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Abstract: One- and two-dimensiondLi and ®N NMR
(LDA) solvated by substoichiometric concentrations of

spectroscopic studies of lithium diisopropylamide
oxetane, TH) End diisopropylamine are described.

Partially solvated dimers and trimers are identified. Possible benefits of carrying out organolithium chemistry

at low ligand concentrations are discussed.

Introduction

Spectroscopic studies of lithium amides at low ligand
concentrations can provide details of lithittigand interactions
not available when the ligand is used as the medium.
Incremental additions of coordinating solvents to lithium
hexamethyldisilazide (LIHMDS), for example, offer consider-
able insights into the coordination chemistry of lithium amide
dimers, including ligand binding constants, mechanisms of
ligand substitution, and details of competitive and cooperative
solvation?=>7 Solvation of lithium diethylamide (LiINE) af-
fords a particularly clear view of ring ladderif§. Lithium
tetramethylpiperidide (LiTMP) solvated by sub-stoichiometric
ligand concentrations provide numerous examples of mecha-
nistically important open dimers that are not observed at higher
solvent concentrations.

Besides exploring the general coordination chemistry of
lithium, there are practical motivations for understanding
organolithium structures and reactivities at low donor solvent
concentrations. Synthetic chemists often run organolithium
reactions in neat coordinating solvefitdowever, of the more
than 45 rate equations determined for synthetically important
LDA-mediated reaction¥), approximately 75% display a zeroth-
order dependence on the donor solvent concentration and anoth
20% display annversedependence. Consequently, thajority
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Table 1. ©Li and N NMR Spectral Data

structure 5Li, & (mult, Juin) 5N, 6 (mult, Juin)

2a 1.90 (t, 4.8) 70.9 (m)
1.45 (m)

3a 1.62 (t, 5.0) 76.0 (0, 5.2)

5a 2.82(t, 6.8) 82.3 (m)
1.04 (t, 4.5) 77.4 (m)

6a 2.52 (m) 75.7 (m)
1.29 (t, 4.5) 66.0 (M)

2b 2.16 (t, 5.2) 70.0 (m)
1.63 (m)

3b 1.95 (t, 5.0) 74.5 (m)

5b 2.91 (m) 83.0 (m)
1.33 (t, 4.8) 76.6 (M)

6b 2.61(t, 6.6) 73.0 (m)
1.54 (m) 63.7 (M)

2c 2.03 (t, 5.0) 68.6 (M)
1.56 (m)

3c 1.81 (t, 5.0) 73.4(q, 5.0)

4/50/6¢° 257 (t, 6.3) 81.3(q, 6.49
2.15 (t, 5.0}

a Spectra were recorded on samples containing 0.1 M total lithium
concentration (normality). Coupling constants were measured after
resolution enhancement. Multiplicities are denoted as follows: t
triplet, m = multiplet, = quintet. The chemical shifts are reported

er,elatlve to 0.3 M {LiJLiCI/MeOH (0.0 ppm) and neat MNEt (25.7

m) at—90 °C. All J values are reported in hertz. THF and oxetane
shlfts are reported at135°C. Diethyl ether shifts are reported-al.27
°C. b Peak resulting from proposed rapid ligand exchange of unsolvated
and partially solvated trimer§.0.25 equiv of diethyl ethef 0.75 equiv
of diethyl ether.

of LDA-mediated reactions may be effected at low ligand
concentrations by using more cost-effectivaliphatic or
aromatic hydrocarbons without sacrificing the reaction rate or
efficacy. Moreover, ligands used to catalytically modify orga-
nolithium reactivity must, by definition, function at substo-
ichiometric concentrations and should do so most effectively
in the absence of other strongly coordinating ethereal ligéhds.

(10) Examples and leading references to the kinetics of LDA-mediated
reactions: Majewski, M.; Nowak, Hetrahedron Lett1998 39, 1661. Sun,
X.; Collum, D. B.J. Am. Chem. So200Q 122, 2459. Rarfrez, A.; Collum,
D. B.J. Am. Chem. S0d.999 121, 11114.

