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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 B-dicarbonyls have a pride of place. The B-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 [B-diketones. However [-
ketoanilides, an important class of B-dicarbonyls, and their metal
complexes have not received as much attention as they deserve. Thus
unlike B-diketones reports on the synthesis and characterisation of novel
structural types of B-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 B-ketoanilides and their metal

chelates.

The term “conjugated B-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 B-dicarbonyl compounds such as



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

of the present investigation has been interspearsed at appropriate places.

PART II is a critical review on metal complexes of

B-ketoanilides that appeared in the general literature.
Results of the present investigation are presented in PART III.

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 1:1 complexes of
Co™, Ni**, Cu**, Zn** and Cd** 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 (-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 Fe**, Co*", Ni*", Cu**, Zn**
and Cd** complexes are clearly evident from their physical, analytical

and spectral data.

In Chapter 2 Section I details on the synthesis and
characterisation of the B-ketoanilides derived from naphthaldelyde and
2-hydroxy-1-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
B-ketoanilide with n-butylamine, the condensing agent used in the
reaction. That the B-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 (furyl 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 -ketoesters

and their copper complexes are discussed in Chapter S.

In PART IV references are given in serial order.



NOMENCLATURE AND ABBREVIATIONS

The B-ketoanilide, acetoacetanilide, is systematically named as
3-oxo(N-phenyl)butanamide. Many of the unsaturated [(-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 Acetylacetonato

acacH Acetylacetone

acan Acetoacetanilido

Ar Aryl group

BM Bohr Magneton

DMF Dimethylformamide
DMSO Dimethyl sulphoxide

Et Ethyl

FAB Fast atom bombardment

Fig. Figure(s)



h Hour

H, Hertz

J Coupling constant

L Deprotonated ligand

M.P Melting point

OAc Acetate

opr' Isopropyl

Ph Phenyl group

ppm parts per million

tlc thin layer chromatography
€ molar extinction coefficient
Wefr effective magnetic moment in Bohr magnetons

. . . . . -1
UV-visible absorption maxima (Apn,) are given in nm/cm  as

indicated. The infrared bands are given in cm™.

Chemical shifts in 'H NMR spectra are expressed as & 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.



CONTENTS

Preface

Nomenclature and abbreviations

PART I

GENERAL INTRODUCTION
Co-ordination chemistry of B-dicarbonyl compounds
Keto-enol tautomerism of B-dicarbonyl compounds
Metal complexes of B-dicarbonyl compounds
Polyketones and their metal complexes
Applications of metal complexes of B-dicarbonyl compounds
The present investigation

PART II
METAL COMPLEXES OF B-KETOANILIDES - A REVIEW
Introduction
Metal complexes of acetoacetanilides
Metal complexes of O,0-bonded acetoacetanilides
Mixed ligand complexes of acetoacetanilides
Complexes of N-substituted acetoacetanilides
Complexes of a-substituted acetoacetanilides
Complexes of y-substituted acetoacetanilides
Other bonding modes of acetoacetanilides
Schiff’s base complexes of acetoacetanilide
Metal complexes of arylazoacetoacetanilide

PART III

METAL COMPLEXES OF CONJUGATED
B-KETOANILIDES

Introduction
Materials, Instruments and Methods

Page

13
17
23

25
26
26
29
35
36
39
40
41
44

48
55



CHAPTER 1
METAL COMPLEXES OF CONJUGATED

DIKETOANILIDES AND B-KETOANILIDES >8
Synthesis of conjugated f-ketoanilides 58
Section 1
Metal complexes of unsaturated diketoanilides 62
Synthesis of metal complexes 62
Results and Discussion 62
Characterisation of unsaturated diketoanilides 62
Characterisation of metal chelates 77
Section 2
Metal complexes of unsaturated p-ketoanilides 87
Results and Discussion 88
Characterisation of unsaturated -ketoanilides 88
Characterisation of metal complexes 98
CHAPTER 2
CONJUGATED NAPHTHYL KETO ANILIDES AND 11
THEIR METAL COMPLEXES
Section 1
Synthesis and characterisation of unsaturated p-ketoanilides 114
and their metal complexes
Synthesis of metal complexes 114
Results and Discussion 115
Characterisation of B-ketoanilides 115
Characterisation of metal chelates 119
Section 2 4
Synthesis and characterisation of unsaturated diketoanilides 124

and their metal complexes
Synthesis of metal chelates 124
Results and Discussion 124



CHAPTER 3

Synthesis and characterisation of 1-phenylamino-7-phenyl-
4,6-heptadien-1,3-dione and its metal complexes

Synthesis of metal complexes

Results and discussion

Characterisation of the Schiff’s base and its metal complexes
Synthesis of metal complexes

Results and discussion
Characterisation of the Schiff’s base
Characterisation of the metal chelates

CHAPTER 4

Synthesis and characterisation of heteroaryl ketoanilides and
their metal complexes

Synthesis of metal chelates
Results and discussion

Characterisation of the hetaroaryl ketoanilides and their
metal complexes

Characterisation of the hetaroaryl diketoanilides and their
metal complexes

Biological studies

CHAPTER 5

Synthesis and characterisation of unsaturated -ketoesters
and their Copper(II) complexes

Synthesis of unsaturated B-ketoesters

Synthesis of Copper(II) complexes

Results and Discussion
Characterisation of the unsaturated B-ketoesters
Characterisation of Copper(Il) chelates

PART IV
REFERENCES

130
130

133
134
138
138
139
139
142

145
145

147
148

149

153
160

164
164

164
166
166
166
170

172

.



PART |
GENERAL INTRODUCTION



GENERAL INTRODUCTION
Coordination chemistry of B-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'?. 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 another™.

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

11 The variations in metal ions

nature of the metal ion and also of the ligands
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

B-dicarbonyl compounds provides a typical example for this'>'®.  The



B-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 B-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 B-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 strucutres'®. The
analytical chemists have developed several indigenous methods for the
qualitative and quantitative determination of metal ions from diverse matrices
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 itself™™. The B-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 B-dicarbonyl type compounds have proliferated
much during recent years. This trend is evident from the reports of numerous

19.6065-77 " This is not

ligand systems based on B-dicarbonyl compounds
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 B-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 B-dicarbonyl compounds

The class of B-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 O (acid anhydride), NH (imide), etc. or carbon
atoms. Since the present investigation is mainly on f-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 B-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 R, and R, groups, the compounds are
named accordingly. Some of the important and most familier B-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 B- dicarbonyl compounds, Ri—CO-CH,—CO-R,

R, R, Type Typical Example
Alkyl Alkyl ) Acetylacetone
Alkyl Aryl Benzoylacetone

Aryl Aryl ? p-diketone Dibenzoyl methane
Hetero aryl Alkyl . Thenoyl
trifluoroacetone
Alkyl Hydroxy ) ' Acetoacetic acid
Aryl Hydroxy r B-keto acid Benzoylacetic acid
Hydroxy Hydroxy | Malonic acid
Alkyl Alkoxy Methylaceto acetate
B-ketoester
Alkoxy Alkoxy Malonicester
Alkyl Amino Acetoacetamide
B- ketoamide
Aryl Amino Benzoylacetamide
Alkyl Arylamino Acetoacetanilide
f3- ketoanilide
Aryl Arylamino Benzoylacetanilide

A variety of factors such as solvent, temperature, a-substituent,
B-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 CI, Br, CN, CO,CH3, SCH; etc. groups lead to



almost 100% enol from*°,

Replacement of the terminal methyl groups of
acetylacetone by an electron withdrawing or aromatic groups such as CFs;,
CsH3S (2-thienyl), C¢Hs, etc. shift the equilibrium in favour of the enol
tautomer. Thus hexafluoroacetylacetone in CS, and dibenzoylmethane in CCl,
exist entirely in the enol form®’. Among the unsubstituted B-dicarbonyls also
the percentage of enol form depends on the nature of the R; and R, groups® 2

as is evident from table 1. 2.

Table 1.2

Enol content of some common B-dicarbonyl compounds

Compound Enol content (%)
CH;— CO-CH,- CHO 98
CH;-CO-CH,-CO—CH3 76
C¢Hs—CO-CH,—CO-CH; 100
C¢Hs—CO-CH,-CO—CgHs 100
CH;—CO-CH,~CO-NH-C¢Hs 13
CH;-CO-CH,—COOEt 7
EtOOC-CH,-COOEt <1%
CH;—CO-CH,~CO-NH,; <1%

The reason for the low enol contents of acetoacetanilide and ethyl
acetoacetate is due to the involvement of N and O lone pair in diminishing the
electron deficiency on the carbonyl carbon>. It may be noted in this context
that diethyl malonate in which both the carbonyl groups are connected to
oxygen is negligibly enolised®. P-Ketoamines do not enolise and their

deprotonation is extremely difficult®.



In unsymmetrically substituted B-dicarbonyl compounds the direction of
enolisation mainly depend on the electron demand on the carbonyl carbons. In
benzoylacetone the benzoyl carbonyl undergo enolisation®®. In phenyl
substituted B-dicarbonyls such as dibenzoylmethane the phenyl groups bearing
an electron releasing substituent such as -OCH; do not undergo enolisation®.
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.

Hch\erHCSHS HSCWOE

In cinnamoylbenzoylmethane, the direction of enolisation is towards the
cinnamoyl carbonyl’” 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-chloroacetoacetanilide® and
a-benzoylacetoacetanilide®® are 27% and 85% enolised respectively while

a-alkylacetoacetanilide® 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-~iodoacetoacetanilides’ 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.

X

) | +)

H,C—C—CH —|c|—~r'\]HCGH5 - H30—|(|:—CH —T;:NHC6H5
O) (0] O—

X=Br,1l

Metal complexes of B-dicarbonyl compounds

The coordinating ability of B-dicarbonyl compounds was recognised as
early as in 1887 when Combes reported® the synthesis of
berylliumacetylacetonate. This was followed by the pioneering works of

6263 and Sidgwick® who confirmed the bifunctional

Werner®, Morgan
chelating character of B-dicarbonyl compounds. Being powerful complexing
agents, many types of B-dicarbonyl compounds form complexes with virtually
all the transition and main group elements. Although the most familiar mode
of coordination of B-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 B-dicarbonyl compounds are

given below.

1. fADicarbonyls 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.



R, Ry
o) O
AN
R, or Ry / H =
0 0’ -H
R, R,
6 7

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 C;0,M ring system as in structure 9-11.

0]
/ O\M - \ \M =
o o
9 10

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.

¢) When m<2n: Complex of the type 14 is typical of this mode of bonding.



— —
R, - [ HC ]
: H,C OH,
O~ 3 l CH, HC>:O\
HC M >/ O\ O < N\ B
\ // HC Ni CH O/
0 AN O
T =N
L2 _n H,C OH, CH, - -
12 13 14

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

mode is the silicon complex60 15.

CH CH
HSC\ 3 3

15
3. BDicarbonyl as neutral ligand : Bidentate coordination of the neutral

diketo form®®® lead to the formation of complexes of the type 16 and 17.

%O\J 4 ) H:C%O\l .
=N

16 17

Examples are also known for the neutral monodentate coordination of

the enol form® as in structure 18.
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4. Carbon bonded [diketonate complexes: Interesting complexes of the type

19-23 where the methylene carbon is involved in bonding with metal,

69-71

excluding the carbonyl groups from coordination® " are well known.

M=S, n=12
M=Se, n=2
19
H, — _
Os_C__.0
Y \f Cl,Te ——CH,__Cy_-CH;
H,C._ .CH \|( \‘/
D O | .. 0O
7N H
c” el B d2
20 21
bi o
V% Ipy | /N\ /Cl
Me, Pt
? CH, Pd__ H
= o Y
o)
H,C” Yo X 0., -0

22 23
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S. Both carbon bonded and oxygen bonded complexes: Metal B-dicarbonyls in
which the metal atom is bonded to one ligand moiety via two carbonyl oxygen
while the other through the methylene carbon atom are also quite common®’",

A typical example is given in structure 24.

o

N
s

24

6. Carbon bonded [Fdicarbonyl 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 Oldham™ by preparing
complexes of the type 25.

™ M M = Co(ll)
7 Ni(I1)
Fe(lll)

L— B — 2,3

25

7. As a rdonar ligand : The complex [Pt(acac),Cl] (one acac normal and

other carbon bonded) on acidification forms [Pt(acac)(acacH)CI] in which
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acacH (previously carbon bonded acac) become bonded to the metal through
4197374

as in structure 26.

only its C=C bon

8. As a bridging ligand: In presence of CS, B-dicarbonyl compounds attach to

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

R—C C T—R'
T i
TI—s=Cc=s5—TI

27

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

certain metal acetylacetonates’®””.

H
H.C
3 N\ _l /CH3
C—C—¢C
/ N\
0 (0]
/
_O_Tb 0] Nb—O—
H,0" OH OH 'NCS

28
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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 system'®. 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.

R CH, CH, R
\ﬂ/ n = 0; 1,3-diketone
0 o] o) n =1; 1,3,5-triketone
29

The simplest polyketone is the triketone, 1,3,5-heptanetrione78. The
compound can form different types of tautomeric forms” 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 1:1 33 and 1:2 34 complexes

with Cu(ID)”.



H3CYCH2\”/CH2\”/CH3

O 0] o)

30

14

O o
~_
Cu
VAN
0. No 0
- /[k
H,C H CH, CH,
34

1,5-Diphenyl-1,3,5-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 36",
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Pth—! CH2YPh Ph G -CH N _Ph
T T v S0 E
TN 0 ol ff o~ O
N\ UL~ \|U|/ \M/
0 u )
Ny H NN
o N 0 0% 49
‘ V] ! L 2 !
Cell L.t L\\ /_,' See.e” S e””
Ph CH CH Ph Ph H CH Ph
35 36

Coordination polymers of structure 37 and 38 with oligomeric

78-80
d™ .

1,3-diketonate ligands have also been reporte

Y= CstCHz or CH2

Tetraketone such as 1,7-diphenyl-1,3,5,7-heptanetrione can form
complex of the type 39 with different metal ions”**8% Complexes of these
polyketones of the type 40-42 with two or more metal ions have also

reported®.
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41 42

Tetraketone of the structure 43 and 44 are well characterised®. Their
metal complexes have also been studied in view of their importance as model

compounds in bioinorganic chemistry.
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44

43

Similarly metal complexes of several schiff’s base derivatives of
polyketones of the type 45 and 46 have studied in detail®® in view of their

importance as model compounds.

HaCYWCHs H3CMCH3
|’:NH 0] o] |jN 0 Nj}
NH 0 (o] N 0] N
)\)J\)J\ w
H,C CH, H,C CH,

45 46
Applications of metal complexes of B-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
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)s] in appropriate

molar ratio can be used for the measurement of carbon-13 NMR spectra in
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reducing the normally long longitudinal relaxation times’>**. Rare earth metal

95,96

diketonates are used as potential laser materials Fluorinated B-diketone

ligands are used in quantitative analysis especially in the gas chromatographic

9798  For instance the measurement of the ultra

separation of various metals
trace levels of beryllium in polluted air can be carried out with
trifluoroacetylacetone. 1,3-Diketones and their complexes are widely used in

. . o T . 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

15,18-19

exceptions all of the reported works contain alkyl/ aryl substituents

10,102 are available on

attached to the carbonyl group. Only very few reports
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 groups'®. One of the best known examples is curcuminoids, the
active chemical constituent of the herbaceous Indian medicinal plant turmeric
(Curcuma 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.
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Table 1.3
Active constituents of some common spices and medicinal plants

Spu.:e (Pl.ant. species)/ Structure
Active principle

Black pepper (Piper nigrum) 0o
Piperine < O
o N N
Red pepper (Capsicum annum) H
Capsaicin N X
CH,0O

Turmeric (Curcuma longa)
CurcuminI

Eucalyptus (Eucalyptus globulus)

n-Tritri acontan-16,18-dione 3 o) o]

e . . (CH2)14 (CH2)11 \
4-Hydroxy-tritri acontan-16,18-dione H3C/ \ﬂ/\[]/ \|/ CH,

Indonesian medical ginger (Zingiber cassumunar)

Cassumunin A
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Spice (Plant species)/
Active principle

Structure

Cassumunin B

Cassumunin C

Ginger (Zingiber officinale)
Gingerols

CH,

CH2)n

N

n=2,4,6and8

CH,
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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

104195 " However, reports on 1,3-dicarbonyl compounds of the types

complexes
B-ketoanilides and B-ketoesters, in which the carbonyl groups directly attached
to olefinic groups are scanty. These unsaturated P-ketoanilides and
B-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 B-ketoanilides and B-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™'%?%*7  Usually the
condensing agents for an efficient synthesis are B,0s, tri(sec-butyl)borate and

n-butylamine as illustrated in the reaction scheme 1.1
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H.C R
Ar—CHO + 3 W

B,0,/n-BuNH,
Tri(sec-butyl)borate

where R = CH,4
Scheme 1.1

The monocondensation product (6-arylhexanoids) can be separated from
the biscondensation product (1,7-diarylheptanoids) by column chromatography.
This is a well established method for the synthesis of unsaturated [3-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 B,0O; and tri(sec-
butyl)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,B-unsaturated diketones and the
products obtained possess number of biological applications especially

antitumour activity?> 2%,
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The present investigation

In the present study, the reaction in Scheme 1.1 of Pabon?*’ was adopted
with suitable modifications for the synthesis of a new series of unsaturated
B-ketoanilides and [-ketoesters. However, it is to be expected that
B-ketoanilides such as  acetoacetanilide and  B-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.

