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Abstract

In this research, a novel group of 1,3,4-thiadiazol-2-thiol derivatives was synthesized based on naproxen.
The process involved esterifying the carbonyl group of naproxen using thionyl chloride and methanol, followed
by the creation of naproxen hydrazide, then the use of CS2 and basic medium to convert naproxen hydrazide to
the potassium salt of dithiocarbazate. Further oxidation with concentrated sulfuric acid resulted in a compound
containing the thiol thiadiazole ring. Subsequently, the final compounds (Ghl, Gh2, Gh3, and Gh4) were
produced through an alkylation reaction. These compounds were identified using infrared spectroscopy and
proton nuclear magnetic resonance. The anti-inflammatory efficacy was then assessed in vivo by inducing acute
inflammation in laboratory rats using egg whites. The compounds were successfully synthesized with a
percentage yield approaching 70%, and it was discovered that they are effective in reducing the thickness of the
paw edema of the tested rats and have an anti-inflammatory influence similar to the effect of the reference
substance (naproxen). Some compounds were more effective than naproxen at some trial times, such as
compound (Gh1) at the time (T7) after five hours of practical experience.
Keywords: NSAIDs, 1,3,4-Thiadiazole, Heterocyclic Compounds, Naproxen, Pharmacological Evaluation, Synthesis,

Characterization.

Introduction

Nonsteroidal  anti-inflammatory  drugs
(NSAIDs) are commonly utilized pharmaceuticals
globally for the treatment of fever, pain, and
inflammation associated with various diseases. ™

Despite their potent anti-inflammatory,
analgesic, and antipyretic capabilities, they also
raise the risk of serious side effects such as cardiac
failure, renal failure, and gastrointestinal problems
@, As a result, it is critical to identify anti-
inflammatory drugs that do not cause ulcers. ¢

NSAIDs act by blocking cyclooxygenases
(COX) enzymes ©®, which are required for the
formation of prostaglandin H2 (PGH2) ©1V. Pain,
swelling, and inflammation are caused by
prostaglandins, which are generated in response to
an injury or specific disorders. 1213

COX-1 is abundantly expressed in the
kidneys and gastrointestinal linings, where it helps
maintain homeostasis. It also plays an important
function in platelet aggregation. COX-2, on the
other hand, is only present during an inflammatory
reaction, resulting in the release of prostanoids,
mitogens, and cytokines. @415

Naproxen is a well-known nonsteroidal
anti-inflammatory  medicine from the aryl
propanoic acid family 9. For more than forty
years, naproxen has been used to treat rheumatoid

arthritis, pain, inflammation, and fevers @3,
Naproxen is commonly utilized because of its wide
range of applications; it non-selectively inhibits the
primary COX isoforms. ¢” This might cause some
of the associated adverse effects, including
gastrointestinal irritation unintentionally. & 19
hyperacidity, nausea, heartburn, bruises, ulcerative
features, headache, bleeding, itchy skin, and so on
@0, Although Naproxen's pharmacological effects
are attributed to its carboxylic acid (COOH) group,
this same group is also accountable for several
adverse reactions, such as gastrointestinal irritation
and ulcers, when the medication is ingested orally.
Therefore, altering the COOH group through
processes like esterification, amide formation, or
salt formation can reduce acidity levels, thereby
minimizing gastrointestinal irritation and lowering
the likelihood of interaction with stomach lining
receptors. This modification can potentially impact
the drug's solubility and absorption characteristics,
enhance the drug's selectivity for the target enzyme
COX-2 over COX-1, and influence side effect
profiles without compromising efficacy. ?+24

On the whole, adjusting the COOH group in
naproxen can serve as a strategy to enhance the
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drug's  therapeutic  index, improving its
effectiveness while decreasing the frequency and
intensity of side effects Nonetheless, it is crucial to
emphasize that any alterations must be thoroughly
examined and assessed to ensure that they do not
jeopardize the drug's efficacy or safety profile.
Recent studies have shown that structurally
modifying naproxen has opened up new therapeutic
processes for the treatment of inflammation and
inflammatory diseases 529,

(ﬂ-\w\\]fﬂh\“‘]”’/ﬂ\\(Il‘..
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(S)-naproxen

Heterocyclic compounds are characterized
by having the highest number of conjugated double
bonds and containing one or multiple heteroatoms
(like oxygen, nitrogen, or sulfur) alongside carbon
and hydrogen. @ 39 Heterocyclic chemistry is a
fast-emerging subfield of organic chemistry. In
1998, approximately 60% of all synthesis was
heterocyclic. ¢V
Many various domains currently publish new
heterocyclic compounds, including biology,
materials science, and medicine.®? Numerous
compounds having a heterocyclic ring of five
members have extraordinary chemical properties
and perform a wide range of biological functions.
(33)

Based on findings from published studies,
1,3,4-thiadiazole derivatives are considered the
most hopeful group of molecules with the potential
for therapeutic effectiveness. 4. Compounds from
the 1,3,4-thiadiazole derivative group have been
shown in studies to exhibit antibacterial, antifungal,
@9 antitubercular ©®, anti-inflammatory, analgesic,
antipsychotic, anticonvulsant, antidepressant, and
anti-leishmanial properties. Several published
studies have demonstrated the anti-cancer effects of
these substances. €739

The diversity of biological actions exhibited
by 1,3,4-thiadiazole derivatives is attributed to the
aromatic nature of the ring. It also gives the five-
membered ring structure remarkable in vivo
stability and low toxicity to higher animals,
including humans. ¢

Materials and Methods

Hyper-chem Company (China) and Pioneer
Co. for the pharmaceutical industries supplied

naproxen compound. The solvents, additional
chemical components (ethyl acetate, ethanol,
hexane, toluene, thionyl chloride, methanol,

hydrazine hydrate, concentrated H,SO.), and other
chemicals required were obtained from commercial
vendors for use in the synthesis.

Wear the proper personal protective
equipment (PPE) while handling dangerous
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chemicals like thionyl chloride and hydrazine
hydrate. Examples of PPE include gloves, a face
shield, lab coats, safety goggles, and closed-toe
shoes.

