CHAPTER 1

INTRODUCTION

1.1 Schiff base metal complexes

The most common method for preparing imines is the reaction of amines with

T‘ ' ,7ctlon was first discovered by Schiff' and

R,CO + H,NR' X _C=N—R"+ H0

aldehydes or ketones (Scheme 1.1

imines are often called Schlff

Scheme 1.1

Schiff bases are esis of metal complexes. A
large number of Schi been studied because of their
interesting and important = prop laldehyde)ethylenediiminato
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secondary amiiho groups, either Schlff bases, imidazolidines or Schiff bases
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reaction of 2-pyridinecarboxaldehyde N-oxide with triethylenetetramine at the mole

e Schiff base complexes

ratio of 2:1. The ligand formed as product was characterized by infrared spectroscopy,

BC NMR spectroscopy, elemental analysis and X-ray structure analysis."HS
Mukhopadhyay and coworkers'® reported a new type of imidazolidine bridged

heterodinuclear complex of copper(il)-zinc(Il) [CuZn(OAc)(L)].2H,O which was

synthesized from p-bis(tetradentate) Schiff base ligand (1) (Figure 1.1) by employing



salicylaldehyde and triethylenetetramine as starting materials. They also reported a

synthesis of dinuclear manganese(I1I/I1I) complexes of ligand L
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Orvig and cowbakers studied the coordination chemistry of Ga®* and In** with

a series of rﬁ ﬁ Mﬁ i gands, all of which
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of 4-methyl-5-imidazolecarboxaldehyde.



Yu and coworkers™ synthesized a Schiff base copper complex, bis[N-{(2-
hydroxyphenyl)methylene }hydroxyl-ethyleneamino]copper(li) 3, which was obtained
from the reaction between ethanolamine, salicylaldehyde and copper (II) acetate as
shown in Scheme 1.2. It was found that the complex 3 showed liquid crystalline
property. Liquid crystalline polymers containing 3 in the main chain were prepared

and characterized.

4+ Cu(CH;CO0),

2 H)NCH,CH,0OH +

1.2 Metal-contaiﬂlg P m

There is currenf}y considerable mterest in metal-containing polymers since

they possess anic polymer. The
synthesis of Qﬂﬂﬁﬂ m(? ﬂnmnji has resulted in a
tremendous_variety because of thefr po olymers provide the best erties of both
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with tﬂe high thermal stability associated with inorganic species. Some of the
coordination polymers are reported to have stability up to 500°C.

Polyureas and their related polymers, polyurethane-ureas, are widely used to
obtain a variety of products including fiber, elastomer, foam, coating and adhesive.

Polyureas are prepared by reacting isocyanates with amines. The common isocyanates

used. for preparing the polyureas are hexamethylene diisocyanate (HDI), toluene
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diisocyanate (TDI) and 4,4'-diphenylmethane diisocyanate (MDI). Polyurethanes are
obtained by the reaction between isocyanates, diols and amines. To improve the
polymer properties for engineering applications such as high strength, solvent and
chemical resistance, and especially high thermal stability, metal-containing polyureas

and polyurethane-ureas have been studied.

1.3 Literature review

A number of polyureas and | ‘ ane-ureas containing metal in the

polymers are described 2

Rausch and cow method for the interfacial

polycondensation of ith a variety of diacid

chlorides and diis taining polyureas and

polyamides. The poly ne i cight loss at 300°C in a nitrogen
atmosphere | ‘ :

Wang and coworke vared metal-c taining polyureas from divalent
metal salt of p-anilin ic ac ; b ' ation occurred via addition
reaction of toluene diisocyanate (TDI 4.4/ i iphenylmethane and salts of p-
aniline sulfonic acid (ASA) wb@f,mg BBioved were Ba?*, Sr*, Pb* and Zn2*
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Scheme 1.3 Synthesis of metal-containing polyureas from TDI, 4,4'-
diaminodiphenylmethane and ASA



It was found that thermal stability of polyureas increased with the increase in
feed ratio of ASA : 4,4-diaminodiphenylmethane.

Matsuda and Takechi?’ synthesized metal-containing polyureas having ionic
links in the main chain by polyaddition reaction of 2,4-toluene diisocyanate with
mixtures of divalent metal salts of p-aminobenzoic acid and 4,4'-
diaminodiphenylmethane (Scheme 1.4). It was found thermal stability of the

polyureas increased markedly with an in
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Caraculacu a coworkers™ synthesized a nevmdusocyanate containing a

parabanic ri ﬁ %W of this diisocyanate
with the Mgﬁu lﬁﬁ ﬁ:ﬂ ﬂt:iﬁ atxc diamines gave
ionic polyurea (Scheme 1.5). Thegdetailed study.of inherent vigcesities of these
i
the inHerent viscosity of Mg-containing polyurea was increased. This increased of
viscosity can be attributed to the trend of molecules to adopt a linear shape, the

