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Abstract

A series of new cyclic imides (3,4-dimethyl maleimides) and (1,8-naphthalimides) substituted
with 1,3,4-oxadiazole ring were prepared by following four different methods. The first one
involved direct reaction of 5 substituted-2 -amino-1,3,4- oxadiazole with 3,4-dimethyl maleic
anhydride under certain conditions while the second method involved reaction of 5-subsitiuted-2-
amino-1,3,4-oxadiazole with 1,8- naphthalic anhydride in the presence of glacia acetic acid. The
strategy used in performing the third method based on Gabrial synthesis involving treatment of 5-
substituted-2-amino-1,3,4-oxadiazoles with chloro acetyl chloride to afford 2-(2-chloro acetyl
amino)-1,3,4-oxadiazoles which in turn were used subsequently in reaction with 1,8-naphthalimide
producing three new N-(2-acetyl amino-5-substituted-1,3,4- oxadiazole-2-yl )-1,8-naphthalimides.
The strategy used in peforming the fourth method based on Williamson reaction
including reaction of the prepared 2-(2-chloro acetyl amino)-1,3,4- oxadiazoles with
N-( hydroxy phenyl )- 3,4- dimethyl maleimides to afford nine new N-[2-oxyacetamido-5-
substituted 1,3,4-oxadiazole-2- yl )phenyl]-3,4-dimethyl maleimides. Finally antibacterial activity
of all the prepared new cyclic imides were evaluated against two types of bacteria and the results

showed that most of the new imides posses high biological activity against these organisms.

I ntroduction

Cyclic imides are important family of
organic compounds possess structural features
which confer potentia biological activity and
pharmaceutical  usé™?.  Their molecules
contain an imide ring with a general structure
[-CO-N(R)-CO-], so that they are hydrophobic
and neutral and can therefore cross biological
membranes in vivo. A diversity of biological
activities and pharmaceutical uses have been
atributed to them, such as antibacterial,
antifungal, anti nociceptive, anticonvulsant
and antitumor ®.0On the other hand 1,34
oxadiazoles belong to a group of heterocycles
that have been attracting attention for
last two decades due to their wide range
of biological interactions “°. Many of
them exhibit antibacteria, anticonvulsant,
anticancer activities and are used to fight
infections involving AIDS ®®, They are also
applied in agriculture as herbicides, fungicides
or insecticides %, K eeping these above facts
in view it was thought worthwhile to
synthesize new compounds by incorporating
cyclic imide and 1,34-oxadiazole ring in a
single molecular framework. The resulted new
molecules were expected to possess biological

activity since they were built from two
biologically active components.

Experimental

All chemicals employed were of analytical
reagent grade and were used without further
purification. FTIR spectra were recorded on
SHIMADZU FTIR-8400 Fourier Transform
Infrared Spectrophotometer using KBr discs.
Melting points were determined in open
capillaries on Thomas Hoover apparatus and
were uncorrected.

'HNMR and *CNMR spectra were
recorded on Bruker spectro spin ultra shield
magnets 300 MHz instrument, using DM SO-
ds,CDCl3 as solvents and TMS as internal
reference. Elemental analysis were preformed
on Perkin ElImer 240 element analyzer.

1-Preparation of 2-amino -5-substituted -

1,3,4-oxadiazoles [1-6]

The titled compounds were prepared
according to literature procedures ¥ with
minor modifications and the required
semicarbazones were synthesized via direct
reaction between aldehydes and hydrazine
hydrate according to literatures 2.



Semicarbazone (0.01 mol) and sodium
acetate (0.02 mol ) were dissolved in (30
40 mL ) of glacial acetic acid in a suitable
round bottomed flask equipped with a
dropping funnel for the addition of
bromine.Bromine (0.7 mL in 5 mL glacia
acetic acid) was added drop wise with stirring
and cooling. Stirring was continued for 1 hr.
then the resulted solution was poured on
crushed ice with vigorous stirring. The
resulting solid was filtered, washed thoroughly
with water,dried and recrystalized from
ethanol. Physical properties and FTIR
spectral data of compounds [1-6] are listed in
Table (1).

2-Preparation of N -(5-substituted -1,3,4-
oxadiazole-2-yl)-3,4- dimethyl maleimides
[7-12]

The titled imides were prepared according

to literatures *¥ with some modifications: A

solution of (0.01 mol) of 2- amino-5

substituted -1,3,4-oxadiazole in (25 mL) of
diethyl ether was added drop wise to a solution
of (0.01 mol) of 34-dimethyl maleic
anhydride dissolved in(25 mL) of diethyl ether
with stirring and cooling.The resulted mixture
was stirred for additional 2 hrs. a room
temperature then was left over night. The
obtained precipitate was filtered,washed with
ether and dried then was purified by
recrystallization from cyclohexane. Physical
properties and FTIR spectral data of
compounds [7-12]are listed in Table (2).

