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ARTICLE INFO ABSTRACT

Article History In this work, new substituted drugs polymerized as new homogenous
Received:8/12/2023 polymers with study their medicinal properties to extend the controlled drug.
Accepted:14/1/2024 The first step includes the preparation of compound N-(4-hydroxyphenyl)

Available:18/1/2024 maleimide (D) via a reaction of maleic anhydride with 4-aminophenol. Then

compound (D1) was converted to maleimide phenol acetic acid ether (D)
Keywords: which converted to its corresponding acyl chloride derivative which reacted
Maleimide; with amino drugs (Ceftriaxone, Ciprofloxacin) afforded monomers (Ds and

homopolymer; drug D.). Homogeneous polymers (Ds and Ds) were prepared via free radical
release: Ceftriaxone, Ppolymerization reaction of the monomers (Ds, and Ds) under nitrogen using
Ciprofloxacin; Belnzoyl peroxiﬂe (Bpo) gsb initiator. ﬁ\lll these plgepared monhomers angl

; ; i polymers were characterized by FT-IR and *H-NMR, **C-NMR techniques an
antibacterial activity. C.H.N.S . Study of the drug release behavior in acidic and basic media as well
as the swelling ratio were achieved. The antibacterial activity and physical
properties of all monomers and polymers were studied.

INTRODUCTION

Polymers are a big scientific field that has significantly improved our culture. Polymers
have a range of attractive properties, including high strength or modulus-to-weight ratios
(lightweight but comparatively rigid and strong), hardness, durability, corrosion resistance, and
lack of conductivity (heat and electrical). Many of these properties make them ideal candidates
for use in a variety of fields, including medicinal equipment, health care, food, irrigation,
catalysis, electronics, environmental, green energy, and textiles (Ramazani A.et al.,2016).

Antimicrobial polymers are self-sterilizing and environmentally safe (Amritha CA et
al.,2015). They can also be quickly absorbed into fibers and extruded into fibers, and they
prevent microorganisms from adhering to their surface (Witte W.1998)( Timofeeva L,et
al.,2014) Antimicrobial polymers are formed by covalently binding biocide functional groups
to the polymers (Madkour AE,et al.,2008)(Thamizharasi S,et al.,2002), giving them
antimicrobial or antiseptic properties. The bulk polymer is modified, or the surface is
selectively modified, using accessible reactive moieties. Antimicrobial polymeric materials
can be used in the areas just described, avoiding the resistance issues that come with using
antibiotics. An antimicrobial agent is a substance that prevents the development of
microorganisms.
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In addition, the toxicity of such
antimicrobial agents is strictly proportional to
their efficacy. As a result, the synthesis of
effective  yet non-toxic antimicrobial
polymers is urgently needed (Moon W et
al.,2003)(Madkour AE,et al.,2008)( Kao
YF.2011)(Arun M. Bhagare,et al.,2020).

The chemical transformation of a
biocide molecule into a polymerizable
compound that can then be polymerized or
co-polymerized with another monomer is
another type of synthesis(Kareem M.M.,
Abaas L.A.2019) (Sabah AA. et
al.,2023).Both of these types have been useful
in proving the viability of non-leaching
antimicrobial polymeric products. It makes
sense to begin with an antibacterial agent that
chemically transformed into derivatives,
which polymerized, while still maintaining
bioactive functional groups. An existing
polymer with reactive moieties can also
undergo the change. Functional moieties were
chemically  altered by joining a
complementary reactive antimicrobial agent
with hydroxyl, carboxyl, or amino groups to
the polymer backbone or its pendent groups
(Kareem M.M., Abaas L.A.2019).

In order to increase the drug's
bioactivity through the combination of
polymers, this work focused on the synthesis
of N-substituted maleimide-based polymeric
medicines.

MATERIALS AND METHODS

Chemicals and reagents: Fluka,
Sigma-Aldrich, CDH, and Riedel-de Haen
provided all solvents and reagents, which
were all analytical grade. All medicines were
purchased from the SDI-Samarra Company.

Instruments: The SMP30 melting
point apparatus was used to calculate melting
points. PG CECIL-CE7200 double-beam

spectrophotometer was used to measure UV
absorption. An Ostwald viscometer was used
to test the viscosity (1) of the produced
polymers at 23°C in acetone. Chemical shifts
for the *HNMR spectra in dimethyl sulfoxide
(DMSO-d6) were measured using a Varian
INOVA 500 MHzNMR spectrometer. The
Fourier Trans Infrared Spector Promoter AT-
FT-IR Bruker Tensor Il was used to measure
the FT-IR spectra within the range (400-4000
cm™).

