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ABSTRACT

The four isomeric bromoquinolizium bromides reacted with aryl- and heteroarylacetylenes under Sonogashira conditions. The reactions proceed
with moderate-to-high yields to afford aryl- and heteroarylethynyl quinolizium cations. This is the first reported example of the Sonogashira
reaction on heteroaromatic cations, and it allowed easy access to potential π-donor π-acceptor systems bearing cationic units.

Since it was introduced 30 years ago, the Sonogashira
palladium-catalyzed cross-coupling reaction1 has emerged as
one of the most straightforward and powerful methods for
the preparation of conjugated alkynes.2 The numerous
modifications of the original protocol and the improvement
of many aspects of the sp-sp2 carbon bond formation have
led to the wide applicability of this reaction in the synthesis
of a variety of compounds,2a including different heterocycles,3

and have made it a useful method for the synthesis of
building blocks employed in the preparation of shape-
persistent macrocycles,4 molecular electronic devices,5 den-
drimers,6 etc.

We became interested in the Sonogashira reaction when
we explored the feasibility of incorporating a heteroaromatic
cation as a subunit in push-pull systems with nonlinear
optical (NLO) properties.7 The aim of the work was to study
the effect of the presence of a charged moiety in these
π-donorπ-acceptor (D-π-A) molecules8 (Figure 1). A cross-
coupling route involving a heteroaromatic cation as a
nucleophilic or electrophilic partner has not been described
to date. In this communication we report our initial results
for the Sonogashira cross-coupling reaction on quinolizinium
cations.9 This process allowed easy access to a series of the
simplest potential D-π-A cationic systems.

Our plan involved the preparation of the four isomeric
bromoquinolizium bromides5a-d according to literature
procedures.10 Two alternative routes were explored to the
target systems1-4. The most versatile method involved an
initial Sonogashira reaction to incorporate a protected ethynyl
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group in all possible positions of the quinolizium system
followed by sequential deprotection and a second Sonogash-
ira reaction with an aryl halide to incorporate the aromatic
donor system (Scheme 1). In the other route, the correspond-

ing bromoquinolizium salt would be coupled with an aryl-
substituted acetylene under Sonogashira conditions.

2-Bromoquinolizinium bromide (5b) was used as a model
system to optimize the conditions for the palladium-catalyzed
cross-coupling reaction with triisopropylsilylacetylene (TIP-
SA) using the classical catalytic system CuI/PdCl2(PPh3)2,
various solvents, bases, equivalents of base, and temperature.
The results of this study are shown in Table 1.

The best conditions were found to be 10 mol % of copper-
(I) iodide/5 mol % PdCl2(PPh3)2 in DMF at 60°C, with 1.5
equiv of Et3N for 14 h (Table 1, entry 7). Under these
conditions2a was isolated in 82% yield. Attempted depro-
tection of2aunder the usual conditions (TBAF, CsF) in THF
at room temperature or below led to extensive decomposition.
The coupling of5b with trimethylsilylacetylene afforded6a
(not isolable), but the attempted in situ deprotection of this
alkyne was unsuccessful under a variety of different condi-
tions11 (Scheme 2).
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Figure 1. Examples ofπ-donor π-acceptor (D-π-A) molecules
incorporating quinolizium units.

Scheme 1

Table 1. Sonogashira Reaction of 2-Bromoquinolizinium
Bromide (5b) and Triisopropylsilylacetylene

entry solvent T (°C) base (equiv) ratioa 5b/2a

1 DMF rt Et3N (1.2) 1.0:0.8
2 DMAC rt Et3N (1.2) 1.0:0.5
3 DMF rt (i-Pr)2NH (1.2) 1.0:0.3
4 DMF rt (i-Pr)2EtN (1.2) 1.0:0.4
5 DMF rt Et3N (20.0) b
6 DMF 60 Et3N (1.2) 0.3:1.0
7 DMF 60 Et3N (1.5) 0.08:1.0

a Determined by1H NMR. b Decomposition.

Scheme 2
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Consequently, we focused our attention on the coupling
reaction of5b with arylacetylenes, although this approach
to 2 suffers the drawback of the small number of com-
mercially available terminal acetylenes. Under the optimized
conditions found for2a, 2-bromoquinolizium bromide (5b)
reacted with different arylacetylenes to give the coupling
products in yields of up to 70%. In general, acetylenes
bearing electron-donating substituents afforded better yields
(Table 2, entries 2 and 3) than those bearing electron-
withdrawing groups (Table 2, entries 4 and 5) or when
π-deficient heterocycles such as pyridine were attached to
the acetylene (Table 2, entry 6). It is worth noting that the
high reactivity of5b precluded the formation of polymeri-

zation products, which are prone to appear under Sonogashira
conditions using substrates such as 1-bromo-3-ethynylben-
zene.

