the crystals of [Et4N]fac-[FeII(CO)3Br3] are im-
mersed in mineral oil under high intensity illuminator light, the
color of the crystals darkens with evolution of gas bubbles, sug-
gesting that the compound is decomposing by loss of CO. [Et4N]-
fac-[FeII(CO)3Br3] is soluble in water but reacts with water to
evolve gas at room temperature. [Et4N]fac-[FeII(CO)3Br3] is stable
in acetonitrile at room temperature in the dark but decomposes
under light. On the other hand, fac-[FeII(CO)3I3]1� has similar ther-
mal stability as cis-FeII(CO)4I2.

The reactivity of fac-[FeII(CO)3Br3]1� and fac-[FeII(CO)3I3]1� with
other ligands, especially with cyanide, is currently under investiga-
tion. One encouraging observation is that cyanide can stepwise re-
place halides without replacing CO under certain condition [16,17].
The resulting [Fe(CO)3(CN)mX(3�m)]1� (m = 1 and 2) complexes
would be excellent tunable intermediates to make structural ana-
log complexes for the active sites of both Ni–Fe and Fe–Fe hydrog-
enase [18].
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