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Introduction

Since organic halides are often used as precursors, lithium
halides are frequently formed as byproducts in metalation
reactions. We report here the crystal structure of [LiBr-Et;0]4
(1), a new example of this type of complex (Figure 1). It was
obtained fortuitously as a byproduct of the reaction of bromo-
mesitylene and lithium metal.

The various crystal structures of lithium halides solvated by
Lewis bases exhibit remarkable structural diversity.! Solvent-
separated ion pairs, 6811131571720 monomers,5141819.22-25.28
dimers,2912.17.19-21.2527 tetramers, 10.182125 Jarger oligomers'”%
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Figure 1. ORTEP diagram of [LiBr-Et;0]4 showing 50% probability
ellipsoids.

and polymers*?62 are known. Pyridines (pyridine,>25 4-tert-
butylpyridine,'* quinoline,'*325 2,6-dimethylpyridine,?' 3,5-
dimethylpyridine,'® 2-methylpyridine,'® 1,10-phenanthroline,?®
2,2’-bipyridine,? collidine,” quinaldine®®) and chelating amines
(ethylenediamine,®® TMEDA = N,N,N' N -tetramethylethylene-
diamine,'’** PMDETA = N,N,N'.N’,N"’-pentamethyldiethyl-
enetriamine®!%) usually serve as ligands. Complexes with Lewis
bases containing oxygen (triphenylphosphine oxide,* wa-
ter,>!1-131 yrea,” HMPTA = hexamethylphosphoric tri-
amide, %122 acetone,'? methanol,'® 2-propanol,?* sulfolane?)
are less common. Those with ether solvents are rare: [(LiCl),
(1,4-dioxane);)..,> [LiCl-2THF],?” (THF = tetrahydrofuran),
[Li(12-crown-4)]C],28 and [LiBr-THF]... Since Et;O is such
a commonly used solvent in organolithium chemistry, it is
surprising that diethyl ether-solvated complexes have not been
reported before. However, such species tend to desolvate
rapidly when removed from solution.

Experimental Section

All reactions were carried out under an argon atmosphere using
standard Schlenk as well as needle septum techniques. Diethyl ether
was freshly distilled from Na under argon. Bromomesitylene was
prepared according to the literature procedure.’!

Preparation of [LiBr-Et;0) (1) To a suspension of Li powder (0.73
g, 105 mmol) in diethyl ether (60 mL) was added bromomesitylene
(7.7 mL, 50 mmol) in one portion. The resulting mixture was exposed
to ultrasound at room temperature for 1 h until virtually all the Li
powder had vanished and a white precipitate had been formed. The
reaction mixture was allowed to stand overnight. The slightly yellow
solution was separated from the precipitate via syringe and stored at
—20 °C. 1 formed large colorless crystals of X-ray quality after 2
days. The crystals were found to be stable only in their mother liquor,
as they desolvate rapidly when dried. Crystallographic data and selected
atomic coordinates are given in Tables 1 and 2, respectively.

