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Treatment of the monomeric organogallium subiodide R(I)Ga-Ga(I)R 1 [R = C(SiMe3)3] with the
diironcarbonylate anion [Fe2(CO)8]2− yielded the red iron gallium compound Fe2(CO)6(µ-GaR)3 2
in moderate yield. 2 may be described as an analogue of enneacarbonyldiiron Fe2(CO)9, the three
bridging carbonyl groups of which are replaced by GaR ligands.
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Introduction

Organometallic complexes of transition metals with
third main-group elements found considerable interest
in recent literature owing to their particular bonding
situation and their potential applicability for the de-
position of thin films of the corresponding alloys for
electronic devices [1]. One facile route for the syn-
thesis of those compounds comprises the treatment
of carbonyl complexes with the tetraindium(I) clus-
ter In4[C(SiMe3)3]4 [2, 3]. The monomeric fragments
of this cluster InR possess highly unsaturated indium
atoms in an oxidation state of +I with two empty p-
orbitals perpendicular to the In-C bond axis and a
lone electron pair. These monomeric fragments are
isolobal to carbon monoxide, and indeed the replace-
ment of bridging CO groups by InR could easily be
achieved [2, 3]. However, this isolobal relationship was
most impressively shown with the synthesis of the fas-
cinating homoleptic compounds M(ER)4 [M = Ni, Pt;
E = Ga, In; R = C(SiMe3)3, Cp∗], which were ob-
tained by treatment of the corresponding cyclooctadi-
ene complexes Ni(COD)2 and Pt(COD)2 with the orga-
noelement(I) clusters [4, 5]. A strong back-bonding
of electron density from the central transition metal
atoms into the empty π-orbitals of the third main-
group atoms was verified for the alkyl derivatives by
quantum-chemical calculations [4]. In contrast to the
facile synthesis of heteroleptic transition metal indium
complexes by the direct treatment of carbonyls with
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the corresponding cluster, similar gallium compounds
could be synthesized in very few cases only by em-
ployment of the cluster Ga4[C(SiMe3)3]4. Two com-
pounds were published so far: Mn2(CO)8(µ-GaR)2 [6],
in which the Mn-Mn bond is bridged by two GaR lig-
ands, and Fe3(CO)9(µ-CO)(µ-GaR)2 [6], in which all
edges of the Fe3 triangle are bridged (one by CO, two
by GaR).

Recent investigations of our group showed that
organoelement subhalides of gallium and indium are
easily available by the careful oxidation of the tetrahe-
dral tetraelement cluster compounds with halogens or
halogen donors [7, 8]. These subhalides may be suit-
able starting materials for the generation of a broader
variability of transition metal complexes by salt elim-
ination reactions. Such a compound derived from an
indium subhalide was published by our group only re-
cently [9]. Here we report on the first successful syn-
thesis of a transition metal gallium compound start-
ing with an organogallium subhalide and a carbony-
late anion. Organosilyl subhalides of gallium were ob-
tained on other routes, which do not involve cluster
compounds [10], and they had already been employed
for the synthesis of transition metal complexes be-
fore [11].

