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Abstract
A new series of citraconimides connected to benzothiazole moiety through
sulfonamido group have been prepared by multistep synthesis.In the first step two
citraconamic acids N-phenyl and N-benzyl citraconamic acids were prepared via
reaction of citraconic anhydride with aniline or benzyl amine. Dehydration of the
prepared amic acids by fusion or by treatment with acetic anhydride and
anhydrous sodium acetate in the second step afforded N-phenyl and N-benzyl
citraconimides which inturn were treated with chloro sulfonic acid in the third
step producing 4- ( N-citraconimidyl ) phenyl sulfonyl chloride and 4-(N-
citraconimidyl) benzyl sulfonyl chloride respectively. In the fourth step each one of
the two prepared sulfonyl chlorides was introduced in reaction with ten substituted -
2-amino benzothizoles producing ten N-(4-(substituted benzothiazole-2-yl) sulfon
amido phenyl ) citraconimides and ten N-(4-substituted benzothiazole-2-
yl)sulfonamido benzyl) citraconimides. Moreover, a series of new phthalimides and
succinimides linked to benzothiazole moiety through acetamido group were
synthesized via reaction of 2-chloroacetyl amino benzothiazoles with phthalimide
and succinimide. Microbiological activities of the prepared imides against four
types of bacteria (Staphylococcus aureus , strepto pyogenes , Escherichia coli and
pseudomonas aeuroginosa) and candida albicans fungi were evaluated and the
results showed that the tested compounds have good antibacterial activity.
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Introduction

Cyclic imides are very important
functionality which have been found to
maintain significant biological activity
and represent an important moiety in
creation of novel medical materials:
A diversity of biological activities *®
and pharmaceutical uses have been
attributed to them such as anti-
inflammatory , antifungal, antibacterial
, antitumor, plant growth regulators,
analgesic and antispasmodic.
On the otherh and benzothiazoles
comprise a class of therapeutic
compounds that exert a wide range of
biological activities “ i.e,
antimicrobial ~ "® | anticancer %,
antifungal Y, antiallergic and
antihelmintic ®. Also a series of
potent and selective antitumor agents

derived from 2-(4-amino phenyl)
benzothiazole was  extensively
studied and developed during recent
years @ .On the basis of these

reportsand as a continuation of
our research program  on
benzothiazolyl cyclic imides, we
report here the synthesis of new
compounds containing the two
biologically active moieties cyclic
imide and benzothiazole connected
together by sulfonamido or acetamido
group followed by their antibacterial
and antifungal screening.
Experimental

All chemicals employed were
purchased from BDH, Merk, Fluka and
were used without further purification.
Melting points were determined on
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Thomas Hoover apparatus and were
uncorrected. FTIR spectra  were
recorded on SHIMADZU FTIR- 8400
Fourier Transform Infrared
Spectrophotometer as KBr disc.U.V
spectra were recorded on SHIMADZU
U.V-visible recording
spectrophotometer U.V 160.

LHNMR spectra were recorded on
Bruker 300 MHz instrument using
DMSO-ds , CDCl; as solvents and
TMS as internal reference.

Elemental analysis were performed on
perkin Elmer 240 element
analyzer.Incubator Hetashi model was
used for incubation samples in
biological study.

1. Synthesis of N-phenyl

citraconamic acid [1]
Citraconamic anhydride (0.01 mol)
was dissolved in (30 mL) of diethyl
ether then (0.01 mol) of aniline was
added to this mixture with stirring
and cooling “® . The resulted ppt. was
filtered then purified by
recrystallization from dioxane.

Yield 80% , m.p(167-168)°C, FTIR
v(N-H) amide 3217cm ™, v (O-H)
carboxylic 3286cm™, v (C=0)
carboxylic 1704 cm ™, v(C=0) amide
1627 cm™ and v (C=C) vinylic 1550
cm™,

2. Synthesis of N-phenyl

citraconimide [2]

The titled compound was prepared
according to literature procedures ¢4
using fusion technique. The resulted
solid was purified by recrystallization
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from cyclohexane. Yield 82% , m.p.
(71-72) °C, v (C=0) imide 1710 cm™
,0(C=C) vinylic 1666 cm “and v(C-
N)1434 cm™,

3. Synthesis of 4-(N-
citraconimidyl) phenyl

sulfonyl chloride [3]
Chlorosulfonic acid (4 mL) was added
drop wise to (0.01 mol) of N- phenyl
citraconimide during two hours with
stirring and cooling to Zero °C |
Reaction mixture was stirred for
another ten hours then poured carefully
into cold water with stirring . The
obtained ppt. was filtered , dried then
recrystallized from Dbenzene. Yield
70%, m.p. (75-76) °C.

v(C=0) imide 1704 cm™, v(C=C)
vinylic 1643 cm™, v(SO,) asym.1396
cm™ and v(SO,) sym. 1188 cm™.