X-ray Crystallography. Data were collected with a Nicolet R3mV
diffractometer on a crystal with the dimensions 0.5 x 0.4 x 0.4 mm
using the w-scan method (4.0° < 26 < 54.0°). Of a total of 4892
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Table 1. Crystallographic Data for [LiBr-Et,0]4 Table 3. Selected Bond Distances (A) and Angles (deg)
empirical formula Ci6H4oBrsLisO4 Li(1)—Br(1) 2.59(2) Li(2)-Br(2) 2.59(2)
formula wt (g mol™}) 643.88 Li(1)~-Br(2) 2.54(2) Li(2)—Br(la) 2.62(2)
space group C2/c Li(1)—Br(2a) 2.58(2) Li(1)—0(1) 1.87(2)
a (A 17.649(11) Li(2)—Br(1) 2.54(2) Li(2)—0(2) 1.82(2)
b (&) 11.684(8) _ . ’
¢ A) 15.545(9) Br(l)—L}(l)—Br(Z) 98.6(6) L}(2)~Br(1)—L1(2a) 78.0(5)
B (deg) 111.60(5) B.r(l)—L1(2)—B.r(2) 98.7(7) Li(1)-Br(2)—Li(la)  78.8(6)
T (K) 173(2) L}(l)—Br(l)—Ll(Z) 80.3(6) Li(2)—-Br(2)—Li(la) 81.1(5)
A (A) (Mo Ka) 0.710 73 Lx(l)—Br.(Z)—Li(Z) 80.2(6) O(1)—Li(1)—Br(1) 118.0(8)
Deac (g cm™3) 1.435 Br(1)-Li(1)—-Br(2a)  98.4(7) O(1)—Li(1)-Br(2) 123.9(10)
R1 0.0652 Br(2)—Li(1)—Br(2a) 100.8(6) O(1)—Li(1)—-Br(2a) 113.0(9)
WR2 0.1828¢ Br(1)~-Li(2)—Br(la) 101.7(5) O(2)-Li(2)-Br(1) 114.9(9)
V(AY 2980(3) Br(2)—Li(2)—Br(la) 97.5(6) O(2)—Li(2)—Br(2) 120.0(8)
7 4 Li(1)~Br(1)—Li(2a) 80.5(6) O(2)~Li(2)—Br(la) 120.2(10)

@ Standard deviations in the least significant figure are given in
parentheses. © (I > 4o()); R1 = X|F, — F|/XF,. *wR2 = Ew(F2 —
Fc2)2/ZW(F°2)2)O.5.

Table 2. Atomic Coordinates (x 10*) and Equivalent Isotropic
Displacement Parameters (A2 x 103

x y z Uleq)
Li(1) —832(12) —3537(16) 7721(14) 66(6)
Br(1) —1019(1) —1340(1) 7778(1) 63(1)
Li(2) —567(10) —1464(17) 6409(11) 58(5)
Br(2) —670(1) —3663(1) 6166(1) 67(1)
o) —1525(6) —4484(8) 8072(6) 87(3)
C(l) —2045(12) —3993(20) 8587(13) 214(13)
C(2) —1631(33) —3793(40) 9484(16) 156(15)
C(2) —1679(70) —3406(59) 9351(32) 156(15)
C(3) —1554(30) —5673(18) 8110(28) 156(12)
C3) ~1171(46) —5570(35) 8304(27) 156(12)
C4) —1221(13) —6228(12) 7553(14) 185(12)
0(2) —~1101(6) -512(8) 5455(6) 99(3)
C(5) —992(14) 643(13) 5311(12) 171(11)
C(6) —338(25) 1056(45) 5981(30) 160(17)
C(6") —598(33) 1276(30) 6067(14) 160(17)
C(7) —1907(10) —903(18) 4824(10) 143(9)

C(8) —1820(11) —1416(13) 4129(11) 141(6)

@ U(eq) is defined as one-third of the trace of the orthogonalized Uy
tensor.

collected reflections, 3450 were unique and 750 with I > 4o(l)
observed. The structure was solved by direct methods using SHELXTL
Plus 4.11. A total of 139 parameters were refined with all data by
full-matrix least-squares fitting on F? using SHELXL93.%? All non-
hydrogen atoms were refined anisotropically; the hydrogen atoms were
fixed in idealized positions using the riding model. The ether ligands
exhibit disorder of the carbon atoms (C2, C2’, C3, C3’, C6, C6") which
was resolved using distance restraints. The largest peak and hole in
the final difference map were 0.687 and —1.121 eA™,

Results and Discussion

The discrete tetramers of 1 exhibit a heterocubane structure. .

