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Abstract

Chalcones are well known naturally occurring pigments which serve as valuable intermediate in
organic synthesis of ﬂévonoid compounds. It has found significant role in pharmaceutical effects
including antioncogenic, antiinflammatory, antiulcerative{ analgesic, antiviral, antimalarial and
antibacterial activities. Chloroquinoline and in&ole compounds are known to exhibit variety of
antimicrobial activity. Also, it has been reported that chalcone having quinoline moiety is an
intermediate for the synthesis of chloroquinoline cyanopyridines and cyanopyrans derivatives.
Here an efficient method for quinoline and indole based chalcones synthesis described. 2-
chloroquinoline aldehyde synthesized by using 'acylation of aniline followed by cyclization in
presence of DMF/POCI; obtained quinoline aldehyde (2a) in 65% yield. Indole aldehyde -
synthesized accordingiy “Vilsmayer reaction” by reacting indole with DMF/POCI; obtained
Indole aldehyde (1b) 90 % yield. Indole based chalcones were synthesized accordingly Claisan-
Shmidt condensation of indole aldehyde with various aromatic acetophenones by using
piperidine as a base in ethanol obtained indole based chlacones (2b-7b) in 60-80% yield.
Quinoline based chlacones also prepared accordingly Claisan-Shmidt condensation of 2-
chloroquinoline aldehyde with various aromatic acetophenones by using 40 % aq NaOH as a

base in ethanol obtained quinoline based chlacones (3a-8a) in 70-76 % yield.
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CHAPTER 1

INTRODUCTION

1.1 Introduction:

There is no exaggeration in the statement that plants have sustained and are
sustaining human life on this planet. The plant chemistry (also known as natural products
chemistry) is a wide and distinct field, which concerned with enormous variety of organic
substances accumulated by plants, for example alkaloids amino acids, flavonoids, terpenes, fatty
acids steroids etc. The flavonoids are one of the most fascinating areas of the plant chemistry.
Flavonoids (also known bioflavonoid) secondary metabolites in almost all vascular plants and are
widely distributed in leaves, stem, root, fruits, seeds. More than 5000 chemically unique
flavonoids have been identified in different plant species, which are responsible for the vibrant
colors of leaves, flowers and fruits. These polyphenolic organic compounds have no direct
involvement with the growth or development of plants. However they play an important role in

protecting the plants form microbe and insect attacks’.

Among the natural compound with high antioxidant activity, flavonoids, widely
distributed class of phytochemicals have a central role?, The key stage in biosynthesis of all
flavonoids is reached via the formation of chalcone, which is distributed in different plant tissues.
Along the Aurones, chalcone are best known yellow to orange colored flowering pigment
.Chalcones are well known natural or synthetic compounds also well known intermediate for
synthesizing various heterocyclic compounds bearing the 1, 3- diphenylprop-2-en-1-one
framéwork that have displayed a wide bioldgical activities such as antimicrobial , anti-
inflammatory, analgesic , antiplatelet , antiulcerative , antimalarial , anticancer , antiviral ,
antileishmanial ,antioxidant , antitubercular , antihyperglycemic ,immunomodulatory , inhibition
of chemical mediators release inhibition of leukotriene B4, inhibition of tyrosinase and inhabition
of aldose reductase activities’®. Many studies of chalcone related to cancer have demonstrated.
The presence of a reactive o, B-unsaturated keto function in the chalcone is found to be
responsible for their microbial activity. The chalcone are acyclic polyphenolic compounds
possessing 15 carbon atoms (Figure 1) two benzene rings joined by a linear three carbon chain’.

They constitute one of the most characteristic classes of compounds in higher plants.



Chalcones are well known natural compounds and in synthetic chemistry a well known
intermediates for synthesizing various heterocyclic compounds bearing the 1, 3- diphenylprop-2-
en-1-one framework that have displayed a wide biological activities such as antimicrobial, anti-
inflammatory, analgesic, antiplatelet, antiulcerative, antimalarial, anticancer, antiviréll,
antileishmanial , antioxidant , antitubercular, antihyperglycemic, immunomodulatory inhibition
of chemical mediators, release inhibition of leukotriene By, inhibition of tyrosinase and

inhabition of aldose reductase activities® 2>,

The majority of the naturally occurring chalcones contatn either hydroxyl (OH) or methoxy
(OCH;) substituents on the two aromatic rings>’. However, the number of different chalcones
that are theoretically possible in nature is extremely high since each of the groups can be
substituted by one or more sugars, which in turn-can be acylated with different phenolic of
aliphatic moieties. Synthetic and naturally occurring hydroxychalcones and methoXychalcones
are of particular interest as they display a wide range of biological properties and exert diverse
pharmacological activities. In fact, because of their chemical strucﬁues, these compounds can
promote both antioxidant and pro-oxidant effects and, as a consequence, have been shown to be
effective chemopreventive agents as well as to exert bactericidal, antifungal, anticarcinogenic,
and anti-inflammatory actions’'*?. The mechanism(s) responsible for this pleiotropism remain to
be fully understood, but it is'becoming evident that more than one specific cellular target is
implicated in the pharmacological actions mediated by chalcones. For instance, the anti-
inflammatory properties of 4-dimethylamino-3',4'-dimethoxychalcone and 2',5'-dihydroxy-4-
chloro-dihydrochalcone in murine macrophages were initially reported to involve a direct
scavenging effect on superoxide anion production and inhibition of inducible nitric oxide

33,34

synthase (iNOS) expression™"".

~ Many studies of chalcone related to cancer have demonstrated. The presence of a reactive
o,B-unsaturated keto function in the chalcone is found to be responsible for their microbial
activity. The chalcone are acyclic polyphenolic compounds possessing 15carbon atoms (Figure
1) two benzene rings joined by a linear three carbon chain®’. They constitute one of the most

characteristic classes of compounds in higher plants.



The skeleton above, can be represented as the
Cs - C; - C4 system.

Flavonoids are also present as aglycones, 'glycosides and methylated
derivatives. In plants, flavonoids aglycones (i.e., flavonoids without attached sugar) occur in a
variety of structural forms'®*?, The different way to close this ring associated with the different

oxidation degrees of ring A provide the various classes of flavonoids.

Figure 1

() o

: o}
O 3-Hydror
; 3-Hydroxy-2-phenytl 2-Phenyl-chroman-4-one
1-(2-Hydroxy-phenyl)- _chromen-4-one (%Invanone)
2-Phenyl-chromen-4-one 3-phenyl-propenone (Flavenol) 4
(Flavone) (Chalcone) 3
i 2

or o o|

3-Hydroxy-2-phenyl-
chromenylium

3-Hydroxy-2-phenyl-

2-Phenyl-chroman-3-ol 3-Phenyl-chromen-4-one Py chroman-4-one
(Flavan-3-ols) (Isoflavone) (ﬁ;ll:ll:':lci{l z:lll“g:lxl]te) (Flavasnonol)
5 6
7

1

Figurel Chemical structure of some representative flavonoids

The six- membered ring condensed with the benzene ring is either a y-pyrone flavanones (4) or

flavan-3-ols (5)).The position of the benzenoid substituent divides the flavonoids into two

classes: flavonoids (1) (2 -position) and isoflavonids (6) (3- position) 5.



