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The topic of multiple bonding to the heavier p-block elements
has stimulated considerable interest over recent years. In
particular, significant advances have been achieved with the
elements of groups 14-16,1 such that well-defined examples
of valence2 multiple bonds to many of these elements are now
known. In marked contrast, however, even though reports of
multiple bonding to the group 13 elements have appeared, the
majority of these examples are concerned withdatiVemultiple
bonds.3 Indeed, until very recently, complexes with valence
multiple bonds were restricted to the lightest congener, boron.4,5

Here we extend our studies of multiple bonding to the heavier
main group elements with the syntheses of terminal chalco-
genido complexes of gallium [TpBut2]GaE (E ) Se, Te)
supported by tris(3,5-di-tert-butylpyrazolyl)hydroborato ligation.
We have previously described the syntheses of several

examples of terminal chalcogenido complexes of germanium,
tin, and indium, namely [η4-Me8taa]GeE (E) S, Se, Te),6 [η4-
Me8taa]SnE (E) S, Se),7 and [TpBut2]InSe,8 by oxidative

addition of the elemental chalcogen to the appropriate subvalent
precursor. In view of the ability to isolate [TpBut2]InSe, the first
structurally characterized indium complex with a valence
multiple bond, we rationalized that a similar methodology could
be applied to stabilize multiply bonded gallium complexes.
Although monomeric gallium(I) complexes are exceedingly rare,
the required gallium(I) precursor, [TpBut2]Ga,9 has been recently
synthesized and does indeed react with selenium and tellurium
at room temperature to furnish the terminal chalcogenido
complexes [TpBut2]GaE (E) Se, Te) (eq 1). The importance

of the bulky tris(pyrazolyl)hydroborato ligand in stabilizing the
terminal chalcogenido moiety is highlighted by the fact that the
pentamethylcyclopentadienyl analogues, [(η1-C5Me5)Ga(µ-
Se)]410 and [(η1-C5Me5)Ga(µ-Te)]4,11 exist as tetranuclear
clusters.12

[TpBut2]GaSe and [TpBut2]GaTe have been structurally char-
acterized by X-ray diffraction (Figure 1)13 and are characterized
by Ga≈Se and Ga≈Te bond lengths14a of 2.214(1) and 2.422-
(1) Å, respectively.14b Notably, there are relatively few other
structurally-characterized complexes with either Ga-Se or Ga-
Te bonds,15-17 and it is significant that the aforementioned
Ga≈Se and Ga≈Te bond lengths are shorter than those
previously reported. For example, the shortest Ga-Se bond
length listed in the Cambridge Structural Database is that of
Ga[Se(2,4,6-ButC6H2)]3, with an average bond length of 2.324-
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(2) Å.16a The Ga≈E bond lengths for [TpBut2]GaE are, therefore,
consistent with multiply bonded character. Although the precise
details of the bonding in [TpBut2]GaE are unknown, the Ga≈E
interactions may be described as a composite of the resonance
structures [Ga+-Ε-], [GadE], and [Ga-tΕ+]. Of these
resonance structures, it is likely that the polar form [Ga+-Ε-]
provides an important contribution to the overall description,18

in which case the multiple bond is best viewed as being
composed of both covalent and ionic interactions,i.e. a
semipolar double bond.19

The isolation of the gallium tellurido complex [TpBut2]GaTe
is of particular significance since the corresponding indium
complex [TpBut2]InTe is not obtained from the reaction of [TpBut2]-
In with elemental tellurium under comparable conditions.
Moreover, the monovalent thallium analogue [TpBut2]Tl is
likewise unreactive toward both elemental selenium and tel-
lurium. While the inability to isolate the multiply bonded
indium and thallium derivatives, [TpBut2]InTe and [TpBut2]TlE
(E ) Se, Te), cannot alone be taken as a thermodynamic
indication of their instability, the observations are nevertheless

consistent with the notions that (i) the tendency to partake in
multiple bonding1,20 and (ii) the stability of the M(III)Versus
M(I) valence states21 diminish for the heavier congeners of the
main group elements,i.e.Ga> In > Tl. In accordance with
these notions, selenido transfer from indium to gallium is
observed upon reaction of [TpBut2]InSe with [TpBut2]Ga (eq 2).22

Furthermore, the selenido ligand of [TpBut2]InSe is also readily
abstracted by PEt3 giving [TpBu

t
2]In (eq 3). In contrast, however,

it is the reverse reaction, namely selenido transfer from Et3PSe
to [TpBut2]Ga, that occurs readily for the gallium system (eq 4).

The latter reaction, however, is reversible, with addition of
excess PEt3 to [TpBut2]GaSe generating low equilibrium con-
centrations of the monovalent species [TpBut2]Ga (eq 4).23 The
temperature dependence of the equilibrium constant establishes
values of∆H° ) 6.8(7) kcal mol-1 and∆S° ) 9(2) eu for
selenido ligand abstraction from [TpBut2]GaSe. Consequently,
the Ga≈Se interaction in [TpBut2]GaSe isca. 7 kcal mol-1

stronger than the P≈Se bond in Et3PSe.
In addition to selenido transfer between [TpBut2]Ga and Et3-

PSe, tellurido transfer is also observed from Et3PTe to [TpBu
t
2]-

Ga, giving [TpBut2]GaTe (eq 5). Accordingly, it is evident that

the strengths of the X≈E (E) Se, Te) interactions decrease in
the sequence [TpBut2]GaE> Et3PE> [TpBut2]InE.
In summary, the terminal gallium selenido and tellurido

complexes [TpBut2]GaSe and [TpBut2]GaTe have been synthe-
sized Via the reaction of monovalent [TpBut2]Ga with the
elemental chalcogens. The existence of a set of chalcogen
transfer reactions demonstrates that the Ga≈E interactions are
significantly stronger than the corresponding In≈E interac-
tions.
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Figure 1. Molecular structure of [TpBut2]GaTe.
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