Abstract

The work in this thesis involves three parts.
Part|: Synthesis:
Acridone derivatives containing 1, 3, 4-oxadiazaled 1, 3, 4-

thiadiazole rings are synthesized according tddhewing steps:

Step one: Diphenylamine-2,4 -dicarboxylic acid [1] is obtathin a high
yield by refluxing a mixture of 4-aminobenzoic aeaidd 2-chloro benzoic

acid in the presence of catalytic amount of copxéate.

: :COOH: _.COCH

N
H

111

Step two: 9(10H)-Acridone-2-carboxylic acid [2] is synthesikzin ring

closure reaction by heating compound [1] in sufuacid followed by

l l COOH
N
H

[2]

basic hydrolysis.

Step three: Reaction of compound [2] with thiosemicarbazidethe
presence of phosphorus oxychloride gave 2-[5-arhin®-4-thiadiazole-
2-yl]-9(10H)-acridone.




Step four: Ethyl benzoate, ethyl-4-nitrobenzoate, ethyl-4-obib@nzoate
and ethyl-4-hydroxybenzoate were prepared by thelussterification
method through the reaction of the corresponding adth absolute

ethanol in the presence of catalytic amount ofusidfacid.

i
x@c—oa

X=H,NO,, Cl, OH
(4,051, 6], [7]

Aryl hydrazines [8-11] were obtadh by refluxing of the
corresponding esters [4, 5, 6, and 7] and hydrakydrate in absolute

0
XOC—NHNHZ

X=H,NO,,Cl,OH

ethanol.

(8, [9],[10], [11]

Step five: Three of 2-[5-(4-substituted benzene)-1, 3, 4-oxaole-2-yl]-
9(10H)-acridone were prepared through the cycldaddireaction of
compound [2] with the appropriate acid hydrazide 98and 10] in the
presence of phosphorus oxychloride.




—N
i I\ )
°:
N

X =H,NO,, Cl

[12],[13],[14]

Step siX: The condensation-cyclization reaction of 4-hydrdognzoyl
hydrazine with two equivalents of compound [2] imetpresence of

phosphorus oxychloride yielded the cyclized product

N
o N—N
@)
(X |
¥

[15]

Step seven The following acid chloride [16] was obtained the

reaction of compound [2] with thionyl chloride.
0]

l l COCI
N

H
[16]
Esterification of compound [16] with absoluteaatbl afforded the

following ester [17] .
0

l l COOMe
N

N
[17]




Thus on hydrazinolysis of this compounddee the acid hydrazide

derivative,[18].
O

CONHNH,
l N l

H
[18]
Compound [18] was subjected to cyclodehyoinaby means of
carbon disulfide in basic medium leading to therfation of 2-[5-thiol-1,

3, 4-oxadiazole-2-yl]-9(10H)-acridone.
N

0 N §7/SH
\

O O O
N

H
[19]

Step eight: 2,4 -bis [5- (phenyl) -1,3,4-oxadiazole-2-yl] dgnylamine
synthesized by reaction compound [1] with two eglents of benzoyl
hydrazine [8] in the presence of phosphorus oxyaleo

N/N\ ph _

?\ T 3
@)

N

[20]

Step nine: Reaction of compound [1] with two equivalents of
thiosemicarbazide in the presence of phosphorushbagide gives 2,4 -
bis[5-(amino)-1,3,4-thiadiazole-2-ylldiphenylamine.




N/N\ NH, B

S

Iz

[21]

Step ten: Finally, two new Schiff bases [22,23] were synihed by the
reaction of compound [21] with two equivalents ehbkaldehyde and 4-

nitrobenzaldehyde , respectively .
Ar

l
N=CH

NN
i i\\ S /N$—N=CIZH
S
H A

Ar = -C6H5 , 'NOz'CGH4
(22, 23]

Part |1: Characterization:
Structures of all these synthesized compounds hbgen
confirmed by spectral (FTIR, UV) data. The resuesre discussed and

found in agreement with the suggested structures.

Part |11 Biological Activity:

Antibacterial behavior of some of the synthesizamanpounds
against two strains of bacteria has been invesiifjdahe results obtained
are listed in Table (3- 2).
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Chapter one Introduction

Chapter One
Introduction
1.1 Acridines:
Acridine [1] GsHgN, is a planer dibenzopyridine, resembling
anthracene in structure with one of the mesometipioaps replaced by a

nitrogen atom.

X

=

N

[1]
Acridine discovered in the crude anthracemetion of coal-tar and
gave it name on account of its irritating actiomjeth causes sneezing and
smarting of the skin and eyes. A number of usefisidand vat dyestuffs
contain the acridine nucleus and some acridine/dgéves have valuable
medicinal properties. Acridine is used in the idesdtion of adenosine
triphosphate®
Acridine and its derivatives comprise a vexytensive class of
compounds that have been investigated by a widetyaf chemical and
physical methods. As far as can be ascertainedeaucmagnetic
resonance (N.M.R.) techniques have been appliadsystematic fashion
to a representative selection of acridine deriestirAmong the molecular
properties which may be of relevance to an undedstg of such
mechanisms are the relative electrons densitiestandmerism of the
compounds involved both of which may be studied KyM.R.
technique$.
Acridines are a well known groups of compounath a wide variety
of biological properties, DNA & RNA intercalatinggants, anti
carcinogenic, bactericidal, anti malarial, insdédés and anti fung{&

Moreover the pharmacological activity of these rnoddating drugs
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derives from their ability to inhibit the synthesi$ nucleic acids by
blocking the action of DNA metabolizing proteffis

1.1.1 Naming and Numbering ** **
The two systems of numbering are most commonly wsedhe

following:

Acridine
American and German system British system
o]
O N O
’ !
Acridan Acridone

The former system seems to be the maveréd and has been

recommended by the International Union of PureApplied Chemistry.

1.1.2 Resonancé Y

Acridine accordingly is a resonance hybrid with tiruting
structures (I-1V) along with other structures comitag an excited
pyridine ring. The most important of these struetuare (1) and (I1),
having two benzenoid rings in contrast to (Ill) afi¥) have two
quinonoid nuclei. The older formula (V) with a Pdrkage is no longer

used.
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N N N

(1 W) (D)

X

=
N

V) (V)

:

1.1.3 Electron Density Distributioft"

More refined analysis by molecular orbital methollbcates

n-electrons to the ring atoms as shown.

1000 (.964
1.030

0.940

0.980 1112

1.1.4 Properties:

The acridines are weak bases Pka 5.60 in wa@0°ar Acridine,
by the action of sunlight undergoes dimerization gale yellow
substances” which form salts when reacts with acids such as
hydrochloridesnitrates and picrate, and their tertiary aminoctree is
shown by the formation of colored quaternary ammionisalts
(acridinium compounds) and of N-oxides whentdavith per benzoic

acid.
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One of the most characteristic propergéshe acridines is their
fluorescence. Acridine salts in dilute solution étha green fluorescence
whilst further dilution results in hydrolysis anlet fluorescence changes
to the violet fluorescence of free acridine.

1.1.5 Acridones:

GaHoNO, m.p. 354°C, sublimes and distils with out deposition.
It crystallizes, best from acetic acid and then laagetate, in yellow
needles and is only very slightly soluble in thencmon organic solvents.
It exhibits in ethanol an intense blue fluorescéfc€ertain alkaloids
such as Acronycine, a pyrano [2,3-a] acridone alkal and alkaloids
based upon the isomeric [ 3 ,2-b ] acridone rirgjesy”).

Acridone is very weak base, for althoughdissolves in warm
hydrochloric acid it separates unchanged when dhetisn cool§”. The
weakly basic nature of nitrogen atom of the acralomcleus usually
resists to N-alkylation with alkyl halides. Howeyédrcan be achieved in
the presence of basic condensing agents like sodmide or sodium

hydride®. Acridone is tautomeric [formula (1) and (Iff}.

\

2
2

T

0] (1
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1.2 Synthesis of 9(10H)-Acridone:
1.2.1 By Ullmann condensation:

2-Methoxyacridone was prepared by the condensatbno-
chlorobenzoic acid angtansidiné€’ in the presence of copper powder and
potassium carbonate in iso amyl alcohol, followsdclgclization using
sulfuric acid or poly phosphoric acid. Many of a@omes were

synthesized byllmann type condensatidfy ***)

I
C—OH OCH3 C-OH OCH;
+ K,CO3
Cu reflux, 6 hr o
Cl HoN

H
| PPA, 100°C, 3hr
0

OCH;

N
H

A general method for the preparation of a bi-aiyhgists of the
condensation of two molecules of an aromatic hahdie presence of a
metallic agent, with elimination of metal halid&

RX + RX + M — > RR’ + MX,

Ullmann condensations (loosely defined as copper catalyzed

nucleophilic aromatic substitutions on inactivased halides) are classic

examples:

NUH + ArX "Cu" / base

ArNu + HX

NuH = ArNH, , Ar,NH , ArOH , ArSH , ArCO ,H

ArC=CH, ROH, RSH, H,O , HX , HCN , etc.