1.2 Classifications of flavonoids:

Flavonoids are divided into six groups; chalcone, flavonols, flavones, flavanones, flavan-
3-ols and anthocyanins. Most flavonoids occur in plants as glycoside, meaning that they are
bound to sugar molecules’®”. Some well know flavonols are Quercetin and Kaempferol.
Flavanones are mainly found in citrus fruits. The US-FDA (United State Food and Drug
Administration) has on the website comprehensive table of flavonoids, ﬂavonols,'ﬂavones,
flavanones, flavan-3-ols, anthocyanins and isoflaviones of many foods. The mean intake of
flavonoids was 17 mg and the mean intake of isoflaviones 47 mg. The following phytochemical
were determined in the food: genistein, daidzien, myrcetin, fisetin, quercetin, Kaempferol and

liteolin. Quercetin was the most important flavonoids followed by kacmpferol. 225

Table 1: Sub-groups of flavonoids

S.No | Flavonoids subgroup Structure

1. Chalcones HO.

2. Flavones (generally in herbaceous families, ' OH
e.g.Labiatae, Umbelliferae, Compositae) 0 O
| Apigenin, Luteolin

3. Flavonol (generally in wood angiosperms),

Quercitol, Kaempferol, Myricetin

4, Flavanone




HO
5. Anthocynin O

6. Isoflavanone HO O (o)

1.3 Properties of flavonoids:

1.3.1 Antioxidant:

The flavones and catechins seem to be the most powerful flavonoids for protecting the
body against reactive oxygen species (ROS). Body cell and tissues are continuously threatened
by the damage caused by free radicals and ROS which are produced during normal oxygen
metabolism or are induced by exogenous damage. Quercetin, kaempferol, morin, Myricetin by
acting as antioxidant, exhibited beneficial effect such as anti-inflammatory, antiallergic, antiviral,
anticancer activity as well as play a protective role in liver diseases, cataracts, and cardiovascular
diseases. Quercetin and silybin, acting as free radical scavengers, to exert a protective effect in
liver reperfusion ischemic tissue damage. The scavengering activity of flavonoids reported to be
in the order: Myrcetin >Quercetin > Rhamnetin > Diosmetin > Naringenin > Apigenin >

Catechin >5,7-dihydroxy-3’,4’,5’,- trimethoxy-flavone > Robinin > Kaempferol > Flavones?.
1.3.2 Antimicrobial, antibacterial, antifungal activity:

Flavonoids and esters of phenolic acids have also been investigated for theirs
antimicrobial, antifungal and antiviral activities. Quercetin has been reported to completely
inhibit the growth of staphylococcus aureus. Most of the flavonones having no sugar moiety
showed antimicrobial activities. A number of flavonoids isolated for fungi static activity.
Chlorflavonin was the first chlorine- containing flavonoids which used antifungal antibiotic.

Now synthetic modifications of natural compounds to improve antiviral activity. Quercetin,



morin, rutin, taxifolin, apigenin, catechin, and have been reported to possess antiviral activity
against some of the 11 types of viruses. Recently, world wide spread of HIV since the 1980s, the
antiviral activity of flavonoids has mainly focused. A natural plant ﬂa\}onoids polymer of
molecular weight 2,100 daltons was found to have antiviral activity against two strain of type 1,

. : 27
type 2 Herpes simplex viruses®*?".

OH O

‘Figure 4: Quercetin molecule
1.3.3 Anti-inflammatory and antiulcer activity:

Flavones / flavonols glycosides as well as flavonoids/flavonols kaempferol, quercetin,
myricetin, fisetin were reported to possess LO and COX inhibitory activities Hesperidin, a citrus
flavonoids, possesses significant anti-inflammatory and analgesic effects. ‘Recently apigenin,
luteolin and quercetin have been reported to exhibit anti-inflammatory activity. Some recent
studies have indicated that flavonoids glycosides of Ocimum basilicum decreased ulcer index®®

27

1.3.4 Cardie protective and central nervous system effects:

The consumption of flavonoids can prevent a number of cardiovascular diseases
including hypertension and atherosclerosis by enhancing the vasorelaxant process leading to a
reduction of arterial pressure. Flavonoids are polyphenolic compound have higher propensity to
transfer electrons, to chelate ferrous ions, due to this properties, flavonoids have been considered

as potential protectors against chronic cardio toxicity caused by the cytostatic drug doxorubicin®
32




Figure 5: Structure of doxorubicin (7-monohydroxyethylrutoside)

Synthetic flavonoids, such as 6-Bromoflavone and 6-bromo-3’-nitroflavones, possess
antioxidant- like properties similar or superior to that of diazepam. There widespread occurrence,
broad spectrum diversity and natural origin make them appropriate chemical scaffolds for novel

therapeutic agents over other therapeutic agent for the following reasons:
1) Many diets are rich in these phenolics and are daily consumed.
2) They really have any side effects.

3) They have relétively long half-life; also can be easily absorbed in the intestine after

ingestion.

Therefore, we think that natural and synthetic flavonoids will become effective future drugs
against the most common degenerative diseases such as cancer, diabetes and cardiovascular

complication.
1.4 Aza-Flavanone:

2-Aryl-2, 3—dihydro-4-quin610nes (also known aza flavanones) are the central
intermediate in the biogenesis of naturally occurring flavonoid-type derivatives and a useful
material in the laboratory syntheses. They are isomeric with the corresponding 2’;
aminochalcones, and the two species undergo interconversion in the presence of acid and/or
base. Derivatives like 2-aryl-4-quinolones and 2-aryl-3-hydroxy-2,3-dihydro-4-quinolones were
displayed many interesting biological properties, such as cytotoxicity against human tumor cell
lines,?® anticancer activity in the xenograft ovarian OVCAR-3 model, treated mice demonstrated
13% increase in life spaﬁ, inhibit tubulin polymerization and colchicines binding to tubulin,
hepatoprotective agents and a potential use as scintillator dyes in photo oxidative stability.
Quinolones are analogues of flavanones and thiaflavanones which are characterized by a fused
benzo ring A and phenyl substituent B at position 2 of the heterocyclic ring C as shown by the
generalized (Figure 6). Flavanones have an ether linkage (X=0) whereas the Quinoloné have an
aza linkage (X=NH,; R=H) and thiaflavanones have a thioether linkage (X=S) . Quinolones and
flavanones are widely distributed in plants and can also be synthesized in the laboratory using

various methods. On the other hand, thiaflavanones are only accessible in the laboratory by the

10



reaction of cinnamic and thiophenol to afford the 3-(phenylmercapto) propanoic acid which

when converted to acid chloride undergoes Friedel-Crafts cyclization to afford thiaflavanones.>®

M @)

€)

Figuré 6: (1) R=R'=H, X=H (chalcone), NH; (2-Aminochalcone)

The C ring of quinolone 3 contain several reactive sites (position 1, 3 and 4) and can also allow
different degree of unsaturation in the heterocyclic ring as, observed vin quinolin-4(1H)-ones 4
and the fully aromatic quinolone derivatives 5. The A ring of structure 1 (R= Cl, Br) can also be
modified by Nucleophilic at either 6 or 8. |

o) Y
~N
|- _
I}l Ar N~ "Ar
R
4 5
Figure 7: R=H, alkyl, acetyl or sulfonyl Y= Alkoxy, amino

[1
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1.2 Literature survey:

Chalcone was synthesized using Claisen-Schmidt reaction. In chalcone, more important moiety
is a,p unsaturated ketone, which has more important for biological activity. The a,B-unsaturated
ketones can play the role of versatile precursors in the syntheses of the various derivatives like
flavones, pyrazolihe, sulfone derivatives'®. The synthesis and transformation of indoles has been
and continues to be a focus of research efforts for synthetic organic chemists because the indole
nucleus is found in countless biologically active molecules and medicinally relevant structures.’
3-Formylindoles are versatile starting materials for syntheses of a broad range of indole
derivatives since their carbonyl groups can readily undergo a variety of transformations sﬁch as
C-C and C-N coupling reactions and reductions.® Weiping Su et. al C3- selective formylation of
free (N-H ) indoles under mild conditions can be achieved by using Ru- catalyzed oxidative

coupling of free (NH) indoles with anilines, respectively’.

