First Synthesis of Biquinolizinium Salts:
Novel Example of a Chiral Azonia
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ABSTRACT

Me,SnSnMe,
N Pd(PPh,),/Cul
I 2N~ DMF, r.t.
i 26-56%
Br

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 produtend pharmacophores in
a variety of biologically active compound$Some advanced
materials such as conductive polynfemsd liquid crystals,
supramoleculesand asymmetric catalftare also based on
biaryl units. Viologens represent an important class of
charged biheteroaryls based on the'<4biyridinium unit.
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These materials have found applications in electrochromism,
solar energy conversion, and molecular electrohics.
Quinolizinium® the simplest cation containing a bridge-
head quaternary nitrogen, has been known since 1864,
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 4,2,2-, and
3,3-biquinolizinium cation& along with a theoretical study
on their structure and the rotational barriers arounddahe
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Figure 1. Quinolizinium and heteroaromatic bications. to those obtained by formation of the quinolizinium zinc

bromide. These results led us to focus our efforts on opti-

S mizing the reaction conditions of the palladitimatalyzed
bond. Results show the I;land 4,4-biquinolizinium stannylation of6; the results are shown in Table 1.
dibromides to be chiral dications; the very high formation

energy of the latter probably accounts for the failure of its _

preparation. o . .
Typical methods for the preparation of biaryl compounds Eizlgitil(;nSOptlmlzatlon of the Synthesis df under Stille

include the reductive homocoupling of aryl-halides in the
classical Ullmann reactiol. More recently, palladium- entry  catalytic system®  (RsSn)y  equiv 2 (yield %)

catalyzed coupling reactions of aryl halides with organome- 1 A (Me3Sn)s 0.5 39
tallic compound¥ based on tin, boron, and zinc have 2 A (Me3Sn); 1.3 49
emerged as the methods of choice. Recently, several studies 3 A (Me3Sn)s 2 50
on the synthesis of symmetrical biaryls have been reported, 4 A (MesSn)2 1.3 52°
and these reflect the current efforts in this field of reseéfch. 5 A (MesSn), 1 56°

6 B (BuzSn)z 1 50

Based on the palladium-mediated strategy, our initial
approach to achieve the biquinolizinium catiohs4 was
to convert the four known isomeric bromoquinolizinium
cations5—8' into the heteroaryl tin, heteroarylboronic acid,

and heteroaryl zinc derivativesin order to test the well- The results show that the homocoupling product is formed
known Stille, Suzuki, and Negishi reactions with these ysing different stoichiometric quantities of hexamethyldis-
haloguinolizinium salts. All of our attempts to isolate the tznnane (entries-14), and 0.5 equiv of this reagent did not
tributylquinolizinium tin and the quinolizinium boronic acid  afford the best yield as one would have expected. The use
(9) from the 2-bromo-quinolizinium bromidé used as a  of 1 equiv of hexamethyldistannane, 10 mol % Cul, and 5
model failed (Scheme 1). However, we observed that the mo| o5 Pd(PPY), as the catalytic system afforded a better
homocoupling reaction did occur in attempts to generate theyield of 2, and this was slightly improved by the slow
quinolizinium zinc bromide and the tributylquinolizinium tin.  aqdition of6 (entry 5). Other catalytic systems, such as 5
Comparison of the results of these two homocoupling mo| 9% Pg(dba) and 5 mol % Pg-Tol)s with 1 equiv of
processes showed that yields of the homocoupled compoundhexaputyldistannane, did not improve the vyield of the
were higher on using the stannylation reaction in comparison nomocoupled product.

The coupling reactions using these conditions were also suc-

aA: 10 mol % Cul, 5 mol % Pd(PRju. B: 5 mol % Pd(dba), 5 mol
% P@-Tol)z. P Slow addition of6.
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dehalogenated starting material (quinolizinium) as the main ||| | | A NN

product, even when the counterion was changed to hexafluo-
rophosphate (Scheme 2).

Scheme 2

Br
+
Z N7
X

I

2 (56%)

3 (56%)

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

Conditions: Me,SnSnMe, (1 equiv)

5% Pd(PPhy),, 10% Cul energy values of 30.7 kcal/mol fdrand 44.3 kcal/mol for
DMF, rt,22h 4 are high enough to preclude racemization. The energy value
4(0%) X =Br, F,P 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 compound® and 3, two pairs of
enantiomers were identified as minima during the rotation
process of these molecules, as summarized in Table 2. The

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 effec_
on the yields (56% for each bication). By contrast, the lower
yield of 1 from the homocoupling of 1-bromoquinolizinium, Table 2. Relative Energies and Geometrical Parameters of
in which the bromo atom is in a position electronically Stationary Points ol—4

similar to C3, can be attributed to its sterically hindered AAE HF/6-31G*
structure (see below). Steric hindrance, along with a stronger dihedral dihedral angle (kcal/mol)
charge repulsion, could explain the unsuccessful coupling 1.1-Biquinolizinium
of 4-bromoquinolizinium to form 4/4biquinolizinium (4). GS 9a—1—1:—9a' 93.87, —93.87 0

