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Synthesis and structure of an alkylgallium bridged
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Abstract

A gallium bridged [1,1]ferrocenophane (2) was obtained by the reaction of 1,1�-dilithio ferrocene with the alkyltrichlorogallate
[Li(THF)]+[R–GaCl3]− [R=CH(SiMe3)2] (1). The crystal structure determination of the orange–red compound 2 revealed two
trigonal planar coordinated, coordinatively unsaturated bridging gallium atoms, each of which is attached to two carbon atoms
of different ferrocene molecules and the inner carbon atom of the bis(trimethylsilyl)methyl substituent. © 2001 Elsevier Science
B.V. All rights reserved.
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1. Introduction

Polymeric ferrocenyl derivatives found considerable
interest in recent literature [1] because they are poten-
tially useful in material sciences, and, for instance, thin
films of such an organometallic polymer were success-
fully produced in the last decade. These polymers
were often prepared by the catalytic opening of
[1]silaferrocenophane, which has an intramolecular
bridging of both cyclopentadienyl ligands by one silicon
atom. Interestingly, in the course of these processes the
formation of the dimeric species, [1,1]silaferro-
cenophane, was observed in a single case only [2]. To
the best of our knowledge, such dimeric [1,1]ferro-
cenophane structures have been observed in only few
compounds with for instance carbon or silicon atoms in
bridging positions [3–17], and no analogues bearing
third main group elements were reported up to now.
These derivatives may be of particular interest because
owing to the coordinative and electronic unsaturation
of their bridging atoms they may be suitable for an
extensive information transfer between two or more
ferrocene groups in the dimer or the one-dimensional

polymer. In the course of our investigations into the
chemical properties of a compound possessing a Ga–
Ga single bond [18] we also tried to synthesize ferro-
cenophanes bridged by digallium moieties, but in all
reactions we observed the cleavage of the Ga–Ga
bond. One of the products obtained in these reactions
was a particular interesting one containing two fer-
rocene units bridged by two gallium atoms. We report
here on the specific synthesis and the structure of that
[1,1]digallaferrocenophane.

2. Synthesis and structure of the
[1,1]digallaferrocenophane (2)

As a starting compound we employed the tri-
chloroalkylgallate [Li(THF)x ]+[R–GaCl3]− (1) [R=
CH(SiMe3)2], which is easily available by the reaction
of gallium trichloride with the lithium compound
LiCH(SiMe3)2 in THF (Eq. (1)). According to this
procedure some similar compounds were synthesized
before in the group of Eaborn et al. [19] and our group
[20]. Treatment of the adduct 1 with 1,1�-dilithiofer-
rocene in n-hexane and recrystallization of the product
from toluene afforded the orange–red compound 2 in
47% yield (Eq. (2)). The 1H-NMR spectrum of the
residue of the mother liquor showed resonances of
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several unknown by-products none of which could be
isolated in a pure form by crystallization.

(1)

(2)

Compound 2 has two resonances of the cyclopentadi-
enyl ligands and a sharp singlet of the SiMe3 groups in
the 1H-NMR spectrum. The chemical shift of the me-
thine proton and the inner carbon atom of
bis(trimethylsilyl)methyl groups attached to aluminium
or gallium is very sensitive to the coordination number

of those atoms, and resonances at a lower field [� �0
to 0.5 (1H) and �10 (13C)] verify coordinatively unsat-
urated central atoms [21]. Compound 2 showed values
of �=0.41 and 12.2 in the 1H- and 13C-NMR spectra,
respectively, which gave a clear evidence for the coordi-
nation number three at gallium. Two absorptions were
observed in the UV–vis spectrum at 340 and 465 nm,
which may be caused by the ferrocene moieties of the
molecule only and are similarly observed in free fer-
rocene (327 and 440 nm) [22].