HC NH
Ar—CHO + 3 \”/\”/
O O

B,0O4/n-BuNH,
Tri(sec-butyl)borate

"“’\/\”/\n)‘H
(Y, 0
47
HaC\”/\ﬂ/NH
0O O \©
Ar / V%
O NHPh O \©

Scheme 1.2
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From the above reaction scheme, it is quite evident that
B-ketoanilides such as acetoacetanilide can be utilised as a highly useful
starting material for the synthesis of not only the unsaturated
B-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 B-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 B-ketoanilides and their metal complexes in Part IT of

the Thesis.
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METAL COMPLEXES OF B-KETOANILIDES - A REVIEW
Introduction

Like B-diketones, B-ketoanilides, are known to form diverse types
of complexes with various transition and non-transition elements.
However, majority of the reported complexes of B-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.

HESC\‘/\”/NHCSH5
O\M/O

1
M H,C NHC,H, M\
| H,C NHCH,
H,C NHCH, o O
|\|,1 O O

2 3 4
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Metal complexes of acetoacetanilides

As early as in 1886, Knorr'®® reported the formation of a
copper(Il) complex of acetoacetanilide, the B-ketoanilide. Later Chaplin

19 hrepared the complex in pure state during their studies on

and Hunter
the associating effect of the enolisable hydrogen of acetoacetanilide and
this second report in this field appeared only after 50 years, around
1940'",  Since then numerous reports exist on the synthesis,
characterisation and applications of metal complexes of
acetoacetanilides and allied derivatives. Majority of these complexes
are O,0-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 O,0-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 CH;-CO-CH,-CO-NH-R*

Metal ions (Numbers shown are references)

Be™” A" VO™ Sb® Ot Fe" CoT  Ni~ Cu~ MoO;* Eu’ Ln” Hg" UO.”
Phenyl 106 106 107, 159 106, 106 118 119 111,112,113 114 115, 16  67.117
108 109, 116
) 110 . .

2-Methviphenyl 108 109 118 119 106,113,120, 122 116 117
121

3-Methylphenyl 106

4-Methylphenyl 106,111

2-Methoxyphenyl 123 108 109 124 111,113,120, 116 117
121

3-Methoxyphenyl 119 113

2-Methoxyphenyl 123 112,113

2-Halophenyl 125 109 124 118 119 111,112,120 126 122 116 117

3-Halnphenyl 127 112

4-Halophenyl 123 111,113

2-Nitrophenyl 113

3-Nitrophenyl 113

4-Nitrophenyl 113

4-acetylphenyl 112

2,4-Dichlorophenyl 123 111

2,5-Dichloropheny]l 123

2,4-Dimethylphenyl 109 124 111,128 116 128

2,5-Dimethylphenyl 123

2,5-Dimethoxy-4- 123,125

halophenyl

Lr=LaPrNd,Sm,Gd &Y R* = Phenyl/ substituted phenyl group
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These complexes were characterised mainly on the basis of their

elemental analysis, molar conductance, magnetic moment and elcctronic

107-109,111,119,120,124 Rl23-|27

and IR spectral data In some cases proton NM

123,125,129,130
and mass spectral data were also reported e

The mode of bonding in these complexes were cstablished mainly
on the basis of IR data. In the IR spectra of acetoacetanilide complexes,
both the acetyl carbonyl and amide carbonyl frequencics are shifted to
lower wave  numbers  justifying  their  involvement in

106,111,116,122,131- . . '
WHLNGLR23E3 e soordination occurred through the

coordination
nitrogen, the amide carbonyl stretching frequency would have been
considerably raiscd. The N-H stretching frequency of the complexes
increascd compared to the spectra of the free ligand in accordance with
the non involvement of the amide nitrogen in bonding with the metal

ion.

That only the carbonyl groups are involved in bonding with the
metal ion were observed in the '"H NMR spectra of certain complexes
where the enolic OH peak has disappeared and the N-H proton signal
remained unaffected which supplement the abscnce of nitrogen
coordination. From the absence of nitrogen hyperfine splitting in the
reported ESR spectral data of Cu(ll) complex of acctoacctanilide
confirmed that the amide nitrogen is excluded from bonding with the
metal ion'**,

Fay and Piper'”

isolated the different geomctrical isomers of
tris(acetoacctanilido)chromium(Ill) from aqueous alcoholic solution

following the chromatographic technique. Thermogravimetric analysis

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

cis isomer' '°.
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 Co-ligand (X) Ref.
[TiL,X5] Br, I 136,137
[TiL;X] Br, I 137
[TiLX;] Cl 137
[Ti(HL)3:X4] Cl 137
[TiL,X] SO, 138
[Til,X] salicylaldazine dianion 139
[TiL,X5] Chi : 140-
. orophenoxide
[T1L2X3] P 143
[CoL2X,] Pyridine, oc-Picoline 118
[CoLX], Dianion of N,N'- 144-
[COLX]+ ethylenediamionobis(salicylideneimine) 147
[CuLX]
Na[CoL,Xj,] NO, 114}581-
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[CoLX,]* tn 152
[CoLX]** trien 153
[NiLX]
[CoLX]
[CulX] Oxine, glycine and carbamates 154,155
[CdLX]
[HgLX]
[CuL,X] Pyridine 120
[CuLX] Pyridine, «c-picoline, Quinoline 118
/x\
|:L2Ln\x/LnL2J OH 156
[BLX;] CH; - COO 131
[Sl’leXz] Cl 157
[SnL,X;] n-Butyl 157
[SnL,X;] Phenyl 157
[SnL;X;] a-Thienyl 158
[SbLX,] Cl 159,170
[SbL,X;] Phenyl 159,170
[LnL,X] i 171-
OPr 174
[LnLX;] i 171-
OPr 174
[ZnL;X] H,0 167
[ZnL,X]" N3, SCN’ 213
[ZnL,X] 2-(2'-Pyridyl)benzimidazole, 190
2-(2'-Pyridyl)imidazoline
[ZnL;X] 5-Pyrazolones 214
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Table 2.3
Co-ligands
Complex Ref.
X Y

[TILXY ] Cl CsHs 160
[TILXY,],

_ Cl Chlorophenoxide 140-143
[TiLX,Y]

Cl, Br, NO Pyridine, «c-Picoline

CoLXY ity yramne,
[ ] ClO, Quinoline or Isoquinoline 118,160
[CoLXY;] Oxine, glycine and
[NIiLXY ] H0 carbamates 154,155
[NbLX,Y] Cl OCH; 161
[TaLX,Y,] Cl OCH; 161
[COLXYT* pn tn 162

These type of complexes of benzoylacetanilide were also reported

. . 107-109,114,116,122,132,162-1
in the literature 6,122,13 % 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 TiCl, can be replaced by
acetoacetanilide anion by refluxing in dry benzene. When [Ti(acac),Cl,]
was refluxed with acetoacetanilide, complexe of the type
[Ti(acacn);Cl] was isolated"’. Similarly reaction between

bis(cyclopentadienyl)titanium(IV)dichloride and acetoacetanilide on
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distillation for an wunusual period of about 380 h'®®, gave the

compound® 5.

H,C NHC,H
H,C NHC,H, 3 W 6
W + (CsHq),TiCl, ? IO + HCI

o) o) ST
(CsHq),Cl

S

Most of the complexes reported are of either square planar or
octahedral geometry as expected of the stoichiometry. Uranyl complex
of the type [UO,L(HL)] were shown to possess a coordination number

of 767,117.

Chelated complexes of chlorophenoxides of Ti(IV) with
acetoacetanilide  of the composition [Ti(OCgH4Cl),(acan);],
[TiCI(OC¢H4Cl)(acan),], [Ti(OCsH4Cl)s(acan)], [TiCI(OCsH4Cl),(acan)]
and [TiCl,(OC¢H4Cl)(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 [TiCl,(OC¢H,Cl)(acan)]"**#,

CeH,Cl
/‘\ Clil/O\Crl/-\
acan Ti \ /Ti acan
\/ (I:I 0] CI:I\—/
CeH,CI
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Based on IR data the frans orientation of the NO, group have
been established in the case of the diamagnetic complex
Na[Co(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’

has been suggested as evidence for the trans structure 7',

Several complexes of Zn(Il) and Cu(ll) were shown as
pentacoordinated with the composition Na[M(acan),L’] where L' =
pseudo halides like N3', SCN', heterocyclic donar ligands, etc, were

shown®" to be square pyramidal structure 8.

H,C L NHC H,

>_°\Zn/°:<
/\Eo/ \o—<
8

CH

CH,

In the moisture sensitive boron complex of acetoacetanilide

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

131

has been shown to be in tetrahedral environment ~* of four oxygen donar

atoms as in structure 9.
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HC_~ NHCH,

o._ O
V4
/B\

0O o)

H CK )\CHs

3 00

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(OPri)z(acan)] and
[Ln(OPri)(acan)2]174. All these complexes are microcrystalline solids
with a colour characteristic of the trivalent oxidation state of the

. . . 171-172
corresponding lanthanide ion T

Ln(OPr'); + n C¢Hs— NH-CO-CH,—CO-CH; —
Ln(OPr); _ (CéHsNHCOCHCOCH;) + n Pr'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(acetoacetanilide) chelate have been suggested as due to the
factors like proton—ligand stability, © electron delocalisation in the ring

and steric hindrance'”.

Monoisopropoxylanthanidebis(acetoacetanilide) derivatives have
been found to undergo exchange reactions with an excess of tert-butyl

alcohol in benzene'”*.
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Ln(OPr')(C¢Hs—-NH-CO-CH-CO-CH3) + t-C,HoOH —»
Ln(O—+-C4Hy)(CsHs-NHCOCH-COCH;), + n Pr'OH

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

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

OPr OPRy /'(X OPy
] \ 0~ n/ AN r_o
o L‘//OP \Ln/o> O/TL .. /LT\o
<O/ " / \O \—O o_)
OPri

Complexes of N-substituted acetoacetanilides

Substituted acetoacetanilides like N-methyl and N-ethyl
acetoacetanilide 12 and 13 form complexes analogous to unsubstituted

1177 show  close

acetoacetanilide (Table 2.4). The complexes
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.
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s GH.CHy
HaCWN\Q HsCWN\Q
Oy © Oy-©
12 13

Table 2.4
Reported metal chelates of N-methyl and N-ethylacetoacetanilides

N-metylacetoacetanilide (HL) N-ethylacetoacetanilide (HL)
Complex Ref. Complex Ref.
[BeL,] 175,177 [BeL,] 175,177
[CuL;] 175,177 [CuL;] 175,177
[FeL;] 175,177 [CrLs] 175,177
[FeL;] 175,177
[UO,L,(LH)] 175,177

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-Chloroacetoacetanilide'™ 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
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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

1195 cm™ of the free ligand disappeared in the metal complex.

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

Complex Ref. Complex Ref.
[BeL;] 178 [FeLs] 178
[CuL;] 178 [TiCL,L;] 178
[AIL;] 178 [VOL,]5H,0 178

[CrL;] 178 [UO,L,(H,0)] 178
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Metal complexes of other a-haloacetoacetanilides like a-bromo

. .1 4,177
77718 and o-iodoacetoacetanilide 18'**'”” have also

acetoacetanilide 1
been reported (Table 2.6). No conspicuous changes were observed in
different spectral techniques of these complexes compared to that of

a-chloroacetoacetanilide.
Br |
H H.C H
YO Tro
o. .O
O\H"O \H'
17 18

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

a-bromoacetoacetanilide (HL) a-iodoacetoacetanilide (HL)
Complex Ref. Complex Ref.
[BeL;] 179 [BeL,] 180
[CuL,] 179 [CuL,] 180
[CrL;] 179 [CrL;] 180
[FeLs] 179 [FeL;] 180
[VOL,]4H,0 179
[UO,L,JH,O 179

The involvement of OH proton in complexation has been

confirmed from NMR spectra of the Be(Il) and AI(III) chelates of

a-chloroacetoacetanilide'”’.
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Complexes of y-substituted acetoacetanilides

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 Yy-bromoacetoacetanilide into

186
|

thiophenol ™. Cu(II) and Ni(II) chelates of the compound were reported

with [ML,] stoichiometry'®”'®,

H
BrCHZWN
T

19

@ H X =H, Clor OCH,4
SCHZ\”/\H/N
O 0 \©\X
20

Table 2.7

Reported metal chelates of y-bromoacetoacetanilide (HL)

Complex Ref. Complex Ref.
[BeL;] 181 [FeLs] 181
[CuL;] 181 [TiCl,L,] 181
[AlL;] 181 [VOL,]4H,0 181
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Other bonding modes of acetoacetanilides

Reaction of the platinum or palladium(II)chloride complexes of the
type [MCL,L,], M = Pd, L, = 2,2"-bipyridyl; M = Pt, L = PPh; or L, =
cycloocta—1,5—diene or [Ph,P(CH;);PPh,] with acetoacetanilide mediated

by Ag(1)oxide gave high yield of metallalactum complexes 21 189,

H
H,C N
Ny + o © \©

L \CI
l Ag,0/ CH,Cl,

0
/U-—CH
L CH 3
\M / o
N\
N

21

The reaction of acetoacetanilide with the zerovalent platinum
complex [Pt(transPh—CH=CH-Ph)(PPh;),] in air gives exclusively the

peroxometallacyclic complex 22'%.

22
The reaction with [Pt(PPhs);] gave a mixture of 22 and the

platinalactum complex 23'%.
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23

Schiff’s base complexes of acetoacetanilide

The schiff’s base complexes of acetoacetanilide with various
amines were reported’’ '*®, The schiff’s bases behave as tridentate
dibasic ligands and form metal chelates with 1:1 metal-ligand

stoichiometry of the type 24",

X
0
/ \Cu
_N/
. | R = CHj,, X = NHC4H;, NHCH,CH,, NHC,H,OCH,
N  _S
f m/ R = C4Hs, X = NHCH;
N——N
24

Schiff’s  base  complexes of  acetoacetanilide  with
1,3-diaminopropane having the composition [CoL,X;] where X = Cl,
Br, NO; or ClOg4; [Cu,Ly(NOs)4l, [Zn,L,X4] where X = Cl, SCN or
ClOy; [CuCLL] and [Zn,Br,L] have been synthesisedlgg, where L is the
ONNO tetradentate ligand, N,N -bis(acetoactanilide)-1,3-
diaminopropane. The structure of type 25 have been suggested for the

dimeric complex.
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H
N

H.C
3 2
X N NHx O
I/H \I\IA/
I\
@ 8

A0 C
HC)\/“\N

3 H

25

The reactions of [-amidoamines such as N,N'-
ethylenebis(acetoacetanilideimine) and N,N'-propylenebis

199,200 -

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

and 2:3) yielded different substituted products of the type
[Ln(OPri)(aa)], [Ln(aa)(aaH)] and [Lny(aa)s] where aa is the anion of
the corresponding bifunctional quadridentate B-amidoamine. The

schiff’s bases exist in tautomeric forms 26 and 27.

HN ENH . HN NH
—0 O— / O\ /O \
Y H H H
N N N % =N N=
H,C CH, H,C \ R / CH,

N

R =-CH,-CH,- or -CH,-CH,-CH,-
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The reactions of B-amido amines with lanthanide isopropoxides in
1:1 molar ratio resulted in the synthesis of monoisopropoxylanthanide-
N,N’-ethylenebis(acetoacetanilideimine) or N,N’-propylenebis
(acetoacetanilideimine) derivative, 28. However the reactions of
lanthanide isopropoxides with B-amidoamines in the molar ratio 1:2 and

2:3 were found to be monomeric.

