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Two heterocyclic compounds that

are  Mannich  bases  were
synthesized: 1-phenyl-N-(thiazol- NO2 Q

2-yl) methanimine(3) and 4-
benzylidenemorpholin-4-ium(5).
They were identified by *H NO,
NMR, BC NMR, IR and XRD,

and encapsulated using the

solvent evaporation process, using ethyl cellulose as matrix. The obtained particles were characterized by IR, XRD, SEM and the
particles’ diameters were also determined. SEM micrographs revealed that microspheres (M3) have irregular forms with porous
surface, Though the microspheres (M5) are spherical with smooth and porous surface. The drug release study was conducted in
reconstituted media that mimic the human digestive system. Additionally, each synthetic product's CMI and antibacterial activity
were determined, and both showed good efficacy against tested strains. According to the DPPH’s method, 4-

benzylidenemorpholin-4-ium possesses an antioxidant activity.

INTRODUCTION

The organic synthesis has an important role in
the development of drugs because the most of
biological molecules in living systems are made of
organic compounds. As a result, organic chemistry
plays a very curial role in discovering new active
agents, developing dosage formulation and the
studying of their anatomical and physiological
reactions.! Among the organic compounds, the
heterocyclics are the largest and most diverse

* Corresponding author: ilham.abdelmalek@univ-tiaret.dz

family used as therapeutics.? They have also drawn
a lot of interest from agrochemical sector.?

The synthesis and antioxidant characteristics of
the substances (2-aryl-5-(arylselenylmethylthio)-
1,3,4-oxadiazole/thiadiazole and  2-aryl-5-[(2-
methylthiazol-4-yl)/(5-aryl-1,3,4-oxadiazol-2-yl)-
methylthio]-1,3,4- oxadiazole) were disclosed by
Sauer et al.,* the researchers' findings from the
studies suggest that these compounds showed a
sizable antioxidant effect which could be used
therapeutically to address conditions linked to
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oxidative stress. In 2018, Brahmbhatt et al.
described the synthesis and biological screening of
new therapeutic compounds called tri-substituted
imidazole derivatives.® These products were
synthesized  from  benzyl,  substituted-1H-
pyrazole4-carbaldehydes and ammonium acetate.
The study has been determined that the most of the
synthesized heterocyclic compounds developed an
antibacterial activity similar to the ampicillin
sensibility for the specified bacterial strains: Gram-
positive bacteria (Staphylococcus aureus, Bacillus
subtilis) and Gram-negative bacteria (Escherichia
coli, Pseudomonas aeruginosa) Moreover, in 2020
a new series of triazole with a pyrrolotriazinone
scaffold have been synthesis by Montoir et al,
these substances showed fungicidal activity by in
vitro test against susceptible and resistant
pathogenic Candida species.®

Presently, a number of green synthesized
heterocyclics might be useful in treating
Alzheimer's  disease,” Others based on
Benzimidazole-Quinoline  structure  presents
anticancer effects.® Alternatively, Murtaza et al.
detailed the synthesis of a series of Schiff base
derivatives originating from 4-aminophenazone,
the studies have demonstrated that the tested
synthetic compounds exhibit consistent and
substantial anti-inflammatory, analgesic, and
antipyretic effects.’

In this study, two heterocycle compounds were
synthesized and characterized by FTIR, RMN H!
and BC NMR: 1-phenyl-N-(thiazol-2-yl)
methanimine(3) and 4-benzylidenemorpholin-4-
ium(5). These substances were encapsulated in
Ethyl cellulose polymer, the obtained particles
were also characterized by FTIR, XRD and SEM.
Additionally the antibacterial activity of the
prepared compounds was studied and the minimal
inhibition concentration of the synthetic products
were determined against Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa,
albicans candidate, Furthermore, the antioxidant
activity was determined and the drug release from
prepared particles was evaluated in different
media.

RESULT AND DISCUSSION

'H NMR *C NMR

In our preceding research, two heterocyclic
compounds were synthesized phenyl-N-(thiazol-2-yl)
methanimine (3) and 4-benzylidenemorpholin-4-
ium (5): with three synthetic methods) (Fig. 13).
These compounds were further characterized using
H NMR and *C NMR spectroscopies.
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Fig. 1 - 'H-NMR spectrum of 3.
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Fig. 2 — 13C-NMR spectrum of 3.
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Fig. 4 —3C-NMR spectrum of 5.

