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A new two-dimensional coordination polymer with cobalticinium
1,1'-dicarboxylate (ccdc) incorporated in the framework has been
prepared, the ccdc functioning as unique monoanionic dicarboxylate
ligands. The compound shows a high redox activity based on the
ccde units.

Coordination polymers with metallocene units in the
framework have attracted intense interest for the developmen

of new redox-active crystalline solids? with ferrocene

moieties having mainly been utilized as the redox-active
units. While ferrocene shows a redox potential due to the

Fe(lll)/Fe(ll) couple at about 0.6 VH;,) versus SCE,

cobaltocene shows the Co(lll)/Co(ll) couple at a quite

different potential, about-0.9 V1°11 This large difference
in the M(IIN)/M(I1) redox potentials results in the different
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toxidation states for these units that are generally observed

at ambient condition®*3 That is, Fe(ll) and Co(lll) states
are the most convenient oxidation states for ferrocene and
cobaltocene units, respectivély:? Although coordination
polymers with cobaltocene or cobalticinium units in the
framework are promising compounds that show different
redox properties compared with those for ferrocene units,
the coordination polymers constructed by cobaltocene units
are still unexplored. We have selected cobalticiniuni-1,1
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the synthesis of new redox-active crystalline materials. Here
we report the synthesis and structural characterization of a
new coordination polymer, [Cu(ccd$i2MeOH (1). An
additional unique feature of this type of network is the
creation of coordination frameworks with mixed metal ions,
studies of which are still rare.

The Hccdc was prepared by oxidation of "idimethyl-
cobalticinium hexafluorophosphate with potassium perman-
ganate according to the literatdfeCompoundL was isolated
as green plate crystals by diffusion of a methanol solution
of Cu(CH,COOQ),-H,0 into a DMF solution of Hcedc. (One
of the single crystals was used for single X-ray analysis. The
residual sample was used for other measurements. Anal.
Calcd for GeH3z0Co,CuOys (1:3H,0): C, 42.67; H, 4.13.
Found: C, 43.15; H, 3.58%.)

(12) Sheats, J. E.; Rausch, M. D.Org. Chem197Q 35, 3245-3248.
(13) Braga, D.; Cojazzi, G.; Maini, L.; Polito, M.; Grepioni, Ehem.
Commun1999 1949-1950.
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Figure 2. Stacking aspect showing the ABCD pattern along dheexis
(a) and thec axis (b), in which each layer is shown by different colors.
Hydrogen atoms and methanol molecules are omitted for clarity.

Scheme 2

Figure 1. ORTEP view of the crystal structure @f(a) (30% probability
level) and views of the two-dimensional structure (b). Hydrogen atoms and
methanol molecules are omitted for clarity.

The crystal structure was determined by X-ray diffraction
studies. (Crystallographic data far CyeH24C0,CuOyg, M
= 677.9, tetragonal, space grotids; (No. 78),a = b =
10.550(5) A,c = 23.15(1) AV =2576(2) B, Z=4,D. =
1.747 g cm®, u(Mo Ka) = 2.419 mn?, F(000)= 1372,T
=293 K, 1 = 0.7107 A,w scan,R = 0.058,wR = 0.060 (0°), synclinal-staggered (3% synclinal-eclipsed (73,
for 3057 unique reflectionsRy = 0.047) withl > 20(1) anticlinal-staggered (108 anticlinal-eclipsed (144, and
and 332 parameters. The data collection was performed onantiperiplanar (189. For 1, the ® values are about 162
a Rigaku CCD Mercury system. The structure was solved and 157 for the two crystallographically independent ccdc
by direct methods using SIR-92 All non-hydrogen atoms  units with Co(1) and Co(2) centers, respectively. That is,
were treated anisotropically. Hydrogen atoms were included both carboxylate groups of ccdc show a conformation
but not refined. See Supporting Information for crystal- between anticlinal-eclipsed and antiperiplanar. As a result,
lographic data in CIF format.) Compouridcrystallizes in ccdc connects between two copper(ll) centers with slightly
the asymmetric space group4s. Figure 1 shows the bent angles from 180
coordination center and crystal structurelpivhich contains These layers stack along tleeaxis in an ABCD pattern
two crystallographically independent ccdc units and a copperwith 90° rotation (Figure 2), in which the four crystal-
ion. Four oxygen atoms of the carboxylate groups from ccdc lographic screw axes run through the cavities of the layer.
bind to the copper(ll) center to form a distorted square planar Each square cavity is capped from above and below by ccdc
geometry. Each ccdc connects two copper(ll) centers to yield units in the adjacent layers, creating closed cavities with
a two-dimensional structure with small square cavities (about dimensions of about 4 4 x 6 A3 in the crystal. These
4 x 4 A?) in the ab plane (Figure 1b). spaces are connected by small crevices with sizes of about

Because the two cp rings of ccdc can rotate, this ligand 2 x 1 A2 As a result, each cavity, which traps methanol
acts as a flexible connector between the metal ions. Whenmolecules, is well isolated from the outside. To the best of
the torsion anglab of the two carboxylate groups of ccdc  our knowledge, this is the first example of a coordination
is defined as in Scheme 2, the steric configurations are polymer with cobalticinium units incorporated in the frame-
generally classified following six patterfissynperiplanar  work.
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a) of 1 was observed at-1709 mV by a solid-state CV
measurement (Figure 3b). The solid-state CV measurement
of ccdc was difficult in water or general organic media

Eyjp=-1414mV because of the high solubility of either ccdc or the reducing
product. The negative shift (295 mV) of the redox potential
of 1 from that of ccdc is not negligible since our previous
studies indicate that the solid-state redox potentials of the
sulfide or ferrocene groups incorporated in the coordination
frameworks reveal similar redox potentials compared to the
free ligands in the solutioft®> The negative shift of the redox

Eqjp =-1709 mV potential ofl is in contrast to the expectation of an electron-

withdrawing effect by the dipositive charge of the copper-
(Il) ions. This could be the result of donation from the d
orbital of Cu(ll) ions to the antibonding orbital of ccdc. A
T e similar negative shift is observed in Ag complexes with
-600 -1000  -1400  -1800  -2200 ferrocene unitd®
+ Redox-active bridging ligands do not always produce
E/mV vs. Fc*/Fc . . .
Figure 3. Cyclic voltammograms of ccdc in DMF solution in the presence red_ox-actlve _Cc_)ordmatlon networks. For example_, redox-
of triethylamine (a) and. in the solid state (b). active azopyridines do not show any redox properties when
they are incorporated in coordination netwotk€On the

The unique feature of the ccdc ligand compared with other other hand, the network system described here shows a high
general organic dicarboxylate ligands is the difference of the redox property based on the ccdc units, demonstrating that
charge’* When the neutral coordination frameworks are the metallocene is an effective bridging unit for creation of
constructed by combination of dianionic dicarboxylate new redox-active network materials. The redox potential is
ligands with divalent metal ions, the ratio of the ligand to remarkably more negative than that of the coordination
metal ions of the frameworks would be 1:1 because of the compounds with ferrocene units. Further characterization and
charge balance. That is, when the dicarboxylate groupssynthetic studies with ccdc are currently underway.
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