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Synthesis and evaluation of Biological activity of new cyclic
Imides derived from 4-amino phenazone
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Abstract

A series of new cyclic imides containing phenazone heterocycle were prepared via
following three different methods.
The first one involved direct reaction of different cyclic anhydrides with 4-amino phenazone
producing the corresponding amic acids which subsequently introduced in dehydration reaction
to afford the desirable imides while the second method involved treatment of 4-amino
phenazone with chloro acetyl chloride affording 4-(2-chloro acetamido) phenazone which
introduced in reaction with potassium salts of both phthalimide and succinimide producing
N-(2-acetamido phenazone -4-yl)phthalimide and succinimde respectively .
The third method involved reaction of 4-(2-chloro acetamido) phenazone with N- ( hydroxy
phenyl) phthalimides producing three new N-(oxy acetamido phenazone-4-yl) phenyl
phthalimides.
Antibacterial activity of the prepared new imides against two types of bacteria were evaluated
and the results showed that the new imides exhibit good to moderate antibacterial
activity.
Antifungal activity of the new imides were also tested against candida albicans fungi and most
imides showed slight activity against this fungi.
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Introduction

Cyclic imides are important family of organic compounds which exhibit a great variety of
biological activities such as antifungal , antibacterial, antispasmodic and analgesic properties ¢
Some cyclic imides are used as plant growth regulators while others used as insecticides
and some have important applications in medical field “© .
On the other hand 4-amino phenazone is an important heterocyclic compound which its
derivatives have a variety of potential biological activities.
Keeping these above facts in view we considered it of interest to synthesize a series of new cyclic
imides containing phenazone moiety in their structures by following different methods and to
evaluate the new compounds for their antibacterial activity.

Experimental

All chemicals used in this work were from BDH, Merk,Fluka and were used without
further purification.
Melting points were determined on Gallen Kamp capillary melting point apparatus and were
uncorrected.
FTIR spectra were recorded using KBrdiscs on Shimadzu FTIR-8400 Fourier Transform
Infrared spectrophotometer.
'H-NMR spectra were recorded on near magnetic resonance Bruker, ultra shield 300 MHz
using tetra methyl silane as internal standard and CDCl3 as solvent in
Al al-.Bayt University in Jordan, C.H.N analysis were determined on Perkin- Elmer 240 Elemental
analyzer. Incubator Hetashi model was used for incubation samples in biological study.

1. Preparation of N-(phenazone -4-ylYmaleamic, Citraconamic, phthalamic and

succinamic acids[1-4]

Literature procedures "® were followed in the synthesis of the titled amic acids with minor
modifications:
(0.01mol) of cyclic anhydride(maleic , citraconic, phthalic or succinic) anhydride was dissolved in
(25mL) of dry acetone then (0.01 mol)of 4-amino phenazone dissolved in (20 mL)of acetone was
added drop wise with cooling and stirring .
Stirring was continued for two hours then the obtained precipitate was filtered and recrystallized
from ethanol or dioxane .
Table(1) lists physical properties and FTIR spectral data of the prepared amic acids.
2. Preparation of N-(phenazone-4-yl)Maleimide, citraconimide, phthalimide or
succinimide[5-8]

The titled imides were prepared according to literature procedures with some

modifications )
A mixture of (0.01 mol) of N-( phenazone-4-yl) amic acids [1-4], (30 ml) of acetic anhydride
and(5%)by weight of amic acid from anhydrous sodium acetate was refluxed for 3 hrs with stirring.
The resulted homogeneous solution was cooled to room temperature then poured into cold water
with vigorous stirring .
The obtained precipitate was filtered , washed with water then purified by recrystallization from
hexane.