'H NMR and **C NMR of 3:

Yield: 417%; red powder; m.p =230 °C. *H-NMR
(300 MHz, DMSO-d6): § = 6.23(1H, S, CH-S)¥,
6.91(1H, d, CH=N, Ar), 7.2-7.6 (5H, m, Ar-H),
9.49(1H, S, CH=N) (Fig.1). ®C-NMR (300 MHz,
DMSO-d6): 108.46(S-C=C) (C=C-N), 127.34(C=N),
129.24(C-Ar), 169.81 (S-C=N) (Fig.2).

'H NMR and *C NMR of 5:

Yield: (pathl/path2/path3) 377, 70.4 7, 70.2 7.
The highest yield in the reaction (path 2 and path 3)
is explained by the use of microwave technology
and ultrasound (solvent-free); white powder; m.p
=128 °C. 'H-NMR (300 MHz, DMSO-d6): & =
2.29(4H, m, CH.-O, CH2-N), 7.22(1H, d, CH-N),
7.2-7.4(5H, m, Ar-H) (Fig. 3). 3C NMR (300 MHz,
DMSO-d6): =49.65(C-N or C-O), 66.77(C-O or C-

Table 1

N), 128.18(C-C Ar), 134.28(C=N) (Fig. 4).
FTIR

3: IR (KBr, cm™?): 3030.01(ar C-H, str)!,
2947.77(alphatique C-H, str), 1618.18(C=N, str)*?,
1575.80(C-N, str), 1508.81(ar C=C, str), 696.55(C-

S, str)®,
5. IR (KBr, cm?): 3386.19(C-H, str),
2956.8(alphatique  C-H, str), 1647.16(C=N,

str),1070.33(C-O ether, str), 1450(ar C=C, str),
705.29(C-H, deformation).

Caracterazation of microspheres

The optic microspcopy was used to confirm the
shape and mesure the size diameters of prepared
microspheres using different formulas,** that
prensent under Tablel.

Microencapsulation characteristics and encapsulation results

Code DL % yeild” do ds2 daz Dispersion
M3 39.9+0.12 79.91+0.08 369.90 441.71 461.44 1.24
M5 41.32+0.08 82.64+0.42 85.13 _ 203_.82 _ 231.73 2.721
DL 4 = ooz ol sative spemin misvmpantisl: 0 yigld 0 = n o Seis SRR SR TETDSTHES L 400, the arithmetic mean dio= T ni

Memic of micropertickea

Imitie] meazc of mcthe s

di/ Z ni, the volume-surface mean ds2= X ni di®/ X ni di?, the volume-moment mean dss= Z ni d i*/ Z ni d i%, Dispersion =

ds3/d10
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Scanning electron microscopy (SEM)

As known in previous work,” the solvent
evaporated method allows for the production,
of  distinct  microparticles  morphologies
contingent upon the formulation parameters.
In this work, it was found that the microspheres

(M3) have irregular shapes with clear porous
surface (Fig. 5), however the microspheres
of (M5) have a spherical shape with smooth
and porous surface (Fig. 6). It is also noted
the presence of some crystals on the surface of
(M5) which corresponds to the encapsulated
agent.1617

Microspheres M3 with a high average diameters
d»=441.71uym  exhibit a convergent size
distribution, whereas M5 exhibit an uneven
distribution with both huge and small spheres (Fig.
6). Furthermore, the average diameter of M3 is
twice as tiny as that of M5, with the latter having an
average diameter of ds; = 203.82um. This difference
can be attributed to the crystallinity of the enclosed
material within EC matrix as published research
suggests that the crystalline materials tend to be
smaller than amorphous ones?®,

As the solvent evaporates, both the polymer
matrix and the active ingredient precipitate,
leading to the hardening of the loaded
microspheres. The viscosity and consequently the
surface roughness of the microspheres, is
influenced by the percentage of ethyl cellulose.
Additionally, the variation in diameter and size
distribution is attributed to the differing chemical
structures of the two compounds 3 and 5.