X=Cl, Br, |

"Cu" = Cu metal , oxides , salts , alloys , complex es, etc.
base = K,CO3, KOH , NaH , etc., or preformed Nu
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These reactions have been catalyzed by a varietiprons of
copper, including the metal itself (in various fa&ncopper, bronze,
freshly precipitated, "activated", etc.), saltscomplexes of cuprous or
cupric ion, and insoluble oxides. For reasons wlinakie not been well
understood, one form of catalyst good for a centaeaction will be poor
for another, and in general there is a wide valitghn the rate and yield
of Ullmann condensations using copper metal from different
source$®.The role of using copper as catalyst can be ithtistl in the

following figure .

NuH

CuX
Ar—Nu
HX
reductive
elimination Cu—Nu
Ar—X
A X oxidative

addition

Figure (1-1): role of copper in theUllmann condensatior*?.

The Ullmann reaction has enjoyed continued use; for example, i
the elucidation of structure of natural productd anthe mechanisms of
organic reactions, in the synthesis of biologicatyive substances, and
in the preparation of symmetrical and unsymmetridaiaryls,
biphenyl$§'?, and effect ring closures are discus$gd
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The activating effect of strongly electronegatststituents such
as: -NQ, -COOH, -N(CH),, -CN, -SQH, -CHO, -COR and —X groups is
predominantly at ortho and para positions, thusmasce involving
electron withdrawing groups strengthens the adtwat toward
nucleophilic substitution caused by inductive eff8t For example, o-
iodnitrobenzene is one of the most reactive aryidea known in the
Ullimann reaction. The result of study of thdlmann reaction of the o-,
m- and p-chloro, bromo and iodo nitrobenzene aesgrted.

The order of reactivity of halogens is | > Br > @hd the activating

effect of the nitro group is 0 > p >R.

1.2.2 From Nafion-H catalyzed Intramolecular cychzion *":
Aromatic hydrocarbons undergo direct aroylationthwiaryl
carboxylic acid oveNafion-H, per fluorinated resin sulfonic acid catalyst

to give benzophenone and their derivatives

I
COOH C
Nafion - H _
Dichlorobenzene
X X
X=-NH-,-0-,-CO-, (82-95%)

=CH,-, - CH,CH, - , etc .

The structure of Nafion-H (solid Resin) per flodcahe sulfonic

acid is:

CFy

(|)—{—CF2—LF—0—}ECF2—C|§—SQH
%ca—c&}?cp—caﬂ—
y
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1.2.3 Diazotation of Anthraanilic acid®
Benzyne generation by thermal or photolytic decositpn of
benzenediazonium-2-carboxylate (2) which is obtam#&rom

diazotization of anthranilic acid (1) with the ntilunitrite .

COO-
heat or light ‘
—_—
* 0
@ N2 orthoNH2-CéHa-COOH
‘ n-BuONO o benzyne
—_——
NH,

Q 0
—~_)
G = OO
®
AL j
H H

1.2.4 Chemiluminescence’s reactions of Acridiniuesters*:

The steps of the chemiluminescence'stigraof acridinium esters
is provided by the injection of trigger solution$ieh causes the rapid
chemiluminescent reaction to take place with erorsss centered on 430
nm.
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RO o
(e}
X
NaOH / H ,0, -CO,
OF” R
N © N
| X |
Me CHj
R = - (CHy)3 - 0 - Biotinyl excited state
(e}
—_—

N

CHy

N-methyl acridone

1.2.5 Regioselective addition of Aniline derivative® benzyn&:

The regioselective addition of the knowmliae derivatives to
benzyne, then alkaline hydrolysis of the estefgllpwed by the addition
of PPE (poly phosphate ester) mediated ring closfirne acid (2) to
produce acridone derivatives in high yield

OH o]
MeO,C /
+ : : ~
H,N OH N
H
0 @ Co,Me
HO,C
NaOH,H,0 PPE,CHCl;
—_— —_—
EtOH,80°C 60°C, 95%
N OH

H
&)

(0] [¢]

OH

I—2=2=
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1.3 Uses of 9(10H)- Acridone:
New structures and uses of acridone derigatigre periodically

reviewed as shown in table (3:

Table (1-1): Structures and uses of acridone derivaes .

NO Acridone derivatives Uses Ref
o)
1 Synthesis of new Bis- and Tetra-acridines as| 4
therapeutic agents
N
H
CHg
o) o)
Convenient and regioselective synthetic
2 0 sequence for preparation of acronycine, a 7
pyrano[2,3-a] acridones.
N OH
H

o)
OCH, Synthesis of 2- methoxy N substituted
acridones needed to reverse vinblastine 8
3 resistance in multidrug resistant cancer cell.
N
H
o)
Synthesis of acridine-based DNA bis-
4 intercalating agents. 11
N

o}
Light emitting species in the
5 Chemiluminescence's reaction sequence of 19
N

acridinium ester.

10
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As a precursor to the synthesis of aew class of

conjugates.

o)
6 20
‘'molecular tweezers'
N
H
0
The synthesis of a new series of fluorescent
7 N dinuclear and trinuclear metal complexes 21
/ bearing acridone.
H
o)
‘5&‘ A highly Stereoselective of acrylic acid
8 N derivatives and 1, 3-Dienes using electron 22
‘ ‘ deficient variant of ynamine.
Me
0
9 ‘f}j‘ Synthesis of novel ynamides and allenamides. 23
N
o)
Solid-phase synthesis of acridine-peptide
10 P Y Pep 24
N
H

HO

(@)

11
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1.4 Oxadiazoles:

There are four isomeric types of oxadiazolds2,3-oxadiazole (l);
1,2,4o0xadiazole (II); 1,2,5-oxadiazole (lll) and 1,3,4-oxadiazole (IV), as
shown below”.

4 4 3
B T T
0] O
1 1

(@)
1

() (n (1 (V)

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

1.4.1 1, 3, 4-Oxadiazoles:

Figure (1-2): Orbital structure of 1, 3, 4-oxadiazte.

1, 3, 4-Oxadiazole ring has three pairs of delaedlr-electrons.
Two of the pairs are shown asbonds through the overlapping of un
hybridized p-orbital of nitrogen atom and one pair of non-baogdi
electrons on the hetero oxygen atom . 1, 3, 4-Gxade has three pairs
of non-bonding electrons that are not part oftfeboud. These electrons
are insp® perpendicular to thp-orbital.

The growing literature in the past years demotedrghat 1,3,4-
oxadiazoles are becoming of great interest, steaislynfrom their wide
range of applications.

The 1,3,4-oxadiazoles have been reported to béodioally
versatile compounds having bactericitfyl fungicidal®”, herbicidaf?,

analgesi®®, hypoglycemi€?®, anti-inflammator?® and transqualizing

12
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agent§?3® More over, various 1, 3, 4-oxadiazoles are siétédr uses in
photography*®, scintillation materials, dyestuffs industfy, corrosion
inhibitors®® and as thermal stabilizers for rigid polyvinyl ahitie®.

In agriculture, 1, 3, 4-oxadiazole derivatives amsed as
insecticide$®”, in combating unwanted vegetatidH and in preventing
nitrification of the soif*?.

1, 3, 4-oxadiazole is the most thermally stablemisr and its
stability is controlled in general by the electaensity at the C-2 and C-5
atoms, which is largely dependent on the substitudihe stability of 1,
3, 4-oxadiazoles is especially enhanced by alkgl @yl substitution on
positions 2 and %. It has been established that the susceptibitity t
hydrolysis increases with increasing solubility, iethis in the order

given below*":

ol e ol S U ol S

Oxadiazoles, like all other compounds containilgH-CH=X)
moiety (X= N, O, S) exist in two tautomeric forffi&

——NH—CH=X — N—CH——X——H

It has established by ultra-violet, fluorescennd &R spectra that

2-amino-5-phenyl-1, 3, 4-oxadiazole exists in @wgtdmeric equilibrium
(43)

N——N N——NH

I S A W

O

13
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1.4.2 Synthesis of 1, 3, 4-Oxadiazoles:

Several methods have been used to synthesize4tpBadiazole
the most commonly used:
1.4.2.a Reaction of Acid hydrazide with Carbon distde:

The oxadiazole ring is obtained by following trengral method of
Young and Wood “? i.e., by refluxing an ethanolic mixture of the
appropriate acid hydrazide, carbon disulfide, an@HKto give 2-

mercapto-1, 3, 4-oxadiazole, the general reacton i

ﬁ N——N
R——C——NH——NH, + CS, _KOH _ R{ );

For examplé&® >,

0 N——N
A e A

o=—cC
CS, / KOH
CH 2
oO—C
N=—
NHNH, l @)
N\(
n=1,2,3,4and 8 SH

14
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1.4.2.b Reaction of Bis(Trichloromethyl)benzene kwicyl hydrazine:

1, 4-Phenylene-bis-1, 3, 4-oxadiazoles (3) veepared through
reaction of bis (trichloromethyl) benzene with abyldrazines (2) were
shown to be very simple rouf®.