Preparative Results

Treatment of a suspension of excess Na2[Fe2-
(CO)8]·4THF with a solution of the monomeric digal-
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liumdiiodide R(I)Ga-Ga(I)R 1 [R = C(SiMe3)3] in n-
hexane at room temperature gave a very slow reac-
tion only. A complicated mixture was formed, which
contained a considerable quantity of the starting com-
pound 1 beside several products of unknown composi-
tion. Recrystallization from cyclopentane yielded red
crystals of the product 2 in trace quantities, which
were characterized by a crystal structure determina-
tion. The yield of 2 was considerably enhanced to 33%
(based on 1) when the suspension of the starting com-
pounds was heated to 60 ◦C for 3.5 hours (eq. (1)).
The subhalide 1 was completely consumed, and the
crude product of the reaction showed four singlets in
the SiMe3 region of the 1H NMR spectrum with chem-
ical shifts of δ = 0.41, 0.32, 0.30 and 0.16. The first
resonance was the most intensive one and belonged
to the red product 2 isolated before in trace amounts.
The IR spectrum of 2 showed absorptions in the range
of 1922 to 1973 cm−1 only, thus, the occurrence of
bridging CO groups could clearly be excluded. The
resonance of the CO ligands in the 13C NMR spec-
trum was observed at δ = 216.8. The central carbon
atom of the tris(trimethylsilyl)methyl group gave a sig-
nal with a chemical shift of δ = 45.1. This is outside
the range usually observed for carbon atoms attached
to gallium atoms in oxidation states of +II or +III
(δ < 30) [12]. Similar shifts were observed for the re-
lated transition metal GaR complexes cited above [6].
An even stronger shift to lower field (δ > 62) was de-
tected for the tetrahedral clusters E4[C(SiMe3)3]4 (E =
Ga, In) [13, 14], which was explained by the particular
bonding situation with low lying magnetically allowed
excited states and by a contribution of unusually large
spin-orbit effects [14]. A yellow solid was isolated as
the second fraction after concentration and cooling of
the mother liquor. It showed a resonance at δ = 0.32 in
the 1H NMR spectrum, however, all attempts to grow
single crystals suitable for a crystal structure determi-
nation failed up to now, and its constitution is unknown
yet. We did not succeed in isolating one of the remain-
ing components of the reaction mixture.

Molecular Structure

The molecular structure of compound 2 (Fig. 1)
strongly resembles that of the pure carbonyl Fe2(CO)9,
which contains three CO ligands bridging the Fe2 cou-
ple and three terminal CO groups per each iron atom.
All bridging CO ligands are replaced by GaR groups
in compound 2. Thus, the molecular core may be

Fig. 1. Molecular structure of compound 2. The ellipsoids
are drawn at the 40% probability level; trimethylsilyl groups
are omitted. Selected bond lengths [pm] and angles [◦]: Ga-
Fe 242.2(1), Ga-C1 199.7(7), Fe-C 174.6(6), C-O 116.4(8),
Fe-Ga-C1 144.42(3), Fe-Ga-Fe’ 71.16(5), C-Fe-C’ 93.2(4),
Ga-Fe-C 88.8(2), Ga-Fe-C’ 88.4(2), Ga-Fe-C” 177.4(3), Ga-
Fe-Ga’ 89.55(4), Fe-C-O 169.7(8); Fe’ was generated by x,
y, −z+0.5; C’ and Ga’ by −y+1, x−y, z; C” by −x+y+1,
−x +1, z.

described by a trigonal bipyramidal Fe2Ga3 cage, in
which the Ga atoms occupy the equatorial positions.
Owing to the long Fe-Ga distances (242.2 pm) com-
pared to the Fe-C bond lengths in the homoleptic car-
bonyl complex (201.6 pm) [15], the Fe-Fe separation
in 2 is elongated by about 30 pm (252.2 compared to
281.8 pm). An even longer Fe-Fe distance (299.2 pm)
was observed for the isotypic triindium derivative
Fe2(CO)6(µ-InR)3 [R = C(SiMe3)3] [3], which was
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Table 1. Crystal data, data collection and structure refinement
for compound 2.

2
Crystal data
Empirical formula C36H81Fe2Ga3O6Si9
Mr 1183.68
Crystal system hexagonal
Space group P63/m; no. 176 [22]
a, b [pm] 1446.90(8)
c [pm] 1568.48(10)
V [Å3] 2843.7(3)
ρcalc [g cm−3] 1.382
Z 2
F(000) 1232
µ(Mo-Kα ) [cm−1] 21.26; numerical absorption correction
Data collection
T [K] 193(2)
Measured reflections 19204
Unique reflections 1981 [Rint = 0.0917]
Reflections I > 2σ(I) 1437
Refinement
Refined parameters 227
Final R values [I > 2σ(I)]
R1[a] 0.0546
wR2[b] (all data) 0.1500
ρfin(max/min) [eÅ−3] 0.923/0.560
[a] R = Σ(‖Fo| − |Fc‖)/Σ|Fo|; [b] wR2 = {[Σw(Fo

2 −
Fc

2)2]/Σ[w(Fo
2)2]}1/2.

obtained by the direct reaction of the tetraindium clus-
ter. Once again these data confirm the observation that
the Fe-Fe distances of those dinuclear compounds are
essentially determined by the covalent radius of the
bridging atoms.