H
@ N RuCl,
N TBHP, 25°C
H

The importance of quinoline and its annelated derivatives is well recognized by synthetic and

%

A\
N
H

biological chemists.'® Compounds possessing this ring system have wide applications as drugs
and pharmaceuticals.!' Pulak J. Bhuyan et. al. recently prepared 2-chloro quinoline aldehydes
synthesized by reaction of N-acyl anilines with DMF/POCI3'2

COCH; 0

—
N Cl s

POCI3
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Previously indole based chalcone are reported but they are used costly wittig reagents' or costly

bases'®, harmful solvents and long reaction times. But here we have synthesized by using low

cost chemicals, environment friendly solvents and good yield.

EN

i
PPh
+ Ph)\% 3

N
N
H

o ,
Toluene X
17hr, reflux HN

45 %

O o 0
N j Ph DBU, THF X Ph
N\, + )—S—CH, ' ’
HN
g N O 31hr, ot

55%

Previously 2-chloro quinoline based chalcone are reported but they are getting low yield. Tiwari,

Vandana et al reportedsynthesis of 2-chloro quinoline based chalcone by using Al,O; *but they

ot only 35% yield. And Westman et al. also used polymer supported PPh;'® but also very less
g Y ery

increment of yield observed. But here we have done with 40% aq NaOH we got 76 % yield.

(6]

N CHO Br 0 “~
SRS
N a K,COq, MeOH N a |
| 35 %
(o]
PPh3 (polymer éupported)
K,COs, MeOH N a
44%
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Aim and scope of the present work

Chalcone is a very special o,B-unsaturated ketone system. The o,p-unsaturated ketones play the
important role of versatile precursors in the synthesis of the many natural product and biological
‘active compounds. Chalcone are convenient and versatile materials for the synthesis. of many
chalcone derivatives. Some reagent including, sodium hydroxide, piperidine and some solvent
ethanol, dimethy! formamide. The present study deals with tﬁc synthesis of chalcone from many
aromatic compound indole-3-carbaldehyde, 2-chloro quinoline-3-carbaldehyde as representative
of aldehyde reacts with different acetophenone. Fof the different chalcone, indole-3-
carbaldehyde reacts with different acetophenone using piperidine base. For the different
chalcone 2-chloroquinoline-3-carbaldehyde reacts with differe.nt—djfferent acetophenone using

NaOH base.

NH
©/ 2 tnethylamlne @ /& POCI3
acetylchlonde m

40 % aq NaOH

EtOH
! 0o
AN >
~
N~ Ta X
Scheme 1
o\ 0
Piperidine
\\ DMF/POCI; \ L N
N N | “ EtOH
H H 24 reflux
Scheme 2
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CHAPTER-2A

2A: SYNTHESIS AND CHARACTERIZATION OF 2-
CHLORO QUINOLINE BASED CHALCONE
DERIVATIVES

2A.1 Instruments and Chemicals used

Flash chromatography was performed on silica gel (Rankem laboratory, 60-120 mesh).
TLC was performed on aluminum-backed silica plates (contain -13% CaSO; %2 H,0O, SILICA
Gel /UV3s4), which were developed by using UV fluorescence. Melting points were determined
on kofler apparatus melting point apparatus and are uncorrected. Elemental analysis was
performed on a Vario EL CHNS analyzer. Infrared spectra were recorded on a Nexus Thermo
Nicolet FT-IR spectrometer using KBr pellets ."H NMR spectra were recorded at 500 MHz on
Brucker ultra shield AC 300 and DPX 300 instruments, respectively; 13C NMR si)ectra at 125.5
MHz’s cﬁemical shifts are given in parts per million (ppm) referenced to TMS. High resolution
mass spectra (m/z) were recorded on a Perkin Elamer GC-MS spectrometer: All commercially
available chemicals were used with further purification. Anhydrous solvents were distilled from

appropriate drying agents prior to use.
2A. 2 Synthesis of acetanilide(1a)

To a stirred solution of aniline in DCM at 0 °C in inert atmosphere was added triethylamine
(2 eq) followed by acetyl chloride (1.4 eq) . Reaction monitored by TLC (thin layer
chromatography) after completion of reaction the réaction mixture were poured into the ice cold
water white solid crystalline pure acetanilide formed. Yield: 70%, m.p-114.3°C. 'HNMR
(CDCls, 500 MHz) ppm:7.6 (db, 2H, Ar-H), 7.35-7.30 (m, 2H, Ar-H), 7.10 (m,1H, Ar-H), 2.0 (s;
3H, -CH,) '

NH, | :
triethylamine ©\ /g
tylchloride
acetyic rige ﬁ 0
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Scheme 1

kel CEEEY R

TLC (1%-5.M, 2™-Rxn mix) |
2A.3 Synthesis of 2-chloroquinoline-3-carbaldehyde(2a)

In a ovendried R.B. was taken DMF (2.5 eq) solvent to this solution at 0 °C was added POCl;
(7eq) the resulting solution at this temperature was stirred 15 min. Then warmed to room
temperature added acetanilide and the resulting solutions were heated at 75 °C for 2 h. Reaction
monitored by TLC after completion of reaction the reaction mixture was poured into ice water
. and extracted by DCM. The organic layer was dried over Na;SO;, purified crude mixture by
using silicagel column chromatography as cluents 1:10 ethylacetate:Hexane. Yield: 60%, m.p-
148-150°C 'H NMR (CDCl;,500MHz) ppm: 9.61(s,1H,-CHO),8.71(s,1H,Ar-H),8.05(d,1H, Ar-
H),7.68(d,1H,Ar-H),7.61(m,1H ,Ar-H),7.43(m,1H,Ar-H)

N DMF NT N\

H O Cl

Y

2A.4 Synthesis of (E)-1-(4-Bromophenyl)-3-(2-chloroquinolin-3-yl)prop-2-en-
1-one(3a)
A mixture of substituted 2-chloro-3-formylquinolines (0.01 mmol), bromoacetophenone,and
sodium hydroxide(2 mL, 40% aqueous) in SOmL ethanol was stirred at room temperature for

24 h.The resulting precipitate was collected by filtration,washed with water and recrystallize
from ethylacetate. Yield 70%, m.p-223°C, 'HNMR (CDCl; 500 MHz), 8.50 (s, 1H,
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Hiquinoline), 8.24 (d, 1H, HP), 8.05 (d, 1H, Hsquinoline), 7.95-7.77 (m, 3H, 2Hphenyl,
Hszquinoline) 7.69-7.70(m, 2H, phenyl), 7.58-7.69 (m, 2H, H6, H7), 7.60 (s, 1H, Ha)

COCH; 0
mwo 40% aq NaOH AN
’ - ®
~
N cl ) EtOH N/ cl : Br
Br

2A. 5 Synthesis of (E)--1-(4-chlorophenyl)-3-(2-chloroquinolin-3-yl)prop-2-en-
1-one(4a)

A mixture of substituted .2-chloro-3-formylquinolines(0.01 . mmol),bromoacetophenone,and
sodium hydroxide(2ml, 40% aquous) in 50ml ethanol was stirred at room temperature for 24
h.The resulting precipitate was collected by filtration,washed with water and recrystallize from
 ethylacetate.yield = 72%, m.p = 180°C, '"H NMR (CDCl;, 500MHz), ppm & (8.50(s, 1H,
Hyquinoline), 8.24 (d, 1H, Hp), 8.05 (d,1H, Hsquinoline), 7.95 (m, 3H, 2Hphenyl, Hgquinoline),
7.70 (m, 2H, phenyl), 7.69 (m, 2H, H6, H7), 7.60 (s, 1H, Ho)

COCH3 ) O
mcm ~ 40% aq NaOH NN
+
N N EtOH O Z O
cl

2A. 6 Synthesis of (E)-3-(2-chloroquinolin-3-yl)-1-(3,4-dimethyl phenyl)prop-
2-en-1-one(5a)