3-Preparation of N-(5-substituted-1,3,4-
oxadiazole-2-yl)-1,8-naphthalimides
[13-18]

A solution of (0.01mol) of 2-amino-5-
substituted - 1,3,4-oxadiazole in (20 mL)
chloroform was added drop wise to (0.01 mol)
of 1,8-Naphthalic anhydride dissolved in
(30 mL) of chloroform with stirring then
(5mL) of glacial acetic acid was added and the
mixture was refluxed for four hours 4. The
resulted mixture was cooled to room
temperature before pouring into crushed ice
with vigorous stirring. The obtained precipitate
was filtered, washed thoroughly with water
and dried then was purified by recrystalization
from benzene. Table (3) lists physica
properties and FTIR spectral data of the
prepared imides [13-18].
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4- Preparation of 5-substituted -2-(2-chloro

acetyl amino) -1,3,4- oxadiazoles[19-21]

Chloro acetyl amino oxadiazoles were
prepared by following literature procedures®.
A mixture of 2- amino-5-substituted -1,3,4-
oxadiazole (0.02 mol) and chloro acetyl
chloride ( 0.02 mol ) in chloroform (50 mL )
was refluxed in the presence of KyCOs
(0.02mol) for eight hours. Excess of solvent
was removed in vacuo and the residue was
stirred with water before filtration. The
obtained precipitate was washed with 5 %
NaHCOs; solution then with water and dried
then was purified by recrystallization from
acetone. Physica properties and FTIR
spectral data of compounds [19-21] are listed
in Table (4).

5-Preparation of N-(2- acetyl amino-5-
substituted-1,3,4- oxadiazole—2- yl )- 1,8-
naphthalimides [22-24]
Synthesis of the titled imides were
performed viathe following two steps:

5-1-Preparation of 1,8- Naphthalimide
potassium salt

Naphthalimide (0.01 mol) was dissolved in
(25mL )of absolute ethanol then was heated in
a water bath. The resulted clear solution was
added to acoholic potassium hydroxide
solution with stirring and cooling then the
obtained precipitate was filtered and dried ¢/,

5-2- Preparation of compounds [22-24]

(001 mol) of the prepared 1,8
naphthalimide potassium salt was added
gradualy with stirring to (0.01 mol) of
compound [19], [20] or [21] dissolved in
(30 mL) of absolute alcohol 1. The resulted
mixture was refluxed for eight hours with
continuous stirring then was cooled to room
temperature.The obtained precipitate was
filtered, washed with 5 % NaHCO;s; solution
then with water and dried. Purification of the
product was preformed by recrystallization
from n-hexane. Physical properties and FTIR
spectral data of compounds|[22-24]are listed in
Table (5).

6-Preparation of N-[4-(2-oxyacetamido-5-
substituted-1,3,4-oxadiazole-2-yl)phenyl]

- 3,4- dimethyl maleimides[25-27]
(0.015 mol) of 4-(hydroxy phenyl)-34-
dimethyl maleimide was dissolved in (15 mL )
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of 10 % solution of sodium hydroxide. To the
resulted clear solution (0.015mol) of
compound [19], [20] or [21] dissolved in
(20 m L) of acetone was added gradually with
stirring. The resulting mixture was refluxed for
three hours then cooled to room temperature
before pouring into (50 mL) of cold water with
vigorous stirring. Dilute HCIl solution was
added drop wise with stirring and cooling until
neutralization then the formed precipitate was
filtered, washed with water several times,
dried and finally recrystalized from
cyclohexane. Physical properties and FTIR
spectral data of compounds [25-27] are listed
in Table (6).

7-Preparation of N - [3-(2-oxyacetamido-5-
substituted-1,3,4-oxadiazole-2-yl)phenyl]
-3,4-dimethyl maleimides[28-30]

The titled compounds were synthesized
via reaction of equimolar amounts of
3-(hydroxy phenyl)-3,4-dimethyl maleimide
and compound [19], [20] or [21] following the
same procedure used in th preparation of
compounds [ 25— 27 ]. Physical properties and
FTIR spectral data of compounds [28-30] are
listed in Table (6).

8-Preparation of N-[2-(2-oxyacetamido-5-
substituted-1,3,4-oxadiazole-2-yl) phenyl]
-3,4- dimethyl maleimides[31-33]

The titled compounds were prepared by
following the same procedure used in the
synthesis of compounds [25-27] except using
of 2-(hydroxy phenyl) -34- dimethyl
maleimide instead of 4-(hydroxy phenyl )-3,4-
dimethyl maleimide.

Physical properties and FTIR spectral data
of compounds[31-33]are listed in Table(6).

9-Biological study

The cup plate method using nutrient agar
medium was employed in studying the
antibacterial activity of the prepared imides
against two types of bacteria, staphylococcus
aureous (Gram positive)and E scherichia coli
(Gram negative) respectively. DMF was used
as sample solution and sample size for all the
compounds was fixed at (0.1mL). Using
a sterilized cork borer cups were scooped out
of agar medium contained in a Petri dish
which was previously inoculated with the
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microorganisms. The test compound solution
(0.1 mL) was added in the cups and the Petri
dishes where subsequently incubated a 37 °C
for 48 hours.Zones of inhibition produced by
each compound was measured in mm and the
results are listed in Tables (10) and (11).

Results and Discussion

Since both cyclic imides and 1,34
oxadiazoles are very important organic
compounds having wide spectrum of
biological activities 8% the target of the
present work is to synthesize new compounds
containing these two biologicaly active
components  with  expected  biological
activity. The target of this work was performed
by following different strategies, the first
one involved reaction of 5-substituted-2-
amino-1,3,4-oxadiazoles with selected cyclic
anhydrides. Thus a series of 2-amino-1,3,4-
oxadiazoles  substituted  with  different
substituents in 5-position were prepared via
oxidative cyclization of the corresponding
substituted semicarbazone under the influence
of bromine and sodium acetate in glacial acetic
acid [,

Direct reaction of the prepared 5
substituted-2-amino-1,3,4-oxadiazoles  [1-6]
with 3,4- dimethyl maleic anhydride in
suitable solvent under certain conditions
afforded the desirable imides [7-12], while
reflux of the prepared 5 substituted-2-amino-
134- oxadiazoles with  1,8-naphthalic
anhydride in the presence of glacial acetic acid
afforded the desirable naphthalimides [13-18].
These reactions ae summarized in
Scheme ().
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Scheme (1).
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NO,

, phCH=CH-)

The prepared imides [7-18] were colored
solids with sharp melting points and afforded
in good yields (63-87)%. Structures of the
prepared imides [7-18] were confirmed by
FTIR, H-NMR and *C-NMR spectroscopy
and C.H.N analysis for some of them.

