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Abstract

In this work ,The ligand 2-(5-mercapto-1,3,4-thiadiazol-2-yl)isoindoline
-1,3-dione (L) has been synthesized by the reaction of 5-amino -1,3,4-thiadiazole -2-
thiol with phthalic anhydride by using fusion method . The metal complexes of the
ligand were prepared with metals chlorides of Co(ll) , Ni(ll) , Cu(ll) , Zn(ll) and
Cd(ll) in ethanol as solvent . The ligand (L) and its metal complexes have been
characterized by elemental analysis (CHN), IR, *H-NMR and UV- Vis. spectra ,
magnetic susceptibility measurements , molar conductivity , melting points and
atomic absorption . The metal-ligand ratio was determined by mole ratio method .The
suggested structures for the Co(ll) , Ni(ll) and Cu(ll) complexes are octahedral
geometry and for the Zn(Il) and Cd(ll) complex are tetrahedral geometry .

Keyword : 1,3,4-thiadiazol , complexes of 1,3,4-thiadiazol

Introduction
Thiadiazoles are five membered heterocyclic compound , contain two nitrogen
atoms and one sulfur atom as hetero atoms. ? They are four isomeric forms : 1,2,3-

thiadiazole (1); 1,3,4-thiadiazole (I); 1,2,4-thiadiazole (1l) and1,2,5-thiadiazole (IV)
(34
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The studies of the 1,3,4-Thiadiazole isomer are more than all the other
isomers combined®. Several derivatives of 1,3,4-thiadiazoles have been found
biologically active such as anti-inflammatory anti-cancer , antibacterial , anti-fungal ,
antiviral , anti-convulsant ©, carbonic anhydrase inhibitor . These biologically
active of 1,3,4-thiadiazole due to the presence of (=N-C-S ) moiety @Y. One of
applications of the 1,3,4-thiadiazole in coordination chemistry used as ligand to
prepare different complexes , most of these complexes has pharmacological activity
(12.13) phthalimides are organic compounds as starting materials and intermediates for
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the synthesis of many types of alkaloids .Some derivatives of Phthalimides
were used in industrial fields such as drugs synthesis because they have broad
spectrum of biological applications such as anti-bacterial agents , anti-inflammatory,
anti-fungal agents and plant growth (419,

Experimental
Materials And Methods

All chemicals were Supplied from Al-Drich , Fluka and BDH The UV- Vis.
spectra have been recorded in the range of (200-1000) nm using (ShimadzuU.V-
165PCS spectrophotometer).Infrared spectra have been recorded in the range (400-
4000cm™) using KBr disk for the ligand and its complexes using (Shimadzu FT-IR
8400S spectrophotometer).

The *H-NMR spectra was recorded on Bruker model Ultrashild 300 MHz
NMR at Al-Albyt University of Jordon. DMSO-d® was used as solvent and TMS as
internal reference . Elemental analysis were recorded on instrument type EA-99.mth .
The metal content was determined by using Shimadzu corporation model AA-6300
atomic absorption . Molar conductivity measurements were obtained by using
electrolytic conductivity measuring set model Cond 3110 SET1 in DMF solvent in
concentration (10M) at 25°C . Magnetic susceptibility measurements were obtained
at room temperature applying method using Balance Magnetic Susceptibility Model
MSB-MKI.

Synthesis of The Ligand 2-(5-Mercapto-1,3,4-Thiadiazol-2-yl)Isoindoline-1,3-dione
(L)

Compound 5-Amino-2-thio-1,3,4-thiadiazole (0.02mole , 2.66 gm) was mixed
with phthalic anhydride (0.02mole , 2.96 gm) in open pyrex tube , heated over oil
bath at (170-180 °C) , fusion was completed after (1hr) , the mixture was cooled and

the precipitate was recrystallized from ethanol and afforded ligand (L) as dark yellow
crystals (yield 84% , m.p : 240-242 °C ) , (Scheme 1) 7,

