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Chapter one Introduction

Chapter One
Introduction

1.1 Heterocyclic compounds:

Heterocyclic systems are widespread occurrence nature,
particularly in such natural products as nucleidscplant alkaloids, and
chlorophyll®.

Heterocyclic compounds are considered one of goitant type of
organic compounds due to their implication in dragd industrial studies.
A variety of atoms, such as N, O, S, P, Si and @s lze incorporated into
the ring structure$.

For monocyclic rings, the proper nomenclature &ivikd from
combining an appropriate prefix and suffix to aagivstem, where the
suffix (-ole) and (-ine) are given for unsaturafecc and six membered

rings containing nitrogen atoff\

) Y

= N
1,3-diazole 1,2-diazine
[1] (2]

1.2.0 Hydrazide derivatives:

Hydrazides and thiosemicarbazide derieativattracted a lot of
attention because they are considered as intertesd@msynthesize several
compounds such &chiff bases?, oxadiazold, thiadiazole®, triazole!”
and pyridaziné® derivatives which all were reported to possesfopioal
activities. The structural formula for this type afompounds is
(RCONHNH-).
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1.2.1 Synthesis of hydrazide derivatives:

Several methods are available for the synthesishyafrazide
derivatives, the most important of which is basadlee reaction of esters

with hydrazine hydrat€ '®as shown below:

J}—COCH3 + NyHgH,O _MeOH,

2 ‘u’
c:H2 C—OC2H5 —C—NHNH,

R = 6-Benzoyl, 7-Benzoyl

NHNH,

Acid hydrazide derivatives can also be Bgaized from condensation

reaction of carboxylic acid chloride with hydrazimgdrate™?.

CIID o)
[
CH3(CH2)1:LCH2C_C| + N2H4.H20 E—— CH3(CH2)11CH2C—N HN H2

1.2.2 Hydrazide derivatives uses:
Carbohydrazides were found to be useful as medioés, especially
in the treatment of inflammatory, respiratory dsef? and

tuberculosi€® such as isoniazide [3].
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A number of natural and synthetic coumdiirnydroxy-2-oxo-#-

chromen-4-yl)-acetic acid hydrazide [4] have be@ported to exert

notably antimicrobiaf**.

O
[
C—NHNH,
X

HO (@) O

Some of carboxylic acid hydrazides were reportedhéve anti

bacterial activities as compound 5.

Ri R

Ph H

Ph p-Cl
CHs; | 0-NG,
CH; | p-NG;
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1.3.0 1,2,4-Triazoles:

1,2,4-Triazoles is one of a class of organic foetgclic compounds
containing a five membered di-unsaturated ringcstme composed of
three nitrogen atoms and two non adjacent carbmmsatl,2,4-Triazole is
a white to a pale yellow crystalline solid with @ak odor, soluble in water
and alcohol.

Triazole ring is planar with six-electron aromatic system with
distortion of ther-system induced by the annular nitrogen atom.

There are two possible combinations of the thré®gen and two

carbon atoms.

4 3 4N 3
U I\
N N
H H
1,2,3-triazole 1,2,4-triazole

1,2,3-Triazole was originally calledc-(vicinal) triazoles, and 1,2,4-

triazole known as sym-(symmetrical) triazof&s

1.3.1 Synthesis of 1,2,4-triazoles:

Funabiki et al.®” found that the three component condensation
reaction of ethyltrifluoroacetate [6], hydrazinedaamidine hydrochloride
in the presence of sodium hydroxide in tetrahydiariu at reflux
temperature gave the corresponding 3-trifluoromebhsubstituted 1,2,4-

triazoles [7]:
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O Ar

0 | N—NH
)J\ NH, )‘\ HN=G—NH,.HCI /
FsC 4 OEt———— FC NHNH, > N/ Ar
6
[7]

O

Zamaniet. al."® found that the reaction of hydrazide with 4-méthy
phenylisothiocyanate afforded the respective timosarbazides [8].
Further cyclization of [8] with 2M sodium hydroxidsolution to the
formation of 2,4-dihydro-4-(4-methylphenyl)-6-(isemc pyridine)-3-
1,2,4-triazole [9]:

o)
(\ | E\ C—NHNH—C— CH
N/ C—NHNH , 3

a=2-pyridyl
_2MNaOR (\ /L oh b=3-pyriclyl

c=4-pyridyl

[9]

CHg3
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Shafieeet. al.*® synthesized 3-(2,4-dimethyl-5-thiazolyl)-4- phenyl
-5-isopropyl-thio-H-1,2,4-triazole  [10]. The newly synthesized

compound was tested for its anticonvulsant activity

__PhNCS_ \ i
C—NHNH > “NaoH E—NHNH—C—NHPh

Ph
_/I |
NaHC03 (CH3)2CHBr N
7; SCH(CH
———N

[10]

Caniz et. al.?® found that the reaction of phenyl acetic acid
hydrazide [11] with carbon disulfide in ethanoliotassium hydroxide
afforded the potassium-3-(phenyl acetyl) dithioeadte [12].

The compound [12] gave 4-amino-5-benzoid-4,2,4-triazole-3-
thiol [13] when reacted with hydrazine hydrate una@dlux in solution:

Q o) S
ch—y: NN 2 On I I o
— > —C—NHNH—C—SK
EtOH Ch—C

[11] 12

N—N

[13] NH,
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1.3.2 1,2,4-Triazole uses:

The azole moiety is an important and frequent atisielal,
agrochemical structural feature of many biologicalctive compounds
such as tetraconazdf® [14].

Tetraconazole is broad-spectrum systemic fungiwaide protective,
curative and eradicant properties.

They are important tools against diseases of taskps, vegetables,
citrus, field crops and ornamental pldffts

In addition, they are applied as foliar sprays a@ed treatments, but

are diverse in use, as they may be applied as qbanite or curative

treatment$®®,
_N
N
ClQCH =N
— ~ CHF2
Cl \CHZ 2/

[14]

Several compounds, figure (1-1), contagnin2,4-triazole rings are
well known as drugs. For example fluconazole iddusg an antimicrobial
drug®, while voriconazole is a new triazole derivativithabroad —anti-
fungal activity. The approved indications areatment of invasive
aspergillosis, treatment of candidemia mon-neutropenic patients
and treatment of fluconazole-resistant seriousvasive Candida

infections (includingC.Krusei) ¢ .
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|IIIO

OH @N @N | l\|I\

F/V N
N -
\ fluconazole voriconazole
F
N
N

Figure (1-1)

In addition, it was reported that, compounds havimgzole
moieties, such as vorozole and letrozole, figur®)(lare non-steroidal

drugs used for the treatment of cané®r

g A

HsC
N
(1T T T

\

\N Cl O Cl

vorozole letrozole
Figure (1-2)

Since the discovery of the biological importancdled compounds,
the aim of many research projects was to synthesiaay different
substituted triazoles, and their biological acyiwtas a subject of many

studies. Table (1-1) includes some of these conggun
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Table(1-1): Biological activity of 1,2,4-triazoleompounds

Biological
No. Compound name Structure o Ref.
activity
N Ph -
= Anti-
3-Phenyl-$1-1,2,4-triazolo T _

1 o —N inflammatory | 27
[5,1-alisoindol-5-one

0 agent
_ N Anti-
3-Phenyl-$1-1,2,4-triazolo /] _

2 o N gestational 28
[5,1-a] isoindole -

agent
1 N—N
N'-[1-Phenyl-2-(H-1,2,4- 4 )

3 triazol-1-yl)-ethylidene]- N Antifungal 29
pyridine-2- /|CH2 HH — activity
carboxamidrazone QC\N_NH/ - \N /

Q—CHz—N—NH
3-[3'-(0-Chlorobenzyl)-4',5'- _ _
_ _ Cl " o Antibacterial

4 | dihydro-1H-1',2",4'-triazol- N o 30

o I o activity
5'-on-4'-yl]-imino isatin '
NH
N——N
P
~ N SCH,COPh
1-Acetyl(tosyl)-2-alkylthio- | _
_ Analgesic

5 11,2,4-triazolo[2,3- o 31

activity

aJbezimidazole

c=0
Cl

¢
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1.4.0 Oxadiazoles:
Oxadiazoles are five membered aromatic ring comgswvith three

heteroatoms, one oxygen and two nitrogen atoms, ismmeric type are
(32)

o L (D

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

known

1.4.1 Synthesis of 1,3,4-oxadiazoles:

Several methods have been used for the synthesiesé kinds of
compounds.

Maslate et. al.®® synthesized a series of new 1,3,4-oxadiazole
derivatives from alkanedioc acid dihydrazide [1&$, 5,5'-dibenzyl thio-
bis-[1,3,4-oxadiazol-2-yl] alkane [16] was prepat®gd treatment of acid
dihydrazide with C&in alcoholic sodium hydroxide solution followed by

addition of KOH and benzyl bromide.