FTIR spectra of imides] 7-12] showed clear
absorption bands at (1680-1766) cm™ (1643-
1658) cm™, (1510-1604) cm™, (1330-1380)
cmtand(1118-1280) cmldue to v (C=O)
imide, v( C=N ), v( C=C ) diphatic, v(C-N)
imide and v(C-O-C)ether respectively, while
FTIR spectra of imides [13-18] showed two
characteristic bands at (1758-1782) cm™ and
(1735-1743) cm™ due to v (C=0) imide and
other absorption bands at (1581-1704) cm™,
(1303-1350) cm™, (1172-1188) cm™ due to
v(C=N), v(C-N) imide and v(C-O-C) ether
respectively 2% .

On the other hand HNMR spectrum of
compound [1] showed singlet signa at
0=2.5ppm belong to (NH) amine proton and
multiplet signals at 6=(7.2-7.8)ppm which
were assigned to aromatic protons, while
3CNMR spectrum of the same compound
showed two characteristic signals at 164
and157ppm belong to two carbon atoms in
oxadiazole ring and signals at (100-135) ppm
belong to aromatic ring carbons.

HNMR spectra of imides [9] and [10]
showed clear signals involved singlet signal at

& = 2.5 ppm belong to two (CHs) protons and
multiplet signals at 6= 6.95-7.86) ppm belong
to aromatic protons.

HNMR spectrum of compound [9] showed
also two signals at 6= 6.88 and 7.06 ppm
which were assigned to two vinylic protons
while HNMR spectrum of compound [10]
showed signal at 6= 3.8 ppm belong to (OCHs)
group 2.

1BC-NMR spectrum of compound [9]
showed many characteristic signals including
signal a 9.3 ppm belong to two methyl
groups, signals at 140 and 142 ppm belong to
two vinylic carbons attached to phenyl ring
.Other signals appeared at 147, (152-153) and
171.33 ppm which were attributed to vinylic
cabons in imide ring, C=N carbons
in oxadiazole ring and carbonyl group
carbons in imide ring respectively while
signals of aromatic carbons appeared at
(127-125.17) ppm.

On the other hand HNMR spectra of
compounds [13] and [16] showed multiplet
signals 6= 7.1-7.95 ppm and a 06=8.1-
8.55 ppm which belong to aromatic protons of
benzene ring and naphthy! rings respectively,
more over HNMR spectrum of compound [16]
showed signal at 6= 3.8 ppm belong to (OCHs)
protons.

On the other hand **C-NMR spectrum of
compound [13] showed many clear signals
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including signals at 119.4-135.8 ppm belong to
aromatic carbons of benzene and naphthyl
rings, signal at 161.18 ppm belong to carbons
in oxadiazole ring and signal at 164.3 belong
to two carbony! carbonsin imide ring.

The second part in this work involved
synthesis of new naphthalimides [22-24]
connected to oxadiazole moiety through
acetamido group. The strategy used in building
of these compounds involved reaction of 2-

Vol.14 (1), March, 2011, pp.15-29 Science
amino-1,34-oxadiazole  compounds  with
chloroacetyl  chloride  producing  2-(2-

chloroacetylamino) oxadiazole derivatives
[19-21] which in turn were introduced in
reaction with 1,8-naphthalimide potassium salt
to afford the desirable naphthalimides [22-24].
These syntheses represent a modified Gabriel
synthesis and were summarized in Scheme (2).

% I
Ar-& - -
HLCO L, + crchc -l
(A=) , phCH=CH- )
A | Ko,CO3 step (1) ’
B
A'"ko)\ N—C-CH, Cl
[19-21]

5-subgtituted-2-(2-chloro acetylamino )-1,3,4-oxadiazoles

[22-24]

l

step (2)

N-(2-acetyl amino-5-subgtituted -1,3,4-oxadiazole -2-yl)-1,8-naphthalimides

Scheme (2).

The prepared imides [22-24] are green
solids having sharp high melting points.

FTIR spectra of these imides showed clear
absorption bands at (3317-3402) cm™ (1690-
1712) cm™ and (1674-1681) cm™ due to
v(N-H) amide, v(C=0) imide and v (C=0)
amide while absorption bands due to v(C=N)
and v(C-N) were appeared at (1589-1660) cm™*
and(1373-1380)cm™ respectively.

HNMR spectrum of compound [23]
showed two clear signals at 6= 2.1land 3.66
ppm belong to (-CH, —CO-) and (OCHsg)
protons, while signals belong to benzene ring

and naphthyl ring protons appeared at 6= (7-
7.71) and (8-8.43)ppm respectively.

The third part of this work involved
synthesis of new cyclic imides [25-33]
connected to oxadiazole moiety through
phenoxy acetamido group. The strategy used
in building of these imides [25-33] involved
reaction of the prepared 2 - chloroacetyl
amino oxadiazole derivatives [19-21] with
N-(hydroxy phenyl) 3,4- dimethyl maleimides
in akaline solution according to Williamson
synthesis.



