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Abstract
Three new ligands have been prepared in this work, which were
chosen to synthesis a new set of transition metal complexes[Cu (I1), Ni (11),
Hg (I1), Cd (I1) and Co (I1)].

L I=(2-[5-phenyl-2-methylthio-1,3,4-oxadi zol €] -5-phenyl-1,3,4-
oxadiazole), LI1=2-(O-chloro benzylidine) hydrazine benzothiazole and
L111=2-(p-hydroxy benzylidine) hydrazine benzothiazole were prepared by
Schiff reaction between 2-mercaptobenzothiazol e and 2-chlorobenza dehyde

and p-hydroxy benzaldehyde.

The new ligands were characterized by the Infra-red spectroscopy and
melting points.

The metal complexes, were prepared and isolated in pure solid state,
and found to be stable toward light, heat and moisture. These new
complexes were characterized via FT.IR , UV-Vis Spectroscopy, magnetic
and conductivity measurements. In addition the metal contain were
determind by atomic absorption measurement.

According to the result of the above measurements, the following
formula were suggested by atomic absorption measurement.

L1 complexes:

[Cu (L1), Cl;]. H,O which was of Oh geometry

[Ni (L1)2 (H20),] (NO3),. H,Owhich was of Oh shape
[Hg (L), Cl5]. C;HsOH which was of Oh geometry
[Co (L1), Cl;]. 2C,HsOH which was of Oh geometry
[Cd (L1);] (NOs),. H,O which was of Th geometry




LIl complexes:

[Cu (LIT); Cly].2 H,0O which was of Oh geometry
[Ni (LI1)2 (NOs),]. 2H,Owhich was of Oh shape
[Co (L), (EtOH),] Cl3 which was of Oh geometry
[Cd LIl (NOs),. HO which was of Td geometry

LIl complexes:

[Cu (LI1I), (H2O),] Cl, which was of Oh geometry

[Ni (L111), (H2O),]. (NOs), H,O which was of Oh shape
[Co (LIII), CL,]. 2H,0 which was of Oh geometry

[Cd LI (HyO),]. (NOs),. H20 which was of Td geometry

Different bonding and structural behavior were revealed through the
study of the coordination chemistry of the metal complexes of the new
ligands.

The nature of bonding between the metal ion and the donor atoms of
the ligands were demonstrated through the calculaion of Racah parameter
and the other ligand field parameters, which were calculated by using the
suitable Tanabe-Sugano diagrams.




Symbols and Abbreviations

FT-IR Fourier transform Infrared
Uv-vis Ultraviole-Visible
DMSO Dimethyl Sulfoxide
ETOH Ethanol

Oh Octahedral

Th Tetrahedral

B.M Bohr magneton

v Stretching

nm Nanometer

A Wave length

m.p Melting point

B Racah parameter

P Nephelauxetic factor

ph Phenyl

ph C-N Phenyl Carbon-Nitrogen
dec. decomposition




References

1- J.E Brady and G.E Humiston "General chemistryngiple and structuré
4th Ed. John Wily and Sons Inc. (1986).

2- H.A.O. Hill, J.M. patt , and J.P. Williams, chentitB5, 156 (1969).

3- R.G. pearson, J. Am. Soc 85, 3533, (1963).

4- C.X. Zhang and S.J. Lippard , Current Opinion ierafical Biology, 7, 481-
489 ,(2003).

5- F. Basola and R.G pearson” Mechanism of InorgaeecRon ". p.12.
(1964).

6- a) G.R. Burubaker , D.W.Johason, Coord chem. R&v14% (1984).
b) R.D.Hancock , prog . chem. ,36 , 187 (1989).

7- C. Ainsworth , J.Am. chem.Soc. , 87, 5800 (1965).

8- S.Cir, H.Singh and L.D. Yadva , Agric . Bio. Ched0, 17 (1976). [C.A. ,84,
121736 (1976)].

9- V.J. Ran and H. N. Fanday , J. Indian chem. Sbt, 634 (1974).

10-1. Angelini andF. Sparco, Brit . patent, 1, 161, 801 (1969); [C. A. 71, 11293 g
(1969)].

11-H. Najer, R. Cindicelli and J. menin, Bull. Soceah France, 153 (1966).
12-S.K. chaudhary and S.S. parmer , J. pharm. S¢i.1%807 (1978).

13-V. Kishore and S.S. parmer, Res. Commun. Chemopatharmacaol., 11, 581
(1975).

14-].J. piale and H.L.Yale, u.s. patent, 3, 142, 022 (1946);[C.A., 62, 83176
(1964)].

15-H.L. Yale and K.Losee, J. Med. chem. , 9, 478 (3966

16-R.C.Elderfield , " Heterocyclic Compounds ",Vol.Jbhn Wiley and Sons ,
Inc., New York and London (1966).

17-A. Hetzheim and K. Mockel , "Advanced in Heteroegchemistry"
,(A.R.Katrizky and A.J. Boulton ,Ed . ),Vol. 1 ,Academic press, Inc., New
york , 188-224 (1966).

18-F. Bentiss and M. Traisnal , corrosion science,14p, 127-146 (2000).

82



19-B. chem, W.Qin, Z.shen and X.Lei ; Yiyago Gorgye, 16:305 [C.A., 1986, 104;
[86357] (1985).

20-A. Omar , E. M. Mohsen and M. O. Aboul wafa ; J. Hetero cyclic chem., 21:
1415 (1984).

21-S. B. Reddy, T. Sambaih and K.K. Reddy ; Indiachém. , 3413:644 (1995).

22-A.A.H. Saeed, Journal of chemical and Engineeliatp, Vol. 29, No. 3, 359
(1984).

23-A.A.H. Saeed and A. Y. khedatanadian. J. Appli. Spectroscopy, Vol. 39,
No. 6, 173 (1994).

24-S. patai , " the chemistry of Carbon — Nitrogen BlelBand ", John Wiley
and Sons, Inc., New York (1979).

25-J. March “Advanced Organic chemistry" third ealiti, John Wiley and Sons,
New York , p 814, (1985).

26-G . Reddelien , and H. Danil of ., Ber, 5 (48) 2311927).

27-a) A.A.H. Saeed , M.N. AL-Zagoumand , and M.H. Wa] can. J .
Spectroscopy , 25. 137 (1980).

b) L.G.Kazmina, and Y.T.Struch kov , Cryst. Str@dmmun., 8, 715
(1979).
28-H.A.Staab, Ber., 98 (8)2681 (1965).
29-D.P.Freyberg, and G.M. Mockler, J.chem. Soc. Dataos , 5, 445 (1976).
30-J.A. Goodiwn , and L.J. Wilson, Inorg. Chem. , 28,(1989).

31-a)M.Davar Boghaei and M.Sajjed.Molecular Catalysis A:chemical ,178,
(2000).

B) S.Rao. and A.S.Mittra, J.Indian chem..SB68, 420 (1987).

32- V.S. Shrivastava , C.P.Bhasin and G.C.Saxenadihn chem. Soc. , 63, 865
(1989).

33-A. Z. Mohomed, M.Sc. thesis , University of mosi992).

34-G.L. Echhor, " Inorganic Biochemistry ", Elsevigcientific Puplishing
Company, Amusterdam , p. 1137 (1993).

35- O.Banerjea, " Coordination Chemistry ", perganpaass Oxford , New
York , P. 15-36, 141-148 (1980).

36-H. Shady, F.A. Ragab and E.I. Aly, Kimphrmzh ,(18), 1466 (1988),
chem. Abst, 110, 173068 w (1989).

83



37-F. Miliani,U. casellato , P.A. Vigato , M. Vidaknd D.E. Fenton and M.S.
Leal Gonzalez , Inorg. Chemi. Acta. 1@5 (1985).

38-M.D. Temple,P. Recabarren , W.D.Mcfadyen , R.Jokéd, W.A. Denny and
V. Murray, Biochem. Biophys. Acta, 15/7223-230, (2002).

39-R.D. Gillard , J. A. Mccleverty Compehensive Coordination Chemistry"
Late transition elements , Pergamon press, NewYnrR53, (1987).

40-K. Kselvakumar and S.Van Cheeson, proc., Indiacad. Sci, 107, 179
(1995).

41-P.S.J. Sastry and T. R. Rao, Proc. Indian Acadl., 807, No . 2, 101 (1995).

42-N.M. Aziz , M.Sc. Thesis, college of Educatiom ¥Women , Baghdad
University, Iraq (1991).

43-A.S. AL-ANI, M. Sc. Thesis, AL. Nahrain Universjt{1993).
44-Nada. A. AL-Mukh , M.Sc. Thesis , AL- Nahrain Unrgéy, (2004).
45-Sham .W. AL-Arkawazi , M.Sc. Thesis , AL-Nahrainiuersity, (2006).
46-K. Dey and K.C. Ray, J. Inorg. Nucl. Chem. , 37564975).

47-B. Singh , V.A. Banerjie , B.V. Agarwala , and A. iDey, J. Indian. Chem.
Soc., LVII, 365 (1980).

48-0.P. Arora , and S.N.Misral. Indian. Chem. Soc. LV,IR73 (1980).

49-B. Dash , M. Patra, and S.Praharadian journal of chemistry, 19 (B), 894
(1980).

50-R.M. Silerstein , G.C. Bassler, and T.C. MoffilSpectrometric Identification
of Organic Compounds 4" Ed. , Jhon Wiely and Sons Inc. (1981).

51-B. Dash , P.K. Mahapatca , D. Panda , and J.MniRatt. Indian. Chem. Soc.
, LXI, 1061 (1984).

52-V.V. Savant, J. G. Krishnan and C.G. patel, In@lgem., 9,718 (1970).
53-D.E. Fenton, and R. Moogy. chem. Soc. Dalton Trans., 219 (1987).
54-N.M. AL-Abidy , M.Sc Thesis , University of Bagad, (1997).
55-A.A.H. Saeed and G.Y. Matti, Can. J. Spectrosc@py2), 29 (1980).

56-P. Brocklehurst , tetrahedron . 18, 299 (1962).
57-G. Favini, D. Pitea , and F. Zuccarello. J. ChPhys., 269 (1972).

84



58-B. Schever . Lamalla and G. Durocher , can . Jctépse., 21 (6) 165 (1976).
59-W.F. Smith . Tetrahedron , 19, 445 (1963).

60-N. M . Abbas , M.Sc thesis , University of Baghqa€é97).

61-E. Ebra, Bull . Chem. Soc., Japan , 33, 534 (1960)

62-A.A.H. saeed , and S.J. Titinchi, Iraq , J. cherta5 (2) , 110 (1990).

63-R.L. Reeves, J. Am. Chem. Soc., 84, 3332 (1962).

64-D Todd," Experimental Organic chemisttyprentice Hall. Inc. New jersey.
P. 198-200 (1981).

65-J. Agre. Food chem. , No.1, 51 (2003).

66-Y. Watabe , H. yoshiwara and M. Kahao , J. Hetetlicghem. , 30, 195
(1993).