Synthesis of Compound [Di]: Maleic
anhydride (9.8g, 0.1mol) was dissolved in
dimethylformamide, and then p-aminophenol
(10.91g, 0.1mol) was slowly added into the
solution.  Following the addition of
polyphosphoric acid (PPA), the mixture was
agitated for two hours at 80°C. After cooling,
the reaction mixture was added to the chilled
distilled water. The orange precipitate was
filtered apart and repeatedly rinsed with
distilled  water, recrystallized  with
isopropanol, filtered and vacuum-dried to
afford the TLC followed the reaction process
regularly (Rf = 0.45, 1 hexane: 3 ethyl
acetate).( Chaudhary S, Purohit Jinger
S.2017).

Synthesis of Compound [D2]: (8.91g,
0.1mol) compound [Di], (18.8g, 0.2mol)
chloroacetic acid and 8% of NaOH solution
were mixed together in 250 ml round bottom
flask. The solution was refluxed for 1.5h at
100°C, and the orange clear solution was
acidified with 10% HCI 7solution. The yellow
precipitate was settled down and separated by
gravity filtration and recrystallized with
ethanol to obtain the precipitates. Table 1 lists
the products' physical characteristics. TLC
followed the reaction process regularly (Rf =
0.56, 1 hexane: 3 ethyl acetate). (Chaudhary
S, Purohit Jinger S.2017).
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Scheme-1: Synthesis of compounds [D: and D]

Synthesis of Monomers [Ds, and D4](One
pot reaction):

In the 100 mL round bottom flask,
(2.47g, 0.01 mol) of [D2] was suspended in 8
mL of chloroform then 4 mL of (SOCIz) was
added. The mixture was mixed with
continuous stirring for 1.5 hrs. at ambient
temperature. The mixture was then at 65°C
for another 2 hrs, and then the drug
[Ceftriaxone (5.5g, 0.01mol.), Ciprofloxacin
(3.31g, 0.01mol.)] and 1mL of triethylamine
in dry acetone. The mixture was refluxed at
50°C for 2 hrs. The reaction was followed by
TLC technique ) (D3, Rf = 0.3, 1 hexane: 3
acetone, D4, Rf = 0.62, 1 hexane: 3 acetone).

Synthesis of Homo Polymers [Ds, and De]:

According to the literature (Kareem
M.M.,et al.2023), the polymerization process
was achieved for homogenous polymers. (0.5
g) of monomers (Dzand Das), 3-4 drops of dry
toluene, and (0.07 g, 0.00023 mol) of the
initiator Benzoyl peroxide (Bpo) were
combined in a 50 mL dry two neck round
bottom flask. The mixture was stirred under
nitrogen gas flow for 10 minutes, and then the
flask was completely sealed and heated in an
oil bath for 3-4 hours at 90 °C. Following the
completion of the polymerization procedure,
the precipitate was filtered, washed with
ether, and dried at 50°C.

~Or
o
a
@
-
B
Q
<
o

o]
<
S
K
N
5]
£
=
S
&
9
£
S
T

/
o
Nag

Y4
L
i
O,
g;

o] z

Scheme-2: Synthesis route of compounds (Ds3-Ds).
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Swelling Ratio:

Dynamic swelling was assessed by
gravimetric measures. In a beaker filled with
100 mL of water heated to 37°C, the
polymeric samples were suspended. The
hydrogel sample was taken out after five
hours and five days, quickly wiped clear of
surface water with filter paper, weighed
(accuracy 0.0002), and then put back into the
swelling solution. The swelling ratio was
calculated using the following equation
(Luten Jet al.2008)( Mohanad M.K,et
al.2021).

Swelling ratio (%)= (Ws - Wd)/Wd x 100

[ Wd= Weight of polymer; Ws= weight of
swollen polymer]

Release of Drugs:

The drug release from the produced
homo- polymers was assessed using a UV-
visible spectrophotometer at a constant
temperature of 37°C in different buffer
solutions with pH values of (2.0, and 8.0.) 50
mL of various buffer solutions were used to
submerge (0.05g) from homo-polymers for
varying amounts of time at 37°C constant
temperature. The hydrogel was removed from
the buffer solution at the appointed time, and
the amount of drug release was calculated by
measuring the buffer solution's absorbance
(Al Hachim Z.S,et al.,2022).