3. Preparation of N-(phenazone -4-yl)3,4-dimethyl malimide[9]

Compound [9] was prepared according to literature procedures 9 .
A solution of (0.01 mol) of 4-amino phenazone in (20 ml) of ether was added drop wise to a
solution of (0.01 mol) of 3,4-dimethyl maleic anhydride in (30 mL) of ether with stirring and
cooling.
The mixture was stirred for 3 hrs at room temperature then was left overnight.
The resulted precipitate was filtered and purified by recrystllization from dioxane.
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4. Preparation of N-(phenazone -4-yl) 1,8-Naphthalimide [10]

A mixture of (0.01 mol) of 1,8- naphthalic anhydride , (0.01 mol) of 4-amino phenazone ,
20 mL of acetone and 5ml of glacial acetic acid was refluxed for 6 hrs with continuous
stirring @Y .

The obtained mixture was poured into crushed ice with stirring and the resulted precipitate
was filtered then purified by recrysallization from petroleum ether b.p. (60-80) °C.
Physical properties and FTIR spectral data of the prepared imides [5-10] are listed in Table (2).

5. Preparation of4-(2-chloro acetamido ) phenazone [11]

The titled compound was prepared according to literature procedures 2
(0.01 mol) of 4-amino phenazone was dissolved in (30 mL) of dry ether then a solution of
(0.01 mol) of chloro acetyl chloride in (30 mL) of dry ether was added in portions with stirring
and cooling .
After 30 minutes of additional stirring the solid product was separated then filtered , washed with
dilute NaHCO3 solution then with water. The product was purified by recrystallization from
dioxane.

6.Preparation of N-(4-acetamido phenazonyl)phthalimide [12]

a- Preparation of potassium phthalimide

(0.01 mol) of phthalimide was dissolved in (20 mL) of absolute ethanol then was heated in
water bath.’
The obtained clear solution was added to alcoholic potassium hydroxide solution with continuous
stirring and cooling then the resulted precipitate was filtered and dried .
b. Preparation of N-(4-acetamido phenazonyl)phthalimide [12]

(0.01 mol) of compound [11] was dissolved in (25mL) of absolute ethanol then (0.01 mol) of

the prepared potassium pthalimide was added gradually with stirring.
The resulted mixture was refluxed for six hours with continuous stirring then was cooled to
room temperature.
The formed precipitate was filtered, washed with NaHCO3 solution then with water, and finally
purified by recrystallization from acetone.

7. Preparation of N-(4-acetamido phenazonyl) succinimide[13]

The titled compound was prepared via reaction of equimolar amounts of potassium succinimide
with compound [11] following the same steps used in the preparation of compound [12].Potassium
succinimide was prepared by following the same procedure used in the preparation of
potassiumphthalimide.

Physical properties and FTIR spectral data of compounds [11],[12] and [13] are listed in Table (3).

8-Preparation of N-(4-oxyacetamido phenazone-4-yl)phenyl phthalimide[14]

(0.01 mol) of N-(4-hydroxy phenyl ) phthalimide was dissolved in (15 mL)of ag. NaOH

solution then (0.015 mol)of compound [11] dissolved in (30ml) of acetone was added in portions

with stirring and keeping temperature below (40 C°).

The mixture was refluxed for three hours with continuous stirring then was cooled to room

temperature and poured into excess cold water with vigorous stirring.

The obtained precipitate was filtered, washed with water and dried then recrystallized from

cyclohexane.

9-Preparation of N-(3-oxyacetamido phenazone-4-yl)phenyl phthalimide[15]
The titled compound was prepared by following the same procedure used in the preparation

of compound [14] except using of N-(3-hydroxy phenyl) phthalimide instead of N-(4-hydroxy

phenyl ) phthalimide.

10-Preparation of N-(2-oxyacetamido phenazone-4-yl)phenyl phthalimide[16]
The titled compound was prepared by following the same procedure used in the preparation

of compound [14] except using of N-(2- hydroxy phenyl) pthalimide instead of N-(4-hydroxy

phenyl) phthalimide.
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Physical properties and FTIR spectral data of the prepared compounds [14] , [15], and [16] are
listed in Table (4).