4. Synthesis of N-(4-(N-
substituted benzothiazole-2-yl)
sulfonamido phenyl)

citraconimides [4-13]

The titled compounds  were
prepared according to literature ®
with some modifications.

Substituted 2- amino benzothiazole
(0.01 mol) was dissolved in (30 mL)
of dry pyridine then (0.015 mol) of 4-
(N- citraconimidyl) phenyl sulfonyl
chloride was added in portions with
stirring and keeping temperature
below 40°C.The mixture was
refluxed for three hours  with
continuous stirring then after cooling
was poured into excess cold water and
the obtained ppt. was filtered , dried

and finally purified by
recrystallization from a suitable
solvent. Physical properties of the

prepared compounds [4-13] are listed
in Table(1).

5. Synthesis of N-benzyl
citraconamic acid [14]
Compound [14] was prepared by
following the same procedure used in
preparation of compound [1] except
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using of benzyl amine instead of
aniline. The product was purified by
recrystallization from dioxane. Yield
83%, m.p. (60-61) °C.v (N-H) amide
3271 cm™, v( O-H) carboxylic 3355

cm™, v(C=0) amide 1627 cm™ and
v (C=C) vinylic 1558 cm™ .

6. Synthesis of N-benzyl

citraconimide [15]
Compound [15] was
according to literature ")
modifications.

A mixture of (0.01 mol) of N-benzyl
citraconamic acid, (30 mL) of acetic
anhydride and (5-10) % by weight of
anhydrous sodium acetate was refluxed
for two hours with stirring . The
resulted solution was cooled to R.T
before pouring into cold water with
stirring and the obtained ppt. was
purified by recrystallization from
cyclohexane. Yield 70%, m.p. (58-59).
v(C=0) imide 1704 cm™, v (C=C)
vinylic 1604 cm™ and v ( C-N) imide
1342 cm™.

7. Synthesis of 4-(N-

citraconimidyl ) benzyl sulfonyl

prepared
with minor

chloride [16]

Chlorosulfonic acid (2mL) was
added drop wise to (0.005 mol) of
N- benzyl citraconimide dissolved
in (20mL) of chloroform  with
stirring and cooling then stirring was
continued for additional 2 hrs .The
resulted mixture was poured into cold
water with stirring then the organic
layer was extracted with chloroform
for three times, washed with water
and dried. After evaporation of solvent
the resulted product was recrystallized
from acetone . Yield 85%, m.p .(109-
110)°C.

v(C=0) imide 1704 cm™, v(C=C)
vinylic 1635) cm™, v (SO,) asym.1357
cm™ and v(SO,) sym. 1134 cm™..

8. Synthesis of N-(4-(N-
substituted benzothiazole -2-
yl)sulfonamido benzyl)

citraconimides[17-26]




Kerbala Journal of Pharmaceutical Sciences Number 2

Substituted -2-amino benzothiazole
(0.01 mol) was dissolved in (30 mL)
of dry pyridine then(0.015 mol) of 4-
(N-citraconimidyl) benzyl sulfonyl
chloride was added in portions with
stirring and  keeping temperature
below 40 °C.The mixture was
refluxed for 3 hrs. with continuous
stirring then after cooling was poured
into excess cold water and the resulted
organic layer was extracted with
chloroform for three times, washed
with water and dried. The resulted
solid after evaporation of solvent was
purified by recrystallization from a
suitable solvent.

Physical properties of compounds [17-
26] are listed in Table (3).