RESULTS AND DISCUSSION
Characterization of Compound [D1]:

Chemical Formula:  C1oH7NOs,
Color: Orange, (90% Yield, mp 183-185°C).
The N-(4-hydroxyphenyl)maleimide (HPM)
infrared spectrum. As can be observed, the
absorption peaks at 1697 and 1517 cm™,
respectively, represent the stretching
vibrations of the carbonyl groups (-C=0) of
imide rings and aromatic rings. Furthermore,
the asymmetric stretching vibration of the C-
H bonding of olefinic groups is indicated by
the absorption peak at 3111 cm’.
Additionally, a peak at 3479 cm™ is seen and
is attributed to the O-H bond's symmetric
stretching vibration. This demonstrates that
HPM results from a reaction between maleic
anhydride and p-aminophenol. Maleic
anhydride and m-aminophenol are found to

react in a polyphosphoric acid and dimethyl
formamide media. At the site of the maleic
anhydride's ring opening, an addition
reaction. 'HNMR of compound [Da], It can be
seen that the peaks are observed at the
chemical shifts of 7.32 and 6,88 ppm assigned
to the protons of aromatic rings. Furthermore,
the peaks with the chemical shift of 6.7 and
5.1 ppm are observed, these two peaks are
attributed to the protons of the imide ring and
hydroxyl group. *CNMR of compound [D1],
shows different signals for different carbons
as follows: The signals of aromatic carbons
appeared at the range 115.70-128.23 ppm and
the maleimide double bond carbons resonate
at 135.16 ppm. The signal at about 161.16
ppm belongs to the maleimide carbonyl group
while the signal at 156.61 ppm belongs to the
carbon of C-OH groups.
Characterization of Compound [D2]:
Chemical Formula:  Ci2HgNOs,
Color: yellow, (85% Yield, mp 210-212°C).
FT- IR (cm™) various absorption bands were
observed at 3500-2500 (Carboxylic acid O-
H), 3097 (=C-H of maleimide and aromatic),
1725 and 1701 (C=0 stretch, imide ring and
carboxyl groups), 1589-1490 (aromatic
C=C), 1454 (-CHa- aliphatic), 1382 (C-N),
835 (Cis-CH=CH bending). C=0 signal
backs for carboxylic acid in 1725, and 1454 (-
CH»- aliphatic) ensure the success of
cyclodehydration reaction of maleamic acid.
'HNMR of compound [D2], showsa
characteristic signal for methyl group (-CHa-
) at 4.49 ppm, a characteristic signal for
maleimide (CH=CH) and the aromatic
protons papered at the range of protons at
6.85-7.92 ppm, the broad and weak signal at
12.95ppm for carboxylic acid group.
Characterization of Compound [D3]:
Chemical Formula: CzoH25N9O11S,
Color: Brownish Yellow, (80% Yield, mp 98-
100 °C). FT-IR (cm™) spectrum of compound
[D3] showed strong stretching frequencies for
the aromatic and maleimide (=C-H) appeared
at 3086, 3034 cm™. The band at 2915 is
assigned to aliphatic C-H stretching vibration
of methyl groups, the amide maleimide
carbonyl groups at 1710,1625 cm™, and
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showing characteristic stretching bands at the
range 1764cm™ due to beta-lactam carbonyl
and broad absorption band of carboxyl groups
in drug structures around ~3500-2500 cm™.
'HNMR of compound [Ds]: (500MHz,
DMSO-d6, 8, ppm) shows the characteristic
signal for maleimide (CH=CH) and the
aromatic protons papered at the range of
protons at 6.6-7.9 ppm and for beta-lactam
protons at 4.1, 5.6 ppm. The signal at 9.5 ppm
for amid in drug, the broad and weak signal at
12.56 ppm for carboxylic acid group of (drug)
and the signal at 12.36 ppm for amid group.
13CNMR of compound [Ds]: (125MHz, §,
ppm) spectrum of compound [D3], showing
the flowing signals: The alpha- carbon signal
at 19.76 ppm, aromatic carbons at the range
of 115.17-128.50 ppm. The maleimide double
bond carbon appeared at 138.62 ppm, the
carbon attached to beta-lactam appeared at
164.74 ppm, the carbonyl for amid of (drug)
signal at 163.94 ppm, the signal at 161.74
ppm attributed to maleimide carbonyl and the
signal at 169.795 ppm assigned to the amide
carbonyl carbon.
Characterization of Compound [Da4]:
Chemical Formula: CagH25FNsO7,
Color: Light yellow, (85% Yield, mp 250-252
°C). FT-IR (cm™) spectrum of compound [D4]
shows the broadband at 3441 cm?
corresponds to the carboxylic acid of the
medication Ciprofloxacin's hydroxyl group,
while 3138 and 3038cm™ respectively
contained the (=C-H) maleimide and aromatic
system. In addition, the spectrum reveals the
stretching of methylene groups and aliphatic
(C-H) at 2939 cm™, respectively, whereas the
maleimide  carbonyl, carboxylic acid
carbonyl, and conjugated ketone of
quinolinone emerged at 1743, 1679, and 1606
cm?, respectively®. Other bands might be
seen at 1367 cm™* (C-N), 1264 cm™ (C-F), and
1539-1400 cm™ (C=C, aromatic).!HNMR of
compound [D4]: show the presence of the
cyclopropyl protons' signals at 1.11 ppm (d,
4H, 2-CH2-, cyclopropyl ring), 4.84ppm for
(-CH2-), 4.446 ppm (m, 1H, cyclopropyl
ring), and 3.49 and 3.84 ppm (piprazine ring).
The signals of maleimide (CH=CH), protons
appeared at 7.052, 7.173 (s, 1H, Ar-H,

