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PART I

INTRODUCTION




IETRODUCTION

The study of ecoordination ecompounds has gained
increasing importance with the appliecation of knowledge
derived from the electronic structure of the atom and
the theory of quantum mechanics. This study has also
been aided by a variety of recent refined physiecal
methods of investigationg, The field has grown so
greatly that the study of coordination compounds now
ineludes large portions of organie chemistry and some
areas of blochemistry, The rarid growth of interest
in the field can be visualised from the large and varied
amount of published material’™}%, e structure of
comdlex molecules is a fascinating field of science and
many physical methods, for examnle, X-ray erystallogranhy,
magnetic anisotropy, electron diffraction and
spectroscopy have been used as /mans of exploring
such ecomplex structures, Equally significant aspect
of this study 1s the nature of the bonds involved in sueh
compounds,

Infrared spectroscopy has been successfully
employed to decide between alternate structures of comvlex
organie molecules. For example, penicillin and even such
complex structure as a part of protein moleculel® -1
have been studied by this method. fubsegquently,
this method has been utilized for the elucidation of the
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struetures of inorganic compounds. This can be seen
from the large volume of renorted literature. Many

reviews and books have been published>~ 2o,

Metal complexes of R-diketones with practically
all metals and non-metals have been renor*edgg'so.
Anilides of 3-keto acids (as also amides and esters)
are capable of forming the same type of metal derivatives
as the 3-diketones. The term 3-dicarbonyl compounds
embraces all these ligands, A zeneral introduction on
metal chelates of ?=dicarbonyl commounds and chelate

nolymers will now be presented,

Metal chelates of R-dicarbonyl compounds

The 1,3-Aicarbonyl comnouvhds, through their
ability to enolize, form stable chelate rings with a
large number of metals, In manv instances, the comnounds
so obtained are non-ionie, insoluble in water, soluble in
nonpolar solvents and slso volatile, ‘cetylacetone
has received considera“le attention for a long time, while
dibenzoylmethane, benzovlacetone, acetoacetic ester etc.
have gained importance in this regard only recently,
Thenoyltrifluoroacetone has received considerable
attention because of the great stabilitv of 1ite
comnomnds., The metal complexes of acetvlacetone and
other Rf-diketones have been reviewed recently by

Harris and le{ngstoneal. Most of the metal chelates



are neutral complexes of the types

(M¥(acae)y) (M! = Be, Cu, Zn, Ca etey

acac = acetylacetonate), [M“‘(nc.o)al (M¥ = A1, Cr, Pe, Co
etc.) ana [M1V (acac) 4] MV = Zr, Hf, Ce, Th, Pu),

Many of these compounds show exceptional stabilitys

the beryllium complex, for example, boils without
decomposition at 270°C at atmosvheric pressure.

Wilkins and wtttbcckorgl

utilised this remarkable
stability in the preparation of beryllium containing
polymers. The chelates of S1(IV), Ti(IV) and B(III)

are of interest, since they are rare examples of these
elements in eationic complexes. The complex
[Si(acuc)3]CI.HCI, by its resolution into optical
enantiomers, has been proved to possess an octahedral
structure with three chelate rinxaaz. Partial resolution
of the neutral complexes [H(acnc)al (M = Cry Co) has been
also effected by Dwyer and Gyarfas> and by Moeller

and GuIYlls‘.

Other 3-diketones, for instance, benzoylacetone
and dibenzoylmethane form metallic comnlexes similar to
those formed by acetylacetone, It has been found that
wvhen one of the H atoms of the central methylene group of
acetylacetone is substituted by an isopropyl or sec-butyl
group, the 8-diketone does not give the usual coloured
metal chelates with Cu(II) and Fe(III), However,
«-n-alkyl and «-igobutyl substitu‘ed acetylacetones give
normal eo-ploxosas. It wonld seem that sterie

hindrance between the isovropyl or sec,butyl grours and



the H-atoms of the terminal methyl groups of the
3-diketone interferes with the planar configurations

of the chelate ring and thereby lowers the stability

of the eonplcxa‘. The stability of the metal
derivatives 1s related to the acid dissociation constants
of the f-diketones®/.  Fluorine substitution on the
terminal carbon atoms of acetylacetone increases the
amount of the enol form, relative to the keto form in

agueous lolutionas’sg.

Such f-diketonic compounds which are soluble
in organic compounds have achieved considerable
importance as agents for the separation of metal ions
through the technicues of solvent extraetion, If two
metals in aqueous solution are in egquilibrium with a
diketone, if the equilibrium constants are different and
if the complexes are soluble in a solvent immiscible
with water, the metals can be separated by liquid-liquid
oxtractlon’o. Huffman and Bcnutait‘l using
thenoyltrifluorcacetone as the complex former,
separated zirconium and hafnium in tris way, The
distribution coefficient of the zirconium complex is
about twenty-timesthat of the hafnium; so, excellent
separation was achieved, This extr:uction technioue
can also be used to determine the formulae of complexes
and the degree of hydrolysis of metal ions in aqueous
solution as was shown by Connick and McVey 2 in their
study of the zirconium ion,  Steinbach and Freiser o

have suggested that the complexing agent (acetylacetone,



in their example) can serve also as the solvent for the
complex, Using this technioue, they have carried out

the analytical separation of zine and copper.

The nature of the metal chelate ring,
particularly the type of bonding present in the ring
system, the influence of these ring systems on the rest
of the molecule and the 'aromaticity' of such rings
have bo;n controversial subjects. Calvin and w1laon44
sugzested that the unexpected stability of some of these
chelates might be ascribed to their aromatic character,
Holm and Cotton’b, hovever, pointed out that
aromaticity is unreasonable on the basis of symmetry and
energy of the metal orbitals available for I/ bonding,
Double bonding between metal and oxygen in some
acetylacetonates has been postulated from their study
of visible and ultraviolet spectra by Basu and Chatter5146.
From a comparison of the M-0 distsnces (1.902°) in
the W1(II), Cu(II) and Co(III) chelates, Shkolnikova
..47

and Shug concluded that strong 77 bonding between

the metal and the ligand does not ocecur. On the basis
of electronic spectra of these chelates, Barnun4s,
on the other hand, suggested that there is significant T

bonding between the ligands and metal ion.

A study of the infrared spectra of the
complexes M(acae), (M = Be, Co, N1, Cu, Zn, Pd) reveals

that M-0 stretehing forece constants inerease in the order



Zn~Co < N1 < Cu € Pd and the C=0 force constants
decrease in the same order, It 1s suggested that

the strong metal chelates have the structure (I) and
weak chelates the structure (II), In (I) 77 -electrons
as well as d-electrons of the metal tend to be more or
less localised in the chelate ring whereas in (II)

the 7T -electrons are localised more in the 11;and49.

Hg C\ H3C\
,/9:779\\ //gipru
HC ! M HC M
\(f:b/ \c;'o
H3C H3C/
(1) (I1)

A metal ion when chelated, will cause the electrons in
an organic ligand to be redistributed and, as a result,
the reactivity at some point in the chelate ring itself,
in an adjacent ring system or in a pendant functional
group in the chelate molecule, will be altered to

some extent, In addition to the location of the
reaction centre vifh respect to the metal ion, a
number of factors such as magnitude of the positive
charge on the metal ion and the charge displacement
that oecurs on chelation, control the extent to which
the chelated ligand reactivity is affoctodso.

Electron withdrawal by the metal ion can weaken a bond

and result in its rupture or facilitate attack by a

t



nucleonhile, Metal acetylacetonates undergo
reactions characteristic of aromatic systems,

Direct substitution of the H-atom on the central
Ceatom of the chelate ring in metal chelates procfuces

compleres of the general typ051 (I11).

R
cC—o0
X—C :; M
,, =0
R n

IIT (n=20r3;X=Cl,Br,I,SCI,SCN)

NN\

Collman and co-vorkors52

have extensively
studied the non-destructive reactions of 3-diketone
metal complexes chiefly metal acetyl-acetonates,

The electrophilic substitution reactions of relatively
stable inert tris-acetylacetonates of chromium(III),
cobalt(III) and rhodium(III) have been investigated.
Halogenation, nitration, thiocyanation, acylation,
formylation, chloromethylation and aminomethylation
take place at the central carbon of the chelate rings.
Tri-substituted chelates are obtained in all cases
except acylation and formylation. Unsy-mctficclly

and partially substituted chelates have been prevared,



Hitration of staSlo acetoacetanilide chelates
of chromium(ITI), aluminium(III) and beryllium(II)
has been achieved in this investigation. The
separation of zeometrical isomers of chromium(III)
acetoacetanilide and the studles on some metal chelates
of acetoacetanilide have been also carried out,
Details of this work will be presented in Part IT of
this thesis,

Coordination Polymers

The term 'coordination polymer' in its
broadest sense can be applied to any macromolecular
entity which contains coordinate covalent bondsaa.

‘lthough progZress has been very limited in the
production of technologically useful materials,

studles on coordination rolymers reveal that good
thermal stability may be associated with cholation54.
Present activity is primarily directed on the

synthesls and characterisation of systems heavy in
organic ligands, Two categories of coordination
polymers are easily recognised, one in which the
coordinated metallic element is an integral part of the
backbone and a second in which the metallic element is
coordinated to a polymer repeating unit containing donor
groups, Most of the known coordination polymers fall
in the first group and a majority of them can be considered

natural coordinstion polymers.,.



In many cases, it has been observed emnirically
that chelation with metal ions greatly enhances the
thermal stability of organiec ligands, Fernelius and
BryantEF heve shown that many metal acetylacetonates
can be Aietilled without decomnosition, The hoiling
point of acetvlacetone is 139°C, whereas its
thorimm(IV) chelate distils at 260°-270°C (10mm)
and ‘he nickel(II) chelate at 220°-236°C (11mm).
Similarly, ethvlenediarmine is destroyed raridlv by hot
concentrated nitrie acid, but when coordinated to
cobalt(III), 1t is not attacked even on heating for
many hours, The his-kotolmincfs'sa is destroved by
heating to moderate temperatures but its corper

complex is decomnosed only slowly at a80°c,

Many attempts have been made during the
rast decade *o incornorate these properties, especislly
heat stability into nlagtiec orqpnie materials by

inelueion of metal ions,

Synthetic Methods

The preparative methods used for chelate
polymers are based largely on the standard methods of
organie polymer svnthesis, They may be divided into
three reneral categories: (a) those resulting when
metal ions and suitable mlti-dentate ligandh are linked
together, (b) those obtained by inecorporation of metal
ions into preformed polymeriec ligands having
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coordination sites and (c)Aby polymerisation of
coordination monomers, However, it should be
mentioned that linear polynors)such as gold and nickel
cyanide, are knowng in which metal atoms are linked
by coordinate bonds but where chelate structures do not

occur,

Met t m >dentate d

Linear polymers have been obtained by
the use of bifunctional groups which are bis-chelating
agents, Nearly all the studies on polymers formed
by coordination have utilised four coordinate metal
tons (¥12%, cu®*, zn®*, Be®*) and bis-bidentate
chelating groups. Sowerby and &udriethsg have
summarised bis-chelating ligands that have been proposed
as bases for the production of coordinate polymers.
Bailtreo in his review enumerated some basic prineinles
to be kept in mind in attempts to prepare coordination
polymers.,

Chelate polymers of bis-R-diketones will be

reviewed as examples of bis-ligand polymers,

A great variety of bis-diketones has been used,
in which the diketone functions are connected through the
terminal carbon atom, R.COCHz.COCHz.YCHz.CO.CHZ.COR.



or usually through the central carbon atom, (IV)

o=c< >c=o
eH—y—cH
0=Cc_ Ne=
R R’
v

¢ Bis-1,3-diketones have been ctudied extensively

by Wilkins and W1ttbeckor°1 and have been continued by
Pernelins®? and his students, Ba1lar®> € ana nis students,
67-

72 and his collaborators, Klulber and Lewis,®

Drinkard, Ross and W1esnor7‘ and others. The methods

Charles

erployed for the preparation of such polymers are
essentially the same as those used to prepare

monomeric comnlexes of 1,53-diketones, For example,

the method of Bailar and Oh’C consists of mixing the
ketones and a soluble metal salt in proper provortions
in a wvater-organic solvent mixture anéd adjusting the pH
until the chelate precipitates, It is necessary to add
an organic sclvent such as alecohol, dloxane or dimethyl-—
formamide, because of the insolubility of the ligand in
water. The success of this method depends upon pH,
rate of addition of the base, rate of stirring,
temperature and reaction time, In some cases,
polymers are obtained simply by the addition of an
excess of an aqueous solution of metal acetate to a

dioxane solution of the bis (B-diketone), The highly



insoluble precipitate is purified by extraction
with water followed by an organic solvent such as
alecohol, acetone or benzene.

In another nothodel’62’76

the technique of
melt polymerisation has been emnloyed. It consists of
heating the metal acetylacetonate with a bis-2-diketone
and distilling off the liberated acetvlacetone under
vacuo,. The first method gives powders, while the
second produceg amorphous glassy materials, Oh and
Ballar’® obtained beryllium polymer, (Cy.H,00,)Beg,

of low molecular weight by the melt polymerisation
technique, in which the ketone is 2-phenyl-1,1,3,3-

tetracetyl propane, l’ornouus62

prepared beryllium
complexes of sebacoyl dlacetophenone in the same way.
Kliiber and Lewis’® combined the two diketo functions
into a single bis-diketone molecule in which the two
functional units are connected by chains such as
-(CHy)z, ~NH(CH,) NH- or -0(CHy) 0~ . From such
tetraketones they obtained cyclic monomers and dimers
which upon heating rearranged into polymers of high
molecular weights,

Glukhov'®

reported the preparation of a series
of chelate polymers of Be, Mg, Ca, Zn, Cu, Co and YFe
with various bis-f-diketone derivatives of acetylacetone,
He found that beryllium polymers were the most stable

to heat, for they decomrosed only at 360°,



Korshak’ /81

and his co-workers have published
a series of papers on the synthesis and properties of the
chelate polymers of metals with various tetraketones.
The chelate polymers have been obtained as coloured
amorphous powders, sparingly soluble or completely
insoluble in the usual organic solvents, The beryllium
compounde are more soluble than others, The thermal
stabllity of the polychelates increases with increase

in the number of phenyl groups in the initial
tetraketones, The thermal properties of the polymers
also depend on the metal ion, the stability diminishing
in the sequence: Cu> Be > N1 > Co > Zn > Mn > Cd.
Degradation of the polymers starts at 260°-400°¢

with various specimens. Molecular weight determination
indicated that the degree of polymerisation did not
exceed 2§, It has been shovnaa that the thermal
stability of chelate polymers based on bis-3-diketones
is more clearly linked with the flexibility of the
maceromolecular chain than with =olubility, X-ray
evamination enfnblishod's that a decrease in molecular
weight 1s accomnanied by an increased degree of order in
the molecular structure.

A polynuclear beryllium complex of

naphthazarin™ and metal derivatives of

2 yE-dihydroxy bonsoquinonoas, 1,6-dihydroxy phonninose

have also been reported,



A series of compounds derived from
bis-«-amino acids ha'S been prepared’. It is clear
that if a trivalent ion such as Coa' with a coordination
number of six, is used, three dimensional crosslinked
structures are possible, in addition to linear polymers,
These might show greater chemical stability but would
not be expected to exhibit plasticity. An attempt88
has been made to utilise tridentate compounds,
such as bis-imino diacetic acid in order toc prepare
linear polymers but the products had poor thermal stability.
The molecular weights were too low to show plastic
behavicur and the polymers were precipitated from solution
during formation before a high degree of
polymerication had been reached,

An interesting polymer has been prepared
from copper and nickel salts of rubeanic acidgg’so.

Knobleoch and Rauschor91

reported the
preparation of coordination polymers of copner(II) at
liquid-liouid interfaces, Organie condensation polymers
of high molecular weights have been prepared in solvent
systems containing 1iquid-liquid interfaces by Conix"-
and more recently by Wittbockoros. Two outstanding
features of these poly condensations are the rapidity

of the chain propagation and the apparent growth of

the chains well beyond the point of polymer insolubility.
The procedure reported by Knobloch and Rauschorgl

utilises interfacial systems which consisted of an
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acueous phase containing a cupric salt and an
immiscible organic phase containing a bis-
(1,3-carbonyl-enol) monomer, For the success of the
technique it arpears to be essential that the copper
be present in the agueous nhase as a relatively
unstable complex such as the tetrammine copper(II)
comnlex ion, Tnder these conditions, nolymers are
rapidly produced at room temperature with rcaction

times of a few minutes,

The study of metal comnlexes of
bis-R-hydroxy quinolines as plastic polymers has recently

been 'mdertaken by several investizator963’94°97.

