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SYNTH. REACT. INORG. MET.-ORG. CHEM., 28(7). 1053-1064 (1998) 

BIOCHEMICALLY RELEVANP COMPLEXES OF COPPERI SYNMESIS, MAGNETIC 
AND SPECTRAL STUDIES OF SOME MIXED-LICAND CHELATES OF B I S ( F  
HYDROXYACEToPHENONAT)COPPER(II) WITH BENZOTHIAZOLE AM) RFLATED 
LIGANDS 

R. C. Maurya*, S. P l l l a i ,  T. Singh, H. Sin@ and B. Shukla 
Coordination Chemistry Laboratory, Department of P. G. Studies and 
Research i n  Chemistry, R. D. University, Jabalpur - 482 001, India 

ABSTRACT 

A s e r l e s  of novel mixed-ligand complexes of copper(I1) of 

t he  compositions [Cu(Fhaph)2(L)2], where ? h a m  - F h y d r o x p  

acetophenone ard L - benziothlazole, 2-methylbenzothlazole, 

2-(2t-hydroxyphenyl)benzothlazole, 2-(2~-tolyl)benzothlazole or 
2-( 3t-tolyl)benzothlazole, and [Cu(Fhaph)p(AMBZT)] , where AMBZT = 

2-aminobenzothlazole, have been prepared by the in t e rac t ion  of 

[ C u ( ~ h a p h ) ~ ]  .H20 With the  l igands.  The compoumls so obtained 

were characterized by ana ly t i ca l  da t a ,  molar conductances, magnetic 

measurements, e lec t ron  paramagnetic resonance and in f r a red  spec t r e l  

studies.  

these complexes. 

Suitable octahedral s t ruc tu res  have been proposed for 

INTRODUCTION 

The l l ga t iona l  behaviour of benzothiazole and i t s  der iva t ives  

has been reported14 previously. 

been growing i n t e r e s t  i n  t he  synthesis and charac te r iza t ion  of 

some mixed-llgard complexes of bis(~hydroxyacetophenonato)copper(fI) 

I n  the  pas t  f eu  yeare the re  has 

1053 
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1054 MAURYA ET AL. 

and bis(~hydroxyacetophenonato)niCkel(II) With pyridine and 

re la ted  l igads5-*.  

synthes is  and charac te r iza t lon  of some mixed-ligand adducts of 

copper(I1) , zinc( 11) , nicke l ( I1)  , cadmium(I1) and cobalt(I1) 

involving 2-hydroxyacetophenone a& heterocyclic bases. 

 communication^^^^^ f rom our laboratory,  Maurya 

t h e  synthesis,  magnetic a d  spec t r a l  studies of some mixed-ligand 

hexa-coordinate complexes of diaquabis(Fhydroxyacetophenonato)- 

cobalt(  11) , dlaquabis(~hydroxyacetophenonato)nickel(II) and 

bis(eydroxyacetophenonato)copper(II) monohydrate w i t h  2- o r  3- 

pyrazoline-+ones. However, there  i s  no repor t  on mixed-liganl 

complexes of bis(Fhydroxyacetophenonato)copper(II) involving 

heterocyclic donors such a s  benzothlazole and re la ted  ligands. 

therefore ,  have examined the  l i g a t i o n a l  behaviour of benzothiazole 

(BZT) , 2-methylbenzothiazole (MBZT) , 2-aminobenzothiazole (AMBZT) , 
2-(2~-hydroxyphenyl)benzothiazole ( W E T ) ,  2-( 21-tolyl)benzothiazole 

(21-TOBZT) and 2-( 3@-tolyl)benzothlazole (31-TOBZT) towards bis- 

(Fhydroxyacetophenonato)copper( 11) monohydrate. 

P a d a  and Mahapatra6 have reported the 

I n  recent 

g. have reported 

WB, 

As the  biological a c t i v i t y  i s  o f t en  augmented” when the  

l igand f o r m  complexes w i t h  metal ions ,  t he  r e su l t i ng  mixed-ligand 

complexes may be of po ten t i a l  biological importance. 

i n t e r e s t  f o r  t h i s  investigation has been generated by the discovery 

of the enzyme Galactose oxldase which contains a mixed-ligand 

monomeric copper(I1) complex involving N/O donors i n  i t s  ac t ive  

s i t e .  Benzothiazole and i t s  der iva t ives  a re  s t ruc tu ra l ly  shown i n  

Additional 
12 

Fig. 1. 

