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Abstract

This study involves synthesis of new heterocyclic compounds used p-
aminobenzoicacid and resorcinol as starting materials to produce the intermediates
molecules and target molecules. Also this study involves synthesis of new
different five and six member heterocyclic compound rings[S4-S11] starting from
acid hydrazide [S3] and synthesis of new different Schiff ’s base heterocyclic
compounds [S24-S29] from 1,3,4-thiadiazole amine [S12]. The synthesized organic
materials were characterized using different technique:FT-IR,'*H-NMR and **C-
NMR spectroscopy as well as CHNS analysis .

This work is divded into five different parts :
First part :

It is involve synthesis for azo dye by reaction between p-aminobenzoic acid and
resorcinol, azo compound [S1] was converted to ester compound [S2] which
reacted with hydrazine hydrate to give hydrazide derivative then synthesis of
pyridazine-3,6-dione and phthalazin derivatives [S4-S7] from acid hydrazide [S3]
as shown in scheme 1.

Second part :

1. It is involve synthesis for pyrazole derivatives [S8-S11] from the
reaction of acid hydrazide [S3] with (acetyl acetone, ethyl acetoacetate, methyl
acetoacetate and diethylmalonate ) in absolute ethanol as shown in scheme 2.

Third part :

It involves synthesis of 1 ,3 ,4 —thiadiazole amine[S12] by reaction azo dye [S1]
with thiosemicarbazide and synthesis new azo dyes [S13-S23] from reaction
thiadiazole [S12] with( orcinol ,hydroquinone ,resorcinol, catechol, a-naphthol ,5-
naphthol,2-methyl naphthol,2,6-dimethyl phenol, 1,2,4- triazole ,thiol ,1,2,4 —tri
azole and p-touldine). as shown in scheme 3.



Fourth part :

It is involves synthesis of new Schiff ’s base compounds [S24-S29] from reaction
of 1,3,4- thiadiazole amine [S12] with aromatic aldehydes (9-anthraldehyde,
terephthaldehyde ,N,N-dimethyl amino benzaldehyde,3,5-
dichlorosalicyaldehyde,3-hydroxybenzaldehdye and 2-hydroxy-5-nitro benzal
dehyde) in absolute ethanol as shown in scheme 4.

Fifth part :

This part involves the study of antibacterial activities of some of the synthesized
compounds .These activities were tested by the agar disc- diffusion method against
five pathogenic strains of bacteria (Staphylococcus epiderimidis  and
Staphylococcus aureus , Klips , pseudomonas and E.Coli) as shown in table 3-1.
Also it involves the study of anti-corrosion of some of the synthesized compounds .
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Chapter One Introduction and Literature Review

1. Introduction

1.1 .Heterocyclic compounds :

Heterocyclic compounds are considered an important branch of organic
compounds due to their use in pharmaceuticals, agricultural fertilizers, and
industrial investigations”. A number of atoms, including N, O, S, P, Si,Se,B and
As, can be integrated into the ring structures ©’. Five- or six-membered ring ©
) heterocycles are the most prevalent. It has long been established that heterocyclic
compounds, which have an element in their ring other than carbon, exhibit vibrant
biological activity. Numerous studies have been conducted on the biological effects
of heterocyclic rings, including triazoles, indoles, pyrones, morpholines, pyridines,
and pyrazoles*.

Because of their biological characteristics, heterocyclic molecules, especially those
with sulfur and nitrogen atoms, are a fascinating subject for research in the planning
of organic synthesis®’.

N N-N
7\ I\
3 LY
thiazole 1,3,4-thiadiazole
Figure (1)

Five-membered nitrogen heterocyclic compounds are thought to be biologically
active chemicals and extremely important structural componentst %,

Additionally, they are crucial in the manufacturing of industrial compounds such as
insecticides, corrosion inhibitors, dyes, acid-base indicators, and others %9,

Heterocyclic compound membered rings have involves a requirement being placed
in the pharmaceuticals and industrial field. 1,3,4- Oxadiazoles are important

heterocyclic chemicals used in the production of medicines, polymers, and pigments
(17-19).
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1.2.Azo Compounds:

One of the most significant classes of organic chemicals are azo dyes,
characterizes by presence (-N=N-) in their structure **%%)

The structure of azo compounds contains a chromophoric group (azo group -N=N-),
and an auxochromic groups like (OH, NH,, NHR and NR,) which can be found as
substituents on the aromatic rings in the azo compound structure. Because of the
bright color of these compounds, azo dyes are used in fabric, plastic industry as
paints &)

Azo dyes have unique biological uses as anti-inflammatory, anti-cancer, anti-
diabetic, cleaning agents, and other widely available chemotherapeutic agents. Azo
compounds are exceedingly colored and utilized as dyes and Azo hues have
outstanding significance in agreement with their environmental stability, electrical,
and optical properties. Pigments for a long time @42,

1.2.1. Synthesis of Azo Compounds :

Nour and et. al. were prepared compound [3] from reaction p-amino benzoic acid [1
] with 2-naphthol [2 Jat (0-5°C) ‘" .

OH OH

o)
0o, 3 oo Eon
1] -
HZNOC—OH + NaNO,
) oo (Y

(1] [2] (3]
Equation (1)

A.Abdulridha and et.al. were prepared the compound [6] from reaction 4-
aminobenzonitrile [4] with salicyladehyde [ 5] at (0-5) °C‘?® |
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NaNO, ,HCI =
NCONHZ DLt S by NCON+;NC|
(0-5) °Cc

(4]
OH

N X
- -
/
(o)

(0-5)°C
5] 6]
Equation (2)

Manjunatha and et.al. were prepared compound [9] from reaction 2-
aminobenzothiazole [7] with 4-hydroxy coumarin [ 8] at (0-5)°C and in presence
HCI,NaNO, then KOH @9,

OH
R N NaNO,\ HCI R N 4 -
\Q \>~NH2 Ao e | \Q \>—NENCI ==
s (0-5 )°C ,2h s + o <o
[7] [8]

Coupling at pH 5_6

(0-5)°C ,2.5n

OH

R
S
T
o~ o

R=H,6-Cl,6-NO, ,6-OCH,CH3,4-CH3, o1
Scheme (1)
Synthesis of Azo Compounds from Thiadiazole :

J.O.0tutu and et.al.were prepared azo compound [12] by reaction 1,3,4-
thiadiazole [ 10] with phenol derivative [11 ] at (0-5)°C ©),
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NH,
B
HO N/go
H
N-N NaNO,\ HCI N=N (11] N-N NH,
7\ _— = I
HSKS)\NHZ (0-5)°C HS/QS»\NZC_I NaOH HS%S»\N:N N
HO l}l/go
H
[10] [12]
Scheme (2)

Chandravadivelu and et.al. were prepared azo compound [15] by reaction 1,3,4-
thiadiazole[13] with phenol derivative [14] at (0-5)°C in presence NaNO, ,Conc

HCI 39,

N

N—N N—
S S S I\
@ s)\NHz NaNO,\ HCI @[ S)\N\\
N N N-CI

0
ey Ct oere e
CHs éH3
NaOH
[13] [14]
N—N
S 7\
@E S N\\
N —-X
k\//‘\N/CHs
CHj3

X=C6H50,08H10N ,C6H6N, C10H7O

Scheme (3)

1.3.The Esters

Ester is a chemical compound derived from an acid (organic or inorganic) in
which at least one —OH hydroxyl group is replaced by an —O-alkyl (alkoxy) group
as in the substitution reaction of a carboxylic acid and an al cohol, A carboxylate

ester®?,
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1.3.1. Synthesis of Ester Compounds :

Nageswararao and et. al. state that methyl-2- methoxy benzoate [17] was yield
from reacted salicylic acid [16] , dimethyl sulfate, potassium carbonate and acetone
under reflux (1-2) hour ©¥,

0]

I
COOCH C-0O-CHjs
Dimethyl Sulfate ,K,CO3 ,acetone ©:
OH >

Reflux (1-2)hr OH

Equation (3)

Mohanad and et.al. were prepared the compound [19] by reaction the azo
compound [18] and absolute ethanol in presence of sulfuric acid and reflux for 4
hours®”.

H;C H

5C
Q ?
I
Ho O N:N_@C_OH CZHSOH : ConC.HZSO4 Ho O N:NOC_O_CHZ_CH3

(18] [19] Equation (4)

M.F.Mahdi and et.al.were prepared compound [21] from reaction compound [20]
with thionyl chloride then methanol under reflux (3)hourst*?.

CHj CH3

OH O-CHjs
OO MeOH ,SOCI, OO
HsC-. o
HsCog o g

Reflux (3) hr.

[20] [21]
Equation (5)
1.4.The derivative of Hydrazide:

Hydrazide derivatives are considered biologically active many hydrazide
compounds were used in treatment of tuberculosis®® this sort of compound's
structural formula is (RCONHNH-) some of carboxylic acid hydrazides were
reported to have antimicrobial activities as compound below.
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CH,CONHNH,
N__O
o JUL X
c N >CHs,
Ph

Figure (2)

1.4.1 Synthesis of hydrazide derivatives compounds

4-Naphthalen-2-yl-4-oxo-butyric acid hydrazide[23]was created, according to
Kumar et al. by reacting 4-Naphthalen-2-yl-4-oxo-butyric acid ethyl ester[22]
with hydrazine in the presence of ethanol as a solvent under reflux for (20-24)
hours®”.

OO CHs  NH,NH,H,0,EtOH OO
]
O0—CH; NH—NH,
S Reflux (20_24)hrs

o ¢ o

[22] [23]
Equation (6)

M.Faizi and et.al.were prepared the compound[25] from reaction of ester
compound [24] with hydrazine hydrate and reflux for overnight at room
temperature %,

o)
@[C‘O_Cm NH,NHa,H,0 C=N-NH,
cl 5) EtOH r.t,(24)hrs CI/@[O
[24] [25]
Equation (7)

Ahmed A.Saheeb and Wasan K.Damdoom synthesized the compound
benzohydrazide [27] by reaction methyl benzoate [26] with hydrazine hydrate and
ethanol with reflux for (21-24) hours'*” .
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H
0.0 Os_N-NH,

Hydrazine hydrate

ethanol,reflux

[26] [27]
Equation (8)
1.5.0 Pyridazine :

The chemical name for pyridazine is (CH);N,. It is a heterocyclic organic
molecule. It is aromatic and has a six-membered ring with two nitrogen atoms that
are close to one another. It is isomeric with the (CH)4N; rings of pyrimidine and
pyrazine, respectively (®.

Aoy @ N
| \NJ N
pyridazine pyrimidine pyrazine

Figure (3)

Various synthetic pyridazine derivatives have been used in agrochemical
,pharmaceutical and other applications “?.

Pyridazine ring can be fused with a benzene ring in two ways giving

phthalazine or cinnoline®".

N.
\'Tl R N
phthalazine cinnoline

Figure (4)

1.5.1. Synthesis of Pyridazine and it’s Derivatives:
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Abdo O.abdelhamid and et .al.were prepared the compound [ 29] from reaction
acid hydrazide [ 28] with maleic anhydride in presence glacial acetic acid and reflux
for 2 hours™?.

N NH; *0 o
)-8 " NN
I\/I/N 0 y S mN.
Z o N—
M [/éo acetic acid | // 8
HsC H o]
0 HsC
[28] [29]

Equation (9)

A.H.Samir was prepared the compound [31] by reaction the acid hydrazide [30 ]
with phthalic anhydride in presence glacial acetic acid reflux for 6 hours®® .

N
Ph\‘// ;) Ph\]//N
N phthalic anhydride N
| (@] H* | le)
NH™ HN © NH— O “N-NH
H,N o o
[30] [ 31]

Equation (10)

A.H.Ahmed and I. k.Jassim were prepared compound [33]from reaction acid
hydrazide [32] with 3-nitrophthalic anhydride in acetic acid and reflux for 8 hours

(6)
ﬁ 3-nitrophthalic anhydride ICII
R” TN
/C\ . R |
R NHNH, acetic acid HN

Equation (11)
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Abdelmotaal and et. al. were prepared the compound [35 ] by reaction acid
hydrazide [ 34] with suucinic anhydride in presence n- butanol and reflux for 6
hours*¥ .

succcinic anhydride
o

Q o ? o HIN,
CHZ_« \FS NHNH, CHZ‘« \FS /N
I\|\N—CH2—C\\ N\N—CHZ——C\\ o
(@) O
[34] [35]

Equation (12)
1.6.0 Pyrazole:

Three carbon atoms and two nitrogen atoms make up the five membered ring

structure of the unsaturated heterocyclic organic molecule pyrazole®.