The three N-(hydroxyl phenyl)-3,4-
dimethyl maleimides used in these syntheses
were prepared according to literatures Y via
reaction of 3,4-dimethyl maleic anhydride with

HC CO
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OH

HC CO
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0, m and p-amino phenols. Synthesis of imides
[25-33] can be summarized in Scheme (3).

H,;C CQ
HO/\:>-NH2_> HC]: _‘C)

NaOH H3C CQ N-N
— OCH, CNH PN
A O~ "Ar
[25-27]
Q NN

)
NeOH  p1.c.CO CHp C-NH - 3=,
A

H;C™Co [28-30]

HO
— + {/ \ C-NH - v
HscEcoN @ Arko)‘ﬁ-g-CHZCI _: H3C|CQN 52CNH ko)\Ar
HsC™~CcOo
3CO [31-33]
(Ar = , PhCH=CH- )
Scheme (3).

Synthesis of imides [25-33] were On the other hand HNMR spectra of

preformed in akaline medium because in
alkaline solution a phenolic moiety existed as
the phenoxide ion which act as a nucleophilic
reagent attacked the halide 2-(2-chloro acety!l
amino)-1, 3, 4- oxadiazoles and displaced
halide ion affording the desirable products.
Most of the prepared imides [25-28] and
[32,33] are colored solids with sharp melting
points while imides [29-31] are oily
compounds.Structures of the prepared imides
L25-33] were confirmed by FTIR, H-NMR,
3C-NMR spectroscopy and C.H.N analysisfor
some of them.

FTIR spectra of imides [25-33] showed
characteristic absorption bands at (3286-
3363)cm™*,(1743-1680) cm™? and  (1640-
1689)cm*which were attributed to v( N-H)
amide, v (C=0) imide and v(C=0) amide
respectively while absorption bands due to
v(C=N) and v(C-N) imide were appeared at
(1596-1658) cm™and (1311-1396) cm™.

compounds [26] and [32] showed singlet
signals at 6= (1.951.97) and 2.5 ppm which
were assigned to —CH,-CO- protons and two
methyl protons. Signals belong to vinylic
protons appeared at 6=(6.3-6.45) ppm while
aromatic protons and (NH) amide proton
appeared at 6=(6.8-7.8) and (8.3-9.8) ppm
respectively. Finaly *C-NMR spectra of
compounds [26] and [32] showed
characteristic signals at (9.08-9.1) and (46.11-
47) ppm which were attributed to two methyl
groups and —CH»-CO- respectively while
signals for aromatic ring carbons appeared at
(111.3-136.61) ppm. Signals belong to
carbonyl carbons in imide ring appeared
at (171.3-171.48) ppm while signas for C=0
amide carbons, carbons in oxadiazole ring
and vinylic carbons were appeared at
(163.75-163.76), (156.89-158.14) and (137.66-
154.47) ppm respectively.

Physical properties and FTIR spectral data
of the prepared compounds in this work are
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listed in Tables (1-6), HNMR and ** C-NMR
spectral data are listed in Tables (7) and (8)
and C.H.N) analyses are listed in Table (9).

Biological activity

The prepared imides in this work were
expected to posses biological activity since
they were built from two biologicaly active
moieties thus studies on the antibacterial
activity of synthesized imides have been
carried out against two pathogenic organisms
including staphylococcus aureous (Gram

positive) and Escherichia Coli (Gram
negative).

Antibacterial  activity of the newly
synthesized compounds in the present

investigation was assessed by the cup—plate
method. The results of antibacterial studies are
shown in Tables (10) and (11). Among the
tested imides [7-18], compounds [7], [8] and
[10] showed very high activity against
Escherichia coli (E.coli) . Also compounds
[9], [11], [13], [24] and [16-18] showed high
activity against E.coli while compounds [12]
and [15] showed moderate activity against this
bacteria
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On the other hand the same imides [7-18]
showed less activity against Staphylococcus
aureus (Saureus) thus only compound [11]
showed high activity, compounds [7],[10],[12]
and [15] showed moderate to slight activity
while other imides [8,9,13,14] and [16-18]
were found in active against this bacteria

Imides [22-33] showed high activity
against E.coli except compounds [26] and [27]
which showed moderate activity. Also imides
[25-27], [29] and [31] showed high to
moderate activity against S. aureus while
imides [22-24] and [28, 30, 32, 33] were found
in active against this bacteria

These results may be attributed to cell wall
structure in the studied bacteria, thus
molecules of most of the prepared imides have
hydrophobic properties and this in turn made
these compounds active aganst (Gram
negative bacteria) E.coli which posses
complex lipo poly saccharides in their cell
walls and inactive against S.aureus due to
hydrophilic properties of cell walls in (Gram
positive) bacteria %2,

Table (1)
Physical propertiesand FTIR spectral data of 2-amino-5-substituted — 1,3,4-oxadiazoles.

: . j ti L
Compd. Compound Color Yield Melting Major FTIR Absorptions cm
No. Structure % Point’C | YN-H | o-n | vcoC Others
Amine
1 r>1-r:1>_<:> White | 65 | 216218 | 3301 | 1650 | 120
HN g 1280 —
N-N OCHjz Pde 1170
2 N ,40 »_@ pink 74 | 202-204 | 3310 1650 1250 o
N=N vC=C
- Aliphatic
3 HzN’Qo S-cH=cH< ) | Yellow | 82 | 150-160 | 3456 | 1658 1125 1505
4 '\ Off 70 | 187-188 | 3410 | 1671 1140
HZN’QO)‘@OCHs White —
_O,N v C-NO,
5 ,E \ Brown | 76 oil 3463 | 1704 ig‘z‘ 1427
HN" N 1342
NS vO-H
6 /'4\' N White | 88 | 224225 | 3363 | 1704 Egg phenolic
HoN">N o 3471

* As KBr disc.
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Physical propertiesand FTIR spectral data of Imides[7-12].