9. Synthesis of N-(2-acetamido
substituted benzo thiazolyl)

phthalimides [27-36]

In a suitable round bottomed flask
(0.01 mol) of chloroacetamido
substituted benzothiazole was
dissolved in (25 mL) of absolute
ethanol then (0.01 mol) of potassium
phthalimide was added gradually with
stirring ®. The resulted mixture was
refluxed for six hours with continuous
stirring then was cooled and the
formed precipitate was filtered
washed with NaHCO; solution then
with distilled water and dried. Finally

the product was purified by
recrystallization from a suitable
solvent.

Physical properties of compounds [27-
36] are listed inTable (5).

10. Synthesis of N-(2-acetamido

substituted benzothiazolyl)
succinimides[37-46]

Compounds [37-46] were prepared by
following the same procedure used in
preparation of compounds[27-36]
except using of potassium succinimide
in stead of potassium phthalimide .
Purification of the products was
performed by recrystallization from a
suitable solvent . Physical properties of
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compounds [37-46]are listed in Table
(7).

11. Biological activity

The cup plate method using
nutrient agar media was used in
studying antibacterial and antifungal
activity of the prepared compounds
against  staphylococcus  aureous ,
strepto pyogenes , Escherichia coli,
pseudomonas  aeuroginosa and
candida albicans fungi.

Each test compound (50 mg) was
dissolved in dimethyl formamide (50
mL) which was used as sample
solution.Using a sterilized cork cups
were scooped out of agar medium
contained in a Petri dish which
were 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 by each
compound was measured in mm and
the results are listed in Tables (11)

(19)

and (12).

Results and Discussion

Since  both cyclic imides and
benzothiazoles are very important

organic ~ compounds having wide
spectrum of biological activities the
target of the present work is directed
toward  synthesis of new
compounds containing these two
biologically active components with
expected biological activity.

The strategy followed in building the
new compounds was based on
connecting citraconimide and
benzothiazole moieties together by
phenyl  sulfonamide or  benzyl
sulfonamide groups thus through this
strategy first we built new molecules
containing the two desirable active
moieties second we introduced the
known active sulfonamide group in
the new compounds and this may
increase the  activity of these
compounds since sulfonamide drugs
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were the first chemotherapeutic
agents  employed systemically for
the prevention and cure of bacterial
infection in human beings ®°.
The mentioned strategy was performed
via many steps the first one involved
synthesis of two citraconamic acids N-

phenyl and N-benzyl citraconamic
acids by reaction of citraconic
anhydride with aniline or benzyl

amine. These two amic acids were
dehydrated in the second step via
fusion technique or treatment with
acetic anhydride and anhydride and

anhydrous sodium acetate
producing  N-phenyl and N-benzyl
citraconimides  which inturn  on

treatment with chloro sulfonic acid in
the third step  producing
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and
sulfonyl
chlorides.
The prepared citraconimidyl sulfonyl
chlorides  were introduced in
reaction  with substituted -2-amino
benzothiazole in the fourth step
producing new  ten N-(4-(N-
substituted benzothiazole -2-yl)
sulfonamido phenyl ) citraconimides
and new ten
N- (4 -(N - substituted benzothiazole
-2 -yl ) sulfonimido benzyl )
citraconimides respectively.
All these steps were summarized in
Schemes (1) and (2) while physical
properties of compounds [4-13] and
[17-26] are listed in Tables (1) and (3).

citraconimidyl
citraconimidyl

phenyl
benzyl
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(e{0)
| AN
/O + PhNHZ
(e{0)

Hsc\[COOH

. henyl itraconamic ai

CO_NO N-Phenyl citraconamic acid  step (1)
[1]

H3C

fusion
A l
I P N-@ N-phenyl citaconimido step (2)
co
[2]
HS O5Cl
I /N-@sozq 4-(N-citraconimidyl ) phenyl sulfonyl chloride
co
[3] step (3)

l Different substituted 2- amino benzothiazoles

HiC. _co
I \N H /N A
co” _QSOZ'N{S |/ R R=H or different substituents

[4-13] step (4)

N-(4-(N-substituted benzothiazole -2-yl ) sulfonamido phenyl ) citraconimides

Scheme (1)
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CO\
I /O +

(60]

HaC CH,NH,

Step (1)

HSCICOOH
I H,
H
[14]
N-benzyl citraconamic acid

A\ l AC,0 / NaOAc

co_
I /N—CHZ-Q Step (2)
co

HaC

N-benzyl citraconimide

[15]
l HSO,CI
HsC co_
4-(N-citraconimidyl ) benzyl sulfonyl chloride I N—CHZ-QSOZCI Step (3)
co”
[16]

Different substituted -2- amino
benzothiazoles

CO H Nj/\
N . ™
I /N—CHZ—QSOZ-N-</ /|\/ R

CO S

HsC
Step (4)

[17-26]

N-(4-(N-substituted benzothiazole -2-yl ) sulfonamido benzyl )
citraconimides

Scheme (2)

dehydration reaction which

lead to

Structures of the prepared compounds
were confirmed by FTIR , U.V,
H-NMR spectroscopy and C.H.N
analysis for some of them.