Thin layer chromatography (TLC; GF254,

Merk, Germany) used UV light (254 nm) to
monitor reactions and verify product purity. A:
[benzene: chloroform: ethyl acetate (5:4:1)] and B:
[hexane: ethyl acetate (5.8:4.2)] were the two
solvent systems used (by trial). Melting points were
determined without correction using the Stuart
SMP3 melting point equipment in open capillary
tubes. At the University of Baghdad's College of
Pharmacy, FT-IR spectra were produced using a
Japanese Shimadzu FT-IR spectrophotometer. At
Mashhad University of Medical Sciences, *H-NMR
was done at 300 MHz with a Brucker ultrashield
model with DMSO-d6 as the solvent. Chemical
shifts were expressed as (ppm).
Synthesis of Naproxen methyl ester: methyl (S)-2-
(6-methoxynaphthalen-2-y I)propanoate (comp. 1)
In a (250-ml) round-bottom flask, cool (50 ml) of
dry methanol and (5 g,21.7mmol) of Naproxen to
approximately (-5 “C) in an ice bath with vigorous
stirring, add thionyl chloride (2. ml, 27.56mmol)
drop by drop while stirring.

The interaction of thionyl chloride (SOCIz)
with methanol (CHsOH) is extremely exothermic,
resulting in the release of a considerable quantity of
heat. Accurate temperature regulation is essential
for wvarious purposes: preventing uncontrolled
reactions, managing product generation, and
guaranteeing safety.

Following the addition, the mixture was

heated to 40°C and stirred for three hours. The
mixture was then refluxed for 3-4 hours at 75 °C
before being left to reach room temperature, and
then the solvent was evaporated under reduced
pressure.
The precipitated material was re-dissolved in dry
methanol and evaporated several times under
reduced pressure to eliminate excess thionyl
chloride. The product was dissolved in dry ether
with the addition of a 10% aqueous solution of
sodium bicarbonate NaHCOs, by using a 100-mL
separating funnel to separate the organic layer.
Finally, the solvent was evaporated under reduced
pressure, resulting in a whitish material that was
crystallized again using absolute ethanol. @40 41)

O -~
CO (@]
\O

Figure 1. chemical structure of methyl (S)-2-(6-
methoxynaphthalen-2-y I) propanoate (comp. 1)
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Synthesis of Naproxen hydrazide:
methoxynaphthalen-2-yl)
(comp.2)

In a 250-ml round-bottom flask, Naproxen
methyl ester (5 g, 20.45 mmol) was weighed,
hydrazine hydrate (16 ml, 347.65 mmol, 99.5%)
was then added dropwise.

Hydrazine hydrate acts as a potent reducing
agent and has the potential to undergo violent
reactions with different substances. It is crucial to
exercise caution during its addition to prevent such
reactions, which may result from rapid addition or
temperature changes leading to decomposition.
Regulating the temperature is essential in reducing
the likelihood of hazardous reactions, thus
promoting safe handling and stability during the
entire process.

Followed by stirring with heat for 15
minutes. A minimal amount of absolute ethanol
(20-30 ml) was added, and the mixture was
refluxed for 8 hours at 80 °C, resulting in a clear
yellow solution within half an hour. After the
reaction, the solution was allowed to cool to room
temperature, followed by the addition of dry ether
and filtration.

Post-filtration, 20 milliliters of cold distilled water
were introduced to precipitate the product, which
was then dried. The resulting precipitate was
further  crystallized using ethanol.  ©24%

T T
.

Figure 2. chemical structure of methyl (S)-2-(6-
methoxynaphthalen-2-y ) propanoate (comp. 2)

(S)-2-(6-
propanehydrazide

Synthesis of potassium salt of dithiocarbazate
(comp. 3)

In a 100-ml round flask, dissolve (1 g, 4.09
mmol) of naproxen hydrazide in absolute ethanol.
Subsequently, introduce (0.46 g, 8.18 mmol) of
potassium hydroxide to the solution following its
dissolution in absolute ethanol. The reaction flask
is then placed in an ice bath to lower the
temperature to around (-4 °C) and stirring is
continued. CS2 (0.49 ml, 8.18 mmol) is added
dropwise to the mixture while vigorously stirring,
and the reaction is allowed to proceed for 2 hours,
resulting in a cloudy suspension. Finally, cold dry
ether is poured in to precipitate the product, which
is then filtered and washed with ether. “6-47

s
N

CO -
o K
—~o

Figure 3. chemical structure of potassium (S)-2-
(2-(6-methoxynaphthalen-2-yl) propanoyl)
hydrazine-1-carbodithioate(comp.3)
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Synthesis of 1,3,4-thiadiazole -2-thiol(comp.4)

Transfer 5 ml of concentrated sulfuric acid
(cold, 0-2 °c) into a 50-ml round flask and place it
in an ice bath. Then introduce 1 g of powdered
compound (3) into the flask while stirring rapidly
and adding small increments. The temperature was
kept within the range of 6-8 ‘C as the solid
dissolved swiftly within this interval. Once the
addition was finished, stirring was resumed for a
duration of 5 to 8 minutes, resulting in a yellow
solution yield.

Subsequently, the reaction is ceased by
adding moderate amounts of ammonia (strong
exothermic reaction). The solution transitions into a
suspension and is poured into ice water while being
continuously stirred. Afterward, the precipitate is
filtered, rinsed multiple times with distilled water,
and allowed to dry in the preparation for
recrystallization using aqueous ethanol. (#6:48.49)

- s
T
\O N-N

Figure 4. chemical structure of (S)-5-(1-(6-
methoxynaphthalen-2-yl)ethyl)-1,3,4-
thiadiazole-2-thiol, (comp.4)

1,3,4-thiadiazole

Synthesis of -2-thiol
derivatives(Gh1-4)

In a 250-ml round flask, dissolve (0.3 g, 1
mmol) of (comp. 4) in 20 ml of ethanol.
Subsequently, introduce (0.3 ml, 2 mmol) of
triethylamine, and under continuous stirring,
sequentially incorporate (1.2 mmol) from each of
the substituted groups, including: (0.33 g) 4-
bromphenacyl bromide (for compound Ghl),
(0.14ml) benzyl chloride (for compound Gh2),
(0.25 g) 4-bromobenzylchloride (for compound
Gh3), and (0.15ml) 4-methoxybenzyl chloride (for
compound Gh4).