N—N N—N
cgc@ccg HANHCOR %ae) R—[/ >—©—< N
o o
3a-e

@)

a R=ph,bR=2-OHCgH, , c R=4-O,NCgH,
d R=4-CsH,N,e R=H

1.4.2.c Reaction Of Benztrichloride and its Deriwags With Hydrazine:
In alcohols as solvents benzotrichloride (1aj &s substituted
derivatives 4-chlorobenzotrichloride (1b), 3-broranbotrichloride (1c),

reacts with hydrazine to give 2,5-disubstituted4-@xadiazoles(2a-2c)
(45)

N——N
NH,NH. / \
Ar—CClI 22
3 W AI’{ );Ar
(@]
la-c 2a-c

a) Ar = CgHs, b) Ar = 4-CICgHs, ¢ ) Ar =3-Br-C ¢Hg

15
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1.4.2.d Dehydration Of Di-acid hydrazide:

Acid hydrazides are usually prepared from thactien of the
corresponding esters with hydrazine hydrate. Thiegédrazides are
converted to diacid hydrazides through their remctith acyl chlorides.
Dehydration of the di-acid hydrazide afforded 14&xadiazole&®.

o}

R——C——OEt + NH ,NH, — s R——C——NHNH ,
O |O| (0] o
R——C——NHNH , + 'R——C——ClI = R C NHNH C—FR
ldehydration

N——N

-y

O

The conversion of N,N-diacid hydrazite 2,5-dialkyl(aryl)-
1,3,4-oxadiazole studied by using a different deagdg agents, such as
phosphorus oxychlorid®), phosphorus pentaoxid® zinc chloride,
organic acid anhydrid®, thionyl chlorid®®, phosphorus
pentachlorid8”. The following examples illustrate the applicatiof

different dehydrating agents:

16
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(6]
I 7/ \ o
HsCO C——NHNH, + Ar——COOH POCls H;CO }Ar
Ar= CgHs- , p-CHz0CgH, | __ \ /

p-CH3CgHy- , p-CICgH,- N—N

N—/N

ZnCl {/ \S
(CSH7CONH2)2 —2> C3H7 C3H7
o
ﬁ 0 N—N
ph—C——NHNH, RZCCl o conHnHCOR P05, ph% )—R
o

R = ethyl , hexyl

The most effective dehydrating agent used for ghigpose was

found to be phosphorus oxychloride in acetonfffile

ﬁ n)

R—C——HN—NH—TC

N—N N—N
\(CFb)n _POCH/CHCN, R—( )—(crb)n—( )—R
/ A (0] o]

R_C_HN—_NH_ﬁ
[e) O

n=1,3,4and8 R=aryl,alkyl

17
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1.4.2.e Reaction Of Acid hydrazide with Phosgene:
Hydroxy-1, 3, 4-oxadiazoles or 3-substitute®,14-oxadiazole-2-

one are obtained from the reaction of the acid dwide with

phosgen®&?.
ﬁ N—/—N
CeHs——C——NHNH, + COCl, — > /4 )\
CeHs o OH
N——NH

L=

1.4.2.f Reaction of Acid hydrazide with Cyanogenbrile:
2-Amino-5-(2-isopropyl-5-methylphenoxytimg)-1,3,4-
oxadiazole was synthesized from reaction of acidrézide (1) with

cyanogenbromide according to this metfdd

N—N
__CH;——CONHNH,, LNBr /CHZ—[/ \B—NHZ
o o )
1)

The following table shows further examples of udimgse methods

18
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Table (1-2): Structure and method for the synthesiof some 1,3,4-oxadiazole

derivatives.
No. Structure Method Ref.
N—N Q Q N—N Reaction of acid hydrazide with
1 | rs— @O_QOE_O@ Y sr o5
_ko o)_ carbon disulfide
N—N Reaction of acid hydrazide with
2 omﬂ—( )—NHz Y _ 56
o) o cyanogen bromide
)\ )\
. 7—N/_<5)\s/_<o)_ St Reaction of acid hydrazide with .
R ’\N)=O carbon disulfide
)
HO
0 Dehydration of di-acid
4 ClOH21O \ / N=—=CH 58
N—N hydrazide
OCrHani
O
5 on _Z_T O‘O Dehydration of acid hydrazide 59
O
(e}
R
K NN Reaction of acid hydrazide with
6 \ /o . 60
N—QO)—NHz cyanogen bromide
A\ A Reaction of acid hydrazide with
7 thzcs—<o>—(CH2)n—<O)—SCH2ph y 61
n=4

carbon disulfide

19
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1.5 Thiadiazoles:
Compounds having five membered ring contgmne sulfur and two
nitrogen atoms are called thiadiazole. There arar folasses of

thiadiazoles corresponding to the four classexatlimzole$?.

X N — N—N
[ \\N2 4_\\N2 5 N/ \N2 4 )
S/ S/ \S/ S
1 1 1 1
1,2,3-thiadiazole 1,2,4-thiadiazole 1,2,5-thiadiazole 1,3,4-thiadiazole

1.5.1 1, 3, 4-Thiadiazoles:

There are four pairs of non bonding electrons, paos on sulfur
atom and two pairs on the two nitrogen atoms. Tleésetrons are igp
hybridized orbital that is perpendicular to tpeorbital. Since 1,3,4-
thiadiazoles are cyclic planner molecules with ¢tpairs of delocalized
electrons they fulfills the criteria for aromatiBack et. af®®., made a
careful analysis of the microwave spectrum of }{Bjddiazole. They

could determine the structure of molecule , figlrs).

Y

N

N

Figure (1-3): Orbital structure of 1, 3, 4-thiadiazle.
Potential 2-hydroxy and 2-mercapto-1, 3, 4-thiadia have been

examined both by infrared and by ultraviolet speeatrsolid state. These
compounds exist mainly in the 2-oxo and 2-thion&dmeric form of

thiadiazole derivatives respectivéty).
H

A e LI

X=NH,O0,S

20
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The 1, 3, 4-thiadiazole nucleus which incorporates N-C-S
linkage exhibits a large number of biological aitias >, and the Table

(1-3) shows some examples of these compounds.

Table (1-3): Some substitutes 1, 3, 4-thiadiazoleaving biological activities.

Structure Ref.

HO
N—/—N

- ,

R = CgHy , 5-Cl-2-CH3-CgHg , 2,4-(CH3),-CH3
2-OCHg-CgHy , 3-OCHg-CgHy , 2-CHaCoHj

O3 |

=1,2,3and4
= anlsyl

N—N

N W oo

R=-H,-CHj3,-CyHs, -CF3 R’
= OH, lower alkoxy or NH

N—N ﬁ
C6H544 )—NH—NH—C—NHR 69
s

N—N

RHN // \\ NHR;

R =Ry = alkyl or alkyl halides

70

21
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Substituted thiadiazoles have been reported dismlaverse
applications as oxidation inhibitors, cyanine dgesl metal complexing

agent tod".

1.6 Synthesis of 1, 3, 4-Thiadiazole:

1.6.1 Reaction of Acyl thiosemicarbazide with Mettgasulfonic acid:
Treatment of 2-acyl thiosemicarbazide with molguigalent of

methane sulfonic acid as dehydrating agemefluxing toluene afforded

good yields of the thiadiazol&%.

HN—NH N—N

Rﬁ< }i’\“‘b methane sulfonic acid o // \5 NH,
—Hy0

o s S

R =p-CFy-CgHs- , p-Cl-CehHs:

C(CH)s

1.6.2 Reaction of Thiosemicarbazide with Carboxydicids:

Refluxing a mixture of carboxylic acid aad equivalent amount of
thiosemicarbazide in phosphorus oxychloride givedbsired product of
1, 3, 4-thiadiazoleS”.

