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Abstract

This work includes synthesis , characterization and study the liquid
crystalline behavior of some new compounds containing heterocyclic, as
follows :

Synthesize two series containing thiazolidin-4-one ring ,were
synthesized by converted resorcinol or hydroquinone to a corresponding
compounds [I] and [II] by refluxing with chloracetyl chloride, then the
result compounds reacted with 4-hydroxybenzylaldehyde to produce
dialdehyde compounds [I1I] and [IV] . The later  compounds reaction
with different aromatic amines to synthesized the Schiff bases
compounds [V-VII] and [VIII-X] .After that reaction of Schiff bases
compounds with thioglycolic acid to synthesized the bent and liner core

mesogens containing thiazolidin-4-one ring [XI-XI11] and [XIV-XVI].

Also, synthesized the compound [XVII] from reacted the piperazine
with chloracetyl chloride then the result compound reacted with 4-

hydroxybenzylaldehyde to product dialdehyde compound [XVIII].

The ester compound[XIX] was prepared from estrfecation of
cinnamic acid with methanol then  the condensation of ester
compound[X1X]with hydrazine hydrate to yield acid hydrazide
compound [XX] , which were reacted with glysine in phosphorous

oxychloride to yield (5-styryl-1,3,4-oxadiazol-2-yl) methanamine[XXI].

In addition , synthesized new Schiff base compounds [XXII-XXV]
from reacted thel,3,4-oxadiazole compound [XXI] with different
aromatic aldehydes, while reacted the oxadiazol compound[XXI]with
dialdehyde compound [IlI] or [IV] to produce new Schiff bases
compounds [XXVI] and [XXVII] , afterword the addition thioglycolic
acid to the later compounds to give new thiazolidin-4-one derivatives
[XXVII1] and [XXIX], respectively.



Finally, synthesized a new Schiff base compound[XXX] by reacted
the oxadiazole compound [XXI] with dialdehyde compound[XVII1].

The synthesized compounds were characterized by FTIR , 'HNMR,

C.H.N analysis and mass spectroscopy (of some of them).

The study of liquid crystalline properties (by DSC and polarizing

microscope) of the synthesized compounds showed:

All the schiff bases compounds [V-VI1] showed liquid crystals phases,
the compound [V]showed nematic phase, while the compound [VI]
showed dimorphism smectic B (S,,B)and nematic phases , but the
compound [VII] showed dimorphism enantiotropic smectic A phase

(SmA) and nematic phases.

Also, All the schiff bases compounds [VII1-X] showed liquid crystals
phases, the compound [VI11] showed enantiotropic smectic B (S,,B) only
but the compound [1X] showed dimorphism smectic B (S,,B)and nematic
phases, while the compound [X] showed dimorphism enantiotropic

smectic A (SmA) and nematic phases.

All  thiazolidin-4-one derivatives[XI-Xlll]Jand [XIV-XVI]didn’t

showed any liquid crystals properties.

The Schiff bases compounds [XXII-XXV] showed liquid crystals
behavior as follow : the compound [XXII] showed dimorphism
enantiotropic smectic B (S,B) and nematic phases ,also the compound
[XXV] showed nematic phases ,while the  compounds
[XXI]and[XX1V] didn’t show any mesomorphic behavior.

The compound [XXVIII] displayed a banana shape (nematic phase),
but the compound [XXI1X] didn’t showed any liquid crystals properties.



Finally, the compound [XXX] showed enantiotropic nematic phase.

This work can be summarized by the following , Schemes | and 11 :
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1.1 Introduction to Liquid Crystals

Initially, there were thought to only be three major phases of matter
while molecular order in most substances can be easily described by the
previously established solid, liquid, and gas phases, some compounds
have been discovered that, upon cooling or heating and cooling, display
phases that are neither liquid nor crystalline, but rather new phases that
exhibit properties of both. In 1888, an intermediate state of matter
between the liquid and solid state was discovered by the Austrian botanist

Friedrich Reinitzer

. He observed two melting points while heating
cholesteryl benzoate. The cloudy liquid he observed between the two
melting points was the first recorded observation of liquid crystalline
phase. Liquid crystals are a class of molecules that show phases that are
intermediate between the crystalline solid and the isotropic liquid as

Figure(1-1) .

The Liquid Crystals would display unigque properties, such as strange
colored patterns due to the compound’s birefringent properties'”. While
observation of these properties would continue over the next few decades,
their properties would not be taken advantage of until the 1960s. At this
time, liquid crystals had been discovered to be compelling candidates for

use in display technology.
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Temperature
Liquid Crystal Liquid

Y

Figure(1-1):Liquid crystals phase

1.2-Classification of Liquid Crystals

Liquid crystals were divided into lyotropic phase in addition to the
thermotropic phase. Both of these represented intermediate phases which

include organic molecules.
1.2.1 Lyotropic liquid crystal phase

Lyotropic liquid crystal phase formation is dependent on the
concentration of the liquid crystal molecule within a solution, such as in
the case of micelles formed by amphiphilic detergent molecules dispersed
in water® as Figure(1-2).
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rod-like micelles packed
in a hexagonal arrangement, a lamellar phase.

Figure(1-2):Types of lyotropic liquid crystals
1.2.2 Thermotropic liquid crystal

Thermotropic phases are those that occur in a certain temperature
range. If the temperature is raised too high, thermal motion will destroy
the delicate cooperative ordering of the LC phase, pushing the material

into a conventional isotropic liquid phase as Figure(1-3).

. Nematic .
— Liquid Crystal Sl

A4S i | s NAS
773 il > X3

Figure (1-3) :Schematic representation of the molecules of a thermotropic

liquid crystal represented the solid, nematic liquid crystal, and liquid

phases.
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Many liquid crystals have a similar rod-like (calamitic) or disc-like

(discotic) shape.
1.2.2.1 Glamatic liquid crystals

Calamitic materials possess an inherent molecular anisotropy due
to their rod-like shape. In a liquid crystal phase, unlike isotropic liquids,
these molecules tend to align their long axes along a specific director, but
still possess some freedom of movement within the phase as the result of
the molecular length (I) being significantly greater than the molecular

breadth (b), as depicted in the cartoon representation in Figure (1-4).

Aliphatic Chains

G|

Figure (1-4): Schematic representation of calamitic liquid crystals, where
.(length(l) >> breadth(b)

(calamitic liquid crystals) were further devided into three main classes,
(nematic),( cholesteric ) besides to the (semectic) liquid crystals.

I-Nematic phase

The nematic phase is characterized as a phase in which there is a lack
of positional organization of molecules within the sample, but the optical
axes of the molecules are oriented along a specific director®. The

molecules of a material within this phase are able to move freely within
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the sample, and are not bound to any specific layer unlike the smectic and
some crystalline phases. Most, if not all,currently known nematic
materials are uniaxial, and the directionality of this axis can be changed
by an applied external electric field, making the nematic phase ideal for

display applications Figure (1-5).

‘_.-"I'-' -
Fll .
LA e -l'_
a4 ‘:\_'
T gy i

Figure(1-5): nematic phase
li-cholestyric phase

The cholesteric phase is a nematic phase composed of chiral
molecules, or induced by the presence of chiral molecules .As a
consequence, the system acquires a helical ordering perpendicular to the
long axis of the molecules(Figure 1-6). The helix may be right- or left-
handed depending on the molecular chirality. The pitch is the distance

after which the molecules have the same average orientation.

A special property of this phase is that light of a wavelength equal to the

pitch is selectively reflected and circularly polarized.
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pitch

Figure(1-6): cholesteric phase
Iii- Smectic phase

The smectic phase is defined by layered positional organization of
molecules within the sample, as well as the optical axes of the molecules
being aligned on average along a single director®. In this phase, the
molecules are generally organized in discrete layers, though they may be
able to move past molecules within their same layer and even migrate

between layers, depending on the structure of the specific smectic phase.

The alignment of molecules within these layers also delineates the
type of smectic phase that is observed. For example, within the Smectic A
(SmA) phase, the molecules are arranged in layers with the optical axes
oriented on average perpendicular to the layer plane. In the Smectic C
phase, however, the molecules within the layers are aligned on average at
a tilted angle with respect to the normal along which the Smectic A phase

aligns Figure(1-7).  The alignment of the smectic B phase is similar to
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smectic A, however the molecules are positioned within each layer in a

hexatic arrangemen”.

Figure(1-7) :smectic A phase on the left and smectic C phase on the right

Many kinds of (smectic phases) have been detected. These types have
been named ; smectic A, B, C, D, E, F, G, H, I, J, K, M, O, Q and X
phases Figure (1-8)showed the structural identifications of each smectic

phase and their molecular arrangement.

Orthogonal Phases Tikted Phases
/33 ” & 6 <
V7 7047 1/ LRSS 3¢ be oo o
% %% e ol o <6 <
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Lf"szm b’b.b’b c?o“ Gl & g
o o L N A o, <
9‘6’&; P S eSS - %" %o 2
Smectic C (synclinic) Smectic C; (anticlinic) é
n;_~.«;f_n;t;t‘ 5 §
Yo 1 2 4T L
pAA 1 A
KA
Hexatic Smectic F
e
o
:
x
§

Figure ( 1-8): Various classes of smectic liquid crystals
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1.2.2.2 Discotic Liquid crystals

Disk-shaped liquid crystals usually consist of an aromatic core with
pendant flexible chains. In general discotic liquid crystalline phases are
derived from this class of molecules ® - This phase divided two principle

mesophases are:
a. Nematic discotic phase (ND)

Nematic discotic phase is the least ordered mesophase © where the
molecules have only orientational order being aligned on average with the

director as illustrated in Figure (1-9). There is no positional order.