67-A.K. Bawa, M.Sc. Thesis , AL. Nahrain Universit2006).

68-K. Nakamoto ;' Infrared and Raman Spectra of Inorganic and Goatidn
Compound$ 4" Ed. Wiley Int . , New York , (1986).

69-F. A. Cotton and G. Wilkinsoth Advanced Inorganic chemistly, John
Wiely and Sons'3. Ed., (1980).

70-N.N. Greenwood and A. EarshoWwchemistry of Elements, Pergamon
press, (1984).

71-B. Stuart. W. George and P. McintyreModern Infrared Spectroscofly
John Wiely and Sons, New York (1996).

72-R. Padmaja. Shukla and M. Akilesh Jaiswal, J.dnaihem. Soc., LX, 1014,
(1983).

73-P.S. Prabhu and S. S. Dodulad , J. Indian chem, BX¥£546, (1983).
74-V K. Agrawal , R.P. Mahesh and Singh , J. IndiaarahSoc., LVIII, 7363,
75-,(6\1.9A8t:)Lgl. Ali and b. Shaubani, Acta chim. Slov., 863, (2000).

76-K. Arora, R.G. Goyal and S. Sharma Oriehtindian chem., 15 (2) 367,
77-(B:L.98€.)?\3IéhaPatra and M.K. Raval, J. Indian ch2&A , 34-43 (1989).

78-R.M. Silverstein , G.C. Bassler and T.C. MortilSpectrometric.
Identification of Organic chemistty John Wiely and Sons , (1981).

85



79-M.Vazquez , M.R. Bermejo , M. Foundo , A.Gavcia{iej A.M. Goonzalez
and R. Pedrido , Appl. Organomet. Chem., 16, {B5)2).

80-D. Nicholas ;' Complexes and First-Row Transition EleméntTranslated
by Dr.W. |..Azeez , P P.141 ,(1984).

81-C. Preti, G.D. Tosi and Verani . J. Inorg. chetn3725, (1974).
82-S.F. Alkettle , Coord. Compounds , London , 168,78).

83-J.E. Huheey Inorganic chemistry, Principles of Structure anactavity ",
Ed. Harpar and Row , New York , P. 422-425, (1988)

84-E.W. Anisceugh , A..M. Brodie , W.A. Denny, G.Jné&ly, J.D. Ranford, J.
Inorg, Biochem., 77, 125-133 (1999).

85-E.W.A. insco, A..M. Brodie , W.A.. Denny, G.JnRy, J.D. Ranford, J.
Inorg.-Biochem., 70, 175-185, (1998).

86-M. Mger , A..A.. Gary, C.O. Dietrich-Buchecker aihdP. Sarage, J. Am.
chem. Soc., 119, 4599- 4607, (1977).

87-K. Nakamoto , J. Fujita , S. Tanaka and M. KobayaghAm. Chemical
Soc., 79, 4904-4907 , (1957).

88-V.K. Revanker , V.H. Arali , And V.B. Mahal , IndiaJournal of chemistry,
29 (A), 889, (1990).

89-B.N. Figgis" Introduction to Ligand Fields John Wiely and Sons, Inc.,
(1968).

90-A.B.P. Lever" Inorganic Electronic SpectroscopyElsevier publishing
Company, London , New Yourk (1968).

91-R.K. Agrawal , D. Sharma , L. Singh and H. Agarwaiddian J. chem., 30 A,
(2005).

92-S. Yamada , and M. KatdCoord. Chem. Rev., 1, 415, (1966).

93-N.K. Datt and N.C. Chakder , J. Inorg. Nucl. CheB3,,393, (1971).

86



‘@

sl asull alll gy
wclalt g dadill g gidll ofule Al J3il g
laghs wolyle alll Jeug ylag ley s alla
peboell (lell sl $ue

claill dygua

(")




Subject Page
Chapter one: Introduction 1-13
1.1: Interaction of ligand with metal ion -----------------=--=—-omccmemo - 1
1.2: Metal complexes of polydentate ligand ------------------=--------- 2
1.3: Oxadiazoles ----=-==m=mmmmemmee e 3
1.3.1: 1,3,4-Oxadiazol s --------=-==mmmmmmmmm oo 3
1.4: Benzothiozoles ---------===mmmmmmem e 4
1.5: Shiff bases -----m-mmmmmmeme e 5
1.5.1: Synthesis of Schiff bases ---------==-==mmmmmmmmm oo 5
1.5.2: Metal complexesof Schiff bases as biologically compounds --7
1.6: Infrared spectra of Schiff bases and their metal complexes ----- 9
1.7: Electronic spectra of Schiff bases ------------------------o-mm-mem-- 11
1.8: Aim of the present Work -----------=----m-mmmmmom oo 13
Chapter two: Experimental part 14-24
2.1: Chemicalsand Techniques ------------=-==-mmmmmmmmmm oo 14

1. Chemicals --------=--== o m o mmmeee 14

2. TEChNIQUES === == o e m oo e o e 15
2.2: Procedures of the stepwise synthesS's ------------------------- oo~ 16-17
2.3: Methods of preparation ----------=-==-====mm-mmmmm oo 18
2.3.1: Preparation of Acid hydrazides ---------------=--==-mmmmmmmmmm e 18
2.3.2: Preparation of 5-(phenyl)-1,3,4-oxadiazole-2-thiol --------------- 18
2.3.3: Preparation of 5- phenyl-2-chloro methyl-1,3,4-oxadiazole -----18
2.3.4: Preparation of (L1) ------==mmnmmmmmmm oo 19
2.3.5: Preparation of 2-hydrazino benzothiazole ------------------------- 19
2.2.6: Preparation of Schiff basesligand (LI1) ---------------=------------ 20
2.3.7: Preparation of Schiff basesligand (LIII) --------------=------------ 20
2.4.1: Preparation the metal complexes of theligand (LI) ------------- 20-22
2.4.2: Preparation the metal complexes of the ligand (LII) ------------ 22-23
2.4.3: Preparation the metal complexes of the ligand (LII1) ------------ 23-24

Contents



Chapter Three: Resultsand Discussion 25-82

3.1: physical properties of the prepared complexes------------------------ 25
3.2: Infrarred Spectral study-------==-=======mmmm oo 26
3.2.1.A: Theinfrared spectra of Acid hydrazides--------------=--==-===----- 26
23 .1.B : Theinfrared spectra of 5-phend 1,3,4- oxadiazole -2- thiol ----- 27
3.2.1.C: Theinfrared spectra of 2-phenyl- 5- chloro methyl-1,3,4,-

OXadI AZOI -----==- === 28
3.2.1.D Theinfrared spectra of LI--------==mmmmmmmmmm oo 28
3.2.2. Theinfrared of spectraof LI complexes -----------==-==mmmnmemue-- 29-31
3.3. The FT.IR spectraof LIl and its metal complexes-------------------- 31-33
3.4The FT.IR spectraof LI -=--=-mmmmmmmmm oo oo 33-35
3.5. Electronic spectra study, magnetic properties and conductivity
MEASUIEMENTS- === === === e e oo 56
3.5.1. Complexes Of LI------m-mmmmmm oo 57-63
3.5.2. Complexes Of LIl-----m-mmmmmmmmmmm oo oo 64-67
3.5.3. Complexes of LI----mmnmmmmmmmmm oo 67-70

References 81-85



| CHAPTER TWO

EXPERIMENTAL PART

Experimental part

Chapter two

2.1 Chemicals and Techniques

1-Chemicals:

All the chemicals used in thiswork were of highest purity available

and the supplied without further purification. The following Table (2-1)

shows the reagents and the companies which supply them.

Table (2-1): Chemicals and their manufacturers

compounds Purity % Company
Cadmium nitratetrihydrate 98 BDH
Carbon disulfide 99 Merck
Chloroacetic acid 97 BDH
2-Chloro benzaldehyde 95 BDH
Cobalt chloride dihydrate 99 Fluka
Copper chloride dihydrate 95 Fluka
Dimethyl sulphoxide 99.9 BDH
Ethanol (absolute) 99.99 BDH
Hydrazine hydrate 85 Merck
Hydrochloric acid 87.8 BDH
4-Hydroxy benzaldehyde 97 Mer ck
2-Mer capto benzothiazole 95 BDH
Mercury chloride 98 Fluka
Nickel nitrate hexahydrate 96 BDH
Phosphorus oxychloride 99 Fluka
Potassium hydroxide 85 BDH
Sodium bicarbonate 99.7 BDH

¢




| CHAPTER TWO EXPERIMENTAL PART

2- Techniques:
A) Infrared spectrophotometer:

Infrared spectra were recorded on F.T.IR-8300 Fourier Transforms
Infrared Spectrophotometer (SHIMADZU) as potassium bromide disc in
the (4000-400) cm* spectral range.

B) Electronic absorption spectra:

The electronic spectra of the complexes were obtained using
SHIMADZU UV-Vis 160A Ultra-Violet Spectrophotometer at room
temperature using quartz cells of 1.0 cm length and using ethanol or
DM SO as solvent, in the range of wave length (200-1100) nm.

C) Magnetic susceptibility measurement:

The magnetic susceptibility values for the prepared complexes
were obtained a room temperature using (Magnetic Susceptibility
Balance), of Johnson mattey catalytic system division, England.

D) Metal analysis:

The metals content of the complexes was measured using atomic
absorption technique by PERKIN-ELMER-5000 Atomic Absorption
Spectrophotometer for the determination of (Co*%,Cu*?, Cd*?, Ni*?, Hg*?).
E) Conductivity measurements:

The molar conductivity measurements were obtained using corning
conductivity 220.

F) Melting point instrument:

Gallenkamp M.F.B 600.01 of melting point apparatus was used to

measure the melting points of all the prepared compounds.

Yo



| CHAPTER TWO EXPERIMENTAL PART

2.2 Procedures of the stepwise synthesis:
The stepwise synthesis of 1,3,4-oxadiazoles, and 2-mercapto-
benzothiazole are outlined in schemes (2-1), (2-2) respectively.

step-1- lNH 2NH

EtOH

1)

step-4- KOH , EtOH
-HCI

N—N N—N
O30
0] 6]

Ll (4)

Scheme (2-1) Reagents and Conditions; stepl: hydrazine hydrate
,EtoH, reflux (2hrs); step2: CS, KOH, EtOH, dil.HCI, reflux (7hrs);
step3: chloro acetic acid, POCls, EtOH, NaHCOsg, reflux (9hrs) ; step4:
KOH, EtOH, reflux (5hrs).




| CHAPTER TWO EXPERIMENTAL PART

Z NN
| \>78H
AN ~~g
step-1- |NFNH
EtOH
Y
N
\>—NHN|4
S
CHO CHO
Cl
v
’@Q
Cl
N N
\ H \ —c
NH—N=—C NH—N=—=C OH
S LIl S LIl

Scheme (2-2) Ragent and Condition; stepl: hydrazine hydrate,
EtOH (abs), reflux (6hrs); step2: 2-Chloro benzaldehyde, EtOH (abs),
reflux (1hr); step3: P-hydroxy benzaldehyde, EtOH (abs), reflux (6hrs) .
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2.3 Methods of preparation:
2.3.1 Preparation of Acid hydrazides:

O
QQ—NHNHZ
1)
A mixture of methyl benzoate (0.16 mole, 27g, 25 ml) and excess
of hydrazine hydrate (15 ml) were refluxed for (2 hrs). The precipitate
which separated on cooling was filtered and washed with cold water

m.p. (113-117°C), yield (71%), white precipitate.

