Journal of Organometallic Chemistry 489 (1995) C71-C73

of()]roglglr}?l
metallic
Chemistry

Preliminary communication

Synthesis and structures of the mononuclear iron(II) dialkyl FeR,
and the iron(II) dithiolate complex [Fe(SAr),(RH)]
[R = C(SiMe,) ,C,H,N-2; Ar = 2,4,6-'Bu,C,H,]
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Abstract

The thermally stable iron(II) dialkyl, 1 was obtained in good vield from [LiR], and FeCl,. Reaction of 1 with ArSH yielded
the novel neutral mononuclear iron(II) dithiolate complex 2. An X-ray diffraction study revealed that the alkyl ligands in 1 are
bonded to the metal center in a chelating manner, whereas in 2 one alkyl ligand has been converted into a neutral alkane species
by ArSH, but remains coordinated to the iron(II) center via its pyridyl nitrogen atom.
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Iron(I1) dialkyl complexes such as diethylbis(dipyri-
dyDiron have been known to be useful catalysts in the
cyclooligomerization of butadiene and acetylene [1,2].
Owing to their low stabilities, very few iron(1D) dialkyl
compounds have been fully-characterized. The lability
of iron-carbon ¢-bond is mainly due to the small
energy difference between the d-orbitals of the metal
and the antibonding orbitals of the Fe~C bond [3].
Most of the known organoiron compounds contain
supporting ligands such as CO, PR, n5-C5H5, and
bipyridine. However, use of the sterically demanding
mesityl ligand to obtain a homoleptic iron(II) diaryl
compound [Fe(Mes),], [Mes =2,4,6-Me;C,H,] was
reported recently [4,5). Sterically hindered and N-func-
tionalized alkyl ligands such as [C(SiMe;),CsH,N-2] ",
R, have been shown to have a stabilizing effect and
exhibits unusual bonding configurations in some low-
valent Main Group metal complexes [6]. We have re-
cently reported the synthesis and characterization of a
thermally stable cobalt(II) dialkyl complex CoR,, 3
R = C(SiMe;),C.H,N-2 [7]. We have now made the
iron(ID) dialkyl complex FeR, 1, and a novel mononu-
clear iron(II) dithiolate complex Fe(SAr),(RH), 2.

The reaction of {LiR], with FeCl, in ether gave
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compound 1 as yellow crystals in 80% yield (Scheme 1).
Compound 1 can be sublimed at 112-116°C under
vacuum (0.01 mmHg). This high thermal stability con-
trasts markedly with the behaviour of FeEt,(bipy),,
which decomposes to ethane and ethylene under vac-
uum at 120°C [2]. The stability of 1 is attributed to the
presence of the alkyl ligand R which is highly hindered,
nitrogen-functionalised and inert towards B-elimina-
tion.

The molecular structure of 1 determined by X-ray
crystallography is shown in Fig. 1 [8]. The iron(II)
center has a highly distorted tetrahedral coordination
environment with each of the two alkyl ligands acting
in a chelating mode. Coordination from the pyridyl
nitrogens is believed to have a stabilizing effect on the
metal complex. The obsoerved Fe-C bond distances are
2.13%(7) and 2.154(8) A, which are somewhat longer
than the average Fe—C single bonq distance of 2.065 A
in FeEt,(bipy), [9] and 2.024 A in the dinuclear
[Fe(Mes)z]2 [5]. The Fe—N distances are 2.111(8) and
2.135(5) A which are significantly longer than those of
1.937(2)-1.943(2) A in FeEt (bipy), [9]. The bite angles
£C-Fe-N of 67.2(3) and 66.8(2) in 1 are similar to
the corresponding angles of 67.2(2)° in MgR, [6] and
59.02¢ in SnR, [6]; both of these latter complexes
adopting a tetrahedral geometry. The large C-Fe-C
angle of 160.4(3)° in 1 is probably due to steric repul-
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Fig. 1. Molecular structure of 1. Selected bond lengths [;\] and angles
[°]: Fe(1)-C(1) 2.154(8), Fe(1)-N(1) 2.135(5), Fe(1)-C(13) 2.139(7),
Fe(1)-N(2) 2.111(8); C(1)-Fe(1)-N(1) 66.8(2), C(1)-Fe(1)-C(13)
160.4(3), N(1)-Fe(1)-((13) 125.4, C(1)-Fe(1)-N(2) 124.1, N(1)-
Fe(1)-N(2) 116.3(2), C(13)-Fe(1)-N(2) 67.2(3).

sion between the trimethylsilyl groups on the two «-
carbons.