N—N N—N
H,NNHCO(CH,),CONHNH, KOH / EtOH /4 )\ /4 )\
CS; HS o CHn o SH

[15]

N—N N—N
KOH / 2PhCHBr /4 >\ /4 >\
PhH,CS o (CHn" o SCH,Ph

n=3,4,8 [16]

10
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Refluxing of methyl benzoate with 2,4-dimethyl plehydrazine

afforded the intermediate acid hydrazine [17]:

NHNH, NHNHCOPh
(ﬁ CH3 CH3
MeOH
Ph—C—ocH; + >
CH3 CH3
[17]

The compound [17] gave 5-phenyl-3-(2,4-dimethyl mpHe1,3,4-
oxadiazole-2-thione [18] when reacted with carb@ulfide in methanol

with presence of potassium hydroxid®

CHs
NHNHCOPh
CHg
CS, _ CHj
MeOH / KOH /N—N
A

[18]

Mansouret. al.®® found that the three component condensation
reaction of 5-benzolylamino-1,3,4-triphenyl-2-pyoare-5-carbohydrazide
[19], benzoic acid and phosphorus oxychloride #tixetemperature gave
the corresponding 2-(1,3,4-triphenyl pyrazol-5%iphenyl-1,3,4-oxadizole
[20].

11
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N Ph
PhCOOH/ POGI

P CONHNH;
NHCOPh o

[19]

Farghaly and El-Kashef*® found that 5-(1,3-diphenylH-pyrazol-
4-yl) [1,3,4] oxadiazole-2@3)-one [22] was obtained from the reaction of
N,N'-carbonyldiimidazole (CDI) with 1,3-diphenylH-pyrazole-4-
carboxylic acid hydrazide [21].

m Lm0

Ph CONHNH»
/ \ CDI N/ \
N\ dioxane \N
\ |
Ph Ph
[21] [22]

12
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1.4.2 1,3,4-Oxadiazole uses:

1,3,4-Oxadiazoles exhibit relevant biological pndjgs and a wide
varieties of applications, in particular as actigempounds in both
medicine and agriculturé”.

Cancer is the second leading cause of death irstndlized nations.
Cancer chemotherapy commonly involved the use tdftoyic agents that
destroy rapidly dividing cells. A series of compdarave synthesized of
general structure [23] was used against 60 tumibrdines derived from
nine cancer cell types. Biological results showedery interesting anti-

tumor activity in particular against leukemia, aoland breast cancgp.

—N

I
T
N
@A\FL X = CH,CH, , CH, , CH=CH

R = H, alkyl
[23] i

Also, some 2,5-disubistituted-1,3,4-oxadiazolesehbgen reported
to show antitubercular agent¥’, anti-inflammator{/®, analgesics*®,
fungicidal“? and hypoglycemi&?.

In addition, it was reported that, compounds havox@diazole
moieties, such as symmetrical 2,5-bis (2,4-dichlgpbenyl)-1,3,4-
oxadiazole and its analogues have been found teffeetive insecticide
against houseflies, face flies and horn flies.

Also retarding the development of larvae of a ham of
Lepidopterd*?.

13
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1.5.0 Pyrazole:

Pyrazole is a 1,2-diazole, and as its name impliespay be
considered as an azapyrrole. The dimensions (Atheplanar molecular
illustrated in figure (1-3Y".

Figure (1-3): Bond length (A in pyrazole

1.5.1 Synthesis of pyrazolones:

Fahmyet. al.“® found that the reaction of 2-indol carbohydrazide
with ethyl acetoacetate gave 2-[3-methyl-5-gpgrazolin-1-yl] carbonyl
indole [24]:

/
\—

o)
o o)
i CH,COCH,COOGHs: | L Yy
__C—NHNH, - N 7 CH3
H

[24]

Iz=

14
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Sekharet. al.*” found that the3-oxo ester [25] reacted smoothly

with phenyl hydrazine in hot methanol to afford theyclic compounds 3-

hydroxy-2-phenyl-2,5-dihydrothieno[3',4":4,5] thiopyio [3,2-C] pyrazole
[26] in 75% yield:

Danel et. al.*® synthesized pyrazole derivatives [28] by reactibn

B-ketothioanilide [27] with phenyl hydrazine:

j\)i E O\ | |N
- N AcOH / HO N~
H

[27] (28]

Ph

15
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1.5.2 Pyrazole derivatives uses:

Pyrazole derivatives play a vital role in manyplbgical processes
and synthetic drugs. The chemistry of this hetectechas received much
attention in recent years.

Butazolidine [29], another pyrbme®e, is a powerful anti-

inflammatory drug for rheumatic conditiofs.

Bu OH
N
O N/ \Ph
Ph
[29]

Antipyrine (2,3-dimethyl-1-phenyl-5-pyrazolone)30], and its
derivative exhibit a wide variety of potentially afal applications

including biological , clinical and pharmacologi€&l.

CHj
N
O N CH;
|
Ph
[30]

16
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Tartrazine [31] is a yellow dye for wool, this digas been gaining
commercial importance because they are also usedth® artificial

coloring of food§™.

HO3S B N=N %\ T\N

SO3H
[31]

1.6.0 Oxazoline:

Oxazoline is one of a class of organic heterlicycompounds
containng a five member one unsaturated ring streccomposed of one
oxygen atom and one nitrogen atom, oxazoline carepeesented by two

structures®?:

0O
/

[32] [33]

17
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1.6.1 Synthesis of oxazoline:

Wiliamset. al.®® synthesized bis (oxazoline) biscarboxylate [35] in
high yield from treatment of dihydroxy diamide [3#ith a slight excess of
the dehydrating agent, dimethylaminosulfurtrifiuei(DAST) at (-78)°C
in CH,CI, followed by addition of KCO; and warming to room

temperature.

O O [
CO,Et CONH—CH—CO,Me

NaOH , CH,OH , SOCl, ,

amino alcohol , EtzN, 72% =

CO,Et CONH—?H—COZMe
O O Lo

[34]

—N
DAST, K,CO3,86% N

> _
\>.-.n\c02|v|e
O ’

[35]

Compound [36] which bears tert-butyl on the oxamelring, was

also synthesized following the same procedure usisGl, EtN instead.

18
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O O T
CO,Et CONH—CH—CMe;
NaOH , CH;0H , SOCI, , o *
amino alcohol , EtgN, 72 % ~ *
CO,Et CONH—CH—CMe,
O O CH,OH
MsCl , EtsN
I
MsCl = CH-—S—ucl
Il
(0]

The oxirane ester [37] react with acetdrit to produce

oxazolines [38f*.

R\b\ CHCN [\
COEt —BEED N\(O
[37]

70%
[38]

1.6.2 Oxazoline uses:

Chiral oxazolines, especially chiral bis (oxame)i, have been widely
applied in many catalytic asymmetric reactions ersatile ligand$®
Oxazoline-base ligands were also found to be eWfedor the asymmetric

addition of diethyl zinc to aldehyde$’*®. In particular, the ligand

19
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combining the oxazoline ring and hydroxyl group ar amino group
have been reported to show excellent catalytiosiigtin the asymmetric
addition of diethyl zinc to aldehyd&8°®

For example thekeda et. al.®” developed the ligands [40-42] for
the asymmetric addition of diethyl zinc to aldehydand high
enantioselectivities were obtained. Ligands [43] 48] explored byBolm
et. al.,® and ligands [46] designed bastor and Alolfsson®?,
respectively. Also showed good catalytic activity.

In these ligands, the oxazoline unit and adjadsmroxyl group

function together to control the catalytic process.

III/R I/IIR
Cph 20H Cph 2OH
Cph ,OH j’
/N
R Cph 2OH
(6]

[40a] R =i-Pr [41a] R =i-Pr [42a] R =Me
[40b] R =t-Bu [41b] R =t-Bu [42b] R =t-Bu

. éﬂ 0

Cph ,OH

@ o
R\

[46a] R =i-Pr

[43] [45] [46b] R = ph

20
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1.7.0 Thiadiazoles:
Thiadiazoles are five membered ring compounds \whtiee hetero

atoms, one sulfur and two nitrogen atoms. Theee dour isomeric

0D o U

1,2,3-thiadiazole  1,2,4-thiadiazole  1,2,5-thiadiazole 1,3,4-thiadiazole

(64)

types™”.

Most of published work on the four thiadiazoles h&®n on the

1,3,4-thiadiazoles.

1.7.1 Synthesis of 1,3,4-thiadiazoles:
Anisworth®) prepared in (1958) 2-phenyl-1,3,4-thiadiazole frdm

phenyl-1,3,4-oxadiazole using phosphorus pentaghias shown below:

N—N

N—N
4 o>\ Ph = g 4 >\ Ph

S

Hiremathet. al.®® synthesized a series of 2-amino-5-[4'-(substituted)
anilino]-methyl-1,3,4-thiadiazole [48] through cgclcondensation of

thiosemicarbazide derivatives [47] with phosphacad.

