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Abstract--The binuclear complex [Ni(oxae)Ni(phen)2](C104)2"H20 (oxae=N,N'-  
bis(2-aminoethyl)oxamido dianion, phen = 1, 10-phenanthroline) was prepared from the 
planar monomeric complex Ni(oxae) and characterized through analytical and spectro- 
scopic measurements. The structure of [Ni(oxae)Ni(phen)2] (CIO4)2" 3H20 was investigated 
by single-crystal X-ray analysis. The complex has an extended oxamido-bridged structure 
and consists of two nickel(II) ions, one of them in a square planar environment and another 
in a distorted octahedral environment. The Ni--Ni distance is 5.267 A. 

Synthetic model studies involving binuclear tran- 
sition metal systems have attracted much current 
interest. ~ 3 This is in large measure due to the expec- 
tation that such studies will provide deeper insights 
into complex biological processes. Many met- 
alloenzymes catalyse important reactions at 
binuclear metal centres. 4'5 In recent years, therefore, 
binuclear coordination chemistry has become one 
of the most active research fields. It is known that 
the mononuclear complex, N,N'-bis(3-amino- 
propyl)oxamidocopper(lI) [abbreviated as Cu(oxpn)] 
acts as a bidentate chelating agent toward 
a second metal ion to form binuclear, trinu- 
clear and tetranuclear metal complexes. 1'69 How- 
ever, N,N'-bis(aminoalkyl)oxamidonickel(II) acts 

as a bidentate ligand with its two carbonyl oxygens, 
and the structural investigation of binuclear metal 
complexes bridged by the oxamide group has not 
been reported yet. In this paper we report the prep- 
aration of the monomeric fragment Ni(oxae) 
(oxae = N,N'-bis(2-aminoethyl)oxamido dianion) 
as a ligand, and the synthesis ofa binuclear complex 
[Ni(oxae)Ni(phen)2](C104)2" H20 (phen = 1,10- 
phenanthroline), which has been characterized 
by analytical and spectroscopic measurements. 
The crystal structure of [Ni(oxae)Ni(phen)2] 
(C104)~'3H20 has been determined by X-ray 
diffraction techniques. 

EXPERIMENTAL 

*Author to whom correspondence should be addressed. 

Ni(oxae) was prepared according to the method 
described previously. 1° All other solvents and 
chemicals were reagent grade. 
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Synthesis of  [Ni(oxae)Ni(phen)2] (C104)2 • H20 

To Ni(oxae) (57.7 mg, 0.25 mmol) stirred in 
methanol were successively added a solution of  
Ni(C104)2 • 6H20 (91.4 mg, 0.25 mmol) in methanol 
(20 cm 3) and another solution of phen (99.1 mg, 
0.5 mmol) in methanol (20 cm3). The mixture was 
stirred for 7 h and the solution was then filtered. 
Yellow microcrystals were obtained while the vol- 
ume of solution was appropriately reduced, washed 
with absolute methanol several times and finally 
with ether and dried in vacuo. Found : C, 41.2 ; H, 
3.4 ; N, 12.7 ; Ni, 13.2. Calc. for C30H30NsO I IC12Ni2 : 
C, 41.6 ; H, 3.5 ; N, 12.9 ; Ni, 13.5%. IR, Vm~x (KBr, 
cm-~) : 3175(w,--NH2), 1647(vs, C~------O)), 1515(vs, 
- - N ~ C - - ) ,  1100(vs, C104). A(DMF, f~-l" cm 2 
mol '): 164. Crystals of [Ni(oxae)Ni(phen)2] 
(C104)2"3H20 suitable for X-ray analysis were 
obtained from methanol solution by slow evap- 
oration at room temperature. 

Physical measurements 

Table 1. Crystallographic data for [Ni(oxae)Ni 
(phen)2]  (C104) 2 • 3H20 

Molecular formula C30H34N8O13C12Ni 2 
Formula weight 903.05 
Crystal system Monoclinic 
Crystal size (mm) 0.44 x 0.36 x 0.56 
Space group Cc 
a (/~) 20.194(4) 
b (~,) 12.319(4) 
c (~.) 18.204(4) 
/~ ( )  124.92(1) 
V (/~3) 3713.5(6) 
Z 4 
Dcatc (g c m  -3) 1.62 
F(000) 1856 
/~ (Mo K,) (cm ') 12.3 
Radiation (2,/~) 0.71069 
T (K) 293 
Diffractometer Nicolet R3M/E 
20 range C) 3-54 
No. of reflection measured 4467 
No. of reflection used 4366 [1/> 3a(/)] 
R 0.047 
Rw 0.052 

Analyses for C, H and N were carried out on a 
Perkin-Elmer model 240 analyser and the nickel 
content was determined using a Perkin-Elmer 703 
atomic absorption spectrophotometer. The IR 
spectra were recorded with a Shimadzu IR-435 
spectrophotometer on KBr disks. Molar con- 
ductance was measured with a DDS-11A con- 
ductometer in the solution of DMF. 