Q=D
N1
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(II) and VO(II)**". The ligand has both N and
O 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(II) and VO(II)
complexes which show octahedral and square pyramidal geometry

respectively?”’.



44

N o
N OH N\ / +
+ M2 — M 2H*
7\
|N OH |N 0
=
u = CH, ©/” CH,
29 30

Metal complexes of arylazoacetoacetanilide

Coupling of benzenediazonium salt with acetoacetanilide resulted
phenylazoacetoacetanilide®”® which exist in the intra molecularly
hydrogen bonded hydrazone form 31. The compound form stable
complexes with Cu(II), Ni(Il), Co(ll), Fe(Il), Pd{I), UO,(Il)and
VO(II)*”. Analytical data correspond to 1:2 stoichiometry for the metal
chelates. A 1:1 complex 32 with Cu(I)acetate was also characterised.

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

204,205 4206

coordination while Pd(II) formed a square planar complex 3

The UO,(II) and VO(I) complexes 35 and 36 were pentagonal

bipyramidal and square pyramidal respectively*’*%.
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The schiff’s base N,N'-bis(acetoacetanilide)ethylenediamine on

coupling with the diazonium salt of o-aminophenol produced a

macrocyclic ligand system”® 37-39 which form polymetallic complexes

4041 with Co(II), Ni(II), Cu(II), Zn(II), Hg(II) and Cd(11)*"°.
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41 (M = Zn(II), Cd(IT), Hg(ID))

Acetoacetanilide condense with hydroxylamine to form the oxime
3-hydroxyimino-1-N-phenylaminobutane-1-one211. Their Cr(III) and
Fe(Ill) complexes with octahedral coordination of the type
[M(HL),X,]X where X = CI', Br, NO;°, NCS™ and ClO4 have been

reported recently®'?.
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METAL COMPLEXES OF CONJUGATED
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METAL COMPLEXES OF CONJUGATED B-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
o-hydrogen. However, if one of the carbonyl compounds lacks
o-hydrogen, only one product can be isolated besides the
self-condensation of the carbonyl compound containing o-hydrogen

(scheme 3.1).

0
|
c—¢C
T+ \CH—C— oM, ¢
I /|
0 H
Scheme 3.1

Aromatic aldehydes condense with aliphatic aldehydes and
ketones containing o-hydrogen to form o,B-unsaturated carbonyl

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

215,216

modification of aldol condensation , is a highly useful method for

. : : 217219
the synthesis of numerous compounds having diverse uses .
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Ar—|C|:—H + H3c—|c|—— O A—CH=CH—C—
0 o} (|3|
Scheme 3.2

The B-dicarbonyl compounds in which a methylene group
interposed between two electron withdrawing carbonyl groups usually

® with bases. In these case the

undergo Knoevenagel condensation®'
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

B-dicarbonyl compounds®**?%,

H,C H,C
0 o]
Ar—lcl:——H + Base Ar—CH + H,0
O o]
H,C H,C
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

226
/

Povoloni et al**® and later modified by Pabon”*"**® for the synthesis of
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curcuminoids and other 1,7-diary‘1he'ptanoids 2 from vanillin and
acetylacetone at room temperature in presence of B,O; and
trisec(butyl)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 B,0; and tri(sec-
butyl)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.

H,C CH,  B,0,/n-BuNH,
+ —_—
CHO

O 0] Tri(sec-butyl)borate

R

2 3
Scheme 3.4

Since acetylacetone and benzoylacetone undergo Claisen reaction
at the y-methyl groups with various aromatic aldehydes, other
B-dicarbonyl compounds like B-ketoamides and P-ketoesters with one
v-methyl group may also undergo the reaction that lead to the formation
of a,B-unsaturated dicarbonyl compounds. However, unlike

acetylacetone, benzoylacetone, etc. the carbonyl group of these

1,3-dicarbonyl compounds are linked to different heteroatoms such as
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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 S (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.
\ﬂ/\”/ Bzo / n-BuNH,
Tr| (sec-butyl)borate

H3C N

NHPh O 0]

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 -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.



3
Y\Ir \@ ﬂ» \’/\Ir \© + l-TBase
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0] 0 R
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0) .

+
H Base
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Scheme 3.6
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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.

HSC\H/\[(O CH;  B,0,/n-BuNH,
+ _—
CHO

R 0] O Tri(sec-butyl)borate

Scheme 3.7

For convenience this paﬁ 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 benzaldehyde/
substituted benzaldehyde and their metal complexes are discussed.
Synthesis and characterisation of the unsaturated anilides obtained from
the condensation of naphthaldehyde/ 2-hydroxynaphthaldehyde and

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



54

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 3-ketoesters and

Cu(Il) complexes are discussed in chapter 5.
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MATERIALS, INSTRUMENTS AND METHODS

Materials

Chemicals used for synthesis were of C.P. grade. For analytical
purposes ‘AnalaR’ grade chemicals were employed. ~Commercial
solvents were distilled and used for synthesis. Solvents purified by
methods recommended by‘\?\/'eissbergar229 were employed for physical

and physico-chemical measurements.

For the synthesis of complexes metal acetates were used except in

the case of Fe(IlI) for which anhydrous FeCl; 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. UV-1601 Schimadzu recording spectrophotometer.

2. 8101 Schimadzu-FTIR spectrometer.

w

Varian 300 NMR spectrometer.
4. Jeol 400 NMR spectrometer.

5. Jeol sx-102 (FAB) mass spectrometer.
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Heraeus CHN-O-rapid analyser.
Perkin Elmer 2380-Atomic absorption spectrophotometer.

Varian E 112 ESR spectrometer.

© 0 N o

Systronic pH meter.
10. Toshniwal conductivity bridge.

11. Gouy type magnetic balance.
Methods

Elemental analysis: Metal complexes were analysed by standard

230 Metal percentages were recorded using atomic absorption

methods
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 (10°M) 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.

'H NMR spectra were recorded using CDCly/dmso-dg 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 Na’ are present these peaks may be

shifted accordingly.
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Molar conductance of the complexes were determined in DMF at
2821°C using solution of about 10° M concentration.

Magnetic susceptibility was determined at room temperature (28+1°C)

using Hg[Co (NCS),] as standard®®.

Molecular weight of compounds reported were determined by Rast’s

method®® using naphthalene/ camphor as medium.
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CHAPTER 1

METAL COMPLEXES OF CONJUGATED DIKETOANILIDES .
AND B-KETOANILIDES

Synthesis of the conjugated ketoanilides

The unsaturated B-ketoanilides were synthesised by the reaction
between benzaldehyde and substituted benzaldehyde with
acetoacetanilide in presence of boric oxide and tri(sec-butyl)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 1h at room temperature on a magnetic stirr'er’. To this a
solution of aromatic aldehyde (0.01 mol) and tri(sec-butyl)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 mL dry
ethylacetate) in drops and the reaction mixture was kept overnight. Hot
dil. HCI (0.4 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.
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To this 10 mL of 2 M HCI was added and kept for ~24h. The solution

was stirred well and the precipitate formed was filtered.

From tlc it was vrevealed. that only one producf was formed with
4-hydr0xybenzaldeyde, vanillin, 2-chlorobenzaldehyde and
4-chlorobenzaldehyde. However, the presence of two well defined spots
in tlc revealed the presence of two compounds in the case of the
products | obtained from benzaldehyde, 4-methoxybenzaldehyde,
2-nitrobenzaldehyde, piperonal, veratraldehyde and
2,4-dimethoxybenzaldehyde. The mixture of compounds obtained were

quantitatively separated by column chromatography as outlined below.

Thc crude product was dissolved in minimum quantity of dry
ethylacetate and placed over a column (2x100 cm) densely packed with
silicagel (mesh 60-120) and cluted 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 B-ketoanilide 4.

The elution was then continued using 1:1 v/v mixture of
chloroform and acetone to recover the orange red band retained in the

upper portion of the column. The eluates were collected in aliquots of
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10 mL in separate tubes, checked by tlc and the combined cxtracts on
removing the solvent in vacuum yielded the unsaturated diketoanilides
5. All the compounds isolated were recrystallised from hot chloroform
to give spectroscopically pure material. The formation of the mono (4)
and bis (5) condensation products can be fully justificd by considering

the clectronic and steric effect of the phenyl substituents.

Thus it can be seen that, if the co-planarity of the
monocondensation product is not lost by the substituents on the phenyl
ring, the cxpected substituent effect is observed. But if the co-planarity
is lost by ‘bulky substituents on the phenyl ring, the electronic
environment of the amide carbonyl is independent of the resonance
effects of the substituents on the phenyl ring. But still inductive effects
may alter slightly the reactivity of the amide carboﬁyl. In such cases the
monoconodensation products may not undergo further condensation
completely so that mixture of products are observed.  In some cases,
eventhough the resonarnce effects diminish the electron deficiency on the
amide carbonyl, the mono condensation product is completely
transformed in to the tricarbonyl compound. This may be due to the
extended conjugation in the resulting product. Thus it is obvious that
the clectronic and steric environments of the phenyl substituents have
marked cffect on the second condensation and it is the -NHC¢Hs group
tﬁat promote’ the diketoanilide formation drastically. Benzaldehyde

which do not carry any substituent give predominantly the triketone as
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the major product is indicative of the above facts. The variation in the
proportion of both products can conveniently be cxplained by the
competition betwcen the electronic and steric effects of the substituents

on the phenyl ring.

Inorder to have a mecaningful discussion on the structural
characteristiés of these two types of conjugated B-kctoanilides, their
analytical and spectral data are presented scparately in two sections.
section 1 is on unsaturated diketoanilide and section 2 on the
unsaturated fB-ketoanilide. Synthesis and characterisation of metal
complexes of thcse two types of conjugated ketoanilides are included in

each of these sections.
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SECTION 1
METAL COMPLEXES OF UNSATURATED DIKETOANILIDES

Synthesis of metal complexes

The Co(II), Ni(I[), Cu(Il), Zn(II) and Cd(II) 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
B-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
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aromatic aldchyde in all cases. In the present study a detailed and
systematic spectral investigation of the conjugated dikctoanilides with a
view to cstablish their structure and coordination behaviour were carried

out on the basis of their UV, IR, 'H NMR and mass spectral data.
UV spectra

The UV absorption maxima of 1,3-dicarbonyl compounds are
mainly duc to thc n—>n* and n—n* transitions of the carbonyl and

) . L 42,104,231-23
oicfinic groups 3

Depending on the degree of enolisation, the
n—n* absorption of the carbonyl chromophore may vary. The extent of
enolisation, degree of conjugation and the electronic cffects of the
groups attached to the dicarbonyl function have prominent influence on
the position of the n—n* and m—n* absorption of [3-dicarbonyl

compounds.

The UV spectra of acetoacetanilide show a Ay, at ~246 nm in
95% ethanol (10 M) due to n—n* transition. The n—m* band occurs
at longer A value ~390 nm. In the unsaturated dikctoanilide considered
in this investigation the three carbonyl groups arc in diffcrent electronic
environment. Their extended conjugation and dcgrec of enolisation
influence the absorption maxima. The UV absorption maxima of the

compounds included in table 3.2 clearly suggcsl that the position of the
two promincnt absorption maxima are strongly dependent on the extent

of conjugation.



Table 3.1

Synthetic dctails of unsaturated diketoanilides

=
O NHPh O 0]
Comp . _ ) Yield
ounds Aldchyde uscd for synthesis R Systematic name %)
la  Bcenzaldehyde H 1,5-Bis(N-phenylamino)-9-phenyl-4,8-nonadicn-1,3,7-trione 50
2a  Salicylaldehyde 2-Ol1 l,5-BIS{N-phcnylamlno)-‘)~(2'-hydroxy)phcnyl-4,8-nonadlcn- 30
1,3,7-trione
-Bis(N-t amino)-9-(2'-c¢ -4.8- ien-
3a  o-Chlorobenzaldchyde 2.0l 1,5 Bls(N nhenylamino)-9-(2'-chloro)phenyl-4,8-nonadicn 70
1,3,7-trionc
RN 0 i ol d R — i
4a  o-Nitrobenzaldehyde 2-NO, llr,i?) ,E;S(N phenylamino)-9-(2'-nitro)phenyl-4,8-nonadien-1,3,7 75
5a  p-Hydroxybenzaldehyde 4-0Ol1 l,5—Bls(N-phcnylamlno)-‘)-(4 -hydroxy)phenyl-4,8-nonadien- 40
1,3,7-trionc _ ‘
-Bi - ami _9.(4'-¢ _4 K P
6a  p-Chlorobenzaldehyde 4-Cl 1,5 BlsgN phenylamino)-9-(4'-chloro)phenyl-4,8-nonadicn 65
1,3,7-trione
Cond ........
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bz
h o

Ta

8a

9a

10a

11a

12a

13a

p-Methoxybenzaldehyde

p-Ethoxybenzaldehyde

p-N,N-Dimethylaminobenzaldehyde

Vanillin

Veratraldehyde

2,4-Dimcthoxybenzaldchyde

Piperonal

4-OCH;

4-0OC,H;s

4-N(Cl1y),
3-OCH;,
4-OH

3-OCH;,
4-OClH;,

2-OClH;,
4-OCIH;

- 3-OCH,0O-4

1,5-Bis(N-phenylamino)-9-(4'-mcthoxy)phenyl-4,8-nonadicn-
1,3,7-trione
1,5-Bis(N-phenylamino)-9-(4'-cthoxy)nhenyl-4,8-nonadien-
1,3,7-trione

1,5-Bis(N-phenylamino)-9-(4’-N,N-dimethylamino)phenyl-4,8-
nonadien-1,3,7-trionc

1,5-Bis(N-phenylamino)-9-(3'-methoxy-4-hydroxy)phenyl-4,8-
nonadien-1,3,7-trione

1,5-Bis(N-phenylamino)-9-(3',4'-dimethoxy)phenyl-4,8-
nonadicen-1,3,7-trione

1,5-Bis(N-phenylamino)-9-(2',4'-dimcethoxy)phenyl-4,8-
nonadicn-1,3,7-trione

1,5-Bis(N-phenylamino)-9-(3',4'-methylenedioxy)phenyl-4,8-
nonadien-1,3,7-trione

35

50

55

45

45

40




Physical, analytical and UV spectral data of thc unsaturated

Table 3.2

66

diketoanilides
Elemental analysis (%) Mol.
M[) -— . }\'max
Compounds C H N Weight log €
(C _ (nm)
Found/ (calcd)
1 110 76.34 5.62 6.71 424 255 4.01
a (76.42) (5.62) (6.60) (425) 355 4.64
2a 58 73.99 6.20 9.01 465 278 401
*(74.52)  (621)  (8.99)  (468) 392  4.80
3a 90 70.59 5.04 6.13 458 246 4.04
(70.67)  (5.02)  (6.11)  (460) 343 432
42 10" 68.84 5.01 9.02 466 260 4.05
(69.08) (4.90) (8.96) (469) 351 4.63
5a 105 73.54 5.42 6.34 440 265 4.07
(73.65)  (545)  (636)  (441) 372 477
6a 116 70.62 5.01 6.22 462 250 4.02
O (7067)  (5.02)  (6.11)  (460) 351 4.81
7a 88 73.56 5.63 6.04 451 266 4.07
(74.00) (5.73) (6.17) (455) 384 4.82
8a 84 74.04 6.02 6.04 466 265 4.09
(74.30) (5.98) (5.98) (469) 383 491
9a 54 73.99 6.20 9.01 465 270 401
(74.52) (6.21) (8.99) (468) 392 4.80
10a 109 71.48 5.61 5.99 468 271 4.08
(71.49) (5.53) (5.96) “471) 392 4.69
11a 112 72.10 5.99 5.89 483 270 4.08
(71.90)  (5.79)  (597)  (485) 394  4.68
12a 7 72.10 5.99 5.89 482 268 4.02
(7190)  (5.79)  (597)  (485) 389 438l
13 84 71.03 5.10 6.01 468 267 4.06
a (71.79)  (5.i3)  (5.98)  (469) 391 4.70
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IR spectra

IR spectra is a powerful tool in determining the structure of
organic compounds especially compounds containing functional groups
such as C=0, C=N, N-H, O-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

522342336 Assignment of various bands in the enol tautomer is

forms
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 =
electrons of the C=0O 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 1
frequency. Amide II is a mixed vibration of N-H bending and C-N
stretching and appears at 1570-1510 cm™. Amide III band due to mixed

vibration involving C-N stretching and N-H bending is usually at
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1310-1200 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 VI band due to C=0 out of plane bending is around 600 cm™.
Acetoactanilide shows two strong bands at 1727 and 1667 cm™
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 B-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

withdrawal of election density on the nitrogen by the phenyl ring®>**.