= “ S
SO .’
<«

C.\)Q ® PF, Reducer Demo

D> | hlareden
& o

Q@ Discotic Nematic

Figure (1-9): Schematic representation of the nematic discotic phase
b. columnar phase

In the columnar phase stacks of disk-like molecules are present
Figure(1-10). The molecules in these columns can be arranged in a
number of different ways, leading different columnar mesophases. The
columns themselves maybe organized into rectangular or hexagonal
arrays™. The columns can be tilted or non-tilted and can such several

variants are known‘*?,
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Figure (1-10): Shematic representation of discotic columnar phase.
1.3-Order of appearance
Thermotropic liquid crystals can be classified into two types:
1-Enantiotropic liquid crystals:

This can be changed into the liquid crystalline state from heating and

cooling

2-Monotropic liquid crystals:

Which can only be changed into the liquid crystalline state from cooling
3-Polymorphism liquid crystals:

Many Liquid crystalline substances which have exclusively smectic
mesophase structure or exclusively nematic mesophase structure. But
some can exist as both types of mesophase, smectic followed by nematic.

This phenomenon is known as polymorphism™ Figure (1-11)
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Figure (1-11): Schematical phase sequence of a liquid crystal

1.4 General structural of liquid crystals

The majority of liquid-crystalline substances are based on the

following structure Figure(1-12):

L L
’ Rigid Rigid
R Core Y Core R

L = Lateral substituents
R, R’' = Terminal aliphatic chains

Y=Central linkage
Figure(1-12): General structural of liquid crystals

The central linkage” as :

—N —N\N_Aéj 4/<O J<O N\ = xi%ﬁ‘o_
O0— S— HN— o

A\

The terminal groups as:
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—O\ O MO —O% 4{0 _S% _40 4(0

Oo— o— 0) S5— O HN—

1.5-Bent Liquid Crystals

The bent shaped mesogens®constituted of two mesogenic groups
linked through a rigid group in such a way as not to be co-linear ,Figure
(1-13). The mesogenic groups are mostly calamitic molecules consisting
of aromatic rings also varied linking groups (Y, Y',X,X") between them,
and a terminal group in para substituted of the aromatic rings .The two
mesogenic types are connected to a rigid mainly six-member-aromatic
ring and the angle middle the two calamitic mesogenic (bending angle) is
around 120 degrees“®. This is noticed when connected (calamitic
molecules)by 1,3disubstituted benzene ring.For this, the (non-linear

shape)prepared from the meta-substituted of benzene ring .

Linkage group

XX'
middle a middle
ring ring
bending
\% angle Y!

Terminal Terminal
chain group

Figure (1-13) :General scheme of bent-shaped molecules

11
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1.6 Application of Liquid Crystals
1.6.1 Display Application

The important properties of liquid crystals are that their orientation
can easily be influenced by an electric field and by surfaces. These
properties have led to their application in display devices such as LCDs.
A frequently used class of liquid crystals are chiral and non-chiral

an

cyanobiphenyls*". Because of their chemical stability and suitable
temperature range in which the liquid crystalline phase is present, they
were for a long time used in LCDs. Nowadays in the current displays they
have been replaced by halogenated aromatic and cycloaliphatic
compounds because of their higher purity, lower viscosity and more

balanced optical and dielectric properties.

1.6.2 Gas-liquid chromatography

Gas chromatography has a great importance in the modern chemical
analysis and physico-chemical investigation. The first use of liquid
crystals as stationary phases in gas liquid chromatography is described
by Kelker and Fresenius in 1963, the use of liquid crystals especially
nematic as stationary phase in gas liquid chromatography (GLC) has
gained a great interest, for example the separation of m- and p-xylen.
1.6.3 Medical applications

Cholesteric liquid crystal mixtures have also been suggested for
measuring body skin temperature, to outline tumors ,any inflammation or
construction of the vessels will naturally affect the temperature of the
skin: this will help in the location of inflammation, since the warmer

areas will by outlined the color pattern @9,

12
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1.6.4. Other Applications

Thermotropic chiral LCs whose pitch varies strongly with
temperature can be used as crude thermometers, since the color of the
material will change as the pitch is changed. Liquid crystal color
transitions are used on many aquarium and pool thermometers. Other
liquid crystal materials change color when stretched or stressed. Thus,
liquid crystal sheets are often used in industry to look for hot spots, map
heat flow, measure stress distribution patterns, and so on.

Liquid crystals are being used in many skin care products. The
first, and probably most successful product in Eyzone. This incorporated
very attractive coils of iridescent liquid crystals in a clear gel. It is
probable that Vitamin A palmitate is mixed with the liquid crystal®® .

1.7 oxadiazole
Oxadiazoles are five-membered ring compounds with three atoms

one oxygen atom and two nitrogen atoms. The oxadiazole ring has four®”

iIsomers as shown below:

//\\2 40_/\\'2 5/\/2 Q)

l

1,2,3-oxadiazole 1,2,4-oxadiazole 1,2,5-oxadiazole 1,3,4-oxadiazole

1,3,4-Oxadiazole is the most thermally stable isomer which has
attracted special attention, this is primarily due to the large number of
uses in many diverse areas, including drugs, scintillation materials,

dyes®? and surface active agents %,

13
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1.7.1 Synthesis of 1,3,4-oxadiazoles

In the literature, the following methods for
preparation of 1,3,4-oxadiazole[1] were reports : (a) oxidative cyclization
of N-acylhydrazones[2] with various oxidizing agents®” (b)
cyclodehydration of  1,2-diacylhydrazines|3] with reagents
such as thionyl chloride or  phosphorus  oxychloride®
(c) direct reaction of carboxylic acids or

acyl chlorides[4] with acid hydrazides[5] or hydrazines®®’.

O Q
Ri_( -+ >—R2
X HzN-NH
X=0H, CI
[a} l [5]
R‘i (@] R2
\( »/
N—N oL
5
. AN . %,
IS [1] Sy, e
H o oy~ o0 Q
N—NH HN—NH

[2] [3]

Carlson and Jorgensen®” have synthesized a number of 2,5-
disubstituted-1,3,4-oxadiazole [8] under microwave irradiation through
the reaction of variable hydrazides[6] with different carboxylic acids[7]

in the presence of phosphorous oxychloride and Al,Os

o) o) N——-N
” ” POCI; / Al,O3 44 >¥
Ar—C——NHNH, + R——C——OH > Ar R
5-15min(mw)
O
[6]
[7] e

Ar=z-pyridinyl
R=different groups
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N-Isocyaniminotriphenylphosphorane[9],aldehydes, and benzoic
acids undergo a onepot, three component reaction under mild conditions

to afford 2aryl5hydroxyalkyl 1,3,4-oxadiazoles[10] in good yields®®.

4 eq. N
O a ; % OH
A+ PPN+ | —— Ar""LD
A TOH R™™H  CHCh b
ri,24h R: alkyl, Ar'

(] [10]

Guin et. Al. “ synthesized symmetrical and unsymmetrical 2,5-
disubstituted [1,3,4]-oxadiazoles [12] through an imine C-H
functionalization of N-arylidenearoylhydrazide [11] could be obtained in
85%isolated yield when performed in the presence of Cu(OTf), (10
mol%), Cs2CO3 as the base, at 110 _C in N,N-dimethyl formamide

DMF as a solvent under an air Atmosphere .

H
Cu(OTf)(10 mol%)
\ , Oz(ain, Cs,CO,, DMF
R N—N 110 °C, 12- 24 h
[12]

[11]

Also , ¥ 1,3 4-oxadiazoles were synthesized [15] by reaction methyl
ketones[13] with hydrazides [14] in presence of iodine I, and potassium

carbonate K,COs as a base .

o 0
)J\. )K I2, K2CO3 O/&
’ - J\ /N
~
R’ RZ  "NHNH, R2T )

[13] [14] [15]

15
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Also, Wang®” et. al., used one pot to synthesize 2 5diaryl
1,3,40xadiazoles[18]via reaction of aryl tetrazoles[16] with aromatic
aldehydes[17], a 70% yield of [18] was obtained when the reaction was
conducted in 1,2-dichloroethane DCE as a solvent and di-tert-butyl

peroxide (DTBP, 2 equiv) as oxidant followed by thermal rearrangement.

N_N

/4 )K e A )\
Ar " bce 2

Ar? 110°C, 24h

[16] [17] 18]

Recently, a transition metal free condensation of hydrazide[19] with
semicarbazide[20]hydrochloride followed by I, mediated oxidative C-O

bond formation provides 2amino substituted 1,3,4-oxadiazoles®?[21] .

o +HCl ) 1eq. NaOAC N—N

H-N—NH MeOH/H,0 (1:1)
)}\ 2 r.t. 10 min / \
+ >*NH2 2) removal of solvent R NH,

NHNH, o 3)1.2 eq. Iy, 3 eq. K,CO4 0
dioxane, 80°C, 1-4.5h .
R: Ar, alkyl, vinyl

[19] [20] (21]

1.8 Thiazolidin-4-one

Thiazolidin-4-one [22] is an important five member heterocyclic
compounds containing sulfur and nitrogen with carbonyl group at

position (4)

[22]
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Thiazolidin-4-one has keto and enol tautmerisum [23]%***).

R H R H
< >— )< E S < >—N)<
N S S
)%/ )\/
HO d
enol form
R=CH3;.C,H5 (23] keto form

1.10 Synthesis of thiazolidin-4-one

Parekh et. al. ® prepared thiazolidinones [25] and [26] by the
reaction of 2-Benzalamino-4-(a-methoxyiminocarbomethoxymethyl)-
thiazoles [24] with thioglycolic acid or 2- mercapto propanoic acid «
respectively in dry benzene .

0]

CH,
CH /:r\(l o=
=1 0~ ' HSCH,COOH SN “—0\
X N N o - \I/ CH.
Y N dry benzene .
= = 3 . . N
reflux 12 hrs Ar [25
N=CHAr [24] 012_ 2]
HSC‘H(CHJ‘ yCOOH
dly benzene PDF Reducer Demo
reflux 12 hrs
0
CH
— e

N N—o

Y NcH,

T

OX?AI [26]

CH,

S

Also , thiazolidinone derivatives [28] were synthesized by refluxing
equimolar amounts from the imine [27] with thioglycolic acid in dry

benzene®®
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N—N

"{QO
D‘”"‘ “j\s PBF Rgzducer PH_NA )\

enze

[27] \/ o

[28]

R=alkyl,aryl

While, Vinay®” et.al, synthysized new derivatives of thiozolidinone[30]

from reaction of 4-pyridyl semicarbazon of 4-substituted benzaldeh

compounds  [29] with thioglycolic acid in DMF as a solvent.

