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The reaction of bismuth amides or alkoxides with phenolic ligand
precursors yields Bi complexes of aminetris(phenoxide)s, one of
which was characterized by X-ray crystallography, revealing
monomeric Bi units of the tetradentate NOs ligand further associated
via a symmetrical toluene bridge into a bis(bismuth)toluene inverted-
sandwich complex. Synthesis of the analogous Sb complex
suggests a markedly different geometric and electronic environment
at the metal center, as evidenced by the solid-state molecular
structure. Density functional theory calculations of the sandwich
bismuth arene complex indicate the presence of a weak o*—27
interaction.

Bi plays an important role as a cocatalyst or promoter in
heterogeneously catalyzed reactiddsgs a component of
functional material$,® as a therapeutic agehiand as a
Lewis acid catalyst for organic transformatiorfdlowever,
despite these wide-ranging applications, well-defined and
structurally characterized metalloorganic compounds of Bi

are sparse in comparison to those of lighter p-block elements.

This is largely due to the propensity of Bi to form
polymetallic oxo species of limited solubility in organic
solvents? In attempting to address this problem, we have
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metal center$? 2! Specifically in this context, they have
proved useful in stabilizing monomeric complexes of metals
that normally have a propensity to oligomeriZéderein we
report the first application of aminetris(phenoxide) ligands
to Bi and Sb chemistr§? resulting in the structural charac-
terization of an isolated Bi “inverted-sandwich” complex,
which is well-defined and hydrocarbon-soluble.

Treatment of a toluene solution of [Bi(OBg with an
equimolar amount of tris(3,5-dimethyl-2-hydroxybenzyl)-
amine () resulted in the formation of the corresponding
bismuth aminetris(phenoxideB); Compound3 could be
isolated and characterized as a solid but decomposes rapidly
in solution, limiting its potential usefulness and the extent
to which it could be characterized. A similar reaction using
the more sterically demanding liga@dn a dichloromethane
solution yielded compoundlin near-quantitative yield, which
could be characterized fully in solution but did not yield
X-ray-quality crystals (Scheme 1).The reaction oR with
[Bi(NMey)4] in a toluene solution yielded a crystalline solid
amenable to single-crystal X-ray diffraction, which revealed
a toluene adduct, 4j,-C;Hg].?*

At the molecular level, the structure o#lj6-C7Hg] (Figure
1) is consistent with previously reported metal aminetris-

investigated aminetris(phenoxide)s as ligands to Bi. These(lo) Groysman, S.: Goldberg, 1.: Kol, M.. Genizi, E - GoldschmidtAd.

tripodal, tetradentate ligands have recently generated con-
siderable interest because they have been shown to providé!l)

versatile supports for a range of main-group and transition-
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Scheme 1. Synthesis of Tris(phenoxy)aminobismuth and -antimony
Complexes
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(phenoxide) complexe$. 1 The ligand adopts a tripodal,

tetradentateCs-symmetric (noncrystallographic), propeller-

like arrangement around the metal center, which itself lies
only 0.319 A above the plane of the three O atoms, resulting
in a pseudo-trigonal-bipyramidal coordination geometry. The
Bi—OAr bond distances (average, 2.173 A) are longer than »
those found in the simple homoleptic bismuth aryloxide Figure 1. ORTEP diagram of complex4J:C7Hg] with thermal ellipsoids
[Bi(OC¢H3-2,6-Me)3]?° (average, 2.091 A) but similar to the  at the 50% probability level. H atoms, methyls of the Broups, and ligand

nonbridging Bi-OAr distances in a recently reported bismuth disorder (the structure is disordered such that lBoémdM enantiomers of
the ligand are superimposed on the same position) are omitted for clarity.