A mixture of substituted 2-chloro-3-formylquinolines(0.01 mmol),3,4dimethyl acetophenone,and
sodium hydroxide(2 mL, 40% aquous) in S0mL ethanol was stirred at room temperature for 24
h.The resulting precipitate was collected by filtration,washed with water and recrystallize from
ethylacetate. Yield = 76 %, m.p. = 160 °C lHI\J'I\-»/IR (CDCl3, 500MHz) & ppm: 8.5 (s, Ar-H, 1H),
8.2 (d, Ar-H, 1H), 7.68-7.61 (m,Ar-H, 3H),-7.2-7.1 (m, ,2 =C-H,Ar-H, 3H), 7.35 (s, CH3, 6H) .
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COCHs ' 0

CoC T COUOTO
. ,

~

NN EtOH N

Cl

2A.7 Synthesis of (E)-3-(2-chloroquinolin-3-yl)-1-phenylprop-2-en-i-one(6a)

. A mixture of substituted 2-chloro-3-formylquinoline (0.01 mmol), acetophenone,and sodium
hydroxide (2 mL, 40% aquous) in 50 mL ethanol was stirred at room temperature for 24 h.The
resulting precipitate was collected by filtration,washed with water and recrystallize from
ethylacetate. Yield = 73%, m.p. = 150 °C 'HNMR (CDCls, 500MHz) & ppm: 8.2 b(s, Ar-H, 1H),
8.0(d, Ar-H, 1H), 7.81-7.82 (d,Ar-H, 2H), 7.6-7.4 (m,Ar-H,6H), 7.2 (m, =C-H, 2H)

COCH, o)

CHO
SOUREsE-__Nseans
/ + .
. N ~

Cl EtOH

3A.8 Synthesis eof (E)-3-(2-chloroquinolin-3-yl)-1-p-tolylprep-2-en-1-one(72a)

A mixture of substituted  2-chloro-3-formylquinolines(0.01 mmol),4-methyl
acetophenone,and sodium hydroxide(2 mL, 40% aquous) in 50ml ethanol was stirred at room
temperature for 24 h.The resulting precipitate was collected by filtration,washed with water and
recrystallize from ethylacetate. Yield = 75%, m.p. = 170 °C "HNMR (CDCls;, 500MHz) 8 ppm:
8.2 (s, Ar-H, 1H), 8.05(d, Ar-H, 1H), 7.9 (d,Ar-H, 1H), 7.6-7.7 (m,Ar-H,=C-H,5H), 7.43(m, Ar-
H,1H),7.25(d,Ar-H,2H),2.35(s,CH3,3H); IR (Vmax, cm™): 1651 (C=0), 1586 (C=C), 1346 (C=N).

: COCH,4 0
mcm N 40% aq NaOH _ PN
N N EtOH O z O CH,

N “ci

CHs .

3A.9 Synthesis of (E) )-1-(4-aminophenyl)-3-(2-chloroquinolin-3-yl)prop-2-en-
1-one(8a)
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A  mixture of substituted 2-chloro-3-formylquinolines(0.01  mmol),4-amino
acetophenone,and sodium hydroxide(2 mL, 40% aquous) in 50ml ethanol was stirred at room
temperature for 24 h.The resulting precipitate was collected by filtration,washed with water and
recrystallize from ethylacetate. Yield = 75%, m.p. = 170 °C '"HNMR (CDCl;, S00MHz) & ppm:
8.5 (s, Ar-H, 1H), 8.2(d, Ar-H, 1H), 8.0 (d, Ar-H, 1H), 7.9(m, Ar-H,=C-H,2H), 7.6-7.9(m, Ar-
. H,=C-H,4H),6.8(s,Ar-H,2H),4.00(s,NH2,2H); IR (vmax, cm™): 1651 (C=0), 1586 (C=C), 1346
(C=N).

COCH;,4 o)

mCHO 40% aq NaOH SN
+
N Ny EtOH O % O
NH,

N Cl NH2
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CHAPTER 2B

2B. SYNTHESIS AND CHARACTERISATION OF INDOLE
BASED CHALCONE

2B.1 Synthesis of indole-3-carbaldehyde

To DMF (7 mL), POCI; (1 mL) was added at 0 °C. The mixture was stirred at 20 minute. Then a
solution of indole(10 mmol) in DMF(3 mL) was added dropwise. After the mixture was stirred at
35 °C for 1 h. Ice was added,followed by 20% aq. NaOH,and the mixture was refluxed for 6
h.On cooling ,the mixture was poured into ice water,and the precipitate product was
collected,wash by water and dried.yield-70% m.p. 190-192 °C, '"H NMR (CDCls, 500Mz) &

(ppm): 9.9 (s, 1H), 8.7 (s, 1H), 8.4 (s, 1H), 7.8 (s, 1H), 7.5 (d,1H), 7.3 (m, 2H),

©\/\> DMF,POCly
N 20 % aq NaOH

H

/O

mZ

Scheme 2
2B.2 Synthesis of (E)-3-(1H-indol-3-yl)-1-phenyl-prop-2-en-1-one (2b)

Indole-3-carbaldehyde (6.89 mmol) was dissolved in EtOH (14 mL).Then acetophenone(6.89
mmol) and afterwards piperidine were added. The resulting solution was refluxed for 16 h. The
reaction mixture was neutralized with 10% HCI to p"-7.The formed precipitate was collected by

vaccum filtration and purified from MeOH to give deep yellow solid. yield-70%, m.p. 137 °C
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'H NMR (CDCl;, 500 MHz) §: 8.60 (1H, s, br, NH), 7.11- 7.89 (9H, m, Ar-H), 6.86 (1H, d, J =
14.8 Hz, =CH-Ar), 5.82 (1H, d, J = 14.8 Hz, CO-CH]). IR (KBr) (cm™): 3160 (NH), 3020

(aromatic, C-H), 1710 (C=0), 1630 (-CH=CH).

SNy P
. piperidine O X O
+
N © EtOH N |
ﬁ H

2B.3 Synthesis of (E)-1-(4-chlorophenyl)-3-(1H-indol-3-yl)prop-2-en-1-one(3b)

Indole-3-carbaldehyde (6.89 mmol) was dissolved in EtOH(14 mL).Then 4-chloro
acetophenone(6.89 mmol) and afterwards pipeddin¢ were added. The resulting solution was
- refluxed for 16 h. The reaction mixture was neutralized with 10% HCI to pH-7.The formed
. precipitate was collected by vaccum filtration and purified from MeOH to give deep yellow

 solid.yield 72%, mp=151 °C

'H NMR (CDCl; 500 MHz) &: 8.71 (1H, bs), 8.04 (1H, d, J = 15.4 Hz), 8.00-7.94 (3H, m), 7.55-
7.49 (2H, m), 7.46-7.43 (2H, m), 7.40-7.36 (1H, m), 7.26-7.22 (2H, m) "*C NMR (125 MHz,
CDCI3) 6 1914, 1394, 139.3, 137.6, 132.6, 130.7, 128.9, 128.7, 125.7, 123.9, 122.1, 121.1,

121.0, 118.2, 114.8, 112.3 IR (KBr) (cm™): 3147 (NH), 2927 (C-H), 1713 (C=0), 1640 (C=C).

