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PREFACE 

The variety of applications of metal complexes of organic 

compounds has become so wide that even in a quite arbitrarily restricted 

field, an abundance of research in being done. Among such compounds 

the P-dicarbonyls have a pride of place. The P-dicarbonyls and their 

metal complexes still serve as the starting material for the design and 

synthesis of new compounds with interesting structural features and 

having diverse types of uses particularly in bioinorganic chemistry. 

Majority of such studies are based on P-diketones. However P- 

ketoanilides, an important class of P-dicarbonyls, and their metal 

complexes have not received as much attention as they deserve. Thus 

unlike P-diketones reports on the synthesis and characterisation of novel 

structural types of P-ketoanilides and their coordination characteristics 

are scanty. The present investigation, therefore, has been so designed as 

to provide ample opportunity for the synthesis and structural 

investigations of certain new classes of P-ketoanilides and their metal 

chelates. 

The term "conjugated P-ketoanilides" in the title of the Thesis has 

been used in a broad sense to embrace conjugated diketoanilides and 

allied derivatives, and the possible tantomaric forms of these types of 

compounds. 

PART I is a general introduction which highlights briefly some 

of the salient structural features of P-dicarbonyl compounds such as 



P-diketones, P-ketoanilides, etc. and their metal complexes. Importance 

of the present investigation has been interspearsed at appropriate places. 

PART I1 is a critical review on metal complexes of 

P-ketoanilides that appeared in the general literature. 

Results of the present investigation are presented in PART 111. 

Mechanistic aspects on the formulation of the different 

conjugated ketoanilides from the reaction between aromatic aldehydes 

and acetoacetanilide based on the nature of the aryl groups, the 

electronic and steric effects of the aryl substitutes are briefly discussed. 

That the nature of the aryl substituent has considerable influence on the 

reaction product has been clearly indicated. Thus the products formed 

are highly dependent on the nature of the aromatic aldehydes employed. 

Two types of conjugated ketoanilides and their metal complexes 

have been synthesised and characterised. The results are discussed in 

five chapters. 

In Chapter 1, Section 1, details on the synthesis of the 

conjugated diketoanilides obtained from the condensation of 

benzaldehyde and substituted benzaldehydes with acetoacetanilide are 

given. That the compounds exist in the diketo tautomaric form has been 

well illuminated using UV, IR, NMR and mass spectral data. The 

behaviour of these diketoanilides as neutral ligands in l: 1 complexes of 

co2+, ~ i ~ ' ,  cu2+, zn2+ and cd2+ are clearly indicated. The spectral data 

unequivocally showed that only the diketo function is involved in 

bonding with the metal ion and the enolised cinnamoyl carbonyl remains 



unaffected in complexes. In Section 2 details on the synthesis and 

characterisation of conjugated P-ketoanilides are discussed. Spectral 

data clearly indicated the existence of the compound in the 

intramolecularly hydrogen bonded enol tautomeric form. The 

monobasic bidentate nature of compounds in ~ e ~ ' ,  co2', ~ i ~ + ,  cu2+, zn2+ 

and cd2+ complexes are clearly evident from their physical, analytical 

and spectral data. 

In Chapter 2 Section I details on the synthesis and 

characterisation of the P-ketoanilides derived from naphthaldelyde and 

2-hydroxy-l-naphthaldehyde, and their metal complexes are presented. 

The corresponding conjugated diketoanilides and their metal complexes 

are discussed in Section 2 

Chapter 3 is mainly on the synthesis and characterisation of a 

highly conjugated P-ketoanilide formed by the condensation of 

cinnamaldehyde and acetoacetanilide. Another interstring product 

fromed during the reaction has been characterised as a Schiff base of the 

P-ketoanilide with n-butylamine, the condensing agent used in the 

reaction. That the P-ketoanilides exist in the intramolecularly hydrogen 

bonded enol from is clearly indicated from various spectral data. 

Spectral and analytical data of the complexes conform to the 

replacement of enol proton by metal ion with the formation of a 

6-membered chelate ring. In the metal complexes of the Schiff base the 

azomethine nitrogen and carbonyl oxygen are involved in the formation 

of the chelate ring. 



Conjugated ketoanilides containing heteroaryl groups (fury1 and 

pyridyl) are considered in Chapter 4. The structure and tautomric 

nature of the compounds and nature of bonding of their typical metal 

complexes are discussed on the basis of IR, NMR and mass spectral 

data. 

Results obtained from antifungal studies of some of the 

conjugated ketoanilides and their metal complexes are also included. 

Synthesis and characterisation of three unsaturated P-ketoesters 

and their copper complexes are discussed in Chapter 5. 

In PART IV references are given in serial order. 



NOMENCLATURE AND ABBREVIATIONS 

The P-ketoanilide, acetoacetanilide, is systematically named as 

3-oxo(N-pheny1)butanamide. Many of the unsaturated P-ketoanilides 

considered in the present investigation contain two carbonyl groups 

apart from the anilide carbonyl. Therefore, the compounds have been 

named as triketones. Thus, the conjugated P-ketoanilides are 

systematically named by considering them as diketones and the 

conjugated diketoanilides as triketones. Systematic names of all the 

compounds have been provided at appropriate positions in the Thesis. 

However, for brevity and better readability, trivial names of the 

compounds, rather than their polysyllabic systematic names, have also 

been used freely wherever necessary. Important abbreviations used in 

the Thesis are 

acac 

acacH 

acan 

Ar 

BM 

DMF 

DMSO 

Et 

FAB 

Fig. 

Acetylacetonato 

Acetylacetone 

Acetoacetanilido 

Aryl group 

Bohr Magneton 

Dimethylformamide 

Dimethyl sulphoxide 

Ethyl 

Fast atom bombardment 

Figure(s) 



h Hour 

H, Hertz 

J Coupling constant 

L Deprotonated ligand 

M.P Melting point 

OAc Acetate 

O P ~ '  Isopropy l 

Ph Phenyl group 

PPm parts per million 

tlc thin layer chromatography 

E molar extinction coefficient 

Peff effective magnetic moment in Bohr magnetons 

W-visible absorption maxima (km,) are given in ndcm- '  as 

indicated. The infrared bands are given in cm". 

Chemical shifts in 'H NMR spectra are expressed as 6 values 

(ppm downfield from tetramethylsilane, TMS). 

While reporting mass spectral data, P+ represents the parent ion 

(molecular ion). In the case of metal complexes, the m/z of P+ 

correspond to the most abundant isotope of the concerned metal atoms. 
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GENERAL INTRODUCTION 

Coordination chemistry of P-dicarbonyl compounds 

The progress in studies of coordination compounds was rapid, perhaps 

partly because of the utility and economic importance of metal chemistry, but 

also because of the intrinsic interest of many of the compounds and the 

intellectual challenge of the structural problems to be solved'32. There has been 

a great deal of growth in the field of coordination chemistry during the last few 

decades which has not only led to fuller understanding of the nature of many 

complex entities, but also has been instrumental in bringing the various 

branches of chemistry closer to one another3". 

The properties and structure of a metal complex are dependent on the 

nature of the metal ion and also of the ligandsS-I l. The variations in metal ions 

are considerable, on the other hand, the variations in ligands are virtually 

limitless because of the extent of organic chemistry available for the synthesis 

of suitable molecules. One of the fascinating area of modern coordination 

chemistry is the ever increasing academic, industrial and biological interest 

exhibited by metal complexes of organic ligand systems. Thus design and 

synthesis of polydentate ligand systems have become an interesting and useful 

activity in recent years. 

The variety of applications of metal complexes of organic compounds 

have become so wide that even in a quite arbitrarily restricted field, an 

abundance of research is being done. The story of metal complexes of 
12-18 P-dicarbonyl compounds provides a typical example for this . The 



P-dicarbonyl compounds have over the years been of considerable interest to 

organic, inorganic, physical and analytical chemists. 

The organic chemists have use of them chiefly as P-ketoesters in such 

reactions as the malonic ester synthesis, the Knoevenagel condensation, the 

Michael addition, the reverse Claisen condensation, etc. The inorganic 

chemists have found P-dicarbonyls to be useful chelating ligands and have 

often been fascinated by the variety of ways in which these can bond to 

metallic or metalloidal atoms to give varied molecular s t r u c ~ t r e s ~ ~ .  The 

analytical chemists have developed several indigenous methods for the 

qualitative and quantitative determination of metal ions from diverse matrices 
20-30 by exploiting the complexing ability of different P-dicarbonyl compounds . 

The physical and theoretical chemists have used them mainly to study the 

various aspects of keto-enol tautomeric equilibrium. 

It is now well established that proton transfer and hydrogen bonding are 

two important aspects of chemistry that are also necessary for the maintenance 

of life itself31A4. The P-dicarbonyl compounds exhibit both these features and 

have singled them out for the detailed study for many years. Literature reveals 

that ligand systems based on P-dicarbonyl type compounds have proliferated 

much during recent years. This trend is evident from the reports of numerous 

ligand systems based on P-dicarbonyl compounds 19,60,65-77 . This is not 

unexpected of these types of compounds because of the vast potential of their 

structures that permit the design and synthesis of compounds having wide 

applications in diverse fields. The present investigation is mainly on the 

synthesis and characterisation of a new series of P-dicarbonyl compounds 

and their typical metal complexes. Therefore, some of the salient structural 

features of 1,3-dicarbonyl compounds particularly the keto-enol tautomerism 



and coordination behaviour that are useful to the present study are briefly 

discussed below. 

Keto-enol tautomerism of P-dicarbonyl compounds 

The class of P-dicarbonyl compounds include both cyclic and acyclic 

compounds and the basic structural unit is of the type-CO-X-CO- where 

X can be hetero atoms such as 0 (acid anhydride), NH (imide), etc. or carbon 

atoms. Since the present investigation is mainly on P-dicarbonyls in which the 

two carbonyl groups are interposed between a carbon or substituted carbon 

atom, the discussion is restricted to such compounds. That is the P-dicarbonyl 

compounds discussed here are of the structural type 1 where a methylene or a 

substituted methylene group is flanked by two carbonyl groups. 

Depending up on the nature of RI and R2 groups, the compounds are 

named accordingly. Some of the important and most familier P-dicarbonyl 

compounds are given in table 1.1. Structurally these 1,3-dicarbonyl compounds 

exist in solution as mixtures of keto 1 and enol 2 forms related by a 

1,3-hydrogen shift. 



Table 1.1 

Common types of P- dicarbonyl compounds, RI-CO-CHrCO-R2 

R 1 R2 Type Typical Example 

Alkyl 

Alkyl 

A ry 1 

Hetero aryl 

Alkyl 

Ary 1 

Hydroxy 

Alkyl 

Alkoxy 

Hydroxy ] 
Hydroxy 1 
Hydroxy j 
Alkoxy 

Alkoxy 

Acetylacetone 

Benzoylacetone 

P-diketone Dibenzoyl methane 

Thenoyl 
trifluoroacetone 

Acetoacetic acid 

P-keto acid Benzoylacetic acid 

Malonic acid 

Methylaceto acetate 
P-ketoester 

Malonicester 

Alkyl Amino Acetoacetamide 
P- ketoamide 

A ~ Y  l Amino Benzoylacetamide 

Alkyl Ary lamino Acetoacetanilide 
P- ketoanilide 

A ry l Arylamino Benzoylacetanilide 

A variety of factors such as solvent, temperature, a-substituent, 

P-substituent and the presence of other species that are capable of hydrogen 

bonding influence the relative amount of the enol and keto forms present. In 

general bulky alkyl substituents present on the a-carbon leads to decreased 

amount of enol tautomer while Cl, Br, CN, C02CH3, SCH3 etc. groups lead to 



45-50 almost 100% enol from . Replacement of the terminal methyl groups of 

acetylacetone by an electron withdrawing or aromatic groups such as CF3, 

C4H3S (2-thienyl), C6H5, etc. shift the equilibrium in favour of the enol 

tautomer. Thus hexafluoroacetylacetone in CS2 and dibenzoylmethane in C C 4  

exist entirely in the enol form5'. Among the unsubstituted P-dicarbonyls also 

the percentage of enol form depends on the nature of the R1 and R2 groups 51-52 

as is evident from table 1.2. 

Table 1.2 

Enol content of some common P-dicarbonyl compounds 

Compound Enol content (%) 

The reason for the low enol contents of acetoacetanilide and ethyl 

acetoacetate is due to the involvement of N and 0 lone pair in diminishing the 

electron deficiency on the carbonyl carbons3. It may be noted in this context 

that diethyl malonate in which both the carbonyl groups are connected to 

oxygen is negligibly e n o l i ~ e d ~ ~ .  P-Ketoamines do not enolise and their 

deprotonation is extremely difficult55. 



In unsymmetrically substituted P-dicarbonyl compounds the direction of 

enolisation mainly depend on the electron demand on the carbonyl carbons. In 

benzoylacetone the benzoyl carbonyl undergo enolisationS6. In phenyl 

substituted P-dicarbonyls such as dibenzoylmethane the phenyl groups bearing 

an electron releasing substituent such as -OCH3 do not undergo enolisationS6. 

Thus it is obvious that in acetoacetanilide and in ethylacetoacetate the 

enolisation will be mainly through acetyl carbonyl, though the enol content is 

very low as indicated by structures 3 and 4. 

In cinnamoylbenzoylmethane, the direction of enolisation is towards the 

cinnamoyl carbonyls7 which clearly reveal the increase in enolisation due to 

conjugation 5. The rate of enolisation also depend on the electronic 

environment of the a-carbon substituent. Thus a-chloroacetoacetanilide52 and 

a-benzoylacetoacetanilides8 are 27% and 85% enolised respectively while 

a-alkylacetoacetanilideS9 exist entirely in the keto form. 

Since the resonance forms of the chelate ring of acetoacetanilide are not 

equivalent as in acetylacetone and dibenzoylmethane, the resonance energy of 

the former is very low. In contrary to the above observed factors of 



enolisation, the enol contents of a-bromo and 

a-iodoacet~acetanilides~~ are lower than that of acetoacetanilide itself. This is 

due to the greater stablilisation of the diketo form through amide resonance 

compared to the resonace stablilisation of the enol form as indicated below. 

Metal complexes of P-dicarbonyl compounds 

The coordinating ability of P-dicarbonyl compounds was recognised as 

early as in 1887 when Combes reported6' the synthesis of 

berylliumacetylacetonate. This was followed by the pioneering works of 
62,63 werner6', Morgan and sidgwickM who confirmed the bifunctional 

chelating character of P-dicarbonyl compounds. Being powerful complexing 

agents, many types of P-dicarbonyl compounds form complexes with virtually 

all the transition and main group elements. Although the most familiar mode 

of coordination of P-dicarbonyls is as monobasic bidentate, several other 

interesting mode of bonding involving even the alkyl carbons are also known. 

Different types of bonding modes reported of P-dicarbonyl compounds are 

given below. 

1. PDicarbonyls as a monobasic bidentate chelating ligand: The methylene 

proton in the keto form 6 and OH proton in the enol form 7 of 1,3-dicarbonyl 

compounds are acidic and their removal generates the 1,3-dicarbonyl anion 8. 

This ion can form bond with metal ions and they constitute to an extremely 

broad class of coordination compounds. 



6 7 8 

The anion form stable chelates with almost all metals and metalloid 

elements in the periodic table. The high stability is due to quasiaromatic six 

membered ring structure of the chelate and delocalisation involving metal ion 

of the C3O2M ring system as in structure 9-11. 

Since the enolate ion carries a single negative charge metal atoms can 

react with one or more enolate ions to give either neutral molecules or charged 

molecules depending on the coordination number(m) and valency (n) of the 

central metal atom. Thus three cases may arise in this bonding mode. 

a) When m = 2n: The complex behaves as an inner complex of the structure 12. 

b) When m>2n: The complex formed behaves as a lewis acid and achieves the 

desired coordination either by polymerisation or by adduct formation 13. 

c) When mC2n: Complex of the type 14 is typical of this mode of bonding. 



2. Coordination of the enol form: A typical example of this type of bonding 

mode is the silicon complex60 15. 

3. PDicarbonyl as neutral ligand : Bidentate coordination of the neutral 

65-68 diketo form lead to the formation of complexes of the type 16 and 17. 

Examples are also known for the neutral monodentate coordination of 

the enol form66 as in structure 18. 



4. Carbon bonded Pdiketonate complexes: Interesting complexes of the type 

19-23 where the methylene carbon is involved in bonding with metal, 
69-7 1 excluding the carbonyl groups from coordination are well known. 



5. Both carbon bonded and oxygen bonded compltxes: Metal P-dicarbonyls in 

which the metal atom is bonded to one ligand moiety via two carbonyl oxygen 

69-7 1 while the other through the methylene carbon atom are also quite common . 

A typical example is given in struclre 24. 

6. Carbon bonded pdicarbonyl group chelating through its carbonyl group 

of the keto form: That the two oxygen atoms of the carbon bonded 

acetylacetone group retain their ability to coordinate to a metal through the 

diketo groups was first demonstrated by Lewis and 01dham~~ by preparing 

complexes of the type 25. 

7. As a zdonar ligand : The complex [Pt(a~ac)~Cl] (one acac normal and 

other carbon bonded) on acidification forms [Pt(acac)(acacH)Cl] in which 



acacH (previously carbon bonded acac) become bonded to the metal through 

only its C=C bond 19,73,74 as in structure 26. 

8. As a bridging ligand: In presence of CS2 P-dicarbonyl compounds attach to 

Tl as bridging dienolate anion75 and form complex of the type 27. 

0 0 
I I 
T I - S  C S - T I  

Bridging complexes of the structural type 28 have also been reported for 

76,77 certain metal acetylacetonates . 

H 
",C\ I /CH3 

/ 
c=c-C 

\\ 
/O 

-0-Nb 0 
O\ 

/ I  
Nb-O- 

H,O OH 
I \ 

OH NCS 



Polyketones and their metal complexes 

The higher homologues of 1,3-dicarbonyl compounds of the type 29 

have considerable importance in the design and synthesis of multidentate 

ligand systems that can function as model compounds in various bioinorganic 

studies. Thus a large number of 1,3,5-tricarbonyls, 1,3,5,7-tetracarbonyls, etc. 

compounds and their derivatives have been synthesised and characterised. 

Many of these compounds are known to exhibit certain important biological 

functions exhibited by living systemlo3. Their biological functions are mainly 

due to their ability to form complexes with various biologically important 

metal ions. Therefore, studies on the coordination behaviour of polyketones 

have tremendous importance in modern coordination chemistry. The ligand 

properties of polyketones are so vast. Some of the well studied complexes of 

tri and tetracarbonyl compounds are briefly cited here. 

The simplest polyketone is the triketone, 1 ,3,5-heptanetrione7*. The 

compound can form different types of tautomeric forms79 such as in structure 

30-32. These types of polyketones can exhibit a great versatility of structure 

depending on the nature of the substituent groups present on the various carbon 

atoms. 2,4,6-Heptanetrione were reported to from l : l 33 and 1 :2 34 complexes 

with ~ ~ ( 1 1 ) ' ~ .  



33 34 

1,5-Diphenyl- l ,3,5-pentanetrione form complex with UO? of the type 

35. The two terminal noncoordinated oxygens are used to bind a second metal 

ion to form complex 3677. 



Coordination polymers of structure 37 and 38 with oligomeric 

78-80 1,3-diketonate ligands have also been reported . 

Tetraketone such as l ,7-diphenyl- 1,3,5,7-heptanetrione can form 

complex of the type 39 with different metal ions79,80,83784. Complexes of these 

polyketones of the type 40-42 with two or more metal ions have also 

reporteds3. 



Tetraketone of the structure 43 and 44 are well characterisedg5. Their 

metal complexes have also been studied in view of their importance as model 

compounds in bioinorganic chemistry. 



Similarly metal complexes of several schiff's base derivatives of 

polyketones of the type 45 and 46 have studied in detail86 in view of their 

importance as model compounds. 

Applications of metal complexes of P-dicarbonyl compounds 

Metal complexes of 1,3-dicarbonyls and allied derivatives have a 

number of practical applications in addition to those mentioned earlier. Some 

of the well established uses of these types of compounds are mentioned below. 

Partially fluorinated 1,3-diketones can from complexes with lanthanide 

cations and due to the presence of vacant coordination sites they are used as 
87-90 NMR shift reagents . These lanthanide complexes are volatile and hence act 

as precursors for the synthesis of lanthanide containing superconductors by 

vapour deposition. This procedure is popularly known as chemical vapour 

deposition (cvD)~'. The chromium acetylacetonate [Cr(acac),] in appropriate 

molar ratio can be used for the measurement of carbon-13 NMR spectra in 



92-94 reducing the normally long longitudinal relaxation times . Rare earth metal 

95,96 diketonates are used as potential laser materials . Fluorinated P-diketone 

ligands are used in quantitative analysis especially in the gas chromatographic 

separation of various metals97798. For instance the measurement of the ultra 

trace levels of beryllium in polluted air can be carried out with 

trifluoroacetylacetone. 1,3-Diketones and their complexes are widely used in 
99,100 solvent extraction procedures in qualitative and quantitative analysis . 

Extensive literature is available on the chemical and structural aspects 

and diverse type of synthesis and other applications of various types of 

1,3-dicarbonyl compounds. However, it is to be pointed out that with very few 

exceptions 15,18-19 all of the reported works contain alkyll aryl substituents 

attached to the carbonyl group. Only very few reports 101,102 are available on 

1,3-dicarbonyl compounds in which the carbonyl groups are directly attached 

to olefinic linkages. Such unsaturated carbonyl compounds are of considerable 

importance in view of the fact that several biologically important medicinal 

plants contain compounds having these types of olefinic linkages attached to 

the carbonyl groups103. One of the best known examples is curcuminoids, the 

active chemical constituent of the herbaceous Indian medicinal plant turmeric 

(Curcurnu longa, Linn, Zingiberacea family) and related species. Similarly 

there are several other plant species especially spices which contain carbonyl 

groups directly linked to olefinic group that constitute the major chemical 

principle responsible for their biological activity. Typical examples for these 

types of compounds of plant origin are brought out in table 1.3. 



