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Lithium alkoxides, ROLi, enjoy a wide number of uses including
precursor materials for chemical vapor deposition and sol-gel
processes,1 reagents in synthesis,2 and additives polymerization
reactions.3 Furthermore, alkyllithium reagents commonly contain
substoichiometric amounts of lithium alkoxides, due to reaction with
adventitious molecular oxygen, and these mixed-anion solutions
often have significantly different reactivities as compared to the
parent organolithiums.4 As a consequence, there has been significant
interest in the structure of lithium alkoxides in the solid state, in
solution, and also in the gas phase.5

Until very recently, a notable exception to the list of crystallo-
graphically characterized lithium alkoxides was the most widely
used one, lithiumtert-butoxide,1. Although the structure of the
unsolvated form of1 has been believed to be exclusively hexameric,
16, for almost 40 years,6 as characterized by a host of techniques
including cryoscopy,7 NMR spectroscopy,8 and mass spectrometry,7

it was only in 2002 that this aggregation state was confirmed in
the literature by single-crystal X-ray diffraction.9 Problems associ-
ated with the crystallographic characterization of16 have been cited
due to poor quality, twinning, heavy disorder, or phase changes of
the crystals. Herein, we present the characterization of a novel
octameric form of lithiumtert-butoxide,18, an aggregate that has
never previously been detected for this common reagent despite
the numerous studies regarding its identity.

Initially, 18 was prepared serendipitously from a complex reaction
mixture containingtBuLi. Single-crystal X-ray analysis revealed
the octameric structure shown in Figure 1. The structure of18 is
unusual, with sections resembling both a cubane and a cyclic
hexamer. Two distinct sets of lithium centers are present, those
associated with either a pair of Li2O2 rings and a single Li3O3 ring,
Li(1), and those associated with a single Li2O2 ring and a pair of
Li 3O3 rings, Li(2). Whereas the bond lengths and angles for the
hexameric form of tBuOLi have not been published due to
substantial disorder in the structure,9 there are no such problems
associated with the determination of18 (R) 2.95). The Li-O bond
lengths range between 1.889(2) and 1.968(1) Å, with a mean value
of 1.92 Å. These distances are elongated as compared to those in
the related but less sterically encumbered complexes (tBuCH2-
OLi)8

10 and [(nBu)4(tBuO)4Li 8],11 where the mean Li-O bond
distances are 1.89 and 1.88 Å, respectively.12 Two sets of angles
are apparent at the lithium centers, those associated with the Li2O2

rings (mean 99.3°) and those associated with the Li3O3 rings (mean
122.1°). It is noteworthy that two distinct solid-state aggregates
have now been elucidated for1. Indeed, considering the large
number of crystallographically characterized lithiated complexes,
it is remarkably rare to find alternative solid-state aggregates for a
single compound.6 This contrasts with their rich solution chemistry,
where it is common for numerous aggregates to coexist.13

After considerable investigation, it was discovered that simply
cooling a solution of the commercially suppliedtBuLi reagent (1.6
M in pentane, Acros) to-44°C resulted in the formation of crystals

that were determined by X-ray diffraction to be18. Several
independent batches of crystals were prepared in a similar manner,
and their unit cells were checked. Furthermore, powder diffraction
studies of16 (freshly sublimed commercial reagent) and18 were
compared to their theoretical patterns to confirm the identity of
the bulk samples. Investigation of the composition of the com-
mercially purchasedtBuLi by double titration methods indicated
that it contained approximately 26% of alkalinity not associated
with the highly reactivetBuLi.14 An alternative source oftBuLi
(Aldrich) was determined to be essentially “pure”, and this was
subsequently used to investigate the rational synthesis of18.

The octamer can reproducibly be prepared by placing hexane/
pentane solutions oftBuLi in a Schlenk flask and either allowing
the slow diffusion of air through a CaCl2-packed drying tube or
alternatively by replacing the inert gas by dry O2. Cooling at-20
or -44 °C results in crystallization of18. In contrast, reaction of
tBuOH or tBuOOH with alkyllithium reagents, or the direct reaction
of lithium sand with tBuOH,7 resulted in precipitation of the
hexamer,16. Solvent effects were then studied, and it was found
that dissolving18 in toluene followed by recrystallization resulted
in formation of16. Furthermore, directly growing crystals from a
tBuLi solution in toluene at-44 °C also gave crystals of16.

