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Multiple bonding between pairs of atoms is an area of
chemistry that has attracted considerable attention for both the
transition' and main group elements.? With respect to the main
group elements, most progress has been observed for the group
14—16 elements.” Thus, well-defined examples of multiple
bonds are now precedented for many of the group 14—16
elements, although the tendency to partake in multiple bonding
is indeed diminished for the heavier congeners.> However, in
marked contrast to the many advances achieved for the group
14—16 elements, there has been surprisingly little progress in
the area of multiple bonding of the group 13 elements (B, Al,
Ga, In, Tl). For example, in comparison to the second-row
elements carbon, nitrogen, and oxygen, for which multiple
bonding represents an important aspect of their chemistry, boron
forms few stable complexes that exhibit well-characterized
[B=Y] valence multiple bonds.* Thus, multiply bonded
molecules of the type XB=Y are typically unstable with respect
to oligomerization and the concomitant eradication of the B=Y
multiple bond. Nevertheless, significant progress has recently
been achieved by the use of bulky substituents to inhibit
oligomerization, and complexes with B=B,> B=C’ B=C/’
B=N,%8 B=P 4910 and B=As**'" multiple bonds are now
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known. However, well-characterized examples of complexes
with valence multiple bonds are not well known for the heavier
congeners of group 13.'%1% In this paper, we extend our studies
of multiple bonding of the main group elements'* with the
synthesis of a terminal selenido complex of indium, [TpB+2]-
InSe, the first structurally characterized mononuclear indium
derivative with a valence multiple bond.

As part of our recent studies of the group 2 and 12 elements, '
we have employed alkyl-substituted tris(pyrazolyl)hydroborato
ligands [TpRR]'6 to support monomeric four-coordinate terminal
alkyl, hydride, and hydroxide derivatives of the type [TpRR]-
MX (X =H, R, OH)."> With respect to the group 13 elements,
we rationalized that the sterically demanding environment
offered by the tris(pyrazolyl)hydroborato ligands could also
support monomeric four-coordinate multiply bonded terminal
chalcogenido complexes of the type [TpRRIME. Indeed, we
report here that the terminal selenido complex [TpB“2]InSe may
be obtained by addition of selenium to the vacant axial
coordination site of the three-coordinate indium(I) complex
[TpB¥2]In'"'8 (eq 1)."” In contrast, a terminal selenido complex
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is not obtained by the reaction of the indium(I) alkyl [{(Me:-
Si)3C}In]4 with elemental selenium; rather, a cubane-type
derivative [{{Me3Si)3C}InSe)s is obtained preferentially.?°
The molecular structure of [Tp®“2]InSe has been determined
by X-ray diffraction (Figure 1),2' thereby confirming the
presence of the multiply bonded terminal selenido ligand. Of
most significance, the In~Se bond length of 2.376(1) A in
[TpB“]InSe is considerably shorter than In—Se bond lengths
that have been reported for other complexes, ca. 2.65 A (see
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Figure 1. Molecular structure of [TpB¥2]InSe.

Table 1. Representative In—Se Bond Lengths

d(In—Se)/A ref
[TpB:]InSe 2.376(1) this work
[{(Me3S1);C}InSels 2.671[7] a
[{CpFe(CO):}InSels 2.67[2] b
In[Se(2,4,6-BuiCeH))]s 2.506[4] c
[{(Me381);CSe)}sIn] 2.53[2] d
[{(Me3S1);SiSe)}sIn]a(u-dmpe) 2.55[2] d
[In(SePh);]. 2.776[10] e
[(Bu'CH,):In(u-SePh)], 2.744[10] f
[(Bu'CH,)In],(4-PBut)(u-SePh) 2.759[10] g
[Mes;In(u-SePh)], 2.732[5] h
[MesaIn(u-SeMes)la 2.72[1] h
[MeIn(u-SePh)(SePh)].. 2.68[5bridge h
2.542[1Jterm
(7*-Et;NCSez)sIn 2.72[4] i
{7*-Et;NC(Se)NC(O)Ph};In 2.650[7] j
(Ph}P)2CU(,L£-SCE[)2[H(SCE[)2 2.61 l(z)bﬁdge k
2.557(2)rerm
Kg[In4Se10]~l6H20 2.571(2)bridge l
2.542(2)term
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Table 1),2223 The shortness of the In~Se bond in [TpB2]InSe
clearly attests to the multiply bonded nature of the [In~Se]
moiety, which may be viewed in terms of the resonance
structures shown below:2

+ - -+
IN—Se «—» |n=—Se «—» |n=Se

It is also appropriate to compare the structure of [TpB“2]InSe
with the monovalent three-coordinate precursor, [TpB¥2]In,"” as
summarized in Table 2. Thus, it is interesting to note that even
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Table 2, Comparison of the Structures of [TpB*:]InSe and
[TpB2]In

[TpB*]InSe [TpB4In°
d(In—-Sey/A 2.376(1)
d(In—N,,//A 2.242[4] 2.468[9]
N—In—N,./deg 87[4] 80[3]
d(In-+"N3)/A® 1.37 1.66
twist angle, r/deg® 17.7 224

@ Reference 17. % d(In*+*Nj3) is the displacement of In from the
coordinating N3 plane. ¢ The twist angle of the [TpB¥] ligand is defined
as the average N—In*<*B—N torsion angle.

though the [TpB"“] ligand in both [TpB“2]In and [TpB“2]InSe
adopts a highly twisted propeller-like array,”® a significant
difference is in fact observed in the degree of interaction of the
[TpB¥] ligand with the indium centers. Specifically, the average
In—N bond length in the In(III) complex [TpB42]InSe (2.242[4]
A) is substantially shorter, by ca, 0,2 A, than that in the In(l)
derivative [TpB2]In (2,48[2] A).2® Consequently, the indium
center in [TpB"2]InSe is displaced by ca. 0.3 A less from the
coordinating N3 plane than is observed for [TpB“2]In, A similar
trend was also noted in the comparison of [5*-Mestaa]SnE (E
=S, Se) with [7*-Mestaa]Sn.'*

In summary, the terminal selenido indium complex [TpB!2]-
InSe has been prepared by addition of selenium to the three-
coordinate indium(I) complex [TpB“2)In, thereby providing the
first structurally characterized example of an indium complex
with a valence multiple bond.
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