Synthesis and crystal structure of [IBa(OBut),{Li(thf)}4(OH)]: a mixed ligand
heterometallic cluster with an unusual low coordination number for barium
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The reaction of [Bal,(thf)s] with LiOBut in THF in the
presence of hydroxide yields a volatile mixed alkali and
alkaine earth metal cluster with an unusually low coordina-
tion number for the alkaline earth cation; due to the presence
of the alkoxide groups, the cluster is volatile at temperatures
below 200 °C.

Recently, many organolithium compounds have been structur-
aly investigated, their structure being of interest for the
elucidation of possible reaction mecanisms in organic metal-
lation reactions. Thus, it has been shown that metallated organic
compounds tend to form aggregated speciesin the solid state as
well asin solution. For example, LiMe, NaMe and MOBuUt, M
= Rb, K, form tetrahedral tetramers,2.2 LiEt forms hexameric
units3 and NaOBuUt has been shown to have one hexameric and
one nonameric molecule in its structure4 LiOBut forms a
hexameric aggregate in the gas phase as well asin solution and
the solid state.> We here describe the reaction of this compound
with [Bal x(thf)s] in THF which yields the mixed metal cluster
[I1Ba(OBut)4{ Li(thf)} 4(OH)] 1.1

In our attempts to make akaline earth meta cluster
compounds in analogy to transition metal clusters, we use an
alkaline earth metal halide and an akali metallated organic
compound in order to eliminate alkali halide and to enforce
aggregation of the alkaline earth compound.® Herein, we report
on the reaction of Bal, with LiOBut in THF preceded by the
synthesis and isolation of LiOBut.3

The reaction of 4 equiv. of LiOBut dissolved in THF under
partial hydrolysis or directly in the presence of LiOH with a
THF-solution of 1 equiv. of Bal, containing [Bal(thf)s]? at
—20 °C vyields colorless blocks of 1 [egn. (1)], suitable for
single crystal X-ray analysis.8

[Bal(thf)s] + 4 [Li(OBuY)] + OH— —
[1Ba(OBU)4{ Li(thf)} 4(OH)] 1+ 1— (1)

The compound crystallises in the tetragonal space group
P4/nmm (No. 129) with two molecules per unit cell. The
structure can be described as a square antiprism formed by four
Li atomsin one plane and four O atoms of the OBut ligandsin
the other square plane, the Li-face being capped by an OH-
group and the O-face by aBa- unit leading to an overall almost
spherical entity. Its formation can be explained by the
successful substitution of one iodide and five thf molecules of
[Balx(thf)s] by a [LiOBut]4-unit and a u4-capping OH-group
(Fig. 1), the latter being introduced by partial hydrolysis of the
THF solution of LiOBut or LiOH. In fact, compound 1 can be
obtained in ayield of up to 65% when the reaction is carried out
in the presence of 1 equiv. of LiOH relative to Bal,. The
coordination sphere of barium is built up by the one remaining
iodide and four OBut-groups to give a tetragonal pyramidal
geometry. Barium has thus a coordination number of five which
isunusually low for such abig cation (ionic radius of 1.36 A for
a coordination number of 6)° and only possible by the steric
protection by the OBut-ligands. The four thf molecules, each
one coordinating a lithium ion to yield a tetrahedral coordina-
tion sphere for the alkali metal, form acalix[4]arene-like cavity
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of an average diameter of 7.5 A, this diameter taking into
account the disorder positions of the thf molecules. The ug-
capping OH-group presents an oxygen with five bonding
partners.

The alkaline earth cation Ba lies on a crystallographic 4mm
site (0, 4, z(c)) asdo the halide | and the O3-hydroxy group. The
Li-atom isfound on a crystallographic mirror planem (y, 0, —z
(i), the oxygen atom O1 of the OBut-groups are on a
crystallographic mirror plane m (-x+3, X, —z (j)) together with
the attached C1 atom and one of the three methyl groups C2.
The main symmetric features of the molecule are thus the four-
fold axes through I, Baand O3 as well as the two mirror planes
through Li and O1. In the crystal, the neutra clusters are
arranged along the C4-axis with rather long 1-O3(H3) hydrogen
bonds of 3.935 A.6

The terminal Ba-l distance at 3.344(2) A is extremely short
due to the low coordination number of barium and even shorter
than the smallest Ba-l distance in solid Bal, of 3.38 A.1° In
[Balx(thf)s],” the terminal Ba-l distances are 3.374(2) and
3.3822(2) A for acoordination number of seven for the barium.
The Ba—O distancesin 1 are 2.597(6) A and thus shorter than in
the six-coordinate [Ba(OBut),(HOBUY),]4 (2.673(8) A).11 The
four OBut-groups form, together with the four Li(thf) units a
square antiprism, the two sguare faces being twisted by 41.85°
to each other. The Li—Li contacts at 2.716(18) A are shorter than
in elemental lithium (3.0390 A), but longer than in similar

Fig. 1 Crystal structure of 1. Selected bond lengths [A] and angles[°]: Ba-l
3.344(2), Ba-O1 2.597(6), Ba-03 3.115(10), Li-O1 1.962(8), Li-O2
1.997(14), Li-O3 2.035(14), Ba-Li 3.108(13), Li-Li 2.716(18), O1-Ba-
120.77(12), 01-Ba-Ol(trans) 118.5(2), O1-Li-02 122.3(4), O1-Li-O3
91.3(5), O2-Li-03 113.7(8), Li—O3-Li(trans) 141.4(9), cavity diameter
(thf) 7.5 A in average.