2.3.2 Preparation of 5-(phenyl)-1,3,4 -oxadiazol-2-thiol:

N—
< > </ i
2 © SH

To a solution of the corresponding acid hydrazide (0.02
mole,2.72g) in ethanol (25 ml) at (0°C) was added carbon disulfide (0.04
mole, 3.04g, 2.5ml ) and potassium hydroxide (0.02 mole, 1.12g ) the
mixture was refluxed for (7hrs). The solvent was evaporated and the
residue dissolved in water and acidified with (5ml) dilute hydrochloric
acid. The precipitate was filtered and recrystallized from (ethanol-water),
Scheme (2-1) , m.p. (214-216°C), Yield (84%), off white precipitate.

2.3.3 Preparation of 5-phenyl-2-chloro methyl-1,3,4-oxadiazole:

N—N
@—4 )—CHZCI
@ ©

A mixture of acid hydrazides (1) (1.36 g,0.01 mole), Chloroacetic
acid (0.92 g, 0.01 mole) and add phosphorous oxytrichloride (5 ml) was
refluxed for (9 hrs), the mixture was then cooled, poured into ice-water
and made alkaline by adding sodium bicarbonate solution. The resulting
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solid was filtered, dried and recrystallized (from a mixture of acetone and
ethanol) to give the titled compound, Scheme (2-1), m.p. (107-109 °C),
yield (70%)®.

2.3.4 Preparation of 2-[5-phenyl-2-methylthio-1,3,4-oxadiazol€e]-5-
phenyl-1,3,4-oxadiazole (LI):

N—N N—N
O -0
O @]

4) LI

To 5-(phenyl)-1,3,4-oxadizole-2-thiol (0.4 g, 2.8X10° mole) [3]
and 5-phenyl-2-chloromethyl-1,3,4-oxadiazole (0.44 g, 2.2X10° mole)

[4] dissolved in (30 ml) of 99.9 % ethanol, a solution of (0.14 g, 3.5X10°°
mole) of potassium hydroxide was added. The mixture was then refluxed
for (5 hrs). The solution was then concentrated to a small volume; A
precipitate was obtained by adding ice-water. The solid was filtered off
dried and recrystallized from ethanol, Scheme (2-1) , m. p. (138-140°C),
Yield 89 % , off white precipitate.

2.3.5 Preparation of 2-hydrazino benzothiazole:

@::\>—NHNH2

To a solution of 2-mercapto benzothiazole (1.67 g, 0.01 mole)
dissolved in (15 ml) ethanol. hydrazine hydrate (85%) (0.32 g, 0.317 ml,
0.01 mole) was added and the mixture was then refluxed for (6 hrs),
excess solvent was distilled off, the resulting solid separated out on
cooling, filtered, dried and recrystallized to obtain off white crystals
precipitate, scheme (2-2), m. p. (203-205°C) , yield (80%)°.
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2.3.6 Preparation of the Schiff bases ligand 2-(O-chloro

benzylidin) hydrazino benzothiazole (LI11):
Cl

N
L5t
S LIl

A Solution of (0.5 g, 3X10™ mole) 2-hydrazino benzothiazole and

(0.426 g, 3X10° mole) 2-chloro benzaldehyde was dissolved in (20 ml)

of a absolute ethanol. The resulting mixture was heated with stirring
under reflex for one hour. The result was filtered and recrystallized to
obtain light green precipitate, scheme (2-2), m.p. (233-235°C), yield (89
%).

2.3.7 Preparation of the Schiff bases ligand 2-(p-hydroxy
benzylidine) hydrazino benzothiazol (L111):
N
@E\HH_N=3@OH
S Ll

A Solution of (0.5 g, 3X10° mole) 2-hydrazion benzothiazole and

(0.38 g, 3X10° mole) of P-hydroxy benzaldehyde in (20 ml) of absolute

ethanol was heated with stirring under reflex for (6 hrs), the result was
filtered and recrystallized to obtain off-white precipitate, scheme (2-2),
m. p. (249°C) ,yield (70 %).

2.4. Preparation of the metal complexes:
2.4.1 Preparation the metal complexes of theLI:
1) Copper (I1) complex (L1 Cu):
A Solution of (0.1 g, 5.9X10* mole) CuCl,.2H,0 dissolved in (5
ml) ethanol was added to (0.4 g, 1X10° mole) of LI dissolved in (10 ml)
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ethanol. The mixture was refluxed with stirring under-reflux for one hour,
The resulting bright green precipitate was filtered , washed with hot
ethanol and dried under vacuum. Melting point, color and yield (%) are
givenin Table (3-1)
2) Nickel (1) complex (LINi):

A Solution of (0.17 g, 5.9X10™* mole) Ni(NOs),.6H20 dissolved in

(5 ml) of ethanol was added to (0.4 g, 1X10° mole) of LI dissolved in (10
ml) ethanol. The mixture was refluxed with stirring for one hour; The
resulting precipitate was filtered and washed with hot ethanol then dried
under vacuum. The melting point, color and yield (%) are given in Table
(3-1)
3) Cobalt (11) complex (LI Co):

A Solution of (0.098 g, 5.9X10* mole) CoCl,.2H,0 dissolved in (5

ml) ethanol was added to (0.4 g, 1X10°mole) of LI dissolved in (10 ml)

ethanol. The mixture was refluxed with stirring for one hour; The
resulting precipitate was filtered and washed with hot ethanol then dried
under-vacuum. Melting point, color and yield (%) are given in Table
(3-1).
4) Cadmium (I1) complex( LI Cd):

A Solution of (0.2 g, 5.9X19* mole) Cd(NOz),.3H20 dissolved in

(5 ml) of absolute ethanol was added to (0.4g, 1X10° mole) of LI
dissolved in (10 ml) ethanol. The mixture was refluxed with stirring for
one hour; The precipitate was filtered and washed with hot ethanol.
Melting point, color, and yield (%) are givenin Table (3-1)
5) Mercury (I1) complex (LIHQ):

A Solution of (0.16 g, 5.9X10™ mole) HgCl, dissolved in (5 ml)

ethanol was added to (0.4 g, 1X10° mole) of LI dissolved in (10 ml)

Y)Y
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ethanol. The mixture was refluxed with stirring for one hour, the resulting
precipitate was filtered and washed with hot ethanol them dried under-
vacuum. Melting point, color and yield (%) are given in Table (3-1).

2.4.2 Preparation the metal complexes of theligand (LI1):
1) Cobalt (I11) complex (L11Co):
A Solution of (0.14 g, 8X10™ mole) CoCl,.2H,0 dissolved in (5

ml) ethanol was added to (0.5 g, 2X10° mole) of LI dissolved in (10 ml)

ethanol. The mixture was refluxed with stirring for 30 min, then the
precipitate was filtered and washed with hot ethanol then dried under-
vacuum, melting point, color and yield (%) are given in Table (3-2).

2) Copper (I1) complex (LI1Cu):

The same procedure as in (2.4.1-1) was followed for the
preparation of Co(ll) complex. The yield (%) and melting point given in
Table (3-2).

3) Nickel (I1) complex (LI1Ni):
A Solution of (0.25 g, 8X10*mole) Ni(NOs),.6H,0 dissolved in (5
ml) ethanol was added to (0.5 g, 2X10° mole) of LI! dissolved in (10 ml)

ethanol. The mixture was refluxed with stirring for one hour, then the
precipitate was filtered and washed with hot ethanol then dried under-
vacuum, melting point, color and yield (%) are given in Table (3-2).
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4) Cadmium (I1) complex (LI1Cd):
A Solution of (0.29 g, 9X10™ mole) Cd(NOs),.3H,0 dissolved in (5
ml) ethanol was added to(0.5 g, 2X10° mole) of LI dissolved in (10 ml)

ethanol. The mixture was refluxed with stirring for one hour, then the
precipitate was filtered and washed with hot ethanol then dried then
under-vacuum, melting point, color and yield (%) are given in Table
(3-2).
2.4.3 Preparation the metal complexes of theligand (LI11):
1) Copper (I11) complex (LI111Cu):

A Solution of (0.16 g, 9X10* mole) CuCl,.2H,0O dissolvedin (5
ml) ethanol was added to (0.5 g, 2X10° mole) of LI11 dissolved in (10 ml)

ethanol. The mixture was refluxed with stirring for one hour, the resulting
precipitate was filtered and washed with hot ethanol then dried under-

vacuum, melting point, color and yield (%) aregivenin Table (3-3).

2) Nickel (I1) complex (LITINi):
A Solution of (0.27 g, 9X10*mole) Ni(NOs),.6H,0 dissolved in (5
ml) ethanol was added to (0.5 g, 2X10™ mole) of LI11 dissolved in (10 ml)

ethanol. The mixture was refluxed with stirring for one hour, then the
precipitate was filtered and washed with hot ethanol then dried under-
vacuum, melting point, color and yield (%) are given in Table (3-3).
3) Cobalt (1) complex (LI1Co):

A Solution of (0.15 g, 9X10™ mole) CoCl,.2H,0O dissolved in (5

ml) ethanol was added to (0.5 g, 2X10° mole) of LI11 dissolved in (10 ml)

ethanol. The mixture was refluxed with stirring for one hour, then the
precipitate was filtered and washed with hot ethanol then dried under-
vacuum, melting point, color and yield (%) are given in Table (3-3).
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4) Cadmium (I1) complex (LI11Cd):
A Solution of (0.32 g, 8X10™ mole) Cd(NOs),.3H,0 dissolved in (5
ml) ethanol was added to(0.5 g, 2X10° mole) of LI1I dissolved in (10 ml)

ethanol. The mixture was refluxed with stirring for one hour, then the
precipitate was filtered and washed with hot ethanol then dried then
under-vacuum, melting point, color and yield (%) are given in Table
(3-3).
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CHAPTER THREE RESULTS AND DISCUSSION

Chapter three
Results and Discussion
3.1 Physical properties of the prepared complexes:

Tables (3-1), (3-2) and (3-3) show the physical data for the
prepared complexes. The new complexes showed different melting
points, some of them were higher than the parent ligand; others were of
lower melting points. The colors of the complexes were useful in
structural determination. All the prepared compounds were stable towards
air, moisture and light.

All reactions were carried out under heating conditions and
absolute ethanol as solvent

Identification and study of these complexes were carried out by
metal analysis[the result are shown intables (3-1), (3-2) and (3-3)], infra
red, Ultra-visible spectrophotometer, magnetic susceptibility and
electronic conductivity measurements. According to these measurements
the chemical formulae of the prepared complexes have been suggested as
given in table (3-6).