Korshakg4

and collaborators reported the synthesis
of a number of coordination polymers of
bis-(8-hydroxy-8-quinolyl)-methane as well as some
mixed nolymers. In a recent paper Berg and &1am98
discus=ed the synthesis of coordination polymers of
8-2'.dihyroxy=-£-6'-biquinolyl and the use of the ligand
as analytical reagent for detecting metal ions in the

miero-gram range. Horowitz95

and Perros have prepared
the coordination polymers of bis-(8-hydroxy-f-gnuinclvl)-
methane by reacting the ligand with Ma(IT), Co(II),
N4(TI) and 7n(II) in solution, as well as by +hermal
polymerization, The thermal =tability of each polymer
in vacvum was studied by thermogravimetric analvsis

uonto 1000°, and the decomposition temperature was found

to be closely related to such periodic prorerties



of the metal incornorated in the backbone of the
polymer as ionic rotential and electronegativity,
Furthermore, when heated in vacuvum, decomnosition
temperature of the polymers is directly related to the
atomic number of the metal incornorated in the hackbone
of the vnolymer., Infrared spectra of the coordination
rolymers revealed that the freaquency of the absorntion
band in the 1100 cm-l region was deperndent unon the
ionic rotential and other reriodic rroperties of the

metal ion-

Studies on some bis ligands like
bis-(2-hydroxy=-f-quinolvl)-methane, R-8'-dihydroxy-
£-E'-biguinolyl and purpurin will be renorted in
Chapter 1 (Part III),

* few titanoxane polvmers are described in
Chapter 2 (Part ITI), A brief review on some

titanoxane polymers is now nresented here,

Polytitanoxanes can be obtained by hydrolysis
of titanium alkoxides, trialkyl siloxyhalotitanium
compounds and trialkyl siloxy alkovxy derivatives of
*1tan1um99. Nesmeyanov, Freydlina and Brayninaloo
investigated the partial hydrolysis of tetraetoxv
titanium and obtained octaethoxy trititanoxane
(02H50)8T1302. When heated under reduced pressure,
it further polymerised to form a new polymer, m.n. 16:-170°C,

It has been shown in the hydrolysis and condensation

reactions of tetrabutoxy- tetrahentoxy- an’ tetranhenoxy-
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titanium, that the extent of the reaction is controlled
101

by the quantity of water in the mixture
Polymers formed with titaninm tetra alkoxides and
phenols or polyhydric alcohols have been described

by Boydloz.

The conversion of titanium tetrachloride
or titanium tetra alkoxides to titanium carborylates
by reaction with RCOONa or RCOOH leads to
Ti(on)x(OOCR)4_x, with the value of x dependent on

the reaction conditionslos'los.

On storage,

the materials become insoluble, presumably by
homocondensation, It has been suggested that the
products after aging are linear polymers with tetra
coordinate titaniim in a titanium-oxygen backbon9104.
Similarly, the monomer, Ti(CHgCOCHCOCHg),(0CgH,),
obtained in the reaction of titanium tetraisopropoxide
and acetylacetone, yields on hydrolveis and drying an
insoluble linear polymer with a titanium-oxygen

backbon0104.

Polymers with backbone of silicon, titanium
and oxyzen have been prepared by cohydrolysis of alkyl
or aryl chlorosilanes with titanium tetrabutori‘e,
The poly condensation at 200°C of the products formed
by this reaction yilelds glassy polymers, soluble in
ethanol or acetone or a mixture of ethanol and folnenolos.
Cohydrolysis of a mixture of Ti(CﬂscOCHCOCHs)ZC%gﬂgggv_A
RyS1Cl, is reported to yield polymeric bis-/<f;?ﬁv‘? C/:’f-“f

O Vavd
: /\é‘/ /\'"4" | '({




(acetylacetonato) titanium organo siloxaneslo7.

The reaction of T1(Cyiigh0)y (U-e#9, with
(Csﬂs)asi(OH)z carried out in distilling benzene ais®d
yielded an insoluble yellow vowder analysing to

[Ti(cgﬂcﬂo)zo s1 (Csﬁs)zolx. It decompoced ahove
276%¢,108

Organic polymers as ligands

Production of rolymers using preformed polyweric
ligands has not been studied to any great extent,
The introduction of the metal in a preformed polymer
can be used either to reinforce an existing linear
polymer or alternatively, to effect crosslinking.
An interesting example of this is in tanning of leather
by metal ions, which involves crosslinking and stabilizing
of polypeptide polymers by coordination,

Linear polymers have been prepared - - 111

from Schiff's bases by mixing a solution of the
polymer with a soluble metal salt, the insoluble
polymer (V) being precipitated from solution.

— -

Hc=N""N==CH

v X = SO2 or Cﬂz
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The heat stabilities of the polymers improved when
L= 302. But in gon.ral)they were less stable than
the corresvonding monomeric chelates, Lions and

Martin}l?

have prepared polymeric Schiff's bases by the
reaction of pyridine 2,6-dialdehyde and diamines such
as ethylenediamine, hexamethylenediamine and benzidine.
However, the polymer prepared fréom benzidine did not
coordinate well, but the ones prepared from hexamethylene
diamine and ethylenediamine reacted readily with
iron(II) sulphate to give polymers of unknown molecular
weight, These are insoluble ferromagnetic substances
and stable upto 300°c, In these compounds,
polyterdentate ligands are uncharged and consequently,
the resultasnt nolymer containing metal ions, is
positively charged, Such materials might have ion-
exchange properties but are unlikely to show useful
mechanical properties, ‘nalogous reactions have been

113

carried out by Bayer using polymeric Schifr; bases

obtained from glyoxal and either 2,8-diamino-p-cresol

or 2,4,6-triamino phenol. More rocontlyll‘

gummy producte
which decompose at about 180°C have been obtained from

dimercaptals.

Goodwin and Bailarlls used bis-salicylaldehyde
but formed Schiff's bases with triethylene tetramine and
diethylenetriamine. All these polymers are insoluble in

non-polar solvents and decompose before melting.
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Polymerisation of coordination monomers

This method which has been used in forming
coordination polymers coneists in polymerising monomers
containing coordinated metal ions, An interesting pnaper

by Kuglcrnc

on the preparation of chelate rolymers

of aluminium shows that reaction between aluminium
alkoxides and acetoacetic ester ylelds a compownéd in

which a ketoester grouping is combined with the aluminium
atom in a chelate ring. On hydrolysis, such systenms
aplit off ethyl alcohol and at high temperatures
rearrangement takes place with loss of water and formation
of a polychelate, Patterson and co-workorsn7
described a series of chelate rolymers of aluminium
similar in structure to those obtained by Kuglorlle.
The polymers are unstable towards moisture and are
decomnosed at elevated temperatures. Berlin and

118

Matveeva used aluminium with two coordination positions

blocked by a molecule of diketone, (VI)

CH3
0—¢
(i=C3H,0%, K Ne-n
AN
o=c{
CHs

(V1)
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“hen the monomer was heated with ar s variety of
bis diketone, isopropyl alcohol escaped and polymerisation
took place. The materials obtained were of low molceular
wveight, Klein and Bailnrllg have prepared beryllium-

diketone polymers. The monomeric units are (VII)

R R
¥—o, 0—¢{
e
R R
(VII)

in whieh ¥ represents -cooceuk-, -0H or -NH,. The
monomer containing ester groups are converted to rolyners
and polyamides in melt system and those containing
hydroxy or amino groups are polymerised by reaction with
diphenyl dichlorosilane, terephthaloyl-chloride and
diisocyanates, The polyesters, polyamides and some of
the polymers prepared from the hydroxy monomers are
glasses, soluble in non-polar solvents. However, these

are not stable above 200°C,

Kcnnylzo and Fartinlzl employing melt
polymerisation technique prepared polymers which are
stable upto 350°¢., Metal thiopicolinamides cont:ining
free amino groups, were reacted with bis-acid chlorides
at 200°C,  Infusible and ingoluble powders were obtained
in both instances.



Coordination polymers can be prepared when the
ligand coordinated to a metal contains funetional groups
capable of undergoing conventional addition or
condensation reactions, If the coordinated ligand, for
instance, contains an ethylenic side chain, the unusual
addition polymerisation may be possible. Arimotc and

Huvonm

prepared vinyl ferrocene and showed that

it undergoes homo- and co-polymerisation with vinyl
monomers and dienes. A variety of copolymers have been
obtained with trans-cinnamoyl ferrocene with a number of
unsaturated eonpomdlns. Marvel and Mu-'t:mm4

have attempted free radical polymerisation of acrylate-

2k,
bt

containing basic beryllium carboxylates by benzoyl peroxide

initiaticn. The products obtained, however, decomposed

extensively at 200°C,



PART II

CHAPTER 1 ¢ STUDIES ON ACRTOACETANILIDE, ITS CHELATES,
TUASTAROMATICITY AND ISOMERISM,




AND IBOMERISM

“lthough the physical properties of metal
eholntosl have been studied extensively, it is relatively
recent that investigations on the reactions of
coordinated ligands have been carried out, Metal
acetylacetonates exhibit the chemical behaviour expected
for reactive aromatic systems and are readily
substituted at the central carbon of the chelate rings
by a variety of el.ctrophilocz’a. However, studies on
quasiaromaticity of A-dicarbonyl compounds seem
to have been confined to acetylacetonates,

For instance, the attempted nitration of Cr(III)
chelates of benzoylacetone and dibenzoylmethane
with copper nitrate-acetic anhydride mixture resulted

in the destruction of these chelates?.

The ligand, acetoacetanilide is chosen
for the present study, since referen€es to the chelates
of acetoacetanilide are relatively few in the chemical
literature. Chaplin and Huntor5 in the course of their
study on the "Associating effects of the hydrogen atom"
by molecular welght measurement in naphthalene solution
of some salicyl- and acetoacetanilides, isolated the
copper chelate to support the enolic structure of

acetoacetanilide,



This chapter deals with the isolation and
infrared spectral studies of acetoacetanilide
chelates of Cu(II), Be(II), Fe(III), Cr(III) and AL(ITI),
Except the copper cholatoao all the other metal chelates
are synthesized for the first time. Attempts to prepare
chelates of acetoacetanilide with other metals
like Co(III) have been unsuccessful. The isolation
of the nitration products of Be(II), AL(III) and
Cr(ITI) acetoacetanilides is also reported here,
Acetoacetanilide and some of its chelates are deuterated
to establish various hydrogen modes in these compounds
and the hydrogen bonding behaviour of the ligand in

solution,

8ince an unsymmetric bidentate ligand
coordinated to a trivalent metal can exist in two
geometrically isomeriec forms, attempt has been made
to separate gis- ;nd frans- isomers of tris-(aceto-
acotanilidnto)-chroniul(III):Thtilizing solubility
differences in benzene and column chromatography on
acid washed alumina, The inert complex has been
separated into its two possible geometrical isomers,
a deep green, gls-isomer, m.p., 204°C and a light green,
trans-isomer, m.p., 226-27°C, The results of
thermogravimetric studies on these geometric isomers

are alsc included in this chapter.
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Results and “iscugsion

Infrared spectra of acetoacetanilide and its
metal chelates in the region 4000 e} - 700 em”

1

The infrare absorption marima of
acetoacetanilide and deuterated acetoacetanilide
are tabulated in table I, Table II gives the
absorption freasuencies for bis-(acetoacetanilidato)emetal
chelates as well as their deuteration products,
vhile Table TTI reports those for tris-(acetoacetanilidato)-

metal chelates (Figures 1-6),

The infrared spectrum of acetoacetanilide in
nujol mull shows a strong absorption band at 2268 cn-l
an’ a medium band at 2145 em™ T, These bands vary in
freouency and intensity in the solution spectra and
may be attributed to (the intermolecularly) bonded NH,
The shoulder at 3067 cn-l, hovever, can he assigned
to C-H gtretching vibration, On deuteration, a
medium strong ND band was found at 2390 em 1.

Two weak bands aseribable to an group were also observed
at 2125 em” L and ©21fF em™> (1sotope ratie, 1.31).

NMR spectrim of deuterated acetoacetanilide also shows

that most of the methylene protons are deuterated,

since the signal dne to CHp at< 6,48 decreases considerably,
(Table V)



“t

Table 1
A\bsorption freauencies (em 1) of acetoacetanilide and
deuterated acetoacetanilide

----------- - - e e e SR -

‘cetoacetanilide Deuterated acetoacetanilide Posgible
Nujol CHCl, soln. Nujol Hexachloro-  CHCL, = ooments
butadiene soln,
3268s 3360sh 2280w 3280w 3326w Bonded NH str,
3145m 3300m
3067sh 3000b,m 3020w 3000w C-H str,
(aromatic)
2924%s,b 2030*s,b 24F0w
2390s 2390s 2400m N-D str,
2216w 2216w ] cp, str,
2124w 2126w ]
1946w 1946w ] combination
1873w 1873w ] bands
1725sh
1727vs 1710vs 1710vs 1710vs C=0 str,
1661vs 167€vs 1660vs 1676vs ‘mide I
1£97vs 1600s 1600s 1600s Aromatic ring
1638b,vs 1£80b,vs 1636m 1536m 1660s  \mide II
1502m 1600m 150€s 180€&s 15800s Phenvl vibration
1466%*ch 1470*s 1470s 1470s
1449vs 1448 = 144Fsg Cqs dev.ﬂef
1420vw 1426vs,b  1426vs,b 1420¢,b Amide T
14N8s CWZ def,
1377*s 1380*s
1366m 1365s 1360s 1360s 1368s CH3 svm,def,
1346w 1732Fs 1330s 1330s 1326m
1330sh S
1316en 1315w 13158 13164 126Em, 8  Amide T7I
1279m 12665 1455 W
1228m 1236w 1216s
1175m 1176s 1176w
1168vs 1160s 1168w -CH,, wag.
1160w
1110w
1080s 1090m 1077s 1076w  C=-C str.
1027w 1026m 1060m 1066w  CH, rock
1040m

1030s 1022w



1006m
267s

906s
868g
821w

7€7b,vs
740b,sh

‘5 08w

691b,vs

s, strong;

Table I (econtinued)

980w 960s
927s

202m 908s
860m
85Em
820w
762b,vs

692b,vs

* Nujol peaks

m, medium; w, weaks

Vy Verys

902m

b, broad:

Amide ITI!
C-CHa str,
CHa-wag.
CHa-rock

cH 0,P, def.

‘romatic mono -

substitution

sh, shoulder,



Table II : 7

tbsorption frequenciles (cm’l) of bis(acefoacetaniliﬁatb)-
metal(II) chelates in nujol rull,

09

Copper Deuterated Beryllium Neuterated Possible
copper beryllium assizgnments
2311m 2926w 3375w NH-str,
3226w 3148sh
2924*vs,b  2023vs,b 2924vs,b 2924vs,b
2336m 2337m N-D str,
16185h, 1600s 1608w 1600sh Aromatic C-C
16802 1£90¢h 1587sh 1£920¢e ‘mide I
1£77vs 1EE0b,vs 1667vs,b 1£60vs C=C str. + C=0 str,
1840sh
1829g 1548vys ‘mide TT
1802¢ 1E0Esg 1801vs 1808sh Phenyl vibration
149%vs,b
1468%m 1480s 1466%g 14E0* g
1437s 1448 ¢ - - CHS deg,def,
1408m S 1416s -
1377*m 1380%g 1784*g 1380*s
1327s 1380s
13E0s 1360s ‘mide II?
1330s 1333b,vs 1320s ﬂﬂs sym,def,
1319s - 1305gh - ‘mide ITT
1266m 1972s
1283m 1241s 195Em
118%2s 1186w 11R8s CH in plene def,
1073w 1160m -
' 108y 1086w
1048s,b Ring def, + Bel str,
1044¢g 1031e
10808 1038h,=
1029w
998w 298sh 290m CHﬂ rock
971s,b 279vs,b CHg-C str,
9ENe 2960s Amide ITI!?
206m 2986w 89Fw 290m C=CHg str,
874sg 3
846m 826s,b 812s,b Be0 str.+ C-C''gq Str,
796w
786s,4,b 7EF8,b T78wyb 773s,b CH O«P, def.
752m 7E73,b 725w,b
743¢ 74341
62%3s,b 88R%g,b 890s,b 692s,b Yono substitution

------ - - " - . - - e . - e D e W G G D - - - - - -

G e D WD O O . G P WS o R O R O R W T G W G SSRGS BD e D D D T G G W O G S G OO G S A e S e e s e

Fing Def, + M-0 str,



Table III

24

Infrared absorption freauencies (cl’l) of tris-(acetoacetanilidato)-
metal chelates in njuol mull.

Cr(ITI) trans-

m, ., 2260

m.p,204°

Fe(ITI)

Cr(ITI) gis-

Possgible
assignments

2924*v=,b
1618w

1687s
1848s,b

1493vs
1466%*vys
1441vs
1416s
1377%*s
1319vs,b
1269s
1182s

1188sh
10808
1029m
998w
971lvs,b
901w
795w
762vs b

3300w
2924*vs,b
1623sh

1618s
1687s

1648vs

1493m
1464*vs
1441sh
1408s
1377*vs
1319s
1283s
1182m

1048m
1027m

967vs,b

762w

3380s
2924*vs,b
1608y

1587vs
1648s

1493vs
1465%vs
1433vs
1407s
1384%*m
1206m
1247s,b
1181s
1193w
1086w
1044s
1031s
1002w
966vs,b
208m
775w
766, b
767w
743s
73%2s
688s,b

C=C + Amide I

C=C str., + C=0 str.
\mide II

Phenvl vibration

CHq deg,def,

‘mide ITT

CH in plane def,

CH 0,P, def,

Mono substitution,
Ring def,
+ MO str.
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The N-H stretehing mode at 3211 em T in the
corper acetoacetanilide (Table ITI) disanpearing in the
deuterated chelate shows that the copner chelate is
mostly deuterated, while deuterated beryllium chelate

1

still shows a weak mtemse band at 337 em = 1indicating

only partial deuteration, These two chelates show the

1 ana 2337 em~ 1.

corresnonding N-D bands at 233F em”
Of the trivalent metal chelates (Table III), only iron
chelate shows a strong NH stretching band, The NMR
spectra of the diamagnetic beryllivm and aliminivm
chelates, however, show -NH proton signals at low
fields (Table V),

1 1

The bands at 1946 em ~ and 1873 em~
appearing in acetoacetanilide and deuterated
acetoacetanilide are due to combination bands of CH®
out of rlane deformation of the aromatic ring,

The strong band anpearing at 1727 em-l

in
acetoacetanilide is what is expected for an unconjuvzated

C=0, The anpearance of this band as well as the absence

of any OH stretching vibration indicates that acetoacetanilide
under ordinary conditions exists almost entirely in the

keto form, This is al=o substantiated from the NMR

spectrum of acetoacetanilide where the signals due to

OM and CH are so small that they can be practically

ignored., In the case of metal chelates of

acetoacetanilide, the carbonyl absorption of the

ligand 1is reprlaced by a metal chelated carbonvl ahsorntion
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at much lower frequencies., The infrared svectra of metal
chelates of acetylacetone, ethylacetoacetate and other
R=diketones usually exhibit two strong bands in the
1600-1650 em™* regious'g. Lecomte® assigned the

unpermost band to a perturbed (or chelated) carbonyl

and the lower band to perturbed carbon-carbon double bond.
However, Martell znd his co-workerslo have rightly mointed out
that it is not nossible to assign the bands

due to C=C and C=0 grouns in this region, since

(a) the bond orders of the C=0 and C=C are similar and
both absorb in this region and (b) their relative

positions are sensitive to a change in the metal,

Further, in such a chelate ring system, coupling

between these vibrational modes may be serious, Following
Bellamy et al.” ané Shigorin® the first strongest band
found in the spectry of metal acetoacetanilides in this
region and located at ca.1680 em ' 1s assigned empirically
to a predominantly carbonyl stretching mode:

177 (Cu II), 1567 (Be II), 1687 (Al IIT), 1687 Cr TII,
eis-), 1682 (Cr ITT, trans-) and 1687 (Pe III) em 1.