Table 1.3 
Active constituents of some common spices and medicinal plants 

Spice (Plant species)/ 

Active principle 
Structure 

H 0  
Red pepper (Capsicum annum) 
Capsaicin 

CH,O 

Turmeric (Curcuma longa) 
CLlrcuminI 

Eucalyptus (Eucalyptus globulus) 

n-Tritri acontan- 16,18-dione 

( c H 2 ) 1 4 y y ( c H , ) l l  y C H 2 ) 2  
4-Hydroxy-tritri acontan- 16,18-dione 

"3C 
/ 

0 0 OH 

Indonesian medical ginger (Zingiber cassumunar) 

Casswunin A 

OH 

contd.. . 



Spice (Plant species)/ Structure 

Active principle 

Cassumunin B 

Cassumunin C 

Ginger (Zingiber oflcinale) 
Gingaols 

H' 

n = 2 , 4 , 6  and 8 



The table reveals that unsaturated carbonyl compounds in which 

carbonyl groups attached to nitrogen or substituted nitrogen are also dominant 

in medicinal plant chemistry. Thus studies on 1,3-dicarbonyl compounds 

containing nitrogen groups attached to the carbonyl functions have 

considerable significance. In recent years numerous reports appeared on the 

synthesis, characterisation and biological applications of compounds 

structurally related to curcuminoids (1,7-diarylheptanoids) and their metal 

104,105 complexes . However, reports on 1,3-dicarbonyl compounds of the types 

P-ketoanilides and P-ketoesters, in which the carbonyl groups directly attached 

to olefinic groups are scanty. These unsaturated P-ketoanilides and 

P-ketoesters and their metal complexes may also have several interesting 

applications in addition to their structural and coordination behaviour. The 

present investigation has been so designed as to provide some insight in 

this direction on P-ketoanilides and P-ketoesters in which keto group is 

directly linked to an olefinic group. 

An efficient synthetic route for the formation of unsaturated 

1,3-dicarbonyl compounds such as the curcuminoids is the reaction between 

suitable aromatic aldehydes and 1,3-diketones such as acetylacetone, 

benzoylacetone, etc. under specified conditions 53,104,226,227 . Usually the 

condensing agents for an efficient synthesis are B2O3, tri(sec-buty1)borate and 

n-butylamine as illustrated in the reaction scheme 1.1 



where R = CH, 

Scheme 1.1 

The monocondensation product (6-arylhexanoids) can be separated from 

the biscondensation product ( l  ,7-diarylheptanoids) by column chromatography. 

This is a well established method for the synthesis of unsaturated P-dicarbonyl 

compounds starting from P-diketones that contain at least one methyl group 

capable of forming a carbanion under the experimental conditions so that only 

the Claisen type condensation will take place. The Knoevenagel condensation 

possible in this reaction is effectively prevented by B2O3 and tri(sec- 

buty1)borate. A boron complex that formed protects the methylene carbon 

from undergoing the Knoevenagel type condensation. This reaction has been 

well studied for the synthesis of a number of a,P-unsaturated diketones and the 

products obtained possess number of biological applications especially 

antitumour activity 255-258 



The present investigation 

In the present study, the reaction in Scheme 1.1 of ~ a b o n ~ ~ ~  was adopted 

with suitable modifications for the synthesis of a new series of unsaturated 

P-ketoanilides and P-ketoesters. However, it is to be expected that 

P-ketoanilides such as acetoacetanilide and P-ketoesters like 

methylacetoacetate may exhibit significant deviation in reactivity towards 

araldehydes compared to 1,3-diketones such as acetylacetone and 

benzoylacetone. This is mainly because of the presence of amide and ester 

carbonyl groups in the former type of compounds. Because of the electronic 

effects of amide and ester carbonyl groups in acetoacetanilide and 

methylacetoacetate, reactions other than the normal Claisen condensation can 

occur as illustrated in the reaction scheme 1.2. 

Ar / H 
/ 

0 NHPh 0 0 0 ' 0  
Scheme 1.2 48 



From the above reaction scheme, it is quite evident that 

P-ketoanilides such as acetoacetanilide can be utilised as a highly useful 

starting material for the synthesis of not only the unsaturated 

P-ketoanilide of type 47, but also unsaturated diketoanilide of the type 48. 

Thus under appropriate conditions P-ketoanilides are good synthetic reagents 

for the design and fabrication of polyketones having interesting properties and 

applications. This potential of acetoacetanilide has been properly exploited in 

the present investigation. Thus the synthesis and characterisation of certain 

novel derivatives of P-ketoanilides and their coordination behaviour are studied 

in this investigation. To get a clear understanding on the need of further 

studies in this field has clearly been brought out in the form of a review on the 

scanty data available on P-ketoanilides and their metal complexes in Part I1 of 

the Thesis. 
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METAL COMPLEXES OF P-KETOANILIDES - A REVIEW 

Introduction 

Like P-diketones, P-ketoanilides, are known to form diverse types 

of complexes with various transition and non-transition elements. 

However, majority of the reported complexes of P-ketoanilides are 

based on acetoacetanilide and their derivatives. Therefore, metal 

complexes of acetoacetanilides are mainly considered in this critical 

review. In the case of 1,3-diketones a variety of coordination modes 

exist as mentioned in Part I of the Thesis. Many of these coordination 

modes are also exhibited by acetoacetanilides. However, the most 

important mode of coordination of acetoacetanilides is through the 

carbonyl oxygens of the monoenol form as in structure 1. In this 

structure acetoacetanilide functions as a monobasic bidentate ligand. 

Other important coordination modes reported are represented in 

structures 2 to 4. 



Metal complexes of acetoacetanilides 

As early as in 1886, ~ n o r r ' ~ ~ '  reported the formation of a 

copper(I1) complex of acetoacetanilide, the P-ketoanilide. Later Chaplin 

and ~ u n t e r ' " ~  prepared the complex in pure state during their studies on 

the associating effect of the enolisable hydrogen of acetoacetanilide and 

this second report in this field appeared only after 50 years, around 

19401°Sb. Since then numerous reports exist on the synthesis, 

characterisation and applications of metal complexes of 

acetoacetanilides and allied derivatives. Majority of these complexes 

are 0,O-bonded. Isolated reports exist on complexes containing other 

bonding modes also. For brevity and better readability reported metal 

complexes of acetoacetanilides and allied derivatives that appeared in the 

general literature have been briefly discussed below under several 

headings. 

Metal complexes of 0,O-bonded acetoacetanilides 

Stable metal complexes containing only acetoacetanilide ligand 

are limited. However mixed ligand complexes of acetoacetanilide with 

other donar ligands are more abundant. Well characterised complexes 

of acetoacetanilide and substituted acetoacetanilides are brought out in 

table 2.1. 



Table 2.1 
Metal chelates of acetoacetanilides CH3-CO-CH2-CO-NH-R* 

Metal ions (N!~mbers shown are references) 
R 

Be" A vo2' sb3' C ~ e ~ '  CO " Ni '* Cu :' MOO? E U ~ +  ~ n "  H ~ "  ti0::- 
Phenyl 106 106 107, 159 106, 106 118 119 111,112,113 114 115, 116 67.117 

108 109, 116 
110 

2-\fethylphenyl 108 109 11s 119 106.113.120, 122 116 117 
121 

halophenyl 

LP = La,Pr,Nd,Sm,Gd &Y R* = Phenyl/ substituted phenyl group 



Tl~csc co~nplcxcs wcrc cliaractcrised mainly OII tlic basis of their 

elcnlcnti\l ar~~lysis.  molar conductance, magnetic monicnt and electronic 
107-100.1 1 1 . 1  19,120,124 . In somc cases proton NMR 123-127 and IR spcctral du~a  

and mass spectral data wcrc also reported 123,125,129,130 

Thc niodc of'bonding in thcse complexes were established mainly 

on the basis of I I t  data. 111 tlic IR spectra of acetoacetanilide conlplexes, 

both thc acetyl carbonyl atid amide carbonyl frequencics arc shifted to 

lower wavc numbers justifying their involvement in 

coordination lO0. l  1 1 . 1  16,122,131-133 . If coordination occurrcd through thc 

nitrogen, thc alnitlc carbonyl stretching frcquency would have been 

considerably raisctl. Thc N-H stretching frequcncy of thc complexes 

increascd co~~iparcd to :hc spcctra of the free ligand in accordance with 

the non involvcmcnt of thc amidc nitrogen in bonding with thc metal 

ion. 

That only the carbonyl groups are involved in bonding with the 

metal ion wcrc observed in the 'H NMR spectra of ccrtain co~nplexes 

where the crlolic OH peak has disappeared and the N-H proton signal 

remained unaffected which supplement the abscncc of nitrogen 

coordination. From the absencc of nitrogen hyperfinc splitting in the 

reportcd ESK spcctral data of Cu(I1) complex of acctoacctanilide 

confirmed that tllc alilidc nitrogcn is cxcludcd from bonding with the 

nictaI i011"~. 

Fay and ~ i ~ ~ c r ' ~ '  isolated the diffcrent geometrical isomers of 

tris(acetoacctanilido)c11ron~ium(I11) from aqueous alcoholic solution 

following tllc cliromatographic technique. Thermogravimctric analysis 
'l 



of the complexes showed that the trans isomer is more stable than the 

cis isomer1 1°. 

Mixed ligand complexes of acetoacetanilides 

Mixed ligand complexes of acetoacetanilide with other donar 

ligands are more abundant than complexes containing acetoacetanilide 

alone. Most of the mixed ligand complexes contain water, halogen, 

acetate, sulphate, nitrate, heterocyclic bases, alkoxides, etc. as 

CO-ligand(s). Typical examples of stable mixed ligand complexes of 

acetoacetanilide reported are brought out in table 2.2 and 2.3. 

Table 2.2 

Important mixed ligand complexes of acetoacetanilide (HL) 

Complex 

[TiL2X21 

[TiL3X] 

[TiLX3] 

[Ti(HL)3&1 

[TiL2X] 

[TiL2X] 

[TiL2X2] 
[TiL2X31 

[coL2x21 

[COL~XI, 
[CoLX] 
[CULX]+ 

Na[CoL2X2] 

CO-ligand (X) 

Br, I 

Br, I 

C1 

C1 

so4 
salicylaldazine dianion 

Chlorophenoxide 

Pyridine, cc-Picoline 

Dianion of N,Nf- 
ethylenediamionobis(salicylideneimine) 

NO2 

Ref. 

136,137 

137 

137 

137 

138 

139 

140- 
143 

118 

144- 
147 

148- 
15 1 



152 

153 

154,155 

120 

118 

156 

131 

157 

157 

157 

158 

159,170 

159,170 

171- 
174 

171- 
174 

167 

213 

190 

214 

[coLx~]~+ 

[COLXI'+ 

[NiLX] 
[CoLX] 
[CuLX] 
[CdLX] 
[HgLXl 

[cuL2x1 

[CuLX] 

L2Ln\X/LnL2 [ -"- l 
[BLX2I 

LSnL2X21 

[SnL2X2] 

[SnL2X21 

[SnL2X21 

[SbL&I 

[SbL2X31 

[LnL2Xl 

[LnLX21 

[ZnL2X] 

[z~L~x] '  

[ZnL2Xl 

[ZnL2Xl 

tn 

trien 

Oxine, glycine and carbamates 

P yridine 

Pyridine, cc-picoline, Quinoline 

OH 

CH3 - COO 

C1 

n-Butyl 

Phenyl 

a-Thienyl 

C1 

Phenyl 

O P ~ '  

O P ~ '  

H20 

N3-, SCN- 

2-(2'-Pyridyl)benzimidazole, 
2-(2'-Pyridy1)imidazoline 

5-Pyrazolones 



Table 2.3 

CO-ligands 
Complex Ref. 

X Y 

[TiLXY2] 

[TiLXY2], 

[TiLX2Y] 

[CoLXY] 

[CoLXY 21 

[NiLXY2] 

[NbLX2YI 

LTaLX2Y21 

[COLXY]~+ 

C1 

C1 

Cl, Br, NO3, 
C104 

H20 

C1 

C1 

Pn 

Chlorophenoxide 140-143 

Pyridine, K-Picoline 
Quinoline or Isoquinoline 118,160 

Oxine, glycine and 
carbamates 154,155 

These type of complexes of benzoylacetanilide were also reported 

in the literature 107-109,114,116,122,132,162-166 , but not as much abundant as that 

of acetoacetanilide. 

Synthesis of several interesting structural types of 

acetoacetanilide complexes were also reported. Some of them are 

mentioned below. The two chlorine atoms of Tic14 can be replaced by 

acetoacetanilide anion by refluxing in dry benzene. When [Ti (a~ac)~Cl~]  

was refluxed with acetoacetanilide, complexe of the type 

[Ti(a~acn)~Cl] was isolated137. Similarly reaction between 

bis(cyclopentadienyl)titanium(IV)dichloride and acetoacetanilide on 



distillation for an unusual period of about 380 h160, gave the 

(5) 5 compound . 

Most of the complexes reported are of either square planar or 

octahedral geometry as expected of the stoichiometry. Uranyl complex 

of the type [U02L(HL)] were shown to possess a coordination number 

of 767,117 

Chelated complexes of chlorophenoxides of Ti(1V) with 

acetoacetanilide of the composition [Ti(OC6H4Cl)2(a~an)2], 

[TiCl(OC6H4Cl)(acan)2], [Ti(OC6H4C1)3(a~an)], [TiC1(OC6H4C1)2(a~an)] 

and [TiC12(OC6H4Cl)(acan)] have been isolated by reacting monochloro, 

dichloro and trichlorotitanium(IV)chlorophenoxides with 

acetoacetanilide. A dimeric structure 6 was proposed for the complex of 

stoichiometry [TiC12(0C6H4Cl)(acan)] 140-143 



Based on IR data the trans orientation of the NO2 group have 

been established in the case of the diamagnetic complex 

Na[C~(NO~)~(acan)~].  The IR spectra of the complex showed only one 

band in the range 1290- 1325 cm-' and another in the range 790-825 cm-' 
148-45 has been suggested as evidence for the trans structure 7 . 

Several complexes of Zn(I1) and Cu(I1) were shown as 

pentacoordinated with the composition Na[M(a~an)~L'] where L' = 

pseudo halides like N3-, SCN-, heterocyclic donar ligands, etc, were 

shown2" to be square pyramidal structure 8. 

In the moisture sensitive boron complex of acetoacetanilide 

prepared from boric acid dissolved in acetic anhydride, the boron atom 

has been shown to be in tetrahedral environment"' of four oxygen donar 

atoms as in structure 9. 



The reactions of lanthanide isopropoxide (Pr, Nd, Sm, Dy and 

Ho) with acetoacetanilide in 1: 1 and 1:2 molar ratios in refluxing 

benzene yielded products of the type [Ln(o~r~)~(acan)]  and 

[Ln(o~r~)(acan)~] 174. All these complexes are microcrystalline solids 

with a colour characteristic of the trivalent oxidation state of the 
171-172 corresponding lanthanide ion . 

L ~ ( O P ~ ' ) ~  - .(C6H5NHCOCHCOCH3) + n P?OH, where n = 1 or 2. 

When the reaction was carried out in 1:3 molar ratio, the 

replacement of only two isopropoxide groups took place and the 

replacement of the third isopropoxy group was not possible even on 

prolonged refluxing with an excess of acetoacetanilide. The failure to 

get tris(acetoacetani1ide) chelate have been suggested as due to the 

factors like proton-ligand stability, .n electron delocalisation in the ring 

and steric h indran~e '~~ .  

Monoisopropoxylanthanidebis(acetoacetanilide) derivatives have 

been found to undergo exchange reactions with an excess of tert-butyl 

alcohol in benzene174. 



The 1: 1 derivative was found to be a trimeric structure 10 where 

as the 1 :2 derivatives were of dimeric type 11. 

Complexes of N-substituted acetoacetanilides 

Substituted acetoacetanilides like N-methyl and N-ethyl 

acetoacetanilide 12 and 13 form complexes analogous to unsubstituted 

acetoacetanilide (Table 2.4). The complexes 175-177 show close 

resemblance with the corresponding complexes of acetoacetanilide. In 

the IR spectra of N-alkylacetoacetanilides, the amide carbonyl 

frequency is lowered as expected due to the electron releasing effect of 

the alkyl groups. 



Table 2.4 

Reported metal chelates of N-methyl and N-ethylacetoacetanilides 

N-metylacetoacetanilide (HL) N-ethylacetoacetanilide (HL) 

Complex Ref. Complex Ref. 

Complexes of a-substituted acetoacetanilides 

The rate of enolisation and the percentage of enol content of 

acetoacetanilide can be drastically altered by substituents on the 

a-carbon. a-~hloroacetoacetanilide'~~ 14 and some of its metal 

complexes were thoroughly investigated (Table 2.5)using various 

spectral techniques. In the IR spectra of the metal chelates of 

a-chloroacetoacetanilide, the overall intensity of the OH stretching band 

becomes less indicative of the replacement of enolic hydrogen by metal 



cations. The position of the NH stretching band is not much raised as in 

the free ligand. This has been explained as due to the intramolecular 

hydrogen bonding of the a-chlorine with the NH hydrogen both in the 

intramolecularly hydrogen bonded structure of ligand 15 and in the 

complex 16. As expected the a-CH in plane bending vibration at about 

1 195 cm-' of the free ligand disappeared in the metal complex. 

Table 2.5 
Reported metal chelates of a-chloroacetoacetanilide (HL) 

Complex Ref. Complex Ref. 



Metal complexes of other a-haloacetoacetanilides like a-bromo 

acetoacetanilide 17 177,183 and a-iodoacetoacetanilide 18 184,177 have also 

been reported (Table 2.6). No conspicuous changes were observed in 

different spectral techniques of these complexes compared to that of 

a-chloroacetoacetanilide. 

Table 2.6 
Reported metal chelates of a-bromo and a-iodoacetoacetanilides 

a-bromoacetoacetanilide (HL) a-iodoacetoacetanilide (HL) 

Complex Ref. Complex Ref. 

The involvement of OH proton in complexation has been 

confirmed from NMR spectra of the Be(I1) and Al(I1I) chelates of 

a-chloroacetoacetanilide177. 



Complexes of y-substituted acetoacetanilides 

177,185 Certain metal complexes of y-bromoacetoacetanilide 19 were also 

reported and are given in table 2.7. The y-phenylmercaptoacetoacetanilide 20 

has been prepared by the addition of y-bromoacetoacetanilide into 

t h i ~ ~ h e n o l ' ~ ~ .  Cu(1I) and Ni(I1) chelates of the compound were reported 
187,188 with [ML2] stoichiometry . 

Table 2.7 

Reported metal chelates of y-bromoacetoacetanilide (HL) 

Complex Ref. Complex Ref. 



Other bonding modes of acetoacetanilides 

Reaction of the platinum or palladium(II)chloride complexes of the 

type [MC12L2], M = Pd, L2 = 2,2'-bipyridyl; M = Pt, L = PPh3 or L2 = 

cycloocta-1,5-diene or [Ph2P(CH2),PPh2] with acetoacetanilide mediated 

by Ag(1)oxide gave high yield of metallalactum complexes 21 lg9. 

The reaction of acetoacetanilide with the zerovalent platinum 

complex [Pt(transPh-CH=CH-Ph)(PPh3)2] in air gives exclusively the 

peroxometallacyclic complex 22 89. 

22 
The reaction with [Pt(PPh3)4] gave a mixture of 22 and the 

platinalactum complex 23 lg9. 



Schiff's base complexes of acetoacetanilide 

The schiff S base complexes of acetoacetanilide with various 
191-196 amines were reported . The schiff s bases behave as tridentate 

dibasic ligands and form metal chelates with 1:l metal-ligand 

stoichiometry of the type N I g 7 .  

X\ 

R = CH,, X = NHC6H,, NHC6H,CH3, NHC6H,0CH3 

R = C6H5, X = NHC6H5 

N- N 

Schiffs base complexes of acetoacetanilide with 

1,3-diaminopropane having the composition [CoL2&] where X = Cl, 

Br, NO3 or C104; [Cu2L2(N0&], [Zn2L2&] where X = Cl, SCN or 

C104; [CuC12L] and [Zn2Br2L] have been synthesised198, where L is the 

ONNO tetradentate ligand, N,N'-bis(acetoactani1ide)- 1,3- 

diaminopropane. The structure of type 25 have been suggested for the 

dimeric complex. 



The reactions of P-amidoamines such as N,N1- 

ethylenebis(acetoacetani1ideimine) and N,N1-propylenebis 

(acetoacetanilideimine) 199,200 in different stoichiometric ratios (1 : 1, 1 :2 

and 2:3) yielded different substituted products of the type 

[~n(o~r ' ) (aa) ] ,  [Ln(aa)(aaH)] and [Ln2(aa)3] where aa'2 is the anion of 

the corresponding bihnctional quadridentate P-amidoamine. The 

schiff' S bases exist in tautomeric forms 26 and 27. 



The reactions of P-amido amines with lanthanide isopropoxides in 

1: 1 molar ratio resulted in the synthesis of monoisopropoxylanthanide- 

N,N1-ethylenebis(acetoacetani1ideimine) or N,N1-propylenebis 

(acetoacetanilideimine) derivative, 28. However the reactions of 

lanthanide isopropoxides with P-amidoamines in the molar ratio 1 :2 and 

2:3 were found to be monomeric. 

