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Abstract

Five novel azo-azomethine ligands with NN'OS coordination spheres were prepared by
reaction of methyl-2-i-(2'-aminoethane)}-amino-1-cyclopentenedithiocarboxylate (Hcden) with
(E)-2-hydroxy-5-(phenyldiazenyl)benzaldehyde and its substituted derivatives and then the
corresponding nickel(ll) complexes were synthesized. The structures of ligands and the

complexes were characterized by elemental analyses, IR, UVMIMR spectroscopy and

cyclic voltammetry. The structures of (mett?d2-((E)-2-hydroxy-5-(E)-p-tolyldiazenyl)benzyli
deneamino)ethylamino)cyclopent-1-enecarbodithioato)nickel(ll) and (matBA(E)-5-((E)-(4-
chlorophenyl)diazenyl)-2-hydroxybenzylideneamino)ethylamino)cyclopent-1-enecarbodithioato)-
nickel(ll) have been determined by X-ray crystallography. The X-ray results confirm that the
geometry of the complexes are slightly distorted square-planar structures. The nickel(ll) ions
coordinate to two nitrogen atoms from the imine moiety of the ligand, a sulfur atom from the

methyl dithiocarboxylate moiety and a phenolic oxygen atom.
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1. Introduction

Azo compounds are the oldest and largest class of industrial synthesized organic dyes due to
their versatile application in various fields, such as biomedical studies, advanced application in
organic synthesis, dyeing textile fibeasd high technology areas such as electro-optical devices,
liquid crystalline displays, laser and ink-jet printers[1-3]. The great majority of azo dyes are
monoazo compounds, which have the common structure unit of the azo chromophore, -N=N-,

linking two aromatic systems. The textile industry is the largest consumer of dyestuffs. Although

some azo dyes have been reported to be toxic, dozens of additional monoazo dyes are permitted in
drugs and cosmetics [4]. The oxidation-reduction behaviafréhese compounds play an
important role in its biological activity [5]. The pharmaceutical importance of compounds
including an arylazo group has been extensively reported in the literature [6,7].

Schiff bases are an important class of ligands in coordination chemistry and find extensive
applications in different fields. There is a continuing interest in transition metal complexes of
asymmetrical Schiff bases because of the presence of soft sulphur, hard nitrogen and oxygen
donor atoms in the backbones of these ligands. Some of these complexes ietdndsting
physical and chemical properties [8] and potentially useful biological activities [9]. Also, these
transition metal complexes are used in analytical fieldsdh@]as model molecules for biological
oxygen carrier systems [11]. Tetradentate Schiff base complexes are well known to form stable
complexes, where the coordination takes place through the NN'OS donor set [12]. The number of

the Schiff bases derived from condensation of various aldehyds with metNy(2-{



aminoethane)}-amino-1-cyclopentenedithiocarboxylate (Hcden) and their transition metal
complexes with Ni(ll) have been reporiedhe literature [13-17].

We reported herein the syntheses and structural characterization of some novel, azo-
containing Schiff bases derivatives ligands,L(H [(6a=methyl 2-(2-((E)-2-hydroxy-5-(E)-
phenyldiazenyl)benzylideneamino)ethylamino)cyclopent-1-enecarbodithioate); (6b=r2ethyl
((E)-2-hydroxy-5-(E)-p-tolyldiazenyl)benzylideneamino)ethylamino)cyclopent-1-enecarbodithio-
ate); (6c=methyP-(2-(E)-5-((E)-(4-ethylphenyl)diazenyl)-2-hydroxybenzylideneamino)ethylam-
ino)cyclopent-1-enecarbodithioate); (6d=metBy2-(([E)-5-((E)-(4-chlorophenyl)diazenyl)-2-hy-
droxybenzylidenamino)ethylamino)cyclopent-1-enecarbodithioate);_(6e=m2RA(E)-5-((E)-
(4-nitrophenyl)diazenyl)-2-hydroxybenzylidenamino)ethylamino)cyclopent-1-enecarbodithioate);

(Scheme 1) and theitickel(ll) complexes (Scheme 2). Elemental analyses, IR, UVAMR

spectra and cyclic voltammetry were obtained to determine the structure of the ligands derived
from condensation of azo-containialgiehyde with Hcden and their complexes with Nickel(ll). In
addition the complexes 7b=_(metHd(2-(E)-2-hydroxy-5-(E)-p-tolyldiazenyl)benzylideneami-
no)ethylamino)cyclopent-1-enecarbodithioato)nickel(ll) and 7d=_(metk-(E)-5-((E)-(4-chl-
orophenyl)-diazenyl)-2-hydroxybenzylideneamino)ethylamino)cyclopent-1-enecarbodithioato)ni-
ckel(ll) were characterized in the solid state by X-ray diffractometry in order to elucidate their
molecular and crystal structures and to evaluate their degree of tetrahedral distortion to the square
planar geometry.
2. Experimental
2.1. Reagents and solvents

All solvents were purchased commercially. 1,2-ethylendiamine, aniline, 4-chloroaniline, 4-

nitroaniline, 4-methylanilin, 4-ethylanilin, sodium carbonate, sodium nitrite, carbon disulfide,



cyclopentanone, dimethylsulfate, nickel(ll) chloride hexahydrate and salicylaldehyde were
obtained from Merck and were used without further purification
2.2. Instrumentation

Elemental analyses (C, H and N) were measured with a Termo Fininngan-Flash 1200
analyzer and UV-Vis measurements were recorded on a Jenus 5606 UV-Vis spectrophotometer.

