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ABSTRACT

Two new Schiff base ligands (L1, L2) derived from 2-pyridinecarboxaldehyde, benzaldehyde and 5-amino-1,3,4-
thiadiazol-2-thiol have been synthesized. These ligands were treated with Cu (I1) and Co (I1) chloride with a metal :
ligand ratio of 1:1 to afford the four new complexes [CuL1(H,0),]Cl,, [CoL1Cl,], [CuL2(H,0),]Cl, and
[CoL2(H,0),] Cl,.These ligands and complexes have been characterized by IR, UV-visible absorption, molar
conductance, magnetic measurements and atomic absorption . The data shows that the ligands are coordinate to
metal atom by nitrogen to form sguare planer or tetrahedral complexes with Cu (I1) and Co (I1). The thermal
properties were studied by TGA and DTG to discover the thermal stability of the complexes. The thermal behaviours
of all the metal complexes were studied from room temperature to 700 °C in nitrogen atmosphere. The TGA and
DTG studies of complexes expose that the decomposition continuesin three steps.
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INTRODUCTION

Schiff bases are first known by Hugo Schiff [1]@n1864 and they are produced by condensationpoin@ary
amine with carbonyl compounds [2]. The azomethimeig is common structural feature of these compsuvith a
general formula RHC=N-R1, where R and R1 are alayl, or heterocyclic groups which might be vasiu
substituted [3, 4]. These compounds are also signif class of ligands in coordination chemistry; [Bchiff base
ligands have been used to synthesis a large nuohitee metal complexes with different electroniwistures [6]. In
recent years, metal complexes of Schiff bases e presented to exhibit a broad range of bickdgnd
pharmaceutical activities, counting antibacterailtioxidative and antitumor activities [7]. The mletomplexes of
Schiff bases resulted from 4- hydroxy salicylalddgdyand amines have strong anticancer activities. Sdhiff base
Ligand, Tetradentate 48, achieved by the condensation of thiophene-2- madehyde and 1,8-
diaminonaphthalene, has been used to synthesinenplex of the type, [Cul] (N€), [6]. A series of new 2,5-
disubstituted-1,3,4-thiadiazole hitched 1,2,4-wlez 1,3,4-thiadiazole, 1,3,4-oxadiazole and Sdbéffe derivatives
were manufactured. All these compounds were segzhrfar their antibacterial, antifungal and antigfeshtive
activity [8]. The thermal behaviours of metal comys of Schiff bases were explored [9, 10]. Thentlaé analysis
techniques, such as (DTG, TGA, and DTA) show aigamt role in studying the thermal behaviour athe
structure of metal complexes [11]. In the preseotkyw we report the synthesis and structural studieshe
complexes isolated from the reactions of copperafid cobalt (11) chloride with (L1), (L2).
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MATERIALSAND METHODS

Physical measurements

FT-IR spectra were obtained on a Shimadzu FT-IRB&iectrometer at College of Education Pure Sciefioe
UV-Vis spectra were recorded in the range (200-#@@)on aPG Instruments Ltépectrophotometer, in freshly
prepared 18 M solutions in DMF at room temperature using quagll (1.000) cm. The molar conductivity of the
complexes was measured at a concentration of 1:D%.0n DMF at room temperature using Hl 2315 Digital
conductivity meter. Measurements of the magnetaraptibility were comprehended at room temperalbyrehe
Guoy method using Hg [Co(NCS)4] as calibrant. Tialar ratio of metals - ligands was determined topméc
absorption apparatus (A Analyst 200 Atomic AbsamptSpectrometer). The thermal experiments wereopeed
from room temperaturéd 700°C in N, atmosphere at a heating rate of °@ min'using ALO; crucibles. A
concurrent TGA and DTG have been achieved by a hit@dA Q50V20.13 Build 39 thermal analyser at CoHeaf
Science.

Synthesis of 5-amino-1, 3, 4-thiadiazole-2-thiol

To thiosemicarbazide (4.5 gm, 49.37 mmol) suspeirinletdhanol (20 ml) were added anhydrous sodiurharsate
(5.23 gm, 49.37 mmol) and carbon disulphide (34837 mmol). The reaction mixture was heated wiitnirsg
under reflux forl hr, and then heated on steam Bathl hrs. The solvent was removed and the residas
dissolved in ice-water and acidified with concetgdahydrochloric acid. The product was recrystatliZzirom
ethanolto give yellow precipitate, m.p.23€.

Synthesis of the Schiff base (L 1)

5-amino-1,3,4-thiadiazol-2-thiol (0.5 gm, 3.75 miniml 20 ml hot ethanolic solution was added dropewinto a
solution of 2-pyridinecarboxaldehyde (0.35 ml, 3mifol), the mixture refluxed for 5 hours. The réisigl deep
orange colored precipitate was filtered and washitkd ethanol followed by petroleum ether, then dret room
temperature, the purity of L1was tested by TLC.

