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Coordinating solvents have a profound influence on the
reactivity, stereochemistry, and regiochemistry of organolithium
reagents. Solvation by HMPA has been extensively documented 2
because it is unique among monodentate coordinating solvents J\\f\ R-Lihy

in that slow dynamic exchange on the NMR time scale can be
achieved at moderately low temperatures (bete®200 °C) in — E‘m—d
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solvents such as THF and eth@g For polydentate amines the
kinetics of exchange between free and coordinated ligands is
also slow enough for direct NMR observatibh.However, the N — N
detailed nature of interactions with ethers in solution has had W 00 B o

to be surmised indirectly because only averaged NMR spectragigre 1. 7j (139.905 MHz) anc®®P (145.784 MHz) NMR spectra

could be observedl. A major advance was the recent report by - gyring the HMPA titration ¢ 108°C) of 2, 0.28 M, THF:ether:pentane
Lucht and Collum that individual ether solvates of a lithium 10:8:3 (h= HMPA). "Li shifts referenced to external 0.3 M LiCl in

amide can be detected by NMR spectroscopyydrocarbon methanol.
solvent® We report the results of an NMR study of a series of
chelated organolithium reagents during which we detected for ¢ “configurational inversion” at the lithium center to be

the first time individualdiastereomeriether solvates (M©,
THF, oxetane, pyridine) under slow exchangelimethyl ether
solution, which allowed direct evaluation of the relative
coordinating ability of these solvents.

The organolithium reagents 2, and3 (previously used to

study the effects of chelation on stereochemical inversion at

the carbanion centéPare unusual in that they form bis-HMPA
contact ion pairs (CIP2-(HMPA),) identified by the triplet at
0.7 ppm in the’Li NMR spectrum (Figure 1 shows an HMPA

titration of 2). Nonchelated analogs form only trace amounts

of this species and instead form separated ion pairs {81R)e
two HMPA groups are diastereotopic hjrtue of the asym-
metric center at the lithium-bearing carbgiwo 1:1:1:1 quartets
at 26.8 and 27.0 ppm in tHéP NMR spectra). The reagerits
and 3 show very similar behavior, as do analogs with amine
ether, pyridyl, and imidazole chelated grodps.
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At higher temperatures<106 °C for 1, —100°C for 2, and
—108 °C for 3) the diastereotopic HMPA signals coalesce.
Above coalescence the £P coupling can again be resolved,
proving that the exchange process is intramolecular.

approximately 7.6 kcal/mol fot, 8.6 kcal/mol for2, and 7.5
kcal/mol for 3.

We can consider three distinct rate-determining steps for the
coalescence of the diastereotopic HMPA groups: (1) decoor-
dination of lithium from carbon and inversion at carbon or (2)
inversion at lithium, and (3) decoordination of lithium from the
chelating group and inversion at lithium. Intermolecular mech-
anisms such as dissociative or associative substitutions at lithium
by free HMPA (through tri- and pentacoordinated lithiums) are
ruled out by the maintenance of-Ri coupling during the
process. FoR, the carbon inversion barrier (coalescence of
the SiMe groups) is about 1 kcal/mol higher, whereas the amine
inversion barrier is within experimental error of the HMPA
exchange process, so inversion must be occurring at the lithium

' center, probably after decoordination of nitrogen. Mechanism

1 is a real possibility forl, since the barrier to inversion at
carbon is identical within experimental error to the Li-inversion
barrier’ The barrier to inversion at carbon f8thas not been
measured.