The N-H and O-H region of the spectrum of B-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.
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The observed IR spectra of the unsaturated diketoanilides
considered can be convenicntly explained on the basis of the structure 5
of the compounds. The spectra in the region 1600-1800 cm™ show
three intensc absorptions at ~1720 cm™, ~1660 em™ and ~1600 em™,
The carbonyl stretching frequency of anilides are strongly dependent on
the magnitude of the nitrogen lone pair density of the PANHCO- group.
Values as high as 1779 cm™ has been reported for the amide carbonyl
stretching in certain anilides®'.  Thus the band at ~1720 ¢m™ can
confidently be assigned to the stretchiug of the amide carbonyl of the
structure 5. Usually C=0 stretching frequency of amidc carbonyl of the
structures ot the type 5 can be expected at much lower value compared
to acetoacctanilide. But the electron withdrawing cffect of the groups
attached to the carbonyl function together with possibility of non-
linearity of the structure in view of the presence of bulky substituents,
will strengthen the amide C=0 force constant and there by its stretching.
Therefore it is not unexpected of these type of structurcs to show amide
carbonyl stretching at much higher value.

Similarly based on the spectral data of related compounds®*?*

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 cnolise to form an intramolecularly hydrogen bonded
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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=0 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.
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Table 3.3
Characteristic IR data (cm™") of unsaturated diketoanilides
Compounds Probable assignments

la 2a 3a 4a 5a 6a Ta 8a 9a 10a 11a 12a 13a
1721 1710 1710 1714 1715 1715 1712 1711 1716 1717 1705 1720 1718 v (C=0) amide
1659 1658 1676 1678 1670 1660 1664 1662 1659 1655 1662 1666 1660 v (C=0) o,B-unsaturated
1599 1620 1620 1634 1599 1612 1610 1618 1618 1599 1616 1610 1620 + (C=O) chelated
1595 1599 1598 1597 1545 1598 1570 1599 1597 1580 1597 1600 1596 \
1545 1541 1536 1540 1516 1539 1540 1538 1536 1541 1536 1543 1538 V(C=0) phenyl
1498 1494 1486 1504 1498 1516 1518 1502 1503 1498 1494 1501 1510 V(C='C) alkenyl
1530 153z 1518 1512 1516 1520 1515 1516 1519 1518 1520 1512 1529 | v 2™eeT!
1248 1238 1234 1242 1236 1240 1251 1248 1238 1252 1251 1263 1236 v amide III
967 970 964 968 970 968 068 968 976 974 974 970 976 v CH=CH trans
693 691 6950 694 693 692 690 692 690 692 - 692 691 692 vamideV
656 654 656 654 654 656 658 660 664 669 670 640 672  vamide IV
617 604 618 618 617 614 610 608 606 604 610 573 608  vamide VI
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'H NMR Spectra

The use of NMR spectroscopy in settling the structural problems
of organic compounds especially 1,3-dicarbonyl compounds are well

52,242-244 .
. The keto—enol tautomerism of

documented in the literature
B-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 0~16 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 function®®.

The 'H NMR spectra of the compounds 1a-3a displayed a one
proton singlet at ~13 ppm and another singlet at ~6 ppm assignable
respectively to the strong intramolecularly hydrogen bonded enolic

proton and to the methine hydrogen.

The CH; 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 CH, singlet of
acetoactanilide at 3.5 ppm has not changed appreciably in the spectra
of the compounds which support the non-enolic nature of the active
methylene group of the B-dicarbony! function. The NH singlet of
acetoacetanilide is observed at 89.04 ppm 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
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the spectra indicating the presence of two NH groups. The region at ~37
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 dppm
Compounds (i, NH  CH=CH Methine CH, Treny!
substituent

1a 13178 0 Sool 6898 3.585 i
2a 13124 057 3% o9 3586 10158
3a 2346 OV S8 6915 3662 i
4a 13426 00 e 7289 3.591 i
5a 13042 20 SOU 6719 3582 10042
6a 14737 05 S 6987 3899 i
7a 12042 o S0 6942 3800  3.89%
8a 12747 0900 58 6999 3949 4.068
9a 12344 010 SOM 614 3566 2932
10 12104 007 Shea 6969 3588 o8
a 13042 o ;:233 6858 3794 o0
122 1382 Do SO0 6as3 3904 o0
132 12045 O8l4 B o0l 3005 6001

9.844 7.679
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Mass spectra
The potential of mass spectrometry in determining the structure of
organic compounds including 1,3-dicarbonyl compounds are well

#3524 Detailed mass spectral analysis of

demonstrated in the literature
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 2:1 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
[CéHsNHCO]™ 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 — CsHsNHCO]"
peak in the spectra. The absence of [P — 2CsHsNHCO]" 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
[C3HO,]" 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 p-  , B ¢ D E G H P-D P-E P-F P-E-F

unds
1a 425 131 145 280 162 120 103 i 263 305 333 213
2a 441 147 161 280 162 120 119 - 279 221 249 229
32 460 166 180 280 162 120 138 112 298 340 368 248
42 470 176 190 280 162 120 148 122 308 350 378 258
5a 441 147 161 280 162 120 119 - 279 221 249 229
6a 460 166 180 280 162 120 138 112 298 340 368 248
7a 455 161 175 280 162 120 133 107 293 335 363 243
8a 469 175 189 280 162 120 145 119 307 349 117 257
9a 468 174 188 280 162 120 144 118 306 348 376 256
10a 471 177 191 280 162 120 149 123 309 351 379 259

11a 485 191 205 280 162 120 163 137 323 365 393 273
122 485 191 205 230 162 120 163 137 323 365 393 273
133 469 175 189 280 162 120 145 119 307 349 117 257
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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 <10 Q'em™; 10° M
solution). Cu(Il) and Co(II) complexes showed normal magnetic

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

The observed UV, IR, '"HNMR and mass spectra of the complexes

are in agreement with structure 6.

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

. 15,24
complexation'>?*7*%,
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IR spectra

The exact complexing site of a polydentate ligand such as those
containing different carbonyl groups can be revealed from IR
spectroscopy ", 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 II and III bands in ligands do not
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undergo any appreciable shifts and remain unaffected on complexation,
vhile, the amide 1V band at ~960 cm™ shifted to higher frequency in the
complexes.  These observations suggest that bonding takes place
through both the dicarbonyl oxygens atoms of the ligand and not
through the nitrogen atom of the anilide moiety. Monodentate -OAc
usually show two bands at ~1620 cm’and ~1310 cm’ due to

265
7. Since carbonyl

antisymmetric and symmectric stretching respectively
absorption of the compounds also appearcd in this region the band at
~1620 ¢cm™ could not be located. However a medium intensity band
obscrved at ~1320 cm™ suggest the coordination of the acetate groups.

The Co(ll) complexes showed bands at ~3220 cm™ indicating the

presence of ¢oordinated water molecules.

The important IR peaks of various complexcs are listed in table
3.6-3.10. In conformity with the structure 6 spcctra of the chelates
showed additional bands at ~460 cm™ and ~425 cm’ assignable to vy.o
vibrations. Thus IR spectra of the complexes support the neutral
bidentate coordination of the unsaturated diketoanilides. Typical spectra

are reproduced in fig. 3.20-3.23.
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Table 3.6
Physical, analytical and IR data of the Co(i]) chelates cf

the unsaturated diketoanilides, (HL)

Elemental analysis (%) Characteristic 1R
MP . . « absorption bands
Cli:(l)g?of o o Found/(Calcd) _ (em)

BM C H N Co vC=0 vM-0O

1a 176  4.01 61.76 5.04 4.01 9.85 1640 414

(61.90) (4.99) (4.66) (9.82) 470

2a 184 4.89 60.94 4.80 4.52 9.04 1635 416

(60.29) (4.86) (4.54)  (9.56) 490

3a 196 4.62 58.12 4.52 4.38 9.04 1642 424

(58.49) (4.56) (4.40)  (9.28) 486

S5a 208 4.78 60.14 4.74 4.50 9.42 1643 428

(60.29) (4.86) (4.54)  (9.56) 475

9a 214  4.03 60.11 5.06 6.92 8.94 1635 410

(60.76) (5.54)  (6.65) (9.34) 472

11a 188 4.87 59.84 5.12 421 9.01 1638 418

(59.90) (5.14) (4.24)  (8.93) 476

13a 192 4.54 61.01 471 4.30 9.24 1637 420

(61.05) (4.77) (4.45)  (9.38) 474

* The calculated value corresponds to the [Co(HL)(OAc):(H;0),] composition



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

diketoanilides, (HL)

Characteristic IR

Elemental analysis (%) absorption bands

Ni(II) MP Found/(Calcd)* (cm’)
Chelate of  o¢ -
C H N Ni vC=0 VM-O

la 204  60.92 5.20 4.68 9.81 1640 416
(61.90) (4.99) (4.66) (9.82) 474
Sa 184  60.28 4.81 4.34 9.60 1635 415
(60.29) (4.86) (4.54) (9.56) 486
6a 178  58.04 4.54 4.30 9.14 1646 420
(58.49) (4.56) (4.40) (9.28) 484
Ta 164  60.52 5.14 4.40 9.31 1645 418
(60.86) (5.07) (4.43) (9.35) 479
9a 176 60.74 5.48 6.60 9.32 1636 412
(60.76) (5.54) (6.65) (9.34) 470
10a 158  59.32 4.94 4.30 9.08 1630 416
(59.35) (4.95) (4.33) (9.11) 484
11a 156  59.84 5.16 4.26 8.74 1635 415
(59.90) (5.14) (4.24) (8.93) 490

* The calculated value corresponds to the [Ni(HL)(OAc);] composition.
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Physical, analytical and IR data of the Copper(ll) chelates of the unsaturated

Table 3.8

dikctoanilides, (HL)

82

Characteristic IR

Copper(ll) MP Elemental analysis (%) b ion band
Chelate of oC e Found/(Caled)* a sorz:::ﬂ) ands

™M C H N Cu VC::O vM_O
la 174 1.76 63.12 5.04 5.12 9.80 1632 418
(61.39)  (4.95) (4.62)  (10.56) 464
2a 176 1.74 58.94 4.80 4.54 10.24 1648 420
(59.81) (4.82) (4.50) (10.29) 472
3a 188 1.75 57.42 4.47 4.28 9.00 1649 424
(58.03) (4.52) (4.37)  (9.98) 480
4a 166 1.74 57.04 4.04 6.44 9.94 1642 418
(57.14) (4.45) (6.45) (9.83) 472
Sa 190 1.77 59.70 4.64 4.40 9.98 1638 425
(59.81) (4.82) (4.50)  (10.29) 472
6a 172 1.7(» 58.12 4.40 431 9.46 1635 430
(58.03) (4.52) (437)  (9.98) 491
7a 158 1.78 59.44 5.01 4.20 991 1638 428
(60.38) (5.03) (4.40)  (10.06) 470

8a 164 1.73 60.14 5.04 4.29 9.76 1630 424
(60.92) (5.23) (4.31) (9.85) 486
9a 192 1.74 59.42 5.34 6.54 10.11 1635 416
(60.28) (5.49) (6.59) (10.05) 475
10a 198 175 57.40 4.01 4.28 9.54 1632 418
(58.90) (4.91) (4.30) (9.82) 486
11a 210  L.76 59.01 5.07 4.18 9.48 1642 420
(59.46) (5.11) (4.20)  (9.61) 480
12a 156 1.77 58.48 5.07 4.04 9.54 1647 427
(59.46) (5.11) (4.20)  (9.61) 492
13a 172 1.74 60.18 4.70 4.50 9.92 1644 430
(60.57) (4.73) (4.42)  (10.09) 480

* The calculated value corresponds to the [Cu(HL)(OAc),] composition.
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Table 3.9

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

Elemental analysis (%) Characteristic IR
Zn(II) 1:’11’ Found/(Calcd)* absorption bands (cm™)
Chelate of C C H N 7n vC=0 vM-0O

1a 144  60.74 4.84 4.59 10.64 1634 425
(61.29) (4.94) (4.61) (10.71) 490

2a 156 60.14 4.92 431 10.14 1640 418
(59.71) (4.81) (4.41) (10.43) 476

3a 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 1640 412
(60.82) (522) (4.30)  (9.98) 491

13a 182 60.14 4.68 4.40 10.12 1638 425
(60.47) (4.27) (4.41) (10.24) 484

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

Table 3.10

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

Elemental analysis (%) Characteristic IR

hZI;(il) ] MP Found/(Calcd)* absorption bands (cm™)

Chelateo ¢ C H N Zn vC=0 VM-O

1a 136 57.04 4.46 4.14 16.72 1642 420
(56.88) (4.59) (4.28) (17.13) 470
2a 132 55.06 4.44 4.04 15.76 1634 418
(55.52) (4.48) (4.18) (16.70) 484
3a 126 53.06 4.14 4.05 16.21 1637 421
(54.07) (422) (4.07) (16.28) 492
S5a 134 55.06 438 4.04 15.74 1638 419
(55.52) (4.48) (4.18) (16.70) 486
7a 128 55.74 4.61 3.88 16.34 1637 416
(56.14) 4.68) (4.09) (16.37) 492
8a 126 56.66 4.85 3.96 15.54 1635 417
(56.73) (4.87) (4.01) (16.05) 486
11a 132 54.96 4.72 4.01 14.98 1641 420
(55.46) 4.76) (3.92) (15.69) 491
13a 140 56.28 4.39 4.18 16.34 1640 412
(56.30) (4.40) @4.11) (1642 479

* The calculated value corresponds to the [Cd(HL)(OAc),] composition.
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"H NMR spectra

NMR spectroscopy is an  important tool in assigning the actual

242-244
. Thc usual

coordination behaviour of 1,3-dicarbonyl compounds
complexing mode of 1,3-dicarbonyl compounds is the replacement of
enclic proton by mectal cation. This chelating mode can clearlv be
visualised by examining the downfield region of the spectra. The 'H
NMR spectra of the diamagnetic Ni(II) complexes showed the enolic
OH proton sigﬁal of the ligand at ~13 ppm indicating the non-
involvement of the cnolic proton in complexation . However the
mcthylence proton signal shifted appreciably to down ficld indicating the
involvement of the 3-dicarbonyl function in complexation as in structure
6. Unlike in the spectra of the ligands, the complexes show a signal at
~02.5 ppm indicating acetatc coordination and from the intensity, it can
be inferred the presence of two acetate groups. The presence of proton

signal at ~9.5 ppm in the spectra of complexes indicatc that the NH

groups are nou involved in coordination.

Mass spectra

The potential of mass spectrometry in the structural clucidation of
coordination compounds has been well illuminated in the case metal

0- .
13.250-254 11 recent ycars, with

complexes of f-dicarbonyl compounrds.
the advent of highly cfficient direct evaporation inlet systems, the
problems with low volatility and thermal instability which are
encountercd frequently when dealing with metal complexcs have to

some extent been overcome. It has been shown from the mass spectral
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analysis of Cu(Il)diketonates that stepwise removal of alkyl/aryl
group(s) is a characteristic feature of all the complexes. Even though
detailed mass spectral analysis of [-diketonate complexes with
acetylacetone and related diketones are available, only meager attention
was given to similar complexes of other 1,3-dicarbonyl compounds,

especially B-ketoanilides.

The FAB mass spectra of all Cu(Il) 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¢HsNH]™ and [C¢HsNHCO]" 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 2:1 natural abundance of *Cu and “Cu

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

Geometrical structure of the complexes

In the copper(Il) complexes the presence of a broad visible band
at ~15,000 cm™ and the measured p.g values (1.72-1.78B.M.) support
the square-palanar structure. Square-planar copper(I) 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 ~11,250 cm™ was
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observed which indicates the formation of pyridine adducts of the planar
[Cu(HL)(OACc),] complexes. The visible spectra of Co®* 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 4.70—4.9 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(Il) 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

Amax ~8,234, ~13,556 and ~24,349 cm’! correspond to the transitions

3A2g -’ Tog; 3Azg —>3Tlg(F) and 3A2g —>3T1g(P), respectively.
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Fig.3.24FAB Mass spectrum of Cu(II) complex of 11a
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SECTION 2

METAL COMPLEXES OF UNSATURATED B-KETOANILIDES

The unsaturated B-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 [-ketoanilide along with the diketoanilides (experimental

details are given in section 1). These B-ketoanilides formed well defined
complexes with Co(II), Ni(Il), Cu(Il), Zn(II), Cd(II) and Fe(III). 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(Il)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.
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Fe(IlI) 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 FeCl; 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 3.11 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—>n*

transition exist in these compounds.



