
2 6 8 0  [Ag2 (C7 H3 N2 O6)  2 ] 

Refinement 

Ref inemen t  on F 
R = 0.049 
wR = 0.040 
S =  1.0 
888 ref lect ions 
145 parameters  
H a toms:  see be low 
w = [1/o'2(F)] 

(A/o')m.-,x = 0.00007 
Apmax = 0.70 e ,~-3 
Z~pmin = -0 .67  e ,~-3 
Extinction correction: none 
Atomic scattering factors 

f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (.4"-) 

Beq = (87r2/3)Ei~jUija~aj*ai.a). 

x y Z Beq 
Agl 1.1920 (I) -0.0784(I) 0.46845 (4) 3.29 (1) 
O1 0.9120 (9) -0.0906 (8) 0.3648 (3) 2.8 (1) 
02 0.599 (1) 0.0267 (7) 0.4121 (3) 2.8 (I) 
03 -0.082(I) 0.1523 (7) 0.2097 (4) 3.1 (I) 
04 -0.066 (1) 0.0990 (9) 0.0788 (4) 4.7 (2) 
05 0.557 (1) -0.2139 (7) -0.0021 (4) 3.3 (2) 
06 0.864 (I) -0.2670 (7) 0.0866 (4) 3.6 (2) 
N1 0.014 (I) 0.0975 (9) 0.1526 (4) 2.6 (2) 
N2 0.665 (1) -0.2095 (9) 0.0680 (4) 2.8 (2) 
CI 0.562 (1) -0.0565 (9) 0.2728 (5) 2.1 (2) 
C2 0.345 (2) 0.0171 (9) 0.2548 t5~ 1.9 (2) 
C3 0.235 (2) 0.014 (I) 0.1730 (5) 2.1 (2) 
C4 0.338 (2) -0.0597 (9) 0.Ill1 (5) 2.3 (2) 
C5 0.549 (2) -0.134(1) 0.1330 (5) 2.1 (2) 
C6 0.663 (2) -0.1302 (9) 0.2118 (5) 2.0 (2) 
C7 0.703 (I) -0.0395 (9) 0.3582 (5) 1.8 (2) 
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Table 2. Selected geometric parameters (,4, °) 
Agl-. .Agl ~ 2.835 (2) Agl--O2' 2.218 (6) 
Agl-.-Agl" 3.746 (2) Agl---O2"' 2.655 (7) 
AgI--Ol 2.176 (5) 

Agl--OI--C7 128.9 (5) OI---Agl----O2" I 108,0 (2) 
Agli---O2----427 119.4 (5) O2'--Agi---O2'" 79.9 (2) 
Agl----o2iii---C7 iii 118.07 (5) Agl---O2'--Agl" 100,1 (3) 
OI--Agl--O2 ~ 164.0 (2) 

Symmetry codes: (i) 2 - x ,  - y ,  l - z ;  (ii) 3 - x , - y ,  1 - z ;  (iii) i +x,y,  z. 

All non-H atoms were refined with anisotropic displacement 
parameters. H atoms were placed geometrically 0.95 A from 
their corresponding C atoms. A riding model was used for all 
H atoms, with U,.~o(H) = 1.3Ueq(C). 

Data  col lect ion:  CAD-4 Express (En ra f -Non ius ,  1993). Data  
reduct ion:  MolEN (Fair, 1990). Program(s)  used  to solve 
structure:  SIMPEL in MolEN. Program(s)  used to refine 
structure:  LSFM in MolEN. Molecu la r  graphics:  ORTEPII 
(Johnson,  1976) in MoIEN. Sof tware  used to prepare mater ia l  
for  publ icat ion:  MolEN. 

The authors wish to acknowledge the purchase of the 
CAD-4 diffractometer under Grant DPT/TBAG1 of the 
Scientific and Technical Research Council of Turkey. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: BM1093). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
The title compound consists of discrete centrosymmetric 
[Ni(C10H12N302)2] molecules. The coordination around 
the Ni atom is square planar, involving four oxime N 
atoms of two chelating C2H2N202 groups. The oxime 
O atoms are linked by an intramolecular hydrogen bond 
[O. . .O 2.546 (2),~]. The N i - -N  distances are 1.891 (2) 
and 1.846(2)A, and the N - - N i - - N  angle within the 
NiC2N2 chelate ring is 82.75 (8) °. In the central portion 
of the molecule, the C : N  distances are equal [1.297(3) 
and 1.298 (3)A], while the two N - - O  distances are 
different [1.303 (3) and 1.386 (3) A]. 