ﬁv N—N

R@—NHCHZCONHNH C—nNHph HsP04 RONHCH 24 )—NHPh
S

[47] [48]
R = CH;, OCH,, Cl

21
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Mohan et. al.,®” prepared 3-aryl-1,2,4-triazole [3,4-b][1,3,4]
thiadiazole-6-(Bl)-thiones [50] by the reaction of 3-aryl-4-amino-5-

mercapto-1,2,4-triazoles [49] with € the presence of pyridine.

iR CS/IPy /QN—)T\
A/<N)\SH CAT N s
[50]

[49]
A = pNOGH, , pPPhH,

1.7.2 1,3,4-Thiadiazoles uses:

Among azoles, thiadiazole and its derivatives o to draw the
attention of synthetic organic chemists due to thege group of
compounds possessing a wide spectrum of uses.

Heterocyclic compounds possessing 1,3,4-thiadeardoly system show
anti-fungal, bacteriostatic as well as anthelmieffects®®*®®. Compounds
containing the above ring, also exhibit antiammatory,
antimicrobial propertieS® and the depression effect on the central nervous
systen?.

On the other hand, 2,5-bis (tert-nonyldithid)3,4-thiadiazole
[51] is used as antioxidant in gasoline and stegbsion inhibitor’?. Also
used to formulate finished greases and lubricatitggincluding industrial,

gear and some types of automotive and heavy desetii®.

/\/\j Ny Z:S\S/S)(_

[51]

2,5-bis(tert-nonyldithio)-1,3,4-thiadiazole

22
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1.8.0 Thiazolidine
Thiazolidine is one of aclass gfanic heterocyclic compound
containing a five member saturated ring structunemosed of one sulfur

atom and one nitrogen atom, thiazolidine can beessmted by structure:

S

J

/N
[52]

1.8.1 Synthesis of thiazolidine derivatives:
Wang et. al.,"® found that the reaction of L-cysteine with
formaldehyde in aqueous acidic medium afforded LtHbiazolidine-4-

carboxylic acid [53].

/COOH
L-HSCH,CH(NH,)COOH HCHO S NH
2 HCI NS
[53]

Capperucciet. al."® found that 2-trimethyl silyl thiazolidine [55]
was obtained from the reaction of methoxy bromowlettimethyl silane

[54] with 2-aminoethanethiol.

MeO Br I/ g NH
\‘/ . e -, Y

SiMe3
SiMe3
[54] [55]

\

23



Chapter one Introduction

Unliisoy et. al.l’® synthesized 2,4-thiazolidinedione in high yield

from treatment of monochloroacetic acid with thisairn hot water.

O
S
I HN
ClCH2COOH + HzN—C—NHZ —_—
>_S
@)

1.8.2 Thiazolidine uses:

The presence of thiazolidine ring in pemtdland related derivatives
was the first recognition of its occurance in natur

Troglitazone [56] drug have been furthested in human breast,

prostate and colon cancer cells resulting inhihit cell proliferatiort’”.

H3C
HO

HaC ©
CHs

o) S
[56] HN—kO

Some new thiazolidine derivatives have been repogs possible
antitussive and antiradiation, and 1-(3-allyl-4-thiazolidine-2-ylidine)-4-
methyl thiosemicarbazone) exhibits antiarthrititiity °.

Recently thiazolidine derivatives are repdrto show a variety of
biological activities. Depending on the substitgerihis heterocycle can
include different pharmacological properties such antibacterial,

antifungal, antidiebetic, cardiotonic and anticolsemnt(’®.

24
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Also, the thiazolidine ring is a part of pencillatracture [57] owe
their importance to their powerful effect owmarious pathogenic

organismg’®.

[57]
R= -CHCH = CHGH, -CHPh

1.9.0 Tetrazoles:

Tetrazoles are aromatic five membered ring contgifiour nitrogen
atoms and having the general structure [58] off {&h numbering as
shown when R'=H the tetrazole exists in two tautoenfarms [58] and
[59], the H from [58] being dominate in solution and thel &om [59]

dominant in the gas phase.

—_ N—

\ \
[ N /&N/N\R‘

R

[58] [59]

The first tetrazole was reported over a century &dobut the
chemistry of tetrazole remained relatively obsaunél the 1960 when the

pharmacological and biological properties of tettag became known.

25
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1.9.1 Synthesis of tetrazole:

1,5-Disubstituted 5-aminotetrazoles can be formrédaetion of 3'-
azido-3'deoxythymidine (AZT) [60] with triphenylphaisine, followed by
reaction with an alkyl or aryl isocyanate affordéide intermediate
carbodiimide [61].

The carbodiimide [61] was then treated with hydrazacid in

toluene at room temperature for 6 hours to furriteh 5-aminotetrazole
[62] B,

e} (@)
e | K
N/ko N O
H o| PPR/THE P o—| RNCO / THE
reflux - reflux
N [60) N=PPhs
0] (@)

H
H O\l HN / toluene O\|
r, 3-6h

N=C=NR /N
N
\ 7\ NHR
[61] N—N

26
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Oxazolones such as [63] reacts with a sodium aaidgrdrous
aluminum chloride mixture in tetrahydrofuran to gitetrazolyl acrylic
acids [64]°%.

/Ar
C—H _
ArCH=C(CO,H)
/Ni NaNg-AICl; 2 \N/N\\
Q 0 I\ N
O N

[63] [64]

El-Emary et. al.®? observed that the 3-methyl-1-phenyl-5H1-
tetrazol-5-yl)-H-pyrazolo [3,4-b] pyrazin-6-ylamine [66] was proedc
when  6-amino-3-methyl-1-phenylH-pyrazolo [3,4-b] pyrazin-5-
carbonitrile [65] was allowed to interact with soah azide and ammonium

chloride in dimethyl formamide.

[
DMF - N X
N N > NH;,
\ITj N NH, ll\l N
oh Ph
[65] [66]

1.9.2 Tetrazole uses:

Although a great deal of the scientific literataoscerning tetrazoles
is in the area of medicinal chemistry, tetrazolasehalso found use in
other biological and non-biological applicatiorf®”. In agriculture
tetrazoles serve as plant growth regulators, dsdides and as fungicides.
Some examples include the growth inhibitor [67ajmslant [67b]
fungicide®” [68] and pesticide [69].

27
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7N d Ny | N\é Y
/\N&\\N/ o
Ar \
X X s | [68]
[67a] X =Cl
[67b] X = H N N
N
\
N
A SO,R
[69]

Tetrazoles have also been incorporated into palymesed in
photography and photoimaging and as fuels and ekge of particular
interest is the use of tetrazoles as explosiveairibags as they give off

non-toxic gases composed mainly of nitro§&n

1.10.0 Pyridazines:

Pyridazine is a member of diazine group, therethree possibly

iIsomeric diazines with the nitrogen atoms in a ,1,2;3-, or 1,4-

() )

pyridazine pyrimidine pyrazine

relationship:

No naturally occurring pyridazines have been regmbidnd indeed
this comes as no surprise because of the paucithehical compounds
containing two nitrogen atoms bonded to one anatheature®®.

Pyridazine is a colorless liquid, its boiling poind equal to
(207.4°C), and its considered as a weak base (pBaxR

28
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Pyridazine ring can be fused onto a benzene ritgyarnways, giving

phthalazine or cinnolin&®.

©iiN )
I
_N N

phthalazine cinnoline

1.10.1 Synthesis of pyridazine derivatives:
Pyridazine and number of its derivatives were pregdy different
methods such d&*”from the reaction of maleic acid or malice anhyerid

with hydrazine or substituted hydrazine.

0 0
I o
C —OH
NH
| or O + NH,NHR ——— = | l\llR
C —OH
O 0

|
O
maleic acid maleic unhydride

R =H or many different substituents

29



Chapter one Introduction

From the reaction of phthalic acid or one of itsiviives (ester,

unhydride and imide) with the hydrazine or subgithydrazine.

R = many different substituents

Sayed et. al.®® found that 6-phenyl-4-(4-antipyrinyl)- 4,5-
dihydropyridazin-3(21)-one [71] was obtained from the reaction of

hydrazine with 4-phenyl-4-oxo-2-(4-antipyrinyl) lamoic acid [70].

NHNH,
Butanol A\

[70] R=H, GHs 71]
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1.10.2 Pyridazine uses:

Pyridazine and condensed pyridazines are repodellave good
biological activities. Reported the synthesis ofesal pyridazino [4,5-b]
carbazoles, some of which exhibited significanttarrtor activity®?.

Also, some 3-(B)-pyridazinone derivatives was the potent in term
of analgesic and the highest anti-inflammatory vatotis and had no
ulcerogenic side effect®). Zardaverine and Pimobendan are drugs used as

an antiplatelet activit{?".

N—NH N N—NH
HaC / 0 / / 0

N
F,HCO H

H2C .
Zardaverine 3 pimobendan

On the other hand, substituted pyridazine have bb@her
therapeutic index, in particular for treatment elropathic pain and anti

nociceptive agents?.

1.11.0 Triazines:

The 1,3,5-triazine, is an aza analogue of pyriding its derivatives
from an important class of heteroaromatic compoumdth various
interesting biochemical properties.