Raise the temperature to 80 °c to initiate a
reflux reaction lasting two hours. Subsequently,
turn off the heat and stir for an additional 4 hours.
Allow the reaction mixture to cool to room
temperature, then quench it with distilled water.
Extract the product using ethyl acetate (3*50 ml)
and wash the combined organic layer with brine
(50 ml). Dry the organic layer using anhydrous
sodium sulfate (20 g), filter it, and evaporate the
solvent under reduced pressure to obtain the crude
product. Recrystallize the crude product with
aqueous ethanol. 051

R
Br
Figure 5. chemical structure of (S)-1-(4-

bromophenyl)-2-((5-(1-(6-methoxynaphthalen-2-
yl)ethyl)-1,3,4-thiadiazol-2-yl)thio)ethan-1-
one(compound Ghl)
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NOQRra Ve

Figure 6. chemical structure of (S)-2-
(benzylthio)-5-(1-(6-methoxynaphthalen-2-yl)
ethyl)-1,3,4-thiadiazole (compound Gh2)

H S
%s_@,m
~o N-N

Figure 7. chemical structure of (S)-2-((4-
bromobenzyl) thio)-5-(1-(6-methoxynaphthalen-
2-yl) ethyl)-1,3,4-thiadiazole (compound Gh3)

; S
e
\0 N-N \
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Figure 8. chemical structure of (S)-2-((4-
methoxybenzyl) thio) — 5 - (1 - ( 6 -methoxyna
phthalen-2-yl) ethyl ) -1 , 3 , 4 - thiadiazole
(compound Gh4)

The synthetic procedures for 1,3,4-
thiadiazole-2 thiol derivatives (Ghl-4) are clearly
depicted in Scheme (1), with detailed information
on the characterization of these compounds and
their intermediates, including percent vyields,
melting points, and Rf values as listed in Table (2).
The identification of functional groups in all
synthesized compounds was conducted via FT-IR
spectroscopy, with findings detailed in Table (3).
Moreover, the chemical structures of the final
compounds were validated through HNMR
spectroscopy, as indicated in Table (4) .

4

o O SO0 =y Oy NH2NH2 H20 =11
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o reflux A E1OH een
3-4 hrs reflux
Naproxen Comp.1 8 hrs Comp.2
ETOH cs2
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\
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Scheme 1. Synthesis of 1,3,4-thiadiazole -2-thiol derivatives compounds.
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Anti-inflammatory activity
The generated compounds (Gh1, Gh2, Gh3,
and Gh4) were tested for anti-inflammatory effects
in vivo using the egg-white induced paw edema
method, which assesses the decrease in paw
thickness. Those results were then compared to the
anti-inflammatory capabilities of naproxen (as a
reference) and DMSO (a control).
The methods for anti-inflammatory study 253
investigated the intended compound's anti-
inflammatory effects researched at the University
of Karbala College of Pharmacy in Karbala, Irag.

The albino rats weighed approximately 1V0-215
grams. The animals were housed in animal houses,
segregated by sex (each group included six rats),
and placed in the same area under uniform
conditions. The animals were given free access to
water and commercial food.

Group 1: Six rats acted as the control group and
received intraperitoneal (IPE) injections, at a
dosage (2 ml/kg) of dimethyl sulfoxide (DMSO).

1,3,4-thiadiazole-2-thiol Derivatives

Group 2: Naproxen was given to six rats as
reference animals at a dosage (10 mg/kg) dissolved
in dimethyl sulfoxide.
Groups 3-6: The rats were injected with specific
substances from all four groups (Ghl, Gh2, Gh3,
and Gh4). Which DMSO was dissolved.
Inflammation was induced by injecting 0.1
ml of undiluted egg white into the plantar side of
the rats' hind paws 30 minutes after (IPE)
administering medical products or their carriers.
Following the substance’s injection, the breadth of
the paw was measured with a Vernier caliper at
seven different intervals (0, 30, 60, 120, 180, 240,
and 300 minutes).
Determination of Dose: The dosages of the
synthesized target compounds (Table 1) were
determined using the following general formula
below, while the naproxen dose was given at 10
ma/kg.
Dose of reference/M. wt. of reference = dose of
target compound/M. wt. of the target compound.

Table 1. The molecular weight and doses for naproxen, DMSO, and the final Compounds.

Compound sample Molecular weight Dose mg/ kg
Naproxen(reference) 230.259 10

DMSO (contro) | meeee- 2ml

Ghl 499.44 21.69

Gh2 392.54 17.04

Gh3 471.43 20.47

Gh4 422.56 18.35

Statistical analysis: ©* 5

The collected data for the present study
were analyzed through the Statistical Package for
the Social Sciences (SPSS version 26). The data
were presented as mean and standard deviation in
appropriate tables and graphs. Two-way ANOVA
and post hoc analysis were used where appropriate
to find out the possible association between the
related variables of the current study and to
investigate the differences between and within
groups. The statistical association was considered
significant when the p-value was equal to or less
than 0.05 (P-value < 0.05).

Results and Discussion
The physical characteristics:

Table (2) offers information on the physical
characteristics and identification of intermediates
and final chemicals. Through the use of suitable
solvent systems, Thin Layer Chromatography
(TLC) was used to track the progress of the
reaction and evaluate the purity of the products.
This analytical technique allowed for the
visualization and comparison of the compounds in
the reaction mixture.

Table 2. The physical characteristics of both the final compounds and their intermediates.

Comp. Molecular formula vl\élec;:;er::tular Description %Yield | m.p.°C | Rfvalues

1 C15H1603 244.29 white powder 98 90-92 0.68 A

2 C14H16N202 244.29 White fluffy 85 139-141 | 0.61A
crystals

3 C15H15KN202S2 | 358.52 white powder 85 225-228 | 0.56A

4 C15H14N20S2 302.41 white powder 88 139-141 | 0.65A

Ghl C23H19BrN202S2 | 499.44 Light yellow 74 157-160 | 0.91A
powder

Gh2 C22H20N20S2 392.54 light gray powder | 78 93-96 0.68A

Gh3 C22H19BrN20S2 | 471.43 gray powder 73 95-98 0.61A

Gh4 C23H22N202S2 422.56 light brown 78 117-120 | 0.73A
powder
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Chemistry

Scheme (1) depicts the synthetic procedures
that are used to synthesize the ultimate compound
targets (Ghl, Gh2, Gh3, and Gh4). In these, the
parent nucleus (naproxen) was reacted with
methanol in the presence of SOCL2 as a catalyst to
create compound (1), naproxen methyl ester.
Compound (2), naproxen hydrazide, was generated

1,3,4-thiadiazole-2-thiol Derivatives

compound (4), which contains the 1, 3, 4-
thiadiazole-2-thiol moiety, must be synthesized via
the cyclization technique, which is achieved by
stirring a suspension of compound (3) with
concentrated H2SO4 at low temperature in an ice
path. The target compounds are S-alkylated of
compound (4) in the presence of basic ethanol with
several alkyl halides (1-4).

by refluxing compound (1) with hydrazine hydrate
(NH2NH-.H-0) while stirring.

The potassium salt of dithiocarbazate
(comp. 3).is produced by stirring an ethanolic
suspension of compound (2) with CS2 in the
presence of KOH.

