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ABSTRACT

The 1,1′-, 2,2′-, and 3,3 ′-biquinolizinium dications are described for the first time and were prepared using palladium-catalyzed homocoupling
reactions of the corresponding isomeric bromoquinolizinium bromides. Theoretical calculations show 1,1 ′- and 4,4 ′-biquinolizinium dications
to be chiral molecules, the latter of which has a high energy of formation, a factor that probably precludes its formation.

Biaryls and biheteroaryls are significant building blocks in
a large number of natural products1 and pharmacophores in
a variety of biologically active compounds.2 Some advanced
materials such as conductive polymers3 and liquid crystals,4

supramolecules,5 and asymmetric catalyts6 are also based on
biaryl units. Viologens represent an important class of
charged biheteroaryls based on the 4,4′-bipyridinium unit.

These materials have found applications in electrochromism,
solar energy conversion, and molecular electronics.7

Quinolizinium,8 the simplest cation containing a bridge-
head quaternary nitrogen, has been known since 1954,9 but
biquinoliziniums remained unknown despite the fact that
these bications could have applications similar to those found
for their bipyridinium analogues (Figure 1). In this com-
munication we describe the first synthesis of 1,1′-, 2,2′-, and
3,3′-biquinolizinium cations10 along with a theoretical study
on their structure and the rotational barriers around theσ
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bond. Results show the 1,1′- and 4,4′-biquinolizinium
dibromides to be chiral dications; the very high formation
energy of the latter probably accounts for the failure of its
preparation.

Typical methods for the preparation of biaryl compounds
include the reductive homocoupling of aryl-halides in the
classical Ullmann reaction.11 More recently, palladium-
catalyzed coupling reactions of aryl halides with organome-
tallic compounds12 based on tin, boron, and zinc have
emerged as the methods of choice. Recently, several studies
on the synthesis of symmetrical biaryls have been reported,
and these reflect the current efforts in this field of research.13

Based on the palladium-mediated strategy, our initial
approach to achieve the biquinolizinium cations1-4 was
to convert the four known isomeric bromoquinolizinium
cations5-814 into the heteroaryl tin, heteroarylboronic acid,
and heteroaryl zinc derivatives12 in order to test the well-
known Stille, Suzuki, and Negishi reactions with these
haloquinolizinium salts. All of our attempts to isolate the
tributylquinolizinium tin and the quinolizinium boronic acid
(9) from the 2-bromo-quinolizinium bromide6 used as a
model failed (Scheme 1). However, we observed that the
homocoupling reaction did occur in attempts to generate the
quinolizinium zinc bromide and the tributylquinolizinium tin.
Comparison of the results of these two homocoupling
processes showed that yields of the homocoupled compound
were higher on using the stannylation reaction in comparison

to those obtained by formation of the quinolizinium zinc
bromide. These results led us to focus our efforts on opti-
mizing the reaction conditions of the palladium-catalyzed
stannylation of6; the results are shown in Table 1.

The results show that the homocoupling product is formed
using different stoichiometric quantities of hexamethyldis-
tannane (entries 1-4), and 0.5 equiv of this reagent did not
afford the best yield as one would have expected. The use
of 1 equiv of hexamethyldistannane, 10 mol % CuI, and 5
mol % Pd(PPh3)4 as the catalytic system afforded a better
yield of 2, and this was slightly improved by the slow
addition of 6 (entry 5). Other catalytic systems, such as 5
mol % Pd2(dba)3 and 5 mol % P(o-Tol)3 with 1 equiv of
hexabutyldistannane, did not improve the yield of the
homocoupled product.

The coupling reactions using these conditions were also suc-
cessful for 1,1′- and 3,3′-biquinolizinium compounds1 and
3, although1 was obtained in lower yield.15 However, despite
the fact that different conditions were tested, the 4,4′-
biquinolizinium4 was not formed and all attempts gave the
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Figure 1. Quinolizinium and heteroaromatic bications.

Scheme 1

Table 1. Optimization of the Synthesis of2 under Stille
Conditions

entry catalytic systema (R3Sn)2 equiv 2 (yield %)

1 A (Me3Sn)2 0.5 39
2 A (Me3Sn)2 1.3 49
3 A (Me3Sn)2 2 50
4 A (Me3Sn)2 1.3 52b

5 A (Me3Sn)2 1 56b

6 B (Bu3Sn)2 1 50

a A: 10 mol % CuI, 5 mol % Pd(PPh3)4. B: 5 mol % Pd2(dba)3, 5 mol
% P(o-Tol)3. b Slow addition of6.
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dehalogenated starting material (quinolizinium) as the main
product, even when the counterion was changed to hexafluo-
rophosphate (Scheme 2).

The formation of 2,2′- and 3,3′-quinolizinium systems
from 2-bromo- and 3-bromoquinolizinium, which present
different electronic characters, does not have a large effect
on the yields (56% for each bication). By contrast, the lower
yield of 1 from the homocoupling of 1-bromoquinolizinium,
in which the bromo atom is in a position electronically
similar to C3, can be attributed to its sterically hindered
structure (see below). Steric hindrance, along with a stronger
charge repulsion, could explain the unsuccessful coupling
of 4-bromoquinolizinium to form 4,4′-biquinolizinium (4).

