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Self-assembly of supramolecules with helical structures has
been one of the focuses in supramolecular chemistry.1 The
general synthetic strategy involves the use of multidentate
ligands to wrap around one or more metal centers to produce
single-,2-4 double-,5-8 and triple-stranded9-15 metal helicates.
We have tried a different approach in which smaller building
blocks of metal complexes containing only bidentate ligands
are linked together to form the desired supramolecular structure.
In this work, the synthesis of a triple-stranded ruthenium

helicate,{[Ru(py-pz)3]2Cu3}(ClO4) (2), from [Ru(py-pzH)3]-
(ClO4)2 (1) (where py-pzH) 3-(pyridin-2-yl)pyrazole) and Cu-
(ClO4)2 is reported.
The coordination chemistry of the 3-(pyridin-2-yl)pyrazole

(py-pzH) ligand and its analog has been studied by a number
of researchers.16 Complex1 was synthesized from py-pzH17

and RuCl3‚3H2O.18 An acetonitrile solution of1 shows three
absorption bands at 400 nm (ε ) 1.74× 104 M-1 cm-1), 279
nm (ε ) 5.05× 104 M-1 cm-1), and 243 nm (ε ) 5.00× 104

M-1 cm-1), in the UV-vis spectrum. The first absorption is
the MLCT transition, while the last two are intraligand in origin.
The MLCT band is red-shifted to 430 nm (ε ) 1.08× 104 M-1

cm-1) upon deprotonation of the pyrazole by the addition of 3
equiv of triethylamine. Such lowering in MLCT energies has
also been reported by Meyeret al. in their studies of pyrazole/
pyrazolyl complexes of ruthenium(II).19 It was concluded that
the pyrazolyl moiety possessed much betterπ-donating ability
comparing to that of the pyrazole ligand.
Complex1, after deprotonation by the addition of excess

NEt3, reacts with Cu(I) or Cu(II) ions in methanol to give a
supramolecular structure containing two tris(3-(pyridin-2-yl)-
pyrazolyl)ruthenium(II) units linked together by three Cu(I)
ions:20

The structure of2 is shown in Figure 1.21 2 possesses aC3

rotation axis. Each Ru center is coordinated to three 3-(pyridin-
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2-yl)pyrazolyl ligands. The geometry around Ru(1) is distorted
octahedral with an average bond distance of 2.09 Å (2.07(2)-
2.10(2) Å) for Ru(1)-N(7), Ru(1)-N(8), Ru(1)-N(4), and
Ru(1)-N(5) and a bond distance of 2.04(3) Å for both Ru(1)-
N(1) and Ru(1)-N(5). The octahedral Ru(2) center is more
distorted. The three shorter ruthenium-nitrogen bonds are
Ru(2)-N(10), Ru(2)-N(13), and Ru(2)-N(14) in the range
2.03(3)-2.04(3) Å. The three longer Ru-N bonds are
Ru(2)-N(11), Ru(2)-N(16), and Ru(2)-N(17) in the range
2.07(3)-2.14(2) Å. Each pyrazolyl moiety is coordinated to a
Cu(I) center with bond distances ranging from 1.78(3) to
1.91(3) Å. The arrangement of the two pyrazolyl rings and

the Cu center is essentially linear (173(1)-177(1)°). Three [py-
pz-CuI-pz-py] chains interweave the two Ru centers in the form
of a triple-stranded helix.
The 1H NMR spectrum of2 is simple and consistent with

the crystal structure in that all 3-(pyridin-2-yl)pyrazolyl ligands
are equivalent. This indicates that the triple-stranded helical
structure of2 is intact in solution. The UV-vis spectrum of2
in acetonitrile shows that the RuII(dπ) f py-pz(π*) MLCT band
is further red-shifted to 437 nm (ε ) 3.44× 104 M-1 cm-1). A
new band at 306 nm (ε ) 8.81× 104 M-1 cm-1) is observed
and is attributable to the CuI(dπ) f pyrazolyl(π*) MLCT
transition.24

The assembling of simple metal complexes into supramol-
ecules has proved feasible, and we will continue our efforts to
explore such supramolecular synthetic strategies.
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Figure 1. Perspective view of{[Ru(py-pz)3]2Cu3}(ClO4) (2). Selected
bond lengths (Å) and angles (deg): Ru(1)-N(1) 2.04(3), Ru(1)-N(2)
2.10(2), Ru(1)-N(4) 2.10(2), Ru(1)-N(5) 2.04(3), Ru(1)-N(7)
2.09(3), Ru(1)-N(8) 2.07(2), Ru(2)-N(10) 2.03(3), Ru(2)-N(11)
2.07(3), Ru(2)-N(13) 2.04(3), Ru(2)-N(14) 2.04(3), Ru(2)-N(16)
2.14(2), Ru(2)-N(17) 2.11(3), Cu(1)-N(3) 1.91(3), Cu(1)-N(12)
1.78(3), Cu(2)-N(6) 1.89(3), Cu(2)-N(15) 1.82(3), Cu(3)-N(9)
1.82(2), Cu(3)-N(18) 1.86(2); N(3)-Cu(1)-N(12) 173(1), N(6)-
Cu(2)-N(15) 177(1), N(9)-Cu(3)-N(18) 175(1).
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