DMF

X X
Nﬁ@ HSCH;00QH\ CNNCH@
[30]

[29]

yde

In addition , Deepthi and Manjunath ©® synthesized compounds of 3-

[5-methyl-2"-aryl-3"-(thiazol-2"" -yl amino) thiazolidin-4"-one]
coumarins [32] from reaction of 3-[2"-(2" -arylidene hydrazinyl)
thiazolyl] coumarin derivatives [31] with 2-mercapto propanoic acid in

the presence of ZnCl, using dioxane as a solvent.

W [31] 32]

R=H. 4-CH; 4-CL. 4-OH . 4-F

On the other hand ,Bhagat et. al.®*®, synthesized 2-substitued pheny! -

3- substituted benzothiazolyl-2-amino-yl-4-thiazolidinone [34] by
the reaction of 4-bromo-6-methyl/ethyl-2-substituted benzyldine
benzothiazolyl hydrazone [33] with thioglycolic acid using ZnCI2 in
DMF.
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R . ZuCl/ DMF © ¥
nCly/ D] R A
/>—?\'H-.\’=C'H—Ar 4 HSCH,COOH ___° />‘ NH /\ H—as
£ = N 3
N 5 hrs - S

0=C
L [33] Br e
P.T
R\A/S
k'/|\ >PERReducgr Demo
N~ 1\
e o
Br
[34]
R=CH,. CH,

HO
= JCH,

Also, Malipeddei“® et.al, have been synthysized thiazolidinones[36]
by cyclocondensation of Schiff bases of amino thiadiazole[35] with

thioglycolic acid in DMF as a solvent.

)8

»

R N/\ S HSCH,COOH 1 NS

N<-N=CH R: " DbmF N<=N—GH R2
A S

[35] [36]

R,,R,=Hand 4-CH,

Also, two new series of Schiff bases [37] and their thiazolidin-4-one
derivatives[38] were synthesized“" by using thioglycolic acid a Acid and

as a solvent.

CsHyyO ] N
S)—N=NOOCH200NHN=CH@OC5H2n+1

HSCH,COOH
(37] dry benzene
CsH110 7 N
S>—N=N‘©*OCH2CONHNH—N—C:\H@OC5H2n+1
n=1,3-8 o] S

[38]
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Synthesis of 3,3'-((methylenebis(1,3,4-oxadiazole-5,2-diyl))bis(3,1-
phenylene))bis(2-(4-(dimethylamino)phenyl)thiazolidin-4-one)[40] by the

reaction of Schiff bases[39] and thioglycolic acid in dry benzene “?.

ST

3C)2 [39] N(CHa)z
HSCH,COOH
benzene
@‘U‘@
(H3C)2N N(CHs)z
[40]

1.9.1 Schiff's Bases.

The condensation of an aldehyde or ketone with primary amine is

usually formed Schiff's bases according to the following equation “**%.

N y N

C—0-. + R-N —_— C=—N—-R + H-,O
/ ? / 2
aldehyde
or
ketone
Schiff bases that contain aryl substitutes are substantially more stable
and more readily synthesized, while those which are contain alkyl
substituents are relatively unstable. The formation of Schiff bases
fromaldehyde or ketone is a reversible reaction and generally takes place
under acid or base catalysis upon heating.“” In the Schiff bases synthesis
a catalyst are usually required, in addition to the removal of the water as
it is formed“.
Schiff bases have been a great interest for many years“® . They are

also used to prepare super-conducting polymers“” .
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Schiff bases are reported to show a variety of interesting biological

(48), (49), (50),

activities, including antibacterial antifungal antivirus

anticancer ®» and herbicide activities ©?.

1.9.1 Synthesis of Schiff bases

the condensation between compounds [41] with isatin [42] results
new Schiff bases [43] ©¥.

N‘NH
N‘NH
R
[41] [42] [43]
R=2-F,4-F

(2009) The Schiff bases compounds[45] were synthesized from the
reaction of 7-hydroxy -3-formyl chormen4-one [44]and various amines

by using H,SO, as a catalyst in methanol as a solvent®*’:

HO o HO o
| CHO + R-NH, —ootp | C=N—R
2 MeOH H

°  [44] [45] ©

s
Ho
R=—N—C—NH,

Hussain® et al synthesized of 4-[(2-hydroxy-benzylidene)-amino]-
N-(5-methyl-isoxazol-3-yl)-benzene sulfonamide[48] via reaction of
Sulphamethaxazole [46]with 2-hydroxybenzaldehyde [47] in ethanol and

few drops of glacial acetic acid as a catalyst.
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NH
s—N—L__J-cH,
o\\//OH Ethanol o=
Os N CH3 + — H=N

[46] (48]

While , the Schiff base derivative [51] was synthesized from the
reaction of 3-chloro benzo[b]thiophene-2-carbohydrazide [49]with 3-chloro
benzaldehyde [50]°® in ethanol and glacial acetic acid GAA .

Cl
ethanol
l GAA
C—NHNH3 —NHN= C
) I II
O
51]

[49] [50]

Also, Azab®” et al reportted formation the Schiff’s bases
compounds [54] through condensation reactions between the amino

pyrazolone derivatives [52] and the aldehyde [53] in ethanol as a solvent.

Ar AT _Ar

Io) Ar o)
NH  + AI’CHO ethanol NH
~./ ~./

HoN N [52] [53] /=N N [54]

Ar'
Ar' = CgHs, CgH, - Cl -4
Ar = CgH, - CH3 -4, CgHy -OCH3 -4

1.13 .Liquid Crystal of Heterocyclic Compounds

Many factors responsible for appearing of (liquid crystal phases)
such the structure of mesogen, geometry, polarizability, molecular
conformation, length-to-breadth ratio also the number and the permanent

dipole moments 's location ¥
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In the latterly years , study of mesomorphic heterocycles compounds
as a result of their optical and photochemical properties® . The
significance effects of the heterocyclic core on the properties of liquid
crystals have been noticed in a series of review papers® . When
heterocyclic liquid crystals having high dielectric biaxiality these
compounds can be used in essential in technological devices as well as in
other applications such as in optical information storage® . Usually
heterocyclic mesogens are incorporated with heteroatoms , such as (N, O
and S) causing the symmetry reduced in the overall molecule also the
generation of a stronger polar induction. The polarity, polarizability and
to a certain extent the geometry of a molecule can considerably change by
the inclusion of the heteroatom, thus influencing the type of mesophase,
the phase transition temperatures in addition of other properties® .
Examples of liquid crystals with incorporated (heterocyclic rings) are

thiophene®®, benzoxazole®” , pyridine ®and oxadiazole®® .
1.14 Liquid crystal compounds

Many series of liquid crystalline compounds containing heterocyclic
rings have been synthesized because of their interesting properties ,the
heteroatom causes considerable changes in chemical and physical
properties and influences the type of liquid crystal phase, also phase

transition temperatures and other properties of the mesogens®”

Many workers synthesized liquid crystals compounds as follow:
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CH30@N =N —@NK:}SR

(55]

R:CnHZFH-l ,h=1-8

o Qe O]
R=CoHzne1 . N=1,6,8, 10
It has been found that all compounds of series [55] showed liquid
crystalline behavior. The compounds with n=(1,3-5) showed only
nematic phase, while the compounds with n=(2,6-8) showed nematic and
smectic phases. The replacement of thioalkyl terminal substituent in
series[55] by thiocarboxy group in series[56] were found to enhance the
thermal stability of the mesophase and maintains the molecules in layer
arrangement of smectic mesophase where takes place. All compounds of

series [56] showed liquid crystalline properties.

J.A. Olivares et.al ¥ studied the liquid crystalline behaviors and
optical studies of the nematic phase of an oxazole-derived bent-core

liquid crystal[57].

e
Ha5C1p-0 (57]

While , Rou'il™synthesized and characterized two novel series of
new compounds containing (1,3,4-thiadiazole) in addition of (1,2,4-

triazole) units [58] and [59]. The liquid crystalline properties of series
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[58] showed nematic textures except compound n=3, while only the
compounds n=1,3 in the series [59] showed the mesomorphic behavior

(nematic and smectic phases) .

N~N N-N N-N N-N
R04©~c=N—{ Mom,c-s— )—@—Q S—s—cu, 4 ,‘l—N=c—©—on
H S I;«]' Il\T S H
H H

R=C,H,,.,, 0=1-5

(58]
N-N N-N
cho—Q—Q -, L )—N=C—O—OR
N s H
H
R=C.H,,, n=1-5
(59]

Furthermore , Dos Santos et. ALY, synthesized a new liquid
crystalline heteroaromatic compounds with the five-membered isoxazole ,
tetrazole alsol<2¢«4-oxadiazole rings . The compounds include the
mesogenic units tetrazole together with isoxazole [60] showed ( nematic
as well as smectic C phases )< however the compounds containing
tetrazole with 1,2,4-oxadiazole unit[61]presented (nematic, smectic C

beside to smectic A mesophases ) .
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0-N 0
) N~N-R
CEHlTOWm—( >—(’ )

=N
N

R=C,H,.,: n=6,8, 10 12

[60]

N-O O N
!l N =
C.H _,0—{: :)—L />_4 v
8717 N 8] S _N—R

R=CH,_ ;. n=6,8, 10,12

[61]

Tariq etal. ,® synthesized and characterized of 4-[(2-alkyl)-2H-
tetrazole-5-yl]phenyl-4-alkyloxybenzoates [62]an and 5-{4-(4-
substituted)  benzyloxy]phenyl}-2-alkyl-2H-tetrazoles  [63]... The
tetrazolyl benzoates compounds [62]., showed (nematic , smectic C
addition to smectic A mesophases) . while tetrazoles compounds [63]a-e
didn,t show any mesomorphic behavior mainly due to replacement of the

carbonyl by a methylene group .

o
N
[62]a—h
R; = n-hexyloxy . R = n-hexyl
R, = n-hexvloxy . R =mn-heptyl
R; = n-hexyloxy . R = n-octyl
R; = n-heptyloxy . R = n-hyptyl
R, = n-octyloxy . R = n-octyl
R; = n-nonyloxy . R = n-nonyl
R; =n-decyloxy . R=decyl

R, =n-decyloxy . R =(S)-citronnellyl
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R
N
[63]ae

N=wvinyl . R = n-nonyvl

N=H . R = n-nonvl

N=F . R = n-nonvyl

XN =DBr . R = n-nonyl

N = Br . R =(S)-citronnellvl

Al-Dujaili etal. ,“”synthesized and studied the liquid crystalline
properties  of two series [64] and [65] containing heterocyclicl,3-

thiazole and 1,3-oxazepine-4-7-diones.