H

1

N\N
i\ //

pyrazole
Figure (5)

The pyrazoles class of heterocyclic compounds, there recognized for their
significance as drug targets and therapeutic interest. Organic compounds with
additional S and or N atoms exhibit a wide range of biological activities, including
antibacterial and antioxidant properties “**. Pyrazole core is extremely important
in the pharmaceutical sector for the design of drugs such as anticancer, antibacterial,
and antifungal because of its medical importance %%,

1.6.1 Synthesis of Pyrazole:

A.hammdi Was prepared the compound [37 ] by reaction the acid hydrazide [
36] with ethylacetoacetate in presence glacial acetic acid and reflux for 6 hours? .
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N
Ph\\// Ph\fN
Qj/IN Ethyl acetoacatae N
| (@) | o)
H+
NH— HN™ O NH O7N\(~N

/
H,N NCHs
o

[37]

[36]
Equation (13)

Salim and et.al.were prepared the pyrazole [39] by reaction the acid hydrazide [38]
with diethyl malonate in absolute ethanol and reflux for 2 hours ©*?

(@]
?
(@) diethyl malonate O C—N
1\
Q C—NHNH, HN
- <

[38] [39]

Equation (14)

M.Amir and Sh.Kumar were prepared the compound [41] by reaction the acid
hydrazide [40] with acetyl aceton in absolute ethanol and reflux for 8 hours® .

o) o E

[ N N (o)
o H3C—C—CH,—C—CHj; n
Sa W BEWMEN)
- ) !
EtOH HSCMCH3

Equation (15)

1.7. 1,3,4-Thiadiazole:

Thiadiazoles contain a ring-shaped unsaturated structure with the moiety formula
C,HsN3S and two carbon, three nitrogen, and one sulfur atoms (56),

Thiadiazoles are uncommon five-membered heterocyclic structures in nature. In
such a ring, nitrogen, sulfur, and carbon atoms can be positioned in a variety of
ways, giving birth to a number of isomers, including 1,2,3, 1,2,4, 1,2,5, and 1,3,4-
thiadiazole ©7.
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) NN & N
N\ / /
N. N N N
B ¢ B ¢
1,2,5-thiadiazole 1,3,4-thiadiazole 1,2,3-thiadiazole 1,2,4-thiadiazole
Figure (6)

Literature supports indicates that thiadiazole and their derivatives have been board
range biological actions including antifungal ,antimicrobial, anti inflammatory
,antitubercular, anti-HIV , anticonvulsant , anticancer antidiabetics and antiviral
activities .Many drugs containing 1, 3, 4- thiadiazole moiety are commercial
available in medicine stores such as acetazolamide ©*%).

1.7.1 Synthesis of 1,3,4-Thiadiazole :

Chinnagiri and et.al were prepared 1,3,4-thiadiazole[43] by the reaction benzoic
acid [42 ] with thiosemicarbazide presence of POClI; reflux for 8 hours ©*).

Equation
16
COOH S N\/N\YNHz (16)
S
POCI
+ HZN)LNH—NH2 = ©)\
%0 °C Shimaa and
[42] [43] etal. were
prepared

1,3,4- thiadiazole [45] by reaction azo compound [44] with thiosemicarbazide in
presence of POClI; and reflux for 4 hours ©).

S

HZN\N)J\NHZ
H N~N
HO@N:NOCOOH _— HO@N:N (N
POCI, S” NH,
[44] [45]

Equation (17)

Nagham and et.al. were prepared 1,3,4-thiadiazole [47] by reaction azo compound
[46] with thiosemicarbazide in presence of POCI; and reflux for 7 hours ©%.
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H,C. O -
3Ci? HyC. 20
)
POCI,
+ Al -
2 HN ” NH; Reflux
N\\N N\\N
)\ N—N N—N
Eth 0OC” ~COO Eth HZNIQS\ /S)\NH
2
[46] [47]

Equation (18)

Tatiana and et.al.were prepared 1,3,4-thaidiazole [49] by reaction carboxylic acid
[48] with thiosemicarbazide in presence of POCI; and reflux for 10 hours ©7).

Q H

PIg _N_ _NH, POCI3 NN
H,N - \ NH

RTTOH + H js]/ R)\S>— 2

[48] [49]

R= benzoic acid ,3-phenylpropionic acid ,phenoxyacetic acid ,2-Naphthaleneacetic acid ,adipic acid

Equation (19)

1.8.Schiff Bases :

Schiff bases are currently being studied extensively due to their ease of synthesis,
various structures with wide range of color, and they have sparked a lot of interest
in the thermochromic material field ©¥.

Schiff bases are condensation products of primary amines and carbonyl compounds
where imine or azomethine (C=N) groups are used in place of the carbonyl group.
They are generally represented by formula R;HC=NR, where R; and R, are alkyl or
aryl groups®7?).

Schiff bases have become more significant in the medical and pharmaceutical areas
in many different domains, including analytical, biological, and inorganic
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chemistry, Schiff bases are among the most frequently utilized classes of organic
molecules. Due to their wide range of biological like activities and anti-
inflammatory .

1.8.1 Synthesis of Schiff Base Compounds :

Shimaa and et.al. were prepared Schiff base [51] by reaction 1,3,4-thiadiazole[
50] with aldehyde derivative and reflux for (2-3) hours ©*).

CHO

N—N NO, N<N
— / —
HO@N—N@SL’ NH, 4""0@*“—“ g N:ﬁ@Noz

[53] [54]

Equation (20)

Chandravadivelu and et.al.were prepared shciff base [53] by reaction 1,3,4-
thiadiazole [52] with aromatic aldehyde and glacial acetic acid under reflux for 6
hours®?..

L
~

_CH
N 3

QR

R R

Itl N—N
DN, ArCHO @ESJQ/QS»\N
CH
H*, 6h N
| I\/\’}I/CH:;
CHg CHgs
[62] [53]

Equation (21)

R.kais and S.adnan were prepared shciff base [55] by reaction 1,3,4-thiadiazole [54]
with aromatic aldehyde in presence of glacial acetic acid and reflux for 6 hours' ™.

O,N OHC Br NO,
N—N N-N
L D—NH, Br c=N—_ ¥
S H S
O,N OH H* HO NO,

[54] [55]
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Equation (22)

1.9 The Biological Activity :

Azo dyes have unique biological uses as anti-inflammatory, anti-cancer, anti-

diabetic, cleaning agents, and other widely available chemotherapeutic agents. Azo
compounds are exceedingly colored and utilized as dyes Pigment for a very long
time, but Azo baes have exceptional significance in agreement with their
environmental stability, electrical, and optical qualities. *""),
Azo dye compounds have a wide range of industrial applications, including
photodynamic treatment, are photosensitive, and have biological activity as a result
of their use in inflammatory "anticancer and antibacterial processes and antifungal
(78) .

The activity of pyridazine derivatives in the field of analgesics and inflammation,
antibiotics, epilepsy, cardiovascular diseases, and oncology has been reviewed
recently"*®%,

Pyrazole core is extremely important in the pharmaceutical sector for the
development of drugs that are anticancer, antibacterial, antimicrobial, antifungal,
etc. because of its medicinal usefulness %),

One of the most popular heterocyclic pharmacophores is 1,3,4-thiadiazole. They
exhibit a wide range of biological actions, including acetyl cholinesterase inhibition
for the treatment of Alzheimer's disease, antibacterial, anticancer, antioxidant,
antidepressant, anticonvulsant, and antihypertensive effects ¢’

Schiff bases have been shown to provide a variety of biological functions.
Antifungal, antibacterial, antimalarial, anti-proliferative, anti-inflammatory,

antiviral, and antipyretic characteristics are among these biological actions ¢®*.
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1.10 Corrosion and Its Effect :

The term "corrosion” refers to the damage of metals and alloys caused by
chemical or electrochemical contact with their environment®®. Wet and dry
corrosion are the two categories into which corrosion reactions are categorized in
terms of the types of corrosive environments®?.

Every use of metals is affected by the problem of corrosion. Corrosion damage
raises the expense of maintaining and protecting the materials used. The difficulty
for scientists working in this field is the development of techniques to control
corrosion. Use of an inhibitor is one of the appealing and most useful corrosion
control techniques available for metals coming into contact with corrosive media.
By limiting the dissolving and consumption of metal, inhibitors lessen the corrosion
of metallic materials. Organic compounds with nitrogen, sulphur, oxygen, or N -
heterocyclic compounds with polar groups make up the majority of the well-known
inhibitors for the corrosion of steel in acidic environments. Corrosion inhibitors for
mild steel in acidic conditions have been the topic of numerous research studies '’
Although there are several ways to prevent or reduce corrosion, using inhibitors is
typically used to safeguard metals from doing so, especially in closed systems.

The existence of distinctive structural elements such as | the type of functional
groups, (i) aromatic rings, (ii) donor heteroatoms like N, O, and S, (iii) molecular
planarity, (iv) electron distribution, and (v) steric variables is necessary for a
corrosion inhibitor to operate well.The usage of several organic compounds bearing
heteroatoms as efficient inhibitors for the corrosion control of mild steel in an acidic

environment is suggested by literatures ©*%) .
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Aim of Work :

1-Synthesis and characterization of new heterocyclic compounds derivatives and
this involve :

a-Synthesis of new azo compounds and ester.

b-Synthesis of new hydrazide derivatives.

c-Synthesis of new pyrazole , pyradazine and phthalazine.
d- Schiff base and 2-amino 1,3,4-thiadiazole were synthesized.

2- Testing biological activity for some of the synthesized compounds on different
microorganisms.

3- Study the corrosion for 2-amino 1,3,4-thiadiazole and some new azo dyes .
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Chemicals and method

2.Experimental and Methods

2.1. Chemicals:

Table (2-1): Chemicals and their Suppliers:

Chemicals Supplier Purity%
Acetic acid CDH 99
Acetyl acetone Sigma-Aldrich 99.3
Alpha naphthol Sigma-Aldrich 98
p-amino benzoic acid CDH 99
9-Anthraldehyde Merk 99
Catechol CDH 99
3,5-dichlorosalicyladehyde Sigma-Aldrich 08
2,6-dimethyl phenol Merk 99
Diethylmalonate Merk 98
DMSO BDH 99
Ethanol CDH 99.8
Ethyl acetoacetate BDH 99
Hydrazine hydrate CDH 80
Hydrochloric acid CDH 37
Hydroquinone Merk 99
3-hydroxy benzaldehyde Sigma-Aldrich 99
2-hydroxy-5- Merk 98
nitrobenzaldehyde
Maleic anhydride CDH 99
Methyl acetoacetate Merk 98
2-methyl naphthol Merk 99
Beta naphthol Sigma-Aldrich 98
3-nitrophthalic anhydride Merk 99
N,N-dimethyl Merk 98
aminobenzaldehyde
Orcinol CDH 98
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Phthalic anhydride CDH 99
Phosphoryl chloride CDH 99
Potassium hydroxide CDH 08

Resorcinol CDH 98
Sodium hydroxide CDH 97
Sodium nitrite Merk 99
Succinic anhydride CDH 99
Sulfuric acid Merk 99
Terephthaldehyde Sigma-Aldrich 98
Thiosemicarbazide CDH 99
P-Toluidine Merk 99
1,2,4-Triazole Merk 08
1,2,4-Triazole-3-thiol Merk 99

2.2 Instruments:

1-Melting points were verified by hot stage SMP30 melting point apparatus.

2-Infrared spectra were verified by Fourier Transform infrared SHIMADZU (8400)
(FTIR) infrared spectrophotometer , KBr disc was performed by Babylon
University .

3- 'H-NMR Spectra and "*C-NMR Spectra was verified on a Bruker (AC 400 )
NMR spectrometer, working at(500 MHz) for *H-NMR and (126MHz) for *C-
NMR ,Iran. All chemical shifts (8) are reported in ppm relative to tetramethylsilane
(TMS) as references (6=0.0 ppm),CHNS was used for characterization of the
prepared compounds .