Synthesis of the Schiff base (L 2)

5-amino-1,3,4-thiadiazol-2-thiol (0.5 gm, 3.75 minisl 20 ml hot ethanolic solution was added dropewinto a
solution of benzaldehyde (0.38 ml, 3.75 mmol), thixture refluxed for 5 hours. After cooling the &red
precipitate was filtered and recrystallized frorhaetol. The resulting solid washed with petroleutregtthen dried
to obtain yellow precipitate, the purity of L2 wasted by TLC.

Synthesisof Cu (1) and Co (I1) complexes of Schiff base (L1)

The preparation of the complexes were performedduling a hot solution of each of (0.16 g, 0.951 henoopper
chloride CuC}.2H,0O and (0.23g, 0.951 mmole) cobalt chloride GA&ELO in absolute ethanol (5 ml) to (0.20g,
0.951 mmole) of L1 in absolute ethanol (10 ml). Thetures were refluxed with stirring for four haurthe
resulting precipitates were filtered and washedhwiethyl ether and recrystallized from hot ethaaod it was then
dried at room temperature. Table (1) shows theiphlyproperties of the ligand and metal complexes.

Synthesisof Cu (1) and Co (I1) complexes of Schiff base (L2)

These complexes were prepared by adding a hoti@olaf each of (0.16 g, 0.955 mmole) copper chierid
CuCh.2H,0 and (0.23g, 0.955 mmole) cobalt chloride GA&H,O in absolute ethanol (5 ml) to (0.20g, 0.955
mmole) of L2 in absolute ethanol (10 ml). The migt were refluxed with stirring for four hours, tresulting
precipitates were filtered and washed with die#tiller and recrystallized from hot ethanol, andaswhen dried at
room temperature. Table (1) shows the physicalgntas of the ligand and metal complexes.

Yo Mo

Figure (1):Chemical structure of the prepared Schiff base ligands
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Table 1: Physical propertiesof the (L1, L2) ligandsand their metal complexes

Symbols Formula Color M.P°C | Yield %
L1 CHeN4S, Deep orange 192-194 85
Cull CuGH¢N,S; | Dark green 284-286 65
ColLl CoGH¢N4S; | Reddish brown| 335-337 74
L2 CsH/N3S, yellow 173-175 78
Cul2 CuGH;NsS; | Green 272-274 73
Co L2 CoGH;NsS; | Dark brown 341-343 79

RESULTSAND DISCUSSION

The synthesized ligands and their complexes werarackerized based on IR, UV-Vis spectraagnetic

susceptibility and conductivity measurements aednttal studies.

Infrared spectra

The FT-IR spectra of the Schiff base ligands L1an2 their complexes are given in Table 2 and &gyR-7). The
azomethine vibration of the ligand (L1) at 1606 cwas shifted to a higher frequencies in the congdgulL1 and
ColL1) because of back bonding and decreasing theaplproperty after complexation [12, 13] .The most
signification differences in the IR spectra of tigand (L2) and their complexes (CuL2 and ColL2) wrees shift of

C=N stretching frequencies to lower frequenciestdumetal-ligand coordination [14, 15].

Table2: Characteristic IR bands (cm™) of theligands (L 1) and (L 2) and their complexes

vC-H vC-H
C=N c=C C-N
Symbols | Formula 'grlﬁ? AC:T?T str.em? | str.em? | str.em?
L1 C;HsNLS; 2920m | 3089m | 1606s 1533m | 1367m

Cull CuGHeNsS, | 2929w | 3032w | 1687s | 1560m | 1369m
Coll CoGHeNsS, | 3026w | 3099w | 1647m | 1481m | 1319m

L2 CgHsN3zS, 2895w | 3072w | 1687s | 1556m | 1327m
Cul2 CuGH;NsS, | 2987w | 3001w | 1606s | 1523m | 1356m
CoL2 CoGH/N3S; | 2924m | 3095m | 1606s | 1564m | 1363m
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Figure (2): I.R Spectrum of theligand (L 1)
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Figure (3): I.R Spectrum of the complex (CuL 1)
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Figure (4): I.R Spectrum of the complex (CoL 1)
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Figure (5): |.R Spectrum of theligand (L2)
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Figure (6): I.R Spectrum of the complex (CuL 2)
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Figure (7): 1.R Spectrum of the complex (CoL 2)

