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Synthesis and structural characterization of tris(2-seleno-1-
mesitylimidazolyl) hydroborato complexes: A new type of strongly
electron donating tripodal selenium ligand 7}
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A new tripodal ligand that features three selenium donors,
namely the tris(2-seleno-1-mesitylimidazolyl)hydroborato
ligand, [TseMes , has been constructed via the reaction of
KBH, with 1-mesitylimidazole-2-selone; comparison of the IR
spectroscopic data of [Tse™*JRe(CO); with those of a variety of
related LRe(CO); complexes demonstrates that the [Tse™®|
ligand is more strongly electron donating than Cp, Cp*, [Tp],
[Tp™*] and [Tm™*] ligands.

Tripodal ligands, a prominent feature in coordination chemistry,
provide three donor atoms for facial coordination to a metal
center. The widespread use of this ligand system derives mainly
from the ability to manipulate both steric and electronic properties.
For example, electronic properties are strongly influenced by
whether the tripod ligand is a neutral Ly donor or “anionic” L,X
or X5 donor,! as illustrated by the series of [Ns]-donors:
tris(pyrazoly)methane (Ls),> tris(pyrazolyl)hydroborato (L,X),?
and tris[(amido)methyllethane (X3).** Tripodal ligands belonging
to the L,X class, in particular, have found widespread applications
because of the large variety of donor atoms that have been
incorporated. Thus, the donor set of the L,X class of ligands may
be comprised of either a homonuclear or heteronuclear array, with
examples of the former including [C5].° [N3],* [Ps],” and [S5]Y’
donors. In this paper, we introduce a new class of tripodal L,X
ligand that features an [Ses] donor array.

Whereas [Ss] tripodal ligands are ubiquitous,*'® analogous
ligands that feature an [Se;] donor array are uncommon, and the
only examples of which we are aware belong to the neutral L;
tris(selenoether) MeC(CH,SeR); (R = Me, Ph) system.!™!? Since
the tris(2-mercapto-1-R-imidazolyhhydroborato ligand, [Tm®],
introduced by Reglinski and Spicer™ has proven to be versatile,'*
with a large variety of [Tm®] derivatives having been prepared,® we
envisioned that a similar series of tripodal ligands that feature an
L,X [Ses] donor array should be accessible and thereby provide a
set of ligands with modified electronic properties.

Indeed, the tris(2-seleno-1-mesitylimidazolyl)hydroborato ligand
may be obtained as its potassium derivative, [Tse"*JK, via the
reaction of KBH, with 1-mesitylimidazole-2-selone,14 as illustrated
in Scheme 1.'° [TseM*|K is a convenient reagent for a variety of
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derivatives of both the main group metals and transition metals
(Scheme 2).'® For example, [Tse™*JK reacts with 1 equivalent of
MI, (M = Co, Zn, Cd, Hg) to give the corresponding [TseM*IMX
derivative, with the structure of the cobalt complex being
illustrated in Fig. 1. Similarly, [TseM®|K reacts with “Zn(SPh),”
to give [TseM*)ZnSPh. In addition to these 1 : 1 complexes, the 2 :
1 complex [TseM*],Zn may be obtained by treatment of Znl, with
2 equivalents of [Tse™*]K. The molecular structure of [Tse™*],Zn
has been determined by X-ray diffraction, thereby demonstrating
that the [Tse™*] ligands coordinate in a «>-Se,Se manner such that
the zinc is effectively tetrahedral.'”

Treatment of the trivalent metal halides GaCl; and InCl; with
[TseMSIK yields {[TseM*L,M}[MCl] (M = Ga, In). Despite the
fact that the cations {[Tse™*LM}* (M = Ga, In) have a similar
2 : 1 composition to that of the zinc complex, [Tse“*L,Zn, a
significant difference resides with the fact that the [Tse™*"] ligands
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Fig. 1 Molecular structure of [TseM*|Col.

of {[TseM®L,M}" (M = Ga, In) coordinate in a «*-Se,Se,Se
manner such that the metal centers are octahedral.'®