4-The biological activity was performed by Microbiology Department , college of
science \ Babylon University

5- The corrosion was verified by potentiometer and was perfomed by Baghdad
University .
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2.3. Methods :
2.3.1. Synthesis of Compound [S1]:

HO
Q
HO——C—@N:N OH

P-Aminobenzoicacid (0.01mole, 1.37g) was dissolved in 17ml distill water and
3ml HCI at a temperature of (0-5)°C. The solution was then dropwise added (0.01
mole, 0.69g) of NaNO, dissolved in (10 ml) distilled water for (15) minutes. The
diazonium salt were add dropwise to the coupling component solution, which is
maded using (0.01mole,1.10g) resorcinol in distill water with (1 g) sodium
hydroxide in (10ml) distill water. after that, the precipitate was filtered and washed
with water ,the precipitate was recrystallized by absolute ethanol ¢*¥.

Compound [S1]: molecular formula:C13H1oN,Qy4, color :orange,yield :93 % , m .p =
195-197 °C.

2.3.2. Synthesis of Compound[S2]:

0
I
HOGNZN—@—C—O—CHZ-CH3

(0.01mole, 2.58g) of compound [S1] dissolved in absolute ethanol and (8 ml)
Conc.H,SO, was added as drop wise to the solution The mixture was refluxed
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for 24 hours , then the reaction content is poured into ice water  filtered and
washed with water the precipitate was recrystallized by absolute ethanol ¢**.

Compound[S2]: molecular formula: C;sH404N5, color: orange, yield: 93%, m. p =
184-186 °C.

2.3.3. Synthesis of Compound [S3]:

OH

0
HOGN:NO&—NH—NHZ

To ethanolic solution of (0.01 mole, 2.86g) of ester, added(0.01 mole, 0.48 ml)
80% hydrazine hydrate a drop wise. The solution was refluxed for 24 hours, after
that poured in ice water and the solvent was evaporated , the precipitate was
recrystallized by absolute ethanol ¢**.

Compound[S3] molecular formula:C;3H;,N4O5 , color: black , yield: 85 %, m .p =
75-78 °C

2.3.4. Synthesis of Compounds [S4-S7]:

OH
2
HO N:NOC—Ar

Ar =( maleic anhydride , phthalic anhydride ,3-nitrophthalic anhydride ,succinic anhydride.)

Compound [S3] (0.01mole, 2.72g) was mixed with (0.01mole, 0.98g, 1.48qg,
1.93g, 1g) of compounds (maleic anhydride, phthalic anhydride, 3-nitrophthalic
anhydride, succinic anhydride) respectively in glacial acetic acid (0.57 ml).the
mixture was refluxed for 7 hours then cooled and added onto crushed ice , The
precipitate were filtered out and the final products were washed with water, and
recrystallized by absolute ethanol “").
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Compound [S4] molecular formula : C;H,N4Os, color: light brown ,yield : 78%
m.p =112-115 °C

Compound [S5] molecular formula:C,;H4N4Os color: dark brown \yield: 88
%, m .p=91-93°C

Compound [S6] molecular formula :C,;H;sNsO;  ,color: light brown ,yield: 81 %,
m .p =120-122 °C

Compound [S7] molecular formula : C7H14N4Os ,color: brown ,yield: 77 %, m .p
=138-140 °C

2.3.5.Synthesis of Compounds [S8-S11]:

OH
2
HO NZNOC—Ar

Ar = (‘acetyl acetone, ethyl acetoacetate, methyl acetoacetate ,diethylmalonate)

Mixture of hydrazide [S3] (0.01 mole, 2.72 g), (0.01 mole, 1.025 ml, 1.26 ml,
1.078 ml, 1.51 ml) of compounds (acetyl acetone, ethyl acetoacetate, methyl
acetoacetate ,diethylmalonate) respectively in absolute ethanol were heated, under
reflux temperture for 13 hours. The mixture of reaction were cooled and the
formed precipitate were filtered off for giving the final the precipitate was
recrystallized by absolute ethanol*".

Compound [S8] molecular formula: C;7H14N4O4 ,color: light brown ,yield: 82 %,
m.p =120-122 °C

Compound [S9] molecular formula: C,gH:¢N4O3, color: dark brown ,yield: 80 %, m
.p =107-109 °C

Compound [S10] molecular formula: C;7H14N4O3 ,color: brown ,yield: 81 %, m .p

=95-99 °C
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Compound [S11] molecular formula : C19H;1:N5O,S; ,color: dark brown ,yield: 76
%, m.p =111-113 °C

2.3.6.Synthesis of compound [S12]:

(0.01mole, 2.58g) of compound [S1] and (0.01 mole, 0.91g) thiosemicarbazide were
dissolved in (8 ml) POCIs, then was refluxed for (4) hours, after that (40 ml)
distilled water was added and refluxed for (4)hours ,then added (4 g) potassium
hydroxide in (40ml) distilled water. Then filtered and recrystallized by absolute
ethanol (%9

compound [S12]: molecular formula: C4H1:NsO,S; , color: brown , yield: 78%, m
.p=180-182°C

2.3.7.Synthesis of compounds [S13-S23]:

OH
S
N—N

(Ar= orcinol ,hydroquinone ,resorcinol, catechol, alpha naphthol ,beta naphthol,2-methyl
naphthol,2,6-dimethyl phenol,1,2,4-triazole,thiol 1,2,4-triazole.p-touldine)

(0.003mole, 1g ) Thiadiazole derivative was dissolved in (13ml) distilled water
and (2.5mL) HCI , and the temp. at (0-5 °C) . Then (0.003 mole, 0.20g) of NaNO,
which dissolved in (6 ml) distilled water were added as drop wise to the solution
for (15) min.Diazonium solution were added as drop wise to coupling component
solution which prepared by mixing (0.003 mole, 0.37g ,0.33¢,0.33g ,0.33g ,0.43g
,0.43¢g, 0.47g ,0.36g ,0.20g, 0.30g , 0.32g) of compounds ( orcinol ,hydroquinone
,resorcinol, catechol, o naphthol ,5 naphthol,2-methyl naphthol,2,6-dimethyl phenol,
1,2,4-triazole,thiol 1,2,4-triazole,p-touldine) respectively in distill water and (0.8 g)
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of sodium hydroxid in(8ml) distilled water. The precipitate then filtered and
washed with water and was recrystallized by absolute ethanol (*¥.

Compound [S13] molecular formula :C,;H1gNgO4S,color: dark brown ,yield:83 , %,
m .p =92-95°C

Compound [S14] molecular formula : C,H14NgO4S,color: black , yield: 85%, m .p
=90-93°C

Compound [S15]molecular formula: C,H14NgO4S ,color: black , yield: 86%, m .p
=165-168°C

Compound [S16] molecular formula : CyH4N¢O4S ,color: dark brown , yield:87
%, m .p =180-182°C

Compound [S17] molecular formula :  Cy4H16NgO3S ,color: light brown , yield:
83%, m .p =190-192°C

Compound [S18] molecular formula : C,4H1sNgOsS ,color: dark brown , yield:
84%, m .p =117-120°C

Compound [S19] molecular formula : C,5sH1sNgOsS,color: brown , yield: 87%, m .p
=95-98°C

Compound [S20] molecular formula : C,,H1sNgOsS,color: light brown ,yield: 86%,
m .p =110-113°C

Compound [S21] molecular formula : C1H11NgO,S,color : dark brown , yield:
85%, m .p =92-94 °C

Compound [S22] molecular formula :C1sH11NgO,S ,,color: brown ,yield: 88%, m .p
=91-93°C

Compound [S23] molecular formula : C,;H;17N;O,S ,color: light brown , yield:77
%, m.p =88-90 °C

2.3.8.Synthesis of compounds [S24-S29]:
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OH
S
N—-N H

(R=9-anthraldehyde,terephthaldehyde,N,N-dimethyl amino benzaldehdye,3,5-dichloro
salicyaldehyde,3-hydroxy benzaldehdye,2-hydroxy-5-nitrobenzaldehyde)

(0.003mole, 1g) Of compound [S12] was dissolved in (25ml) absolute ethanol,
and two drops of glacial acetic acid were added, followed by addition (0.003 mole,
0.618g, 0.402g, 0.44g, 0.573g, 0.36g, 0.50g) of compounds (9-anthraldehyde,
terephthaldehyde ,N,N-dimethyl amino benzaldehyde,3,5- ,
dichlorosalicyaldehyde,3- hydroxybenzaldehdye,2-hydroxy-5-nitrobenzal dehyde)
respectively the combination was refluxed for 14 hours, after which the solvent was
evaporated and the result was collected and recrystallized from absolute ethanol®*.

Compound [S24] molecular formula : CygH19Ns0,S  ,color: light brown ,yield: 87
%, m.p =192-194°C

Compound [S25]molecular formula :C,,H1sNsO5S ,color: light brown ,yield: 82
%, m.p =188-190 °C

Compound [S26] molecular formula : CxH,N¢O,S , color: dark brown , yield:
75%, m .p =180-182°C

Compound [S27] molecular formula :C,H13CI,NsOsS |, color: brown ,yield: 86 %,
m .p =183-186 °C

Compound [S28] molecular formula : C,;H15N5O0sS, color: black ,yield: 80%, m .p
=190-192 °C

Compound [S29]molecular formula : C,;H14NgOsS ,color: light brown , yield: 74
%, m .p =192-194°C
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Comp. Compound structure Compound
NO name

Table (2-1) : Chemical Structure and Name of Preparation

Compounds [S1-S29]:
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[S1]

2,4)4- ,
dihydroxyphenyl)diaze
nyl)benzoic acid

[S2]

ethyl 4-((2,4-
dihydroxyphenyl)diaze
nyl)benzoate

[S3]

_294))-4
dihydroxyphenyl)diaze
nyl)benzohydrazide

[S4]

-2,4))-4)-1
dihydroxyphenyl)diaze
nyl)benzoyl)-1,2-
dihydropyridazine-3,6-
dione

[S5]

-2,4))-4)-2
dihydroxyphenyl)diaze
nyl)benzoyl )-2,3- di
hydro phthalazine-1,4-
dione

[S6]

-2,4))-4)-2
dihydroxyphenyl)diaze
nyl)cyclohexa-2,4-
dienecarbonyl)-5-nitro-
2,3-di hydro
phthalazine-1,4-dione

[S7]

-2,4))-4)-1
dihydroxyphenyl)diaze
nyl)benzoyl)tetrahydrop
yridazine-3,6-dione

[S8]

(@-((24-
dihydroxyphenyl)diaze
nyl)phenyl)(3,5- di
methyl-1H-pyrazol -1-
yl)methanone

[S9]

1-(4-((2,4-
dihydroxyphenyl)diaze
nyl)benzoyl )-3-
methyl -1H-pyrazol -
5(4H)-one
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[S10]

(@-((24-
dihydroxyphenyl)diaze
nyl)phenyl)(3-methyl-
1H-pyrazol-1-
yl)methanone

[S11]

1-(4-((2,4-
dihydroxyphenyl)diaze
nyl)benzoyl)pyrazolidin
e-3,5-dione

[S12]

S
HO N:N4®—<
N_

4))-4)- 5-amino -1,3,4-
thiadiazol -2-
yl)phenyl )diazenyl)be
nzene -1,3-diol

[S13]

s
HO N:NAQ——( >
N-N

OH

4-((5-(4-((2.4-
dihydroxyphenyl)diaze
nyl)phenyl )-1,3,4-
thiadiazol -2-
yl)diazenyl )-5-
methy lbenzene-1,3-
diol

[S14]

2-

on | 4+((4-G-(25
dihydroxyphenyl)diaze
nyl ) -1,3,4-thiadiazol -

yl)phenyl )diazenyl)be
nzene -1,3-diol

[S15]

4-((4-(5-((2,4-

dihy droxyphenyl )dia
zenyl )-1,3,4-
thiadiazol-2-

yl )phenyl )diazenyl)b
enzene-1,3-diol

[S16]

3-((5-(4-((2,4-di
hydroxyl
phenyl )diazenyl )phen

OH yl )-1,3,4-thiadiazol-2-

yl)diazenyl )benzene-
1,2-diol
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4-((4-(5-((4-hydroxy

OH
* naphthalen -1-
OO yl)diazenyl )-1,3,4-
of NN thiadiazol-2-
HoGN:NO—LQ— N=N yl)phenyl )diazenyl )b
enzene-1,3-diol

[S17]

