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A new mononuclear Ni(l I)-Schiff base complex has been synthesized and structurall y characte ri zed th rough X-ray crys­
ta llography. The compou nd crys talli zes in the monoc lini c space group C2/c (No. IS) with a = 17.268(7), b =14.619(6) and 
c = 10.683(4) A. The molec ul ar structure shows that the Ni(II) io n is in the di storted octahedral env ironme nt in whi ch two 
pheno li c oxygen atoms occupy the axia l positi ons. Two -CHO groups ari s ing out of the 2,6-d iformy l-4-methylphe no l re­
main as pend ants. UV/vis and cyc li c vo ltammetric ex periments have been performed o f the Ni(ll) complex in DMF soluti on 
and the results compare well with the previously reported systems. 

2,6-Di for myl-4-methylphenol (dfp) has been proved 
to be the potential precursor for the synthesis of 
mono- and multi-nucleating metal complexes over the 
years l

.
12

. The condensation of dfp and the diamines in 
the presence of 3d metals have resulted in homo- and 
hetero-dinuclear complexes. The metal -metal coop­
erati ve effects and consequent phys ico-chemical and 
biocatalyti c properti es of these compl exes have been 
studied in deta il 13

· '4 . Efforts to prepare metal free lig­
ands (acyc lic and macrocyclic) by the condensation of 
dfp and amines have resulted most ly in the polymeric 
and oligomeric products, though in some cases free 
ligands have been isolated 's.

,o
. Most of the template 

syntheses using thi s precursor have produced sy m­
metrical macrocycl ic complexes. Recently , Korupoju 
et 0l.12 reported the isolation of a mononuclear acycl ic 
manganese(III ) complex prepared by the condensation 
of dfp and chiral diamine which bears two free formyl 
groups. Though dfp and the diamines have been suc­
cessfully ex ploited to prepare a lot of homo- and het­
ero-metallic polynuclear complexes, the uses of poly­
amines have not so fa r been attempted to that ex tent. 
The less use of polyamine is due to the inability to 
control the un wanted po lymeric and/or o ligomeric 
intractable products. We have successfull y ex pl o ited 
the polyamines [e.g . N,N'-b is(3-aminopropyl)­
ethylenediamine and triethylenetetramine] to sy nthe-

size a seri es of Mn(III) complexes havi ng N40 2 donor 
set by the condensation of these amines and subst i­
tuted salicylaldehyde by the metal templ ate 
method ' 7. ' 8. In an effort to ex plore the reactivity of 
these amines towards the dfp, we could isolate an 
acyclic mononuclear Ni(U) complex having N40 2 do­
nor set which bears two free formyl groups. In this 
paper we present the synthes is, structural characteri­
zation and solution properties of complex 1 
(Scheme 1). 

Materials and Methods 
All the chemicals including N,N'-bis(3-

aminopropyl )-e thyJenediamine, p-cresol, paraformal­
dehyde, hexamethylenetetramine, CH3COOH, H2S04, 

HCl04, CH30H and DMF were of analytical reagent 
grade. Ni(Cl04h.6H20 was prepared by di ssolving 
NiC03.2Ni (OH)2.4H20 in aqueous perchloric acid. 
2,6-diformyl-4-methylphenol was prepared following 
the publi shed procedure ' 9. 

Synthesis of complex 1 
To a DMF solution (30 cm3

) of N,N'-bi s(3-
aminopropyl)-ethylenedi amine (5 mmol , 0.9 g) was 
added a DMF solution (10 cm3

) of Ni (Cl04h .6H20 (5 
mmol , 1.82 g) w ith stirring at room temperature. To 
the resulting mixture was added slowly a DMF solu-
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Scheme 1 

tion of 2,6-diformyl-4-methylphenol 00 mmol, 1.66 
g) with stilTing magnetically. The solution was further 
stirred for an hour and then filtered to remove any 
sllspended particles. The resulting brown- red solution 
was allowed to stand for 3-4 days whereby brown-red 
crystals of 1 were formed. The compound was fil­
tered, washed with diethyl ether and dried in air. 
Yield = 75 % based on Ni(CI04h.6H20 used. Anal. 
Cal for C26 H32 N4 0 4 Ni; C, 59.6; H, 6.1; N, 10.7%. 
Found, C, 60.1; H, 6.0; N, 10.6%. 