In addition to k*-Se,Se and «>-Se,Se,Se coordination modes to
a single metal center, the [Tse™®] can also bridge two metals. Thus,
the [TseM®] ligand in {[Tse™*]Cu},, obtained from the reaction of
[TseM*|K with CuCl (Scheme 3), bridges the two metals such that
each ligand coordinates in a k>-Se,Se mode to one copper and a
k!-Se mode to the other, with the result that each copper is
trigonally coordinated (Fig. 2). This type of motif is also
observed in the structure of the sulfur counterpart {{Tm™*|Cu},
and the related tris(thioxotriazolyl)hydroborato complexes
([TEMECu}o, 18 {[TMeoP]Cul, ! and {[TEMSMeICul,. 10

An important issue concerned with the application of the
[TseM*] ligand relates to its steric and electronic properties and, in
particular, how they compare with those of the [Tm™] sulfur
counterpart. In this regard, the first comprehensive evaluation of
the steric and electronic properties of ligands was provided by
Tolman, who obtained data for PR3 ligands by analyzing a large
series of nickel carbonyl complexes of the type Ni(PR3)x(CO).*°
Nickel, however, is not an ideal choice of metal for the evaluation
of the steric and electronic properties of multidentate ligands such
as [TseR], [TmR®], [TpR*®] and [CpY], because a corresponding
series of nickel carbonyl complexes is unknown. Fortunately, a
large number of [TpRRJRe(CO); and [CpRJRe(CO); complexes
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Fig. 2 Structure of {[Tse™*]Cu},.

are known and provide a good basis for evaluating the steric and
electronic properties of such ligands.>' For this reason, we have
synthesized and structurally characterized the rhenium tricarbonyl
compounds, [TseM®]Re(CO); (Fig. 3 and Scheme 3)** and
[Tm™*]Re(CO);.2

With respect to the steric properties, X-ray diffraction studies
indicate that the average Re-Se bond length (2.64 A) is 0.11 A
longer than the corresponding Re-S bond length (2.53 A),>*
thereby causing the mesityl substituents to be displaced further
from the metal center. Consequently, the [Tse™®] ligand is less
sterically demanding than the [Tm™®] ligand, as quantified by
their respective cone angles: [Tse™®] (211°) and [Tm™*] (219°);
see Table 1.7

A convenient means of assessing the electron donating ability of
a ligand is via measurement of the vco stretching frequency of a
metal carbonyl derivative.?® On this basis, the lower vco stretching
frequencies of [Tse™*JRe(CO); (1999 and 1886 cm™ ') compared
to [TmM*JRe(CO); (2007 and 1890 cm ') indicate that the
[TseM*] ligand is more electron donating than the [Tm™®
ligand.>"*® In addition to [TseM] being more electron donating
than [Tm™*), it is important to note that it is also more electron
donating than Cp, Cp*, [Tp] and [Tp™*] ligands (Table 1).* Thus,
[TseM*] belongs to a new class of strongly electron donating
tripodal ligand.

Fig. 3 Molecular structure of [TseM*|Re(CO)s.
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Table 1 Electron donating and steric properties of various ligands as
evaluated by vco values and cone angles (@)

LRe(CO)3 veo (em ™) Veoqy (em ™) o ()
[Tp]* 2020, 1896 1958 211
Cp? 2019, 1897 1958 141
[TpMe 2017, 1893 1955 255
[TmMesp? 2007, 1890 1949 219
Cp** 1999, 1892 1946 170
[TseMes)” 1999, 1886 1943 211

@ Reference 21a. ” This work. ¢ KBr disk.

In summary, a new tripodal ligand that features three selenium
donors, namely [Tse™*], has been constructed via the reaction of
KBH, with 1-mesitylimidazole-2-selone. Reactivity studies indicate
that [Tse™*] is an effective ligand for both main group metals and
transition metals, while a comparison of [TseM*®JRe(CO); and a
variety of related LRe(CO); complexes demonstrates that the
[TseM*] ligand is more strongly electron donating than Cp, Cp*,
[Tpl, [Tp™] and [Tm™*] ligands. As such, [Tse®] ligands offer
considerable potential in coordination chemistry.

We thank the National Science Foundation (CHE-03-50498) for
support of this research.
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