Table 3.14

Synthetic details of unsaturated B-ketoanilides

ey

Comp . . : Yield
ounds Aldchyde used for synthesis R Systematic name (%)
1b  Benzaldehyde H 1-(N-phenyl)amino-5-phenyl-4-penten-1,3-dione 60
2b  Salicylaldehyde 2-OH 1-(N-phenyl)amino-5-(2’-hydroxy)phenyl-4-penten-1,3-dione 62
3b  o-Nitrobenzaldehyde 2-NO, 1-(N-phenyl)amino-5-(2'-nitro)phenyl-4-penten-1,3-dione 75
4b  p-Methoxybenzaldehyce 4-OCH;  1-(N-phenyl)amino-5-(2'-methoxy)phenyl-4-penten-1,3-dione 54
5b  p-Ethoxybenzaldehyde 4-OC;Hs  1-(N-phenyhamino-5-(2'-ethoxy)phenvl-4-penten-1.3-dione SR
p-N,N- K 1-(N-phenyl)amino-5-(2’-N N-dimethylaming)phenyl-4-penten-. 57
6b Dimethylaminobenzaldehyde 4-N(CHy) 1,3-dione ' >
7o Veratraldehyde 3-OCHs, HN-phenyl)ammo—S-( 3’,4’-dimethoxy)phenyl-4-penten-1,3- 6
4-OCH;  dione
$b  2,4-Dimethoxybenzaldehyde 2-OCHs, lj(N-phenyl)amxno-S-(Z /4'-dimethoxy)phenyl-4-penten-1,3- 61
4-OCH;  dione
9b  Piperonal 3-OCH,0-4 1-(N-phenyl)amino-5-(3',4’-methylenedioxy)phenyl-4-penten- 48

- 1,3-dione
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Table 3.12
Physical, analytical and UV spectral data of the unsaturated 3-ketoanilides
Elemental analysis (%) Mol.
Compou MP oh Mmax
d o C H N Weight log €
nds O (nm)
Found/ (caled)
1b 98 75.48 5.58 5.37 262 264 4.09
(76.98)  (5.66) (5.28) (265) 374 4.84
2b 64 72.35 5.80 5.02 280 266 4.04
(72.60)  (5.34) (4.98)  (281) 375 4.92
3b 112 66.04 5.04 9.13 312 260 4,02
(65.80)  (4.83) (9.03)  (310) 370 4.54
4b 08 72.98 5.74 4.18 293 270 4.04
(7322)  (5.76) (475  (295) 392 4.68
5b 104 73.42 5.54 3.68 306 274 4.07
(73.79)  (547) (3.88) (309) 396 4.97
6b 118 73.42 6.39 9.11 306 270 4.10
(74.03)  (649) (9.09)  (308) 394 4.84
b 26 70.42 4.81 4,48 307 268 4.06
(69.90)  (4.85) (4.53)  (309) 379 491
8b 74 70.28 5.90 4.29 321 270 4.07
(70.15)  (5.85) (431)  (325) 376 4.95
9 112 69.74 5.82 4.27 323 272 4.04
(70.15)  (5.85) (431)  (325) 390 475
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
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to the amide carbonyl and acctyl carbonyl occur at ~1667 cm’ and
~1720 ecm’' respectively.  Thus the spectrum of acetoacctanilide is
dominated by two intcnse and well defined absorption in the region
1650-1800 cm™. When acetyl group (CH3CO) of acetoacctanilide is
replaced by a cinnamoyl group (Ph-CH=CH-CO), drastic changes may
occur in this region of the spectrum. This is fully justificd from the

recorded IR spectra of the compounds considered in this scction.

Thus the spectra of all the compounds show only onc intense
absorption in the region 1650-1800 cm™. This band cannot be assigned
to a cinnamoyl carbonyl stretching because such conjugated carbonyl
groups usually absorb in the 1600-1650 cm™ region. Thercfor the band
at ~1670 c¢m™ of the compounds originate definitely duc to the
stretching of the amide carbonyl. Another prominent band appeared in
the spectra of the compounds arc at or near 1640 cm™. This band cannot
be assigned to a cinnamoyl carbonyl. But this can be very well
attributed to partially cnolised cinnamoyl carbonyl function. Thus it can
be clearly stated that the cinnamoyl carbonyl has enolised and hydrogen
bonding may dccrease the force constant of the carbonyl group and

thereby shifted to low stretching frequencies.

From the IR spectra of the compounds in the region
1600-1800 cm™' clearly demonstrate that the compounds are cinnamoyl

acetanilides where the cinnamoyl carbonyl group has cnolised and
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involved in intramolecular hydrogen bonding with the amide carbonyl

as in structure 7.

The spectra of the compounds in the region 1500-1600 cm™
showed several medium intensity bands assignable to various olcfinic
and aromatic C=C stretching. A prominent band observed at ~1525
cm’ in the spectra is characteristic of the N-H deformation vibration.
That the compoun(is cxist in intramolecularly hydrogen bonded structure
7 is evident from thc presence of a broad band due to the O-H N
group in the region 3400 cm™. Weak and medium intensity bands
assignable to the stretching of NH and various vy vibrations are also
obscrved in the spectra.Some typical spectra are reprroduced in fig.
3.30-3.31 Important IR bands and their probable assignments are given

in table 3.13.



Table 3.13
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Characteristic IR data (cm™) of unsaturated B-ketoanilides

Compounds
Probable
assignments
1b 2b 3b 4b 5b 6b 7 8b 9b
1670 1666 1678 1677 1672 1664 1667 1665 1662 v (C=0) amide
1638 1640 1642 1632 1640 1638 1644 1645 1647 v (C=0) chelated
1580 1590 1597 1596 1596 1590 1587 1585 1586 V(C=C) phenyl/
1545 1542 1573 1564 1574 1573 1573 1569 1564 | ' C ~ plk y1 )
1528 1536 1546 1536 1542 1536 1540 1537 1539 [ ¥ ‘.d)la eny
1525 1518 1512 1513 1512 1515 1520 1516 1517 ) vamidell
1240 1232 1238 1214 1244 1236 1245 1252 1260 v amide III
967 969 970 976 978 974 975 973 980 v CH=CH trans
690 693 694 692 690 691 696 699 700 vamideV
656 655 660 658 659 657 652 659 662 v amideIV
610 608 617 610 618 614 609 604 600 vamide VI
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"H NMR spectra

That acetoacetanilide exist predominantly in the keto form has
been clearly demonstrated from the 'H NMR spectral studies™>****,
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 ppm and the methyl protons at ~2.17 ppm. The most
characteristic feature of the spectrum is a one proton signal at ~9 ppm

due to the amide group.

The '"H NMR spectra of all the unsaturated B-ketoanilide show a
one proton sliglity broadened signal in the range 69—10 ppm and another
one proton signal between 0612-13 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 ppm 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 ppm similar to the OC-CH,-CO protons of
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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
O-C=CH-C=0 and O=C-CH,—C=0 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 B-ketoanilide

Chemical shift Sppm
Compounds Phenvl
= 1 y
OH NH CH=CH Methine CH; Substituent

1b 12.168  9.103 8.204 6.997  3.684 -
2b 13.123  9.987 8.624 6.928 3.684 10.047

3b 12.745  8.884 8.247 7.384  3.592 -
4b 12.045 9.402 8.034 6.942 3.814 3.836
5b 12.456  9.882 8.967 6976  3.948 4.068
6b 12948  9.764 8.598 6.704  3.664 3.048
7b 12444 10006 7.648 6884 3796 o4
3.946
3.846
8b 13.947 10.345 8.114 6.581 3.904 3792

9b 12.947 9.804 7.678 6.748  3.705 6.024
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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¢Hs)', (P - Ce¢HsNH)',
(P - CeHsNHCO)', (P - ArC,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 m/z 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 +

A B C D E G H
unds

1b 265 131 145 173 162 120 103 -
2b 281 147 161 189 162 120 119 -

3b 310 176 190 218 162 120 148 122
4b 295 16l 175 203 162 120 133 107
Sb 309 175 189 217 162 120 145 119
6b 308 174 188 216 162 120 144 118
b 309 175 189 217 162 120 145 119
8b 325 191 205 233 162 120 163 137

9b 325 191 205 233 162 120 163 137
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Characterisation of Metal Complexes

Analytical and physical data of the complexes are given in table
3.16-3.21. The observed elemental analysis data of the complexes
agreed well with their 1:2 Metal-ligand stoichiometry except in the case
of Fe(Ill) which are of [FeL;] composition. All metal complexes
behaved as non-electrolytes in DMF (specific conductance < 10Q " em™;
10° M solution). The Ni(II), Zn(II) and Cd(II) 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(II) and Cd(II); n = 3 for Fe(III)



Table 3.16
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Physical and analytical data of the Fe(lIl) chelates of the unsaturated 3-kctoanilides

Elemental analysis (%)

C}l:gl(;:(lé)o. "\g Het Found/(Calcdy*
BM

C H N Fe
b4 ST 0 @ee @ (@0
2b 186 5.8 (gg:gg) (3:%) (322(5)) (2:?2)
BB S6 G (96 (65 6.9
oo s S swan s
Sb 202 57 (gg:;;) (2:‘51;) (3:53) (ﬁjé;f)
6b 19 5.7 (’6/3:82) <§I§3> (fo) (2:22)
b 178 5.6 (22233) (3.';3) (3%(2)) (gigi)
8b 184 57 (22123) (gigg) (2:33) (ﬁjié)
b 190 5.7 (ggiig) éﬁ% (3:85) (2:52)

* The calculated value corresponds to the [FeL,] composition where L stands
Jor the deprotonated ligand.



Table 3.17
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Physical and analytical data of the Co(II) chelates of the unsaturated B-ketoanilides

Co(ll  MP Meft

Elemental analysis (%) Found/(Calcd)*

Chelate of ¢

BM C H N Co
1b 190 47 (gg:ﬁ) (iigg) (323471) (19(5-9095)
2b 192 48 (g;;) (j:gg) (jé;) (g:g)
R S L N - N i
T I N
8b 198 48 (gj:ig) (2:(9)3) (g:gg) (ggg)

* The calculated value corresponds to the [CoLy(H,0),] composition where L
stands for the deprotonated ligand.

Table 3.18

Physical and analytical data of the Ni(II) chelates of

the unsaturated -ketoanilides

Elemental analysis (%) Found/(Calcd)*

Ni(II) MP

Chelate of °C C H N Ni
1b 160 (232?) (3223) (3:3471) (19(5?(;15)
4b 140 (22:%) (gé(s)) (322(2))' (g:(;g)
6b 138 (g;;g) (gﬁgg) (gzg;-) (S:Z;‘)
woow G s am

* The calculated value corresponds to the [NiL,] composition where L stands
for the deprotonated ligand.
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Table 3.19

NB 5252

B-ketoanilides

Elemental a"alysis‘t(;ii%j":* :
Hetr Found/(Calcd)*
= - h N Cu
7704 470 471 10.64

Copper(ll) MP
Chelate of  o(:

ib o LT 727y @r4)  @74)  (10.66)
20 198 1.80 (6655',398) (3:38) (3223) (;8:(1)?)
3b 214 179 (3323‘11) g;;ﬁ) (Z:(,)f ) (33;’)
4b 186 1.78 (56656'246) (igg) (3:;3) (3222)
RET
6b 178 1.80 (ggﬁgg) (gﬁgg) (gﬁgg) (";;i‘:)
> 184 179 (Zijﬁ‘z‘) (3:(1)2) | (j::;_) (gég)
8 18 174 Gl (500 (94 336
o o 175 6402 501 384 879

(64.14)  (5.00) (3.94) (8.86)

* The calcutated value ~orresponds to the [CuL,] composition where L stands
Jor the deprotonated ligand.
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Physical and analytical data of the Zn(II) chelates of the unsaturated B-ketoanilides

Elemental analysis (%) Found/(Calcd)*

Znl)  MP
Chelate of o C - N 70
N 5o 7L 470 4.68 10.14
68.80) (472)  (472)  (10.96)
6434 446 4.44 9.98
2b 162 (6528) (448)  (448)  (10.40)
6600  4.80 428 9.94
3b 7% (66.16) (490)  (429)  (9.95)
6354 504 3.92 8.88
8b I8 6396) (505 (393)  (9.12)

* The calculated value corresponds to the [ZnL,] composition where L stands
for the deprotonated ligand.

Table 3.21

Physical and analytical data of the Cd(II) chelates of the unsaturated -ketoanilides

Elemental analysis (%)

Cd(ID) MP Found/(Calcd)*
Chelate of °C
C H N cd
63.08 443 433 16.4
Ib 36 (6375) (438) (439 (17.5)
5994 416 4.14 16.54
2b M8 6071y @1 (417) (16.67)
6154 454 3.98 15.24
4b MO 6171y @57y (4.00) (16.00)
6194 5.9 3.81 14.98
Sb 5% 6263 (5220 (389 (1538)
5931 3.76 381 15.34
7b 146 5034y (385  (3.89) (15.38)

* The calculated value corresponds to the [CdL,] composition where L stands
Jor the deprotonated ligand.



103

UV Spectra

In the UV region all the complexes exhibited two absorption
maxima similar to the free ligands. However a slight shift to lower
wave number compared to the ligand spectral maxima suggest that the

carbonyl functions arc bonded to the metal ions.

IR Spectra

The IR speetra of all the complexes in the 1600-1800 ¢cm™ region
showed an intense and slightly broadened band in the range 1630 cm’
irrespective of the naturc o aryl groups and the metal ion. The observed
broadening of the band suggest that, it is due to more than onc carbohyl
absorptions. Since bands duc to the stretching of cinnamoyl and anilide
carbonyls of the free ligands arc absent in the spectra it can be presumed
that the band appcared in the range 1630 cm™ is duc to metal bonded
dicarbonyl functions. In acetoacetanilide complexes both the acetyl and
amide carbonyls show appreciable decreasc in frequencics up on
complexation.  Thereforc by considering the position and slight
broadcning it can be presumed that the partially cnolised cinnamoyl and
amide carbonyl stretching frequencies of mctal complex may absorb
almost in identical valucs and may coalesce and appcear as a broad band.
Thus the band in the region 1630 cm™ can safely be assigned to metal

bonded dicarbonyl function.