C,H50 ] N
>—N=N OCH,CONHN=CH X
s

[64]

C,Hs50 / N
)—N=N OCH,CONHN CH X
S 0 O
(e}

X = NOy, OCpHpns1 (n=1, 3-8) [65]

Also ,Ciobanu'™

et. al. , synthesized and investigated liquid
crystalline behavior of symmetrical non liner liquid crystal containing
1,3- disubstituted benzene ring as a central core also consisting of
different linkage groups to connect between the three aromatic rings
beside to terminal alkyloxy chain containing 6 to 10 carbon
atoms[66].All compounds appeared enantiotropic mosophases nematic

and smectic phases.
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N N
| R= COCpHpns1, N=5 - 9 |

In addition to, synthesize and investigation of liquid crystalline
properties of two series of bent core mesogen containing 1,2,4-traizole

ring[67 ] derived from isophthalic acid?.

N—N

N—N
H,LN\ /N)\H\N
\ |
X X

/N/N

C\’\/ §CH
Y [67] @
Y

X=H, Ph
Y=NO3, CH2n+1O(n=1,3,4,8)

As while as, synthesized two new non symmetrical mesogenic
homologous series of terminal substituent ether group series [68] and
carboxy group series [69] incorporating azobenzene and 1,3,4-oxadiazole

ring®©®.

N-N
CnH2n+1—®N=N—©—< »‘SC4H9
0O O

[68]
n=1-9or12

O N-N
CnH2n+1-C-O@N=N / »‘SC4H9
[69] ©

n=1,2,3,50r7

Also,It was synthesized and studied the liquid crystalline
properties® of 1,3-diazetine derivatives [70] and  pyrimidine

compounds[71]. All the compounds with alkoxy tails form enantiotropic
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nematic phases but the compounds with alkyl tails do not form liquid

crystals.

@! @@_ O

[70] Hs

,CH

(6N 3
1 H H
ool
S
|

S
A
PN
N g

I

NN
_C Cq o#C O
0% ¢ "o S
A, 2

[71]

o

Recently , Yuvaraj et al ™investigated the liquid crystalline and light-
induced properties of resorcinol spacer based dimericazobenzene[72],this

compound showed nematic and smectic A phases.

AN Q [72] Q AR,

H,CS o o
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The Aim of the work
The aim of this work includes the following:

1- Synthesis and characterization of new Schiff bases derived from bis-
acid hydrazide , and converting the resulted Schiff bases to the

corresponding thiazolidin-4-ones.

2-Synthesis and characterization of new derivatives containing 1,3,4-

oxadiazole ring.

3-Study of the effect of structure and geometry of the molecule on it’s

liquid crystalline properties.

4- Study the effect of the 1,3,4-oxadiazole ring , thiazolidin-4-ones ,imino
linkage and the terminal group on liquid crystalline behavior of the

synthesized compounds.
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Experimental part

2. Chemicals and Techniques

2.1. Chemicals

The following chemicals in Table (2-1) were obtained from different

companies.

Table (2-1) :listed liquid and solid chemicals used in this work

Name of material Name of company Purity %
Acetone BDH 99
Anisaldehyde Aldrich 97
Anisoyl chloride Merck 99.5
Benzene Riedal-deHaén 99.5
cinnamic acid Aldrich 99
Diethyl ether Fluka 99.5
N,N-Dimethylformamide ( DMF ) Merck 99.5
Dimethyl sulphoxide ( DMSO ) Aldrich 99.8
Ethanol (absolute) GCC 99.8
Ethyl acetate Aldrich 99
Glyoxilic acid Aldrich 99
Hydrazine hydrate Aldrich 80
4-hydroxy benzaldehyde Aldrich 99
Hydroquinone Aldrich 99
Hydrochloric acid Riedal-deHaén 37
Methanol Scharlau 99.8
piperazine Aldrich 99
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Pyridine Merck 99.5
phosphorous oxychloride Aldrich 99

Sodium bicarbonate Scharlau 99.7
sodium acetate Merck 99
Sulfuric acid Aldrich 99
Thioglycolic acid Aldrich 98
triethyl amine Merck 99

2.2. Techniques

2.2.1. Spectroscopy
a) Fourier transform infra-red spectrophotometer (FTIR)

FTIR spectra were recorded by using potassium bromide discs on a
SHIMADZU (IR Affinity-1) FTIR spectroscopy. College of Education for Pure
Science  (Ibn-Al-Haitham), University of Baghdad and FTIR-600
spectrometer,(UK).College of Education for Pure Science (lbn-Al-Haitham)\

Central Service Laboratory , University of Baghdad .

b) Nuclear magnetic resonance spectrometer *HNMR)

1H-NMR spectra were carried out by company: Bruker ,500 MHz and were
reported in ppm(8), DMSO was used as a solvent with TMS as an internal

standard, measurements were made at Central lab ,Tehran University.

c) Mass spectroscopy:
Mass spectrum was determined by scan110(1.257min):direct prob-013777.d,

at Central lab ,Tehran University.
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d) C.H.N analysis was determined by EuroEA 3000/Italy College of Education
for Pure Science (Ibn-Al-Haitham)\ Central Service Laboratory , University of
Baghdad ..

2.2.2. Melting points measurements
Uncorrected melting points were determined by using Stuart , SMP 10 , (UK) .
2.2.3. Thin layer chromatography(TLC)

The TLC was preformed on aluminum plate coated with layer of silica gel,

supplied by Merck. The compounds were detected by iodine vapor.

2.2.4. Hot-stage polarizing microscopy

The transition temperatures and textures of the mesophases were determined
using polarized optical microscope modelLeica DM2500 M ,College of
Education for Pure Science (lbn-Al-Haitham)\ Central Service Laboratory ,

University of Baghdad .

2.2.5. Differential scanning calorametry (DSC)

DSC measurements were recorded by the STAPT-1000LINSIS , German
origin , heat rate was average 5 °C /minute , College of Education for Pure

Science (Ibn-Al-Haitham)\ Central Service Laboratory , University of Baghdad
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2.3. Synthetic Methods

2.3.1 Preparation of 1,3-phenylene bis(2-chloroacetate) [I]Jand 1,4-

phenylene bis(2-chloroacetate)[11] *° 8

CIH,C —@ —J'LCH2C1

,[1T]

Chloracetyl chloride (0.002 mol) was slowly added to a stirred solution of
resorcinol or hydroquinone (0.11 g ,0.001 mol) , pyridine 1 ml and DMF 2 mi
at 0 °C. Then, the reaction mixture was stirred for 3 hrs. at room temperature
then, neutralized with saturated sodium bicarbonate solution. The precipitate
was filtered and wash with water, dried and the residue was recrystallized from

ethanol.
Data compound [1]: reddish color, Yield 70 %, m.p.= 66-68°C
Data compound [l1]: white color ,Yield 78 %, m.p.= 122-123°C

2.3.2 Synthesis of1,3-phenylene bis(2-(4-formylphenoxy)acetate)[111]
andl,4-phenylene bis(2-(4-formylphenoxy)acetate)[1V]

A mixture of compound [I] or [11](0.001mol ) ,4-hydroxybenzylaldehyde
(0.002 mol ) and fused sodium acetate (0.246 g , 0.003 mol ) in absolute
ethanol 5 ml was refluxed for 4 hrs. , then cooled and poured into cold water

. The precipitate was filtered and recrystallized by ethanol .
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Data compound [111]: brown color , Yield 70 %, m.p = 86-88°C
Data compound [IV]: dark brown color , Yield 68 %, m.p = 58-60°C

2.3.3 Synthesis of new Schiff bases compounds[V-VII], [VI1I- X]

x@N=©o—ﬁ}Lo@OSLC_O@tN@X

[V - VII], [VIII - X]

A mixture of compound [I11] or [IV] (0.001 mol ) and different aromatic
amines (0.002 mol) was dissolved in 5ml absolute ethanol , refluxed for 3-4
hrs. , and cooled to room temperature , The solid product was filtered to give a

new Schiff basses . The physical properties are listed in Table(2-2).

2.3.4 Synthesis of thiazolidin-4-one derivatives[XI-XI11] and [XIV-XVI]
O
x= )N »—OH,C-C-0 0
S _@O-E-CHZO-QTN—Q—X
0] s\)§0

[XI-X11] , [XIV-XVI]

A mixture of Schiff bases [V-VII] or [VIII-X] (0.001mol) and thioglycolic
acid (0.002 mol) was refluxed in dry benzene (3 ml) for 12 hrs . The solvent
was evaporated and residue was neutralized with sodium bicarbonate solution
then, the precipitate was filtered. The physical properties are listed in Table
(2-2).
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2.3.5 Preparation of 1,1'-(piperazine-1,4-diyl)bis(2-chloroethanone)[XVII]

/N T

Il
Cl—H,C—C—N N—C—CH,—Cl
[XVI]

A mixture of piperazine ( 0.001 mol , 0.086 g ) and triethyl amine
(1 ml) in 3 (ml) DMF , chloroacetyle chloride ( 0.002 mol , 0.226 g ) was added
drop-wise .The reaction mixture was stirred for 3 hrs. , at the end of the
reaction the resulting mixture was poured onto ice water. The precipitate was
filtered and washed with water several times , dried and recrystallized from
acetone ,the color was yellow, yield percentage was 70 %, and the melting point

was mp.=138°C.

