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Mixed complexes of the general formula [RLIOR] have
long been knowrR2 Such mixed aggregates are expected to
form during nucleophilic addition reactions of organolithium
compounds to aldehydes or ketorie$. The nature of mixed
alkyllithium/lithium alkoxide systems has received considerable
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Figure 1. 8Li NMR spectrum (44 MHz) at-20 °C with (a) and without
(b) *H decoupling of a 0.9:1 mixture dBUuOH/BuLi in cyclopentane
(2 M Li) after exposure to daylight at room temperature.S{¢g)NMR
spectrum at—20 °C of a 0.9:1 mixture ofBUOH/(CD;)sCELi in
cyclopentane (3 M Li) after exposure to light and heat.

Here we provide evidence that the decompositiortenf

attention, as these mixtures may be considered models for thebutyllithium/lithium tert-butoxide mixtures (prepared from

so-called “superbases” [RIMOR] with M = Na, K, Rb, C$8

mixtures ofBUOH/BuLi > 0.7)2in cyclopentane solution leads

Several X-ray crystal structures of such mixed aggregates haveto ahydrocarbon solubléorm of LiH, i.e., mixed LiH/LiO'Bu

recently appeared in the literatt# The presence of alkoxides
has a large effect on the reactivity of organolithium com-
pounds*?a6b.10 |n the presence of lithium alkoxides, organo-
lithium compounds are known to be thermally less stable,
eliminating lithium hydridée'!
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aggregates. Two different LiH-containing aggregates could be
identified, one from photochemical decomposition and one from
thermal decomposition.

We have recently demonstrated that 0.7:1 mixturesedf
butyl alcohol andert-butyllithium-SLi in cyclopentane consists
of a variety of aggregates: the tetramerkiz and (RO)RLi 4,
as well as the mixed hexamers (RR)Lis and (RO3RLis, and
[ROLI],.13 At an alcohol/alkyllithium ratio of 0.9:1, only the
mixed hexamers (vide supra) and [RQldfre present? Upon
standing over a period of weeks at room temperature and under
normal daylight, the solution gradually decomposes. During
that time, all of the mixed hexamers are consumed. Apart from
the 8Li resonance for lithiuntert-butoxide at—0.78 ppm, the
6Li{H} NMR spectrum contains two additional resonances at
—0.96 and—1.08 ppm (Figure 1a% The latter two resonances
were shown by 208Li,'H-HOESY NMR to correlate tdert-
butoxide groups, but ndert-butyl groups. WithoutH decou-
pling, the®bLi resonances at0.96 and—1.08 ppm each split
into doublets withJ(5Li,'H) couplings of 2.2 and 1.7 Hz,
respectively (Figure 1b). Likewise, for a sample which was
prepared from deuterate@rt-butyllithium, (CDs)sC5Li, each
resonance is a triplet (Figure 1c), with couplings of 0.34 Hz
(—0.96 ppm) and 0.25 Hz—1.08 ppm). We interpret these
results in terms of the formation of two mixed LiH/LiBu (or
LiD/LiIOBu, if deuteratedtert-butyllithium was used) ag-
gregates. Semiempirical MNDO calculations indicate that the
formation of such complexes is energetically very favorable.
The multiplicity of the lithium resonances indicates that the
lithium atoms are only coupled to one hydride (or deuteride)
ion within each aggregate. However, no structural assignments
can be made from the lithium spectra.

Scalar spina-spin coupling between lithium and hydrogen has
been observed for cp*InBiMesLi(PMDTA) 17 and cp*IrHsLi-

(12) tert-Butyllithium-6Li was synthesized by reaction of excéisismetal
(94.5% isotopic abundance) with tist-butylmercury in cyclopentant.
Deuteratedert-butyllithium, (CDs)sC5Li, was prepared in a similar fashion,
starting withtert-butyl-dy chloride (98% isotopically enriched), purchased
from Cambridge Isotope Laboratories. The mi¥@dLi/Li‘OBu aggregates
were prepared by addition of a cyclopentane solutiofBafOH to 'BulLi.

(13) DeLong, G. T.; Pannell, D. K.; Clarke, M. T.; Thomas, R.D.
Am. Chem. Sod993 115 7013.

(14) DeLong, G. T. Ph.D. Dissertation, University of North Texas, 1992.

(15) All NMR spectra were run on a Varian VXR-300 NMR spectrometer
at 300, 44, and 46 MHz, fotH, SLi, and 2H, respectivelyH chemical
shifts are referenced to TMS by setting cyclopentane to 1.51 ppmSLThe
chemical shifts are referenced t8Li)4 at 0.0 ppm.2H chemical shifts
are relative to TMS by setting the methyl peaks of toluene to 2.2 ppm.

(16) DeLong, G. T., Thomas, R. D.; Hoffmann, D. Unpublished results.

(17) Gilbert. T. M.; Bergmann, R. G. Am. Chem. So&985 107, 6391.