Electronic Spectra

The electronic spectral data for the ligands aradr tbomplexes are presented in Table 3 and fig(8ek3).The
aromatic band of the ligand L1 at 242 nm is attebluto pyridine ring r~ * transition, while the band at 312 nm
is ascribed to the m* transition of the non-bonding electrons presantte nitrogen of the azomethine group in the
Schiff base [16, 17]. The ligand L2 showed arombtad at 226 nm is attributed to benzene ring* transition,
while the band at 343 nm is ascribed to the*rtransition of the non-bonding electrons presamtlee nitrogen of
the azomethine group in the Schiff base [16, 1@t.ML1 complexes, the spectra of the complexeswslathat the
azomethine chromophore #t—transitions shifted to 322 and 330 nm for CuLHd &wolL1complexes. The [CuL1]
complex showed a broad band with maximum at 412inento metal to ligand charge transfer [18, 19F T®oL1]
complex displayed band at 420 nm due to metalganti charge transfer. On the other hand, the spettthe
complexes of ML2 showed that the azomethine chrdrompn-x* transitions shifted to 365 and 354 nm for CuL1l
and ColL1 complexes. Similarly, the [CuL1] compldrowed a broad band with maximum at 421 nm due t@ime
to ligand charge transfer. The [CoL1] complex exggb®and at 416 nm due to metal to ligand chargesfea
(MLCT) transirions [18, 19].

Table 3: U.V-Visble spectra of theligands (L 1) and (L 2) and their complexesin DMF

AMax nm
Symbols Formula Band| | Band 1l | Bandlll Solvent
L1 C;HsN4S, 242 312 - Dimethyl formamide
Cull CUGHeN4S, 240 322 412 Dimethyl formamide
ColLl CoGHeN,S; 254 330 420 Dimethyl formamide
L2 CgH/N3S, 226 343 - Dimethyl formamide
Cu L2 CuGH:NsS; 241 365 421 Dimethyl formamide
ColL2 CoGH7NsS, 242 354 416 Dimethyl formamide
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Fig. 12: Uv-visible spectrum of complex (CuL 2) Fig. 13: Uv-visible spectrum of complex (CoL 2)

M agnetic Susceptibility and Molar Conductivity Analysis

The magnetic susceptibilities and molar condudgsitare listed in Tables 4. The magnetic momesit of the
ligand complexes was measured by Faraday methddaf2@om temperature. Theeff values for the complexes
CuLl1 and ColL1 were 1.663 and 1.721 BM respectiuatycating these complexes are square planar gepijizdt,
22]. While the magnetic moment values for the cames CuL2 and ColL2 were 1.862 and 2.731 BM respaygti
indicating these complexes are tetrahedral [23284, The molar conductivities of the complexes evaereasured
using Johns and Brad Method [26, 27] at room teatpee (1x1G M) in DMF. The molar conductance values of
the complexes were high indicating their electiolyature (Table 4).

91



Zainab A. Mohammed Salih et al Der Pharma Chemica, 2016,8 (20):85-96

Table 4: Magnetic measurements and molar conductance data of the complexes

Mass magnetic M olar_ Correc. | Atomic magnetic Effactl\(e M ola_r .
Symbol of Formula o magnetic ) P magnetic conductivity
susceptiblity - factor susceptiblity 1 2
complexes of complexes Xq.10° susceptiblity D.10° X, 10 moment Q* cm
9 Xm.10° : A peff (B.M.) mol™:
CulLl [CuL1(H,O),]Cl, 1.547 891.01 269- 1160.01 1.663 120
Col1 [CoL1Cl) 1.811 913.13 327- 1240.12 1.721 31
CulL2 [CuL2(H,0),]Cl, 1.146 622.1 273.5- 895.6 1.862 91
Col2 [CoL2(H:0),]ICl, 5.301 2853.15 274.5- 3127.15 2.731 73

Atomic absor ption
The molar ratio of the metals in the complexes (CuUColL1, CuL2 and ColL2) was calculated by (Rasésnghor

Method) [28] indicating that practical data werggimod agreement with the suggested general forofudamplexes
with 1:1 molar ratio (metal : ligand).

Table5: Atomic absor ption data of the complexes

Concentration Metal %

Complex M.wt fr(zg;)ﬁl;xs calculated | found M:L ratio
[CuL1(H0),ICl, | 380.75 0.026 12.02 11.9 1:1
[CoL1CL)] 340.11 0.028 11.69 11.57 1:1
[CuL2(H0),ICl, | 379.76 0.051 9.28 9.14 1:1
[CoL2(H0),ICl, | 375.15 0.035 10.54 10.31 1:1

Thermal analysis of the complexes

In order to give more acumen into the structuréhefcomplexes, the thermal behaviour of the prepeoenplexes
has been studied to establish different decomposiprocess and to approve the suggested stoichipmigtie
thermal behaviour of synthesised complexes wasactenized on the basis of TGA and DTG method. Thérm
analysis shows a significant role in studying ttebgity, melting point, structure and decompositioroperties of
the metal complexes. TGA of complexes were recordethe temperature range between 25 to 700n N,
atmosphere.