? i
N N/—COOH ﬁ N/—QS%NFE
R—< \—o HNHN—C—NH, // ):o
POC
|” T
NH, NH,

R = -CH, -CHCiHs , -GiHs
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‘ Chapter one Introduction |

1.6.3 Treatment of Aromatic aldehydes with Sulfuné Hydrazine
hydrate:

Numbers of thiadiazoles were synthesized in areeéasshion by
treatment of aromatic aldehyde with sulfur and haydre hydrate, in ratio

1:2:3 respectively, in steel autoclave at 280for 12 h{?),

O

oar—cH NN Ar——CH=—/N—-N=——CH—Ar
Ar= C6H5 y 3‘CI'CGH4 , 4'CI'C6H4
4-Br-C6H4, 3,4-diCIC gHy S NENH,
N—N

L

1.6.4 Cyclo condensation of the —SH and —NHinctions of Triazole
derivatives with Carboxylic acids:

The fused 1,3,4-triazole [3,4-b]-1,3,4-thiadiazdézivatives can be
synthesized by the cyclo condensation of —SH ank fdinctions of 4-
amino-5-mercapto-3-substituted-1,2,4-triazole wittarboxylic acids

under reflux in the presence of PQE?.

HSCNN_ﬁ;S_CHZCOOH + ph*&?&—SH
0_4 Ih Lw
lpocg
ch\{_?/( N)— S_CWA{SLN\/N

23
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Aim of the work:

Acridones are a well known group of compounds vatiwide
variety of biological properties: anti carcinogenigactericidal, anti
malarial, insecticides and antifungus . Further,vefnembered
heterocyclic like 1,3,4-oxadiazoles, 1,3,4-thiadlaz constitute a
potential class of compounds which possess a bi@Ettrum of
biological activity, furthermore, the synthetic lit$f of acridone in
building up the bis heterocyclic compounds contajnithe above
heterocyclic units is not reported in the literatuteeping the above facts
in view, we made an attempt to condense the acgideith 1,3,4-
oxadiazole and 1,3,4-thiadiazole . In addition yatsesis of new bis-
1,3,4-oxadiazole and bis-1,3,4-thiadiazole derifien diphenylamine
2,4 -dicarboxylic acid as shown bellow for theirachcterization and

evaluation of their antibacterial activities .

O

OO

H

N—N

N—N
Xz—( )—NHZ [3]. —< )—Ar (Ar = -C gH5 [12] , 4-NO ,-CgH,, [13], 4-CI-C gH, [14]) ,
s o)

H
N
——COO-CgH —K [15], [\ SH [19].

64 o _40)_

(6]
L
N
H
N—N N—N
X=—<O>—CGH5 201, —4 >_NH2 [21],
S
N—N
—< )—N=CH—Ar (Ar = -C gHsg [22] , 4-NO ,-CgH, [23]
S
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Chapter three Results and Discussion

Chapter Three
Results and Discussion
3.1 Introduction:

Biologically significant heterocyclic compounds aoeg three
hetero atoms in the ring such as, 1, 3, 4-oxadeazbl 3, 4-thiadiazole,
have already been well documented in the literdffire’

Additionally, the synthetic utility of 9(10H)-adwone for building
the above heterocycles has not been reported iltehgture. Combining
these facts an attempt was made to condense tioewith 1, 3, 4-

oxadiazole and 1, 3, 4-thiadiazole as shown in Reh@-1).

3.2.1 Synthesis of Diphenylamine-2,4"-dicarboxydicid [1]:
Ullmann-type condensation of 2-chlorobenzoic acid with 4-
aminobenzoic acid by refluxing the reactants in phesence of copper
oxide and potassium carbonate in amyl alcohol nmediafforded
diphenylamine-2,4 -dicarboxylic acid [1], equati@1) . In this reaction
as copper catalyzed nucleophilic aromatic substitubn aryl halide

bearing electron withdrawing group.

COOH COOH COOH COOH
CuO
2C03

equation (3-1)

Any mechanism proposed for thdlmann reaction must be
agreement with two facts: (1) the activity of aisgraromatic halides
increases in the order Ar-Cl < Ar-Br < Ar-(2) activity is increased by
electronegative substituents in the ortho- and-paoaitions. The facts

that these electronegative substituents produesidual plus charge on

v



| Chapter three Results and Discussion ‘

the ortho-position and para-positions suggestsdhatcleophilic attack
by the copper at the activated position may bedatermining step.

The combination of these two effects must hehsthat the
polarization of Ar-X bond. We may conclude thatasgible mechanism
consists in three steps:
1) A nucleophilic reaction of NuH (4-amino benzaicid) with copper
oxide ("Cu") to form a complex Cu-Nu at the metaiface .
2) The oxidative addition of complex Cu-Nu to ardim&alide Ar-Cl (2-
chloro benzoic acid) produce the complex Ar-Cu-NuCl
3) The reductive elimination of copper halide (Ciy-@ form Ar-Nu
,molecule (diphenyl amine-2,4 -dicarboxylic a&iti®.

The proposed mechanism for the formation sftbompound is shown

in Scheme (3-1) below:

nucleophilic reaction

NuH C_u» Cu—Nu + base-H

base

(0]
Nu Cl Nu Cl
~N @ ~N® Q
” &7 0 SRS
Cl C—OH (” |
/- PR &
/\ - .29 \OH / \OH
oxidative
Nu—Cu + —_— R
addition
0} (n
Nu Cl Nu Cl
~N@ ~N @
Nu a |c|> > |c|)
COOH C C
S Son Son
—CucCl
-— -~
reductive
elimination

(V) (1)

Scheme (3-1)
The authenticity of this product was fooned by its melting point
(208-216C) and by F.T.IR spectrum Figure (3-1), which shdwke

YA



| Chapter three Results and Discussion ‘

disappearance of absorption bands due tg $fildtching of amino group
in p-amino benzoic acid and the appearance of a baB81&.4 crit for
(N-H) .

The presence of a carboxyl group (-COOH) is reabie by the
presence of O-H stretching absorption band at (Z5ID cn'), as well
as the C=0O absorption at 1685 tnEvidence of the presence of
aromatic ring was the presence of (C=C) aromatiet@ting band at
(1596.9 crit) and also a sharp bands at (754.1cend (842.8 cif) that
were assigned to the out of plane bendingoofand p-disubstituted

benzene ring, respectively.

A
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55.0 % N
%T |
1 446 2
50.0 - e
a5.0 ,7 ' N 3 aﬁ._ A% ! fz,; -.--" 1’4937
522.7|
84p|8 549.7
247.0
40.0 ' 894.9 609.5
35.0 hiz22.5 754.1
B 456 . P
30.0- !
— hiee.o |
25.0 1419.5|:
lzz315.4 2881.5 1253.6
| - | 1596.9 h §98.0 i
20.0 — : . i - ‘\
i T 7 | D R | 1 :L -1 I | i 1 T b o i I | N T P I | T ' L 1
4000.0 3500.0 3000.0 2500.0 2000.0 1750.0 1500.0 1250.0 1000.0 750.0 500.0
—— Testscan Shimadzu FTIR 000 series 1 S
Analysis data (%) calculated IR (KBr cm ™) spectral data
C H N O 1. N-H stretch., 3315.4
65.37 431 544 24.88 2. O-H stretch., near 2500-3300
3. C=0 stretch., of acid 1685
COOH COOH
4. C=C stretch., 1596.9
\ 5. Out-of-plane C-H bend., p-disub. benzene) 842.8
H 6. Out-of-plane C-H bend., ¢-disub. benzene) 754.1
M.P. (°C) Yield (%) Color Molecular formula
208-210 62 White C14H11INO,

aauy1 4z1dvy) |

Figure (3-1): F.T.IR spectrum of Diphenylamine-2,4-dicarboxylic acid [1].

‘ UOISSTISYD PUD SYNSTY



| Chapter three Results and Discussion

3.2.2 Synthesis of 9(10H)-Acridone-2-carboxylic d¢R]:
Compound [1] should undergo Intramolecular cydioa [Fridel-
Crafts acylation] with sulfuric acid at 18D to give 9(10H)-acridone-2-

carboxylic acid, equation (3-2):
(0]

COOH COOH COOH
H,SO0,
A
N N

H H
equation (3-2).