The mono-HMPA complexes af and 2 showed multiple
31p signals at temperatures belewl35°C in the mixed THF/
Me,O and THF/ether solvents we usually use for very low
temperature work. The use of pure Mk as solvent at
temperatures below145°C gave insight into this phenomenon.
The two Li-coupleP signals observed fdrHMPA (Figure

From 2A) were identified as diastereomefidtHMPA complexes; they

coalescence temperatures, we estimate activation energies foeoalesced to a single 1:1:1:1 quartet-d20°C. Furthermore,
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the signals of two sets of diastereomericstés were obseed

in the 31P NMR spectra of the mono-HMPA complexeslof
and2 when mixed seknts were usedFigure 2 shows a sample
set of spectra for the titration ¢FHMPA in Me;O with oxetane
below—147°C. Similar spectra were obtained for titration of

1 with THF, 3,3-dimethyloxetane, and pyridine, and Bowith

THF and 3,3-dimethyloxetane. In pure M& one pair of1P
signals was observed; a second pair of peaks grew in as the
cosolvent was added. Thus, under these conditions, not only
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Figure 2. (A—C) 3P NMR spectra of the titration &HMPA in Me,O
with oxetane. (G-F) Variable temperature spectra at 6 equiv of oxetane.

the intermolecular exchange of HMPA but also exchange of

Communications to the Editor

suggests that we are dealing with inherent solvent donor
strengths toward lithium without significant steric effects, since
1 and2 differ substantially in steric hindrance at the carbanion
center.
K 0olv
R-Li-HMPA-OMe, + Solv==
R—Li-HMPA-Solv+ OMe, (1)

The behavior of the solvates tfand?2 differs in significant
ways from that of the lithium bis(trimethylsilyl)amide dimer
solvates reported by Lucht and ColldmThe organolithium
reagentd and?2 are tetracoordinated, whereas the amide dimer
has tricoordinated lithiums. Secondly, the activation free
energies for intermolecular solvent exchange are substantially
higher in the amide solvates. NMR coalescence between the
bis-THF solvated dimer and free solvent occurred-dt °C
(AG¥226x = 10.8 kcal/mol), whereas coalescence between the
diasteromeric solvatekaand1b (L = THF) occurred at-139
°C (AG¢135K = 6.0-6.5 kcal/mol )

In light of the strong intramolecular coordination of the
pyrrolidine group inl and2 and the weaker chelation of similar
reagents with pendant ether grodpst is interesting that
addition ofN-methylpyrrolidine caused no significant changes
in the NMR spectra ofl in dimethyl ethe® Propylene oxide
(up to 28 equiv) also showed no sign of coordinatioriltor
2.9 The solvation free energy of HMPA vs THRAG® o3¢ =
—1.4 kcal/mol) inl is surprisingly small compared to the value
of —7.4 kcal/mol estimated for lithium picrate by an electro-
chemical method® Apparently the strongly coordinated (and
perhaps sterically hindered) lithium dfHMPA has greatly
reduced electrophilicity compared to the THF solvate of lithium
picrate.

The results reported here have provided detailed insights into
the coordination behavior of a chelated lithium reagent in
ethereal solvent. Even with one or two strongly electron
donating HMPA ligands attached to lithium, the solvation
structure is tetracoordinate, capable of sustaining diastereotopic
or diastereomeric solvation on the NMR time scale. The

the ether solvent and cosolvent, as well as configurational diastereomeric solvates df(2.6:1) and2 (7:1) provide models

inversions at lithium and carbon, are all slow on the NMR time
scale AG* > 6.0 kcal/mol).

The dynamic behavior of a 1:1 ratio of the dimethyl ether
and oxetane solvates GfFHMPA is shown in Figure 2E€EF.

The dimethyl ether diastereomers exchange faster (Figure 2C,D)
than the oxetane solvates. All four signals coalesce to a single
common quartet in the phosphorus NMR spectrum (Figure 2F,

0 26.53,J = 9—10 Hz) and a doublet in the lithium NMR
spectrum § 1.28,J = 9.9 Hz). Like the HMPA exchange of

2:(HMPA), discussed above, the dynamic processes for

1-HMPA are intramolecular for HMPA (no loss of tiP

for asymmetric induction at carbon from asymmetric solvation
at lithium1*
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The 3P signals in all of the titrations could be integrated,
and this has allowed a direct measurement of relative lithium
solvent association constants (eq 1). Bdhe relativeKsoy
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oxetane:pyridine:HMPA= 1:7:13:16:100:2000. Compourd
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(vs 2.6:1 forl), the 3P shift of the major diastereomer was
downfield rather than upfield, and the rate of diastereomer
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