28 

The schiff S base 29 formed by the condensation of o-phenylene 

diamine with acetoacetanilide form complexes of the type 30 with 

Cu(II), Ni(II), Mn(II), Zn(I1) and VO(II)~". The ligand has both N and 

0 donar sites. It coordinates with the metal ion in a tetradentate manner 

through the enolisable carbonyl group of the acetoacetanilide moiety 

and the azomethine nitrogen atom. Magnetic succeptibility values of the 

complexes at room temperature were consistent with square planar 

geometry around the central metal ion except for the Mn(I1) and VO(I1) 

complexes which show octahedral and square pyramidal geometry 

respectively20'. 



Metal complexes of arylazoacetoacetanilide 

Coupling of benzenediazonium salt with acetoacetanilide resulted 

phenylazoacetoacetanilide202 which exist in the intra molecularly 

hydrogen bonded hydrazone form 31. The compound form stable 

complexes with Cu(II), Ni(II), Co(II), Fe(II), Pd(II), U02(II)and 

VO(II)~O'. Analytical data correspond to 1 :2 stoichiometry for the metal 

chelates. A 1 : l complex 32 with Cu(I1)acetate was also characterised. 

The Ni(II), Fe(I1) and Co(I1) complexes 33 possess octahedral 

coordination 204,205 while Pd(I1) formed a square planar complex 34206. 

The U02(II) and VO(I1) complexes 35 and 36 were pentagonal 

207,208 bipyramidal and square pyramidal respectively . 



0 
\ /N'c6H5 

''20- M- OH, 
'GH5 L. / \ 

CH3 CH3 

The schiff S base N,N1-bis(acetoacetani1ide)ethylenediamine on 

coupling with the diazonium salt of o-aminophenol produced a 

macrocyclic ligand system209 37-39 which form polymetallic complexes 

40-41 with Co(II), Ni(II), Cu(II), Zn(II), Hg(I1) and ~d(11)~". 



A 

37 (ketoamine) 

38 (ketoimine) 

39 (Hydrogen bonded) 



Acetoacetanilide condense with hydroxylamine to form the oxime 

3-hydroxyimino- l -N-phenylaminobutane- l -one21 l.  Their Cr(II1) and 

Fe(II1) complexes with octahedral coordination of the type 

[M(HL)2X2]X where X = Cl-, Br-, NO3-, NCS- and C104- have been 

reported recently212. 
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METAL COMPLEXES OF CONJUGATED P-KETOANILIDES 

Introduction 

Conjugated carbonyl compounds are usually prepared by the self 

condensation of aldehydes and ketones containing a-hydrogen with 

dil.alkali. This reaction, the so called aldol condensation, in most cases 

give rise to mixture of products, especially when the reaction is 

performed with two different carbonyl compounds both having 

a-hydrogen. However, if one of the carbonyl compounds lacks 

a-hydrogen, only one product can be isolated besides the 

self-condensation of the carbonyl compound containing a-hydrogen 

(scheme 3.1). 

Scheme 3.1 

Aromatic aldehydes condense with aliphatic aldehydes and 

ketones containing a-hydrogen to form a,P-unsaturated carbonyl 

compounds. This Claisen-Schmidt reaction (scheme 3.2), a 

modification of aldol condensation 215,216 , is a highly useful method for 

the synthesis of numerous compounds having diverse uses 217-219 



Scheme 3.2 

The P-dicarbonyl compounds in which a methylene group 

interposed between two electron withdrawing carbonyl groups usually 

undergo Knoevenagel condensation219 with bases. In these case the 

more acidic methylene hydrogen is lost by the attack of the base to form 

a carbanion. This carbanion, like aldol and Claisen reaction, make a 

nucleophilic attack at the carbonyl carbon of aromatic aldehyde or 

ketone to form products of the type 1 given in scheme 3.3. This reaction 

has been utilised for the synthesis of numerous structurally and 

practically important compounds using different aromatic aldehydes and 

220-225 P-dicarbonyl compounds . 

0 
A r C H  + Base 

I I 
0 0 

+ H20 

0 

"3C H3C 

1 
Scheme 3.3 

Inorder to perform the Claisen-Schmidt reaction of these 

1,3-dicarbonyl compounds, the active methylene group should be 

protected so that the condensation of aldehyde will occur at the terminal 

alkyl groups, if present. This type of methylene group protection and 

subsequent Claisen reaction was carried out in acetylacetone by 

Povoloni et a?26 and later modified by Pabon 227,228 for the synthesis of 



curcuminoids and other 1,7-diarylheptanoids 2 from vanillin and 

acetylacetone at room temperature in presence of B2O3 and 

trisec(buty1)borate using n-bulylamine as the condensing agents. The 

reaction also give some amount of the moncondensation product called 

6-arylhexanoids 3 (scheme 3.4). The use of B203 and tri(sec- 

buty1)borate is to prevent the condensation of the aldehyde at the 

methylene carbon (Knoevenagel condensation) by the formation of an 

acetylacetone-boron complex. Thus the terminal methyl groups can 

undergo Claisen reaction with the aromatic aldehyde. 

2 3 

Scheme 3.4 

Since acetylacetone and benzoylacetone undergo Claisen reaction 

at the y-methyl groups with various aromatic aldehydes, other 

P-dicarbonyl compounds like P-ketoamides and P-ketoesters with one 

y-methyl group may also undergo the reaction that lead to the formation 

of a,P-unsaturated dicarbonyl compounds. However, unlike 

acetylacetone, benzoylacetone, etc. the carbonyl group of these 

1,3-dicarbonyl compounds are linked to different heteroatoms such as 



N,O etc. So some deviation from the normally expected pathway may 

take place by the interaction of amide nitrogen or ester oxygen with the 

carbonyl groups and result in the formation of unexpected products. 

This observation has been fully justified in the present investigation. 

Thus two types of unsaturated ketoanilides 4 (monocondensation 

product) and 5 (bis condensation product) have been isolated and 

characterised by the reaction between acetoacetanilide and various 

aromatic aldehydes. This reaction can be represented as in scheme 3.5. 

5 
Scheme 3.5 

The formation of various products can be fully justified by 

considering the reaction scheme 3.6. Thus the reaction of various 

aromatic aldehydes with acetoacetanilide resulted in the formation of 

not only the expected unsaturated P-ketoanilide 4, but also an interesting 

class of tricarbonyl compounds 5. Both these types of carbonyl 

compounds form well defined complexes with various metal ions. 
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When the condensation reaction was carried out with 

methylacetoacetate using the same procedure for other 1,3-diketones, a 

monocondensation product was formed as in scheme 3.7. So, it can be 

inferred that the ester group do not interfere with the methylene 

protected Claisen-Schmidt reaction. 

6 
Scheme 3.7 

For convenience this part is divided into five chapters based on 

the nature of the aryl groups of the aldehydes used for the synthesis of 

the conjugated ketoanilides. Thus in chapter 1 synthesis and 

characterisation of mono and biscondensation products of benzaldehydel 

substituted benzaldehyde and their metal complexes are discussed. 

Synthesis and characterisation of the unsaturated anilides obtained from 

the condensation of naphthaldehydel 2-hydroxynaphthaldehyde and 

their metal complexes are considered in chapter 2. In chapter 3 details 



on the compounds obtained from cinnamaldehyde are discussed. 

condensation products of acetoacetanilide with certain heteroaryl 

aldehydes are included in chapter 4. Results obtained from some of the 

biological studies carried with these compounds are also provided. 

Details on the synthesis and characterisation of certain P-ketoesters and 

Cu(I1) complexes are discussed in chapter 5. 



MATERIALS, INSTRUMENTS AND METHODS 

Materials 

Chemicals used for synthesis were of C.P. grade. F o r  analytical 

purposes 'AnalaR' grade chemicals were employed. Commercial 

solvents were distilled and used for synthesis. Solvents purified by 

methods recommended by ~ e i s s b e r ~ e r * ~ ~  were employed for physical 

and physico-chemical measurements. 

For the synthesis of complexes metal acetates were used except in 

the case of Fe(II1) for which anhydrous FeC13 was used. 

Only compounds isolated analytically pure are reported in this 

Thesis. The complexes reported here in are stable and have good 

keeping qualities. Compounds for recording spectra were recrystallised 

from proper solvents several times till chromatographically pure 

(tlc-silicagel). 

Instruments 

Instruments used in this investigation are 

1. W- 160 1 Schimacizu recording spectrophotometer. 

2. 8 10 1 Schimadm-FTIR spectrometer. 

3. Varian 300 NMR spectrometer. 

4. Jeol400 NMR spectrometer. 

5. Jeol sx- 102 (FAB) mass spectrometer. 



6. Heraeus CHN-0-rapid analyser. 

7. Perkin Elmer 2380-Atomic absorption spectrophotometer. 

8. Varian E 1 12 ESR spectrometer. 

9. Systronic pH meter. 

10. Toshniwal conductivity bridge. 

l l .  Gouy type magnetic balance. 

Methods 

Elemental analysis: Metal complexes were analysed by standard 

methods230. Metal percentages were recorded using atomic absorption 

spectrophotometer after decomposing them with concentrated sulfuric- 

nitric acid mixture. Carbon, hydrogen and nitrogen percentages 

reported are by microanalysis carried out at RSIC, CDRI, Lucknow. 

UV-visible spectra were recorded from solution ( 1 0 - ' ~ )  of compounds 

in ethanol unless otherwise mentioned. 

IR spectra of compound were recorded from discs with KBr. Bands 

were calibrated using the nearest polystyrene bands. 

1 H NMR spectra were recorded using CDC13/dmso-d6 as solvents and 

TMS as internal reference. 

FAB mass spectra were recorded at room temperature using Argon 

(6KV, 10 mA) as the FAB gas, and meta-nitrobenzyl alcohol (NBA) as 

the matrix. The probable matrix peaks are located at m/z 136, 137, 154, 

289, 307. If metal ions such as ~ a '  are present these peaks may be 

shifted accordingly. 



Molar conductance of the complexes were determined in DMF at 

28f 1°c using solution of about 10" M concentration. 

Magnetic susceptibility was determined at room temperature (28k1°c) 

using Hg[Co (NCSk] as standard263. 

Molecular weight of compounds reported were determined by Rast's 

methodZM using naphthalene! camphor as medium. 



CHAPTER 1 

METAL COMPLEXES OF CONJUGATED DIKETOANILIDES , 

AND P-KETOANILIDES 

Synthesis of the conjugated ketoanilides 

The unsaturated P-ketoanilides were synthesised by the reaction 

between benzaldehyde and substituted benzaldehyde with 

acetoacetanilide in presence of boric oxide and tri(sec-buty1)borate using 

n-butylamine as the condensing agent. The reaction lead to the 

formation of two compounds and these were separated by column 

chromatography. A typical procedure for the synthesis is given below. 

Acetoacetanilide (1.77 g, 0.01 mol) and boric oxide (0.35 g, 0.005 

mol) were mixed and made into a paste with dry ethylacetate and stirred 

for about lh  at room temperature on a magnetic stirrer. To this a 

solution of aromatic aldehyde (0.01 mol) and tri(sec-buty1)borate (4.6 g, 

0.02 mol) dissolved in dry ethylacetate was added and stirred for -5h 

with the slow addition of n-butylamine (0.5 mL in 5 rnL dry 

ethylacetate) in drops and the reaction mixture was kept overnight. Hot 

dil. HC1 (0.1 M, 7.5 mL) was added and again stirred for lh. The 

mixture was extracted repeatedly with ethylacetate and the combined 

extracts were evaporated to dryness on a water bath to get a pasty mass. 



To this 10 mL of 2 M HC1 was added and kept for -24h. The solution 

was stirred well and the precipitate formed was filtered. 

From tlc it was revealed that only one product was formed with 

4-hydroxybenzaldeyde, vanillill, 2-chlorobenzaldehyde and 

4-chlorobenzaldehyde. Howevcr, the prescnce of two well defined spots 

in t!c revealed the presence of two compounds in the case of the 

products obtained from bcnzaldehyde, 4-methoxybenzaldehyde, 

2-nitrobenzaldehyde, piperonal, veratraldehyde and 

2,4-din~ethoxybenzaldel~ydc. l'lic mixture of con~pounds obtained were 

quantitatively separated by colutnn chromatography as outlined below. 

Thc crude product was dissolved in minimum quantity of dry 

ethylacctate and placed over a column (2x100 cm) densely packed with 

silicagel (mesh 60-120) and clutcd with 3:5 v/v chloroform-acetone 

mixture at a uniform flow ratc of 2 mL per min. As the elution 

proceeds, two bands were developed in the column, a pale yellow lower 

band and an orange red upper band. The lower region was collected as 

10 mL aliquots in separate tubes and in each case the purity was 

established by tlc. The combined eluates on evoperation gave the pure 

unsaturated P-ketoanilide 4. 

The elution was then continued using 1:l v/v mixture of 

chloroforn~ and acetone to recover the orange red band retained in the 

upper portion of the column. The eluates were collected in aliquots of 



10 mL in separate tubes, checked by tlc and the cornbincd cxtracts on 

removing the solvent in vacuum yielded the unsaturated diketoanilides 

5.  All thc conlj~ounds isolated were recrystallised from hot chloroform 

to givc sj~cctroscopically pure material. The formation of thc mono (4) 

and bis (5) corldensation products can be fully justilicd by considering 

the clcctronic arid steric effect of the phenyl substitucnts. 

Tllirs i t  can be seen that, if the co-planarity of the 

monocondensation product is not lost by the substitucnts on the phenyl 

ring, the cxpccted substi tuent effect is observed. 13ut if the CO-planari ty 

is lost by bulky substituents on the phenyl ring, the electronic 

environment ol' the amide carbonyl is independent of the resonance 

effects of the silbstituents on the phenyl ring. But still inductive effects 

may alter s l i g l ~ t l ~  the reactivity of the amide carbonyl. In such cases the 

monozonodensi~tion products may not undergo further condensation 

completely so that mixture of products are observed. In some cases, 

eventhough thc resonarlce effects diminish the electron deficicncy on the 

amide carbonyl, the moco condensation product is completely 

transformed in to the tricarbonyl compound. This may bc due to the 

extended conjugation in the resulting product. Thus it is obvious that 

the electronic and steric environments of the phenyl substituents have 

markcd cffect on the second condensation and it is the -NHC6H5 group 

that pro~note the diketoanilide formation drastically. Benzaldehyde 

which do not carry any substituent give predomir~antly the triketone as 



the major product is indicative of the above facts. 'I'hc variation in the 

proportion of both products can conveniently be cxplaincd by the 

competition betwcen the electronic and steric effects of the substituents 

on the pllcny l ring. 

Inordcr to have a ~ncaningful discussion on thc structural 

charactcristics ol' these two types of conjugated P-kctoanilides, their 

analytical and spectral data are presented separately in two sections. 

section 1 is on unsaturated diketoanilide and section 2 on the 

unsaturated P-kctoanilide. Synthesis and characterisation of metal 

complexes of thcse two types of conjugated ketoanilidcs are included in 

each of thcsc sections. 



SECTION l 

METAL COMPLEXES OF UNSATURATED DIKETOANILIDES 

Synthesis of metal complexes 

The Co(II), Ni(II), Cu(II), Zn(I1) and Cd(I1) complexes of the 

compounds were synthesised as follows. 

To a refluxing solution of the compound in ethanol (0.001 mol, 

20 mL) an aqueous solution of metal acetates (0.001 mol, 15 mL) was 

added drop by drop with stirring. The pH of the solution was adjusted 

around 6 using sodium acetate and refluxing was continued for -4h. 

The solution was concentrated to half the volume and then cooled in ice. 

The precipitated complex was filtered, washed several times with water, 

then with ethanol, and recrystallised from hot methanol. The crystals 

were dried in vacuum. 

Results and Discussion 

Characterisation of the unsaturated diketoanilides 

The aldehydes used for the synthesis of the conjugated 

P-ketoanilides in this investigation are brought in table 3.1. All the 

compounds are crystalline in nature with an orange red colour and are 

freely soluble in common organic solvents. 

The results of elements analysis and molecular weight 

determination of the compounds given in table 3.2 suggest that two 

equivalents of acetoacetanilide has condensed with one equivalent of 



aro~llatic aldcllyde in all cases. In the present study a detailed and 

systematic spcctral investigation of the conjugated dikctoanilides with a 

view to establish their structure and coordination bcllaviour wcrc carried 

out on tllc basis of their UV, 111, 'H NMR and mass spectral data. 

Tllc UV absorption maxima of 1,3-dicarbonyl compounds are 

mainly due to thc n+n* and n+n* transitions of thc carbonyl and 

oicfinic groups 42,104,23 1-233 . Depending on the degrcc of cnolisation, the 

n+n* absorption of the carbonyl chromophore nlay vary. The extent of 

enolisation, dcgrec of conjugation and the electronic cff'ects of the 

groups attacl~cd to the dicarbonyl function have 'prominent influence on 

the position of thc n+n* and n+n* absorption of 13-dicarbonyl 

compounds. 

Thc UV spcctra of acetoacetanilidc show a h,,,,, at -246 nnl in 

95% ethanol (10" M) due to n+n'L transition. '1'11~ n-m* band occurs 

at longer h value -390 nm. In the unsaturated dikctoanilide considered 

in this investigation thc three carbonyl groups arc in  diffcrcnt electronic 

environment. Their extended conjugation and dcgrec of enolisation 

influence the absorption maxima. The UV absorption maxima of the 

compou~lds il~cludcd in table 3.2 clearly suggcst that the position of the 

two prominent absorption rnaxilna arc strongly dcpcndent on the extent 

of conjugatio~i. 



Table 3.1 

Synthetic dctails of unsaturatcd dikctoanilidcs 

C~llll' Aldchyde uscd for sylillicsis o1111ds 
Yield 
("/U) 

--p - - 

Contd . . . . . . .. 



1,5-Bis(N-pl~cnylamino)-O-(4'-N,N-dimctliylamino)phenyl-4,8- 9a p-N,N-Din~cthylamino1~c1i~a1~icllc 4-N(CI 13)2 
55 

nonadien- l ,3,7-trionc 

10a Vanillin 

l l a Veratraldehyde 

13a Piperonal 

3-OCI 13, 1,5-Bis(N-pl~cnylaniino)-9-(3'-n~c1I~o~y-4-1~ydr0xy)phenyl-4,8- 4 5 
4-01 1 nonadien- l ,3,7-trione 

3-OCI 1 3 ,  1,5-I31s(N-pl~cnylamino)-O-(3',4'-~li1~~c~l1oxy)phenyl-4,8- 
4-OC11, nonadicn- l ,3,7-trionc 

2-OC:I 11, 1 ,S-I3is(N-pl~cnyli~1~~i1~o)-O-(2',4'-cl11i~ctlroxy)phenyl-4,8- 
4-0C:l 13 nonadicn- l ,3,7-trionc 

3-OCI 120-4 1,5-Bis(N-pl~c1~ylamino)-9-~3',4~-n1ctl1ylc11edioxy)phenyl-4,8- 40 
nonadien- l ,3,7-trione 



Table 3.2 

Physical, a~ialytical and UV spectral data of the unsaturated 

diketoanilides 

Elemental analysis (%) Mol. 
MP 

Weight h,,,,, 
Compounds C H N log E 

("C) - (nm) 
Found (calcd) 



IR spectra 

IR spectra is a powerful tool in determining the structure of 

organic compounds especially compounds containing fbnctional groups 

such as C=O, C=N, N-H, 0-H, etc. Fortunately the compounds 

considered in this investigation contain many of these functional groups. 

In the vapour state and in non polar solvents 1,3-dicarbonyl compounds 

generally exist as the tautomeric mixture of diketo and enol 

forms52,234-236 . Assignment of various bands in the enol tautomer is 

comparatively difficult. The enolic OH stretching absorption is usually 

seen as a broad band at 2700-3000 cm-' due to strong intramolecular 

237,238 hydrogen bonding . 

Primary and secondary amides have a tendency to form hydrogen 

bonded chain of the type N-H""O=C. This results in the lowering of 

both N-H and C=O stretching frequencies. The conjugation of n: 

electrons of the C=O bond and NH lone pair decreases the amide 

carbonyl stretching frequency. Open chain secondary amides in the 

solid state show the amide I band at 1680-1630 cm-'. Conjugation and 

inductive effect of the N-substituent have marked effect on the amide I 

frequency. Amide I1 is a mixed vibration of N-H bending and C-N 

stretching and appears at 1570-1 5 10 cm-'. Amide I11 band due to mixed 

vibration involving C-N stretching and N-H bending is usually at 



13 10-1200 cm-'. Amide IV band due to O=C-N bending is at 620 cm-'. 

Amide V band due to N-H out of plane deformation is at 700 cm". 

Amide V1 band due to C=O out of plane bending is around 600 cm-'. 

Acetoactanilide shows two strong bands at 1727 and 1667 cm" 

106,239 assignable to acetyl carbonyl and amide carbonyl respectively . 

Although acetoacetanilide has keto and enol tautomeric forms, no band 

has been assigned yet for the conjugated double bond system in its enol. 

In a-chloroacetoacetanilide, which is considered to have greater enol 

content, a band at 1600 cm" is relatively more intense and broad. 

Actually, among the four skeltol C-C vibrational bands of the phenyl 

ring at 1600-1450 cm-', the band due to the conjugated double bond of 

enol of P-ketoanilides get superimposed on the 1600 cm-' band of the 

phenyl ring. In the spectra of N,N-diethylacetoacetanilide the amide 

carbonyl band is at 1640 cm" where as in acetoacetanilide, it is at 

1667 cm-'. This is due to the weak amide resonance which result in the 

235,240 withdrawal of election density on the nitrogen by the phenyl ring . 