Physical measurements 
Microanalysis (CHN) was performed in a Perkin­

Elmer 240C elemental analyzer. IR spectra were ob­
tained on a Nicolet, MAGNA- IR 750 spectrometer 
with samples prepared as KBr pellets. Cyclic volt­
ammetry (scan rate of 0.05 V S-I) was performed at a 
platinum electrode using an EG&G PARC electro­
chemical analysis system (model 250/5/0) in DMF 
under dry nitrogen atmosphere in conventional three 
electrode configurations. Spectral measurements were 
performed in an UV-vis spectrophotometer (UV-
2100, Shimadzu, Japan) equipped with thermostated 
cell compartments. 

Crystal structure determination and structural re­
finements of complex 1 

A suitable single crystal of dimension 0.3 x 0.3 x 
0.2 mm3 of 1 was mounted on an automatic Bruker P4 
diffractometer equipped with a graphite monochro­
mated Mo-Ku radiation (A = 0.71073 A). Unit cell 
dimensions and intensity data were measured at 296 
K. The structure was solved by direct methods and 
refined by full-matrix least-squares based on F2 with 
anisotropic thermal parameters for non-hydrogen 
atoms using Bruker SHELXTL (data reduction), 
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Me 

Me 

0-

Table I-Data collection and structure refinement of complex 1 

Empirical formula 

Formula weight 

Crystal system 

Space group 

al A 
b I A 
c I A 
fj 1° 

V I A3 
Z 

D(calc) [g/cm·3
] 

Il(Mo-Ka) hnm·J 

F(OOO) 

Crystal size 101m 

Temperature IK 

A(Mo-Ka) IA 
Theta Min-Max 1° 

Total data 

Unique data (Rim) 

Observed data [I > 2.0 sigma(I)] 

Final RJ, wR2 [1>2sigma(J)] 

523.25 

Monoclinic 

C2/c (No. 15) 

17.268(7) 

14.619(6) 

LO.683(4) 

112.172(10) 

2497.71 (17) 

4 

1.391 

0.8 16 

1104 

0.30 x 0.30 x 0.20 

93 

0.71073 

1.9 -28.3 

9758 

3082 ( 0.038) 

2700 

0.0282, 0.0776 

SHELXS20 (structure solution) and SHELXL21 

(structure refinement). The hydrogen atoms were in­
cluded in structure factor calculations in their ideal­
ized position. Informations concerning crystallo­
graphic data collection and refinement of the struc­
tures are compiled in Table 1. 

Crystallographic data (excluding structural factors) 
for the structures reported in this paper have been de­
posited with the Cambridge Crystallographic Data 
Center as supplementary publication no. eeoc 
209477. Copies of the data can be obtained free of 
charge on application to CCDC, 12 Union Road, 
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Cambridge CB2 I EZ, UK [Fax: (internet.) + 44-
1223/336-033; E-mai l: depos it @ccdc.cam.ac.uk]. 

Results and Discussion 

Structllre of complex 1 
Suitable single crystal s of 1 were obtained as DMF 

solvates and taken directly from its mother liquor. The 
molecular structure of 1 incorporating the atoms la­
beling scheme is shown in Fig. 1. Selected bond dis­
tances and angles are g iven in Table 2. The metal ion 
is in the hexadentate di storted NiN40 2 fas hi on. The 
in-pl ane positions are occupi ed by four N atoms o f the 
Schiff base ligand havi ng Ni-N I (imine) bond length 
= 2.0533( 12) A and that of Ni-N2 (amine) = 
2. 11 32( 12) A. Phenolic oxygen atoms are in a trans­
confi aurati on in the complex. Both the Ni - 0 bond 

b 0 

length s are identical [2.042 1 ( 11 ) A] and the (Ol-Ni-
01a) angle is 178.37(4) 0 . The two coordinating ONN 
halves are facial. The structural features are thor­
oughly consistent with those reported fo r Ni(lI) -Schiff 
base complexes2~-24 . The crystal lattice is stabili zed by 
extensive hydrogen bonding which is revealed 
through the molecular packing diagram (Fig. 2). The 