FTIR Spectra

The compounds' Fourier transform infrared
(FTIR) spectra, which comprised intermediates and
end products, showed distinct absorption bands,
making it simpler to identify their functional
groups. The specific values (v = cm™) of these
characteristic bands are detailed in Table (3).
Table 3.The FTIR Spectra of both the final compounds and their intermediates

Comp. Bands vibration (cm-1) and their interpretations

1 3005 Aromatic (C-H) stretching

2974(C-H) asymmetrical stretching of -CH3

2870(C-H) symmetrical stretching of -CH3

1732(C=0) stretching of ester

1600,1504Stretching of (C=C) skeleton

1442(C-H) in-plane bending of — CH3 group

1226(C-0O-C) stretching of ether

821 and 794 Out-of-plane bending of B substituted naphthalene

3305(N-H) asymmetrical stretching of primary amine

3278(N-H)symmetrical stretching of primary amine

3201 (N-H)stretching of secondary amide

3001 Aromatic (C-H) stretching

2958 (C-H) asymmetrical stretching of —-CH3 group

2873 (C-H) symmetrical stretching of -CH3 group

1631 (C=0) stretching of amide

1604 and 1504 Stretching of (C=C) skeleton

1261 (C-N) stretching

1211 (C-0O-C) stretching of ether

3329 (N-H) stretching of secondary amide

3132 (N-H) stretching of thioamide

3055 Aromatic (C-H) stretching

2981 (C-H) asymmetrical stretching of —CH3 group

2939 (C-H) symmetrical stretching of -CH3 group

1631(C=0) stretching of amide

1604 and 1485 Stretching of (C=C) skeleton

1265 (C-N) stretching

1215 (C-0O-C) stretching of ether

3082(N-H) symmetrical stretching of N of ring

3062Aromatic (C-H) stretching

2978(C-H) asymmetrical stretching of -CH3 group

2877 (C-H) symmetrical stretching of -CH3 group

2727 (S-H) stretching of thiol thiadiazole ring

1604 Stretching of (C=N) skeleton

1064 for (C=S) stretching

1215 (C-0-C) stretching of ether

Ghl 3028 Aromatic (C-H) stretching

2974(C-H) asymmetrical stretching of -CH3 group

2935(C-H) asymmetrical stretching of -CH2 group

2839 (C-H) symmetrical stretching of -CH3 group

1693 (C=0) stretching of ketone

1604 and 1580 Stretching of (C=C) skeleton
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1604 Stretching of (C=N)

1265 (C-N) stretching

1230 (C-0-C) stretching of ether

Gh2

3012 Aromatic (C-H) stretching

2978(C-H) asymmetrical stretching of -CH3 group

2939(C-H) asymmetrical stretching of -CH2 group

2881 (C-H) symmetrical stretching of -CH3 group

2839 (C-H) symmetrical stretching of -CH2 group

1604 and 1480 Stretching of (C=C) skeleton

1604 Stretching of (C=N)

1265 (C-N) stretching

1230(C-0-C) stretching of ether

Gh3

2978(C-H) asymmetrical stretching of -CH3 group

2939(C-H) asymmetrical stretching of -CH2 group

2881 (C-H) symmetrical stretching of -CH3 group

2839 (C-H) symmetrical stretching of -CH2 group

1604 Stretching of (C=N)

1604 and 1543 Stretching of (C=C) skeleton

1265 (C-N) stretching

1213 (C-0-C) stretching vibration of ether

Ch4

3046 Aromatic (C-H) stretching

2978(C-H) asymmetrical stretching of -CH3 group

2935(C-H) asymmetrical stretching of -CH2 group

2885 (C-H) symmetrical stretching of -CH3 group

2839 (C-H) symmetrical stretching of -CH2 group

1608 Stretching of (C=N)

1608 and 1546, Stretching of (C=C) skeleton

1265 (C-N) stretching

1234(C-0O-C) stretching of ether

According to the FTIR spectral data of the
synthesized compounds, the Naproxen methyl ester
(compound 1) demonstrated ester formation by the
appearance of the characteristic sharp band of the
(C=0) stretching vibration at 1732 cm, which was
followed by the disappearance of the characteristic
broad band of the (O-H) group of Naproxen's
carboxylic acid at 3159 cm?. The Naproxen
hydrazide (compound 2) exhibited the appearance
of the characteristic sharp band around 1631 cm™,
indicating the formation of the (C=0) group of the
formed hydrazide, followed by the disappearance
of the characteristic sharp band of the ester's (C=0)
stretching vibration at 1732 cm?. Two distinct
absorption bands were found at 3305 cm™ and 3278
cm?, attributed to the primary amine N-H
hydrazide  stretching (Asymmetrical  and
symmetrical absorption bands).

The potassium salt of dithiocarbazate
(comp. 3), exhibited the appearance of 3329cm?
(N-H) stretching vibration of secondary amide,
3132 cm® (N-H) stretching vibration of thioamide,
as well as a distinctive appearance of 1631 cm™
(C=0) stretching vibration of amide.

Later, the disappearance of the peak of the
carbonyl group and the appearance of bands at
3082 cm? of the N-H stretching vibration of the
Nring and at 2727 cm® of the S-H stretching

355

vibration of the thiol thiadiazole ring indicate
cyclization. The creation of 1,3,4-thiadiazole-2-
thiol revealed two novel bands at 1604 cm™ and
1064 cm? for (C=N) and (C=S) stretching,
respectively, which indicated the formation of 2-
mercapto thiadiazole (comp. 4).

At the end of the reaction, the final
compounds (Ghl, Gh2, Gh3, and Gh4) were
formed, which was indicated by the disappearance
of bands of (N-H) stretching vibration of the N of
the ring and (S-H) stretching vibration of the thiol
thiadiazole ring. This is for all the resulting
compounds, and concerning the first compound
(Gh1), the appearance of a band at 1693 cm™ of
(C=0) of ketone was distinctive.

Generally, the absence of the (C=S)
stretching band in the FT-observation IRs
confirmed the production of S-alkylated
compounds.

'HNMR spectra

The 'THNMR spectra were obtained using a
Brucker ultrashield model with a frequency of 300
MHz at Mashhad University of Medical Sciences,
where tetramethylsilanes (TMS) were utilized as an
internal standard; the chemical shift values were
denoted as (8 = ppm). Deuterated
dimethylsulfoxide (DMSO-d6) served as the
solvent for all the synthesized compounds. The
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'HNMR spectra exhibited distinct signals that
aligned well with the proposed structures of the
synthesized compounds. A detailed presentation of

Table 4. The 'HNMR spectra of the final compounds

1,3,4-thiadiazole-2-thiol Derivatives

the IHNMR data along with their interpretations
can be found in Table (4).

