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Abstract: The reaction of benzyl lithiums is an important
aspect in organic and organometallic synthesis. Reported
herein are detailed insights into the reactivity of benzyl lithiums
as regulated by intermediate structures. By discussing the
carbometalation of allylamines and the reaction of the formed
benzyl-lithium compounds with electrophiles, the influence of
the metal as well as the solvent on the electronic structure of the
intermediate is described. This molecular structure strongly
influences the reactivity of these intermediates. By choosing the
appropriate reaction conditions, the regioselectivity of reac-
tions with electrophiles can be regulated. With trimethylchloro-
silane in n-pentane a selective reaction at the para-position
takes place. In contrast, selective reaction at the benzylic
position, with trimethylchlorostannane in tetrahydrofuran
(THF) as a solvent, is accomplished.

Allylamines are often used as important building blocks in
the synthesis of pharmaceuticals, for example Terbinafine.[1]

The deprotonation of allylamines with organometallic bases
and their use as homoenolate equivalents has already been
widely investigated.[2] By using the Lochmann–Schlosser base,
allylamines can be easily deprotonated and functionalized at
the g-position.[3] In contrast, allylamines offer a second
reactivity with organolithiums, as carbometalation of the
double bond is possible (Scheme 1).[4] This type of reaction is
relatively unknown and leads to the intermediates described
in the present paper.

During our studies on the carbometalation of allylamines
we observed a selective carbometalation in n-pentane when
using tert-butyllithium and will now describe the conversion

of the benzyl-lithium compound with electrophiles. A formal
negative charge at the benzylic position is formed. The
reaction of benzyl anions with electrophiles is well established
as the main reaction, whereas the reaction in the aromatic
para-position is only observed as a side reaction.[5] The
position of the lithium within the carbometalated product is
affected by the solvent and strongly influences the inter-
mediate electronic structure. Thus there is an impact on the
reactivity with added electrophiles (Figure 1).

Herein we present a possible pathway to perform the
reaction with electrophiles at the para-position as the main
reaction. In a first experiment the carbometalation reaction of
the piperidinoallylamine 1 in n-pentane was carried out with
tert-butyllithium, followed by reaction with trimethylchloro-
silane. After a proton transfer, the para-substituted product 3
was obtained in an isolated yield of 82% (Scheme 2).

It was of special interest to identify the intermediate
structure of the organolithium compound to explain the
outcome of this reaction. The structure of the intermediate

Scheme 1. The two possible reaction pathways: deprotonation and
carbometalation of allylamines by organolithium compounds.

Figure 1. Factors affecting the reaction of electrophiles at either the
benzylic or para position of benzyl-lithiums.

Scheme 2. Carbolithiation of the piperidinoallylamine 1 with tert-butyl-
lithium and further reaction with trimethylchlorosilane at the para-
position in n-pentane.
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carbometalated species in n-pentane was successfully isolated
and characterized (Scheme 3).

The solvent-free carbolithiated piperidinoallylamine crys-
tals were monoclinic, space-group P21, and consisted of two

similar dimers in the asymmetric unit. It is homochiral, but
only the like diastereomer can be found in the crystal, and the
lithium is positioned trans to the tert-butyl group (Figure 2).
One of the lithium centers (Li1) is h6-coordinated by the
phenyl groups of two monomers while the other lithium (Li2)
is coordinated in a h1-coordination mode by the benzylic
carbon atoms of the monomers, as evidenced by the short
carbon–lithium distances [C3-Li2 2.301(9) �, C21-Li2 2.294-
(7) �]. Li2 is also coordinated by the two nitrogen centers of
the piperidine rings. This structure is unique, as only few
examples of lithium cations coordinated by p-systems, instead
of carbanions, are known in literature.[6] Also it should be
highlighted that there are two lithium atoms in the same

molecule, but in different chemical environments.[7] This
molecular structure is, to the best of our knowledge, the first
example for an alkyl lithium compound with one lithium–p-
system contact and one lithium–carbanion contact in a single
molecule.

