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A polymeric 1,4-dioxane adduct of gallium(ii) chloride,
[Ga2Cl4(dioxane)2]x, containing two five-coordinate gallium
atoms about a Ga–Ga bond [Ga–Ga 2.3825(9) Å], reacts
with 1,4-dilithiotetraphenylbutadiene affording an unusual
Ga(ii)–tetraphenylbutadiene complex.

The first organometallic compound unambiguously shown to
contain a Ga–Ga bond, [(Me3Si)2HC]2Ga–Ga[CH(SiMe3)2]2
[Ga–Ga 2.541(1) Å], isolated from reaction of LiCH(SiMe3)2
with gallium(ii) bromide bis(dioxane), Ga2Br4(dioxane)2, was
reported only a decade ago.1 In the solid state, Ga2Br4(diox-
ane)2 resides in a trans geometry about a Ga–Ga bond of
2.395(6) Å.2 The solid state structure of the corresponding
bis(dioxane) adduct of gallium(ii) chloride, Ga2Cl4(dioxane)2,
assumes a similar trans geometry about a comparable Ga–Ga
bond of 2.406(1) Å.3 In both Ga2Br4(dioxane)2 and Ga2Cl4-
(dioxane)2, the gallium atoms are four-coordinate tetrahedral—
each bonding to two halide atoms, one dioxane adduct, and the
remaining gallium atom. Herein, we report a polymeric
1,4-dioxane adduct of gallium(ii) chloride, [Ga2Cl4(dioxane)2]x

I,4 wherein both gallium atoms reside in five-coordinate
trigonal bipyramidal environments about a Ga–Ga bond. The
polymeric structure of I is interesting as it is notably different
from previously reported Ga(ii) halides. Moreover, I is shown
to react with 1,4-dilithiotetraphenylbutadiene affording
[(PhCNCPhPhCNCPh)]Ga[(Cl)Li(OEt2)2]2

5 II (Scheme 1).
Compound I is significant as it represents a rare example of

two five-coordinate gallium atoms about a Ga–Ga bond.
Compound II involves cleavage of the Ga–Ga bond affording a
Ga(ii)–tetraphenylbutadiene complex.

From the discovery of cyclogallenes,6–8 metalloaromatic
Ga3

22 ring systems, to reports of a gallyne,9,10 a Ga2
22

organometallic analog of acetylene, this laboratory has been
interested in the dynamics of the Ga–Ga bond. These discov-
eries notwithstanding, this laboratory remained intrigued by the
chemistry of the simple bis(dioxane) adducts of gallium halides,
Ga2X4(dioxane)2 (X = Cl, Br) and their well documented
ability to stabilize both the Ga(ii) oxidation state and the Ga–Ga
bond. To this end, we sought to isolate triclinic crystals of
Ga2Cl4(dioxane)2 and explore its reactivity. To our great
surprise, we obtained orthorhombic crystals of [Ga2Cl4(diox-
ane)2]x I (Fig. 1).11 It is possibly noteworthy that I was
crystallized in our laboratory at room temperature while
crystallization in the original preparation by Small and Worrall2

took place at 0 °C. While I has a number of similarities with
Ga2Cl4(dioxane)2 and Ga2Br4(dioxane)2 (i.e. the dioxane
adducts are in the chair form), the differences are quite
remarkable. Most striking about I is the five-coordinate, almost
idealized trigonal bipyramidal coordination about both gallium
atoms [O–Ga–O 179.10(10)°] while maintaining a Ga–Ga
bond. It is particularly noteworthy that I is a rare example of a
dimeric gallane consisting of two five-coordinate gallium atoms
about a Ga–Ga bond. The trigonal bipyramidal coordination
notwithstanding, it is also surprising that the Ga–Ga bond
distance of 2.3825(9) Å in I is shorter than the values reported
for both Ga2Br4(dioxane)2 [2.395(6) Å] and Ga2Cl4(dioxane)2
[2.406(1) Å]. Indeed, the Ga–Ga bond in I is considerably
shorter than the cyclogallene Ga–Ga bond distances of 2.441(1)
and 2.4187(5) Å reported for Na2[(Mes2C6H3)Ga]3 and
K2[(Mes2C6H3)Ga]3, respectively, involving trigonal planar
coordinated gallium atoms. The independent Ga–O bond
distance of 2.4087(19) Å in I is considerably longer than the
mean values of 2.03(2) and 2.027(2) Å reported for Ga2Br4-
(dioxane)2 and Ga2Cl4(dioxane)2, respectively. However, the
Ga–O bond length of I compares well with the Ga–O(axial)

