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The First Difluoro-bridged Copper Chain, an Alternating Zig-zag, Stabilized by a
Unique Intrachain Hydrogen Bond System. Crystal and Molecular Structure of
Catena-poly[di-u-fluoro-bis(3-methyl-4-ethyl-5-phenylpyrazole)copper(n)].
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The synthesis, structure and magnetism of catena-poly[di-u-fluoro-bis(3-methyl-4-ethyl-5-phenylpyrazole)copper(n)],
[CuF,{C12H14N,),). is described; a unique next-nearest neighbour hydrogen-bonding stabilization between N-H

and the bridging fluoride ions is observed.

Co-ordination compounds of the type MUX,(L), quite often
have the linear-chain type structure (1), with L completing the
distorted octahedral co-ordination, for M = Mn, Fe, Co, Ni,
Cu; X = Cl, Br; and L, a variety of ligands.!.2 However the
number of X-ray structures known is rather small, apparently
because polymeric structures are difficult to grow as single
crystals. The synthesis of this type of compound, the char-
acterization, and the determination of the structure is of great
interest for a better understanding of the magnetic properties
of chains, e.g. exchange-structure relationship and the
presence of solitons.!.3

Difluoro-bridged chain compounds of the type MF,(L),
(L = azole ligand) have never been sufficiently characterized
structurally; only amorphous or microcrystalline products
have been reported so far.4 For Cull, a monofluoro bridged
linear chain, though part of a polymeric network, has been
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Figure 1. ORTEP drawing and atomic labelling system for the
monomeric unit of [CuF,(L1),]... Selected bond distances (A) and
angles (°) are Cu-N(12) 1.992(2), Cu-N(32) 1.996(2), Cu-F(1)
1.916(2), Cu-F(2) 1.915(1), F(1)-Cu-F(2) 88.66(6), N(12)-Cu-N(32)
95.86(9), F(1)~Cu-N(32) 88.49(9), F(2)-Cu-N(12) 88.51(8), C(16)-
C(36) 3.629(5).

Figure 2. ORTEP drawing and atomic labelling system showing the
extended structure of [CuF,(L1),]... Selected bond distances (A) and
angles (°) are Cu—Cu’ 3.330(2), Cu-Cu" 3.294(2), Cu-F(1)’ 2.448(2),
Cu-F(2)" 2.400(2), Cu'-Cu-Cu” 117.79(2), Cu-F(1)-Cu’ 98.70(6),
F(1)-Cu-F(1)" 81.30(6), Cu-F(2)-Cu" 98.89(6), F(2)-Cu-F(2)"
81.11(6) N(11)-F(1)" 2.693(3), N(11)-H(11)-F(1)" 145.76(9), N(31)-
F(2)" 2.714(3), N(31)-H(31)-F(2)" 142.32(9). Primed atoms are
generated by symmetry operations: single prime = 1 —x, —y, | —z;
double prime =1 —x, =1 —y, 1 —z.
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recently reported for FCu[AuF,].5 A diamagnetic difluoro-
bridged zig-zag chain is reported for dioxouranium(vi) in
catena-poly[di-u-fluoro-(dimethyl sulphoxide)dioxouranium-
(vi)].¢

The formation of MF,(L), chain compounds has been made
possible through controlled release of F~ from BF,~ ions in
the presence of azole ligands.” Later a few hydrated fluorides
were also found to yield MF,(L), species.® However, so far
structural characterization of such compounds has not been
possible, despite numerous efforts to grow single crystals.

We now report an approach in which systematic variation in
the ligand, in this case a substituted pyrazole, has yielded the
first single crystal of a difluoro-bridged transition metal chain.
The ligand 3-methyl-4-ethyl-5-phenylpyrazole (L1) was
synthesized from hydrazine hydrate and 2-ethyl-1-phenyl-
butane-1,3-dione.? CuF,(L1), was synthesized by adding a
warm solution of L1 (4 mmol) in methanol (25 ml) to a warm
suspension of CuF,-2H,0 (1 mmol) in methanol (25 ml); after
several minutes stirring the remaining insoluble CuF,-2H,0
was filtered off. The resulting green solution was kept in a
plastic vessel for 3 weeks after which pale green needle-like
crystals formed.

The crystal structure was determined.t A projection of the
monomeric unit is depicted in Figure 1, together with the
atomic labelling. The structure consists of Cul!l ions co-
ordinated by two pyrazole nitrogen atoms and two fluoride
ions in a distorted square-planar arrangement; the axial
ligands, two fluoride ions of nearby copper atoms (related to
the central copper by an inversion centre), have significantly
longer Cu-F bond lengths. Figure 2 shows the chain structure
of the compound. The zig-zag chains, consisting of two
different CuF,Cu units, are positioned along the b-axis;
copper—copper distances are 3.330(2) and 3.294(2) A. The
polymeric structure is stabilized further by hydrogen bonding
of the pyrazole N-H to fluoride ions of nearby copper ions
(Vn_p 2800 cm~1).