2.3.6 Synthesis 0f4,4'-(2,2'-(piperazine-1,4-diyl)bis(2-oxoethane-2,1-
(diyl))bis(oxy)dibenzaldehyde[ XV 111]

(@) / \ O
I Il
OHC OH,C—C—N N—C—CH,0 CHO

[XVII]

A mixture of compound [XVII] ( 0.001 mol ), 4- hydroxybenzylaldehyde
(0,002 mol ) and fused sodium acetate (0.246 g, 0.003 mol ) in ethanol 5 mi
was refluxed for 4 hrs . then cooled and poured into cold water , the resulting
was filtered and recrystallized from ethanol. color off white, Yield 64 %,mp. =
104°C.

Elemental analysis of compound [XXII]
Calc.:C%=64.390 ,H%=5.365 ,N%=6.829

Found: C%=65.206 ,H%=5.132 ,N%=7.412
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2.3.7 Preparation of Methyl 3-phenyl-2-propenoate[X1X] ®V

i
CH=CH—C—OCH;

[XIX]

A mixture of cinnamic acid ( 36.408 g, 0.246 mol ) in absolute methanol (
100 ml ) and sulfuric acid ( 3 ml ) was refluxed for (6 hrs.) after cooling the
mixture was washed with sodium bicarbonate solution , then washed with
water several times dried and recrystallized from ethanol. Yield 80 % , m.p=36-
38°C.

2.3.8 Preparation of 3-Phenyl-2-propenohydrazide[XX]

i
@—CH=CH—C—NHNH2

[XX]

A mixture of ester compound [XI1X] ( 0.006 mol ) and 80% hydrazine
hydrate ( 3 ml ) in absolute ethanol ( 5 ml ) was refluxed for ( 3 hrs) . the
mixture was cooled at room temperature® then solvent was evaporated and

solid formed recrystallized from acetone. Yield 76 %, m.p115-117°C.

2.3.9 Synthesis of(5-styryl-1,3,4-oxadiazol-2-yl)methanamine[XXI]

N——N

|z

[XXI]

Compound [XX](1.62g, 0.01 mol) and glysine(0.75g, 0.01 mol) were

refluxed with phosphorous oxychloride (5mL) for 24 hrs. and the reaction
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mixture was then treated with ice water carefully and made basic by adding
concentrated sodium bicarbonate solution. The resulting solid was filtered, dried
and recrystallized by ethanol. dark brown color, Yield 65%,m.p = 166-168 °C.

2.3.10 Synthesis of new schiff bases compounds[XX11-XXV]®

N—N
@,CH=CH4O»CH2—N=CH—Z

[XXII-XXV]

Z= CeHs5--CH=CH- ,--COOH ,4-CH;0-C4H,- , 4-HO-C¢H,--

A mixture of compound (5-styryl-1,3,4-oxadiazol-2-yl)methanamine[XXIl]
( 0.001mol) and different aldehydes ( 0.001mol)was dissolved in 5mi
absolute ethanol and refluxed for 3-4 hrs . then cooled to room temperature
the solid product was filtered and recrystallized from ethyl acetate to give new
Schiff basses. The physical properties are listed in Table (2-3).

Elemental analysis of compound [XXII]
Calc.:C%=76.190,H%=5.396,N%=13.333

Found: C%=77.151,H%=5.093,N%=12.711

2.3.11 Synthesis of [XXVI] and[XXVII]1,3-phenylene bis(2-(4-

1,3-phenylene bis(2-(4-((((5-styryl-1,3,4-oxadiazol-2-
yl)methyl)imino)methyl)phenoxy)acetate[ XXVI1] And 1,4-phenylene bis(2-
(4-((((5-styryl-1,3,4-oxadiazol-2-yl)methyl)imino)methyl)phenoxy)acetate
(([XXVI1]

N-N ?
i -
O\C—CHZ—O-@—CH=N—CH2—QO»—CH=CH©
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[XXVI],[XXVII]

These compounds were synthesized by using the same procedure given for
synthesis compounds [V — VII], [ VIII — X ], except using the compound[XXIl]
as aromatic amine,. the solid product was filtered and recrystallized from
ethanol to give new Schiff basses .

Data compound [XXVI]: brown color, Yield 77 %, m.p = 118 0C
Data compound [XXVI1]: brown color , Yield 70 %, m.p = 68-70°C

2.3.12  Synthesis of1,3-phenylene bis(2-(4-(4-oxo-3-((5-styryl-1,3,4-
oxadiazol-2-yl)methyl)thiazolidin-2-yl)phenoxy)acetate) [XXVIIl] and 1,4-
phenylene bis(2-(4-(4-oxo-3-((5-styryl-1,3,4-oxadiazol-2-
yl)methyl)thiazolidin-2-yl)phenoxy)acetate) [XX1X]®

0
N—N / —

H 2 _ _
QCH:C-Q(J)-Q—N—C\\‘\SOO H,C—C O@o ] N
O)\/ \/ H '}‘ \
o

s
o
[XXVII],[XXIX]

These compounds were synthesized by using the same procedure given for
synthesis compounds [XI — XIHI ] and [XIV — XVI ] except using the
compounds[XXVI] and [XXVII] instead of compounds[V-VII] and [VII-X].

The precipitate was recrystallized from acetone .

Data compound [XXVI11]: brown color , Yield 63 %, m.p = 125-127°C

Data compound [XXIX]: brown color , Yield 65 %, mp= >3 °C
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2.3.13 Synthesis of 1,1'-(piperazine-1,4-diyl)bis(2-(4-(((5-styryl-1,3,4-
(oxadiazol-2-yl)methylimino)methyl)phenoxy)ethanone[ XXX]

- 0 0 -

';‘ ';‘ N\ N-N
@CH:CHJ\ )—CHZ—N:o@o—HZC—C—N N—c—CHz—o@CH:N-CHzJ\’ %CH:CH@
0 H —/ 0
[XXX]

This compound was synthesized by using the same procedure given for
synthesis compounds [XXVI] and [XXVIl], except using the compound

[XVII]instead of compounds[ll1] and [IVV].The solid product was recrystallized

from ethyl acetate to give new Schiff base browm color , Yield 71 %, m.p =
(188-190) °C.
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Table (2-2): The physical properties for the compounds[V-XVI]

Comp Molecular Yield MR
s X Nomenclature T o - Color
M} cHo rlr;igﬁsigz:weer;i/lbiiri(ii_o()‘lr;(é?k;yl)phenoxy)acetate) CagHzzN20g 85 | 212-214 | golden
VI ch, 30,?;;:1i:r?i?\)g)er:gtﬁtl()i-éj;l(éi;/)acetate) CagHz2N20s 87 | 203-205 | vellow
| ifd-foh;;gtigil?ri:i(r21<-)()£:r;<(a(t£rll;/l)phenoxy)acetate) CasHzsN2Og 73 | 165-167 | brown
VIl cHo rlﬁigﬁgigg:weerx/lbiir;(ii_o()‘lr;(é?r;yl)phenoxy)acetate) CasHzzN20 82 | 190-192 1 golden
IX] ) ch, ':[Lc;f;ri?r?irx)e;‘étﬁ;fl()i}sg;\(cfi;/)acetate) CasHzzN20c 75 | 209211 | brown
[X] " i;tfoh;;gt:zzil?ri;i(rf;()i;t(a(ti;/l)phenoxy)acetate) CasHzsN20s 86 >300 bilz\r/\l/(n
B e L PSPV e P Ly
DAt | imolin 2 phenamyaese) cannos, | 72 | gy |
yellow
T e e A Aol R g P e
XD | o | LD S e | carvons, | 62 ||
PV et | hasatin 2Dprenopacont) a0, | 67| qummy | brown
o O | SR | o | || vom

41




Chapter twa

Experimental part

Table (2-3): The physical properties for the compounds[XXII-XXV]

[ Molecular | Vield | M-F
Z Nomenclature Color
. No. formula % c
= _ N-((5- _1.3.4-oxadiazol-2-
XXl -CH=CH- 3-phenvl-N-{(5-stvrvl 13—1 oxadiazol-2 CLHNO 35 135 Darck
CsHa vlmethyl)prop-2-en-1-imine - brown
2-(((5-stvrvl-1,3 4-oxadiazol-2-
XXIIT | . o . .0-
COOH | iymethyDimino)acetic acid Custlul:0s 8 70| brown
. | 4-CH;0— | 1-(4-methoxyphenyl)-N-((3-styryl-1,3.4-
XXIV SEE o -N:0,
CeHs oxadiazol-2-y)methyl)methanimine CieHiN:0; 6 139 | brown
XV 4-HO-CaH, | 4-({((5-styrvl-1.3 4-oxadiazol-2- N0 ” 10 Darck
yvDmethyl)iminomethyl)phenol 2hisNi0; brown
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Chapter thee Results and disscussion

3.1. Synthesis and Characterization

3.1.1. Preparation and Characterization of 1,3- phenylene bis(2-

chloroacetate) [I] and 1,4-phenylene bis(2-chloroacetate) [I1]

In order to obtain the compounds [1] and [11] ,we reacted resorcinol or
hydroquinone with two moles of chloroacyl chloride in pyridine and

DMF as a solvent .

pyridine / DMF 9
Ho@ + 2 CICH,COCI — cmzc—”—-o@ o
OH 0 C g

[1],[11]

CH,CI

These compounds were identified by melting points and FTIR

spectroscopy.

The FTIR spectra of these compounds as in Figure (3-1) for
compound [I] showed disappearance bands of the v OHgroups, which
was observed in the starting materials and showed new absorption
stretching bands at 1774 cm™ and 1764cm™ that are attributed to the C=0
of ester groups® | respectively. Also, showed stretching band at 793cm™

and 758 cm™ for v CH,CI ,respectively.
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3.1.2 Synthesis of 1,3-phenylene bis(2-(4-
formylphenoxy)acetate)[l11] and  14-phenylene  bis(2-(4-
formylphenoxy)acetate)[I1V]

The dialdehydes[111] and [IVV] were synthesized by the reaction of two
moles of 4-hydroxybenzaldehyde with one mole of compound [I] or
compound  [Il ], using absolute ethanol as a solvent in CH;COONa

medium .