The absorption bands at a.1600 em™ > in
acetoacetanilide and ite chelates are assigned vprimarily
to C=C and to the aromatic ring vibrations, while the
strong band at 1661 cn'} abesent in the metal chelates is
assigned to the amide I band, The strong band at

1628 em Y in acetoacetanilide can be attributed to amide II.
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fcecording to Miyazawa, Shimanouchi and Viznshimall,
the vibration responsible for this absorption is a
mixture of W-9 bending (ca. 60%) and C-V stretching
(ea. 407), although earlier they12 rostnlated this
band as having a more C-N than N-H character,
Aecordingly, the 1538 em™! band in acetoacetanilide
can be assigned to a mixed vibration of CN stretching
and NH 4n plane bending, The amide ITI band

(CN stretching, NH bending) and CHg-C stretching

can be located at 1316 em™! and 1279 em™ ' respectively.

The amide II band in the chelated metal
complexes is shifted: 1529 (Cu II), 1£48 (Be II),

1648 (for trivalent metals) em” L respectively, The

amide III band for me*al chelates can be located at

1319 (Cu), 1205 (Be), 1312 (Al), 1319 (Cr, gcis),

1348 (Cr, trans), 170f (Te) em T respectively, On
deuteration, the stronz band aprearing at 142§ cm"1 can be
assigned to the corresnonding absorntion for amide II band
in acetoacetanilide (amide II'), The amide ITT band,
however, is quantitatively shifted to 927 em ™+

(isotope ratio, 1,3), Strong bands anpearing in
deuterated beryllium and conper chelates at ea.1350 em™ Y
can be assigned to aride II', Bands arpearing at
ca.960 em” > in denterated copper and beryllium chelates

correspond *o the amide III',



A

1

The strong absorption at 1502 em ~ of

acetoacetanilide shifted very little in the chelates

even amd
and on deuteration, can be assigned to the aromatic

C=C vibrations. The strong bands at 1449 cm »

and 1366 cm'1 (table I) and +he corresnonding bands

in the chelates can arise from CHg asymmetric and
symmetriec deformations: the latter, however, is merged
with the nujol peak in many cases. This leaves a

1

strong bandy of acetoacetanilide at 1408 em” ~ which

disappearg¢s on deuteration and can be assigned to 012
groun adjacent to C=03 a band anpearing a+ 1020 em™ 1
in the deuterated acetoacetanilice seems to be the
corresponding CDy band, since the isotope ratio
(1408/1030) 1is 1.30, Difficrlties are, however,
exverienced with the chelates, for instance, the
conper chelate also shows a medium intense band at
1408 em™} shifted *o a strong band at 1729 em™
fon Adeuteration) and the beryllium chelfite shows a
strong band at 1416 cn’l, perhaps, also shifted and
merged with the BeQ stretching vibration in the

deuterated chelate (the peak at 1130 enm”!

being broad),
The other metal chelates also show this strong band:
1416 (A1 III), 1408 (Cr, cis- and trans-) and

1407 (Fe III) cm-l. Based on these results,

one is tempted to suggest that there is significant
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contribution from structure II in such chelates,

H.C, HC_ H.C

3N 3™\ -
c—0 c—0 c—0
B RN / @
RN SO N M
=0 L—N, c=0
NHCgHs ° CeHs NHCgHs
i § I I

However, such a structure is very unlikely since

a free carbonyl band expected at ca.1700 em” !

1s absent and
also in view of some recent visible and ultraviolet
absorption spectral studies on a number of this type of
chelatesla. Hence it is apparent that this band is

due to a combination of C=0 stretehing and C-H in

plane bending mode, The appearance of this at such a

lov frecuency indicates that these chelates of
acetoacetanilide are very weak type involving electrons

10’23. Wolf and Wetzell4 from a study

of ligands only
of a large number of chelate compounds of copper with
amides of 2-ketoacids partieularly with anilides of
f-ketoacids also concluded that the bonding between metal

ion and enolate ion is mainly electrostatic in nature,

1 2nd 1168 em™! in

The bands at 1288 em”
acetoacetanilide can be due to the twisting and wagging
vibrations of methylene group. That the bands (table TI)
at 1188 (Be II), 1182 (Cu II), 1182 (Al ITI), 1188 (Cr IIT,
trans-), 1182 (Cr IIT, gig-) and 1181 (Pe III) em™}
respectively, can be assigned to a pure C-H in
plane bending mode is well “ocumented by the

appearance of a strong absorption band at 874 om'l in the

deuterated beryllimm chelate (isotope ratio, 1,.35).
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But the copper chelate shows pcculiaritygsinco the
deuterated copper chelate does not show this band., The

1 1

strong and broad bands at 1048 em ~ and 826 em”

D
are due to the merging of Be-0 stretching vibrationle

with ring deformation and C-CHa bending vibrations,
In the other metal chelates, the strong and broad bands
at ca. 690 em™ ! can be assigned to a mixed vibration of

metal-oxygen stretching with ring deformation.

Magnetic susceptibility data

The magnetic susceptibility data (given in
Table IV) show that while the values of Cr(III) and Fe(ITI)
chelates are what is expected for da- and ds spin only
magnetic susceptibilities, the value for copper is low.
Fecently such subnormal magnetic moments of coprer have been
amply dilcuasodls. The peculiarity of the infrared
spectrunas well as the subnormal magnetiec susceptibility
of the coprer chelate may be due to its structural

differences from the other chelates.

Reactivity of chelated acetoacetanilide

To demonstrate the reactivity of the coordinated
acetoacetanilide, nitration of the relatively stable
chromium(III) chelate was attempted, A mixture of copper
nitrate trihydrate and acetic anhydride was employed®
to nitrate the chromium(III) chelate. Beryllium and
aluminium nitro chelates were prepared in a single step
reaction employing the metal nitrate and cold acetic
anhydridolﬁ.
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Chromatography of the crude reaction
product (chromium nitro acetoacetanilide) on alumina
column resulted in the decomposition of the chelate.
An yellow unstable metal and nitrogen free liquid
(Cy 63,43; H, 10,67%) was obtained.
Polyecaprolactum povdor17 {nylon powder), however, is
found suitable for purification of these nitro chelates,
Thin layer chromatography on calcium sulphate was used
to examine homogeneity of these nitro chelates,
Analysis showed that Be(II) and Cr(III) chelates are
fully nitrated whereas Al(III) chelate is partially
nitrated, The NMR* spectrum of the partially substituted
nitro chelate of aluminium, perhape. due to low solubility
in deuterated chloroform, did not show the signal in the
vinyl region, (Table V)

The NMR spectrum of nitro chelate of Be(IT)
{Table V) confirms that the proton of the active ‘
methylene group in the chelate ring is replaced by a
substituent, The nitro chelate of Be(II)
acetoacetanilide exhibits ond¥ signals at 7,26 and at
2.49 corresponding to methyl and phenyl protons
respectively and none in the vinyl region, The low field
position of the methyl signal is probably due to a
conbipation of electronegativity and anisotropy of the

nitro group.

3

* Chemical shifts are cited on the 7 secale,
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Isomerism of tris-(acetoacetanilidato)-chromium(III)

The gis- and trapns-isomers of chromium(III)
acetoacetanilide were separated by utilizing solubility
differences in benzene and column chromatography on acid
washed alumina and also by thin layer chromatography
using acetone-benzene (1l:1) solvent mixture. For
separation by thin layer chronatogrnvhy’difforont
adsorbents (silica gel, neutral alumina, magnesium
trisilicate) with different developing solvents were
examined, but the me#% satisfactory separation was
achieved with silica gel (adsorbent) and
benzene-acetone mixture (developing aolvent)a%;,In this
particular conbination,tho difference between the
gis- and trans- mizrations was maximum, (Table VI),

Comparison of the mobilities of the
gis- ané Lrans-isomers indicates that the trans-

isomer of the pair is more mobile,

The infrared spectra of gis~- and frans-
isomers of chromium acetoacetanilide showed minor
intensity differences. Thermogravimetric analysis of
the gis~- and trans-isomers in air and in nitrogen,
however, showed differences in their stability,

It can be seen from the thermograms
(figs, 7 and 8) that the Lrans-isomer is stable
urto a temperature of 320°C in air and accelerated

weight loss is obrerved only from 260°C onwards,

P
)
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Table VI
TLC data of cis- and trans-isomers of Cr(III) acetoacetanilide

- - - - - -

Adsorbent Developing solvent Rf ARf
cis- trans-

011303 0,72 0,76 0,03
(Cﬁa)aco + Ccﬂc(lll) N,68 0.71 0,13
CgHg *+ CrgOH (1:1) 0.73 0.79 0,06

Alumina (caa)zco 0,76 0.77 0,01
CHSOH 0.78 0.82 0.04
(CHa)zco + CGHO (1:1) 2,68 0.72 0,086
CgHg + CHgOH (1:1) 0,82 0.86 29,73

Magnesium (083)200 + Cglig (1:1) ¥o separation (0.68)

trisilicate

Cgllg + CHg0H (1:1) No separation (0,77)
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(Fig.7. weight loss, 39.5¢) and from 2360°C onwards

in nitrogen current (Fig.,8. weight loss, 34,94%).

The gils-isomer, on the other hand, is stable upto
300°C in air and rapidly decomposes from 320°C onwards
(22,284 weight loss in air), In nitrogen current, the
corresronding value (rapid decomposition) for the
gis-isomer was 328°C (weight loss 27.16¢), It is
thus apparent that the trang-isomer of
tris-(acetoacetanilidato)-chromium(III) is thermally

more stable than the gig-isomer,

Attempts to separate gis- and trang-isomers
of AL(III) and Fe(III) chelates of acetoacetanilide,
hovever, were not successful, This may be due to the nuv
greater stability of the trans-isomer in these cases,
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Infrared spectra of acetoacetanilide metal chelates

in the region 700 em ~- 400 em”

Metal oxygen stretehing frequencies in some
metal acetoacetanilides

Recently infrared spectra of metal
ond

acetylacetonates, me*al Y-nitroacetylacetonates in the

CsBr optics region were reportedils18-20

and the
absorption bands found at §00-300 em™ > have been
assigned to metal-oxygen stretching vibrations.
Loco-to6 first cbserved that in metal acetylacetonstes
the bands in the reglon of 700-590 em™ > are sensitive
to changes in the metal, Subsequently, Nakamoto and
Martel1®! showed that the bands in this reglon arise
due to coupled M-0 and ring vibrations and due to
coupled M-0 and c-cna bending vibrations, The bands

at £70-400 c-'l, hovever, are M-0 stretching vibrations

coupled only slightly with the C-CH3 vibrationlaz.

The infrared spectra in nujol mull of
acetoacetanilide complexes of Cu(II), Be(II), AL(ITI),
Fe(III), Cr(III) and Ti(IV) have been examined in the
region 700-400 em™ + where m-tal-oxygen stretching
vibrational modes appear, The absorption bands found
in the region of 700-400 em™» for acetoacetanilide>?
and its metal chelates are tabulated and given in
Tables VII and VIII, (fig. 9-13) All the
acetoacetanilide complexes exhibit a strong band between
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Table VIII

Infrared absorption freouencies (cl'l) of metal
*

acetoacetanilides (in nujol) in the region of

700 - 490 em™} (CsBr prism)

- - - D - - - - - - - - - - -

Ti(acacN)2012 Ti(acncﬁ)3C1 Ti(acacN)SBr Ti(acaeN)al.HI

686s 687s 687s 687s
647s

614¢ 621s 623s 621s
£62sh

£80sh £850sh £62sh £62gh

646vs £66b,vs £66b,vs 666b,vs

£08m 608m 506m £08m

466vs 470vs 472vse 474vs
443w 444y 463w
426w 424y 424w

Possinle
assignments

M-0 str, + ring

def,

M-0 str, +

M"O. Bt!'.

*Preparation of khese compounds is described in Chapter 2.
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400-500 em” L. The beryllium chelate, however, shows

a band at ca.510 em™>. 1In bis-(acetylacetonato)-
beryllium(II), the band at £00 em™ > was tentatively
assigned to a Be-0 stretching vibration>>,

The strong band appearing in the region 400-600 em” 1
in metal complexes of acetoacetanilide, in analogy
with acetylacetonate complexes can be assigned to

metal oxygen stretching vibration.

In acetylacetonate complexes of Co(II),
N4(II), Cu(II), Pa(IXI), 4t 1s observed that the
freouency order of the M-0 stretching is same as the
stability order. The magnitudes of the frequency shifts
do not mateh the stability differences so that there is
no apparent quantitative acroc-entaa. As mentioned
earlier in this thesis, attempts to prepare a series of
compleves with this ligand d1d not succeed and hence it is
difficult to decide whether any relationship between
M-0 stretehing freauency and the order of stability
of chelate exists,

In amides the band near 600 em * 1is assigned to
N-C=0 deformation whereas the band near 500 em™* to a
4, a C-C deformation®® and a NCO

C-C=0 deformation®
deformation=®, The absorption bands appearing at ca.600 em”

1

in acetoacetanilide complexes may also arise out of
coupled M-0 and ring vibrations and due to coupled M-0
and c-cu, bending vibrations,
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Copper acetoacetanilide - was prepared according to

the me*hod given by Chaplin and Hunter5 and was

recrystallised several times from acetone.

Found: C, 67,603 H, 6,013 N, 6,603 Cu, 14,64,

Caled. for CoyHpn0 N Cut Cy 67,765 H, 4,865 N, 6.74:
Cu, 15,294,

The compound is soluble in chloroform and in acetone

but insoluble in carbon tetrachloride anéd benzene.
Solubility (20°C) in ehloroform 0,16 g/100 ml of solvents
in acetone 0,86 g/100 ml of solvent,

Bervilium acetoacetanilide - was prepared as follows:
Acetoacetanilide (7,09 g3 0.04 mole) was dissolved in

6N ammonia, little aleochol was added to zet a clear
golution, This clear solution was added to the beryllium
nitrate solution (3,74 g3 0.02 mole) with stirring,

The pH of the mixed solution was brought to £,5-85,8,

The precipitated beryllium acetoacetanilide was filtered,
washed with hot water and dried. Yield, 5.9 g. (81,6%)

Recrystallised from benzene and vacuum dried, M.P, 185°¢C,

Found: C, 66,97y H, 6,793 N, 7.03 Be, 2,604,

Caled, for ConH 04N Bet C, 66,46y H, 5,587 N, 7.786:

Be, 2.49%.

Soluble in chloroform (3,22 g/100 ml.of solvent), and in
benzene (0,16 g/100 ml,); insoluble in carbon tetrachloride,
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Ferric acetoacetanilide - Ferric chloride

hexahydrate (2.7 g3 0.01 mole) was dissolved in

water (60 ml,) containing ca.3 g.of sodium acetate,

The solution was filtered and to this was added
acetoacetanilide (£.32 g3 0.03 mole) in alcohol (30 ml,)
with stirring. A garnet red precipitate was obtained.
This was collected on a filter under suction and washed
with hot water and dried, Yield, 3.6 g; 61,6%.
Crystallized from methancl and vacuum dried.

Found: C, 60,603 H, 4,913 N, 7.26; PFe, 9,464,

Caled, for C30R3006N3?0t c, 61,633 H, £,17; N, 7.19;
Pe, 9,884,

Soluble in chloroform (0,17 g/100 ml, of solvent),
Very sparingly soluble in benzene (92,08 g/100 ml.) and

insoluble in carbon tetrachloride,

Aluminium acetoacetanilide - Acetoacetanilide (2,66 g3

0,016 mole) was dissolved in methanol (25 ml.),
Aluminium isopropoxide (1,02 g3 0,008 mole) was added
to this solution with stirring., The mixture was heated
on the water-bath to dryness. Methanol (30 ml,) was
added and again evaporated to dryness. White solid,
insoluble in alcohol benzene and chloroform,

Yield, 2.¢ g; 89.96. Tecrystallized from methanol
and the product vacuum dried at 100°C for 2 hr.

M, P, 206-7°C,



Found?s C’ 63.54; H' 5.“‘ R’ 7.64' \1, 4.63’
Al, 4,864,

Insoluble in carbon tetrachloride, but soluble in CHC14
(0.224 g/100 ml), methanol (3,83 g/19) ml) and very
sparingly soluble in benzene (0,04 g/100 ml,)

Chromium scetoacetanilice - Chromium(III) chloride

hexahydrate (1,33 g3 0,006 mole) was dissolved in
water (80 ml.), 10 g.of urea and acetoacetanilide

(£.32 g3 0,03 mole) in aleohol (40 ml.) were added and
the mixture was refluxed for 9 hours on water-bath,

The product was collected on a filter while hot, washed
vith hot water and dried. Yield, 2.6 g; 86.2f.