oxoaryloxide calixarene complex (average, 2'175)'&}19 Selected bond distances (A) and angles (deg): BiQi(1) 2.214(6), Bi(1>

open metal faces of two of these monomeric fragments are0(2) 2.127(7), Bi(1)-O(3) 2.179(6), Bi(1)-N(1) 2.360(3), Bi(1)-(centroid)
bridged by a toluene molecule, which is symmetrically 3:263(4), O(1)Bi(1)~O(2) 119.3(3), O(1)Bi(1)—0O(3) 121.3(1), O(2)
m-bonded to each Bi center in a hexahapto fashion to give 2‘8))_‘38_1%,"(15;(?1'2((21;{3'(”‘”(” 80-2(2), 02y BI(H~N(1) 81.9(2).

an inverted-sandwich complex. A few examples of similar L )
w-nBnt-arene bridging have been reported previously for the C-C bond. lengths within the toluene moiety (average
Bi in [(BICl3)»CoMeelw,??7 [(BiBr3)»CoMed.?’ and toluene C-C distances, 1.378 gnd 1.438 A, fo4];{-p7Hg]
[Bi»(O.,CCR)4-CsMeg]...22 However, in all of these cases, the apd E(RZ_N)ZU}Z'C,7H8]’ respectn/'ely),. and the Biarene
bridges lead to polymeric supramolecular structures, and distance is long [Bi-(arene centroid) distances, 3.263(4) and
to our knowledge, this bridging mode is unique within an 3-07(2) A for [@)>»CiHg] and [(BiCl)+CoMe]., respec-
isolated, molecular complex. In this respect)(C;Hg more Vel _

closely resembles the structures of [(Cp\@yHg?® and an _ The_lnte_restmg structural feat_ures o) C;Hg] prompted
inverted-sandwich U complex (R:N).U} »C/Hg] reported investigation o_f the _co.rres.pondmg Sh analpgue. [SbNEL
by Cummins et a¥ In the latter compound, the authors undergoes amine elimination upon the additio &6 afford

propose a model of back-bonding from the metal 6d and 5f @ntimony aminetris(phenoxidep;(Scheme 1). X-ray dif-

orbitals into the arene lowest unoccupied molecular orbitals fracﬂonlangflfysis of Whitle blocks d: (Figure 2) r.(a\;]eals a
(LUMOSs), suggesting a significant contribution from“{tJ- markedly d_' erept meta geometry. romAf- CrHl; t_ e Sb .
(arene}-—U*]. This model is supported by a small but center resides in a seesaw environment consistent with

significant elongation in the €C(aryl) bond distances in valence-shell electron-pair repulsion theory for a 10-electron

the complex. More recently, 1@-electron benzene, [(8e)*], core with a stereochemically active lone pair. The O atoms

has been predicted to be stable within the inverted-sandwich'€Side in a T-shaped arrangement about the Sb center, with
complex [B&'—(CsHe)*—Ba2'].%! Despite the structural the trans oxides adoptmg a pseudol_mear arrangement
similarity of [(4),-C/Hs] to the U comple, it is unlikely that [165.74(47]. Toluene COOFdII’]at.IOI’l to Sb is not ob§erved in
there is a significant contribution to Barene bonding from the SO|Id. state, and no solvent is present in the unit cell. The
[Bi®t—(C7Hg)* —Bi®*], there is no significant elongation of contrasting metal geometries of4j¢-CiHg] and 5 are
attributed to the diffuse nature of the Bi lone-pair electrons
(24) The NMR data of the toluene sandwich complex do not indicate that VErsus the Sb complex. The solid-state molecular structure
the tojuene %%%%Qggg? Is retainec n Ssr?ététt'rcl’]rr‘%tZ‘r?eCiV(‘jeerr?t'icglsti'Iﬁ of of 5is not retained in solution, as indicated by the equivalent
those of free toluene in solution. See the Supporting Information. ~ Phenoxide environments in thiel NMR spectrum, even upon
(25) Evans, W. J.; Hain, J. H., Jr; Ziller, J. W. Chem. Soc., Chem.  cooling to —90 °C. Similarly, Kol and co-workers have
(26) ggmgf’ﬂfﬁgllgzﬁh,{?ﬁdelIer, G.: Schmidbaur, Ahgew. Chem.,  "ecently reported a dibenzyitris(phenoxy)aminotantalum com-
Int. Ed. 1986 25, 757—759. plex possessing octahedral crystal geometry that becomes

