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ABSTRACT

This paper reportsthe synthesisof Co (I1), Ni (1) and Cu (1) complexes of
N, N- bis (2-nitrocinnamal dehydene) phenylene-1,2-diamine (L). The com-
pounds so obtained have been characterized by elemental analyses, molar
conductance, magnetic measurements, infrared and electronic spectral stud-
iesand decomposition temperatures. The results suggest pseudotetrahedral
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geometry for cobalt and copper while octahedral structure for nickel com-
plexes. Therefore general formulas of these complexes are suggested as
NiL X, and MLX,, whereinM = Co (I1) and Cu (1) and X = CI, Br, I,N3,

SCN. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Schiff basesoffer versatileand flexibleligandsca
pableof bindingwithmetd cationstoyield complexes®.
Thefield of Schiff base complexeswasfast developing
on account of thewide variety of possible structures
for the ligands depending upon the aldehydes and
amines?4. Many attemptsweredoneto prepare sym-
metric polydentateligandsin order to achieverare co-
ordination number with Ni (I1) and Co (I1) ionswhose
importancewas mainly duetotheir ability toformmeta
chelated®. Synthesisof these Schiff basecomplexesis
achieved through the template reaction!® or
transmetall ation reactions” which are used when the
transition metal cationsareineffective astemplates.
Theseligandsandtheir metal complexeshavedifferent
applicationsin fields such as bioinorganic chemistry,
materia science, catalysis, separation and encapsul a
tion processes, hydrometal lurgy, formation of com-

poundswith unusua propertiesand metd—metal inter-
actionst®1, New efficient antidepressants,
anticonvulsants, antimicrobia and other medica agents
have been detected on the basi s of azomethines*>4.

Theaim of this present study isto synthesize
and characterize of new Ni (I1), Co (I1) and Cu (I1)
complexeswith bidentate Schiff base derived from
2- nitrocinnama dehydeand 1,2-phenylendiamine. The
general formulaof these complexesareNiL X, and
MLX, whereinM = Co (Il) and Cu (I) and X = CI,
Br, I, N,, SCN-. Theligand and complexeswerechar-
acterized by physical and spectrd datasuchasFT-IR,
UV-Vis, magnetic moment, *H and *C NMR and con-
ductivity measurements.

EXPERIMENTAL

Materials
2-nitrocinamal dehyde and 1,2-phenylendiamine,
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cobdlt, nickel and copper sdltsand other chemicaswere
obtained fromAldrich and Merck. Solventswere puri-
fied by standard methodg™®,

Physical measurements

IR spectrain the 4000-400 cm? range were ob-
tained as KBr pellets on a JASCO-680 model FT-IR
spectrometer. UV—Vis spectra were recorded using a
JASCO-V570 model spectrophotometer in DMF. *H
and *C NMR spectrawererecorded on aBruker DPX-
300MHz FT-NMR spectrometer with the samplesdis-
solvedinDM SO-d, using TM Sasinternd standard. MS
(m/z) of ligand was obtai ned on Shimadzu modd GC-
MS QP5050. Elementa analyses (CNHS) of dried
sampleswereperformed usinga CHNS-932 (leco) d-
emental anayzer by central instrumental |aboratory of
Tarbiat ModlemUniversty of Tehran. Themdtingpoints
(°C) of the compounds were recorded on a BI Barnstead
electrotherma instrument. Themolar conductivity of the
ligandsand their complexeswere determinedin DM F
(2.0 x 10* M) at room temperature using aMetrohm
712 conductometer with adip-typeconductivity cdl made
of platinum black. Magnetic susceptibility datafor the
metal complexeswererecorded on amagnetic suscep-
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tibility MS-modd (madein Iran).
Synthesisof ligand

N, N- bis(2-nitrocinnamal dehydene)phenylene-
1,2-diamine (L) as a bidentate Schiff-base was pre-
pared by mixing 2:1 ratio of 2- nitrocinnamaldehyde (1
mmol, 0.177 g) and 1,2-phenylendiamine (0.5 mmoal,
0.054 g) in methanol solvent under reflex and severe
stirring condition for 4-5h asreportedin our previous
report(*®, The product was characterized by spectral
and analytical dataasreported previoudy.

Synthesis of complexes

A solution of 0.5mmol ligand (0.213 g) (1 mmol
ligand for Ni (I1) complexes) in dicholoromethane/
methanol mixturewas added 9 owly toamagneticaly
stirred solution of 0.5 mmol MX,, (M= Co((I1), Ni (I1)
and Cu (I1) and X= Chloride, bromide, iodide, thiocy-
anateand azide). The mixturewasvigoroudy stirred at
room temperaturefor 4-6 h. The complexes were fil-
tered asacol ored precipitates and for more purifica-
tion washed twicewith warm methanol. Thephysical,
IR and el ectronic spectral datahave been collected in
TABLE1and2.