This compound was resolved into gig- and trans-

isomers as outlined below.

(u"\(l
The chromium compound 1s insoluble in CHClgq CCl4,

sparingly soluble in hot benzene (0,08 g/100 ml) and
soluble in methanol (2,03 g/100 ml).

Separation of - ans-1i rs

Chromium(III) acetoacetanilide was isolated
from aqueous aleoholie solution in which i+ wae almost
completely insoluble, The erude reaction product
was used without purification by recrystallisation
since this would have led to loss of the more soluble
gis-isomer. The isomers were .oparat0627’28
by utilizing solubility differences in benzene and

column chromatography on alumina (:cid-washed).



The crude reaction product (4 g) was first
nurified by rapid chromatography on alumina (100 g
amount not eritical). The material was put on the
column in §0¢ beng’nc- 504 methanol solution and the
gis- and frans-isomers of chromium(III) acetoacetanilide
were eluted with pure benzene. Unreacted
acetoacetanilide and other unidentified products
remained on the column, After removing the benzene
from the eluent by evaporation at room temperature,
the more soluble giz-isomer was concentrated by
extracting the residune with 20 ml. portions of hot
benzene, The extraction was repeated several times
until the extract was only slightly coloured,
The residue from the benzene extract (less soluble
trans-isomer) was purified by recrystallising twice
from methanol and dried under vacuum at 100°C for 2 hours.
(2,6 g) light green m.p. 226-27°C,

Yound: €, 61,673 H, 5,113 N, 7.04; Cr, 8,884
Caled. for Cg M. OGN Crs C, 62,063 H, £.21; N, 7,24
Cr, 8,964,

The benzene was removed from the benzene
extract (gis-isomer and some Lrans-isomer) by
evavorating at room temperature, Separation of the
gig-isomer was then achieved by careful chromatography
on alumina (£§0-170 g.of alurina / 1 g.sample in a 20 mm,
outside diameter tube). The sample was put on the
column in 20% benzene and 804 methanol. The benzene



content of the eluting solvent was increased in the

order 20, 30, 40, £0 and finally 70%¢ every 100 ml, of
eluent, The gis-isomer was eluted with 707 benzene —

30% methanol, Early fractions contained frans-isomer.
The gis-isomer was purified by reerystallizastion from
benzene and dried under vacuum at 100°C for 2 hr,(7¢ ms.).

deep green m.p.204°C.

Fom' C’ 61.75‘ H’ 6.68’0

Separation of thejgéé£>and ;sggg-isoners by
thin laver chromatogranhy

Glass plates (160x40 mm.) were thoroughly
cleaned, rinsed with distilled water and coated with a
slurry of silica gel. The plates were air dried for
10 minutes and activated at 110°C for one hour.

The activated plates were stored in a desiccator,

Saturated solutions of the gisg- and trans-
isomers in acctone-benzene were prepared and the plates
were spotted first with individual isomers and then
with a mixture of isomers, along the origin of the plate.
The plate was air dried and introduced intoc a
chromatographic jar containing the solvent and was
developed by ascending techniquozg. The plate was
removed when the solvent reached a height of 10 em, and
alr dried. The positions of the isomers were marked and

the R, values determined.
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Bis-(Y-nitroacetoacetanilidato)-beryllium(II) -

Acetoacetanilide (3.54 g3 0.02 mole) was dicesolved
with cooling and stirring in acetic anhydride (20 ml.).
Beryllium nitrate solution (1.87 g; 0.01 mole) was
added slowly with coeling. The mirture was stirred
(for ¢ hours) with ccoling and then for 18 hours at
room temperature. During stirring an yellow precipitate
was formed, The mixture was decomposed with ice-water
and sodium acetate. The yellow product was collected
on a filter, wvashed with water several times and dried,
Yield of the ecrude product 3.2 g (70.9%). It was
purified first by recrystallisation from benzene and
petroleum ether and then by chromatogranhy on Nylon
powder column with benzene as eluvent. (:Councrcial
nylon-6 beads were treated with hydrochloric acid at
room temperature, washed, dried and pulverized to
100-200 mesh;j The =olvent was evaporated and the
product was vacuum dried, m.p. 28°C,

Found: C, £3,08; H, 3,787 N, 12,613 Be, 1.90%.
Caled, for 020H18H4°83.' c, 3,20y H, 4,027: N, 12,42
B.’ 2’.00’.

Tris-(Y-nitroacetoacetanilidato)-chromiun(III) -

A slurry of finely divided copper(II) nitrate

trihydrate (2,7 g1 0.71 mole) in acetic anhydride (80 ml,)
was stirred for 16 minutes at 0°C, At the end of this
time a portion of the copper nitrate had dissolved to

form a deep blue solution, To this slurry was added
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Cr(III) acetoacetanilide (1,02 g: 70,0017 mole) and the
resulting slurry was stirred for 2 hours at 0°C,

The cooling bath was removed and the mixture was
stirred for another hour, The slurry was decomposed
with a mixture of 300 ml. of ice-cold water and

ca,3 g.-of sodium acetate, The yellowish precipitate
was collected on a filter and washed with water.

It was purified by recrystallization from benzene and
then by chromatography on Nylon column using benzene and
methanol mixture as eluent, The solvent was
evaporated and the product was vacuum dried,

Yield 0,2 g3 17%. The compound softens at 180°C,

Found: C, 50.02‘ H, 3.85‘ N’ 12.’)’ Cr’ 7.10’0
Caled, for Cyyfipn0,oNgCrt C, 60.34; H, 3.80;
N, 11.7“ Cr, 7‘2”0

o-(acetoacet 1dado)bis-(Y-nitroacetoacetanilidato)-
aluminiyum(ITI)- Acetoacetanilide (2.87 gy 0.01& mole)
was dissolved with cooling (0-6°C) and stirring in
acetic anhydride (15 ml,), Powdered aluminium
nitrate, hydrated (1.88 g; 0.006 mole) was added slowvly
with cooling, The mixture was stirred with cooling
for © hours and at room temperature for about 18 hours,
During stirring the solution acquired yellow colour,
The mixture was poured into ice water containing sodium
acetate and the yellow precipitate was collascted on a
filter, washed with water several times and dried.
Yield of the crude product 2.8 g, 8&,74¢,
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It was purified first by crystaliising
from benzene and petroleum ether and then by
chromatograrhy on Nylon powder column with benzene
as eluent. The solvent was removed and the product

was vacuum dried., m.p. 143-44°C,

Found: C, 56.32‘ H’ 40108 3, 10.90‘ Al. 4.22’0
Caled, for Canfloghg0ynile Cy 65,803 H, 4.373y N, 10.86;
Al, 4.18¢,

Calcium sulphate for thin layer chromatography,

was prepared from an aqueous solution of caleium chloride

and an equivalent gquantity of sulphuric acid aceording
to the method of Matis gt.al.” About & g-

of caleium sulphate was slurried with 1£ ml, of water and
was used to coat three thoroughly cleaned

plates (3.5x16 em.)., The coating was allowed to
solidify and then activated in an oven at 110°C.for

2 hours, cooled in a desiccator over silica gel.

The applicator used for obtaining uniform layer of

0.5 mm., and the technique adopted have been described
in detail recently by Gupta and Sukh Devol,  When
the solvent (benzene) front reached the 10 cm. mark
the spot of the aluminium nitro acetoacetanilide had
reached 8,6 em, (Rp = 0.85),

The corresponding Rt values for the
nitrochelates of berylliuwr and chromium were 0,80
and 0,93 respectively,

The spots did not show any sign of separation
indicating the purity of these compounds,



Acetoacetanilide was purified by several
recrystallizations from hot water, m.p. 86°C,

Found: C, 67.763 H, 6,213 N, 7,894,
Caled, for C10f1100%: C, 67.765 H, 6,275 7.91%.

Deuteration - 5011d deuterated acetoscetanilide

was prepared by refluxing in a eurrent of nitrogen,

a solution of the compound in Dg0 for 48 minutes.
Cooled, filtered and Aried under vacuum., Deuterated
chelates of Cu(II) and Be(II) were obtained from
dloxane solutions of the chelates by refluxing with
Dgo for 2-4 hours. In the case of the copper chelate,
a deep brownish green layer immiscible with the given
solution was obtained, After separation, the solvent
from the brownish green layer was removed under
reduced pressure and the solid obtained was dried

under vacuum,

a ctra - were obtained by using a
Perkin-Elmer Model 221 infrared spectronhotometer
equinrped with NaCl and CsBr opties, The instrument was
calibrated using polystyrene film. The resolution
of the instrument at maximum performance was about

18 em™ Y at 3900 en™} and 7 em™! at 1600 em~1.

H.M.R. - Spectra were measured on a Varian Associates

¥odel A-60 spectrometer with TMS as internal standard.
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Magnetic susceptibility - measurements were made at
room temperature by the Gouy method using a semimicro
analytical balance and electromagnet at s field strength
of 6020 gauaa/cuz. The effective magnetic moment was
calculated by the formulat

Hope ™ 2.84 (X5°T x ml/2

where x:br is the corrected magnetic susceptibility,

The diamagnetic corrections were estimated as usual,

Thermogravimetrie analvsis - The decomposition
temperatures of the compounds were determined in a
thermogravimetric balance using MeBain-Bakr type
Quartz springaB having sensitivity of °,f mg.per
millimeter o;tonsion. About ©5 mg.of the sample is
required for the investigation. The extension of the
spring was measured with a travelling microscope
every two minutes while the temperature of the

furnzce was increased at a constant rate of about
2°C.per minute. The thermograms were obtained by
plotting directly the change in the microscope reading
representing the loss in weight against temperature,
The actual weight loss at any stage was obtained

from the change in the microscope reading and

the spring constant which is 0,.,4106 mm., extension per mg,
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Weight losses upto £00°C only were determine’ as
the bucket employed was of almminiwm, However,

in the case of chromium isomers (fig, ?) using

a vlatinum bucket, weight losses unto 800°¢C were
determined on a thermobalzance built by Bhabha Atomic

Research Centre, Bombay.
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ACETOACETANILID: CHELATES OF TITANIUM(IV)

33-41 ) .ve accumulated in the

Examples
literature which reveal that two of the chlorine atoms
of titanium tetrachloride are more easily replaced
by ligands leading to dichloro titanium compounds,

The attempt of Verms and Mohrotru41 to prepare
tetrasalicylaldehyde derivative by reacting together
titanium tetrachloride and an excess of salicylaldehyde
resulted in the isolation of the dichloro bis-
chelated compound only, On the other hand, with
zirconium and hafnium, the increase of coordination
number to eight can readily occur and thus with
acetylacetone, compounds of the type [M(aeac)4]°,
where acac stands for acetylacetone minus one hydrogen
are easily obtained, By careful choice of reaction
conditions, it is possible to replace chlorine atoms
of zirconium tetrachloride in ntncos‘z"a to give

(Zr(acac)Clyly [Zr(acac),Cl,] and [Zr(acae)g]Cl.

The reactions of titanium tetrachloride
with acetoacetanilide have been studioﬁ)sinco search
of the literature revealed that no work on
acetoacetanilide chelates of titanium(IV) has been .aofir
reported, The reaction medium chosen for the purpose
was benzene, The isolation of the reddish-brown

complex, dichloro bis-(acetoacetanilidato)stitanium(IV)
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shows the easy and usual replacement of the two
chlorine atoms of titanium tetrachloride. The
replacement of a single chlorine atom leading to the
isolation of tyichloro mono(acetoacetanilidato)-
titanium(IV) wae also oasti} achieved,

In order to replace the two chlorine atoms
in Ti(acacN),Cly, where acacN stands for the
acetoacetanilide ligand anion, this compound was
refluxed with an excess of acetylacetone when an
- interecsting ligand exchange took place resulting in the
formation of monochloro tris-(acetoacetanilidato)-

titanium(IV) according to the following reactionte-

31‘1(:0.011)2012 + 2Hacac = 2‘1‘1(acacl)301
+ Ti(lelc)zclz + 2HC}1.,

The same monochloro tric-(acetoacetanilidato)-
titanium(IV) was also obtained when dichloro
bis=(?,4-pentanediono)-titanium(IV) was reflured with
acetoacetanilide. The reaction may be represented

acecording to the following equation:
Ti(auc)gmg + JHacacK = Ti(a.cacll)acl + 2Haecac + HC1,

The success of this rezction led to attemnts
for the syntheses of monobromo-, and monoiodoe

tris-(acetoacetanilidato)=-titanium(IV) compounds.



Pibromos and diiodo-bis-(2,4-pentanediono)-titanium(IV)
compounds werse prepared, thorofbro,ﬁ;:hi;tcr-ediatol.

The monobromo- and the monoiodo tris-(acetoacetanilidato)-
titaniwm(IV) compounds were isolated by refluring

the dibromo- or the diiodo-(2,4-pentanediono)-titanium(IV)
with acetoacetanilide in anhydrous benzene., However,

the asnalytical data showed that the monoiodo comround
contains one molecule of solvated hydrogen lodide,

TGA data of these monohalogeno compounds will be

discussed in this chapter,

Another approach towards the preparation
of these chelates, through their addition comrounds
vas also made. The isolation of the addition
ecompounds TiX,,3HacacN, where X = Cl or Br and the
formation of the corresponding monochalogenc-tris-
(acetoacetanilidato)-titanium(IV) chelates by heating
the addition compounds will be also deseribed in this
chapter,

* This compound whs reported recently,
Fay, R.C, and Lowry, R,N,, Inorg,Nucl,Chem,Letters,
3, 117 (19867).
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EXPRERIMENTAL

Titanium tetrachloride was purifed and
distilled before use, Titanium tetrabromide and
tetraiodide were prepared sceording to the procedure
of Braucr“. Dichloro bis-(2,4-pentanediono)-
titanium(IV) was prepared by the reaction between
titanium tetrachloride and acetylacetone in benzene
according to the procedure of Doron‘b. A1l the

solvents employed were purified before use,

Dibr bis-(?,4-pentanediono)-titanium(IV) -

Titanium tetrabromide (3.6 g; 0.01 mole) in dry
benzene (650 ml.) was mixed with excess of acetylacetone
in benzene (20 ml,) and refluxed till the reaction was
complete (4 hr,), More than half the benzene was
removed by distillation, After cooling the separated
brown sglid was filtered under nitrogen atmosrhere and

dried under vacuum, Yield, 2.2 g; 54,2%.

Founds C, 30.12; H’ 3.‘2; Br’ 39.02; Ti’ 11.‘7’.
C‘lcd. for 01031‘0‘31'21'1! C, 29.59‘ H’ 3.48; Br, 39.39'
71, 11.804.



Diiodo bis-(2,4-pentanediono)-titanium(IV) - The deep

reddish-brown semi-solid obtained essentially in the
above manner was poured into petroleum ether (60-80°C),
The solid was collected on a filter under suetion and
washed with tyo 10 ml, portions of petroleum ether and
dried under vacuum, Yield, 95%.

round: C, 26,643 H, 3,36y I, 61,13; Ti, 8,304,
C&lcd. for C1°H140412T1. C’ 24.03’ H' 2.82‘ I’ 50.79;
T4, 9,594,

bis-(ac t -tit 1 7) -
Titanium tetrachloride (1.89 g3 2.01 mole) in
benzene (10 ml,) and acetoacetanilide (3.52 g3 0.02 mole)
in benzene (30 ml.) were mired together, A reddish-
brown solution was immediately formed. The mixture was
refluxed for 6 hr, The solid was collected on a
filter under suction, washed with hot benzene several
times, dried under suction for five minutes and finally
dried under vacuum, Yield, 4.f g: 96.64.

Found: C, 49.3; H, 4.66; N, 6.89; Ti, 10,505 Cl, 1¢,54,
Caled, for CpyHy 0 oCloTit C, £0.97; H, 4.28; N, 5.9
n’ 19, 16’ Cl, 15.05’0

Trichloro mono-(acetoacetanilidato)-titanium(IV) -

Titanium tetrachloride (2.885 g3 0,016 mole) in
benzene (30 ml.) and acetoacetanilide (1,77 g3 0.01 mole)
in benzene (20 ml.) were mixed together at 2°C and then



refluxed for four hours. The reddish-brown product
separated on cooling was collected on a filter under
suction and washed with benzene and dried under
vacuum, Yield, 3.0 g; 60,604,

Found: N, 4.4; Ti, 13.98; Cl, 31.504%.

Caled, for C1011002N.T1C138 N, 4.24; 71, 14,49
c1, 32,20%.

Monochlore tris-(acetoacetanilidato)-titanirm(IV) -

Method I

Dichloro bis-(2,4-pentadiono)-titaniwm(IV) (1,69 g3 0,008
mole) in benzene (30 ml,) was mixed with

acetoacetanilide (1,77 g: 0.0l mole) in benzene (20 ml,).
The mixture was refluxed for 2 hr‘;:goled,qndéfhe
separated product was collected under suetion on a
filter, washed with hot benzene and dried under vacuum,

Yield of the orange-red solid, 1.59y(_s1.961j,n.p.)216°c.

Found: C, 69,68; W, 6,173 N, 6,803 Ti, 7.86; Cl, 6,12¢
Caled. for CgoHa,0gNoC1Ti: C, 58,86; H, 4,943 ¥, 6.87;
Ti, 7.83; Cl, 5.79¢.