[S18] oH 4-((4-(5-((2-hydroxy
S naphthalen-1-
HOO—N:NM_N/ N=N yl)diazenyl )-1,3,4-
OH thiadiazol-2-
OO yl)phenyl )diazenyl )b

enzene-1,3-diol

[S19] OH I-{(-((2) (&

S hydroxy-3-
Ho~< />—N:N—< >——<
Iil N NaN methyl naphthalen-1-

yl)diazenyl)-1,3,4-
OO thiadiazol -2-
HsC yl)phenyl )diazenyl)be

OH nzene -1,3-diol

[S20] OH 4-((4-(5~((3-hydroxy-

S 2,4-
HOGN:Nm_N/ NN\©:CH3 dimethylphenyl)diazeny

1)-1,3,4-thiadiazol-2-

OH | yI)phenyl)diazenyl)ben
CHj zene-1,3-diol
[S21] OH S H 4-((4-(5-(1H-1,2,4-
( f _ N triazol -5-
"o N=N ( > \:N_N/ N:N‘(_//N yl)diazenyl )-1,3,4-
N thiadiazol-2-

yl)phenyl )biszenyl )be
nzene -1,3-diol

[S22] OH S SH 4-((4-(5-((3-mercapto -
N—( 1H-1,2,4-triazol-5-
HOGN:NM—N/ N=N— N/N yl)diazenyl)-1,3,4-

H thiadiazol-2-
ylhphenyl)diazenyl)ben
zene-1,3-diol

[S23] OH S CHs 4-((4-(5-((2-amino -5-
HOGN:N4®—< S N_N@ methylphehyl_)dlazenyl

N—N )-1,3,4-thiadiazol-2-

H,N yl)phenyl )diazenyl)be

nzene-1,3-diol
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[S24]

OH
S
HO N:N©—< >N=C
N-N Y

))-5)-4))-4anthracen -9-
ylmethylene )amino )-
1,3,4-thiadiazol-2-

yl )phenyl)diazenyl)be
nzene -1,3-diol

OH

[S25]

S
N-N N

CHO

-2,4))-4)-5)))-3di
hydroxyl

phenyl) diazenyl)pheny
1)-1,3,4-thiadiazol-2-
yl)imino )methy I)benz
aldehyde

[S26]

CHs
HO N:NO< > N:CON
N-NT \

CHgz

)-4))-5)-4))-4di methyl
amino )benzylidene )a
mino)-1,3,4-thiadiazol-
2-

yl)phenyl )diazenyl)be
nzene-1,3-diol

[S27]

-3,6))-5)-4))-4
dichloro -2-
hydroxybenzylidene )a
mino )-1,3,4-
thiadiazol-2-

yl)phenyl )diazenyl)be
nzene-1,3-diol

[S28]

-4))-5)-4))-4hydroxy
benzylidene )amino)-
1,3,4-thiadiazol -2-
yl)phenyl )diazenyl )b
enzene -1,3-diol

[S29]

-2))-5)-4))-4hydroxy -
5-
nitrobenzylidene)amino
)-1,3,4-thiadiazol-2-
yl )phenyl )diazenyl)b
enzene-1,3-diol

Table(2-2):Physical Properties to the Synthesized Compounds :
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Compound | M.P (°C) | Yield Color Molecular Molecular
Number (%) Weight formula
(g\mole)
[S1] 195-197 93 Orange 258 C13H10N,0,
[S2] 184-186 93 Orange 286 C15H14N,0,
[83] 75-78 85 black 272 C13H152N4O4
brown
[S5] 9193 | 88 Dark 402 CoH1aNOs
brown
[S6] 120-122 81 Light 449 C,1H15Ns504
brown
[S?] 138-140 77 brown 354 C17H14N4O5
brown
[Sg] 107-109 80 Dark 336 C1gH1N4O4
brown
[S10] 95-99 81 brown 322 C17H14N4O4
[S11] | 111-113 | 76 Dark 350 CroH15N.O5
brown
[812] 180-182 78 Brown 313 C14H11N50,S;
[813] 92-95 83 Dark 448 Cy1H16N6O4S,
brown
[814] 90-93 85 Black 434 CooH14N60O4S,
[S15] | 165-168 | 86 | Black 434 CaoH14N604S,
[816] 180-182 87 Dark 434 CyoH14N6O4S
brown
[S17] 190-192 83 Light 468 C24H16N6O3S;
brown
[818] 117-120 84 Brown 468 Co4H16N6O5S,
[819] 95-98 87 Dark 482 CosH15N6O5S,
brown
brown
[821] 92-94 85 Dark 393 C16H11NgO,S
brown
[522] 91-93 88 brown 425 Ci16H11NgO,S,
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brown
brown
[S25] | 188190 | 82 | Light 429 CoH1N:055;
brown
180-182 75 Dark 444 Co3Hy0N6O,S,
2 ] [526 brown
[827] 183-186 86 Brown 486 C21H13C|2N50381
[828] 190-192 80 black 417 C,1H15N505S;
brown
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3.Results and Discussion
3.1 Synthesis of Azo Compound [S1] :

The azo compound [S1] was synthesized by reaction of two organic compound ,a
diazonium salt (p-amino benzoic acid) reacts as an electrophile with a coupling
molecule that is rich in electrons (resorcinol) at (0-5 °C)

0 n HCI, NaNO, 0
HO—C@—NHZ “osc HO—C@N:N
ol o o)
HO OH

[$1]

Equation 3-1: Synthesis of Compound [S1]

The FTIR spectrum exhibited absorption band at (1475) cm™ for N=N and
disappearance absorption band at (3458,3360) cm™ for NH,

'H-NMR(500MHz,DMSO-ds) :(8, ppm) Spectrum showed appearance signal at
6.53 for (H,OH) and signal at 10 for (H,COOH) .

BC-NMR (126 MHz,DMSO-dg) :(8, ppm) spectrum showed signals at 117-162 for
Ar-C and signal at 169 for C=Oaroxylic acid

IR (v, cm™): O-H (3267),C-H A (3101), C=0 carnoxyiic acig (1683), C=Ca, (1602),
N=N (1475) ,C-O (1240)

'H-NMR (8, ppm): (7H,Ar-H ) : 6.33-8.08 .
BC-NMR (8, ppm) : (117-162) for (12C,Ar-C),(169) for C=Ocaroxyiic acid -



The mechanism of synthesis azo is shown below®*:

-OH,

@
H,O—-NO

HO-NO NO

/—\\+ i\i:o

R ..
on-8—( )i,

: AC

HO

Scheme 3-1 : Mechanism of synthesis compound [S1]
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Figure 3-3 : ®CNMR spectrum of compound [S1]

3.2 Synthesis of ester compound [S2] :

Ester compound was synthesized by Fischer esterification is an organic reaction
that involved reaction of a carboxylic acid and an alcohol to give ester using an
acid as catalyst ,usually concentrated sulfuric acid under reflux (overnight).

9 H, @
HO-C N=N EtOH, H,SO, H;C-C -O—C@N:N
_ >
OH HO OH

[S1] [S2]

Equation 3-2: Synthesis of the Compound [S2]




The FTIR spectrum of compound [S2] exhibited absorption bands for C-Hgip, at
(2937,2904 ) cm*and absorption band of C=0 g, at (1716) cm™ and disappearance
of absorption band of C=0 caroxyiic acia at (1683) cm*

'H-NMR (500MHz,DMSO-ds) (8, ppm): spectrum showed disappearance a signal at
10 for (H,OH) and appearance signal at 1.32 for (3H,CHs), and at 1.36 for (2H,CH,)

BC-NMR (126 MHz,DMSO-dg):(8,ppm) spectrum showed signal at 14.16 for (CHs)
and signal at 39 for (CH, ) and signal at 60 for (C-O) and signals at 103-162 for(
Ar-C )and signal at 165 for C=Oggter

IR (v,cm™): O-H (3410) ,C-Hp (2982) , C-Hapn (2937,2904 ) ,C=Oeger (1716) ,
C=Car (1622), N=N (1516).

'H-NMR(S, ppm):(2H,CH,,3H,CHs): 1.32,1.36 ,(7H, Ar-H): 6.5-8.02 , (H,OH):
12.5

BC-NMR (3, ppm ) : 14.16 for CH;, 39 for CH, , 60 for CH, ,103-162 for Ar-C ,
165 for C=Oggter

The mechanism of synthesis ester is shown below ©*:

S
@
+  CHsCHOH Ar—(ll—’(IDECHch3
|
U o
. -H20 1ot
— Ar— C—'O CH2CH3 _— Ar—C—OCH,CHj3

{OH,

OH
N

W
O



Scheme 3-2 : Mechanism of synthesis compound [S2]
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Figure 3-4: FT-IR spectrum of compound [S2]
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3.3 Synthesis of Compound [S3] :

In this nucleophilic substitution reaction, hydrazine hydrate reacted as a
nucleophile with carbonyl of ester in presence of absolute ethanol as solvent.

EtOH

H, @ NH,NH, 2H,0 S
HC=C ’O_C@N:N:@ ke HzN—N—C@N:NIj
HO OH OH

[S2] [S3]

Equation 3-3: Synthesis of Compound [S3]




The FTIR spectrum showed disappearance absorption band at (1716) cm™for C=0
ester and appearance absorption band at (1635) cm™ for C=0 ,mi¢ ,and absorption
band at (3346,3223 ) cm™ for NH, absorption band at (3180 ) cm™ for NH

'H-NMR(500MHz,DMSO-dg) :(5, ppm) spectrum showed a signals at 7.65 for
protons of (NH,), signal at 5.96 for proton of (NH ) and disappearance peak of
protons of ester .

BC-NMR (126 MHz,DMSO-dg):(8,ppm) spectrum showed disappearance signal of
(C,CHs) and signal of (C,CH,) and appearance signals at 103-156 for Ar-C and
signal at 165 for C=Ognige

IR (v,cm™): OH ( 3423), NH, (3346,3223) , NH (3180 ),C=Ojmige ( 1685 ) C=Ch (
1653 ).,N=N( 1599) .

'H-NMR (3, ppm): (H, NH) : 5.96, (H, NH, ) : 7.65 ,(H,0H):12.90 .

BC-NMR (3, ppm ) :103-156 for (12C,Ar-C), 165 for (C=Oamice ).

The mechanism of synthesis hydrazide is shown below (*:



G 5

|
Ar—C-0O-CHyCH; +  NH,NH,H,0 Ar—C~0-CH,-CHs
( G_)\_/

|
VN
v H |1|NH2

-C,H50H 0
_— Ar—C-NHNH2 + C2H50H

Ar= ‘@7N_N:©\
HO OH

Scheme 3-3 : Mechanism of synthesis compound [S3]
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3.4 Synthesis of Compounds [S4-S7] :

Pyridazin-3,6-dione and phthalazin-3,8-dione derivatives were synthesized by the
reaction of hydrazide derivatives [S3] with maleic anhydride ,phthalic anhydride,3-
nitrophthalic anhydride and succinic anhydride on presence of acetic acid as
catalyst and solvent, respectively.

Compound [S4]:

. . o)
H 9 maleic anhydride NH O
HoN—-N-C NZN]@\ acetic acid \ N‘C‘QN:N
HO OH © HO : OH

[S3] [S4]




Equation 3-4: Synthesis of the Compound [S4]

The FTIR spectra of compound [S4] showed disappearance of NH, and NH bands
in the region (3423,3346,3223) cm™ and appearance band of (NH) at (3309) cm™
and appearance a band of C=0_pqe at (1716 ) cm? .

'H-NMR(500MHz,DMSO-dg) :(8, ppm) Spectrum of compound [S4] showed
appearance signal at 9.9 for (H,NH) and signal at 10.23 for (H,OH) and
disappearance signal of (H,NH, ) .

BC-NMR (126 MHz,DMSO-d):(8,ppm) spectrum showed appearance signals at
117-136 for Ar-C and signal at 172 for C=0,pmige

IR (vem™): OH(3400) ,NH (3309),C-Har (3050) , C-Haipaic (2980 ) ,C=0 (1716)
,C=C (1639),N=N (1604) .