As a second step, the influence of the solvent on the
structure as well as on the reactivity was investigated. By
adding tetrahydrofuran (THF) as a polar solvent, the
structure in the crystal as well as in solution changed. Single
crystals of the carbolithiated product coordinated by THF
were obtained as triclinic crystals (space group P�1). The
asymmetric unit contains one monomer with a lithium
coordinated by the benzylic anion, the piperidine nitrogen
center, and two THF molecules (Figure 3). The benzylic
group is less shielded than in the solvent-free dimer and the
negative charge is more concentrated on the carbanionic
center.

To compare the molecular structure in the solid state with
the solution structure, NMR measurements were carried out.
In the 7Li NMR spectrum, with THF as a solvent, only one
signal at d = 0.8 ppm was observed. Furthermore the
1H NMR and 13C NMR spectra show signals corresponding
to a monomeric species. Crystals of the solvent-free carbo-
lithiated piperidinoallylamine had poor solubility in nonpolar
solvents. As the 1H and 13C NMR spectra in benzene show,
more than one stereoisomer exists in solution. The 7Li NMR
spectrum shows two different signals, one broad signal from
d =�1.3 to �4.2 ppm in the benzylic region as well as one
sharp signal at d =�7.3 ppm, which is indicative of a lithium
cation in between two p-systems.[10] This data suggests that in
solution a dimer is formed, where two different lithium
cations exist, one in between the two phenyl groups, and one
in a benzylic environment.

The structure in the solid state matched the solution-state
NMR data. To strengthen these results, quantum chemical

Scheme 3. Formation of two intermediate carbolithiated structures 2
and 4.

Figure 2. Molecular structure of 2 in the crystal.[8] One of two
molecules of the asymmetric cell is described. Selected bond lengths
[�]: C2–C3 1.500(6), C3–C4 1.398(7), C4–C5 1.435(6), C5–C6 1.370(6),
C4–C9 1.455(6), C8–C9 1.376(6), C3–Li2 2.301(9), C20–C21 1.517(6),
C21–C22 1.392(7), C22–C23 1.445(6), C23–C24 1.389(6), C22–C27
1.458(6), C26-C27 1.377(6), C21–Li2 2.294(7).

Figure 3. Molecular structure of 4 in the crystal.[8] Selected bond
lengths [�] and angles [8]: C2–C3 1.418(2), C3–C4 1.425(3), C4–C5
1.418(2), C5–C6 1.374(3), C4–C9 1.419(2), C8–C9 1.380(3), N–Li
2.134(3), C1–Li 2.424(3), C3–Li 2.297(3), Li–O1 1.935(3), Li–O2
1.975(3); C2-C3-C4 125.3(2).
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calculations of the NMR chemical shifts were performed
using DFT-methods at the B3LYP/6-311 + G(2d,p)//B3LYP/
6-31 + G(d) level.[10] For the monomeric species a 7Li chem-
ical shift of d = 1.2 ppm was calculated, and fits well to the
measured data. For the dimeric species the calculations result
in chemical shifts of d = 0.7 and �5.7 ppm. The calculations
are in accordance with the observed 7Li NMR measurements,
most notably the chemical shift of d =�7.3 ppm is an explicit
sign of a lithium–aryl sandwich complex in solution.[9]

To underline the crystallographic results and provide
insight into the influence of the intermediate structure on
possible reactions with electrophiles, quantum chemical
calculations were conducted. The Connolly surface was
calculated to show the accessibility of reactive centers in the
examined intermediates (Figure 4). The electrostatic poten-
tial of the solvent-free structure shows good accessibility at

the para-position and also underlines that the benzylic
position is relatively shielded. A bulky electrophile such as
trimethylchlorosilane can only react in the less shielded para-
position. The intermediate structure in the solid state as well
as the corresponding quantum chemical calculations indicate
clearly that the electronic structure can lead to the para-
substituted product as the main product of the reaction of the
benzyl-lithium compound with electrophiles.