The structure of this acid was confirmed by itsyvieigh melting
point (>330C), the melting point agrees well with that repdrte the
literatures™ * 1% 13 Also by F.T.IR spectrum, which displays a broad
(O-H) stretching absorption band in the region3®#q7.2 crit) as well as
the carboxylic acid (C=0) absorption band at (18851") , also ketone
(C=0) aromatic , (C=C) and amine (N-H) absorptioand at
(1631.7 crit), (1587.3 crit) and (3423.4 cil) respectively. The F.T.IR

spectrum of this compound is shown in Figure (3-2).
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1/cm

Analysis data (%) calculated

IR (KBr cm ™) spectral data

aauy1 4z1dvy) |

C H N O 1. N-H stretch., 3423.4
70.29 3.79 5.86 20.06 2. O-H stretch., 3267.2
3. Aromatic C-H stretch.,3103
0
COOH 4. C=0 stretch., of acid 1685.7
O O 5. C=0 stretch., of ketone 1631.7
N 6. C=C stretch., 1587.3
H
M.P. (°C) Molecular formula
>330 C14HoNO3

Figure (3-2): F.T.IR spectrum of 9(10H)-acridone-2zarboxylic acid [2].
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| Chapter three Results and Discussion

3.3.0 Synthesis of 1,3,4-Oxadiazole derivatives:
3.3.1 Synthesis of 2-[(5-(4-Substituted benzen&4-oxadiazol-2-
yl]-9(10H)-acridone [12-14

Aryl hydrazines [8, 9, and 10] were prepared by thaction of

appropriate esters with hydrazine hydrate, equd8e3).
@] O
I

Ar—C—OEt + NH, NH, > Ar C—NH—NH, + EtOH

Ar = CBH5' , p'OZN'C6H4' , p'CI'C6H4'
eqoati(3-3)

The title compounds [12,13,and 14] bellasere synthesized by
refluxing appropriate aroyl hydrazines with phospisooxychloride and
one equivalent of 9(10H)-acridone-2-carboxylic af2d, according to

equation (3-4).

o) (0]
/ >\Ar
COOH |(|) o
N N

H H

Ar = C6H5' y p'OZN‘C6H4‘ , p‘CI'C6H4‘

equation (3-4).
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| Chapter three Results and Discussion ‘

The mechanism of the reaction is depicted in tlHleviong steps; Scheme

(3-2).

o o)
COOH cocl
N
H
o (lcl) o o o
g Il Il
ﬁ C—NHNH—C—Ar
+NHNH—C—ar  tWosteps O O
N
H

Iz

H
LTautomerism
H N Ar H N Ar
o \T/ \T/ \T/ xtl:/
C. OH C OH
X
\>8H O O %O
T
H
N
H N
Ar
l Ne_ AT /NQC/
o /¢ H—N |
H—N | \>\__o
\C/@OH c\
N
N
H H
l_Hg
o) N/N\\
I Ne—p
c/
Ar = CgHs-, p-O,N-CgHg- , p-Cl-CgH,- O O ©
P.T. : proton transfer N
H
Heme (3.2)

The synthesized compounds were charactebgemelting points,

UV and F.T.IR spectral data.
¢¢



| Chapter three Results and Discussion ‘

The F.T.IR spectra of compounds [12,13 Bfjd~igures (3-6), (3-7)
and (3-8) were devoid of the amide bands presetitarspectrum of the
aryl hydrazines [8,9 and 10] Figures (3-3), (3-4d g3-5) in regions
between (3427.3-3184.3 & of asymmetric and symmetric N-H
stretching of (NH) , as well as the disappearance of O-H band at
(3267.2 crit) of compound [2]. The appearance of bands near
(1600 cn) assigned to (C=N) band of oxadiazole moiety agmils near
(1260 and 1035 ci) assigned for (C-O-C) cyclic grouping in oxadiazol
are good evidence for the presence of 1,3,4-oxaliamg in compounds
[12,13 and 14].
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35.0
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4000.0
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2000.0

1750.0 1500.0 1250.0 1000.0 750.0

(L
500.0
1/cm

Analysis data (%) calculated

IR (KBr cm ™) spectral data

C H N O
61.75 592 20.58 11.75

I
o

1. Asym., and sym., of N-H stretch., 3298, 3205.5
2. Aromatic C-H 3018.4

3. C-N stretch., 1450.4

4. C=0 stretch., of amide 1660.6

5. Ring C=C stretch., 1568

6. Out-of-plane bend., (mono sub. benzene 682.8

M.P. (°C) Yield (%)

Color Molecular formula

aauy1 4z1dvy) |

113-115 68

White C7H 8N20

Figure (3-3): F.T.IR spectrum of benzoyl hydrazind8].
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46.41 3.89 23.20 26.50 . Aromatic C-H stretch. 3031.9

. C=0 stretch., shoulder near 1640

. Asym (Ar-NO,) N-O stretch. 1546.8
. C-N stretch. near 1450

. Sym. (Ar-NO,) N-O stretch. 1350.1
. Out-of-plane bend.,(p-disub.) 840.9

o
N
z
T=O
Z
I
Z
I
N
N~ o a0~ W N P

M.P. (°C) Yield (%) Color Molecular formula
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Figure (3-4): F.T.IR spectrum of 4-nitro benzoyl hyrazine [9].
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Figure (3-5): F.T.IR spectrum of 4-chlorobenzoyl hgrazine [10].
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0 N—N
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N 6. Out-of-plane C-H bend., (mono-sub. benzene) 634.
M.P. (°C) Yield (%) Color Molecular formula
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Figure (3-6): F.T.IR spectrum of 2-[5-(phenyl)-1,34-oxadiazol-2-yl]-9(10H)-acridone [12].
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Figure (3-7): F.T.IR spectrum of 2-[5-(4-nitrobenzae)-1,3,4-oxadiazol-2-yl]-9(10H)-acridone [13].
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Figure (3-8): F.T.IR spectrum of 2-[5-(4-chlorobenene)-1,3,4-oxadiazol-2-yl]-9(10H)-acridone [14].
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3.3.2 Synthesis of 2-[9(10H)-Acridone-2-yl]-5[4-@{H)-acridone-
2-yl-carboxy) phenyl]-1, 3, 4-oxadiazole [15]:

The synthesis route used to prepare this compaursthown in
Scheme (3-3). The convenient starting material d+aydroxy benzoyl
hydrazine [11] which in turn was prepared from eé#dvwhydroxy
benzoate and hydrazine hydrate. Compound [11] onleasation with
two equivalents of acridone-2-carboxylic acid iropphorus oxychloride

gave the compound [15].

[
[7] HO@C—OEt
l(i)
(@]

[11] HOA@*Q—NH—NHZ
l(ii) H
N
o 0 N—N
|
c—o /
[15] ©
o}
N
H
Scheme (3-3): Reagents and conditions: (i) NHNH,, EtOH, reflux 7hr.;

(i) Ar-COOH (Ar = acridone), POCI 3, reflux 24hr.
The structure of this compound was establishedhenmelting

point (324-326°C), UV and F.T.IR spectral data. The F.T.IR absompt
bands show disappearance of the broad band at @BOD cnl)
assigned to O-H stretching and appearance of ttmeg stretching at
(1732 cn) are good evidence to the success of the estgiifit step.
Beside this, the F.T.IR spectrum of the compound devoid of both
amide and amino bands present in the spectrummpeond [11]. The
above data agree with the proposed structure asbignthis compound.
Figure (3-10) show F.T.IR of compound.
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Figure (3-9): F.T.IR spectrum of 4-hydroxy benzoyhydrazine [11].
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Figure (3-10): F.T.IR spectrum of 2-[9(10H)-Acridore-2-yl]-5-[4-(9(10H)-acridone-2-yl-carboxy)phenyl]i,3,4-oxadiazole [15].
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3.3.3 Synthesis of 2-[5-Thiol-1,3,4-oxadiazol-2-@]10H)-
acridone [19]:

The preparation of compound [19] was carried owoeting to
Scheme (3-4). 9(10H)-acridone-2-methylcarboxyldté] [,obtained by
condensation of 9(10H)-acridone-2-acid chloride] d&h methanol, on
hydrazinolysis by refluxing with hydrazine hydraternished the
compound 9(10H)-Acridone-2-carboxylic acid hydrazid18]. The
structure of this compound was verified from itdtmg point and F.T.IR
spectrum. Reaction of compound [18] with carbornulfide in basic

medium of potassium hydroxide yielded the compo®dl

Scheme (3-4): Reagents and Conditions: (i) SOLIreflux 3hr.; (i) MeOH,
(iif) NH 2-NH2, DMSO, reflux 24hr.; (IV) CS,, KOH, EtOH, reflux 24hr.
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The mechanism of the reaction is depicted in tiewing steps:

Scheme (3-5).