This structure is very different from the linear chain type
structure (1) found for most transition metal halide bridged
chains. The tendency of fluoride ions and the pyrazole N-H to
form hydrogen bridges is strong. The pyrazole N-H cannot
form hydrogen bridges with the fluoride ion which is nearest,
since the angle formed would be too small. The presence of
hydrogen bridges between neighbouring units in the chain
imposes non-linearity on the chain structure, forcing the
fluoride ions and the pyrazole ligands into a cis-configuration
around the copper ion.

The co-ordination geometry around the copper ion results
in a magnetic orbital consisting mainly of d,2 _ ,2. As these two
magnetic orbitals are not in the same plane, overlap between
the magnetic orbitals is minimal and the magnetic interaction
in this compound is expected to be small. Indeed the magnetic
susceptibility measurement shows no maximum down to 5 K.

1 Crystal data for Cy4HsCuF,Ny, triclinic, Pl, a = 13.888(6), b =
5.671(3), ¢ = 15.181(6) A, « = 91.954), f = 111.56(3), y =
92.93(4)°, Z = 2, D, = 1.42 Mg m~3, F(000) = 471. Intensities for
5432 independent reflections were measured on an Enraf-Nonius
CAD-4 automatic diffractometer (Mo-K,). The structure was solved
using MULTAN and Fourier techniques and refined by least-squares
methods. For one ethyl carbon, C(38), three different positions were
found, owing to disorder in the structure. Hydrogen atom positions
were calculated and the hydrogen atoms were kept at a fixed distance
from their parent atom. The hydrogen atoms of the methyl groups and
of the ethyl CH; were not located, owing to thermal motion. Final R =
0.042 (R,, = 0.058). 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.
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Magnetic measurements at lower temperatures will give more
information about the exchange in this compound.

Our results show that fluoro-bridged copper chain com-
pounds can indeed be prepared, and studied structurally and
magnetically. Compounds can be prepared with derivatives of
5-phenylpyrazole, on which preliminary measurements indi-
cate that their structures are analogous to the structure of the
compound presented here. This will be of importance in
understanding the magnetic properties of fluoro-bridged
transition metal chain compounds and a detailed comparison
of structural and magnetic properties of halide bridged
one-dimensional metal compounds will now become possible.

This research was sponsored by the Netherlands Organiza-
tion for Chemical Research (SON), with financial aid of the
Netherlands Organization for the Advancement of Pure
Research (ZWO) and the Leiden Materials Science Center
(Werkgroep Fundamenteel Materialenonderzoek). The
authors are indebted to Mr. S. Gorter for assistance with the
X-ray data collection and the solving of the structure.

Received, 6th November 1987, Com. 1616

425

References

1 W. E. Hatfield, W. E. Estes, W. E. Marsh, M. W. Pickens, L. W.
ter Haar, and R. R. Weller, ‘Extended Linear Chain Compounds,’
Miller, J. S., ed., Plenum Press, New York, 1982, vol 3, 43; R. D.
Willett, R. M. Gaura, C. P. Landee, ibid., 143.

2 M. Méganamisi-Bélombé, P. Singh, D. E. Bolster, and W. E.
Hatfield, Inorg. Chem., 1984, 23, 2578; S. Gorter, A. D. van Ingen
Schenau, and G. C. Verschoor, Acta Crystallogr., Sect. B, 1974, 30,
1867.

3 R. Broer and W. J. A. Maaskant, Chem. Phys., 1986, 102, 103.

4 M. A. Guichelaar, J. A. M. van Hest, and J. Reedijk, /norg. Nucl.
Chem. Lert., 1974, 10, 999.

S B. G. Miiller, Angew. Chem., Int. Ed. Engl., 1987. 26, 688.

6 J. C. Dewan, A. J. Edwards, D. R. Slim, J. E. Guerchais, and R.
Kergoat, J. Chem. Soc., Dalton Trans., 1975, 2173.

7 J. Reedijk and R. W. M. ten Hoedt, Recl. Trav. Chim. Pays-Bas,
1982, 101, 49.

8 P. R. Gibbs, P. R. Graves, D. J. Gulliver, and W. Levason, /norg.
Chim. Acta, 1980, 45, 1.207; S. J. Higgins and W. Levason, ibid.,
1986, 113, 47.

9 C. D. Anderson, J. T. Sharp, and R. S. Strathdee, J. Chem. Soc.,
Perkin Trans. 1,1979, 2730.