'H-NMR (3, ppm) : (9H,Ar-H) :6.15-7.73 , (H-NH) : 9.9 ,(H, OH) : 10.23 . **C-

0
I | .
NMR (3, ppm ) : 117-136 for Ar-C, 172 for —C-N—amide.
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Figure3-10: F.T-IR spectrum of compound [S4]
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Compound [S5]:

(0]
H.N—h—& N=N Phthalic anhydride NH 0
acetic acid D\
OH OH

HO

[S3] [S5]

Equation 3-

5: Synthesis of the Compound [S5]

The FTIR spectra of compound [S5] showed disappearance of NH, and NH bands
in the region (3423,3346,3223) cm™ and appearance band of (NH) at (3317) cm™
and appearance a band of C=O,pmic at (1708 ) cm™




'H-NMR(500MHz,DMSO-dg) :(8, ppm) Spectrum of compound [S5] showed
appearance signal at 9.33 for (H,NH) and disappearance signal of (H,NH, ) .

BC-NMR (126 MHz,DMSO-d):(8,ppm) spectrum showed appearance signals at
123-136 for Ar-C and signal at 172 for C=0,pmige

IR (v,cm™) :0H(3400), NH (3317) , C-Ha, (3082 ) C=0 (1708 ),C=C (1608),N=N
( 1606).

'H-NMR (5, ppm) : ,(H,NH):9.33 ,(11 H,Ar-H) :6.49 -8.13,(H,0H):10.3 .

@]
1] |
BC-NMR (8, ppm ) : 123 — 136 for C=Cy,,172 for —C-N— amide
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Figure 3-13: F.T-IR spectrum of compound [S5]
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Compound [S6]:

o 3-nitro phthalic anhydride

H NO, O

1
HZNNCQN_ND\ acetic acid
HO OH

NH 9
N”CON‘ND\
o HO OH

[S3] [S6]

Equation 3-6: Synthesis of the Compound [S6]

The FTIR spectra of compound [S6] show disappearance of NH, and NH bands in
the region (3423,3346,3223) cm™and appearance band of (NH) at (3090) cm™ and
appearance a band of C=Ogyi¢e at (1732) cm™ .




'H-NMR(500MHz,DMSO-dg) :(5, ppm) Spectrum of compound [S6] show
appearance signal at 9.5 for (H,NH) and disappearance signal of (H,NH, ) .

BC-NMR (126 MHz,DMSO-dq):(8,ppm) spectrum show appearance signals at 118-
145 for Ar-C and signal at 165 for C=0,pmiqe

IR (v,cm™): NH(3090) ,C-Har (2982 ) C=0 (1732) ,C=C (1606 ) N=N (1581 )
NO, (1541).

'H-NMR (3, ppm) : .(10H,Ar-H) :6.50 -8.37, (H-NH): 9.5,(H,0H):10.20 .

O

)|
BC-NMR (8, ppm ) :118-145 for Ar-C, 165 for —C-N— amide
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Figure3-16: F.T-IR spectrum of compound [S6]
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Compound [S7]:

0 o)
HZN_H_&@N:N Succinic anhydride
)0 g
ic acid I
HO OH acetic acl N-C N=N
0]

HO OH

[Sal [S7]

Equation 3-7: Synthesis of the Compound [S7]

The FTIR spectra of compound [S7] show disappearance of NH, and NH bands in
the region (3423,3346,3223) cm™and appearance band of (NH) at (3221) cm™ and
appearance a band of C=O,pic at (1707 ) cm™ .




'H-NMR(500MHz,DMSO-dg) :(5, ppm) Spectrum of compound [S7] show
appearance signal at 9.5 for (H,NH) and disappearance signal of (H,NH, ) .

BC-NMR (126 MHz,DMSO-ds):(8,ppm) spectrum show appearance signals at 103-
136 for Ar-C and signal at 174 for C=0pmige

IR (v,em™): OH( 3329 ) ,NH(3221) ,C-Ha (3076 ) C-Haighatic (2980) C=0 (1707 )
,C=C (1600) ,N=N (1575 ).

'H-NMR (5, ppm) : (7H,Ar-H) : 7.03-7.99 ,(H,NH) : 9.5,(H,0OH): 10.5 .

o
I I
BC-NMR (8, ppm ) :103 -136 for Ar-C ,174 for —C-N— amide

1039.67—_
1020.38—

1107.18—

0]

I

[¢]

o]

I
1707.06—

1600.97—~—

1575.89—
1521.89—
1176.62

0
®
©
~
o
b

.......................................

4022 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800‘ 600 46(

f mmmmm 1 No. of Scans; 16 Date/Time; 8/12/2008 12:28:04 AM
Resolution; 4 [1/cm] User; XPPRESP3
Apodization; Happ-Genzel




Figure3-19: F.T-IR spectrum of compound [S7]
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Figure3-20: *H-NMR spectrum of compound [S7]
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Figure3-21: “*CNMR spectrum of compound [S7]

3.5 Synthesis of Compounds [S8-S11] :

The pyrazole derivatives were prepared through the reaction of hydrazide
derivatives [S3] with (acetyl acetone, ethyl acetoacetate, methyl acetoacetate
,diethylmalonate ) respectively.

Compound [S8]:

N H (,g NN acetylacetone ~ H3C N O
oN-N-C— H—N= j@\ EoH g L(N—C——QN:ND\
HO OH CHs HO OH
[S 3] [S 8]

Equation 3-8: Synthesis of Compound[S8]




The FTIR spectra of compound [S8] show disappearance of NH, and NH bands in
the region (3423,3346,3223) cm™and appearance of C=O,mice band at (1705)cm™.
and appearance of C-H aliphatic at (2928) cm™ and C=C aromatic at (1519) cm™.
'H-NMR(500MHz,DMSO-dg) :(5, ppm) Spectrum of compound [S8] show
appearance signal at 1.37 for (H,CHs) and disappearance signal of (H,NH, ) and
signal of (H,NH )

BC-NMR (126 MHz,DMSO-dg):(8,ppm) spectrum show appearance signal of
(2CHy) and signals at 117-130 for Ar-C and signal at 170 for C=Ogpige

IR (v,cm™) :0-H (3350) ,C-Ha, (3024) ,C-H 4ipn (2928) ,C=0 (1705),C=N ( 1602)
,C=Car (1519) ,N=N (1575).

'H-NMR (3, ppm): (6H,CHs) : 1.37 , (TH,Ar-H) : 7.02-8.15

0]
1 | .
BC-NMR (8, ppm) : 18.21 for CH; ,117-130 for Ar-C ,170 for —C-N— amide.

The mechanism of synthesis pyrazole is shown below ¢

o . N\Puo o on o9
Ar—C—NHNH, CHg=C-C C-CH; ————=  Ar—C-NHNH-C-CH,-C—CH,
CH;,
P.T. Q H P.T. ?
- > Ar—C-N—N ———™ AF*C*N*‘N
“H,0 MCHS Ho—K_J—cH,
CH3— CHs

I

Q
+H Q
— =  Ar—C-N—N
~Hz0 MCH3

CH;

HO OH

Scheme 3-4 Mechanism of synthesis compound [S8]
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Figure 3-23: *H-NMR spectrum of compound [S8]
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Figure3-24: *CNMR spectrum of compound [S8]

Compound [S9] :

HAN H ('()l, NZN Ethylacetoacetate H3C _N, (IDI
Oy P Oy
HO OH (0] HO OH
[S 3] [S 9]

Equation 3-9: Synthesis of Compound[S9]

The FTIR spectra of compound [S9] show disappearance of NH, and NH bands in
the region (3423,3346,3223) cm™and appearance of C=O,mic band at (1699)cm™.
and appearance of C-H aliphatic at (2980) cm™ and C=C aromatic at (1577) cm™.




'H-NMR(500MHz,DMSO-dg) :(5, ppm) Spectrum of compound [ S9] show
appearance signal at 1.34 for (H,CH;) and disappearance signal of (H,NH, ) and
signal of (H,NH)

BC-NMR (126MHz,DMSO-dg):(8,ppm) spectrum show appearance signals at 117-
132 for Ar-C and signal at 165 for C=0pmiqe

IR (v,em™): O-H (3348 ) ,C-Har (3057 ) ,C-H wipn ( 2980) ,C=0 (1699 ) ,C=N
(1602 ), C=Ca, (1577 ) ,N=N (1521).
'H-NMR (8, ppm) : ,(3H,CHs): 1.34 ,( 7TH,Ar-H) :6.31-8.11

0]
1 | R
BC-NMR (8, ppm ) : 117-132 for Ar-C , 165 for —C-N— amide
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Figure3-25: F.T-IR spectrum of compound [S9]
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Figure3-26: 'H-NMR spectrum of compound [S9]




Guest1401.82.fid g’ 8| FBRNBRITS
B.kh (59) 13CNMR in DMSQ-@&t 298K 0RR.BAT S S 8 8
22T NSRS R

—14.45

-850
800
750
700
650
600
550
500
450
400
350
300
r250
200
150
r100
50

210 200 190 180 170 160 150 140 130 120 110 100 9
f1 (ppm)

T T T T

T

80 70 60 50 40 30 20 10 O

Figure3-27: ®CNMR spectrum of compound [S9]

Compound [S10]:

T T

-10

methyl
acetoacetate

EtOH

Equation 3-10: Synthesis of Compound[S10]




The FTIR spectra of compound [S10] show disappearance of NH, and NH bands in
the region (3423,3346,3223) cm™and appearance of C=O,miee band at (1701)cm™.
and appearance of C-H aliphatic at (2978) cm™ and C=C aromatic at (1518) cm™.

'H-NMR(500MHz,DMSO-dg) :(8, ppm) Spectrum of compound [ S10] show
appearance signal at 1.35 for (H,CHs) and disappearance signal of (H,NH, ) and
signal of (H,NH)

BC-NMR (126 MHz,DMSO-dq):(8,ppm) spectrum show appearance signals at 108-
148 for Ar-C and signal at 165 for C=0pige

IR (vem™): O-H (3367 ) ,C-Har (3064 ) ,C-H 4inn(2978 ) ,.C=0 (1701 ) ,C=N (
1602), C=Car (1518), N=N (1473).

'H-NMR (5, ppm) : (3H,CHa,): 1.35, ( 7H,Ar-H) :6.59 -8.10

0]
1 | R
BC-NMR (8, ppm ) : 108 -148 for Ar-C , 165 for —C-N— amide
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Figure3-28: F.T-IR spectrum of compound [S10]
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Figure 3-29 : *H-NMR spectrum of the compound [S10]




950
500
850
800
750
700
650

N © 600
LN_C@N'N:@\ -550
OH 500
450
400
350
300
-250
200
150
rrg oo [ 100
‘ H“ || ill “ 50
e o O o v 1 A | I Lo e | e el
210 200 190 180 170 160 150 140 130 120 11?1%ggm)90 80 70 60 50 40 30 20 10 0 -10

o
i
=
—~
w
=
o
L
-
w
0
=2
=
A
=
o
1§
\19
\1%
Rlﬁ
[Vs)
(93]
~
—18.19
\124.26
,% 17
D
108.15
~-106.94
“103.49
39,
39,
39,
39,
39,
—14.13

Figure3-30: ®*CNMR spectrum of compound [S10]

Compound [S11]:

e Diethyl malonate o H 0
HzN—N—CON:ND\ EFon \I\;«N—CAQN:ND\
% HO OH

OH
S 3] [S 11]

Equation 3-11: Synthesis of Compound[S11]

The FTIR spectra of compound [S11] show disappearance of NH, and NH bands in
the region (3423,3346,3223) cm™and appearance of C=O,mie band at (1714)cm™.
and appearance of C=C aromatic at (1577) cm™.




'H-NMR (500MHz,DMSO-ds) :(8, ppm) Spectrum of compound [ S11] show
appearance signal at 4.35 for (H,NH) and disappearance signal of (H,NH, )

BC-NMR (126 MHz,DMSO-dq):(8,ppm) spectrum show appearance signals at 118-
132 for Ar-C and signal at 165 for C=0pmiqe

IR (vem™) : O-H (3348) ,C-Ha (3061) ,C=0 ( 1714) ,C=N (1602), ,C=Ca
(1577 ) ,N=N (1518)

'H-NMR (3, ppm) : (H,NH) : 4.35, ( 7H,Ar-H) :7.62-8.12 .

0
1] |
BC-NMR (3, ppm ) : 118-132 for Ar-C ,165 for —C-N— amide
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Figure3-31: F.T-IR spectrum of compound [S11]
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'H-NMR spectrum of compound [S11]
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Figure3-33: ®*CNMR spectrum of compound [S11]

3.6 Synthesis of compound [S12]:

Cyclization of compound [S1] with thiosemicarbazide in presence phosphorous
oxy chloride result compound[S12].