- - - —
Compd. Compound o Yied MPel_tlng _ Major FTIR Absorptions cm _
No. Structure olor % 8'”‘ vC=0 | o~ N | PCN I Jcoc| 2EC
C Imide Imide Aliphatic
HsC.-C N
7 : O}q—k | White | 84 |124-125 | 1758 | 1650 | 1374 | 121 | 1506
H C cO
HaC C% NN O e 1180
8 ol —ko Vellog | 70 |210-212 | 1766 | 1658 | 1330 | oo | 1604
3
HsC C N—N
9 E %—4 \ CH:CH_@ Yellow | 65 |177-178 | 1680 | 1643 | 1342 | 1134 | 1589
HC ~co ©
HyC C N-N
10 E %—4 ‘ ocH, | White | 87 | 118120 | 1681 | 1658 | 1360 | 12o0 | 1604
HC ~co ©
C NN |02
11 %_4 \ Yellow | 81 | 199-200 | 1704 | 1581 | 1380 | 1170 | 1581
H,C ©
ch C -N OH 1164
12 —k A@ Yellow | 63 | 164-166 | 1697 | 1596 | 1342 | |5 1510
3C co
* As KBr disc.
Table (3)
Physical propertiesand FTIR spectral data of | mides[13-18]
- . - —
Compd. Compound oo | Yield MP?)Iitlr::g — Major FTIII)?C%‘Nbsorpnons cm
No. Structure % oc Imide C=N Imide vC-O-C | Others
co N—=N Off
N : : 1782
13 CO'N{O }@ White | 78 |237-238 | 7,5 | 1666 | 1303 | 1188 | __
O
CcO
7EA\ i 1766
14 O co‘N_(o p Brown | 81 | 207-208 | j7a0 | 1581 | 1303 | 1180 L
CO N_N v C:C
)N 198 | 1758
15 O coN—/\O Mch=cu{_) | Yellow | 85 | =7 | 1750 | 1666 | 1303 | 1188 | 1573
16 4 {?I_B- OCH Off 73 | 200204 | 1781 | 1641 | 1308 | 1176
SRS | White 1737 —
Ceo 44 =
co N— 1770 NO,
17 N%(})_ Yellow | 75 | 225-226 | ;o.. | 1596 | 1303 | 1180 1434
O o 1350
OH
co N—N v O-H
) Off _ 1766 ;
18 O coN{o e White | 77 | 219-220 | 7272 | 1704 | 1303 | 1172 Pg(iz%lc
* As KBr disc.
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Table (4)
Physical propertiesand FTIR spectral data of compounds[19-21].

; - —
Compd. Compound Yield | Mdting Major FTIR Absorptionscm

Color ® ) vN-H | vC=0 v vC-O-C | vC-Cl
No. Structure % Point “C Amide | Amide | C=N cther Aliphatic

N—N %
19 @_4 juvn Echycl | White | 77 | 171172 | 3317 | 1750 | 1650 | 1143 | 780
(@)
H3CO N—N o
i : )
20 ®< W dgyc | Pk | 65 [ 149-150 | 3325 | 1735 | 1660 [ 1180 | 833
(@)

N—N
I
21 @-H&HC-(O}NH- C-CHyCl | vellow| 72 | 178-180 | 3286 | 1710 | 1658 | 1134 | 840

* AS KBr disc
Table (5)
Physical propertiesand FTIR spectral data of |mides[22-24].
Gl e cog | Yidd | Melting Major FTIR Absorptionscm®”
No. structure % | Point°C vC=0 | vC=0

vN-H C=N | vC-O-C | vC-N

Imide | Amide

(0]
W
22 O /N-CHZ_c_NH-QO}Q Green | 63 | 241-242 | 3402 | 1690 | 1681 | 1589 | 1149 | 1380
Cco

