P

2T
(25, b

Ain Shars University

Ain Shams University
Faculty of Science
Department of Chemistry

Studies on the construction of some
heterocyclic systems of synthetic and
biological importance

A Thesis Submitted for the Degree of Doctor of
philosophy in Science
(Organic Chemistry)

By
Ahmed Abdel Aziz Mohamed Elshaikh
Supervised by

Prof. Dr. Ahmed Ismail Hashem
Professor of Organic Chemistry

Prof. Dr. Wael S. I. Abou EI-Magd
Professor of Organic Chemistry

Dr. Eman Abdel Fatah Abdel Hafez EI-Bordany
Ass. Professor of Organic Chemistry

(2018)



Ain Shams University
Faculty of Science
Department of Chemistry

Studies on the construction of some
heterocyclic systems of synthetic and biological importance

A Thesis for Ph.D. Degree in Organic
Chemistry

Presented by

Atmed Abdel aziz Mohamed elshaikf

(M. Sc.)

Department of Chemistry
Faculty of Science
Ain Shams University
Cairo, Egypt
(2018)



Studies on the construction of some
heterocyclic systems of synthetic and biological importance

A Thesis for Ph.D. Degree in Organic
Chemistry

Presented by

Ahmed Abdel aziz Mohamed elshaikh

(M. Sc.)

Thesis Advisors Thesis Approved

Prof. Dr. Ahmed Ismail Hashem i,

Professor of Organic Chemistry, Faculty of
Science, Ain Shams University.

Prof. Dr. Wael S. I. Abou EI-Magd .l

Professor of Organic Chemistry, Faculty of
Science, Ain Shams University.

Dr. Eman Abdel Fatah Abdel Hafez El-Bordany.....................

Ass. Professor of Organic Chemistry, Faculty of
Science, Ain Shams University.

Head of Chemistry Department

Prof. Dr. Ibraheim H. A. Badr



Studies on the construction of some
heterocyclic systems of synthetic and biological importance

A Thesis for Ph.D. Degree in Organic
Chemistry

Presented by

Almed Abdel aziz Mohamed elshaikh

(M. Sc.)

Approved by

Prof. Dr. Ahmed Ismail Hashem i,

Professor of Organic Chemistry, Faculty of

Science, Ain Shams University.

Prof. Dr. Wael S. I. Abou EI-Magd .
Professor of Organic Chemistry, Faculty of

Science, Ain Shams University.

Prof. Dr. Emtithal Ahmed ElI-Sawi ...
Professor of Organic Chemistry, College of women,

Ain Shams University.

Prof. Dr. Adel Abdel Hady Nassar ...
Professor of Organic Chemistry, Head of Chemistry Department,
Faculty of Science, Monoufia University.

Head of Chemistry Department

Prof. Dr. Ibraheim H. A. Badr



Contents

(Acknowledgement)

Abstract
EnglishSummary................oooiiiii
Introduction.............ooooiii i,
Part 1: 2-Chloroquinoline-3-carbaldehyde

Synthetic Methods....................oo L.

Chemical Reactions. .........cooveeieeee i,

Substitution reactions .................

Addition reactions at the aldehyde group.........
Reduction of the aldehyde group ................
Reactions with active methylene cpds ......

Reactions with hydrazine, hydroxylamine,
hydrazides, (thio) semicarbazide, and
(thio)urea......

Reactions with amines and amides ... ......

Part 2: Pyrazole-3(4)-carbaldehyde..................

Synthetic Methods................cooiiii
Chemical ReactionsS. ..........ovvvvveeiiiiiaaaannnn.

Part 3: 2(6H)Furanone

[1SOMENIZAtiON. ... e,

1,3-Dipolar cycloadditions ...........................
Aldol-Type Condensations...........................

pages

R

N

14
16

24

29
34

37

49
52

53
55



e Reactions Under Friedel-Crafts Conditions ......
e Reactions with Thiols .............................
e Conversion to other Heterocycles ..................
e Reactions with Nitrogen Nucleophiles...............

e Reactions with Organometallic Compounds......
e Rearrangements ...........ccoiiiiiiiiiiiiiiiee.
e Biologically Active 2(5H)-Furanones...............

Results , Discussion and Experimental

Part (1): Synthesis of some novel pyazoloquinoline,
pyrazolyltetrazine and thiazolidinone
derivatives ..........

Part (11): Synthesis and reactions of a 2(5H)-furanone

bearing two furyl substituents....................
Part (111): An Environmental Application Utilization of

a Pyrrole Derivative based Antimicrobial

Fnctionality Impregnated onto CaO/g C3sN,

for Dyes adsorption......................

55
56
56

59

60
61

62

78



ﬂCR.nOW@‘{qmerzz

First and foremost, All thanks to Allah for showing me the
right path, and helping me to complete this work,

I wish to express my deepest thanks and gratitude to
Prof. Dr. Ahmed Ismail Hashem Professor of Organic
Chemistry not only for suggesting the subjects investigated,
but also for his continuous advice and valuable criticism
during the course of this work .

Also the author wishes to refer his deep appreciation
and gratitude to Prof. Or. Wael S. 1. Abou El-Magd
Professor of Organic Chemistry, Faculty of Science, Ain
shams University and Dr. Eman_Abdel Fatah Abdel Hafez
El[Bordany, Ass. Professor of Organic Chemistry, Chemistry
Department, faculty of Science, Ain Shams University.
for their valuable scientific guidance, help, and

encouragement during the work of this thesis.