Having demonstrated that5b can act as an efficient partner
in the Sonogashira reaction, we investigated the scope of
the reaction with the other three bromoquinolizium cations.
Significant differences were not found in the reaction of
3-bromoquinolizinium bromide (5c) with the same acetylenes
as used in the study with5b. As shown in Table 3, the best
yield was also obtained with triisopropylsilylacetylene and
yields obtained with aryl or heteroaryl acetylenes show the
same trend as found in the coupling reaction with5b. Thus,
better yields are associated with the use of electron-rich
acetylenes, and 2-pyridylacetylene is the poorest cross-
coupling partner, although in this case the yield obtained is
slightly higher than that obtained with5b.

Finally, we examined the Sonogashira couplings of 1-bro-
moquinolizium bromide (5a) and 4-bromoquinolizinium
bromide (5d) with two representative examples of acetylene
bearing electron-donating and electron-withdrawing substit-
uents. The C4 position is highly activated for the coupling

(11) Mio, M. J.; Kopel, L. C.; Braun, J. B.; Gadzikwa, T. L.; Hull, K.
L.; Brisbois, R. G.; Markworth, C. J.; Grieco, P. A.Org. Lett. 2002, 4,
3199.

Table 2. Sonogashira Reaction on 2-Bromoquinolizinium
Bromide (5b)

Table 3. Sonogashira Reaction on 3-Bromoquinolizinium
Bromide (5c)

Org. Lett., Vol. 6, No. 23, 2004 4177



reaction but is also activated toward nucleophilic attack. This
is the most likely reason that the reaction with 1-ethynyl-
4-methoxybenzene proved troublesome under the same

conditions as used for the isomeric 2- and 3-bromoquinoli-
zium salts. On heating the reaction at 60°C we observed
extensive decomposition of5d and the coupling compound
4a was obtained in only 25% yield. When the reaction was
conducted at room temperature, compound4a was isolated
in 61% yield (Table 4, entry 3). Lower temperatures did not
improve this yield, and longer reaction times were necessary
to complete the reaction. In all of the reactions involving
the other arylacetylenes tested, the corresponding halide was
completely consumed but only moderate yields (40-50%)
of the coupling product were obtained. These lower yields,
when compared with those obtained with5b,c, are probably
due to the lower stability of these substrates under the
reaction; indeed, mixtures of the ring-opening products are
observed in all of these reactions.

In conclusion, we have demonstrated that the four isomeric
bromoquinolizium cations can be used as electrophilic
partners in Sonogashira reactions. The protocol developed
allows the efficient incorporation of aryl- and heteroaryl-
ethynyl substituents into the quinolizium system, particularly
at the C2 and C3 positions.12 Furthermore, the methodology
described here opens an easy way to access potentialπ-donor
π-acceptor (D-π-A) systems that incorporate one or more
heteroaromatic cationic units. Investigation of the properties
of these molecules is now in progress.
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(12)Typical Experimental Procedure. A flame-dried vial was charged
under argon with 50 mg (0.173 mmol) of the corresponding bromoquino-
lizinium salt 5a-d, 10 mol % CuI (3.3 mg, 0.0173 mmol), and 5 mol %
PdCl2(PPh3)2 (6.9 mg, 0.0087 mmol) in dry DMF (2.5 mL). Then the
corresponding acetylene (0.208 mmol) and Et3N (0.259 mmol, 45µL) were
added. After being heated at 60°C for 14 h, the solution was filtered through
a small pad of Celite and washed with methanol (5 mL). The solution was
concentrated, treated with a saturated solution of NaHCO3 (20 mL), and
extracted with EtOAc (15 mL). The organic phase was extracted with H2O
(2 × 10 mL), the aqueous phase was treated with a saturated solution of
NH4PF6, and the resulting phase was extracted with CH2Cl2 (3 × 15 mL).
The organic phase was dried over Na2SO4, the solvent was evaporated under
reduced pressure, and the product was isolated by column chromatography
on silica gel using CH2Cl2/MeOH (9.6:0.4) as eluent.

Table 4. Sonogashira Coupling Reaction on
1-Bromoquinolizium Bromide (5a) and 4-Bromoquinolizinium
Bromide (5d)
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