EXPERIMENTAL 

Materials 

- o-Hydroxyacetophenone (B. D. H. Chemical, Bombay), e t o l u i c  

ac id ,  p t o l u i c  ac id ,  2-aminobenzothiazole and copper( 11) chloride 
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BIOCHEMICALLY RELEVANT COMPLEXES OF COPPER 1055 

oe.> 
BZT MBZT 

BPBZT 

2 ' TOB ZT 3'-lWBZT 

Fig. 1. Structures of Ligands. 

dihydrate (Sisco-Chem Indus t r i e s ,  Bombay), benzothiazole, 2-methyl- 

benzothlazole (Aldrich Chemical Company, U, S. A , ) ,  salicylamide 

(E. Merck, I n l i a ) ,  were used a s  received. 

used were of A. R. grade. 

9;Ll other  chemicals 

Preparation of HPBZT, 2'-TOBZT and 3I-TQBZT 

The benzothiazole der iva t ives  were prepared by the usual 

rnethodI3 of condensation of Faminothiophenol with s a l i c y l a d d c  

for HPBZT, with 2-toluic acid for 2I-TOET or with r t o l u i c  acid 

f o r  3I-TOBZT i n  the presence of a s u f f i c i e n t  quant i ty  of poly- 

phosphoric acid.  
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1056 MAURYA ET AL. 

Preparation of the  Parent Compound [Cu( ~ - h a p h ) , ] ~ H ~ c  

"he parent compound bis(-eydroxyacetophenonato) copper( 11). 

manohydrate was prepared by the method of Parda 2. 6 . 
Preparation of the Mixed-Ligand Chelates 

A stoichlometric quant i ty  of the  parent compound, 

[ C u ( ~ h a p h ) ~ ]  . H 2 0  (0.01 mole, 3.515 g), dissolved i n  a su f f i c i en t  

quan t i ty  of  ethanol (-m mL) was added t o  the so lu t ion  of the  

appropriate ligaml c0.02 mole f o r  BZT (2.7 g),  MBZT (3.0 g), 

HPBZT (4.5 g ) ,  2'-TOBZT (4.5 g ) ,  3I-TOBZT (4.5 g) and 0.01 mole 

f o r  AMBZT (1.5 g)] dissolved i n  ethanol (-20 I&). 

mixture was refluxed f o r  6-7 h a t  OO°C over a ho t  plate.  

t h i s  time a coloured so l id  separated out. 

suc t ion ,  washed several  times xith ethanol a d  f i n a l l y  wlth e the r  

and dried i n  vacuo t o  constant weight. 

t h e  synthesised complexes a re  given i n  Table I. 

The resu l t ing  

During 

It was f i l t e r e d  by 

The ana ly t ica l  da ta  of 

Analyses 

For the determination of copper, a weighed amount (-150 mg) 

o f  the  synthesized complex was decomposed by d iges t ion  with 

perci-doric acid and nltr ic ac id ,  u n t i l  the  resu l t ing  residue gave 

a transparent so lu t ion  i n  d i l u t e  HC1. Copper was determined 

a s  copper salicylaldoxlmata , CU(C,H~O~N)~ .  

n i t rogen  were determined mlcroanalytlcally. 

14 

Carbon, hydrogen a d  

Physical Methods 

Magnetic measurements were performed by t h e  Couy method 

using mercury(I1) tetrathiocyanatocobaltate(I1) as  the ca l ibran t  

a t  Central S a l t  and Marine Chemicals Research I n s t i t u t e ,  Wavnagar. 

Electron paramagnetic resonance spectra were recorded on poHdered 
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1058 MAURYA ET AL. 

samples a t  Regional Sophisticated Instrumentation Centre, I n l i a n  

I n s t i t u t e  of Technology, Bombay. Conductance measmments were 

made a t  room temperature i n  DMF using a Toshniwal conductivity 

bridge and dip-type c e l l  w i t h  a smooth platinum electrode of 

cel l  constant 1.3. Solid s t a t e  in f ra red  spectra were recorded 

I n  K B r  a t  National Chemlcal Laboratory, Pune. 

RESULTS AND DISCUSSION 

The parent compound, [ C u ( ~ - h a p h ) ~ ]  .H20 and the  mlxed-ligand 

complexes of copper(I1) were prepared according t o  the following 

equations. 