o) OCH,
coO T N—N
23 O ON-CHp-CNH Green | 72 | 220-222 | 3317 | 1700 | 1674 | 1589 | 1180 | 1373
oo °
(0]
P A e
ON-CHyC-NH{_McH=cH-ph | Green | 80 | 234-235 | 3325 | 1712 | 1681 | 1660 | 1180 | 1380
oo 0
* ASKBr disc
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Table (6)
Physical propertiesand FTIR spectral data of I mides [25-33].
Major FTIR Absorptions cm™”
Compd. Compound Yield | Melting
ceer |, Point® vC=0 | »C=0
No. structure % oint"C wC-0-C | wN-H C=N »C-N
Imide Amide
HyC. CO 9 NN 1141
25 T NCpo-cHyCNHt HT) | Brown | 85 | 136-138 3286 | 1689 | 1650 | 159 | 139
H,c” €O 1234
(@]
H.C_CO n N-N Deg] 1141
26 YN O~ CHy-C-NH-{_-CH=CHPh P | 88 | 130432 3340 | 1680 | 1660 | 1604 | 1388
H,C” €O O Green 1234
O OCH
H CO n N-N 3
3C]I N-( ) O~ CHyC-NH 1186
27 co o Brown | 70 | 185-187 3332 | 1680 | 1658 | 1604 | 1311
HsC 1257
' NHL off 1157
O-CH,-C-NH-
28 HzC.-CO 2 o _ 75 210-212 3300 | 1740 1650 1596 | 1330
I N White 1234
Hyc” €O
(I:I) N-N
0-CHy-C-NH¥_ 3 CH=CH-Ph ! 1180
29 H3C-CO. o Brown | 90 Qily 3363 | 1712 | 1658 | 1604 | 1388
| N 1257
Hyc” CO
1] N-N OCHs
H,C.CO, O-CHy C-NH( _ 1180
30 I N-@ Brown | 86 Qily 3363 | 1697 | 1660 | 1605 | 139
co 1257
HaC
Q N-N
O‘CHZ'C'NH'QO\ 1190
31 HsC__CO, Orange | 60 Qily 3300 | 1704 | 1640 | 159 | 1350
]I N 1280
Hac™ €O
n N-N
0-CH,-C-NH<_ CH=CH-Ph
HsCCO o 1188
R 3 I N@ Yellow | 72 152-153 3204 | 1697 | 1658 | 159 | 1357
AmCO 1280
OCH
Q o 3
-CHp-C-NH= >
H,C_CO i © 1180
33 3CI : Yellow | 65 147-148 3317 | 1743 | 1687 | 1658 | 1360
s 1257
HsC
* ASKBr disc
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Table(7)
'H-NMR spectral data for some of the prepared compounds.
Ccl)\lrrcl)pd. Compound structure 'H-NMR spectral data
N-N 8=2.5(s) ppm, NH amine,
1 HzN’Qo»_Q 6=7.2-7.8 (m) ppm,5H aromatic
H.c._C N-N 6=,2.5(s) ppm, 6H of CH3
9 T %—%%Hﬂ_@ 8= 6.88, 7.06 () ppm , 2H vinylic
HC ~co 8=(7.13-7.86) (m) ppm, 5H ar omatic
H.C. C 6=2.5(s) ppm, 6H of 2 CH3,6= 3.8(s) ppm
10 i I %/w—k XQ_OCHg 3H of OCHj, 8= (6.95-7.77) (m) ppm, 4H
HC “co aromatic
co, NN 6=(7.2-7.9) (m) ppm, 5H aromatic of phenyl
13 { )—@ ring, 6= (8.3-8.5) (m) ppm, 6H aromatic of
O naphthyl ring
NN 6= 3.8 (s) ppm,3H of OCHg3, 6= (7.1-7.95) (m)
16 O CO, N{ ).@-ow ppm, 4H aromatic of phenyl ring
Q co o ¥ 5= (8.1-8.55) (m) ppm, 6H ar omatic of naphthy
ring
0
OCHs | §=2.1(s)ppm, 2H of ( H,cC- ),
23 O N CH, c NHQ )-@ 6=3.66 (s) ppm, 3H of OCH3s , 8= (7-7.71) (m)
O ppm, 4H aromatic of phenyl ring, 6= (8-8.43)
(m) ppm, 6H aromatic of naphthyl ring
O
26 c. _co 0 6=1.97 (s) ppm, 2H of(_zcc ),
o I N©O-CH2 C- NH—k )—CH CHPh | § = 2.5(s) ppm, 6H of 2CHj3, 6= 6.45 ppm, 2H
Hae” 0 vinylic, = (6.8-7.7) (m) ppm,9H ar omatic
6=28.3 (s) ppm, NH amide
T
6=1.95(s) ppm, 2H of ( -H,C-C- ),
O NN 6= 2.5 (s) ppm, 6H of 2 CHs, 6= 6.3 (S) ppm, 2H
32 O~ CHyC-NH- > CH=CH-Ph Vinylic, = (6.8-7.8) (m) ppm, 9H aromatic
HSCICO\N-© 6= 9.8 (s) ppm, NH amide
Hyc” CO’
(S) =singlet
(m) = multiplet

11



Ahlam MaroufAl-Azzawi

Table (8)
13CNMR spectral data for some of the prepared compounds.
C?\ln;pd. Compound structure BCNMR data (ppm)
N—N 2 3
1 /( )@4 100 C4, 124C3,Cs, 128 C,,Cs, 135 Cy,
HoN" 0 5 N 157Cs,, 164 C,

9.3, 2CHs, 117 ppmC,, 120ppm Cg3,Cs,
e _co. N—A 23 124 CpCs, 12517 Ci, 140, 142 two
9 ][ >N—\< Y=CH=ch- ®4 vinylic carbons, 147two vinylic carbons in
HaC ~CO 1 6 5 imide ring, 152.1 Cs, 153 C», 171.33 two

carbonyl carbons
N—N 6 5 119.4 C4,C10,Cs,Ca, 125 C3,C6,C3\,Cs\ 128
12 { )5‘@ . Cz, C7, 130 Ca, C7', 131 Co, 132 C1,Cs,
M N7 135.8 C;, 161.18 Cjy, Cs,, 164.3 two