OH

OH
0 S
HO N:NO&_OH Thiosemicarbazide HO N:N4®—< »NHZ
N-N

POCI, ,Reflux(8)hr.

Equation 3-12 : Synthesis of Compound[S12]

The FTIR spectrum exhibit appearance band absorption of NH, at ( 3221 ,3327 )
cm™ and appearance absorption band of C=N at (1608) cm™ and disappearance
band of C=0 carboxyiic acia at (1683) cm™,




'H-NMR(500MHz,DMSO-ds) :(5, ppm) Spectrum show disappearance signal of
(H, COOH) and appearance signal of (H, NH,) at 6.79 .

BC-NMR (126 MHz,DMSO-dq):(8,ppm) spectrum show appearance signals at 117-
135 for Ar-C and signal at 174 for C-S

IR (vem™ ): O-H (3406) ,NH, (3327,3221) ,C-Ha, (3122) ,C=N (1608) ,C=Ch
(1577 ) ,N=N (1508 ).

'H-NMR (8, ppm): (H,NH,) 6.79 ,(7H,Ar-H) 6.81-8.19 .
BC-NMR (8, ppm) : (117-135) for Ar-C ,174 for C-S

The mechanism of synthesis thiadiazole is shown below®?:

0 (0]
I
Ar-C-OH  + POCl; ——— =  Ar—C-Cl + HsPO4
((Ijl s O@) - HCl
AI"C—CI 1] |
+ HN-NH-C-NH, — »  Ar—C=Cl
N |
\_/ NIII S
I
NH,—C—NH,
@
H H
/N—N\ Tautamerism N-N POCIy
Ar—C  C-NH, Ar—C\' ‘C~NH, _
o s - OH §H HCl
e (i

Ar— CYNH Cl,0PO D—NH N-N
dpoci, SH  —— ‘:/j N e G WP e P

OH

Scheme 3-5:Mechanism of synthesis compound [S12]
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Figure3-35: 'H-NMR spectrum of compound [S12]
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Figure3-36: ®*CNMR spectrum of compound [S12]

3.7 Synthesis of azo compounds from thiadiazole [S13-S23]:

1300
1200
1100
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900
800
F700
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r500
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100

The azo compounds [S13-S23] were synthesis by reaction of two organic
compounds ,a diazonium salt (1,3,4-thiadiazole amine) reacts as an electrophile
with a coupling molecule that is rich in electrons. (orcinol ,hydroquinone
,resorcinol, catechol, alpha naphthol ,beta naphthol,2-methyl naphthol,2,6-dimethyl
phenol,1,2,4-triazole,thiol 1,2,4-triazole ,

p-touldine) respectively at (0-5 °
Compound [S13]:

C).

HCI, NaNO, ,(0-5)°C

OH
s
HO N:NQ’( SN
N-N

[S 12]

OH

H

3C
s
Ha  Orcinol HOON_N@—( >—N=N OH
N-N
HO

[S 13]




Equation 3-13: Synthesis of Compound [S13]

The FTIR spectrum of compound [S13] exhibited absorption band at (1473) cm™
for N=N and disappearance absorption band at (3327,3221) cm™ for NH,

'H-NMR(500MHz,DMSO-dg) :(8, ppm) spectrum show appearance signal at 6.36-
8.07 for (H,Ar-H ) and signal at 1.12 for (H,CH;3 ) and disappearance signal of

(H,NH;) .

BC-NMR (126 MHz,DMSO-dg) :(5, ppm) spectrum show signal at 20 for CH; and
signals at 117-140 for Ar-Cand signal at 179 for C-S

IR (v, cm™): O-H (3387 ),C-H  (3066), C=N (1602), C=Cp, (1541 ), N=N (1473).
'H-NMR (3, ppm): ( 3H,CH;):1.12, (9H,Ar-H ) : 6.36 -8.07 .
BC-NMR (3, ppm) : 20 for CHs, (117-140) for Ar-C,179 for C-S
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Figure3-37: F.T-IR spectrum of compound [S13]
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Figure3-38: 'H-NMR spectrum of compound [S13]
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Figure3-39:
BCNMR spectrum of compound [S13]




Compound [S14]:

_5\0,
HCI, NaNO, ,(0-5)°C oH

OH
f Sy OH s
HO N=N4©——( >—NH, Hydroquinone
N=N 2 HO N=—N \ N>~N:N

HO

s 12] [S 14]

Equation 3-14: Synthesis of Compound [S14]

The FTIR spectrum of compound [S14] exhibited absorption band at (1491) cm™
for N=N and disappearance absorption band at (3327,3221) cm™ for NH,

'H-NMR(500MHz,DMSO-ds) :(3, ppm) spectrum show appearance signal at 7.03 -
8.13 for (H,Ar-H ) and disappearance a signal of (H,NH,)

IR (v.cm™): O-H (3489,3335), ,C-H A (3080 ),C=N (1600) , C=Cp, (1568), N=N
(1491).

'H-NMR (3, ppm): (10 H,Ar-H ) : 7.03 -8.13,(H,0H):13.9
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Figure3-4: "H-NMR spectrum of compound [S14]




Compound [S15] :

HCI, NaNO, ,(0-5)0C

OH OH
S e S
HO N:Nm N/yNHz Resorcinol HO N:N@__( }N:NAQ*OH
- N—N

HO

[S 12] [S 15]

Equation 3-15: Synthesis of Compound [S15]

The FTIR spectrum of compound [S15] exhibited absorption band at (1506) cm™
for N=N and disappearance absorption band at (3327,3221) cm™ for NH,

'H-NMR(500MHz,DMSO-dg) :(8, ppm) Spectrum show appearance signal at 6.2 -
8.15 for (H,Ar-H) and disappearance a signal of (H,NH,)

BC-NMR (126 MHz,DMSO-dg) :(8, ppm) spectrum show signals at 116-131 for Ar-
Cand signal at 174 for C-S

IR (v,cm™): O-H (3441,3277),C-H A (3078) ,C=N ( 1602) , C=Cp (1506) , N=N
(1506).

'H-NMR (8, ppm): (10H,Ar-H ) : 6.2 -8.15
BC-NMR (8, ppm) : ( 116-131) for Ar-C ,174 for C-S
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Figure3-42: F.T-IR spectrum of compound [S15]
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Figure3-43: 'H-NMR spectrum of compound [S15]
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Figure3-44: *CNMR spectrum of compound [S15]
Compound [S16]:

_HCL NaNO, (0-5)°C_ -5)0C OH
s
N-N

OH

[S 12] [S 16]

Equation 3-16: Synthesis of Compound [S16]

The FTIR spectrum of compound [S16] exhibited absorption band at (1521) cm™
for N=N and disappearance absorption band at (3327,3221) cm™ for NH,

'H-NMR(500MHz,DMSO-dg) :(8, ppm) spectrum show appearance signal at 6.36-
8.14 for (H,Ar-H ) and disappearance signal of (H,NH,) .

BC-NMR (126 MHz,DMSO-ds) :(8, ppm) spectrum show signals at 117-162 for Ar-
Cand signal at 174 for C=S




IR (v, cm™): O-H (3443,3273) , C-H A (3020 ),C=N (1602 ) ,C=Ca (1560 ) ,
N=N ( 1521).

'H-NMR (8, ppm): (10 H,Ar-H ) : 6.36 -8.14 .
BC-NMR (3, ppm) : ( 117-162) for Ar-C ,174 for C=S
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Figure3-45: F.T-IR spectrum of compound [S16]
Guest1401.19.fid 2 |,
Farameter Vale B.kh (516) 1HNMR in DMSO-d6 at 298K 01.01.30 8 £ 550
e e 335999305528t anannasgggnnagy 208 0 :
DMS0-d6 at 298K 01.01.30 500
3 Origin UNNMR, Brukes Analytische
Messtechnik GmbH
4 Owner root
5 Ske 450
6 Instrument spect
7 Author
B Solvent DMSO
9 Temperature 6712 200
10 Pulse Sequence 2930
11 Experiment is]
12 Probe 5 mm QNP 1H/ 15N/ 130/ |-3so
31P 20002/ 03058
13 Number of Scans 32
14 Receiver Gain 8B7.4 [-300
15 Relaxation Delay  1.0000
16 Pulse Width 10.5000
17 Presaturation
Frequency 250
1B Acquistion Teme 1.4999
19 Acquistion Date 2022-04-17T13:05:00
20 Modification Date  2022-04-19T12:27:50 200
21 Class
22 Specrometer 500.13
Freguency
23 Spectral Width 10330.6 Fiso
24 Lowest Frequency -2076.4
25 Nuckeus H
26 Acquired Sire 15494
27 Spectral Siee 65536 100
28 Digital Resolution  0.16
LL )
Lo L

T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 1o 9 B8 7 & 5 4 3 2 1 o =1 -2 -3 =4




Figure3-46: "H-NMR spectrum of compound [S16]
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Figure3-47: *CNMR spectrum of compound [S16]

Compound [S17]:

OH

OH s HCI, NaNO, ,(0-5)°C OH N-N
A\ =
HO‘@*N:N‘Q”( “>—NH, Alpha naphtnol HO@WN‘@—LQ_N "
N-N

[S 12] [517]

Equation 3-17: Synthesis of Compound [S17]

The FTIR spectrum of compound [S17] exhibited absorption band at (1419) cm™
for N=N and disappearance absorption band at (3327,3221) cm™ for NH,




'H-NMR(500MHz,DMSO-ds) :(8, ppm) spectrum show appearance signal at 6.38-
8.13 for (H,Ar-H ) and disappearance signal of (H,NH) .

IR (v, cm™): O-H (3373,327 ) ,C-H A (3099), C=N (1602), C=Ca ( 1502),N=N
(1419).

'H-NMR (8, ppm): ( 13H,Ar-H ) :6.38 -8.13 .
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Figure3-48: F.T-IR spectrum of compound [S17]
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Figure3-49: *H-NMR spectrum of compound [S17]

Compound [S18]:

OH HCI, NaNO, ,(0-5)°C

s OH
s
HO‘@*N:NAQ———( %NH2 beta naphthol HOGN:N‘@_( \‘/ NN
N—N
N—Nl i OH
[S12] [S 18] Oe

Equation 3-18: Synthesis of Compound [S18]

The FTIR spectrum of compound [S18] exhibited absorption band at (1498) cm™
for N=N and disappearance absorption band at (3327,3221) cm™ for NH,

'H-NMR(500MHz,DMSO-ds) :(8, ppm) spectrum show appearance signal at 6.42-
8.18 for (H,Ar-H ) and disappearance signal of (H,NH,) .

BC-NMR (126 MHz,DMSO-ds) :(3, ppm) spectrum show signals at 123-162 for
Ar-Cand signal at 172 for C-S

IR (v,cm™): O-H (3213),,C-H A (2951 ),C=N ( 1600) , C=Cpx, (1560) , N=N (
1498).

'"H-NMR (8, ppm): (13 H,Ar-H ) : 6.42 - 8.18




BBC-NMR (8, ppm) : (123-162) for Ar-C ,172 for C-S
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Figure3-50: F.T-IR spectrum of compound [S18]
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Figure 3-51: 'H-NMR spectrum of compound [S18]
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Figure3-
52: CNMR spectrum of compound [S18]

Compound [S19]:

HCI, NaNO, ,(0-5)°C

OH OH
- e >
HO N:N4®—‘( >—NH, 2-methyl naphthol HOGN:NAQ——(
N-N 2 N-NT N

OH

[S12] [S 19]

Equation 3-19: Synthesis of Compound [S19]

The FTIR spectrum of compound [S19] exhibited absorption band at (1595) cm™
for N=N and disappearance absorption band at (3327,3221) cm™ for NH,

'H-NMR(500MHz,DMSO-dg) :(8, ppm) spectrum show appearance signal at 6.87-
8.21 for (H,Ar-H ) and disappearance signal of (H,NH;) .




IR (v, cm™): O-H (3377) ,C-H A (3045), C=N ( 1683) , C=Ca (1635 ) N=N
(1595).

