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l.J Introduction.

Recent developments m coordination chemistry arc mainly directed iowarcU 

the stud}' of metal complexes relevant to the f.jneiioi- . ‘ 't.mxP'nti imual U n> 

in catalytic processes, met ailoenzyme reactions at>d Many other b,oehe>tiicnl pi ore- 

sses’-l-^'l Under biological arid enviionmental corum ioms, multt'i^'ind mn'ti mr.'.r1 

ton- equilibria^] dominate strongly and the simple.* t of i/.est '•oc m-s, ic 

complex f 51, consists of a metal and two different ligands, other than the solvem.. 

Such ternary complexes are important in metal ion catalyzed rencieun,.-' ,.i| ] which 

involve eataiyst-meial-subxtrate complexes] ] 2 ]. Then- appear m bioiogo al fluids 

fid ],create specific structures []/4_].0 ] and manifest themse.v ?•> ,;,s enzyme mett! 

ion-substrate complexes [3 7-jO]- Ternary complexes of bwchemirriHv import tnr 

ligands are being considered as models for bioUhrniK ai p>oc (’■>.«• However, l'r>mo- 

lecules mainly involve N.O and S as the < oordsnutir.g ,ii'<>ns .\vi bmc a 'a-wety 

of active metal ion site.-, snowing keen specificity anu retec 11v5; / l hi? invokes 

deeper study of me factors related vvuh the siebiiit,' ■.»< to oar*' ootrstnexu;-.

Necessity of such studies has been strongly mggfstro m.v b; >■ >me ’'mor 

observations with enzymes models. It has been observed f < Him m.ns L-ftcn 

metal catalyzed decarboxylation of dimethyl oxaloacoiatc- c<»ii l be enhan ,o> 

the addition of a ft acid ligand such as o - phenatitlno'iuo wuii'’ uvonic 

base ligands such as 8 - hydroxy quinoline - c> r-uiioticU >. i' .mu-- -he eu* in­

activity of the metal torts] y,-}}]. Similar effects hav.- bee.) of.e,vio cni • ••ou-

cetic acid[ 34-36 ] and 3 - oxoglutaric acid (37~3fiJ. Jisesc /.a.i .......... . ,a>; ‘.'m-

suggest that oxaloacetate decarboxylase forms s mi.-md ug'-ro -•«>•-•>.!. x i m] vein: 

decarboxylatmg the oxaloacetate but also imply the deoencMoee o* c« 

on the nature of the 1/gand.

«'‘C> I *"» 1 f
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The evolution of the understanding of the astatisticai factors influencing 

the stability of ternary complexes[4, 40-42 ] has been through several observations. 

Electrostatic and thermodynamic factors have been found to be invioved m the 

stabilization of[ Cu (en) (OX)] 43-45 compared to f Cu (OX)2] or[ Cu (en)2 ].

Stenc factors also have been found to affect the formation of mixed ligand

complexes of substitufed aliphatic diamines[ 46-48] and thermodynamics of the

formation of the ternary Cu (II) complexes with substituted ec- amino-iso-butyric 

acid and salicylate anion [49] . The steric effect during the formation of mixed

ligand complexes of copper with 2,2' - bipyndy! or 1,10 - phenanthroline as one 

of the ligands has been discussed by Martin and coworkers [40],

It has been observed that the sizes of the chelate rings also affect the

formation of the mixed ligand complexes(Table 1.1). Sigel and coworkers

[51,52] formulated the following tentative rule for the order of formation constants 

in ternary complexes containing two chelate rings : one five membered and one

six membered ring > two six membered rings > two five membered rings.

7T - bonding ligands like aromatic tertiary dnmines have marked influence 

on the stability and reactivity of the ternary complexes and has been a subject

of four recent reviews[55-58] • Ternary complexes involving 2,2' - bipyridine and 

1,10 - phenanthroline and hydroxy derivatives of benzene or naphthalenes [59],

Y- picoline, methyl- X- picolyl sulphide and 2 - acetyl - 3 - hydroxy thiophene[6]

have been observed to be much more stable than expected because of statistical 

reasons (Appendix 1). Similar observations have been made m the complexes of 

the type MAL where A = bipy or phen and L = ethylene diamine, glycine, malonic 

acid and pyrocatechol[60] • This was almost simultaneously, explained by Griesser

and Sigel[60 ]ande Bhattacharya and coworkers[6l], attributing greater stability'of 

these complexes to the synergic stabilization of N~* M <r bond and M —> N TT

bond formation.
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Table 1.1 Effect of Ring size on the stability of ternary complexes