quinolinone), 8.00 (s, 1H, Ar-H,
quinolinone), 7.39 and 7.59 (d, 2H, benzene),
8.838 (s, 1H, vinylic proton) and broad
signals at 14.24 attributed to carboxylic acid
hydroxyl. 3 CNMR of compound [D4]: shows
different signals for different carbons as
follows: the presence of the cyclopropyl
carbons' at 7.7 ppm, and the signal of (-CH>-)
at 64.80 ppm. The signals of aromatic carbons
appeared at the range 103.18-152.48 ppm and
the maleimide double bond carbons resonated
at 165.81 ppm. The signal at about 169.08
ppm belongs to the carbon amide group while
the signal at 177.00 ppm belongs to the
carbons of the carboxylic acid group.
Characterization of Homo-Polymer [Ds]:
Color: Light Brown, M.Wt=
13068.8. FT-IR of the Homo-polymer [Ds]
show strong stretching frequencies for, the
aromatic appeared at 3086 cm-1, the band at
2915, 2879 cm-1 are assigned to aliphatic C-
H stretching vibration of methyl groups. The
amide carbonyl groups at 1712, and 1635 cm-
1, and showing characteristic stretching bands
at the range of 1764cm-1 due to beta lactam
carbonyl and broad absorption band of
carboxyl groups in drug structures around
~3500-2500 cm-1 (190). The 'H-NMR of
Homo-polymer [Ds] shows the appearance of
new broad bands at about (2.72) ppm
belonging to the polyimide and the
disappearance of the maleimide (HC=CH)
protons signal (7.87 ppm). The beta-lactam
proton appeared at about 4.53-5.41ppm. The
amide (Ar CO-NH-) protons appeared at 9.83,
and 10.689 ppm and the carboxylic proton
appeared at a broad weak peak around 12.30
ppm. This indicates the success of the
polymerization of this monomer besides that
during the polymerization, the imide and
beta-lactam ring remained intact.
Characterization of Homo-Polymer [De]:
Color: Red, M.Wt=8125.3. FT-IR
spectrum of the [De] showed different bands.
A band was observed at 3512 cm™ due to
COOH, and a band was observed at 3047 and
3037 cm™ due to =C-H of aromatic rings,
2999 and 2949 cm? due to stretching
vibrations of the aliphatic groups. In addition,
a band was observed at 1716 cm™ due to C=0
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in the imide ring, and at 1647 cm™ due to
C=C-C=0, Quinolinone and amid carbonyl.
The stretching vibration of the aromatic
system was observed at 1557- 1442 cm™, the
band at 1386 cm™ belongs to C-N stretching,
and the band at 1259 cm™ due to (C-F)
stretching vibration. *H-NMR of Homo-
polymer [Dg]: shows different chemical
shifts, a peak at 1.36 ppm belonging to the
methylene protons of cyclopropyl ring.
Doublet Peak for aliphatic -CH,- the of

protons at about 2.50ppm, while the single
proton of this ring appeared as multiplet
signal at 4.10 ppm, two peaks at 3.14 and 3.61
for polysuccinimide protons, the peaks at
3.70 for the protons of piprazine ring, and the
signal at the range 4.50-4.86ppm to the -CH>-
protons. The two protons of the aromatic
fused ring appeared at 7.01 and 8.01 ppm,
while the aromatic protons of the meta-di-
substituted benzene ring appeared at 7.43-
7.92 ppm.

Table 1: Physical properties of prepared monomers [D1, D2, D3, and Da).

