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Abstract

In this study, new heterocyclic compounds were synthesized through the cyclization
reactions of o-phenylenediamine (1) with various organic reagents. Benzodiazepine derivatives (2-
4) were obtained by reaction of (1) with ethylacetoacetate, malonic acid and acetyl
acetone. Treatment of compound (1) with chloroacetamide, chloroacetic acid, p-bromophenacyl
bromide and oxalic acid dihydrate afforded quinoxaline derivatives (5-8), respectively. Reaction of
compound (1) with benzoic acid, piperonal, cyclohexanone and carbon disulfide resulted in the
formation of compounds (9-12), respectively. Finally, reaction of compound (12) with chloroacetic
acid in the presence of potassium hydroxide produced compound (13).

Keywords: Benzodiazepine, Quinoxaline, Benzimidazole and Thiazole, Cyclization Reactions.

Introduction

Nitrogen containing heterocycles are
frequently found in privileged structures
(pharmacophores) but their incorporation so-
metimes possess special problems (multi step
sequence, lack of generality, preparation from
cyclic precursors,etc);thus,only a limited nu-
mber of strategies have been successfully
applied in the synthesis of heterocyclic scaff-
olds. The development of new, rapid and clean
synthetic routes toward focused libraries of
such compounds is therefore of great imp-
ortance to both medicinal and synthetic chem-
ists.Consequently,the design and develo-
pment of procedures for the generation of new
heterocycles receive growing interest. The
benzimidazole ring is of a crucial pharma-
cophore in drug discovery. Benzimidazoles
show different biological activities, such as
anticancer antimicrobial,or anthelmintic act-
ivities' Benzimdazole derivatives are a unique
broad-spectrum class of antirhino/enteroviral
agents. Benzimidazoles exhibit cyvtomegalovirus
(HCMV)’ A number of synthetic methods
have beendeveloped in recent years to un-
cover a variety of new reagents for the
synthesis of benzimidazole derivatives

Benzimidazoles can be synthesized by
a number of methods, usually involving
formation of the N-C-N unit as the key step.
One of the formally utilized general routs to
benzimidazoles involves the reaction of alde-
hydes and ketones with o-phenylenediamine’.
Although there are several routs leading to 2-
substituted benzimidazoles,a typical proc-
edure involves heating o-phenylenediamine
with a substituted carboxylic acid in the pre-
sence of a mineral acid”.

Brown rot, caused by the fungal
Monilina fructicola(G.Wint.).Chemical cont-
rol of brown rout is an important strategy for
the management of this disease. The Benzim-
idazole fungicides like Benomyl ,Carben-
dazine,Chlorofenazole, Thiophanat, etc. have
been widely used for controlling the disease’.

Benzodiazepines are a family of
prescription drugs that are used mainly to
relieve anxiety and to help people to
sleep.These are sedative drugs, which reduce
activity in certain parts of your brain,resulting
in a calming effect Xanax (alprazolam),
Rivotril  (clonazepam), Valium (diazepam) ,
Dalmane (flurazepam) ,
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Ativan(lorazepam),Restoril (temazepam),Hal-
cion (triazolam),etc,are examples of benzo-
diazepine drugs’.

Other uses of benzodiazepines include
:inducing sedation for sur-gical and other
medicinal procedures treatment of alco- hol
withdrawal controlling seizures relaxation of
skeletal muscles, such as the back and neck’.

Among the various classes of heter-
ocyclic compounds, quinoxaline form an
important component of pharmacologically
active compounds. Quinoxaline ring is a part
of various antibiotics such as Echinomycine,
Levomycine and Actnomycine that are known
to inhibit the growth of Gram positive
bacteria and are active against varioustrans
plantable tumors®. Quinoxalinediones and
their derivatives are important members of
heterocyclic compounds that are widely appl-
ied in many fields, as curatorial intermediates,
bactericides and inseticides’.One-pot efficient
synthesis of quinoxaline-dione derivatives
may permit the development of novel ther-
apies for the treatment of epilepsy, pain and
other neurodegenerative disorders'”.