0 CH,COONa
0L 3 0
o O@o P 42 OHC@OH e om@o—cj—o@ 0
N ETOH Hy N
CHy_

CHyCI

0
1, [II
- [ ],[1IV] @CHO

The FTIR spectra of these compounds [I11] and [IVV] showed a
new stretching bands at 1686cm™ and1668 cm™assigned to CHO groups ,
also showed a new stretching bands at 1215 cm™ and1217 cm™ for ether
groups( -CH,-O-), as in Figure (3-2) and (3-3), respectively . While, The
'HNMR spectrum (in DMSO-d; as a solvent) of compound [llI],
Figure(3-4) showed: a singlet signal at 69.77 ppm for two protons of
CHO groups, many signals in the region & (6.17-7.75) ppm of twelve
aromatic protons of benzene rings, a singlet signal at 6 3.45 ppm due to

four protons of two (OCH,CO )groups .
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3.1.3. Synthesis and characterization of new Schiff base
compounds[V-VII] and [VIII- X]:

—

OHC @O—c—?—o@ absolute ethanol
CHZO +2 X@NHZ
[Or],[1v] CHO

O
Ha O\/LCH:z
=0
O
[V -VII], [VIII - X] @X

These Schiff bases were synthesized by refluxing one mole of
dialdenyde compounds [I11] or [IV] and two moles of different amino

compounds in absolute ethanol as a solvent .

The structure of these schiff’s bases [V-VII] and [VIII- X] were
characterized by melting points , FTIR and HNMR spectroscopy (for

some of them) .

The FTIR spectrum showed the disappearance of absorption
bands which due to NH, and CHO groups of the starting materials
together with the appearance of new absorption stretching bands of C=N
group in the region(1654-1651) cm™ and (1645-1638) cm™ Figure (3-5)
and(3-6) display the FTIR spectrum for compound [V] and [X] ,

respectively .

The other data of functional groups which are characteristic of
these compounds are given in Table(3-1) .
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The 'HMNR spectra of Schiff base compounds [V] and [IX] as
in Figures (3-7) and (3-8) , respectively showed the following signals:
twenty aromatic protons appeared as multiplet in the region 6 (6.85-7.74)
ppm and 6 (6.54-7.75) ppm respectively , sharp singlet at 6 (8.45) ppm
and o (8.59) ppm that could be attributed to azomethine protons ,
respectively . A sharp signal at & 3.75 ppm is due to four protons of
(OCH2CO) groups and six protons of two (CH3) terminal groups for
compound [V]. while two protons of two ( OCH,CO ) groups and six
protons of two ( CHj3) terminal groups for compound [IX] appear at o

3.32 ppm and 6 (2.29) ppm, respectively.

3.1.4 Synthesis and Characterization of Thiazolidine-4-one

compounds [XI-XI11],[XIV-XVI]:

O
XON)QO_SLO ? Benzene
2 0\/L22 + HSCH,COOH — "~ g
~0
/‘\\\/ ~
N
[V - VII], [VIII - X] @
X

AT
XI-XIII] , [XIV-XVI1
[ 1.1 ] \/<\ «

(@)
Thiazolidine-4-one compounds [XI-XIII] and [XIV-XVI] were
synthesized by the reaction of Schiff bases compounds [V-VII] and [VIII-
X] with two moles of thioglycolic acid in dry benzene, respectively . The

mechanism® for synthesized these compounds shown as in Scheme (3-1)
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- N ~N -
HOOC-CH,-SH + Ar -N = CH -Ar-CH=N-Ar + HS-CH,COOH ——>

~

Ar

rﬁ\/ H_SWO
O=— +
. OH

Ar

l\'l E Ar CH NH —— Ar —PT o
A VN Y
O:
N E Ar CH
\S

H
N
0]
Hzo + > +OH2

N

Ar CH Ar

o)
Ar = @O‘C—“—O
0
H, 0] (H;2_0©

Ar = @x X=CH,0 , CH; , OH

Scheme(3-1)
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These compounds were characterized by their melting points, FTIR and
'HNMR spectroscopy (for some of them) .

The FT-IR spectrum of compound [XII] as in Figure (3-9) showed
the appearance of carbonyl group of the thiazoldinone®” at (1651) cm™
and (C-H) aliphatic band at (2958-2858) cm™, (C-H) aromatic® band at
(3030) cm™ , (C=C) aromatic at (1608) cm™ and band at (964) cm™ for
(C-S)group.

The *'H-NMR spectrum of compound [XII ] as in Figure (3-10),
showed signal at 6 (2.13) ppm for six protons of the two (CHs) groups , a
singlet was observed at 6 3.65 ppm for four protons of (O-CH,CO) groups
. Singlet signal appeared at 6 4.36 ppm due to four protons of two (H-5
thiazoldinon) . Also signals appear at 06(6.30-7.46)ppm for twenty
aromatic protons of benzene rings as of two protons of two (H-2
thiazoldinon) .

The FT-IR spectrum of compound [XV] as in Figure (3-11) , showed
The appearance of carbonyl group of the thiazolidinone in (1685) cm™
and (C-H) aliphatic band at (2970-2830) cm™, (C-H) aromatic band at
(3030) cm™ , (C=C) aromatic at (1608) cm™ and band at (997) cm™ for
(C-S) group.

The FT-IR absorption bands of thiazoldin-4-ones [XI-XVI] are
listed in Table (3-2).

The 'H-NMR spectrum of compound [XIV ] Figure (3-12)
showed signal at & 3.65 ppm for six protons of the two (CH30) groups ,
a singlet was observed at 63.72 ppm for four protons of (OCH,CO )
groups. Singlet signal appeared at 6 4.10ppm due to four protons of
two(H-5 thiazolidinone) . Also ,multiplet signals appeared at & (6.85-
7.51)ppm for twenty aromatic protons of benzene rings and two protons

of two (H-2 thiazolidinone) .
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3.1. 5 Preparation and characterization of 1,1'-(piperazine-1,4-
diyl)bis(2-chloroethanone)[XVI1]

/ 0\ triethyl amine+DMF 0 0

_ _ /0 N\

H—N N—H+ 2 CICHCOCI —————» ¢—j,c—C—N N—C—CH,—Cl
/ 0 C

[Xvip

The compound  [XVII] was prepared from the reaction of
piperazine with two moles of chloroacetyle chloride in triethyl amine
(TEA ) and DMF as a solvent .

The structure of the compound [XVII] has been characterized by
FTIR spectroscopy. The FTIR spectrum for compound[XVII], Figure
(3-13) showed the disappearance of absorption stretching bands of N-H
groups in starting material of (piperazine ) together with the appearance
of new stretching bands at 1637 cm™of C=0 group, CH-aromatic at 3037
cm™ CH-aliphatic at (2991 — 2864) cm™.

3.1. 6 Synthesized and characterization of 4,4'-(2,2'-(piperazine-1,4-
diyl)bis(2-oxoethane-2,1-diyl))bis(oxy)dibenzaldehyde[ XV 111]

O /,/—\ O CH;COONa
Cl—H,C-C-N N-C-CH,—cl T 2HO©CHO — .
/ ethanol

[XVIII]

The compound [XVIII] was synthesized from the reaction of
compound [XVII] with two moles of 4-hydroxybenzaldehyde and

CH3;COONa in absolute ethanol as a solvent .
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The structure of the compound [XVIII] has been characterized by
FTIR and tHNMR spectroscopy .

The FTIR spectrum for compound [XVIII] as in Figure (3-14 )
showed : (C=0) group at 1668 cm™, C=C-Ar group at 1600 cm™ , CH-
aromatic at 3169 cm™ and CH-aliphatic at ( 2966-2862 Ycm'™.

The HNMR spectrum Figure (3-15 ) for compound  [XVIII],
showed : singlet signal at 6 (9.77)ppm for two protons of CHO groups ,
signals in regions 6 (6.90 — 7.75) ppm for eight protons of aromatic rings ,
signal in & 4.78 ppm for four protons of (O-CH, =0) groups , finally
singlet signal at & (2.06)ppm for protons of piperazine ring .

3.1.7 Preparation and Characterization of Methyl 3-phenyl-2-
propenoate[X1X]

o o
11 H,SO, Cons.
@CH=CH-C—OH -+ MeOH 2 @—CH:CH—&—OCHg

[XIX]

The ester compound [XI1X] was prepared from the reaction of
cinnamic acid with methanol in conc. H,SO, (as a catalyst). This

compound was characterized by melting point and FTIR spectrum.

The FTIR spectrum for compound [XIX] as in Figure (3-16) showed
the disappearance of absorption stretching bands of O-H and C=0 groups
of (carboxylic moiety) in starting materials together with the appearance
of a new stretching band at (1716) cm™ assigned to C=0 group of ester

moiety.
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3. 1.8 Preparation and Characterization of  3-Phenyl-2-
propenohydrazide[XX]

9 EtOH o
CH=CH-C-OCH; + NH,NH, 2H,0 ————J»» CH=CH-C—NHNH,
reflux

[XIX] [XX]

The condensation of one mole of ester compound [XIX] with
one mole of 80% hydrazine hydrate in ethanol produced the acid
hydrazide [XX] .

The structure of the compound [XX] has been characterized by

melting point and FTIR spectrum .

The FT-IR spectrum as in Figure (3-17 ), for hydrazide compound
[XX] showed disappearance of absorption streching bands due to ester
group with the appearance of the characteristic absorption bands in the
regions (3311-3200) cm-1 due to asymmetric and symmetric stretching
vibration of the (NH2 and NH) groups, the FT-IR spectrum also showed
the appearance of absorption band at (1643) cm™ due to the stretching

vibration of the carbonyl group.