Comp. Chemical Shift,6= ppm No. of protons interpretation
Ghl 1.71 3 d,3H, CH3-

2.96 3 S,3H, CH3-0

3.79 2 S,2H, S-CH2 -CO

4.5 1 g,1H, CH

6.92-7.84 10 m,10H, aromatic H
Gh2 1.78 3 d, 3H, CH3

3.88 3 S, 3H, CH3-0

3.87 2 S,2H,CH2-S

4.80 1 g,1H, CH

7.17-7.84 11 m,11H, aromatic H
Gh3 1.71 3 d, 3H, CH3

2.68 3 S, 3H, CH3-0

3.88 2 S, 2H, CH2-S

4.52 1 g,1H, CH -

7.07-7.84 10 m,10H, aromatic H
Ch4 1.51 3 d,3H, CH3-

3.71 3 S,3H,CH3- 0

3.84 3 S,3H,CH3- 0

4.45 2 S,2H, CH2-S

4.79 1 g,1H, CH

6.85-7.93 10 m,10H, aromatic H

The HNMR spectra supported the peak at (4.79) ppm resulting from the (C-H) bond
hypothesized derivative structure. Compound of (CH-CH3), a doublet peak at (1.51) ppm for

(Gh1) exhibited a quartet peak at (4.5) ppm caused
by the (C-H) of (CH-CH3), a doublet peak for
(CH3) of (CH3-CH) at (1.71) ppm, and a singlet
peak at 2.96 ppm caused by esters protons (OCHs).
One singlet peak at 3.79 ppm, generated by (C-H2)
protons (S-CH2-C=0), and finally at 6.92-7.84
ppm, multiple peaks belonging to (10H) aromatic.

For the compound (Gh2), tHNMR spectra
displayed the distinctive signals for a doublet peak
for (CH3) of (CH3-CH) at 1.78 ppm, a quartet peak
at 4.80 ppm caused by the (C-H) of (CH-CH3), and
a singlet peak at 3.88 ppm caused by protons of
(OCHs3). One singlet peak at (3.87) ppm, generated
by (C-H2) protons (S-CH2-Ring), and finally at
(7.17-7.14) ppm, multiple peaks belong to (11H)
aromatic.

For the compound (Gh3), tHNMR spectra
displayed the distinctive signals for a doublet peak
for (CH3) of (CH3-CH) at 1.71 ppm, a quartet peak
at (4.52) ppm caused by the (C-H) of (CH-CH3),
and a singlet peak at (2.68) ppm caused by protons
of (OCHs). One singlet peak at (3.88) ppm,
generated by (C-H2) protons (S-CH2-Ring), and
finally at (7.07-7.14) ppm, multiple peaks belong
to (10H) aromatic.

To sum up, compound (Gh4) showed
distinct signals in the THNMR spectra: a quartet
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(CH3) in (CH3-CH), and a singlet peak at (3.71)
ppm attributable to (3) protons from the group of
(OCHs) connected to one benzene ring. And a
singlet peak at (3.84) ppm, attributable to (3)
protons from the group of (OCHs) connected to the
naphthalene ring. Furthermore, a singlet signal
produced by (C-H2) protons (S-CH2-Ring) was
detected at (4.54) ppm. At last, many peaks
corresponding to (10H) aromatic protons were
detected in the 6.85-7.93 ppm range.

The Anti-Inflammatory Activity

For evaluation of the anti-inflammatory
activity of the final synthesized compounds (Gh1,
Gh2, Gh3, and Gh4), an egg-white-generated paw
edema model was used. A subcutaneous injection
of undiluted egg whites into the plantar side of the
rats' hind paw causes inflammation characterized
by plasma extravasations, increased tissue water,
plasma protein  exudation, and neutrophil
extravasations, all of which are caused by
arachidonic acid metabolism (50). This in vivo
approach offers several benefits over other
methods, including quick evaluation by detecting
inflammation at the start and over a short time,
high paw sensitivity for inflammation, no need for
anesthesia, cost-effectiveness, and ease of use. ©6)
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Table 5. Effect of time on the paw swelling thickness among groupings.

Group Mean+£S.T.D
R 6.856+1.38220¢
C 7.143+1.384°
Gh1 7.186+1.676°
Gh2 7.503+1.5310¢
Gh3 7.288+1.265°
Ch4 7.205+1.396

a There is Significant difference between R, Ghl (P- value = 0.0162) < 0.05
b There is Significant difference between R, Gh2 (P- value <0.0001) < 0.05
¢ There is Significant difference between R, Gh3 (P- value <0.0001) < 0.05
e There is Significant difference between C, Gh2 (P- value = 0.0282) < 0.05
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Figure 9. The impact of naproxen, dimethyl sulfoxide (DMSQO), and substances Ghl, Gh2, Gh3, and Gh4
on egg whites caused paw edema in rats. The findings are presented as mean = SEM and percentage

The comparison of the reference drug
(naproxen) versus the control (DMSO) and the
final compounds (Ghl, Gh2, Gh3, and Gh4), as
shown in Table 5, showed the highest percent of
inhibition. It was made clear that there were
statistically significant differences between these
compounds as follows:

1. Reference and compound Ghl where the P-
value was equal to 0.0162 (< 0.05)

2. Reference and compound Gh2 where the P-
value was less than 0.0001 (< 0.05)

3. Reference and compound Gh3 where the P-
value was less than 0.0001 (< 0.05)

4. Control and compound Gh2, where the P-value
was equal to 0.0282 (< 0.05).

It was noted that the effect of each of the
manufactured compounds in reducing induced
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edema was close to the effect of the reference
compound, Naproxen, especially the compounds
Gh1, Gh2, and Gh3, as shown in Figure (9), the
effect of each of the manufactured compounds, the
reference compound, and the control in degreasing
induced paw edema in rats.

Through an implicit comparison between
the different times for each of the compounds
investigated, it became clear that the effect of these
substances in reducing inflammation increases with
time, and these compounds recorded significant
statistical values most of the time, which indicates

the  anti-inflammatory  effectiveness  that
compounds reflect by reducing paw edema.
Conclusion

The aim was to effectively create new
variations  of naproxen containing 1,34-
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thiadiazole-2-thiol. Their chemical compositions
were identified using ATR-FTIR and HNMR
spectroscopy. When assessing anti-inflammatory
effects in live rats through the egg whites induced
paw edema method, it was observed that the
development of fresh naproxen derivatives, a
nonsteroidal anti-inflammatory drug, retains and
sometimes  exceeds its  anti-inflammatory
capabilities. Notably, the compound (Ghl)
exhibited enhanced effectiveness at time T7 after
300 minutes of practical application (depicted in
figure 9). There exists optimism that these
substances, alongside their substantial anti-
inflammatory potency, will exhibit few or no
adverse effects in contrast to their counterparts,
given that the synthetic compounds preserved their
anti-inflammatory  efficacy even after the
modification of the active carbonyl moiety, which
is primarily responsible for the majority of the side
effects associated with administering naproxen.