'H-NMR (8, ppm): ( 12H,Ar-H ) :6.87-8.21.
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3-53: F.T-IR spectrum of compound [S19]
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Figure3-54: 'H-NMR spectrum of compound [S19]

Compound [S20]:

OH
s HCI, NaNO,,(0-5)°C OH
Cl, NaN©,,(0-5)°C s
HO N:N‘Q’ﬁ N/yNHz 2,6-dimethyl phenol HOON:N@—( %N:N\E;[CHs
- N-N

OH
CHj

(S 12] [S 20]

Equation 3-20: Synthesis of Compound [S20]

The FTIR spectrum of compound [S20] exhibited absorption band at (1429) cm™
for N=N and disappearance absorption band at (3327,3221) cm™ for NH,

'H-NMR(500MHz,DMSO-dg) :(8, ppm) spectrum show appearance signal at 6.26-
8.16 for (H,Ar-H ) and signal at 1.19-2.2 for (H,CH3) and disappearance signal of
(H,NH;) .




IR (v, cm™): O-H (3063 ), C-Hajpn (2941 ), C=N (1602 ) , C=Cp ( 1506) ,N=N (
1429).

'H-NMR (8, ppm): ,(6H,CH3) :1.19-2.2, (9H,Ar-H ) : 6.26-8.16
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Figure3-55:F.T-IR spectrum of compound [S20]
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Figure3-56: 'H-NMR spectrum of compound [S20]

Compound [S21]:

HCI, NaNO, ,(0-5)°C

OH H

G @/( y 1,2,4-triazole s [\,l
NH, N:N@—< »NZN-« ‘N

N-N N_/

[S 12] [S21]

Equation 3-21: Synthesis of Compound [S21]

The FTIR spectrum of compound [S21] exhibited absorption band at (1425) cm™
for N=N and disappearance absorption band at (3327,3221) cm™ for NH,

'H-NMR(400MHz,DMSO-ds) :(8, ppm) spectrum show appearance signal at 6.51-
8.1 for (H,Ar-H ) and disappearance signal of (H,NH,) .

IR (v, cm™): O-H (3450),NH (3335),C-H A,(3063 ),C=N (1599) , C=Ca, (1510),
N=N (1425).




'H-NMR (8, ppm): (H,NH) : 6.9 (7 H,Ar-H ) : 7.03-8.1
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Figure3-57: FT-IR spectrum of compound [S21]
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Figure3-58: *H-NMR spectrum of compound [S21]

Compound [S22]:

HCI, NaNO, ,(0-5)°C

OH S OH SH
s
_ thiol 1,2,4-triazole N
HOGN—NO( R HO@N:NW »N:N—<—<N
N—N N—N H’

[S 12] [S 22]

Equation 3-22: Synthesis of Compound [S22]

The FTIR spectrum of compound [S22] exhibited absorption band at (1419) cm™
for N=N and disappearance absorption band at (3327,3221) cm™ for NH,

'H-NMR(400MHz,DMSO-dg) :(8, ppm) spectrum show appearance signal at 6.4-8.3
for (H,Ar-H ) and appearance signal of (H,NH ) and disappearance signal of (H,NH,

).




IR (v, cm™): O-H (3360 ),C-H o ( 3105), C=N ( 1600) , C=Cp, (1596), N=N
(1419).

'H-NMR (8, ppm):(H,NH): 6.4, ( 7TH,Ar-H ) : 6.5-8.3
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Figure3-59: FT-IR spectrum of compound [S22]
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Figure3-60: *H-NMR spectrum of compound [S22]
Compound [S23]:

HCI, NaNO, ,(0-5)°

OH . CH,
N—N 7N

(S 12] [S 23]

Equation 3-23: Synthesis of Compound [S23]

The FTIR spectrum of compound [S23] exhibited absorption band at (1452) cm™
for N=N and disappearance absorption band at (3327,3221) cm™ for NH,

'H-NMR(400MHz,DMSO-ds) :(8, ppm) spectrum show appearance signal at 6.8-
8.14 for (H,Ar-H) and signal at 1.2 for (H,CH3) and signal at 7.8 for (H,NH) .

IR (v, cm™): O-H (3427 ),C-H A ( 3134),C-H 4o (2993),C=N ( 1602) , C=Chp,
(1491), N=N ( 1452).

'H-NMR(8,ppm):(3H,CHz):1.2,(10H,Ar-H):6.8-8.14,(H,NH,):7.8,(H,0H) :11.10 .
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Figure3-62: 'H-NMR spectrum of compound [S23]




3.8 Synthesis of compounds [S24-S29]:

In this reaction the amines react with aromatic aldehyde in nucleophilic reaction
to form imine or azomethine bond ,this reaction called Schiff-base.

Compound [S24]:

OH
S 9-anthraldehyde OH s O
HO N:N4©_<N_N»NH2 acetic acid ,reflux(14)hrs HO@/NzN@_ﬁ\‘,NB_N;C O

S1] Szl

Equation 3-24: Synthesis of the Compound[S24]

The FTIR spectrum showed disappearance absorption band of NH, at (3327,3221)
and appearance absorption band of C- Hyyn at ( 2831) and absorption band of
C=N imire at (1668 ) and absorption band of C=N at (1552 ).

'H-NMR(400MHz,DMSO-ds) :(5, ppm) spectrum exhibits disappearance signal
for (H, NH,)and appearance signal at 8.9 for (H,N=CH)

BC-NMR (126MHz,DMSO-dg) :(8, ppm) spectrum showed signals at 123-140 for
Ar-C and signal at 166 for C=N

IR (v.cm™ ): C-Har (3097) ,C-Hapn (2831) ,C=N imine (1668) ,C=Ca, ( 1600), C=N
(1552 ) ,N=N (1519).

'H-NMR (8, ppm): (H,OH) 4.37,(H,Ar-H) 6.3-8.2 ,(H,N=CH) :8.9
B3C-NMR (3, ppm) :123-140 for Ar-C,166 for C=N



The mechanism of synthesis schiff base is shown below ©9;

N

N o) nn L w0
ArJ/\S>_'.\‘.H2 + H-C-R - ArJ/\S\>—NH‘E‘R

N

N-NH ‘OH pT N-N ;“uﬁHz
R O IS S S
H H

S S

N-N |
_— AriS%N:E_R

OH

Scheme 3-6 : Mechanism of synthesis compounds [S24-529]
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Figure3-63: FT-IR spectrum of compound [S24]
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Figure3-65: *CNMR spectrum of compound [S24]
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Compound [S25]:

OH S OH
terephthaldehyde S
\N—NS; 2 acetic acid ,reflux(14)hrs HO N=N \N—}_N_ﬁ

CHO

[S12] [S25]

Equation 3-25: Synthesis of the Compound[S25]

The FTIR spectrum showed disappearance absorption band of NH, at (3327,3221)
and appearance absorption band of C=N jnine at (1602) and absorption band of C=N
at (1533).

'H-NMR(400MHz,DMSO-ds) :(5, ppm) spectrum exhibits disappearance signal
for (H, NH,)and appearance signal at 8.12 for (H, N=CH) and signal for(H,CHO)

IR (v,cm™): C-Ha, (3155 ) ,C=Ougenyge (1697 ) , C=N imine ( 1602) , C=Cp, (1570 )
,C=N (1533 ), N=N ( 1521) .

'H-NMR (3,ppm): (H,0H)5.86 ,(H,Ar-H)7.1-8.0 ,(H,N=CH) 8.12,(H,CHO) :10
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Figure3-66: FT-IR spectrum of compound [S25]
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Compound [S26]:

OH
S N,N-( dlmethylbenzyldehyde
HO N:N~@< »NHQ acetic acid ,reflux(14)hrs HO @—( »N CO
N—N N-N

[S1a] [Sa6l

Equation 3-26: Synthesis of the Compound[S26]

The FTIR spectrum show disappearance absorption band of NH, at (3327,3221)
and appearance absorption band of C- Hgisn at ( 2885) and absorption band of
C=N imine at (1653 ) and absorption band of C=N at (1508).

'H-NMR(400MHz,DMSO-ds) :(8, ppm) spectrum exhibits disappearance signal
for (H, NHy)and appearance signal at 8.12 for (H, N=CH) and signal at 2.0-2.8 for
(6H,2CH5y)

IR (v,em™): C-Har (3134) ,C-Happn ( 2885) , C=N imine (1653) ,C=Cp, ( 1533) ,C=N
(1508 ), N=N (1491 ) .

'H-NMR (8, ppm):(6H,2CH3) 2.0-2.8 , (H,Ar-H) 6.3-8.0 ,(H,N=CH) 8.12
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Figure3-68: FT-IR spectrum of compound [S26]
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Compound [S27]:

G Q : yNHBSd iy @— N— >—<N N\—N C@

acetic acid reflux(14)hrs
Cl

[s12] [s27]

Equation 3-27: Synthesis of the Compound[S27]

The FTIR spectrum show disappearance absorption band of NH, at (3327,3221)
and appearance absorption band of C- Hyyn at ( 2928) and absorption band of
C=N imine at ( 1681) and absorption band of C=N at (1560 ).
'H-NMR(400MHz,DMSO-ds) :(5, ppm) spectrum exhibits disappearance signal
for (H, NH,)and appearance signal at 8.1 for (H, N=CH)

BC-NMR (126MHz,DMSO-ds) :(8,ppm) spectrum show signals at 118-156 for Ar-
C and signal at 167 for C=N

IR (v,cm™): C-Har (13074 ), C-H 4pn ( 2928) ,C=N jnine (1681 ) , C=C,, (1600 ),
C=N (1560 ), N=N (1500) ,C-Cl (850) .




'H-NMR (8, ppm): (H,Ar-H) 6.4-8.0,(H,N=CH)8.1

3C-NMR (3, ppm) : 118-156 for Ar-C,167 for C=N .
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Figure3-70: FT-IR spectrum of compound [S27]
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Figure3-72: *CNMR spectrum of compound [S27]




Compound [S28]:

OH OH s
S 3-Hydroxybenzaldehyde G
HO N=N — > HO N:N{ H = —< >—
G 4©—<N_N>_NH2 acetic acid ,reflux(14)hrs \N*N>_N E ont

[s12] [S28]

Equation 3-28: Synthesis of the Compound[S28]

The FTIR spectrum show disappearance absorption band of NH, at (3327,3221)
and appearance absorption band of C- Hyyn at ( 2843) and absorption band of
C=Nimireat (1681 ) and absorption band of C=N at (1560 ).

'H-NMR(400MHz,DMSO-ds) :(5, ppm) spectrum exhibits disappearance signal
for (H, NH,)and appearance signal at 8.5 for (H, N=CH)

BC-NMR (126MHz,DMSO-ds) :(8, ppm) spectrum show signals at 114-158 for Ar-
C and signal at 167 for C=N

IR (v.cm™): C-Har (3070 ) , C-H apn ( 2843) ,C=N imine ( 1681) ,C=Cp (1599 )
,C=N (1560 ), N=N (1539)).

'H-NMR (8, ppm): (H,Ar-H) 6.4 -8.1 ,(H,N=CH) 8.5
B3C-NMR (3, ppm) :114-158 for Ar-C,167 for C=N
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Figure3-73: FT-IR spectrum of compound [S28]




Current Data Farameters
HAME

srs28
EXFNO 10
FROCNO 1
F2 - Acguisition Farametars
Data_ 20220520
Time 2.23 h
INSTRUM AVANCE KEC 400
OH FROBED ~ %163738_0420 (
S FULFROG =30
™ 65536
=| EOILNVENT DMSO
HO N-N©—< P N=COOH = 7o
N—N ﬁ DS 2
EWH B196.722 Hz
FIDRES 0.250144 Hz
AD 3.0976059 sac
BG 101
W £1.000 usec
DE 13.54 usac
TE 204, K
D1 1.00000000 sac
TDO 1
sFol 400.1324708 mME=x
NUC1 1H
FO 3.33 usec
F1 10.00 usac
FLA1 15. 42000008 w
FZ - Frocassing parametars
sX 65536
sF 400.1299081 MAz
oW EM
/ 5B a
LB 0.30 Hz
GB a
FC 1.00
|-
T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 a T [ 5 3 2 0 -2 Ppm

WTE e

Figure 3-74: '"H-NMR spectrum of compound [S28]
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Figure3-
75: ®*CNMR spectrum of compound [S28]

Compound [S29]:

OH
S S
_ 5-Nitrosalicylaldehyde
HOGN-NW SNH, varen HO—@—N=N~®—< Nnec
N-N NN

acetic acid ,reflux(14)hrs -
NO,

[S12] [S29]

Equation 3-29: Synthesis of the Compound[S29]

The FTIR spectrum show disappearance absorption band of NH, at (3327,3221)
and appearance absorption band of C- Hyyn at ( 2922) and absorption band of
C=N imine at ( 1681) and absorption band of C=Nat ( 1572).