FTIR spectra of amic acids [1] and
[14] showed characteristic absorption
bands  at (3286-3355) cm-'  and
(3217-3271) cm™  due to v (O-H)
carboxylic and v( N-H) amide while
these two bands disappeared in FTIR
spectra of N-phenyl and N-benzyl
citraconimides indicating success of
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cyclization and imide formation.

FTIR spectra  of  citraconimidyl
phenyl sulfonyl chloride [3] and
[16] showed appearance of two

clear absorption bands at (1357-1396)
cm?and (1134-1188) cm™ which
belong to v (SO2) asym. and v( SO,)
sym. respectively % .

FTIR spectra of the newly prepared
citraconimides [4-13] and [17-26]
showed clear absorption bands at
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(3340-3463) cm™, (1635-1713) cm™,
(1310-1405) cm™ and (1105-1180)
cm™which  attributed to v( N-H),
v(C=0) imide , v(SO,) asym . and
v(SOy) sym. respectively. Also bands
belong to v(C=N) and v(C-S) in
thiazole ring  appeared at (1411-
1575)cm™ and (600-717)cm™.
U.V spectra of citraconimides [4-13]
and [17-26] showed bands at
wavelengths (260- 300)nm and (340-
399)nm due to ( x—n* ) and (n—n* )
transitions in the conjugated system of
citraconimide ring and substituted
benzothiazole ring.Other details of
spectral data of the mentioned
citraconimides are listed in Tables (2)
and (4).0n the other hand structures of
some of the prepared compounds were
confirmed also by *H-NMR  spectra
thus 'H-NMR  spectra of  phenyl
citraconimides [4] and [8] showed
clear signals in the ranges &= (2.2-
2.5) , (4.9-7.25) and (7.4-8.5) ppm ,
these signals belong to methyl group
protons , vinylic protons , aromatic
protons and NH proton respectively.
Compound [8] showed also a signal at(

0 = 34 ppm ) belongs to OCHjz
protons.
'"H-NMR  spectra  of  benzyl

citraconimides [17] ,[20] and [22]
showed signals at the ranges 6 (2.1-
2.49), (3.8-4.6), (4.95-7.1)and (6.45-
8.5) ppm which belong to methyl
group protons, benzylic protons,
vinylic proton, aromatic and NH
protons respectively.
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Compound [22] showed also two
signals at (6= 2.35 and 2.45) ppm
which belong to two methyl groups

attached to phenyl ring .
Other details of *H-NMR spectral data
are shown in Table 9).

Our present work involved also
synthesis of new phthalimides and
succinimides Iniked to benzothiazole
moiety.

The strategy which followed in
building these new imides based on
linking between phthalimide or
succinimide ring and benzothiazole
moiety by acetamido group thus the
new acetamido phthalimides and
succinimides  were  prepared by
reaction of 2-(2-chloro acetyl amino)
substituted benzothiazoles with
potassium phthalimide or potassium
succinimide according to Gabreil
synthesis.

The series of 2-(2-chloro acetyl amino)
benzothiazoles used in these
syntheses were prepared as reported

in literatures ® while potassium
phthalimide and potassium
succinimide  were  prepared  via

treatment of phthalimide or
succinimide with alcoholic KOH.