Comment 
Aminoglyoximes and related ligands are of interest be- 
cause of their free amino substituents, which gives 
them the ability to form new ligand systems or metal 
complexes. The structures of bis(oxamideoximato)- 
cobalt(II) oxamide oxime (Bekaro~lu, Sansaban, Koray 
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& Ziegler, 1977), bis(oxamideoximato)nickel(II)-water- 
dimethylformamide (Enders, 1978) and tris(oxamide- 
oxime)cobalt(III) trichloride (Bekaro~lu et al., 1978) 
have been reported previously. The cobalt complexes 
have either tetragonal-bipyramidal or octahedral coor- 
dination, while the nickel complex exhibits a square- 
planar metal environment. The structure determination 
of the title complex, [Ni(CmHI2N302)2], (I), has been 
undertaken in order to compare its structure with those 
of related compounds. 

comparison of the C = N  and N---O distances with those 
of free oximes shows that at least one of the N - - O  
distances [N2----O2 1.303 (3) k,] is considerably short- 
ened on complex formation, while the C = N  distance 
stays practically the same. On complex formation, the 
C - - N - - - O  angle is also affected, opening by up to ca 
10 °. These observations are in agreement with those of 
Chakravorty (1974) for transition metal complexes of 
oximes and related ligands. 

CH3 H O ~H 'O 

/ " " f N ~ C ~ N \  /N~CH H 3 C ,  

(I) 

Experimental 

A solution of NiC12.6H20 (1.20 g, 5 mmol) in ethanol-water 
(1:1) was added dropwise to a solution of N-(2,6-dimethyl- 
phenyl)aminoglyoxime (2.07g, 10mmol) in ethanol (40m l) 
(pH 2.5-3.0). Then a 1% solution of KOH in water was 
dripped slowly into the mixture until the pH reached 5.5. The 
resulting precipitate was removed by filtration, washed and 
dried in vacuo. Recrystallization from a chloroform-ethanol 
mixture (2:1) gave reddish prismatic crystals. 

The molecule of (I) is a centrosymmetric monomer 
(Fig. 1) like the Ni complex mentioned above. The co- 
ordination around the Ni atom is square planar, involv- 
ing four oxime N atoms of two chelating C2H2N202 
moieties. The hydrogen bonds between the oxime O 
atoms are not symmetrical, with an O-- -O distance of 
2 .546(2)k,  and an O - - H - - O  angle of 167(3) °. The 
N - - N i - - N  angle within the NiC2N2 chelate ring is 
82.75 (8) °. Although the angles at the Ni atom and 
one N i - - N  distance have practically the same values as 
in bis(oximideoximato)nickel(II)-water-dimethyl-form- 
amide, the second N i - - N  distance is slightly longer 
[Ni - -N2 1.891 (2) versus 1.860 (4) A]. The coordination 
plane around the Ni atom and the plane of the chelating 
moiety coincide within experimental error. The planes 
of the phenyl ring and the coordination plane are per- 
pendicular to one another [dihedral angle 89.39 (6)°]. A 

cQ b 

it3 NI 

02 

Fig. I. ORTEP|I (Johnson, "1976) drawing showing the atom- 
numbering scheme. Displacement ellipsoids are shown at the 50% 
probability level. . 

Crystal data 

[Ni(CioHi2N302)2] 
Mr = 471.15 
Triclinic 
P1 
a = 7.9572 (7) ,~ 
b = 8.2383 (4) ,4, 
c = 8.5846 (6) ,4, 
a = 110.416 (5) ° 
/3 = 92.067 (6) ° 
3' = 92.165 (6) ° 
V = 526.32 (4) •3 
Z = I  
Dx = 1.486 Mg m- 
D,, not measured 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

w/20 scans 
Absorption correction: 

empirical via ~b scans 
(North, Phillips & 
Mathews, 1968) 
Train = 0.78, Zmax = 0 .88  

2283 measured reflections 
2196 independent reflections 

Refinement 

Refinement on F 
R = 0.029 
wR = 0.033 
S = 1.25 
2150 reflections 
145 parameters 
If F > 197.30 then 

w = (197.30/F) 2, 
otherwise w = 1.0 

Mo Ka radiation 
A = 0.71073,4, 
Cell parameters from 25 

reflections 
0 = 11-18 ° 
/1 = 0.96 mm- 
T -  296 K 
Prism 
0.48 x 0.33 x 0.13 mm 
Dark red 

2150 observed reflections 
[I > 3or(/)] 

Rint = 0.016 
0max = 26.3 ° 
h = 0---~ 9 
k = - 1 0 - - ~  10 
l = - 10 ~ 10 
3 standard reflections 

frequency: 120 min 
intensity decay: 1% 

(A/o ')max = 0 .002  
Aprnax = 0.61 e ~-3 
Apmin = -0.32 e ~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
( 1974, Vol. IV) 



2 6 8 2  [Ni(C1oHI 2 N3 0 2  )2 ] 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~e) 

871-2 Y] * * Beq = ( /3)  i~)Uija i aj ai.a). 