TABLE 1: Synthetic, analytical, magnetic moment and conductivity datafor theligand and itscomplexes.

H 0,
Compound Color M.p.(°C) \E(;/?)d c Found (Ca’I\ICd') (%) " AM(em? Q'M™Y)  pg (B.M.)
1 Ligand Yellow 146-148 68 66.8(67.60)  13.2(13.14) 4.2(4.25) 2.18 -
2 ColLCl, Dark yellow 220(dec) 79  52.16(51.82) 10.20(10.07) 3.19(3.26) 18.77 3.81
3 ColLBr, Orange 223(dec.) 82 - - - 73 3.72
4  Coll, Orange 225(dec.) 80 - - - 121 3.50
5 CoL(SCN), Yellow 212(dec.) 76  52.30(51.91) 13.10(13.97) 3.20(3.02) 60.09 3.35
6 CoL(Ns), Orange 195(dec.) 72 - - - 52.10 3.85
7 NiLCl, Yellow 258(dec.) 79  57.71(58.68) 11.27(11.41) 3.50(3.69) 50.8 271
8 NiL,Br; Yellow 255(dec.) 78 - - - 95.5 2.60
9 NiLjl, Orange 260(dec.) 81 49.1(49.47) 9.3(9.62) 3.40(3.11) 128 2.65
10 NiL,(SCN), Pdeyellow 224(dec) 72 - - - 46.55 2.55
11 NiLy(Nj), Orange 203(dec.) 68  56.72(57.91) 19.33(19.70) 3.37(3.64) 34.6 2.68
12 CuLCl, Brown 224(dec.) 74  44.93(44.36) 8.34(8.62) 2.78(2.79) 51.6 171
CuLBr; Brown 227(dec.) 75 - - - 47.6 161
13 CuL(SCN), Brown 209(dec.) 69  50.90(51.52) 13.30(13.86) 2.70(2.99) 26.35 1.63

RESULTSAND DISCUSSION

Synthesis

By condensation reaction between 2-nitrocinnama-
|dehyde and 1,2-phenylendiamine, the Schiff base of

N(1), N(2) -bis (2-nitrocinnamal dehydene)- 1,2-phe-
nylenediamine (L) was prepared. The Schiff-baseis
solubleindichloromethane, chloroform, acetone, dim-
ethylsulfoxide, dimethylformamide, and lesssolublein
acohols. Thedetailed spectral dataof ligand hasbeen
reported previoud y!*®. New complexeswith genera
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formula MLX,, for Co (Il) and Cu (I1) and NiL_X,
wherein X=Cl-, Br, I, SCN-and N,; were synthesi sed
and thestoichiometries of theligand and itscomplexes
were confirmed by their eemental analyses. Theana-
Iytical and physica dataof the Schiff baseligand andits
complexesaregivenin TABLE 1and 2. Theanalytica
datashow that themetd toligand ratiofor Ni (1) com-
plexesis1:2 andfor Co (1) and Cu (I1) complexesis
suggestedto be 1:1 (Scheme 1).

NO, O,N

NO, O,N
Scheme 1: Suggested structure of the NiL X, and MLX,
complexesM=Co(l1) and Cu(Il) and X=CI-, Br-, I, SCN", N,

Molar conductivity

Themolar conductance measurements of the pre-
pared complexeswere carried out in 10°M solutions
of the complexesin DMF at room temperature. The
obtained values (inthe 18.77-128 cm?QM- range)
weretaken asagood evidencefor the existence of a
non-electrolyte nature of all complexes meaning the
coordination of ligand and anionsto metal centersin
inner sphere coordination space™”. Except for cobalt
and nickel iodide complexesthat is suggested to be
dissociated in DMF solution probably to two mols of
ions.

IR spectra

Comparably differencein thelocation of picksin
IR spectrum before and after complexation isagood
evidencethat show theligand iscoordinated to metal
inal complexes. The most characteristic absorptions
of the bidentate Schiff baseligand and its complexes
aresummarizedin TABLE 2. TheIR spectraof ligand

TABLE 2: Infra-red (cm?) and UV-Visible (nm) spectral data of the Schiff-base ligand and its complexes.