2+Values of A log K and log x of some ternary Cu complexes containing two- 
five membered or two six membered chelate rings or a five and a six membered 
chelate ring (1=0.1; 25°)

L2 size of the A log K log X Ref.
chelate ring

1. 1,3 - pn mal 6,6 - 1.30 2.55 52
2. 1,3 - pn p - al 6,6 - 1.18 1.70 52
3. 1,3 - pn ox 6,5 - 0.35 3.14 52
4. 1,3 - pn giy 6,5 - 0.79 2.37 52
5. 1,3 - pn 1,2 - pn 6,5 - 1.46 1.13 52
6. 1,3 - pn en 6,5 - 1.49 1.00 52
7. en P - al 5,6 - 0.93 0.88 52
8. en mal 5,6 - 0.76 2.31 52
9. en 1,2 - pn 5,5 - 1.26 0.31 52
10. en giy 5,5 - 0.80 1.03 52
11. en ox 5,5 - 0.79 0.94 52
(2. bipy 1,3 - pn 5,6 - 2.47 0.06 51
13. bipy p - al 5,6 - 0.59 2.68 51
14. bipy mal 5,6 + 0.27 5.49 60
15. bipy en 5,5 - 1.29 1.10 60
16. bipy giy 5,5 - 0.35 3.05 60
17. bipy ox 5,5 + 0.7 4.9 51

en = ethylene diamine ; 1,2 - pn = 1,2- propylene diamine;
1,3 - pn = 1,3 - propylene diamine ; giy = glycinate ; P~ al = P-
alaninate ; ox = oxalate ; mal = malonate and bipy = 2,2' - bipyridyl.



Another interesting observation has been made by Sigei and coworkers 

[ 60—62 ] and Bhattacharya and coworkersf 63,64] about the selective binding of

ligands in ternary metal complexes. They have observed that the metal bound

to a heteroaromatic N base (tertiary diimme), like 2,2' - bipyridine, discriminates 

between the ligands containing N-N, O-N and 6-6 coordinating sites ( Table 1.2 )•

Further it has been shown that the ternary complexes involving tertiary diimines

and 0-6 coordinating ligand are most stabilized)^].

Varying geometries and electron densities at the coordinating sites can

bring in difference in the stabilities of the respective complexes. These changes 

in the geometry or electron density are invariably related with the groups or substi­

tuents present on the ligand molecule. Recently, it has been shown that the

electrochemical properties of some complexes containing ligands derived from 

sahcylaldehyde are strongly influenced by the substituents present on the ligand 

[ 65-67]. The non - interacting groups present over the ligand have also been observed 

to affect the catalytic activity of the complexes and the catalyst decomposition 

[68]. From this point of view systematic study of the effect of substituents on 

the ligand on stability and behaviour of the complexes becomes important. Such

kind of studies have been reported with series of aliphatic and aromatic diamines 

[46,50, 69, 70l';ertiary diimme^ 63, 64„71.r78& amino acids[ 79], catechol derivatives 

[76, 77, 80 ]with non 7T bonding 0-0 coordinating sites and several other ligands.

These will be briefly reviewed m the beginning of the following chapter.

A part of the current activity is devoted to the study of non-covaient
interactional, 82 ] in ternary complexes as a source of ligand discrimination that 

leads to specificity or selectivity of ternary complex formation. The intramolecular 

ligand-ligand interactions can be classified as :

(i) Steric hindrance due to bulky side groups ;
(I1) electrostatic interactions and hydrogen bonds between charged and/or

polar side groups ;
(1„) hydrophobic interactions between aromatic and/or aliphatic side chains ; and
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Table 1.2 The discriminating qualities of Cu ( tertiary diimme )

Ligand A Ligand L Coordinating sites. A Log K Log x Ref.

bipy pyr 0 - 0 + 0.43 6.15 60

+ 0.84 63

OAP ' 0 - N - 0.31 3.14 62

- 0.63 63

OPD N - N - 1.18 1.06 62,63

phen pyr 0 - 0 + 0.67 63

OAP 0 - N - 0.66 63

OPD N - N - 1.22 63

N - phen pyr 0 - 0 + 0.94

OAP 0 - N + 0.63

OPD N - N - 0.36

pybzim pyr 0 - 0 + 1.32 63

OAP 0 - N + 0.05 * 63

OPD N - N - 0.75 63

pyim pyr 0 - 0 - 0.47 63

OAP 0 - N - 0.97 63

OPD N - N - 1.37 63

bipy ox 0 - 0 + 0.7 4.9 51

giy 0 - N - 0.35 3.05 60

en N - N - 1.29 1.10 60

en ox 0 - 0 - 0.79 0.94 52

giy 0 - N - 0.80 1.03 52

N - Me en N - N - 1.26 0.31 52

bipy = 2,2' - bipyridyl , phen = 1, 10 - phenanthroline, pybzim = 2 - {2' - pyridyl)