The molecular structure of the [1,1]di(alkylgalla)-
ferrocenophane (2) is depicted in Fig. 1. One carbon
atom of each cyclopentadienyl group is attached to a
bis(trimethylsilyl)methyl gallium bridge with a coordi-
natively unsaturated, tricoordinated gallium atom. To
the best of our knowledge, it is the first compound in
which two ferrocene units are bridged by third main-
group elements. Some [1,1]ferrocenophane derivatives
are known from literature in which elements of the
fourth main group (carbon to tin) are in bridging
positions [3–17]. Both cyclopentadienyl ligands of each
iron atom are not exactly parallel, however the angle
between them is very small (5.2°). The atoms of both
cyclopentadienyl groups of one dicyclopentadienyl-
alkylgallium ligand, the gallium atom and the alkyl
carbon atoms attached to gallium are almost ideally in
a plane. Between both Cp substituents we observed an
angle of 5.2°, while values of only 2.3 (Cp1 to Cp5) and
4.9° (Cp6� to Cp10�), respectively, were found between
the cyclopentadienyl rings and the GaC3 group. The Ga
atom deviates from the plane of the neighboring carbon
atoms (C1, Cp1, Cp6�) by only 9.9 pm (sum of the
angles 359.2°). Thus, the empty �-orbital at the Ga
atom is in an ideal position to overlap with the �-or-
bitals of the cyclopentadienyl groups, such a conforma-
tion may open a facile route for the transfer of
information between both halves of the molecule. The
CSi2 plane of the alkyl group attached to gallium is
almost ideally perpendicular (94.6°) to the plane
spanned by the atoms of both Cp rings and the Ga
atom. The Fe–C distances [202.8(4)–207.4(4) pm] are
as usual and similar to those observed for ferrocene
(206 pm) [23]. The Ga–C bond length to the
bis(trimethylsilyl)methyl substituent is quite normal
[196.9(4) pm], the Ga–C distances to the cyclopentadi-
enyl carbon atoms are shorter [193.3(4) and 193.4(4)
pm]. Much longer Ga–C separations were observed in
cyclopentadienylgallium derivatives, which usually have
the Cp groups attached in an �1 fashion with localized
C�C double bonds [24] or which have one ferrocene
carbon atom in a semi-bridging position between two
gallium atoms [25]. The transannular metal-metal con-
tacts are 354.0 and 351.3 (Fe–Ga), 532.5 (Fe–Fe) and
462.5 pm (Ga–Ga).

Fig. 1. Molecular structure and numbering scheme of 2; the thermal
ellipsoids are drawn at the 40% probability level. Selected bond
lengths (pm) and angles (°): Ga–C1 196.9(4), Ga–Cp1 193.4(4),
Ga–Cp6� 193.3(4), Fe–Cp1 207.4(4), Fe–Cp2 203,0(4), Fe–Cp3
203,0(4), Fe–Cp4 203.2(5), Fe–Cp5 204.5(5), Fe–Cp6 207.1(4), Fe–
Cp7 203.9(4), Fe–Cp8 204.3(5), Fe–Cp9 203.1(5), Fe–Cp10 202.8(4),
Cp1–Ga–Cp6� 117.9(2), C1–Ga–Cp6� 155.5(2), C1–Ga–Cp1
125.8(2) (Cp6� was generated by −x, −y+1, −z+1).
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3. Experimental

All procedures were carried out under purified argon
in dried solvents (n-pentane and n-hexane over LiAlH4;
THF over Na/benzophenone). LiCH(SiMe3)2 [26] and
Fe(C5H4Li)2·2/3TMEDA [27] were synthesized accord-
ing to literature procedures.

