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The ability of the heavier group 136 elements to form
complexes in which the elements exhibit the subvalsint (2)
state is well-precedentetd, the so-called “inert pair” effec.
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(e.g, “GaCl"*and “Gal’®) have only recently been synthesized
on a preparative scale. As a consequence, monovalent organo-
gallium complexes, namely the cyclopentadienyl derivatives

The tendency to form such complexes diminishes quite rapidly [Cp'Ga] [Cp' = 5%CsHs, 15>-CsMes, 15-CsH4Bu!, %°-CsHo-
upon ascending the periodic table. For example, whereas(SiMes)s, 175-Cs(CH,Ph)], have only existed since 1992. In
monovalent complexes of thallium and indium are reasonably this paper, we describe the synthesis of ttig(3,5-ditert-
well-known, such derivatives of the lighter group 13 elements butylpyrazolyl)hydroborato derivative [PgGa, the first dis-

(B, Al, Ga) are extremely rar& Specifically, with respect to
gallium, aside from mixed-valent speciesg, [Ga][Gal X4]3)

and complexes with reduced formal oxidation states by virtue

of the presence of GaGa bond%® (e.g, [(MesSi);CGal,’
[{ (MesSi),CH} ,Gap,? [(MesCCH,)Gal, ° [(dioxane)GaX]» (X
= Cl, Br),1° Na[(Mes,CsHz)Gak,'! and [Li([12]crown-4)]-

crete (.e,, not mixed-valent) monovalent gallium complex to
be structurally characterized by X-ray diffraction.

Recent studies have demonstrated that the tris(pyrazolyl)-
hydroborato ligand system [RB]7 is ideal for supporting
mononuclear monovalent complexes of both inditirand
thallium?® (e.g, [TpPIn,2° [TpB4¥]In,2t and [TEY2]In).210 In

{[(PrsCeH2),Ga} 2], well-defined examples of subvalent com-  view of this demonstrated ability to sustain monomeric deriva-
plexes are uncommati3 Indeed, although precise details of tives of indium(l) and thallium(l), we anticipated théis-

their structures are unknown, monovalent gallium halide species, (pyrazolyl)hydroborato ligands could also provide a suitable

environment for stabilizing monovalent complexes of the
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Figure 1. Molecular structure of [TH7]Ga.

Table 1. Structural Comparisons of [P#2]Ga with Related
Complexes

d(in-x) —
d(Ga-x)/A2  d(in-x)Aa  d(Ga-X)/Aa

[TpBY2]M 2.230(5p 2.468[9} 0.24

{[TpMe M} + 2.064[6} 2.25[2F 0.19

(75-CsMes)M(g) 2.405(4) 2.592(4) 0.19

MCl ) 2.202 2.407 0.20

aX = N, C, ClL.°This work.¢Reference 21l Reference 33.

¢ Frazer, A.; Piggott, B.; Harman, M.; Mazid, M.; Hursthouse, M. B.
Polyhedron1992 11, 3013-3017.f Reference 28¢ Reference 25.
hHaaland, A.; Hammel, A.; Martinsen, K.-G.; Tremmel, J.; Volden,
H. V. J. Chem. Soc., Dalton Tran$992 2209-2214.

Of most importance, [T§"2]Ga is the first discrete monova-
lent gallium complex to be structurally characterized by X-ray
diffraction (Figure 1%7 The closest Ga-Ga distance iga.
10.4 A, so that the structure consists of well-separated mono-
mers. In this regard, it should be noted that although the
pentamethylcyclopentadienyl analogugPlCsMes)Ga] has been
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length in monovalent [TH2]Ga is substantially longer, bya.
0.17 A, than that of trivalenf[TpMe7],Gag *.33

The structure of the adduct [Ff¥]|Ga—Galk has also been
determined by X-ray diffractio”® Interestingly, the average
Ga—N bond length of 2.05[2] A in [TP“]Ga—Gak is more
akin to those of Ga(lll) complexes than those of the gallium(l)
complex [TPY2]Ga. Such an effect is presumably a conse-
qguence of the formal positive charge on the gallium center (

[Tp‘3“‘2](3+a—Gai3.34 Although the gallium atoms of [Ty
Ga—Galk are formally linked by a dative interaction, the Ga
Ga bond length of 2.506(3) A is within the range known for
normal covalent bonds in other dinuclear complexes: for
example, [(2>-BUNCHCHNBW)Ga], 2.333(1) A% [Ga]»-
[Gaglg), 2.388(5) A2e [{(MesSiC)(BH)4} Gap, 2.340(2) A6
[{ (CFs)sCeH2} 2Gal, 2.479(1) A% [(PrisCeHy),Gal, 2.515(3)
A;12 [{(MesSi),CH} ,Ga), 2.541(1) A838.39

In summary, the bulky tris(3,5-dert-butylpyrazolyl)hy-
droborato ligand has allowed isolation of the monovalent gallium
complex [TF'2]Ga and its Gaj adduct [TFY?]Ga—Gak.
[TpBYsGa is the first mononuclear monovalent gallium complex
to be structurally characterized by X-ray diffraction.
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structurally characterized as a monomer in the gas phase by (31) The significance of metaimetal bonding in cyclopentadienyl

electron diffractior?® it is unlikely to be mononuclear in the
solid state since its aluminum and indium counterparts (which
are also monomeric in the gas ph&s8 exist as tetranuclear
[(175-CsMes)Al] 420 and hexanuclear §f-CsMes)In]?® clusters
in the crystalline forn$1.32

As expected, the structure of [#f¥]Ga is closely related to
its indiun?P and thalliun®2 counterparts, both of which exhibit
a pronounced twisting of the [Pg7] ligand. Comparison of
the structures of the monovalent gallium and indium complexes
demonstrates that the average-®abond length in [TY2]Ga
is ca. 0.24 A shorter than the average-N bond length in
[TpBY2]Iin (Table 1). This difference is comparable to the
difference in M—C and M—CI bond lengths of thet-CsMes)M
and MCI derivatives in the gas phase (Table 1). The data listed
in Table 1 also permit comparison of the coordination of tris-
(pyrazolyl)hydroborato ligands to well-defined monovalent and
trivalent gallium centers. In particular, the average-Glsbond
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