The NMR spectra were obtained in a Brucker AvaB&Z-500 MHz spectrometer. IR spectra

were recorded by Perkin Elmer RX1 FT-IR infrared spectrophotometer. Electrochemical

experiments were performed using an Autolab modular electrochemical system (Eco Chem.
Utrecht, The Netherlands) equipped with PSTA 20 model and driven by GPES software (Eco
Chem.). A conventional three-electrode cell was used with a saturated Ag|AgCl as reference
electrode, a Pt wire as counter electrode and a modified carbon paste as working electrode. All
experiments were carried out at ambient temperature of 20 = 1 °C. A Metrohm pH-meter (model

691) was also applied for the pH measurements

2.3. Yynthesis
2.3.1. Synthesis of methyl-2-{ N-(2-aminoethane)}-amino-1-cycl opentenedithiocar boxyl ate(Hcden)

Hcden was prepared by published method [18,19].

2.3.2. Preparation of Azo compounds (4a-€).

Azo dyes (4a-e) were synthesized according to the well-known literature procedure [20]. A

mixture of aniline (10 mmolpr its derivatives in_hydrochloric acid (36 mignd_water (16 mL)
were heated to 70 °C. The clear solutions were poured into an ice-water mixture, and were

diazotized between 0 °C and 5 °C with sodium nitrite (10 mutis§olved in water (5 mL)The



cold diazo solutions were added to a solution of salicylaldehyde (10 nmmuwlater (19 mL)
containing_sodium hydroxide (10 mmaihd_sodium carbonate (40 mmdlring the period of 30

min at 0 °C. during the adding process, the diazo solutions were vigorously stirred. The products
were collected by filtration and washed with 100 wiLNaCl solution (10%) under vacuum.
Then, the solids were dried under vacuum at 80 °C overnight. The purity of the compounds were
controlled by TLC (n-hexane:ethylacetate/60:40).

2.3.2.1 (E)-2-hydroxy-5-(phenyl diazenyl ) benzal dehyde (4a)

Yield: 91%. m.p 120 °C. IR (KBr, cil): 3200 ¥O-H). 1667v(C=0). 1620 ¥C=C). 1569 and

1478v(-N=N-, cis andtrans), 1285v(C-O), 1171, 1106, 849, 762H NMR § (500MHz; CDC}):

11.36 (OH, s), 10.05 (s, CHO), 8.23 (d, 1887 H2, 8.21 (d, 1HJ=7.91 H2, 7.93 (d, 1H,

J=7.58 H?, 7.92 (d, 1HJ=7.01 H2, 7.55 (t, 2H, 38.00 H2, 7.51 (t, 1H, 37.78 H2, 7.15 (d,

1H, J=8.80 H2. Anal. Calc. for G3HigO-N,: C, 69.02; H, 4.42; N, 12.39. Found: C, 69.24; H,

4.71: N, 11.99%

2.3.2.2 (E)-2-hydroxy-5-(par atol yl diazenyl )benzal dehyde (4b)
Yield: 75%. m.p 150 °C . IR (KBr, c): 3182v(O-H), 16561(C=0), 1619v(C=C), 1573

and 1479v(-N=N-, cis andtrans), 1278 (C-O). 1171, 1106, 849, 764H NMR § (500MHz;

CDCly): 11.33 (s, OH), 10.03 (s, CHO), 8.19 (s, 1H), 8.17 (d,_H8.68 H2, 7.83 (d, 2H, 38.22

Hz), 7.35 (d, 2H, 38.12 H2, 7.13 (d, 1H, 38.52 H2), 2.46 (S, CH). Anal. Calc. for GaH1,0,N:

C,73.13: H. 4.48; N, 10.45. Found: C, 72.55; H. 4.86: N, 10.73%.

2.3.2.3 (E)-5-((4-ethyl pheny)l diazenyl )-2-hydr oxybenzal dehyde (4c)
Yield: 60%. m.p 90 °C . IR (KBr, ci): 3036v(0-H), 1651v(C=0), 1622v(C=C), 1578 and

1478v(-N=N-, cis andtrans). 1275v(C-O), 1171, 1106, 849, 762H NMR & (500MHz; CDC}):

11.33 (s, OH), 10.02 (s, CHO), 8.19 (s, 1H), 8.17 (d, H8.48 Hz) 7.85_(d, 2H. 38.24 Hz),



7.36(d, 2H, 38.21 Hz),7.13_(d, 1H, 38.52 Hz),2.76 (q, CH, J=7.59 H2. 1.32 (t,_CH, J=7.60

Hz). Anal. Calc. for GsH140,N,: C, 73.94; H, 4.93: N, 9.86 Found: C, 74.21; H, 5.28; N, 9.64%.

2.3.2.4 (E)-5-((4-chloropheny)ldiazenyl )-2-hydr oxybenzal dehyde (4d)
Yield: 80%. m.p 204 °C . IR (KBr, c): 3208v(O-H), 1633v(C=0), 1613v(C=C), 1581

and 1479v(-N=N-. cis andtrans), 1283v(C-O), 1171, 1106, 849, 764H NMR & (500MHz;

CDCly): 11.38 (s, OH), 10.06 (s, CHO), 8.22 (s, 1H), 8.19 (d, H9.0D H2, 7.87 (d, 2H, 38.73

Hz), 7.51 (d, 2H. 38.72 H2, 7.15 (d, 1H.J=8.88 H2). Anal. Calc. for GsHeO,N,: C. 72.51: H,

3.59; N, 11.16. Found: C, 72.85; H, 3.21; N, 11.33%.