benzimidazole, pyim = 2 - (211 - pyridyl) imidazoline, pyr = pyrocatecholate,

OAP = 0 - amin^fhenolate , OPD = 0 - phenylene diamine, ox - oxalate, gly=glyci-

nate, en = ethylene diamine , N - Meen - N - methyl ethylene diamine.
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(iv) metal ion mediated electrostatic interactions between coordinated 77

donor and 7r acceptors.

Initial support of ligand-ligand interactions is furnished by facile synthesis 

of ternary complexes involving two amino acid ligands, one with negatively charged 

side chain and one with free monoprotonated basic site or polar side chains which 

can lead to electrostatic interactions between the two ligands [83-88], Such 

complexes have no marked influence of the solvent dielectric constant on their 

stability [89], where as the hydrophobic [90-93] and aromatic ring stacking [94] 

interactions are solvent depedant [93, 95-97}. There is also evidence that both

aromatic and aliphatic hydrocarbon portions of ligands tend to occupy space near 

the metal ion rather than out m solution [98-110]. Some authors have referred 

this tendancy as ligand — metal interaction [100] though a direct favourable 

hydrocarbon metal interaction by less than van der waals distances has been shown 

only for aromatic rings with metal 10ns in several crystal structure determinations. 

Extensive work has been reported on the non covalent interactions in ternary 

complexes consisting of biologically important amino acids with side groups and 

nucleotides [105, 111-120]. However, there exist controversial views [93, 95-97, 

109, 112] about the contribution of the kinds of the above interactions to the 

stability of the complexes and no definite conclusion can be drawn on the basis 

of the studies reported so far.

Although, extensive comparative studies have been made using potentio- 

metric techniques for the determination of the formation constants and various 

computer programs have been developed (Table 1.3 ) several other methods have 

also been reported for the study of complexes. These include various electrometric 

and spectroscopic techniques. Polarographic and cyclic voltammetric studies 

provide information about the ease of reduction/oxidation of a metal ion under 

the influence of the ligand field and hence about the effective electron density 

over the metal ion [45, 134-137]. The d-d transitions in the metal ion and charge 

transfer bands resulting from electronic transitions between the metal ion and 

the ligand in the electronic absorption spectra of the complexes provide useful
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Table 1.3 Summary of some published non-linear least-squares programs for 

calculation of formation constants.

Program Data treated Sum of squared.
residuals minimized

Iterative
method used

Ref.

GAUSS Potentiometnc Analytical hydrogen ion

concentration

Gauss-Newton 121-123

LETAGROP Potentiometnc Several (n , analytical
hydrogen ion concen­
tration e.m.f.)

Pitmapping
(Newton - 

Raphson)

124-127

SCOSUS Potentiometric Analytical hydrogen ion

concentration

128

COMICS Potentiometnc Analytical

concentrations

Newton -
Raphson.

129

SCOGS Potentiometric Volume of titrant Gauss-Newton 130

LEAST Potentiometnc Analytical

concentrations

Gauss-Newton

or
Newton -

Raphson.

LEASK Potentiometric Analytical

concentrations

Search

STEW Potentiometric Analytical hydrogen ion
concentration

Fletcher -
poweli.

MINIQUAD potentiometric Analytical

concentrations

Gauss-Newton 131,132

SUPERQUAD Potentiometric Analytical
concentrations

133

SQUAD Speetrophoto-

metnc.

Absorbance Gauss-Newton

DALSFEK Spectrophoto- Absorbance, e.m.f. Marquardt
metric,
potentiometnc.
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information about the M-L interaction 138]. Non-!i near least-squares programs 

like SQUAD and DALSFFK have also been published for the treatment *of spec'ro- 

photometric data to get formation constants. Much information about the nature 

of M-L binding can be obtained from ESRf 139-142 j ana NMR [115, 1161 nieasnie- 

ments. Equilibrium constants of mixed ligand complexes can alto be obtained 

using ESR P-4^.