Method II

A suspension of dichloro bis-(acetoacetanilidato)-
titanium(IV) (1,88 g3 0.074 mole) in benzene (60 ml,) and
1.4 g.of acetylacetone (excess over the required
quantity) were placed together in a flask and refluxed

for 2 hr, Orange red solid formed was collected on a



70

filter, washed with hot benzene and dried under vacuum,
Yi.\ld' 2.8 83 32,8¢. MePoy 216-17000

Hound: C, 69,143y H, 6,263 N, 6,863y Ti, ?7.86; Cl, 6,7¢

Monochloro tris-(agetoscetanilidato)-titanium(IV) -

(Repeated with guantities as per the egquation
Ti(acac)gCl, + 3HacacN = Ti(aoacu)361 + 2Hacac + HC1)

Dichloro bis-(2,4-pentanediono)-titaniwm(IV) (1,69 g3
0,006 mole) in benzene (40 ml,) and acetoacetanilide
(2.66 g3 7,015 mole) in benzene (20 ml,) were mixed
together and refluxed for 3 hr,, cooled, collected on a
filter under suction, washed with 10 ml, portions of
benzene twice snd vacuum dried, Yield of the reddish-
brown compound, 3.0 (98%) m.p., 217°C,

Found: ¢, 60,673 H, 6,603 Cl, 6,273y Ti, 7.624,

- - Y) -
Dibromo bis-(" ,4-pentanediono)-titanium(IV) (1.22 g;
0,003 mole) in benzene (80 ml,) and acetoacetanilide
(1.59 g; 0,009 mole) in benzene (20 ml.,) were mixed
together and refluxed for 3 hr, The orange-red solid
separated was collected on a filter under suction,
washed with & ml, portions of bcnzonz)twice and dried
under vacuum, Yield, 2,0 g; 91.4f.3 m.p., 211-12°C,

Found: C’ 66.58’ H’ 4.78’ Bl‘, 13.06’ N’ 5.67' Ti’ 7.1’

Caled. for Cpiiy OgNgBrTis C, 64.88; H, 4.61j Br, 12,17
N’ 6.40‘ Ti, 70&‘0



9"
Mono -{ac cetanilidato)-titanium(IV) -

Diiodo bie-(2,4-pentanediono)=-titanium(IV) (1,26 g3
0.0026 mole) in benzene (50 ml,) and acetoacéetanilide
(1.33 g3 00,0076 mole) in benzene (20 ml,) were mixed
together and refluxed for 6 hr, The reddish-brown

solid separated was collected on a filter under

suction, washed with & ml, portions of benzone’twico

and dried under vacuum, Yield, 1.6 g3 77%.

M. Pe 218%, (change at 135-7°c).

)
Found: °, 44,103 H, 3,44; N, 5,23 Ti, 6,323 I, 31,064
Caled, for Cq Hy OgNaIgt C, 43,303 H, 3.64; N, 5.06;
T4, 6.763 I, 30,508,

Preparation of TiCl'.SHacncR -

Titanium tetrachloride (0,96 g3 0.005 mole) in
ehloroform (20 ml.,) was added dropwise to a solution

of acetoacetanilide (2,668 g; 0,015 mole) in

chloroform (30 ml,). Immediately, a deep red solution
was obtained, Addition of petroleum ether precinitated
thoprango-rod compound, It was collected on a filter
under suection, washed with two & ml, portions of
petroleum ether and dried under vacuum at room

temperature, Yield, 2.9 g:; 80,.34%.
Found: W, 5,703 Ti, 6.39; C1, 20.6%.

TiC1l,.3HacacN on heating at 140°C for 8 hr, ylelded a
reddish-brown product.

Found: C, 68,26y H, 6,473 W, 7.3%,



IiBr,.2HgeacH -

Titanium tetrabromide (7.2 g; 0.02 role) in
chloroform (50 ml,) and acetoacectanilide (7.09 g3
0.04 mole) in the same solvent (40 ml,) were mixed
together at room temperature, Immediately, a deep
red solution was obtained. Addition of petroleum
ether (80°-80°C) precipitated deep red s-114 which
was c¢ollecte” on a filter under suction, washed with
petroleum efhor and dried under vacuum,

Yield, 13.9 g; 96,264,

Found: N, 4,013 Br, 46.2; Ti, 7,004,

TiBrifaﬂacacN -

Titanium tetrabromide (3,68 g; 0,01 mole) in
ehloroform (49 ml,) and acetoacetanilide (£,32 g3

0.93 mole) in the same solvent (30 ml,) were mired
together at room temperature. Immediately a deep red
solution was obtained, Addition of petroleum ether
(60°-80°) precipitated a deer red =01id which was
collected on a filter under suetion, washed with
petroleum ether and dried under vacuum,

Yield, 7.6 gy 83,44,

Found: N' 4.80; Ti’ 5.45‘ sr' 34.‘”0

Caled. for Csonaso‘l3T13r4: Ny 4,673 Ti, 5,333 Br, 3¢,659,
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The reactions of acetoacetanilide with
titanium tetruchloride in anhydrous benzene medium
led to the isolation of three classes of derivatives -
the trichlore mono-(acetoacetanilidato)-titanium(IV),
dichloro bis-(acetoacetanilidato)-titaniwm(IV) and the
ronochlore tris-(acetoacetanilidato)-titanium(IV),
Examples of the replacement of chlorine atoms in
titanium tetrachloride by a ﬂ{%arbonyl compound leading

to trichloro--2140446

or dichloro-chelates are
well-known, However, the renlacement of three
chlorine atoms in titanium tetrachloride by three
8-dicarbonyl fimections leading to monochloro titanium(IV)
chel i tes 4= not uqﬁi-knovn.dgfﬁﬁ: isolation of
tris-(acetylacetonato)-titanium(IV) perchlorate by a
solvent extraction procedure was revorted recently by
Roynolda". Attempts to isolate the monochloro —
compound by refluring titanium tetrachloride with excess
of acetoacetanilide in anhydrous benzene and also the
tris-(acetoacetanilidato)-titanium(IV) perchlor:te by
the solvent extraction procedure described by Roynolds47
were not successful, However, when dichloro
bis-(acetoacetanilidato)-titanium(IV) was refluxed with
acetylacetone in benzene an interesting rearrangement
took place according to the equsation mentioned previously

resulting in the isolation of monochloro -
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tris-(acetoacetanilidato)-titanium(IV), From the
experimental data it can be seen that similar type of
rearrangement takes rlace with dichloro -
bis-(2,4-pcntuncdiono)-titaniul(IV)i?oatoacotanilide.
The yleld of the product is essentially as bor the
equation mentioned before, Further this novel
rearrangement reaction can be successfully extended to
the preparation of the monobromo- and the monoiodo-

tris-(acetoacetanilidato)-titanium(IV) chelates.

The infrared absorption maxima of dibromo-
and diiodo bis-(2,4-pentanediono)-titanimm(IV) complexes,
in nujol mull are presented in Table IX; (Fig, 14).

The position of the absorption bands in the spectra of
these compounds iz similar to that of the bands in
dichloro bis-(2,4-pentanediono)-titanium(IV) recently
ropor%rd by Tanaka and 0kavnrl‘a. They have
tentatively assigned the upper most band to a

perturbed carbonyl vibration and the lower band to

a perturbed C=C gtretehing mode, Accordingly the
upper most band found in the spectra of dibromo~- and
diiodo-compounds in the 1600 om~t - 1500 om™} region
and located at ¢a,1526 em L can be assigned to a
perturbed carbonyl stretching mode, The bands at

ca.1616 cm~) are due to perturbed C=C stretching modes.

0f the four absorption bands in the

1

1. 1200 em™ region, the two appearing at

1800 em”

ca.1420 em~t and at ca.1340 em~L are same as in
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Table IX

Infrared sbsorption frecuencies (em™}) of titanium(IV)
chelates in nujol mull

Ti(aoac)zBr2 Ti(ncnc)2 2 Possible assignments

28E60%*b,vs 2980%b,vs

1630¢h 1630sh

1526vs 1620vs C=0 str,

16198 1816vs C=C str,
1480%s 1460%g

1440s 1423m Cliy def,(asyh)
1390m -

1380%*s 1370%s

1340s CHy def (sym)

1320vs 1310s C=0 str,
1300sh 1280s CaC gtr,
1040vs 1028s

1030sh 1010w

96Em 980w

940s 036s

820s 826m CH O,P,def.

N 810w

780w 796m

- 730s

680s 680¢s
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49 and are therefore azsigned to

ucetyl:;:zznn/mol¢culo
%

CHg degenerste and symmetrie doforrations respectively,
The bands appearing at 1320 c-'l,\131o em™! in the
dibromo~ and diiodo- compounds are due to C-0 stretching
vibration, The sharp band appearing at 1280 cm™+

in the dilodo compound is aseribable to a C-C stretching
mode, The corresponding band in the bromo compound,

hovever, appears only as a shoulder,

The C~H out of plane deformation band was

located at c¢a,820 en'l. someéevhat higher than in the
ff\-‘. d’tolkjl t.’n

metal acetylacetonates. In most of acetylacetonates
/\

of tim, this band appeared in the region 820 em™ ! -

780 em™t 48, The out of plane deformation

vibration of CH in some mono substituted benzene

compounds was reported to shift to higher wave number

when the substituent of benzene becomes olectronegntivgo’SI

or the electron density on aromatic ring docreasossa'aa.

The infrared absorption maxima in nujol mull
of meonochloro-, monobromo- and monoiodo-
tris-({acetoacetanilidato)-titanium(IV) complexes
together with the dichloro bis-(acetoacetanilidato)-
titanim(IV) and trichloro mono-(acetoacetanilidato)-
titanium(IV) are presented in table X (Pigs,16,16 and 16a)
with possible assignments, Ag in the case of metal
chelates of acetoacetanilide discussed in Chapter I,
the carbonyl absorption of the ligand at 1727 em™ >
is renlaced by a metal chelated carbonyl absorrtion at

wmuch lower frequencies, This band can be located at



Table X
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Infrared absorntion frequencies (cm‘l) of titanium(IV) chelates
in nujol mull,

H(acacN)Cla Ti(acacN)2012 Ti(acac”)3C1 Ti(acael)qlr ”i(acacw)sI.HI Possible

3960m
2000%b,vs
1660m
1600s

1678vs

1680vs
1490sh

1460*vs

1376*vs

1310s
1300sh

1240s

1175s

1080w
1040s
1026s

970b,s
910m
810m
780m
760b,s
726b 4m
68Eb ,m

3311m
2924*b,vs

1617s
1687vs

15 -8vs
1493vs

14E7vs
1401s
1377%s
1333s
1319s
1229w

1247b,s
1229w
118%s

1085w

1048s
998w
978s
267b,vs
210m
m’s

757b ’WS

687b,vs

2024%b,s

1617s
1597vs

1667vs
1502vs

1468vs

1401s
13R]1*g

1319s
1302m

1263s

1229m
1182s

1085w
1046s
1031m
1002w

971b,vs
906w

784b,m
752bgm

688b,m

1608s
1587vs

17E8vs
1493vs

1449vs
1433s
1401s
1377*s

1326s

1212s
129%m
1280s

1188s

1080w
1044s
1027m
1002w

971b,vs
201w
808m
797b4m

688b,m

1568vs
1493vs

1449vs
1433sh

1401s
1377%s

1326¢
1312s

1247s
1229m
1178s

1080w
1044s
1027m
1002w

971b,vs
901w
787b,m

752b,m
734m
686b ,m

as=ign-
ments

NH str,

C=C «+
amide I
C=C str, +
C=0 s*r,
amide II

Phenyl
vibration

CHa deg. e .

Amide ITT

CH in
plane def,

CH 0.P.def.

Mono subs-
titution,
Ring Def,
+ MO str,
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1676 em™ ' (trichlorc comnownd), 1787 em™ ) (2ichloro
compownd), 1£97 em”1 (monoehloro compornd), 1627 em™
(monobromo. comnound) and at 1627 em™ ' (monoiodo comnound ),
The amide IT and III bands in the chelatee can be

located at 150 em™! and 1m0 em™ 1n the +richloro

compound, 1762 em™ 1t

1

and 1299 em”! in +he Aichloro comnound,
1667 em — and 1202 em™t in *he monochloro, 1862 em™ !
and 1212 em™ 1 in the monobromo and at 1F£R em™d ana
1212 em”) in the monoiodo comvoun” raspectively,

The bands present st ea,1180 em™! in all the titanim(IV)

chelates way be aseribed to C-H in-nlane bending modes,

The charge transfer spectrz due to the
transition of the tyve](’—-?b subshell (emnty) of +he
comnpounds dichloro bis-(acetoacetanilidato)-titanim(IV)
and monochloro tris-(acetoacetanilidato)-titaniwm(IV)
are Aifferent as revealed by their reflectance
spectra (Figs,17). X-ray powder patterns also show
that the two compounds are different (table XI),

The monochloro tris-(acetoacetanilidato)-titanium(IV)
prepared hv the two different methods, however, shows
identical Y-ray powder patterns, Y-ray nowder
patterns of monobromo- and monoiodo-
tris-(acetoacet-nilidato)-titaniwm(IV) commounds

are given in table YII,

These complexes are insoluble in +the unuenzl

organic solvente so that conductivity studies eonld not be
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Table XII

30

X-Ray diffraction data of monobromo-and monoiodo tris-
(acetoacetanilidato)-titanium(IV) complexes

lonobromo tris(acetos cctanilidato)- “Monolodo tris(acetoscetanilidato)-

nobromo tris(acetoacetanilidato)-

Nonoiodo tris( acctoaco? anilidato)-

titaniam(IV) titanium(IV)
Ti(acacH)Br Ti(acacN),I.HI,
;.lttéce distanee Intcnqity Lattice distenee Intensity
d valuen(4) 4 d' values (R) 4

2,08 100 2.0 100
2.968 100 2.74 100
3.8 40-80 3.28 40
3.996 40-50 3.84 80-90
4,36 80 4.18 40-50
4,83 20-920 4,445 20
5.138 80«90 4.886 20
5,396 70 5.30 20
6.26 80 6.562 20
6,620 100 5,875 20
7.288 80 6,08 10-20
7.63 20-30 6.45 »
7.64 20 6.60 .
7.885 10-20 6,868 »
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made to establish whether or not the compounds are

ionie, It appears that the chlorine in the

monochloro compound is covalent and undergoes hydrolysis
on treatment with cold water, In this connection,

it may be mentioned that the reaction of titaniwm
tetrachloride with acetylacetone in anhydrous solvents
leads to the fermation of dichloro bis-(2,4-pentanediono)-
titanium(IV) which has been shown to be monomeriec

40,46 and not

by Mehrotra and co-workers
['1'1.(mnc)a:la'l'i.(n.6 as formulated originally by analogy
with the corresponding silicon compounds, U.V.spectra
and Mossbauer studiess‘, howvever, have shown that the
compound formed by the reaction of dichloro
bis-(2,4-pentanediono)-titanium(IV) with anhydrous
iren(III) chloride in glacial =zcetic acid to be
[Ti(acac)3]2?0014. Cox g;,gl.ss have prepared several
other derivatives from Ti(acac),Cl, to confirm that
[Ti(acac)al‘ ion was formed, THowever, the attemnt

to isolate the corresponding iron compound of dichloro

bis-(acetoacetanilidato)-titaniwm(IV) was not successful,

The replacement of one more chlorine by
acetoacetanilide raises the important guestion of
coordination number of titanium, Examples of titanium

having coordination number higher than six have been

given by Nyholnag and recently by Huettortio.57

by Frasoras.

and



93

In the monohalogeno tris-(acetoacetanilidato)-
titanium(IV) complexes, that if all the acetoacetanilide
groups are bidentate, a coordination number of seven
for titanium is implied. That all the groups are
bidentate is confirmed by the infrared spectray
which are similar to the spectra of other
acetoacetanilide complexes. Some difference would be

expected 1if one or more ligands were unidentate.

Titanium tetrachloride and tetrabromide
formed readily addition compounds with acetoacetanilide.
In the case of tetraiodideythere seemed to be least
tendency for such adduct formation., However, a small
amount of resinous product was isolated, with
tetraiodide, whose infrared spectrum was almost similar
to that of the ligand. The adducts formed with

tetrachloride and tetrabromide were deeply coloured.

The infrared absorption maximg observed
for the complexes of titanium halides with
acetoacetanilide are listed in table XIII. In these
complexes there is a metal to oxygen bond as
evidenced in the infrared spectra by an appreciable
negative shift of the carbonyl stretching freouency.
Such a shift of the carbonyl band to lower freguencies
has been considered as an indication of coordination
through the oxygen atom by many workeryo2-61

There was no appreciable change in the position of the



Table XIII

The infrarod absorption freguencies (em 1) 1n Nujol mull of
titanium tetrahalide addnets with acetoacetanilide

Llecetoacetanilide

(HacacN)

TlCl‘~ 3HacaeN

TiBr4.3ﬂacacN

3268s
3146w
3067s,sh
2924%vs,b
1946m
1873m
1727vs
1661vs
1597vs
1638b,vs

1466* s
1449vs
1377*s
1346w
1316s

1279m
1238s

1168vs
1080s
1027w
1006m

3200v,w

2800*b,vs

1600s
167Es
16E0s

1479sh,
1460%s

1370*s

1309s

1246s
1226sh
11¢6s
1076v.w
1040s
1030m
P65s,b

2200w

2900b,vs

1600s
1680s
168808
1600s

1480*b,vs

1370vs

1310s
1300sh

1280s

1176s
1080vw
1040sg
1026m
970b,vs
910w

800b,w
760b ,m

91



amide(III) band in the complexes from that in the ligand,
Archambault snd Rivest®®1%? reported, howvever, a
positive shift for the C-N streteching vibration in the
titanium tetrahalide complexes with formamide and

NyN-dimethyl formamide.