Because of its synthetic utility and
broad rang of pharmacological activities,the
thiazole nucleus is an important heterocyclic
ring.Some thiazole derivatives with different
pharmacological effects.including anti HIV,
antihistaminic,antiulcer, cardiotonic,antihyper-
tensive and neuroleptic,are in clinical use''. In
order to obtain more effective chemoth-
erapeutic agents, a variety of reports have
been presented on the synthesis and biclogical
evolution of new thiazole derivatives'>.
Experimental
General

Melting points were determined on
Gallen Kamp melting point apparatus and
were uncorrected. The IR spectra of the com-
pounds were recorded on Shimadzu FTIR-
8300 spectrometer as KBr disc; results are
given in cm™.'"H-NMR and “C-NMR spectra
were recorded at 300.131 and 75.47 MHz,
respectively,in DMSO-d; for all compo- unds
on a Bruker AMX-400 NMR spectro- meter.
The chemical shifts are reported in part per
million (ppm) downfield from internal tetra-
methylsilane (TMS) (chemical shift in &
values).Thin layer chromatography was

carried out using Fertigfollen precoated sheets
type Polygram SilG, the plates were develo-
ped with iodine vapour.'H-and “C-NMR
were made at Medicinal and Health Anal-
ytical Center, Peking University, China.
Synthesis of 4-methyl-1,3-dihydro-2H-1,5-
benzodiazepin -2-one (2)

A mixture of o-phenylenediamine(1)
(0.015mol) and (0.015mol) of ethylacetoa
cetate, in 20ml abs. ethanol was reflux for
24h. The excess solvent was removed under
reduced pressure, the reaction mixture was
cooled and the formed precipitate was filtered
off and recrystallized from ethanol to give the
desired products. M.P. 158-159C°, Yield
85%.

Synthesis of 1H-1,5-benzo
diazepine-2,4(3H,5H)-dione (3)

The same procedure as for the synthesis of
compound 2 but use malonic acid instead of
ethylacetoacetate M.P.187-189C", Yield 70%.
Synthesis of 2,4-dimethyl-3H-1,5-benzodia
zepine (4)

The same procedure as for the synthesis of
compound 2 but use acetylactone instead of
ethylacetoacetate M.P.115-117C", Yield 75%.
Synthesis of  3,4-dihydroquinoxalin-2-
amine (5)

A solution of (0.01mol) of compound 1 and
(0.0lmol) of potassium hydroxide in 15ml
abs. ethanol was added to (0.0lmol) of
chloroacetamide The reaction mixture was
heated under reflux for 24h, and then the solid
that formed was separated by filtration and
recrystallized from chloroform to give the
final products. M.P. 198-200C", Yield 60%.
Synthesis of 3,4-dihydroquinoxalin-2(1H)-
one (6)

A solution of (0.01mol) of compound
1 and (0.01mol)of potassium hydroxide in
15ml abs. Ethanol was added to (0.01mol) of
chloroacetic acid. The reaction mixture was
heated under reflux for 24h, and then the solid
that formed was separated by filtration and
recrystallized from chloroform to give the
final products ML.P. 170-172C", Yield 70%.
Synthesis of 3 - (4 — bromophenyl ) -1, 2 -
dihydroquinoxaline (7)

A mixture of compound 1 (0.015mol)
and p-bromophenacyl bromide (0.015mol) in
25ml abs. ethanol was refluxed for 24h; then
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the solvent was reduced to one third its
volume under reduced pressure and then
cooled. The solid that separated was recrys-
tallized from dichloromethane. M.P. 78-80C°,
Yield 80%.

Synthesis of 1,4-dihydroquinoxaline-2,3-
dione (8)"

A mixture of oxalic acid dihydrate
(0.012mol) and o-phenylenediamine (0.012
mol) was thoroughly ground with a pestle in a
mortar at R.T. In an open atmosphere until the
mixture turned into a melt. The mixture conti-
nued to be ground occasionally for 1/2h. Then
the melt was crystallized from water/ethanol
(1:1) mixture to get the pure product. M.P.155
-157C", Yield 80%.