Comp. Colour Yield (%)
D, Orange 90%
D> Yellow 85%
o B o
Dy Light yellow 85%

In addition, the chemical structures
of all prepared compounds were characterized

m.p.°C R
183-185°C 1hexane:g§ﬁylacetate
210-212°C 1hexane:g§gylacetate
98-100 °C 1hexane0:.33acetone
250-252°C o

1lhexane : 3acetone

by elemental analysis (CHNS) techniques and
the data presented in Table 2.

Table 2: (C.H.N.S) Elementary analysis of the monomers D3, and Da.

Comp. Calculated %
C H N
D 45.97 3.23 16.08
(D 62.14 4.50 10
Solubility:

It was examined how the synthesized

monomers and polymers dissolved in various

solvents, including water, ethanol, CHCls,

Found %
S C H N S
12.27 44.8 2.91 14.5 11.25
- 61.12 4.0 8.77 -

methanol, ether, toluene, DMSO, hexane, and
DMF. The statistics on solubility are shown in
Table 3.

Table 3: Solubility of Synthesized Monomers and Polymers Ds-De.

Com

p. H:0 EtOH | CHCL: (MeOH| Ether | Toluene | DMSO | Hexane | DMF | Acetone
D; Partial + Partial + Partial + - + 4
Dy | Partial + Partial + Partial + - + +
Ds | Partial | Partial | Partial + | Partial | partial + - + Partial
Dy Partial | Partial | Partial + Partial | partial + - + Partial
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Swelling Ratio:

Organic polymer gels with chemical
crosslinks are known as hydrogels. When
placed in good solvents, or solvents with
polymer affinity, such gels enlarge but do not
dissolve. The gel is known as a hydrogel
when water serves as the ideal solvent.
Covalent bonds, as in the majority of
synthetic gels, or Van der Waal forces and
hydrogen bonds can be used to cross-link
hydrogel (Salewska N,Boros-majewska J, et
al.,2012). Hydrophilic monomers can be
polymerized to produce homo-polymer
hydrogels, respectively .

Dynamic swelling was assessed by
gravimetric measures. In a beaker filled with

100 mL of water heated to 37°C, the
polymeric samples were suspended. The
hydrogel sample was taken out after five
hours and five days, quickly wiped clear of
surface water with filter paper, weighed
(accuracy 0.0002), and then put back into the
swelling solution. The swelling ratio of homo
polymers is shown in Figures 1& 2.

Release of the Drug:

By using a UV-visible
spectrophotometer, drug release from the
prepared polymers was determined in two
different buffer solutions (pH 2.2, and 8.0) at
37°C . . Figures 3-6 demonstrate the drug
release from the synthesized polymer.
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Fig. 1: The swelling ratio of homo polymer
(Ds, D) in different hours at 37 °C

Fig. 2: The swelling ratio of homo polymer
(Ds, De) in different days at 37 °C
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Fig. 3: The drug release of homo-polymer
(Ds,De) in different hours in pH=2.2 at 37°C

Fig. 4. The drug release of homo-polymer
(Ds,Deg) in different days in pH=2.2 at 37°C
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Fig. 5: The drug release of homo-polymer
(Ds,Dg) in different hours in pH=8 at 37°C

Fig. 6: The drug release of homo-polymer
(Ds,Ds) in different days in pH=8 at 37°C

Maleimide-drug’'s Antibacterial Activity
[Ds, D4] Monomers:

Maleimides and moieties linked to
them offer intriguing features, particularly
when utilized as selective inhibitors of
monoglyceride lipase (Durlst Y, Karaku H ,
et al.,2012), as well as a number of other
enzymes with reactive cysteinyl residues.
Additionally, they were widely used for
numerous biological applications such as
cytotoxicity, DNA binding, and apoptosis-
inducing action(Bhagare AM, Kardel A V, et
al.,2020), antibacterial (Sabir S,et al.,2016),
antiprotozoal (Mahle F et al.,2019), anti-
inflammatory agents (Fan Yongxian et
al.,2018)( Panov AA, et al.,2018), analgesics
(Hasan.AF,et al.,2020)( Tabernilla A, et

al.,2021), anti-tumor (Ahmed A, et al.,2022).

Additionally, due to the synergistic
effect, mixing maleimide derivatives with
some effective medications may change their
biological properties. Table 4 lists the
synthesized monomers' and their drug-loaded
counterparts' antibacterial activity.
Synergistic Effects:

A situation in which the combined
effects of two chemicals are greater than
expected.

An antagonist effect:

It occurs when two or more agents
work together to produce a result that is less
favorable than the sum of their separate
effects.

