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A general approach to tertiary a-aminoorganolithium reagents by reductive lithiation of a-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 o-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 generatiormedminoorgano-

An alternate approach to tertiag-aminoorganolithium

lithium reagents,the use of these intermediates in synthesis reagents involves reductive lithiation of an aryl sulfide using

has been extensively explorédParticular focus has been

lithium di-tert-butylbiphenylide (LiDBB)"® In a similar

given to the development of enantioselective processes thaimanner, reductive decyanation of-aminonitriles under
take advantage of the high configurational stability associatedtraditional dissolving metal conditions (lithium or sodium

with these species.Frequently utilized methods for the
preparation of primary and secondasaminoorganolithiums
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

o-aminoorganolithiums has not been well demonstrated. To

the best of our knowledge, no examples of-tiithium
exchange to generate a tertiaryaminoorganolithium have
been reported and deprotonation does not appear to be
general strategy.®
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readily accessed and elabordfeand would appear to be
ideal precursors for this chemisththeir use in generation
of tertiary a-aminoorganolithiums under aprotic conditions
is essentially unknowt2 14 At the outset of our studies, we

2 (Table 1). When aldehydes or ketones are employed, the
intermediate lithium alkoxides undergo intramolecular cy-
clization upon warming to displadert-butoxide and form
the depicted bicyclic carbamat&swhile low to moderate

sought to develop a general preparative strategy towardlevels of diastereoselectivity were observed in most cases,

tertiary a-aminoorganolithiums fronwi-aminonitriles as a
means of accessing polysubstituted amines (Figure 1).

1 1 i. reductive
R i. base R lithiation R
R2N+H —2> R2N+R2 ——————————— > R2N+R2
CN  iR°X CN i R3X R3

Figure 1. Polysubstituted Amines frora-Aminonitriles.

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
o-aminonitrile 2, synthesized in two steps from 2-cyano-
piperiding® (Scheme 1). This compound undergoes rapid

Scheme 1. Synthesis ofx-Aminonitrile 2
H
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reductive lithiation with LiDBB in THF at-78°C to produce
solutions of the desired lithiated piperidin€s/which show

good stability over a useful range of temperatures as dem-

onstrated by deuterium quenching experiments (Figure 2).
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Figure 2. Deuterium Quenching Experiments.

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 acidic-protons, react efficiently
with the organolithium reagent derived framaminonitrile
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addition of pivalaldehyde afforded a single detectable dia-
stereomer (entry 5).

Direct addition of alkyl halides to the organolithium
reagent derived fronm-aminonitrile 2 is not an efficient
reaction. For example, addition of methyl iodide provides
desired addition product4 in 13% yield along with side
productsl7 and 18 in yields of 20 and 18%, respectively
(Table 2). These side products may arise from an intervening
single-electron transfer (SET) pathw&Meyers has found
that transmetalation of am-aminoorganolithium to the
corresponding cuprate was effective in raising the yield of
desired addition products by limiting SE®:°In a modifica-
tion of this procedure, we have observed significantly
increased yields by performing the reductive lithiation and
then adding a solution of P(OMg$olubilized 1-hexynyl-
coppef® in THF prior to addition of an alkyl halide
electrophile (Table 2).
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also engage in 1,4-addition with enones. Methyl vinyl ketone

(12) The following reference contains a cyclization that may proceed
through a tertiaryo-aminoorganolithium reagent generated by LiDBB-
mediated reductive lithiation of am-aminonitrile: Ribeiro, C. M. R.; de
Melo, S. J.; Bonin, M.; Quirion, J.-C.; Husson, H.-Petrahedron Lett.
1994,35, 7227-7230.

(13) Grierson has prepared secondergminoorganolithium reagents
by reductive metalation af-aminonitriles: (a) Zeller, E.; Grierson, D. S.
Heterocyclesl988,27, 1575—1578. (b) Zeller, E.; Grierson, D. Synlett
1991, 878—880.

(14) An additional, but relatively unexplored, method for the generation
of tertiary o-aminoorganolithium reagents involves lithium naphthalenide-
mediated reductive lithiation of imines: Guijarro, D.; Yus, Metrahedron
1993,49, 7761—7768.

(15) In a modification of De Kimpe’s procedure, 2-cyanopiperidine was
synthesized by adding KCN to 2,3,4,5-tetrahydropyridine, prepared using
Rapoport’'s method. (a) Bender, D. R.; Bjeldanes, L. F.; Knapp, D. R;
Rapoport, H.J. Org. Chem.1975, 40, 1264—1269. (b) De Kimpe, N.;
Stevens, CJ. Org. Chem1993,58, 2904—2906.

(16) Representative Reductive Lithiation Procedure.A solution of
100 mg (0.446 mmol) ofc-aminonitrile 2 and 1 crystal of 1,10-
phenanthroline in 5.0 mL of THF was cooled /8 °C and treated with
a few drops ofn-butyllithium/hexanes solution to a brown endpoint (this
procedure serves to quench adventitious proton sources). A solution of
LiDBB (ca. 0.5 M) was added rapidly via a gastight syringe until the dark
green color persisted, indicating a slight excess of reducing agent and
complete consumption of the starting-aminonitrile. The solution of
a-aminoorganolithium was then treated with an appropriate electrophile.
See Supporting Information for specific experimental details.