(11) In addition to the higher costs of ethereal solvents compared to
hydrocarbons, there are added costs associated with drying and safety (static
electricity). For examples of lithium amide-mediated reactions in hydro-
carbons, see ref 13 and references therein.
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Figure 1. SLi{*>N} NMR spectra of 0.1 M 9Li,’>N]LDA in 3:2
pentane:toluene at135°C with (A) no added ligand, (B) 0.25 equiv
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Results

6Li and 5N NMR spectra were recorded ofL[,°N]LDA 13
using methods described previousl¥he 6Li —1°N resonance
correlations critical to the structural assignments were deter-
mined by using®Li,’>N-heteronuclear multiple quantum cor-
relation (HMQC) spectroscopy as well as broad-band and
single-frequency decoupling®Table 1 summarizes the spectral
data while Figures 1 and 2 illustrate selected spectra. The
majority of spectra are archived as Supporting Information.

LDA/Oxetane. We investigated LDA solvation using
oxetane, a strongly coordinatifigyet more spectroscopically
tractable, analogue of TH¥Figure 1 illustrates representative
one-dimensional spectra. The resonance coupling patterns and
resonance correlations were determined®biy>N-HMQC
spectroscopy (Figure 2) with support by single-frequency
6Li—15N decouplings? Spectra recorded on 0.1 M solutions of
[6Li,15N]LDA in 3:2 pentane:toluene without added ligands
reveal the mixtures of unidentified solvent-free cyclic oligomers
noted previoushf17 (Figure 1A). Analogous solutions contain-
ing 0.25 equiv of oxetane (per Li) at135 °C show the
unsolvated LDA oligomers along with resonances corresponding
to a monosolvated dime2§), a monosolvated trimeb§), and
a disolvated trimer&a). Dimer 2a displays two distincfLi
resonances coupled to a sindfN resonance. Trimeba is
favored relative tba at lower oxetane concentration. Trimers
5aand6aeach display a downfielfLi resonance corresponding
to unsolvatedLi nuclei and an upfield resonance corresponding
to solvatedfLi nuclei.

P NPT P AN e iPr i 'i\ ' b 8 - Jrstane
Py Ny F -Pro.., wiFPr P, o wni-Pr ;S =
Pr s AN SiPr i-pr NS i/N‘/-Pr l-Pr"N\Li/N‘i-Pr 2§=Egz
é d; S = -ProNH
1 2 3
PP i-Pr. i J-Pr i-Py, j JPr ipp T i-Pr
:-Pr;'—,l\,/ '\rl\f.arlPr i-Pr\—,I\,/ '\T“Ai-Pr i-Prg«T,/ l\rl\li-i-Pr iPrady LN £Pr
. . . . N . |
L'\N/L' LKN/L' S/L'\N/LI S/LI\N/U\S
A W s $ s
P TP i-Pf \i-Pr i-Pr \I'-Pr i-Pr \'rPr
4 5 6 7

As the oxetane concentration exceeds 0.5 equiv, disolvated
dimer 3a emerges at the expense of the lower per-lithium
solvates. DimeBa displays a singléLi resonance and a single

of oxetane, (C) 0.5 equiv of oxetane, (D) 0.75 equiv of oxetane, and “°N resonance. With 0.75 equiv of oxetane, the monosolvated

(E) 1.0 equiv of oxetane.

trimer 5a is no longer detected, and at 1.0 equiv of oxetane

(13) Kim, Y.-J.; Bernstein, M. P.; Galiano-Roth, A. S.; Romesberg, F.

In this study we describe the structures of the most prominent g.; williard, P. G.; Fuller, D. J.; Harrison, A. T.; Collum, D. B. Org.

lithium amide—lithium diisopropylamide (LDA}-at low ethe-
real ligand concentrations. LDA contrasts with other lithium
amides by revealing the serial solvation of cyclic trimers.
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Figure 2. ©Li,N HMQC spectrum of 0.1 M®Li,*>N]LDA in 3:2 pentane:toluene with 0.25 equiv of oxetane-it35 °C.

dimer 3ais the only observable form. Upon addition »f1.0
equiv of oxetane, thélLi resonance of dimei3a remains
unchanged, revealing the absence of deaggregation as well asorresponding to the ©CH,, of free and bound EO (respec-
confirming!® that 3a does not undergo further solvation.
LDA/THF. Spectra recorded on solutions SEI,>N]LDA

(0.1 M) in 3:2 pentane:toluene containing low concentrations

of THF at —135 °C show solvated cyclic oligomer1§, 3b,

5b, and 6b) similar to those found in oxetane/hydrocarbon
mixtures (Table 1; Supporting Information). In contrast to the

LDA/oxetane mixtures, the partially solvated trimeésls and

6b are the minor species even at low concentrations of THF.