An ab initio theoretical study16 of the four isomeric
biquinoliziniums (1-4) shows that in compounds1 and 4
the synrotation around the ring-ring bond is forbidden by
a high energy barrier. This is due to the large distortion in
the molecules in order that the quinolizinium moieties may
pass by each other. In these cases only two minima, a pair
of enantiomers, were found and these had twist angles of
(94° (for 1) and(86° (for 4). In both processes, the passage
of the crucial hydrogens is facilitated by out-of-plane
deformation of the two-ring system (Figure 2). Activation

energy values of 30.7 kcal/mol for1 and 44.3 kcal/mol for
4 are high enough to preclude racemization. The energy value
for 1 is similar to that found for the rotation barrier of
binaphthyl (30.0 kcal/mol) at the same level of theory.

In the cases of compounds2 and 3, two pairs of
enantiomers were identified as minima during the rotation
process of these molecules, as summarized in Table 2. The

differences in energy between the minima is very low in
both compounds (0.1 kcal/mol in2 and 0.2 kcal/mol in3)
and so are their energy barriers (1.0 kcal/mol for2 and 0.4
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Scheme 2

Figure 2. Anti-transition states structures for biquinolizinium1
(top) and4 (bottom) showing their out-of-plane deformations.

Table 2. Relative Energies and Geometrical Parameters of
Stationary Points of1-4

dihedral dihedral angle
∆∆E HF/6-31G*

(kcal/mol)

1,1′-Biquinolizinium
GS 9a-1-1'-9a' 93.87, -93.87 0
anti-TS 9a-1-1′-9a′ 180.00 30.73

2,2′-Biquinolizinium
GS1 1-2-2′-1′ 49.33, -49.33 0
GS2 1-2-2′-1′ 135.50, -135.50 0.11
syn-TS 1-2-2′-1′ -0.01 3.38
anti-TS 1-2-2′-1′ 179.99 2.61
GS1GS2-TS 1-2-2′-1′ 93.70, -93.70 1.05

3,3′-Biquinolizinium
GS1 4-3-3′-4′ 61.28, -61.28 0
GS2 4-3-3′-4′ 126.24, -126.24 0.25
syn-TS 4-3-3′-4′ 0.00 5.43
anti-TS 4-3-3′-4′ -180.00 3.79
GS1GS2-TS 4-3-3′-4′ 98.65, -98.65 0.43

4,4′-Biquinolizinium
GS 5-4-4′-5′ 86.04, -86.04 0
anti-TS 5-4-4′-5' -138.38 44.30
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kcal/mol for 3). The crucial step in the process must be at
twist angles of 0° and 180° because of the high level of steric
repulsion. Nevertheless, this step is not as traumatic as those
in isomers1 and4 (absence of out-of-plane deformation of
the ring systems). In fact, the steric repulsion in2 and3 is
small, as demonstrated by the higher activation energy values
(3.4 and 5.4 kcal/mol) corresponding to thesyn rotation.
Racemization at room temperature is expected for both
compounds.

The results from this study can be rationalized in terms
of steric repulsion and resonance (delocalization). Com-
pounds2 and3 are less geometrically restricted than1 and
4. This fact allows these molecules to have a higher number
of energy minima in the rotational process and also makes
steric repulsion a nondeterminant factor. When the molecule
is planar, a maximum level of steric repulsion is reached,
whereas if quinolizinium rings adopt an orthogonal arrange-
ment, both the steric repulsion and resonance effect would
be minimized. If the steric effect is determinant, as it is in1
and4, the minimum energy geometry is reached when both
rings are nearly orthogonal. However, if this effect is
nondeterminant, the minimum energy geometry would be
the result of a compromise between resonance and steric
repulsion.

Enthalpies of formation for1-4 were obtained by MP2/
6-31G(d) optimizations on the most stable minima identified.
These values are summarized in Table 3 and show that4 is
the least stable compound and, therefore, should be the
hardest to form. The low yield obtained for1 can also be
explained in terms of its enthalpy of formation (7.4 and 4.0
kcal/mol higher than the values for2 and3, respectively).

In summary, we describe the first synthesis of symmetrical
biquinolizinium cations, which were prepared by a pal-
ladium-catalyzed coupling reaction on the corresponding

bromo quinolizinium bromides. Theoretical calculations
predict 1,1′- and 4,4′-biquinolizinium dications to be chiral
molecules, with the latter having such a high energy of
formation that this factor is likely to account for the failure
to form this compound. As racemic bication1 shows good
solubility in water, its resolution will open a way to new
water-soluble chiral catalysts based on the 1,1′-biquinoliz-
inium cation.
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Table 3. Relative Enthalpies of Formation of1-4

compound ∆∆Hf,298K kcal/mol

1 7.42
2 0
3 3.42
4 14.08
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