Finally, I would like to express my appreciation to my
family, my friends, my colleagues in the Chemistry
Department and all peoples who helped me to finish this
work,

Afmed Abdel-aziz Mohamed Elshaikh



Abstract



The original work of this thesis can be classified into three
parts:

Part 1: In this part, 2-Chloroquinoline-3-carboxaldehyde
and 1,3-diphenylpyrazole-4-carboxaldehyde were
condensed with thiocarbohydrazide and malonohydrazide
derivatives. The condensation products obtained were
converted into pyrazolidinoquinoline, pyrazoloquinoline,
pyrrazolyltetrazine and  thiazolidinone  derivatives.
Part 2: In this part, A 2(5H)-furanone bearing two furyl
rings was synthesized. The behavior of this furanone
towards some nitrogen nucleophiles. The acid hydrazide
synthesized was allowed to react with some carbonyl
compounds to form pyrrole, pyrazole and pyrazolo-
pyridazine ring systems bearing two furyl groups.
Part 3: In this part : a pyrrole derivative namely 4,5-
diphenyl — 2 — thioxo-2,5-dihydro-1H-pyrrole-3-carbo-
nitrile was used as a component of a composite for
wastewater remediation from some organic dyes and
microbial pollutants . The results obtained in this part
indicate that the prepared nanocomposite has a double
function : it is effective in removing the dyes(CV,MB and
MO) from wastewater , also, it has enhanced antimicrobial

activity.
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The nitrogen containing heterocyclic compounds are
used extensively as important synthons in organic
synthesis. Also they have wide spread potential biological
activities in medicinal and pesticide chemistry.

The original work of this thesis can be classified into three
parts:

Part (1): Synthesis and spectroscopic characterization of
some novel pyazoloquinoline, pyrazolyltetrazine
and thiazolidinone derivatives

The key starting materials for these syntheses were obtained

from the reactions of two aldehydes namely 2-
chloroquinoline-3-carboxaldehyde 1 and 1,3-diphenyl-
pyrazole-4-carboxaldehyde 2 with carbothiohydrazide and
malonohydrazide. Thus, when the quinolinealdehyde 1 was
allowed to react with thiocarbohydrazide and/or
malonohydrazide in different ratios, bis-formyl
quinolinylcarbothiohydrazide 3 and/or malonohydrazide 4
derivatives were isolated, respectively, as the sole products.
The formation of 3 and 4 clearly reveals the high reactivity
of chlorine atom in position-2 towards the nucleophilic
reagents used. So, substitution of this chlorine is more
favored than addition of nucleophile to the aldehydic group.
Treatment of 3 and/or 4 with another mole of the previous

hydrazide derivatives led to the formation of the
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dipyrazolidinoquinoline derivatives 5 and/or 6 respectively.
hydrolysis of 3 and/or 4 by using HCI/AcOH mixture gave

the pyrazoloquinoline derivatives 7 (Scheme 1).
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On the other hand, the pyrazolylhydrazone derivatives 8
and 9 were afforded upon treatment the pyrazole aldehyde
2 in different ratios with thiocarbohydrazide and/or
malonohydrazide, respectively. Condensation of the
pyrazolylthiohydrazone derivative 8 with 4-chloro

benzaldehyde led to the ring closure of 8 and the formation

of the  pyrazolyltetrazinethione  derivative 10.
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Hydrazinolysis of 8 and/or 10 gave the same product
hydrazino derivative 11.The thiazolidinone derivative 12
was obtained upon treatment 8 with thioglycolic acid
(Scheme 2).

CH, 0 H
Vi
7 N7 s N s
\ /Jow h
Ph HC—N-—N—C—NHNH, Ph |
éN
- > N
/ \ 1 or 2 mole of thioglycolic acid 4-Chlorobenzaldehyde / \ (10)
AN 12) AN
N
ll’h S ll’h hydrazine hydrate
I & N NHNH,
Ph CHO Ph HC=—N—N—C—N—NH, N \(
mo ]
/ \ 1 or 2 mole pyrazole aldehyde / \ hydrazine hydrate Né
N\ 1 mole of thiocarbohydrazide N\ /

N N ® J

| @) | \N n

Ph Ph |

L "
Ph HC=—=N—NH—C—CH,—C—NH-NH,
1 or 2 mole pyrazole aldehyde/ / \ )
Imole of malonic acid hydrazide N\
N

Ph

Scheme 2



The condensation product 13 was isolated by the reaction
of pyrazolylmalonohydrazone derivative 9 with 4-
chlorobenzaldehyde. The reaction of one and/or two moles
of thioglycolic acid with 13 gave the dithiazolidinone
derivative 14 (Scheme 3).
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Part (I1): Synthesis and reactions of a 2(5H)-furanone
bearing two furyl substituents.

2(5H)-furanones represent a group of heterocyclic
compounds of synthetic and biological importance. The
2(5H)-furanone nucleus is present in a wide variety of
biologically active natural products. Some of these
derivatives have medicinal importance.

In this part a 2(5H)-furanone, namely, 3-cyano-4,5-
di(furyl-2-yl)-2(5H)-furanone 2b was formed as the only
isolable product, without the formation of its 2(3H)-
iIsomeric product when the furoinlbwas allowed to react
with ethylcyanoacetatein sod. ethoxide/ethanol mixture.
The study was extended to explore the behavior of the
synthesized 2(5H)-furanone 2b towards some nitrogen
nucleophiles. Thus, when the 2(5H)-furanone 2b was
refluxed with hydrazine hydrate in ethanol, the acid
hydrazide derivative 4 was obtained . On the other hand,
the reaction of the furanone 2b with benzylamine in
refluxing ethanol gave the benzylamide derivative 5. On
fusion of the furanone 2b with benzylaminein neat, the
pyrrolone derivative 6 was obtained as the only isolable
product. The reaction of the furanone 2b with ammonium
acetate was also tried. On refluxing 2b with ammonium

acetate in acetic acid, the reaction gave the hydroxypyrrole