Table (3-1): Physical propertiesfor L1 and its metal complexes.

o _ Metal content (%)
Complexes Color m.p.(C°) | Yidd (%)
Calc. Found
LI Off white 138-140 89

LICu(ll) | Bright green 129-131 71 8.0 7.7
LINi(II) Brown 158 66 6.2 6.3
LICo(Il) | Greenish-blue | 160-162 75 6.4 6.6
LICd(ll) White 150-151 70 125 12.0
LIHg(Il) Light gray 190-192 65 20.27
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Table (3-2): Physical propertiesfor L1l and its metal complexes.

o _ Metal content (%)
Complexes Color m.p. (C°) | Yidd (%)
Calc. Found
LIl Light green 233-235 89 - -
LI1Co(ll) | Reddish brown 225-227 79 7.3 8.1
LIICu(ll) | Green 203-204 60 8.6 7.9
LIINi(I1) | Yellowish-green 245 80 7.4 7.8
LIICd(11) | Brown 249-251 72 20.8 21.1

Table (3-3): Physical propertiesfor L1111 and its metal complexes.

o _ Metal content (%)

Complexes Color m.p. (C°) | Yied (%)
Calc. Found

LI Off-white 248-250 70 - -
LITTCu(ll) Dark green 162-163 70 9.0 9.5
LITINi(IT) Deep green 230(dec) 65 7.6 74
LIT1Co(ll) Yellow 240-242 81 8.4 9.0
LITiCcd(lr) Light brown 234-235 75 20.0 19.6

3.2 Infra-Red Spectral study:

The IR gpectra were taken for the prepared complexes and
compared with those of their respective ligands. The measurments were
carried out for each compound in solid state as KBr disc in the range of
(4000-400) cm ™.

3.2.1 The F.T.IR spectra of LI and its metal compéss:
3.2.1.A The infrared spectra of Acid hydrazides:

Benzoyl hydrazine was prepared by the reaction of appropriate
ester with hydrazine hydrate as shown in equation (3-1).

0 0
Il

ph—C—OMe + H,N—NH,—» ph—C—NHNH, + MeOH ---equation (3-1)
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The IR spectrum of this compound Figure (3-1) show the amide
bands at (3298 and 3203cm™) of asymmetric and symmetric N-H
stretching of (NH2) group .There is another stretching band around
(1661 cm'™) assigned to the amide carbonyl group. Also, the sharp band
appeared around (1450cm™) is due to the combination band of (C-N)
stretching and (C-H) bending .The band at (3018cm™) is due to the
aromatic v(C-H) and the other stretching band around (1566cm™) can be
assigned to the ring v(C=C). The mono substituted benzene absorption
appeared at (682cm™) ¥,

3.2.1.B The infrared spectrum of 5-phenyl -1, 3,-dxadiazole-2-

thiol:
The titled compound way prepared through the reaction of benzoyl
hydrazide with carbon disulfide in the presence of potassium hydroxidein

absolute ethanol, equation (3-2).
N—N

(0]
Il .
ph—C—NHNH, + CS, KO_H» ph / \ SH e equation (3-2)
EtOH o

The |I.R spectrum of this compound, Figure (3-2), displayed an
absorption band at (1604 cm™) assigned to (C=N) stretching, a band in
the range (1292-1069 cm’) assigned for (C-O-C) asymmetric and
symmetric cyclic grouping in oxadiazole are a good evidence for the
presence of 1, 3, 4-oxadiazole ring , and a nother bands at (1350 cm™)
and (3143 cm™) due to (C=S) and (N-H) stretching vibrations
respectively .The presence of pesk at (2580 cm™) established the
existance of the thiol form in the solid state.
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3.2.1.C The infrared spectrum of 5-phenyl-2-chlonoethyl-1, 3, 4-
oxadiazole:

The titled compound was prepared through the reaction of benzoyl
hydrazide with chloroaceticacid in the presence of phosphorous

oxychloride, equation (3-3).

O

POCI,
ph—C—NHNH, + CICH,CO,H

N—N

The IR spectrum of this compound, Figure (3-3), shows absorption
band at (1680 cm™) assigned to (C=N) stretching a band in the range
(1244- 1016 cm'™*) was observed, which is due to (C-O-C) cyclic grouping
in oxadiazole ring.

The I.R spectrum also displayed a band at (2856 cm™) due the
aliphatic (C-H) stretching and also showed the band in the region (1548
cm™) due to (C=C) stretching.

3.2.1.D The infrared spectrum of 2-[5-phenyl-2-megtthio-1,3,4-
oxadaizole]-5-phenyl-1,3,4- oxadiazole (LI)

LI was prepared via the reaction of potassum sat of
5-phenyl-2-mercapto-1,3,4-oxadiazole with 5-phehyl-2-chloro methyl-
1,3,4-oxadiazole as seen in equations (3-4) and (3-5).
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N—N N—N
ph%())_S_CHz%O)_ph + KCl e equation (3-5)

The I.R spectrum, Figure (3-4), table (3-4) show the appearance of
(C-H) absorption band at (2927 cm™) which was utilized to confirm the
formation of alkylthio derivative. The spectrum showed the
disappearance of the band at (2580 cm™) assigned to (S-H) stretching and
appearance of a band at (1353 cm™) due to (C=S) stretching, and a bands
at (1076 cm™) dueto (C-S) stretching also the spectrum showed at typical
absorptions of oxadiazole ring endo cyclic (C-O-C) at (1280 cm™) and
absorption band of v(C=N) near (1617 cm™).

3.2.2 The infrared spectra of LI complexes:
A) Cadmium (II) complex (LI Cd):

The spectrum of (LI Cd) complex, Figure (3-5), Table (3-4), show
the shifiting of v(C=N) band to lower frequency by (14) cm™) and
appeared at (1603 cm™) indicating the participation of nitrogen in the
coordinate with cadmium (I1) ion.

The broad band found in the region (3000-3600 cm'™) refers to the
presence of water molecules out of the coordination sphere. The band at
(559 cm™) can be attributed to v (Cd-N)©®.

The bands related to the uncoordinated nitrate ion were found at
(1448, 1247 and 1097 cm ™ ©®
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B) Cobalt (II) complex (LI Co):

The Figure (3-6), Table (3-4), show the FT. I.R spectrum of cobalt
(11) complex. The appearance of a band near (1610 cm™) assigned to
v(C=N) band of oxadiazole moiety. The presence of new weak band
observed at (563 cm™) have been assigned to v (Co-N) ®.

C) Mercury (1) complex (LI Hg):

Mercury (I1) ion is known to have different geometrical shapes
ranging from linear to tetrahedral or octahedral .

For octahedral complexes the shape is distorted with two bonds
much shorter than the otherfor, which can some times regarded as linear
complext™.

In this work a mercury (11) complex (L1 Hg), Figure (3-7) ,Table
(3-4), was prepared and characterized by the shift of v(C=N) bond to a
lower frequency by (17 cm™) and appeared at (1600 cm™) . The
coordination took place through nitrogen atom present in ligand LI with
mercury (I1) ion, the band at (550 cm™) can be attributed to v(Hg-N)®©®.
The band appeared at (3650 cm™) refer to the presence of uncoordinated
ethanol molecule in the structure.

D) Nickel (1) complex (LI Ni):

The|.R spectrum of (LI Ni) complex ,figure (3-8), Table (3-4), shows
the shifting of v(C=N) to lower frequency by (13) cm™ and appeared at
(1604 cm™). The observation at (545 cm™) indicated the participation of
nitrogen in the complex (Ni-N)®.
(3200-3600 cm'™) and another medium sharp band at (736 cm™) indicate

the presence of both coordinating and lattice H2O molecules in the

A broad band found in the region

structure of (LI Ni) complex.
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The bands related to the free nitrate ion were found at 1014, 1267,
1450 cm*,and the observation at (470 cm'™) indicated the participation of
oxygen in the complex (Ni-OHz) ©® |

F) Copper (1) complex (LI Cu):

The most significant difference in the |.R spectra of the ligand and
its copper complex, Figure (3-9), Table (3-4), show the shifting of C=N
stretching frequency of the oxadiazole ring of LI to lower frequency due
to coordinating of the metal to the nitrogen of oxadiazole ring and
appeared at (1611cm™). The band at (599 cm™) can by assigning to
v(Cu-N)©®,

The band found in the region (3440 cm™) refers to the presence
water molecules out of the coordination sphere (™.

3.3 The FT. I.R spectra of LIl and it's metal comptes:

The ligand (LII) containing the azomethine group. In general
azomethine group (-C=N-) absorption occurs in the region (1690-
1470)cm™ depending on the nature of group linked to it®**? the
compound containing azomethine group shows basic coordinating
behavior toward metal ions coordinating via the nitrogen atoms. This
coordination shifts the stretching frequency of (-C=N-) group either
toward higher frequency in some complexes ™ or toward lower
frequency in other™ ™.

The increase in frequency may be due to the simultaneous
strengthening of the (-C=N-) band due to an increase in both sigma
overlap and electrostatic attraction which is possible on account of the
coordination of the azomethine nitrogen to metal ion 2. The decrease in

frequency indicates a decrease in the stretching force constant of (-C=N-)
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group as a consequence of the coordination through azomethine nitrogen.
The double bond character between carbon and nitrogen is reduced ® 7.

The IR spectrum of the ligand LII, Fig (3-10), Table (3-4) showed
appeared of the band at 3326 cm™ due to the (N-H) stretching vibration
("8 ' and a strong new band appeared at 1630cm* assigned to azomethine
v(HC=N) linkage, showing that amino and aldehydes moieties of the
starting material were reacted and have been converted into the
azomethine group”®. The bands appeared at 1574 and 1475 cm™ refer to
v(C=C) of aromatic ring, and the band at 3063 cm'refer to v(C-H) of

aromatic ring.

A) Cadmium (II) complex (LII Cd):

The spectrum of (LIICd) complex, Figure (3-11), Table (3-4),
show the shifting of the azomethine band to a lower frequency by (12)
cm™* indicating the participation of azomethine nitrogen in the interaction
with the cadmium (1) ion. The presence of new weak band observed at
(588) cm™ was assigned as v(Cd-N) ®®. The broad band appeared at
(3449) cm™ in the spectra of Cd (I1) complex indicated the presence of
lattice water moleculein (LIl Cd) complex. The bands appeared at (1444,
1371, and 1224) cm™ refered to monodentate nitrate group ©. The
presence of weak band observed at (428) cm* was assigned as v(Cd-
ONO.) ¥ .

B) Cobalt (1) complex (LIl Co):

The spectrum of Co( 1) complex (LIl Co), Figure (3-12), Table
(3-4), show the azomethine band shifted to lower frequency and appeared
a (1616)cm’.This indicated the participation of azomethine in

complexation. The weak band at (594) cm™* refers to the v (Co-N) band
(68)
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C) Nickel (1) complex (LIl Ni):

The IR spectrum of (LI Ni) complex, Figure (3-13), Table (3-4),
show the shifting of azomethine band to lower frequency and appeared at
(1620) cm™. This indicated the participation of azomethine-nitrogen, with
Ni (11) ion. The band at (550) cm™ can be attributed to v(Ni-N) ©®.