© 1997 American Chemical Society



Communications to the Editor J. Am. Chem. Soc., Vol. 119, No. 49, 199999

dodecamer decamer downfield 25-line multiplet centered at 1.765 ppm, resulting
from coupling to 12 equivalerfiLi nuclei, and an upfield 21-
line multiplet centered at 1.74 ppm, resulting from 10 equivalent
6Li nuclei. A simulation of two such peaks is shown in Figure
2b.
b Since (1) the aggregates contain no alkyl groups, (2fithe
nuclei are coupled to only one hydride, and (3) the hydride
proton is coupled to either 10 or #Ri nuclei, respectively, we
a assign these aggregates to fluxional aggregates of the form
(RO)HLi10 and (RO)3HLi12. Such large aggregates for what
T T ke T T T s T T T T ke | i ks is primarily lithium tert-butoxide was surprising, since lithium
Figure 2. (a) 46-MHz2H NMR spectrum at-29°C of a 0.9:1 mixture tert-butoxide in hydrocarbon solvefitand the solid staté is
of 'BUOH/(CDy)sCeLi in toluene after exposure to daylight at room ~Nexameric. X-ray analysis of crystals from this solution has
temperature. (b) Simulated spectra for the dodecamer at 1.765 ppmShown a complex mixed aggregate, (Lil{)LiO'Bu)is2* How-
and decamer at 1.74 ppm and the resulting sum of the spectra with€Vver, this structure does not appear to be consistent with the

relative intensities of 1.014:1.0 (dodecamer:decamer). solution data. We suspect it is not representative of the solution
structures.

(PMDTA)Y” (PMDTA = N,N,N',N",N""-pentamethyldiethylene- Variable-temperaturéLi{1H} NMR spectra for the proton-

triamine; cp* = C5(CHa3)s), as well as [(MeSi)oN]2AIH oL - containing compound are consistent with this explanation. The

2E$0.18 The J("Li,H) coupling constants in these complexes decamer is a single peak at0.96 ppm for all temperatures
are 8.4, 6.4, and 10.5 Hz, respectively. On the basis of the studied,—95 to +40 °C, although the peak broadens below

ratio of the magnetogyric ratios of thii and 5Li isotopes, —90°. The SLi singlet for the dodecamer at1.08 ppm
2.641, these couplings correspond(t.i, ’H) couplings of 3.2, broadens below approximatelys0® and is no longer observable
2.4, and 4.0 Hz. Thus, thé(°Li,'H) values we observed are  below—80°. Three new broad peaks appear bele@0°, with
similar in magnitude. relative intensities at-95° of 2.96:4.34:4.7. As noted above

In addition to the correlations noted above for ttest- and shown in Figure 1b, both the decamer and dodecamer are

butoxide groups, a 2BLi,'H HOESY spectrum revealed that doublets at higher temperatures without proton decoupling.
the®Li signal at—0.96 ppm is correlated to a proton resonance However, at-95°, only the most upfield of the three dodecamer
at 1.59 ppm, while théLi signal at—1.08 ppm is correlated to  peaks is a doublet; the other two dodecamer peaks are very broad
a proton resonance at 1.56 ppm. Selecti# decoupling singlets. All spectral changes as a function of temperature are
experiments confirmed that these protons were the source ofreproducible upon raising the temperature. These observations
the observed coupling in ti&i spectrum. While hydride ions  suggest that the decamer is fluxional at all temperatures studied,
in transition metal complexes generafyappear upfield from while the fluxional exchange process of the dodecamer is slowed
TMS,720 main group metal complexes typically resonate atlow temperature. Although the integration of the three low-
downfield from TMS?2! IGLO chemical shift calculatiod8on temperature dodecamer peaks suggests a structure with three
several LiH-containing model tetrameric and hexameric ag- types of nonequivalent lithium atoms in the ratio of 3:4:5, we
gregates predict an even greater downfield shift for LiH/LiOtBu do not know the structure.
species (shift range: ca. 3:8.0 ppm relative to TMS). Separate experiments revealed that the two LiH/BIO
Despite these correlations, and confirmation from selective complexes are formed via two different decomposition path-
decoupling experiments, nasible signals could be identified  ways. Photolys® of a freshly prepared 0.9t&rt-butyl alcohol/
in this region in the!H NMR spectra in either cyclopentane or tert-butyllithium mixture exclusively yields the decameric
toluene. We reasoned that the signal might be too smallto  aggregate, while heating an identical mixture under exclusion
observe if the hydride ion were incorporated into a fluxional of light leads to the formation of the dodecamer. The photo-
aggregate. However, for samples which contained LiDILiO chemically generated decameric aggregate is slowly converted
Bu aggregates, the signals could be observed irfithBIMR to the dodecamer by heat.
spectrum. The deuteride peak region in tHENMR spectrum The presence of the hydride ions in these compounds was
of a mixture of the two LiDBuUOLi compounds in toluene is  further confirmed by reacting them with 3,3-dimethyl-2-
shown in Figure 2a. In toluene, the resonances are shifted tobutanone (pinacolone). The reaction produced the anticipated
1.74 and 1.765 ppm, respectively. There are clearly two lithium enolate and hydrogen gas. It is noteworthy that these
overlapping peaks with the expected couplings of 0.25 Hz hydrocarbon soluble LiH aggregates are considerably more
(downfield multiplet) and 0.34 Hz. Most noteworthy is the fact reactive than commercially available lithium hydride, which is
that both multiplets clearly contain too many peaks and have not capable of deprotonating pinacoldif®
the wrong relative intensities to be hexameric or smaller
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