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Abstract—Conjugated linear molecules containing pyridyl groups as ‘alligator clips’ have been synthesized as potential molecular
electronic devices using palladium-catalyzed couplings. © 2001 Published by Elsevier Science Ltd.

The use of organic molecules, such as conjugated aro-
matic oligomers, as single molecule electronic conduc-
tors has attracted considerable attention due to their
exciting potential in the field of molecular electronics.1

Recent studies have shown that oligo(phenylene
ethynylene)s containing nitro groups can be used as
electronic switching and memory devices.2 Most previ-
ous work featured benzenethiolate groups as ‘alligator
clips’, units that link to a metal surface.3 We now
describe a general procedure for the synthesis of molec-
ular devices containing pyridine ‘alligator clips’.4

Fig. 1 shows the two groups of potential molecular
devices that have been synthesized. The first group has
a nitro functionality on the internal phenyl ring, which

was designed to retain electrons so that the molecule
could work as a memory element.2

The second group has a nitro and an amino group,
which have been shown to work similarly albeit at
lower temperature.

The potential molecular devices 2 and 4 were envi-
sioned to have two pyridyl terminal groups so that they
could serve as cross-linkers for gold connections.

Scheme 1 outlines the synthesis of 2 from 2,5-
dibromonitrobenzene. Compound 15 was easily pre-
pared via Sonogashira6 coupling of 4-iodopyridine7 and
trimethylsilylacetylene (99%). Potassium carbonate is

Figure 1. Potential molecular devices containing pyridyl groups as ‘alligator clips’.

Scheme 1. (a) K2CO3, MeOH, Pd(PPh3)2Cl2, PPh3, CuI, THF, 64°C, 20 h, 24%.
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used as a base for the in situ removal of the TMS
protecting group and for the coupling,8 as the free
alkyne decomposes after a few hours. Attempts to
perform the reaction at room temperature gave mostly
the bis(ethynylpyridine) and coupling at one site of the
aryl dibromide.

Compound 4 resembles 2, but has a nitroaniline core
instead of a nitro core. Unlike the potential molecular
device 2, the synthesis of 4 (Scheme 2) commenced with
the coupling of 2,5-dibromo-4-nitroacetanilide9 with
trimethylsilylacetylene to give 3, which was then cou-
pled with 4-iodopyridine in low yield. The low yield of
the coupling reactions could be due to the cyclization
between the nitro and the alkyne unit, a process
reported by Rosen et al.10

The synthesis of 8 is shown in Scheme 3. Compound 8
has a protected benzenethiol terminal group, which can
bind to a gold surface. The other end of the molecule
has a pyridyl group, which could possibly serve as a
better top-layer linker than the phenyl group. Com-
pound 8 was synthesized by coupling the 2,5-dibromo-
4-nitroacetanilide with 1 in a moderate yield to afford
compound 5. Compound 5 was then coupled with
trimethylsilylacetylene to afford 6 in 49% yield, which
was deprotected with potassium carbonate to give 7.
The last step of this synthesis was the coupling with

4-thioacetyliodobenzene,11 which afforded the potential
device 8 in good yield (75%).

Compounds 10 and 12 were synthesized to study the
importance of the position of the nitro group relative to
the ‘alligator clip’ during the self-assembly. Compound
10, which has the nitro group oriented toward the
pyridyl group (Scheme 4), was synthesized by first
coupling 1 with 2,5-dibromonitrobenzene, with in situ
removal of the TMS group to give 9 in good yield.12

Coupling of 9 with phenylacetylene afforded 10.

The synthesis of 12 (Scheme 5), which has the nitro
group pointing away from the pyridyl group, resembles
the approach used for 10 except that the steps are
reversed. In this case, the phenylacetylene was first
coupled to 2,5-dibromonitrobenzene to give 11 in a
moderate yield. Compound 1 was then coupled to 11 to
afford 12 in good yield.

In order to conduct electrons with minimal inhibition,
these organic oligomers preferably have all their phenyl
rings in the same plane.1 If the terminal phenylethynyl
group is replaced by a phenyl group, the molecule
becomes slightly twisted. To study the effect of this
rotational barrier, 14 was synthesized. The Suzuki
coupling13 of 2,5-dibromo-4-nitroacetanilide with
phenyl boronic acid was used to synthesize compound

Scheme 2. (a) Et3N, Pd(dba)2, PPh3, CuI, THF, 60°C, 48 h, 47%. (b) K2CO3, MeOH, Pd(PPh3)2Cl2, PPh3, CuI, THF, 60°C, 50
h, 16%.

Scheme 3. (a) K2CO3, MeOH, Pd(PPh3)2Cl2, PPh3, CuI, THF, rt, 24 h, 39%. (b) Et3N, Pd(PPh3)2Cl2, PPh3, CuI, THF, 60°C. (c)
K2CO3, MeOH, CH2Cl2, rt, 2 h, 88%.
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Scheme 4. (a) K2CO3, MeOH, Pd(PPh3)2Cl2, PPh3, CuI, THF, rt, 2 days, 71%. (b) Et3N, Pd(PPh3)2Cl2, PPh3, CuI, THF, 56°C,
36 h, 69%.

Scheme 5. (a) Et3N, Pd(dba)2, PPh3, CuI, THF, rt, 48 h, 47%. (b) K2CO3, MeOH, Pd(PPh3)2Cl2, PPh3, CuI, THF, 64°C, 18 h,
79%.

Scheme 6. (a) Pd(dba)2, PPh3, Cs2CO3, toluene, 67°C, 3 days, 51%. (b) K2CO3, MeOH, Pd(PPh3)2Cl2, PPh3, CuI, THF, 70°C, 3
days, 79%.

13 (Scheme 6), which was then coupled to 4-
(trimethylsilylethynyl)pyridine (1) to afford 14.

The structures of compounds 2, 4, 8, 10, 12 and 14 were
confirmed by IR, 1H NMR, 13C NMR and MS.14

In conclusion, the synthesis of conjugated aromatic
molecules containing pyridine units for molecular elec-
tronics was accomplished using palladium-catalyzed
couplings. The testing of these potential molecular
devices is currently underway.
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