The N-H and 0-H region of the spectrum of P-ketoanilides show 

considerably broad bands at 3400-3300 cm-'. In acetoacetanilide it is at 

3270 cm-'. A weaker band may appear at about 3100 cm-' in seconding 

amides. It is attributed to a fermi resonance overtone of the 1550 cm-' 

band. 



The obicrved IR spcctra of the unsaturated diketoanilides 

considcrcd can bc conveniently explained on the basis of the structure 5 

of the compounds. The spectra in the region 1600-1 800 cnl" show 

three intensc ibsorptions at -1720 cm-', -1660 cm-' and -1600 cm". 

The carbonyl strctchirlg frcqucncy of anilides arc strongly dcpcndent on 

the magnituclc of the nitrogcn lonc pair density of thc I'hNHCO- group. 

Valucs as high as 1779 cm-' has been reportcd for thc alnidc carbonyl 

stretching in  ccrtain a n i l i d ~ s ~ ~ ' .  Thus thc band at -1720 cm-' can 

confidently be assigned to the stretchi~lg of thc amidc carbonyl of the 

structure 5. Usually C=O stretching frequency of anlidc carbonyl of the 

structures of the type 5 can be expected at much lowcr valuc comparcd 

to acetoacctanilide. But the electron withdrawing cffcct of the groups 

attachcd to the carbonyl function together with possibility of non- 

linearity of the structure in vicw of the prcscnce of bulky substituents, 

will strcngtl~cn tllc anlidc C=O forcc constant and thcrc by its stretching. 

Thereforc it is not uncxpcctcd of these typc of structurcs to show amide 

carbonyl strctchi~lg at much higher value. 

~irni lai ly based on the spectral data of related compounds 234-236 

the band at -1600 cm'' can safely be assigned to a conjugated and fully 

enolised carbonyl group. The cinnamoyl carbonyl group of structure 5 

can very well c~lolise to form an intramolecularl'y hydrogen bonded 



structure. Therefore the band at -1600 cm-' is due to the cinnamoyl 

carbonyl of structure 5. Spectra of typical compounds in the region 

1400- 1800 are reproduced in fig. 3.1-3.4. 

Spectra of the compounds in the region below 1600 cm" show 

several strong and medium intensity bands. These bands can be 

assigned to various C=C and C=N stretching vibrations and to N-H, 

N-C=O bending, N-H out of plane deformation and C=O out of plane 

bending, etc. The X-H stretching region of the spectra fully support the 

structure 5 proposed for the compounds. A comparatively broad band 

present in the region 2500-3500 cm'' is expected of the intramolecularly 

hydrogen bonded structure. 

IR spectra of all the compounds showed a prominent band at 

-976 cm" typical of trans -CH=CH- absorption as the cis-ethylenic 

double bonds usually show weak intensity bands at a much lower 

region. Important bands that appeared in the spectra of the compounds 

are given in table 3.3. 



Table 3.3 

Characteristic IR data (cm-') of unsaturated diketoanilides 

Compounds Probable assignments 

l a 2a 3a 4a Sa 6a 7a 8a 9a 10a lla 12a 13a 

529 1 V amide 11 

1248 1238 1234 1242 1236 1240 1251 1248 1238 1252 1251 1263 1236 v amide I11 

967 970 964 968 970 968 968 968 976 974 974 970 976 v CH=CH trans 

693 691 690 694 693 692 690 692 690 692 - 692 691 692 v amide V 

656 654 656 654 653 656 658 660 664 669 670 640 672 vamide IV 

617 604 618 618 617 614 610 608 606 604 610 573 605 vamideVI 





'H NMR Spectra 

The use of NMR spectroscopy in settling the structural problems 

of organic compounds especially 1,3-dicarbonyl compounds are well 

documented in the literature 52,242-244 . The keto-enol tautomerism of 

P-dicarbonyl compounds have been studied precisely by this spectral 

technique. The resonance signal of the proton involved in 

intramolecular hydrogen bonding generally appears in the low field 

region of the spectra. However such protons are prone to rapid 

exchange at room temperature. The enol proton signal of 1,3-dicarbonyl 

compounds such as 1,3-diketones (acetylacetone, benzoylacetone, etc.) 

appears at 6-16 ppm. The position of the methine signal, characteristic 

of the enol form, is also influenced by the electronic effects of the 

groups attached to the carbonyl function243. 

The 'H NMR spectra of the compounds la-3a displayed a one 

proton singlet at -13 pprn and another singlet at -6 pprn assignable 

respectively to the strong intramolecularly hydrogen bonded enolic 

proton and to the methine hydrogen. 

The CH3 singlet of acetoacetailide is at 62.17 ppm. But in the 

spectra of the ligands no signal is observed in this region supporting the 

involvement of y-methyl groups in condensation. The CH2 singlet of 

acetoactanilide at 63.5 pprn has not changed appreciably in the spectra 

of the compounds which support the non-enolic nature of the active 

methylene group of the P-dicarbonyl function. The NH singlet of 

acetoacetanilide is observed at 69.04 pprn which shift to downfield in 

the spectra of the compounds due to strong external conjugation. 

Further, two separate signals due to the NH protons are also appeared in 



the spectra indicating the presence of two NH groups. The region at -67 

ppm of the NMR spectra of all the compounds are highly complicated 

due to the absorption of various aromatic hydrogens lying in different 

environments. Some of the spectra are given in fig. 3.5-3.6. The 

assignment of various proton signals observed in the 'H NMR spectra of 

the ligands are assembled in table 3.4. 

Table 3.4 
Characteristic 'H NMR spectral data of the unsaturated diketoanilides 

Chemical shift 6ppm 
Compounds 

OH Phenyl NH CH=CH Methine CH2 substituent 

l a  1°'lo3 6.898 3.585 
13'17' 9.876 

- 
8.001 

2a 9.887 
13'124 9.432 6.929 3.586 8.3 14 10.158 

3a 9.801 
6.975 3.662 12.346 10.004 8.512 

- 

4a 8.989 
13'426 9.762 7.289 3.591 - 

8.22 1 

5a 9.219 
13'042 9.843 6.719 3.582 

7.671 10.042 

6a 9.887 
14'737 9.762 6.987 3.899 - 7.996 

7a 1°'lo4 8'189 6.942 3.800 
12'042 9.844 8.027 3.894 

8a 9.866 
12'747 9.654 8'184 6.999 3.949 

7.846 
4.068 

9a 9.739 
12'344 9.456 6.724 3.566 8.608 2.932 

10a 9.807 
6.969 3.588 

10.158 
12.104 9.708 8.354 3.921 

l l a  10'092 7'659 6.858 3.794 3.860 
13'042 9.842 7.639 3.830 

12a 10'289 6.453 3.904 3.861 
13'842 9.765 8.012 3.834 

13a 9.8 14 
12'945 9.844 6.796 3.705 

7.679 
6.001 







Mass spectra 

The potential of mass spectrometry in determining the structure of 

organic compounds including 1,3-dicarbonyl compounds are well 

demonstrated in the literature 245,246 . Detailed mass spectral analysis of 

different types of 1,3-dicarbonyl compounds are availableand were 

useful in determining their structure. 

The fact that the condensation between acetoacetanilide and 

aromatic aldehyde takesplace in a 2:l ratio is clearly evident from the 

molecular ion peak. The peaks A and B confirm the condensation of the 

y-methyl group of acetoacetanilide with aromatic aldehyde. The peak 

[C~H~NHCO]' supports the presence of anilide group in the 

condensation product so that the group is not hydrolysed during the 

reaction condition. This is also confirmed by the [P - C~H~NHCO]' 

peak in the spectra. The absence of [P - ~ C ~ H ~ N H C O ] +  peak indicates 

that only one amide carbonyl group is free in the product. The peak B 

clearly states that the active methylene group is protected through out 

the course of the reaction. Intense peaks due to the elimination of 

[c~Ho~]' from the molecular ion is a most common feature of the mass 

spectra of 1,3-dicarbonyl compounds, having at least one aroyl group. 

The important peaks observed are shown in table 3.5 and typical spectra 

are reproduced in fig. 3.7-3.19. Prominent peaks appeared in the spectra 

of all the diketoanilides can be conveniently accounted by the 

fragmentation pattern given in scheme 3.7. 



Table 3.5 

Important fragments observed in the FAB mass spectra of unsaturated diketoanilides 

Compo 
unds 

pc A B C D E  G H P - D  P - E  P - F  P - E - F  

9a 468 174 188 2fi0 162 120 144 118 306 348 376 256 

10a 471 177 191 280 162 120 149 123 309 35 1 379 259 

lla 485 191 205 280 162 120 163 137 323 365 393 c 273 

12a 485 191 205 230 162 120 163 137 323 365 393 273 

13a 469 175 189 280 162 120 145 119 307 349 117 257 



Scheme 3.7 



Fig.3 -7. FAB Mass spectrum of l a  



l Fig. 3.8. FAB Mass spectrum of 2a I 



- 

392 A *3.0 

" " I  
. z - -  

400 450 500 

Fig.3.3 FAB Mass spectrum of 3a 



Fig. 3 .IOFAB Mass spectrum of 4a 



Fig.3.11 FAB Mass spectrum of 5a 



Fig. 3.12.FAB Mass spectrum of 6a 
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Fig.3-15 FAB Mass spectrum of 9a 



Fig.3.16 -FAB Mass spectrum oflOa 
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Fig. 3.17. FAB Mass spectrum of i l a  



Fig.3.18. FAB Mass spectrum of 12a 
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Fig. 3.19.FAB Mass spectrum of 13a 



Characterisation of the metal chelates 

Analytical and physical data of the metal chelates are given in 

table 3.6-3.10. The observed elemental analysis data of the chelates 

agreed well with their 1 : 1 metal-ligand stoichiometry. Complexes 

obtained in pure form are only reported. All metal complexes behaved 

as non-electrolytes in DMF (specific conductance < l0  0-'cm-'; 10" M 

solution). Cu(11) and Co(I1) complexes showed normal magnetic 

moments while Ni(II), Zn(I1) and Cd(I1) chelates are diamagnetic. 

The observed UV, IR, IHNMR and mass spectra of the complexes 

are in agreement with structure 6. 

R 
0 NHPh 0 

M 
A~O' \OAc 

UV spectra 

The UV absorption maxima of the metal chelates bear close 

resemblance with the free ligands. So it can be inferred that no structural 

alteration of the ligand has occurred during complexation. However the 

values shifted slightly to longer wave length in the spectra of the metal 

complexes indicating the involvement of the carbonyl oxygens in metal 

complexation 15,247,248 



IR spectra 

The exact complexing site of a polydentate ligand such as those 

containing different carbonyl groups can be revealed from IR 

spectroscopy 15-18,19 . Acetoacetanilide shows three bands at 3420, 3295 

and 3250 cm-' which can be assigned to NH stretching vibrations of the 

anilide group. These bands appeared in the complexes as a strong and 

broad band and do not show any appreciable shift on complex formation 

and suggest the non coordination of NH group of anilide to the metal 

atom. The 3500-3000 cm-' region of the IR spectra of the unsaturated 

diketoanilides and their complexes do not show any marked difference 

which indicate that the hydrogen bonded enolic OH is not replaced or 

involved in complex formation. The band at -1720 cm-' of the free 

ligand disappeared in the spectra of all the complexes and instead a 

comparatively broad and intense band appeared at -1650 cm-' and no 

other band is observed in the region 1600-1800 cm-'. This indicate not 

only the amide carbonyl but also the alkenyl carbonyl is also affected 

appreciably as a result of metal coordination. The band at -1650 cm-' 

can arise only as due to metal bonded carbonyl function. The broad 

nature suggest that both the metal bonded carbonyl groups undergo 

stretching in this range. The amide I1 and I11 bands in ligands do not 



undergo any appreciable shifts a ~ ~ d  remain unaffected on complexation, 

~ ~ l i i l c ,  tllc aniide IV batid at -960 cm-' shifted to highcr frcqucncy in the 

colnplcxcs. T l ~ s c  obscsvations suggcst that bonding takes place 

through both thc dicarbonyl oxygens atoms of the ligand and not 

through the nitrogen atom of the anilide moicty. Monodcntate -0Ac 

usually show two bands at -1620 cm'land -1310 cm" due to 

antisytnmetric and symmetric strctrhing Sincc carbonyl 

absorption of tlic con~pounds also appearcd in this rcgion thc band at 

-1620 cm" could not be locatcd. Howcvcr a medium intcnsity band 

obscrvcd ;it -1320 cm'' suggcst the coordination of t l~c  acctate groups. 

Thc Co(l1) co~~iplcxcs sllowcd bands at -3220 cm-' indicating the 

presence of coortlinatcd watcr molecules. 

The important IR peaks of various cornplexcs are listed in table 

3.6-3.10. In conformity with the stmcture 6 spcctra of the chelates 

showed additional bands at -460 cm" and -425 cm-' assignable to v ~ . o  

vibrations. Thus IR spcctra of the complexes support the neutral 

bidentatc coordinatiol; of the unsaturated dikctoanilidcs. 'Typical spectra 

arc rcproduccd in fig. 3.20-3.23. 
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'hblc 3.6 
Pllysical, analytical and IR data of the Co(:l) chelates cf 

the u~~saturatcd dikctoanilides, (IIL) 

Elctllcntal analysis (%a) ('l~nrac~cristic 111 

Co(I1) M'' Found/(Calcd)* ;lhsorption I~ands 
Chelate of l ~ c 1 1  (cni ' )  

13hf c 1 I N c0 
-- -- 

V C = ~  vM-0 

l a  176 4.61 01.76 5.04 4.6 1 9.85 414 
0 1.90) (4.99) (4.66) (9.82) lG40 470 

l l a  188 4.87 59.84 5.12 4.2 1 9.0 1 418 
(59.90) (5.14) (4.24) (8.93) 476 

* The culculuted v u l i ~ ~  C ~ I ' I ~ C S ~ O I I ~ S  to 1l1e [CU(HL)(OAC)~(H~O)~] co~~~i~o~sitiorz 



Table 3.7 
Physical, analytical and IR data of the Ni(I1) chelates of the unsaturated 

diketoanilides, (HL) 

Elemental analysis (%) Characteristic IR 
absorption bands 

Ni(I1) MP Found/(Calcd)* (cm-') 
Chelate of oC 

C H N Ni vC=O vM-0 

l l a  156 59.84 5.16 4.26 8.74 415 
(59.90) (5.14) (4.24) (8.93) 490 

* The calculated value corresponds to the [N~(HL)(OAC)~] composition. 



I'ablc 3.8 
Physical, analytical and 1R data of the Coppcr(11) chclatcs or thc unsaturated 

dikctoanilides, (l-IL) 

Copper(l1) MP Elc~iiental analysis (%) Characteristic IR 
Chelate o f  absorption bands 

l l c l 1  
Found/(Calcd)* (cm-') 

l l a  210 1.70 59.01 5.07 4.18 9.48 420 
(59.46) (5.11) ( 4.20) (9.6 l) 1642 480 

13a 172 1.74 60.18 4.70 4.50 9.92 430 
(60.57) (4.73) (4.42) ( l  0.09) 480 

* The culculuteci vullrc correspori~ls to flte [CZI(HL)(OAC)~] conipo.sitio/l. 



Table 3.9 

Physical, analytical and IR data of the Zn(I1) chelates of the unsaturated 
diketoanilides, (HL) 

Elemental analysis (%) Characteristic IR 
Zn(I1) MP Found/(Calcd)* absorption bands (cm-') 

Chelate of "C 
C H N Zn vC=O vM-0 

l a 144 60.74 4.84 4.59 10.64 1634 425 
(61.29) (4.94) (4.61) (10.71) 490 

2 a 156 60.14 4.92 4.31 10.14 1640 418 
(59.71) (4.81) (4.41) (10.43) 476 

3 a 174 58.14 4.54 4.24 10.22 1641 420 
(58.03) (4.52) (4.37) (10.14) 486 

8a 168 59.88 5.14 4.28 10.04 412 
(60.82) (5.22) (4.30) (9.98) 1640 491 

13a 182 60.14 4.68 4.40 10.12 1638 425 
(60.47) (4.27) (4.4 1) (1 0.24) 484 

* The calculated value corresponds to the [Zn(HL)(OAc)r] composition. 

Table 3.10 

Physical, analytical and IR data of the Cd(I1) chelates of the unsaturated 
diketoanilides, (HL) 

Elemental analysis (%) Characteristic IR 
Zn(I1) MP Found/(Calcd)* absorption bands (cm-') 

Chelate of "C 
C H N Zn vC=O vM-0 

la 136 57.04 4.46 4.14 
1642 420 

(56.88) (4.59) (4.28) (17.13) 470 
2 a 132 55.06 4.44 4.04 418 

15.76 1634 484 (55.52) (4.48) (4.18) (16.70) 
3a 126 53.06 4.14 4.05 42 1 

1637 492 (54.07) (4.22) (4.07) (16.28) 
5a 134 55.06 4.38 4.04 

15'74 1638 4 19 
(55.52) (4.48) (4.18) (16.70) 486 

7a 128 55.74 4.61 3.88 
1637 4 16 

(56.14) (4.68) (4.09) (16.37) 492 
8a 126 56.66 4.85 3.96 

15'54 1635 4 17 
(56.73) (4.87) (4.01) (16.05) 486 

lla 132 54.96 4.72 4.01 
14'98 1641 420 

(55.46) (4.76) (3.92) (15.69) 49 1 
13a 140 56.28 4.39 4.18 412 

1640 479 (56.30) (4.40) (4.1 1) (16.42) 
* The calculated value corresponds to the [C~(HL)(OAC)~] composition. 



1 H N M R  sl~cclra 

NMK sl~cctroscopy is an important tool in assigning thc actual 

coordination behaviour of' 1,3-dicarbonyl con~pounds 242-244 . Thc usual 

con~plcxing niohc of 1,3-dicarbony l con?pounds is thc rcplaccment of 

e n ~ l i c  proton by tllctal cation. This chelating modc can clearly be 

visualised by examining tlic downfield region of the spcctra. l'he 'H 

NMR spcctra of tllc diamagnetic Ni(I1) cotnplcxcs showcd thc enolic 

OH proton signal of the ligand at -13 ppm indicating thc non- 

involvcrncnt of tllc cnolic proton in complcxation . Howcvcr the 

mcthylcric proton signal :;liiftcd appreciably to down ficld indicating thc 

involvcmcnt of the /l-dicarbonyl function in cotnplcxation as in structure 

6. Unlikc in the spcctra of the ligands, the complcxcs show a signal at 

-62.5 ppm indicatitlg acctatc coordination and from tlic ilitcnsity, it can 

be inferred the prcscnce of two acetate groups. The prcscncc of proton 

signal at -9.5 ppnl in the spcctra of complexes indicatc that the NH 

groups arc  no^ involved in coordination. 

Mass spcctra 

Tllc potential of mass spcctromctry in thc structural clucidat ion of 

coordiriation cotiil>ounds has bccn well illurninatcd in  tlic case ~nctal 

con~plcxcs of' 13-cf icarbunyl compour?ds. 15.250-254 . In rcccnt ycars, with 

thc advent of' liigllly cflicicnt direct evaporation inlct systcms, the 

problcn~s with low volatility and thcrinal instability which are 

encountcrcd fi-cqucntly whcn dealing with metal complcxcs liave to 

same extent bccn ovcrcomc. I t  has been shown from tllc mass spectral 



analysis of Cu(I1)diketonates that stepwise removal of alkyllaryl 

group(s) is a characteristic feature of all the complexes. Even though 

detailed mass spectral analysis of P-diketonate complexes with 

acetylacetone and related diketones are available, only meager attention 

was given to similar complexes of other 1,3-dicarbonyl compounds, 

especially P-ketoanilides. 

The FAB mass spectra of all Cu(I1) complexes show intense 

molecular on peaks. Peaks due to the removal of one or both acetate 

groups are characteristic of all the spectra. The fragments observed in 

the ligand spectra are also found in the spectra of the complexes which 

indicate that no structural alternation of the ligand has occurred during 

complexation. The peaks due to [CUL]' and L' are also observed in the 

spectra. The loss of [c~H~NH]' and [C~H~NHCO]' are found in the 

spectra of metal chelates like those of the ligands. The spectra of all the 

chelates contain a large number of fragments containing copper. These 

are easily identified because of 2:l natural abundance of 6 3 ~ ~  and 6 5 ~ ~  

isotopes. Typical spectra are reproduced in fig. 3.24-3.29. 

Geometrical structure of the complexes 

In the copper(I1) complexes the presence of a broad visible band 

at -15,000 cm" and the measured p,ff values (1.72-1.78B.M.) support 

the square-palanar structure. Square-planar copper(I1) complexes 

undergo a change to octahedral symmetry in the presence of donor 

solvents. When the spectra of the chelates were measured in pyridine 

(10" M solution) a broad absorption band centred at -1 1,250 cm-' was 



observed which indicates the formation of pyridine adducts of the planar 

[Cu(HL)(OAc)2] complexes. The visible spectra of co2' complexes are 

showed a broad band with maxima at -19,100 cm-'. In some cases a 

shoulder appeared on this band at -20,800 cm-'. These values along 

with the observed magnetic moment in the range 4.704.9 B.M. suggest 

the octahedral geometry of the complexes. The observed diamagnetism 

and broad medium-intensity band at -17,800 cm-' in the visible spectra 

of the nickel(I1) chelates undoubtedly suggest their square planar 

geometry. In conformity with this observation the visible spectra of the 

chelates in pyridine solution (10" M) showed three bands corresponding 

to configurational change from square planar to octahedral due to the 

association of pyridine. The three well-seperated absorption bands at 

h,, -8,234, -13,556 and -24,349 cm-' correspond to the transitions 

3 A2, - + 3 ~ 2 g ;  3 ~ 2 g  - + 3 ~ ~ g ( ~ )  and 3 ~ 2 g  + 3 ~ l g ( ~ ) ,  respectively. 
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AcO OAc 

Fig.3.24FAB Mass spectrum of Cu(I1) complex of l l a  I 



AcO OAc 

Fig.3.25 FAB Mass spectrum of Cu(I1) complex of 5a I 
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Fig.3-26 FAB Mass spectrum of Cu(I1) complex of 6a 
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Fig. 3.28 FAB Mass spectrum of Cu(I1) complex of 9a 
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SECTION 2 

METAL COMPLEXES OF UNSATURATED P-KETOANILIDES 

The unsaturated P-ketoanilides considered in this section are the 

monocondensation products formed as discussed in section 1. 

