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Abstract: Addition of the chiral amine
(S)-methyl(1-phenyl-2-pyrrolidinoethyl)-
[15N]amine (1) to a large excess of
nBuNa resulted in the formation of a
mixed sodium amide/nBuNa complex.
This is the first observation of such a
complex. Addition of nBuLi to the
chiral sodium amide dimer 3 gave a
new mixed lithium/sodium amide 5. The

use of 15N,6Li coupling constants showed
that the lithium in 5 occupied the
tetracoordinated site. The use of chiral
sodium amide 3 in the desymmetrization

of cyclohexene oxide gave a modest
enantiomeric excess (ee) of 37 %. The
corresponding lithium amide gave an ee
of 70 % of the same enantiomer. This is
the first example of the comparison of
asymmetric induction by sodium as
cation with that of lithium.
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Introduction

The most widely utilized achiral reagent for deprotonation,
rearrangement and functionalisation is lithium diisopropyla-
mide (LDA). Its structure in solution and in the solid state are
well covered in the literature.[1] Other research groups have
investigated the crystal structure of its sodium analogue,
sodium diisopropylamide (NDA), and their conclusions were
that in reactions in which a high degree of reactivity was
required, the use of heavier alkali metal organyls or amides
can be advantageous due to their higher basicity.[2] Another
recent area of extensive development is the preparation and
use of the so-called super bases.[3] These hetero mixtures are
considerable more basic than the corresponding homo alkali
metal amides and alkoxide complexes. The use of lithium
amides as organometallic reagents in asymmetric transforma-
tions, deprotonation of conformationally locked prochiral
cyclic ketones,[4] rearrangement of epoxides to allylic alco-
hols,[5] and aromatic and benzylic functionalization of tricar-
bonyl (h6-arene)chromium complexes has been successful.[6] It
is commonly known that there is a difference in degree of
kinetic versus thermodynamic control when the heavier alkali
metals are used instead of lithium. However, there are to the

best of our knowledge no examples of the comparison the
enantiomeric outcome in a reaction with heavier organo alkali
metal amide reagents with respect to the more common
lithium amide reagents. In the literature there are only some
examples of amides of the heavier alkali metals found in the
solid state.[7] Investigations in solution are thus very sparse.[8]

The organo alkali metal amide formed from hexamethyl
disillylazide with lithium or/and potassium in THF is dimeric.
Furthermore mixed dimers were also observed in which one
lithium and one potassium metal cation constitute the dimeric
metal core. Addition of TMEDA resulted in the appearance
of monomers. However, in all cases found in the literature
there are no publications that deal with chiral amides with
internal coordinating groups. This encouraged us to inves-
tigate the solution structures of chiral alkali metal amides with
internal coordinating groups and their use in asymmetric
synthesis.

The lithium salt of the chiral amine (S)-methyl(1-phenyl-2-
pyrrolidinoethyl)[15N]amine (1) forms trimers as well as
symmetrically and asymmetrically solvated dimers depending
on solvent used. Trimers are observed in hydrocarbon
solvents, such as toluene, and asymmetric and symmetric
dimers are observed in coordinating solvents as diethyl ether
(DEE) and THF, respectively.[9]

Our choice of sodium source
for the preparation of the cor-
responding sodium amide was
n-butyl sodium. The reason for
using n-butyl sodium is the
possibility to observe the for-
mation of mixed alkyl sodium/
sodium amide complexes.
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Results and Discussion

A NMR tube was loaded with an n-butyl sodium[10] (500 mL)
hexane slurry, and the hexane was removed at a vacuum
line. The n-butyl sodium was dissolved in diethyl ether
([D10]DEE; 0.5 mL). A signal from the a protons on the
carbanionic carbon in n-butyl sodium was observed at d�
ÿ0.83 in the 1H NMR spectrum at ÿ90 8C. When 0.25 equiv-
alents of amine were added, two triplets were observed in the
1H NMR spectra at d�ÿ0.83 and ÿ0.87 (Figure 1). The

Figure 1. 1H NMR spectra at ÿ90 8C of nBuNa in [D10]DEE with different
amounts of 1 added, showing the carbanionic a-protons from nBuNa.

concentration of the n-butyl sodium hexane slurry was
determined by titration with amine 1 until the 1H NMR signal
originating from the a-carbanionic carbon protons, which was
observed at dÿ0.83, disappeared totally (55 mL, 0.27 mmol of
the amine 1).

The signal at d�ÿ0.87 was assigned to derive from a mixed
dimer (2) that consists of one molecule of n-butyl sodium and
one molecule of sodium amide. In the 13C NMR spectra, two
signals at d� 152.40 and 150.89 were observed in a 2:1 ratio at
ÿ90 8C. The signal at d� 150.89 was assigned to the quater-
nary carbon in the mixed dimer complex 2, as this signal

decreased upon further addi-
tion of amine (see Figure 2).

The 13C NMR signal at d�
152.40 was assigned to be the
quaternary carbon in a dimer
complex, 3 a or 3 b, since the
amides preferably forms dimers
in solvents like DEE, and this
signal increased in intensity
when further amine was added.

Mixed dimer complexes have
previously been observed to be
easily formed when lithium was
used as counterion, but to the

Figure 2. 13C NMR spectra atÿ90 8C of nBuNa in [D10]DEE with different
amounts of 1 added and with different additions of nBuLi.
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best of our knowledge there exists no reports of mixed butyl
sodium/sodium amide complexes.[11] This observation indi-
cates that it might be possibile to use sodium mixed complexes
as asymmetric addition reagents to carbonyl carbon atoms.