Various methods have been used for the study of the complexes in r:l .i 

state. Diffuse reflectance electronic spectral, I .R. Spectral and magnetic studies 

help in assigning structure to the complex. X-ray crystallography is considered 

to be the most powerful technique for structure determination. EXAFS is also 

being used to provide precise data on the metal coordination sphere and bond 
distances m complexes of unknown crystal structure!1 Mi* EXAFS can distinguish 

very small changes m the coordination sphere of ihe metal ion and hence alV.ve 

comparative studies! 1453*

Since the beginning of the coordination chemistry, increasing aileib'o^ 

is being paid to the chemistry of copper complexes. This is because of the special 

properties[146] associated with copper, Number of te views pertaining to copper 

(II) complexes have appeared in the last decade! 347-1.30]> Also che interest in 

copper coordination chemistry is becauseof the biochemistry of copper ['40, 14?.i> 

[151-154], which has evolved rapidly with the development of various lof.rrumoctai 

techniques. ESR has been one of the most /ersatiie techniquei for i>;

detection of biological coppei and the study of the untunr of die auivu site: 

[29, 152, 155].Detection of 'EPR inactive' sliesti‘v>! in some copper proto,'.s c-.c 

haemocyanme[156 3 and tyrosinase 115?i motivated research in the area w? joc.-ric 

magnetic interaction m btnuclear (multinuclear) complexes. A numbe> ol at fb3;'%

and reviews partaming to the magnetic exchange interactions in binurlcnr e--mp'e-‘.c5 

have appeared and now the research in this area is directed lowmds doftnb’c 

understanding of the mechanisms of such interactions and designing of tr-'.
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systems on the basis of this knowledge, to mimic the active bio-sites. A short 

account of this work is included in the beginning of the last chapter of this thesis.

Present work involves a comparative study of the ternary copper < 11) 

complexes of tertiary diimines and the compounds containing 0-0 bidentate 

coordinating sites as secondary ligands. General structures and description of 

the ligands used is given on p. 29 • The formation constants of these complexes 

have been determined potentiometncally and their stabilities are compared on 

the basis of the electronic characteristics of the ligands. The complexes have 

been isolated m the solid state and characterized by spectral and magnetic 

measurements. Finally, reactions of some aldehyde containing complexes have 

been carried out with aromatic diamines. The binuclear complexes, thus obtained, 

have been characterized by spectral and magnetic studies.



20

1.2 References

1. E.L. Smith and R.L. Hill in "The Enzymes " Vol. 4 : P.D. Boyer ,
H, Lardy and K. Myrback (Eds) , Academic Press, New York, 1960 , 37.

2. L. Meriwether and F.H. Westheimer , J. Arif. ChemL Soc. 1956 -, 78 , 5119.

3. J.P. Collman and D.A. Buckingham , J. Am. Chem. Soc. 1963 , 85 , 3039.

4. D.A. Buckingham , J.P. Collman , D.A.R. Happer and L.G. Marzilli,
J. Am. Chem. Soc. 1967 , 89 , 1082,

5. Y. Marcus and Eiiezer , Coord. Chem. Rev. 1969 , 4 , 273.

6. H. Sigel , Chimia 1967 , 21 , 489.

7. -D.S. Sigman and C.T. Jorgensen , J. Am. Chem. Soc. 1972 , 94 , 1724.

8. R. Breslow and M. Schmir. , J. Am. Chem. Soc. 1971 , 93 , 4960.

9. R. Breslow , Advances Chem. Ser. 1971 100 , 21.

10. "Metal ions in biological systems", H. Sigel (Ed.), Marcel Dekker,

New York.

11. A.E. Martell : "Artificial Enzymes" in Ref. 10 , Vol. 2 , 1973 , 207.

12. A.E. Martell and M.M. Taquikhan , "Homogeneous Catalysis by Metal 
Complexes", Vol. II , Academic Press , New York, 1978.

13. D.D. Perrin and R.P. Agarwal . "Multimetal-Multiligand
Equilibria : A Model for Biological Systems" , m Ref. 10 , Vol. 2, 1973, 
167.

14. H. Sigel : " Structural Aspects of Mixed-ligand Complex Formation in
solution " , in Ref. 10 , Vol. 2, 197.3 , 63.

15. H. Sigel in Proc. 3rd Symp. Coord. Chem., Ed. M.T. Beck, Vol. I, 1970, 
p. 191 ; Vol. II , 1971 , p. 241.

16. H. Sigel and D.B. McCormick , Accounts Chem. Res. 1970 , 3 , 201.

17. H.J. Kolb and H. Kolb , Hoppe - Seyler's Z. Physiol. Chem. 1973 , 354, 
331.

18. T. Nowak , A.S. Mildvan and G.L. Kenyon , Biochemistry 1973 , 12 , 
1690.



21

19. K.J. Schray and A.S. Mildvan , J. Biol. Chem. 1972 , 247 , 2034.
i

20. A.S. Mildvan : The Enzymes , Kinetics and Mechanisms , Part B : 
P.D. Boyer (Ed) . Academic Press , New York , 3rd Ed., Vol. II , 
1970 , 445.