Acknowledgment

The authors are grateful to the University of
Baghdad, the College of Pharmacy, and the
pharmaceutical chemistry department for their
assistance and support. Many thanks to Assistant
Professor Dr. Salema S. Salman for all her help and
support. Thanks also go to Dr. Mazin Hamid Ooda
and the University of Karbala College of Pharmacy
in Karbala, Irag.

Conflicts of Interest

The work has not received any external
funding, and the authors disclose no conflicts of
interest.

Funding
There was no funding for this research.

Ethics Statements

The scientific and ethical committees of the
University of Baghdad's College of Pharmacy
approved this work.

Author Contribution

Ghanim, the first author, was responsible for
the synthesis of the final compounds, the analysis
of IR and H1-NMR data, the discussion of anti-
inflammatory medications, the drafting of the text,
and the critical revision. The final text of the
manuscript was approved by the second author
(Zainab) after she reviewed the results.

References

1. Bian M, Zhen D, Shen Q-K, Du H-H, Ma Q-Q,
Quan Z-S. Structurally modified glycyrrhetinic
acid derivatives as anti-inflammatory agents.
Bioorganic Chemistry. 2021;107:104598.

2. Pannone E, Abbott R. What is known about the
health  effects of non-steroidal  anti-
inflammatory drug (NSAID) use in marathon
and ultra-endurance running: a scoping review.

358

1,3,4-thiadiazole-2-thiol Derivatives

BMJ Open Sport & Exercise Medicine.
2024;10(1):e001846.

3. Jahnavi K, Reddy PP, Vasudha B, Narender B.
Non-steroidal anti-inflammatory drugs: an
overview. Journal of Drug Delivery and
Therapeutics. 2019;9(1-s):442-8.

4. Adams DH, Michael J, Bacon PA, Howie AJ,
McConkey B, Adu D. NON-STEROIDAL
ANTI-INFLAMMATORY DRUGS AND
RENAL FAILURE. The Lancet.
1986;327(8472):57-60.

5. Domper Arnal M-J, Hijos-Mallada G, Lanas A.
Gastrointestinal and cardiovascular adverse
events associated with NSAIDs. Expert Opinion
on Drug Safety. 2022;21(3):373-84.

6. Sardar A, Abid O-u-R, Daud S, Shah BA,
Shahid W, Ashraf M, et al. Identification of
novel diclofenac acid and naproxen bearing
hydrazones as 15-LOX inhibitors: Design,
synthesis, in vitro evaluation, cytotoxicity, and
in silico studies. Arabian Journal of Chemistry.
2022;15(12):104300.

7. Sokotowska P, Bleibel L, Oweczarek J,
Wiktorowska-Owczarek A. PPARy, NF-xB and
the UPR pathway as new molecular targets in
the anti-inflammatory actions of NSAIDs:
Novel applications in cancers and central
nervous system diseases? Adv Clin Exp Med.
2024,

8. Hassan OM, Sarsam SW. Synthesis,
characterization and  preliminary  anti-
inflammatory evaluation of new etodolac
derivatives. Iragi Journal of Pharmaceutical
Sciences (P-ISSN 1683-3597 E-ISSN 2521-
3512). 2019;28(1):106-12.

9. Naser AS. Design, synthesis and anti-
inflammatory evaluation of new 2-amino
heterocyclic  derivatives  of  Naproxen:
University of Baghdad; 2017.

10.Nasser NH, Hammud NH, Hasan SA,
Abdalsadh AH, kareem Hussein A. Design and
Synthesis of new Naproxen Analogues as
Potential  Anti-inflammatory  Agents. Al
Mustansiriyah  Journal of Pharmaceutical
Sciences. 2017;17(1):9-.

11.Ryan PM, Scherry H, Pierson R, Wilson CD,
Probe RA. NSAID use in orthopedic surgery: A
review of current evidence and clinical practice
guidelines. J Orthop Res. 2024;42(4):707-16.

12. Ammar YA, Salem MA, Fayed EA, Helal MH,
El-Gaby MSA, Thabet HK. Naproxen
derivatives: Synthesis, reactions, and biological
applications.  Synthetic ~ Communications.
2017;47(15):1341-67.

13.Nedeljkovi¢ N, Dobri¢i¢ V, Boskovi¢ I,
Vesovi¢ M, Bradi¢ J, Andi¢ M, et al. Synthesis
and investigation of anti-inflammatory activity
of new thiourea derivatives of naproxen.
Pharmaceuticals. 2023;16(5):666.



Iragi J Pharm Sci Vol. 33(4 SI) 2024

14. Moshawih S, Jarrar Q, Bahrin AA, Lim AF,
Ming L, Goh HP. Evaluating NSAIDs in
SARS-CoV-2: Immunomodulatory mechanisms
and future therapeutic strategies. Heliyon.
2024;10(3):25734.

15.Bindu S, Mazumder S, Bandyopadhyay U.
Non-steroidal anti-inflammatory drugs
(NSAIDs) and organ damage: A current
perspective. ~ Biochemical  pharmacology.
2020;180:114147.

16.Cao Y, Khan A, Soltani A, Erfani-Moghadam
V, Lup ANK, Aghaei M, et al. Spectroscopic,
density functional theory, cytotoxicity and
antioxidant activities of sulfasalazine and
naproxen drugs combination. Arabian Journal
of Chemistry. 2021;14(6):103190.

17. Dzionek A, Wojcieszynska D, Marchlewicz A,
Smutek W, Potocka I, Jatowiecki L, et al.
Naproxen as environmental pollution, its effect
on bacteria metabolism and degradation
mechanism in immobilized Planococcus sp. S5.

Chemical Engineering Journal.
2024;481:148174.

18. Ammar YA, Khalifa MM, Eisa SI, Ismail
MMF. New Naproxen Analogs: Synthesis,

Docking and Anti-Inflammatory Evaluation.
Polycyclic Aromatic Compounds.
2022;42(6):3586-605.

