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ABSTRACT

A general approach to tertiary r-aminoorganolithium reagents by reductive lithiation of r-aminonitriles has been developed. This class of
organolithium nucleophiles reacts efficiently with carbonyl electrophiles or in intramolecular cyclizations with tethered phosphate leaving
groups. Transmetalation can be used to produce r-aminoorganocuprate reagents that react with alkyl halide electrophiles and in 1,4-additions
with enones. These methods establish a new approach for the synthesis of quaternary centers adjacent to nitrogen.

Since Peterson’s work on the generation ofR-aminoorgano-
lithium reagents,1 the use of these intermediates in synthesis
has been extensively explored.2 Particular focus has been
given to the development of enantioselective processes that
take advantage of the high configurational stability associated
with these species.3 Frequently utilized methods for the
preparation of primary and secondaryR-aminoorganolithiums
include (1) tin-lithium exchange and (2) deprotonation aided
by the proximity of a coordinating functional group. The
utility of these methods for the preparation of tertiary
R-aminoorganolithiums has not been well demonstrated. To
the best of our knowledge, no examples of tin-lithium
exchange to generate a tertiaryR-aminoorganolithium have
been reported and deprotonation does not appear to be a
general strategy.4-6

An alternate approach to tertiaryR-aminoorganolithium
reagents involves reductive lithiation of an aryl sulfide using
lithium di-tert-butylbiphenylide (LiDBB).7,8 In a similar
manner, reductive decyanation ofR-aminonitriles under
traditional dissolving metal conditions (lithium or sodium
in liquid ammonia) generatesR-metalloamines, albeit as
fleeting intermediates due to rapid protonation of the strongly
basic tertiary organometallics.9 AlthoughR-aminonitriles are
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readily accessed and elaborated10 and would appear to be
ideal precursors for this chemistry,11 their use in generation
of tertiary R-aminoorganolithiums under aprotic conditions
is essentially unknown.12-14 At the outset of our studies, we
sought to develop a general preparative strategy toward
tertiary R-aminoorganolithiums fromR-aminonitriles as a
means of accessing polysubstituted amines (Figure 1).

Importantly, the compatibility of these reactive intermediates
with various common electrophiles would need to be
addressed. Herein, we present initial results of our studies.

As a precursor for the bulk of our studies, we focused on
R-aminonitrile 2, synthesized in two steps from 2-cyano-
piperidine15 (Scheme 1). This compound undergoes rapid

reductive lithiation with LiDBB in THF at-78°C to produce
solutions of the desired lithiated piperidines,16,17which show
good stability over a useful range of temperatures as dem-
onstrated by deuterium quenching experiments (Figure 2).

The reductive lithiation/electrophilic addition protocol was
next extended to carbonyl compounds. Carbon dioxide,
methyl chloroformate, and a variety of aldehydes and ke-
tones, including those with acidicR-protons, react efficiently
with the organolithium reagent derived fromR-aminonitrile

2 (Table 1). When aldehydes or ketones are employed, the
intermediate lithium alkoxides undergo intramolecular cy-
clization upon warming to displacetert-butoxide and form
the depicted bicyclic carbamates.18 While low to moderate
levels of diastereoselectivity were observed in most cases,
addition of pivalaldehyde afforded a single detectable dia-
stereomer (entry 5).

Direct addition of alkyl halides to the organolithium
reagent derived fromR-aminonitrile 2 is not an efficient
reaction. For example, addition of methyl iodide provides
desired addition product14 in 13% yield along with side
products17 and 18 in yields of 20 and 18%, respectively
(Table 2). These side products may arise from an intervening
single-electron transfer (SET) pathway.19 Meyers has found
that transmetalation of anR-aminoorganolithium to the
corresponding cuprate was effective in raising the yield of
desired addition products by limiting SET.19a,bIn a modifica-
tion of this procedure, we have observed significantly
increased yields by performing the reductive lithiation and
then adding a solution of P(OMe)3-solubilized 1-hexynyl-
copper20 in THF prior to addition of an alkyl halide
electrophile (Table 2).