21. G.L. Eichhorn (Ed), " Inorganic Biochemistry " , Elsevier , 1973 ,
Vol. 1 & 2.

22. R.W. Hay in " Bio - Inorganic Chemistry " : Ellis Horwood , Chichester,
1984.

23. E.L. Smith , Proc. Nat. Acad. Sci. USA- , 1949 , 35 , 80

24. R.J.P. Williams : The Enzymes , Part A : P.D. Boyer (Ed) , Academic 

Press , New York , 2nd Ed. , Vol. 1 , 1959 , 391.

25. B.G. Malmstrom and R. Rosenberg , Ad. Enzymol. 1959 , 21 , 131.

26. A.S. Mildvan and M. Cohn, >. Biol. Chem. 1966 , 241 , 1178.

27. E.J. Peck (Jr.) and W. J. Ray (Jr.) , J. Biol. Chem 1969 , 244 , 3754.

28. G.A. Hamilton , Ad. Enzymol. 1969, 32 , 55.

29. A.S. Mildvan and M. Cohn , Ad. Enzymol. 1970 , 33 , 1.

30. A.S. Mildvan and C.M. Grisham , Struct, and Bonding 1974 , 20 , 1.

31. J.V. Rund and R.A. Plane , J. Am. Chem. Soc. 1964 , 86 , 367.

32. J.V. Rund and K.G. Claus , Inorg. Chem. 1968 , 7 , 860.

33. K.G. Claus and J.V. Rund , Inorg. Chem. 1969 , 8 , 59.

34. P.R. Bontehec and V. Michaylova, J. Inorg. Nucl. Chem. 1967 , 29 ,
2945.

35. Y. Yamane , M. Miyazaki , N. Yamaji and T. Ogashiwa , Chem. Pharm. 
Bull. (Tokyo) , 1971 , 19 , 2342.

36. M. Munakata , M. Matsui , M. Tabuschi and T. Shigematsu , Bull. Chem. 
Soc. Jpn. 1970 , 43 , 114.

37. R.W. Hay and K.N. Leong , J. Chem Soc. (A) 1971 , 3639.

38. K.N. Leong and M.W. Lister , Can. J. Chem. 1972 , 50 , 1461.

39. G.W. Kosicki and F.H. Westheimer , Biochemistry 1968 , 7 , 4303.

40. R.B. Martin and R. Prados , J. Inorg. Nucl. Chem, 1974 , 36 , 1665.



22

41. P.K. Bhattacharya , J. Sci. Ind. Res. 1981 , 40 , 382.

42. H. Sigel , Angew. Chem. Int. Ed. Engl. 1975 , 14(6) , 394.

43. J.I. Watters , J. Am. Chem. Soc. 1959 , 81 , 1560.

44. J.I. Watters and R. Dewitt , J. Am. Chem. Soc. 1960 , 82 , 1333.

45. W.B. Schaap and p.L. Me Masters , J. Am. Chem. Soc. 1961 , 83 , 4699.

46. R. Nasanen and M. Koskmen , Suomen Kemistilehti , 1967 , 40B , 108.i A ' ■

47. W.E. Bennett , J. Am. Chem. Soc. 1957 , 79 , 1290.

48. P.C. Parikh and P.K. Bhattacharya , Bull. Acad. Pol. Sci. , 1975 , 23(4), 
289.

49. P.K. Migal , A. Gerbelen and J.K. Gyaidarzhi , Z. Neorg. Khim., 1977,
22(1) ,155.

50. H. Irving , R.J.P. Williams , D.J. Ferrett and A.E. Williams ,
J. Am. Chem. Soc., 1954 , 3494.

51. H. Sigel , P.R. Huber and R.F. Pasternack , Inorg. Chem. ,
1971 , 10 , 2226.

52. H. Sigel , R. Caraco and B. Prijs , Inorg. Chem. , 1974 , 13 , 462.

53. P.C. Parikh and P.K. Bhattacharya , Indian J. Chem. 1974 , 12 , 402.

54. P.C. Parikh , "solution stabilities and structures of some mixed ligand 
complexes" , Ph.D. thesis , M.S. University of Baroda , 1975.

