
ABDUL HAMID OTHMAN et al. 2763 

Universiti Sains Malaysia for research grant R & D No. 
123-3417-2201. KS thanks Universiti Sains Malaysia for 
a Visiting Post Doctoral Research Fellowship. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: MUI240). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 

References 
Calleri, M. & Speakman, J. C. (1969). J. Chem. Soc. A, pp. 1644- 

1648. 
Fleming, J. E. & Lynton, H. (1968). Can. J. Chem. 46, 471-477. 
Nardelli, M. (1983). Comput. Chem. 7, 95-98. 
Ng, S. W. & Othman, A. H. (1995). Z. Kristallogr. 210, 674-675. 
Othman, A. H., Fun, H. K. & Sivakumar, K. (1996). Acta Cryst. C52, 

843-845. 
Palenik, G. J. (1964). Acta Cryst. 17, 687-695. 
Perello, M., Verdaguer, N., Aymamie, J. & Fita, I. (1994). J. Chem. 

Cryst. 24, 597-602. 
Procter, G., Britton, D. & Dunitz, J. D. (1981). Helv. Chim. Acta, 64, 

471-477. 
Sheldrick, G. M. (1990a). Acta Cryst. A46, 467-473. 
Sheldrick, G. M. (1990b). SHELXTLIPC Users Manual. Siemens 

Analytical X-ray Instruments Inc., Madison, Wisconsin, USA. 
Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 

Crystal Structures. University of G6ttingen, Germany. 
Siemens (1994). XSCANS. X-ray Single Crystal Analysis System. 

Version 2.1. Siemens Analytical X-ray Instruments Inc., Madison, 
Wisconsin, USA. 

Acta Cryst. (1996). C52, 2763-2766 

Aqua(3,5-dimethylpyrazole)(N-salicylidene- 
glycinato)copper(II) 

SALAM A. WARDA, a* CLAUS FRIEBEL, a JI~JLIUS SIvY, b 

GUSTAV PLESCH c AND OLGA SVAJLENOV~, d 

~Department of Chemistry, Philipps University, D-35032 
Marburg, Germany, bDepartment of Analytical Chemistry, 
Faculty of Pharmacy, Comenius University, 832 32 
Bratislava, Slovakia, CDepartment of lnorganic Chemistry, 
Faculty of Natural Sciences, 842 15 Bratislava, Slovakia, 
and dDepartment of Chemical Theory of Drugs, Faculty of 
Pharmacy, Comenius University, 832 32 Bratislava, Slovakia 

(Received 29 November 1995; accepted 26 June 1996) 

Abstract 
Aqua ( 3,5 - dimethylpyrazole- N l ) (N- salicylideneglycin- 
ato-O,N,O')copper(H), [Cu(C9 H7NO3)(C5 H8 N2)(H20)], 
adopts a square-pyramidal Cu H coordination with the 
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tridentate N-salicylideneglycinato Schiff base dianion 
and the 3,5-dimethylpyrazole ligand bound in the basal 
plane. The water molecule occupies the apical site. The 
complex molecules are arranged in four magnetically 
non-equivalent orientations, two at a time forming 
zigzagochains. Both the interchain Cu. . .Cu spacing of 
7.396 A and the intrachain Cu-- .Cu distance of 6.880 ,~, 
are too large for effective dipolar coupling between the 
paramagnetic Cu H centres, in agreement with the results 
of electron paramagnetic resonance (EPR) spectroscopy. 