Triazine are six-membered aromatic rings contgirthree nitrogen

atoms, there are three possible arrangements afititogyen atoms in the

(93)
X N PN
N& Né N =

rng~> .
1,2,3-triazine 1,2,4-triazine  1,3,5-triazine
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1.11.1 Synthesis of 1,2,4-triazines:

El-Gazzar ®® found that the reaction of compound [72] with
phenacyl bromide in dry xylene yielded the correspog 1-phenyl-5,7,8-
trimethyl-5,6-dihydrotheno[2',3" : 6,5] pyrimido [2¢] [1,2,4]triazin-6-0ne
[73].

O 0]
Ha CH Ha C
AL Hs

| | N Phenacyl bromide | | N

/k )\
H3C S N NHNH, H3C S N I|\l

NH
Ph N
[72] [73]

El-Agarody et. al., ® found that the reaction of 9-amino-7-
(4'-chlorophenyl)-8,9-dihydro-8-iminok§ 7H-[1] benzopyrano[3',4' :5,6]-
pyrano [2,3-d] pyrimidine-6-one [47] with ethyl dnbacetate in
methanolic sodium methoxide afforded the triazibd3dione derivative
[75].

NH
NN N. O
N/\N/
o N NH | -
CICH,CO,Et o X N
AN Ar -
X Ar
o~ Yo
o~ o

[74]

Ar = C)—@ 7
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Chapter one Introduction

1.11.2 Triazine uses:

Condensed triazines exhibit a range of pharmaccddgictivities such
as anti-inflammatory®® and consequently, dimethyl triazinoimidazole
carboxamide is employed principally for the treatmeof malignant
melanomd®”.

Several compounds containing 1,2,4-triazine riagswell known as
drugs. For example Lamotrigine is used as a moalilster for patients

with bipolar disordef*®.

N
cl | SN
Cl =
HoN N NH,
Lamotrigine

The compound 8-(4-fuorophenyl)-2-(2E)-3-phenylsdgmoyl)-
1,2,3,4-tetrahydropyrazolo[5,1-c] [1,2,4] triaziwas identified as a novel,

powerful free radical scavendé?.



Chapter one Introduction

Aim of the present work:

Heterocyclic compounds play an important role imchemical
processes because the side groups of the mostaltypitd essential
constituents of living cells are based on aromdteterocyclic. The
prescence of heterocyclic ring in biology, pharnmagy, optics,
electronics, etc. is very well known. Between themlfur and nitrogen
containing heterocyclic compounds have maintaitleel interest of
researches through the development of organitheygis .

This work was designed to reach the followiaigéts:
1.Synthesis of new oxadiazole,triazole, tetrazmid triazine fused rings
derivatives.

2. Synthesis of oxazoline and thiazolidine daties.
3. Synthesis of series of other heterocyclic poamds.
4. Testing the biological activity for some of thgynthesized

compounds on different microorganisms.
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Chapter three results & Discussion

3.1.1 Ester and hydrazide derivatives:

i
Ar——C——O0H

(1)

I
Ar——C——0——CH,CH,

(2

lii

o)

Il
Ar——C——NHNH,

()
Scheme (1): Reagents and conditions:
(i) EtOH, H', reflux 5 hr. (i1) MH4.H20, EtOH, reflux 2 hr.

To synthesize 4-bromobenzoic hydrazide derivatwas used (4-
bromobenzoic acid).

The carboxylic acid was first converted to estdrlj the common
esterification process, using absolute ethanol emacentrated sulfuric
acid'®. The ester was identified by F.T.IR spectrum whstiowed the
disappearance of a wide absorption band in theergB#60-3020) cih
which belongsto the stretching vibration of the (O-H) group dfet
carboxylic acid and the disappearance of absorgiamd at (168Tm™)
which is due to the stretching vibration of thebwmaryl group (C=0) of the
carboxylic acids.

The F.T.IR spectrum also, showed the appea of the
characteristic absorption band at (1720"cdue to the stretching vibration
of the (C=0) of the forming ester. The F.T.IR dpem of above
compounds are shown in figs.(3-1) and (3-2).
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Figure (3-2): F.T.IR spectrum of compound [2].
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Chapter three results & Discussion

The reaction of hydrazine hydrate with ester is ofehe most
common reactions to synthesize the acid hydraziddas a tetrahedral
nucleophilic substitution reactigf”.

The structure of this compound wasficmed by F.T.IR spectral
data, the F.T.IR spectrum for the hydrazidbowed the appearance
of the characteristic absorption bands aB0®@cm') and (3221 crh)
due to the asymmetric and symmetric stretchitgation of the (-NH-
NH,) group. Besides this, the disappearance of abearpand at (1720
cm®) attributed to carbonyl stretching, fig.(3-2), withe appearance of
bands at (1660 c) a amide | and at (1558 &M amide Il proved the
formation of compound [3]. The F.T.IR spectrum above compound is

shown in fig.(3-3).
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Chapter three results & Discussion

3.1.2 2,5-Substituted oxadiazole derivatives:

Ar——C——NHNH
(©)

|

A /Z_&\s
o

I

N—/N

Ar/4 »\NHNH

5)
Scheme (2): Reagents and conditions:

() CS, KOH, reflux 8 hr.

(i) N2H4.H20, EtOH, reflux 5 hr.

The hydrazino oxadiazole [5] was synthediby two steps, first the
hydrazide was reacted with carbon disulfide for lization of the
compound [3] in the presence potassium hydroxiéeprsd step of the
reaction the compound [4] gave hydrazino oxadiadelévative [5] when
reacted with hydrazine hydrate in absolute etha®la solvent. The

mechanisifi'? of the reaction is shown below:

S)

0] o o] 9/\8 0
] OH _ Al I ] I
Ar—C—NHNH, ———» Al—C—NHNH + C_——>Ar—C—NHNH—C=S >
-H,0 1)
S
" SH "
AI—C=NNH—C=S =<—== Ar—C'NNH—C=S ——> | o 25
I A
OH 0 r o) SH
N—NH » O\

)\ N_N (Y]
Ar/<o>\(sj — Ar/<o/\\SH - . Ar/<o ):C/ +  HoN.NH,

N—N—H _
N\ s N—N
- Ar NHNH , —2> /4 )\ Ar = Br
o Ar NHNH ,
QSH ©
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Chapter three results & Discussion

The compounds [4] and [5] were identifled F.T.IR spectra which
showed the disappearance of the characteristialaiimo bands at (3309,
3221) cnt due to the asymmetric and symmetric stretchibgation of
the (NH-NH,) group, the F.T.IR spectrum fig. (3-3) also, shdwée
disappearance of the band at (1660'¢rdue tov(C=0) of amide | with
the appearance of a bands at (1610"¢m assignable to/(C=N) of
oxadiazole ring y(C-O-C) asymmetric and symmetric bands appedred a
(1130 cm') and (1065 cfh) respectively, the(C-O-C) cyclic group in
oxadiazole is good evidence for the structure assigo this compound.
Weak band at (2470 ¢h) was due tov(S-H) group.The F.T.IR spectrum
of compound [4], fig.(3-4).
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Figure (3-4): F.T.IR spectrum of compound [4].
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Chapter three results & Discussion

The hydrazino oxadiazole [5] was also tdead by F.T.IR spectrum
which showed the appearance of the characterisorption bands at
(3363 cnt'), (3271 crit) and (3174 cm) due to the asymmetric and
symmetric stretching vibration of the (NH-NH group with the
disappearance of a band at (2470"9rassigned tov(S-H) group. Sharp
absorption bands appeared at (1608"cand (1568 cm) were due to
v(C=N) andv(C=C) aromatic groups, bands at (1217%¢=mnd (1047 crh)
belong to the asymmetric and symmetv{€-O-C) vibration. Also in this
reactionthe evolution of hydrogen sulfide, all these are gowdences for
the structure assigned to this compound.The F.3pkttrum of compound
[5], fig.(3-5).
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5-(p-bromophenyl)-2-hydrazino-1,3,4-oxadiazole

[5].
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Figure (3-5): F.T.IR spectrum of compound [5] .
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Chapter three results & Discussion

3.1.3 Tetrazole, triazole and triazine derivatives:

N—N

/
Ar/<o)\NHNH2
®)
|
l i J i liii 'iVPhBr

SH
N— N N—b N—— N~ X
| I | | | b
Ar/ko \N/NA’/ko/ N AV/LO SN ArJ|\o Sy
(6) (7) (8)

9)

Scheme (3): Reagents and conditions:

(i) Sodium nitrite, HO, acetic acid, stirring 3 hr.

(i) Carbon disulfide, pyridine, reflux 7 hr.

(i) Formic acid, H, reflux 6 hr.

(iv) 4-Bromophenacyl bromide, dry benzene, refluxr5

The formation of novel fused five and six membehaderocyclic
rings are considered important branches of heteficcyompounds due to
their biological activitie$'", these compounds were characterized by
F.T.IR spectra.