55. R.D. Gillard , Coord. Chem. Rev. 1975 , 16 , 67.

56. E.C. Constable , Polyhedron , 1983 , 551.

57. N. Serpone , G. Ponterim , M.A. Jamieson , F. Bolletta and M. Maestri, 
Coord. Chem. Rev. 1983 , 50 , 209.

58. G. Nord , Comments Inorg. Chem. 1985 , 4(4) , 193.

59. G.F. Condike and A.E. Martell , J., Inorg. Nucl. Chem. , 1969 , 31 , 2455.

60. R. Griesser and H. Sigel , Inorg. Chem. , 1970 , 9 , 1238.

61. M.V. Chidambaram and P.K. Bhattacharya , J. Inorg. Nucl. Chem. 1970, 
32 , 3271.

62. H. Sigel and B. Prijs , Chimia , 1975 , 29 , 134.



23

63. P.J. Patel , V.K. Patel and P.K. Bhattacharya , Indian J. Chem. 1982, 

21A , 590.

64. P.J. Patel , V.K. Patel and P.K. Bhattacharya , Inorg. Chem. 1982 , 21,

3163.

65. W.M. Coleman , R.R. Goehnng , L.T. Taylor , J.G. Mason and R.K. Boggess, 

J. Am. Chem. Soc. 1979 , 101 , 2311.

66. R.K. Boggess , J.W. Hughes , W.M. Coleman and L. T. Taylor ,

Inorg. Chim. Acta , 1980 , 38 , 183.

67. W.M. Coleman , R.K. Boggess , J. W. Hughess and L.T. Taylor,

Inorg. Chem. 1981 , 20 , 1253.

68. B.B. Corden , R.S. Drago and R.J. Pento , J. Am. Chem. Soc.,

1985 , 107 , 2903.

69. H. Irving and J.M.M. Griffiths , J. Chem. Soc. , 1954, 48 , 213.

70 R. Nasanen , M. Kos.kinen , L. Anttilla and M.L. Korvola,

Soumen Kemistielehti , 1966 , 39B , 122.

71. B.E. Fischer and H. Sigel , Inorg. Chem., 1979, 18 , 425.

72. K. Gopalknshnan and P.K. Bhattacharya , J. Chem. Soc. Dalton Trans.,

1981 , 543.

73. K. Gopalknshnan and P.K. Bhattacharya , J. Chem. Soc. Dalton Trans.,
1982 , 353.

74. P.K. Bhattacharya and P.J. Patel , J. Indian Chem. Soc. , 1982 ,
LIX , 310.

75. P.J. Patel and P.K. Bhattacharya , J Coord. Chem., 1984 , 13 , 113.

76. P.K. Bhattacharya and V.K. Patel , Proc. Indian Acad. Sci. (Chem.ScL), 
1985 , 94 , 495.

77. P.K. Bhattacharya , N.A. Emanuel and N.D. Kulkarm ,
Proc. Indian Acad. Sci. (Chem. Sci.) , 1986 , 97 , 529.

78. S.G. Patel and U.V. Chudasama , Indian J. Chem. , 1986 , 25A , 201.

79. V.K. Patel and P.K, Bhattacharya ., J. Inorg. Biochem.,, 1984 , 21 , 169.

H. Sigel , P.R. Huber , R. Griesser and B. Pnjs , Inorg. Chem., 1973, 
12 , 1198.

80.



24

81. W.P. jencks , Adv. Enzymol., 1975 , 43 , 219.

82. E. Fneden , J. Chem. Edu., 1975 , 52 , 754.

83. O.Yamauchi , Y. Nakao and A. Nakahara , Bull. Chem. Soc. Jpn.,
1975 , 48 , 2572.

84. T. Sakurai , O. Yamauchi and A. Nakahara , Bull. Chem. Soc. Jpn. ,
1976 , 49 , 169.

85. O. Yamauchi and A. Odani , J. Am. Chem. Soc. , 1981 , 103 , 391.

86. H. Freeman , J.M. Guss , M.J. Healy , R.B. Martin , C.E. Nockolds and
B. Sarkar , J. Chem. Soc. , Chem. Cotnmun., 1969 , 225.

87. O. Yamauchi , T. Sakurai and A. Nakahara , J. Am. Chem. Soc.,
1979 , 101 , 4164.

88. 0. Yamauchi and A. Odani , Inorg. Chim. Acta , 1985 , 100 , 165.

89. O. Yamauchi , J. Molecular Catalysis , 1984 . 23 , 255.

90. P.R. Mitchell and H. Sigel , Angew. Chem. Int. Ed, Eng., 1976 15. 548.

91. P.R. Mitchell , J, Chem. Soc. Dalton Trans., 1979 , 771.

92. H. Sigel , B.E. Fischer and E.Farkas , Inorg. Chem. 1983 , 22 , 925.

93. H. Sigel , R. Triboiet and K.H. Scheller , Inorg. Chim, Acta , 1985 .
100 , 151.

94. H. Sigel in " Advances m solution chemistry " , Eds. 1. Bertini ,
L. Lunazzi and A. Dei , Plenum Publ. 1981 , p. 149.