Comment 
Copper(II) complexes with a tridentate Schiff base dian- 
ion of the N-salicylideneamino alkanoate type (TSB 2-) 
represent a relatively simple model for intermedi- 
ates in enzymatic reactions of amino acids (Kr~itsmfir- 
Smogrovi~, Bergendi, Dunckovzi, Svajlenov~i & Ser- 
essovfi, 1988). In recent years, however, much attention 
has been devoted to their structural and spectro- 
scopic properties in the solid state, since they show 
an extraordinary richness of cooperative orderings. 
In these complexes, which are of the general type 
[Cu(TSB)(L)(H20)x], three donor atoms (O, N and O) 
of the Schiff base and a fourth donor atom from the 
neutral ligand L (N, O or S) normally define the base 
of a square pyramid. The apical site can be occupied 
by different types of donor atoms, giving rise to the ob- 
served variety of structural orderings; when a carboxyl- 
ic O atom from an adjacent molecule takes the apex 
of the pyramid, infinite chains may be formed (Siw), 
Kettmann, Kr~itsmfir-Smogrovi~, Svajlenovfi, Friebel & 
Plesch, 1990). The apical bonding of phenolic oxy- 
gen from an adjacent molecule results in the formation 
of dimers (Pavel~ik, Kr~itsmar-Smogrovi~, Svajlenovd 
& Majer, 1991). Finally, the apical position can be 
occupied by a water molecule, giving rise to an iso- 
lated square-pyramidal complex (Ueki, Ashida, Sasada 
& Kakudo, 1969). If the coordination polyhedra are suf- 
ficiently close to one another, magnetic coupling be- 
tween the Cu 2÷ ions, ranging from ferrodistortive to 
antiferrodistortive, distinctly influences the EPR spectra 
(Warda, 1994; Plesch, Friebel, Svajlenov~i & Kr~itsmAr- 
Smogrovi~, 1995). 

Since the EPR spectrum of the title compound, (I), 
gave no evidence for a coupled g tensor (Plesch, 
Friebel, Svajlenovd & Kr~itsmfir-Smogrovi~, 1987), it 
was of interest to analyze its crystal structure by X-ray 
diffraction. 
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The complex molecule is characterized by an ap- 
proximately square-pyramidal Cu u coordination, with 
the tridentate dianionic Schiff base and the monoden- 
tate ligand in the basal plane and a water molecule in 
the apical site (Fig. 1). The apical Cu--O(4) distance 
of 2.328 (3) ,~, is very near to that for the corresponding 
bond in diaqua(N-salicylideneglycinato)copper(II) dihy- 
drate (Ueki et al., 1969). 
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Fig. I. Diagram of  the title compound (ORTEPII; Johnson, 1976) with 
the atom-numbering scheme. Displacement ellipsoids are plotted at 
the 50% probability level. 

title complex, the presence of methyl substituents on 
both sides of the pyrazole donor N atom results in an 
inclination of the almost planar 3,5-dimethylpyrazole 
by 45.9 ° with respect to the basal coordination plane. 
With this relatively bulky ligand, formation of chains or 
dimeric units is prevented and isolated square-pyramidal 
complexes are formed, which are stabilized by an 
intramolecular N(3)- -H(8) . . .0(2)  hydrogen bond (see 
Table 3). 

The crystal structure is also stabilized through inter- 
molecular hydrogen bonds between the H atom on N(3) 
and the carboxylic 0(3) atom from a neighbouring mol- 
ecule. There are also contacts shorter than the sum of 
the van der Waals radii between water H atoms and the 
0(3) atom (see Table 3). 

The complex molecules are stacked to form zigzag 
chains propagated along [010] in which the dihedral 
angle between adjacent basal planes is 58.6 ° . Even 
though the intrachain Cu. . .Cu spacing is just 6.880,~,, 
molecular g components were observed by EPR spec- 
troscopy. Glide-mirror planes parallel to (001) generate 
a second zigzag chain containing two additional ori- 
entations of Cu u coordination pyramids. The shortest 
interchain Cu. . .Cu distance is 7.396 A. In other com- 
plexes of this type (Warda, 1994), Cu. . .Cu spacings 
shorter than 8 A give rise to a coupling of the g tensor 
components of magnetically non-equivalent Cu u ions, 
i.e. centres of square pyramids with differently oriented 
fourfold axes. However, EPR spectroscopic properties 
of single crystals of the title compound present a sys- 
tem of four differently oriented molecular g tensors in 
agreement with the structural result. 

The bond lengths and angles in the N-salicylidene- 
glycinato ligand are very close to those reported for (N- 
salicylideneglycinato)copper(II) complexes with various 
neutral ligands bound in the basal plane (Ueki, Ashida, 
Sasada & Kakudo, 1967; Ueki et al., 1969; Warda, 
1994). Evidently, changing the monodentate ligand has 
only a small effect on the coordination of the tridentate 
Schiff base dianion. The Cu atom is displaced by 
0.163 ,~, from the mean plane through the basal donor 
atoms in the direction of the apical 0(4) atom. 