COCH,

. 0]
O\ . T}
piperidine AN O
+ v |
: Cl
(:E% © E10H N
: H
Cl

- 2B.4 Synthesis of(E)-3-(1H-indol-3-yI)-1-p-tolylprop-2-en-1-one(4b)

Iz __
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Indole-3-carbaldehyde (6.89 mmol) was dissolved in EtOH (14 mL);Then methyl
acetophenone(6.89 mmol) and afterwards piperidine were added. The resﬁlting solution was
refluxed for 16 h. The reaction mixture was neutralized with 10% HCl to pH-7.The formed
precipitate was collected by vaccum filtration and purified from MeOH to give deep yellow

solid.yield-68% ,m.p = 141 °C

'H NMR (CDCls, 500 MHz) 8: 8.69 (1H, s, br), 8.03 (1H, d, J = 15.4 Hz), 8.01-7.95 (3H, m),
7.58-7.47 (2H, m), 7.44-7.41 (2H, m), 7.39-7.35 (1H, m), 7.25-7.21 (2H, m), 2.12 (3H, s); “C
NMR (CDCls, 125 MHz) 8: 193.5, 138.5, 139.3, 137.6, 132.6, 130.7, 128.9, 128.7, 125.7, 123.9,
121.16, 121.14, 12101, 118.2, 1138, 112.3, 24.2. IR (KBr) (cm™): 3147 (NH), 2927 (C-H),

1713 (C=0), 1640 (C=C).

o COCHs ' 0
N\ - -
. piperidine Q S O
+
> EtOH N | CHsy
N H
H CHj

 2B. 5 Synthesis of (E)-1-(3,4-dimethylphenyl)-3-(1H-indol-3-yl)prop-2-en-1-

one(Sb)

Indole-3-carbaldehyde (6.89 mmol) was dissolved in EtOH(14 mL).Then the 3,4di .
- methyl acetophenone(6.89 mmol) and afterwards piperidine were added. The resulting solution
was refluxed for 16 h. The reaction mixture was neutralized with 10% HCI to pH-7.The formed

precipitate was collected by vaccﬁm filtration and purified from MeOH to give deép yellow

solid.yield 65%, m.p. 145 °C
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'"H NMR (CDCl; 500 MHz) &: 8.70 (1H, bs), 8.01 (1H, d, J = 15.4 Hz), 7.96-7.93 (3H, m), 7.45-
7.44 (2H, m), 7.41-7.38 (2H, m), 7.36-7.34 (1H, m), 7.24-7.20 (2H, m), 2.32 (s, 3H), 2.30 (s,
3H). *C NMR (125 MHz, CDCI3) § 1914, 139.4, 139.3, 137.6, 132.6, 130.7, 128.9, 1287,
1257, 123.9, 122.1, 1211, 121.0, 118.2, 114.8, 112.3, 23.21, 22.56. IR (KBr) (cm™): 3147 (NH),

2927 (C-H), 1713 (C=0), 1640 (C=C).

COCH 0
° OCH, o Q CH,
piperidine . O
+ - ]
: CH
A ©\CH3 EtOH N 3
H
CHj .

2B.6 Synthesis of (E)-1-(1H-indol-3-yI)-1-(4-nitropheryl)prop-2-en-1-one(6b)

IZ Y

Indole-3-carbaldehyde (6.89 mmol) was dissolved in EtOH (14 mL). Then 4-nitro
acetophenone (6.89 mmol) and afterwards piperidine were added. The resulting solution was
refluxed for 16 h. The reaction mixture was neutralized with 10% HCI to pH-7.The formed
precipitate was collected by vaccum filtration and purified from MeOH» to give deep yellow

solid.yield 80%, m.p. 195 °C

'H NMR (CDC; 500 MHz) 8: 8.71 (1H, bs), 8.38 (2H, d, J = 15.4 Hz), 8.07 2H, d, ] = 15.4 Hz)
7.94 (1H, 4, 16 Hz), 7.56 (1H, d, 16 Hz), 7.55-7.49 (2H, m), 7.46-7.43 (2H, m). *C NMR (125
MHz, CDCI3): 3 188.4, 185.4, 144.5, 139.3, 137.6, 132.6, 130.7, 128.9, 128.7, 125.7, 123.9,
122.1, 121.1, 121.0, 118.2. IR (KBr) (cm™): 3147 (NH), 2927 (C-H), 1713 (C=0), 1662, 1640

{(C=0).

COCH; . 0O
O\ 3

piperidine Q X
+ |

EtOH N NO,
H

IZ -

NO, -
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2B.7 Synthesis of (E)-1-(4-bromophenyl)-3-(1H-indol-3-yl)prop-2-en-1-
one(7b) '

Indole-3-carbaldehyde' (6.89 mmol) was dissolved in EtOH (14 mL).Then the
acetophenone (6.89 mmol) and afterwards piperidine were added. The resulting solution was
refluxed for 16 h. The reaction mixture was neutralized with 10% HCI to pH-7.’Ihe formed
precipitate was collected by vaccum filtration and purified from MeOH to give deep yellow

solid, yield 73%, m.p. 155 °C

'H NMR (CDCl;, 500 MHZ) 8: 8.69 (1H, s, br), 8.03 (1H, d, J = 15.4 Hz), 8.01-7.95 (3H, m),
7.58-7.47 (2H, m), 7.44-7.41 (2H, m), 7.39-7.35 (1H, m), 7.25-7.21 (2H, m) *C NMR (125
MHz, CDCI3) § 193.5, 138.5, 139.3, 137.6, 132.6, 130.7, 128.9, 128.7, 125.7, 123.9, 121.16,

121.14, 121.01, 1182, 113.8, 112.3 IR (KBr) (cm™): 3147 (NH), 2927 (C-H), 1713 (C=0), 1640

(C=0).
o) COCH,4 o)
N piperidine O S O
+ .
N EtOH N | Br
ﬂ H
Br
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TABLE 2: Condensation of 2-chloro quinoline aldehydes with aromatic acetophenones

CHO COCH; 0
A A
P n | A 20 % aq NaOH N | A
N < > EtOH = X
N Cl R
R
S.Ne ‘aldehyde acetophenone | Reaction product Yield
time (h) (%)
~HO COCHj o
1 m | 24h AN 70
o
Lo IO
' N 1 Br
Br . 3a
~CHO COCH; o
2 m 24h NN 72
~
LA CoCC
: N~ Ta 1
cl 4a
/CHO COCH,4 0
3 m 241 AN cHy| 76
~
b SOaas
' CHS N Cl CH3
.CH, 5a
CHO | - COCH; 0

IS
o
s

24h ‘\\ ‘ 73
/
N

CHO COCH;

6a .
4]
24h ‘\/j\Nu\“\\ O 75
/
N Cl CH,

UI.
Q
ava

6 CHO COCH; 24h o 74

o
Vs
W,
“\_/
/
W,

NH

N
o
8
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TABLE 3: Condensation of indole aldehydes with aromatic acetophenones

0
N COCH;
A b X Piperidine -
I;Kt X EtOH
R reflux
S.No aldehyde | acetophenone | Reaction product Yield
time (h) (%)
O COCH,
1 16 h 70
N
N
H
2 Oy COCH,
- 16 h 72
A\
N
H cl
3 ' oN COCH,
16 h 68
A\
N
H CH,
4 N COCH
‘ 16 h 65
N
N CH,
H CHs
5 Oy COCH;
_ 16 h 80
N
N
H NO,
6 N COCH; -
16 h 73
A\
N
H Br
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Conclusion
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Conclusion

An efficient method developed for synthesis of hetero aromatic chalcones i.e indole based and 2-
chloro quinoline based chalcones by using indole aldehyde or 2-chloro quinoline aldehyde
condensation with various aromatic acetophenone given indole based chalcone, quinoline based
chalcones respectively. indole based chalcone given 65-80 % yield and quinoline based
chalcones 70-76 % yield. Indole aldehyde synthesized by using vilsmayer reaction and quinoline

aldehyde was synthesized by reaction of N-acyl aniline with DMF/POCI;.