Synthesis of the Co(ll), Ni(Il) and Cu(ll) Complexes

The ligand (L) (0.002mol , 0.53 gm) was dissolved in 20 ml ethanol in a 100
ml round-bottom flask. A solution of (0.001mol , 0.24gm , 0.24gm, 0.17gm ) of the
hydrated metal chloride Co(ll) , Ni(ll) and Cu(ll), respectively in 20 ml ethanol was
added dropwise , with continuous stirring at room temperature. Reflux for 2hr. , with
added a few drops of ammonia (10%) to form precipitate except complex of Cu(ll) .
The resulting precipitates were filtered off, washed with ethanol , dried and
recrystallized from ethanol .

Synthesis of Zn (I1) and Cd(Il) Complexes
The ligand (L) (0.001mol , 0.26gm) was dissolved in 20 ml ethanol in a 100
ml round-bottom flask. A solution of (0.001mol , 0.22gm , 0.27gm ) of the hydrated
metal chloride, Zn(ll) and Cd(Il) respectivitly in 20 ml ethanol was added dropwise
with continuous stirring at room temperature. Reflux for 2hr. , the resulting
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precipitates were filtered off, washed with ethanol , dried and recrystallized from
ethanol and dried. Preparation of Zn(Il) complex was required addition a few drops
of ammonia (10%) to form precipitate .
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phthalicanhydride  5-amino-1,3,4-thiadiazole-2-thiol 2-(5-Mercapto-[1,3,4]thiadiazol-2-yl)

-isoindole-1,3-dione (L)

Scheme( 1). Synthesis of the ligand 2-(5-mercapto-1,3,4-thiadiazol-2-yl)
isoindoline-1,3-dione (L)

Results and Discussion

A new ligand 2-(5-mercapto-1,3,4-thiadiazol-2-yl)isoindoline-1,3-dione (L)
was synthesized from the reaction 5-amino-1,3,4-thiadiazole -2- thiol with phthalic
anhydride by using fusion method . The metal complexes of the ligand were prepared
with metals chlorides of Co(ll) , Ni(ll) , Cu(ll) , Zn(ll) and Cd(ll) in ethanol as
solvent . The ligand and its complexes are soluble in polar organic solvents, such as
DMSO and DMF. The physical properties and elemental analysis are shown in
Table(1). The molar ratio method was followed to determined the metal to ligand ratio
. This method showed that the metal to ligand ratio is (1:2) in case Co(ll) , Ni(Il) and
Cu(ll) complexes and (1:1) in case Zn(Il) and Cd(ll) complexes .

The Infra-red Spectra

The spectrum of the free ligand (L), Figure (2) , showed two bands at (1782,
1735) cm™* assigned for v(C=0) of the carbonyl group. The bands at (3193), (1604)
and (2661)cm™ were assigned to v(N-H), v(C=N) and v(S—H) stretches respectively.
Also the spectrum shows bands at (1357) , (1226) , (1064) , (1542, 1465, 1434) and
(3031)cm™* attributed to the v(C=S), v(C-N) , b(N -N) , V(C=Caromatic) and v(C-H
aromatic) Stretches respectively®&2h),

The carbonyl group in the free ligand was shifted to lower wave number after
complexation in the range (1689-1720) cm™for Co(ll) , Ni(ll) and Cu(ll) complexes
respectively ?22% while in complexes of Zn(ll) and Cd(ll)’ , the carbonyl group was
splitted and shifted into two bands in the range(1650- 1789) cm™ . The wave number
of azomethine group of thiadiazole ring was shifted to lower and higher wave number
after complexation in complexes of Zn(ll) and Cd(ll) . This band exhibited at the
range (1596-1643cm™) for these complexes ?4?) . The broad bands observed for
complexes Co(ll) , Ni(Il) , Cu(ll) , Zn(Il) and Cd(ll) in the region (3317-3417)cm™
are due to the v(O-H) stretching of water molecules and ethanol molecules 2527,