As reported previously (Kettmann, Fre~ov~i, Blahov~i 
& Kr~itsm~il"-Smogrovi~, 1993) in the 1:1 pyrazole 
adduct of (pyrazole-N)[(S)-salicylidenealaninato]copper- 
(II), the coordinated pyrazole lies approximately in 
the basal plane of the complex. Alkyl substituents 
on C atoms adjacent to the donor N atom of the 
neutral ligand effectively disturb this coplanarity. An 
inclination of the 2-methylimidazole ring plane by 34.2 ° 
with respect to the basal plane has been found in 
2-imidazole(N-salicylideneglycinato)copper(II) (Siv2~ et 
aI., 1990), where the complex molecules are connected 
by carboxylato bridges to form zigzag chains. In the 

Experimental 

The title crystal was prepared by the reaction of aqua- 
(N-salicylideneglycinato)copper(II) hemihydrate with 3,5-di- 
methylpyrazole in the ratio 1:2 using ethanol-water (3:1) as 
solvent (see Plesch et al., 1987). 

Crystal data 

[Cu(C9HTNO3)(CsH8N2)- Mo Kc~ radiation 
(H,O)] A = 0.71073 ~, 

Mr = 354.84 Cell parameters from 25 
Orthorhombic reflections 
Pbca 0 = 18.48-24.06 ° 
a = 18.308 (2) ,~, /1 = 1.462 mm- 
b = 7.262 (1) ~, T = 293 K 
c = 22.805 (3) ,~, Needle 
V = 3032.0 ~3 0.30 x 0.20 x 0.15 mm 
Z = 8 Dark green 
D~ = 1.555 Mg m -3 
Om not measured 
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Data collection 

E n r a f - N o n i u s  C A D - 4  
d i f f rac tomete r  

w scans 
Absorp t ion  correct ion:  

none  
3524 measu red  ref lect ions 
3076 independen t  ref lect ions  
2063 observed  ref lect ions  

[ I  > 2o-(/)1 

Refinement 

R e f i n e m e n t  on F 2 
R(F)  = 0.0472 
wR(F 2) = 0.1161 

S = 1.076 
3074 ref lect ions  
220 parameters  
All H-a tom parameters  

ref ined for  five H a toms  
w = 1/[cr2(F 21 + (0 .0797P)  2 

+ 0 .97P]  
where  P = ( F  2 + 2Fc2)/3 

(A/cr)m,x = <0 .001  

0max ---- 26.31 o 
h = 0 ---, 22 
k = 0 ---, 9 
l = - 2 8  ~ 0 
3 s tandard  ref lect ions 

f requency:  120 min  
in tens i ty  decay:  none  

Apmax = 0.76 e ~t -3 
Apmin = - 0 . 8 2  e ~ - 3  
Ext inc t ion  correct ion:  

SHELXL93 (Sheldr ick,  
1993) 

Ext inc t ion  coeff icient :  
0.0035 (6) 

A t o m i c  scat ter ing factors  
f rom International Tables 
for Crystallography (1992, 
Vol. C) 

T a b l e  1. Fractional atomic coordinates and equivalent 

isotropic displacement  parameters  (,~e) 

Ueq = (l/3)E,~jUqa;afai.a). 