IR Result

The infrared spectrum of microspheres exhibits
the functional groups found in the spectra of the

active agents 3 and 5, as well as the polymer (EC),
as previously mentioned in earlier work?® (Fig. 7),
the principal bands are:

M3: IR(KBr, c¢cm™): 3030.01(ar C-H, str),
2947.77(alphatique C-H, str), 1618.18(C=N, str),
1575.80(C-N, str), 1508.81(ar C=C, str), 696.55
(C-S, str).

M5: IR(KBr, cm?): 3386.19(C-H, str),
2956.8(alphatique C-H, str), 1070.33(C-O ether,
str), 1450(ar C=C, str), 705.29(C-H, deformation).

XRD

The XRD diffractograms of prepared
compounds and their formulations are displayed in
Fig. 8. It’s shown that EC matrix is semi-crystallin
material, 5 is crystalline with distinct highly and
intense peaks that can be seen at (11.13°, 18.82°,
19.7°) and 3 is amorphous. In microspheres” XRD
thermograms, all peaks of crystallinity are
damaged and the amorphous form has been seen
meaning that the active agent are included inside
the amorphous part of matrix.
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Fig. 7 — FT-IR spectra of: (3), (5) and loaded microspheres M3 and M5.

Release kinetics

The drug release was studied from prepared
microspheres in four media at different pH: 1.2,
4.0, 6.0 and 8.0. The release profiles are illustrated
in Fig. 9.

The results show that the drug release from M5 is
higher than M3 microspheres in pH=1.2, this can be
justified by the dissolution of encapsulated agent
placed on the microspheres surface. After two hours,
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it’s noted that the percentages of drug released from
M3 becomes higher than M5 microspheres in other
pHs. In M3 profile, the release starts with 10% to
70% in pH = 4.5, a landing between 70 and 80% in
pH = 6.5 and it end at 50% whereas the drug release
in M5 profiles reach 90% in pH = 1.2 and pH = 4.5
and it decreases to 10% at the end of the study. This
difference is justified by the morphology of
microspheres, especially porosity and tortuosity
which are important in M3.
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Fig. 8 — The XRD diffraction of EC, 3, 5 and loaded microspheres M3 and M5.
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Fig. 9 — Drug release study from M3 in reconstituted media.
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Fig. 10 — Drug release study from M5 in reconstituted media.

Antibacterial activity

Figure 11 provides the findings about the
antibacterial activity of the compounds. The 5
present inhibitory diameters from 29 to 47.6
against studied strain and the strongest
antibacterial efficacy is against the albicans
candida. However, the 3 has inhibitory diameters

ranging from 19 to 22mm, and its action is not as
strong as that 5. It’s noted that the effectiveness is
less when the tested products were encapsulated
with EC polymer, which confirm that the
combination of them gives rise to an antagonist
effect, and it can give a nil activity as presented in
the case of M5 against Pseudomonas aeruginosa
and M3 against Staphylococcus aureus.

Minimal Inhibitory Concentration (MIC)
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Fig. 11 — Histogram of bacteriological results for 3, 5 and their microspheres M3 and M5.
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Minimal Inhibitory Concentration (MIC)

The lowest concentration that resulted in a
noticeable drop in turbidity was known as the
minimum inhibitory concentration (MIC end
point), which was visually read after 24 hours of

Table 2

incubation.’®* To assess the efficacy of the
products synthesized, the lowest inhibitory
concentration of each product against each of the
four strains (E. coli, Pseudo, Staph, C. ALB) was
determined and presented in the following
tables.

Minimal Inhibitory Concentration (MIC) of 3

(3) Concentrations (mg /ml)

Strains | 5 25 125 | 0625 | 031 | 015 | 0078 | 0039 | 0.019 | 000g | Positive | Strains
control | control
E,Coli - - - - - MIC + + + + + —
Pseudo - - - - - MIC + + + + + _
Staph - - - - - MIC + + + + + -
C,ALB - - - - - MIC + + + + + -

Product 5 had the highest minimum inhibitory
concentration for E. Coli (MIC=1.25 mg/mL),
while the other bacteria had MICs of 0.625
mg/ml.  This could be explained by the
heterogeneous strain's resistance to organic

Table 3

compounds due to its polymerase-rich proteins.
Conversely, the lowest MIC values (0.15%
mg/ml) for all the bacteria tested were reported
for product 3, As a result, this molecule is the
most effective than 5.