A carbonyl carbons

9.08 2CHg, 47(CH), 111.3 Cg, 115.8 Ca,
Cs, 1235 Cp Ce, 127.2 C,, Cg, 129 Cs,

2 3 0
26 | HCCOL =4 NN Cs, 134.3 Cy, 135.6 C1, 136.9 C4, 141.13
H3CICO/N Q—o CHz-c NH_QO)— C:'S\ “ » | vinylic carbon, 14225 two vinylic
sis I | carbons in imide ring, 148.65 vinylic
4 carbon, 157.29 and 158.1 two carbons in
oxadiazole ring, 163.76 (C=0) amide,
171.48 two carbony! carbonsin imide ring
9 NN 9.1 2CHgz, 46.11 (-CHy-), 11135 Ca,
o—Chp-c-NH— Ych=cn | 116.84 Cg, Cs\ 11954 C4,Cs, 127 Ca, G,
oG co 5 3 o 1 | 129.2 Ce, 130.6 C3, 134.35 Cy, 135.63 C;4,
32 3 I NN- @ . 6 136.61 C,, 137.66 one vinylic carbon,
oo’ 1 5! \ 1142.24 two vinylic carbons in imide ring,
H3C 6 5 4| 154.47 one vinylic carbon, 156.89 and
158.14 carbons in oxadiazole ring, 163.75
(C=0) amide, 171.3 two carbony! carbons
inimidering
Table (9)
C.H.N Analysis for some of the prepared compounds.
Compd. Calculated Found
No. C H N C H N
1 59.62 4.34 26.08 59.39 4.08 26.22
4 56.54 4.71 21.98 56.77 4.50 22.14
7 62.45 4.08 15.61 62.70 4.36 15.41
10 60.20 4.34 14.04 59.91 4.58 13.89
13 70.38 3.22 12.31 70.11 3.01 12.12
16 67.92 3.50 11.32 68.12 3.33 11.59
22 66.33 351 14.07 66.15 3.29 13.92
26 64.86 4.50 12.61 64.62 4.70 12.82
28 63.15 4.30 13.39 63.29 4.23 13.28

12
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Table (10)
Antibacterial activity of compounds[7-12] and [13-18].
Compd. Gram negative bacteria Gram positive bacteria
No. Escherichia coli Staphylococcus aureus
++++ ++
++++ -
+++ -
10 ++++ ++
11 +++ +++
12 ++ +
13 +++ -
14 +++ -
15 ++ ++
16 +++ -
17 +++ -
18 +++ -
Table (11)

Antibacterial activity of compounds [22-33].

Compd. Gram negative bacteria | Gram positive bacteria
No. Escherichia coli Staphylococcus aureus
22 +++ -
23 +++ -
24 +++ -
25 +++ +++
26 ++ ++
27 ++ +++
28 ++++ -
29 ++++ +++
30 +++ -
31 +++ ++
32 ++++ -
33 +++ -

Key to symbols: I nactive = - (inhibition zone < 6 mm)
Slightly active = + (inhibition zone 6-9 mm)
Moderately active = ++ (inhibition zone 9-12 mm)
Highly active = +++ (inhibition zone 13-17 mm)

Very high activity = ++++ (inhibition zone > 17 mm)

13

Science



References
[1] A. D. Andricopulo, R. A .Yunes, V.C.
Filho, R.JNunes, JW.Frazer and

E.H.Cordes,” Development of a predictive
statistical model for the analgesic activity
of a family of imides." Pharmazi, Vol. 54
No0.9, 1999, pp.698.

[2] EE O .Lima, E .F. Queroz, A. D.
Andricopulo, R. J. Nunes, R. A. Yunes,
R.Correa and V.C. Filho, " Evaluation of
antifangal activity of N-aryl maleimide and
N-phenyl akyl -3,4-dichloro maeimide,”
Bol. Soc.Chil .Quim, Vol. 44, No. 2, 1999,
pp.185.

[3] D.S. Stiz, M. M. Souza, V.Golin, R. A. S.
Neto, R. Correa, R .J. Nunes,, R.A.Yunes
and V.C. Filho,”  Antinociceptive
properties of N- aryl — glutaramic acid and
N- aryl glutar imide" Pharmazie, Vol. 55
No.12, 2000, pp.942.

[4]. M.D.Mullican, M.W.Wilson,D.T. Connor,
CR. Kostlan, D.J.Schrier and
R.D..Dyer,"Design of 5-(3,5 tert-butyl -4-
hydroxy phenyl )-1,3,4- triazoles, 1,3,4-
oxadiazoles and 1,2/4-triazoles as orally
active,nonulcerogenic  anti-inflammatory

agents" JMed.Chem, Vol .36, 1993,
pp.1090.
[5] M. Amir and K. Shikha" Synthesis and

anti-inflammatory  analgesic  ulcerogein
and lipid peroxidation activities of some
new 2-(2,6-dichloro anilino phenyl)acetic
acid derivatives. Eur. J .Med.Chem.,
V0l.39, 2004, pp.535.

[6] A. Almasirad, S.A. Tabatabai, M. Faizi and
A .Kebriaeezadeh "Synthesis and
anticonvulsant  activity of new 2-
substituted -5-[2- 2-flouro phenoxy)
phenyl]-1-3,4-oxadizoles and 1,2,4-
triazoles® Bioorg. Med. Chem. Lett.,
Vol.14, 2004, pp.6057.

[7] H. A. Rgapakse,H .Zhu, M .B. Young and
B.T.Mott,"Amild and efficient  pot
synthesis of 1,34- oxadiazoles from
carboxylic acid and hydrazides
"Tetrahedron Lett., Vol. 47, 2006,
pp.4827-4830.

[8] A Kudelko and W. Zdinski, " An
efficient synthesis of new 2- amino
methyl-1,3,4- oxadiazole from
enantiomeric phenyl glycine hydrazides
"Tetrahedron,Vol.65, 2009, pp.1200.

14

Ahlam MaroufAl-Azzawi

[9] X.Zheng, Z.Li, Y.Wang, W.Chen,Q .
Huang, C.Liu and G. Song, "Snthesis and
insecticidal  activities of Novel 25
disubstituted 1,34- oxadiazoles® J.
Fluorine Chem., Vol.123, 2003, pp.163-
1609.