Subsequent reaction of 1 with two equivalents of
ArSH in hexane yielded the monomeric iron(II) dithio-
late complex [Fe(SAr),(RH)] (2) (Scheme 2). Com-
pound 2 was obtained in 65% yield as a yellow crys-
talline compound which decomposes above 182°C. This
reaction provides an alternative method for the prepa-
ration of mononuclear metal thiolate compounds via
metal alkyls. Dinuclear metal dithiolate complexes
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Fig. 2. Molecular structure of 2. Selected bond lengths [A] and angles
[} Fe(1)-N(1) 2.086(9), Fe(1)-S(1) 2.259(4), Fe(1)-S(2) 2.261(3);
N(1D-Fe(1)-S(1) 118.7(2), N(1)-Fe(1)-S(2) 123.4(2), S(1)-Fe(1)-S(2)
117.8(1), Fe(1)-S(1)-C(13) 113.1(4), Fe(1)-S(2)-C(31) 101.0(3).

[M(SAr),], [M=Mn (), Fe (5) and Co (6)] have
recently been prepared by the reaction of
MIN(SiMe,),], with ArSH [10]. Unlike [Cd(SAr),],,
these metal dithiolate compounds remain as dimers in
solution [11]. By using a more bulky aryl substituent,
Power et al. have made the mononuclear iron(II) thio-
late complexes, Fe(SAr')[N(SiMe,),](7) and Fe(SAr'),
[Ar' = 2,6-Mes,C,H,], (8), with two-coordinated
iron{IT) centers [12]. The Lewis acid centers in com-
pounds 4-8 are free from nitrogen coordination in
spite of the presence of a strong base NH(SiMe,), in
solution. The mechanism for the formation of our
current iron(II) dithiolate complex 2 is not wholly
clear, but we suggest that an intermediate “FeR(SAr)”
is first formed, and this is followed by the protonation
of the second alkyl ligand to give a neutral RH molecule
whose pyridine ring remains coordinated to the metal
center to bring about steric congestion around the
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metal center. The three bulky ligands 2ArS~ and RH)
are believed to play a vital role in preventing the
association of the neighbouring Fe(SAr), moieties, thus
resulting in the formation of the mononuclear three-
coordinated iron(II) dithiolate complex 2.

The molecular structure of 2 as determined by X-ray
crystallography is shown in Fig. 2 [8]. The dithiolate
complex possesses a trigonal planar coordination ge-
ometry around the central metal atom. Owing to their
bulk, the three ligands are oriented in such a way that
the complex adopts a propeller-like structure. The
Fe-S bond distances in 2 are 2.25%(4) and 2.261(3) A.
These are similar to the terminal Fe-S distances
2.256(3) A, but shorter than the bridging Fe-S dis-
tances, 2.365(3) and 2.366(3) A in complex 4 [10].
When comparison is made with the mononuclear thio-
late complexes 7 and 8, the Fe-S dlstances in 2 are
shorter than that of 2.308(2) and 2.314(2) A in 7, but is
comparable with that of 2.277(2) and 2.275(2) Ain 8
[12]. The Fe-N distance in 2 is 2.086 A, which only
d1ffers from those found in the dialkyl complex 1 by
0.03 A. The fact that the N(1)-Fe-S(2) angle of
123.4(2)° in 2 is larger than the remaining two angles in
the FeS,N plane, 118.7(2)° and 117.8(1)° is probably
due to the repulsion of the C(SiMe,), group and the
ortho hydrogen of the pyridine ring.

Both compounds were also characterised by their
mass spectra and elemental analysis. The magnetic
moment, as measured by Evan’s method in C;D, solu-
tion [13], are 4.24 BM. for 1 and 5.11 B.M. for 2 at 308
K. The value for 1 lies somewhat below the normal
range of 5.1-5.2 B.M. for tetrahedral iron(II) com-
plexes, presumably owing to some spin-mixing.
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