vCH vC-C

Compounds vCHgon VCHgiph, VCHimin vC=N v (-NO2) arom({oop) arom(oop) vM-N —SCN/-N; Amax
Ligand 3057 2016 2856 1609 1519, 1347 734 698 - - 278, 374
CoLCl, 3058 2012 2854 1623 1522, 1343 743 698 460 ; %%?3' %772'
284, 368,
CoLBr, 3058 2010 2853 1623 1523, 1343 742 698 464 ; oS08
Col | 3061 2017 2856 1622 1523, 1344 741 698 457 ; 282,312,
2 ' 608, 672
COL(SCN), 3070 2017 2859 1621 1521, 1343 741 698 459 2066 25%% %754%
CoL(Ny), 3068 2925 2856 1619 1523, 1340 741 697 455 2035 2522' %77%'
NiL,Cl, 3050 2012 2848 1624 1522, 1344 742 698 472 ; 288, 352
NiL,Br, 3058 2017 2854 1623 1523, 1343 742 698 464 ; 288, 348
NiL,l, 3062 2012 2854 1621 1523, 1344 741 698 472 ; 288, 352
NiL(SCN), 3078 2914 2859 1620 1520, 1343 741 699 477 2083 288,348
NiLo(Ns), 3066 2021 2854 1621 1523and 1341 741 697 462 2035 288,348
cuLcl, 3063 2012 2854 1618 1516, 1347 736 601 455 ; 280, 508
CuLBr, 3058 2012 2850 1623 1523, 1343 742 698 458 ; 284, 508
CUL(SCN), 3061 2913 2850 1617 1514, 1344 739 68l 455 2111 2825'2274'

and some metal complexesare depicted in Figure 1.
The FT-IR spectrum of the Schiff baseligand showed
the stretching frequencies at 3057, 2916 and 2856
cnmrt assigned to C-H of aromatic, dliphaticandiminic
groups, respectively, smoothly affected by coordina-
tion of theligand. The absorption band in the 1609

cmrtisassigned to the existence of v (HC=N-) group
of the azomethine asfunction group for Schiff base
compound. Theshifting to the higher frequecy 1617-
1624 cm* indi cated this group was affected by com-
plexation. Thevery strong bands at 1519 and 1347
cn for theligand can be attributed to theasymmetric
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of -NO, groups.  of-plane bending of the aromatic C-H and C-C at
Asshownin TABLE 2, inthecomplexesthesestrong 734 and 698 cm* are shifted to higher or lower fre-
bands shift afew wavenumbers. Thevery strong out-

(Vasyn\) and symmetric stretching (v

2

guenciesafter coordination. Evidencesfor bondingin
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the complexesisalso shown by observation of new
bandsin the spectraof the metal complexesat 455
477 cm? assigned to v (M—N)18, The absorption
bond at 2066, 2083 and 2111 cm* in the IR spec-
trum of CoL (SCN),, NiL(SCN), and CuL (SCN),
assigned to coordinated SCN- to metal asN- linkage
for two first and S-linkage for the third respec-
tivelyl'®29, The absorption frequency at 2035cmin
azid complexesof Co (1) and Ni (1) confirmed co-
ordination of N, to metal ion!*92124,

Electronic spectral studies

All complexesareinsolublein nonpolar solvents
like benzene, toluene and petroleum ether aswell as
polar solvents like ethyl acohol, methyl alcohol,
dichloromethane, chloroform, acetonitrile and acetone
but they are solublein DMF and DM SO. The elec-
tronic spectraof the complexeswereobtained in DMF
solutionwith 104 M concentration at room tempera-
ture. The spectral datahavebeenrecordedin TABLE
2. The electronic spectra of ligand and some metal
complexesareillustrated in Figure 1. The spectrum of
free Schiff base exhibitstwo absorption bands. The
first bandinregion 278 nm attributed tox — © * tran-
sition of banzenering and second bandinregion 374
nmassignedton — zt* transition of imine group. Af-
ter coordinationin all complexes, then — n* trans-
tion band of banzene ring is shifted to longer
wavedenght and theiminon — t* trangtionisshifted
to ashorter wavelength. Thesechengesin UV spec-
traof complexes confirm theformation of Schiff base
metal complexes. The electronic spectraof the Co-
balt complexes exhibit an absorption band with fine
structure at 594-676 nm attributed to the d-d elec-
trontransition (A, to T, (F)). Two other bandsisex-
pected for thistype of complexesthat fall out of the
visibleregion and are not shown by our instrument. A
band related to d-d el ectron transfer isthe character-
isticfor Ni (11) complexesin octahedral geometryin
the 400-800 nm but in this record, this band is not
appeared because the structure of these Schiff base
Ni (1) complexesarerigid leading to shift of related
transition to shorter wavel engths and probably con-
vergewithligand transitions. The Cu (I1) complexes
show abroad band in the visibleregion of the el ec-
tronic spectraat 508-522 nm. Thisisthe characteris-

tic d-d transition band in distorted pseudo-tetrahe-
dral Cu (1) complexes.

M agnetic susceptibility

AlltheCo(Il), Ni (1) and Cu (I1) complexeswere
found to be paramagneticasseenin TABLE 1. The
values of the magnetic moment (u ) are 3.35-3.85
B.M. for cobalt complexes, 2.55-2.71 B.M. for nickel
complexesand 1.61-1.71 for cooper complexes. The
magnetic moment values confirm pseudo-tetrahedral
geometry for cobalt and copper complexes. Also the
found magnetic moment values of nickel complexes
suggest the octahedral geometry for them!?3.
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