Ethanol 
CuC12.2H20 + 2 ( ~ h a p h H ) ~  - 

f.m40H 
Ethanol 

Reflux 
[ C u ( ~ h a p h ) ~ ]  .H20 + 2L - 
where L = BZT, MBZT, HPEZT, 2'-TOBZT o r  3'-TOBZT 

The r e su l t i ng  c o m p o d  under t h i s  inves t iga t ion  are non- 

hygroscopic, a i r  s t ab le  so l id s .  Some physical properties of 

these complexes a re  given I n  Table 11. These compounds were 

characterised on the  bas i s  of the  following s tud ie s  reported 

below. 

Infrared Spectral  Studies 

The important IR spec t r a l  ba@s and their t en ta t ive  

assignments a r e  given i n  Table I. 

compound shows the presence of l a t t i c e  water a s  in fer red  by B 

broad band f o r  O(0-H) a t  3600-300 cm". 

l i g a n d  complexes do not show an absorption i n  t h i s  region. 

The I R  spectrum of t he  parent 

The resu l t ing  mixed- 

T h i s  
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1060 MAURYA ET AL. 

suggests t h a t  the  r e su l t i ng  mixed-ligard complexes a re  not 

hydrated. 

The s ign i f i can t  absorption band f o r  2-hydroxyacetophenone 

a t  1640 cm-', assignable t o  3(C=O) ( ace ty l  carbonyl) is sh l f t ed  

t o  lower wave numbers10s15 i n  the  mixed-ligand complexes, and 

appears then a t  1570-1585 cm- . 1 

The l i g a r d s  FZT,  MBZT, Z1-TOBZT and 3I-MBZT used I n  the  

present s t u d y  possess two po ten t i a l  donor s i t e s2  ( I )  the  benzo- 

th l azo le  nitrogen ard (11) the benzothiazole sulphur, while the  

l i g a n l s  AMI3ZT and HPBZT a r e  po ten t i a l ly  t r identa te :  (i) the 

benzothlazole sulphur, (11) the  benzdthlazole nitrogen, and (111) 

t h e  amino n i t rogen  i n  case of AMBZT o r  t he  phenolic oxygen i n  

case  of HPBZT. However, considering the  p l ana r i ty  of the  l a t t e r  

two ligands AMBZT a d  HPBZT, it i s  unl ike ly  t h a t  these two l i g a n l s  

could be t r i d e n t a t e  on a s i n g l e  metal. 

a r e  po ten t i a l ly  bidentate: ( I )  the  benzothiazole-nitrogen or 

sulphur,  and (11) the  amino nitrogen i n  case of AMBZT o r  t h e  

phenolic oxygen i n  case of HPBZT. 

Hence, these two l igands  

The O(0-H) band a t  2540 cm-' i n  f r e e  HPBZT is unaffected 

a f t e r  complexation, suggesting thereby t h a t  the phenolic (0-H) 

group i s  not taklng p a r t  i n  coordination. It  i s  observed t h a t  the 

(CSC) band of a l l  the  l igands  occurring a t  700-720 cm-I i s  not 

a f fec ted  appreciably i n  t h e  respective complexes. 

t h a t  the  benzothiazole sulphur is not involved i n  bonding. 

appearance of a bard a t  1600-1605 cm-' a t t r i b u t a b l e  t o  J(C=N) 

p l u s  O(Clc )  vibra t ions  i n d i c a t e s  the  bonding of benzothlazole 

t e r t i a r y  n i t rogen  t o  copper i n  all the complexes". 

Thls i nd ica t e s  

The 

The p o s s i b i l i t y  of amino nitrogen coordlnatlon i n  the ligand 

AMBZT t o  copper was a l so  examlned. 

of the amino group i n  f r e e  AMEZT, observed a t  3 5 5  and 33% Cm-', 

The UaS(N-fi) end g(N-H) bands 
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BIOCHEMICALLY RELEVANT COMPLEXES OF COPPER 1061 

respectively,  a r e  shifted t o  lower wave numbers an l  appeared then a t  

3 9 0  and 31% cm-’, respectively,  i n  i t s  complex. 

t h e  coordination of the amino nitrogen t o  copper. 