19.Shah K, Mujwar S, Krishna G, Gupta JK.
Computational design and biological depiction
of novel naproxen derivative. ASSAY and Drug
Development Technologies. 2020;18(7):308-17.

20. Shokri T, Sadeghi M, Hadidi S, Mohammadi S.
Efficient fluorescence probe for detection of
naproxen in pharmaceutical formulations and
water samples using MPA-capped CdTe/ZnS
core-shell nanocrystal-neutral red:
Experimental and computational studies.
Journal of Photochemistry and Photobiology A:
Chemistry. 2024;452:115545.

21.Hussain MA, Shad I, Malik I, Amjad F, Tahir
MN, Ullah N, et al. Design, characterization

and enhanced bioavailability of
hydroxypropylcellulose-naproxen  conjugates.
Arabian Journal of Chemistry.

2020;13(6):5717-23.

22.Siddiqui SZ, Rasool S, Shah SAA. Synthesis,
spectral analysis and biological evaluation of
sulfamoyl and 1, 3, 4-oxadiazole derivatives of
3-pipecoline. Pak J Pharm Sci. 2019;32(3):987-
96.

23. Abdel-Tawab M, Zettl H, Schubert-Zsilavecz
M. Nonsteroidal anti-inflammatory drugs: a
critical review on current concepts applied to
reduce  gastrointestinal  toxicity.  Current
medicinal chemistry. 2009;16(16):2042-63.

24.Wolfe MM, Lichtenstein DR, Singh G.
Gastrointestinal ~ toxicity of  nonsteroidal
antiinflammatory drugs. N Engl J Med.
1999;340(24):1888-99.

359

1,3,4-thiadiazole-2-thiol Derivatives

25.Cao Y, You Z, Cao Y, Li Y, Wong VKW, Chen
M, et al. Synthesis and in vitro characterization
of naproxen derivatives as novel anti-
inflammatory agents. Journal of Molecular
Structure. 2024;1309:138158.

26.Chawla G, Ranjan C, Kumar J, A Siddiqui A.
Chemical modifications of ketoprofen (NSAID)
in search of better lead compounds: A Review
of literature  from  2004-2016.  Anti-
Inflammatory & Anti-Allergy Agents in
Medicinal ~ Chemistry  (Formerly  Current
Medicinal Chemistry-Anti-Inflammatory and
Anti-Allergy Agents). 2016;15(3):154-77.

27.Tziona P, Theodosis-Nobelos P, A Rekka E.
Medicinal Chemistry approaches of controlling
gastrointestinal side effects of non-steroidal
anti-inflammatory drugs. Endogenous
protective mechanisms and drug design.
Medicinal Chemistry. 2017;13(5):408-20.

28. Pereira-Leite C, Nunes C, Jamal SK, Cuccovia
IM, Reis S. Nonsteroidal anti-inflammatory
therapy: a journey toward safety. Medicinal
research reviews. 2017;37(4):802-59.

29.Hu Y, Li CY, Wang XM, Yang YH, Zhu HL.
1,3,4-Thiadiazole: synthesis, reactions, and
applications in medicinal, agricultural, and
materials chemistry. Chem Rev.
2014;114(10):5572-610.

30. Sahib HA, Dakhel ZA, Hadi MK. Synthesis and
Preliminary Antimicrobial Activity Evaluation
of New Amide Derivatives of 2-
aminobenzothiazole. 1JDDT. 2021;11(4):1259-
61.

31.Abduljabbar TT, Hadi MK. Synthesis,
characterization and antibacterial evaluation of
some coumarin derivatives. Iragi Journal of
Pharmaceutical Sciences (P-ISSN 1683-3597 E-
ISSN 2521-3512). 2021;30(1):249-57.

32.Hassan T, Farhan MS. Synthesis of New
Pyrimidine Derivatives From 3-
Acetylcoumarin—Chalcone Hybrid and
Evaluation Their Antimicrobial Activitge their
antimicrobial activity y. Iragi Journal of
Pharmaceutical Sciences (P-ISSN 1683-3597 E-
ISSN 2521-3512). 2024;33(1):33-45.

33.Pham EC, Truong TN, Dong NH, Vo DD,
Hong Do TT. Synthesis of a series of novel 2-
amino-5-substituted 1, 3, 4-oxadiazole and 1, 3,
4-thiadiazole derivatives as potential anticancer,
antifungal and antibacterial agents. Medicinal
Chemistry. 2022;18(5):558-73.

34.Janowska S, Paneth A, Wujec M. Cytotoxic
Properties of 1,3,4-Thiadiazole Derivatives—A
Review. Molecules. 2020;25(18):43009.

35. Anthwal T, Singh H, Nain S. 1, 3, 4-thiadiazole
scaffold: Anti-microbial agents. Pharmaceutical
Chemistry Journal. 2022;55(12):1345-58.

36. Patel HM, Noolvi MN, Sethi NS, Gadad AK,
Cameotra SS. Synthesis and antitubercular
evaluation of imidazo[2,1-b][1,3,4]thiadiazole



Iragi J Pharm Sci Vol. 33(4 SI) 2024

derivatives. Arabian Journal of Chemistry.
2017;10:5996-51002.

37.Janowska S, Khylyuk D, Bielawska A,
Szymanowska A, Gornowicz A, Bielawski K,
et al. New 1,3,4-Thiadiazole Derivatives with
Anticancer Activity. Molecules.
2022;27(6):1814.

38. Abouzied AS, Al-Humaidi JY, Bazaid AS,
Qanash H, Binsaleh NK, Alamri A, et al.
Synthesis, molecular docking study, and
cytotoxicity evaluation of some novel 1, 3, 4-
thiadiazole as well as 1, 3-thiazole derivatives
bearing a pyridine moiety. Molecules.
2022;27(19):6368.

39. Wassel MMS, Ammar YA, Elhag Ali GAM,
Belal A, Mehany ABM, Ragab A. Development
of adamantane scaffold containing 1,3,4-
thiadiazole derivatives: Design, synthesis, anti-
proliferative activity and molecular docking
study targeting EGFR. Bioorganic Chemistry.
2021;110:104794.

40.Vogel ER, Jackson W, Masterson DS. Efficient
esterification of oxidized I-glutathione and
other small peptides. Molecules.
2015;20(6):10487-95.

41. Abdulhamza HM, Farhan MS. Synthesis,
Characterization ~and  Preliminary  Anti-
inflammatory Evaluation of New Fenoprofen
Hydrazone Derivatives. Iragi Journal of
Pharmaceutical Sciences (P-ISSN 1683-3597 E-
ISSN 2521-3512). 2020;29(2):239-44.