Minimal Inhibitory Concentration (MIC) of 5.

(5) Concentrations (mg /ml)

Strains | 5 25 | 125 | 0625 | 031 | 015 | 0078 | 0.039 | 0.019 | 0.0y | PoSitive | Strains
control | control
E,Coli - - MIC + + + + + + n ¥ _
Pseudo - - - MIC + + + + + + + _
Staph - - - MIC + + + + + + + -
C,ALB - - - MIC + + + + + + + _
Antioxidants activity of 3 after deprotonation is showing in figurel2, it

The synthetic molecule 3 reduces the stable free
radical of DPPH once its color changes to yellow,
consequently, the calculated 1Csp is 61 mg/mL with
a 0.999 correlation index and the possible structure

is observed that this molecule exhibits less
antioxidant activity than ascorbic acid, which is
44.8 mg/mL. Conversely, the synthetic molecule 5
exhibits no activity since the solution color shows
any fluctuation.

. H NH
NO, N—N + S)N\N —_— N024Q—N_N + ©/S\J‘§N
\—/ \_f
NOz 3 NDZ
3

Fig. 12 — The oxide-reduction reaction of DPPH.
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EXPERIMENTAL

Material and methods

Chemicals

Benzaldehyde was obtained from PROLABO,
France, Morpholine was obtained from Biochem
chemopharma Montrial, Quebec, Hydrochloric
acid 36.5-38 7d = 1.2g/mL, M = 36.5g/mol, Ethyl
cellulose (EC) viscosity: 10 cP*, 5% in
toluene/ethanol 80:20, extent of labeling:48%
ethoxy), Tween80(Polyethylene glycol sorbitan
monooleate), Dichloromethane, and 2-Amino-
thiazole were provided by SIGMA-ALDRICH,
France.

Characterization

Infrared analysis: The Oran laboratory's
FTIR-8400 infrared spectrometer was used to
identify the specific bands of synthetic products
and the microspheres in the [400-4000 cm] wave
number region.

NMR spectroscopy analysis: The NMR
analyzes were carried out at the Water Research
and Technology Center Borj Cédria Technopole,
Tunisie. 300 MHz spectrometer was used to run
the 1H NMR and 13C NMR spectra in DMSO.

UV-Vis analysis: The UV-Vis spectra were
measured using al650PC-SHIMADZU Series UV-

Vis Spectrophotometer at room temperature in the
200-800 nm range.

XRD analysis: This analysis was completed
using a Rigaku-Mini Flex 600 instrument in the
Synthesis and Catalysis Laboratory of IBN
Khaldoun-Tiaret University.

Optical microscope analysis: The farm animal
reproduction laboratory's optical microscope
(OPTICA Axiome 7000) was used to picture and
measure the size distribution of microparticles.

Scanning electron microscopy (SEM) SEM
was used to characterize the microparticles' surface
morphology using Quanta 650at the LPEN Energy
and  Nanotechnology  Process  Laboratory,
University of Blida.

Particle size and size distribution: Optical
microscopy and scanning electron microscopy
(SEM) were used to calculate the average diameter
and size distribution of the microspheres.by
examining over 500 microspheres.?

General method for the synthesis of phenyl-
N-(thiazol-2-yl)methanimine  (3) and 4-
benzylidenemorpholin-4-ium  (5): For the
synthesis  of the  appropriate  products,
benzaldehyde was mixed with 2-Amino-thiazole
(2) and morpholine (4) using HCI (20 mol %) as
catalyst (Fig. 13). The obtained products were
filtered and identified using 'H NMR, C NMR,
and IR spectroscopy.

(S ._NH,
“:N1 /HCI U/:\j/\QN
(1eq) A
Q MeOH SN
M eon —f
r/\”’ H — | 48 Hours Stirring 3
-
1 //\O R @3-/\ .
HN. /HCI r ‘N"“‘v| “j
4 O\\_/J S~
5

Path1: 4 (1eq)/7Hours/ Stirring/MeOH
Path2:4 (1eq)/1Hours/ Microwave
Path3:4 (3eq)/10Min /Ultrasound
Fig. 13 — Synthesis of phenyl-N-(thiazol-2-yl)methanimine (3) and 4-benzylidenemorpholin-4-ium (5).