(27) Schmidbaur, H.; Nowak, R.; Schier, A.; Wallis, J. M.; Huber, B.; i~ i ; i i
Mller. G. Chem. Ber 1987 120, 1829. Cs, symmetric in solution owing to a highly fluxional process

(28) Frank, W.; Reiland, V.; Reiss, G.Angew. Chem., Int. E998 37, on the NMR time scalé

2984-2985. To further characterize the nature of the bonding within
(29) CDﬁgh_A'ch\fé'lgggafég"sf%d_d;}{gé_R" Kraus, H. J.; KrugerJCAM. [(4),C7Hg], density functional theory (DFT) molecular and
(30) Diaconescu, P. L.; Arnold, P. L.; Baker, T. A.,; Mindiola, D. J,;

Cummins, C. CJ. Am. Chem. So200Q 122 6108-6109. (32) Groysman, S.; Goldberg, |.; Kol, Mdrganometallic003 22, 3793~
(31) Diefenbach, M.; Schwarz, KChem—Eur. J.2005 11, 3058-3063. 3795,
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Figure 3. LUMO (a) and LUMO+1/2 (b) MO plots for6.

mol~* recently reported for a related [As@CsHg] adduct®®

Figure 2. ORTEP diagram of comple% with thermal ellipsoids at the i i - i . i
50% probability level. H atoms are omitted for clarity. Selected bond Finally, the inverted-sandwich structure offfCrHg] is

distances (A) and angles (deg): Sb{D(1) 2.096(1), Sb(HO(2) 2.142(1),  again closely reproduced when modeled &%{CsHe] under
Sh(1)-0(3) 1.978(1), Sh(BHN(1) 2.233(1), O(1)} Sh(1)-0O(2) 165.74(4), Ds symmetry. The overall stabilization energy due to the
O(1)~Sb(1)~0(3) 92.10(4), O(2ySb(1)~O(3) 88.53(4), O(LySb(L-N(1) ;6.6 interaction is estimated to be 5.2 kcal molThe

83.64(4). O(2)-Sb(LI-N(1) 82.12(4). O(3 Sb(1)-N(1) 89.09(1). metal-centroid distance in this adduct is longer than that

electronic structure calculations were performed on a simpli- found in the solid state, suggesting that the strength of the
fied model compounds, in which the Bligroups of4 were interaction may be somewhat underestimated, although both

replaced by H atoms and benzene was substituted for2™® consistent with a relatively weak + 27 interaction
toluene?® The calculated structure & closely reproduced between the arene donor and the metal acceptor, such as has
the molecular geometry of within the X-ray structure of ~ PEeN ;)?served previously for heavy p-block arene com-
[(4)-C;Hg]. Examination of the molecular orbitals ¢ ~ PIEXeS’ _

indicates the highest occupied MO (HOMO) to be ligand- In conclusion, we have prepared and structurally charac-
based (as are HOMEL and HOMG-2), which is consistent terized the first tripodal tris(phenoxy)aminobismuth and
with the “lone pair® of Bi being sigr;ificantly lowered in -antimony complexes. The crystallographic observation of

energy, a phenomenon attributed to relativistic effects upon a unique molecular toluene .|nverted—.sandW|ch CO!””p'eX 'S
the 6s orbital® The LUMO (Figure 3) is ofa symmetry, is reproduced by DFT ca}lculatlons, which also coqﬁrm that
largely localized on the metal, and is antibonding with respect the arene forms a relatively weak+ 2 complex with the

to the Bi—N and Bi~O interactions. This is consistent with Bl _centers involving LUMOs ofa ande symmetry on Bi-
. . . suitabler HOMOs of toluene. By contrast, the analogous
the o* acceptor orbital model, which has been used to ex-

plain the Lewis acidity of heavy p-block elemeftsThe Sb complex possesses a stereochemically active lone pair

LUMO--1 and LUMO®-2 orbitals (Figure 3) are a degenerate and does not feature arene coordination in the solid state.
pair of e symmetry, predominantly of metal p character. ~ Acknowledgment. This work is dedicated to the memory
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