The new bands at (571 ,590 ,552 ,550,591)cm™ are due to the v(M-O) for
Co(Il) , Ni(ll) , Cu(ll) , Zn(11) and Cd(1l) complexes respectively and bands at (493 ,
462 ) are due to v(M-N) for Zn(11) and Cd(Il) complexes respectively (2829,

The shifted of the wave number of carbonyl and azomethine groups of free
ligand after formation complexes and the appearance a new bands in the complexes
spectral are evidence on coordination between the ligand and metals ions .
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'H-NMR spectra of The Ligand(L)

The *H-NMR spectrum of the ligand , Figure (1) , this spectrum was showed
many signals at 6.7-6.9ppm due to aromatic protons . The proton of thiol group
exhibited signal at 11.12ppm , respectively 2530,

Molar Conductivity Measurements

The molar conductance values of the synthesized complexes were measured in
DMF solvent and concentration 10°M . The spectral data of molar conductance are
shown in table (3) and in the range (10.1-86.20hm™ . cm? . mole™ ). These results
inducted to the complexes of Co(ll) and Ni(ll)are ionic in (1:1) ratio, while the
complexes of Cu (1), Zn(11) and Cd(Il) are non - ionic ©1:32),

3.4 - Electronic Spectra and Magnetic Susceptibility Measurements

The electronic spectra data and magnetic moments of the ligand and its
complexes have been shown in table (3) .

The absorption spectra for of L in absolute ethanol , figure(8) gives three band
at 203, 227 which these peaks due to m-n* transition and 322 nm which can be
attributed to and n-n* transitions 619,

The electronic spectra of Co(ll) complex , Figure(9) showed four peaks at
(351, 701, 752 and 771nm) , the first peak attributed to charge transfer and last three
peaks attributed to d-d transitions , “Tig —*T1g (P) , “Tig —*Axg (F) and *Tig
—T,g(F) respectively. The magnetic moment of Co(ll) complex is (5.02B.M) , these
measurements suggested octahedral geometry around Co(1l) ion ¢,

The electronic spectra of Ni(ll) complex , Figure(10) showed peaks at ( 391,
607 and 672 nm) , attributed to 2A.g —3T1g (P) , *A2g —3T1g(F) and 3Axg —3T.g(F)
respectively. The magnetic moment of Ni(ll) complex is(3.13B.M). These
measurements suggested octahedral geometry around Ni(ll) ion ©4).

The electronic spectra of Cu(ll) complex , Figure(11) exhibited two peaks at
(361and 731nm) , the first peak may be due to charge transfer . The other peak may
be assigned to 2Eg —2T>g transition . The magnetic moment of Cu(ll) complex was
found (1.2 B.M). The electronic spectra and magnetic moment of Cu(ll) complex are
inductive to octahedral geometry around Cu(ll) ion ©9),

The complexes of Zn(ll) and Cd(ll) , Figure(12) and (13) have been found
diamagnetic . The molar ratio , molar conductance , magnetic measurements ,
elemental analysis and atomic absorption which suggest tetrahedral geometry(?22),

Conclusion

Corresponding to the results , the ligand (L) behaves as bidentate ligand and
coordinates with metals ions through carbonyl oxygen atom in the complexes of
Co(ll) , Ni(Il) and Cu(ll) and the azomethine nitrogen in the complexes of Zn(ll) and
Cd(In). Basis on the elemental analysis , Infrared and electronic spectra , magnetic
susceptibility measurements , flame atomic absorption spectroscopy and molar
conductivity which suggest octahedral for Co(ll) , Ni(Il) and Cu(ll) complexes and
tetrahedral geometry to Zn(I1) and Cd(ll) complexes (Figure 14) .
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Table(1): Elemental analysis and some physical properties of the ligand
and its complexes