The condensation of acetoacetanilide with benzaldehyde, 

p-methoxybenzaldehyde, p-ethoxybenzaldehyde, p-N,N- 

dimethylaminobenzaldehyde, salicylaldehyde, o-nitrobenzaldehyde, 

piperonal, vertraldehyde and 2,4-dimethoxybenzaldehyde yielded the 

unsaturated P-ketoanilide along with the diketoanilides (experimental 

details are given in section 1). These P-ketoanilides formed well defined 

complexes with Co(II), Ni(II), Cu(II), Zn(II), Cd(I1) and Fe(II1). The 

methods of synthesis of the complexes are given below. 

To a refluxing solution of the compound in ethanol(0.002 mol, 20 

mL) an aqueous solution of metal(I1)acetates (0.001 mol, 15 mL) was 

added drop by drop with stirring. The pH of the solution was adjusted 

around 6 using sodium acetate and refluxing was continued for -4h. 

The solution was concentrated to half the volume and then cooled in ice 

and the precipitated complex was filtered, washed several times with 

water, then with ethanol, and recrystallised from hot methanol. The 

crystals were dried in vacuum. 



Fe(II1) complexes were prepared as follows. To a refluxing 

solution of the compound in methanol (0.003 mol, 25 ml) slowly added 

a solution of anhydrous FeC13 in methanol (0.001 mol, 15 mL) with 

vigorous stirring. The mixture was then refluxed for -2h, cooled to 

room temperature and the precipitated complex was filtered, washed 

with methanol and recrystallised from hot chloroform. The crystals 

were dried in vacuum. 

Results and Discussion 

The aldehydes used for the synthesis of the unsaturated 

acetoacetanilides in the investigation are brought in table 3.1 1 along 

with their systematic name and yield obtained. All the compounds are 

crystalline in nature with an yellow colour and are freely soluble in 

common organic solvents. 

The results of elemental analysis and molecular weight 

determination of the compounds given in table 3.12 suggest that the 

condensation between aromatic aldehyde and acetoacetanilide 

takesplace in a 1: 1 ratio (scheme 3.8). The UV, IR, 'H NMR and mass 

spectral data of the compounds are in agreement with the structure 4. 

Characterisation of the unsaturated P-ketoanilides 

UV spectra 

The UV spectra of the compounds show two broad bands with 

maxima at -380 nm and -260 nm due to the various n-n* and n-n* 

transitions. The bands are considerably broader than the absorption of 

acetoacetanilide which suggests that more than one n+n* and n+x* 

transition exist in these compounds. 



Table 3.14 

Synthetic details of unsaturated P-ketoanilides 

Comp 
Aldzhyde used for synthesis R Systematic name Yield ounds (%) 

l b Benzaldehyde H 1 -(N-phenyl)amino-5-phenyl-4-penten- 1,3-dione 60 

2b Salicylaldehyde 2-OH 1 -(N-pheny1)amino-5-(2'-hydroxy)phenyl-4-pent 1,3-dione 62 

p-N,N- 
6b Dimethylaminobenmldehyde 

9b Piperonal 

3-OCH3, I -V-pheny1)amino-5-(3',3'-dimethoxy)pheny-peen l ,3- 
4-OCH3 dione 

2-OCH3, l -(N-~henyl)amino-5-(2'~'-dimethoxy)phenyl-4-penten- 1,3- 
4-OCH3 dione 



Table 3.12 

Physical, analytical and UV spectral data of the unsaturated P-ketoanilides 

Elemental analysis (%) Mol. 
Compou MP N Weight h,,, 

C H log E 
nds (Oc) (nm) 

Found1 (calcd) 

IR spectra 

The observed IR bands of the complex are easy to interpret 

compared to acetoacetanilide. Acetoacetanilide exist predominantly in 

the keto form with very small percentage of the enol content. Therefore 

the most characteristic bands in the IR spectrum of acetoacetanilide due 



to the amidc carbonyl and acctyl carbonyl occur at -1667 cm" and 

-1720 cm-' rcspcctivcly. Tllus tlic spcctrum of accto:icc:anilidc is 

dominated by two intensc and wcll defined absorption i l l  thc rcgion 

1650-1800 cm". Whcn acctyl group (CH3CO) of acctoacctanilidc is 

replaced by a cinnamoyl group (I'h-CH=CH-CO), drastic changcs niay 

occur in this rcgion of the spcctrum. This is fully ,iustificd from the 

recorded IR spcctra of the compounds considcrcd in this scction. 

Thus thc spcctra of all thc compounds show only onc intense 

absorption i n  thc rcgio~l 1650-1800 cm". This band cannot bc assigned 

to a cinnanioyl c;lrbotlyl strctcliing bccausc such conjugated carbonyl 

groups iisunlly ;~hsorb in tllc 1000- 1650 cm" rcgioti. Thcrcl'or tltc band 

at -1670 clli" of tllc con~pouods originate definitely clue to the 

stretching of tllc amidc carbonyl. Another prornincnt band appearcd in 

the spcctra of tllc con~l~ounds arc at or near 1640 cm''. Tliis band cannot 

be assigned to a .cil~namoyl carbonyl. Rut this can bc vcry well 

attributed to partially cnoliscd cinnamoyl carbonyl function. Thus it cc?n 

be clearly stated that the cinnamoyl carbonyl !las enolised and hydrogen 

bonding may dccrcasc the forcc constant of tlic carbonyl group and 

thereby slliftcd to low strctching frcqucncies. 

From tllc IK spectra of the compounds in thc rcgion 

1600-1 800 cm" clcarly demonstrate that the colnpounds arc cinnalnoyl 

acetanilidcs whcre the cinnalnoyl carbonyl group has cnoliscd and 



involvcd in intm~nolccular hydrogun bonding avith thc an~ide carbonyl 

as in structure 7. 

'I'l~e spectra oI' the coinpou~lds in tllc rcy ion 1 500 - 1 600 cm-' 

showcd scvcral 111cdi11n1 intcllsity bands assignable to various olefinic 

and aromatic C=C stretching. A prominent band obscrvcd at -1525 

cm-' in the spectra is cl~aractcristic of the N-H deformation vibration. 

That the cotnpounds cxist in intramolecularly hydrogen bonded structure 

7 is evident froill thc prcscnce of a broad band due to thc 0-H"""N 

group in the region 3400 cm". Weak and medium jntcnsity bands 

assignablc to the stretching of NH and various veil vibrations arc also 

obscrvcd it1 thc spcctra.Somc typical spcctra arc reprroduccd in fig. 

3.30-3.3 1 Important l R bmds and their probable assignments arc given 

in tablc 3.13. 



Table 3.13 

Characteristic IR data (cm-') of unsaturated P-ketoanilides 

Compounds 
Probable 
assignments 

1670 1666 1678 1677 1672 1664 1667 1665 1662 v (C=O) amide 

1638 1640 1642 1632 1640 1638 1644 1645 1647 v (C=O) chelated 

1580 1590 1597 1596 1596 1590 1587 1585 1586 V(C=C) phenyl, 
1545 1542 1573 1564 1574 1573 1573 1569 1564 
1528 1536 1546 1536 1542 1536 1540 1537 1539 v(C=C) alkenyl 1 

1525 1518 1512 1513 1512 1515 1520 1516 1517 vamide I1 

967 969 970 976 978 974 975 973 980 v CH=CH trans 

690 693 694 692 690 691 696 699 700 v amide V 

656 655 660 658 659 657 652 659 662 v amide IV 





1 H NMR spectra 

That acetoacetanilide exist predominantly in the keto form has 

been clearly demonstrated from the 'H NMR spectral studies 52,242-244 

Thus signals due to the enol proton was not observed in the reported 

spectrum of acetoacetanilide. The methylene protons showed resonance 

signals at -3.5 pprn and the methyl protons at -2.17 ppm. The most 

characteristic feature of the spectrum is a one proton signal at -9 pprn 

due to the amide group. 

The 'H NMR spectra of all the unsaturated P-ketoanilide show a 

one proton sliglity broadened signal in the range 69-10 pprn and another 

one proton signal between 612-13 ppm. The former signal is 

undoubtedly due to the NH proton. The existence of the later signal can 

only be accounted as arising from an enolisable carbonyl group. The 

spectra of the compounds do not contain any signal arising from the 

resonance of a methyl group. However the spectra displayed two one 

proton signals at -8 pprn and a one proton signal at -4 ppm. The former 

signals can conveniently be accounted as due to the olefinic protons and 

later to the methylene proton of the dicarbonyl function. The spectra 

also displayed a weak two proton signal of less intensity compared to 

the methylene proton at -3.5 pprn similar to the OC-CH2-CO protons of 



acetoacetanilide. Thus it can be stated that the enolisation is not 

complete and the compounds exist as a mixture of both the keto and 

enol forms. However, by considering the intensity of the 

0-C=CH-C=O and O=C-CHTC=O proton signals it can be inferred 

that the enol tautomer predominate. Integrated intensities of all the 

signals agree with the structure 7. The spectral data are presented in 

table 3.14 and a typical spectrum is reproduced in fig. 3.32. 

Table 3.14 

Characteristic 'H NMR spectral data of the unsaturated P-ketoanilide 

Chemical shift Gppm 

Compounds 
OH 

Phenyl 
NH CH=CH Methine CH2 Substituent 





Mass Spectra 

Mass spectra of all compounds showed intense molecular ion 

peak P'/(P + 1)' thereby confirming the formation of the 

monocondensation product of the reaction between the various 

aldehydes and acetoacetanilide. (P - c~H~)', (P - C~H~NH)', 

(P - C~H~NHCO)', (P - A~c~H~) ' ,  etc. are characteristic of all the 

spectra. The important fragments appeared in the spectra can be 

explained by considering the fragmentation pattern given in Scheme 3.8. 

The rnlz values of major peaks are tabulated in table 3.15. Some of the 

spectra are reproduced in fig. 3.33-3.41. 

Table 3.15 
Important fragments observed in the FAB mass spectra of unsaturated P-ketoanilides 

Compo 
unds 

P+ A B C D E G 



D 
Scheme 3.8 



Fig. 3.33FAB Mass spectrum of l b 

Fig. 3 . 3 4 ~ ~ ~  Mass spectrum of 2b I 
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Fig. 3-36  FAB Mass spectrum of 4b 





Fig.3.as.FAB Mass spectrum of 7b 



Fig.3 .+o FAB Mass spectrum of 8b 

Fig.3.41 FAB Mass spectrum of 9b 



Characterisation of Metal Complexes 

Analytical and physical data of the complexes are given in table 

3.1 6-3.2 1. The observed elemental analysis data of the complexes 

agreed well with their 1 :2 Metal-ligand stoichiometry except in the case 

of Fe(II1) which are of [FeL3] composition. All metal complexes 

behaved as non-electrolytes in DMF (specific conductance < 100-'cm-'; 

10" M solution). The Ni(II), Zn(I1) and Cd(I1) chelates are diamagnetic 

and all other complexes showed normal paramagnetic moment. 

The observed UV, IR, NMR and mass spectra of the complexes 

are fully consistent with the structure 8 of the complexes. 

n = 2 for Co(II), Ni(II), Cu(II), Zn(I1) and Cd(I1); n = 3 for Fe(II1) 



Pllysical and anolylical data of thc I;c(lil) chclatcs of thc unsaturated 13-kctoanilidcs 

* The calctrlrted \*trlzre corr.espot~ds to the [FeL3] comnposilion w/zere L stands 
for. the t1cprotonutc.d ligand. 



Table 3.17 

Physical and analytical data of the Co(I1) chelates of the unsaturated P-ketoanilides 

Co(I1) MP p,ff Elemental analysis (%) Found/(Calcd)* 
Chelate of oc 

BM c H N CO 

* The calculated value corresponds to the [CoL2(HzO)J composition where L 
stands for the deprotonated ligand. 

Table 3.18 

Physical and analytical data of the Ni(I1) chelates of 

the unsaturated P-ketoanilides 

Ni(I1) MP Elemental analysis (%) Found/(Calcd)* 
Chelate of "C 

C H N Ni 

8b 64.36 5.01 3.84 8.3 1 
(64.49) (5.09) (3.96) (8.34) 

* The calculated value corresponds to the [NiL J composition where L stands 
for the deprotonated ligand. 



Tablc 3.19 
NI3 3252 - .--z>- 

*+ <=E,:, 
Physical and analytical data of thc Cu(1l) chclatcs of thc unsati&$&t; . . . *%, .e 

P-kctoanilidcs C .  , 
8 ~ 

. 
? - f- ' 

rt -. . - 
Elemental analysis i%j 

Coppcr(1 l )  M I' 
Chclatc of Clcrr Found/(Calcd)* 

---p 

* The culc~r/trted vulue cor.r.cspotlds to the [CuL J cot~lpositioti wlre~z L stattds 
for fir(* ~ l ~ p t - ~ ( ~ t i ~ f e d  liptltl. 



Table 3.20 

Physical and analytical data of the Zn(I1) chelates of the unsaturated P-ketoanilides 

Elemental analysis (%) Found/(Calcd)* 

Chelate of "C 
C H N Zn 

* The calculated value corresponds to the [ZnLJ composition where L stands 
for the deprotonated ligand. 

Table 3.2 1 

Physical and analytical data of the Cd(I1) chelates of the unsaturated P-ketoanilides 

MP 
Elemental analysis (%) 

Cd(I1) Found/(Calcd)* 
Chelate of "C 

7b 59.3 1 3.76 3.81 15.34 
146 (59.34) (3.85) (3.85) (15.38) 

* The calculated value corresponds to the [CdL J composition where L stands 
for the deprotonated ligand. 



UV Spcctrn 

In tllc U V  rcgion all tlic complexes cxliibited two absorption 

maxima similar to tlw frcc ligands. Howcvcr a slight shift to lower 

wave numbcr cotili):ircd to ~ I I C  ligand spectral maxima suggcst that the 

carbonyl futictio:is arc bondcd to the metal ions. 

IR Spectra 

Thc I I< spcctr:i of all tllc cocnplcxcs in tllc 1600- 1 X00 cell-' rcgion 

showcd srl icltc~lsc iltld sliglltly bl-oadcncd band in  the r:ingc 1630 cm" 

irrcspcctivc of t11c naturc oraryl groups and tllc n~ctal ion. 'I'hc obscrvcd 

broadening of tlic band suggcst that, it is due to tnore than onc carbonyl 

absorptions. Sincc bands duc to thc stretching of cinnatlioyl and anilide 

carbonyls of thc frcc ligands arc abscnt in thc spcctra i t  can bc prcsumcd 

that the band appcarcd in tllc range 1630 cm" is due to tnctal bonded 

dicarbonyl functions. In acctoacetanilide complexcs both thc acetyl and 

amide carbonyls sllow apprcciablc decrcasc in frequcncics up on 

complexation. Thcrcforc by considering the position and slight 

broadcning i t  ci111 bc prcsunicd that the partially cnoliscd cinnamoyl and 

amidc carbonyl stretching frcqucncics of mctal complcx may absorb 

almost in itlclitical V ~ ~ I U C S  a~ld may coalcscc arid appcar as a broad band. 

Thus tlic billid it1 t l~c rcgion 1630 cm-' can safcly bc ;lssigncd to metal 

bondcd dicarbonyl li~nction. 

That tllc carl~onyl groups arc involved in bonding with the mctal 

as in structure S is lurthcr supported by the appearancc of two medium 
', 

intcnsity bands in t l~c  low frcqucncy region at -420 cm-' and -450 cm-' 



assignable to V M - ~  stretching of the complex. Important IR band and 

their probable assignments. are given in table 3.22-3.28 and typical 

spectra are reproduced in fig. 3.42-3.45. 

Table 3.22 

Characteristic IR and UV spectral data of Fe(II1) complexes 

Characteristic IR stretching bands (cm-') 
Fe(II1) chelates hmax 

of C=C c=o Fe-0 (nrn) (alkenyllphenyl) 



Table 3.23 

Characteristic IR and UV spectral data of Co(I1) complexes 

Characteristic IR stretching bands (cm-') 
Co(I1) chelates h,,, 

C=C Co-0 (alkenyllphenyl) (nm) 

Table 3.24 
Characteristic IR and UV spectral data of Ni(I1) complexes 

Characteristic IR stretching bands (cm-') 
Ni(I1) chelates ~ m a x  

C=C Ni-0 
(alkenyllphenyl) (nm) 





Table 3.25 
Characlcristic: 1R and UV spectral data of Cu(1;) co~llplcxcs 

Characteristic IR stretching bands (cm-') 
Cu (11) chclatcs - h,,,,, 



Table 3.26 

Characteristic IR and UV spectral data of Zn(I1) complexes 

Zn(I1) chelates Characteristic IR stretching bands (cm-') h,, 

of C=O C=C (alkenyllphenyl) Zn-0 (nm) 

Table 3.27 

Characteristic IR and UV spectral data of Cd(I1) complexes 

Characteristic IR stretching bands (cm-') 
Cd(I1) chelates &,l, 

C=C 
(alkenyl/phenyl) Cd-0 (nm) 



'H N M R  Spectra 

7'11c tllost clli~tactcristic fcaturc of ' l 1  NMR spcctra of the 

diamagnetic co11ll11cxc.s is tllc i tb~ct i~c  of thc low ficld cnol proton signal 

of thc ligallds. '1'11~ NI 1 proton signal rcmaincd almost unaffected. 

Thcsc strongly slipport that only tlic cnol proton has been replaced by 

the tnctal ion atid tllc aniidc ~iitrogcn is excluded froni coordinaticn. 

The n~ctliylcnc proton signal sliiftcd appreciably to low ficld compared 

to the shift in tlic olcfinic protons. This may be due to thc aromatic 

character that might llavc bccn imparted to thc C302M ring systcln of 

the chclatcs by thc highly c~~iji igatc groups attached to tlic dicarbonyl 

moiety. 'She integrated intcnsities of various aromatic and aliphatic 

protons agrcc well with thc ML2 stoichiomet~y of thc complexes. 

Typical spcctra arc rcproduccd in figures. Since tl;e olcfitiic protolls of 

both of thc two ligand moleculcs in the complcxcs give only one signal, 

it is quite cvidcnt that both the cinnamoyl group arc in identical 

chcmicd cnvironmc~lts. This is possible only with tram oricntation as 

in structure 9. l lad the two cinnamoyl groups bccn in cis position strain 

releasing will dclinitcly rcsult in scparatc signals. That tlic phcnolic OH 

group of 2b is not itivolvctl in  bonding with the nlct;~l ion is clearly 

indicatcd in tlic spcctra of its Ni(1l) complex. 



Mass Spectra 

The FAB mass spectra of the Cu(I1) complexes are obtained and 

are assembled in figures. The spectra clearly show peaks corresponding 

to CuL2 stoichiometry of the complexes. Stable peaks correspond to 

[cuL]', L', fragments of L' are also present in the spectra. The 

formation of major fragments can be accounted by considering the 

fragmentation pattern given in scheme 3.8. One of the typical spectra is 

reproduced in fig. 3.50. 

Geometrical structure of the complexes 

Cu(I1) complexes showed a broad visible band at -15,000 cm" 

indicating the square-palanar structure. The complexes undergo a 

change to octahedral symmetry in the presence of donor solvents. When 

the spectra of the chelates were measured in pyridine (10-' M solution) a 

broad absorption band centred at - 1 1,100 cm-' was observed which 



indicates the formation of pyridine adducts of tlic planar [CuL2] 

complexes. The visible spectra of CO'' complcxcs are don~inatcd by a 

broad band with 111axima at -19,200 cm-'. In some cilses a slioulder 

appeared on this band at -20,700 cm". These values togctlicr with thc 

observed magnetic moment in the range 4.70-4.90 B.M. sllggcst the 

octahedral geometry of the complexes. The observed diirmagnctisrn and 

broad medium-intensity band at -17,600 cm" in the visiblc spectra of 

the Ni(I1) chelates suggest their square-planar geometry. In conformity 

with this observation the visible spectra of the cheliites in pyridine 

solution (10" M) showed three bands corresponding to configurational 

change from square-planar to octahedral due to thc associatiofi of 

pyridine. The tlircc well-seperated absorption bands at h,,,,, -8,142, 

-13,340 and -24,456 cm-' correspond to the transitions 3 ~ 2 g  --f3?'*.; 

-+'T,,(F) and - + 3 ~ l g ( ~ ) ,  respectively. 



