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COMMUNICATION 

Self-assembly of a supramolecular 
oligomer containing three different 
cobalt(I1) environments; the first 
structurally characterised polymer derived 
from 2,3,5,6- te tra( 2-pyridy1)pyrazine 

EDWIN C. CONSTABLE"', ANDREW J. EDWARDS2, DAVID PHILLIPS2 and PAUL R. RAITHBY2 

'Institut f i r  Anorganische Chemie, Universitat Basel, Spitalstrak 51, CH-4056 Basel, Switzerland and 2Cambridge Centre for 
Molecular Recognition, University Chemical Laboratory, Lensfield Road, Cambridge CB2 1 EW U.K. 

(Received November 22,1994) 

The reaction of cobalt(I1) chloride with 2,3,5,6-tetra(2- 
pyridy1)pyrazine (tppz) in the presence of sodium chloride gives 
polynuclear complexes; recrystallisation from acetonitrile yields a 
linear polymer containing three different types of cobalt(I1) envi- 
ronment. This compound, [((p-CI),(MeCN)Co(tppz)Co(CoCI,)J,], 
has been structurally characterised (orthorhombic, P2,2,2,, a = 
12.967(3), b = 14.624(3), c = 18.043(4) A, V.= 3421.5(13) 613, Z = 4, 
R,  = 0.0584, wR, = 0.1868). 

There is considerable current interest in the assembly of 
supramolecular oligomers and polymers by the use of 
multinucleating ligands containing two or more 
2,2':6',2"-terpyridine (tpy) domains.' Recently, we have 
become interested in 2,3,5,6-tetra(2-pyridyl)pyrazine 
(tppz) which is the prototype for a species with two tpy 
domains. Although early reports suggested that tppz only 
behaved as a mononucleating tridentate ligand,2 the 
bridging mode is now well-established.3 To date only the 
tridentate mode has been described for cobalt(I1) com- 
plexes of tppz2-5, although dinuclear cobaltiron and 
cobaltruthenium species have been mentioned in pass- 
ing. Supramolecular species containing tppz ire current- 
ly attracting interest,6 in this communication we describe 
a novel cobalt(I1) complex of tppz. 

The reaction of tppz with cobalt(I1) chloride in EtOH 
or MeOH in a 2: 1 ratio gives only [C~( tppz ) , ]~+~ ;  we 
have confirmed the nature of this complex by solution 
NMR studies and by a crystallographic study of the 
hexafluorophosphate salt.8 However, when the ratio of 
cobalt(I1) chloride to tppz varies in the range 2:l to 
3.5:1, a variety of new green or brown products is ob- 
tained. Analytical and spectroscopic data suggested that 
these complexes contained [CoCl,]2- ions, and we con- 
sidered that the addition of excess chloride to the reac- 
tion mixture might allow the isolation of pure products. 
Mixing methanolic tppz with an ethanolic solution of 
sodium chloride and cobalt(I1) chloride (1:8.3:2.25 mo- 
lar ratios) gives a red-brown solution. Evaporation of the 
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Figure 1 The crystal and molecular structure of [ ((p-C1)2(MeCN)Co(tppz)Co(CoC1,)),] showing the numbering scheme adopted. Two of the 
formula units present in the polymer are shown in this representation. 

solvent, followed by recrystallisation from acetonitrile 
gave large green crystals of a cobalt(I1) compound for- 
mulated ( Co3C1,(MeCN)(tppz)) in 52% yield. The same 

product was obtained by recrystallisation from acetoni- 
trile of the green solid obtained from the reaction of tppz 
with cobalt(I1) chloride in a~etonitrile.~ 

