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The one-dimensional polymer, [Cuy(CgHgN2)2(C7HeN2)]2[M0gO2] (1), ligands under hydrothermal reaction conditions. To date,
which consists of 3-[MogO]*~ anions linked by quinoxaline and great numbers of polyoxometalates bridged by organonitro-
its oxidized product benzimidazole ligands coordinated to binuclear gen ligands coordinated to copper fragments have been

reported. In several cases, the starting reagents are copper-

(I1) salts, while the oxidation states of copper atoms in these

complexes are often assigned-a% on the basis of charge

neutrality, crystal color, and coordination environméhnts.

Thus, it is noteworthy that, under hydrothermal conditions,

organonitrogen species behave typically not only as ligands
_but also as reducing agents in the presence of Cu(ll). This
characteristic results obviously from the combination of the
reactive oxidatior-reduction potencies of the copper atoms
and the organonitrogen ligands as well as the specific
hydrothermal conditions. However, providing reliable evi-
&ence is still a challenge facing chemists.

copper(l) fragments, provides the first demonstration that the
isolated copper(l) complex under hydrothermal conditions “captures”
the reduction product of original starting organonitrogen ligand to
form a copper(l)—3-octamolybdate complex.

Recently, the synthesis and characterization of polymo
lybdates linked by coordinated transition metal fragments
has attracted great attention. It is not only because of the
chemistry itself but also because of their widely promising
potential applications in many fields® However, although
great progress has been made, the understanding of th

formation mechanism of such materials is still far behind, N the course of our investigation on N-donor rigid
although it is described normally as self-assembly. heteroatom aromatic ligands in the bridged coppeolyb-

Recent elaborations have proven that the hydrothermal 9ate system, we obtained a hybrid material, {CaHeN2).-
synthesis, which causes the reaction mechanism to shift from{C7HeN2)]2[M0&Oze] (1), which provides powerful evidence
the kinetic to the thermodynamic domain as compared to for_the study of how the quinoxaline ligand was oxidized
traditional aqueous reactions, provides a powerful tool for while the copper(ll) atom was reduced.

the synthesis of such materidli.has been well-known that . Brov;/]n crylstals ofl v]:/ere simply synthesized by tf;e
the construction of hybrid materials is often realized by ydrothermal reaction of copper(ll) acetate, sodium molyb-

- - ; .~ date, and quinoxaline ligand at low pHChe IR spectrum
utilization of N-donor rigid heteroatom aromatic organic
9 g of 1 exhibits broad bands from 1500 to 1038 Timwhich
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COMMUNICATION

Figure 3. Stereoscopic view of the extended one-dimensional chain of

Figure 1. Polyhedral representation of tjfe[MogOz2¢]4~ anion and ball- the previously mentioned four coordinated binuclear copper-
and-stick representation of the binuclear copper(l). () subunits link up two adjacent [M@.¢*~ units via six
oxo groups of octamolybdate into a beautiful one-dimen-
sional linear chain, which is somehow like meso-chiral
double helices (Figure 3).

It is quite surprising that there is a benzimidazole ligand
coordinated to one copper atom directly. As no benzimida-
zole was added to the starting reaction mixture, the most
possible source is that the benzimidazole is the oxidation
product of the quinoxaline. However, as the reaction mech-
anism of hydrothermal synthesis is shifting from the ther-

cu7n
Figure 2. ORTEP representations of the binuclear copper(l) urfit(@0%

probability ellipsoids). modynamic to the kinetic domain as compared to a high
temperature solid-state reaction or from the kinetic to the
bands from 955 to 895 cm are attributed to the MeO thermodynamic control compared to a conventional solution

stretching, while multiple bands attributed to the bridging synthetic approach, the equilibrium phases are replaced by
(Mo—O—Mo(Cu)) groups’ absorptions are found in the more structurally metastable phases. It is very difficult to
862-449 cnit region. The X-ray diffraction analysf  follow up the track and predict the true oxidation mechanism
suggests that the structure binay be described as chains  of quinoxaline into benzimidazole. The most possible case
constructed fronf-octamolybdates bridged by quinoxaline- s that after complicated oxidatierreduction process in the
an_d benzimidazole-coordinated binuclear coppgr(l) fragmentspresence of Cu(ll), quinoxaline is oxidized into the benz-
(Figure 1). The structure of the centrosymmetric jg]" imidazole ligand and acts an effective ligand coordinating
anion, Wh'c.h 'S bu_|lt up from eighfMoQs} edge-shared copper atoms directly. Several methods have been
octahedra, is a typmafl—pctamolybdaté.l proposed to confirm the isolated complex. The EI-MS spectra
There are four coordinated binuclear copper(l) fragments g, peaks atvz 130 and 118, which demonstrate clearly

. 4 ani i _ : wh _
arouE_d e”ac_hdcentrgﬂi [M0gO2¢]*” anion. Two crystglflfo that the quinoxaline and benzimidazole ligands are both
graphically independent copper sites comprise two different incorporated intol. The EI-MS peaks of the original

distinct environments to form binuclear units (Figure 2). The _ . L - o
first one is a distorted tetrahedron, which is E:ie?ined b)y two quinoxaline ligand exclude the possibility that the benzimi-
' dazole ligand is introduced from the starting regents.

nitrogen atoms from the quinoxaline ligands (W =
1.92(1)-1.93(1) A) and two terminal oxygen atoms from In conclusion, in this communication we show a beautiful
B-octamolybdate (C4O = 2.14(1)-2.41(1) A) with angles ~ one-dimensional polymeric chain #foctamolybdates linked
within 78.1(3)-148.6(5). The second Cu() site is coordi- Up by quinoxaline and benzimidazole ligands coordinated
nated by two nitrogen atoms from quinoxaline (W = to binuclear copper(l) fragments. It is the first complex in
1.92(1) A) and benzimidazole (GiN = 1.87(1) A), and  which that organonitrogen ligand performs as an effective
then by one terminal oxygen atom from a molybdenum atom reduction reagent and its product benzimidazole ligand
in anotheB-octamolybdate (2.25(1) A) to complete a trigonal coordinates to copper(l) atoms directly under hydrothermal
environment for the copper(l) atom with angles in the conditions.

96.1(3)-155.1(4) range. These two copper atoms are joined

together by one quinoxaline, which acts as a bidentate ligand. Acknowledgment. This work was supported by the
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