Scheme 1

Fig. 1 Molecular structure of [Ga2Cl4(dioxane)2]x I. Bond distances (Å) and
angles (°): Ga(1)–Ga(1a) 2.3825(9), Ga(1)–Cl(1) 2.1721(7), Ga(1)–O(1)
2.4087(19), O(1)–C(2) 1.439(3), Cl(1b)–Ga(1)–Cl(1) 112.75(5), Cl(1b)–
Ga(1)–Ga(1a) 123.62(2), Cl(1)–Ga(1)–Ga(1a) 123.62(2), Cl(1b)–Ga(1)–
O(1) 89.46(5), Cl(1)–Ga(1)–O(1) 90.05(5), Ga(1a)–Ga(1)–O(1) 90.45(5),
Cl(1b)–Ga(1)–O(1b) 90.05(5), Cl(1)–Ga(1)–O(1b) 89.46(5), Ga(1a)–
Ga(1)–O(1b) 90.45(5), O(1)–Ga(1)–O(1b) 179.10(10). (Symmetry codes:
a: 2x + 1/2, 2y + 1/2, z; b: x, 2y + 1/2, 2z + 1/2; c: 2x, 2y + 1, 2z + 1;
d: 2x, y 2 1.2, z 2 1/2; e: x + 1/2, 2y + 1, z 2 1/2; g: x + 1/2, y 2 1/2, 2
z + 1).
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distances of 2.450(5) and 2.278(5) Å reported for the trigonal
bipyramidal coordinated gallium atom in the azacrown ether
complexation of the dimethylgallium fragment of [(Me2Ga)-
(diaza-18-crown-6)[GaMe3]2.12 Also noteworthy, a view of the
unit cell of I reveals an extended array stabilized
by Cl…H(dioxane) interactions at contacts of 2.836 Å.
Effectively, these interactions allow the dioxane moieties to
loosely associate Ga2Cl4(dioxane)2 units in infinite chains
within the unit cell.

The tetraphenylbutadiene ligand is potentially useful in
organogallium chemistry. Indeed, this ligand was utilized in the
stabilization of the recently reported spirogallane anion,
[(PhCNCPhPhCNCPh)2Ga]2.13 Reaction of I with 1,4-dilithio-
tetraphenylbutadiene yields the interesting gallium(ii) product
II (Fig. 2).11 II resides about a two fold mirror plane passing
through the Ga(1) atom and bisecting the C(8)–C(8a) bond. The
coordination about the gallium atom is distorted tetrahedral.
The Ga–C bonds in II are a little shorter than those reported for
the spirogallane. Although the mechanism which affords II
remains unclear, Ga–Ga bond cleavage was clearly involved.
Moreover, it is interesting that instead of the system eliminating
LiCl, the lithium atoms, stabilized by diethyl ether, remained in
the coordination sphere via bridging chlorine atoms [Li(1)–
Cl(1)–Ga(1) bond angle is 125.8(4)°]. The Ga–Cl bond distance
of 1.966(4) Å in II is considerably shorter than the values of
2.177(5) and 2.201(5) Å for (Mes2C6H3)2GaCl14 and
[(Pri

3C6H2)2C6H3GaCl2]2,15 respectively.
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Fig. 2 Molecular structure of [(PhCNCPhPhCNCPh)]Ga[(Cl)Li(OEt2)2]2 II.
Bond distances (Å) and angles (°): Ga(1)–C(1a) 1.966(4), Ga(1)–C(1)
1.966(4), Ga(1)–Cl(1a) 2.2306(18), Ga(1)–Cl(1) 2.2305(18), Cl(1)–Li(1)
2.625(18), Li(1)–O(1) 2.07(2), Li(1)–O(2) 2.31(2); C(1a)–Ga(1)–C(1)
91.4(3), (1a)–Ga(1)–Cl(1a) 115.56(15), C(1)–Ga(1)–Cl(1a) 116.17(13),
C(1a)–Ga(1)–Cl(1) 116.17(13), C(1)–Ga(1)–Cl(1) 115.57(15), Cl(1a)–
Ga(1)–Cl(1) 102.68(14), (1)–Cl(1)–Li(1) 125.8(4). (Symmetry codes: a,
y + 1/3, x 2 1/3, 2z + 1.6; b: y + 1/3, x 2 1/3, 2z + 7/6).

1288 Chem. Commun., 1999, 1287–1288