Fig.$-9 FAB Mass spectrum of Cu(1l) complex of 9b 



CHAPTER 2 

CONJUGATED NAPHTHYL KETOANILIDES AND THEIR 

METAL COMPLEXES 

Reaction of acetoacetanilide with benzaldehyde/substituted 

benzaldehyde in presence of B2O3, tri(sec-buty1)borate and n-butylamine 

yielded both the monocondensation product (unsaturated P-ketoanilide) 

and the biscondensation product (unsaturated diketoanilide) as discussed 

in Chapter 1. When the reaction was carried out using naphthalene- 1 - 

carbaldehyde and acetoacetanilide also resulted in the formation of two 

well defined compounds 10 and 11 and were separated in pure form by 

coloumn chromatography. Using analytical and various spectral data 

they were characterised as mono and biscondensation products, as in the 

reaction scheme 3.9. However, 2-hydroxynaphthalene- l -carbaldehyde 

formed only the monocondensation product 10. This behaviour of 

2-hydroxynaphthalene- l -carbaldeyde under the experimental conditions 

can be justified by considering the electronic effect of the 2-OH group in 

the naphthalene ring. 

Both the mono and biscondensation products form well defined 

complexes with various transition and non-transition elements. 



Analytical and spectral data of the compounds obtained from the 

first eluted product conform to structure 10 and seccnd one to structure 

11. However tlc revealed only one product. in the case of 

I 
/ / H 

/ 
I 
/- 0 NHPh 0 0 ()+-'-fa 

Scheme 3.9 



Striicturc 10 is an unsaturated P-ketoanilidcs having cnolisable 

hydrogens. Structure 11 is evidently an unsaturated diketoanilide. For 

conveniencc this part is divided into two sections. Details on the 

characterisation and typical metal co~nplcxcs of 10 are included in 

sectiorr 1. In sectiorr 2 the characterisation of' the unsaturated 

dikctoaniliclc 11 and its typical mctal chclatcs arc included. 



SECTION 1 

Synthesis and characterisation of unsaturated P-ketoanilides and 

their metal complexes 

The synthesis and chromatographic separation of the compounds 

are similar to that for the compounds considered in Chapter l. The 

synthetic details of the compounds are given below. 

Compo Aldehyde used for R Systematic name 
unds synthesis 

Yield 
(%l 

l Ob Naphthalene- l - H l -(N-pheny1)amino-5-naphthyl-4- 5 0 
carbaldehyde penten-1,3-dione 

Synthesis of metal complexes 

The general procedure adopted for the preparation of Co(II), 

Cu(I1) and Zn(I1) complexes are given below. 

An ethanolic solution of the metal salt (0.001 mol, 20 mL) was 

added slowly with stirring to a solution of the compounds in methanol 

(0.002 mo1,25 mL). The mixture was stirred well and sodium acetate 

was added to keep the pH around 6. The mixed solution was refluxed 

for - 2h and then the volume was reduced to half. On cooling to room 

temperature the complex gets precipitated. It was filtered, washed with 



1: 1 mctlia~~ol-watcr mixturc and dricd. For puriiy, tllc compounds were 

~.ccrystalliscd froln hot :liloroforn~. 

Irot~(lll) coniplcxcs wcrc prcparcd as follows. 'To a rcfluxing 

solutiorl of tllc con~pounds in nletllanol (0.003 mol, 20 mL) slowly 

addcd a mcthanolic solution of anllydrous FeC13 (0.001 nlol, 20 mL) 

with vigorous stirring. Thc mixture was then rcfluxcd for -211 and 

concetrtrated to llalf thc original volumc. I t  was thcn coolcd in  ice and 

the prccipitated complex on cooling to ice cold tcmpcraturc was filtered, 

washcd wit11 cold cthanol and rccrystalliscd form ]lot chloroform. Thc 

complcxcs wcrc tlricd il l  vacuum 

Results and Discussiol~ 

Characterisatio~r of the P-ketoanilides 

The results of elemental analysis and molecular weight 

determinatidn of the compounds are given in table 3.28. Thc compounds 

were charactcriscd nlainly on 111c basis of thcir UV, IR, NMR and mass 

spectral data and are disccsscd bclow. 

UV Spectra 

'I'llc UV spcctra of tlic ccrllpou~lds arc cl~nractcrisccl by the 

prescricc of two absorption maxima (Tablc 3.28), thc one at 370-400 nm 

corrcsponds to 11-+x* transition and 260-270 ntn to thc n+n* tra~lsition. 



Table 3.28 

Physical, analytical and UV spectral data of the unsaturated 
P-ketoanilides 

Found1 (calcd) 

l l b  77.48 5.64 4.92 329 265 4.07 
72 (77.68) (5.34) (4.98) (331) 394 4.64 

IR Spectra 

The IR spectra of the compounds in the 1600-1 800 cm" are 

characterised by the presence of two strong bands at -1670 cm-' and at 

-1 630 cm" (Fig. 3.51 and 3.52). The former band is undoubtedly due to 

the amide carbonyl. The band at -1630 cm-' can arise only due to the 

conjugated carbonyl group. The NH of amide and the intramolecular 

hydrogen bonded enolic group gives broad bands in the region 

2600-3800 cm-'. Characteristic absorption of amide group vibration like 

amide II,III,IV and V are also observed in this spectra. Important IR 

bands of the compounds are given in Table 3.29. 





Table 3.29 

Characteristic IR data (cm") of unsaturated P-ketoanilides 

Compounds 
Probable assignments 

lob l lb 

v (C=O) amide 

v (C=O) chelated 

v(C=C) phenyl 

v(C=C) alkenyl 

v amide I1 

v amide I11 

v CH=CH trans 

v amide V 

v amide IV 

v amide V1 

'H NMR Spectra 

The 'H NMR spectra of the compounds displayed a down field 

singlet at -F12 ppm and another singlet at -6 6 ppm assignable to the 

enol and methine protons respectively. The phenolic proton on the aryl 

ring of llb and the NH proton of anilide showed signals as expected. 

Aryl protons show signals in the range 67-7.5 ppm. The assignment of 





various proton signals observed in the 'H NMR spectra of the 

compounds are assembled in table 3.30. The spectra of l l b  is given in 

Fig. 3.53. 

Table 3.30 

Characteristic 'H NMR spectral data of the unsaturated P-ketoanilides 

Chemical shift Gppm 

Compounds enolic Phenyl 
OH 

NH CH=CH Methine CH2 substituent 

Mass spectra 

Mass spectra of the unsaturated P-ketoanilides show intense 

molecular ion peaks. Peaks corresponding to the [P - C~H~NHCO]' are 

characteristic of all the spectra. The possible fragmentation pattern of 

the compounds are consistent with scheme 3.8 of Chapter 1 and the 

important peaks appeared in the spectra are tabulated in table 3.31. 

Spectra of the compounds are reproduced in fig 3.54-3.55. 



Fig.3.59 FAB Mass spectrum of lob 

-- - - - - - . -- 
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Fig. 3.55FAB Mass spectrum of l l b 
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Table 3.3 1 

Important fragments observed in the FAB mass spectra of 

unsaturated P-ketoanilides 

Compounds P+ A B C D E G H 

lob 315 181 195 223 162 120 153 127 

l l b  331 197 211 239 162 120 169 143 

Characterisation of metal chelates 

Elemental analytical data of the complexes of Co(II), Cu(I1) and 

Zn(I1) suggest their [ML2] stoichiometry and [ML3] for Fe(II1) 

complexes. Analytical and physical data of the metal complexes are 

given in tables 3.32. Conductometric studies show that all the 

complexes behave as non electrolytes in dmf (specific conductance 

< l0  ~ " c m - l  in 10" M solution) and do not contain the anion of the 

metal salt used for the preparation. Magnetic moment measurements 

show that Zn(I1) complex is diamagnetic while Co(II), Cu(I1) and Fe(II1) 

complexes show normal magnetic moment. The UV, IR, NMR and mass 

spectral data suggest structure 12 of the complexes. 

12 

n = 2 for Co(II), Cu(I1) and Zn(I1); n = 3 for Fe(II1) 



Table 3.32 

Physical and analytical data of the metal chelates of the unsaturated 

P-ketoanilides 

Metal Ligand MP Peff Elemental analysis (%) Found/(Calcd)* 
(HL) OC 

BM ion 
C H N Fe 

lob 142 - 72.14 4.58 4.0 1 9.30 
(72.73) (4.62) (4.04) (9.38) 

Zn(I1) 
llb 146 - 69.44 4.32 3.81 8.90 

(69.52) (4.41) (3.86) (8.97) 

* The calculated value corresponds to the [ML J composition for Cu(Il) and 
Zn(I0, [ML2(H20) J for Co(II) and [MLz] for Fe(III) where L stands for the 
deprotonated ligand. 

UV Spectra 

The characteristic UV absorption maxima of the dicarbonyl 

compounds due to x-tn* and n+n* transitions show only slight 



bathochrotnic shifts in thc spectra of tlic metal complexes. It is 

thcrcforc, cvidcrlt that no structural alteration has occurrcd to the ligand 

during conlplcx ;L t'  on. 

In tllc spcctra of tllc mctal complexes, the band duc to hydrogen 

bondcd dicarboriyl function of the ligands disappcarcd but instead a 

strong ancl sliglltly broadcncd band assignable to tlic stretching of the 

metal corrdin:ltcd dicarbonyl group appearcd at -1620 cm-' 

(Fig. 3.56-3.59). Tllc broad band in the region 3400-3800 cm-' cleared 

up in tlic spcctra of the complcxcs. However thc spcctra of the 

complcxcs of l l b  sliow a prominent band at -0400 cm'' due to the 

phenolic OH stretching. This ii~dicatcd that the plicnolic OH groups are 

not involvcd in complex formation. Spectra of tlic Co(1l) complexes 

show characteristic bands at 3400 cm-' and 3800 c~n- '  due to coordinated 

water molcculcs. The various amide bands are only marginally altered 

in thc spectra of the complexes. In agreement with this structure spectra 

of all complexes show bands at -465 cm" and at -420 cm" assignable 

to n(M-0) vibrations. Important ir bands of the cornplcxcs are included 

in tablc 3.33. 





Table 3.33 
Characteristic IR and UV spectral data of the metal complexes of 

unsaturated P-ketoanilides 

Characteristic ir stretching bands (cm-') 

Ligand 
h,,, 

ion C=C alkenyll C=O phenyl M-0 (nm) 

llb 

, , 

llb 

1 H NMR spectra 

In the 'H NMR spectra of the diamagnetic Zn(I1) complexes the 

enolic proton singlet of the free ligand disappeared. However the 

phenolic OH signal of l b  remain as such indicating its non involvement 



in coordination. The position of NH proton signal is only marginally 

altered in the complexes. Integrated intensities of the various proton 

signals agree well with the [ML2] stoichiometry of the complexes. 

Mass spectra 

The FAB mass spectra of all the Cu(I1) chelates show intense 

molecular ion peaks in conformity with their [CuL2] stoichiometry. 

Peaks due to [CUL]' and fragments of L' are some times more intense. 

Peaks at rn/z corresponding to [P - n~r] ' ,  [P - ~C~NHCO]'  where n = 1 

to 2 are present in the mass spectra of all the complexes. The spectra of 

the complexes are reproduced in fig. 3.60-3.61. 



Fig. 360 FAB Mass spectrum of Cu(I1) complex of lob 



I Fig.3.61 FAB Mass spectrum of Cu(I1) complex of l l b  I 



SECTION 2 

Synthesis and characterisation of unsaturated diketoanilide and its 

metal complexes 

Synthesis of metal chelates 

Co(II), Cu(II), and Zn(I1) complexes of the compound was 

synthesised as follows. 

To a refluxing solution of the compound in ethanol(0.001 mol, 20 

mL), an aqueous solution of metal acetates (0.001 mol, 15 mL) was 

added drop by drop with stirring. The pH of the solution was adjusted 

around 6 using sodium acetate and refluxing was continued for -4h. 

The solution was concentrated to half the volume. It was then cooled in 

ice and the precipitated complex was filtered, washed several times with 

water, then with ethanol and recrystallised from hot ethanol. The 

crystals were dried in vacuum. 

Results and Discussion 

The unsaturated diketoanilide and its complexes were 

characterised mainly on the basis of elemental analysis and IR, NMR 

and mass spectral data. Analytical and physical data of the compound 

and its metal complexes are given in table 3.34. The spectral data of the 

compound are in conformity with the intramolecularly hydrogen bonded 

enol form 13 and the analytical and spectral data of the complexes 

conform to structure 14. 



AcO 
/"\ 

OAc 

Physical and analytical data of the unsaturated diketoanilide (HL) and its 

metal chelates 

Elemental analysis (%) 

Compounds MP Peff Found/(Calcd) 

OC BM 
C H N M 



l'lircc clistirict pcaks arc observed in thc 1600-1 X00 cm" region of 

thc spcctrum of t l~c  compound. From a comparison of thc spectral data 

of compounds tllcsc bands can be assigned as follows. The band at 

-1660 cm'' :irises from tlic stretching of cinnamoyl carbonyl, the 1660 

cm-' pcak duc to (c$-unsaturated carbonyl group and tlic onc at -1700 

cm-' is duc to thc amide carbonyl. Broad bands ;,rc obscrvcd in thc 

3500-3000 cm-' rcgion duc to thc absorption by intramolecularly 

hydrogcn bonded cnolic OI-I and NH groups as in structure 13. The 

b;nds obscrvcd ill  thc rcgion 1500-1600 cm-' arc duc to various vc=c 

vibrations. Tlic ariiidc 11, 111 & 1V bands arc obscrvcd at -1 530, -13 13 

and -666 cm" rcsl)cctively. 

In nictal complexes tkc amidc I band and thc K$-unsaturated 

carbonyl band of the compound are shifted markedly to higher 

wavelcrigth indiciiting their irvolvemcnt in complcxation. 'rhe NH 

bands of anilidc and OH band of e:iol in thc range 3000-3500 cm-' do 

not show ally dcviation from the ligand spcctrun~ which undoubtedly 

explains thc non involvcmcnt of nitrogcn lonc pair and enolic OH in 

chclatiori. 'I llc IIt spectra of all tlic complcxcs sliowcd a band at 

13 10 cm-' ittdic:~ting tlic prescnce of coordinatcd iicctate group. The 

Co(l1) complcxcs sliowcd bands at -3400 and -3600cm" indicating the 

prcscncc of coordinatcd watcr n~oleculcs. Spectra of tlic complcxcs 

show additionhl i~ands at -460 cm-' and -425 cm-' assignable to v v - ~  

vibration. Tllc iniportant IR pcaks are also listed in tablc 3.35. 



Charactcrist ic IR and UV spcctral data of complcxcs of 

unsaturated dikctoanilide 

Cli;i~~actcristic 1R stretching bands (cm-') 
~ I I I i L X  

Complcx C_O 
('-0 cliclatcd M - 0  11111 c11olic 

1 H NMR Spectra 

Thc ' 1  NMI< spcctra of the compound displayed a onc proton 

singlct at 8 6.0 ppni and at 61 1.5 ppm assignable to tncthinc hytlrogen 

and t11c intra~nolccularly hydrogcn bonded cnolic hydrogcn rcspcctivcly. 

The CH3 singlct of acctoacctanilidc at 62.17 ppln is disappcarcd 

indicating tllcir itlvolvcl~~cnt in condensation with thc aldchydc. The 

CH2 singlet of acctoacctanilidc at 63.5 ppm is not c11;ingcd appreciably 

in thc spcctra uf tllc Iigalld. TIIC NH singlct of anilidc group at 69.04 . 
ppm is shiftcd to downficld duc to strong extcrnal conjugation. Two 

signals appearcd i l l  this region indicating the presence of to NH groups. 

The region 67-7.5 ppln contain a number of signals duc to aromatic 



protons. The trans orientation of the alkenyl groups is indicated by the 

position of their signals and from the observed J values. 

The non-involvement of enolic proton attached to the 

Ar-CH=CH- group in complexation is indicated by retaining of its 

signal in the 'H NMR spectra of the diamagnetic Zn(I1) at complex at 

61 1.5 ppm. That complexation has occurred by the replacement of 

enolic hydrogen of P-dicarbonyl moiety is indicated by disappearance of 

the OH signal in the spectra of the complex the resonance signal would 

have been disappeared. The methylene proton signal is shifted slightly 

to downfield indicating neutral coordination of the dicarbonyl moiety. 

Acetate coordination to maintain electrical neutrality is indicated by the 

signal at 6 ppm. From the intensity, it can be inferred that there are two 

acetate groups perlmetal atom. The position and intensity of the NH 

signals remain unaltered in the complexes indicating its non 

involvement in coordination. 

Mass Spectra 

The compound showed intense molecular ion peak characteristic 

of the condensation of acetoacetanilide and aromatic aldehyde in the 2: 1 

ratio. The peaks A and B confirm the condensation of y-methyl group 

of acetoacetanilide with aromatic aldehyde. The retainment of anilide in 

the condensation product is confirmed by the [C~H~-NHCO]+ peak in 

the spectrum of the ligands. The fragments produced may undergo 

rearrangement to produce stable cyclic species. The absence of 



[P - ~ C ~ H ~ N H C O ] '  group indicates that only one amide carbonyl group 

is free in the ligands. The protection of active methylene group 

throughout the course of the reaction is confirmed by the fragment A. 

The peaks A~CH=CH+, Ar-C=CH and Ar' etc. are also observed in the 

spectra. The formation of the important peaks can be conveniently 

explained by the fragmentation pattern given in scheme 3.7 of 

Chapter l. 

The FAB mass spectrum of the Cu(I1) chelate show intense 

molecular ion peak. The peaks due to the successive removal of one or 

both acetate groups and the fragment of L' are observed in the spectra. 

The spectra of the diketoanilide and its Cu(I1) complex are reproduced 

in fig. 3.62-3.63. 



Fig.3 .b2,FAB Mass spectrum of 14a 



-. - Fig.363 FAB Mass spectrum of'Cu(11j complex of 13 



SYNTHESIS AND C1IARAC'l'ERISATIOIV OF 1-PI l l<NY LAR.ZINO-7- 

PHENYL-4,6-fIEI'TADIEN-I,3-DIONE AND 11's MIS'I'AI, COMPLEXES 

'The rcaction bctwccn cinnamaldchyde and acctocctarlilide in 

prcsencc of' boric oxidc and tri(sec-butyl) boratc wit11 11-butylarnine as 

thc condensing agent rcsultcd in the formation of' [nore than one 

products. C'11ro111atographic scparation of thc nlixturcs yicldcd two well 

dcfiticd cotnpo~rnds. Details on the synthesis, separation and 

purificatio~l of tllcsc two typcs of compounds and tllcir typical mctal 

chclatcs arc prcscntcd in this part. Expcrimcntal dctails cmployed for 

the synthesis and scparation of the two compounds arc givcn bclow. 

Acctoacctanilidc (0.01 mol, 1.77 g) was stirt-cd for -111 with 

boricoxidc (0.0035 mol, 0.25 g) to obtain acctoacctanilide-bo~on 

complcx. 1'0 this reaction mixture cinnamaldchydc (0.0 1 mol, 1.37 g), 

dissolvcd i l l  dry ethylacctatc (5 mL) containing tri(scc-buty1)boratc 

(0.002 inol. 4.6 g) wcrc addcd. Thc rcaction mixturc was stirrcd on a 

rnagnctic stirrcr and whilc stirring n-butylatninc (0.5 111L dissolvcd in 5 

mL dry ethylacctatc) was addcd during 30 min. Stirri~rg was continued 

for an additional period of -511 and the solution wcrc kcpt aside 

overnight. Hot (-60'~) hydrochloric acid (0.1 M, 10 mL) was added 

and thc ~llixturc  gain stirrcd for -111. The organic laycr scparated was 



extracted with ethylacetate. The combined extract were evaporated to 

dryness and the residual paste was stirred with HC1 (0.1 N, 25 mL) for 

-1h. It was then kept aside overnight. The solid product separated was 

collected, washed with water and dried in vacuum. When the product 

obtained was subjected to tlc, two distinct spots were obtained. They 

were separated quantitatively by column chromatography using silicagel 

(60- 120 mesh) as detailed below. 

The product was dissolved in minimum amount of ethylacetate 

and placed over the column (2x200 cm) densely packed with silicagel. 

The eluting solvent used was 1:7 acetone-chloroform mixture. As the 

elution proceeds two bands were developed in the column, a bright 

yellow lower band and an orange red upper band. The lower region was 

collected as 10 mL aliquots in separate tubes and in each case, the 

homogeneity was established by tlc. 

The elution was then continued using 1:3 mixture of chloroform 

and acetone to recover the orange red upper band. The two compounds 

isolated were recrystallised from hot benzene to give spectroscopically 

pure material. 

Analytical and spectral data of the compounds eluted first from 

chomatographic column conform to structure 15, the usual 

monocondensation product. But the second product on analysis is found 

to be an entirely different compound. A thorough investigation of the 

compound using different spectral techniques revealed that the 



compound is a Schiff's Sasc 16 formed by the condcl~sation between the 

ainidc cnrboliyl of the monocondcnsatio~l product a id the  amino group 

of the butylamine. The formation of the two compounds can be 

explained by the reaction scl~eme 3.10. 

16 

Scheme 3.1 0 



Both tllcsc compounds formcd stable mctal complexes with 

various transition and non-transition clcmcnts. Analytical and spectral 

data useu for tile characterisation of the two compounds and their metal 

con~plcxes arc discussed bclow. 

Sy~ltlresis of rlretal conlplexes 

Cornplcxes of Ni(II), Cu(II), Zn(I1) and Cd(I1) with the 

~rnsaturatcd [l-ketoanilide were preparcd by tllc following general 

proccdurc. 

An cthanolic solution of the mctal salt (0.001 mol, 20 mL) was 

nddcd slowly with stirring to a solution of thc compound in nlethanol 

(0.002 n~ol, 25 mL). The mixture was stirred wcll and sodium acetate 

was addcd to kccp thc pH around 6. It was thcn scfluxcd gcntly for -3h 

and conccntratcd to half the original volume. On cooling to room 

tenlpcraturc the complex gets precipitated. The prccipitatcd product was 

filtcrcd, W-ashcd with l : I ~nethanol-watcr mixture and dried. For purity, 

the complexes wcrc rccrystallised from hot chloroform. 