Table 4: Antibacterial activity of compounds [Ds D4] at concentration 0.5 mg/mL

Inhibition Zone for Inhibition Zone for Inhibition Zone | Inhibition Zone
Staph. Coccus of Stanh. Coccus of Dru for E. Coli of for E. Coli of
Maleimide ph. g Maleimide Drug

Ds 35 Ceftriaxone 30 25 20
D4 30 Ciprofloxacin 35 30 22
DMSO 0 DMSO 0 0 0

The disk-diffusion method was used
to test the antibacterial activity against
pathogenic strains of Escherichia coli and
Staphylococcus aureus using a solution of 0.5
mg from each chemical and each loaded
medication for comparison in 1 mL of
DMSO. Additionally, the DMSO activity was
examined as a negative control, which
demonstrates no reduction of bacterial
growth.

The antibacterial activity against
Gram-positive  (Staphylococcus  aurous)
bacteria results in a synergistic effect for (Ds,
D4) compounds, increasing their antibacterial
activity (inhibition zone) in comparison to the
matching loaded medicines. However,
compared to loaded medicines, maleimide
derivatives exhibit greater action against
Gram-negative (E. coli) bacteria(Khanal
LN,etal.2022). This is because the maleimide
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moiety is lipophilic and neutral, allowing it to
easily pass through biological membranes.
Gram-negative  bacteria  have  higher
antibacterial activity against E. coli because
their cell walls are composed of one or more
layers of peptidoglycan and a lipid-rich outer
membrane.
Antibacterial Activity of Polymers [Ds, Ds]:
Antibacterial  activity of the

Homopolymers [D5, D6] against pathogenic
strains  of  Escherichia  coli  and
Staphylococcus aurous was performed using
the disk-diffusion method employing a
solution of 0.5 mg from each polymer and
each loaded medication for comparison in 1
mL of DMSO. Table -5 shows the inhibition
zones for [Ds, Dg] and corresponding drugs

Table 5: Antibacterial activity of Homopolymers [Ds, D6] at concentration 0.5 mg/mL

Inhibition Zone for N Inhibition Zone | Inhibition Zone
Staph. Coccus of S:;hr:bggc;r;éo;eggz for E. Coli of for E. Coli of
polymer ph. g polymer Drug

Ds 40 Ceftriaxone 30 30 20
Ds 20 Ciprofloxacin 35 30 22
DMSO 0 DMSO 0 0 0

The prepared homo-polymer D5
showed higher antibacterial activity toward
the tested (Staph. Coccus) bacteria, So, if we
study the biological activity after drug release
on polymers at different time intervals, we
may get strong evidence and may also support
the idea of the safety of polymer drugs before
drug release. On the other hand, when we

compare the single polymer with the two
bacterial strains, the results in Table 5 show
that the activity of some homopolymers
toward Gram-negative bacteria is higher than
their counterparts. than drugs and monomers,
the reason may be that the pendent drug
molecules are bound in a way that prevents
them from sticking to the cell wall.

Fig. 7: Images of Petri dishes of antibacterial for synthesized monomers and polymers.

Conclusion
This study includes a reaction
between maleic anhydride and 4-

aminophenol to create a chemical (D1). Then
compound (D) was converted to maleimide
phenol acetic acid ether (D2) which was then
transformed into an acyl chloride derivative.

Additionally, amino Drugs (Ceftriaxone,
Ciprofloxacin) are treated with acyl chloride
derivative to produce (D3,Ds) monomers
(Target polymers were created by reacting a
base material with Homogeneous polymers
(Ds, De) prepared through Free radicals from
the monomers (Ds,D4) are polymerized under
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nitrogen using benzoyl peroxide as an
initiator. Each of the created monomers and
polymers was characterized using FT-IR, *H
NMR, and 3C NMR spectral analysis. The
controlled drug release and swelling
percentage tests were carried out at a
temperature of 37°C. Since different
polymers have different swelling percentage
values, the release of the medication may be a
factor in this difference. Additionally, it was
shown that the process of a medication being
released in a basic medium (pH=8.0) is faster
than in an acidic medium (pH=2.2).
Declarations:

Ethical Approval:Ethical Approval is not
applicable.

Competing interests: The authors declare no
conflict of interest.

Authors Contributions:| hereby verify that
all authors mentioned on the title page have
made substantial contributions to the
conception and design of the study, have
thoroughly reviewed the manuscript, confirm
the accuracy and authenticity of the data and
its interpretation, and consent to its
submission.

Funding: No funding was received.
Availability of Data and Materials: All
datasets analysed and described during the

present study are available from the
corresponding author upon reasonable
request.