Microencapsulation

Microparticles were prepared by solvent evaporated
method. For this, a continuous phase (1%) was prepared
by dissolving tween 80 in 50 mL of distilled water. In
parallel, a dispersed phase that consists 0.6 g of active

agent, 1.2 g of EC polymer and 50mL of DCM was
prepared and it was emulsified with the aqueous
solution under mechanical stirring at room temperature
at 750 rpm for 3 h. the microparticles were finally
filtered, washed many times with distilled water and
dried in vacuum desiccator.!
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Table 4

Components of various formulations.

Code Active agent (0.6 g) Polymer Emulsifier
M3 3 EC T80
M5(Path 1) 5(pathl) EC T80
M5(Path 1) 5(path2) EC T80
M5(Path 1) 5(path3) EC T80

Release kinetics

Initially, reconstituted gastric media (stomach;
pH = 1.2, dirodimum; pH=4.5, jejunum pH = 6,
and intestinal; pH = 8) were prepared using the
American Pharmacopoeia U.S.P.??

Drug release study was carried out in closed
flask, kept at 25 °C with a controlled speed (250
rpm). 100mg of prepared microspheres was
immerged in 100 mL of gastric medium (pH = 1.2)
for a period of 2 h then it was replaced
successively in the other buffer solutions: pH = 4.5
for 1h, pH = 6 for 2 h and pH = 8 for 3 h, in order
to stimulate the in vivo rout of the dosage forms.
Samples of 1mL of liquid were taken out at
different times diluted to 10 mL and analyzed by
UV-Vis-2401PC-SHIMADZU spectrophotometer
at the corresponding Amax Of the prepared products.

Antibacterial activity

Antibacterial activity was assessed using the
diffusion in a solid medium (Muller-Hinton
medium).?® For this reasonwell-diffusion® was used
to test microspheres M3 and M5 while pellets of 3
and 5 with a diameter of (0.5 cm) were prepared and
spread evenly over the surface of the Petri dish
medium  containing  bacterial  suspensions:
Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa and Candida albicans, with a
concentration of (10%) using a spectrophotometer
(DO = 0.08-0.13/A=625nm).% The dishes were then
incubated for 24 hours at 37 °C after 20 mn at 4 °C.
The activity was evaluated by measuring the
inhibitory zone diameter in millimeters.

Minimal Inhibitory Concentration (MIC)

The microdilution method was used to
determine the Minimal Inhibitory Concentration
(MIC).?® 3 and 5 Solutions were prepared with a
concentration of 102 mol/L using DMSO as
solvent, 100 microliters of Mueller Hinton liquid

and 100microliters of diluted solutions of each
synthetic product were placed to each well on the
plate. Every well received 20 microliters of
bacterial suspension, with the exception of the last
two columns, which serve as references, after that,
the plates were incubated at 37 °C for 24 hours.

Antioxidants activity

DPPH radical scavenging activity: The 2-2-
diphenyl-1-picryl-hydrazyl (DPPH) technique was
used to assess the action on liberated radicals.?” The
DPPH solution was made and incubated for 30 mn at
25 °C in the dark. In parallel, 3 and 5 solutions of 10°
8ug/ml were prepared and diluted each time in
methanol. The absorbance at 517 nm was measured
after mixing 1 mL of prepared products diluted
solution with 15 mL of DPPH solution, in
comparison to the methanol-containing blank.?’

CONCLUSION

Two heterocyclic compounds 1-phenyl-N-
(thiazol-2-yl)  methanimine  (3) and 4-
benzylidenemorpholin-4-ium (5) were successfully
synthetized and characterized by !HNMR,
BCNMR, IR and XRD. They were encapsulated in
ethyl cellulose, and the prepared particles shows
polydisperse systems with Sauter diameters
between 200 and 400 um and drug loading close to
40%. SEM micrographs show the porosity of the
two microspheres however M3 have irregular
forms and M5 are spherical. The studied drug
release presents different profile forms related to
the porosity, tortuosity and yield. Furthermore, the
synthesized compounds’ CMIs were determined as
soon as they exhibit significant antibacterial
activity with  varying  sensibility  against
Escherichia  coli, Staphylococcus  aureus,
Pseudomonas aeruginosa and Candida albicans.
According to the DPPH method, 3 possesses an
antioxidant activity differing to 5.
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