interaction between the ionic groups of the polymers being diminished by polymer-

water interaction.
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Archer and co ers”’ prepared zirconium-containing polyurethane-ureas
prep: IR g poly

from ﬂzﬂ[ﬂﬁg-%ﬁaﬂ%%ﬂﬁ}ﬂcﬁamonyuamim}1,2-

phenylene]bis%itrilomethylideyne)}-bis[phenolato]zirconium(IV) and
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Prasath and Nanjundan®' reported a synthesis of metal-containing
polyurethanes containing ionic linkages in the main chain from metal complexes, 2-
(2-hydroxy ethoxy)ethanol and diisocyanate. The metal complexes employed in the
synthesis were mono(hydroxybutyl)phthalate [M(HBP);, M = Ca**, Mn*" and Pb2+] as

shown in Scheme 1.6.
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It was, observed “that metal-containin ;?aoliurethanes had higher initial

decompositi(ﬂ tugglua mgemcs » } (’)nﬂahge-urea. It may be

explained basey on probability that the prepared pcﬂurethane copol*yers were found
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hexam%thylene diisocyanate (HMDI)-based polyurethane because of the additional
aromatic ring present in the polymer backbone.

Form the previous work in our research group, Chanma®® reported the
synthesis and characterization of hexadentate Schiff base metal complexes and their
use as crosslinking agents for DGEBA to obtain metal-containing polymers (Scheme
1.11). These metal complexes were chosen because of their good stability, good

solubility in organic solvents and availability of their starting materials.
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Hexadentate Schiff base metal complexes
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qlt was :lug thatr;]ase mgty }I lexes un,d;r\ye]\t cro:]m@ ng reactions with

DGEBA to afford Ni- and Zn-containing epoxy polymers. The crosslinking reaction
can be accelerated by use of tetrabutylammonium hydroxide. The obtained epoxy
polymers have good thermal properties compared to the known thermally stable
DGEBA/maleic anhydride system.

Batiya33 synthesized derivatives of Zn(Sal),trien namely Zn(Sal),trien urea,

and Zn(Sal),trien urea; (Scheme 1.12) and found that Zn(Sal),trien and Zn(Sal)trien
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urea showed birefringence in the temperature range of 120-200°C and 145-200°C,

respectively, which suggested that these metal complexes are liquid crystalline

materials.
o 0
7
Figure 1.3 Structure of Zn ar al),trien urea

1.4 Objective arid Scope of Y |
In our worl exad tCEEN b ckel L‘J nd zinc complexes were

synthesized and charac?rized. Attempts were made to synthesize urea derivatives of

F=4 s
these metal ﬁ(ﬂl}ﬂg ﬁiﬂﬂﬂﬁi&md their derivatives
did not showgliquid crystaliine property. complexes are stable at high
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Firstly, hexadentate Schiff base zinc and nickel complexes were synthesized

and characterized as described in Scheme 1.9.

R

OH o
MeOH, 0-10 °C
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Salicylaldehyde  nf=Nijand Zn

~

derivatives
R=H,R' =H
R=0OMe,R' =H N N2 | MeOH, 0-10°C
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.
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eSchiff base metal complexes
[M(Sal),trien and M(XSal),trien]

Scheme 1.9 etal complexes [M(Sal);trien

The complexe elemental analysis, mass

spectrometry and Hy : ‘property was investigated

-

under differential §Canning nﬂthermal properties were
investigated by thermogravnmetrlc analysis (TGA).

Seco u'rﬂ ﬁﬂﬂﬂiﬁlﬂsﬂr nthesized from the
reaction be soc ﬂ jl isocyanate, phenyl

isocyanate, benzyl isocyanate and ¢ -nap hil&l 1sr€nate as showfi.in Scheme 1.10.

his Nl it o b td ik bl Gt tovaras

lsocyaﬂate which could be applied in the synthesis of metal-containing polyureas.
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Scheme 1.10 Synthesi i l)ztrlen ureas

haracterized by IR, NMR
and elemental analysis alhing; \ idied using DSC.

Finally, polymerization was peifo obtain zinc and nickel-containing
polyureas as shown in Sche e ~Polymerization was done by the reaction
between M(XSal),trien and di -‘_':"’""-"‘ x hexamethylene diisocyanate (HDI)
and 4,4'-diphenylmethanc.dilSeyanate vl
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Hexadentate Schiff base metal complexes )

M = Zn and Ni
R=H,R'=
R=0Me,R'=H
R=0EtR'=
R="Buy,R' ='Bu

Scheme 1.11 Synthesis

Optimum conditions fo ation were studied. The polymer

structures were charz cometty and elemental

limiting oxygen index (LOI)

analysis. Flammab ;

and thermal stability i si
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