95. R. Triboiet , R. Malini - Balakrishnan and H. Sigel , j. Chem. Soc. Dalton 
Trans., 1985 , 2291.

96. R. Malini - Balakrishnan , K.H. Scheller , U.K. Haring, R. Triboiet and 
H. Sigel , Inorg. Chem. 1985 , 24 , 2067.

97. V.K. Patel and U.V. Chudasama and P.K. Bhatlacharya , J. Chem, Soc. 
Dalton Trans., 1983 , 1901.

98. R.B. Martin in Ref.10 , 1979 , Vol. 9 , pp.l.

99. P.I. Vestues arid R.B. martin , J. Am. Chem. Soc., 1980 . 102 , 7906.

100. S. - H. Kim and R.B. Martin , J. Am. Chem. Soc., 1984 , 106 , 1707.

101. D.V. D. Helm, and C.E. Tatsch , Acta Crystallogi. Sect. B , 1972 ,
B28 , 2307.



25

102. W.A. Franks and D.v.d. Helm., Acta Crystallogr. Sect. B., 1970 , B27, 
1299.

103. M.B. Hursthouse , S.A.A. Jayaweera , H. Milburn and J. Quick ,
J. Chem. Soc. Dalton Trans., 1975 , 2569.

104. M. Sabat, M. Jezowska.and H. Kozlowski , Inorg. Chun. Acta ,
1979 , 37 , LSI 1.

105. A. Odani and O. Yamauchi , Inorg. Chim. Acta., 1984 , 93 , 13.

106. A. Gamier - Suillerot , J. - P. Albertini , A. Collet , L. Faury,
J. - M. Pastor and L. Tosi . J. Chem. Soc. Dalton Trans., 1981 , 2544.

107. J.M. Tsangaris and R.B. Martin , J. Am. Chem. Soc. 1970 , 92 , 4255.

108. W. L. Kwik , K.P. Ang and G. Chen , J. Inorg. Nucl. Chem. , 1980 ,
42 , 303.

109. O. Yamauchi , K. Tsujide and A. Odani , J. Am. Chem. Soc. 1985 ,
107 , 659.

110. V.K. Patel and P.K. Bhattacharya , J. Inorg. Biochem. , 1984 , 21 , 169.

111. N. Emanuel and P.K. Bhattacharya , Indian J. Chem. 1985 , 24A , 498.

112. A. Odani , S. Deguchi and O. Yamauchi , Inorg. Chem., 1986 , 25 , 62.

113. O. Yamauchi and A. Odani , J. Am. Chem. Soc. , 1985 , 107 , 5938.

114. H. Sigel , J. Am. Chem. Soc. , 1975 , 97 , 3209.

115. P. Chaudhuri and H. Sigel , J. Am. Chem. Soc. , 1977 , 99 , 3142

116. P.R. Mitchell and H. Sigel , J. Am. Chem. Soc. , 1978 , 100(5) , 1564.

117. G.Arena, R. Cali , V. Cucmotta , S. Musumeci , E. Rizzarelli and 
S. Sammartano , J. Chem. Soc. Dalton. Trans., 1983 , 1271.

118. T. Kiss , G. Deak and A. Gergely , Inorg. Chim. Acta., 1984 , 91 , 269.

119. G. Arena , R. Cali, C. Cucmotta , S. Musumeci , E. Rizzarell and
S. Sammartano , J. Chem. Soc. Dalton Trans., 1984 , 1651.

120. G. Arena , R. Cali , V. Cucinotta , S. Musumeci , E. Rizzarelli and 
S. Sammartano , Thermochim. Acta. , 1984 , 74 , 77.

121. D.D. Perrin and I.G. Sayce , J. Chem. Soc. (A) , 1967 , 82.



28-

122. D.D. Perrin and I.G. Sayce , J. Chem. Soc. (A)

123. D.D. Perrin and V.S. Sharma , Biochem. Biophys. Acta. , 1966 , 127 ,
35.

124. L.G. Sillen , Acta Chem. Scand . , 1962 , 16 , 159.

125. N. Ingri and L.G. Sillen , Acta Chem. Scand . , 1962 , 16 , 173.

126. L.G, Sillen , Acta Chem. Scand 1964 , 18 , 1085.

127. N. Ingri and L.G. Sillen , Arkiv Kemi , 1964 , 23 , 97.

128. D.D. perrin . I.G. Sayce and V.S. Sharma , J. Chem. Soc. (A), 1967 ,
1755.

129. D.D. Perrin and LG. Sayce , Talanta , 1967 , 14 , 833.

130. (a) LG. Sayce , Talanta , 1968 , 15 , 1397.