The Fe-Ga bond lengths (242.2 pm) are in the
expected range [6, 11, 16, 17], shorter ones were ob-
served for a few compounds containing terminal Fe-Ga
bonds, in particular for those involving coordinatively
unsaturated Ga atoms (< 222.5 pm) [17, 18]. The in-
tramolecular Ga· · ·Ga distances (341.2 pm) are very
long and do not indicate any significant direct Ga-Ga
interaction. Ga-Ga distances of 268 pm were observed
for the tetrahedral compound Ga4[C(SiMe3)3]4 pos-
sessing a delocalized bonding in the cluster [13, 19].
The Ga-C distances (199.7 pm) are slightly length-
ened compared to those of the starting compound 1
(196.2 pm), but are significantly shortened with re-
spect to the bond lengths found in the corresponding
tetrahedral cluster (208 pm on average). Gallium or
indium compounds analogous to 2 are Fe2(CO)6[µ-
GaSi(SiMe3)3]3 [11], Fe2(CO)6(µ-GaCp∗)3 [17], or
Fe2(CO)6(µ-InR)3 [R = C(SiMe3)3] [3].

Experimental Section

All procedures were carried out under purified argon in
dried solvents (n-hexane and cyclopentane over LiAlH4).
Ga2I2[C(SiMe3)3]2 1 [7] and [Na(THF)2]2[Fe2(CO)8] [20]
were obtained according to literature procedures.

Fe2(CO)6[µ-Ga-C(SiMe3)3]3 (2)

A suspension of Na2[Fe2(CO)8]·4THF (0.128 g,
0.191 mmol, excess) and the subhalide R2Ga2I2 (0.134 g,
0.156 mmol) in 30 ml of n-hexane was warmed to 60 ◦C
for 3.5 h. The mixture was filtered, and the solvent was
removed in vacuum. The residue was recrystallized from
cyclopentane (20/−30 ◦C, 10 d). Yield: 0.040 g (33% based
on 1). Dec. p. (under argon, sealed capillary) 312 ◦C. –
UV/vis (n-hexane): λmax (lgε) = 240 nm (2.4), 310 nm
(1.3), 405 nm (1.5). – IR (paraffin; CsBr plates): 1973 s,
1937 s, 1922 m νCO; 1460 vs, 1377 vs paraffin; 1301 vw,
1257 s δsCH3; 1122 w, 1090 w, 1026 w; 845 vs, 778 m
ρCH3; 721 w paraffin; 678 w νasSiC3; 655 w, 615 w νsSiC3,
νFeC; 586 s, 535 vw, 525 vw, 462 vw cm−1 νGaC. –
1H NMR (300 MHz, C6D6): δ 0.42 (s, SiMe3). – 13C NMR
(100.6 MHz, C6D6): δ 6.7 (SiMe3), 45.1 (GaC), 216.8 (CO).

Crystal structure determination

Single crystals of compound 2 were obtained by cool-
ing of a saturated solution in cyclopentane to −35 ◦C.
Data collections were performed on a STOE IPDS diffrac-
tometer employing graphite-monochromated Mo-Kα radi-
ation. The structures were solved by direct methods and
refined by full-matrix least-squares methods on F2 [21].
The hydrogen atoms were calculated on ideal positions
and refined by the riding model. Crystal data, data col-
lection parameters and details of the structure refinement
are given in Table 1. The crystallographic data of 2 (ex-
cluding structure factors) were deposited with the Cam-
bridge Crystallographic Data Centre, CCDC-234514. Copies
of the data can be obtained free of charge on application to
The Director, CCDC, 12 Union Road, Cambridge CB21EZ,
UK (Fax: int.code+(1223)336-033; e-mail for inquiry: file-
serv@ccdc.cam.ac.uk). The molecules reside on crystallo-
graphic 6̄ axes. The tris(trimethylsilyl)methyl groups are ro-
tationally disordered; the atoms of the trimethylsilyl groups
were refined on split positions.
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