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ABSTRACT

Active-metal templating has been used to synthesize rotaxanes consisting of a phenanthroline-based macrocycle threaded around a C8, C12, or
C20 polyyne chain. The crystal structure of the C12 rotaxane has been determined. In the rhenium(I) carbonyl complex of this rotaxane, with
Re(CO)3Cl coordinated to the phenanthroline macrocycle, the proximity of the polyyne chain quenches the luminescence of the rhenium. These
rotaxanes offer a new approach to controlling the environment and interactions of a polyyne chain.

Polyynes, with the formula R;(CtC)n;R where
n > 2, have long attracted attention as oligomeric analo-
gues of carbyne, the elusive one-dimensional allotrope
of carbon.1 Polyynes with up to 32 sp-carbon atoms, such
as Et3Si;(CtC)16;SiEt3, were synthesized by Walton
and co-workers during the 1970s, but these long poly-
ynes could only be studied in dilute solution; they poly-
merize rapidly when the solvent is removed.2 Recently
it has been discovered that long polyynes can be stable
both in solution and in the solid state if they are terminated
with bulky capping groups, such as platinum phos-
phine complexes3 and dendrimers.4 The longest polyyne
to be isolated, with 44 sp-carbon atoms, has ‘super trityl’

tris(3,5-di-tert-butylphenyl)methyl (Tr*) terminal moie-
ties.5 While still offering a stabilizing effect, the influence
of the terminal groups on the properties of a polyyne
is expected to decrease as the polyyne becomes longer.
Thus, noncovalent strategies are required for controlling
the interactions of an acetylenic thread, so that the un-
usual nonlinear optical properties6 and charge-transport
behavior7 of polyynes can be exploited to create functional
carbon-rich materials. Previously polyynes have been
encapsulated by forming double-helical ‘bean-pole’
complexes,8 by cocrystallization with planar mercury(II)
complexes,9 and by threading inside carbon nanotubes.10
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Several authors1a,11,12 have suggested that polyynes could
be stabilized by threading them through macrocycles to
form rotaxanes or polyrotaxanes, as a type of insulated
molecular wire;13 however polyyne rotaxanes with more
than two conjugated triple bonds in the axle unit have
not been reported.14 Here we present the synthesis of a
family of polyyne rotaxanes with 8, 12, and 20 sp-carbon
atoms in the axel, 1a�c, via active copper-templated
coupling.12,15,16We also show that the coordinating ability
of the phenanthroline macrocycle can be exploited to
position a transition metal in close proximity to the
threaded polyyne chain.

Rotaxanes 1a�c were synthesized in yields of up to
34% by copper-mediated coupling of alkynes 2a�c5 in
the presence of the phenanthroline-based macrocycle 3
(Scheme 1), using similar reaction conditions to those
reported recently for preparation of a rotaxane with a
butadiyne-linked porphyrin dimer axel.12 Initially the
reaction was performed in toluene at 110 �C; however,
changing the solvent to THF and decreasing the tempera-
ture to 60 �C gave higher yields of rotaxane. Attempts at
preparation of the corresponding C4 rotaxane (n = 2)
were not successful; it seems that, with these bulky super
trityl end groups, the polyyne chain needs at least eight
sp-carbon atoms to accommodate themacrocycle. Polyyne
rotaxanes 1a�c were fully characterized by 1H NMR,
13C NMR, mass spectrometry, IR, and UV spectroscopy
(see Supporting Information). The crystal structure of

Scheme 1. Synthesis of Rotaxanes 1a�c

Figure 1. Structure of rotaxane 1b in the crystal, with the
macrocycle in green, the super trityl end groups in purple, and
the C12 polyyne chain in gray (hydrogen atoms and solvent
molecules omitted for clarity).17
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rotaxane 1b shows that the macrocycle is threaded around
the polyyne unit (Figure 1).17 In the crystal, the rotaxanes
associate into pairs by π-stacking of the phenanthroline
units, as in the analogous porphyrin dimer rotaxane.12 The
mean bond length alternation in the C12 chain of 1b is
0.142( 0.008 Å, which is slightly less than that reported in

the crystal structure of the corresponding C12 dumbbell
(0.158 ( 0.008 Å).5

The presence of the phenanthroline unit in rotaxanes
1a�c should allow the environment around the polyyne
chain to be modified by coordinating a wide variety of
metals. To test this hypothesis, rotaxane 1b was treated
withRe(CO)5Cl in toluene to give the rhenium(I) carbonyl
chloride complex 1b 3Re(CO)3Cl in 70% yield.18 The 1H
and 13C NMR spectra of 1b 3Re(CO)3Cl show that the
symmetry of the rhenium center is imposed on the polyyne,
splitting the resonances of the dumbbell component, as
illustrated in Figure 2: 1b 3Re(CO)3Cl exhibits twice as
many sp 13C resonances as 1b. Rhenium(I) carbonyl com-
plexes are often studied because of their luminescence.18,19

The complex of the macrocycle, 3 3Re(CO)3Cl, shows
normal luminescence behavior (emission λmax = 550 nm,
quantum yield φ = 0.033 in toluene under air). Surpris-
ingly, no luminescence is detected from 1b 3Re(CO)3Cl
under these conditions. Evidently the proximity of the
C12 polyyne chain quenches the emission from the rhe-
nium center; further work will be required to elucidate the
mechanism of this quenching process.20

In conclusion, we have demonstrated that polyyne
rotaxanes, up to C20, can be prepared by active-metal
templating using a phenanthroline-based macrocycle and
that rhenium can be coordinated to these rotaxanes,
positioning the metal center close to the polyyne chain.
This chemistry should be a powerful approach for con-
trolling the environment around polyyne chains.
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Figure 2. Structure of 1b 3Re(CO)3Cl and comparison of its 13C
NMR spectrum with that of 1b, showing only the resonances of
the eight central carbons of the C12 polyyne chain (125 MHz,
CD2Cl2, 298 K).
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