Table 1. Selected bond lengths and angles are given 
in Tables 2 and 3. Final atomic coordinates, thermal 
parameters and tables of observed and calculated 
structure factors have been deposited with the Edi- 
tor as supplementary data. 

RESULTS AND DISCUSSION 

X-Ray data collection and structure determination of  
[Ni(oxae) Ni(phen)2] (C104)2 • 3H20 

Elemental analyses indicated that the reaction of  
Ni(oxae) with Ni(C104)2"6H20 and phen yielded 
the binuclear complex [Ni(oxae)Ni(phen)2] ( C 1 0 4 )  2 " 

The single crystal was sealed in a glass capillary 
and mounted on a Nicolet R3M/E single-crystal 
diffractometer using Mo Ks radiation; 4467 reflec- 
tions were measured in the range of 3 ° < 20 < 54 °, 
4366 unique reflections with I ~> 3a(/) were used 
in the structure determination. Correction for LP 
factors and for absorption based on ~O scan tech- 
nique were applied. The two nickel atoms were 
located by the Patterson technique and the other 
non-hydrogen atoms by successive Fourier synth- 
eses. Hydrogen atoms were inserted at calculated 
positions. All positional parameters and tem- 
perature factors for non-hydrogen atoms were 
refined anisotropically to a final R of 0.047. All 
calculations were performed on an Eclipse S/140 
computer using the SHELXTL program system. 
The crystal data and details are summarized in 

Table 2. Selected bond lengths for [Ni(oxae)Ni 
(phen)2](C104)2 "3H20 (/~) 

Ni(I)--N(5) 1.839(8) Ni(1)--N(6) 1.854(7) 
Ni(1)--N(7) 1.910(14) Ni(1)--N(8) 1.935(17) 
Ni(2)--N(1) 2.071(6) Ni(2)--N(2) 2.015(8) 
Ni(2)--N(3) 2.065(6) Ni(2)--N(4) 2.099(8) 
Ni(2)--O(1) 2.074(6) Ni(2)--O(2) 2.118(6) 
N(1)--C(ll) 1.330(15) N(1)--C(15) 1.356(11) 
N(2)--C(21) 1.318(16) N(2)--C(25) 1.326(8) 
N(3)--C(31) 1.328(14) N(3)--C(35) 1.351(12) 
N(4)--C(41) 1.361(13) N(4)--C(45) 1.391(9) 
N(5)--C(51) 1.413(15) N(5)--C(72) 1.311(12) 
N(6)--C(61) 1.468(15) N(6)--C(71) 1.316(12) 
N(7)--C(62) 1.361(21) N(8)---C(52) 1.567(19) 
O(1)--C(71) 1.316(13) O(2)--C(72) 1.265(11) 
C(11)--C(12) 1.431(12) C(12)--C(13) 1.416(17) 



A binuclear Ni n complex containing an oxamido-bridge 

Table 3. Selected bond angles for [Ni(oxae)Ni(phen)2](CIO4)2" 3H20 (o) 
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N(5)--Ni(1)--N(6) 86 .0(3)  N(5)--Ni(1)--N(7) 171.5(4) 
N(6)--Ni(1)--N(7) 85 .9(5)  N(5)--Ni(1)--N(8) 85.9(5) 
N(6)--Ni(1)--N(8) 171.8(5) N(7)--Ni(1)--N(8) 102.2(6) 
N(I)--Ni(2)--N(2) 77 .9(3)  N(1)--Ni(2)--N(3) 172.5(3) 
N(2)--Ni(2)--N(3) 95 .3 (3 )  N(1)--Ni(2)--N(4) 95.5(3) 
N(2)--Ni(2)--N(4) 97.1 (3) N(3)--Ni(2)--N(4) 82.2(3) 
N(1)--Ni(2)--O(I) 91 .3(2)  N(2)--Ni(2)---O(1) 91.3(3) 
N(3)--Ni(2)---O(1) 92 .0 (3 )  N(4)--Ni(2)----O(1) 170.1(2) 
N(1)--Ni(2)---O(2) 98 .4 (3 )  N(2)--Ni(2)----O(2) 171.8(2) 
N(3)--Ni(2)---O(2) 88 .8(3)  N(4)--Ni(2)---O(2) 90.5(3) 
O(1)--Ni(2)---4)(2) 81 .3(2)  Ni(2)--N(I)---C(I 1) 129.8(6) 
Ni(2)--N(1)---C(15) 115.6(6) C(11)--N(I)---C(I 5) 114.4(7) 
Ni(2)--N(2)---C(21) 136.8(5) Ni(2)--N(2)--C(25) 115.9(7) 
C(21)--N(2)--C(25) 1 0 6 . 8 ( 8 )  Ni(2)--N(3)--C(31) 129.3(6) 
Ni(2)--N(3)---C(35) 110.7(6) C(31)--N(3)---C(35) 119.8(7) 
Ni(2)--N(4)---C(41) 120.5(5) Ni(2)--N(4)--C(45) 110.0(6) 
C(41)--N(4)---C(45) 1 2 9 . 5 ( 8 )  Ni(1)--N(5)--C(51) 118.8(6) 
Ni(1)--N(5)---C(72) 113.7(8) C(51)--N(5)---C(72) 127.1(9) 
Ni(1)--N(6)---C(61) 115.2(5) Ni(1)--N(6)---C(71) 113.4(9) 
C(61)--N(6)---C(71) 1 3 1 . 4 ( 9 )  Ni(1)--N(7)---C(62) 109.8(8) 
Ni(1)--N(8)---C(52) 106.7(9) Ni(2)--O(1)---C(71) 109.4(8) 
Ni(2)---4)(2)--C(72) 110.7(7) N(1)---C(11)---C(I 2) 122.5(10) 