(b) I.G. Sayce , Talanta , 1971 , 18 , 653.

(c) LG. Sayce and V.S. Sharma , Talanta , 1972 , 19 , 831.

131. P. Gans , A. Sabatini and A. Vacca , Inorg. Chim. Acta. 18 , 237.

132. A. Sabatini , A Vacca and P. Gans., Talanta , 1974 , 21 , 53.

133. P. Gans. A. Sabatini and A. Vacca . J. Chem. Soc. Dalton Trans.,
1985 , 1195.

134. D.R. Crow , " Polarography of metal complexes " , Academic Press ,
New York , 1969.

135. V. Srivastava , K. B. Lai and H.L. Nigam , J. Indian Chem. Soc. 1982, 
LIX , 497.

136. J.B. Headndge , " Electrochemical techniques for Inorganic chemists",
Academic Press , London and New York , 1969.

137. M.J. Powers and T.J. Meyer , J. Am. Chem. Soc. 1980 , 102 , 1289.

138. A.B.P. Lever , " Inorganic Electronic Spectroscopy " ,
Elsevier Publ. Co., Amsterdam , 1968.

139. A.K. Wiersema and J.J. Windle , J. Phys. Chem. , 1964 , 86 , 2316.

140. E.R. Werner and B.M. Rode > inorg, Chim. Acta , 1984 , 91{3) , 217.

141. J. lAiet and E. Vilkas , inorg., Chim Acta , 1984 , 91(1) , 43.

142. B.S. Prabhananda , Indian J. Chem. 1979 , 18A , 290.



27

143. B.S. Prabhananda , Proc. Indian Acad. Sci. , [Ser J : Chem. Sci. , 1983,
92A(2) ,113.

144. S.P. Cramer and K.O. Hodgson ; " X - Ray Absorption Spectrocopy ,
A new structural method and its applications m bioinorgamc chemistry", 
Prog. Inorg. Chem. 1979 , 25 , 1.

145. P.V. Khadikar and R.G. Anikhindi , Japanese Journal of Applied Physics, 
1985 , 24{II) , 1552.

146. Ref. 10', 1981 , Vol. 12 " Properties of Copper ".

147. H. Beinert, Coord . Chem. Rev. , 1980 , 33 , 55.

148. B.J. Hathaway , Coord. Chem. Rev., 1981 , 35 , 211.

149. B.J. Hathaway , Coord, Chem. Rev. 1982, 41 , 423.

150. P.O1 Brien , Coord. Chem. Rev. 1984 , 58 , 169.

151. Ref. 10 , 1981 , Vol. 13 , ^Copper Proteins".

152. R.G. Malkin and B.G. Malmstrom , Adv. Enzymol. 1970 , 33 , 177.

153. B.G. Malmstrom , L.E. Andreasson and B. Reinhammar in "The Enzymes",
Part B Vol. 12 3rd ed Ed. P.D. Boyer , Academic Press, New York, 1975.

154. J. Peisach , P. Aisen and W.E. Blumber , eds . "Biochemistry of Copper", 
Academic Press, New York 1966.

155. I. Bertim and A. Scozzafava in Ref. 146 , p. 33.

156. J.F. Boas , J.R. Pilbrow , G. J. Troup , C. Moore and T.D. Smith,
J. Chem. Soc. (A) , 1969 , 965.

157. M. Fling , N.H. Horowitz and S.F. Hememann , J. Biol. Chem. , 1963, 
238 , 2045.



Ligands and ab b reviations.

Symbol abbreviation ligand.

A"

HL1

2HL
•j

HLW

HL^

HL5

HL

HL'

HL5

HL"

HL

HL

HL

6

10

11

12

dpa

N-phen

bipy

phen

sal

B-sal

N-sal

naph

acph

bis (2-pyndyl) amine

5-nitro (1, 10 - phenanthroline)

2,2' - bipyridyl

1, 10 - phenanthroline

salicylaldehyde

5-bromo salicylaldehyde

5-mtro salicylaldehyde

2-hydroxy naphthaidehyde

2-hydroxy acetophenone

aceto acetanilide

aceto acet-o-toluedide

aceto acet-o-anisidide

benzoyl acetanilide

salicyl amide

salicyl anilide

5-bromo salicyl amide
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Structures of the ligands.