x y z Ueq 
Cu( I ) 0.0904 ( 1 ) 0.0594 ( I ) 0.1288 ( I ) 0.036 ( l 
O( I ) 0.0169 (2) 0.2441 (4) 0.1265 ( I ) 0.047 ( I 
0(2) 0.1641 (2) -0.1359 (4) 0.1261 (1) 0.047 (I 
0(3) 0.1883 (2) -0.4176 (4) 0.0958 (2) 0.051 (I 
0(4) 0.1672 (2) 0.2191 (4) 0.0652 (I) 0.042 (1 
N ( 1 )  0.0328(2) -0.1201 (4) 0.0850(I) 0.034(I 
N(21 0.1412 (2) 0.1617 (4) 0.2000 (2) 0.039 (1 
N(3) 0.2149 (2) 0.1526 (5) 0.2024 (2) 0.041 (I 
C(I) -0.0467 (2) 0.2313 (5) 0.1013 (2) 0.035 (I) 
C(2) -0.(1939 (2) 0.3847 (6) 0.1036 (2) 0.045 ( 1 ) 
C(3) -0.1616 (2) 0.3834 (7) 0.0784 (2) 0.052 (1) 
C(4) -0.1874 (21 0.2279 (7) 0.0494 (2) 0.052 ( l ) 
C(5) -0.1441 (2) 0.0749 (7) 0.0466 (2) 0.045 (1) 
C(6) -0.0733 (21 0.0725 (6) 0.0714 (2) 0.036 ( 1 ) 
C(7) -0.0318 (2) -0.0934 (5) 0.0646 (2) 0.035 (1) 
C(8) (I.0704 (2) -0.2965 (6) 0.0759 (2) 0.039 ( 1 ) 
C(9) 0.1468(2) -0.2831 (6) 0.1007(2) 0.039(1) 
C(I0) 0.2412 (3) 0.2036 (6) 0.2545 (2) 0.047 ( 1 ) 
C( I 1 ) 0.1820 (3) 0.2441 (6) 0.2883 (2) 0.054 ( 1 ) 
C(12) 0.1208 (3) 0.2189 (6) 0.2532 (2) 0.045 (I) 
C(13) 0.0420 (3) 0.2474 (81 0.2679 (2) 0.068 (2) 
C(14) 0.3213 (3) 0.2108 (7) 0.2665 (2) 0.061 (I) 

T a b l e  2. Selected geometric parameters  (,4, o) 

Cu( 1 )--o( I ) 1.900 (3) o ( 3 ) ~ ( 9 )  1.242 (5) 
Cu( 1 )--N( I ) 1.952 (3) N( 1 )---C(7) 1.285 (5) 
Cu( I )--0(2) 1.959 (3) N( I )--C(8) 1.469 (5) 
Cu(I)--N(2) 2.014(31 N(2)--C(12) 1.334(51 
Cu(I )--O(41 2.328(3) N(2)--N(3) 1.351 (5) 
O( 1 )---C( 1 ) 1.302(51 N(3)---C(10) 1.335(51 
O(2)---C(9) 1.257 (5) 

O( 1 )----Cu( I )--N( 1 ) 94.3(I) O ( 2 ) ~ u (  I )--O(41 85.7(I) 
O( 1 ) ~ u ( I  )--O(2) 176.4(I) N(2)---Cu( I F---O(4) 92.3(I) 
N( I )--Cu( I )----O(2) 82.7(I) C(7)--N( 1 )---C(8) 120.8(31 
O( 1 )--Cu(I)--N(2) 95.0(11 C(7)--N( l)--Cu( I ) 125.6(3) 
N(I )--Cu(1 )--N(2) 155.3(I) C(8)--N(I)~Cu(I) 113.6(21 
O(2)--Cu(1 )--N(2) 88.5(I) N(3)--N(2)~-Cu(I ) 118.4(31 
O( I )---Cu( I )---0(4) 93.4 ( I ) O(3)--C(9)---O(2) 123.7 (4) 
N ( l ) ~ u ( I ) ~ ( 4 )  109.9(I) O(3)--C(91---C(8) 118.8(41 

O( 1 ) ~ u (  I ) - - N (  1 )----C(7) 
O(2)--Cu( I )--N( 1 )----C(7) 
N(2)---Cu( )--N( 1 )----C(7) 
O(4)---Cu( )--N( I )-~C(7) 
O( l )---C'u( ) - -N i l  }~C(8) 
N ( 2 ) ~ u ( ) - - N ( 1 ) ~ ( 8 )  
O( I )---Cu( ) - - N (  I )----0(4) 
N(2)-~Cu( )--N( I )----0(4) 
N ( l ) ~ u ( ) - - - N ( 2 ) - - N ( 3 )  
N( 1 )---C(81--C(91---O(3) 
N(2)---N(3)---C( l 0)~C(14) 
N(3)--N(2)--C( 121--C(13) 

0.9 (3) 
- 177. I (3 )  

II 2.9 (4) 
-94.3 (3) 

- 179.7 (3) 
-67.7 (4) 

95.2 (I) 
- 152.8 (3) 

105.1 (4) 
-178.1 (4) 
- 177.8 (4) 

179.6 (4) 

T a b l e  3. Hydrogen-bonding geometry (,4, °) 

D--H. • .A D--H H. . .A D. • .A D--H. • .A 
N3--H8. • -02 0.86 2.57 (3) 2.88 (I) 103 
N3--H8.. .03 ~ 0.86 2.20 (3) 3.05 (I) 170 
O4-~H 16. • .03' 0.97 2.02 (3) 2.91 (I) 152 
O4---H 17- • .03" 0.97 2.13 (3) 2.77 (1) 121 

Symmetry codes: (i) ~ - x, ½ + y, z; (ii) x, 1 + y, z. 