1H, 13C, and7Li NMR analyses of bothd14-hexane andd8-toluene
solutions of16 and 18 displayed a single set of resonances with
essentially identical chemical shifts over the temperature range-80
to 25 °C. Cryoscopic studies of16 and 18 in benzene solutions
proved to be more revealing.15 The hexamer behaves as expected,
giving a molecular weight of 471( 45, over the concentration
range 10.7-21.1 mmol L-1 (theoretical 480). Somewhat surpris-
ingly, the octamer was also stable with a measured molecular weight
of 647 ( 33, in the concentration range 5.1-16.7 mmol L-1

(theoretical 640). Heating a sample of18 in benzene to reflux

Figure 1. Molecular structure of octameric lithiumtert-butoxide,18. Key
bond lengths (Å) and angles (deg): Li(1)-O(1) 1.889(2), Li(1)-O(2)
1.918(2), Li(1)-O(2*) 1.915(2), Li(2)-O(1) 1.968(1), Li(2)-O(2) 1.906(2),
Li(2)-O(1**) 1.894(2), O(1)-Li(1)-O(2) 99.87(7), O(1)-Li(1)-O(2*)
123.64(8), O(2)-Li(1)-O(2*) 100.61(7), O(1)-Li(2)-O(2) 97.49(7),
O(1)-Li(2)-O(1**) 120.15(8), O(2)-Li(2)-O(1**) 129.91(8).
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temperature for approximately 2 h followed by a cryoscopic
measurement resulted in a molecular weight of 447, which then
remained unchanged on further heating. In combination, these
results indicate that both the hexamer and the octamer are stable
in solution but that rearrangement of18 to 16 can occur. This
rearrangement is also consistent with the gas-phase behavior of the
aggregates, where the mass spectra (EI of a solid sample) of both
16 and18 displayed no significant differences.5 The similar NMR
data obtained for the two aggregation states must therefore be due
to fast intramolecular exchange within the respective complexes.

Density functional theory calculations (geometry optimization
and frequency analyses) at the B3LYP/6-311G** level were
performed on the model complexes (MeOLi)6, I , and (MeOLi)8,
II .16 From their total energies, an approximate energy of formation
(∆Ef) can be deduced according to eq 1. Unexpectedly, these
calculations indicate that the octamer is substantially more stable
than the hexamer. However, when the calculations (HF/6-31G*
geometry optimization followed by single point B3LYP/6-
311G**)17 were performed on the molecules (tBuOLi)6, III , and
(tBuOLi)8, IV , carrying thetert-butoxide groups, the stabilities
reverse, and the hexameric arrangement becomes favored.

These results can be rationalized by considering two issues. First,
the larger octameric arrangement is more stable for the methoxide
units due to a more isotropic distribution of electron density around
the lithium centers, that is, a less pyramidalized geometry at lithium
(average O-Li-O angles inI and II are 109.0° and 112.0°).18

Second, increasing the aggregate size results in closer packing of
the alkoxide groups, and the accompanying increase in transannular
strain leads to the energetic preference forIII over IV (with
numerous C-C distances<4 Å in IV ). This is also evident in the
mean Li-O distances, which increase from 1.915 Å inIII to 1.936
Å in IV . The experimental and computational results are therefore
in agreement that octamer18 is a kinetically stable form of lithium
tert-butoxide.

We then wished to consider the factors controlling hexamer and
octamer formation.tBuLi is a tetrameric cubane in hydrocarbon
solvents, and reaction with O2 will result in insertion into atBuLi
bond via a radical mechanism19 to form the peroxidetBuOOLi,
most likely as part of a larger mixed-anion aggregate. The peroxide
can then act as an electrophilic oxenoid and react with a second
Li-C bond in a SN2-type manner to form a pair of linkedtBuOLi
units.19 Further oxidation of the mixed-anion aggregate and/or ligand
rearrangement must then occur to form the homoleptic complex.
An intriguing scenario is that octamer assembly is controlled by
the combination of two tetrameric Li4O4 units. This assessment is
supported by the unusual connectivity found in18, which corre-
sponds with the fusion of two face-opened cubanes or alternatively
with the association of a pair of four-rung ladders (Scheme 1). The
more common prismatic hexamer formation is believed to occur
via face-stacking of trimeric rings or may alternatively be ac-
complished by the lateral association and subsequent cyclization
of three dimeric Li2O2 rings.20 Because octamer is formed by the
slow reaction of O2 with tBuLi in hydrocarbon solvent, this may
permit the association of tetramers and stabilization of the octa-
lithium aggregate, whereas under thermodynamic conditions, dis-
sociation into dimers (or trimers) results in assembly into the more
stable hexameric aggregation state. This model is also consistent

with the noted solvent effects (hexamer formation in toluene),
because aggregate dissociation is significantly enhanced in arene
as compared to hydrocarbon media.21

Finally, various forms of mixed anion tetramers,tBun(tBuO)4-nLi4,
and hexamers,tBun(tBuO)6-nLi6, have been proposed to form both
in solution and in the gas phase.5,21,22However, no reports of species
of higher aggregation than hexamers have been disclosed. This may
be a consequence of their method of preparation, but in light of
the characterization of18 some reanalyses of these systems may
prove valuable.

Supporting Information Available: Crystallographic, cryoscopic,
and computational data (PDF and CIF). This material is available free
of charge via the Internet at http://pubs.acs.org.
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R ) tBu, ∆Ef ) +3.4 kcal mol-1

Scheme 1
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