Compound [6] was synthesized from the tieacof hydrazino
compound [5] with nitrous acid in the presence oéfte acid as solvent
and catalyst. The F.T.IR spectrum of tetrazole stbthe disappearance of
the characteristic absorption band at (3363"cr8271 cri) and (3174
cm?) attributed to the asymmetric and symmetrietstring vibration of
the (NH-NH) group, disappearance of these stretching barnelgyend
evidences for the success of this step of reacfioband at (1706 cif)

(112)

was due to the cyclic (C=N) stretching of tetrazeleg- . Sharp

absorption band appeared at (1601 ;attributed to (C=N) group.
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Chapter three results & Discussion

Also the hydrazino derivative [5] was riéadcyclized into the
corresponding compound [7] upon treatment with earlgisulfide in
pyridine. The compounds were identified by F.Tdpectra, the F.T.IR
spectrum of compound [7] indicated the disappeaaficNH-NH) bands
at (3363 crit), (3271 cm) and (3174 cim) of the starting material
compound [5] and appearance of (SH) band at (2528.cThe F.T.IR

spectra of the above compounds are shown in f8g6) &nd (3-7).
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Chapter three results & Discussion

Hydrazino compound [5] proved to be velsaynthetic for other
new triazoles derivatives, when hydrazino compowad allowed to react
with formic acid in the presence of a catalytic amoof hydrochloric acid.
The structural formula of newly synthesized compb[8] was elucidated
and confirmed by F.T.IR spectrum, the F.T.IR speutof compound [8]
indicated the disappearance of (NH-NHands at (3363 cf), (3271 cm
Y and (3174 ci) of the starting material compound E}d appearanasf
(C-H) band at (2924 ci).

Also hydrazino compound [5] was allowedréact withp-bromo
phenacylbromide in dry benzene to afford the neazitme derivative [9].
The compound was identified by F.T.IR spectrum, th&.IR spectrum of
compound [9] indicated the disappearance of JNiands at (3363 cm)
and (3271 cm) of the starting material compound [5] and appece®f
(N-H) band at (3113 cif), v(C-H) aromatic appeared as a shoulder at
range (3113-3000) c¢f The F.T.IR spectra of the above compounds are
shown in figs. (3-8) and (3-9).
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Chapter three results & Discussion

314 Thiosemicarbazide, semicarbazide, thiadiazole and

oxadiazole derivatives:
O

Ar——C——NHNH ,
(©)

|

Ar——C———NHNH——C——NHAr'
(10, 14)
Jii
N—N
Ar/<x)\ NHAr
(11, 15)

Scheme (4): Reagents and conditions:
() Phenyl isocyanate or isothiocyanate, EtOH wefl hr.

(i) H™, stirred 3 hr and standed overnight.
Oxadiazole and thiadiazole derivatives were syiitleesby two

steps, first the hydrazide was reacted with phersgcyanate or
iIsothiocyanate in the presence of absolute ethasal solvent, second step
of the reaction conc. sulfuric acid was used for iatramolecular
cyclization of the previous compounds with losingvater molecule. The

mechanisii*® of the reaction is shown below:

[ 2V J
M /\ N T) QT.
[ o —a J © .
Ar—C—NH—NH, + Ar—=N—C—X ——> Ar—C—NH— N——CT_—NAr

H

I i
P.T.
Ar—C—NH—NH—C——NHAr

10
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HN—N—7H H—N—
®q (|: iJ NHAr > HO%N &*NHA
H — D — r r

x_ _/
,Lr >|< Ar X

-H,O
N—NH
N—/N
—_ W
Ar/< \ANAr' —~ /4 )\
X Ar X NHAr'
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Chapter three results & Discussion

The stractures of thiosemicarbazide [10] and sarbazide [14]
were confirmed by F.T.IR spectral data, the F.Tdpectrum for the
thiosemicarbazide showed the appearance of the #iygorption bands at
(3305 cn), (3221 crit) and (3149 ciy) due to three group of (-NH) and
appearance of (C=S) band at (1240 ¢t

Also the F.T.IR spectrum for the semicarda showed the
disappearance of the two absorption bands at (8809 and (3221 ci)
due to the the asymmetric and symmetric stretchibration of the (-
NHy) group of the acid hydrazide derivative [3] angh@grance of a broad
band due to (-NH) group at (3300 ¢n Two carbonyl groups of
compound [14] appeared at (1670 9rand (1643 ci) were attributed to
urea and amid | respectively. Bands at (3090")cand (3060 cif) were
due to the v(C-H) aromatic group for two aromatic rings. Th& R

spectra of the above compounds are shown in f83%0f and (3-11).
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4-(p-Bromobenzoyl)-1-phenylsemicarbazide [14].

Figure (3-11): F.T.IR spectrum of compound [14] .
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Chapter three results & Discussion

The F.T.IR spectrum of 2,5-substituted thiadiagay showed the
disappearance of the band at (1643"cdue tov(C=0) of amide | with
the appearance of a band at (1605 cassignable to(C=N) of thiadiazole
ring. The F.T.IR spectrum also showed the disapea of the bands at
(3221 cnt) and (3150 c) due to (NH-NH) groups with appearance of a
single band due to (-NH) group at (3395 9mband at (700 ci) belongs
to (C-S-C) group.

Also The F.T.IR spectrum of 2,5-substitlitxadiazole [15] showed
the disappearance of the two bands of two carbgrodp of the starting
material [14] at (1670 cr) and (1643 c) and appearance of a band due
to v(C=N) group at (16 cm?). The F.T.IR spectrum also showed the
disappearance of the band at (3300 “due to  (NH-NH) group with
appearance of a band ar{3 cm*) assignable to (-NH) group(C-O-C)
asymmetric and symmetric bands appeared &t (&&81") and (107 cmi
) respectively. Thev(C-O-C) cyclic groups in oxadiazole are good
evidences for the structure assigned to these congsoare shown in figs.
(3-12) and (3-13).
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3.1.5 3,4,5-Substituted triazole derivatives:

I
Ar——C NHNH C NHATr
(10, 14)
ji
N—N
Ar/< )\XH
\
Ar'
(12, 16)

Scheme (5): Reagents and conditions:
(i) 2N NaOH, reflux 7 hr.

1,2,4-Triazole derivatives [12] and [16] were syedized from the
reaction of thiosemicarbazide [10] or semicarbaZiti¢] with sodium
hydroxide solution under refluxing condition affed intramolecular
cyclization through the loss of water molecule gg/ithe desired triazole
derivatives [12] and [16], the formation of abovempounds may be

visualized by the following mechani§i.

HN—NH o HTN_N_H
OH -
Ar—”c C=x rH?>|\,TI
<0 *NHAr Ar
-H,0
N N—N—H
D / )ix
Ar \ XH T N A
|

Ar'
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Chapter three results & Discussion

1,2,4-Triazole derivatives [12] and [16¢m identified by F.T.IR
spectra, the F.T.IR spectrum of 4,5-substitutecztie-3-thion [12]
showed the disappearance of the band at (1643 doe tov(C=0) of
amide | with the appearance of a band at (1608) assignable to(C=N)
of triazole ring, the F.T.IR also showed the dissgrance of the bands at
(3221 cm') and (3150 ci) due to (NH-NH) group with appearance of a
single band due to (N-H) group at (3400 9nband at (1240 ci) belong
to v(C=S) group.

Also , the F.T.IR spectrum of 4,5-subgétl triazole-3-one [16]
showed the disappearance of the two bands of twwongl group of the
starting material [14] at (1670 ¢thand (1643 ci) and appearance of a
band due ta@(C=N) group at (1608 ci), the F.T.IR spectrum also showed
the appearance of a band at (3433"cmssignable to (O-H) group. The
F.T.IR spectra of the above compounds are showigsn (3-14) and (3-
15).
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3.1.6 Thiazolidine derivative:

0 S
[
Ar —— C—NHNH—— C —NH——Ar"
(10)
'i
PhBr
Ar'
N OH

Ar——C——NHNH
(13) S

Scheme (6): Reagents and conditions:
(i) p-Bromophenacyl bromide, EtOH , reflux 8 hr.

The thiazolidine derivative was synthesized frome tieaction of
thiosemicarbazide [10] with-bromophenacyl bromide which was used for
cyclization of the previous compound. The stractafe thiazolidine
derivative was confirmed by F.T.IR spectrum. Thd.IR spectrum
showed the disappearance of thione group of tlusémicarbazide [10] at
(1240 cnt) with the appearance of a sharp band at (362% assignable
to (O-H) group, two bands due to (NH-NH) groupegred at (3369 cm
) and (3128 ci), strong and sharp band at (698grelongs to (C-S-C)
group. The F.T.IR spectrum of the above compoustiasvn in fig. (3-16).
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Figure (3-16): F.T.IR spectrum of compound [13] .
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3.1.7 Oxazoline derivative:
(0]

(I) I
Ar C NHNH C—NHAr'
(14)

Ar'
N N

(@]
|C|Z NHNH 3\
Ar/ o PhBr

HO
17

Scheme (7): Reagents and conditions:
(i) p-Bromophenacyl bromide, EtOH , reflux 8 hr.