U 

Figure 2 A view along the polymer I{ (p-Cl)z(MeCN)Co(tppz)Co(CoCL,),l showing the ‘box-like’ structure 
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We have determined the crystal structure of this mater- 
ial,'() and shown it to be an infinite polymer containing 
three different cobalt(I1) environments; a view of the 
polymer presented in Fig. 1 .  Two six-coordinate cobalt 
centres are utilised in the formation of a linear "box- 
like'' polymer (Fig. 2). Each of the six coordinate cobalt 
centres is coordinated to a tridentate domain from a tppz 
ligand and they are bridged by two chloride ligands. The 
coordination sphere of cobalt(2) is completed by a tetra- 
hedral CoCI, ligand whilst that of cobalt(3) is completed 
by an acetonitrile. The terminal pyridine rings of each 
tppz ligand are considerably ruffled, but the two triden- 
tate domains of each are approximately coplanar. The 
chloride bridging between Co(2) and Co(3a) leads to an 
alternate up-down arrangement of the planes of adjacent 
tppz ligand (Fig. 2). The Co-N and Co-Cl distances are 
all typical, as are the intraligand bonding parameters. 
The intermetallic distances are Co(3). . .Co(2), 6.852 A, 
Co(2) ... Co(3a), 3.531 8, and Co(1) ... C0(2), 4.092 A. 

The complex is paramagnetic in the solid state, and 
possesses a magnetic moment per formula unit (three 
cobalt atoms) varying between 8.0 and 8.3 BM over the 
temperature range IOOK to 300K (SQUID, 3.0 Tesla ap- 
plied field). Over this temperature range Curie-Weiss be- 
haviour was observed. This is consistent with the pres- 
ence of two high-spin octahedral and one tetrahedral 
cobalt(I1) centre.13 

Upon dissolution in acetonitrile, [(MeCN)Cl,Co(tppz) 
CoCl,(MeCN)] and related oligomeric complexes are 
formed. However, concentration of these acetonitrile so- 
lutions regenerates the solid state polymeric material. 
We are currently investigating the nature of these solu- 
tion species and the conducting a systematic study of the 
assembly of such solid state materials with a variety of 
metal ions and multinucleating ligands. 
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In a typical preparation, tppz (40 mg, 0.103 mmol) was added to a 
solution of CoCI2*6H,O (73.5 mg, 0.31 mmol) in acetonitrile (30 
cm3). After 30 minutes of stining at room temperature the green pre- 
cipitate was collected by filtration and recrystallised from acetoni- 
trile to give (Co,CI,(MeCN)(tppz)} as large green crystals (66 mg). 
Crvsfal dara: C,,H,,CI,Co,N,. green crystals, M = 818.97, 
orthorhombic, s ace group P2,2,2,, a = 12.967(3), b = 14.624(3), 
c = 18.043(4) 1, a = p = y = 90". U = 3421.5(13) A3, Z = 4, 
0, = 1.590 g cm-I, F(o00) = 1628, Mo-Ka radiation (h  = 0.71073 A), 
p(Mo-Ka) = 7.82 cm-1. 5039 Reflections were collected on a 
STOE four circle diffractometer with 28(max) 45.0" of which 
4456 were unique and were used in structure solution using 
SHELXTL PLUS" and refined using SHELX-9312 (Co, CI, N, C 
anisotropic) to R1 = 0.0584 [F  > 4o(F), for 4177 reflections], 
wR2 = 0.0732 (all data). The largest peak and largest hole in the 
final difference map were2.247 and - I .  178 eA-3 respectively. The 
large residual of 3.247 eA-3 is located close to one of the cobalt 
atoms, but could not be modelled. 
SHELXTL PLUS. Program version 4.0. Siemens Analytical X- 
Ray Instruments, Madison, WI, 1990. 
Sheldrick, G.M.; SHELX 93, University of Gottingen. 1993. 
Variable temperature magnetic susceptibility measurements were 
made using a Quantum Design SQUID magnetometer. 
Measurements werc made under an applied field of 3.0T. The 
sample was cooled to 6 K in zero field prior to measurement of the 
magnetisation. The temperature was then raised in  increments of 
either 2.5 K or 5.0 K until an upper limit of 300 K was reached. 
The data were fitted by xm = xo + C,/(T - 8)  where xo allows for a 
Van Vleck component. 
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