A broad band appeared at (3448) cm™ indicating the presence of
uncoordinated water molecule in the structure, and the observation at
(428cm™) indicated the participation of oxygen in the complex (Ni-
ONO2)®®

The new bands appeared at (1452, 1363 and 1274) cm” refer to a

monodentate nitrate group®.

D) Copper (II) complex (LIl Cu):

The spectrum of copper (1) complex, Figure (3-14), Table (3-4)
show the azomethine band stretching at (1610 cm™) with highly reduced
intensity, this indicates the involvement of azomethine nitrogen in
coordination.

The band at (574 cm™) can be assigned as v(Cu-N)®®. A broad
band appeared at (3473 cm) indicating the presence of lattice water

molecule in the structure.

3.4. The FT-IR spectra of LIl and it's metal comgkes:

The IR spectrum of LIII, Figure (3-15), Table (3-4), show the same
behavior of LIl which contain the same group (azomethine) which isused
to characterize the spectra of the complexes. The azomethine band
appeared at (1626 cm™) and the band at (3341 cm™) refers to the (N-H)
stretching vibration.

The band appear at (1571cm™) refers to v (C=C) of aromatic ring,
and the band appeared at (3099 cm™) refers to the v (C-H) aromatic ring.
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The broad band at (3463 cm™) assigned to the v (O-H) in para position of
aromatic ring. Medium to strong intensity band appear at (1261 cm™)
which may be assigned to the phenolic (C-O) stretching mode.

A) Cadmium (II) complex (LIII Cd):

The |.R spectrum of (LIl Cd) complex, Figure (3-16), Table (3-4),
shows the shifting of v(C=N) to lower frequency by (14cm™) and
appeared at (1612 cm™). The presence of new weak band observed at
(545 cm™) can be assigned to v (Cd-N) ©®, and another wesk band
observed at (491 cm™) indicated the participation of oxygen in the
complex (Cd-ONO2) .

A broad band which appeared at (3446 cm™) and another medium
sharp band at (703 cm™) indicate the presence of both coordinating and
|attice water molecules in the structure of (LII1 Cd) complex. The bands
appeared at (1473, 1287 and 1081 cm) refer to the presence of
uncoordinate nitrate group.

B) Cobalt (II) complex (LIl Co):

The spectrum of (LIl Co) complex, Figure (3-17), Table (3-4),
show the shifting of the azomethine stretching band to a lower frequency
by (20 cm™) indicating the participation of azomethine nitrogen in the
coordination with the cobalt (1) ion.

The appearance of new weak band at (526 cm™) can be assigned to
v (Co-N) ©®.

A broad band which appeared at (3490 cm™) indicates the presence

of uncoordinated water molecule in the structure of the complex.
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C) The spectrum of (LI Ni):

The spectrum of (LIII Ni) complex, Figure (3-18), Table (3-4),
show the shifting of the azomethine stretching to a lower frequency by
(10 cm™) indicating the participation of azomethine nitrogen in the
interaction with the nickel (1) ion. The presence of new weak band
observed at (597 cm™) was assigned to v (Cd-N), and appearance of new
weak band at (~430 cm™) can be assigned to v (Ni-OH2) ©®.

The bands related to the free nitrate ion were found at (1448, 1247
and 1018 cm™)®®),

The bands at (3452 and 639 cm™) refer to the presence of both

coordinated and |attice water molecules.

D) Copper (II) complex (LI Cu):

The |.R spectrum of (LII1 Cu) complex, Figure (3-19), Table (3-4),
shows the shifting of v (C=N) to a lower frequency by (22 cm™) and
appeared at (1608 cm™). The appearance of weak band (628 cm™)
indicating the presence of coordinated water molecules in the structure.

The presence of new weak band observed at (558 cm™) was
assigned to v (Cu-N)®®, and appearance of new weak band at (~410 cm™)
can be assigned to v (Cu-OHz) .
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Table (3-4): The most significant bands of FT-IR spectra of theLI, LIl and LI1I

and their metal complexes.

v(C-H) v(C-H)
Complexes _ _ _ v (C=N) | v(M-N) | v(M-O)
aromatic aliphatic
LI 3010 2927 1617 - -
2851
LI Cd 3058 1603 559 -
2934
2858
LI Co 3030 1610 563 -
2937
LI Hg 3020 2885 1600 550 -
. 2850
LI Ni 3062 1604 545 470
2937
LI Cu 3078 2921 1611 599 -
LIl 3062 - 1630 - -
LIl Cd 3033 - 1618 588 428
LIl Co 3058 - 1616 594 -
LIl Ni 3031 - 1620 550 428
LIl Cu 3064 - 1610 574 -
LIl 3099 - 1626 - -
LIl Cd 3033 - 1612 545 491
LIl Co 3075 - 1606 526 -
LI Ni 3066 - 1610 597 ~430
LIl Cu 3044 - 1608 558 ~410
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Figure (3-5): F.T.IR spectrum of L1Cd.
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Figure (3-8): F.T.IR spectrum of LINi.
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Figure (3-10): F.T.IR spectrum of L1I.
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Figure(3-11): F.T.IR spectrum of L11Cd.
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Figure (3-12): F.T.IR spectrum of LII1Co.
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Figure (3-13): F.T.IR spectrum of LIINi.

£9




CHAPTER THREE RESULTS AND DISCUSSION

o
o
9
<
£ o
I =
M) ©
&) ——gg'lel
Lyl &5
o
[ee)
o
o
=)
—QZ'6Y0L -~
—66'GELL &
S
-—g6'glel N
o
—00'1LT)
S
_~LEETYL =4
— -0£ZSPl e
TLGELYL ‘
\R — 9L 951 8
_ ~—— G 0ILOL ©
et
o
o
o
.
o
] o
o
I3
o
o
¢
N
o
K=
@
~N
_ -89'¥90€
o
=]
N
-~ OLLSEE ™
~—€B'ELVE
o
o
% :
™
o
S
o
<
n - O Te) o To) o
~ °\° © < (2] -

Figure(3-14): F.T.IR spectrum of LI1Cu.
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Figure (3-16): F.T.IR spectrum of L111Cd.
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Figure (3-17): F.T.IR spectrum of LI11Co.
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Figure (3-18): F.T.IR spectrum of LIIINi.
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3.5 Electronic spectral study, magnetic propertaasd conductivity

measurements:

Electronic absorption spectra of transition metal complexes are
usually attributed to the partialy filled d-orbital of the metal, the energy
required for such transitions is that of the near U.V. and visible region.
Charge transfer spectra are due to transitions between metal and ligand.
Study of electronic spectra of complexes helps in the determination of
structure of the complexes through the electronic interaction of the metal
d-orbital and ligand orbital.

In our work, the spectra were recorded in the range (200-1100) nm,
using dimethyl sulphoxide (DMSO) as a solvent. Measurements of the
magnetic susceptibility contributes to the determination of the complexes.
In addition these measurements provide information about the type of
bonding and strength of ligand field of complexes by giving information
about the number of the unpaired electrons.

The effective magnetic spin of the complexes was measured using
spin-only magnetic moment according to the following equation .

uso=2Vs(s+1) BM.

Where s= n/2 (n=number of unpaired electrons).
The results obtained from this equation were compared with the
actual values obtained through magnetic measurement. These values were

corrected for diamagnetic effects using the following relationships:

LLeff = 2.828 VX,.T
XA = XM -D
Xm = Xg X M.wt

o1
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Where:
T= Absolute temperature (298 K).
D = Correction factor.
X = Atomic susceptibility.
Xq = gram susceptibility.
Xwm = molar susceptibility.
The experimental values of magnetic moment are usually greater
than calculated values of magnetic moment.

Conductivity measurements of the prepared complexes in the
appropriate solvent are used to decide whether a complex is electrolyte or
neutral® #), Table (3-5) show the positions of the electronic absorption
bands and their transitions, and also include the calculated values of
Racah parameter (B’), 10 Dq and neuphelauxetic factor (B), Table (3-6)
showed the magnetic moment and conductivity data for the prepared
complexes at room temperature and the suggested structure for each
complex, The structures were suggested for the prepared complexes
according to the band positions of the infrared spectra, electronic
absorption bands, atomic absorption, magnetic properties and electronic

conductivity measured for these complexes.

3.5.1 Complexes of LI:
A) Cadmium(ll) complex (LI Cd):

Since the UV-Vis spectrum of d™ ion do not furnish a lot of
information, so some shifting and change in the shape of the bands were
compared with those of the ligand. therefore the possible geometry
around these ions can be suggested considering the metal analysis, F.T.IR

spectra and in account the available structures found in the literature® ™

83)
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The magnetic moment of the (LI Cd) complex was (u=0 B.M) which

show the complex to be Diamagnetic.
Conductivity measurements showed that the LICd complex was
conducting, Table (3-6).

These observations led us to suppose tetrahedral geometry for (L1 Cd)

complex:

?
/CD (NOs), . H,0

o
i \
(N_ phJ\ )—S—CH{ )—ph

B) Cobalt(ll) Complex (LI Co):

Electronic spectrum of cobalt (II) complex usualy shows three
trangitions, but these transitions cannot be assigned easily because of their
greater overlapping ®% %) Octahedral complexes of Co (I1) are reported
to consist of two bands one in the (15,400- 15,000 cm™) and the other in
the (20,000- 20,830 cm ™) regions V.

The term symbol for the ground state of Co (I1) ion “F which can
split in octahedral crystal field as follow 2.

o . _A_“Tlg P)
. A0 (F)
To9 (F)
4 A
V3
\V V2

“T1g (F)

oA
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In the present work the greenish blue complex shows, two bands,
one at (15,432 cm™) and the other at (20,242cm™) Fig (3-20), which were
assigned to the transitions v, and vs respectively. The value of v; was
calculated by using Tanabe-Sugano diagram for d” system, Fig (3-21), the
band found at (8034 cm'™) refers to “Tig / — “T.g (® transition. The
different ligand field parameters have been calculated using the same
diagram, the results are found in Table (3-5). The calculated
neuphelauxetic factor () was of the value (0.8), this high value refer to
the high ionic character of the bonding between the cobalt and the donor
atom of the ligand, which reflect on the weakness of the ligand field.

Octahedral cobalt (II) complex however maintain a large
contribution due to “Tg ground term and exhibit peff in the range (4.8-
5.6 B.M) ©®?. The magnetic moment of the (LI Co) complex was (5.13
B.M), which show the complex to be paramagnetic and have three
unpaired electrons indicating a high-spin octahedral configuration.

The formula was further confirmed to be non-ionic by conductivity
measurement, table (3-6).

From these results an octahedral geometry around Co (1) ion can be

suggested asillustrated in the following structure:

c
() |
C

N—N/ \N—N
(N = ph%o>—8—CH2%O>—ph

N

o9
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ElB

Figure (3-21): Tanabe-Sugano diagram for d’ system.