That the carbonyl groups are involved in bonding with the metal

as in structurc 8 is turther supported by the appearance of two medium

-

intensity bands in the low frequency region at ~420 cm™ and ~450 cm™
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assignable to vy 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(IIl) complexes

Characteristic IR stretching bands (cm™)

Fe(III) chelates o
of C=0 (alkeng;ghenyl) Fe-O  (nm)
1b 1627 1502,1518,1534 3(7)3 ggg
2b 1625 1488,1502,1526 jég gg;
3b 1630 1514,1516,1536 j;g §§i
4b 1629 1524,1536,1539 2;2 g;i
5b 1625 1506,1525,1544 jgé igg
6b 1626 1514,1546,1566 35421 421(7)8
b 1630 1507,1519,1579 jgé ggg
8b 1629 1523,1554,1576 332 g;g
9b 1628 1512,1561,1571 425 7

485 404
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Table 3.23
Characteristic IR and UV spectral data of Co(II) complexes

Characteristic IR stretching bands (cm™)

Co(II) chelates P
of C=0 (alkenc):llz/ghenyl) Co-O (nm)
1b 1626 1554,1565,1578 3;2 ggg
2b 1628 1511,1519,1587 :ég g%
6b 1629 1514,1516,1536 jgg ggé
7b 1625 1524,1556,1537 352 ggg
8b 1630 1518,1556,1576 j;g g;g

Table 3.24

Characteristic IR and UV spectral data of Ni(II) complexes

Characteristic IR stretching bands (cm™)

Ni(II) chelates o
of C=0 (alken(y?;ghenyl) Ni-O (nm)
1b 1628 1518,1537,1549 35(7) ggg
4b 1630 1514,1526,1539 X;g g;é
6b 1625 1525,1565,1573 jgg g;;
8b 1629 1535,1544,1576 42> o

485 380
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Table 3.25
Characteristic IR and UV spectral data of Cu(li) complexes

Characteristic IR stretching bands (cm'™)

Cu (1) chelates — Amax
o =0 (alkcn??;?lwnyl) Cu-0 - (nm)
b 1630 I514,1516,1536 G0 2%
2 1641 1516,1534,1546  Ge0 200
3 1627 1532,1545,1578  4o. o2
ab 1625 IS32,1555,1586  4on 500
sb 1626 1530,1544,1567  ga0 a0
6b 1628 154515501577 4va  Sod
b 1630 1534,1546,1586 3.(‘)3 g;g
8b 1629 51415161536 Gog  air
91y 1627 1529,1539,1563 120 274

474 398
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Table 3.26
Characteristic IR and UV spectral data of Zn(II) complexes

Zn(II) chelates Characteristic IR stretching bands (cm™) Amax
of C=0  C=C(alkenyliphenyl) Zn-O (nm)
1b 1628 1544,1556,1567 ;‘;g ggg
2b 1630 1564,1554,1578 g‘; gg
3b 1624 1524,1564,1587 3§§ ggi
8b 1626 1523,1545,1535 :gg 3'773

Table 3.27

Characteristic IR and UV spectral data of Cd(II) complexes

Characteristic IR stretching bands (cm™)

Cd(II) chelates P
of C=0 (alkenSlz/Ic):henyl) Cd-0  (nm)
1b 1630 1504,1519,1577 :}lg ggg
2b 1625 1515,1566,1565 2227(5) g%
4b 1627 1509,1554,1598 jgg ggg
5b 1625 1512,1546,1587 3;461 g;g
7b 1630 1502,1518,1564 jﬁg g;g
sb 1630 1518,1544,1587 416 272

494 390
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"H NMR Spectra

The most characteristic feature of 'H NMR spectra of the
diamagnctic complexcs is the absence of the low field enol proton signal
of the ligands. The NH proton signal remained almost unaffected.
These strongly support that only the enol proton has been replaced by
the mectal ion and the amide nitrogen is excluded from coordinaticn.
The methylene proton signal shifted appreciably to low ficld compared
to the shift in the: olefinic protons. This may be due to the aromatic
character that might have been imparted to the C3;0,M ring system of
the chelates by the highly conjugate groups attached to the dicarbonyl
moiety. The integrated intcnsities of various aromatic and aliphatic
protons agrce well with the ML, stoichiometry of thc complexes.
Typical spectra are reproduced in figures. Since the olcfinic protons of
both of the two ligand molecules in the complexes give only one signal,
it is quitc cvident that both the cinnamoyl group arc in identical
chemical environments. This is possible only with frans orientation as
in structurc 9. lad the two cinnamoyl groups been in cis position strain
relcasing will definitely result in separate signals. That the phenolic OH
group of 2b is not involved in bonding with the metal ion is clearly

indicated in the spectra of its Ni(1l) complex.
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The FAB mass spectra of the Cu(II) complexes are obtained and

Mass Spectra

are assembled in figures. The spectra clearly show peaks corresponding
to CuL, 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(II) 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 ~11,100 cm” was observed which
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indicates the formation of pyridine adducts of the planar [Cul,]
complexes. The visible spectra of Co®* complexes arc dominated by a
broad band with maxima at ~19,200 cm™. In some cascs a shoulder
appeared on this band at ~20,700 cm™. These values together with the
observed magnetic moment in the range 4.70-4.90 B.M. suggest the
octahedral gecometry of the complexes. The observed diamagnetism and
broad medium-intensity band at ~17,600 cm™ in the visible spectra of
the Ni(Il) chelates suggest their square-planar gcometry. In conformity
with this observation the visible spectra of the chelates in pyridine
solution (10° M) showed three bands corresponding to configurational
change from squarc-planar to octahedral due to thc association of
pyridine. The three well-sencrated absorption bands at A, ~8,142,
~13,340 and ~24,456 cm’' correspond to the transitions ‘Az, = Ta *Ao,

=T ,(F) and *Ay, — T (P), respectively.
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CHAPTER 2

CONJUGATED NAPHTHYL KETOANILIDES AND THEIR

METAL COMPLEXES

Reaction of acetoacetanilide with benzaldehyde/substituted
benzaldehyde in presence of B,0;, tri(sec-butyl)borate and n-butylamine
yielded both the monocondensation product (unsaturated -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-1-carbaldehyde
formed only the monocondensation product 10. This behaviour of
2-hydroxynaphthalene-1-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.
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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

2-hydroxynaphthalene-1-carbaldehyde.

Tri(sec-butyl)borate

CHO -

Scheme 3.9
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Structurc 10 is an unsaturated B-ketoanilides having cnolisable
hydrogens. Structure 11 is evidently an unsaturated dikecioanilide. For
convenience this part is divided into two sections. Dectails on the
characterisation and typical metal complexes of 10 are included in
section 1. In section 2 the characterisation of the unsaturated

dikctoanilide 11 and its typical metal chelates are included.



114

SECTION 1

Synthesis and characterisation of unsaturated B-ketoanilides and

their metal complexes

The synthesis and chromatographic separation of the compounds
are similar to that for the compounds considered in Chapter 1. The

synthetic details of the compounds are given below.

Compo  Aldehyde used for R  Systematic name Yield
unds  synthesis (%)
10b Naphthalene-1- H 1-(N-phenyl)amino-5-naphthyl-4- 50
carbaldehyde penten-1,3-dione
11b 2-Hydroxynaphthalene- OH  1-(N-phenyl)amino-5-(2'- 45
1-carbaldehyde hydroxy)naphthyl-4-penten-1,3-dione

Synthesis of metal complexes

The general procedure adopted for the preparation of Co(Il),

Cu(Il) and Zn(II) 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 mol,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
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1:1 methanol-water mixture and dried. For purity, the compounds were
reerystallised from hot chloroform.

Iron(I11) complexes were prepared as follows. To a refluxing
solution of the compounds in methanol (0.003 mol, 20 mL) slowly
added a mcthanolic solution of anhydrous FeCl; (0.001 mol, 20 mL)
with vigorous stirring. The mixture was then refluxed for ~2h and
concentrated to half the original volume. It was then cooled in ice and
the precipitated complex on cooling to ice cold temperaturc was filtered,
washed with cold cthanol and recrystalliscd form hot chloroform. The

complcxes were dried in vacuum

Results and Discussion
Characterisation of the B-ketoanilides

The results of elemental analysis and molecular weight
determination of the compounds are given in table 3.28. The compounds
were characterised mainly on the basis of their UV, IR, NMR and mass

spectral data and are discussed below.

UV Spectra

The UV spectra of the compounds arce characterised by the
presence of two absorption maxima (Table 3.28), the one at 370-400 nm

corresponds to n-»n* transition and 260-270 nm to the n—n* transition.
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Table 3.28

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

Elemental analysis (%) Mol

MP .
COIT(liI)O C H N Welght }\'max 1 og €
unds (OC) (nm)
Found/ (calcd)
10b 70 79.94 536 444 316 260 4.09

(80.00) (5.40) (4.44) (315) 375  4.73

77.48 564 492 329 265 4.07

1b 72 (77.68) (5.34) (4.98) (331) 394 4.64

IR Spectra

The IR spectra of the compounds in the 1600-1800 cm™ are
characterised by the presence of two strong bands at ~1670 cm” and at
~1630 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 ILIILIV and V are also observed in this spectra. Important IR

bands of the compounds are given in Table 3.29.
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Table 3.29

Characteristic IR data (cm™) of unsaturated B-ketoanilides
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Compounds
Probable assignments
10b 11b
1670 1665 v (C=0) amide
1635 1636 v (C=0) chelated
1598 1597 v(C=C) phenyl
1539 1535 v(C=C) alkenyl
1510 1515 v amide II
1242 1238 v amide III
976 974 v CH=CH trans
686 688 v amide V
650 652 v amide [V
614 610 v amide VI
'H NMR Spectra

The '"H NMR spectra of the compounds displayed a down field

singlet at ~312 ppm and another singlet at ~8 6 ppm assignable to the

enol and methine protons respectively. The phenolic proton on the aryl

ring of 11b and the NH proton of anilide showed signals as expected.

Aryl protons show signals in the range 67-7.5 ppm. The assignment of
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various proton signals observed in the 'H NMR spectra of the
compounds are assembled in table 3.30. The spectra of 11b is given in
Fig. 3.53.

Table 3.30
Characteristic 'H NMR spectral data of the unsaturated B-ketoanilides

Chemical shift Sppm
Compounds en(‘)’g" NH CH=CH Methine CH, Sulf)}slgrgén t
10b 10354 10104 o0, 6870 3634 i
b 13258 9318 30 6928 3568 10814

Mass spectra

Mass spectra of the unsaturated p-ketoanilides show intense
molecular ion peaks. Peaks corresponding to the [P - CéHsNHCO]" 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.
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Table 3.31
Important fragments observed in the FAB mass spectra of

unsaturated -ketoanilides

Compounds P A B C D E G H

10b 315 181 195 223 162 120 153 127

11b 331 197 211 239 162 120 169 143

Characterisation of metal chelates

Elemental analytical data of the complexes of Co(II), Cu(II) and
Zn(Il) suggest their [ML,] stoichiometry and [ML;] for Fe(Ill)
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
<10 Q'em™ in 10 M solution) and do not contain the anion of the
metal salt used for the preparation. Magnetic moment measurements
show that Zn(Il) complex is diamagnetic while Co(II), Cu(II) and Fe(III)
complexes show normal magnetic moment. The UV, IR, NMR and mass

spectral data suggest structure 12 of the complexes.

0] (o]
\M/
n
12

n = 2 for Co(II), Cu(II) and Zn(II); n = 3 for Fe(III)
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Table 3.32

Physical and analytical data of the metal chelates of the unsaturated

B-ketoanilides

Metal Ligand MP Hert  Elemental analysis (%) Found/(Calcd)*
: BM
ion (HL) oC

C H N Fe
75.44 479 419 5.48
10b 176 576 7590y 481) (@21)  (5.52)
Fe(I1D)
7234 460  4.06 5.30
Hb 148 578 (7347) (466) (408)  (5.34)
73.04 465 4.0l 7.99
10b 164 47 2306) (4.66) (4.08)  (8.59)
Co(Il)
69.84 444 385 8.04
b 158 48 7910) (445 (3.89) (821
7218 459 399 9.01
Cu(Il)
69.66 401  3.86 8.70
b 172 176 o971y (443) (387)  (8.71)
7214 458 401 9.30
10b 142 (72.73)  (462) (4.04)  (9.38)
Zn(ID)
b 146 69.44 432 381 8.90

(69.52) (441) (3.86)  (8.97)

* The calculated value corresponds to the [MLy] composition for Cu(Il) and
Zn(Il), [MLy(H,0),] for Co(Il) and [ML;] for Fe(Ill) where L stands for the
deprotonated ligand.

UV Spectra

The characteristic UV absorption maxima of the dicarbonyl

compounds due to non and n—m transitions show only slight
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bathochromic shifts in the spectra of thc metal complexes. It is
therefore, evident that no structural alteration has occurred to the ligand

during complcxation.

Infrared spectra

In the spectra of the metal complexes, the band due to hydrogen
bonded dicarbonyl function of the ligands disappecared but instead a
strong and éiightly broadcned band assignable to the stretching of the
metal coordinated dicarbonyl group appeared at ~1620 cm’
(Fig. 3.56-3.59). The broad band in the rcgipn 3400-3800 cm™ cleared
up in the spectra of the complexes. Howevef the spectra of the
complexes of 11b show a prominent band at ~3400 c¢m™ due to the
phenolic OH stretching. This indicated that the phenolic OH groups are
not involved in complex formation. Spectra of the Co(ll) complexes
show characteristic bands at 3400 cm™ and 3800 cm™ due to coordinated
water molccules. The various amide bands are only marginally altered
in the 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-O) vibrations. Important ir bands of the complexes are included

in table 3.33.
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Table 3.33
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Characteristic IR and UV spectral data of the metal complexes of
unsaturated -ketoanilides

Characteristic ir stretching bands (cm™)

Metal Ligan d }‘~max
10N C=0 C=C alkenyl/ M-O (nm)
phenyl
424 275
10b 1630 1586, 1546, 1518 496 391
Fe(III)
417 270
11b 1628 1593, 1536, 1520 475 406
420 275
10b 1630 1597, 1528, 1502 477 308
Co(II)
422 266
11b 1625 1584, 1536, 1517 475 391
416 275
10b 1626 1587, 1542, 1518 474 388
Cu(Il) 268
416
11b 1622 1586, 1574, 1540 487 404
420 275
10b 1630 1574, 1563, 1515 480 395
Zn(1I)
418 266
11b 1629 1598, 1548, 1500 490 402
'"H NMR spectra

In the 'H NMR spectra of the diamagnetic Zn(II) complexes the

enolic proton singlet of the free ligand disappeared. However the

phenolic OH signal of 1b remain as such indicating its non involvement
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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 [ML,;] stoichiometry of the complexes.
Mass spectra

The FAB mass spectra of all the Cu(II) chelates show intense
molecular ion peaks in conformity with their [CuL,] stoichiometry.
Peaks due to [CuL]" and fragments of L" are some times more intense.
Peaks at m/z corresponding to [P — nAr]", [P - nCqNHCO]  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.
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SECTION 2

Synthesis and characterisation of unsaturated diketoanilide and its
metal complexes
Synthesis of metal chelates

Co(Il), Cu(ll), and Zn(II) 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 wunsaturated 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.
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Table3.34

Physical and analytical data of the unsaturated diketoanilide (HL) and its

metal chelates

Elemental analysis (%)

Compounds IZIP Hett Found/(Calcd)
C M

C H N M

7910 549 578
(HL) 8 - (7944) (569) (591)
[COHLYOAS) o ,q 6344 489 414 884
(H,0),] 83 (64.52) (492) (430) (9.06)
6401 474 422 877
[Cu(ML)(OAcy] 178 176 (¢4 00) (488) (4.27) (9.76)
ZnHLOAS] 134 6299 414 425 985

(63.93) (4.87) (426) (9.89)
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Infrared Spectra

Threc distinct peaks are observed in the 1600—1800 cm™ region of
the spectrum o% the compound. From a comparison of the spectral data
of compounds these bands can be assigned as follows. The band at
~1660 ecm™ arises from the stretching of cinnamoyl carbonyl, the 1660
cm’' peak due to «c,B-unsaturated carbonyl group and the onc at ~1700
cm’ is due to the amide carbonyl. Broad bands arc obscrved in the
3500-3000 cm’' region duc to the absorption by intramolecularly
hydrogen bonded enolic OH and NH groups as in structure 13. The
bunds obscrved in the region 1500-1600 cem™ are duc to various Vec
vibrations. The amide II, HI & 1V bands arc observed at ~1530, ~1313

and ~666 cm’' respectively.

In metal complexes the amide 1 band and the oc,B-unsaturated
carbonyl band of the compound are shifted markedly to higher
wavelength indicating their irvolvement in complexation. The NH
bands of anilide and OH band of enol in the range 3000-3500 cm™' do
not show any deviation from the ligand spcectrum which undoubtedly
cxplains the non involvement of nitrogen lone pair and cnolic OH in
chelation. The IR spectra of all the complexes showed a band at
1310 em’™ indicating the presence of coordinated acctate group. The
Co(ll) complexes showed bands at ~3400 and ~3600cm™ indicating the
presence of coordinated water molecules.  Spectra of the complexes
show additional bands at ~460 cm™ and ~425 cm’ assignable to vy_o

vibration. The important IR pcaks are also listed in table 3.35.
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Table 3.35
Characteristic IR and UV spectral data of complexces of

unsaturated diketoanilide

Characteristic IR stretching bands (cm_")

Anax
Complex (,Cli(_)l(l)(. C=0 chelated M-O nm
Cam e
Cudl) 1597 et o 104
Zn(1l) 1598 ig;i j;g §8§

"H NMR Spectra

The 'H NMR spectra of the compound displaycd a onc proton
singlct at & 6.6 ppm and at 811.5 ppm assignable to methine hydrogen
and the intramolccularly hydrogen bonded enolic hydrogen respectively.
The CH; singlet of acctoacctanilide at 82.17 ppm is disappeared
indicating their involvement in condensation with the aldchyde. The
CH; singlet of acctoacctanilide at 3.5 ppm is not changed appreciably
in the spectra ol: the higand. The NH singlet of anilide group at §9.04
ppm is shifted to downficld duc to strong external conjugation. Two
signals appearcd in this region indicating the presence of to NH groups.

The region 87-7.5 ppm contain a number of signals duc to aromatic
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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(II) at complex at
811.5 ppm. That complexation has occurred by the replacement of
enolic hydrogen of B-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 & ppm. From the intensity, it can be inferred that there are two
acetate groups per/metal 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 [CsHs-NHCO]™ peak in
the spectrum of the ligands. The fragments produced may undergo

rearrangement to produce stable cyclic species. The absence of
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[P - 2C¢HsNHCO]" 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 ArCH=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 1.