3.1. Synthesis of (tetrahydrofuran)lithium
bis(trimethylsilyl)methyl-trichlorogallate

1: a solution of 2.13 g (12.1 mmol) of GaCl3 in 70 ml
of THF was treated with 18.7 ml (12.5 mmol) of a 0.67
M solution of LiCH(SiMe3)2 in diethyl ether at
−10 °C. The mixture was warmed to room tempera-
ture (r.t.) and stirred for 17 h. All volatile components
were distilled off in vacuum. The oily residue was
treated with n-pentane, two phases were formed, and
once again the solvent was distilled off in vacuum.
Upon thorough evacuation a solid was obtained now,
which was dissolved in 50 ml of toluene. After filtration
and concentration to about 10 ml the product crystal-
lized upon cooling of the solution to −50 °C. Yield:
3.14 g (62%); colorless crystals. The THF content was
determined by the integration of the 1H NMR reso-
nances and varied between 1.1 and 1.3 molecules of
THF per formula unit of 1. M.p. (argon, sealed capil-
lary): 97 °C. 1H-NMR (C6D6, 300 MHz): �=3.53 (m,
about 4H, OCH2 of THF), 1.05 (m, about 4H, C2H4 of
THF), 0.32 (s, 18H, SiMe3), −0.43 (s, 1H, GaCH).
13C-NMR (C6D6, 75.5 MHz): �=70.6 (OCH2), 24.8
(C2H4), 3.0 (SiMe3); GaC not detected.

3.2. Synthesis of
[1,1]bis[bis(trimethylsilyl)methylgalla]ferrocenophane

2: a suspension of 0.194 g (0.460 mmol) of Li[Cl3Ga–
CH(SiMe3)2]·THF 1 in 25 ml of n-hexane was cooled to
−80 °C and treated with 0.137 g (0.499 mmol) of the
solid dilithioferrocene TMEDA adduct. The mixture
was warmed to room temperature and stirred for 15 h.
The solvent was distilled off, and the residue was
evacuated thoroughly (10−3 Torr). The residue was
treated with 25 ml of toluene and filtrated. After con-
centration of the filtrate in vacuum and cooling to
−50 °C orange–red crystals of the product 2 were
isolated. Yield: 0.090 g (47%). M.p. (argon, sealed
capillary): 186 °C (dec.). 1H NMR (C6D6, 300 MHz):
�=4.59 and 4.40 (each pseudo-t, 8H, cyclopentadi-
enyl), 0.41 (s, 2H, GaCH), 0.28 (s, 36H, SiMe3). 13C-
NMR (C6D6, 75.5 MHz): �=74.5 and 72.7 (C–H of
cyclopentadienyl), 71.2 (Ga–C of cyclopentadienyl),
12.2 (GaCH), 3.8 (SiMe3). IR (CsBr plates, paraffin,
cm−1): �=1346 w, 1292 w, 1246 s �CH3; 1177 w, 1167
vw, 1138 s, 1057 vw, 1028 s cyclopentadienyl; 1013 m
�CHSi2; 953 m, 864 s, 841 vs, 833 vs, 798 s, 770 s, 758

s, 725 m �CH3; 689 m, 669 s �asSiC; 627 w, 610 m
�sSiC; 496 s, 480 m, 411 vw �GaC; 345 w, 330 w �SiC3.

3.3. Crystal structure determination of 2

Single crystals of compound 2 were obtained by
recrystallization from toluene (20/−50 °C), the
molecules are located on crystallographic inversion cen-
ters. C34H54Fe2Ga2Si4; monoclinic; space group P21/c,
no. 14 [28]; a=1269.3(3) pm, b=894.1(2) pm, c=
1724.6(3) pm, �=94.75(3)°; V=1950.7(7); T=20 °C;
Z=2; �=2.240; crystal dimensions 0.15×0.25×0.53
mm; four circle diffractometer AED2; Mo–K� radia-
tion; 2� range 3–48°, −14�h�14, 0�k�10, 0�
l�19; �–2� scan; 3054 independent reflections; 2451
reflections with F�4�(F); solution by direct methods;
full-matrix refinement with all data; programs SHELXL-
97 and SHELXTL plus [29]; 196 parameters; R1 [F�
4�(F)]=0.042; wR2 (all data)=0.071; max./min.
residual electron density 0.49/−0.25×1030 e m−3.

4. Supplementary material

Crystallographic data for the structural analysis have
been deposited with the Cambridge Crystallographic
Data Centre, CCDC No. 155708 for compound 2.
Copies of this information may be obtained free of
charge from The Director, CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK (fax: +44-1233-336-033;
e-mail: deposit@ccdc.cam.ac.uk or www: http://
www.ccdc.cam.ac.uk).
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[16] M. Löwendahl, O� . Davidsson, P. Ahlberg, M. Håkansson,
Organometallics 12 (1993) 2417.
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