XJZou, LH .La, GYJn and
Z.X.Zhang,"Synthesis,fungicidal  activity
and 3-D-QSAR of pyridazinone -
substituted -1,3,4- oxadiazoles and 1,3,4-
triazoles JAgric Food Chem.., Vol.50,
No.13, 2002, pp.3757.

[11] K.M.L.Ra and N. Linganna, "Synthesis
and evauation of antimitotic activity of

[10]

akylated 2- amino -1,3,4-oxadiazole
derivatives . ", IL Farmaco, Vol.55, 2000,
pp.389.

[12] A.l.Vogel, Textbook of practical organic

chemistry, 5" Edition, Longman 1996.
D.Fles;, R.Vukovic, A.E. Kuzmic,

G.Bogdanic, V.Pilizota, K. Makus,

K.Wolsperger and D.V.Topic, " Synthesis

and spectroscopic evidences of N-aryl

maleimide and N-aryl -2,3- dimethyl

maleimide” Croat .Chem.Acta, Vol. 76

No.1, 2003, pp.69.

[14] M. M. Desouza, R .Correa, V.C. Filho,
|.Grabchev and V. Bojinov,"4-Nitro -1,8-
naphthalimide  exhibit  antinociceptive
properties’ Pharmazie, Vol. 56,No.6, 2002,
pp.430 .

[15] A .A. Chavan and N .R. Pai, Synthesis

and biological activity of N-substituted -3-

chloro -2- azetidinones™ Molecules,

Vol.12, 2007, pp. 2467.

T. Mohammad and N.S. Aladli,
"Synthesis and polymerization of N-
(ethylene) pthalimidyl acrylate J.Poly.Sci.
Pat A. Poly. Chem., Vol. 27, 1989,
pp. 2491-2496.

[17] S. C. Mehraand S. Zaman, " Synthesis of
some loca anesthetitis from 2- amino
naphthothiazole’J. Chem. Eng. Data,
Vol.23, 1978,pp.89.

[18] J.Tao, L.H.Cao, C.F.Wang and D.Z.Wang
" Synthesis of 1,3,4- oxadiazole and 1,3-
thiazolibinones containing 1,4,5,6-tetra

[13]

[16]

hydro -6- pyridazinine",J.Chin. Chem.
Soc., Vol. 53, No.5 2006,pp. 1193.
[19] E. D. Zarudnitskii, 1. |. Tervak, A.S.

Merkulov, A. A. Yurchenko and A. A.
Tolmackev, "Trimethyl silyl - 1,34



Journal of Al-Nahrain University

oxadiazoles-new useful synthons synthesis
of various 25 di-substituted -1,3,4-
oxadiazoles', Tetrahedron, Vol.64, 2008,
pp.10431 .

R.M.Slverstein  and  G.C.Bassler

"Spectrometric identification of organic
compounds’ 4™ Edition 1981, John and
sons.
[21] A. M .Al-Azzawi,"Synthesis of Novel N-
substituted dimethyl maleimidy! ester and
their applications as plasticizers for poly
(vinyl chloride)" Um- Salama Science
Journal, Vol.4, No.4, 2007, pp.628.

S.A.Mahdi, MSc.Thesis'Synthesis,
identification and biological activity study
of N- (substituted benzothiazole -2-
yl)maleimide substituted sulphonamido
maleimide substituted with different hetero
cycles'.College of Sci .Chem .Dept .Univ.
of Baghdad 2008.

[20]

[22]

-

Aadal)

Ailall cla e e Al jpast Gaadl) e
Juiias -81 5 aled e Jite U -4,3 a5 s
s bbs5-4,3 1 dala o LS 5 (A dslall b
Adlite Gb ) gLl el

Giob oo Aala¥) juiasi (AN dg Hlall Cuas
- a2 yayaemd GLS je g il Jelid)
Sl & el Jdie A543 ae Js3Uols 5-4,3,1
B8y Sl el ant 5 Laty diee gk i
—Uasme5 Al e g delall BlA (e 4 45 k)
Sl e 8-8,1 ae Js5 sy -4,3,1- siud-2
RPPEN i REINEN EC M ENRPENpY

Ca ) st & Caag) ) 2D 45 ) L

s al=2- (i gre5 LS e dlalea Chieal 288 sl
Js—aall Jial) 255085 )5S ae J5300s 5-4,31
-4,31-(s—ial Ji il 5)518-2)-2 ALK 50 e
e el 3 Gy i b s il Jsals
EMS A_anie ((Gabriel Jelss (335) aled JGas -81
—Uasae 5 5l Jiud=2) =N 8 sas Slala)
Al JEe-8,1 - (Jr-2-Js WS 4-4,311
O—a ey ian’ Ciie o 288 day ) 45y kL
Ji 5 )5l-2)-2 Jelis P (e saaall clala)

Vol.14 (1), March, 2011, pp.15-29

15

Science

N Gl S e e Js S o) 4,31 ( s—dl
G5 ol s Jhe AE-43-(dd S5 0)
s e Js—asll o3 Cus(Williamson ) Jels
=5 5ol Cu ) uS-2)]-N o sans Clala
S-4,3-[ds( Jr-2- Jy WS -4,31 (asma
el (Jle Jiie

> MW I WSS G | Cpanial 238 L85 La o Al
O (e 55 A b anall Clyled da ol 5Ll dalladl
A lled sy candl) lala) Qe & edal s L SO
A Al a8 Ly Sl g g i dlle A sl 0l