2.3.2.5 (E)-2-hydroxy-5-((4-nitrophenyl)diazenyl benzal dehyde (4€)
Yield: 90%. m.p 184 °C . IR (KBr, ci): 3103v(O-H), 1657 v(C=0), 1620v(C=C), 1577

and 1478/(-N=N-. cis andtrans). 1342v(NO,), 1284v(C-0), 1171, 1106, 849, 7644 NMR &

(500MHz; CDC}): 11.48 (s, OH), 10.08 (s, CHO), 8.41 (d, 2H9.D0 H2, 8.31 (s, 1H), 8.24 (d,

1H, JE=8.95 H2, 8.04 (d, 2H.38.97 H2, 7.19 (d, 1H,38.94 HJ. Anal. Calc. for G3HyOsN3: C,

57.56; H, 3.32: N, 15.50. Found: C, 57.28: H, 3.67: N, 15.18%.

2.3.3 Synthesis of azo-containing Schiff bases(6a-€)

Schiff bases (6a-e) were prepared by addition of (4a-e) compounds (1 immethanol (10

mL) to a methanolic solution of Hcden (1 mmdihe mixtures were stirred for about 30 min and

allowed to react at room temperature for about 24 h. The colour powders were recrystallized from
chloroform/methanol (1:1) v/v solution.
2.3.3.1. Methyl 2-(2-((E)-2-hydroxy-5-((E)-phenyldiazenyl)benzyl edeneamino)ethyleamino)cycl o-
pent-1-ene-carbodithioate (6a)

Yield: 93%. m.p: 145 °CIR (KBr, cm'): 1628v(C=N), 1587v(N=N), 1479 (Phenol ring),

1272 (C-0), 1109, 841, 603H NMR § (500 MHz; CDC4): 13.42 (s, 1H, OH), 12.40 (s, 1H,



NH), 8.51 (s, 1H, CH=N), 7-7.9 (Phenol ring), 3.85 (t, 2H8.23 H2, 3.73 (t, 2HJ=8.18 H2,

2.73 (m, 6H), 2.53 (s, -SGH Anal. Calc. for G,H4N,0S: C, 62.23: H, 5.69: N, 13.19. Found:
C.62.34;: H, 5.37; N, 13.29 %.

2.3.3.2. Methyl 2-(2-((E)-2-hydroxy-5-((E)-para-tolyldiazenyl)benzyl edeneamino)ethyleamino)cy-
clopent-1-ene-carbodithioate (6b)

Yield: 70%. m.p: 170 °CIR (KBr, cm%): 1630v(C=N), 1584v(N=N), 1486 (Phenol ring),
1270 v(C-O), 1107, 844, 60*H NMR § (500 MHz; CDC4): 13.39 (s, 1H, OH), 12.40 (s, 1H,

NH), 8.51 (s, 1H, CH=N), 7-7.9 (Phenol ring), 3.87 (t, 2H8.19 H2, 3.76 (t, 2HJ=8.16 H2,

2.73 (m, 6H), 2.56 (s, -SG}H 2.43 (s, -CH). Anal. Calc. for G3H,eN/OS: C, 62.97; H, 5.97; N,

12.77. Found: C, 62.69; H, 5.81: N, 12.67 %.

2.3.3.2. Methyl 2-(2-((E)-5-((E)-(4-ethylphenyl)diazenyl)-2-hydroxybenzylideneamino)ethylam-
ino)cyclopent-1-enecar bodithi oate (6¢)

Yield: 74%. m.p: 150 °C. IR (KBr, cif): 1633y(C=N), 1582v(N=N), 1485 (Phenol ring),
1285v(C-0), 1106, 845, 602H NMR & (500 MHz; CDC}): 13.46 (s, 1H, OH), 12.35 (s, 1H,

NH), 8.49 (s, 1H, CH=N), 7-7.9 (Phenol ring), 3.86 (t, 2H3.20 H2, 3.75 (t, 2H.38.31 H),

2.73 (m, 6H), 2.52 (s, -SGH 2.47 (q, -CH,_J=7.64 H2, 1.53 (t, -CH, J=7.79 H2. Anal. Calc.

for C,4H-sN.OS,: C, 63.67;: H, 6.23: N, 12.38. Found: C, 63.70;: H, 6.20; N, 12.48 %.

2.3.3.4. Methyl 2-(2-((E)-5-((E)-(4-chlorophenyl)diazenyl)-2-hydr oxybenzylideneamino)ethylam-
ino)cyclopent- 1-enecar bodithi oate (6d)

Yield: 68%. m.p: 187 °CIR (KBr, cm%): 1633y(C=N), 1581v(N=N), 1479 (Phenol ring),
1283 v(C-0), 1107, 842, 60H NMR § (500 MHz; CDC}): 13.46 (s, 1H, OH), 12.35 (s, 1H,

NH), 8.49 (s, 1H, CH=N), 7-7.9 (Phenol ring), 3.86 (t, 2H6.82 H2, 3.75 (t, 2HJ=7.50 H2,




2.73 (m, 6H), 2.52 (s, -SGH Anal. Calc. for G,H-aN,OSCI: C, 57.43; H, 5.03; N, 12.18.

Found: C, 57.30; H, 5.21: N, 12.07 %.