Synthesis 2-phenyl-1H-benzimidazole (9)

To (0.0lmol) of compound 1, a
mixture of (0.01mol) of benzoic acid with few
drops of conc. hydrochloric acid in 15ml abs.
ethanol was added. Then the reaction mixture
was heated under reflux for 15h. The crude
product was isolated by filtration and
recrystallized from acetone. M.P.210-212C°,
Yield 65%.

Synthesis of 2-(1,3-benzodioxol-5-yl)-2,3-
dihydro-1H-benzimidazole (10)

A mixture of compound 1 (0.012mol),
25ml abs. ethanol and piperonal (0.012mol)
was heated under reflux for 24h. The reaction
mixture was filtered off and recrystallized
from chloroform. M.P. 230-232C", Yield 75%.
Synthesis of 1 , 3-dihydrospiro [benzim
idazol -2,1'-cyclohexane] (11)

A mixture of (0.015mol) of compound
1 and (0.015mol) of cyclohexanone in 20ml
glacial acetic acid was heated under reflux for
24h, and then the mixture was filtered off to
obtain the desired product. M.P. 220-222C",
Yield 60%.

Synthesis of 1H-benzimidazole-2-thiol (12)
o-Phenylenediamine (0.01mol) (1) and
(0.02mol) of CS; was mixed together in 20 ml
abs. ethanol. The reaction mixture was
refluxed for 18h. The crude product was
obtained by filtration, washed with water and
recrystallized from benzene. M.P. 90-92C",
Yield 70%.
Synthesis of [1,3] thiazolo [ 3, 2 - a] benzim
idazol-3(2H)-one (13)

To a warmed sodium hydroxide solu-
tion prepared by dissolving of sodium
hydroxide (0.01mol) and (0.0lmol) of comp-
ound 12 in 15ml abs. ethanol, (0.01mol) of
chloroacetic acid was added. The reaction
mixture was refluxed for 24hThe solid
precipitate was formed after the solvent was
reduced to one third its volume under reduced
pressure.Crude product was obtained by
filtration and recrystallized from benzene.
M.P. 112-114C", Yield 80%.

Results and Discussion

In the current study,o-phenelened-
iamine (1) was chosen as starting material.
One of our aims was to use the two nucleop-
hilic center of this material in synthesis an
interesting heterocyclic compounds. One of
the two amino groups will be reacting in a
normal manner and an intermolecular attack
by the other amino group at ortho position
was suggested to take place. In the first part
of these synthetic procedures, compounds 2-4
were obtained from the reaction of compound
1 with ethylacetoacetate, malonic acid and
acetyl acetone, respectively (Scheme l) Their
structures were confirmed by FT-IR,"H-NMR
and "C-NMR spectral data.

U l G “ }
il T .
' s M
Hy
(i ethylacetoacetate N N
(i) malomie acid R T
(i) acetylacetone LLLI ” [
TN
g K .

Scheme I
The mechanism of the reaction for the
synthesis of compounds 2-4 is outlined below

O el

etliylacetoncetate s [

—cHy

|
=
|
3

Unfiled Notes Page 3



Um-Salama Science Journal

Vol.5(2)2008

N

N—-C—0OH

NH; €==0

oH

Scheme 1T

The IR spectra of compounds 4-methyl-1,3-
dihydro-2H-1,5-benzodiazepin -2-one (2) and
1H-1,5-Benzodiazepine-2,4(3H,5H)-dione (3)
(Fig. 1) showed characteristic bands at 3400-
3300, 2900-2800 and 1650-1700 due to stretc-
hing vibrations of OH, CH aliphatic and C=0
groups, respectively. From this we can say
that these two compounds can exist in two
tautomeric forms keto and enol forms. The
signals corresponding to aliphatic protons,
NH and OH protons were recorded at
1.14(s,3H,CHj5),8.32(s, IHNH)(D2Oexcha