3.1.9 Synthesis and Characterization of(5-styryl-1,3,4-oxadiazol-2-
yl)methanamine[ XXIl]

reflux

[XX] [XXI

N—N
0 POCl, R
CH:CH-C-NHNH, * CH, . (NH,).CO, —» CHOH )—CH2NH2
]
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The acidhydrazide[XX] and glysine compound could be smoothly
cyclidehydrated by boilig in phosphorus oxychloride POCI; to produce
the 1,3,4-oxadiazol compound[XXI ].This compound characterized by
FTIR spectroscopy .

The FTIR spectrum for this compound showed disappearance of
absorption stretching bands for starting materials and appearance of new
absorption stretching band at 1637cm™due to v C=N group for oxadiazol
ring as in Figure (3-18). The mechanism® of dehydration in the presence

of POCI; is depicted in the following steps Scheme (3-2):

o (o]
H,NCH,—C—OH . POCl; a3 H,NCH,—C&—c 4 H,PO,

o o) o (o)
@—CH:CH—C—NHNHZ +  H,NCH, &—cl — C>—CH=CH—C--NH—NH—(':'—(:HzNH2
o NH
@—CH CH- c NH-NH—C —CH,NH; ——— = CH:CH- c c

CHZNHZ

N—I?IH N—NH
CH:CH-C . CH:CH~- c
<o Coemen-t_dzdn

“CH,NH, CH,NH,
N— _
N—H
i ] +
N
H,0 2NH2 CHANH,
N—N
@—(:H:(:H—( S cH,NH,
o

Scheme (3-2 ):The mechanism steps for formation of compound
[XX1].
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3.1.10 Synthesis and Characterization of new schiff base
compounds[XXI1-XXV] :

N—N Ethanol absolute
@CH=CH—</ \>—CH2—NH2 + Z-CHO )
o

[XXI]

N—N
@\CHZCH%O}CH2—N=CH—Z

[XXII-XXV]

Z:C6H5'CH:CH . -COOH ,4- CH30-C6H4- 5 4-HO-C6H4-

New Schiff base compounds [XXII- XXV] can be synthesized
from the reaction of 1,3,4-oxadiazol compound[XXI] with different
aromatic aldehydes . The structure of these schiff’s bases [XXII-XXV ]
were characterized by FTIR , and HNMR spectroscopy for
compound[XXV] .

The FTIR spectrum showed the disappearance of absorption
bands due to NH, and CHO groups of the starting materials together with
the appearance of new absorption stretching bands of C=N groups in the
region( 1647 — 1626) cm™ as in Figure (3-19) for compound [XXV]

The other data of functional groups which are characteristic of

these compounds are given in Table (3-3) .
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'HMNR spectrum of Schiff base compound [XXV] as in Figure (3-
20) showed the following signals: multiplet signals appeared in the region
d (6.93-8.19)ppm for nine aromatic protons , a signal at 6 (8.56) ppm for
proton of azomethine group ,also sharp signal at 6 9.79 ppm is due to
proton of hydroxyl group® and signals at 5(4.07-4.26)ppm that could be
attributed to the protons of (-CH=CH-) group. Finally signal appeared
at 0 3.99 ppm due to two protons of (CH,N) group.

3.1.11 Synthesis and Characterization of new schiff bases
compounds [XXVI ] and [XXVII]

0]
OHC@O‘C‘“‘O 0
H, O EtOH

N-N
_I_
Mo 2®CHCHQO»-CH2NH2 —
CH
[

XXI]

N-N ,‘,3
QCH:CHQO)—CHZ—N:SOO—HZC—Co@ 0

0 Il N-N
\C—CHZ—OOCH=N-CH24O)—CH=CH@

[XXVI],[XXVII]

New Schiff base compounds [XXVI] and [XXVII] were synthesized
from the reaction of two moles of 1,3,4-oxadiazol compound[XXI] with
dialdehyde compound [IIl] or [IV] , respectively. These Schiff bases
were characterized by melting points , FTIR and IHNMR spectroscopy.

The characteristic FTIR spectra of these compounds showed the

disappearance of absorption bands due to NH, and CHO for stretching
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bands of starting material together with the appearance of stretching
bands at 1645cm™ and 1651cm™ assignable to C=N groups ,respectively
as in Figure (3-21)and (3-22) for compounds [XXVI] and [XXVII]

respectively .

The 'HNMR spectrum (in DMSO-d; as a solvent) for compound
[XXVl]as Figure (3-23) showed: a singlet signals at 88.53 ppm for two
protons of azomethine ( N=CH) groups , multiplet signals appear at o
(6.40-7.75)ppm for twenty two aromatic protons of benzene rings,
signals at 6(5.41-6.33) ppm that could be attributed to the four protons
of two(-CH=CH-) groups. Also singlet signal appear at 6 3.51 ppm due to
four protons of two (OCH,CO) groups and signal appear at 62.7 ppm for
four protons of two(CH;,N) groups.

3.1.12 Synthesis and characterization of thiazolidin-4-one
compounds [XXVII1] and [XXIX]

o)
N—N /
Y2
H \ —N=cH 0—H,C—C=0
et pEweeni Drommoo ()
o) o\Céo
~

[XXV],[XXVI] \OQ
HC~

Benzene SNeen, M-

+  2HSCH,COOH

O
N—N /
2
H \ —N-c¥ 0—H,C—C=-0
CH:CJI ¢ —N-C _@ 2 @
Q- o>_ )\/\s O\Cfo
(@)

CH, _
O\©\
CH

~ N<
[XXVITI],[XXIX] A e 0

synthesized new thiazolidin-4-one derivatives [XXII] and [XXIX]
by added two moles of thioglycolic acid to one mole of Schiff bases
[XXV] and [XXVII] in dry benzene as a solvent. The FTIR spectra for
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these compounds as in Figure (3-24) for compound[XXVIIl]  showed
the disappearance of a stretching band of imine group and the appearance
of a stretching band of carbonyl group of thiazolidinone moiety®” at
1674 cm™and 1655 cm " also C-S groups at 997 cm™and 968 cm’
! respectively. Figure (3-25) showed mass fragments for compound
[XXIX] .

3 -1.13 Synthesis and Characterization  of 1,1'-(piperazine-1,4-
diyl)bis(2-(4-(((5-styryl-1,3,4-oxadiazol-2-
yl)methylimino)methyl)phenoxy)ethanone[ XXX]

N—N
H,9 /\ © ethanol absolute
OHC 0-C’ &N N—C-C—0 CHO + ©0H=CH-< )—CHZNHZ -
\_/ Ha (¢}
]

[XXI

[XVII]

N—N

O—CH=CH~40»—CHZ—N=EOO—HZC—(’:’—NDN_y—CHZ—o@»CH=N—CH2—<O»—CH=CH~@

[XXX]

New Schiff base compound [XXX] synthesized from the reaction
of two moles of 1,3,4-oxadiazol compound[XXI] with dialdehyde
compound [XVIII] in ethanol as a solvent . This Schiff base compound

was characterized by FTIR spectroscopy and mass spectroscopy.

The FTIR spectrum ,Figure (3-26) showed the disappearance of
absorption bands due to NH, and CHO groups of the starting materials
together with the appearance of new absorption stretching band of C=N

group at (1651) cm™ ,c=c-aromatic(1600) cm™ .

Figure (3- 27) showed the mass spectrum of compound [XXX]
that has the molecular weight =928 .
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3.2. Liquid Crystalline Properties of the Synthesized Compounds

The transition temperatures and mesophase type (texture identity) of all
compounds were investigated by hot-stage polarized optical microscopy (POM)

and some of them by differential scanning calorimetry (DSC).

3.2.1. Mesomorphic Properties of compounds [V-VIl]and [VIII-
X].

X=CH,0 , CH;and OH
V-V

All the schiff bases compounds [V-VII] showed liquid crystals phases.
The compound [V]showed droplets nematic texture under POM because the
methoxy groups have a higher polarizability, this could be explained in term of
terminal/lateral(t/l)interactionforces ratio, because the methoxy chain led to a
higher ratio of t/l interaction forces and when this ratio is high, compound tend
to give less ordered mesophases (nematic mesophase)® as shown in Figure (3-

28) ,while the Figure(3-29) showed DSC thermogram for this compound.

The compound [VI] showed dimorphism smectic B (S,,B)and nematic

phases , but the compound [VI1] showed dimorphism enantiotropic smectic A
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phase (SmA) and nematic phases. The DSC thermogram for compound [V1] as

in Figure (3-30).

The phase transition temperatures for compounds [V-VII] were listed in Table
(3-4).

3.2.2. Mesomorphic Properties of compounds [VII1-X]:

0 I
Il
X@N:HC@O-HZC-C-O@O—C—CHZ-O @CH:N@'X

X:CHSO y CH3 and OH

[VII-X]

The compound [VII1] showed enantiotropic smectic B (S,,B) only but the
compound [1X] showed dimorphism enantiotropic smectic B (S,B)and nematic
phases,while the compound [X] showed dimorphism enantiotropic smectic A
(SmA) and nematic phases .The Figures (3-31) and (3-32) display the optical
textures of smecticB phase and DSC thermogram for compound [VIII]
,respectively ,while the Figure (3-33) showed the optical texture of smectic A
phase for compound [I1X] . The phase transition temperatures for compounds
[VI11-X] were listed in Table (3-4).
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3.2.3. Mesomorphic Properties of thiazolidin-4-one derivatives
[XI1-XI111] and [XIV-XVI] compounds :

o JL
O
/\\C/O O\ //
O_\,\,L C\CH
[XI-X111] 2~0
_C H
N Ve

0 0]
H T | H
X N—C 0-H,C-C—0 0=C=CH,-0 FN X
\
0 S ° ©
[XIV-XVI]

X=CHz0 , CHz;and OH

All thiazolidin-4-one derivatives[XI-XllIl]and [XIV-XVI] didn’t showed
any liquid crystalline properties but simply changes from the crystalline solid
state to the isotropic liquid .This could be attributed to the presence of
thiazolidin-4-one rings which is affect in two ways , firstly by increasing the
breadth of this molecule and secondly reducing in the planarity of the
molecules. However , the literature survey did not report any mesomorphic of 4-
thiazolidinones compounds , (this is represented in three dimensional structures
of series [XI-XlIII]and [XIV-XVI] )as in Figures (3-34) and (3-35), respectively
. For this reason, thiazolidin-4-one derivatives[XI-XlIl]land [XIV-XVI]didn’t
show any liquid crystalline properties. The phase transition temperatures of
thiazolidin-4-one derivatives [XI-XIII] and [XIV-XVI]were listed in Table (3-
5).
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Figure (3-35) :Three dimensional structures of compounds [XIV-XVI1]

3.2.4. Mesomorphic Properties of Schiff bases compounds
[XXIT-XXV]

N—N
@7&=CH—<O)—CH2—N=CH—Z

Z=CgHs-CH=CH-, -COOH, 4-CH30-CgH -, 4-HO-CsH,-
[XXI1-XXV]

60



Chapter thee Results and disscussion

When studying liquid crystalline properties for Schiff bases compounds
[XXI-XXV] we found that the compound [XXII] showed dimorphism
enantiotropic smectic B (SmB)and nematic phases as in Figures(3-36) and (3-
37) for dendritic texture ®Y and droplets nematic phases for compound
[XXI1],respectively , this behavior can attributed to the presence of (CgHs-
CH=CH- ) group in the compound [XXII] and this increasing the rigidity and
polarizability of the core and extending the molecular length®?, for this reason
the compound [XXII] appears liquid crystals mesophese. While the compounds
[XXI1] and [XXI1V]didn’t show any mesomorphic behavior but changing from

crystals to isotropic liquid.