(17) By virtue of the Boc-protecting group, these intermediates fall under
the classification of “stabilized’a-aminoorganolithiums. We are also
studying the use of the reductive lithiation procedure to generate the related
“nonstabilized” (N-alkyl)a-aminoorganolithiums.

(18) Beak has observed this behavior in similar systems: (a) Beak, P.;
Lee, W. K.J. Org. Chem1990,55, 2578—2580. (b) Beak, P.; Lee, W. K.

J. Org. Chem1993,58, 1109—1117.

(19) Oxidation products similar th8 have previously been observed in
reactions of 2-lithiopiperidines with alkyl halidetert-Butylformamidine-
protected systems: (a) Meyers, A. |.; Edwards, P. D.; Rieker, W. F.; Bailey,
T. R.J. Am. Chem. S0d.984,106, 3270—3276. (b) Meyers, A. |.; Milot,

G. J. Am. Chem. Socl1993, 115, 6652—6660. Oxazoline-protected
systems: (c) Gawley, R. E.; Hart, G. C.; Bartolotti, L.JJ.Org. Chem.
1989 54, 175-181. Me-protected systems: (d) Chambournier, G.; Gawley,
R. E. Org. Lett.2000,2, 1561—1564. Boc-protected systems: (e) Bertini
Gross, K. M.; Beak, PJ. Am. Chem. So001,123,315—321.

(20) Corey developed the use of alkynes as nontransferable ligands for
cuprate chemistry: Corey, E. J.; Beames, DJ.JAm. Chem. S0d 972,

94, 7210-7211.

Org. Lett., Vol. 6, No. 16, 2004



Table 1. Reductive Lithiation/Electrophilic Addition of

Carbonyl Compounds
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Table 2. Addition of Alkyl Halides to a-Aminoorganolithium
and Cuprate Nucleophiles

Boc Boc Boc Boc
'\ CN . procedure q

1 E !
N N N._Me _N_ _Me
proseae
UMG i E¥,-78 °C OM‘E U @

2 to RT
14, E=Me 17 18
15, E= C7H15
16, E = allyl

procedure A: LIDBB, THF, =78 °C, 5 min.
procedure B: LiDBB, THF, —78 °C, 5 min.;
1-hexynylcopper, P(OMe)s,

—78°C, 30 min.
yield (%)
via via
entry E* product organolithium  organocuprate

1 Mel E = Me 13 52
14

2 C7H15| E= C7H15 a 51
15

3 allylBr  E =allyl 29 60
16

a5-Chloro-1-iodopentane afforded a 13% vyield.

and 2-cyclohexenone produce addugfsand 21 in yields

of 64 and 60%, respectively (Scheme?2)n neither case
were the 1,2-addition products2 or 13 observed. These
appear to be the first reported examples of the generation
and usage of tertiarg-aminoorganocuprate reagefts.

Scheme 2. 1,4-Addition Products

@]
Boc 0]
i. procedure B r{] Me B?CMe
_— Me N
ii. E*, TMS-CI
iii. HCI or TBAF H

E* = methyl vinyl E* = 2-cyclohexenone:
ketone: 20, 64% 21,60% (dr=9:1)

We have also extended this methodology to acyclic
a-aminonitrile23 (Scheme 3). Applying the procedures used
for 2 afforded benzaldehyde addition prod@dtin 75% yield
via the corresponding--aminoorganolithium reagent. The
transmetalation protocol was also successful for aminonitrile
23, providing product25 and26 in 38 and 57% vyields by
addition ofn-iodoheptane or 2-cyclohexenone, respectively,
to the c-aminoorganocuprate reagent.

(21) TMS—CI was used as an additive in each case. For the beneficial
effect of TMS—CI in cuprate 1,4-additions, see: (a) Corey, E. J.; Boaz, N.
W. Tetrahedron Lett1985,26, 6015—6018. (b) Corey, E. J.; Boaz, N. W.

a|n cases where diastereomers were obtained, the major diastereomer isTetrahedron Lett1985,26, 6019—6022.
shown. See Supporting Information for details of stereochemistry assign-  (22) For a review of other applications af-aminoorganocuprate

ment.? Determined by GC analysis of crude reaction mixtufeSingle

diastereomer was obtained.
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chemistry, see: Dieter, R. K. Heteroatomcupratesateteroatomalkyl-
cuprates in Organic Synthesis.Modern Organocopper Chemistrigrause,
N., Ed.; John Wiley & Sons: New York, 2002; pp 11422.

2747



Scheme 3. Acyclic a-Aminonitrile 23 and Addition Products Scheme 4. Synthesis of 2-Spiropiperidines
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electrophiles or in spirocyclizations with tethered phosphate
leaving groups. Transmetalation produeceaminoorgano-
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.

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 acitf and histrionicotoxirt* Alkylation of amino-
nitrile 1 with iodides27 or 28 produces cyclization precursors
29 and 30, respectively, having pendant phosphate leaving
groups (Scheme 4). Reductive lithiation and resultant cy-

clization produces the desired spiro[4.5] and [5.5] ring  Acknowledgment. This work was supported in part by
systems?1325 the National Institutes of Health (GM-65338). S.A.W.

In summary, we have developed a method for the zcknowledges Amgen for a predoctoral fellowship. We are
generation of tertiaryi-aminoorganolithium reagents from  grateful to Drs. John Greaves and John Mudd for mass
These intermediates react in good yield with carbonyl crystal structure of compoung.
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(25) For similar reductive cyclizations, see: Rychnovsky, S. D.; Takaoka,
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