34



Supporting information:

S.No
Figurel
Figure2

Figu?e3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8

Figure 9
Figure 10

Figure 11

Figure 12

Figure 13

Title name
'HNMR spectrum of acetanilide
"HNMR spectrum of 2-chloro quinoline -3-carbaldehyde

'HNMR spectrum of (E)-1-(4-bromophenyl)-3-(2-chloroquinolin-3-yl)prop-2-

en-1-one (3a)

'HNMR spectrum of (E)-1-(4-chlorophenyl)-3-(2-chloroquinolin-3-yl)prop-2-

en-1-one(4a)

'"HNMR spectrum of (E)-3-(2-chloroquinolin-3-yl)-1-(3,4-dimethyl
phenyl)prop-2-en-1-one (5a) |

HNMR spectrum of (E)-3-(2-chloroquinolin-3-yl)-1-phenylprop-2-en-1-one
(62)

'HNMR spectrum of (E)-3-(2-choloroquinolin-3-yl)- 1-p-tolylprop-2-en-1-one
(7a) '

'HNMR spectrum of (E)-1-(4-aminophenyl)-3-(2-chloroquinolin-3-yl)prop-2-

en-1-one (8a)
'HNMR spectrum of indole-3-carbaldehyde (1b)
'HNMR spectrum of (E)-3-(1H-indol-3-yl)-1-phenyl-prop-2-en-1-one (2b)

'HNMR spectrum of (E)-1-(4-chlorophenyl)-3-(1H-indol-3-yl)prop-2-en-1-one

(3b)

'HNMR spectrum of (E)-3-(1H-indol-3-yl)-1 -p-tolylpropQZ-en- 1-one (4b)

'HNMR spectrum of (E)-1-(3,4-dimethylphenyl)-3-(1H-indol-3-yl)prop-2-en-1-
one(5b)

35



Figure 14

Figure 15
Figure 16

Figure 17
Figurel8
Figure 19
Figure 20

Figure 21
Figure 22

Figure 23

Figure 24
Figure 25
Figure 26

"Figure 27

Figure 28

Figure 29

'HNMR spectrum of (E)-1-(1H-indol-3-y1)-1-(4-nitrophenyl)prop-2-en-1-one
(6b)

"HNMR spectrum (E)- 1-(4-bromophenyl)-3-(1H-indol-3-yl)prop-2-en-1-one (7b)
B3C NMR spectrum (E)-3-(1H-indol-3-yl)-1-phenyl-prop-2-en-1-one (2b)

' BCNMR spectrum (E)-1-(4-chlorophenyl)-3-(1H-indol-3-yl)prop-2-en-1- one
(3b) |

IR spectrum of (E)-1-(4-bromophenyl)-3-(2-chloroquinolin-3-yl)prop-2-en-1-

one (3a)

IR spectrum of (E)-1-(4-chlorophenyl)-3-(2-chloroquinolin-3-yl)prop-2-en-1-

one (4a)

IR spectrum of (E)-3-(2-chloroquinolin-3-y1)-1-(3,4-dimethy! phenyl)prop-2-en-
1-one (5a)

IR spectrum of (E)-3-(2-chloroquinolin-3-yl)-1-phenylprop-2-en-1-one (6a)
IR spectrurh of (E)-3-(2-choloroquinolin-3-yl)-1-p-tolylprop-2-en-1-one (7a)

IR spectrum of (E)-1-(4-aminophenyl)-3-(2-chloroquinolin-3-yl)prop-2-en-1-

one (8a)

iR spectrum of (E)-3-(1H—ind01—3-y1)—1-pheny1—prop-2‘-en—1-on'e (2b)

IR spectrum of (E)-l-(4-chlorophenyl)—3-‘(lH-mdol-3-y1)pfop-2-en-l-one (3b)
IR spectrum of (E)-3-(1H-indol-3-yl)-1-p-tolylprop-2-en-1-one (4b)

IR spectrum of (E)-1-(3,4-dimethylphenyl)-3-(1H-indol-3-yl)prop-2-en-1-one
(5b) | |

IR spectrum of (E)-1-(1H-indol-3 -yl)-1-(4-nitropheny1)prop-2-en-1 -one (6b)

IR spectrum of (E)-1-(4-bromophenyl)-3-(1H-indol-3-yl)prop-2-en-1-one (7b)

36



Figure30

Figure 31

Figure 32 |

Figure 33

Figure 34

Figure 35>

Figure 36

Figure 37

GC-MS spectrum of (E)-1-(4-bromophenyl)-3-(2-chloroquinolin-3-yl)prop-2-

en-1-one (3a)

GC-MS spectrum of (E)-1-(4-chlorophenyl)-3-(2-chloroquinolin-3-yl)prop-2-

en-1-one (4a)

GC-MS spectrum of (E)-3-(2-chloroquinolin-3-yl)-1-(3,4-dimethyl
phenyl)prop-2-en-1-one (5a)

GC-MS spectrum of (E)-3-(2-chloroquinolin-3-yl)-1-phenylprop-2-en-1-one
(62)

~ GC-MS spectrum of (E)-3-(2-choloroquinolin-3-yl)-1-p-tolylprop-2-en-1- one

(7a)
GC-MS spectrum of (E)-3-(1H-indol-3-yl)-1-phenyl-prop-2-en-1-one (2b)

GC-MS spectrum of (E)-1-(4-chlorophenyl)-3-(1H-indol-3-yl)prop-2-en-1-one
(3b)

GC-MS spectrum of (E)-3-(1H-indol-3-yl)-1-p-tolylprop-2-en-1-one (4b)

37



Spectra -

[-2in31y

Iz
O

“5 wd v e mi osd el )

.

[S I

e

cain

w—mne 13 TINIVHD mmave

L

KT
1
Eiy
2P LpIULL'E

28 LYY

wdd

o Ly
AL TS 4

R 4
Easdl C!'l’i"%

R Ei

.48
.380
.341

[
-

T~-8Z2-FV




figure-2

8

MABALS MR ARR LY

Bk

.....

ummw.vm-ﬂ

Sua tenil Dals Por smerbossn

NAMZ ad-30
prididg 1

PROCNO 1

T2 - Acaitacn Puxipetery

Qate, £01261CS
e 18,94
NETEL, Spact.
RUBED 3 %3 PABRO BB~
20LPEOG 2430

In 83318

- POLVENT el3

X3 1¢

33 2

W 20380 378 e
PIDRES 0.147432 b=

e 3:.17304C7 e
ac £3%

2 X 19,400 usex
R £.1D nean
iz 23¢.8 R
i 1.00ERASCI amn
o0 1
e CELNKEL 41 = v e

vl i

21 14,80 unes
Py 400 &
‘Fo1 $CO_ 1238555 Wz

72 - Prozessirg pazanqtery
L3 3iesn

sr 2C0.1308341 s

“nu 143

333 u

13 £.20 8o
el a

m L 00

39



T N N I TERY T I S T N T R B S B ey |

L] »
777777777777777111111100000

D T R TR Y S B B B} .

099)99988887al7..0.0666..0».065554333322765559~210000
8

i+ Mespriniaas Lorstorove
. Maag e
X%.d8
paen
- i

.n.s
3331800034 MY
i

figure-3



p-2dng1y’

S Z—8.0a1
————8.028

—~

0

wdd
[T TP 4

%_
—T.648
7.631
——7.607

5
8.5:2 %
8.243 8.243 %
g.212 &
8.212 aa @
8.041
8.028
1/
7.918
_——8.058 %7 899
7.822
SLBOE
7.64€
7,631
——7.915 \7.507
—— 7,839 7.57¢
7.533
e 7.822 7.516
7.806 L 7.268
T 7.%92
1.576
——7.533
——7.316
Cl
D.000




g-émﬁg

sl ana s

T

ol g P
535
(

2t d.