The oxazoline derivative was synthesized from tkaction of
semicarbazide [14] with p-bromophenacyl bromide chhwas used for
cyclization of the previous compound. The stractwk oxazoline
derivative was confirmed by F.T.IR spectrum, th€.IR spectrum showed
the disappearance of carbonyl group of the semazaalb [14] at (1643 cm
1) with the appearance of a band at (3431 cassignable to (-OH) group,
two bands due to (-NH-NH) group appeared at (3380)@nd (3210 cm
1, strong sharp two bands at (1250"mand (1070 c) belongs to the
asymmetric and symmetric (C-O-C) group. The F.Tslfectrum of the

above compound is shown in fig. (3-17).
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Figure (3-17): F.T.IR spectrum of compound [17].
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3.1.8 Pyrazolone derivative:

I
Ar—C—NHNH,
(3)

i
O
Ar—u— N—l\\l
O/ CHg
(18)

Scheme (8): Reagents and conditions:
(i) Ethylacetoacetate, EtOH , reflux 5 hr.

Compound [18] was synthesized from reacting hydeazvith ethyl
acetoacetate in absolute ethanol. The compoundwWéa8]characterized by
F.T.IR spectrum.

The suggested mechanism for this readtieolves the nucleophilic
attack of nitrogen atom of the hydrazide on theoket carbonyl of ethyl
acetoacetate followed by the formation &thiff base as intermediate
compound, then another intramolecular nucleophtiack occur between
the other nitrogen atom of hydrazide and the eastesirbonyl of ethyl

acetoacetate as shown:

CI- TG
I I I
Ar—C—NH—NH, + CH;—C—CH,—C—OEt——> Ar—C—NHNH—|C-CH2—C—OEt
CHs
i T
Ar—C—N—N Ar— —N— P.T

oo . PT -H,0
H'OMCHg) EtO—C\)~ 2
0

Ar— C— N—/N
-EtOH %)\ Ar= B

AN
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The F.T.IR spectrum of compound [18] shdwe presence of bands
at (3275 crit) and (1737 ci) which were due to the(-OH) andv(C=0)
moieties of pyrazole ring, respectively, while tl¢=0) stretching band
of amide | occur at (1661 ¢ From the above mentioned facts, we can
say that compound [18] can exist in equilibriumvien keto [I] and enol
[Il] forms.

o) 0

Ar—|C|I—N—N Ar—g:—N—N

Q%)\CHS HO/U\CHQ,

[1] 1]

Also a new band appeared at (2979'tmdue to the stretching
vibration of the (-C-H) group. The F.T.IR spectruof the above

compound is shown in fig.(3-18).
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Figure (3-18): F.T.IR spectrum of compound [18].
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3.1.9 2-hydroxybenzylidine-1- p-Bromophenyl hydrazone:

O

[
Ar——C ——NHNH,
©)

O

|
Ar— C—N—N=HC
(19)

HO
Scheme (9): Reagents and conditions:
(i) o-Salicylaldehyde, EtOH , reflux 2 hr.

Compound [19] was synthesized from reacting of dgydrazide
with o-salicylaldehyde in absolute ethanol. The poond was
characterized by F.T.IR spectrum, a single band tdue(-NH) group
appeared at (3215 ¢ the carbonyl group appeared at (1641'criThe
disappearance of (O-H) group due to the possikilittydrogen bonding,
the aromatic (C-H) appeared at (3064 ¢rand (3032 c). The F.T.IR

spectrum of the above compound is shown in figqR-1
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Figure (3-19): F.T.IR spectrum of compound [19] .
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3.1.10 Oxapyridazine derivative:

O

Ar——C ——NHNH,
©)

Scheme (10): Reagents and conditions:
(i) Chloroacetic acid, acetic anhydride , reflukr4

Compound [20] was synthesized from the reactingood hydrazide
with monochloroacetic acid in acetic anhydride assavent. The
compound was identified by F.T.IR spectrum, a @rngdnd due to (-NH)
group appeared at (3192 ¢nthe carbonyl group appeared at (1676 cm
114} Sharp absorption band appeared at (1608) clae to (C=N) group,
the aromatic (C-H) group appeared at (3026'crbands at (1265 ¢t
and (1080 cm) belongs to the asymmetric and symmetric (C-O-&)db

The F.T.IR spectrum of the above compound is shioviag.(3-20).
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3.1.11 Phthalazin and pyridazin-dione derivatives:
0]

Ar——C ——NHNH,
©)

0 O
) P
Ar—C— N Ar—C——N
21
(21) O (22) o

Scheme (11): Reagents and conditions:
(i) Phthalic anhydride, acetic acid, reflux 7 hr.

(i) Maleic anhydride, acetic acid, reflux 7 hr.

Six membered heterocyclic rings [21] and [22] wsyathesized by
the reaction of hydrazide [3] with phthalic and eial anhydride
respectively in the presence of acetic acid ashaeesband catalyst. The
suggested mechanism for the synthesis of the prswerivatives can be
explained as the following general mechanism.

In the first step of the reaction, nughkilic attack take place by the
hydrazide on the carbon atom bearing the positnsege. Lossing a water
molecule.
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© ®
CHsCOO + H

CH3COOH

o) (OH
/\
|i<<o —C:?> QO - | 0 H2NNHAr
0 o l o
H

H—O HO

\, NH——NHAr ®NH—NHAr
Q
\A  CH,CO0
| 0 ~ .CH,COOH | 0
o o)
0
ﬂ
NHNHAr \NH
oL — |
95\—”
@/ o,
0 0
| [
c C
N ~
‘ E | | P.T.
N N
C/ \Ar C/ \Ar

A = maleic anhydride or phthalic anhydride
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The F.T.IR spectrum of compound [21] shdws bands at (3344
cm?) and (3199 cm) which where assignable to (-O-H) and (-NH)
stretching vibration. The band at (1735 9mvas due ta(C=0) moiety of
pyridazine ring. Band at (1681 &nwas due to the(C=0) of amide I.
From the above mentioned results we can say teatdmpound [21] can

be exist in two tautomeric forms, keto [I] and efilforms.

0 OH
O HN T|) N/
I | ~— |
Ar—C— N Ar—C—N
@] @]

Also, the F.T.IR spectrum of compound ][22howed the
disappearance of two bands of (-NHjroup of starting material [3] at
(3309 cnt) and (3221 c), appearance of a band due to (-NH) group at
(3304 cnt). Two carbonyl group of compound [22] appeare(ll@85 cm
) and (1672 cif) for pyridazine ring and at (1643 &nfor the amide
carbonyl. The F.T.IR spectra of the above compoamedshown in figs.(3-
21) and (3-22).
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Figure (3-21): F.T.IR spectrum of compound [21] .
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3.1.12 4-Amino-5-aryl-3-mercapto-1,2,4-triazole:
(0]
|

Ar——C——NHNH,
(3)

li

O

s

|l o®

Ar—— C——NH——NH—C——5 K
(23)

N—/N
Ar/4N>\SH
L,
(24)
Scheme (12): Reagents and conditions:
() CS;, KOH, reflux 1 hr.
(i) N2H4.H2O, reflux 4 hr.
The 1,2,4-triazole derivative was synthesized &ting to the
sequence in Scheme (12).
The acid hydrazide [3] was treated with carbonlfide followed by
the addition of hydrazine hydrate. Addition of {8 the acid hydrazide

afforded the salt as in the following mecharifth

H

(0] /_\ (0] S
I & I @ Il ©
Ar——C——NHNH, + S—C—S —» Ar—C——NH—N—C——S
N—+v
(’ H
i I
@@ (1)
A C——NH—tH—C—3 R ~—KOH
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The addition of hydrazine hydrate leads to the izgtbn which

produces the triazoles (24) as in the followingggsied mechanist”.

I ST

Ar——C——NH——NH—C——S5 K + NH,——NH,

©
o S
| | ocw
Ar C NH—NH—|c—s K — |
H—®N£H
+H* from solvent l|\lH2
®
0 (|SH2
L, ! NH ?I\.:\‘ T—Gs?(? —HS
H
N
H2N/ \H
H
i /N
@ O® _5 O®
Ar—— C——NH—N——C—S K > Ar C c—S K
S Y
N HN
H2N/ \H \
NH,
N
N—N <( N—N P
/ \ ® Ar\/ \\ +H™ from solvent
Ar/< )\%CE = N8R
N H o) N
| & |
NH, NH,
N——N
—KCl Ar N SH
L,

a Br@‘
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The triazole derivative was characteribgdusing F.T.IR spectrum
which showed the disappearance of absorption ba(tb&0 crit) due to
amide | and the appearance of a band at (1608 due to stretching
vibration of (C=N) group, also a weak band appeate@555 crit) which
belongs tov(S-H) group, asymmetric and symmetng-NH,) bands
appeared at (3122 ¢l The F.T.IR spectra of the above compound is
shown in fig. (3-23).
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Figure (3-23): F.T.IR spectrum of compound [23] .
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3.2.0 Biological activity:

Microorganism causes different kinds of diseasefiumans and
animals. Discovery of chemotherapeutic agents playevery important
role in controlling and preventing such diseases.

Chemotherapeutic agents are isolated either fremgliorganism
known as antibiotics like penicillin and tetracydi etc. , or they are
chemical compounds prepared by chemists such autfzedrugs™® etc.