An ab initio theoretical study of the four isomeric anti-TS 9a—1—-1'-9a’  180.00 30.73

biguinoliziniums (1—4) shows that in compountisand 4

. . . . . 2,2'-Biquinolizinium
the synrotation around the ring—ring bond is forbidden by g;

; : < 1l - 11Dy 1-2-2'-1' 49.33, —49.33 0

a high energy barrier. This is due to the large distortion in gs2 1-2-92'—1' 135.50, —135.50 0.11

the molecules in order that the quinolizinium moieties may syn-TS 1-2-2'—1' —-0.01 3.38

pass by each other. In these cases only two minima, a pairanti-TS 1-2-2'-1 179.99 2.61
1-2-2'-1' 93.70, —93.70 1.05

of enantiomers, were found and these had twist angles of GS1GS2-TS
+94° (for 1) and+86° (for 4). In both processes, the passage 3,3'-Biquinolizinium

of the crucial hydrogens is facilitated by out-of-plane GS1 4-3-3'-4 61.28, —61.28 0
deformation of the two-ring system (Figure 2). Activation GS2 4-3-3'—-4"  126.24, -126.24 0.25
syn-TS 4-3-3'—4' 0.00 5.43
(16) Gaussian 98Revision A.11; Frisch, M. J.; Trucks, G. W.; Schlegel, anti-TS 4_3_3:_4: —180.00 3.79
H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; GS1GS2-TS 4-3-3'—4 98.65, —98.65 0.43

Montgomery, J. A., Jr.; Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam,
J. M.; Daniels, A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; s
Barone, V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; GS 5—4-4'—5 86.04, —86.04 0
Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; anti-TS 5—4—4'-5' —138.38 44.30
Morokuma, K.; Salvador, P.; Dannenberg, J. J.; Malick, D. K.; Rabuck, A.
D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Baboul,
A. G.; Stefanov, B. B,; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, .;
Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng,  differences in energy between the minima is very low in

C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; P .
Chen, W.: Wong, M. W.: Andres, J. L. Gonzalez, C.; Head-Gordon, M.: both compounds (0.1 kcal/mol and 0.2 kcal/mol ir3)

Replogle, E. S.; Pople, J. A. Gaussian, Inc.: Pittsburgh, PA, 2001. and so are their energy barriers (1.0 kcal/molZand 0.4

4,4'-Biquinolizinium
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kcal/mol for 3). The crucial step in the process must be at ||| ||

twist angles of @and 180 because of the high level of steric  1,e 3. Relative Enthalpies of Formation af-4
repulsion. Nevertheless, this step is not as traumatic as those

in isomersl and4 (absence of out-of-plane deformation of compound AAH 95 keal/mol
the ring systems). In fact, the steric repulsiorRiand 3 is 1 7.42
small, as demonstrated by the higher activation energy values 2 0

(3.4 and 5.4 kcal/mol) corresponding to tegn rotation. i 12‘33

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 thamnd
4. This fact allows these molecules to have a higher number X . o ;
of energy minima in the rotational process and also mal(esformatlon_that this factor is likely t_o a(_:cognt for the failure
steric repulsion a nondeterminant factor. When the molecule ©© f‘“!".‘ th.|s compognd. As racemic bicatidrshows good
is planar, a maximum level of steric repulsion is reached, solubility in Watgr, its resolution will open a way tolnew
whereas if quinolizinium rings adopt an orthogonal arrange- yvgter-sol_uble chiral catalysts based on the-biguinoliz-
ment, both the steric repulsion and resonance effect woulg!Mlum cation.
be minimized. If the steric effect is determinant, as it idin

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

and4, the minimum energy geometry is reached when both .Acknowledgment. The apthors acknovx{ledg(? suppo,rt. of
this work from the Plan Nacional de Investigacion Cientifica,

rings are nearly orthogonal. However, if this effect is D oel 60 T lbaica. Di N G ld
nondeterminant, the minimum energy geometry would be esarro O.? nnovacion fecnologica, Lireccion ) eneral oe
Investigacion, Ministerio de Ciencia y Tecnologia through

:Zgurliisour:t. of a compromise between resonance and Stencprojects _CTQZQO5'01060- BQU2003-07_281. D.G.is grat_eful
Enthalpies of formation fol—4 were obtained by MP2/ to the_ Ministerio de EducaC|or_1 y Ciencia fo_r a fellowship.
6-31G(d) optimizations on the most stable minima identified. U.S. Is gratefL_JI to the Comunidad de Madrid and the I.ESF
These values are summarized in Table 3 and showtisat for a fellowsh|p. We also acknowledge to Dr. M. Galajov

the least stable compound and, therefore, should be thefor NMR experiments.
hardest to form. The low yield obtained f@rcan also be
explained in terms of its enthalpy of formation (7.4 and 4.0
kcal/mol higher than the values f@and 3, respectively).

In summary, we describe the first synthesis of symmetrica
biquinolizinium cations, which were prepared by a pal-
ladium-catalyzed coupling reaction on the corresponding OL062314l

Supporting Information Available: H and3C NMR
spectra, experimental details, characterization and compu-
| tational data fod—4. This material is available free of charge
via the Internet at http://pubs.acs.org.
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