At >1.0 equiv of THF, disolvated dimeBb is the sole

observable form with rapid exchange of free and bound THF

on 13C NMR time scales at135°C.

LDA/Diethyl Ether. Spectra of§Li,15N]LDA (0.1 M) in 3:2
pentane:toluene with diethyl ether recorded-a27 °C reveal

dimers 2c and 3c as the only well-resolved solvated forms.
Moreover, monosolvated dimé&ct remains minor relative to

the unsolvated and fully solvated dimdrand3c (respectively).

However, thebLi resonance of the trimer shifts upfield with
added ligand, suggesting rapid ligand exchange of triMers

5¢, and6c.

(18) Spectroscopit® crystallographid8® computationaté calorimetricléd

and kinetié®e studies have shown that LDA and related hindered lithium
amide dimers contaipneligand per lithium irrespective of the choice of
ligand. (a) Romesberg, F. E.; Gilchrist, J. H.; Harrison, A. T.; Fuller, D. J.;

Collum, D. B.J. Am. Chem. S0d.991, 113 5751. Lucht, B. L.; Collum,
D. B. J. Am. Chem. So0d.995 117, 9863. (b) Williard, P. G.; Hintze, M.

J.J. Am. Chem. Sod987, 109, 5539. (c) Romesberg, F. E.; Collum, D. B.
J. Am. Chem. Socl992 114, 2112. (d) Prikoszovich, W. (Novartis),

personal communication. (e) Galiano-Roth, A. S.; Collum, DJBAm.

Chem. Soc1989 111, 6772.

13C NMR spectra of 0.1 M8Li,’>N]LDA with 2.0 equiv of
diethyl ether reveal discrete resonances at 66.5 and 62.4 ppm

tively) at <—115°C. The slower exchange when compared with
THF and oxetane is consistent with the anticipated slower
associative® ligand substitution.

LDA/Diisopropylamine. Investigation of LDA solvated by
diisopropylamine was prompted by concerns that residual amine
could cause spurious resulfsSpectra recorded on 0.1 M
solutions of fLi,’>N]LDA at —137 °C in 3:2 pentane:toluene
with substoichiometric equivalents of diisopropylamine reveal
the unsolvated oligomers. At 2.0 equiv BPrLNH, solvated
dimer3d is readily apparent, although the unsolvated forms are
dominant. Even at 10 equiv of diisopropylamine the unsolvated
oligomers persist, indicating that the LDA dimer resists solvation
by diisopropylamine. These results are consistent with previous
investigations of LIHMDS, which showed that diisopropylamine
is a poor ligand for lithium amide dimeés.

Discussion

Lithium amides have provided an interesting view of how
solvation influences both aggregate structufeand reactiv-
ity.%10 By employing low donor solvent concentrations using
hydrocarbon cosolvents, the donor solvent can be treated more
as a ligand and less as the medium, affording a vantage point
akin to that of classical coordination chemistry. Comparisons

(19) For the seminal manuscript, see: Laube, T.; Dunitz, J. D.; Seebach,
D. Helv. Chim. Actal1985 68, 1373. For additional leading references,
see: Fehr, CAngew. Chem., Int. Ed. Endl996 35, 2567.
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with related lithium salts offer insights into how thid-alkyl Summary and Conclusion
substituents influence the aggregate structures of lithium amides. . . - .
Comparisons of various lithium amides reveal how the

Snaith and co-workers suggested that cyclic dimers of lithium - : . L
. . : S complex interactions of the solvensubstituent combinations
amides are more stabilized by solvation than are cyclic trimers .

