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A Novel Type of Tetranuclear Copper(ii) Cluster, containing Deprotonated 
3-(Pyridin-Z-y1)-5-( pyrazin-2-yl)-l,2,4-triazole (Hppt) as a Diatomic Bridging Ligand. 
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[Cu(p-ppt)(H20)14( N03)4( H20) 12 

The title compound, characterized by means of an X-ray structure analysis, represents the first example of a 
tetranuclear co-ordination compound with only diatomic bridges. 

Recently the synthesis, structure, and magnetic properties of a 
series of dinuclear copper(I1) compounds have been reported, 
introducing the 3,5-di(pyridin-2-yl)-1,2,4-triazolato anion as a 
dinucleating bridging ligand. 172 To investigate the correlation 
between the magnetic exchange mechanism, structural 
features, and ligand properties more thoroughly, a related 
ligand, 3-(pyridin-2-yl)-5-(pyrazin-2-yl)-l,2,4-triazole (Hppt), 
was synthesized by the method described by Browne.3 This 
ligand, with which dinuclear co-ordination compounds could 
be synthesized,4 also yielded, surprisingly, a novel type of 
tetranuclear copper(I1) compound, representing the first 
example of a new class of tetrameric co-ordination com- 
pounds. 

Tetranuclear copper(I1) co-ordination compounds show a 
variety of structures. Well known examples are the clusters 
having the metal ions in a tetrahedral arrangement bridged 
over the edges by halide ions and by an oxygen atom in the 
centre of the tetrahedron.5-10 More recently tetranuclear 
compounds of the cubane type have been studied extensively, 
structurally as well as with respect to their magnetic proper- 
ties, by Haase and others.11--15 Both types of clusters are 
schematically depicted in Figure 1. The common feature 
characterizing the tetranuclear compounds studied so far is the 
fact that monoatomic bridges interconnect the metal ions. 

Although tetranuclear structures containing diatomic ligand 
bridges are known,16 the title compound represents, to the 
best of our knowledge, the first example of a regular 

tetranuclear copper compound containing only diatomic 
bridges. The ligand Hppt was synthesized starting from 
2-cyanopyridine and pyrazine-2-carboxylic acid. The title 
compound was synthesized by adding a slurry of Hppt in water 
to a stirred aqueous solution of an equimolar amount of 

51 ,N-N 
H 

HPPt 

Figure 1. (a) Halide bridged type clusters (X = halide ion, L = 
ligand); (b) cubane type clusters. 
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Figure 2. Projection of the structure of the [ C U ( ~ - C ~ ~ N ~ H ~ ) ( H ~ O ) ] ~ ~ +  
cation. Selected bond distances and angles are Cu-Cu‘ (Cu”’), 
Cut-Cur’ and Cu”-Cu”’ 4.2686(4), Cu-Cu” and Cu’-“‘’’ 

1.951(2), Cu( 1)-N(2’) 1.969(2), Cu(1)-N(3’) 2.040(2) A; N(1)- 
4.3 195 ( 5 )  , CU( 1 )-N( 1) 2.004( 2), CU( 1 )-N( 5 )  2.289( 2), CU( 1)-O( 1) 

Cu(l)-N(2’) 93.8(1), N(2’)-Cu(l)-N(3’) 80.0(1), N(1)-Cu(l)-O(l) 
92.0( l ) ,  N(3’)-Cu( 1)-O( 1) 93.7( l), N( l)-Cu( l)-N(S) 76.6( l ) ,  N(2’)- 
CU( 1)-N(S) 99.0( l ) ,  N(3’)-Cu( 1)-N(5) 105.9( l), N(S)-Cu( 1)-O( 1) 
92.8(1)”. Atoms marked I ,  ’ I ,  or ”’ are generated by symmetry 
operations: = y-314, 314-x, 314-2; I ’  = - x ,  312-y, z ;  I ”  = 314-y, 
314 4- X, 314-2. 

copper(I1) nitrate. The resulting clear green solution was 
filtered; after several hours, dark green crystals separated. 

The molecular structure of the tetranuclear unit,? as shown 
in Figure 2, consists of four copper ions at the vertices of a 
slightly distorted tetrahedron, four deprotonated ligand mole- 
cules (ppt) bridging the edges of the tetrahedron, and four 
co-ordinated water molecules. The co-ordination geometry 
around the copper ions is distorted square pyramidal, with a 
basal plane consisting of three ligand nitrogen atoms and 
one oxygen atom from the co-ordinated water molecule. A 
ligand nitrogen atom completes the co-ordination geometry at 
the apical position of the pyramid. The tetranuclear unit has 
two different copper-copper distances: i. e., cqpper ions that 
are bridged by a ligand molecule [4.2686(4) A], and copper 

t Crystal data: CllH15CuN707 at 298 K, M = 420.83, tetragonal, 
space group I4,la, a = 18.868(3), c = 18.936(2) A, D, A 1.66( 1) g ~ m - ~ ,  
Z = 16, F(000) = 3445. The structure was solved by direct methods and 
by difference Fourier techniques using 31 19 unique intensities 
were collected on an Enraf-Nonius CAD-4 automated diffractometer 
using Mo-K, radiation [A (a1) = 0.70930 A] for 4 <20<55”, and refined 
by least squares methods. The hydrogen atoms of the water molecules 
were refined with Waser constraints17 [0-H = 0.89(4) A;LH-O-H = 
104.5 (1.0)”]. All hydrogen atoms were refined with isotropic thermal 
parameters, while the remaining atoms were refined with anisotropic 
thermal parameters. Final refinement converged to R = 0.0337 (R,  = 
0.0470). Atomic co-ordinates, bond lengths and angles, and thermal 
parameters have been deposited at the Cambridge Crystallographic 
Data Centre. See Notice to Authors, Issue No. 1, 1986. 
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Figure 3. X-Band powder e.s.r. spectrum of [Cu(p-CIIN6H7)- 
(H20)]4(N0,),(H20),2 at 77 K (frequency 9.196 GHz; Varian E-3 
spectrometer). 

ions lacking the ligand bridge [4.3195(5) A]. The tetranuclear 
units are interconnected via the triazole N-4 by a complicated 
network of hydrogen bonds. In comparison with cubane-type 
clusters, this structure lacks the four additional groups 
completing the ‘cubic’ structure. 

The magnetic properties of this compound appear to be 
interesting as suggested by the powder e.s.r. spectrum 
(Figure 3). The several signals below 0.2 T strongly suggest a 
spin state >l. With respect to the compatibility of this 
compound with those already reportedll-15 the magnetic 
properties can best be described using a four-centre exchange- 
coupled model. Preliminary susceptibility data indicate a peff. 
value of 1.8 pB at room temperature and a maximum in the 
susceptibility at about 12 K. It is assumed that two different 
coupling constants will be required to characterize fully the 
magnetic behaviour of the compound. 
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