C) Mercury(ll) complex (LI Hg):

The UV-Vis spectrum of Hg (I1) ion have some transition found in
the region (200-400 n.m), can be assigned as intraligand transition, The
magnetic moment of the (L1 Hg) complex was (u=0 B.M) which show
the complex to be Diamagnetic.

Conductivity measurement showed that complex was non-
conductive, and this transition of d' ion do not furnish a lot of

information. So from the FT.IR study an octahedral geometry structure

N N
(N>+g<\\> EtOH

N—N/ \N—N
(N = ph%c))—S—CHz%O)—ph

N

can be suggested:
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D) Nickel(Il) complex (LI Ni):

In octahedral field three spin-allowed transitions are expected to
appear because of the splitting of the free-ion ,ground °F term and the
presence of the *P term, these bands can be assigned as
\%1 3Azg F) — 3ng @® =10 Dq
v2°Ag ® — °Tig @
vs’Ag ® — °Tig @)

The term symbol for the ground stare of Ni (I1) ion °F which can

split in octahedral crystal asfollow:

3P______------_A_3T19(P)
3
T.0 (F
' I 19 (F)
N 29
F—e"
v 2 "
' Az (F)

The UV-Visible spectrum of the present brown Ni*? complex, (LI Ni),
Figure (3-22), show two bands at (15,723 cm™ and 25,706 cm™) can be
assigned v, and v; respectively® 199,

The value of v; was cal culated using Tanabe-Sugano diagram for o
system, Figure (3-23), and found to be (10,400 cm™) which refer to
*Alg B — T,g @ transition.

The value of the calculated peff (LI Ni) complex was (2.77 B.M.)
this value is in the range of octahedral geometry ?. The conductivity
measurement showed the complex to be ionic, therefore the following

structure can be postul ated:

1)
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N ¢ N
( Dkl > (NO3), . H,0

N—N/ \N—N
(N = ph%c))—S—CHZ%O)—ph

N

B0

70 ——

o Jof " e
L |/ / ///
Ny
R

E/B

'G
20 ~7
o SN r— £y
1D
10
£y he i
0 1 2 3
Dq/B

Figure (3-23): Tanabe-Sugano diagram for d® system.

E) Copper(ll) complex (LI Cu):

Cu(ll) compounds are blue or green because of single broad
absorption band in the region (11,000-16,000 cm™)"?. The d° ion is
characterized by large distortion from octahedral symmetry and the band
Is unsymmetrical, being the result of a number of transitions, which are

no means easy to assign unambiguously. The free ion ground ?D term is

1y
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expected to spilt in acrystal field in the same way as the °D term of the d*
lon and a similar interpretation of the spectra is likewise expected, and

according to the following ©* ™ diagram:

2ng /—"‘ A
/_<~- 2
~~.. Byg
A
Free ion _D<
2
A9
N2 P
‘\i:: 2 T‘yl 'vz -‘,13
oh crystal field —~---_219

tetragonal
crystal field

Unfortunately, this is more difficult because of the greater over
lapping of bands. Which occurs in the case of Cu(ll). In the present work,
the bright green (L1 Cu) complex show a broad band ' at (15,873 cm™)
can be a ssigned to *B,g — °B,g and *B,g — Eg transitions, Figure (3-
24). Conductivity measurement shows that the complex was non-ionic,
table (3-6).

The value of peff. that have been measured for (L1 Cu) complex
was (1.81 B.M.).This value is in the range of octahedral geometry®*®.
Therefore the expected geometry of (L1 Cu) complex is:

C
<N>(:'IU<N> H20
C
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3.5.2 Complexes of (LII):
A) Cadmium(ll) complex (LI Cd):

Conductivity measurement showed that the complex is non-ionic,
and the magnetic moment of the (LII Cd) complex was (u=0 B.M) which
show the complex to be Diamagnetic.

And from FT.IR study the structure of this complex can be regarded as
tetrahedral geometry:

ONO,

Cd

/ T \ONOQ

N
\>—NH—|I|\I -H0
S CH

Cl

B) Cobalt(ll) complex (LIl Co):

The spectral behavior of this complex, fig (3-26), showed that the
Co(Il) was converted to Co(lll). Octahedral Co(lll) complexes was
recorded that the two bands at (16.615cm™) and (14.884cm™) were
assigned to the transition 'A;g — 'T1g (v1), this splitting is due to spin
orbit coupling ®®. Therefore v; have been calculated as the average of
these two bands.

The second band appears as a weak band at (23.809 cm ™) was
assigned to the transition 'A.g — 'T.g (v,). from These transitions that
happened for low spin Co(lll) complexes in octahedral geometry we
would expect following transitions "©
v1 ‘Ag — Tig
vo Alg— 'Tog.

¢
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These peaks should appear more widely spaced at large values of
Dq®.
Thevauesof B , 10 Dgq have been calculated using Tanabe-Sugano
diagram for d° system, fig (3-25).
The molar conductivity measurements in DMSO show that the
complex was electrolyte. According to these results the following

structure can be proposed:

SN
XX
N N cl
| \ / \
NH
S Co
/ /LS Clg
AN
cl % N
L 0
VRN
Et H
’423 Alz
50 Yo /' B E,

70 1 i 2,
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Figure (3-25): Tanabe-Sugano diagram for d° system.
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C) Nickel(ll) complex (LIl Ni):

The spectral behavior of this complex, Figure (3-27), was identical
with that of (L1 Ni). Which also shows two bands one at (15,576 cm™)
and the other at (24,937 cm™) which was assigned to the transition v, and
vs respectively. v; was calculated using Tanabo-Sugano diagram for d®
system and found to be (8,500 cm') this belongs to the transition *A,g @
— 3Tlg(F).

The magnetic moment of the (L1 Ni) complex was (2.69 B.M.),
Table (3-6). Therefor an octahedral geometry was assumed for Ni(ll)
complex.

Conductivity measurement shows the (LI11 Ni) complex was non-
ionic; Table (3-6). The following structure can be suggested:

S\l/N\|/
/|\/A

ONO,

2H,0

D) Copper(ll) complex (LIl Cu):

Electronic spectrum of the dark green complex (L11Cu) isshownin
Fig (3-28), Table (3-5). The dark green color was attributed to the single
broad absorption band in the region 625-500 nm (16,000-20,000 cm™) 7,
the d® ion characterized by large distortion from octahedral geometry. Oh.
Complex for Cu(ll) usually have three bands but unfortunately these
bands can not be clearly assigned, This difficulty is due to the greater

N
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overlapping of the bands, which usually occurs in the case of Cu(ll)

complexes.

The center of the broad band has been assigned at 624 nm (16.025
cm™), this band refers to the distorted octahedral geometry (Jahn-Teller
distortion) “"# and can be assigned as ’Eg — °T,g . The other bands
found in the region 350-200 nm (28,571-50,000 cm'*), can be assigned as
intraligand or charge transfer. The magnetic susceptibility of the (L11 Cu)
complex was (2.05 B.M.), Table (3-6). Therefor an octahedral geometry

was assumed for Cu(ll) complex. Conductivity measurements show the

(L1l Cu) complex was non ionic, Table (3-6), the following structure can

be suggested:

Cl
N

mDN/ !

Cl

3.5.3 Complexes of LIII:
A) Cadmium(ll) complex (LI Cd):

NP2

CH
NH

N /|\N2\

2H,0

Conductivity measurement showed that the complex was ionic,

The magnetic moment of the (LII1 Cd) complex was (u=0 B.M) which

show the complex to be Diamagnetic.

1y
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and from FT. IR study the structure of this complex can be regarded as of
tetrahedral geometry:

OH,

Cd

N

N
(j: \>fNH—|I|\l (NO3), . H0
S CH

OH

B) Cobalt(ll) complex (LIl Co):

The spectral behavior of this complex, Fig (3-29), was identical
with that of (LI Co), which aso show two bands one at (15,408 cm'™),
and the other at (20,000 cm™) which was assigned to the transition v, and
vzrespectively.

The value of v, was calculated using Tanabe-Sugano diagram for
d’ system, and found to be (7,981 cm™®) which refersto *T.gm — “T1g @
transition, 10Dq Value was al so calculated from the diagram and found to
be (9,976 cm™) referring to aweak field state.

The magnetic moment of the (LI1I1 Co) complex was (4.91 B.M.)
that shows the complex are paramagnetic and have three unpaired
electrons indicating a high spin octahedral configuration.

The formula was further confirmed to be non-ionic by conductivity
measurement.

From these results an octahedral geometry around Co(ll) ion can
be suggested asillustrated in the following structure:

TA
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CH

NH

O~

2H,0

z

C) Nickel(ll) complex (LI Ni):

Electronic spectrum of (L1111 Ni), Fig (3-30), shows two bands, One
a (15,673 cm™) and the other at (25,316 cm™) which refers to the
transitions *A,g ® — *T1g(m and *A,g ® — °T1g @ respectively. The
value of v; was calculated using Tanabe-Sugano diagram for d® system
and found to be (8,856 cm) referring to *A,g / — >T.g ¢ transition,
which is also equal to 10Dq value indicating a high spin complex. The
magnetic moment of the (LI11 Ni) complex was (2.71 B.M.) Table (3-6).
Therefore an octahedral geometry was assumed for Ni (I1) complex.

Conductivity measurement show the (LII1 Ni) complex was ionic.
Table (3-6). The following structure can be suggested:

14
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D) Copper(ll) complex (LI Cu):

The spectral behavior of this complex, Fig (3-31), was identical
with that of (L1 Cu) ®, was also show abroad band at (13,404 cm™®).That
refer to °B,g — °B,g and °B,g — “Eg transitions. The magnetic moment
of the (LIl Cu) complex was (2.45 B.M.), Table (3-6). There fore an
octahedral geometry was assumed for Cu(l1) complex.

Conductivity measurement showsthe (L1111 Cu) complex wasionic,
Table (3-6). The following structure can be suggested:

OH,
S N N——CH OH
N
HN Cl,
Ho@mé( A
OH,
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Table (3-5). Electronic spectra data for complexesof L1, LIl and LII1 in DM SO

solvent (cm™).

Complex | Absorption | transition B B B 10Dq 15B°
bands(cm™)
LICo 8,034 v T10F)—"T29F)
15,432 v ' T19F)—"A0(F) 971 | 772 |08 |7,768 | 11,580
20,242 vaT1gR—"T2gr)
L1 Ni 10,400 vi*Ag(F)— T 20(F)
15,723 v AR —T1gF) 1030 | 681 | 0.66 | 10,400 | 10,229
25 706 v 3 AP — T1gP)
LI Cu 15,873 ’B,g—°B.g
’B,g—°Eg
LIl Co 15,749 vit Ag—'Tg
23,809 volAg—Tog 1100 | 540 |05 | 18,000 | 8,100
LI Ni 8,500 vi*A9(F)—T 29(F)
15,576 v 2 A0F)—T1g(F) 1030 | 1,001 | 0.97 |8500 | 15,013
24.937 v AGF)— T1gP)
LIl Cu 16,025 °B,g—°B.g
’B1g—"Eg
LIIl Co | 7,981 v 1 T19F)—"T20F)
15,408 v T1gF)—"AgF) 971 |802 |0.82 [9976 |12,041
20576 v3*T19F)—*TgP)
LIl Ni |8,856 Vi Ag(F)— T 20(F)
15,673 v 2 AQF)—T10(F) 1030 | 962 |0.93 |8856 |14,421
25316 v3*AL0(F)—°T1g(P)
LIIl Cu | 13,404 ’B,g—°B.g

’B1g—°Eg

\A
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Table (3-6). Magnetic moment, conductivity and suggested structure for

complexesof LI, LIl and LIII.