nge), 9.21(s,IH,OH) (D,O exchange) for
compound 2 and at 2.10(s, 2H, CH,), 8 44 and
8.71(s, 1H, NH) (D,0 exchange), 9.35(s, 1H,
OH) (D-0 exchange), for compound 3, in 'H-
NMR spectra. The C=0 signal appear at
170.1and 164.7,168. 3 for compounds 2 and
3, respectively,in  "C-NMR  analysis.
Compound 4 displayed bands in its IR spect-
rum at 2900 and 1610 belonging to CH aliph-
atic and C=N stretching vibrations. '"H-NMR
spectrum showed signals at 1.21 (s, 6H,
2CH;) and 6.89-7.56 (m, 4H, aromatic prot-
ons), these two groups appeared at 14.6,
15.7(2C, CH3), and 132.0-136.4(6C, aromatic
carbons) in the "“C-NMR spectrum.In the
second step of this study, quinoxaline deriva-

tives 5-8 were obtained by the reaction of
compound 1 with chloroacetamide, chloroa-
cetic acid,p-bromophenacyl bromide and oxa-
lica cid dihydrate,respectively,(Scheme TII).
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In the IR spectra of compounds 5-8, Fig. 2
show FT-IR spectrum of compound 8 , the
stretching multiple bands derived from —NH;
group of o-phenylenediamine were absent. In
addition, signal derived from C=0 was
observed, at 168.7 and 170.7, 172.4 in the
“C-NMR spectra of compounds 6 and 8,
respectively. Beside this, the signal corres-
ponding to -NH group was recorded at the
range 8.21-8.55 in the 'H-NMR spectra of
these compounds which were disappear with
D,0 exchange. Furthermore, 'H-.NMR spectra
of compounds 5 and 7 showed signals at 8.71
which was integrated for two protons
corresponding to —-NH; group of compound 5,
this was disappeared with D>O exchange,
while the structure of compound 7 was
confirmed by a multiple signal at 6.81-7.44
due to aromatic protons. In the last part of the
synthesis reactions,compound 1 was treated
with benzoic acid ,piperonal ,cyclohexanone
and carbon disulfide ;

2 -phenyl-1H-benzimidazole (9) .2-(1,3-
benzodioxol-5-y1)-2,3-dihydro- 1 H-benzimi
dazole(10),1,3-dihydrospiro[benzimidazol-
2,1'-cyclohexane](11) and 1H-benzimidazole-
2-thiol (12) were formed respectively. Then
compound  (12) was converting to
[1,3]thiazolo[3,2-a]benzimidazol -3(2H)-one
(13) by treating with chloroacetic acid in abs.
ethanol (Scheme IV).
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Schene IV
The '"H-NMR spectra of compound 9
and 10 showed characteristic signals at 8.30-
8.84(s, 1H, NH) which was further characte-
rized by D.O exchange. Beside this, in the
'H-NMR spectrum of compound 11, there
were a multiple signals at 1.80-2.05 belonging
to —CH;- group of cyclohexane ring. On the
other hand, '"H-NMR spectrum of compound
12 showed signal at 5.51 due to —SH group
which was disappear with D,O. When compo-
und 12 was converted to compound 13, signal
of -SH group was disappear and a new signal
at 2.25 was shown which represent —CH,-
group, in '"H-NMR spectrum. Furthermore,
PC-NMR spectra of compounds 9-13 give a
good support for the IR and "H-NMR data of
these compounds. Table I summarize phy-
sical properties of the synthesized compo-
unds; Table II shoes characteristic spectral
data of these compounds.
Table I: Physical properties of compounds 2-13

Compeand MPIC YaYield
No.
2 158130 53
3 187-189 70
4 115-117 75
5 198-200 60
5 170-172 70
7 7580 50
8 80
9 G5
10 75
11 60
12 70
13 112-114 50

Table T:spectral data of compounds 2-13
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Fig. 2: FT-IR spectrum of compound 8
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