Consent for Publication: Not applicable.
Acknowledgements: Not applicable.
REFERENCES

Ahmed A, Majeed 1Y, et al,2022.'Some 3,4,5-
Trisubstituted-1,2, 4-triazole
Synthesis, Antimicrobial Activity,
and Molecular Docking Studies'.
Egyptian Journal of  Chemistry,
65,395-401.  https://dx.doi.org/10.
21608/ejchem.2021.93025.4397

AlHachim Z.S., . Ridha A.M, ALBaiati M.N,
Alsalhy Q.F, Majdi H.S, 2022.
‘Sustainable modification of
polyethersulfone membrane with
poly (maleic anhydride-Co-glycerol)
as novel copolymer. MDPI
(Multidisciplinary Digital

Publishing Institute),14(8), 1207.
https://doi.org/10.3390/w14081207
CA,Kumaravelu  P,Chellathai

DD,2015. 'Evaluation of AntiCancer

Effects of Dpp-4 Inhibitors in Colon

Cancer- An Invitro Study'. Journal

of Clinincal and Diagnostic

Research,9(12):14-6. https://doi.

0rg/10.7860/jcdr/ 2015/ 16015.6979

Bhagare AM, Kardel AV, etal,2020. 'Novel
Schiff bases derived from N-aryl
maleimide derivatives as an effective
antimicrobial agent : Theoretical and
experimental approach'. Bioorganic
Chemistry. 103(104129). Available
from https://doi.org/10.1016/j.
bioorg. 2020.104129

Chaudhary S, Purohit Jinger S, 2017.
'‘Radical copolymerization of N-
substituted maleimide and
acrylamide (AM)/ acrylic acid/ 2-
hydroxy ethyl methacrylate:
determination of monomer reactivity
ratios Int'. Journal of Chemistry
Applications. 76, 570-574.

Dizman B, Elasri MO, Mathias L J, 2004.
'Synthesis and antimicrobial
activities of new water-soluble bis-
quaternary ammonium methacrylate
polymers'. Journal of  Applied
Polymer Sciense. 94(2):635- 642.
https://doi.org/10.1002/app.20872

Dirust Y, Karaku H , et al, 2012.'Synthesis
and anti-protozoal activity of novel
dihydropyrrolo[3,4-d] [1,2,3]
triazoles’. European Journal of
Medicinal Chemistry.48:296-304.
https://doi.org/10.1016/j.ejmech.201
1.12.028

Fan Yongxian ,Lu Yuele, et al.,2018. 'Anti-
Leishmanial and Cytotoxic
Activities of a Series of Maleimides:
Synthesis, Biological Evaluation and
Structure-Activity Relationship'.
Journals/ Molecules. 23(11):2878.
https://pubmed.ncbi.
nim.nih.gov/30400596.

Hasan.AF, Kareem MM, Al-Baiati
M.N,2020. 'Synthesis a novel nano
co-polymer and using as carrier drug

Amritha


https://dx.doi.org/10.%2021608/ejchem.2021.93025.4397
https://dx.doi.org/10.%2021608/ejchem.2021.93025.4397
https://doi.org/10.3390/w14081207
https://doi.org/10.1016/j.%20bioorg.%202020.104129
https://doi.org/10.1016/j.%20bioorg.%202020.104129
https://doi.org/10.1002/app.20872
https://doi.org/10.1016/j.ejmech.2011.12.028
https://doi.org/10.1016/j.ejmech.2011.12.028

New N-Substituted Maleimide Drug Polymers 73

system'. International Journal of
Pharmaceutical Research. 12, 850—
589. https://doi.org/10.31838/ ijpr/
2020.12.04.120

KaoYF and WJ,2011. 'Drug Release Kinetics

Kareem

Kareem

Khanal

Luten

and Transport Mechanisms of Non-
degradable and Degradable
Polymeric Delivery Systems'. Expert
Opinion on Drug Delivery.7(4):429—
44. https://doi.  org/10. 1517/
17425241003602259

M.M., Abaas L.A., 2019. 'New
prodrug polymers functionalized
based on Maleimide'. Journal of
Physics Conference Series, 1294
(5):052031. http://dx.doi.org/10.
1088/1742-6596/1294/5/052031 .
M.M., Alrazzak N.A.et al., 2023.
'Synthesis and characterization of
new modified poly(vinyl chloride)
polymers and study of their
photodegradation under irradiation
with ultra-violet radiation'. Article -
Engineering,  Technology  and
Techniques.66, €23210443. https://
doi.org/10.1590/ 1678-4324-
2023210443

LN, Sharma KR, et al, 2022.
'Phytochemical Analysis and In
Vitro Antioxidant and Antibacterial
Activity of Different Solvent
Extracts of Beilschmiedia
roxburghiana Nees Stem Barks'.
Scientific World Journal. 6717012,
https://doi.org/10.1155/2022/67170
12