2.3.3.5. Methyl 2-(2-((E)-5-((E)-(4-nitrophenyl)diazenyl)-2-hydr oxybenzylideneamino)ethylamin-
0)cyclopent-1-enecar bodithioate (6€)

Yield: 75%. m.p: 219 °C. IR (KBr, cf): 1633y(C=N), 1584v(N=N), 1484 (Phenol ring),
1336 v(NO,), 1261v(C-0), 1102, 852, 603H NMR & (500 MHz; CDC}): 13.47 (s, 1H, OH),
12.45 (s, 1H, NH), 8.56 (s, 1H, CH=N), 7-7.9 (Phenol ring), 3.84 (tJ2A.19 H2, 3.72 (t, 2H,

J=7.83 H2, 2.73 (m, 6H), 2.53 (s, -SGH Anal. Calc. for Go,H,aNs03S,: C, 52.21: H, 4.58: N,
14.93. Found: C, 52.34; H, 4.26; N, 14.28 %.

2.3.4. General procedure for the synthesis of the complexes(7a-€)

To a solution of the appropriate (6a-e) ligand (0.1 mmol) in choloform/methanol (2:1 v/v) (15
mL), were added a solution oicke(ll) chloridehexahydrat€0.1 mmol) in methanol (.15 MiThe
solutions were stirred for 15 min and then allowed to stand at room temperature for 24 h. The
resulting powders were filtered and recrystallized from chloroform/methanol (1:1 v/v) solution.
2.3.4.1. (Methyl 2-(2-((E)-2-hydroxy-5-((E)-phenyldiazenyl)benzyl edeneamino)ethyleamino)cycl o-
pent-1-ene-carbodithioato)nickel (11) complex, (7a).

Yield: 84%. m.p: 280 °C. IR (KBr, cf: 1626 v(C=N), 1469v(Phenol ring), 1283(C-O),
496-564v(Ni-N), 415-435v(Ni-O). *H NMR ¢ (500 MHz; CDC}): 7.71 (s, 1H, CH=N), 7-7.9

(Phenol ring), 3.72 (t, 2HI=7.64 H2, 3.63 (t, 2H, 38.31 H, 2.83 (m, 6H), 2.63 (s, SGH

Anal. Calc. for GoH»-N/,OSNi: C, 54.91: H, 4.57; N, 11.65. Found: C., 55.32: H, 4.32; N,

11.25%.



2.3.4.2. (Methyl 2-(2-((E)-2-hydroxy-5-((E)-para-tolyldiazenyl)benzyl edenamino)ethyl eamino)cy-
clopent-1-ene-carbodithioato)nickel (11) complex, (7b).

Yield: 49%. m.p: 274 °C. IR (KBr, cf: 1616v(C=N), 1467v(Phenol ring), 1283(C-O),
496-564v(Ni-N), 415-435v(Ni-0). *H NMR 6 (500 MHz; CDC}): 7.76 (s, 1H, CH=N), 7-7.9

(Phenol ring), 3.72 (t, 2HI=8.92 H2, 3.66 (t, 2H, 38.58 H2, 2.51 (m, 6H), 2.56 (s, -SGH

2.43 (s, -CH. Anal. Calc. for GaH»aNsOSNi: C, 55.79; H, 4.85; N, 11.31. Found: C, 55.89; H,

4.51: N, 11.75%.

2.3.4.3. (Methyl 2-(2-((E)-5-((E)-(4-ethylphenyl)diazenyl)-2-hydroxybenzylideneamino)ethylam-
ino)cyclopent-1-enecarbodithioato)nickel (11) complex, (7¢).

Yield: 76%. m.p: 285 °C. IR (KBr, ch): 1630v(C=N), 1460v(Phenol ring), 1285(C-0),
496-564(Ni-N), 415-435v(Ni-O). *H NMR ¢ (500 MHz; CDC}): 7.87 (s, 1H, CH=N), 7-7.9

(Phenol ring), 3.81 (t, 2H.=¥.99 H2, 3.72 (t, 2H, 38.09 H2, 2.69 (m, 6H), 2.62 (s, -SGH

2.47 (q, -CH,_J=8.66 H2, 1.55 (t, -CH, J=8.51 HJ. Anal. Calc. for G4H,eN,OSNi: C. 56.61;

H,5.11: N, 11.00. Found: C, 56.82; H, 5.24; N, 11.25%.

2.3.4.4 (Methyl 2-(2-((E)-5-((E)-4-chlorophenyl)diazenyl)-2-hydroxybenzylidenamino)ethylamino-
)ethyleamino)cyclopent-1-ene-carbodithioato)nickel (1) complex. (7d).

Yield: 75%. m.p: 293 °C. IR (KBr, cf): 1628v(C=N), 1466v(Phenol ring), 1284(C-O),
496-564v(Ni-N), 438(Ni-O). *H NMR § (500 MHz; CDC}): 7.59 (s, 1H, CH=N), 7-7.9 (Phenol

ring), 3.92 (t, 2H, 37.31 H2, 3.81 (t, 2HJ=7.94 H2, 2.64 (m, 6H), 2.64 (s, -SGH Anal. Calc.

for CyoH2iN4OSCINi: C, 57.83; H, 4.60: N, 12.27. Found: C, 58.11; H, 4.35; N, 12.43%.

2.3.4.5. (Methyl 2-(2-((E)-5-((E)-(4-nitrophenyl)diazenyl)-2-hydr oxybenzylideneamino)ethylamin-

o)cyclopent-1-enecar bodithioat)nickel (11) complex, (7€).



Yield: 88%. m.p: 291 °C. IR (KBr, cm): 1626v(C=N), 1469v(Phenol ring), 1333(NOy),
12831(C-0), 496-564/(Ni-N), 437 v(Ni-O). '"H NMR 6 (500 MHz; CDC}): 7.54 (s, 1H, CH=N),

7-7.9 (Phenol ring), 3.87 (t, 2H=7.69 H2, 3.70 (t, 2H, 38.09 Hz), 2.65 (m, 6H), 2.61 (s, -

SCHg). Anal. Calc. for G,H21NsO3SNi: C, 50.22; H, 3.99: N, 13.31. Found: C, 50.47; H, 4.21; N,

13.11%.