The shifts observed for the carbonyl band
seem to decrease from the chloride complex to the
iodide complex, This behaviour seems to be in
agreement with the decreasing electronegativities
and increasing steric hindrance of the halogens
from chloride to lodide. In the case of the
titanium tetrachloride addition complex, the observed
shifts in the ketonic as well as the amide carbonyl
frequencies indicate that both the carbonyls vere
involved in coordination. Further_more, the sharp
bands in the ligand at 908 c-’llﬂécs em™! assigned
to C-CHg stretehing and CHz wag are absent in the
spectra of the complexes.

The 1:3 adduct between TiCl, and
acetoacetanilide on heating at 140° for 10 nr, ylelded
a reddish brown product with m.p. 216°c. The infrared
spectrum and elemental analysis showed this to be
monochloro tris-(acetoacetanilidato)-titanium(IV).

The titanium tetrabromide adduct, howvever,

remained unchanged when heated at 140°C for several hours.
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As mentioned earlier, elemental analysis
indicated the presence of one HI attached to the
monoiodo tris-(acetoacetanilidato)-titanium(IV),

To confirm the presence of thisz attached molecule of

HI, thermal analysis, for the monohalogeno tris-
{acetoacetanilidato)-titaniwm(IV) comprounds was earried
under similar conditions. Figure 18 shows the
relationship between the temperature and the weight loss
of the monohalogeno tris-(acetoacetanilidato)-titaniwm(IV)
compounds when heated in air in the range 26°-310°C

at a heating rate of 4°/min,  Table XIV lists the
percentage weight loss in the range 190°-a1o°c.

Weight loss in the early phase of the
experiment (26°-190°C) is below 64 only. The therrmal
analysis curves for the three comprounds are almost
identical except for a break in the monoiodo comvound
at 230°C, At this temperature the loss in weight for the
monoiodo eonno\md( 14.69() corresponds te nearly to the
loss of one moleeule of I, It can be seen that there is
considerable decomposition at this temperature (230°C)
for the monochloro compound (35,404) and the monobromo
compound (28,25¢) as indicsted by the percentage losses,
From the thermal analysis data, it appears that the
monoiodo compound is more stable than the monobromo

compound or the monochloro compound,
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Table XIV

Percentage woight loss of monohalogsno tris(acetoacetanilidato)-
titanium(IV) compounds (190°-310°,, heating rate in air 4°/min.)

Temperature °C T1(acacN)4C1 Ti(acacN)Br T4(acacN)gT. "I
190 6,39 3.77 2.456
200 7.38 4,24 2,45
210 16.71 7.54 3.42
220 26,56 17.89 7.38
230 36,40 28,26 14,69
236 36,39 20,13 18,68
240 37.37 30,563 19,69
280 42,29 31,08 20,57
270 45,24 32,08 23.61
300 40,17 36,31 30,37
310 60,16 36,79 33.31

------- - - - - -
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PART III

ER : METAL CHFELATE POLYMERS OF BIS-(8-HYDROXY-5-
QUINOLYL)-METHANE, 8,8'-DIHYNROXY-,&!-
BIQUINOLYL AND PURPURIN,
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Metal Chelate polymers of bis-(R-hydroxy-6-quinolyl)-methane,

],8'-dihydroxy=-F,£'-biquinolyl and purpurin,

Most of the work on coordination polvmers renorted
in the literature seems to be conneerned with di- ané tri-
valent metals only, Recently, Horowitz and Perrosl
dealing with the coordination nolymers of
bis-(2-hydroxy-F-quinolyl)-methane with a nurber of
divalent first row transition metal ions have shown that
the decomnosition temperatures of these polvmers
increased linearly from copper(II) to mancanese(IT)
when the temperature at the start of the accelerated weight
loss was nlotted as a function of the atomic number of the
metal, The synthesis of coordination polvmers of this
ligand with ouadrivalent metals like titanium, tin and
zireconimm and their thermal stabilities are described in
this chapter, In addition, the reactions of this bis-
lizand with uranvf?ceta*e and silver nitrate have heen
carried out, Attempts have been made to »nrepare
coordination polymers with other ligands like
8,8'«A"hydroxy-£,6'-biguinolyl and purpurin with
ounadrivalent metals, Only zirconimm nolymer of
8,8'-dihydroxy=-8,6'-biquinolyl and titanium polvmer of
purpurin have been isolated and are revorted here,
Purification of these coordination nolvmers has been a

rroblem, since they are insoluble in common organic solvents,
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EXPERIMENTAL

Bis-(sv¥hydroxy-6-qu1noly1)-nethane prepared

according to reported nothodsl’2 melts at 280°C,

Found: c’ 75.34; H. 405‘; N’ 9000‘0
Caled, for Clgﬂl‘oznzi C, 76.50‘ “' 4064; N’ 9.26’0

8,8'-Dihydroxy-£ ,6'-bicuinolyl was prepared
by the oxidationa of reagent grade 8-quinolinol with ferric
sulphate, The method was same as followed by Berg and

&lﬁl‘. The compound decomposed above 300°C,

Founds C, 76,63; H, 4,66; N, 9,21%,
Caled, for °1s"12°2“2’ Cy 76,03 H, 4.173 N, 0,374.

Reaction between titanium tetrachloride and
bis-(8-hydroxy-5-quinolyl)-methane

The reaction was carried out in a three-necked
flask provided with a high speed vacu-o-stirrer and a
pear-bulb fractionating column connected through 2 take-off
condenser to a receiver, The guantities of the reagents
vere 0,96 g (0.006 mole) of titanium tetrachloride in dry
benzene (16 ml,) and 1,£1 g (0,008 mole) of the ligand
in dimethyl=formemide (&0 ml,). As heating and stirring
continued, the titanium tetrachloride solution was added
slowly to the ligand solution during a period of 49 min,
and the hydrogen chloride generated was collected in the

recelver containing potassium hydroxide solution.
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After the rcaction was complete, benzene was distilled off,
The solid produet obtained was collected and hydroly-ed
with water, An yellow product was obtained, It was
extracted with alcohol and air-dried.

Yield, 1.0 g; 61.24,

Heaction between titanium tetrabutoxide znd
bis-(8-hydroxy-f-guinolyl)-methan

The reaction was carried out in the same
manner as above using ligand (3,02 g: 0.01 mole) in
DMF (100 ml,) and titanium tetrabutoxide (3,40 g3
2,01 mole) in dry benzene (25 ml,). Yield of the
yellow polymor) 3.9 gy 97.5%.

Reaction between titanium tetracethoxide and

- (B8-hydroxy-8=-quinolyl)-methane

Ligand (1,60 g3 0,008 mole) in DMF (80 ml,)
and titanium tetra ethoxide (1,14 g3 0,708 mole) in
benzene (28 ml,) were reacted as before. Yield of the

yvellow polymer 1,7 g3 89,0%,

)

Reaction between titanium tetraisopropoxide and
bis-(8-hydroxy-£-quinolyl)-methane

Ligand (1.80 g3 0,006 mole) and titanium
tetraisopropoxide (1.42 g3 0,006 mole) were reacted
to.eth.r. !1.16’ 1.80 g3 90’0
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Reaction between dilctgzl tin dichloride and
bis-(8-hydroxy-6-quinolyl)-methane

A mixture of ligand (2,01 g; 0.0067 mole)
in DMF (76 ml,) and dimethyl tin dichloride (1.47 g;
0.0067 mole) in benzene (40 ml,) was reacted as before,
The mixture was refluxed for about h:lf an hour, allowed
to cool, filtered and the deep vellow filtrate was
neutralised with a‘fcv drops of dilute ammonia,
The separated solid was collected on a filter, washed with
wvater, and dried. It was further purified by extraction
with alcohol and air-dried, Bright yellow product,
Yield, 1.86; 59,64,

fleaction between zirconium oxychloride and
bis-(8-hydroxy-f-quinolyl)-methane

Ligand (2,0 g3 0.,0067 mole) in DMF (76 ml,)
and zirconyl chloride octachydrate (2.1 g: 00,7067 mole)
in DMF (26 ml.) were mixed together and refluxed,

The solid obtained was collected, washed with DMF and
alcohol and dried. The bright yellow solld was further
purified by extraction with alcohol and air-dried.
Yield, 2.1 g; 77:6%.
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Heaction between zirconium tetrachloride and
b - - -é- -

Zireoniwm tetrachloride (2,323 0,01 mole) in
DMP and the ligand (3,02 g; 0,01 mole) in DMF were
reacted together as above, Bright yellow product.
Yield, 3.8 g; 89.3%.

feaction between cetat d
bis-(8-hydroxy-6-quinolyl)-methane

Uranyl acetate dihydrate (2,83 g3 0.00687 mole)
in DMF and ligand (2.0 g; 0,0067 mole) in DMF were mixed
together and refluxed for 6 hr, The reddish-brown solid
separated was collected on a filter, dried and extracted
with aleohol, Yield, 3,3 g.

Found: C, 49,13 H, 3,873 N, 3,62y U, 37,734,

Reaction between silver nitrate and
bis-(B-hydroxy-£-quinolyl)-methane

Silver nitrate (1.70 g3 0,01 mole) in hot
water (1097 ml,) snd the ligand (3,02 g; 0,01 mole) in
hot DMF (100 ml,) were mixed., A deep green pasty
mass was obtained, The mixture was kept on water-bath for
30 min, The produet was collected on a filter, washed
successively with hot DMF, water and alcohol and finally
dried under vacuum, Yield, 3.2 g,

Found: C, 49.21; H, 4.42; W, 6,08; Az, 21,14,
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Reaction between 8,8'-dihydroxy-6,5'-biquinolyl

and zirconium oxychloride

Zirconyl chloride octachydrate (0.64 g3
0.002 mole) in DMF (%€ ml.) and the ligand (0.58 g
0.002 mole) in "MF (25 ml.) were mired together.
The orange-yellow solid obtained was collected on a
filter, dried and extracted with alecohol.
Yield, 0.7 g3 78.3%.

Reaction between titanium tetrabutoxide
and purpurin

Purpurin (1,79 g; 0.007 mole) in
aleohol (100 ml,) and titanium tetrabutoxide (2,38 g;

0.007 mole) in benzene (26 ml,) were reacted together.
Yield of the reddish violet solid, 2.2 g; 83,704.
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Hesults and Discussion

A number of experiments carried out to isolate
polymers of titanium(IV) revealed some comnlexities in their
isolation, For instance, when equimolar provnortions of
titanium tetrachloride in benzene and bis-(8-hydroxy-f-
quinolyl)-methane in dimethylcformamide ("MF) were
reacted together, the polymer isclated was found to
contain less chlorine than expected on the basis of
replacement of two chlorine atoms. (Found: 7.82;
required, 16,04£). The ratio of titanium to ehlorine
in this produet was 1:1,42, Further the product,
during drying under vacuum changed its colour from dark
reddish brown to brown. Vhen exposed to a‘*mosnhere
it changed to brown, brownish-yellow and finally to vellow,
Hence the compound obtained in the reaction was hydrolysed
with water, The polymer thus isolated was found
to retain DMF tenaciously. For instance, the infrared
spectrum (Fig, 19) of the yellow produet dried under
vacuum at 100°C for two hours showed a strong band due to
DMF at 6u (1667 cl'l) region, DMF could not be removed
completely even at elevated temperatures (120-160°C).
Frolonged drying under vacuum at 170-180°C 1n a current
of dry nitrogen resulted in slight decomnosition of the
product (titanium fownd; 13.95; required, 12.24),
However, extraction of the product with ethanol was found,
as evidenced from the I.R, spectrum (F1g.20) to remove

DMF and give a polymer of reasonable purity.
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In place of titanium tetrachloride, titanium
tetraalkoxides were employed in the above reaction,.
From the elemental analyses (table I) it could be deduced
.that the products obtained were idential with the product

obtained in the titanium tetrachloride reaction.

Polymerisation of bis-(8-hydroxy-f-quinolvl)-
methane with quadrivalent metals would give polymers of the
tyre represented below.

-
}hw/o Q CH, Q o\’10 /
IO O

— n

In the reaction between uranyl acetate and
bis-(8-hydroxy-f-quinolyl)-methane a coordination polymer
with essentially the same ligand backbone as shown in
the figure, is formed, An examination of the infrared
spectrum shows that the pattern of absorption bands (Table IV)
is similar to that of the bands in the spectra of Ti(IV),
Sn(IV) and Zr(IV) polymers. However, in addition, the
uranyl polymer shows a strong band at ea.210 em™1.

The vibrations of the linear UOE’ specles is expected
to show three fundamental vibrations, ,,, symmetric
stretehing, NEY) bending and 93 antisymmetric stretching.
The 3 vibration is generally observed as a very strong

band in the 900-1000 em™ ' region®, and ), has been

1 o

observed a few times in the 210-280(em™) region®~°.
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Table II

Percentage weight loss of ccordingtion golyncrs (26°-800°C, ,
heating rate in air 2°C/min).

- - WA A TR

weight loss of nolymer, ¢

Temp, C
T Zr &n U Ag

26 0 ¢] 0 0 0

80 1.142 2.36 1.08 0.07 1.16

76 2.83 4,34 1.87 1.78 4,36
100 6.62 6.51 1,99 4,04 £.16
126 6.48 6.96 2,30 5,36 6.54
160 6,58 6.41 2.62 6.02 6,30
176 7.66 6.86 3.14 6,56 6.20
200 : 8,583 7.22 3.14 6,56 6,87
226 9.07 7.77 3.66 7.10 14,88
260 1.14 8.13 4.19 8.20 17.74
276 10,32 8.856 4,19 8.20 17.74
300 10,62 9.12 4,70 10.39 18,32
328 12.81 9,76 4,70 19.08 21.18
380 17.48E 12,11 3.89 41.02 24,04
376 24,13 34.42 12,03 49,00 26,33
400 88,38 £6.54 14,66 49,00 34.92
4286 60,16 70.66 25,12 - 62,40
460 43,96

475 49,72



111

Table III

Temperature at start of accelerated weight loss for
coordination polymers with bis(B8-hydroxy-f-quinolyl’'-methane

Coordination polymer Atomic number :g:;ﬂgg:;:ﬁogc
T4(IV) 22 e
Zr(IV) 40 i
1g(1) 47 -
sn(IV) 80 410
UO:; o0 340
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Table IV
Infrared absorption freguencies (cl'l) in nujol mull of
bis(8-hydroxy-f-guinolyl)-methane ané its metal coordinastion

polymers
Ligand T4 Zr Sn U Ag
3360s 3400m 3360w 3460m 3460m ,
2960%b,vs  2900%b,vs 2000b,vs  2060¢b,vs 2000b,vs  2924b,vs
1620w - - 1600w 1650w 1660w
: 1600w 1613m
15680m 1680m 1680m 1676m 1676m 1687m
1600s 1600s 1630s 1600s 1610s -
1470%vs 1476%vs 1478vs 1470*b,vs 1480%*vs 1466*vs
1420s 1426w 1470w 1410w 1420m -
1366*v= 1376%vs 1380%*g 1370%s 1380%s 1377=
1326s 1330s 1326s 1330s
1270s 1276m - 1274w 1260w 1299w
1220s 1260gh 1242y
1190s - - - - -
1150m 1162w 1170w 1166m 1170w 1149y
1124w 1140w
1090s 1100s 1096s 1100s 1080s
1076w - -
1016w 1026w 1016w - 276w
- - - - 910b,s -
830m 836m 340m 830m 836m 826s
780b,vs 786m 790m 786b,s 79Em 780b, s
- 730m 736m 726m 730m 721s
696w - - - - -
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The strong absorption band observed for uranyl polymer

at ca.910 em ' (and absent in all the other polymers)

may be asceribed to the asymmetric stretehing of the uranyl
species, Elemental analysis for the uranyl polymer

shows that the ligand molecule is associated with the
polymer chain, It a-pears that one ligand molecule is
associlated with two chain forming units, This type of
assoclation of the ligand 1is well illustrated in the case
of uranyl 8-quinolinolate. When prepared it invariably
retains an excess molecule of the ligand held tenaciously.
The nature of uranyl S-quinclinolate has been extensively
studied by many 1nvest1¢atorslo'14. Furtherlinfrared
spectrum of the uranyl polymer shows a medium intense

band at ca,l1420 en'l, the region of in-plane deformation

frequency of the OH groupl'ls.

Obviously the presence
of *he assoclated ligand in the molecule is resnonsible
for this absorption band. The presence of the
assoclated ligand in the polymer chain is further
confirmed by the thermal analysis data. The polymer
decomposes at much lower temperature region than expected,

in contrast to other polymers.