x y Z Beq 
Ni 0 0 0 2.635 (7) 
NI 0.1230 (3) -0.0968 (2) -0.1853 (2) 3.18 (4) 
O1 0.1776 (2) --0.0196 (2) -0.2957 (2) 4.29 (4) 
CI 0.1783 (3) -0.2488 (2) --0.2064 (2) 2.98 (4) 
C2 0.1188 (3) -0.3209 (2) -0.0846 (3) 3.32 (4) 
N2 0.0314 (3) -0.2148 (2) 0.0277 (2) 3.22 (4) 
02 -0.0345 (3) -0.2594 (2) 0.1447 (2) 4.57 (4) 
N3 0.2754 (3) --0.3352 (2) -0.3301 (2) 3.64 (4) 
C3 0.3832 (3) -0.4663 (3) -0.3165 (2) 3.13 (4) 
C4 0.5340 (3) -0.4165 (3) -0.2233 (3) 3.96 (5) 
C5 0.6395 (4) -0.5440 (4) -0.2187 (3) 5.00 (6) 
C6 0.5949 (4) -0.7160 (3) -0.3014 (3) 5.02 (6) 
C7 0.4427 (4) --0.7626 (3) -0.3893 (3) 4.51 (6) 
C8 0.3323 (3) -0.6407 (3) -0.4010 (3) 3.47 (5) 
C9 0.1677 (4) -0.6917 (3) -0.4951 (3) 5.11 (7) 
CI0 0.5811 (4) -0.2276(4) -0.1289(4) 6.28(8) 

Ni--N2 
Ni--N 1 
N2--O2 
N2---C2 
C1---C2 
C1--NI 

N2--Ni--N I 
Ni--N2--O2 
Ni--N2--C2 
O2--N2---C2 
C2----C 1--N 1 
C 2---C I--N3 
N I---CI--N3 
N 2---C2---C 1 
Ni--NI---CI 

Ni--N2---C2--C 1 
N3----C I---C2--N 2 

Table 2. Selected geometric parameters (,4, 
.891 (2) 
.846 (2) 
.303 (3) 
.298 (3) 
.455 (3) 
.297 (3) 

82.75 (8) 
123.9 (t) 
114.7 (2) 
121.3 (2) 
112.9(2) 
122.7 (2) 
124.4 (2) 
113.1 (2) 
116.3 (2) 

1.6 (3) 
177.9 (2) 

CI--N3 
N 1---OI 
N3---C3 
C4--C10 
C8---C9 
OI--H1 

Ni--N 1--OI 
CI--N1--OI 
C I --N3---C3 
N3---C3--C4 
N3---C3---C8 
C3---C4---C I 0 
C5---C4--C 10 
c3 - -c8 - -c9  
C7--c8--c9 

c2---c 1--N3--C3 
C I--N3---C3----C4 

1.344 (3) 
1.386 (3) 
1.438 (3) 
1.508 (4) 
1.479 (4) 
0.95 (3) 

27.6(1) 
15.7 (2) 
21.9 (2) 
19.2 (2) 
18.4 (2) 
20.7 (2) 
21.0 (2) 
21.6 (2) 
21.9 (2) 

-26.1 (3) 
-77.5 (3) 

H-atom positions were obtained from difference maps. For 
all H atoms, Uiso = 1.3Ueq of the parent atom and a riding 
model was adopted except that the fractional coordinates of 
H1 (bonded to O1) were refined. 

Data  col lect ion:  CAD-4 Express Software ( E n r a f - N o n i u s ,  
1993). Data  reduct ion:  MolEN (Fair, 1990). Program(s)  used  to 
solve  structure:  SIMPEL in MolEN. Program(s)  used  to refine 
structure:  LSFM in MolEN. Molecu la r  graphics:  ORTEPII 
( Johnson,  1976) in MolEN. Sof tware  used  to prepare  mater ia l  
for  publ icat ion:  MolEN. 

The authors acknowledge the purchase of the CAD-4 
diffractometer under Grant DPT/TBAG1 of the Scien- 
tific and Technical Research Council of Turkey. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: MU1275). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 
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Abstract 

In the title compound, [Ni(CI4HIINO2)(C4HIIN)], the 
coordination of the Ni atom is distorted squareoPlanar, 
with N i - -O  distances of 1.839 (7) and 1.812 (7) A, N i - -  
N distances of 1.852 (8) and 1.951 (9) ,~,, and O---Ni--N 
angles between 86.7 (4) and 96.2 (4) ° . 

Comment 
Salicylaldimine and its biologically interesting com- 
plexes have been extensively studied over the years 
(Stewart & Lingafelter, 1959; Calligaris, Nardin & 
Randaccio, 1972; Bhatia, Bindlish, Saini & Jain, 
1981; Kessissoglu, Raptopoulou, Bakalbassis, Terzis & 
Mrozinski, 1992). In biological systems such as jack- 
bean urease and in some hydrogenases, nickel is in 
a related complexed form (Walsh & Orme-Johnson, 
1987). Schiff base complexes have also been used in 
electrochemical research and catalytic reactions (Hamil- 
ton, Drago & Zombeck, 1987; Costamagna, Vargas, 
Latorre, Alvarado & Mena, 1992). The title compound, 
(I), is one of the square-planar complexes formed by 
the reaction of Ni I1 with both a ligand having an ONO 
donor set and an aliphatic amine. The structure of this 
Ni u complex was determined in order to compare the 
geometrical features with those of related compounds. 
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