2.4. X-ray Crystallography

The X-raydiffraction studies were obtained on a STOE IPDSdiffractometer with graphite
monochromated Mo-K radiation. A dark red plate crystal (complex 7bdwa dimension of 0.27
x 0.11 x0.05 mm and A dark red plate crystal (complex 7dhwai dimension of 0.42 x 0.08 x
0.03 mm were mounted on a glass fiber and useddta adllection. Structures determination
were obtainedvy least-squares refinement of diffraction data fr8d47 unique reflections for
complex 7b and 4078nique reflections for complex 7d. Data were coddcat a temperature of
291(2) K to a maximum @value of 51.00° and in a series @fscans in 1° oscillations and
integrated using the Stoe X-AREA [21] software pagkalhe numerical absorpti@moefficient,
u, for Mo-Ka radiation are 1.076 mifn(complex 7b) and 1.204 nifr(complex 7d). Anumerical
absorption correction was applied using X-REEZ2] and X-SHAPE [23]software's. The data
were corrected for Lorentz and Polarizing effects. The struatasesolved by direct method24]]
and subsequent difference Fourier map and tleéined onF? by a full-matrix procedure using
anisotropic displacemengarameters. All of hydrogen atoms were positionedngarically in
ideal positions andhen after refined isotropically. Atomic factors daeken from International

Tables for X-ray Crystallography [R5All refinements were performed using the X-STEP32

10



crystallographic softwarpackage [26]. A summary of the crystal data, expenita details and

refinementesults for complexes 7b and 7d are given in Table 1

3. Results and discussion
Methyl-2-{N-(2'-aminoethane)}-amino-1-cyclopentenedithiocarbooxylate is a convenient
starting material for the synthesis of asymmetric ligands containing NNOS coordination spheres.
Schiff base condensation of the methyl-dithiocarboxylate ester agibhsubstitutechldehydes
yields the desired ligand in a facile manner and with high yields.
The complexes have a sulfur donor atom that can actraceeptor, an oxygen donor atom
as ar donor and the coordination around the nickel idowed for z electronic delocalization, as

depictedin Scheme 2. The compounds were characterized by elemental analysis, IR, 8hdVis

NMR. The 7b and 7d complexes were characterized further by X-ray crystallography in order to
determine their molecular and crystal structures to evaluate the degree of tetrahedral distortion in
square planar geometry. The structures and the electrochemical results are compared with those
obtained for the corresponding symmetrgbdland NS, formulations in order to correct possible

dietary deficienciesAlso, it has been implicated as a Ni(ll) complexes.

3.1. Crystal structures of 7b and 7d complexes

Selected bond distances and bond angles for 7b and 7d complexes are collected in Table 2.
The ORTEP representation of the structures of 7b and 7d complexes with atomic numbering
Scheme and their unit cell diagrams are presented in Figs. 1-4, respectively. The bond distances
and bond angles are within the expected range for nickel(ll) complexes with Schiff base ligands.

7b and 7d complexes are crystalliz in the spgoeip_Beawith eight molecules per unit cell. The
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nickel(ll) ions are coordinate to a sulfur atom the methyl dithiocarboxylate moiety, phenolic
oxygen atom and two nitrogen atoms from the imine moiety of the ligands,. In these complexes,
the Ni center and its four neighbors (O(1), N(1), N(2) and S(1)) are nearly coplanar. The
deviations from the mean coordination plane are at the best 0.002 A for the donors and equal to
0.005(4) A for the metal ion. Tetrahedral distortion relative to the square-planar geometry are
4.05(9)° in 7b complex and 3.94(3)° in 7d complex. In these complexes, the geometry around the
coordination centre are more planar than that in the homolog&dS dbmplex with the dihedral
angle of 5.28° and 11.52° (for the two crystallographically independent molecules) [14],
homologous NS, complex with the dihedral angle of about 20°[27-28], and analoge@s N
complex with dihedral angle of about 7° [29].
3.2. IR Spectra

In the IR spectrum of Ni{) complexes a strong band around 1600-1630 irassigned to

the v(C=N) band [30], and the bands in the radg80-1296 cri can be related to the phenolic

(C-O) group vibrations [31-32]. The ring skeletal vibrations (C=S) were in the region of 1440-
1496 cnt [33]. The bands in the range 700-800chelongto (C-S) and the bands between 1103
and 1190 cii are due to the coupling ofC-S)+/(C-N) [34-35]. These data compared with those
of the ligands, indicate that thC=N), v(C-0O), v(C=C), v(C-S), andv(C-S)+(C-N) bands are
shifted to lower energy. These results show thaiINipns are coordinated through the nitrogen
atoms of the amine group, oxygen atom of the phenolic group and sulfur of the (C-S) group for
Ni(II) complexes[30-35]. These data are in accord t@tbposed structures.
3.3. 'H NMR Spectra

The'H NMR resonance of azomethine proton (CH=N) in ligands (8.49-8.56 ppm), are shifted

to higher field in the Nif) complexes, confirming the coordination of the rhita to that group.
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In the'H NMR spectra of the free ligands, OH, NH, or SH exhibit single resonamsel&.39-
13.46 ppm, and= 12.35-12.45 ppm, respectively, which disappeathe nickel(I) complexes,
indicating that the OH and NH or SH groups have been deprotonated and bonded tdl)the Ni(
ions[36].
3.4. The electronic spectra