H20. The molar conductance value of the complex 
falls in the expected range for 1:2 electrolytes. H 
It is noted that the C----O (carbonyl) stretching 
vibration at 1604 cm -1 for Ni(oxae) and the 
--N--- 'C-- stretching vibration at 1500 cm -~ for 
the terminal ligand phen were shifted to higher fre- 
quencies in the binuclear complex. The shifts in IR 
suggest that a nickel(II) ion is coordinated to both 

the carbonyl oxygen atoms of Ni(oxae) and the 
nitrogen atoms of phen. In addition, the --NH2 
vibration at 3175 cm -~ for Ni(oxae) and the C104 
group vibration at 1100 cm -m were present in the 
complex. 

The structure of the title compound consists of 
one complex cation, [Ni(oxae)Ni(phen)2] 2+, two 
CIO4 anions and three water molecules (Fig. 1). In 

C43 C23 C26 
"~ "-~ ~..Xo c4t c21 ~ -  ./'-'c24~-.' c l6  

c33 c12 

Ow2 0 C,2 "'~3 1/ ~-C11 oOwl ~ 2  
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C72~-- , ,~  C71 013 

C ~ 6 1  

C52 ~ / N i l ~  C N 8  ,.., N7 62 

024 

022 7 
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Fig. 1. The asymmetric unit in the structure of [Ni(oxae)Ni(phen)2] (C104)2" 3H20. 
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the cation two nickel atoms are bridged by a depro- 
tonated oxamido group to form a binuclear 
complex. On the oxae side, the Ni(1) atom is four 
coordinate with a square-planar environment and 
lies at a distance of  0.006/~ out of the plane of the 
four nitrogen atoms IN(5), N(6), N(7) and N(8)]. 
The bond lengths of Ni(1) - -N vary from 1.839 
to 1.935 ,~. On the terminal ligand phen side, the 
coordination polyhedron around the Ni(2) atom is 
better described as a distorted octahedron. The 
Ni(2) atom is surrounded by two oxygen atoms 
[O(1) and 0(2)] from the oxae and four nitrogen 
atoms [N(I), N(2), N(3) and N(4)] from two phen 
molecules (Fig. 2). In the distorted octahedral 
environment, the equatorial plane is made up of 
four atoms [O(1), O(2), N(2) and N(4)] while N(1) 
and N(3) atoms occupy the two apical positions 
with Ni(2)--N(1)  and Ni(2)--N(3)  bond lengths 
of 2.071 and 2.065/~, respectively. The Ni(2) atom 
is pulled out of  this plane toward N(1) by 0.010 A. 
The bond lengths of Ni(2)- -O are 2.074 and 2.118 

with the average value of 2.096 ~.  The bond 

Fig. 2. The coordination polyhedron about the octa- 
hedral nickel centre. 

lengths of Ni (2) - -N vary from 2.015 to 2.099 
with the average value of 2.062 ~.  The bond angles 
in the equatorial plane vary from 81.3 to 97.1 ° 
about the theoretical 90 ° value. The angles at Ni(2) 
atom involving the apical position N(1) are in the 
range of 77.9-98.4 ° while the angles at Ni(2) atom 
involving another apical position N(3) are in the 
range of 82.2-95.3 ° . The distance between two 
nickel atoms separated by oxamido-bridged group 
in the binuclear complex is 5.267 ~ while Ni(1) 
and Ni(2) atoms are displaced 0.010 and 0.055/~, 
respectively, from the plane of O(1), O(2), C(71), 
C(72), N(5) and N(6) (maximum deviation 0.109 
~).  The Ni(1) and Ni(2) atoms are attached below 
and above this plane, respectively. 
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