Chem. Commun., 2000, 2187-2188 2187

Thisjournal is© The Royal Society of Chemistry 2000



compounds like [Ph,P(NSiMes)]»,CLi,12 with 2.393-2.410 A.
The enlargement relative to the literature datais probably dueto
the short Ba-O3 contact of 3.115(10) A in which the akaline
earth cation strongly attractsthe OH— anion which capsthe Li4-
sgquare. This also leads to the formation of the very flat square
antiprisminwhich the plane containing thefour Li atomsisonly
1.115 A apart from the plane containing the oxygen atoms of the
OBuUt groups. Thus, the O3 atom is 0.672 A abovethe Li4 plane,
and the Baatom is 1.328 A below the O, plane. For the Li—O3
and the Li—-O2 bonds, bond lengths of 2.035(14) A and
1.997(14) A, respectively are observed.

Similar structures containing a square arrangement of four
akali metals are the above mentioned [Ph,P(NSiMe3)]CLi,,12
[Nau][{SI(F)R2} (SiPrig)]o, (R = 2,4,6-PrigCeHy),3 [(LIO-
But);o(LiOH)g], 24 [Me,C(CH,)sCMeNLi] 4,15 [{Li(N-
But)3S},]16 or [Ligk-LiOH-4hmpa], (HsL = tert-butylcalix
[4]arene)l” as well as [(ButO)glisK4].18 In the [(LiIOBUY)10-
(LiOH)g] structure, one can aso find the square LisO4-
antiprism which is capped on one side by an HO ligand. This
fragment shows similar Li—-OBut and Li—OH bond lengths to 1
at 1.877(10)—2.063(9) and 1.905(11)-2.066(10) A, respec-
tively.

Similar low coordination spheres for barium are known for
instance in the sterically hindered molecule [(thf)Bag(us-
PSiButz){ uo-P(H)SiButs} 5] »1° where coordination numbers 5
and 4 for Ba are stabilised by THF or agostic interactions with
But-groups respectively. In the case of 1, one can also discuss
agostic interactions with neighbouring But-groups sincethe Ba—
(C2)CH; distances are in the range of 3.41(3) A. Other
examples for the stabilized low coordination number of 5 for
barium are the compounds [{BaNP(NMes),NP(NMe,),N-
SiMes}4],20  [Bap{ (CeH11)NC(ME)CHC(ME)N(CeHa1)} o{ (Si-
Mes)oN}H 2t [(EtsPO)-BaCus(OBU)g]?2 and  [HzBae(O)-
(OBUY)11(OCEt,CH,0)(thf)z]23 for which the Ba—O(u3-OBuUt)
distances at 2.76(1) A are much longer thanin 1. An even lower
coordination sphere of 4 in [BaY »{ u-OCH(CF3)2} 4(thd),] (thd
= 2,2,6,6-tetramethylheptane-3,5-dionato), 24  [Ba{ N(Si-
Mes)z}o(thf)z] and [Ba{N(SiMes)o}o(thf)]2?> or 3 in [Ba{N-
(SiMe3),}]25 for the akaline earth metal cation is observed.
Another molecular cluster compound combining lithium and
barium isthe {[BagLiz0-][ OC(CH3)3] 11(OC4Hg)3} in which an
oxygen-centered Bag-octahedron is fused via one triangular
face to an oxygen-centered LizBag-prism.26

As compound 1 is volatile in vacuum at temperatures lower
than 200 °C dueto the presence of alkoxide groups, its potential
application as a barium source in chemical vapour deposition
processes in order to synthesise high temperature super-
conductorswill be tested. The syntheses of further mixed metal
clusters are also under current investigation.
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Notes and references

T Experimental : Bal, was dried under vacuum at 200 °C and the reaction
carried out under nitrogen atmosphere. 20 ml of a0.2 M (4 mmol) solution
of ButOLi in THF was added to 0.391 g (1 mmol) of Bal, and 0.024 g (1
mmol) of LiOH dissolved in 20 ml freshly dried and distilled THF in order
to yield a milky white solution after 30 min of stirring. The solution was
cooled to —20 °C to give colorless crystals of 1. Yield: 65% (for Bal,). tH
NMR (ds-THF, 20 °C) 6 1.147 (s, CH3), 1.78 (m, thf), 3.62 (m, thf), 4.5 (s,
OH); 13C NMR (ds-THF, 20 °C) 6 31.78 (CH3); 7Li NMR (ds-THF, 20 °C,
LiCl 1IM/D,0) 6 0.84, T1 = 1.8 s. v/cm—1 (Csl, Nujol) 3584(s, sharp),
3050(vs, Nujol), 1596(s, Nujol), 1440(s, Nujol), 1374(s, Nujol), 1260(m),
1100(w), 1020(w), 802(m), 497(s, broad), 275(s), 238(w). MS: El (low
resolution): (M*) = 889 (6%), (M*—ButOH) = 815 (8%), (M+— 2ButOH)
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= 741 (7%), plus degradation compounds at 355 (10%), 281 (56%), 207
(100%), 133 (16%6), 73 (38%) and 59 (3%).
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