The UV-Vis absorption spectra of the ligands (6a-e) and related nickel complexes (7a-e) in
DMF solution at 298 K are shown in Fig. 5 and Fig. 6, respectively. The electronic spectra of the
ligands are similar to each other. The UV-Vis absorption spectra of the ligands show three bands.
The first band appearing e& 260 nm is attributed to thexn* transition of the benzene rings, the
second band appearing around 300-424 nm arose from a transition involving electron migration
along the entire conjugate system of the ligands. The entire conjugate system includes both the
aryl rings and azo groups. The broadness of the intramolecular CT band is quite common for azo
or azomethine dyes having a hydroxyl group in opposition to the N=N or C=N bond on the
aromatic ring [37]. The third band observed in the range 430-500 nm can be assignedtto an n-
electronic transition of azo-aromatic chromophore [37,38].

The UV-Vis absorption spectad the complexes were compared to the spectra of the ligends.
all spectra of the metal complexes, the@*nabsorption bands of the free ligand has shifted to
lower frequencies upon the coordination of ligand with metal ions.
3.5. Cyclic voltammetry studies

Because the Ni-complexes(7a-e) are insoluble in water, the bulk-modified carbon paste
electrode (Ni-CPE) becomes the optimal choice to investigate their pedpgrties of it. Cyclic
voltammograms of the 7b complex carbon paste electrode (1-CPE) and 7d complex carbon paste

electrode (2-CPE) were carried out at room temperature.
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The modified 1-CPE and 2- CPE were fabricated as following: 10 mg of each 7b and 7d
complex, 50 mg graphite powder and proper amount of anhydrous ethanol were mixed to form a
uniform mixture, which was left to evaporate the solvent at room temperature in the air. Then 20
ml paraffin oil was added into the graphite-Ni complex mixture.

The 1-CPE and 2-CPE were packed into a piston glass tube electrode (3 mm in diameter).
Prior to the measurements the 1-CPE and 2-CPE were smoothed out on a piece of transparent
paper to get a fresh surface. All the potentials reported in this work were versus Ag|AgCI
electrode. Unmodified carbon paste electrode was prepared by adding 20 ml paraffin oil to 50 mg
graphite powder. A cyclic voltammograms of modified 1-CPE, 2-CPE were similar, therefore just
cyclic voltammogram of 1- CPE was shown.

A cyclic voltammograms of modified 1-CPE and unmodified carbon paste electrodes at scan
rate of 50mVs" are shown in Fig.7.

As can be seen, there is no redox peak at the surface of bare CPE in the potential range of -0.5
to 0.9V. A pair of well-defined redox peaks with formal potential of 0.18 V versus Ag|AgCl
electrode was observed when Ni-CPE was used. This anodic and cathodic peaks are due to redox
reaction of the Ni(ll)/Ni(ll) couple at the electrode surface. The cyclic voltammograms of Ni-
CPE electrode in 0.1 M NaOH solution at different scan rates are shown in Fig.8. The potential
was cycled between -0.4 and 0.6 mV in 0.1 M NaOH aqueous solution. The peaks current of the
voltammograms are linearly proportional to the scan ngteuf to 300 mV $ for the redox
couples (Fig. 8B). According to the following equation this results confirms a surface type
reactions [39]:

|, = PFVAC/4RT (1)
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4. Conclusions

In the present work five novel, azo-containing Schiff bases were obtained by condensation
reaction of methyl-2--(2'-aminoethane)}-amino-1-cyclopentenedithiocarboxylate (Hcden) with
azo-containing aldehydes that are favorable to formation of the complexes with Ni(ll) ion. IR,
'H NMR and UV-Vis spectra and cyclic voltammogram of the nickel(ll) complexes were
recorded and compared with together. The crystal structure analysis of nickel(ll) complexes by
using X-ray crystallography confirmed the complexes are slightly distorted square-planar

structures based on experimental studies.
5. Supplementary data

CCDC 836471 and 836470 are contain the supplementary crystallographic data for 7b and 7d
complexes respectively. These data can be obtained free of charge via
http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail:

deposit@ccdc.cam.ac.uk.

Refrence

[1] Catino S C, Farris E, Concise Encyclopedia of Chemical Technology, John Wiley & Sons,
New York, 1985.
[2] Venkataraman K, The Chemistry of Synthetic Dyes, Academic Press, New York and London,
1970 (Chaptev1).
[3] Egli R, Peter A P, Freeman H S. Colour Chemistry: The Design and Synthesis of Organic

Dyes and Pigments, Elsevier, London, 1991 (Chafiter

15



[4] Marmion D M, Handbook of U.S. Colorants, third ed., Wiley, New York, 1991, p.23.

[5] Ravindranath L K, Ramadas S R, Rao S B. Polarographic behaviour of arylazo pyrazoles.
Electrochim. Acta 1983;28;601-603.

[6] Garg H G, Sharma R A. Potential antineoplastics. I. 2-Amino-4,6-dimethyl-5-arylazopyrimid-
ines and 1-thiocarbamoyl-3,5-diphenyl-4-arylazopyrazoles. J. Med. Chem 1996;12;1122-1126.

[7] Modest E J, Schlein H N, Foley G E. Antimetabolic Activity of 5-Arylazopyrimidines. J.
Pharmacol. 1957;9;60-69.

[8] Tian Y P, Duan C Y, Zhao C Y, You X Z, Mak T C W, Zhang Z. Synthesis, Crystal Structure,
and Second-Order Optical Nonlinearity of Bis(2-chlorobenzaldehydethiosemicarbazone)cadmium
Halides (CdLX,; X = Br, I). Inorg Chem 1997;36;1247-1252.