Complex M agnetic moment Conductivity Suggested
peff. (B.M.) ps.cm™ structure

LI Cd Diamagnetic 32 Tetrahedral
LI Co 5.13 20 Octahedral
L1 Hg Diamagnetic 21 Octahedral
LI Ni 277 38 Octahedral
LI Cu 1.81 19 Octahedral
LIl Cd Diamagnetic 17 Tetrahedral
LIl Co - 40 Octahedral
LIT Ni 2.69 18 Octahedral
LIl Cu 2.05 20 Octahedral
LIl Cd Diamagnetic 34 Tetrahedral
LIl Co 4.91 19 Octahedral
LI Ni 271 31 Octahedral
LIl Cu 2.45 36 Octahedral

\Al
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Table (3-7): The Chemical Formula and the name of the LI and their metal

complexes.

Complex

Chemical Formula

Name of the Compound

LI

C17H12N4O5S

2-(5-phenyl-2-methylthiol,3,4oxadia- zole)-5-
phenyl-1,3,4-oxadiazole

LICd

[Cd (LI)2] (NO3)2. H2O

bis [2-(5-phenyl-2-methylthio-1,3.4-
oxadiazole)-5-phenyl-1,3,4-oxadiazo-

le]Cadmium(l1).nitrate .water (1)

LICo

[CO (L I)z C|2] .2 CoHsOH

Dichloro bis[2-(5-phenyl-2-methylt-hio-1,3.4-
oxadiazole)-5-phenyl-1,3,4-
oxadiazole]Cobalt(l1).Ethanol (2).

LIHg

[Hg (LI)2 C|2]2 C,HsOH

Dichloro bis[2-(5-phenyl-2-methyl thio -
1,3.4-oxadiazole)-5-phenyl-1,3,4-
oxadiazole]Mer cury(l1).Ethanol(2)

L INi

[Ni (LT)2(H20)2] (NO3)2. H20

Diaqua bis[2-(5-phenyl-2-methylth-io-1,3.4-
oxadiazole)-5-phenyl-1,3,4-
oxadiazole]Nickel(11).nitrate.water (1)

LICu

[CU (LI)Z C|2] H20

Dichloro bis[2-(5-phenyl-2-methyl-
thio-1,3,4-oxadiazole)-5-phenyl-1,3,4

-oxadiazole] Copper(I11). water (1)

vy
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Table (3-8): The Chemical Formula and the name of the LII

and their metal

complexes.
Complex Chemical Formula Name of the Compound
LIl C14H10N3SCI 2-(O-chloro benzylidine) hydrazino
benzothiazole.
Di nitrato [2-(O-chloro benzylidine)-
LII1Cd [ Cd LIl (NOg);] .H20 hydrazino benzothiazole] Cadmium(ll).
Water (1).
Di ethanol bis[2-(O-chloro benzylidine)
LIICo [ Co(LIl)2(EtOH),] Cl3 hydrazino benzothiazole.] Cobalt(I1).
chloride(3).
Di nitrato bis[2-(O-chloro benzylidine)
LIINi [Ni (L11)2 (NO3)2].2 H,O hydrazino benzothiazole] Nickel(11).
water (2).
Dichloro bis[2-(O-chloro benzylidine)
LIICu [ Cu (LIT)2Cly] .2H20 hydrazino benzothiazole] Copper(I1).
water (2).

A&
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Table (3-9): The Chemical Formula and the name of the LIIl and their metal

Name of the Compound

2-(P-hydroxy benzylidine) hydrazino
benzothiazole.

Diaqua [2-(P- hydroxy benzylidine)-

hydrazino benzothiazole] Cadmium(ll).
nitrate. water (1).

Di chloro bis [2-(P-hydroxy benzylidin-
€) hydrazino benzothiazole] Cobalt(l1).
water (2).

Di nitrato bis[2-( P-hydroxy benzylidine)
hydrazino benzothiazole] Nickel(11).

nitrate. water (1).

complexes.
Complex Chemical Formula
LIl C14H11N3OS
Lilicd [ Cd LIl (H20),] (NO3),.H,0
LIIICo [ Co(LIIN),Cly).2H0
LITINI [Ni (L111)2(H20)2] (NO3),2.H20
LITICu [ Cu (LITI)2 (H20),] Cl,

Diaqua [2-(P- hydroxy benzylidine)-
hydrazino benzothiazole] Copper(l1).
Chloride(2).

Yo
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Suggestion for future work:

The following suggestion can be postulated to ensure completion
of the work:
1) Preparation of another set of transition metal complexes with the other
transition metal ions.
2) Using C.H.N. Microanaysis and NMR techniques to completely
identify the structures of the ligands and its metal complexes.
3) Making a screening antibacterial and antifungal activity of the ligands
and all the metal complexes, to explore their activity and the syner effect

between the metal and the ligand.

AN
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Chapter one
| ntroduction
1.1 Interaction of the ligand with metal ion:

The tendency of metal ion to form stable complex with ligands
depend on many rules such as the hard and soft acid and base (HSAB)
rule of Pearson® which simply state that metal ions tend to coordinate
with certain donor atoms of the ligand to form stable complex.

Hardness and softness refer to special stability of hard-hard and
soft-soft interaction and should be carefully distinguished from inherent
acid or base. The Irving Williams series of stability for agiven ligandisa
good criterion for the stability of complexes with dipositive metal ions
which follows the order:

Ba+2 < Sr+2 < Mg+2 < Mn+2 <Fe+2 < CO+2 < Ni+2 < Cu+2 > Zn+2-

This order arises in part from decrease in size across the series and
in part from ligand field effects. The tendency of transition metal ions for
special oxidation statesis affected by coordinating to certain ligands, this
phenomenais called (Symboiosis)®.

The increase of the positive charge on the central transition metal
Ion strengthens the metal-ligand bonds. The metal ion prefer to bind with
atoms of high electron density such asN?3, 0?2, P3, S?% C*®,

The ligand should have certain characteristic properties to make it
convenient to form stable complex with transition metal ions. The size,
geometrical shape, number and geometrical arrangement of ligand and
donor atoms play the important role in the stability of the resultant
complex.

Metal centers, begin positively charged, are favored to bind to
negative charged biomolecules, the constituents of proteins and nucleic

acid offer excellent ligands for binding to metal ions®.
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1.2 Metal complexes; chemistry of polydentate ligands:

L arge molecules which contain a number of donating atoms, have
the ability to bind to the metal ion through more than one atom,
polydentate ligand, especially those which have equivalent atoms with
respect to their coordination ability, show different behavior with respect
to the number of binding sites with the centra metal, e.g. (ethylene-
diamine tetraacetate may have coordination number between 2 and 6).
The pH of the reaction mixture has also a large effect on the bonding
properties of the polydentate ligands. In addition to that the type of
solvent and the metal, concentration of the ligand and other factors which
may affect the mechanism of the ligand exchange, have also important
rolein this respect®.

The chemistry of metal complexes containing polydentate ligands
which have delocalized n-orbitals like Schiff bases, triazole and
porphyrins, have recently attracted the attention of many scientist due to
their use in many biomodels, like respiratory pigments and vitamin B,
co-enzymes. In the case of Schiff base metal complexes the work were
carried out on cobalt (111) complexes, because they are considered to be a
reversal molecular oxygen carriers or vitamin By, co-enzyme models.
Thisinterest extendsto iron (1) and (111) complexessinceironisfound in
many living systems like hemoglobine. On the other hand transition metal
(especially vanadium) complexes of Schiff bases are aso used
industrialy as catalyst in the co-polymerization of acetylene-propylene
the method of Ziegler-Nata process®.
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1.3 Oxadiazoles:

Oxadiazoles are five-membered ring compounds with three hetero
atoms. one oxygen atom and two nitrogen atoms. There are four isomeric
types of oxadiazoles: 1,2,3-oxadiazole (I); 1,2,4-oxadiazole (II); 1,2,5-
oxadiazole (III); and 1,3,4-oxadiazole (1V), as shown below'”:

SN g U

1 1
[1] [1] [III] [IV]

1.3.1 1,3,4-Oxadiazoles:

Figure (1-1): Orbital structure of 1,3,4-oxadiazole.

1,3,4-Oxadiazole ring has three pairs of delocalized n-electrons.
Two of the pairs are shown as n-bonds through the overlapping of
unhybridized p-orbital of nitrogen atom and one pair of non-bonding
electrons on the hetero oxygen atom. 1,3,4-oxadiazole has three pairs of
non-bonding electrons that are not part of the n-cloud. These electrons are
in sp” prependicular to the p-orbital .

The growing literature in the past years demonstrates that 1,3,4
Oxadiazoles are becoming of great interest stems mainly from their
wide range of applications
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The 1,3,4-oxadiazoles have been reported to be biologically
versatile compounds having bactericidal®, fungicidal®, herbicidal™®,
analgesic™”, hypoglycemic™?, anti-inflammatory"*?, and transqualizing
agents *** moreover, various 1,3,4-oxadiazoles are suitable for usesin
photography'® Scintillation materials, dyestuffs industry™”,corrosion
inhibitors™®, and as thermal stabilizers for rigid polyvinyl chloride!®.

1.4. Benzothiazoles:

Benzothiazoles are bicyclic system (benzene ring fused with
thiazole ring) with two heteroatoms, one sulfur atom and one nitrogen
atom, where in the benzene ring is fused to the 4,5 position of thiazole
ring like the structure(A).

N N
\> \>78H
S S

(A) (B)

2-Mercaptobenzothiazole are derivatives in which the 2-position is linked
to the sulfur atom like the structure (B).

The benzothiazoles are aromatic because they are cyclic, planar
molecules, and have five pairs of delocalized n-electrons, four of the pairs
are shown as zn-bonds, and one pair is shown as a pair of nonbonding
electrons on the sulfur atom 9.,

In 1922, 2-mercaptobenzothiazole was developed as a rubber
vulcanization accelerators, thus the early impetus to the study of thiazole
chemistry came from the practical importance of the benzothiazol €.

Further more, the ease with which alarge variety of such derivative

can be prepared and the reactivity of the mercapto group make these
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compound valuable starting materials for the preparation of many other
benzothiazoles.

The biological importance of benzothiazole derivatives was further
emphasized during the period 1941- 1945 When work on the structure of
antibiotics, penicillin, which has showed the presence of a thiazolidine

ring in this important therapeutic agent .

