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ABSTRACT
Br  stannane, R
Pd(PPhy), (5% mol) | X
| N~  Cul (10% mol), N~
+ DMF, Ar, 1t +

We describe the first efficient application of the Stille coupling reaction on heteroaromatic cations. In the presence of Pd(0)/Cul, the reaction
of bromoquinolizinium salts and various tributylstannyl compounds proceeds in satisfactory yield under mild reaction conditions, affording
different substituted quinolizinium salts.

The palladium-catalyzed cross-coupling reaction of orga- tion into bis-intercalator® with chromophores linked by
nostannanes with organic electrophiles (usually halides orchains with different length, rigidity, and functionality (see
triflates), known as the Stille reactidrhas emerged as an  below), we examined the feasibility of using a palladium-
extremely powerful tool for €C bond formatior?. Although

this methodology has been applied to a variety of heterocyclic
substrated,a cross-coupling route involving heteroaromatic
cations such as azinium or quinolizinium salts has not been
previously described.

As part of a project focused on the development of a novel LA 4| N A B |
class of DNA intercalators based on quinolizinium and aza- e

quinolizinium-type systems,* and subsequent transforma-

DNA intercalators
quinolizinium type
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Table 1. Palladium-Catalyzed Cross-Coupling Reaction between Bromoquinolizinium Salts and Stannanes
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as well as their antitumor activity. In this Letter, we report
our initial results on the transformation of some quinoliz-
inium salts3, as simple models, into substituted quinoliz-
inium derivatives4 (Scheme 1) via the Stille coupling
reaction.

Our efforts to achieve a cross-coupling route to quinoliz-
inium derivatives focused on the 1- and 2-bromoquinoliz-

546

inium salts. The bromo derivative8, being accessible
substrates to study the reactivity of the 1- and 2-bromo-
quinolizinium salts in various coupling processes, were
prepared in several steps by standard procedures.

(5) (a) Sanders, G. M.; van Dijk, M.; van der Plas, H.Hzterocycles
1981,15, 213 and references therein. (b) Glover, E. E.; Joned, Ghem.
Soc.1958, 3021.
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Scheme 1
X stannane, N R
| X PA(PPha), (8% mo)
e
N
AN~ Cul (10% mol), PINF
DMF, Ar, rt B
Br 3 TNP 4
3a: X=1-Br
3b: X=2-Br

We initially examined the coupling process with 1-bromo-
quinolizinium salt3a and tributylvinylstannane to establish
the best reaction conditions in the presence of 5 mol
PdCL(PPh), as the catalyst and in dimethylformamide
(DMF) or tetrahydrofuran (THF) as the solvents at different
temperatures. In all experiments, however, we found only

extensive decomposition of the substrate. In addition, under
the above conditions, the same procedure was tested in the

presence of 3 equiv of Li€lin DMF, a solvent that can
both solubilize lithium chloride and act as a ligand for

palladium. The reaction products, however, contained only

starting material. In the presence of 3 equiv of LiCl in DMF,

the use of tetraphenylstannane instead of tributylvinylstan-

nane produced homo-coupling of the heterociftie a 44%
yield after 12 h of heating at 8%C.

After further experiments, the desired coupling reaction
was reproducibly obtained froBaand tributylvinylstannane
in the presence of 5 mol % of Pd(Pfph in DMF at room
temperature, and with the addition of 10 mol % of copper-

() iodide as a cocatalyst. The reaction was completed in 17

h, producing 1-vinylquinolizinium (Table 1, entry 1) in a
55% vyield, with Cul being essential for success of the
reaction. The beneficial effect of the Cu(l) salts in cross-
coupling reactions has been previously obsefuatthough

comparison, the same coupling of 2-bromoquinoliziniBion
with tributylvinylstannane under optimized conditidhs
produced the desired substituted compound, although in poor
yield (entry 4). Similarly, coupling 08b with phenylethy-
nyltributylstannane and 2-thiophenyl- and 2-furanyltributyl-
stannane produced yields ranging from good (entry 6) to
moderate (entries 7 and 8). On the other hand, heating (85
°C) was required in the coupling with tetraphenylstannane
to obtain the 2-phenylquinolizininium salt (entry 5) in a 60%
yield.

The method was further extended to tributylstannylpyri-
dine, -thiazole, and -pyrazole, which were prepared according

o of to previously reported procedurBsThe results of the cross-

coupling with 2-bromoquinolizinium was successful for the
thiazole and pyrazole derivatives (entries 9 and 10) and, as
anticipated, resulted in a lower yield with the more electron-
deficient pyridine (entry 11).

The above methodology, however, is limited to the transfer
of alkyl groups. Our experiments with tetramethylstannane
were unsuccessful and it is generally accepted that an sp
carbon directly attached to the metal is less reactive than
carbons with lower hybridization in Pd-catalyzed reactitns,
which likely accounts for the lack of reactivity observed.

In summary, a new and simple route to substituted
heteroaromatic cations, with a bridgehead quaternary nitro-
gen, was developed involving palladium-catalyzed cross-
coupling between bromoquinolizinium and various aryl,
heteroaryl, vinyl, and ethynyl stannanes. This method
expands the scope of the Stille reaction and provides a good
alternative for substitution of quinolizinium derivatives,
which are usually very unstable when in contact with
nucleophilic species.
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R groups has been suggested.
Starting with3a, alkenyl, alkynyl, and heteroaryl groups
on tin were all transferred in high yield (entries-3). By
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