[9] Karabocek S, Guner S, Karabocek N J. Models for copper-proteins: Structure and properties of
dimeric copper(l) and (Il) complexes of a tetraamino-tetrathioether ligand. J. Inorg. Biochem
1997,66;57-61.

[10] Mahindra A M, Fisher J M, Rabinovitz. Bathocuproine sulphonate: a tissue culture-
compatible indicator of copper-mediated toxicity. Nature(London) 1983;303;64-69.

[11] Hester R E, Nour E M. Resonance Raman studies of transition metal peroxo complexes: 5—
The oxygen carrier cobalt(ll)-salen and itperoxo complexes, [(L)(salen)Co0]202; L = DMSO,

py, DMF, pyO and no L. J. Raman SPECTROSC 1981;11;49-58.

[12] Sedaghat T, Menati SSynthesis and spectroscopic characterization of new adducts of
diorganotin(IV) dichlorides with an asymmetric schiff base ligdndrg. Chem. Commun 2004;7;760-

762.

16



[13] Pereira E, Gomes L R, Low J N, Castro B3ynthesis, spectroscopic, electrochemical and
structural characterization of Cu(ll) complexes with asymmetricO¥Ncoordination spheres.
Polyhedron 2008;27;335-343.

[14] Kumar S B, Bhattacharyya S, Dutta S K, Tlekink E R T. Mononuclear manganese(lll)
complexes of a heterodonor /DS) ligand containing thiolate-type sulfur: synthesis, structure,
redox and spectroscopic properties. J. Chem. Soc. Dalton Trans 1995;2619-2625.

[15] Pereira E, Gomes L and Castro B D. Synthesis, spectroscopic and electrochemical study of
nickel-(1) and -(I) complexes with Schiff-base ligands giving a’®8l co-ordination sphere J.
Chem. Soc. Dalton Trans 1998;629-636.

[16] Asadi M, Mohammadi K, Esmaielzadeh S, Etemadi B, Fun H K. Some new Schiff base
ligands giving a NNOS coordination sphere and their nickel(ll) complexes: Synthesis,
characterization and complex formation. Polyderon 2009;28;1409-1418.

[17] Asadi M, Mohammadi K, Esmaielzadeh S, Etemadi B, Fun H K. Synthesis, characterization
and thermodynamic study of copper(ll) complexes with unsymmetric tetradentate Schiff base
ligands and X-ray structure of {methyl-RH[2-(5-chloro-2-phenolate)methylidynenitrilo]ethyl-
aminato(-1)-1-cyclopentenedithiocarboxylatecopper(ll). Inorg. Chim. Acta 2009;362;4913-4920.
[18] Bordas B, Sohar P, Matolcky G, Berencsi P. Synthesis and antifungal properties of
dithiocarboxylic acid derivatives. 1. Novel preparation of 2-alkylamino-1-cyclopentene-1-
dithiocarboxylic acids and some of their derivatives. J. Org. Chem 1972;37;1727-1730.

[19] Nag K, Jordar D S. Metal complexes of sulphur-nitrogen chelating Agents. I. 2-aminocyclo-
pentene-l-dithiocarboxylic acid complexes of Ni(ll), Pd(ll) and Pt(ll). Inorg. Chim. Acta

1975;14;133-141.

17



[20] Larrow J F, Jacobsen E N. A Practical Method for the Large-Scale Preparation of [N,N'-
Bis(3,5-di-tertbutylsalicylidene)-1,2-cyclohexanediaminato(2-)Jmanganese(lll) chloride, a Highly
Enantioselective Epoxidation Catalyst. J. Org. Chem 1994;59;1939-1942.

[21] Stoe & Cie, X-AREA, version 1.30: Program for the acquisition and analysis of data; Stoe &
Cie GmbH: Darmatadt, Germany 2005.

[22] Stoe & Cie, X-RED, version 1.28: Program for data reduction and absorption correction; Stoe
& Cie GmbH: Darmatadt, Germany 2005.

[23] Stoe & Cie, X-SHAPE, versin 2.05: program for crystal optimization for numerical
absorption coorection: Stoe & Cie GmbH: Darmatadt, Germany 2004.

[24] Sheldrick G M, SHELX97. Program for crystal structure solution. University of Gottingen,
Germany 1997.

[25] International Table For X-ray Crystallography, Vol C, Kluwer Academic Publisher,
Doordrecht, Netherlands 1995.

[26] Stoe & Cie, X-STEP32, version 1.07b: Crystallographic package; Stoe & Cie GmbH:
Darmstadt, Germany 2000.

[27] Garnovskii A D, Nivorozhkin A L, Minkin V lLigand environment and the structure of schiff
base adducts and tetracoordinated metal-chel@@srd. Chem. Rev 1993;126;1-69.

[28] Mandal S, Das G, Singh R, Bhuradwaj K. Synthesis and studies of Cu(ll)-thiolato
complexes: bioinorganic perspectives. Coord. Chem. Rev 1997;160;191-235.

[29]. Freiburg V C, Reicht W, Melchers W, Engelen B,N-Ethylenbis(1-iminomethyl-2-
naphtholato)kupfer(ll) undN,N'-Ethylenbis(1-iminomethyl-2-naphtholato) nickel(IBcta Crystallogr.,

Sect. B 1980;36;1209-1211.