T h i s  suggests 

Corductance Measurements 

The observcd molar conductancea of a l l  t he  mixed-ligand 

complexes i n  LIMF 

given i n  Table 11. These values a re  ind ica t ive  of t he  non-electro- 

l y t i c  nature” of these complexes. 

conductance value for each of the  complex i n  the  present s t u l y  is 

most probably due t o  the strong donor capacity of DMF which may 

leads  t o  the displacement of anionic l igand and change of electro- 

l y t e17  type. 

( i n  t he  range 5.2-10.6 ohm-1an2m01’1) a re  

Such a non-zero molar 

Magnetic Measurements 

The observed magnetic moments (1.76-1.82 B. M.) of the  

complexes correspond t o  one unpalred e lec t ron  and give no spec i f i c  

information about t h e i r  stereochemlstry. 

Electron Paramagnetic Resonance Spectra 

The room temperature X-band EPR spectrum of a representative 

compound, [C~(?haph)~( AMBZT)] , was recorded on a powdered sample 

a t  the microwave frequency 9.07 GHz. The e lec t ron  sp in  resonance 

spec t ra l  s tud ies  have shown t h a t  ‘g’ values a re  sens i t ive  t o  the  

covalent nature of the metal-llgand bond18 and the  values of 

g 42 .3  ind ica te  strong covalent i n t e rac t ion  between the l igand a d  

the  d iva len t  metal ion ,  whereas values of g 7 2 . 3  ind ica t e  i o n i c  

environment. 

t he  present complex suggest the  covalent nature of metal-ligand 

bonds i n  these complexes. 

The observed ‘g’ values of l e s s  than 2.3 (2.0678) in D
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1062 MAURYA ET AL. 

I 
L d"0 = 2-haph 

Fig. 2a. Proposed Trans- Octahedral Structure of 
[Cu(o-haph)2(L)2] (where L = 
BZT, MBZT, HPBZT, 2'-TOBZT or 3'-TOBZT. 

N""N = 

Fig. 2b. Proposed cis- Octahedral 
[ Cu(q-haph)2(AMBZT) I. 

haph 

MBZT 

Structure of 

Electronic Spectra 

The e lec t ronic  spec t ra  of the  complexes were r ecoded  i n  

lo'' M DMF. 

400-425 and 64-60 m. The first UV band a t  275-290 nm i s  

comparable t o  a band observed for octahedral bis-adducts of the  

metal a c e t y l a c e t ~ n a t e s ' ~ .  

i n  the v i s i b l e  region a t  400425 and 640-660 nm a r e  assigned t o  

t h e  t r ans i t i ons  

They exhib i t  th ree  absorption bands a t  275-290, 

The remaining two weak d-d t r ans i t i ons  

2 +-- 2 ~ , g  a d  2~ +- B respectively,  W N C ~  2 
g 1B '  
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BIOCHEMICALLY RELEVANT COMPLEXES OF COPPER 1063 

suggest te t ragonal ly  d i s to r t ed  octahedral geometry2’ f o r  these  

complexes. 

CONCLUSION 

The sa t i s f ac to ry  ana ly t i ca l  da t a  and a l l  the  above s tud ie s  

ind ica t e  t h a t  the  complexes may be formulated a s  [ C u ( ~ h a p h ) ~ ( L ) ~ ]  

(where L = BZT, MBZT, WET, 2-TOBZT o r  3’-TOBZT) a& [ C u ( ~ h a p h ) ~ -  

( ABZT)] . Keeping i n  v i e w  of the  normal magnetic moments of a l l  the 

complexes, and EPR r e s u l t  of the  [C~(?haph)~(AMZ3!)] (involving a 

bidentate ABZT l igand, and wherein a s i n g l i t - t r l p l e t  t r a n s i t i o n  

f o r  a dimeric structure” near ha l f  f i e l d  i s  absent in the EPR 

spectrum), a monomeric trans- octahedral s t ruc tu re  ( N g .  2a) a& 

a monomeric +-octahedral s t ruc tu re  (Fig. 2b) have been proposed, 

t en t a t ive ly ,  f o r  t h e  complexes [ C u ( ~ h a p h ) ~ ( L ) ~ ]  and [Cu(o-haph)2- 

( ABZT)] , respectively.  The inc lus ion  of a bidentate ( ABZT) l igand  

spanning the  t r a n s  pos i t ion  of the monomeric octahedron, is very 

unlikely.  
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