The FAB mass spectrum of the Cu(ll) 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(Il) complex are reproduced
in fig. 3.62-3.63.
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CHAPTER 3

SYNTHESIS AND CHARACTERISATION OF 1-PHENYLAMINO-7-

PHENYL-4,6-HEPTADIEN-1,3-DIONE AND ITS METAL COMPLEXES

The reaction between cinnamaldehyde and acctocctanilide in
presence of boric oxide and tri(sec-butyl) borate with n-butylamine as
the condensing agent resulted in the formation of more than one
products. Chromatographic scparation of the mixtures yiclded two well
defined compounds.  Dectails on the synthesis, scparation and
purification of these two types of compounds and their typical metal
chelates arc presented in this part.  Experimental dctails cmployed for

the synthesis and scparation of the two compounds arc given below.,

Acctoacctanilide (0.01 mol, 1.77 g) was stirred for ~th with
boricoxidc (6.0()35 mol, 0.25 g) to obtain acctoacctanilide-boion
complex. To this reaction mixture cinnamaldehyde (0.01 mol, 1.37 g),
dissolved in dry cthylacctate (5 mL) containing tri(scc-butyl)borate
(0.002 mol, 4.6 g) were added. The reaction mixture was stirred on a
magnctic stirrer and while stirring n-butylamine (0.5 mL dissolved in 5
mL dry cthylacctate) was added during 30 min. Stirring was continued
for an additional period of ~5h and the solution were kept aside
overnight. Hot (~60°C) hydrochloric acid (0.1 M, 10 mL) was added

and the mixture again stirred for ~lh. The organic layer scparated was
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extracted with ethylacetate. The combined extract were evaporated to
dryness and the residual paste was stirred with HCI (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
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compound is a Schiff’s basc 16 formed by the condensation between the
ainide carbonyl of the monocondensation product and the amino group
of the butylamine. The formation of the two compounds can be

explained by the reaction scheme 3.10.

©\/\ * HJCWNH
CHO

O o

B,0,/n-BuNH,
Tri(sec-butyl)borate

C
H
/W
O\on
15

“

H.C NH
3 \(\/)3/ 2
H .
O .N CH
~y \(v); 3
16

Scheme 3.10
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Both these compounds formed stable mctal complexes with
various transition and non-transition clements. Analytical and spectral
data used for the characterisation of the two compounds and their metal

complexes arc discussed below.
Synthesis of metal complexes

Complexes of Ni(ll), Cu(ll), Zn(II) and Cd(Il) with the
unsaturatcd [3-ketoanilide were preparcd by thc following general

proccdurc.

An cthanolic solution of the metal salt (0.001 mol, 20 mL) was
added slowly with stirring to a solution of the compound in methanol
(6.002 mol, 25 mL). The mixture was stirred well and sodium acetate
was added to keep the pH around 6. It was then refluxed gently for ~3h
and concentrated to half the original volume. On cooling to room
temperature the complex gets precipitated. The precipitated product was
filtcred, washed with 1:1 methanol-water mixturc and dried. For purity,

the comple;(cs were recrystallised from hot chloroform.

Fe(1IT) complex was prepared as follows. To a refluxing solution
of the compound in methanol (0.003 mol, 15 mL) slowly added a
solution of anhydrous FeCl; in methanol (0.00l mol, 20 mL) with
vigorous stirring. The mixture was then refluxed for ~2h and the
volume werc reduced to half. It was then cooled in ice and the
precipitated - complex was filtered, washed with cold cthanol and

recrystallised from hot chloroform. The crystels werc dried in vacuum.
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Results and Discussion

Electronic, IR, NMR and mass spectral data were examined
thoroughly inorder to characterise the unsaturated f3-kctoanilide and
their metal complexes apart from clemental analysis, molecular weight

determination, conductance and magnetic moment measurments.

Elemental analysis (C, H, N and metal perccntages) and physical
data of the complexes given in table 3.36 conform to the molccular
formula of structure 17 of the compound. Conductometric studies show
that all the complexes behave as non-clectrolytes in dmf (specific
conductance <10 Q'cm™ in 107 M solution) and do not contain the
anion of the metal salt used for the preparation.  Magnetic moment
mcasurcments show that Ni(ll), Zn(ll) and Cd(ll) complexes arc

diamagnctic and all other complexes are paramagnetic.

17

The spectral data of the compounds are discussed below.,
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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 t—m*
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 -ketoanilide (HL) and

its metal chelates

Elemental analysis (%)

MP Meff
Compounds Found/(Calcd)*
°C BM
C H N M
HL 85 i 78.24 5.80 4.76 )

(7835) (5.84) (4.81)

73.81 5.12 4.60 5.29

[FeLs] 172 58  (93%7) (5.18) (4.50)  (5.94)

71.10 5.10 4.28 9.12

INIL.] 154 - (7136) (5.01) (438) (923)

70.61 4.92 4.32 9.87

[Cul.] 198 177 2081) 497) 435) (9.94)

70.52 4.91 424  10.14

[ZnL,] 136 - (70.70)  (4.96) (4.34) (10.08)

65.82 4.58 4.08 15.58

[CdLo] 128 - (6500) (462) (405) (16.18)
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IR spectra

The IR spectrum of the unsaturated B-ketoanilide is characterised
by the presence of two strong bands at 1615 cin™ duc to the highly
conjugated carbonyl and at 1678 em™ duc to the amide carbonyl. The
broad band observed in the range 3000-3500 c¢m’' is due to
intramolecularly hydrogen bonded structure. The amide 1 to VI bands
show absorptions as expected of the compound. The band at 969 ¢cm™

can be confidently assigned as due the trans CH=CH absorption.

The IR spectra of all the complexes are in full agreement with the
structure iS. In the spectra of metal complexes both the carbonyl
stretching frequencics arc shifted appreciably to lower values. Thus the
amide carbonyl is shifted to ~1650 cm™ and the other to ~1590 cm’™.
This strongly support thc mode of coordination of the metal as in
structurc 15.  Alkenyl and aromatic stretching frequency appears
between 1530-1585 cm™. The broad absorption of the ligand in the
region 3000-3500 cm™' cleared up in the spectra of metal complexes.
Weak bands due to NH and various C-H stretches appeared in this
range. Metal-oxygen stretching frequencics appeared at ~415 cm™ and

~480 cm’'. The important IR bands arc listed in tablc 3.37.
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Table 3.37
Characteristic IR and UV spectral data of the unsaturated -ketoanilide

and its metal complexes

Characteristic IR stretching bands (cm™)

Complex C=0 C=0

of amide enolic =~ C=C alkenyl/ phenyl M-O
chelated chelated

424

Fe(IIl) 1650 1592 1520, 1535, 1576 476
Ni(II) 1640 1589 1518, 1544,1579 Zég
CuD 1642 1594 1S18,1548,1591 ‘4o
Zn(1D) 1648 1595 1515, 1544, 1593 238
Cd(In) 1640 1593 1519, 1538, 1578 j;;'

"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(II) 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.
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Mass Spectra

Mass spectrum of the compound shows the molecular ion peak at
m/z 291in accordance with the formulation. Elimination of O, OH, CO,
CH,0, C;HO," and C¢HsNHCO™ from the molecular ion characteristic
of PB-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(Il) chelate showed rel'atively
intense (P + 1)" peak corresponding to [CuL;] 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(II)

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(Il), Zn(II) and Cd(II) 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
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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(III) 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 FeCl; (0.001mol, 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 Amax at 275 nm and 370 nm assignable to the

n—7* and n—n* transition of the compound.



140

Table 3.38

Physical and analytical data of the Schiff’s base (HL) and its metal

chelates

Elemental analysis (%)

Hefr
Compounds I?‘AP ¢ Found/(Calcd)
C BM
C H N M
| 79.72 7.4 7.94
HL ¢ - ' -
)2 (79.77)  (7.51)  (8.09)
; 7492 678 7.53 5.16
F ( .
[FeLs] 202576 (75.96) (6.88) (7.71)  (5.05)
: 7272 6.54 7.42 7.68
. ] .
NiL,] 196 (73.70)  (6.68) (7.48)  (70.88)
7239  6.54 7.48 8.33

(Culzl 154 LT 9331y (664)  (744) (837

72.74 6.52 7.38 8.59
(73.11) (6.62) (7.42) (8.61)

67.92 614  6.79 12.98
(68.83) (6.23) (6.98)  (13.97)

[ZnL,] 138 -

[CdL,) 126

IR Spectra That the amide carbonyl has involved in the schiff’s base
formation is clcarly indicated in the IR spectrum. Thus the band at
;1660 cm’! duc to amide carbonyl is absent in the spectrum and further
no absorption band exist in the 1650-1800 ¢m™ region. This clearly
indicate that the compound does not contain not only amide carbonyl
but also a frcec Ar-(CH=CH),-C=0 function. Howcver the spectrum of
the compound in the region 1600-1650 cm™ show two prominent bands.
The C=N str‘ctching of Schiff’s base usually appcar in the region

1640 cm’'. Conjugation and hydrogen bonding have appreciable
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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 cmand 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.

'"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
m/z 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.
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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(Il), Zn(II) and Cd(II) and
1:3 for Fe(Ill) complex. Conductometric studies show that all the
complexes behave as non-electrolytes in dmf (specific conductance
<10 Q'em™ 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(II) and Cd(II) complexes are diamagnetic while
others show normal paramagnetic moment. The observed UV, IR,
NMR and mass spectral data are in agreement with the structure 18 of

the complexes.

18

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
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region 1600-1800 cm™. Instead two prominent bands appeared at
~1595 cm™ and ~1580 cm™ due to metal-bonded C=0 and C=N groups
in addition to various alkenyl and aromatic C=C stretching frequencies
that appeared in the range 1530-1585 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-O 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(III) Ni(dl) Cu(Il) Zn(I) CddI)

1588 1591 1592 1591 1589 v (C=N) chelated

1576 1582 1580 1576 1577 v (C=0) chelated

1564 1564 1560 1558 1574

1546 1548 1554 1546 1538 v C=C alkenyl/ phenyl
1526 1528 1524 1525 1526

2930 2970 3010 2846 2854  vN-H

446 450 436 427 430 vM-O

530 528 532 531 527  vM-N

970 972 971 970 972 v CH=CH trans
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'"H NMR Spectra In the '"H NMR spectrum of the diamagnetic Ni(Il)
complex the low ficld cnolic proton singlet of the free ligand
disappcarcd and the NH proton signal slightly shiﬁcd to low field. The
spectrum is reproduced in fig. The assignment of various signals given
fully support the mode of coordination and the formulation of the

complex.

Mass Spectra The FAB mass spectrum of the Cu(ll) chelate of the
compound shows the stepwise removal of the aryl and a'kenyl groups.
Molccular 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 agrecment with the natural abundance of “’Cu and **Cu isotopes are

also present in the spectrum (fig.3.67).
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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-butyl)borate and n-butylamine resulted in the
formation of a new type of unsaturated B-ketoanilide. The heteroaryl
aldehydes used were furan-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 B-ketoanilides and their
tricarbonyl compounds along with there typical metal complexes are

presented in this part.
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Experimental

Acctoacetanilide (1.77 g, 0.01 mol) and boric oxide (0.35 g, 0.005
mol) were mixed and made in to a paste with dry cthylacetate and stirred
for ~1h at room temperature on a magnetic stirrer.  To this a solution of
heteroaryl aldehyde (0.01 mol) and tri(sec-butyl)borate (4.6 g, 0.02 mol)
dissolved in dry cthylacctate was added and stirred for ~5h with the
slow addition of n-butyl aminc (0.5ml in Sml dry ethylacetate) in drops
and the reaction mixture was kept overnight.  Hot dil. HCl (0.4M,
7.5 ml) was added and again stirred for lh. The mixture was extracted
repeatedly with cthylacetate and the combined extracts were croperated
to dryness on a water bath to get a pasty mass. To this 10 ml of 2M HCl
was added and kept for ~24h. The solution was stirred well and the

precipitate formed was filtered.

The presence of two well defined spots in tlc revealed the
presence of two compounds in the case of the products obtained from
furfural.  But only onc product was obtained with pyridine-2-
carbaldehyde as revealed by tlc. The product were recrystallized from

hot chloroform.

The mixture of compounds obtained from furfural were

quantitatively separated by column chromatography as outlined below.

The crude product was dissolved in minimum quantity of dry
ethylacctate and placed over a column (2x100 cm) densely packed with
silicagel (mesh 00-120) and cluted with 3:2 v/v chloroform-acetone
mixture at a uniform flow rate of 2 ml per min. As the clution proceeds,

two bands were developed in the column, a pale yellow lower band and
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an orange red upper band. The lower region was collected as 10 mL
aliquots in scparate tubes and in each case the purtiy was cstablished by

tlc. The combined cluates on evoperation gave 19, the purc unsaturated

B-ketoanilide:

The clution was then continued using 1:1 v/v mixture of
chloroform and acctone to recover the brick red band retained in the
upper portion of the column. The eluates were collected in aliquots of
10 mL in scpziralc tubes, checked by tle and the combined extracts on
removing the solvent in vaccum yielded the unsaturated diketoanilide
20. All the compounds isolated were recrystallised {rom hot methanol

to give spectroscopicaily pure material.

Both the mono and bis condensation products yiclded complexes
with various metal ions. This complexcs were synthesised as detailed

below.
Synthesis of metal chelates

Cu(ll), Co(II), Ni(1l), Zn(I1) and Cd(Il) chelates were synthesised
from their metal acetates (0.001 mol in 25 mL 1:1v/v acetone-ethanol
mixturc by the addition of an ethanolic solution of the ligand (0.002
mol, 20 mL) followed by sodium acetate to maintain the pH around 6.
The reaction mixture was rcfluxced for ~3h on a boiling watcr bath and
then cooled to ~10°C using an ice bath. The precipated product was
separatcd, washcd with methanol, dried in vacuum and recrytallised

from hot benzene.
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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 3.11-3.12. 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.

| | Hsc NH
0] CHO

8203/n BuNH,
Trl(sec-butyl )borate

W@

O O \©
H
W
O NHPh O (@]

20A

Scheme 3.11
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Tri(sec-butyl)borate

20B

Scheme 3.12

Characterisation of the heteroaryl P-ketoanilides and its metal

complexes

The clemental, analytical and other physical data of the
compound and its stable complexes 21 are given in table 3.40. The data
of the complex correspond to [ML,] stoichiometry expect for iron(1lI)
which is [ML;]. 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(1I), Ni(IT), Cu(Il), Zn(II) and Cd(II)
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n = 3; Fe(IIl)

UV Spectra The observed UV absorption maxima of the compound at

370 nm and 262 nm are assignable to various n—n* and non*

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 B-ketoanilide (HL) and

its metal chelates

Compounds I\(',/ICP ;;\f; Elemental analysis (%) Found/(Calcd)*

C H N M
N AT )
[FeL;] 176 5.77 (ggigg) (j:i?) (22(1)411) (gflg)
[CoL,] 148 47 (g;ig) (j:g) (i:gclt) (igffb
[NiL,] 138 - (giﬁg) (ﬁiiéi) (j:gj) (}823%
[Cul,] 194 176 (23232) (258) (:.gg ) (i(l):(g)g)
(ZnL;] 154 - (ggigg) (2: g) (jigg) (} }:gi)
Cdlal 130 - S B8 @) (1806
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IR Spectra As expected of structure 19 the IR spectrum of the
compound showed two intense bands in the region 1600-1800 c¢m’
assignablc to the amide and the conjugated carbonyl stretching. The NH
of amide and the intramolecular hydrogen bouded enolic groups give
broad bands in the region 2600-3800 cm™'. Characteristic absorption of

the anilide group arc not altered.