42. Amir M, Shikha K. Synthesis and anti-
inflammatory, analgesic, ulcerogenic and lipid
peroxidation activities of some new 2-[(2, 6-
dichloroanilino) phenyl] acetic acid derivatives.
European journal of medicinal chemistry.
2004;39(6):535-45.

43.El-Faham A, Al Marhoon Z, Abdel-Megeed A,
Siddiqui M. An efficient and mild method for
the synthesis and hydrazinolysis of N-
glyoxylamino acid esters. Journal of chemistry.
2013;2013.

44, Kamms ZD, Hadi MK. Synthesis,
Characterization and  preliminary  Anti-
Microbial Evaluation of New Ilbuprofen

Hydrazide Derivatives. Pakistan Journal of
Medical & Health Sciences. 2022;16(03):693-.

45.Hmood KS, Mahmood Kubba AAR, Al-bayati
RI, Saleh AM. Synthesis, and Anti-Tumor
Evaluation of Some New Flurbiprofen
Derivatives against MCF-7 and WRL-68 Cell
Lines. Indonesian Journal of Pharmacy/Majalah
Farmasi Indonesia. 2021;32(1).

46. Wei M-X, Feng L, Li X-Q, Zhou X-Z, Shao Z-
H. Synthesis of new chiral 2, 5-disubstituted 1,
3, 4-thiadiazoles possessing y-butenolide

360

1,3,4-thiadiazole-2-thiol Derivatives

moiety and preliminary evaluation of in vitro
anticancer activity. European journal of
medicinal chemistry. 2009;44(8):3340-4.

47.Hussein Sabzi NA, Jawad Al-Mudhafar MM.
Synthesis, characterization, and antimicrobial
evaluation of new Schiff bases derived from
vanillic acid conjugated to heterocyclic 4H-1, 2,
4-triazole-3-thiol.  Pharmacia  (0428-0296).
2023;70(3).

48. Abbas AH. Synthesis, Docking Study and
Cytotoxic Evaluation of New 2-Pyridine
Derivatives: University of Baghdad; 2021.

49.Hu Y, Li C-Y, Wang X-M, Yang Y-H, Zhu H-
L. 1, 3, 4-Thiadiazole: synthesis, reactions, and
applications in medicinal, agricultural, and

materials  chemistry.  Chemical  reviews.
2014;114(10):5572-610.
50.Aliaa  A-H, Farhan MS.  Synthesis,

Identification and Preliminary Pharmacological
Evaluation of New Hydrazone and 1, 3, 4-
oxadiazole Derivatives of Ketorolac. Iraqi
Journal of Pharmaceutical Sciences (P-ISSN
1683-3597 E-ISSN 2521-3512).
2024;33(1):113-22.

51.Siddiqui SZ, Rasool S, Shah SAA. Synthesis,
spectral analysis and biological evaluation of
sulfamoyl and 1, 3, 4-oxadiazole derivatives of
3-pipecoline. Pak J Pharm Sci. 2019;32(3):987-
96.

52.Abbas AH, Elias AN, Fadhil AA. Synthesis,
characterization and biological evaluation of
new potentially active hydrazones of naproxen
hydrazide. Der Pharma Chemica.
2015;7(10):93-101.

53. Barung EN, Dumanauw JM, Duri MF, Kalonio
DE. Egg white-induced inflammation models:
A study of edema profile and histological
change of rat's paw. Journal of Advanced
Pharmaceutical Technology & Research.
2021;12(2):109-12.

54, Mahdi MF, Raauf A, Kadhim F. Design,
Synthesis and Acute  Anti-Inflammatory
Evaluation of New Non-Steroidal Anti-
Inflammatory Agents Having 4-Thiazolidinone
Pharmacophore. J Nat Sci Res. 2015;5(6):21-8.

55.Mousa TH, Elia A. Design, synthesis and
preliminary pharmacological evaluation of new
possible non-steroidal anti-inflammatory agents
having the 5-(methylsulfonyl)-1, 2, 4-triazole-3-
amine pharmacophore. Der Pharma Chemica.
2015;7(9):279-93.

56. APPAH J, AGATEMOR UM-M, IDAKWOII
PA, HASSAN SM, MOMOH T. Anti-
inflammatory and Diuretic Activity of Aqueous
Extract of Leptadenia hastata Leaves in Wistar
Rats. Int J Curr Res Med Sci. 2021;7(5):10-6.



Iragi J Pharm Sci Vol. 33(4 SI) 2024 1,3,4-thiadiazole-2-thiol Derivatives

Sdasalli g r Y e 4 giaall Bagaad) Cpes g il ciliidial A g) ) 93 anli g andldl ¢ paiaal
Jas-¥
TJAN gl 2 i) 9 g e il

G adl (D S Al jall daall 5 ) 5y
é\):d‘ sJ\J:L_\ m\Js't_.ﬁ :\.:ux\A c‘d.\;uan 4_}15 :\:\JY.\;\AAM ;L}A:\SM &‘)ﬂr

-

AdAl
A il Aglead) el a5, o samiuall Ja Yods ol £07¢) il e 5 Ao sane S i a3 oandl 12 b
585 dans sy CS2 alaiid &b (Cpm 5l 2330 8 oLi) Lali o silinall 5 i sl g5 5 Aty sns€ o il 8 i 0 1) e sane
@i S e () Syl ity 5SI) mdla aladtoly Zas DU 52uSY) il a5 50 S sl o ganl sl e () S5 5 35 s
o3 Lo ol & DY) Jelss P& 50(Gh4 «Gh3 «Gh2 «Ghl) : dsiledl) LS yall ) a3 «elly 2y Jyald Jof dila e
o)) amall 8 UL saliaal) Alladll g a3 355 5l (5 5 sl pmualinall (pi 5 o) pend) i3 AxdY) Ailhae alasiuly S all
ol (el aladily A el o) ) (8 dla Gledll i jat 31k 00
L5 A gaadl) U\Jﬂdﬂ\&d}ﬂuu&gﬁﬂw;ﬂm@\uhﬁs’?ﬁ} AL wuﬂgyd;dﬂjcmﬁﬁﬂ\&dé
L ) i gl amy 8 Gl e < 55 aTdlad IS pal) iany i o sl ) g el Balall il aliie UL dliae 0
Alenl) B jadl (e el Guad (e 3o 51 (T7) il Sie (GhL) S, 3 sl 8 LS
L QA ¢ BaARY  gal) aniBilfc a9 il Audlata e ABla LS ja (Jg bl £ ¥ o) (Ang i) e clgil) sliaa sdalibalf cilallf

361