T

——2.176

013"
1.():!%:: 4
208~ ]
2077 1 7
104= 1 o=
~d 7
B
@
o
] L
]
-
5.86\. L
228~  ame—
1.93 - N—?
1
1 F
pr -
]
G
o
3

R3] !II! 5!!’

ih

§s3
e::,li-l S
2 ! !lz

—3

—

! g8 !l"lilll Hi'

.08
-034

1]

i

8. 514
8. Zlv
8 17Fm
351N
8.034
7.917
7.901
7.853
7.823
7.806
.384
7.702
7.789
7.787
7.775
7773
7.727
7.638
7.635
7.619
7.607
7.301
7.286

J

J ~J
J

< O
)

C

§if§

...i




9-21n31)

3

7.266
-8.173.
7.988

o "§ /r7.973
) /7.971

06-0¥W

7.786
~7.769
~7.700
7.697
7.686
7.683
7.8€9
7.666
7.5€0
N 7.566
e \-7.551
7.528
7.474
7.458

A
|
A

7.442
i Tﬁf-';- \-——~.—..._ .88 1.2

14

L

o

wL J
©

Lot

N
PR
P
@® D &>
oD

Y
Y
[l
/ ™ A

]

|

I;. J: .
E

W W W G S b B
P

AN DM ~~ DN

I

G e

8.0
I

it L( 4.639%
1. {‘4.626
——3.711 4.612
t ——3.'.'3):3
- =3
3.652

———3.632

—a s g ggg §
’ HEE]
piy by oL b
TERENE IR
IARE B R e R
] : i%. F’;“?x} }‘.& | -8 =

wdd

43



L-2an31y

] y k
] o
1 @
N
© ~ [—a
—
285 -
&
0.72\ \_
080\ ,
2765 T e g_
0.87= }
0I55
oga/ |
285~ — -
NS "
TN
>
R = g_
.2t =
C
5 ?,7_"5— :———-—
o - I E_“'—'—
hE .
~ L.As %S
- T’Tt./';— z
EE
i 24
@ E S
3

—— ”T

—5.354

wdd

i
ol |

13
i

"

.llu;i:; _nl!; ;:lr.u'iﬁlilm“; iﬁs

13
o add) o

of 3,
i} B

iz}

—_—2.176

16-1V

H,C




g-a1n3yy

Ll

o T

.

8.482
§.182
8.151
8.046
8.030

SR

£S-0¥

«©
F- ) .
o ]
<
]
Y 7.982
LI5S e 7.966
18870 7.839
108, . - 7.882
110 & —17.701
T~ : \7.776 N 4214
' a5 \7.761
3 ~ W= 7. 644
> \\7.522
~ 7.613
] - \.7.593
ﬂ
a7l
P 6.737
1'-2’3—:5 = ¢920
_ 1.533
F: ———1.246

T

45

u-,[nE ;n.l .nn‘mﬂgwi wi 2%

I REWY Lf' }
g b bibihmerd



6-21n3yy

[UNPIEE

wdd

LY

[ : . 10.077

8.339
8.329
8.321
7.865
7.859

N2 % 7.462
7.457
7.454

7.452
7.446
7.444
7.356
7.346
7.343
7.335
7.328
7.225
7.263

e

A

et 5 E
7 &y H iR
£ £ ¥ N
g} AT /N
2,2,5552 5 ?éggi -,ég:: '
TR B

46



01-2In3y

]
0-
100

wdd
ia

~—

4507 o

47

:ami;!!ﬁ'lgff; 5“

!
s Gr A
.:.:’ii-‘!v%'i 3

17

H
13



[ [-2in81y

Cl

wdd
1

43

-5
k3

| l/l ’f

7.523
7.493
7.492
7.482
7.478
7.468
7.462
7.457
7.4535
7.450

96-0¥

/-8.709

8.127
8.095
//5-':8 312

7.394
//,:7 624

/- 1.553

70332
%7 325
\\_7.319
\-7.313
7.260



z1-2un3y

[v3
-
-
=

L4

7,603
7.598

[ K7 =P ) e — 7.583
3097 2 7.561.
28 r 7.542
ROLL = i& - 7.534
224 7.503

7.496
7.463
7.458

J)Q:
- 7.451

- 7. 425

v'8
]
\'
@
oo
e
]

. 8.025 7.404

o J)~8-015 7.323

:“*—’12“ 7.986 ~7.310

a 209 7 = 7.307

k

g
-
[’
B 5 Bl
I vL 9L w08 z9
Wi \\\l\%i\w
| O 32

-
pry
-

T

wdd

CH,

49



€1-21n3y

() .
] ¥
HN 1
3 i/ 8.397
o_ o 8.109
8.078
: /l-8.031
T— J 8.027
S 5 8.017
3 7.816
i CH, . ’%7_800
D) | — : 7.509
-‘\—;';; " > 47.;98
B ,:' N 7.578
"2;" ~ \7.455
28 \-7.445
N [ 168 ——8.897 ]
- % \7.311
z 7.307
ot 7.303
" >l \ 7.296
® 7.215
=) 9.109 7.261
" /8078
. @ /3.034
E K ée.oz'z
L2 ol % 2.017
145 ( 7.845
: SR a1 | X 7.818
& - 235 N _ <"_7.800
3 AL @ 8
: 7 L /—7.009
; — N e = 7508
] 221»“ ' T~—7.573
SE N~ - 158 2.575
" 5y | \7-445 2.365
T e 3 7.432 —2.351
i L g
«327
b 2.307
——1.562
——1.256
-l
: —0.073
%- = 0001
ERE

tajpeiy 2;)'2 ﬁauuiﬁli:g’g‘gr !”{1
3

"‘lfq j 3

5
L

o

E33

e
i éss.i §
LR TR

50



p[-2andy

39

N

wdd

»onaitad

| PRI

Y

HN

NO,

6L-1¢

51

aagent i'r'éi ée_::u:g;:!g
fg! I

;-;.lﬁ‘i §§§,}' 1

L 3 flx

e
Amimy & sty -

b
Sy mor ndi}

Y

Hwa



¢ [-aan3yy

| IPPRPRPIPN

wdd

F

25

L 92 a2 08 28 ¥'8 98 88

S

Bl

wdd ¢

!

1

|

1

i

52

LTI x2e IEIHH" {3
] i ¥ 5’ o

7R 2 .
ot




AT-55

.79

191.12
9
77.29

77.04

7
gégg
A

.o Lavar

T g T T T T T T
200 180 1690 140 120 - 100 80 60 40 20 ppm

figure-16

33



L1-am31

ovi

0eg1

o

02

wdd

o .
s. lf;’mn?uﬁlﬁg fflf ‘
file . P41
sf,;;..ﬁpﬂ

96~V

—— 189.65

139.54
138.62
137.31
130.74
129.77
=%/ —128.85
—125.32

~—— 123.64
X 121,89
120.67
117.16
114.42
112.08
99.99

DO

| 770!

77.29
77.04
76.79

AN

—58.52




81-ang3yy

1A

13qUINUBAEAN

\]

N)

)

R

.
.

0

.,
=

1

% Transmittance

I I T T N -

Ad43 G5

Uu1G.2uU

3060.08™
D291R GO,

e
2UU6. UG

1905.90" &5
/167792

"3”\2'1"-;54{“ L = 036,77
vp7éi7g” | 1100:95° ———————

1057.30. —
1ou2es 1029.95

U119
7794%55 39
652.78° o2
BOA-AR '
YBLG AND 16

N7

55




61-21n31y

000%

% I ransmittance

ccse ocoe -

{}4u3) ss0quiumriepn

0031 0002

00oL

03z

3427.38

291305

L. 0L

1681.91 L
{8795~

L 1EuSEaN
12610287 .