When equimolar amounts of amine had been added to the
n-butyl sodium, there was only one 13C NMR quartenary
signal seen at d� 152.40 (see Figure 2). No a protons from n-
butyl sodium was observed in the 1H NMR spectra. There are
two possible indistinguishable structures available for this
dimer, either an unsymmetrical internal coordination (3 a) or
a symmetrical internal coordination (3 b). There is a small
preference for structure 3 a as the lithium analogue in DEE
exclusively forms asymmetrically internally coordinated di-
mers (4). The 1:1 solution of the amine and nBuNa was then
titrated with n-butyl lithium, and when 0.45 equivalents of
nBuLi was reached one triplet was observed at d� 2.22
(J(6Li,15N)� 4.36 Hz) in the 6Li NMR spectra at ÿ90 8C. This
shows that structure 5 a, 5 b, or 5 c is formed (see Figure 3).

In the 1H NMR spectra one observes the a-carbanionic
carbon protons from 5 at d�ÿ0.83 and a new a-carbanionic
carbon proton signal at d�ÿ0.87 from the n-butyl sodium
formed. The reason for the appearance of n-butyl sodium is
that the more electropositive metal is directed to the more
acidic carbon atom; this results in metal ± metal exchange (see
Figure 4).

The magnitude of the coupling
constant indicates that the lith-
ium is tetracoordinated (one sol-
vent molecule included), that is,
it is coordinated by the two
pyrrolidine nitrogen atoms and
the two amide nitrogens.[12] This
indicates that the sodium cation
preferably is found in the tricoor-
dinated site (one or two addi-
tional solvent molecules includ-
ed) in the asymmetrically solvat-
ed dimer 5 a. This coordinative
arrangement of the cations in a
lithium/sodium mixed amide has
previously been observed in only
a few cases.[13]

Figure 3. 6Li NMR spectra at ÿ90 8C of 3 in [D10]DEE with different
additions of nBuLi.

Further addition of nBuLi results in the disappearance of
the triplet at d� 2.22 and two new triplets appear at d� 2.29
and 2.28 with J(6Li,15N)� 5.90 and 4.11 Hz, respectively.
These two new triplets show the same chemical shifts and
coupling constant magnitudes as observed for the unsym-
metrically solvated lithium dimer 4.[9] Altogether these
observations show that sodium has to be situated in the
tricoordinate site, as shown in 5 a. The addition of nBuLi
expels sodium from the sodium amide to form nBuNa; this is
clearly seen in the 1H NMR spectra in which a protons from n-
butyl sodium start to appear upon increased addition of
nBuLi, due to metal exchange.

The reactivity of the amine was measured by enantioselec-
tive deprotonation of a symmetrical epoxide, cyclohexene
oxide, to give the optically active allylic alcohol, (S)-cyclo-
hexanol. A NMR tube with 3 in DEE was prepared the same
way as above, and one equivalent of cyclohexene oxide was
added to the solution at room temperature. The enantiomeric
excess (ee), determined by using chiral gas chromatography,

was 37 % ee of the S enantiom-
er. The corresponding lithium
amide gave an ee of 70 % of the
same enantiomer. A NMR tube
with 5 in DEE was prepared the
same way, and the enantiomeric
excess was 10 % ee for the S
enantiomer. The reason for the
large difference in enantiomer-
ic excess is probably to be
found in the difference of the
ionic radii and the coordination
number at the alkali metals; the
lithium cation coordinates the
substrate to a larger extent both
in the initial as in the transition
state. In the case of lithium a
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tighter transition state is formed, and the substituents on the
amide play a more important role in directing the stereo-
chemistry of the reaction. The coordination number may also
have an importance as the rates of ligand exchange are faster
at a tetracoordinated site relative to a tricoordinated one.

The difference in ee is indeed reflected in the coordination
status of the lithium and sodium cations in the alkali metal
amide; in this case, the substrate coordinates to the tricoordi-
nated sodium and therefore the ee decreases due to less
interactions from substituents.

Experimental Section

General : All glassware and syringes used for the NMR studies and
epoxide-opening reactions were dried at 50 8C in a vacuum oven before
transferred into a glove box (Mercaplex GB80 equipped with a gas
purification system that removes oxygen and moisture) that contained a
nitrogen atmosphere. Chromatographic analyses were carried out on a
Varian Star 3400 CX gas chromatograph. All GC analyses were run on a
chiral stationary phase column (CP-Chirasil-DEX CB, 25 m, 0.32 mm)
from Chrompack. All analyses were performed at 135 8C (injector: 225 8C;
detector: 250 8C) with He (2 mL minÿ1) as carrier gas. The NMR analysis
were recorded on a Varian Unity 500 spectrometer with a 5 mm 1H, 13C, 6Li,
15N quad resonance probe head custom built by Nalorac.

Synthesis of the chiral amine 1: The amine 1 was synthesized by using
published procedures.[14]

Preparation of NMR samples : The 6Li-labeled lithium amides, and the
NMR samples were prepared according to procedures published in
previous papers.[15]

The reaction of enantioselective deprotonation of cyclohexene oxide : The
reaction of enantioselective deprotonation of cyclohexene oxide was
performed by using published procedures.[16]
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