TheR-aminoorganocuprate reagents produced in this way
also engage in 1,4-addition with enones. Methyl vinyl ketone
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Figure 1. Polysubstituted Amines fromR-Aminonitriles.

Scheme 1. Synthesis ofR-Aminonitrile 2

Figure 2. Deuterium Quenching Experiments.
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and 2-cyclohexenone produce adducts20 and21 in yields
of 64 and 60%, respectively (Scheme 2).21 In neither case
were the 1,2-addition products12 or 13 observed. These
appear to be the first reported examples of the generation
and usage of tertiaryR-aminoorganocuprate reagents.22

We have also extended this methodology to acyclic
R-aminonitrile23 (Scheme 3). Applying the procedures used
for 2 afforded benzaldehyde addition product24 in 75% yield
via the correspondingR-aminoorganolithium reagent. The
transmetalation protocol was also successful for aminonitrile
23, providing products25 and26 in 38 and 57% yields by
addition ofn-iodoheptane or 2-cyclohexenone, respectively,
to theR-aminoorganocuprate reagent.

(21) TMS-Cl was used as an additive in each case. For the beneficial
effect of TMS-Cl in cuprate 1,4-additions, see: (a) Corey, E. J.; Boaz, N.
W. Tetrahedron Lett.1985,26, 6015-6018. (b) Corey, E. J.; Boaz, N. W.
Tetrahedron Lett.1985,26, 6019-6022.
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chemistry, see: Dieter, R. K. Heteroatomcuprates andR-Heteroatomalkyl-
cuprates in Organic Synthesis. InModern Organocopper Chemistry; Krause,
N., Ed.; John Wiley & Sons: New York, 2002; pp 114-122.

Table 1. Reductive Lithiation/Electrophilic Addition of
Carbonyl Compounds

a In cases where diastereomers were obtained, the major diastereomer is
shown. See Supporting Information for details of stereochemistry assign-
ment.b Determined by GC analysis of crude reaction mixtures.c Single
diastereomer was obtained.

Table 2. Addition of Alkyl Halides toR-Aminoorganolithium
and Cuprate Nucleophiles

yield (%)

entry E+ product
via

organolithium
via

organocuprate

1 MeI E ) Me 13 52
14

2 C7H15I E ) C7H15 a 51
15

3 allylBr E ) allyl 29 60
16

a 5-Chloro-1-iodopentane afforded a 13% yield.

Scheme 2. 1,4-Addition Products
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Finally, we have applied our reductive lithiation procedure
toward the synthesis of simple 2-spiropiperidine ring systems
similar to those found in naturally occurring alkaloids such
as pinnaic acid23 and histrionicotoxin.24 Alkylation of amino-
nitrile 1 with iodides27or 28produces cyclization precursors
29 and30, respectively, having pendant phosphate leaving
groups (Scheme 4). Reductive lithiation and resultant cy-
clization produces the desired spiro[4.5] and [5.5] ring
systems.12,13,25

In summary, we have developed a method for the
generation of tertiaryR-aminoorganolithium reagents from
R-aminonitriles using LiDBB-mediated reductive lithiation.
These intermediates react in good yield with carbonyl

electrophiles or in spirocyclizations with tethered phosphate
leaving groups. Transmetalation producesR-aminoorgano-
cuprates that will react with alkyl halides and enones in 1,4-
additions. Current efforts in our laboratory are focused on
directing this chemistry toward enantio- and diastereoselec-
tive processes, with a particular interest in the synthesis of
the spirocyclic cores of 2-spiropiperidine alkaloids.
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Scheme 3. Acyclic R-Aminonitrile 23 and Addition Products Scheme 4. Synthesis of 2-Spiropiperidines
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