O S
I I ]
../\1 two steps @@
C——NHNH, +i: _— —NHNH— C SK
N
H
1 Tautomerism | /»
S
=
o N/N 0 / =

><

C % E
\OH
|O |O two steps |O |O
-~
N

H

H,S

O‘I—IZ

N
” @@

Scheme (3-5)

N

Compound [19], like all other compounds contairingn—-cr=s
moiety could exist in two equilibrium tautomeriaraes enol form (I) and

keto form (Il). Despite the fact, that keto formasmparatively more
stable®),

N/ O>~SH @ —s

Thiol (1) Thion (1)
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| Chapter three Results and Discussion ‘

The structure of this compound was elucidated enbtdisis of its
melting point and F.T.IR spectral data. The F.Tdpectrum of this
compound figure (3-13) reveled a sulfohydryl absorpband (S-H) at
(2586.4 crit) and absorption of (C=S) band at (1332.5'kmlso F.T.IR
show a typical absorptions of oxadiazole ring ermmalic C-O-C
asymmetrical and symmetrical at (1278.7 and 104dr8") and
absorption band of (C=N) near (1580 9m

oy
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Figure (3-11): F.T.IR spectrum of 9(10H)-Acridone-2methylcarboxylate [17].
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Figure (3-12): F.T.IR spectrum of 9(10H)-Acridone-2acid hydrazide [18].
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Figure (3-13): F.T.IR spectrum of 2-[5-thiol-1,3,4exadiazole-2-yl]-9(10H)-acridone [19].
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3.3.4 Synthesis of 2,4 -Bis[5-phenyl-1,3,4-oxadib2eyl]diphenyl
amine [20]:

The reaction of compound [1] with two equivalewts benzoyl
hydrazine [8] in the presence of phosphorus oxydounder the same
conditions used for synthesis other 1,3,4-oxad@apoéviously, afforded
the 2,4 -bis[5-phenyl-1,3,4-oxadiazol-2-yl]dipherginine [20]. Figure
(3-14) includes melting point and F.T.IR spectrafadof this compound.
The Figure showed the disappearance of the tworpiso bands of
(C=0) and —NHNH stretching of benzoyl hydrazine [8] and appearance
of a typical absorption of 1, 3, 4-oxadiazole ng600 cn') of (C=N)
stretching and (asym., 1265.2; sym., 1072.3 cnt) of endo cyclic C-O-C.
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Figure (3-14): F.T.IR spectrum of 2,4 -bis[5-(pheyl)-1,3,4-oxadiazole-2-yl]diphenylamine [20].
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3.4.1 Synthesis of 2-Amino-1, 3, 4-thiadiazole datives [3, 21]:
The reaction of one equivalent of thiosemicarbazidith
compound [2] and two equivalents of thiosemicantbazvith compound
[1], in the presence of phosphorus oxychloride umdaditions reported
previously ® | afforded 2-[5-(amino)-1,3,4-thiadiazol-2-yl]-@#)
acridone [3] , 2,4-bis[5-(amino)-1,3,4-thiadiazbiy]diphenylamine
[21] respectively. The structural assignments ®® ghoducts were based
on their m.p. and F.T.IR spectral data. Meltingnp®iare (>340 for
[3]and 288-298C for [21] ) respectively. F.T.IR spectra of compds
[3, 21] figures (3-15) and  (3-16) exhibitedrsigcant two bands about
(~3300, 3168.8 cif for [3] and (3325, 3085.9 ch for [21], which
could be attributed to asymmetric and symmetrietshing of NH
group. Beside this, a band at (1620¢rdue to C=N stretching is also

observed.
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Figure (3-15): F.T.IR spectrum of 2-[5-amino-1,3,4hiadiazole-2-yl]-9(10H)-acridone [3].
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Figure (3-16): F.T.IR spectrum of 2,4"-bis[5-(amind-1,3,4-thiadiazole-2-yl]diphenylamine [21].
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| Chapter three Results and Discussion ‘

3.4.2 Synthesis of Schiff bases derived from 2-Amih3,4-
thiadiazole [22,23]:

The two Schiff bases namely, 2,4 -bis[5-benzyl@enno-
1,3,4-thiadiazol-2-yl]diphenylamine and 2,4 -bigfe-
nitrobenzylideneimino)-1,3,4-thiadiazol-2-yl]diphgdamine  were
synthesized by refluxing the compound [21] with xeddehyde and
4-nitrobenzaldehyde , respectivelyhe synthesized compounds were
characterized by melting points and F.T.IR spectra.

The characteristic F.T.IR absorption bands Fig(B€l7) and
(3-18) showed disappearance of two absorption bahss to (NH)
stretching of amino-thiadiazole, it also shows ra&tshing band around
(1600 cn) which is assigned to (C=N).
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Figure (3-17): F.T.IR spectrum of 2-4’-bis[5-benzytileneimino-1,3,4-thiadiazol-2-yl]diphenylamine [22]
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Figure (3-18): F.T.IR spectrum of 2,4 -bis[5-(4-nitobezylideneimino)1,3,4-thiadiazol-2-yl]diphenylamne [23].
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3.5 The UV-Visible spectral data:

The ultra-violet spectrophotometry technique isoalused to
characterize the synthesized compounds in dimesiffoxide as a
solvent. The Ultra-Violet electronic spectra of gmwunds [2,3,12,
13,14,15,19,20,21,22 and 23] are shown in figures(3-19) to (3-29)
respectively. These spectra showed bands at re(#60s538 nm) .

These A max could be assigned tor-@*),(n-n*) [(acridone,
thiadiazole, oxadiazole, C=N (azomethine)] transii.

The spectra data table (3-1) is found to be gsit@lar to other
acridone derivatives reported earlier literattrg © 8284
Table (3-1): The UV-Visible absorption maxima (A nm) of diphenylamine-2,4 -

dicarboxylic acid derivatives.

Comp. no. UV-Visible . nm)
2 538, 396, 378, 325, 286, 262, 239
3 488, 396, 377, 324, 286, 259, 213
12 381, 261
13 411, 329, 258
14 402, 381, 364, 345, 288, 259, 232
15 396, 378, 324, 287, 259
19 397, 379, 361, 327, 286, 267
20 515, 402, 342, 250
21 499, 314
22 315
23 321

14
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Figure (3-19): Ultraviolet spectrum of 9(10H)-Acridone-2-carboxylic acid [2].
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Figure (3-20): Ultraviolet spectrum of 2-[5-Amino-1, 3, 4-thiadiazol-2-yl]-9(10H)-
acridone [3].
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Figure (3-21): Ultraviolet spectrum of 2-[5-(Pheny}-1, 3, 4-oxadiazol-2-yl]-
9(10H)-acridone [12].
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Figure (3-22): Ultraviolet spectrum of 2-[5-(4-Nitrobenzene)-1, 3, 4-oxadiazol-2-
yl]-9(10H)-acridone [13].
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Figure (3-23): Ultraviolet spectrum of 2-[5-(4-Chlaobenzene)-1, 3, 4-oxadiazol-

2-yl]-9(10H)-acridone [14].
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Figure (3-24): Ultraviolet spectrum of 2-[9(10H)-Acidone-2-yl]-5-[4-(9(0H)-
acridone-2-yl-carboxy) phenyl]-1, 3, 4-oxadiazolelp].
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Figure (3-25): Ultraviolet spectrum of 2-[5-Thiol-1, 3, 4-oxadiazol-2-yl]-9(10H)-
acridone [19].
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Figure (3-26): Ultraviolet spectrum of 2,4 -bis-[5phenyl-1, 3, 4-oxadiazol-2-
yl] diphenylamine [20].
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Figure (3-28): Ultraviolet spectrum of 2,4 -bis[5-lezylideneimino-1,3,4-

thiadiazol-2-yl]diphenylamine [22].
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Figure (3-29): Ultraviolet spectrum of 2,4 -bis[5-4-nitrobenzelideneimino)-1,3,4-
thiadiazol-2-yl]diphenylamine [23].