1.5 Schiff bases:

1.5.1 Synthesis of Schiff bases:

The term "Schiff bases' used to define those organic compounds
which contain the functional group (-C=N-).

Schiff bases were firstly prepared by Schiff in 1864“*% from
condensation reaction of aldehydes or ketones with primary amine.

Schiff bases have several nomenclature such as anils, imines,
azomethines, benzanils and benzyildeneaniline®?.

Imines ,Schiff bases and other (C=N) compounds can be reduced
with LiAlH4, NaBH,4, Na-EtOH, hydrogen and a catalyst, as well as with
other reducing agents® .

Schiff bases rapidly decomposed in agueous acidic media, but they
are very stable in basic solution ®.

Schiff bases can be obtained by condensation reaction between
carbonyl compound (1) and amine (2) with the formation of amino
alcohol asintermediate (3).

The experimental conditions depend on the nature of the amine and
especially of the carbonyl compound which determine the position of the
equilibrium.

The addition of proton to the carbonyl group yields the conjugated

acid in which the carbon of the carbonyl group is more electrophilic, thus
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facilitating the attack of the amine on the carbony! group. The added acid
will enhance elimination of water moleculeto give thefinal product (SB).

OH

OH
\ | RNH |
® 2y (\:

C—O0 + H—>» —

/

l|\|(-D R— C—=N—R ... 11

The general mechanism of the Schiff base formation reaction can

be depicted as follows:

R R
H‘NR: \C/
R R
\C/ + R— NH, — » R—(|:—R' —_— |l\|l + H,O
ﬂ OH ‘
R
(1) (2) (3)

These bases can also be prepared by refluxing of equimolar
guantities of aldehyde or ketone with amine by slow melting for 10
minutes and then isolating and purifying the product by recrystallization,
or sublimation under reduced pressure®?”.

Staab™ prepared Schiff bases by removing water which is formed
by condensation of aldehyde with the amine and by reflux in benzene this
IS done by mixing the amine and the aldehyde in benzene and then the
residual solution isdistilled under vacuum.

Bidentate Schiff bases have been among ligands that are
extensively used for preparing metal complexes. These ligands are
described according to their donor set N,N-donor Schiff bases and N,O-
donor Schiff bases for example.
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Tridentate Schiff bases may be generally considered as derived
from the bidentate analogues by adding another donor group. These have
been utilized as an ionic ligands having (N,N,0),(N,N,S), (N,0,0) and
(N,S,0) donor sets'?**? for example.

] xN/O _\

1.5.2 The metal complexes of Schiff bases as biologically

important compounds:

Schiff bases and their metal complexes have received a great deal
of attention during the last decade by many workers to prepare new sets
of these bases and their transition metal complexes'®®.

These complexes have proven to be antitumer and have
carcinostatatic activities®*?. They show leukaemetic activity. Schiff
bases, on the other side, have a great importance in biological reactions
like (visual process)®, and in the reaction that involve removing the
amine group by enzymic effect (enzymatic transition reaction) and some
B-catalysed reaction®?.

The biological activity of Schiff basesis attributed to the formation
of stable chelates with transition metal ions presentsin cells®.

Schiff bases derived from sulfa drugs have been successfully used
for the bacteriostatic activities and complexes®. A great dea of work
concerning metal complexes of Schiff bases were concentrated on the

cobalt(l1l) complexes, that are used as reversible of oxygen carriers or
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amodel for vitamin By, Co-enzymes, the attention is also extended to
Fe(l1) and Fe(l11) complexes which are included in the hemoglobin found
in some biological systems®”.

It has been noticed that the number of papers regarding the
preparation of palladium and platinum complexes with Schiff bases
increases rapidly. The discovery of cis-platinum complex cis
[Pt(NH,),Cl,] as an antitumer agent by Rosenberg® led to dev -
elopement of platinum complexes chemistry designed for wide biological
applications™. Palladium and platinum are regarded as soft metals, so
they react with soft ligands that contain an electron-donating group like S

40)

and P, they also can form complexes with hard ligands“?, like

oxygenating molecules or molecules which contain nitrogen.

Recently many research works“? appeared which deal with the
study of palladium interaction with Schiff bases through cyclometal ation
reaction (this include metal containing cyclic in which the meta is
bonded to a carbon atom). This reaction plays an important role in
preparation of some organometalic compounds in which these complexes
are used as starting materials to improve the stereochemistry of these
compounds. Also these complexes are used in photochemical reactions.

Schiff bases and their analogues have great importance as catalysts
In racemic reactions in peptide syntheses and information of amines that
have biological origin®?. Recently a new set of Schiff bases have been

prepared
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Table (1-1): The molecular formula, and biological activities of some metal

complexes of a number of Schiff bases.

Name Molecular . . . o
¢ | Metal ion Biological activity | Ref
ormula
Thiocar boxy phenyl-4- Hg™, Au*?, Antibacterial
ntibacteria
allyl-5-phenyl-4H-1,2,4- | CigH1sNsOS | Ca*? Cd™ o 43
) 2 42 activity
triazole Cu™, Fe
2-(benzylidene)-5-
allylthio-1,3,4-thiadiazole | C1oH11NsS, Cu*?, Fe™ - 44
B-naphthaldehyde N- Cd*™, Fe™
phenyl imine Co*?, Ccu®?,
C17H1sNO +2 +2 - 45
Cr™“, Hg
V (1V)
B-naphthaldehyde-N- cd*™, Fe™
cyclohexyl imine C17H1NO Co*, Cu*?, - 45
HgV (1V)

1.6 Infrared spectra of Schiff bases and their metal complexes:

The following are a review of the vC=N assignment, as recorded
for Schiff bases and their metal complexes®??.
1) v(C=N) appeare around 1630 cm™ in the free Schiff bases, the band

around (1620-1610) cm™ in manganese(lll) complexes is observed

indicating the coordination of imine nitrogen to the Mn(111)ion®®.

2) Coordination of chain polymers of Schiff bases derived from o-amino
benzoic acid and terphthalaldehyde shows C=N stretching at 1625 cm’™*
and is shifted to (1620-1615) cm™on complex formation, indicating the

involvement of azomethine nitrogen in coordination™?.
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3) A strong band appeared around 1590 cm is assigned to the C=N
stretching of the free Schiff bases, bis (Vaniline) ethylenediimine, bis
(Vanilline) propylenediimine, bis (Vanillin) o-phenylenediimine, it was

found in the region (1675-1665) cm™ for their complexes with Cu(11)“*®.

4) The IR spectra of some Schiff bases derived from thiazoles and
benzothiazoles showed a strong sharp band in the region (1630-1615)cm™
for v(C=N)®“9.

5) Schiff bases, oximes, thiadiazoles, iminocarbonates and guanidines
show the C=N strength in the region (1689-1471) cm™*®°,

6) The IR spectra of new series of Schiff bases derived from
substituted,4,5-di substituted-2-amino-thizole and p-hydroxybenzal dehyde
show a strong sharp band in the region (1640-1625) cm* for v (C=N)®Y.

7) Strong band at 1600 cmwas corresponded to v(C=N)®? in some
Schiff base derived from 2-furylglyoxa and 2-aminopyridine. This band
was shifted to lower frequencies in the spectra of the Mn(l1), Co(ll),
Ni(l1) and Cu(ll)complexes indicating the involvement of azomethines

nitrogen in coordination®?.

8) The IR spectrum give absorption band in the region (1640-1630) cm™*
for v(C=N) of free tetraimine Schiff bases macrocycles derived from the
condensation of 1,3-diamine-2-hydroxypropane with pyrrole-2,5-
dicarbal dehyde and with thiophene-2,5-dicarbal dehyde®?.
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9) Patai suggest that v(C=N) appear in the region (1680-1570) cm™. The
intensity of v(C=N) is variable and it depend on the substituted groups®?.

10) The IR spectrum of Schiff bases derived from 4-phenyl-5-(p-
aminophenyl)-3-merapto-1,2,4-triazole give strong band in the region
(1695-1650) cm™* corresponding to v(C=N)®?.

1.7 Electronic spectra of Schiff bases:

Nothing is interested in the electronic spectra of aliphatic Schiff
bases because they absorb light below 200 nm.

In the presence of conjugation, the electronic spectra of, for
example CH,=CH-CH=N-C4H,, show n—=* transition at 219 nm but the
electronic spectra of benzylidene aniline show a very important
phenomena since it is iso-electronic with stilibene and they have a
different spectra.

The following interpretation of the first four electronic absorption
band systems of the benzylidene aniline molecule seen to be accepted by
many authors:-

a) The band centered at 322 nm is assigned to a 1 — «* transition
extending over the whole molecule but taking origin from the ph-C-N

Moi ety(52,56,57,58,59,60).

b) The band at 262 nm is characterized for the CsHsCH=N fragment and
has been interpreted by some authors as a transition to a charge-transfer
state in which the ph-ring moiety is the electron donor and the

azomethine group acts as an electron acceptor 26783960

AR
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¢) The band at 237 nm has been assigned to alocal excitation in the

ph-C-N moiety in which the lone pair on the nitrogen atom interacts with
the  m-electrons of the ph-C-N ring, on the other band local excitation
in the ph- ring has aso been proposed to explain absorptions in the same

region in the spectrum®®>"94).

d) A fourth band system exists at 218 nm has been assigned to a local
excitation in the ph-ring®"*®. The electronic spectra of all other Schiff
base like heterocyclic hydroxy, B-diketones®®® and those derived form
a-diketones have been interpreted on this bases unless indicated

otherwise.
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1.8 Aim of the present work:

This work aims to synthesizing and characterizing some transition
metal complexes with new ligands derived form oxadiazole and
benzothiazole. These complexes are designed to be anti bacterial and
antitumour agent, according to the general drug structural requirements,
Thiswork include:
1)Synthesis of 2-[5-phenyl-2-methylthio-1,3,4-oxadiazol e]-5-phenyl-
1,3,4-oxadiazole(L 1), 2-[O-chloro benzylidine] hydrazino benzothiazole
(L11), and 2-[p-hedroxy benzylidine] hydrazino benzothiazole (LII1) .

2) Synthesis of Cu (I1), Co (I1), Cd(I1), Ni(Il) and Hg(ll) complexes with
(L.

3) Synthesis of Cu(ll), Co (I1), Cd(ll) and Ni(ll) complexes with (LII)
and (L1I1).

4) In order to verify the proposed structures of the prepared complexes
spectroscopic methods have been used .these include FT.IR and UV-Vis
spectroscopy . The prepared complexes were further studied using
conductivity and magnetic susceptibility measurements . Metal analysis
was used to identify these complexes.

VY



	Microsoft Word - Thesis face.pdf
	Microsoft Word - symbols.pdf
	Microsoft Word - references.pdf
	Microsoft Word - quran.pdf
	Microsoft Word - Contents.pdf
	Microsoft Word - Chapter two.pdf
	Microsoft Word - Chapter three.pdf
	Microsoft Word - Chapter one.pdf



