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Abstract

X-Ray analysis of the title compound ("BuOLi), - (LiOH), (1) which was obtained by prolonged exposure of a concentrated
'‘BuOLi/hexane solution to moist air, has revealed a mixed-anion aggregate structure comprised of two hexagonal
(*Bu0)s(OH)Li,4 subaggregates and a crossed LiOH ladder structure.
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1. Introduction

Mixed-anion alkali metal compounds (RLi),, -
(XLi),, with R = alkyl and X = halide or alkoxide are
synthetically useful reagents since their reactivity is
often enhanced compared to that of the “pure”
organolithium species, RLi. A number of solid-state
structures are known [1]. However, mixed-anion com-
pounds derived from a lithium alkoxide and lithium
hydroxide have not been observed hitherto [2]. The
X-ray analysis of (‘BuOLi),, - (LIOH), (1) is the subject
of this report.

2. Results and discussion

The solid-state structures of lithiated organic CH,
NH, and OH acids complexed with R'OH ligands [4]
can be regarded as models for the species which may
occur, as the first reaction step, during hydrolysis of
organolithium base solutions with alcohols (R’ = alkyl)
or water which leads subsequently to the formation of
lithium hydroxide precipitate [see Eqn. (1) for R’ = H].
However, in principle soluble mixed-anion compounds
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of the lithiated organic acid RLi (R = R’C, R, N, R"0)
and the resulting lithium hydroxide may result from
incomplete hydrolysis [Eqn. (2)] [5].

RLi + H,0 — RLi-OH, — RH + LiOH (1)
RLi + LiOH —— (RLi),, - (LIOH), (2)

Exploring this possibility, prolonged but slow expo-
sure of a concentrated ‘BuOLi/hexane solution to
moist air over three months (in a loosely closed Schlenk
tube) allowed isolation of a few crystals which were
identified as a mixed-anion species, (‘BuOLi),, "
(LiOH), (1) by X-ray analysis [3] [Fig. 1(a)]. Although
we could not locate the OH hydrogens in the structure,
0O(1), O(7) and O(8) as well as their symmetry equiva-
lents must belong to OH groups due to the stoichiome-
try.
Fig. 1(b) shows 1 to be a centrosymmetric dimer of
two hexagonal (‘BuO){(OH)Li, aggregates (black
framework) linked by a crossed LiOH ladder structure
(open framework). Although the hexagons are com-
prised of five ‘BuOLi units and one LiOH [Li(6), O(1)]
unit, the hexagonal prismatic geometry is only little
affected by this substitution. The cross-like LiOH lad-
der moiety is fused to the two hexagons by sharing
Li(6), O(1)H and Li(6a), O(1a)H (dashed bonds) with
the hexagons. In addition, Li(7) and Li(7a) cap the
hexagonal faces.
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Table 1

Selected Li~O distances of 1 (;\)

Li(1)-0O(6) 1.877(10) Li(1)-0(2) 1.964(9)
Li(2)-0(1) 1.964(10) Li(8a)-O(1) 2.020(11)
Li(2)-0(2) 1.874(11) Li(3)-0(4) 1.895(11)
Li(4)-0(3) 1.922(10) Li(4)-0(5) 1.938(9)
Li(5)-0(4) 1.909(10) Li(5)-0(6) 1.845(11)
Li(6)-O(5) 2.022(11) Li(6)-0(6) 1.910(10)
Li(8)-0O(1a) 2.020(10) Li(1)-0(1) 1.905(11)
Li(8)-0(1) 1.951(10) Li(7)-0O(1) 1.968(10)
Li(6)-0(1) 2.066(10) Li(2)-0(3) 1.967(11)
Li(3)-0(2) 1.852(11) Li(3)-0(3) 2.040(10)
Li(7)-0(3) 2.063(9) Li(4)-0(4) 1.837(10)
Li(5)-0(5) 2.023(10) Li(7)-0(5) 1.994(10)
Li(6)-0(8) 2.345(11) Li(7)-O(7) 2.260(11)
Li(8)-0O(8) 2.260(12) Li(8)-0O(7a) 2.291(12)