11. Antibacterial activity

The cup plate method using nutrient agar media was employed in studying the antibacterial
activity of the prepared compounds against staphylococcus aureus and Pseudomonas aeruginosa
and antifungal activity against candida albicans.
Using a sterilized cork borer cups were scooped out of agar media contained in a Petri dish
which was previously inoculated with the microorganisms.
The test compound solution (0.1 mL) was added in the cups and the Petri dishes were subsequently
incubated at 37 °C for 48 hrs.
Zones of inhibition produced by each compound was measured in mm and the results are
listed in Table (6).

Results and Disscution

Cyclic imides are important family of organic compounds that posses wide spectrum of
biological activities.
Also phenazone is an important ring system for many substances of biological and medical
interest.
All these facts encouraged us to synthesize new compounds containing the two biologically
active moieties cyclic imide and phenazone with expected biological activity.
Three different strategies were followed to perform this target the first one involved synthesis of
various cyclic imides including maleimide, citraconimide , phthalimide and succinimide
substituted with phenazone ring via reaction of 4-amino phenazone with different cyclic
anhydrides to produce the corresponding amic acids which inturn were dehydrated by using
acetic anhydride and anhydrous sodium acetate to afford the desirable imides.
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This strategy can be summarized in Scheme (1).

AC,0 / NaOAC \
| +  RNH, —— — =5 | Nr
CONHR CO/
[1] (5]
H.C CcO
\ ACZO/NaOAC : \
| / +  RNH, ——» | NR
CONHR CO/
(6]
OH co
AC,0 / NaOAC \
+ RNH, — = /N—R
CONHR CcO
[3] [7]
Co COOH
\ ACZO/NaOAC
O + RNH, —> ‘ N—R
co/ “CONHR ~c /
[4]
OC—N—ph
R= ‘
A&N\
HsC CHs

Scheme (1)

On the other hand synthesis of N-(phenazone -4-yl)-3,4-dimethyl maleimide was performed by
direct reaction of equimolar amounts of 3,4-dimethyl maleic anhydride and 4-amino phenazone
in dry ether at room temperature, while synthesis of N-(phenazone -4-yl)-1,8 - naphthalimide
was performed via reflux of 1,8- naphthalic anhydride and 4-amino phenazone in acetone in the
presence of suitable volume of glacial acetic acid as described in Scheme (2).

391



Journal of Kerbala University , VVol. 8 No.1 Scientific . 2010
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/ \ | e (|
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H,C
s HsC
[10]

CHj

Scheme (2)

Structures of the prepared amic acids[1-4]and cyclic imides [5-10] were confirmed by FTIR and
HNMR spectroscopy.
FTIR spectra of the prepared amic acids showed clear absorption bands at (3220- 3420) cm’
Ydue to v( O-H) carboxylic and v (N-H) amide -
The spectra showed also other bands at (1704-1712) cm™, (1630-1670) cm™ and (1566-1643)
cm?due to v =0 )amide,v (cz0) amide in phenazone ring and
v (C7C ) respectively.
While FTIR spectra of cyclic imides showed disappearance of v( O-H) carboxylic and
g%\)I-H) amide due to dehydration and cyclization and this proved success of imide formation
Also the spectra showed many clear bands at (1720-1740) cm™, (1635-1681) cm™, (1550-1630)
cm™ and (1350-1395) cm™which were attributed to v€=0 ) imide, v(C=0 )amide in
phenazone ring, v (= ) and v( C-N)imide respectively.
Moreover FTIR spectra of imides [7] and [10] showed shoulder absorption band at (1775-1780)
cmand this is a characteristic band for imide.
On the other hand HNMR spectrum of compound [1] showed signals at 6=2.2 and 3.07 ppm
belong to CH3; group and (-N-CHs) respectively , signals belong to vinylic protons appeared at
8=6.3 and 6.5 ppm while signals at 8=(7.3-7.6)ppm belong to aromatic protons % .
HNMR spectra of the prepared imides [5] and [9] showed signals at 6=(2.1-2.15) ,3.2 and (7.3-
7.5)ppm belong to CH3, (-N-CH3) and aromatic protons.
Moreover HNMR spectrum of compound [5] showed signals at 6=6.2 and 6.45 ppm due to 2H
vinylic while compound [9] spectrum showed signals at =2.05 ppm belong to two methyl groups
attached to imide ring.
The second strategy used in this work involved building of new cyclic imides connected to
phenazone ring through acetamido bridge depending on Gabrial
reaction.