The linear pathway strategy of these

syntheses are summarized in

Scheme(3) while physical properties

of the prepared phthalimides and

succinimdes are listed in Tables (5)
and (7).
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i
/>NH—C—CHZC|

(O )t ]@
NH-C-CH,—N
= N/ \c

(0]

N-(2-acetamido substituted benzothiazolyl)
phthalimides

N9 ¢
R_I/\[ />NH—g-CH2—N/J
v N Y

o

N-(2-acetamido substituted benzothiazolyl)
succinimides

[27-36] [37-46]
Scheme (3)
Structures  of new acetamido succinimide moieties.
phthalimides [27-36] and acetamido
succinimides [37-46] are confirmed '"H-NMR spectrum  of  compound

by FTIR , UV HNMR spectral data
and C.H.N analysis for some of them.
FTIR spectra of these acetamidoimides
showed clear absorption bands at the
ranges (3201-3438) cm™, (1640-1743)
cm? due to v( N-H) amide and
v(C=0) imide and amide.
Other absorption bands appeared at
(1566 -1627) cm™, (1303-1396) cm™
and (617- 648) cm® which  are
assigned for v( C=N) thiazole, v( C-
N) imide and v( C-S) thiazole
respectively.
On the other hand U.V spectra  of
acetamido imides showed
absorptions at wave lengths (240-283)
nm and compounds substituted with
nitro groups showed other bands at
longer wave lengths (332-430) nm.
These absorptions are due to ( t—7* )
and (n—m* ) transitions in
benzothiazole and phthalimide or
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[33] N-(2-acetamido-6-methoxy
benzothiazolyl ) phthalimide showed
singlet signal at (6= 4.2) ppm belong to
(OCHg) protons , signal at (6=4.4)ppm
due to (CHy) protons and signal at (6=
5.7) ppm due to NH proton. Signals at
( o= 73, 7577 and 7.9) ppm
belong to protons of two aromatic
rings.

'"H-NMR  spectrum of compound
[28] N-(2- acetamido-6- methyl
benzothiazolyl) phthalimide showed
signals at (6= 2.49)ppm belong to
methyl group protons, signal at (.0=
3.8) ppm belong to (CH,) protons and
signals at (6= 6.4) ppm and (6= 7.1-
7.9) ppm due to NH proton and
aromatic rings protons respectively.

'H-NMR spectrum  of compound
[43] N-(2-acetamido-6-methoxy
benzothiazolyl) succinimide showed
signals at (6= 2.8 ) ppm belong to (-
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CH,-CH,-) protons of succinimide
ring , signal at (6= 3.7 and 3.9) ppm
due to (CHy) and (OCHg) protons.
Signals at (6= 6.9-7.5) ppm are due to

aromatic protons and NH proton.

Microbiological activity

Since the prepared imides in this work
are built from known  biologically
active components they were expected
to possess biological activity thus the
present work involved also evaluation
of antibacterial and antifungal
activities for some of the prepared
imides against Staphylococcus aureus
, Streptococcus pyogenes (Gram —
positive bacteria) , Escherichia coli,
Pseudomonas  aeuroginosa (Gram-
negative bacteria) and candida albicans

fungi.

Inhibition zones caused by the tested
compounds are determined and the
results are listed in Tables (11)
and(12). The results indicated that
many sulfonoamido phenyl
citraconimides posses moderate to
high  biological activity against
(Gram-positive) bacteria and this was
due to hydrophilic properties of these
compounds and cell ~ wall of Gram
positive bacteria , While the prepared
sulfonamido benzyl citraconimides
have hydrophobic properties and this
inturn made these compounds active
against Gram- negative bacteria which
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posses complex lipo poI}/ saccharides
in their cell walls . ?2
The results showed also that some
of the tested imides (7,8,12,18,21,22)
showed weak activity  against
candida albicans fungi while the
other tested compounds showed no
activiy against this fungi.

hand acetamido
benzothiazolyl ~ phthalimides  and
succinimides showed different
activities against the different types of
bacteria and fungi.

Thus compounds (33) and (43) showed
high activity against Staphylococcus
aureus and Sterptococcus pyogenes
bacteria while compounds
(29),(31),(34),(42) and (44) showed
moderate activity against the same
types of bacteria and these
mentioned compounds showed weak
activity against other types of bacteria