Fig. I- Molecular structure of 1 show ing atom labeling sche me 

Table 2-Selected bond di stances (A) and angles (") for 
complex 1 

Ni-O l 2 .042( 11) Ni -N I 2.053( 12) 
Ni -N2 2. 11 3( 12) 

0 1 -Ni -N I 86.63(4) O l-Ni -N2 9 1.29(4) 

01 -N i -O la 178.37(4) O l -N i -Nla 94.42(4) 

Ol -Ni -N2a 87.50(4) N I-Ni -N2 88 .06(5) 

NI- i -N2a 170.43(5) N I -N i -N l a 99.92(5) 

2 -Ni -N2a 84.5 I (5) 

Symmetry codes used to generate equivalent atoms: (a) -x, y, 1!2'> 

intermolecular hydrogen bonding involves the free -
CHO oxygen of one molecul e and the amine proton 
(N-H) of the neigh?oring molecule [N(2) - H(2A)---
0 (3) = 3.0532(18) A] . 

UV/vis and lR spectroscopy 
The U V Ivis spectrum of complex 1 is characterized 

by a very weak band in the range 750 - 900 nm hav­

ing A.m"x = 840 nm (E/dm J mol'l c m-I = 40) and an in­
tense band in the 380-500 nm range with A.max = 448 
nm (E/dm J mol'l cm'l = 18,760) in DMF. In DMSO 
the UV Ivi s spectral features of 1 are almost identi cal 
but with a little difference in intensity of the corre­
sponding bands probably due to the solvent effects. 
The low intensity band at 840 nm is due to the d-d 
transiti on, consistent with the prev iously reported 
Ni(lJ) complexes in octahedral environments22

'24 . The 
intense band at 448 nm may be attributed to the li gand 
to metal charge transfe r (LMCT). 

The IR spectrum of 1 is depicted by an intense 
sharp band at 1650 cm' l due to the free - CHO group . 
The bands due to (C=N) of the Schiff base li gand ap­
pear at 1620 cm' l. The other main bands in IR spec-

Fig. 2-Molecular packing of 1 show ing hydrogen bo nded net­
work 

3.0 

1.0 

< -1.0 ~ -
-3 .0 

1.2 

Fig. 3-Cycli c voltammogram (scan rate 50 mY s'\) of complex 1 
in DMF at a platinum e lec trode with the internal standard ferro­
cene and TEAP as supporting e lec tro lyte 
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trum are observed at 1630, 1384, 1479, 1289, 1229 
and 960 cm- I

. 

Electrochelllical studies 
Cyclic voltammograms of the Ni(II ) complex was 

recorded in DMF sol ution with TEAP as supporting 
electrolyte in the potential range -1.5 to +1.5 V. The 
spectrum is characterized by a well-defined reversible 
ox idation wave with EI/2 = 0.40 V (Fc/Fc+) and I':!.E = 
0.07 V and illustrated in Fig. 3. The anodic process 
corresponds to the Ni(TT)/Ni(IIJ) couple and the peak­
to-peak separation is that expected for an e lectro­
chemically one electron reversible process. The oxi­
dation potential is much lower shifted compared to 
the corresponding N20 2 Schiff base ligand complex24

. 

1t is , however, not surpri s ing as the ox idation poten­
tials are markedly dependent on the ligand env iron­
ment and the observation made here suggests the bet­
ter stabili zation of Ni(IIJ) species in the present 
chemical environment24

. 
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