Performing this strategy involved two steps the first one involved preparation of 4-( 2-chloro
acetamido) phenazone via reaction of 4-amino phenazone with chloroacetyl chloride and this in
turn react with potassium salt of phthalimide or succinimide producing the new imides [12] and
[13] as described in scheme (3).
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OC—N—ph 0 O | oc—N—pn
NN\ | + c:ICH2 —Cl— » CICH,C—N \
HsC CHy HyC ‘CHa
[11]
co_ SeNe) O p OC—N—ph
[ NH + KOH (alc)—»[ NK + [11]— [ N- CHZ_C_N \
o’
HaC "CHs
[12]

X0 COpm O H OC—N—ph
© NH+ KOH (a|c)—>©: NK + [11] _>©i N-CH,—C—N~ |
CcoO

H.C .

Scheme (3)

FTIR spectra of the new imides [12] and [13] showed clear absorption bands at (3363- 3394) cm™,
(1704-1728) cm™ and (1635-1690) cm™ due to v(N-H)amide , v( C=0) imide and v(C=0)
amide respectlvely, also aclear shoulder band due to v( . ) imide was appeared at( 1775-
1780) cm™

HNMR spectrum of compound[13]showed clear signals which proved its structure including
signals at 6=2.2 ,3.05 ppm belong to (CH3) and (-N-CH3) and signals at 6=(7.2-7.8) ppm due
to aromatic protons while the signal at 6= 345 ppm belong to two protons in (—c-cH, NH-)
proving the presence of acetamido bridge ®¥ . o

The third strategy used in this work involved building of new cyclic imides connected to
phenazone ring through phenoxy acetamido bridge.

This strategy was performed via reaction of N-(hydroxy phenyl) phthalimide with 4-(2- chloro
acetamido ) phenazone in ag. sodium hydroxide solution as described in scheme(4).
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Ene
(:( N < > aqueous (:(CO\ :—/: )
— NaOH /N—-\ /
co

N-(hydroxy phenyl ) phthalimide

C(CO N—Q/\ o, OHF oh

+ C|_H2C C_N
)

Compounds [14,15,16]

Scheme (4)

The three N-(hydroxy phenyl) phthalimides were synthesized as reported in literature
via dehydration of the corresponding N-(hydroxy phenyl) phthalamic acids by fusion .
FTIR spectra of the prepared imides [14-16] showed absorption bands at (3384-3400) cm™,(1705-
1712) cm™ and (1665-1680) cm™ due to v (N-H) amide, v( C=O imide and v( C=O)
amide respectively.
Moreover the spectra revealed a characteristic absorption band at (1140-1170) cm™ due to
v(C-0-C) ether.
HNMR spectrum of imide [14] showed clear signals at 6=2.1,3.15 and(6.75-7.45)ppm
belong to (CHs), (-N-CHj3 ) and aromatic protons respectively, while the signal at 6=4 ppm belong
to two protons in ( —C-CH, 0— ).

(0]

All details of FTIR and H-NMR spectral data of the prepared compounds in this work are listed in
Tables(1-5) while C.H.N analysis for some of them are listed in Table (6) and Figures (1-11)
showed FTIR and H-NMR spectra for some of the prepared compounds .
Since the prepared new imides were built from two biologically active components we expected
these imides to posses biological activity ,so the synthesized imides were screened for their
antibacterial activity against two types of bacteria Staphylococcus aureus (Gram positive) and
Pseudomonas aeruginosa (Gram negative).
Also antifungal activity of the prepared imides against candida albicans fungi were evaluated..
The test results presented in Table (7) showed that imides [6],[9] and [15] were highly active
against Staphylococcus aureus but moderately active against Pseudomonas aeruginosa .
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Other imides were found to be either moderately active or slightly active against
Staphylococcus aureus but they showed slight activity against Pseudomonas aeruginosa
except imides [5,8,10,12] which were inactive against this bacteria .