3.6 Antibacterial Activity:

Acridines were mainly tested against bacteriagctibns, malaria
and other protozoa infections. From a structurahtpof view, acridines
and acridones bearing fused benzene or heterocyelgs will be
presented as analogous because of close simgadfieheir chemical,
physiochemical or biological properties with acnieliderivative€”.
1,3,4-Oxadiazole are well known to have a widegeawf biological
activities. Examples of such activities are anfiammatory ©®,
antifungal®”, anti parasiti® and antimicrobial effect’. Some bis-1,3,
4-oxadiazoles have also been tested for antibatttivity®?. The 1,3,
4-thiadiazole nucleus which incorporates an N-Grtkalge has been
attracting wide spread attention due to their digepharmacological
properties such as antimicrobial, anti-inflammatognalgesic and
antitumoral activitie$®”. The antibacterial activity of the synthesized
compounds was determinéa vitro using paper disc methd® (agar
plate diffusion method).The representative compsyhei3,12-15,19-23]
were test against two pathogenic microorganiStaphylococcus aureus
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| Chapter three Results and Discussion ‘

(Gram +ve) andEscherichia coli(Gram —ve). In this method the solution
of our tested compounds were prepared by dissolvmglimethyl
sulfoxide (1mg per 1ml), a standard 5mm diametenilsted filter paper
impregnated with the compound was placed on agae geeded with the
test organism . The plates were incubated for 2#<hat 37C . The zone
of inhibition of bacterial growth produced by digion of the compounds
from the disc into the surrounding medium was meabun mm as
shown in table (3-2) and figures (3.30-3.33) refipely. Compounds
[12-15,21-23] showed considerable activities agdaibsth kinds of
microorganisms. Compounds [1,2 and 3] showed gotidites against
Saph.aureus (Gram +ve)only. Compound [19] showed well acyivit
againstEsch. Coli (Gram -ve) only. Compound [20] has low activity

against two pathogenic bacteria .

Table (3-2) Antibacterial activities of the testeccompounds .

Comp. no. DMSO Saphylococcus (G +ve) Esch. Coli (G -ve)

(solvent) 1mg/mL
[1] 20mm 10 mm
[2] 13mm 9mm
[3] 15mm 10mm
[12] 17mm 12mm
[13] 21mm 18mm
[14] 13.5mm 14mm
[15] 14mm 18mm
[19] 10mm 12mm
[20] 10mm 9mm
[21] 18mm 17mm
[22] 15mm 17mm
[23] 15mm 11.5mm
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Figure (3-30): Effect of [1,2,3,12,13 and 14] orstaph.aureugsl=effect of [1],
2=effect of [2], 3=effect of [3], 4=effect of [12h=effect of [13], 6=effect of [14].

Figure (3-31): Effect of [15,19,20,21,22 and 23] ddtaph.aureus/=effect of [15],
8=effect of [19], 9=effect of [20], 10=effect of 12, 11=effect of [22], 12=effect of
[23].
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Figure (3-32): Effect of [1,2,3,12,13 and 14] ok&sch.coli,1=effect of [1], 2=effect
of [2], 3=effect of [3], 4=effect of [12], 5=effeatf [13], 6=effect of [14].

Figure (3-33): Effect of [15,19,20,21,22 and 23] oBEsch.coli,7=effect of [15],
8=effect of [19], 9=effect of [20], 10=effect of 12, 11=effect of [22], 12=effect of
[23].
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3.7 Suggestion for further work:
The following work will be done in near future

1) Synthesized a new series having the following stnat formula
0 N/N
| s

N
H

Ar =different aryl groups

2) Synthesized the following compounds :

(0]
CH N
X=0,S,N-H /
Ar = different aryl groups X%
Ar

3) Studying the photostability of the abow® tseries for polystyrene
and polyvinyl chloride .

4) Studying the Fluorescence properties ofsyuthesized compounds

and the above two series .

5) The good results obtained for biologicahaty encouraged us to

studying the biological activity of theai® two series .
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Chapter two

Experimental part

Chapter Two
Experimental Part

2.0 Chemicals and Techniques:

2.1 Chemicals:

The following chemicals were obtained from diffeareampanies.

Compounds (purity) Supplied from
2-Chlorobenzoic acid (1 98% ) BDH
4-Aminobenzoic acid (99% ) BDH
Copper oxide powder ( 98% ) Merck
Amyl alcohol (99% ) BDH
n-Butanol (99.5% ) BDH
Potassium carbonate ( 99% ) BDH
Hydrochloric acid ( 37% ) BDH
Sodium hydroxide ( 97%) Fluka
Activated charcoal ( high purity ) BDH
Sulfuric acid ( 95% ) BDH
Methanol ( 99+% ) BDH
Ethanol (absolute) BDH
Phosphorus oxychloride (99 % ) Fluka
Chloroform (199+% ) BDH
4-Chlorobenzoic acid (1 99% ) BDH
Benzoic acid (99% ) Fluka
4-Nitr obenzoic acid ( 99+% ) Merck
4-Hydroxybenzoic acid ( 99% ) BDH
Hydrazine hydrate (85%) Merck
Thiosemicarbazide ( 99% ) Fluka
Potassium hydroxide ( 85% ) BDH
Thionyl chloride ( 99+% ) Fluka
Dimethyl sulfoxide, DM SO ( 99.9% ) BDH
Carbon disulfide ( 99+% ) Merck
Diethyl ether (distilled over a sodium wire) BDH
Sodium bicarbonate (99.7% ) BDH
Benzaldehyde ( 99+% ) Fluka
4-Nitr obenzaldehyde ( 99.55% ) Merck
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2.2 Techniques:
* Melting points were measured using Gallen Kamp imglpoint

apparatus and were uncorrected.

* Infrared spectra were recorded on F.T.IR-8300 Feouransforms
infrared spectrophotometeé8HIMADZU as potassium bromide
disc in the (600-4000) cirspectral range.

» The electronic spectra of the compounds were obtainsing
(SHIMADZU UV-Vis. 160A) ultraviolet spectrophotometer.

* The elemental analysis (C.H.N) were calculated ritezally by

using chem. office program .

2.3 Stepwise synthesis of Diphenylamine-2,4 -dicatydic acid
derivatives:

The synthesis of target heterocyclic compgsuf2,3,12-15,19-23]
derived from diphenylamine-2,4 -dicarboxylic aci& ahown in Scheme
(2-1).
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2.3.1 Preparation of Diphenylamine-2, 4’-dicarboxglacid [1],

Ullmann condensation:

: jCOOH : _.COOH
N

H
C14H11NOy4
Exact Mass: 257.07
Mol. Wt.: 257.24
C, 65.37; H, 4.31; N, 5.44; O, 24.88
M.P.: 208 - 210 °C

To a mixture of 2-chlorobenzoic acid ( X£.50.08mol), 4-
aminobenzoic acid (10.97g, 0.08 mol) and copped@piowder (0.29) in
(60 ml) of amyl alcohol, dry potassium carbonateg)lwas slowly added
and the contents were allowed to reflux for (6hjplabut (108C). The
amyl alcohol was removed by evaporation and theurexpoured into
(250 ml) of hot water , cooling and acidified wittoncentrated
hydrochloric acid. The greenish black precipitatbioch formed was
filtered, washed with cold water and collected. Tdrede acid was
dissolved in aqueous sodium hydroxide solutionledoin the presence
of activated charcoal and filtered, on acidificatiof the filterate with
concentrated of hydrochloric acid white precipitatg1] was obtained
which was washed with water and recrystallized frethanol .® "™
modification) Yield (62%) . Figure (3-1)
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2.3.2 Preparation Of 9(10H)-Acridone-2-carboxylici [2]:
O

l l COOCH
N

H
C14HgNO3

Exact Mass: 239.06
Mol. Wt.: 239.23
C, 70.29; H, 3.79; N, 5.86; O, 20.06
M.P.: >330°C

compound [1] (5g) was placed in a rounddtflask which was
added in (50 ml) of concentrated sulfuric acid k&mawell and heated on
water bath at (10€) for (3hrs). Appearance of yellow color indicated
the completion of the reaction. Then, it was pourgd (250 ml) of hot
water. The yellow precipitate which formed wasefiid, washed with
water and collected. The sample of 9(10H)-acrid®&+eaxrboxylic acid
[2] was recrystallized from metharf®"™ medificaton) vija|d (72%) . Figure
(3-2)

2.3.3Preparation of 2-[(5-Amino)-1, 3, 4-thiadiaz@lyl]-9(10H)-
acridone [3]:

C15H19N4,OS
Exact Mass: 294.06
Mol. Wt.: 294.33
C, 61.21; H, 3.42; N, 19.04; O, 5.44; S, 10.89
M.P.:>340°C

Y4
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A mixture of 9(10H)-Acridone-2-carboxylic idc(1g, 0.004 mol) ,
thiosemicarbazide (0.364g, 0.004 mol) and phosghowychloride (5
ml) was refluxed gently overnight. After coolingater was added (50
ml). The mixture was refluxed for (3 hrs) and fitd. The solution was
neutralized with potassium hydroxide. The prectpitevas filtered and
washed with distilled water and recrystallized frethanol to give the
title compound [3]"* With medification) "vje|d (48%) .Figure (3-15)

2.3.4 Preparation of 4-Substituted Ethyl benzoalés/]:

i
x@c—oa

X=H,NO,, Cl, OH

[4].[5].[6].[7]

These compounds were prepared by condensatiappropriate 4-
substituted benzoic acid (10g) with absolute ethgd0 ml) in the
presence of concentrated sulfuric acid (1 ml) aedtéd according to the
procedure described in the literat{/fé The physical properties of these
compounds are given in Table (2-1).