On the other

and candida fungi.
Compound (35) and (45) showed no
activity against  all the used

organisms, compounds (27) and(37)
showed no activity against
Escherichia coli , Psedomonas
ariginosa , candida albicans fungi and
weak activity against other types of
bacteria. The other treated studied
compounds showed weak activity
against the studied organisms.
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Table (1) Physical properties of compounds [4-13]
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Copmd Compound Structure Colour Meltlng Yleld Recrystalllzatlon
No Point C solvent

fco 850 D

Deep
Yellow

220-222

Acetone

H3C CO\ H S CH,
| p N—@ SON—
CO N

Light
brown

181-182

Ethanol

H;C co
| N H S Cl
P N—@ SON—
CO N

Light
Yellow

204-206

Hexane

H3C

co cl
N Ho S
I P N-@ SON—
co N

Cl

164-166

Ethanol

H;C co
| N H S OCH;
Wi
CO N

244-245

Methanol

HCw _co
N Hos COOH
/N-@soz-N—Q
co N

161-162

Hexane

OH
HaC SN H s COOH
|
L O
co N

186-188

Acetone

H3C

NO,

co
N H oS
I /N-QSOZ-N—Q
co N

Deep
Yellow

168-169

Methanol

HsC co
| AN H S
P N—@ SO,N—
co N

NO,

107-108

Ethanol

HiCo _co
\ H S

I /N'@SOZ'N_Q]
CO N~
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152-154

Acetone
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Table(2) FTIR and U.V spectral data of the prepared compounds [4-13]

FTIR spectral data cm™

v(C-H) v(C=C) v(C=0) | v(C=C) | v(SO,) | v(SO,) v(C-S)
Aromatic | Aromatic Imide | Vinylic | Asym. sym. Thiazole

v(C-O-C)
1260

v(C=0)
carboxylic
1704

v(C=0)
carboxylic
1625

v(C-Cl)
1126
v(C-NO2)
840

v(C-Cl)
1160
v(C-NO2)
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Table (3) Physical properties of the prepared compounds [17-26]

Copmd Compound Structure Colour Meltlng Yleld Recrystalllzatlon
No Point °C solvent

nght
Yellow 226-228 Acetone

White
210-212 Ethanol

206-207 Hexane

203-204 Acetone

193-194 Methanol

Light 138-140 Ethanol
Yellow

Light
Brown 177-178 Acetone

149-150 Acetone

160-162 Ethanol

182-184 Ethanol
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Table (4) FTIR and U.V Spectral data of the prepared compounds [17-26]
FTIR spectral data cm™

WC-H) | w(C=0) W(N-H) | v(C=0) [ o(C=C) | v(S0,) WC-N) | u(C-S) | Others
Aromatic | Aromatic | sulfonamide | Imide | Vinylic | Asym. . | Thiazole | Thiazole
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Table (5) Physical properties of the prepared compounds [27-36]

Copmd Compound Structure Colour Meltlng Y|eld Recrystalllzatlon
No Point C solvent

> Yellow 166-168 Chloroform
/ NH- c CHZ—N

> :@ i - Cyclohexane
) NH-C- CHZ—N

185-186 Chloroform
/ NH- c CHZ—N
Light | 125-126 Acetone
/ NH-C- CHZ—N Yellow

(0]
s Q
_?_ < Yellowish 120-122 Chloroform
/ NH-C CHz—N\C white
N
(o]

(@]
< 5
9 /< 170-171 Acetone
NH-C-CH,—N
/ \
N C
(o]

Orange 174-175 Chloroform
/ NH- c CHZ—N

i 190-192 Chloroform
/ NH-C- CHZ—N
s 9
? < 163-164 Acetone
NH-C-CH,—N
Vi o
N (o]

Cl
< Q
§ /< 118-120 Acetone
| y NH-C-CH,—N
\C
N
(6]
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Table (6) FTIR and U.V spectral data of the prepared compounds [27-36]

FTIR spectral data cm™

v(C-H) v(C-H) v(C=N) v(C=C) Others
Aliphatic | Aromatic Thaiazole Aromatic
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Table (7) Physical properties of the prepared compounds [37-46]

201 1- AVapall a glall ¢34 S dlas

Copmd Compound Structure Color Meltlng Yleld Recrystalllzatlon
No Point C solvent