On the other hand all the prepared imides were found to be slightly active against candida
albicans fungi except imides [10] and [12] which were inactive.

Table(1) physical properties and FTIR spectral data of N-(phenazone -4-yl) amic

acids
Major FTIR absorptions cm”
Compound Color || Yield || Melting =5 =5 ==c
vO-H || Amide || Phenazone || Aliphatic

138-140

Yellow 120-122

165-166

152-153
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Table (2) Physical properties and FTIR spectral data of N-(phenazone-4-yl) imides

Compound
structure

Melting
Point C°

CO OC—N—ph
\

58
co \ .
HiC  CHy

Dark
Yellow

Major FTIR absorptions cm™

v C=0 | vy C=0 || v C=C | vC-N
Imide Amide (| Aliphatic I Imide

co OC—N—ph
\

HaC
Eco!\lAg\—Jq\

H3C CHj

Yellow

CO OC—N—ph
\
LM |
cc'>4€\—N\

HsC CHj

123-124

CO OC—N—ph
\

L

1
(0]

162-164

Compound
structure

216-218

Major FTIR absorptions cm™
= »C=0 ] yC=C |[bC-N uN-H
Amide Imide

(Sh*)= Shoulder
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Table (4) physical properties and FTIR spectral data of N-(oxyacetamido phenazone-4- yl)phenyl

Major FTIR absorptions cm™

owN-H [, c=0],c=0] ,c=c [[vc-0-C
Imide Amide Ether

hthalimides

Compound
structure

Melting
Point C°

103-104

Compd.
No.

Table(5) H-NMR spectral data for some of the prepared compounds

OC—N—ph
CONH \ |

[ HsC

COOH

"CH,

0=2.2, 3H (CHj3), 6= 3.07 ,3H (CH3-N-)
0=6.3 and 6=6.5 2H vinylic

0= 7.2 NH amide, 6=(7.3-7.6) 5H aromatic
0= 9.8 OH carboxylic

Compound Chemical shifts in ppm
structure

CO OC—N—ph
\
co \ \

HaC CHj

0=2.1, 3H (CH3) 6= 3.2 ,3H (CHs-N-)
0=6.2 and 6=6.45 2H vinylic
0=(7.3-7.4) 5H aromatic

H3CICO\ OC—N—ph
I NM
HsC™ >co \ .

H,C CHj

0=2.05 6H, 2CH3 HsCICO\
N_

H:C ™ >co
6=2.15 3H ,CH3
6=3.2 3H, -CH3-N-
0=(7.3-7.5) 5H aromatic

CO, O y OC—N—ph
Q N-CHy=C—N= |
CcoO .

0=2.2,3H CHjs, 6=3.05 3H, CH3-N-

0=3.45,2H —c-CH,NH-
0

&= (7.2-7.8) NH and 9H aromatic

6=2.1,3H CHs, 6=3.15 3H, CH3-N-
0=4,2H —c-cH,0—

(0]
0= (6.75-7.45)13 H aromatic and 6 = 8.62
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Table (6) C.H.N analysis for some of the prepared compounds

Cormpa
No.

Table(7) Antibacterial and antifungal activity of the prepared compounds

W Gram negative Candida albicans

Staphylococcus Pseudomonas Fungi
aureus aeru inosa

+ |+

O O|NO (OB W(IN|F-

+ [+ [+ [+

Key to symbols: Inactive = (-) inhibition zone < 6mm
Slightly active = (+) inhibition zone 6-9 mm
Moderately active = (++) inhibition zone 9-12 mm
Highly active = (+++) inhibition zone > 12mm
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Fig.(1) FTIR spectrum of compound [1]

Fig. (2) FTIR spectrum of compound [8]

Fig. (3) FTIR spectrum of compound [9]
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Fig.(4) FTIR spectrum of compound [10]

Fig. (5) FTIR spectrum of compound [12]

Fig. (6) FTIR spectrum of compound [13]
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Fig. (9) H-NMR spectrum of compound [9]
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Fig. (11) H-NMR spectrum of compound [14]
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