18



[30] Khandar A, Shaabani B, Belaj F, Bakhtiari A. Synthesis, characterization and spectroscopic
and electrochemical studies of new axially coordinated cobalt(lll) salen (sald-=N
bis(salicylidene)-1,2-ethylenediamine) complexes. The crystal structure of

[Co" (salen)(aniline) ClO.. Polyhedron 2006;25;1893-1900.
[31] A. Garnovskii, A.L. Nivorozhkin, V.I. Minkin, Coord. Chem. Reiigand environment and

the structure of schiff base adducts and tetracoordinated metal-chelates 1993;126;1-2.

[32] Percy G C, Thorton D A. N-aryl salicylaldimine complexes: Infrared and NMR spectra of the
ligands and vibrational frequencies of their metal(ll) chelates. J. Inorg. Nucl. Chem
1972;34,3357-3363.

[33] Zzhang Y L, Ruan W J, Zhao X J, Wang H G, Zhu Z A, Synthesis and characterization of
axial coordination cobalt(lll) complexes containing chiral Salen ligands. Polyhadron
2003;22;1535-1545.

[34] Chandra S, Kumar U. Spectral and magnetic studies on manganese(ll), cobalt(ll) and
nickel(ll) complexes with Schiff bases. Spectrochim. Acta. Part A 2006;61;219-224.

[35] Blum P R, Wei R M C, Cummings S C. Square-Planar Transition Metal Complexes with
Tetradentate Thioiminato Schiff base Ligands. J. Inorg. Chem 1974;13;450-462.

[36] Martin E M, Bereman R D. Synthesis and characterization of square planar and pseudo-
tetrahedral M(I)NS,. Inorg. Chim. Acta 1991;188;221-231.

[37] Khedr AM, Gaber M, Issa RM, Erten H. Synthesis and spectral studies of 5-[3-1,2,4-
triazolyl-azo]-2,4-dihydroxybenzaldehyde (TA) and its Schiff bases with 1,3-diaminopropane
(TAAP) and 1,6-diaminohexane (TAAH). Their analytical application for spectrophotometric
microdetermination of cobalt(ll). Application in some radiochemical studies. Dyes Pigments

2005;67;117-126.

19



[38] Chen X, Zhang J, Zhang H, Jiang Z, Shi G, Li Y, et al. Preparation and nonlinear optical

studies of a novel thermal stable polymer containing azo chromophores in the side chain. Dyes

Pigments 2008;77;223-228.

[39] Bard A J, Faulkner L R, Electrochemical Methods: Fundamentals and Applications, John

Wiley, New York 1980.

20



Table 1

Crystal and structure data for the nickel complexes

7b

7d

Formula
Formula weight

Temperature /K
Wavelength /A
Crystal system
Space Group

Crystal size /mrh

alA

b /A

c/A

Volume / &

Z

Density (calc.) /g cf
0 ranges for data collection
F(000)

Absorption coefficient
Index ranges

Data collected

Unique dataR)
Parameters, restrains
Final R, wR,” (Obs. data)
Final R, wR,? (All data)
Goodness of fit onHS)

Largest diff peak and hole /e3A

CxHuNaNiOS
495,29

291(2)
0.71073
orthorhombic
Pbca
0.27 x0.11 x 0.05
22.380(5)
7.8917(16)
25.366(5)
4480.0(16)
8
1.469
1.82-25.25°.
2064
1.076
-26<h <24
-8<k<8
-30<1<26
7091
3047, (0.0863)
282

0.0429, 0.0453
0.1531, 0.0590
0.717
0.182, -0.177

CxH21CINSNiO S
515.71

291(2)
0.71073
orthorhombic
Pbca
0.42 x 0.08 x 0.03
22.674(3)
7.7860(7)
25.170(2)
4443.5(8)
8
1.542
1.80-25.50°..
2128
1.204
-27<h <26
-9<k<8
-26 <1< 30
11925
4073, (0.0878)
281
0.0509, 0.0887
0.1099, 0.1033
0.878
0.311, -0.526
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Table 2

Selected bond distance (A) and bond angles (°) for 7b and 7d complexes

7b 7d
Ni1l-N1 1.858(4) 1.870(3)
Ni1-N2 1.867(4) 1.868(4)
Ni1-01 1.879(3) 1.882(3)
Ni1-S1 2.1524(17) 2.1505(12)
N1-Nil-S1 173.12(17) 173.64(13)
N2-Ni1-01 176.3(2) 176.94(15)
N1-Ni1-O1 93.16(19) 93.26(14)
O1-Ni1-S1 82.22(14) 82.30(9)
S1-Nil-N2 97.9(2) 97.82(13)
N2-Ni1-N1 87.0(2) 86.86(17)

Figure Captions:

Fig. 1. Graphical representations of 7b complex with the adopted numbering scheme.

Fig. 2. Graphical representations of 7d complex with the adopted numbering scheme

Fig. 3. Stereoview of the unit cell of 7b complex

Fig. 4. Stereoview of the unit cell of 7d complex

Fig. 5. UV-Vis absorption spectra of the ligands (6a-e)

Fig. 6. UV-Vis absorption spectra of the complexes (7a-e)

Fig.7. Cyclic voltammetric responses of unmodified carbon paste elctrode (a) and 1-CPE (b) at scan rate
50mvs™,

Fig.8. Cyclic voltammograms of Ni-CPE at various scan rates: 10, 25,50,75,100,150, 200,300,400,500,600

and 700 mV3 , respectively. (B) the variation of anodic and cathodic peak currents vs. potential scan rate.
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Figure 4
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Scheme 1. General syntheses of azo-containing Schiff bases (6a-e)
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Scheme 2. Syntheses of (7a-e) complexes.
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