Due to this capping, the mean Li—O distance (see
Table 1) in the O(1)—Li(22—0(3)—Li(4)~OD(5)—Li(6) ring
is 0.090 A longer (1.980 A; 1.922-2.066 A range) than
in the Li(1)-O(2)-Li(3)-0(4)-Li(5)-0(6) ring (1.890
A; 1.845-1.964 A range). The mean Li-O distance of
the Li—O bonds connecting the two Pexagonal faces is
intermediate (1.932 z&; 1.837-2.040 A range). The Li-
O-Li angles in the Li(1)-O(2)-Li(3)-O(4)-Li(5)-0(6)
ring are 98.0-101.7° and the O-Li-O angles are
133.2-136.2°. These angles are similar to those in hex-
americ (PhMe,COLi), which also shows small Li-O-Li
angles (110.3-112.4°) and wide O-Li-O angles (123.9-
126.3°) [6] However, the angle ranges are reversed in
the O(1)-Li(2)-O(3)-Li(4)-O(5)-Li(6) ring of 1: here
the Li-O-Li angles are wider (128.5-129.6°) and the
O-Li-0O angles are smaller (100.1-108.2°). This also is
due to the ring capping by Li(7) which draws the O(1),

O(3) and O(5) oxygen atoms together and thus gives
rise to smaller angles around Li and wider angles
around oxygen.

The Li-O separations withir}’ the crossed LiOH lad-
der are distinctly longer (2.145 A; 1.951-2.345 A range)
than those in the hexagons. While all Li cations of the
ladder substructure are tetrahedrally coordinated by
four oxygens, the O(1)H ion is six-fold coordinated but
the O(7)H and O(8)H ions only two-fold.

The solid state structure of ‘BuOLi itself is not
known exactly due to crystallographic problems with
disordered tert-butyl groups but it is very likely to be a
hexamer [7] as it is in the gas phase (by mass spectrom-
etry) [8] and in benzene solution (by a thermoelectric
method) [9]. In contrast, crystals of 'BuONa contain
nonameric and hexameric aggregates [10]. Although
ladder arrangements are quite common in lithium
amide structures [11] there are no examples of such an
arrangement for alkali metal hydroxides. In particular,
a crossed ladder structure has never been observed
before, regardless of the anion. In fact, the LiOH
ladder arrangement in 1 is a part of the solid-state
layer structure of pure LiOH: [12] all the Li cations lie
in a plane [in 1, Li(6), Li(7), Li(8) and their symmetry
equivalents] and are tetrahedrally surrounded while
the OH anions are situated above [in 1, O1(H), O(7a)H
and O(8a)H] and below [in 1, O(1a)H, O(7)H and
O(8)H] the plane and are four-fold coordinated from
one side.

In this manner 1 provides a unique example of a
mixed-anion lithium structure which is built up from
structural domains of the “pure” ‘BuOLi and LiOH
components. Moreover, the solid-state structure of 1

Fig. 1. (a) The structure of 1 in the solid state; hydrogen atoms are omitted for clarity; (b) the Li-O framework of 1; the 'Bu groups are omitted
for clarity.
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demonstrates that incomplete hydrolysis of lithium
bases can yield mixed-anion hydroxide co-complexes
rather than simply a conglomerate of the nonhydrol-
ysed lithium base (in 1, ‘BuOLi) and LiOH. We are
currently investigating the specific and more practical
conditions under which similar mixed-anion LiOH
complexes can be formed.

An interesting implication is that commercially sup-
plied or laboratory prepared “pure” RLi reagents
(organometallic, R = alkyl, as well as metallated or-
ganic ones, R = amide, alkoxide) may themselves con-
tain mixed-anion (RLi- LiOH) species due to partial
(and essentially unavoidable) atmospheric hydrolysis
although a white LiOH precipitate cannot be seen.
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