Issues of concern regarding Gram-negabeaeteria include the
extended drug resistance spectrum Edcherichia Coli, Klebsiella
Pneumonia and Proteus Vulgaris™”, are becoming common causes of
infections in the acute and long term care unitsagpitals. The emergence
of these resistant bacteria has created a majaecorand an urgent need
to synthesize agents of structural classes whigembles the known
chemotherapeutic agents.

The most essential feature of good cheeraffeutic agent is that, it
must show a high degree of selective toxicity talgaa microorganism, so
that, it can be given in sufficient doses to inhdni kill the microorganism
through out the body without harming the body de#éiterocyclic rings are
considered an important class of compounds havimgda spectrum of

biological activity™®.

3.2.1 Microbiological tests:

In this work, the antibacterial test wasrfprmed according to the
disc diffusion method. Compounds ( [3], [6], [181] and [24] ) were
assayed for their antimicrobial activiiy vitro against three strains of

Gram negative bacteriaE¢cherichia Coli, Klebsiella Pneumonia and

v
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Proteus Vulgaris). Prepared agar and Petri dishes were sterilized by
autoclaving for 15min. at 121 °C. The agar platesewsurface inoculated
uniformly from the broth culture of the tested moiorganisms. In the
solidified medium suitably spaced apart holes werade all 6mm in
diameter. These holes were filled with 0.1 ml of firepared compounds
(10mg of the compound dissolved in 1ml of DMSO saly, DMSO was
used as a solvent. These plates were incubated &C3for 24hr for
bacteria. The inhibition zones caused by the varioampounds were
examined. The results of the preliminary screema@sys are listed in Table
(3-1).

Table(3-1)

Antibacterial activities of the synthesized compounds
compound Escherichia Klebsiella Proteus
NO. Coli Pneumonia Vulgaris

[3] + + -

[6] - - +

[13] ++ + -

[21] - ++ -

[24] ++ ++ +

Note:

- = No inhibition = inactive
+ =(5-10) mm = slightly active

++ = (11-20) mm = moderately active

aA
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From the obtained data, it is found diettrat compounds [13] and
[24] have highest activity again&. Coli, Klebsiella and Proteus than
others. These compounds that have free {NIHd (S-H) groups increase

the activity.

Fig .(3-24) Effect of compounds[3],[6],[13],[21] and [24] on Escherichia Coli

19
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Fig .(3 - 25) Effect of compoundq[3],[6],[13],[21] and [24] on Klebsiella Pneumonia

Fig.(3 - 26)Effect of compounds[3],[6],[13],[21] and [24] on ProteusVulgaris
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results & Discussion

Suggestions for further work:

New fused rings can be synthesized from compow@#] {ising

different organic reagents as shown in the follgnraéguations:

N—N

Ar/< )\
CICH,COOH N S
a C |

N
H/

N—N

A

CeHsCH(OH)COCgHs

KOH

z—2Z=

H ~ = ph
ph

N——nNHCI

Ar

S
chloroacetaldehyde diethylacetate

\
z—z=
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Also, new heterocyclic rings can be systhed from compound [5]

using different organic reagents as shown in theviang scheme:

N—N
g N
Ar o NHN=CHAr'

\Brzl AcO

r\i N ” Ar
/k )\ N
Ar o \N/

AR



Chapter two Experimental
Materials and methods
2.1 Materials:

Compounds Supplied from Purity
p-Bromobenzoic acid BDH 98%
Diethyl ether BDH 97%
Chloroform BDH 95%
Sodium nitrite Merk 99%
Ethanol (absolute) BDH 99.85%
Hydrazine hydrate KODAK 80%
Hydrochloric acid Merk 36%
M ethanol BDH 95%
Potassium hydroxide BDH 98%
Sodium bicarbonate BDH 98%
Acetic anhydride BDH 95%
Sodium hydroxide Fluka 98%
Carbon disulfide Fluka 98%
p-Bromophenacyl bromide Fluka 98.5%
Phenyl isocyanate BDH 98%
Phenyl isothiocyanate Fluka 98%
Phthalic anhydride Fluka 99%
Maleic anhydride Fluka 99%
Formic acid BDH 60%
Sodium car bonate BDH 98%
Benzene Merk 96%

Yo
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2.2 | nstruments:

1- Melting points were recorded using hot stage €éaKamp melting point

apparatus and were uncorrected.

2- Infrared spectra were recorded using Fourier Si@m infrared
SHIMADZU (8400) and (8300) (F.T.IR) infrared spectrophnadter, KBr

disc or thin film.
3- Thin layer chromatography (TLC) was carried osing Fertigfollen
precoated sheets type polygram Silg, and the platrs developed with

iodine vapour.

4- The biological activity was performed by Biotechogy Department,
Baghdad University.

1
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2.3 Procedures:

2.3.0 Preparation o f ethyl-p-bromo benzoate [2] *®

O

Br4®‘|(|3—OC2H5

Treating (30g) of p-bromobenzoic acidthw (140 mL) absolute
ethanol (2.5 mL) conc. sulfuric acid and refluxitigg mixture for 5 hours.
Neutralization with 10% sodium bicarbonate, aftemttthe ester layer was
separated, dried by using unhydrous magnesium atdpfihe product was
filtered off. Ester's b.p 249-252 °C , yield 77%.

2.3.1 Preparation of p-bromobenzoic hydrazide [3] “%V.

O

Br4®‘(|:—NHNH2

Compound [3] was synthesized by the additiornyafrazine hydrate
(72mmole, 3.49g) to (48mmole, 11g) of ester in (mbsolute ehanol. The
mixture was refluxd for 2 hours. After cooling, theoduct was filtered off
and recrystallized using ethanol, m.p. 153-155/€ld 73%.

YV
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2.3.2 Preaparation of 5-(p-bromophenyl)-3-mercapto-1,3,4-

Br4®—40>——SH

To a mixture of carbohydrazide [3] (10mmole, 2gkethanol (20mL)
was added a solution of KOH (14mmole, 0.78g) inaeth (15mL),
followed by C$ (3mL). The reaction mixture was heated under refiu 8

oxadiazole [4] 192,

hours then it was concentrated, acidified with teilbydrochloric acid and
the resulting solid was collected, washed with wated recrystallized to
give compound [4], m.p. 180-182 °C, yield 71%.

2.3.3 Preparation of 5-(p-bromophenyl)-2-hydrazino-1,3,4-

oxadiazole [5] %.
N—N

Br4®—<o>—NHNH2

A mixture of compound [4] (3.9 mmole, 1.pgnd hydrazine hydrate
(5.86mmole, 0.3g) was refluxed in absolute ethghbmL) for 5 hours, or
until evolution of BS cease. Then allowed to cool, the white precipieds
filtered off and recrystallized from ethanol, mify4-176 °C, yield 65%.

YA
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2.3.4 Preparation of 6-(p-bromophenyl)-1,3,4-tetrazolo[4,5-
b][1,3,4] oxadiazole [6] %

A solution of sodium nitrite (0.78 mmol@,06g) in (2mL) of water
was added dropwise to an ice-cold solution of camplo[5] (0.78 mmole,
0.29g) in acetic acid (10mL) kept an ice bath 0°@hvstirring for 3 hours.
The resulting solid was filtered and recrystallizexn acetic acid / kD as a
white crystals, m.p. 159-161 °C, yield 72%.

2.3.5 Preparation of 6-(p-bromophenyl)-4-mercapto-1,2,4-
triazolo [4,5- b] [1,3,4] oxadiazole [7] “%.

SH
N_
5 N
' o W

A mixture of compound [5] ( 0.78 mmole2@) and carbon disulfide
(8mL) in pyridine (10mL) was refluxed on steam bdbin 7 hours, then
allowed to cool. The solid product thus formed wegystalized from acetic

acid as a brown crystals, m.p. 200-202 °C , yidi¢h7

¥4
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2.3.6 Preparation of 6-(p-bromophenyl)-1,2,4-triazolo [4,5-b]
[1,3,4] oxadiazole [8] ©®*.

T
Br__<::>__'L\O//[\\N/N

A mixture of compound [5] (1.17mmole, 03prmic acid (10mL)

and catalytic amount of concentrated hydrochlodm avas heated under
reflux for 6 hours. The reaction mixture was allow cool to room

temperature and poured into water (50mL). The farsaid was collected
by filteration, washed with ethanol, dried and ystallized from acetic acid
as a brown crystal, m.p. 160-162 °C , yield 73%.

2.3.7 Preparation of 7-(p-bromophenyl)-5-(p-bromophenyl)-

1,2,4-triazino [5,6-b] [1,3,4] oxadiazole [9] ©*.
PhBr

<:> || f\
Br N NH
o) N~

A  mixture of compound [5] (1.17mmole, 0.3g) with 4-
bromophenacyl bromide (1.17mmole, 0.32g) was heatsder reflux 5
hours in dry benzene. The solid precipitate thpassed upon cooling was
filtered off and recrystallized from benzene aseHloyv crystal, m.p. 255-
258 °C, yield 66%.
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2.3.8 Preparation of 1-phenyl-4-(p-bromo benzoyl)

thiosemicarbazide [10] “%?.