Additional calculations of the NBO charges on the
B3LYP/6-31 + G(d) level complete these results. In the
dimeric molecule NBO charges are �0.589 and �0.601 at
the benzylic positions and �0.420 and �0.417 at the para-
positions. As the benzylic position is shielded and the charges
do not differ significantly, a reaction in the benzylic position is
hindered in comparison to the reaction in the para position. In
the case of the monomeric molecule, the benzylic position is
less shielded in comparison to the dimeric structure. The
NBO charge in the benzylic position amounts to �0.669 in
comparison to �0.353 in the para-position, thus making
a reaction of electrophiles at the benzylic position more
probable.

In general benzyl lithiums react, in less polar solvents, by
undergoing inversion from a backside attack, as we have
demonstrated in our studies on a-lithiated benzylsilanes.[11] In
the presented example the backside of the molecule is

significantly shielded by the tert-butyl group. Furthermore,
there is only one intramolecular handle (the piperidino
group) and, in a polar solvent such as THF, the lithium
cation can be detached from the carbanionic center. These
arguments show that the known reaction path with inversion
of the configuration might be energetically disfavored and
other competing reaction paths might become more relevant.

In experimental studies the influence of the intermediate
structure on the reactivity was examined. After the carbo-
metalation reaction in n-pentane, THF was added and the
reaction with the electrophile was carried out. As the reaction
with trimethylchlorosilane showed a 1:1 mixture of the
benzyl-substituted and the para-substituted product, the
experiment gives first hints that the changing structure,
depending on the solvent, has an essential influence on the
reactivity. In comparison to trimethylchlorosilane, an experi-
ment with trimethylchlorostannane was carried out. By
adding THF we have been able to show a selective reaction
at the benzylic position with a yield of 91% of 5 and
a diastereomeric ratio of 9:1 (Scheme 4).[12] The experiment
shows that it is possible to control the regioselectivity of the
reaction by knowing the behavior of the intermediate
structure. Also, the experiment shows a high diastereoselec-
tivity (9:1). In further experiments the influence of the metal,
the solvent, and the electrophile on the diastereoselectivity
will be examined.

In conclusion, our studies on the carbometalation of
allylamines have revealed the importance of the choice of
solvent and its influence on the intermediate structure of
benzyl-lithium compounds. We also showed the effect that
structure has on the reactivity of the metalated species.
Depending on the solvent and electrophile we carried out
a selective reaction at either the benzylic position or the para-
position of the phenyl group. Calculations together with
experimental results lead to well-grounded explanations for
the reactivity of these benzyl-lithium compounds. The inter-
mediate structure strongly influences the reaction mechanism
pathway of electrophilic addition and therefore results in the
regioselectivity of this reaction. Additionally, the solvent-free
intermediate structure represents one of only a handful of
lithium structures with two nonequivalent lithium cations, one
of which is part of a lithium–aryl sandwich complex. It is the
first known example of an alkyl lithium compound having one
lithium–aryl sandwich complex and one lithium coordinated
by a carbanionic center.

Figure 4. Visualization of the electrostatic potential of 2 from the
sideview (left) and frontview (right) [MEP (Connolly surface, probe-
radius 1.6 �); B3LYP/6-31+ G(d).[10]

Scheme 4. Carbolithiation of the piperidinoallylamine and further reac-
tion with trimethylchlorostannane in THF.
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The Reactivity of Benzyl Lithium Species
is Regulated by Intermediate Structures

A benzyl-lithium complex, with non-
equivalent environments for its two lith-
ium centers, leads to unexpected regio-
selective reactions with electrophiles (E+)

at the para-position. By changing the
solvent to tetrahydrofuran, a monomer is
formed and electrophiles react at the
benzylic position.
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