/
‘ />NH C-CH,—N j Yellow 199-200 90 Chloroform
c
o)
0
HsC S o G
38 N ] /°
‘ / NH‘C'CHz_N\ j Brown 227-228 70 Cyclohexane
/ N c
o
cl S G
39 N 7 e Light
| \\ / NH‘C‘CHz—N\ j Yellow 218-220 75 Chloroform
\/ N c
o
0
cl S G
40 |/\/ >NH ICCI> N N/cj Deep
/ T Yellow | 157-158 76 Acetone
\/\\N \9
cl °
0
HsC S G
41 ’ N 0 /©
‘ / NH‘C‘CHz_N\ j Black 148-150 87 Cyclohexane
/ N Cc
o
CHy
0
cl S G
42 N (||) /C
| VY, NH‘C‘CHz—N\ j Light 160 83 Cyclohexane
= N c brown Dec.
NO, ©
HsCO. N S o Q
43 ‘ > i © Pall 202 78 Chloroform
Y, NH=C-CH,—N j yellow Dec.
/ N \C
o)
HooC AN S o Q
44 i C Orange 208-210 80 Acetone
‘ Yy NH—C-CHZ—N\ j
G N ¢
o}
O,N NS o Q
45 ‘ > i /Cj Deep 175 920 Acetone
/ NH=C-CH,—N Orange Dec.
= N \9
! o
S Q
46 - 7 C Brown 140-142 75 Cyclohexane
’| y NH—C-CHZ—N\ j
\N C
o
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Table (8) FTIR and U.V spectral data of compounds [37-46]

FTIR spectral data cm™

v(C-H) v(C=N) v(C-N) v(C-S) Others
Aromatic Thiazole Imide Thiazole
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Table (9) *H-NMR spectral data for some of the prepared imides

Compound structure Chemical shift  ppm
No.

H3C CO
P N-@ SON—
co N

0=2.2 CH3; protons, 0=4.9 vinylic
proton, 6=(7.42-8.5) aromatic ring
proton and NH proton.

H;C co
| N H S OCH;
Wi
CO N

0= 2.5 CHj3 protons, 0=3.4 OCH3;
protons, 6=7.25 vinylic proton, 6=
(7.55-7.92)aromatic protons and NH
proton.

| N—CHZ—QSOZ-N-<\
co” N

0= 2.1 CH3 protons, 6=4.04 benzylic
protons, 6=6.6 vinylic proton,
6=(6.81-8.5) aromatic protons and
NH proton.

| N—CHZ»@SOZ—N-<\ |
co” N

Cl

0=2.49 CH; protons, 6=3.8 benzylic
protons, 6=7.1 vinylic proton ,
6=(7.3-8.5)aromatic protons and NH
proton.

HsCtCO\ H oS | . CHs
| N—CHz-QSOZ-Il\I-<\
co” NT N

CHg

0=2.05 CH; protons, 6=2.35 CH3
protons, 6=2.45 CH3 protons, 6= 4.6
benzylic protons, 6=4.95 vinylic
proton, 6=(6.45-7.35)aromatic
protons and NH proton.

Q
H3C \ S 9 /C
| />NH~C-CH2—N\ :@
= N %

0=2.49 CHj; protons, 6=3.8

-CH,-CO-

protons(>\‘ £H-CO)

6= 6.4 NH , 6=(7.1-7.9) aromatic
protons.

Q
| />\NH-C-CH2—N\ :@
F N %

0= 4.2 OCHj; protons, 6=4.4

protons, (>N'%ZCO_)

6= 5.7 NH proton, 6=(7.3-7.9)
aromatic ring protons.

(6]
HzCO S
X % C
‘ ) NHC-CH—N j
P N @

(@)

77

6=2.8 (-CH,-CH,-) protons in imide
ring,

3o3.7( NE2CO)

protons
6=3.9 OCHj3; protons, 6= (6.9-7.5)
NH and aromatic ring protons.
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Table( 10) C.H.N Analysese for some of the prepared Imides

Calculated

Found

% C

%H

% H

Gram - positive Bacteria

Gram- negative Becteria

Fungi

Staphylococcus aureus

Staphylococcus pyogenes

Echerishia Pseudomonas

ariginosa

Candida
albicans
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Table(12) Antimicrobial activity of some of the prepared compounds

Gram - positive Bacteria Gram- negative Becteria Fungi
Staphylococcus aureus || Staphylococcus pyogenes Echerishia Pseudomonas Candida
coli ariginosa albicans

Key to symbols : Inactive= (-) inhibition zone <6 mm
Slightly active =(+) (inhibition zone 6-9 mm)
Moderately active =(++) (hnhibition zone 9-12 mm)
Highly active =(+++) (inhibition zone > 12mm)
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