0O
I

S
I
BrOC—NHNH—C—NH—Ph

A mixture of compound [3] (3.25 mmole, §7and phenyl
isothiocyanate (3.25mmole, 0.45g) in absolute esh@@0mL) was refluxed
for 7 hours. The solid material obtained on coolings filtred off and
recrystallized from ethanol as a pale yellow crystap.178-180 °C, vyield
88%.

2.3.9 Preparation of 2-(phenylamino)-5-(p-bromophenyl)-1,3,4-
thiadiazole [11] *9.

N—N

Br@%S»NHPh

Thiosemicarbazide [10] (0.68mmole, 0.3g) was adgedionwise to
(5mL) of concentrated sulfuric acid at 0°C with toaous stirring. The
reaction mixture was stirred further for 3 hourscatm temperature and then
allowed to stand overnight. Neutralization withutdl sodium bicarbonate
precipitated a crude solid, which was filtered avashed with water. The
crude product was recrystallized from ethanol /evats a yellow crystal,
m.p. 259-261 °C, yield 75%.
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52.3.10 preparation of 5-(p-bromophenyl)-4-phenyl-1,2,4-

triazole-3- thiol [12] *9.
N—N

Br———<i::::>h—4q\ ;&F—-Ski
N
b

A stirring mixture of compound [10] (0.58mmole, §)2and (15mL) of
2N sodium hydroxide solution was refluxed for 4 uAfter cooling, the
solution was acidified with hydrochloric acid antet precipitate was
filtered. The precipitate was recrystallized frommanol as a green-army
crystal, m.p.193-195 °C, yield 79%.

2.3.11 Preparation of 5-(p-bromophenyl)-2-(p-bromophenyl
hydrazide)- 1-N-phenyl-5-(hydroxy)thiazolidine [13] .

PhBr

P
0 h\'\'
Il
-l
S

A mixture of compound [10] (0.433mmole, 18y) and p-

OH

bromophenacyl bromide (0.433mmole, 0.12g) in alkso&thanol (20mL)
was refluxed for 8 hours, cooled and neutralizetth \@mmonium hydroxide
solution. The precipitate was filtered off, washedh water, dried and
recrystallized from ethanol as a white crystal ggvihe final product, m.p.
165-168 °C, yield 60%.
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2.3.12 Preparation of 1-phenyl-4-(p-bromobenzoyl)

semicarbazide [14] ®°7.

O O

I
Br@-(lz NHNH— C—NHPh

A mixture of compound [3] (3.25mmole, 0.7g) and pyidsocyanate
(3.25mmole, 0.399g) in absolute ethanol (20mL) weffuxed for 7 hours,
then cooled and filtered. The formed solid wasystallized from benzene
as a white crystal, m.p. 238-240 °C, yield 92%.

2.3.13 Preparation of 2-(phenylamino)-5-(p-bromophenyl)-1,3,4-

oxadiazole [15] 9.

Semicarbazide [14] (0.9mmole, 0.3g) was added @ontise to (5mL)
of concentrated sulfuric acid at 0°C with continsi@tirring. The reaction
mixture was stirred further for 3 hours at room penature and then allowed
to stand overnight. Neutralization with dilute sodi bicarbonate
precipitated a crude solid, which was filtered avashed with water. The
crude product was recrystallized from ethanol /evas a white crystal, m.p.
213-216 °C , yield 70%.
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2.3.14 Preparation of 5-(p-bromophenyl)-4-phenyl-1,2,4-triazole-
3-ol[16] *9.

N—N

L b
N
Ph

A stirring mixture of compound [14] (2.2mmole, 0)7and (15mL) of
2N sodium hydroxide solution was refluxed for 4 uAfter cooling, the
solution was acidified with hydrochloric acid antet precipitate was
filtered. The precipitate was then recrystallizeoinf ethanol / water, m.p.
185-188 °C, yield 81%.

2.3.15 Preparation of 5-(p-bromophenyl)-2-(p-bromophenyl
hydrazide)- 3-N-phenyl-2- (hydroxy) oxazoline [17] %

Ph\

@) N
i 3\
Br C—NHNH o PhBr

HO

A mixture of compound [14] (3mmole, 1g) amEbromophenacy!
bromide (3mmole, 0.83g) in absolute ethanol (20mias refluxed for 8
hours, cooled and neutralized with ammonium hydtexsolution. The
precipitate was filtered off, washed with wateigedrand recrystallized from
ethanol giving the final product, m.p. 216-219 @rld 65%.
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2.3.16 preparation of 1-(p-bromobenzoyl)-3-methylpyrazol-5-one
[18] “.

N—N

BrOE_/\/\\

A mixture of carbohydrazide [3] (2.3mmole, 0.5g) dan

CHj

ethylacetoacetate (2.3mmole, 0.3g) in absolutenel@0mL) was heated at
reflux temperature for 5 hours, the reaction migtwvas cooled and the
precipitate was filtered off and recrystallizedjige the title compound [18],
m.p. 85-88 °C, yield 83%.

2.3.17 Preparation of 2-hydroxybenzylidine-1- p-bromophenyl
hydrazone [19]%).

T | W
Br \ / C N—N—HC@

A mixture of compound [3] (2.32mmole, 0.5@bsolute ethanol
(15mL) and o-salicyladehyde (2.32mmole, 0.299) vedilsixed for 2 hours.
After cooling at room temperature the precipitats\iltered and dried. The

product was recrystallized from ethanol, m.p. 212-2C, yield 90%.
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2.3.18 Preparation of 2-(p-bromophenyl)-4H-1,3,4-oxapyridazin-

6-one [20] V.
N
® L
B
r o 0

A solution of compound [3] (1.86mmole, 0.4g) andocbacetic acid
(1.86mmole, 0.175q) in presence of sodium acetadeaaetic anhydride was
refluxed for 4 hours then poured on water, a sphoduct was obtained.
Filtered and recrystallization from suitable solyen.p. 179-181 °C, vyield
60%.

2.3.19 Preparation of 1-N-(p-bromobenzoyl)-1,2-dihydro-
phthalazin-3,8- dione [21] 7.

H

—

0O=0

N
|
N

-

Compound [3] (2.3mmole, 0.5g) was mixed with phthanhydride

O

(2.3mmole, 0.349) in acetic acid (20mL), the migtwas refluxed for 7
hours then cooled and added to crushed ice. Thogpjtede was filtered off,
washed with water and recrystallized to give timalfproduct, m.p. 240-243
°C, yield 84%.
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2.3.20 Preparation of 1-N-(p-bromobenzoyl)-1,2-dihydro-
pyridazin-3,6- dione [22] *°7.

O
I

=2
(|‘)=
z—2Z=

Compound [3] (2.3mmole, 0.5g) was mixed with malarthydride
(2.3mmole, 0.229) in acetic acid (20mL), the migtwas refluxed for 7
hours then cooled and added onto crushed ice, rdmpjtate was filtered
off, washed with water and recrystallized to gike final product, m.p. 225-
228 °C, yield 60%.

2.3.21 Preparation of 4-amino -5-(p-bromophenyl) -3-mercapto -
1,2,4- triazole [24] %9

L

|
NH-

A mixture of p-bromobenzoic hydrazide [3] (14mmol8g),
potassium hydroxide (21mmole, 1.18g) and (5mL) earldisulfide was
dissolved in absolute ethanol and refluxed on whagh for 1 hour. The
solvent was removed and the residue was dried had treated with
hydrazine hydrate (0.021mole, 1.05g) and refluardahother 4 hours. The
contents were cooled, diluted with water and adifwith HCI. The
precipitate was collected by filteration, washedhwwater, dried and
recrystallized from ethanol to give the final pratjum.p. 148-151 °C, yield
70%.
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Summary
The scheme of this work involves synthe$idifferent five and six
membered heterocyclic rings starting from 4-bronmaioéc hydrazide
which was synthesized from their carboxylic acid.

This work is divided into four different parts:

First part:

This part involves the synthesis of fused tetrazadtiazole and
triazine rings derived from the cyclization of (N¥H,) of the 5-f-
bromophenyl)-2-hydrazino-1,3,4-oxadiazole by treaitnwith sodium
nitrite, formic acid, carbon disulfide anpg-bromophenacyl bromide
respectively. The oxadiazole derivative was syn#eesby treating the
previous acid hydrazide with carbon disulfide amdagssium hydroxide

then with hydrazine hydrate. Scheme |I.

Second part:

This part involves the synthesis of thiosemicaidaz
semicarbazide, triazole, thiadiazole, oxadiazolexazoline and
thiazolidine derivatives from the reaction of (NHHN group of the

starting material with different reagents. Scheme |

Third part:

This part involves the synthesis of pyrazole, plghine,

pyridazine, oxapyridazine and triazole derivativesthe reaction of the

acid hydrazide with different reagents. Scheme lII.




Fourth part:

This part deals with the study of antibacteridhaites of some of
the synthesized compounds and comparing thesetmsiwith that of
the starting material. These activities were deiteeohin vitro using disc

diffusion method against three pathogenic straink lkacteria

(Escherichia Coli, Klebsiella Pneumoniae and Proteus Vulgaris), the

results revealed that some of these compounds showmeasurable

activity.
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