J, Nostrun C., Smedt S, 2008.
'‘Biodegradable polymers as non
viral carriers for plasmid delivery'.
Journal of Controlled Release. 12,
97-110.  https://doi.org/10.1016/j.
jconrel.2007.10.028

Madkour AE, Tew GN. 2008. 'Synthetic

Mimic of Antimicrobial Peptide with
Nonmembrane- Disrupting
Antibacterial ~ Properties'.Physical
chemistry of Quantum Information
Science.9(11):2980-2983.  https:/
doi.org/10.1021%2Fbm800855t

Mohanad M.K, Nour A., Saadon A, Nagham
M.A,, 2021. 'Synthesis,
Characterization and biological
activity study for new hybrid
polymers by grafting 1, 3, 4-triazole
and 1, 2, 4-oxadiazle moieties onto
polyvinyl  chloride'. Egyptian
Journal of Chemistry. 64, 1273-
1283. https://doi.org/10.21608/
ejchem.2021.27879.2584

Moon W, Kim JC, K Chung, Park E, Kim M,
Kim J. 2003. 'Antimicrobial activity
of a monomer and its polymer based
on quinolone'. Journal of Applied
Polymer Science.90, 1797-1801.
https://doi.org/10.1002/app.12813

Panov AA , SimonovAY, et al., 2019.
‘Synthesis and antimicrobial activity
of 3,4-bis(arylthio)maleimides'
Journal of Antibiotics'.72,122-124.
https://doi.org/10.1038/s41429-018-
0122-3

Ramazani A, Hamidnezhad R ,et al,2016. 'In
Vitro Antiplasmodial Activity and
Cytotoxic  Effect of (2)-2-
Benzylidene-4, 6-
Dimethoxybenzofuran-3(2H)-One
Derivatives'. Iran Journal of
Parasitol. 11(3):371-6.

Sabah A.A., Muslim Mhaibes R,et al,.2023.
'Study of toxicity and anticancer
activity of some new derivatives of
mefenamic  acid'.  Journal of
Medicinal of Chemical Sciences.6,
1000- 1009. https://doi.org/10.
26655/ JMCHEMSCI.2023.5.7

Salewska N , Boros-majewska J, et al, 2012.
‘Chemical reactivity and
antimicrobial  activity of  N-
substituted maleimides’. Journal of
Enzyme Inhibition and Medicinal
Chemistry.27(1):117-124.  https://
doi.org/10.3109/14756366.2011.58
0455

Tabernilla A, dos Santos Rodrigues B, et
al,2021. 'In vitro liver toxicity testing
of chemicals: A  pragmatic
approach’. Internation journal of
Molecular Sciences. 22(9),5038.


https://doi.org/10.31838/%20ijpr/%202020.12.04.120
https://doi.org/10.31838/%20ijpr/%202020.12.04.120
http://dx.doi.org/10.%201088/1742-6596/1294/5/052031
http://dx.doi.org/10.%201088/1742-6596/1294/5/052031
https://doi.org/10.1155/2022/6717012
https://doi.org/10.1155/2022/6717012
https://doi.org/10.1016/j.%20jconrel.2007.10.028
https://doi.org/10.1016/j.%20jconrel.2007.10.028
https://doi.org/10.21608/%20ejchem.2021.27879.2584
https://doi.org/10.21608/%20ejchem.2021.27879.2584
https://doi.org/10.1002/app.12813
https://doi.org/10.1038/s41429-018-0122-3
https://doi.org/10.1038/s41429-018-0122-3
https://doi.org/10.%2026655/JMCHEMSCI.2023.5.7
https://doi.org/10.%2026655/JMCHEMSCI.2023.5.7

74 Dhuha R. Kashash! et al.

https://doi.org/10.3390/ijms220950

38
Timofeeva L, Kleshcheva N.2011.
‘Antimicrobial polymers:

mechanism of action, factors of
activity, and applications'. Appled

Microbiol and  Biotechnol
.89(3):475-492.

Witte W. 1998. 'Medical consequences of
antibiotic use in agriculture'.

Science.279(5353):996-997. https://
doi.org/10.1126/science.279.5353.9
96


https://doi.org/10.3390/ijms22095038
https://doi.org/10.3390/ijms22095038

	4629d708b1aa77eb17d80d8f4d62ebe4c32478b2acf6a22c6d793446a773848e.pdf
	4629d708b1aa77eb17d80d8f4d62ebe4c32478b2acf6a22c6d793446a773848e.pdf