The  title s t ructure was so lved  by  the Pat terson m e t h o d  
(SHELXS86; Sheldr ick ,  1985). Aniso t rop ic  d i sp l acemen t  para-  
meters  were  ref ined for  all non -H  atoms.  All H a toms  were  
located f rom d i f fe rence  Four ie r  maps ,  but  the posi t ional  and 
isotropic d i sp lacement  parameters  were  ref ined for  on ly  five 
o f  them.  

Data  col lect ion:  CAD-4 Express ( E n r a f - N o n i u s ,  1992). Cell  
ref inement :  CAD-4 Express. Data  reduct ion:  XCAD-4 (Harms,  
19941. Program(s)  used  to solve structure:  SHELXS86. Pro- 
gram(s)  used to refine structure:  SHELXL93 (Sheldr ick,  1993). 
Molecu la r  graphics:  ORTEPII (Johnson,  1976). Sof tware  used  
to prepare  mater ia l  for  publ icat ion:  SHELXL93 and PARST 
(Nardell i ,  19831. 

O n e  o f  t h e  a u t h o r s  ( JS )  w o u l d  l i k e  to  t h a n k  t h e  

G e r m a n  A c a d e m i c  E x c h a n g e  O r g a n i z a t i o n  ( D A A D )  f o r  

s u p p o r t .  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: MU1236). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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The ferric ion is octahedrally coordinated by two 
O atoms of a chloranilate dianion, three water mol- 
ecules and a chloride ion (Fig. 1). The three aqua 
ligands adopt a m e r  configuration. The bite angle of the 
chloranilate anion and the size of the chloride ligand 
are largely responsible for the distortion from ideal 
octahedral geometry. A small degree of asymmetry is 
apparent in the chelation of the chloranilate ligand. The 
C- -O atomic separations in the chloranilate dianion are 
significantly shorter for the non-coordinating O atoms. 
The variation in the ring C- -C separations indicates 
that the canonical form of the ligand represented in the 
structural diagram is a major contributor to the structure. 
The geometry of the chelating ligand is very similar to 

mer-Triaqua(chloranilato-O,O')chloro- 
iron(IH) Pentahydrate  
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Abstract 
The crystal structure of the title compound, [FeC1- 
( C 6 C 1 2 0 4 ) ( H 2 0 ) 3 ] . 5 H 2 0 ,  shows it to be a monomeric 
iron(m) complex with the metal ion chelated by the 
dianion of chloranilic acid (2,5-dichloro-3,6-dihydroxy- 
2,5-cyclohexadiene-l,4-dione). The octahedral coordi- 
nation environment is completed by a chloride ion and 
three water molecules which are in a m e r  arrangement. 
Extensive hydrogen bonding occurs between the com- 
plex and lattice water molecules. 

Comment 
It has long been known that 2,5-dihydroxy-l,4-benzo- 
quinone and its derivatives are capable of forming 
complexes with a variety of metals (Frank, Clark & 
Coker, 1950). As part of an examination of chelating 
ligands which have the potential to bridge metal centres, 
the reaction between ferric chloride and chloranilic 
acid in an aqueous ethanolic solution was investigated. 
Crystals of the title compound, (I), were obtained from 
this solution. 

CI 
H20 ] 

. 2 0 .  ° 

c,/I \o o 
H20 ~ 

CI 
(I) 

.5H20 

CI! 
~o7 ~ c_5 l ~ - - ~  

C2 ~ C12 

02 

Fig. 1. An ORTEPII (Johnson, 1976) diagram of compound (1). 
Displacement ellipsoids are at the 50% probability level and H 
atoms are represented by spheres of arbitrary size. Solvate water 
molecules have been omitted for clarity. 

a 
Fig. 2. An ORTEPII (Johnson, 1976) diagram of the unit cell of (I). 

Atoms are of arbitrary size and double lines represent hydrogen 
bonds. 
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