Table (2-1): The physical properties of the 4-substituted ethyl benzoate .

Comp.No. | X Yidd% | m.p.(°C) | b.p.(°C) Color
4 H 84 _ 213-215 | Colorless
5 NO, 76 54-56 _ Yellow
6 Cl 78 ~ 238 | Pale-Yellow
7 OH 80 114-116 _ White
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2.3.5 Preparation of 4-Substituted Benzoyl hydraasn8-11 :

i
XOC—NHNHZ

X=H,NO,,Cl, OH

[8].[9].[10],[11]

A mixture of 4-Substituted ethyl benzoadedb mol) and excess of
hydrazine hydrate (10 ml) were refluxed for (2 hethanol (15 ml) was
added and refluxed for (5-7 hrs). The precipitataiciv separated on
cooling was filtered and washed with cold wa{&"™ mediicaton ) Thea
physical properties of these compounds are givéraliie (2-2). Figures
(3-3) to (3-5) and (3-9).

Table (2-2): The physical properties of the 4-substituted benzoyl hydrazines.

Comp. No. X Yield% | m.p.(°C) Color
8 H 68 113-115 White
9 NO; 69 220 Yellow
10 Cl 66 166-168 White
11 OH 74 266-268 White

2.3.6 Preparation of 2-[5-(4-Substituted benzene3;4-oxadiazol-
2-yl]-9(10H)- acridone [12-14]:

X=H,NO,,Cl

[12],[13],[14]

AR
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A mixture of 9(10H)-Acridone-2-carboxylic acid [@).004 mol), 4-
substituted benzoyl hydrazine (0.004 mol) and phosps oxychloride
(5 ml) was refluxed overnight. The cold reactiorximre was poured on
the crushed ice and made basic by adding sodiuardmoate solution.
The resulting solid was filtered, dried to give tesired producf® “™
medification) The physical properties of these compounds amengin table
(2-3). Figures (3-6) to (3-8) .

Table (2-3): The physical properties of 2-[5-(4-substituted benzene)-1,3,4-
oxadiazol-2-yl]-9(10H)-acridone.

Comp. No. X Molecular M.Wt. | Yield% | m.p.(°C) color
Formula
12 H CxH13N30, 339 66 296-298 Red
13 NO, CxnH12N,O,4 384 74 302-304 | Reddish-Brown
14 Cl C,H1:N3O,Cl | 3735 63 >330 Brown

2.3.7 Preparation of 2-[9(10H)-Acridone-yl]-5-[4(20H)-
acridone-2-yl-carboxy) phenyl]-1,3,4-oxadiazole |15

H
N
coo~©—< \ O O
o
0

CasH0N4O5
Exact Mass: 576.14
Mol. Wt.: 576.56
C, 72.91; H, 3.50; N, 9.72; O, 13.87
M.P. : 324 - 326 °C

N
H

A mixture of compound [2] (0.5g, 0.004 mol)hydroxybenzoyl
hydrazine [11] (0.304g, 0.002 mol) and phosphorxgbloride (7.5ml)
was refluxed overnight. Procedure (2.3.6) was fodld for the synthesis
of this compound. Yield (60 %) . Figure (3-10).
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2.3.8 Preparation of 9(10H)-Acridonyl chloride [16]
O

l l COcClI
N

H
C14HgCINO,
Exact Mass: 257.02
Mol. Wt.: 257.67
C, 65.26; H, 3.13; ClI, 13.76; N, 5.44; O, 12.42
M.P.: 234 - 236°C

A mixture of (1g, 0.004 mol) 9(10H)-Acridex2-carboxylic acid [2]

and excess thionyl chloride (10 ml) was refluxed(®hrs), and then the

excess of thionyl chloride was evaporaf@4™ ™ aon yield (64 %) .

2.3.9 Preparation of 9(10H)-Acridone-2-methylcarbgate [17]:

(@]
l l COOMe
N
H
C15H11NO3

Exact Mass: 253.07
Mol. Wt.: 253.25
C,71.14; H, 4.38; N, 5.53; O, 18.95
M.P. : >340 °C

To the compound [16] (0.5g, 0.00194 mol), coldmaebl (10 ml)
was added almost readily and an instantaneousioramtcured to give
the title product. The crystals of ester were aiéd, filtered and washed
with cold solution of 10% NaHCQthen with cold watgf® “ith modification)
Yield (92 %) . Figure (3-11) .
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2.3.10 Preparation of 9(10H)-Acridone-2-carboxylica hydrazide
[18]:

(@)
I I CONHNH,
N
H
C14H11N30,

Exact Mass: 253.09
Mol. Wt.: 253.26
C, 66.40; H, 4.38; N, 16.59; O, 12.63
M.P.:318-320 °C

A mixture of ester [17] (0.5g, 0.001Mol) and excess (85%)
hydrazine hydrate (10ml) was refluxed for (3 hiSMSO (1ml) was
added and the reflux continued for another (24.Hreg¢ crude product
which was obtained after distilling off the exceB$1SO. Cooling
filtering then washing with a little cold waterjshproduct was employed
in the next step without further purificatigf "™ mdcaton yiald (70 %) .
Figure (3-12).

2.3.11 Preparation of 2-[5-Thiol-1, 3, 4-oxadiazayl]-9(10H)-

acridone [19]:

CisHoNz0,S
C, 61.01 ; H, 3.07; N,14.23 ; O, 10.84 ; S,10.86
M.P.: > 340 °C

Ye
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To a stirred solution of acid hyddez{18] (0.5g, 0.00169 mol)
In ethanol (10mL) and potassium hydroxide (0.094600169 mol),
carbon disulfide (0.202ml, 0.00338 mol) was addedly at (0°C), and
the mixture was refluxed for (6 hrs). The solveasvevaporated and the
residue dissolved in water and acidified with dilatydrochloric acid.
The precipitate was filtered and washed with a kthld water. The crude
product was recrystallized from ethanol to givedesired produdf’ "™
medification) yield (69 %).Figure (3-13).

2.3.12 Preparation of 2,4 -Bis[5-phenyl-1,3,4-oxadbl-2-yl]

N/N\ ph _

?\ T ™
(@)

N

C2gH19N50;
Exact Mass: 457.08
Mol. Wt.: 457.28
C, 63.37; H, 2.99; N, 23.09; O, 10.55
M.P.: 278 °C

A mixture of compound [1] (0.5g, 0.00194 mol) beylzhydrazine
(0.263g, 0.00388 mol) and phosphorus oxychloridal5vas refluxed
overnight. The cold reaction mixture was pourec€rshed ice and then

diphenylamine [20]:

made basic by adding sodium bicarbonate solutitre fEBsulting solid
was filtered, dried and recrystallized from (chlmron-ethanol) to give
the title oxadiazole. Yield (70%) . Figure (3-14).
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2.3.13 Preparation of 2, 4'-Bis [5-amino-1, 3, 4ikiazol-2-yl]
diphenylamine [21]:

N/N\ NH,
\ N—N

Si /Z/ S)—NH2
N

H
C16H13N7S;
Exact Mass: 367.07
Mol. Wt.: 367.45
C, 52.30; H, 3.57; N, 26.68; S, 17.45
M.P.: 288 - 290 °C

A mixture of diphenylamine-2,4 -dicarboxylic idc[1] (19,
0.0038 mol), thiosemicarbazide (0.709g, 0.0076 namll phosphorus
oxychloride (10ml) was refluxed. Procedure (2.3:8)s followed for
synthesis of this compound Yield (45%). Figure 63-1

2.3.14 Preparation of Schiff-bases [22,23]:

N—N
XAQ—CH=N—L/ \
S N—N
S
X=H,NO,
CaoH19N7S>
Exact Mass: 541.11

Mol. Wt.: 541.65
C, 66.52; H, 3.54; N, 18.10; S, 11.84

A mixture of compound [21] (0.01 mol), appriate aldehyde
(0.02 mol) and absolute ethanol (25ml), few drofacigl acetic acid,
were refluxed for (3hrs.) with continuous stirrirkuaporation of ethanol
gave a precipitate. The precipitate was filteretkdland recrystallized
from ethanol to give the desired product. m. p188190C if X=H and
216-218 C if X=NO2), yields (40-50%).Figures (3-17) to (3-18) .

1
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