[CuL 1(H,0),]Cl, complex

TGA and DTG curves of the [CuL1{B),]Cl, complex were represented, and the thermal decotiposakes
place in three stages. In the first stage of thexdeaydration of the complex takes place in a srggkp that is
between 120-228C with mass loss 8.95% (calculated 9.1%). The taardinated water molecules were removed
in this step, and the maximum rate of mass lossated by DTG peak at 134.76 and 171.28C [29]. The second
stage which accounts in the temperature range 28063 with DTG peak observed at 315.%41, and the observed
mass loss was recorded as 9.6% (calculated 9.8¥gsponded to the elimination of Cl atom of HQ)[31]. The
final stage, which correspond to removal of Cl ataith a part of ligand L1 of CHN3sS,Cl [32, 33] in the
temperature range 378-760 with the DTG peak observed at 502°89 and the observed mass loss was recorded
as 39.3% (calculated 41.34%) (Figurel4).
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Figure 14: TGA and DTG curves of [CuL 1(H,0)]Cl, complex

[CoL 1Cl,] complex

The [CoL1C}] complexshowed almost the same two stage decompositioregsdche first stage occurred in the
temperature range 162-370, with a mass loss 0f18.2% (calcd. 18.8%) duén¢oremoval of 2 Cl atoms, and the
maximum rate of mass loss was indicated by DTG medl67.36 and 323.1%. In the next stage, ligand L1 was
decomposition in the temperature range 370°T@&ith the DTG peak observed at 398°C4(Figure 15).
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Figure 15: TGA and DTG curves of [CoL 1Cl,] complex

[CuL 2 (H,0),]Cl, complex

The thermal analysis of this complex was represkint¢hree stages. In the first stage of thermalydeation of the
complex takes place in the temperature range 102°20with mass loss 9.23% (calculated 9.1%). The two
coordinated water molecules were removed in tleip,sind the maximum rate of mass loss indicatedB$ peak
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at 126.15°C [29]. The second stage occurred in the temperatamge 200-36C with DTG peak observed at
205.07C and the observed mass loss was recorded asl18&®%uléted 19.8%)this range correspond to the
decomposition of 2Cl atoms of 2HCI [30, 31]. In thé&d stage, ligand L2 was decomposition in terapge range

of 360700 °C with the DTG peak observed at 613@8and the observed mass loss was recorded as 37.3%
(calculated 39.34%) (Figurel6).
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Figure 16: TGA and DTG curvesof [CuL 2 (H;0),]Cl, complex

[CoL 2(H,0),]Cl, complex

The thermal behaviour of this complex has beenistiuith three stages. In the first stage occurratientemperature
range 100-216C with mass loss 9.31% (calculated 9.23%). Thedwardinated water molecules were removed in
this step, and the maximum rate of mass loss ireticay DTG peak at 195.4& [29]. The second stage occurred
in the temperature range 210-38Dwith mass loss 8.89 % (calculated 9.02 %), ardXRG peak was observed at
337.48 °C, this range correspond to the decomposition ofa@m of HCI [30, 31]. The third stage was
decomposition of ligand L2 in temperature rang8&8-700°C with mass loss 41.3% (calculated 42.34%) inditate
to loss CHN3S,CI [32, 33] with the DTG peak was observed at 589C (Figure 17).
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Figure 17: TGA and DTG curves of [CoL 2(H,0),]Cl, complex

Based on the above analytical, spectral and maguetia together with the thermal decomposition iegjdthe
structural formulas are proposed.
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Figure 18: The expected structures of the synthesis complexes
CONCLUSION

In this paper reported the preparation and chaiaat®n of a new bidentate Schiff bases naméty:N-(1,2.4,3,4-
dithiadiazol-5-yl)-1-(pyridin-2-yl) methanimine ()Jand E)-N-(1,224,3,4-dithiadiazol-5-yl)-1-phenyl methanimine
(L2) and their complexes. All the complexes areaodd, stable in air and insoluble in water and mom solvents
but soluble in polar solvent like DMF and DMSO. Témealytical data obtained suggested 1:1(M: L) sioimetry
for all complexes. The prepared complexes havetrelgtic nature. Based on the above observation§ TR,
electronic spectral data, magnetic, conductancesuanements, thermal behaviours and high melting tpoin
proposed the square planar structure for CuLl asidl@omplexes and tetrahedral structure for CulL@ @ol2
complexes.
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