. = . : influence structure. Investigations of LDA solvated by very low
and higher cyclic oligomer®.Crystallographic, computational, . ; .
; - concentrations of oxetane, THF, and@&tprovide a window
and NMR spectroscopic studies all seem to support the

modell-5820.21For example, addition of 0.5 equiv of ethereal into the coordination chemistry of lithium amide cyclic dimers

ligands to a nearly equimolar mixture of LIHMDS cyclic dimers and trimers, V‘.’h'.Ch demonstrate behavior consistent with
; S . - theoretical predictions. We show that oxetane is similar to THF
and higher cyclic oligomers affords exclusively the partially

. . - yet offers a better view of trimer solvation. We also find that
solvated dimer (analogous #) to the exclusion of the partially N S . ;

. % 5 diisopropylamine is a poor ligand for LDA, leaving unresolved
solvated trimers (analogous $oand).” The prevalence dsa the issue of how diisopropylamine can strongly influence the
and 6a in LDA/oxetane mixtures and the relatively lower propy gy

concentrations of the analogous trimers in THF angDEdre chemistry of enolates.
consistent with Snaith’s model. Computational studies suggested
that the serial solvation of the trimer causes incrementally
decreasing enthalpies per solvéht! presumably due to but- Reagents and SolventsAll solvents were distilled by vacuum
tressing around the sterically congested ring. The absence oftransfer from blue or purple solutions containing sodium benzophenone
trisolvated trimers {a—c) is also consistent with the compu- ketyl. Th_e hydrocarbon still (_:ontalned 1% tet(aglyme to dlssolvg the
tational predictions. The presence of partially solvated trimers KeW!- °Li metal (95.5% enriched) was obtained from Oak Ridge

. 4 . National Laboratory.®LiJLDA and [5Li,**N]JLDA were prepared and
for LDA, but not for LIHMDS, suggests that thePr,N moiety isolated as described previoudfyThe [Li]n-BuLi used to prepare

Experimental Section

maY b,e Iesg Stericallly demanding. than the, {8IEN moiety. . [BLI]LDA and [°Li,*>N]LDA was prepared and purified by the standard
Lithium dle_thylamlde offers a different view O_f how Steric  jiterature procedur# The diphenylacetic acid used to check solution
effects can influence structufeTreatment of LiNE: with titers4 was recrystallized from methanol and sublimed at 1Q@inder

substoichiometric concentrations of ethereal ligands yields a full vacuum. Air- and moisture-sensitive materials were manipulated
series of solvent-dependent 3-, 4-, 5-, and 6-rung ladders (e.g.,under argon or nitrogen using standard glovebox, vacuum line, and
8) resulting from transannular HN interactions and ac-  syringe techniques.

companying crowding of thé&l-alkyl moieties. The isopropyl NMR Spectroscopic AnalysesSamples for spectroscopic analyses

groups of LDA appear to be sufficiently large to preclude Wwere prepared using a protocol described elsewhBiutineSLi, 1°C,
laddering. and**N NMR spectra were recorded on a Varian XL-400 spectrometer

Structures and reactivities of lithium amides at low donor °2PeTating at 58.84, 100.58, and 40.5 MHz (respectively). “TheC,

| . d atl . incinle. b ibl and N spectra are referenced to 0.3 RLi[LiCI/MeOH at —90 °C
solvent concentrations could, at least in principle, be suscepti e(olo ppm), the toluene resonance-&0 °C (20.4 ppm), and neat Me

to spurious effects caused by the corresponding dialkylamines. gt at—90°c (25.7 ppm), respectively. THei, 15N-HMQC spectra
Investigations of LIHMDS solvated by a variety of mono- and were recorded on a Varian Unity 500 spectrometer equipped with a
dialkylamines revealed a remarkable correlation in which the custom-built 3-channel probe designed to accommotlztand N
binding constants of dialkylamines are virtually identical to their pulses with concurrent proton decoupling. The probe temperatures were
dialkyl ether counterparfsTherefore, it is not surprising that  routinely calibrated with an internal thermocouple.

diisopropylamine coordinates very poorly to LDA. What we ] )
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