Table II shows the percentage weight loss of
bis-(8-hydroxy-£-quinolyl)-methane coordination nolymers
when heated in air in the range 26-600°C at a heating rate
of 2%per minute. The results have been plotted (figs.21-23)
showing the relationship between the temperature and

weight loss of the polymers, Under the conditions employed,
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the polymers lost weight gradually in the early phase
of the experiment indicating slow volatilisation of the
bound water, The percentage weight loss in the
temperature range 26-326°C was moderate, Rapid
decomposition occurred in the range 360-480°C,

However, the tin(IV) polymer lost 144 by weight of the
organie portion, at this temperature range., The
decomposition temperatures for the polymers sare given
in table III, It is apparent that the increasing
atomic number results in emhanced thermal stability,
The trend in the thermal stability is of the order d
Sn > Ag > Zr > Ti. However, uranium polymer
decomrosed at 340°C, prosmably) due to the decomposition

firsq’,of the free ligand attached to the polymeric unit,

The accelerated weight loss of the polymers may
be attributed to the breaking up of the bonds at the
metal ligand site. The decomposition mechanismy involving
the formation of bis-8-hydroxy cuinoline (non-polymeric)
chelates, seems to be improbable because these chelates
are volatile under conditions employed in the
thermogravimetric analyses. Further, the presence
of metal oxides in the residue suggests the rupture

of the metal-ligand bonds,

The infrared absorption bands of
bis-(8-hydroxy-65-quinolyl)-methane, along with theosco|li
metal coordination poly-erg, in nujol mull are given
in table IV, The spectrum of the lirand contains a

moderately strong absorption band at 3380 cl'l,
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the region of OH vibration freaquesncy., The weak
band at 1620 em ', the medium band at 1680 em” Y
and the strong band at 1500 em > are due to C=N and C=C
stretching vibrations of the quinoline rin(‘.
The strong band at 1420 em ! in the 1igand, is due,
perhens to the OSL 1bra;1on. The strong band at
780 em™! and the medium band at 830 em™» are due to
out-of-plane CH bending vibrations, In the finger
print region (1380 e-'l - 900 cn°1) strong bands anpear

at 1270 em™ ) (C-C stretehing), 1220 em™ > and at 1190 em™*

(CH in-plane) and a medium intense band at 1150 cm'l.

The patterns of all the metal coordination

1 1

polymers show an absorption band at 1670 em” = - 1580 em™ ',
some-what disnlaced from the 1880 cn'l freouency present

in the ligand,

The strong band present in the ligand at
1420 em™! (0H vibration) is absent in the spectra of the
coordination polymers. All spectra show weak bands
in 14100m-1426 em™ > region, The appearance of a strong
and sharp band at approximately 110en™L 1n the
coordination polymers may be assigned to C-0 stretching
vibration at the C-0-M '1t.16. There seems to be no
apparent relationship between the frequency at ca,1100 em™ 1
and the atomlic number of the central metal atom in these

polymers,
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The infrared asbeorntion spectra of
8y2'-dihydroxy=-£,5'-biguinolyl and its zireonimm
polymer (Table V) show evidence for the chelation of the
ligand with the metal, On chelation, the -C=N- vibration
of the quinoline ring of the ligand in the region
1680 em™t - 1600 cm! 1s displaced to 1565 om~ - 1575 em~l.
The strong band at ca,1400 om > attributed to in-plane

1,15

deformation freguency of the OH group disanpeared

and only a weak band appeared in the spectramof the
polymer, The strong absorption band at ea.1120 em t

in the rolymer may be assigned to the C-0 streteching
vibration at C-O-M—sitels. Thermal stadility study of +the
zirconium polymer (Table VI, fi1g,24) shows that it is auite
stable unto 420°C (heated in atr at a heating rate of 2°C
per minute), At 600°C, the percentage loss for the polymers
is only 7.3. It is noteworthy that the percentage losses
for some of the divalent metal coordination nolymers4

of this bis ligand in the temperature ranze of 280°-300°C

are quite considerable (16¢),

Infrared spectra of purpurin and its titanimm
polymer (Table V) show evidence for chelation of the ligand
with metal, On chelation the carbonyl stretching frequency

1s shifted from 1626 em”} to 1560 cm'l.

Thermal analysis for the coordination polymer of
purpurin with titanium shows that i1t 1s stable unto 280°C.
In the temperature region 2800-370°C, the decomposition
of the polymer is very rapid and considerable.

(Table VI, fig.24).
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Table V

Infrared absorption frequencies (cn’l) in nujol wull of 8,8'-dihydroxy-

£,E%-biquinolyl and its zirconium polymer and purpurin and its
titanium polymer

S - | - " L. = -
S A e
polymer
3300m 3300m 3330h,m 3400m
- - - 3180w
2900%*b,vs 2900*b,vs 2941%*b,vs 2900*b,vs
16E0m 1660w
18808 1600w 1626s 1600w
1670s 1687s 1560«
1600s 1600s 1500w
1460*s 1466*s 1471%*s 1460*s
1400s 1400w 1449s 1400v.,w
1380*s 1380%g 1379*s 1377*sg
1360sh 1369sh 1333s
1310s 1307s
1280s 1270w 1274w 1286s
- 1240w - -
1220w 1228w 1206m 1200s
1200e -
1180m 1176s 1160m
1160m 11E6m
1110w 11208
- 1080s 1076s
1030w 1040m 1031m
206m 971s 990s
901w 900w
886w
866w
846s 840b,s
840w
830w 810m 810m -
790s 796b,s 784s
748b,s 746¢g 736m
?28s 720b,m

716s 720m 704m 700w
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Table VI

Percentage welght loss of coordination polymers (26°-800°,,
heating rate in air 20C/min,)

Weight loss of polymer ¢

Temp, ©°C Tiepurpurin ir=8,8'-dihydroxy-6,6"'-
polyller biquinolyl pol mer

26 0 0

80 2.03 0.21
76 4,42 0,60
100 7.16 0.72
126 8.13 0.90
150 9,83 1.29
176 10,34 1.48
200 11,08 1.65
226 11,68 1.76
2860 14,14 1.79
276 16,00 1.93
300 60,09 1.96
3286 66,04 2,00
360 65.66 2.13
376 2.17
400 65,66 2.45
426 - 3.14
460 - 4,96
475 - £.93

600 - 7.30

-~~~ -
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Titanium(IV) complexes with 8-quinolinol

Organotitanium comrounds have attracted
attention recently as intermediates for the possibdle
synthesis of inorganic polymers, During the course
of the preparation of inorganic polymers with
bis-(8-hydroxy-f~-quinolyl)-methane, a ligand soluble
in dimethylCformamide (DMF) only, difficulties were
experienced in removing the DMF which was retained
tenaciously by the polymer. It was therefore thought
desirable to study simple systems with 8-quinolinol
itself,

Altuough oxobis-(8-quinolinolato)-titaniwm(IV)
dihydrate is known for a long time, search of literature
revealed that the compound was not examined thoroughly.
Berg and Teitolbaun17 reported that quantitative
precipitation of the orange yellow complex,
TiO(CQESON)2.2ﬂzo takes place in slightly acié or alkaline

medium, Farly workersio 20

studied the reactions of
tetravalent titanium and S8-guinolinol from the stand point
of estimation eof titanium only. Thermogravimetrie
studlies carried out by Borrel and Pnriszl and by

Duvalaa contradicted the resulte of Berg and Teitclbaull7.
Thus, according to Borrel and Pariazl, the compound
containing two molecules of water was not stable and loss

of water oceurred at temperatures of 40°-50°C,
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On the other hand, Duvnlzz stated that the anhydrous
complex was formed at temperatures in the region of
116°C and at this temperature, it was comparatively
stable,

Attempts made in this investigation to obtain
anhydrous oxobis-(8-quinolinolato)-titanium(IV)
were not successful. Various polymeric products
containing presumably Ti-0-Ti linkage were obtained,
Attempts were also made to obtain titanoxane polymers
by the hydrolysie of dialkoxybis-(8-quinolinolato)-
titanium(IV), ﬁowovcr, search of the literature revealed
that Takimoto and Fust®> had 1solated diisopropoxybis-
(8-quinolinolato)-titaniwm(IV) and obtained
anhydrous T10(CgHgON), by the hydrolysis of the
alkoxy=-compound, But the work reported here shows
that the hydrolysed product contains one water molecule,
T10(CgHgON) 5. HyO0. Furthermore, the products obtained
from diethoxy-, diisopropoxy-, and dibutoxy-bis-(8-quinolinolato)-
titanium(IV) chelates and the hydrolysis product from
the reaction of titanium tetr:chloride and 8-quinolinel,
are the same as judged from their analyses and their
infrared spectrea,



Solvents used for these preparations were
purified and dried according to known methods,
8-Quinolinol was of RiedeLdeHaén, C.P, grade. Titanium
tetraalkoxides were prepared according to the procedures

described by Bradley and co-workers> 126,

I,G.A, Determined in a balance using McBain-Bakr type

Cuartz-spr1n327.

V,P.C, recorded on Aerograph A 350B with hydrogen as

carrier gas, column P, temperature 70°C.

Reaction between titanium tetrachloride and 8-guinolinol

8-Quinolinol (14.5 g; 0.1 moie) dissolved in

benzene (75 ml.) was added slowly to titanium
tetrachloride (9.5 g; 0.05 mole) in benzene (50 ml.)
placed in a two-necked flask fitted with a stirrer and

a reflux condenser, A bright red compound wes immediately
formed which was kept under mild reflux for one hour and

a half before the compound was collected on a filter,

It was washed with several portions of benzene and dried,

This product (1.0 g) was hydrolysed by keeping
iA contact with water (180 ml,) for 48 hours. The
bright yellow product thus obtained was filteredy and
dried at 110°C for 2 hours. (Product A)
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Found: C, §9,00; H, 3,473 ™, 13,57¢,
€,59.5%:

Caled., for CagliogN,0,Tot H, 3,63; T1, 13,27,

The above product was recrystallised from
absolute aleohol (Product B),

Found: C, 61,393 H, 3,43; N, 7,96; Ti, 13,6},
Caled, for C, Mg No0,,Tiet C, 60,635 H, 3,83;

Reaction between titanium tetracethoxide and 8-guinolinol

To a solution of titanium tetraethoxide (2,78 g: 0,01 mole)
in benzene (20 =1,) was added over a period of 25 minutes,
S8~quinolinol (2.9 g; 0,02 mole) in benzene (40 ml.).
Orangze-yellow solution was formed immediately,

The solvent and the liberated alcohol were removed under
reduced pressure. An orange-yellow solid was obtained,
Yield, 4.0 g; 93,99,

Found: C, 62,633 H, 4.98; K, 6.20; T1, 11.244.
T4, 11.26%.

To 1.1 g of diethoxypis-(8-quinolinolato)-
titanium(IV) was added £-10 ml, of water, The erystals
were filtered and dried to give 0,70 g.of yellow
amorphous powder (Product C),

Found: C, 57,123 H, 4.17; T4, 12,203 N, 7.84
Caled, for chMO‘Kz'nx C, 88,238y H, 3.81; Ti, 12.943
Ny, 7.60%.
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Reaction between titanium tetraisopropoxide and
8-guinolinol

Similarly from titanium tetraisopropoxide (2,84 g3

0.01 mole) in benzene (30 ml,) and 8-quinolinol (2.9 gj
0,02 mole) in benzene (€0 mi,) the dilsoproproxy compound
vas prepared, [Lemon yellow solid, Yield, 4.29 g3
94,854,

Found: C, 63,34; H, 4,93; N, 6.67; Ti, 10,22¢
Caled. for CogHogON,Tis C, 63.48; W, 5.77; N, 6.17;
T1, 10,644,

This product was hydrolyzed as before
(Produet D),

Founds C, 57012; H, 4.17$ Ti’ 12.20’ "’ 7085’.

Reaction between titanium tetrabutoxide and B8-quinolinol

This reaction was carried out in a three-necked flask
provided with a high speed vacu-o-stirrer and a pear-bulb
fractionating column connected through a take-off
condenser to a receiver for the aleohol evolved during
the reaction., The guantities of the reagents were

1.99 g (0.007 mole) of n-butyl titanate in 26 ml. of dry
benzene and 2,04 g (0,014 mocle) of 8-quinolinol in

100 ml1, dry xylene. As heating, stirring and
distillation of aleohol proceeded, the solution acquired
a red colour, Benzene solution of n-butyl titanate
was: added slowly while stirring was continued during a
period of half an hour, Benzene and butyl alcohol
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were distilled off quantitatively, (The V.P.C.

showed that the quantity of butyl alcohol eollected

into the distillate was 1,12 g, theoretical value .o

1,04 g. ). The mixture was cooled and 2.1 ml, of water

€0 ml. of dry petroleum ether (40°-60°C) were added

with stirring, The hydrolysis product was collected

on a filter under suction, Aried 'mder vacuum, immediately
recrystallised from absolu‘e alcohol and Aried,

Yield, 2,0 g5 77.2¢. (Product E)

Found: C, 83,663 H, 3.71; N, 7,903 Ti, 12,444
c.lCd. for 01831‘04N2T1’ C’ 58.38‘ H’ 3.81; N. 7060:
T, 12,944,

Dibutoxybis-(8-quinolinato)-titanium(IV) wvas wlis
isolated by the addition of petroleum ether (40°-60°)
to a small portion of the reaction mixture, The solid
separated was collected on a filter, washed with a little

petroleum ether and dried wnder vacuum,

Foundi Ti’ 10. 10’.

Reaction between diisopropoxy bis-(S-quinolinolato)-
titanium(IV) and catechol

Diisopropoxy bis-(8-quinolinolato)-titanium(IV)
inbenzene and catechol in benzene were mixed in 1:2

pronortions, Immediately a deep red solution was formed,
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The mixture was refluxed for 3 hr, Isopropyl alcohol
and half the volume of benzene were removed under reduced
pressure, Addition of petroleum ether (80°-80°C)
resulted in the precipitation of an orange-red solid.

It was collected on a filter, washed with ether and dried
under vacuum, Yield, 90,42%,

Fo‘md' C, 64'88’ H' 4.97’ N' 4.96‘ Ti’ 8.26‘
T, 8,604,

Reaction between diisopropoxy bis-(8-quinolinolato)-
titanium(IV) and acetiec anhydride

Diisopropoxy bis-(8-guinolinolato)=-titaniwm(IV)
in benzene and acetic¢ anhydride were mixed in 1:2
proportion and refluxed for 2 hr, The orange red solid
obtained was filtered, washed with petroleum ether and
dried under vacuum, Yield, 72.02¢.,

Found: C, 60,223 H, 4,43; N, 7.22; Ti, 12.27¢

Caled, for C4OH3009N4T12‘ C, £9.623 H, 3.75¢ N, 7.03
Ti, 11.9%.



Hesults and Discussion

Attempts to obtain anhydrous Ti0 (CQHBON)Z
by drying oxobis-(8-qu1nolinolato)-titaniun(Iv)
dihydrate at 110°C were unsuccessf™l, Prolonged
drying resultes in slight decomposition of the product
and at the same time water is not completely removed
as shown by the presence of a medium intense band
at ca.3500 em L in the infrared spectrum of the dried
product, Hence the compound was dried at 110°C for
2 hours only, (Product 1) and was recrystallised from
absolute alcohol (Product B), On the basis of
elemental analysis, the product B can be formulated
as anhydrous oxopis-(3-quinolinolato)-titanium(IV),
T10(c9360N)2. But the infrared spectrum (Fig. 26)
of this product showed bands at 3480 em™ ! (0H stretching)
and at €2,1620 cm'1 (CH bending) indicating the presence
of OH groups, The presence of OH groups in the spectrum
together with the presence of strong and broad bands at
ca.826 cm ! and at ca.?736 em” 1 suggests polymeric

structure for the complex perhaps of the type

Ox Ox
I Il
HO|—Ti—O0—| Ti—OH

U

Ox

where Ox stands for CQHGOu.
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When the value of n = 1, the elemental analysis for
Gompound A agrees well with the above formulation,
Similarly for the compound B, the values agree when

n =3,

The dialkoxy-bis(S-quinolinolato)-titanium(IV)
complexes turn to yellow amorphous powders on addition
of water, The change may be aseribed to the
hydrolysis of unstable alkoxy groups and subsecuent
condensation with the formation of volymeric substances
with T1-0-T4 bonds2C,  Thermal analysis of the
hydrolysed product showed that the compound is stable
upto 280°C and rapid decomposition starts from 300°C
onwards (Fig. 30). The limited solubility precluded
the determination of molecular weight of the hydrolysis

product,

The infrared absorption maxima in nujol mull
of oxopis(8-quinolinolato)-titanium(IV) comnlexes are
given in Table VII (Figs,28-28),

In the spectra of oxobis(B-cquinolinolato)-
titanigm(IV) complexes, there is no band corresnonding

to Ti=0 in the region of 900-1100 em™* expected for

titanyl compoundsZ®.  celbin™

in his review on

'some recent develonments in the chemis*ry of transition
metal oxo cations' pointed ont that on the basis of
infrared spectra alone, mononuclear titanyl species are

rare, The most likely compounds and their possible
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Infrared absorption freauencies (em 13 in nujol mull of bis(B8-quinolinolato)

- -

8-Tuinolinol

- o -

38E0b,m
2900%b,ve

168%s
1808vs
1466%b,vs
1418s

1377%s

1291sh
1279vs

1288vs
1208ve,b
1176sh
1166s
1139s
1098s
1061s

976 e
898s

867m
821b,s

B808sh
786Dbys
743b 48
711b,s

e R P, R e v e,

Product A

3360m

2060%b,vs

16E0v.w

1600v, w
18708
14908
1480%ys

1370%ys
1317s

1267
12708

1226w

1176w

11008

1026w

820vb,ve

806ch
790sh
736vh,s

titanium(IV) complexes

Product B

3450m
2950%b,vs
1640w

1600m
1872s
1800s
1480%vs

1370%ve
1322vs

1278s
1228m

1170w

1100ve

1080w
1028w

Product C

3470m,b
2970%b,vs
1670w

1600m
1670s
148ivs
1480%vye

1370%ys
1317vs

126808
1226m

1170m
1100vs

1060w
1028m

8680w
820vb,vs

Rl R Rk T T LT R pepunpeappepa—p——"

3460m,b
2900*b,vs

1650m
1640m

1800m
187€s
1590vs
14?033

1376%*vs
1317vs

1267«
1228w

1176w

1100vs

1026w

820vb,vs

808gh
780m
736vb,vs

R R L T

Product D

Product E Pogsible
aseign-
ments

34926m OH str.

29E0%*b,vs

1680w

1600m 0H bend?