In the spectra of the metal complexes the band duc to hydrogen
bonded dicarbonyl function of the ligand disappcarcd, but instcad, a
strong band assignablc to the stretching of thc metal coordinated
dicarbonyl group appeared at ~1595 cm™. The broad band in the region
3400-3800 cm’' cleared up in spectra of the complexes. The Co(ll)
complex sl{owcd band in this region indicating coordinated water
molecules. The amide II->VI bands remain almost unaffected in spectra
of the complexes. In agreement with the structure spectra of all
compelxes show additional bands at ~425 cm"l and at ~475 cm’

assignablc to vy vibrations. The important IR bands and their

probable assignments are given in table 3.41.
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Table 3.41

Characteristic ir data (cm™) of the complexes of unsaturated

B-ketoanilide (HL)

Complexes

Probable assignments
[FeLs] [CoL;] [NiL,] [CuL,] [ZnL,] [CdL,]

1595 1596 1594 1593 1595 1594 v (C=0) chelated
1515 1517 1518 1520 1519 1520 VaC-C -C

425 418 424 418 420 418

472 480 464 470 472 469 vM-0

'"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(II) complex
enolic proton singlet at 812.34 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¢HsNHCO]”
and [P- C¢HsNHCO]" are characteristic of the spectrum. The mass
spectrum of Cu(Il) chelate showed intense molecular ion peak in

conformity with its [CuL,] stoichiometry. Peaks due to [CuL]" and

fragments of L™ are also found in the spectra. Peaks at m/z
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corresponding to [P — nAr]" and [P — n C¢HsNHCO]" 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.

Aldehyde used . Yield
Compounds for synthesis Ar Systematic name (%)
) 1,5-Bis(N-phenylamino)-9-(2-furyl) -
15a Furfural 2-Furyl 4,8-nonadien-1,3,7-trione >0
. . . . /
16a Pyridine-2- 2- 1,5-Bis(N-phenylamino)-9-(2'- 30

carbaldehyde  Pyridyl pyridyl)-4,8-nonadien-1,3,7-trione

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 1:1 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
<10Q'cm™ : 10 M solution). Cu(Il) and Co(II) complexes showed
normal magnetic moments while Ni(Il), Zn(II) and Cd(II) complexes are
diamagnetic. The observed UV, IR, NMR and mass spectral data of the
Co(I), Ni(II), Zn(II) and Cd(II) complexes are in agreement with the
structure 22 while the spectral data of the Cu(II) can be conveniently

explained on the basis of structure 23.
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Fig. 3.4gFAB Mass spectrum of 19
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Table 3.42

Physical and analytical data of 15a (HL) and its metal chelates

Elemental analysis (%)

Compou;uls MP - Hefr Found/(Calcd)*

C M C H N M

7134 514 674 59.01
(72.29) (531) (6.76) (59.28)

58.11 473 472 899
(58.88) (4.74) (4.74) (9.64)

5794 476 475  9.60
(58.88) (4.74) (4.74)  (9.64)

58.14  4.65 469  9.84
(58.39) (4.70) (4.70) (10.73)

5784 464 467  10.10
[Zn(HL)(OAc)]l 150 - se89) (469) (4.69) (10.89)

5334 428 430  16.74
(54.03) (4.35) (4.35) (17.40)

HL 56

[Co(HL)(OACc)(11,0),] 174 4.77

[Ni(HL)(OACc),] 186

[Cu(HL)(OACc),] 194 1.76

[CA(HL)(OACc),) 134
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Table 3.43

Physical and analytical data of the 16a (HL) and its copper chelate

Elemental analysis (%)

MP
Compounds o Found/(Calcd)*
C BM
C H N Cu
7
HL 52 72.28 5.40 9.76

(73.41) (5.41) (9.88)

52.74 4.10 5.72 16.94

[Cl(OAc)l 136 L7609y (413) (5.78) (17.50)

UV spectra The UV spectra of the compounds in 95% ethanol
(lO'3 M) show two bands at A, ~350 nm and ~250 nm assignable to
n—n* and n—n* transition of the carbonyl group.The UV absorption
bands of the complexes bear close resemblance with thosc of the ligands
which indicate that no structural alteration of the ligand has occurred

during complexation.

IR spectra h;lportant IR bands and probable assignments given in table
3.44 support the structure 20 A and 20 B of the compounds. The amide [
band the observed at 1661cm™. The broad bands observed at 3200-3500
cm’’ suggeslcd the existence of the compounds invthc intramolecularly

hydrogen bonded form.

The amide 1 band and the a,B-unstaruated carbonyl band of the

ligands are shifted to lower frequencies suggesting their 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 II and III 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 1410 cm™ in
all the spectra indicate the coordination through acetate groups. The
Co(II) complexes showed bands at ~3220 cm™ indicating the presence
of coordinated water molecules. The bands at ~460 cm™ and ~425 cm’’
are due to vy.o vibrations. The important IR peaks of various complexes

are listed in table 3.44.

The IR spectrum of the Cu(II) 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 O-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

157

Ci)mpounds _
= ™ Probable assignments
1718 1718 v (C=0) amidc
1660 1663 v (C=0) a,3-unsaturated
1620 1620 v (C=0) chelated
1600 1599 vC-C phenyl
1542 1545 vC-C alkenyl
1510 1510 v amide 11
1248 1239 v amide 111
978 977 v CH=CH trans
692 691 v amide V
645 644 v amide IV
614 612 v amide VI

'H NMR spectra The '"H NMR spectra of the ligands displayed a one

proton singlet at ~06 ppm ancd another at ~612 ppm assignable to

methine hydrogen and the intramolecularly hydrogen bonded enolic

hydrogen respectively. The CH, singlet appeared at ~33.5 ppm. The

NH singlet of anilide group at ~09 ppm is shifted considerably to down

field due to strong external conjugation.

Two NH singlet signals

indicate the presence of two NH groups in different environments. The

aromatic hydrogen lying in different environments make thc 67-8 ppm

region of the spectrum highly complicated. The various proton signals

arc assembled in table 3.45.
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That the enolic OH signal of the ligand at ~312 ppm is also
present in the spectrum of diamagnetic Ni(II) 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 ~52.5 ppm.

Table 3.45
Characteristic 'H NMR Spectral data of the unsaturated diketoanilides

Chemical shift & ppm
Compounds
OH NH CH=CH Methine CH,
8.202 8.098
15a 12.140 8341 7631 6.857  3.587
9.172 8.567
16a 11.762 9.761 8 543 6.997  3.575

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 [CcHsNHCO]"
and [P — C¢HsNHCO]" are observed in the spectra of the compounds.
The absence of [P — 2C¢HsNHCO]  peak indicate that the two

aminophenyl groups are lying in different environments. The fragment
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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(Il) chelate is in total
agreement with formulation of the complex. Thus molecular ion peak
correspond to the stoichiometry appeared at m/z 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-EP-FP-E-F

15a 415 121 135 280 162 120 - - 253 295 323 203

16a 425 131 145 280 162 120 103 - 263 305 333 213
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BIOLOGICAL STUDIES

Unsaturated B-dicarbonyl compounds such as curcuminoids are

known to possecss antifungal and antimicrobeal activitics in addition to

their numerous biological significance

245,259-26!

. Since the unsaturated

B-ketoanilides and diketoanilides considered in this investigation are

structurally related to curcuminoids and also contain the heteroatom

nitrogen, they can also exhibit antifungal and similar activities.

Thercfore, the antifungal activity of these unsaturated anilides with their

typical metal complexes were also studied.

Table 3.47

Fungal strains used

Three different fungal strains used®® are given in table 3.47.

Sl

No Fungal strain Characteristics Discase caused
l. Aspergillus - Rapidly growing, white It causes infection of
niger and filamentous, turning external car
black
2. Aspergillus  Rapidly growing It causes aspergillosis,
parasiticus w/hich involve allergic
manifcstations,
superficial infections
etc.
3. Rhizopus Fast growing white It is the most prevalent
ory:zae cottony colony at 28°C  agent of mucormycosis.
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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 100°C 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 121°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 ml 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% HCI.
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The mcﬂium was autoclaved for 20 min and when the temperature
becamc 35-40°C, the fungal spores were scrapped and added to the
medium.  Mixed well and carefully poured into clean autoclaved
petridishes of 9 cm diameter and allowed to cool. Using an agar punch,
wells (10 mm) were cut on these plates. In each well two drops of
1000 ppm solution of the compound were added. In cach netriplate one
well was used for DMSO and another one for the standard Nystatin.
The wells were labelled properly and incubated at room temperature
over night. The plates were prepared in duplicate. The antifungal
activity was mcasured by noting the diameter of the inhibition zone

around cach well (mm).
Results and Discussion

Avcrage diameter of the zone of inhibition observed for the
compounds arc given in table 3.48. These qualitative results reveal that
both unsaturated ketoanilides show maximum activity against all tested
organism lhap their metal complexes. The Cu(ll) complexes are more
active than others. Among the compounds those possessing ~OH, -OR
and Cl groups in the aromatic ring show maximum activity than the rest.
Compounds possessing heterocyclic ring systems like furfural and
pyridine-2-cz{rbzlIdchydc arc also found active. The activity of metal
complcxes arc very low compared to ligands. Maximum activity is
shown with A4. niger, while practically, no activity is observed with

R. oryazea.
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Table 3.48
Results of studies on antimicrobial activity of unsaturated ketoanilides and their metal complexes
Unsaturated ketoanilides Cu(II) complexes Ni(IT) complexes Co(II) complexes
Fungal strains Fungal strains Fungal strains Fungal strains

1 2 3 1 2 3 1 2 3 1 2 3

DMSO 8 8 8 8 8 8 8 8 8 8 8 8
Nystatin 10 10 10 10 10 10 10 10 10 10 10 10
2a 22 18 11 20 16 10 18 14 10 11 13 10
3a 23 16 14 21 15 10 20 15 10 12 13 11
4a 21 18 10 22 13 10 18 12 10 12 11 10
Sa 25 15 10 21 14 11 20 14 11 11 11 11
6a 23 16 11 21 12 10 19 10 10 10 12 10
Ta 24 18 12 18 17 11 14 17 11 12 13 10
8a 22 17 13 17 16 10 12 12 10 11 12 10
10a 22 17 13 18 12 10 11 10 10 13 10 11
11a 25 19 14 16 14 10 10 11 10 13 11 11
12a 23 15 10 17 12 11 14 10 11 12 12 10
15a 23 15 12 18 14 10 16 12 10 11 13 10
16a 18 18 13 16 13 12 10 13 12 12 12 11
2b 19 18 10 13 10 10 10 13 10 11 11 10
3b 18 18 11 14 12 10 10 12 10 12 10 10
4b 18 17 12 12 11 11 11 14 11 13 10 11
5b 19 19 11 12 10 10 12 10 10 10 12 10
7b 21 20 14 13 11 12 13 11 12 11 12 11
8b 20 16 13 10 10 11 10 11 11 12 10 11
9b 19 19 15 12 13 10 12 11 10 13 11 10
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CHAPTER 5

SYNTHESIS AND CHARACTERISATION OF UNSATURATED
B-KETOESTERS AND THEIR COPPER(1I) COMPLEXES

Similar to B-ketoanilides, B-ketoesters having at Icast one acetyl
group can undergo claisen condensation at the mcthyl group with
aromatic aldchydes. Thc product will be a B-kctoester in which an
oletinic group is directly attached to thc dicarbonyl group. Such
unsaturated B-kctoesters may also form stable metal complexes similar to
B-ketoesters. This observation have been fully justified in the reaction
between various aromatic aldchydes with methyl acctoacctate. Details on
the synthesis and characterisation of thesc unsaturated B-ketoesters and

their Cu(11) complexes are presented in this chapter.
Synthesis of the unsaturated B-ketoesters

The basic reaction is similar to that employed for the synthesis of
unsaturated P-kctoanilides considered in the previous chapters. That is
the dicarbonyl function (CO-CH,—CO) is protected in the form of the
boron complex in order to prevent the knoevenagel condensation so that
only claisen condensation will take place at the CHjy group of methyl
acetoacctatz to form structurc 24 as in the reaction scheme 3.13. Unlike

the B -ketoesters the reaction yielded only one product. The formation of
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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.

R CHO o] o]

B,0,/n-BuNH,
Tri(sec-butyl)borate

> O CH,

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 ~1h
at room temperature on a magnetic stirrer. To this mixture a solution of
aromatic aldehyde (0.005 mol) and tri(sec-butyl)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. HCI (0.01 M, 10

mL) was added and again stirred for ~1h, extracted repeatedly with ethyl
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acetatc. Thz combined extracts were evaporated to dryncss on a water
bath. The pasty mass obtained was stirred with methanol (15 mL) for
~2h and was then kept in an ice bath with constant stirring for ~3h. The
precipitatcd compound was filtered out and recrystallised from hot
benzenc. The purity of the product was checked by tlc(silica gel) and

revealed the prescence of only one well defined spot.
Synthesis of Cu(ll) complexes

To a refluxing solution of the compound (0.002 mol) in ethanol
(20 mL), an ethanolic solution of Cu(Il)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 ~3h. The
solution was concentrated to half the volume. The precipitated complex
was scparaled by filteration, washed with water, then with methanol and

recrystallised from hot ethanol.

Results and Discussion

Characterisation of the unsaturated p-ketoesters

The cpmpound obtained are yellow crystalline solids and are
highly solublé in 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 of the aldehyde has

occurrcd only at the acetyl methyl group of the cster.
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The mass spectra of the compounds 1d-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 3.51) are given in scheme 3.14.

Table 3.49

Synthetic details of unsaturated -ketoesters

_ O CH,
R
o O
3
=
3 . . Yield
g_ Aldehyde used for synthesis R Systematic name (%)
Q
O
Methyl-[5-(4'-hydroxy)
1d p-Hydroxybenzaldehyde 4-OH phenyl]-3-0xo0-4-pentenoate 50
NN Methyl-[5-(4-N,N-

2d P 4-N(CH3), dimethylamino)phenyl]-3-oxo- 30

dimethyaminobenzaldehyde 4-pentenoate

Methyl-[5-(3"-methoxy-4’-
hydroxy)phenyl]-3-oxo0-4- 70
pentenoate

3-OCH;

3d Vanillin 4-OH
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Further evidence for the suggested structure of the compounds
were obtainet from their IR spectra. ‘The spectra of compounds 1d-3d in
the region 1600- 1800 em’™ exhibit five strong bands assignable to specific
functional groups.  The speetra in the region are reproduced in
fig. 3.77-3.79.

The cester carbonyl of methylacetoacetate shows the carbonyl
stretching band at ~1750 ¢ and the acetyl carbonyl at ~1720 cm’ as
well as a band attributed to the B-hydroxy-a,[3-unsaturated cster carbonyl
of the enol form at ~1650 cm™. Thus the bands observed at ~ 1740 em™ |
~ 1670 em™ and ~1600 em™ are respectively due to the ester carbonyl and
the cinnamoyl ‘czu'bonyl of the compouads. The band at ~1640 cm’ can
arisc as duc to the carbonyl stretching of the enol tautomer. Other bands
obscived in the region are duce to various C=C vibrations.

The broad peak in the region 2500-3500 em’™ is due to the strong

intramolccularly hydrogen bonded enol form of the compound.

Table 3.5C

Physical, analytical and UV spectral data of the unsaturated [}-ketocesters

2 Elemental analysis (%)

g M I) WNES)I' A'lllll)( Log e
2w H cight ()

g (0

S Found/ (calcd)
1d 86 00.04 5.72 218 288 4.04

(65.45) (5.45)  (220) 397 4.84
2 57 68.45 0.72 246 200 4.07
: (68.02) (6.88) (247) 386 4.89

3d 0 05.04 5.78 252 258 4.08

(L5.40)  (5.60)  (250) 358 4.87
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Table 3.51

Important fragments observed in the FAB mass spectra

Compounds P’ A B C D
1d 220 189 161 147 119
2d 247 216 188 174 146
3d 250 219 191 177 149

Characterisation of Cu(1l) chelates

Elemental analytical data of the Cu(ll) complexes suggest [ML,]
stoichiometry. The IR and mass spectral data of the compounds suggest

the structure 25 for thc complexes.

25

The FAB mass spectra of the complexes reproduced in fig. 3.80-
3.82 show intense molecular ion peaks. The peaks duc to the successive

elimination of anyl groups, -OCHj etc. are characteristic of the spectra.
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In the IR spectra of the complexes of 1d—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 frce lignands
disappeared, but instead a strong band assignable-to the stretching of the
metal coordinated cimnamoyl carbonyl appeared at ~1595 em™ (fig 3.77-
3.79). Similarly the broad band duc to the OH stretching of the free
lignands in the region 3000-3800 cm™ also cleared up in the spectra of all
the complexes. However the spectra of the complexes 1d show
prominent band at 3400 cm’ attributable to the stretching of the phenolic
OH groups. In agreement with this structure spectra of all the complexes
show additional bands at ~425 ¢cm™' and ~460 ¢cm™ assignable to vy

vibration.

The mcasured magnetic moments of the complcxes arc in the range
1.70-1.80. This together with the observed visible absorption bands at

~15,000 cm"suggcst square planar co-ordination around the Cu*" ion.
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