::1’"3'35;0‘&; == ] 4961.49°

1177:88 " 121
1000:61N, . 118875

1062:32

1235.00

1032:91 98847

1382 P
7G9.59.

596,141
526.67

56




0Z-9n31y

(1-wd) si3qunu3nepy

o0z

003€

st

% Transmittance
22 R 3 & =] A = &, 38 &
: rt n s N f : s n \

000

e

/ 1679.24

2917.14

160818 Toed oy e
- 1491 NA\_ ;
. 1450.17 -
140921
1337 48
124U-62
1132.50"
103895

57



[ Z-21n31y

(L-w3) sioqunuersA-

‘UUst,

Uit

Cl

SaTransmittance
B 2 8 8 B8 5 2 &
48475
3060.30
2919.06
2843.53
/,/1673.22
~
_/

1590.31
194738~

58

lﬂ?




7Z-2an3y

(1-3) sieqUINUEAEAA

ihls 4

x4

0ast

%Transmittanrp

~
o

or
sy
o
Sz
®
53

S
3

02

] /‘1402.31

H)C

’ \
1674.97%

1603.63

126263
11resy

59




£7-aIn3y

-ws) 310GUINUBAEAA

000

.
.

00ST

- 7.

sz,
- 0€

=24

%Transmittance

€8 38 d

cose

60




$7-2in3y

1slaqU.". 308w

(o

ez

b

)

10l

% Trearnsireeillestnuo e

L) Ny foy A, PN [A4] Ea il m AT ~J ~8 m
=] < (S 1] (=1 o (=) U.l =) ] < YU’I c 8.: ‘é g‘! 8
3 2 5. 'y + 4 : b '™ b e N I

w

e

%

3443.65™

83460
SusUUY™

BYTU.GY S
2005.05

TYuL . YUy

17578~ 113805

1NGZ-AN
UL 5

636.77

61




Gz-21n3y

SOCWNLEVEAN,

v
’

[ERY

¢
[y

foct

00€

0

000

061

020k

cos

o n = =) = ~1 -3 b = &
3 o 3 o i ind ke <

% [ransmittance

003¢

nane 1n'

3031.55%,

2917.14

16/9.24
// ) °

1esEg~T

180848 s s

, _ 1481.03\. .
14807~ -
1409:2 ;

337.48" 1256, £ -

2462 jopeos

fog8.95" ST
000.60™ —
75958 »
7311 b6
592.N5
4851

62




97-2In31y

% Transmittance :

® 5 & 8 B 8B & Y @8 R 8

Jcy

020€ | SE

N

1-0) SIBq.J"UBkRAR .
030¢

7
[}

L

-

00} ]

15

- 8419.66

(ITEICTAN

./-mn:' A7l
B el

128263
17&an"

63



L7-2n31y

(BTSN

000y

% Transmittance

08
!
05

& & g & 3 &R S &

003}

1675.97Y

1609.53

~14n2 A1

1262.63
.1176:39

64



g7-2In3yy

2,

09

% Trensmittance

1sg

~
Q
"

8

-~
3]
3

=
- 56

Uy

UUsE

g OzN
2
8
o
w
=
33
=g
/’157924
160€.18™>
3

450,477
140921

1964 by

1737 4R°

128087

1132597

BT

65




6¢-om3y

“UBEM

wnr

(1-wo} sie

000k

0J3€

J20€

o

=1

03

-CCC.

0)=

% Tranamittancn
A ] ] m m o o 5] 1)
— [ — n M T M m n

3436:10% &

RIVHE NN

YY17.11

L1670 2

16501y~

14500 £~ ~=
LGIICRIED R
133718
1240.62

1132 69 )
1N3A:05

66



figure-30

-39 5EEE i,

y 07-Feb-2012 + 09:54:51
SIa Zl+

EE m <3733
o\.u...
23
Pl
- &7 i
3, i
Y 143 H k< oy -
4lfs B i o €
N EEE IR R T 40|23 .. 23 [
N ___.E___ N R A T e PP T w7 2 33
IR RRARARE I ML I LARAILIRES WA ML LA L) Iy AR AL AL AR Ly L L e e Ly i 4
r ) £7 3; 07 127 143 ‘6T 1€} 227 227 27 237 287 P 3N 3T T 3m7

67



s 29-Feb-2012 + 12:07:28

AT~ 4451 (24 347) Cin (41784250 Scan m_+.
_ 1.0de6
207
_uo_
O
AN X
\ p—
Z 3] O .
% 73
123
77
) 139
1
Ef ﬁ_wm _ 147 154
D ...._-_ -_.-:. ...._TF:__,_:

103 18 143

figure-31

68



, 06-Mar-2012 1 11:38:49

A-433 2223 {13 262) Scan ER
133 1.£9e6
100-
@] ™
5
NS
N
= Q
Z ) )
108 I
o\.l
148
7
0
70 103
_\.ﬂé
13 If A 221 .
W e s e wr  @ED3 I3 an
Q ' MR MR BARS | AN BAREE RARAN SAARERALAS BARAS BRAAS LAARERAAAS LALLE BRAAS LAAR RAASY SARLE BRASE LASAE ] UL BARAR JAAJ..._-.<._-J<———\N
a6 116 136 = 106 176 = 196 21€ 286 = 206 = 276 = 29€ = 316 = 836

figure-32

69



y 06-Mar-2012 | 13:02:43

501 5234 (284811 Scan El-
o
~
o—
@]
.xl
207
28¢€
258
8
7 152 281
208
15 ‘Byg ]| 1 17C { » 2
~ Vi 216 23
L e e Y [ e | e 5o |’ 3 s 5 [Fmme| | 28 e
112 122 132 & 442 G2 162 472 182 4€2 202  2°2 = 222 232 242 252 262 212 202 @ 232

figure-33

70



k51 3353 (13.964)

, 05-Mar-2012 + 12:39:19
100

Scan El
253 6.02e45
@)
AN
AN
7 (&
% Z S £
78 91
19 ‘
4 254
148 /
51
154 ﬂ\mm 195 207 m\mm
165 '
5267 g4 103 107 133 193 | 197
7 76 |lg1 90| 96 121 137 181 23 235 269 274
o ..:__,W_Q.J __/:—~ { ,\_. \ ._Nw N uﬂ N__w 1 | (1 w@w
UL I R R e L L e s e L L L L L i L o L e L
50 60 70 80 90 100 110 120 130 140 150 160

T TR T/
170 180 190 200 210 220 230 240 250 260 270 280 290 300 310

figure-34

71



figure-35

Q-£6 6127 (32.007)

100+

%4

O-¥rrrrevpreithete

a7

» 22-Mar-2012 + 14:36:20

Scan Elt

1 G4e7¥
118
77
170
247
218
51 100 ot
N
- 105
217
248
118 142 171 219
78 . 3
52 mm. 73 124 194 204 230
7 135 165 189 220 | 232 24n(i|240 281
i it rivrigth AT prremitheoe _:_md___ frerreh 1] A Ve . LA M————
57 67 77 117 127 137 147 1687 167 177 187 197 207 217 227 237 247 257 267 277 287

72



y 22-Mur-2012 + 15:25:32

Al 553 6376 (35.265) : Scan El+
77 1.7406
1NN+
115 207
117
e
73 170
247
|
%
51
281
18
v
263
269 |7 41132 355 373 439 450 575
ST | TR ST B v v —r r M/Z
e e T T R o A s e s s e s
264 314 4643 413 463 914 564

figure-36

73



y 23-Mar-2012 | 10:25:30
3l-27-1 5593 {30 299) 3ean BI-
__S 117 311e7
% 170 251
* o1
109
103
04 ______m 4+ i
13

figure-37

74



	CHDG21806.pdf
	Title
	Abstract
	Chapter 1
	Chapter 2
	Chapter 3