In addition to above the compound [XXV] showed enantiotropic nematic
phase.

In this study the compound [XXV] showed nematic phase .This can be
attributed to the presence of OH group as a terminal group which could form
intermolecular hydrogen bonding®®as shown in Figure (3-38), for this reason
the compound [XXV] favor nematic mesophase. The transition temperatures
for Schiff bases compounds[XXI11-XXV] are summarized in Table(3-6)

H

/

0 -0
N—N \ ,//' N—N H
@*CHFCH—( )—CHZ—N=CH—C>/ H CH=N—CH2J< )_C=CH
o o]

Figure(3-38) :Hydrogen bonding formation for compound [ XXV]
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3.2.5. Mesomorphic Properties of thiazolidin-4-one compounds
[XXVIIH], [XXIX] and compound[XXX].

o) Q O
\\C,o O‘C//
a g on,
Qr Oy
H
s [XXVIII] /C\N‘CH:
S

N—N 0 0 N—N
s ! : Ho—n-2—4_ N-ch:8
CH=CH{0)—C —N—C\H 0 H,C-C-0 0—C-CH,'0 p c o
O&/S S\%O

[XXIX]

H N-N H O Q N-N
C=CH{ © CN= N /\ _II H_ H, _
@ ko)—ﬁz N C@o H,C-C-N_ N-C—CH, 0 c=N—c’{_Y-c=c

O HH
[XXX]

The compound [XXVII1] displayed a banana shape (nematic phase) , but the
compound [XXIX] didn’t showed any liquid crystalline properties but simply

changes from the crystalline solid state to the isotropic liquid.

In this work when compared between the compounds [XXVIII] and
[XXIX] we found that the compound [XXVIII] displayed a banana shape
(nematic phase) ,this is maybe related to presence of oxadiazole ring and
geometric structure because this compound containing 1,3 disubstituted
benzene ring as bent core mesogene(this is represented in three dimensional) as

in figure(3-39). This behavior can't be observed in compound [XXIX] which
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contained planner center core (1,4 disubstituted benzene ring) for this reason the

compound[XX1X] didn't show any liquid crystalline properties.

Finally, under the polarized optical microscopy the compound [XXX]
showed enantiotropic nematic phases. The transition temperatures for these

compounds are listed in Table(3-6).

Figure(3-39) : Three dimension structure of compound [XXVIII]
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Conclusions
The conclusions for this work can be draw -:

1-Synthesis of different types of new compounds derived from resorcinol
, hydroquinone or piperazine and study the liquid crystalline properties of
these new compounds , as follows:

a) New bent and linear core mesogens [V-VII] and [VIII-X] derived
from resorcinol and hydroquinone containing imine linkage and different
terminal groups these compounds exhibited liquid crystalline properties
(nematic and smectic phases) .

b) New compounds containing thiazolidin-4-one ring [XI-XIII] and

[XIV-XVI] didn’t show any liquid crystalline mesophase .

¢) Schiff bases compounds[XXII-XXV] containing 1,3,4-oxadiazole ring

, the compounds [XXII] and [XXII1] showed liquid crystalline properties,
while the compounds [XXIV]and[XXV] didn’t show any mesomorphic
behavior.

d) The new thiazolidin-4-one derivatives [XXVIII] and [XXIX],the
compound [XXVIII1] displayed nematic phase, but the compound [XXIX]
didn’t showed any liquid crystalline properties. Also new Schiff base
compound [XXX] derived from piperazine containing oxadiazole ring
showed enantiotropic nematic phase.

2-The spectroscopy data gave a good evidence for the formation of the
synthesized compounds .
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Suggestion for Future Work

1. Synthesis and study the liquid crystalline behavior of new compounds
derived from 1,3,5 —tri hydroxy benzene with imine linkage[A]. These new

compounds might exhibit discotic mesomorphic properties .

2. Synthesis and study the liquid crystalline properties of new compounds

containing heterocyclic units derived from compound[A] .

OH=

(0]
I\):I:
X
G=0
(@)
\ O W/
[ N

X=different substitute
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Table (3-1 ):Characteristics FTIR absorption bands of compounds[V-X]

Characteristic bands FTIR spectra(cm™)
comp. U(C=0) U (C=C)
U(C-H U(C-H B B
No-l uo-H) tisd I U(C=N)
aromatic aliphatic ester aromatic
V] _ 3003 2970-2841 1741 1653 1606
[vi] _ 3026 2970-2866 1732 1654 1604
[vin 3415 3070 2966-2858 1707 1651 1604
[vin _ 3005 2972-2839 1720 1645 1606
[1X] _ 3026 2978-2866 1730 1640 1606
[X] 3415 3051 2981-2823 1714 1638 1608
Table (3 -2 ):Characteristics FTIR absorption bands of thiazoldin-4-ones [XI-XVI]
Characteristic bands FTIR spectra(cm™)
Comp. —
No. U(C-H) U(C-H) u(c=0) Ue=E R
aromatic aliphatic thiazoldinone R
[X1] 3095 2962-2833 1662 1603 950
[Xu] 3030 2958-2858 1678 1608 964
[xun 3068 2962-2806 1678 1604 993
[XIV] 3010 2956-2837 1654 1600 970
[XV] 3030 2970-2830 1685 1608 997
[xvi 3010 2966-2852 1681 1600 995
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Characteristic bands FTIR spectra(cm™)

Comp.
NO. ) U(C_H) U (C=C) Other
U(C-H) aromatic liphat U(C=N) exo group
aliphatic aromatic
[XXI1] 3059 2962-2850 1626 1601 _
U COOH
[XXII1] 3035 _ 1635 1605
1734
[XXIV] 3012 2926-2850 1630 1600 -
[XXV] 3057 2980-2821 1647 1597 U OH 3363

Table (3-3 ):Characteristics FTIR absorption bands of compounds[XXII-XXV ]

Table (3-4): Phase transition temperatures (°C) of Schiff bases compounds[V-X]

Comp. No. Transition Temperatures (°C)
201
[V] or —29 22,
202 217 228
[V|] Cr—>» SmB —/>» N ——> |
150 185 209
[Vvii] Cr=—=SmMA /=N —= |
200 235
[vi] Cr=—=SmB —/—— |
229
175 220 233
[1X] Cr—=—SmB —/—=N =— I
[X] 120 160 200
Cr =—= SmA N — |

Cr, crystalline phase;SmB smectic B phase ;SmA smecticA phase; N, nematic phase; I,
isotropic liquid
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Table (3-5): Phase transition temperatures (°C) of thiazolidin-4-one derivatives

[XI-X111] and[ XIV-XV1] .

Comp. No. Transition Temperatures (°C)
[X1] Cr RN |
[X1] or 150 .
[X111] or 160 o
[le] Cr 179 I
[XV] o 2
[XV1] cr 22

Cr, crystalline phase ; I, isotropic liquid
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Table (3-6): Phase transition temperatures (°C) of Schiff bases compounds [XX11-XXV]

,thiazolidin-4-one compounds [XXVI], [XXIX] and compoumd[XXX].

Comp. No. Transition Temperatures (°C)
[XXH] Cr === smB ilo‘ N
[XXI] or 2 5 |

[XXIV] cr 245 5
V| —
[XXVIII] o 110 N 175 |

[XXIX] or 29

IXXX] o ilS\ \ iGO‘ |

Cr, crystalline phase;SmB smectic B phase ;; N, nematic phase; I, isotropic liquid
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Figure(3-23) : 1H-NMR spectrum for compound [XXVI]
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Figure (3-26):FTIR spectrum for compound[XXX]
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Figure(3-27):The mass spectrum of compound[XXX]




Figure(3-28):Cross polarizing optical texture of droplets nematic phase for compound
[V]at 210 °C
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Figure(3-29) : DSC thermogram for compound [V]
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Figure(3-30) : DSC thermogram for compound [VI]

Figure(3-31):Cross polarizing optical textures of smecticB phase for
compound [VII1] at 190°C
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Figure(3-32) : DSC thermogram for compound [VIII]

Figure(3-33):Cross polarizing optical texture of smectic A phase for compound [IX]
at 210°C
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compound [XXI1] at 225 °C

Figure(3-36):Cross polarizing optical texture of dendritic growth of smectic B phase
separating from the isotropic melt for compound [XXI1] at 195°C
Figure(3-37):Cross polarizing optical textures of droplets nematic phase for
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Juz (2130} Sura Al Baqara 114 “[Aya{m 28

Didst thou not Turn by vision to those who abandoned their
homes, though they were thousands (In number), for fear of
death? Allah said to them: "Die": Then He restored them to

life. For Allah is full of bounty to mankind, but Most of them

are ungrateful
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