'H-NMR(400MHz,DMSO-ds) :(5, ppm) spectrum exhibits disappearance signal

for (H, NH,)and appearance signal at 8.4 for (H, N=CH)
IR (v,em™): C-Har (3080) ,C-H aiph (2922 ) , C=N imine ( 1681) , C=Cx, (1600 ), C=N

(1572), N=N (1492 ) , NO, (1340).
'H-NMR (8, ppm): (H,Ar-H) 6.91-8.3 ,(H,N=CH) 8.4
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Figure 3-76: FT-IR spectrum of compound [S29]




Current Data Farameters
HAME sHE29
EXFNHD 1
FROCHD: 1

F2 - Rcguisition Parameters
Data_ 20220520

Time 331
INSTRUM RVANCE MEO 400
FROBED 2163738 04F0 ¢
FULFROG

py] BEE3E
EQLVWENT DMsD
NS 16
D8 2
SWH B196.722 Bz
FIDRES 0.250144 Bz
RQ 3.9976959 sec
RG 101
oW 61.000 usac
LE 13.54 usac
TE 206.1 K
pi 1.00030000 sec
108 1
i SFOl 400.1324708 HHz
HUT1 1H
Fl 3.33 usec
Fl 10.00 usec
FIH1 15. 42000008 W
F2 - Processing parameters
51 BEE3E
SF 400.1299995 HHz
WO EM
EEB a
LB 0.30 Bz
L GB [}
FC 1.00

L a0 Ml A A
16 15 14 13 12 11 10 9

2
098
) =
4189
3 - ]
7
587
[+l <]
1583
1.74
067
084

Figure 3-77: "H-NMR spectrum of compound [S29]




Table 1: C.H.N.S data of the prepared compounds [S1-S29]

Comp. | C% C% H% H% N N% S% S%
NO Calculation | Measure | Calculation | Measure | Calculation Measur | Calculation | Measure
%

e
[S1] [54.545 |53.22 |3.496 3.94 |21.70 9.23 |- -

[S2] |62.937 |62.34 |4.895 4.01 19.58 9.13 |- -

[S3] |57.352 |57.81 |4.411 482 |20.588 20.11 |- -

[S4] |57.954 |57.13 |3.409 |3.03 |19.88 19.46 | - -

[S5] [62.682 |61.48 |3.482 3.94 |17.412 17.01 |- -

[S6] |56.124 |56.87 |3.340 298 |21.82 21.46 | - -

[S7] |57.627 |56.93 |3.954 4.22 19.77 19.33 | - -

[S8] [60.355 |60.77 |4.142 4.67 16.56 16.93 | - -

[S9] [64.285 |63.88 |4.761 470 |16.666 16.54 | - -

[S10] | 61.445 |61.92 |4.347 4.84 17.391 16.99 |- -

[S11] | 65.142 |64.69 |5.142 |563 |16 16.33

[S12] | 53.674 |53.00 |3.514 3.18 | 22.364 21.95 | 10.223 | 9.69

[S13] | 56.25 55.87 |3.571 345 |18.75 18.70 | 7.142 7.12

[S14] [ 55.299 |55.74 |3.225 3.11 19.354 18.55 | 7.373 7.17

[S15] | 55.299 |55.69 |3.255 3.05 [19.35%4 19.28 | 7.373 7.34

[S16] | 55.299 | 55.78 |3.255 3.48 [19.35%4 19.17 | 7.373 7.40

[S17] |61.538 |61.12 |3.418 3.33  [17.948 17.66 | 6.837 6.80

[S18] | 61.538 |61.84 |3.418 3.42 17.948 17.85 | 6.837 6.76

[S19] | 62.240 [61.89 |3.734 3.26 | 17.427 17.31 | 6.639 6.60

[S20] [ 59.192 |58.95 |4.035 3.87 18.834 18.67 | 7.174 7.07

[S21] | 48.85 48.54 |2.79 2.69 [32.06 32.00 | 8.14 8.33

[S22] | 45.17 45.44 | 2.58 248 | 29.64 29.58 |15.05 14.98

[S23] | 58.46 48.28 |3.94 3.85 [22.73 22.66 |7.42 7.58
[S24] | 69.46 69.18 |3.79 3.65 |[13.97 14.26 |6.38 6.57
[S25] | 61.53 61.39 |3.49 3.78 [16.31 15.94 | 7.45 7.11
[S26] | 62.16 61.85 [4.50 411 18.91 18.56 | 7.20 6.89
[S27] | 51.85 51.45 |3.67 348 [14.40 1494 |6.58 6.11
[S28] | 60.43 60.09 |3.59 3.88 |[16.78 16.32 | 7.67 7.85
[S29] | 54.54 54.81 |3.03 2.79 18.18 18.55 |6.92 7.43




Table 2: Solubility of the prepared compounds [S1-529]

Compound Solvents
Name H,O | DMSO | DCM | Diethyl | Ethanol | Hexane
ether

[S1] - - +

[S2] - + ;

[S3] - + -

[S4] :

| |+

[S5] -

[S6] -

[S7] -
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3.9 Biological Activity :

Biological activity of the synthesized compounds were evaluated by the agar
disc-diffusion method against gram positive (Staphylococcus epiderimidis and
Staphylococcus aureus) and gram negative (Klips, pseudomonas, and E. coli)
bacteria. The concentration of the investigated chemicals was 10 M, with dimethyl
sulphoxide (DMSO) serving as the solvent control. The findings of these studies
indicate that [S3 and S8] have good anti-bacterial activity [30,27] because of their
structural contact with specific bacteria's cell walls, which led to high inhibition,also
[S4and S6] have good antibacterial on Staphylococcus epiderimidis .

Table 3-3 summarizes the antibacterial activity of produced compounds [S3-S11]

(figure78).

Table 3- 3: antibacterial activity of the compounds [S3-S11]

Compound | Staphylococcus | Staphylococcus | E.coli Klebsiella | pseudomonas

number | epiderimidis aureus pneumoniae

[S3] 26 26 30 13 30
[S4] 25 14 20 10 20
[S5] 18 12 20 0 13
[S6] 25 13 13 9 15
[S7] 20 13 15 9 20
[S8] 0 11 26 12 27
[S9] 23 12 25 12 20
[S10] 13 15 13 11 18
[S11] 0 13 23 0 20










Figure 3-78 : Effect of compounds [S3-S11] on Staphylococcus epiderimidis ,
Staphylococcus aureus , Klebsiella pneumoniae ,pseudomonas and E.Coli.

3.10. Corrosion Measurement :

The Corrosion inhibition of prepared compounds (S12, S13, S15, S18 and S22)
have been studied on Carbone Steele surface area in (0.1) M hydrochloric acid
solution at different temperature )293, 303, 313 and 323) K. polarization method
was used to evaluate the inhibition efficiency of the above compounds, IE%, was
calculated in the equation below:

%IE = (Icorr (blank) — (icorr) / Icorr (blank)) x 100

Table ( 3-4 ) showed good inhibition efficiency for the synthesis compounds at

different temperatures, that give the maximum inhibition efficiency IE %, Results



indicate that ring substitution in the designed compounds has a significant effect on

the corrosion inhibition.
Hetero atoms in the compound nucleus, polar functional groups and conjugated

double bonds as a part of substitution was indicated to have a significant role on the

inhibition efficiency.




Cupper

Table 3-4 : Corrosion parameters for blank and compound in HCI solutions

at different temperature range.

Anodic :
E corr. . lcorr/r Resis. Cathodic
p p
203  0.101- 66.38  6.638E-5  405.4 0.083 0.243 0326 ]
Bl 303  0.122- 70.02  7.002E-5  340.4 0.112 0.108 0344 ]
K 313  0.117- 7524  7.524E-5 5446 0.111 0.615 0360 ]
323  0.120- 7893  7.893E-5  536.4 0.113 0.715 0387 ]
3.960E+4
203  0.173 1.999  1.999E-6 0.396 0.338 0010 | 97
303 -0.173 2.424  2.424E-6 3.751E+4  0.474 0.375 002 | 97
12 0.177
177- 3.379E+4
313 2765, ecre 0.494 0.381 0014 | o6
323  -0.180 2.853  2.753E-6 3.682E+4  0.558 0.401 0014 | of
203  -0.160 1751  1.751E-6 5.874E+4  0.536 0.424 0009 | o
303 -0.163 1.981  1.981E-6 5.570E+4  0.579 0.453 0010 | o
13
313  -0.164 2.154  2.154E-6 5.495E+4  0.641 0.475 0011 | o7
323 0.165- 2233 2.233E-6 5.192E+4  0.613 0.473 0011 | o
203  -0.107 11.55 1.155E-5 5293 0.202 0.465 0057 | g3
15 303  -0.066 15.04  1.504E-5 3765 0.171 0.546 0074 | 79
313  -0.054 1748 | o0 3061 0.158 0.562 0086 | 77




323 -0.040 19.66 1.966E-5 2649 0.149 0.607 0.097 75
293 -0.194 2.746 2.746E-6  5.021E+4 0.947 0.478 0.013 9%
303 -0.195 2.877 2.877E-6  5.071E+4 1.023 0.500 0.014 9%
10 313 0.198- 3.207 3.207E-6  4.065E+4 0.965 0.436 0.016 %
323 -0.192 3.227 3.227E-6  4.687E+4 1.070 0.517 0.016 9%
293 -0.051 1557  1.557E-5 3124 0.149 0.452 0.076 77
303 -0.066 16.25 1.625E-5 3352 0.167 0.504 0.080 77
2 313 -0.071 18.92 1.892E-5 3227 0.184 0.595 0.093 75
323  -0.047 21.34  2.134E-5 2620 0.166 0.578 0.105 73

E corrosion, V
I corrosion, uA
| corrosion per surface area, A/cm?
Polarization Resistance, Q
Anodic 3 Tafel constant, V/decade

Cathodic B Tafel constant, V/decade
Corrosion rate, mm/year

IE% inhibition efficiency
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Figure 3-79: Polarization curves for corrosion of blank HCI solution in
different temperature.
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Figure 3-80 : Polarization curves for corrosion of blank HCI solution and S12
in different temperature.
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Figure 3-81: Polarization curves for corrosion of blank HCI solution and S13
in different temperature.
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Figure 3- 82:Polarization curves for corrosion of blank HCI solution and S15
compound in different temperature.
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Figure 3-83:Polarization curves for corrosion of blank HCI solution and S18in
different temperature.
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Figure 3 -84: Polarization curves for corrosion of blank HCI solution and S22
in different temperature.




3.11.Conclusions:
1. Synthesis of azo dye ,ester and hydrazide with a high yield .

2. Several new heterocyclic compounds were synthesized from hydrazide with very
good yield

3. Several new Schiff-base heterocyclic compounds were synthesized from 1,3,4-
thiadiazole amine with very good yield and confirmed by FTIR, *HNMR, “*CNMR
and CHNS .

4. The physical properties like of these compounds have been investigated.

5.Study the biological activity of the five and six-membered heterocyclic
compounds and were achieved excellent results, especially on pseudomonas and E.
coli bacteria . The compounds [S3 and S8] have a good anti-Bacterial activity
[30,27] due to their structure that form interaction with wall of cell in selected
bacteria which caused high inhibition .

6.Corrosion inhibitor were examined for synthesized compounds (S12, S13, S15,
S18 and S22) which exhibited a good inhibition efficiency.




3.12. Suggestions For Future Work :
1. Synthesis of new different azo dyes from the 1,3,4-thiadiazole amine.

2. synthesis of new five heterocyclic compounds like oxadiazole ,triazole,
thiazolidine ,thiadiazole derivatives ,imidazole and oxazoline .

3. Synthesis more of new Schiff-base from the 1,3,4-thiadiazole amine.
4. Study the anti cancer for prepared compounds .
5. Study the corrosion for prepared compounds .

6. Synthesis of new six and seven heterocyclic compounds like oxazepine and
oxpyridazine
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