1E7e C=N str,

1498vs

1470%vs
04 in-
plane def

1376%vs

1320vs

1268s Benzene an¢

ryridine
1220w ring vibra-
tion

1178w

Y
117vs ,;-o str,

1026w

C=H out of
nrlane def,

833vb,s T1-0-"1

str,
808eh
780m
733vb,s Ti-0-Th.
str,

- e e - o - - - -
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Ti = 0 stretehing frequencies in em™ ! are
T10(3-d1ketone)y, 1020-1036°11%2, r10c1,.2P0C1,, 107879,

and TiO(phthalocysnine), 96624, 978%6, 972%,

\n absorption band at 97¢ cl'l, believed to be due to

a T4 = 0, 1s also observed for [Cylg) N1, T10C1,%".

Instead of a strong band in the region
ca.990-1100 em~1 expected for titanyl compounds,

oxobis(8-quinolinolato)stitanium(IV) e-mplexes show
N

1 1

strong and broad bands at ¢a.,826 em ~ and at ca.7%€ cm .,

The hydrolyses products obtained from

dialkoxyébis{8-cquinolinolato)=-titanium(IV) complexes

1 1

also show broad bands at ca.735 em ~ and at ca,826 em

and ohov>no bands corresponding to Ti = O,

G14dings>®, Zeitler and Brown°?, and Nyholm and his

co-vorkers 2° have assigned the bands at ca,73) om~1

1l

and at ca.830 em ~ in titanyl compounds to Ti-0-Ti

streteching frequency. As the table VII shows,

8-quinolinol also has strong bands at ca.821 em™ >

and at ca,743 cn'l. Close observation of the Spectra)xm»“”

1 1

shows. that the bands at ¢a.735 em ~ and at ca.B82F em

in bis(8-quinclinolato)-titanium(IV) complexes are more

broad nﬂﬁ strong. The broadening of these bands
yv}y AN

may, be ascribed to the overlapping of Ti-0-Ti stretching
A Pl o

frequencies with bho~bnnd?{ot chelated 3-quinolinol.

The C=N stretching fraquencz)soncwhat coupled with

pyridine ring vibrntion/npponrs as a strong band in

1 40
f-quinolincl at 1582 em 1 and is lowvered on
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chelation to ca,1E70 cm'l. The other bands in the

1

region from ¢a,1470 em - to ca.1600 em > arise mainly

from C=C stretching vibfations, The C-0 stretching

frecuency at C-0-M site discus=ed by some 1nvestiga?orsle

1s shifted from 1004 om t 1

in the 1ligand to 1100 em~
in the chelates as exnected, This is a characteristic

band observed in all chelates of 8-quinolinol.

“1 40 the

The strong band present at 141% em
ligand and absent in the chelates, can be assigned to the
rhenolic OH in-plane deformation, the OH out-of-plane

defprmation is anparent at 898 em™' in the ligand,

The bands at 1279, 1166, 1139 cm™ 1 are characteristic
vibrations of the ligand. Similar characteristic

vibrations are cbserved for substituted pyridine ring41.

The absorption band at ca.1600 cm™ > present
in all the bis-(8-quinolinolato)-titanium(IV) comnounds,
howvever, cannot be assigned unequivocally to OH bending
vibration, since this absorption band is present in the
infrared spectrum (Fig,.31) of dichloro-bis(2-cuinolinolato)-
titanimm(IV) prepared according to the method describer
by ?razer42. The infrared spectra of 8-quinolinolato

chelates of aliminium, gallium and indium also exhibit

this absorption band at ca.1600 em~L 43,
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The infrared absorption frequencies (em™ 1)
in nujol mull of dialkoxy-bis(8-quinolinolato)-titanium(IV)
complex are glven in table VIII,

The infrared absorption spectrum of
diisopropoxy bis(8-ouinolinolato)-titaniwm(IV)
showed two strong absorption bands at ca,1000 em”
and at ¢a,1109 cl'l (P1g.32), The dibutoxy
compound (Table VIII) showed a medium intense band
at 1040 en'l, a broad shoulder at 1100 em™L and a
sharp and strong band at 1120 c-'l, while the
diethoxy conpo%gg showved absorption bands at 1060 em”t
(medium, broad) at 1106 on! (strong)., The absorption
bands in the region between 1000 cm™> and 1200 em” 1
are considered to be characteristic of alkoxy

28’44'4‘. In the hydrolysed products of

groups
these dialkoxy bis(8-quinolinolato)-titanium(IV)

compounds no band was found corresponding to the

1 1

bands at €a,1000 em ~ but the band at ea,1100 om”

remained intact, The other bands due to the chelate

1 and at 1500 em” ! also remained

rings near 1670 em
essentially the same., The bands at ca.1000 em™ >t

in the dialkoxy compounds, therefore, may arise due

to C-0 gstretching vibrations of the alkoxy group
bound to a titanium atom and the bands at ca.1100 em™*
due to the earbonyl stretching vibrations at the
C-0-Ti site. In the metal chelates of

8-quinolinol, Charles and his eco-workers 16 have

assigned the strong band at €a.1100 em™} to C-0 stretching
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Table VIII

Infrared absorption froquencies (em™Y) in nujol mull of
dialkoxy-bis(8-quinolinolato)-*itanium(IV) comnlexes

T1(002H5)2(Gl)2 T1(003H7)2(0!)2 T1(0C4HQ)2(OX)2
2900%b,vs 2900*b,vs 2000*b,vs
15670s 1590w 1690s

1870s
1800s 1620s 1620s
1450%s 1460%s 1480%g
1367*s 1367*s 1380%s
1317s 1317s 1340s
1267m 1267s 12808
1217m 1240m
1180m
- 1136s
1106s 1124s 1120s
1100s 1120gh
1080w
1060b,m 10190gh 1040m
1000s
976w 980w
216m 860s 2086w
826m 836m 8363
820s
810m 816m
780m 796w 800b,m
790m
776w
746bym 740b,s 760b,m

720b,m 720sh
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vibration frequencies at the C-0-M site,

Takimoto and Ruttga, however, assigned the bands in
diisopropoxy chelated titunium compound between
1100 em™! and 1160 em™! to the isopropyl skeletal
vibrations and the band at 1000 em”* to a carbonyl

group attached to the C-0-Ti linkage,

The reaction between diisopropoxy-
bis(8-quinolinolato)-titanium(IV) with catechol gave
a dicatechol derivative. Infrared absorption
aspectrum (Fig.33) shows the presence of a broad
moderately intense band in the region of OH absorption
due to the presence of a aydrogen bonded hydroxyl in
the reaction product, The isopropoxy groups were
replaced by the catechol groups as indicated by the

1

absence of bands at 1160 em”’ and 1180 em * ascribable

47

to isopropyl group and also by the absence of the

1 1

strong band in the region 1000em ~ to 1150 em ~ due to

C«0 strotching vibrations of the alkexy groups bound

to a titanium nto-28'46.

Attempts to confirm

the presence cof the OH group by deuteration resulted
in the decomposition of the compound itself,

Thermal analysis showed that the compound slowly
decomposed from 120°C onwards with a break in the

thermogram at 220°C (weight loss, 14.76%).



The reaction between diiscpropoxy
bis(8-quinolinolato)-titanium(IV) and acetic anhydride
gave according to analysis, a dimer having Ti-0-Ti
bonding and acetate groups. Infrared
spectrum (fig. 34) shows that the bands due to
isopropyl skeletal vibrations disappeared, and those
due to 8-quinolinol remained in tact, However, a
new intense band at ¢a.1726 em™! due to the stretehing
vibration of the free carbonyl group appeared.

The strong and broad bands present at ca.740 em” )

and at €a.820 em”t

are attributable to Ti-0-Ti
29,38 e
stretching vibrations™ *“", g low solubility

in organic solvents precluded its molecular welght

determination, g} ﬁ& &m%kwwi )
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CHAPTER 3 ¢ SPECTROPHOTOMETRIC DETERMINATION OF IRON(TII)
WITH SALICYLIC ACID-FORMALDEHYDZ POLYMER




Spectrophotometric determination of iron(III) with

gsalicylic acid-formaldehyde polymer:

In recent years much of the work in the
field of polymeric chelating compounds was directed
primarily to the synthesis of chelating resins48.
Studies on the selectivity of these ligands towards
metal ions appear to have received little attention.
Attempts have been made to prepare coordination
polymers using preformed polymeric organic ligands, e.g.
salicylic aFid-formaldehyde polymer (SFP), However,
metal coordination polymers of reasonable purity
could not be synthesised.

40 in their study

Tomic and his co-workers
on chelation ion exchange properties of saliecylic
acid-formaldehyde polymer reported high selectivity
of SFP for U0,(II) and Fe(III) ions. It was
considered gf interest to investigate
spectrophotgmetrically, whether or not SFP shows
sufficient sensitivity combined with selectivity towards
these metal ions and the nature of the polymeric
complex with metal ions in solution, It was
observed dufing this work that SFP gives with

Fe(III) a sensitive colour reaction, which was

investigated spectrophotometrically.



EXPERIMENT'L

The absorption measurements were made with Hilger's
UVISPEK spectrophotometer. A Beckman model G pH meter
was used for pH measurements, A pair of 1 cm, matched
glass cells was used for all measurements. The reference
cell contained distilled water except for the measurerents
of absorption spectrum of the complex in which case an
appropriate blank was used whose preparation and
composition were identical with the comrlex excent that
the metal was missing. All measurements were made at

room temperature,

Salieylic acid-formaldehyde polymer was prepared
according to the procedure described by Tomiec and his
co-worklrnbo. A 0.5% reagent soluticn (prepared by
dissolving in 1IN sodium hydroxide solution) was employed
in these investigations. The reagent solution has an
yellow colour with absorption maximum at 376 mu
in the alkaline range (pH 7.0 and above) but in the
pH range 4.3 - 7.0 1t was colourless. In strongly acid

solutions the reagent gets precipitated.

Standard Fe(III) solution A stock solution of iron(III)
vas prepared by dissolving A,R, FeCly,6Hy0 in distilled
water containing hydrochlorie acid, The Fe(III) content
vas determined gravimetrically using standard procoduroasl.
This solution contained 5,28 mg/ml, of Fe(III), Working
solutions were prepared from this stock solution by

dilution with water containing hydrochloric acid,



Hesults and Discussion

Salieylic acid-formaldehyde polymer reacts
with several metals in acid or alkaline medium,
The colours produced with PA(II), Cu(II), Mn(II),
U0g(II), Mo(VI) and Re(VII), however, were not
sensitive enough to utilise this ligand for
spectrophotometric determinations of these metals,
Only iron and titanium gave sensitive stable colour
reactions, Figure (36) shows the absorption spectra

of some of these metal chelate polymers in solution,

Many of the spectrophotometric reagents
provosed for Fe(III) generally have the disadvantage
that they cannot be used in the presence of appreciasble
amounts of flnoridobz. EFP forms a stable
violetish-pink colour with Fe(III) in the pH range
£,0 = 6,6 with absorbance maximum at 500 mu,

The reagent solution at this pH range and wave length
has no absorption, The violetish-pink colour,
however, was found to change with change in pH of the
solution, At pH 10,0 an orange colour with absorntion
maximum at 470 mu was formed, The effect of pH on the

absorbance of the solution is shown in figure (36),

The plot of absorbance versus iron concentration
in the range 2 Y - 40 ¥ 1is linear, indicating that
Beer's law is arplicable in this concentration
range., (P1g.37). The sensitivity of the
snectrophotometric determination of Fe(ITI) with SFP
wvas of the order of 2,2 Y/ml.
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The composition of the polymeric chelate

vas investigated by the mole ratio method>> and by
Job's mothodb4. In the former method one mole of

iron was mixed with varving amounts of the polymer,
total volume being kept at 26 ml, and the pH at 6.8,
The solution was set aside for 20-30 minutes before
making the measurements, water being used as blank.

In Job's method, mixtures of varying proportions of
equimolecular solutions of Fe(III) and the polymer
were prepared, keeping the total volume to 28 ml, and
the pH to 5.6 and their absorbance was measvred at

£00 mi, B0oth the methods (figs. 38 and 39) indicate
that a 1:1 complex was formed under these experimental

conditions.

Interference

Phosphate, oxalate and tartrate interfere with
the colour formation between Fe(III) and the 5FP,
Among4t cations, "1(III), Cr(III), Ce(IV), Zr(IV),
Th(IV), V(V), Cu(II), N4(II), TL(IV) and Fe(II)

interfere,

Fluoride is tolerated upto 40 mg as
indicated in table IX.
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Table IX

Effect of fluoride on the colour intensity of
SFP and Fe(III) solutions

(60 T of Fe(IIl), 0,6 ml of o.sg, reagent and varying
amounts of hydrofluoric acid in a final volume of
26 wl, and at DH 6.5),

- - - - -

Fluoride (I‘)_____-___gptical-donsitv at_600_mp_

- - - ———

0 0,186
8 0.188
10 0.1886
20 0.188
40 0.183
60 0.097

- - - - -

Procedure for VQSI;IQ determination

For the estimation of Fe(III) in trace
ocuantities a solution approximately containing
2Y = 40 Y is taken in a flask (10 ml,). A O,5%
reagent solution (0.5 ml,) is added and the pH
adjusted to 5,5, The absorbance of the solution is
measured at 600 mu, Fe(III) present can be then
read from the calibrated graph.
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SUMMARY

Review of the literature revealed that work
carried out on scetoacetanilide is very meagre,
The only renorted comnound of the ligand seems to he
its corver comnlex, In the present work acetoacetanilide
chelates of beryllimm(II), chromium(III), aluminimm(ITT)
and iron(IIT) have been prevared and characterised,
The salient features of the infrared spectra, in the
NaCl prisr region, of acetoacetanilide and its chelstes
with Cu(II), Be(IT), Cr(III), AL(ITI) and Fe(ITI)
have been discussed by comparison with spectra of
deuterated acetoacetanilide and deuterated beryllium ang

copper acetoacetanilides,

The analyses of the keto and amide bands in
acetoacetanilide and its deuterated nroduet in solid
as well asfsolution, show that it exists largelv in the
diketo form. By compnarison with the spectra of the
ligand the coordination of the metal ion in these chelates
is concluded to be through the two carbonyl grouns,
The NH stretching mode as well as the amide TI and TTI

bands were found to be very little affected on chelation,

Infrared spectra of =ome metal chelates of

acetoacetanilide in the region 700 cm'l - 400 cm'l using
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Cs3r prism also have been examined. The metal oxygen
stretehing vibrational modes have been found in the

400 em™! - 500 em™! region in all these ~helates.

Cis- and trans-isomers of the inert comnlex,
tris-(acetoacetanilidato)-chromium(ITI) have been separated,
utilizing solubility differences in benzene and column
chromatozranhy on acid washed alumina and also by thin
layer chromatogravhy using acetone-benzene (1:1) solvent
mixture, TGA of the compounds revealed that the
trans-isomer is thermally more stable than the
gis-compound,

‘ttempts were made to demonstrate the
quasiaromaticity of chelated acetoacetanilide by the
isolation of nitro acetoacetanilides of beryllimm(II),
chromium(ITT) and alvminiwm(ITI), Based on the ansalytical
data the nitration products isolated after purification
have been formulated as bis-(Y-nitroacetoacetanilidato)-
beryllium(II), tris-(Y-nitroacetoacetanilidato)-chromium(TTT)
and mono-(acetoacetanilidato)-bis-(Y-nitroacetoacetanilidato)-
aluminium(III), Although the physical measurerents of
these nitration products did not give very good concordance
with the expected result, it is believed that nitration
does take place, TLC of these products, hovever,

d1d not show any separation into two or more spots,
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Three types of acetoacetanilide chelates
of titanium(IV) huve been isolated - the trichloro
mono- (acetoacetanilidato)-titanium(IV), dichloro-
bis-(acetoacetanilidato)-titanium(IV) and the
monochloro-tris-(acetoacetanilidato)-titanium(1IV),
The monobromo- and the monoiodo-tris-(acetoacetanilidato)-
titanium(IV) chelates have been also isolated.
However, analytical data indicated that the monoiodo
compound contained one molecule of solvated HI,
To clarify this point thermogravimetric study of these
monohalogeno-tris-(acetoacetanilidato)-titanium(IV)
complexes has been carried out. Infrared spectral
evidence implies a coordination number of seven for
titanimm in the=e mono halozeno tris-(acetoacetanilidato)-

titanium(IV) complexes,

Addition compounds of titanium(IV) halices
with acetoacetanilide of the type T1X4.3HucacN, where
X=Cl, or Br have been prepared and attempts to isolate
the corresponding mono:haloxenqtris-(ace*oacetanilidafoi-
titanium(IV) chelates, by heating the addition comnounds
have been made, Only the monochlorotris-(acetoacetanilidato)-

titanivm(IV) chelate conuld be obtained in this way.

Chelate polymers of bis-(R-hydroxy-f-quinolyl)-
methane with titanivm(IV), tin(IV) and zirconimm(IV)

have been synthesised, Zirconium polymer with



848 '=dihydroxy=5,6'=biminolyl and titanium polymer with
purpurin have been also isolated, The thermal stabilities
of these polymers have b-en evaluated in air in the

temperature ranve 26°- £00°C,

Titanoxane polymers have been prepared "y the
(controlled) hydrolysis of dialkoxy-bis-(R-quinolinolato)-
titanimm(IV) and also by the hydrolysis of the reaction
product of titanium tetrachloride and 8-guinolinol.

The reactions of diisopropoxy-bis-(8-quinolinolato)-
titanium(IV) witnh catcchof:facetic anhydride have been

also carried out,

A sensitive method for the determination of
microgram quantities of iron(TIT) in the nresence of
moderate amounts of fluoride has been evolved, The method
1= based on the formation of violetish-pink colour
between salieylic acid - formaldehyde nolymer and
iron(III) in solution.
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