Fe(11I) complex was prepared as follows. To a refluxing solution 

of the compound in mctl~anol (0.003 mol, 15 mL) slowly added a 

solution oi' a~~hydrous FcCll in mcthanol (0.001 mol, 20 mL) with 

vigorous stirring. Thc mixture was then refluxcd for -211 and the 

volume wcrc reduzcd to half. It was then cooled in ice and the 

grccipitatcd complex was filtered, washed with cold cthanol and 

recrystallised from hot chloroform. The crystels wcrc dricd in vacuum, 



Results ant1 Discussion 

Electronic, 111, NMR and nlass spcctral data wcrc examined 

thoroughly inorder to characterise thc unsaturated fj-kctoanilide and 

thcir mctal co~~~plcxcs  apart from clemcntal analysis, molccular weight 

determination, conductance and magnetic rnornent lncasurmcnts. 

Eleniental analysis (C, H, N and ~nctal perccntagcs) and physical 

data of tllc co~~lplexcs givcn in tablc 3.36 confortn to t l~c  molccular 

formula of structure 17 of thc compound. Conductomctric studies show 

that all t l~c  complcxcs behave as non-clcctrolytcs in dmf (specific 

conductil~icc < 10 CX'crn-' in 10') M solution) ancl do not contain tlie 

anion of' tlic n~ctal salt uscd for thc prcparation. Magnctic monlent 

mcasurc~ncnts show that Ni(lI), Zn(I1) and C'd(l1) con~l)lcxes arc 

dian~agnctic ant1 all otlicr cotnplexes are paramagnetic. 

Thc spcctral data of tlic compounds arc discussed bclow. 



UV Spectra 

The UV spectra of the compounds in methanol show two 

absorption maxima. Based on earlier reports the band at 385 nm 

correspond to n+n* transition and the one at 286 nm is due to n+n* 

transition of the carbonyl chromophore. The slight shift of absorption 

maxima to longer wavelength in complexes indicate the involvement of 

the carbonyl oxygen in metal complexation. 

Table 3.36 

Physical and analytical data of the unsaturated P-ketoanilide (HL) and 

its metal chelates 
- 

Elemental analysis (%) 
MP Peff 

Compounds Found/(Calcd)* 
"C BM 

C H N M 



1R spectra 

Tllc 1K spcctrum of the unsaturatcd P-kctoanilidc is characterised 

by tlic prcscrlcc of two strong bands at 1615 c duc to the highly 

conjugated cal bonyl and at 1678 cm-' due to tlic alnidc carbonyl. The 

bro:ld bi~nd obscrvcd in the rangc 3000-3500 clll-' is due to 

intra~nolcculady hydrogcn bolldcd structurc. Thc anlidc 11 to V1 bands 

show absorptitms as cxpcctcd of thc compound. l'llc batid at 969 cm" 

can bc corlfidct~tly assigncd as due the traris CH=CI1 absorption. 

Thc I K spcctra of all the co~nplcxcs are in f i ~ l l  agrccmcnt with the 

structurc 15. In  tllc spcctra of mctal con~plexcs both the carbonyl 

stretching frcquencics arc shifted appreciably to lowcr valucs. Thus the 

amide carbonyl is shifted to -1650 cm-' and thc othcr to -1 590 cm-'. 

This strongly support the mode of coordinatiorl of thc metal as in 

structurc 15. Alkenyl and aromatic stretching Srcqucncy appears 

between 1530-1585 cm-'. The broad absorption of thc ligand in the 

region 3000-3500 cm-' clcared up in thc spcctra of mctal complexes. 

Weak bands clue to NH and various C-H stretchcs appeared in this 

range. Mctal-oxygen strctching frequencies appa~rcd at -4 15 cm'' and 

-480 cm". Tllc important IR bands arc listed in table 3.37. 



Table 3.37 

Characteristic IR and UV spectral data of the unsaturated P-ketoanilide 

and its metal complexes 

Characteristic IR stretching bands (cm-') 

Complex C=0 C=O 

of amide enolic C=C alkenyll phenyl M-0 
chelated chelated 

1 H NMR spectra 

The 'H NMR spectra of the compound displayed a one proton 

singlet at 14.1 ppm assignable to the strong intramolecularly hydrogen 

bonded enolic proton. The olefinic, aromatic protons and NH protons 

showed signals as expected. In the 'H NMR spectra of the diamagnetic 

Ni(I1) complex, the low field enolic proton singlet of the free ligand is 

absent. Methine proton singlet and aromatic proton signals shifted 

slightly to downfield. The resonance signals of alkenyl proton and NH 

singlet of anilide showed only marginal shifts. The integrated intensities 

of all the protons agree with the formulation of the complexes. 



Mass Spectra 

Mass spectrum of the compound shows the molecular ion peak at 

rnlz 29 1in accordance with the formulation. Elimination of 0 ,  OH, CO, 

CH20, C3HO; and C~H~NHCO' from the molecular ion characteristic 

of p-dicarbonyl compounds is clearly evident from the observed 

spectrum. Important peaks appeared in the spectrum of the compound 

can be conveniently accounted by the fragmentation pattern given in 

scheme 3.8 of Chapter 1. 

The FAB mass spectra of the Cu(I1) chelate showed relatively 

intense (P + l)' peak corresponding to [CuL2] stoichiometry. The 

stepwise removal of aryl groups from the molecular ion is characteristic 

of the spectrum. Peaks due to the ML', L' and fragments of L' are also 

detected in the spectrum. The spectra of the diketoanilide and its Cu(I1) 

complex are reproduced in fig 3.64-3.65. 

Characterisation of the Schiff' S base and its Metal Complexes 

Synthesis of metal complexes 

Ni(II), Cu(II), Zn(I1) and Cd(I1) complexes of the schiff S base 

were synthesised as follows. 

To a refluxing solution of the compound in ethanol(0.002 mol, 20 

mL) an aqueous solution of metal acetate (0.001 mol, 15 mL) was added 

drop by drop with stirring. The pH of the solution was adjusted around 

6 using sodium acetate and refluxing was continued for -2h. The 



Fig.36+FAB Mass spectrum of l5 



Fig.3.65.FAB Mass spectrum of Cu(I1) complex of 15 



solution was concentrated to half the volume. It was then cooled in ice 

and the precipitated complex was filtered, washed several times with 

water, then with ethanol and recrystallised from hot benzene. The 

crystels were dried in vacuum. 

Fe(II1) complex was prepared as follows. To a refluxing solution 

of the compound in methanol (0.003 mol, 20 mL) slowly added a 

solution of anhydrous FeC13 (0.00 lmol, 15mL) with vigorous stirring. 

The mixture was then refluxed for -2h, cooled to room temperature and 

the precipitated complex was filtered, washed with methanol and then 

recrystallised from hot chloroform. The crystels were dried in vacuum. 

Results and Discussion 

Characterisation of the Schiff' S base 

The results of elemental analysis and molecular weight 

determination of the compound given in table 3.38 suggest that one 

equivalent of the unsaturated P-ketoanilide has condensed with 

n-butylamine to form the Schiff S base. The proposed structure 16 of 

the compound has been established from the UV, IR, NMR and mass 

spectral data. These data are briefly discussed below. 

UV Spectra The UV spectra of the compound showed two broad 

absorption bands with hmax at 275 nm and 370 nm assignable to the 

n+n* and n+n* transition of the compound. 



Table 3.38 

I'hysical and ;~nalytical data of the Schiffs base ( f IL)  and its metal 

Elemental analysis (%) 

Compounds 
MP CLcfr 

FoundI(Ca1cd) 
"c 13 M 

C 1-1 N M 

1R Spectra That the amide carborlyl has involvcd i l l  thc schiff S base 

for~iiation is clcarly indicated in thc IR spectrum. Thus thc band at 

-1660 cm" duc to a~nide carbonyl is abscnt in thc spcctrum and further 

no absorption band cxist in the 1650-1800 cm" rcgion. This clearly 

indicatc that thc co~npound docs not contain not orlly amidc carbonyl 

but also a frcc AI--(CH=CH)~-C=O function. Howcvcr thc spcctrum of 

thc con~pou~ld in thc region 1600- 1650 cm-' show two proniincnt bands. . 
The C=N strctclling of Schiffs base usually appcar in the region 

1640 cm-'. Conjugation and hydrogen bonding have appreciable 



influence on the precise frequency of the band. Similarly enolisation of 

a highly conjugated carbonyl group and its engagement in hydrogen 

bonding show very low value for its stretching frequency. Considering 

all these factors together with the various probabilities of the 

condensation that can take place under the experimental condition 

employed, the two band observed at -1620 cm-land 1640cm-' can only 

be arised from the stretching of an enolised conjugated carbonyl that can 

engage in hydrogen bonding with an azomethine (C=N) group as in 

structure 16. That strong intramolecular hydrogen bond as in structure 

16 exist in the compound is clearly indicated from the presence of the 

broad band in the region 2800-3500 cm-'. Thus the observed IR spectra 

of the compound unambiguously support the structure 16. Further 

evidence for the proposed structure of the compound has obtained from 

the 'H NMR spectra. 

1 H NMR Spectra The 'H NMR spectra of the ligand displayed two 

signals in the low field at 11.43 ppm and 9.5 ppm. These signals are 

easily assignable to intramolecularly hydrogen bonded enolic hydrogen 

and the anilide NH proton of structure 16. Other signals observed in the 

spectra (Fig.) fully agree with the structure 16 of the schiff S base. 

Mass Spectra The compound showed intense molecular ion peak at 

rnlz 345 correspond to the molecular formula of the compound. That 

the compound is a schiff S base is clearly indicated from the prominent 

peaks appeared in the spectrum given in fig 3.66. 



Fig. 3.66.FAB Mass spectrum of ! 6 



Characterisation of the metal chelates 

Analytical and physical data of the metal complexes are given in 

table 5.4. The observed elemental analysis data agreed well with their 

1:2 metal-ligand stoichiometry for Ni(II), Cu(II), Zn(I1) and Cd(I1) and 

1:3 for Fe(II1) complex. Conductometric studies show that all the 

complexes behave as non-electrolytes in dmf (specific conductance 

< l 0  ~ ' l c m - l  in 10" M solution) and do not contain the anion of the 

metal salt used for the preparation. Magnetic moment measurements 

show that Ni(II), Zn(I1) and Cd(I1) complexes are diamagnetic while 

others show normal paramagnetic moment. The observed UV, IR, 

NMR and mass spectral data are in agreement with the structure l 8  of 

the complexes. 

UV Spectra The UV spectra of the complexes show close similarly 

with the ligands which indicate that no structural alteration of the ligand 

has occurred during complexation. 

IR Spectra In the spectra of metal complexes both the bands in the 

region 1600- 1650 cm-' disappeared and no other band is observed in the 



region 1600- 1800 cm-'. Instead two prominent bands appeared at 

-1595 cm-' and -1580 cm-' due to metal-bonded C=O and C=N groups 

in addition to various alkenyl and aromatic C=C stretching frequencies 

that appeared in the range 1530-1 585 cm" of the free ligand. The broad 

absorption of the ligand in the region 2700-3500 cm-' cleared up in the 

spectra of metal complexes. However a medium intensity band at 

-2900 cm-' appeared due to NH stretching vibration. In accordance 

with this observation the new bands appeared at -450 and -530 cm-' are 

due to M-0 and M-N stretching frequencies. The characteristic IR 

bands and their probable assignments are given in table 3.39. 

Table 3.39 

Characteristic IR data (cm-') of the complexes of Schiff S base 

Complexes 
Probable assignments 

Fe(II1) Ni(I1) Cu(I1) Zn(I1) Cd(I1) 
- P- P 

1588 1591 1592 1591 1589 v (C=N) chelated 

1576 1582 1580 1576 1577 v (C=O) chelated 

1564 1564 1560 1558 1574 

1546 1548 1554 1546 l 5 .1  v C-C alkenyl, phenyl 

1526 1528 1524 1525 1526 

530 528 532 53 1 527 vM-N 

970 972 97 1 970 972 v CH=CH trans 



l H NMR Spectra 111 the '1-1 NMR spectrum of the diamagnetic Ni(I1) 

corr1plex the low field cnolic proton singlet of thc frce ligand 

disappearcd 41ld thc NH proton sig:ial slightly shifted to low field. The 

spectri!m is reproduced in fig. The assignment of various signals given 

fully support the modc of coordination and thc fbnnulation of the 

co111plcx. 

Mass Spectra The FAB mass spectrum of the Cu(l1) chelate of the 

compound shows the stepwise removal of the aryl and a!kcnyl groups. 

Molecular ion peak, fragments due to ML', L' and that of L' are also 

detected in the spectrum. A number of fragments containing copper are 

in agreement with thc natural abundance of   CL^ 2nd "CU isotopes are 

also preserit in the spcctrum (fig.3.67). 



R/Z 
Fig.3- 67 FAB Mass spectrum of Cu(I1) complex of - 16 



CHAPTER 4 

SYNTHESIS AND CHARACTERISATION OF HETEROARYL 
KETOANILIDES AND THEIR METAL COMPLEXES 

Reaction of acetacetanilide with heteroaryl aldehydes in presence 

of boric oxide, tri(sec-buty1)borate and n-butylamine resulted in the 

formation of a new type of unsaturated P-ketoanilide. The heteroaryl 

aldehydes used were hran-2-carbaldehyde (furfural) and pyridine-2- 

carbaldehyde. Furfural yielded both the dicarbonyl and tricarbonyl 

compounds while pyridine-2-carbaldehyde formed only the tricarbonyl 

compound. The difference in the behaviour of the two aldehyde during 

the reaction can easily be explained. Since five membered rings are 

more strained than six membered rings the monocondensation product 

of furfural is unlikely to transform into the tricarbonyl compound. But 

in pyridine-2-carbaldehyde strong electron withdrawal of the nitrogen of 

the pyridine ring increase the nucleophilicity of amide carbonyl which 

can welcome easily another molecule of acetoacetanilide to form the 

tricarbonyl compound. Details on the synthesis, separation and 

purification of these unsaturated heteroaryl P-ketoanilides and their 

tricarbonyl compounds along with there typical metal complexes are 

presented in this part. 



Acctoacct:~nilide ( l  .77 g, 0.01 mol) and boric oxidc (0.35 g, 0.005 

nlol) wcrc tnixcd and rnadc in to a pastc with dry cthylacctatc atld stirrcd 

for -111 at room tcmpcraturc 011 a magnetic stirrer. '1'0 tllis a solution of 

hctcroaryl aldcllydc (0.0 1 mol) and tri(scc-butyl)boratc (4.6 g, 0.02 mol) 

dissolved i n  dry ctllylacctatc was added and stirrcd Sor -511 with the 

slow addition of 11-butyl atninc (0.5n11 in 51nl dry etllylacctatc) in drops 

and tllc rcactiol~ mixturc was kcpt ovcrniglit. Hot dil. I I C ' I  (0.4M, 

7.5 ml) was hddcd and again stirred for 111. Thc n~ixtilrc was cxtractcd . 
repeatedly with cthylacctate and the combi~ed  extracts werc croperated 

to dryness on a wntcr bath to gct a pasty mass. To this 10 m1 of 2M HCI 

was added and kept for -24h. Thc solution was stirrcd wcll and the 

prccipitatc f'ormctl was filtcrcd. 

The prcscrlce of two wcll defined spots in tlc revealed the 

prcscncc of two compdunds in the case of thc products obtairled from 

furfural. But only onc product was obtained with pyridine-2- 

carbaldchydc as revealed by tlc. The product were rccrystailized from 

hot chloroform. 

The mixture of compounds obtained fionl furfural were 

quantitativcly scparated by column chromatography as outlincd below. 

The crudc product was dissolved in tninimuln quantity of dry 

ethylacctatc and placcd ovcr a column (2x100 cm) dcnscly packed with 

silicagcl (nlcsh 00-120) and cluted with 3:2 vlv cliloroform-acetone 

nlixturc at a unifirm flow rate of 2 nil pcr min. As tllc clution proceeds, 

two b;~llds werc clcvelopcd in the column, a pale yellow lowcr band and 



an orangc rcd uljpcr band. Thc lowcr region was collcctcd as 10 mL 

aliquots it1 scparatc tubus and in each case the purtiy was cstablished by 

tic. Thc co~libil~cd cluatcs on cvopcration gave 19, thc purc unsaturated 

The clution was thcn continucd using 1 : l  v/v rnixtgre of 

chloroform and ;tcctonc to rccover the brick red ba~id rctaincd in the 

upper portion of thc colulnn. The eluatcs wcrc collcctcd in aliquots of 

10 mL in scparatc tubcs, chcckcd by tlc and thc co~nbincd cxtracts on 

removi1.g the solvcnt in  vaccum yicldcd t l~c  unsaturated dikctoanilidc 

20. All thc con~l)ounc!s isolatcd wcrc rccrystalliscd l'rom llot ~nctltanol 

to givc spcctroscopicaily purc material. 

Both thc Iilono and bis condensation products yicldcd con~plexes 

with various 111ctal ions. This complcxcs wcrc sytlthcsiscd as dctailed 

below. 

Synthesis of rnetal cllelates 

Cu(11). Co(II), Ni(II), Zn(I1) and Cd(l1) chelatcs wcre synthesised 

from thcir r~ictal acetates (0.001 m01 in 25 mL I : l v/v acetone-ethanol 

mixturc by thc addition of an ethanolic solution of tllc ligand (0.002 

mol, 20 niL) followcd by sodium acetatc to maintain thc pl-1 around 6. 

Thc rcactiori niixturc was rcfluxcd for -311 on a boiling watcr bath and 

tlic~l coolcd to -IO('C using an ice bath. Thc prccipittcd product was 

separated, washed with methanol, dried in vacuum and recrytallised 

from hot bc~izcnc. 



Results and Discussion 

The observed C, H and N percentages together with mass spectra 

of the two condensation products clearly domenstrate that the 

compounds are of the type 19 and 20 and their formation can very well 

be recorded as in the reaction schemes 3.1 1-3.12. Further the UV, IR 

and NMR spectra of the two compounds fully support the structure. 

These analytical and spectral data of the two compounds are discussed 

below separately. Details on the characterisation of the metal 

complexes of the compounds are also discussed along with. 

l 
/ H 

0 / 

0 NHPh 0 0 -----,---l--v-v"a 

Scheme 3.1 1 



20 B 

Scheme 3.12 

Characterisation of the heteroaryl P-ketoanilides arrd its metal 

complexes 

The clc~nental, analytical and other pllysical data of the 

compou~ld and its stable con~plexes 21 are given in table 3.40. The data 

of the complex correspond to [ML2] stoichiometry expect for iron(I11) 

which is [ML3]. The detailed analysis of the various spectral data of the 
% 

compound was carried out inorder to establish its tautomeric forms. The 

spectral data of the complexes were also considered with a view to 

establish the structure and nature of bonding. 



n = 2;Co(II), Ni(II), Cu(II), Zn(I1) and Cd(I1) n = 3; Fe(II1) 

UV Spectra The observed UV absorption maxima of the compound at 

370 nm and 262 nm are assignable to various n+n* and z+n* 

transitions of the compound. These maxima showed slight 

bathochromic shifts in the spectra of the metal complexes indicating the 

involvement of the carbonyl groups in coordination. 

Table 3.40 

Physical and analytical data of the unsaturated P-ketoanilide (HL) and 

its metal chelates 

MP peff Elemental analysis (%) Found/(Calcd)* 
Compounds 

"C BM C H N M 
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IR Spectra As exgected of structure 19 the IR spectrum of the 

compound showed two intense bands in the region 1600-1800 cm-' 

assignablc to thc amide and the conjugated carbonyl stretching. The NH 

of amide and the intramolecular hydrogen bol~ded enolic groups give 

broad bands in the region 2600-3800 cm". Characteristic absorption of 

the anilidc group arc not altered. 

In the spcctra of the metal complcxcs thc band due to hydrogcn 

bondcd dicarbor~yl function of the ligand disappeared, but instead, a 

strong band assignable to the stretching of thc nletal coordinated 

dicarbonyl group appcared at -1595 cm-'. The broad band in the region 

3400-3800 cm-' cleared up in spectra of the complexes. The Co(11) 

complex showed band in this region indicating coordinated water 

molecules. The amide 11-V1 bands remain almost unaffected in spectra 

of the complexes. In agreement with the structure spectra of all 

compelxes show additional bands at -425 cm-' and at -475 cm-' 

assignablc to VM-0 vibrations. The important 1R bands and their 

probable assignments arc given in table 3.4 1. 



Table 3.4 1 

Characteristic ir data (cm-') of the complexes of unsaturated 

P-ketoanilide (HL) 

Complexes 
Probable assignments 

[FeL3] [CoLz] [NiLz] [CuLz] [ZnLz] [CdLz] 

1595 1596 1594 1593 1595 1594 v (C=O) chelated 

1 H NMR Spectra The 'H NMR spectra of the compound is 

characterised by a down field singlet at 612.34 ppm and another singlet 

at 66.04 ppm assignable to enol and methine protons of structure 19 

respectively. In the 'H NMR spectra of diamagnetic Ni(I1) complex 

enolic proton singlet at 612.34 ppm of the free ligand is disappeared 

supporting the replacement of enolic hydrogen during metal 

complexation. The position of the NH proton signal, alkenyl and aryl 

signals are only slightly affected. 