Li occupies four nonadjacent corners of a distorted cube, and
Br the other four, as shown in Figure 1. The principal bond
distances and angles are summarized in Table 3. Each Li is
coordinated pseudotetrahedrally by three Br atoms (r(Li—Br)
2.54(2)—2.62(2) A) and one oxygen of diethyl ether (HLi—O)
1.82(2), 1.87(2) A). The average Li—Br—Li and Br—Li—Br
angles are 79.8° and 99.3°, respectively. Thus, the LisBry cluster
can be regarded as a small solvated fragment of the LiBr lattice.
Similar tetrameric aggregates exist in solutions of LiBr in diethyl
ether, as shown by EXAFS spectrosco;z.33~34 The Li~Br and
Br—Br distances of 2.5 and 3.87 A, found in solution,
correspond very well to the respective separations in 1 ((Br—
Br) 3.90(2)—4.00(2) A). In solid LiBr, r(Li—Br) is 2.748(4)
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A3 in the gas phase, r is 2.1704(1) A in the monomer®® and
2.35 A in the dimer3’ The Li—Br distances found in 1 are
between the values in the solid and in the dimer, as expected.

The heterocubane tetramer type is well documented in a great
variety of organolithium compounds.!*¥~% Surprisingly, 1 is
only the second pure lithium halide complex with this arrange-
ment; the first such cluster was [LiCI'HMPTA],."% Additionally,
LiBr units have been found in a number of mixed-aggregate
heterocubanes, e.g., one in [(PhLi*Et,0)3°LiBr]*? (Ph = phenyl),
two in [(c-C3HsLi*Et;0),+(LiBr-Et;0),], (c-C:Hs = cyclo-
propyl) and three in [(Me3Si);CCd+(LiBr-THF);*OSiMes].** A
“double cubane with two comers missing” is realized in the
cationic part of [LiGBI‘4(Et20)1o][Ag3Li2Ph6]2.46

It is of special interest to compare the structures of 1 and the
polymeric complex [LiBr-THF]..,”® reported recently. The
structure of the latter, consisting of infinite folded ladder
arrangements of cyclic (LiBr); units, results from the poly-
merization of (LiBr)s; heterocubanes by breaking the two
opposite edges of one face.

Lithium compounds generally are more soluble in THF than
in diethyl ether. Ab initio and semiempirical calculations of
the thermodynamics of solvation of Li* and CHsLi*? have
concluded that the solvating power of diethy! ether is slightly
larger than that of THF for the first ligand to be attached. If
more than one of these ligands per Li is present, THF is the
superior solvent. Therefore, it is not obvious why solvation of
LiBr by THF results in the formation of larger aggregates in
the solid state than solvation by diethyl ether. The three
structurally different complexes of the LiICI/TMEDA system!7-%0
are instructive in this context. High-level ab initio and
semiempirical calculations of several LiCl tetramer arrangements
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Notes

(including heterocubane and ladder structures) show that the
potential energy surface is very flat.’® Additionally, the
oligomerization energies per LiCl monomer were found to be
very similar for trimers and for tetramers. The same can be
expected for LiBr clusters. Obviously, the formation of
aggregates of different size depends on subtle steric and
energetic differences. Ligands are necessarily more crowded
in a ladder structure than in discrete tetramers. This is in
accordance with the formation of the latter in the presence of
diethyl ether, which is sterically more demanding than THF.
However, a MNDO computational examination failed to reveal
any clear-cut steric difference between Et,O and THF with
regard to the formation of the two different structures.
Another possible rationalization of the observed structural
difference is based on entropy considerations. Tetramers with
one ligand per LiBr unit are present in diethyl ether. Poly-
merization of these tetramers would lead to a decrease of entropy
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of the system, since the number of particles would decrease.
However, in THF, smaller aggregates with more than one ligand
per LiBr unit may be present, e.g., [LiBr«2THF];. Formation
of a ladder structure from such complexes would increase the
number of particles due to liberation of ligands. Therefore, the
entropy of the system would increase upon polymerization.

Supporting Information Available: Tables of crystal data and
structure refinement, atomic coordinates and isotropic displacement
factors, bond lengths and angles, anisotropic displacement factors, and
hydrogen coordinates for 1 (5 pages). Ordering information is given
on any current masthead page. Further details of the crystal structure
investigation are available on request from the Director of the
Cambridge Crystallographic Data Centre, University Chemical Labora-
tory, Lensfield Road, GB-Cambridge CB2 1EW, by quoting the full
journal citation.
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