Found (Calc.)%
M.P | Yield | Molecular
No Compounds Color ©) | % Formula
c H N M
Dark- | 240-
! L Yellow | 242 | 84 | CobsNsOS2 | g 6oy | (1.01y | (15.96) | -
36.87 | 2.00 | 13.78
2 | [CoLyaro)ciCl | DK | 2821 gy | CotlieOsSe | 35 ) (573';?1)
(1 a9 | (1246 | @
. 258- CaoHiNsOsSs | 37.32 | 1.83 | 1343 | 8.18
8 | INi(L)(H0)CIICI | Green | gy | 74 CLNi | (35.61) | (1.29) | (12.47) | (8.71)
4 | [cuLyecr Pale | 275- | | CoHuNeOsSs | 37.97 | 176 | 1342 | 7.78
C2H:OH green | 277 cheu | (37.37) | 2.28) | (11.88) | (8.99)
5 | [zZn(L)CL]. H0 YZf‘I'fW o3| e | CobOS: e
28.76) | (1.69) | (10.06) | 1>
. 298- C10H7N303S,2 | 26.72 1.86 11.67 | 23.41
6 | [CALCELHO ) White | 5, | 82 ched | (25.85) | (152) | (9.04) | 24.19
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Table (2): The important infrared spectral bands for the synthesized
complexes and ligand

ISSN 1997-2490

No Compounds v(C=0) | v(C=N) | (S-H) | v(N-H) | v(O-H) | v(M-0) v(M-N)
1782
1 ] 1T | 1604 | 2661 | 3193 | - .
2 | [Corkorciicl | 1102 | 1604 | 2663 | 3192 | 3402 o7
3 | NLaocnel | 1712|1610 | 2660 | 3188 | 3332 590
4 | 1cuwxcnl. corsor | 120 | 1608 | 2659 | 3204 | 3409 352
1789
1735 | 1596 550
5 | [Zn(L)CL]. HO 1155 | 1200 | 2653 | 3193 | 3417 2o
1689
1789
1735 | 1602 591
6 | [CALICLLHO Tos 902 | 2669 | 3201 | 3317 e
1650
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Table (3): Electronic spectra , magnetic moments and Molar conductivity

of the complexes

ISSN 1997-2490

off Conductivity
No compounds A(nm) Transitions (E M) ohm*.cm®>mole” | Geometry
. 1
203, 227 n-*
! L 322 n-m*
351
701 Charge transfer “T;g —*T1g (P) “T1g
2 | [Co(L)(H0)CI]CI 750 “Aug (F) “Tag —*T,0(F) 5.02 86.2 octahedral
771
332
. 391 Charge transfer 3A,g (F) —*T1g(P)
3 | [Ni(L)(HO)CI]CI 607 0y (F)—Tig(F) *Agg (F) —>T0(F) 3.13 58.5 octahedral
672
[Cu(L):Cl,]. 361 Charge transfer
4 C.HOH 731 SEgST,g 1.2 28.2 octahedral
5 | [Zn(L)CI;]. H,O 348 Charge transfer Dia. 10.1 Tetrahedral
6 | [Cd(L)CI;].HO 286 Charge transfer Dia 255 Tetrahedral
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Figure(2): The FTIR spectra of the ligand (L)
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Figure(3): The FTIR spectra of the complex [Co(L)2(H20)CI]CI
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Figure(4): The FTIR spectra of the complex [Ni(L)2(H20)CI]CI
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Figure(6): The FTIR spectra of the complex[Zn(L)ClI.]. H20
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Figure(7): The FTIR spectra of the complex [Cd (L) Cl2].H20
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Figure(8): Electronic Figure(9): Electronic spectrum of
spectrum of the free ligand complex [Co(L)2(H20)CI]CI
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Figure(1): Electronic spectrum of
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Figure(12): Electronic
spectrum of complex
[Zn(L)CI2]. H20

Figure(13): Electronic spectrum of
complex[Cd(L)CI2].H-O
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Figure(14):The proposed chemical structure formula of the complexes
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