Mass Spectra Mass spectrum of the compound showed intense 

molecular ion peak (Fig.3.68). Peaks corresponding to [C~H~NHCO]' 

and [P- C~H~NHCO]' are characteristic of the spectrum. The mass 

spectrum of Cu(I1) chelate showed intense molecular ion peak in 

conformity with its [CuL2] stoichiometry. Peaks due to [CUL]' and 

fragments of L' are also found in the spectra. Peaks at rnlz 



corresponding to [P - n ~ r ] '  and [P - n C~H~NHCO]' where n = land 2 

are also quite common. This spectrum is reproduced in fig. 3.69. Thus 

all the analytical data fully support the structure 19 of the compound. 

Characterisation of the heteroaryl diketoanilides and their metal 

complexes 

Systematic names of the diketoanilides are given below. 

Compounds *ldehyde wed Ar Systematic name for synthesis 
Yield 
(%l 

16a Pyridine-2- 2- 1 ,5-~is(N-phenylamino)-9-(2'- 
carbaldehyde Pyridyl pyridy1)-4,8-nonadien- 1,3,7-trione 3 0 

Analytical and physical data of the compounds and their metal 

complexes are given in table 3.42-3.43. The observed elemental 

analysis data of the complexes agreed well with their 1: l metal ligand 

stoichiometry along with the anion of metal salt used for their 

preparation. However in the case of copper complexes of 16a, the C, H, 

N and Cu percentages suggest the composition [CU~L(OAC)~]. All metal 

complexes behaved as nonelectrolytes in dmf (specific conductance 

<10~-'cm-'  : 10-' M solution). Cu(I1) and Co(I1) complexes showed 

normal magnetic moments while Ni(II), Zn(I1) and Cd(I1) complexes are 

diamagnetic. The observed UV, IR, NMR and mass spectral data of the 

Co(II), Ni(II), Zn(I1) and Cd(I1) complexes are in agreement with the 

structure 22 while the spectral data of the Cu(I1) can be conveniently 

explained on the basis of structure 23. 



Fig. 3.6gFAB Mass spectrum of 19 



Fig.3.69. FAB Mass spectrum of Cu(I1) complex of 13b 
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Table 3.42 

Physical and analytical data of 15a (PL) and its wetal chclates 

Elemental analysis (%) 
MP Clcrr 

Compounds Found/(Calcd)* 
BM C H N M 

l1 L 56 - 71.34 5.14 6.74 59.01 
(72.29) (5.3 1) (6.76) (59.28) 



Table 3.43 

Physical and al~alytical data of the 16a (1iL) and its copper cllelate 

Elemental al~alysis (%) 

Compounds MP Pcff Found/(C'alcd)* 
" c  BM 

C H N Cu 

UV sl~cctri~ Tlic U V  spectra of thc conipounds in 95%) etlianol 

(10" M)  sllow two barlds at h,,,,, -350 nm and -250 nni assignable to 

n+n* and n+n* transition of the carbonyl group.Thc UV absorption 

bands of thc conil)lcxcs bcar closc resemblance with tliosc of the ligands 

which indicate that no structural alteration of the ligand has occurred 

during complcxat ion. 
. 

IR spectra Important IR bands and probable assignments givcn in table 

3.44 support tlic structure 20 A and 20 B of the compounds. The amide I 

band thc obscrvcci at 166 1cm-l. The broad bands obscrvcd at 3200-3500 

cm-' suggested the cxistcncc of the compounds in thc intramolecularly 

hydrogen bondcd form. 

Tlic dmidc I band and the a$-unstaruated carbonyl band of the 

ligands arc shifted to lower frequencies suggesting thcir involvement in 
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complexation. The broad band observed in the range 3000-3500 cm-' do 

not show any deviation from the ligand. The amide I1 and I11 bands in 

the ligands do not undergo any appreciable shifts and remain unaffected 

on complexation while the amide IV band at -960 cm-' is shifted to 

higher frequency in the complexes. These observation undoubtedly 

suggest that the complexation had taken place through both the carbonyl 

groups and not through the anilide nitrogens. The band at 14 10 cm" in 

all the spectra indicate the coordination through acetate groups. The 

Co(I1) complexes showed bands at -3220 cm-' indicating the presence 

of coordinated water molecules. The bands at -460 cm" and -425 cm-' 

are due to VM-0 vibrations. The important IR peaks of various complexes 

are listed in table 3.44. 

The IR spectrum of the Cu(I1) complex of 16a showed significant 

difference from the spectra of other complexes. Thus the broad band 

observed of the ligand in the region 2800-3500 cm" due to the 0-H.. .N 

hydrogen bonding almost disappeared and several band due to NH, CH, 

etc. vibrations appeared. This indicate that the enol proton has been 

replaced by the metal ion. Further the region 1600-1400 cm" of the 

complex also showed appreciable deviation from the ligand spectrum. 

Thus band due to the various C=C, C=N, etc. shifted to lower frequency 

presumably due to the coordination as in structure 23. 



Table 3.44 

Characteristic IR data (cm-') of the unsaturated diketoanilides 

Cotnpounds 
-- - Probable assignrncnts 

1% 16a 

1620 1620 v (C=O) chelatcd 

1000 1599 VC-C phenyl 

1542 1545 VC-C alkenyl 

1510 1510 v amide 11 

1248 - 1239 v amide I11 

692 69 1 v amide V 

'H NMLi spectra The 'H NMR spectra of the ligatlds displayed a one 

proton singlet at -66 pprn and another at -612 ppm assignable to 

methinc hydrogcn and the intramolecularly hydrogcn bondcd enolic 

hydrogen rcspcctively. The CH2 singlet appeared at -63.5 ppm. The 

NH singlet of anilide group at -69 ppnl is shifted considerably to down 

field due to strong external conjugation. Two NH singlet signals 

indicate thc prescnce of two NH groups in different environments. The 

aromatic hydrogcn lying in different environments makc the 67-8 ppm 

region of tlic spectrum highly com~licated. The various proton signals 

arc assernblcd irl table 3.45. 



That the enolic OH signal of the ligand at -612 ppm is also 

present in the spectrum of diamagnetic Ni(I1) complex indicate that the 

enol OH is not involved in complexation. The methylene proton signal 

is shifted slightly to down field indicating the coordination through the 

diacarbonyl groups. The noninvolvement of enolic OH and anilide NH 

in coordination is indicated by the position of their signals which remain 

unchanged in both ligand and the complexes. Acetate coordination is 

indicated by the position of their signals at -62.5 ppm. 

Table 3.45 

Characteristic 'H NMR Spectral data of the unsaturated diketoanilides 

Chemical shift 6 ppm 
Compounds 

OH NH CH=CH Methine CH2 

Mass Spectra Intense molecular ion peaks are observed in the mass 

spectra of the compounds. The fragments A and B undoubtedly explain 

the involvement of y-methyl group of acetoacetanilide in the 

condensation with aromatic aldehyde. The peaks due to [C~H~NHCO]' 

and [P - C~H~NHCO]' are observed in the spectra of the compounds. 

The absence of [P - ~ C ~ H ~ N H C O ] '  peak indicate that the two 

aminophenyl groups are lying in different environments. The fragment 



A safely exclude the possibility of active methylene group in 

condensation. The formation of important peaks can be explained by 

fragmentation pattern given in scheme 3.7 of Chaper 1 and the 

important peaks observed are shown in table 3.46. Spectra of the 

compounds are given in fig. 3.70-3.72. 

The FAB mass spectrum of the Cu(I1) chelate is in total 

agreement with formulation of the complex. Thus molecular ion peak 

correspond to the stoichiometry appeared at rnlz 727. The peaks due to 

the successive removal of acetate groups, CUL', L' and fragments of L+ 

are characteristic feature of all the spectrum. The spectrum is 

reproduced in fig 3.73. The spectra all the chelates contain large a 

number of fragments containing Cu. 

Table 3.46 

Important fragments observed in the FAB mass spectra 

Compounds P' A B C D E G H P - D  P - E  P - F P - E - F  





G J q q q / y  N / 

1 0 0 , - - ' i T " p -  0 NHPh 0 0 -7 I r 

Fig.3.71. FAB Mass spectrum of 16a 





Fig. 3.73 .FAB Mass spectrum of Cu(I1) complex of 16a N/Z 



BIOLOGICAL STUDIES 

Unsaturated P-dicarbonyl compounds such as curcuniinoids are 

known to posscss antifungal and anti~nicrobcal activitics in addition to 

their tiumcrous biological significance 245,259-261 . Sincc thc unsaturated 

p-ketoan i l idcs and dikctoanilides considcrcd in tliis investigation arc 

structurally related to curcuminoids and also contain tllc Iletcroatom 

nitrogen, they can also exhibit antifungal and similar activities. 

Therefore, the antifungal activity of tliesc unsaturatcd anilidcs with their 

typical mctal complcxes were also studicd. 

Tl~rcc dil'ferent fungal strains used2" are given i l l  table 3.47. 

Table 3.47 

Fungal strains uscd 

Sl. Fungal strain Characteristics Disease caused 
No. 

1. . s i l l s  Rapidly growing, white It causes infection of 
,t~lger atid filamentocs, turning external ear 

black 

2. Aspergillus Rapidly growing It causes aspergillosis, 
~)aru.siticus v;l~icli involve allergic 

marlifestations, 
superficial infections 
etc. 

3. Rllizopus Fast growing white It is the most prevalent 
ol:)*:ae cottony colony at 2 8 ' ~  agcnt of niucorrnycosis. 
- 



Experimental 

The tendency of a compound to block the microbial growth is one 

of the most important in clinical therapy and recently numerous 

automated systems are available for the determination of antimicrobial 

effectiveness. The disk diffusion technique is followed in the present 

investigation. The principle behind the assay technique is that when an 

antibiotic impregnated disk is placed on agar previously inoculated with 

the test organism the antibiotic diffuses rapidly outwards through the 

agar producing an antibiotic concentration gradient. A well-defined 

zone or ring will be formed around the disc if the agent inhibits 

antimicrobial growth. The effectiveness of the substance is determined 

by measuring the diameter of the inhibited zone. 

Nystatin was used as the standard for antifungal tests. Its aqueous 

suspension is stable for 10 min on heating to 1 0 0 ' ~  and at pH 7. For the 

present investigation, a 1000 ppm solution in DMSO was used as the 

standard. Solutions of test compounds were prepared in DMSO and for 

sterilising all the media used were autoclaved at 12 1 'C for 20 minutes. 

The medium for demonstration of antifungal tests were prepared 

by the following method. 20 g potato was cut in to small pieces and 

boiled with 100 m1 distilled water. It is filtered through cotton and to 

the extract added 2 g glucose and 1.5 g agar and boiled. Its pH was 

adjusted to 5.7 using 10% HCl. 



Thc nicdium was autoclaved for 20 nlin and whcti thc tcnlpcrature 

becanic 35-40°C'. thc fungal spores wcrc scrapped and addcd to the 

medium. Mixcd well and carefully poured into clcan autoclaved 

petridishes of 9 cm diamcter and allowed to cool. Using an agar punch, 

wells (10 mm) were cut on these plates. In each wcll two drops of 

1000 ppm solution of the compound were added. 111 each ?etriplate one 

well was uscd for DMSO and another onc for thc standard Nystatin. 

The wclls wcrc labelled propcrly and incubatcd at roo~ii tclnpcraturc 

over night. Tllc plates were prepared in duplicate. Thc antifungal 

activity was mc;isured by noting the diamctcr of tlic inhibition zone 

arounci cacll wcll (mm). 

Results aricl Discussion 

Avcrilgc tliamcter of thc zone of inhibition obscrvcd for the 

compounds arc givcn in table 3.48. These qualitativc rcsults reveal that 

both unsaturatctl kctoanilidcs show maxin~um activity against all tested 

organism tlli~n tllcir mctal complexes. The Cu(I1) complcxcs are nlorc , 

active than othcrs. Among the compounds those possessing -OH, -OR 

and C1 groups in  the aromatic ring show maximum activity than the rest. 

Compounds possessing heterocyclic ring systems like furfural and 

pyridine-2-carbi~ldchyde arc also found activc. I'hc activity of metal 

colnplcxcs arc very low compared to ligands. Maximum activity is 

shown will1 A. rziger, while practically, no activity is obscrvcd with 

R. oryuzea. 



Table 3.48 



. 
CHAPTER 5 

SYN'I'HESIS AND C I ~ I A I ~ C T E R I S 4 T I O N  OF UNSATURATED 

p-KE'I'OES'rERS AND THEIR COPI'ER(I1) COMPLEXES 

Siinilar to P-ketoaililidcs, P-ketocstcrs having at lcast one acetyl 

group can undcrgo claiscn condcnsation at thc ~nctliyl group with 

aromatic aldchytles. Tilc product will bc a P-kctocstcr in which an 

oletinic group is directly attached to thc dicarbonyl group. Such 

unsaturated P-kctoesters may also form stablc metal complexes similar to 

P-ketocstcrs. This observation have bccn fully justificd in the reaction 

betwccn various aromatic aldehydes with mcthyl acctoacctatc. Details on 

the synthesis anti charactcrisation of these unsaturatcd P-kctoesters and 

their Cu(1l) conlplexes are presented in this chapter. 

Syntllesis of tlie unsaturated P-ketoesters 

'I'lic basic rcaction is similar to that employcd for the synthesis of 

unsaturatcd P-kctoanilidcs considered in thc previous chapters. That is 

the dicarbonyl function (CO-CH2-CO) is protected in the form of the 

boron conlj~lcx in ordcr to prcvent the knocvcnagel condcnsation so that 

only claiscn kondcnsation will take placc at thc CH3 group of mcthyl 

acetoacctats to fbrm structurc 24 as in the reaction scheme 3.13. Unlike 

the -ketocstcrs the reaction yielded only one product. The formation of 



tricarbonyl compounds discussed in the previous chapter were not found 

probably due to the decrease in electron density on the ester carbonyl 

(ester resonance). A typical procedure for the synthesis of the compounds 

are given below. 

24 
Scheme 3.13 

Methyl acetoacetate (0.005 mol) and boric oxide (0.005 mol) were 

mixed thoroughly to get a pasty mass. The mixture was stirred for - 1 h 

at room temperature on a magnetic stirrer. To this mixture a solution of 

aromatic aldehyde (0.005 mol) and tri(sec-buty1)borate (0.02 mol) 

dissolved in dry ethyl acetate were added and the stirring was continued 

for -6h with the slow addition of n-butylamine (0.5 mL in 5 mL dry 

ethyl acetate). The mixture is then kept aside overnight. HCl (0.01 M, 10 

mL) was added and again stirred for -1 h, extracted repeatedly with ethyl 



acetate. Tlis coillbincd extracts were evaporated to dryncss on a water 

bath. The pasty inass obtained was stirred with mcthanol (15 mL) for 

-2h and was the11 kept in an ice bath with constant stirring for -3h. The 

precipitated cotilpound was filtered out and recrystallised from hot 

benzenc. I'lie purity of thc product was checked by !lc(silica gel) and 

revcalcd thc prcscnce ~ t ' o n l y  one well dcfincd spot. 

Syntllcsis of Cu(l1) complexes 

To a refluxing solution of the co~l~pound (0.002 11101) in ethanol 

(20 mL), an ethanolic solution of Cu(II)acetatc(0.001 mol, 15 mL) was 

added drop by drop with stirring. The pH of the solutiotl was adjusted 

around G using sodium acetate and refluxing was continucd for -3h. The 

solutiorl was coilcentrated to half the volu nlc. The prccipi tated conlplex 

was scpararcd by filteration, washed with water, thcti with tncthanol and 

rccrystalliscd from hot ethanol. 

Results and Discussio~r 

Cl~aracterisatio~i of the unsaturated P-ketoesters 

The conipound obtained are yellow crystalline solids and are 

highly soluble ill common organic solvents. The synthetic details of the 

compounds arc given in table 3.49. The physical and analytical data of 

the compounds are given in table 3.50. The observed C,H percentages of 

the compounds suggest that the condensation uf the aldehyde has 

occurred otily at the acetyl methyl group of the cster. 



The mass spectra of the compounds ld-3d are in full agreement 

with the above observation. The spectra are reproduced in figures 

3.74-3.76. Prominent peak due to the molecular ion that correspond to 

the Claisen condensation product of structure 25 are present in all the 

spectra. The important peaks observed in the spectra of the compounds 

can also the explained by considering this structure. The probable 

fragmentation pattern of the compounds based on the various mass 

spectral peaks (table 3.5 1) are given in scheme 3.14. 

Table 3.49 

Synthetic details of unsaturated P-ketoesters 

4 
G 
S 

Aldehyde used for synthesis R Systematic name 
Yield 

!z (%) 

Methyl-[5-(4'-N,N- 
p-N,N- 

2d dimethyaminobenzaldehyde 4-N(CH3)2 dimethy1amino)phenyll-3-0x0- 30 
4-pentenoate 

3d Vanillin 3-OCH3 
Methyl-[5-(3'-methoxy-4'- 

4-OH hydroxy)phenyl]-3-0x0-4- 70 
pentenoate 



C 

Scheme 3.14 



Fig $79 FAB Mass spcctrnm of Id 
-. . -. ..- --- 

I Fig 3.7,.FAB Mass spcctrum of 2d 
d- - -  W - - - - - - -- __I 



Fig.-3.7b FAB Mass spectrum of 3d 



1:ul.lllcl cvitlc~lcc l i ) s  t l~c suggcslccl st~.ucturc 01' tllc co~npou~icls 

wcrc ol)lililrc{l li 0111 tllcis I I< spcclra. 'I'llc spectra 01' co~lll)ou~lcls ld-3d in 

tllc region IOOO- I X00 CIII"  cxllibit five slro~lg ba~lds :~ssigl~iiblc to spccilic 

functio~lal gl.ol~ps. 'I'l~c sl)cctra i n  tllc s c g i o ~ ~  arc rcl)~.oduccd in 

fig. 3.77-3.79. 

'l'llc cstcr carbollyl of' ~ncthylacctoaccta~c sllo\vs tllc carbo~iyl 

strctcllitlg i)i~llO - 1750 C I I I - I  ii~ld ~ I I C  i l ~ ~ t y l  C ~ L I O O I I Y I  ilt - 1 720 CIII-' 

well W il l)ill~d ;~(tl.ibi~tcd 10 t l ~  !I-hycl~~oxy-u,~I-u~lsati~~-atcrl c s t c ~  carbonyl 

of t'ic cllol fo1.111 ;it - 1  650 cm-l. 'I'llus tllc bn~lds obst-l.vcrl at - 1740 cnl-' , 

- 1670 co~"  :wd 1600 ~ 1 1 1 - I  arc rcspc~tivcIy due to tllc ester cilrbo~lyl and 

the ci~l~lil~noyl LYII bony1 of' tllc co~nl,ou;lJs. 'l'llc b:111d i l t  - 1040 ~111.' call 

arisc as fiuc to [lie carbo~iyl stretching of' tile ciiol ti~i~to~iicr. Othcr bands 

obsci-vccl ill tllo rcgion nrc due to various C=C vibnbtio~ls. 

'I'llc bleo:ld peak in tllc rcgion 2500-3500 c~ll- '  is duc to thc strong 

intraiiiolcculi~rly llydrogc~l buldcd cnol SOI-111 of' tlic co~~~l)ou~l t l .  

Tablc 3.5C 

I'hysicnl, ;~tiolytical and U V  sl~cctral thta of tllc utls:~tc~~.:~lcd 1)-lictocslers 

T Elc~llc~~lal a~ialysis (X) ~ " 1 ,  
a M I' hlllllX 
3 Log E 
a C 1-1 Wcidlt (,,,II) 
E 
0 (('( ;) 
U I;ouud/ (calcd) 

Itl . H0 
66.04 5.72 218 288 4.04 

(05.45) (5.45) (220) 397 4.84 
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Table 3.5 1 

Inil~ortant fragments observed in thc FAB illass spectra 

Compounds P' A B C D 

Id 220 189 161 147 119 

Charactcrisatiorr of Cu(I1) chelates 

Blcnlci~tnl analytical data of thc Cu(11) com~~lcxcs suggest [ML2] 

stoichioliictcy. 'l'hc I11 and nlass spcctral data of the col~ipoul~ds suggest 

the structurc 25 Ior thc complexes. 

25 

The FA13 mass spcctra of thc con~plcxcs rcproduccd ill  fig. 3.80- 

3.82 show intense molecular io11 peaks. The peaks due to thc successive 

elimiiiatioti of atiyl groups, -OCH3 etc. are characteristic of thc spectra. 



I Fig.3.al FAB Mass spectrum of Cu(I1) complex of 2d I 



Fig. 3.gLFAB Mass spectrum of Cu(I1) complex of '3d 

I.. 



In thc"1K spcctra of the complexes of ld-3d, a new band appears at 

1680 cm-' assignable to the metal co-ordinated ester carbonyl. The band 

due to hydrogen bonded dicarbonyi function of the free lignands 

disappeared, but instead a strong band assignable.to thc stretching of the 

metal coordinated cimnamoyl carbonyl appeared at - 1595 cni l  (fig 3.77- 

3.79). Similarly the broad band due to the OH stretching of the free 

lignands in the region 3000-3800 cm" also cleared up in thc spcctra of all 

the complexes. However the spcctra of the complexes Id show 

pro~nincnt bancl at 3400 cm-' attributable to the strctclling of the phenolic 

OH groups. 111 agreement with this structure spectra of all the conlylexes 

show additional bands at -425 cm-' and -460 cm" assignable to V M - ~  

vibration. 

Thc measured magnetic moments of the complexes arc in the range 

1.70-1 20.  This togetl~er with the observed visiblc absorption bands at 

- 15,000 crn- 'st~g~est square planar co-ordination aroutid tllc cu2+ ion. 
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