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as fungi, bacteria, viruses, and rickettsiae. To combat these diseases,

potent and broad-spectrum antibiotics have been discovered.
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enzyme in PG synthesis. This study focuses on the synthesis of

substituted pyrazoles, which have gained attention due to their diverse
biological activities and therapeutic potential. A literature survey highlights the anti-
inflammatory properties of substituted pyrazole derivatives. The methodology involves multi-
step reactions to synthesize these compounds and characterizing them using various physical
and spectral data, including melting points, IR spectra, proton NMR, and mass spectrometry.
These newly synthesized pyrazole derivatives hold promise for contributing to the
development of novel anti-inflammatory drugs and expanding our understanding of their

therapeutic potential.
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INTRODUCTION
Pharmaceutical Chemistry is a multifacetedscience that employs the fundamental principles of

chemistry to investigate drugscomprehensively. This field encompasses the study of various
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aspects of drugs, including their synthesis, chemical composition, structural characteristics,
effects on living organisms, physical and chemical properties, quality control methods, and
optimal storage conditions. Within the realm of pharmaceutical sciences, Pharmaceutical
Chemistry holds apivotal position, interlinked with related disciplines like Drug Technology,

Toxicological Chemistry, Pharmacognosy,and the organization of pharmacy.

Pharmaceutical Chemistry is a specialized science that depends on both chemical disciplines,
such as inorganic, organic, analytical, physical, and colloidal chemistry, as well as medico-
biological disciplines like pharmacology, physiology, and biological chemistry. This
interdisciplinary approach has been instrumental in advancing our understanding of drug

mechanisms and development.

The origins of Pharmaceutical Chemistry date back to the 16th century and played a
significant role in giving rise to Medicinal Chemistry during the latter half of the 17thcentury.
Pharmacists were instrumental in the inception and evolution of pharmaceutical chemistry.
According to Burger, Medicinal Chemistry aims to uncover biochemical rationales for drug

discovery, driven by the hope of understanding the molecular basis of drug actions.

One of the pivotal moments in the history of Pharmaceutical Chemistry was the introduction
of synthetic molecules for medical use in the 19th century, such as chloroform and ether
for anesthesia. Among these, phenacetin was among the first drugs designed based on

knowledge ofbiochemical transformations.

Pharmaceutical Chemists study the chemical modifications of drug molecules to optimize
their therapeutic effects and minimize side effects. Various analytical methods like X-ray
analysis, UV spectroscopy, infrared (IR) spectroscopy, and nuclear magnetic resonance
(NMR) have greatly contributed to the advancement of medicinal chemistry. Moreover, the
understanding of drug receptor interactions, pharmacokinetics, and advancements in

enzymology have helped scientists hypothesize the mechanisms of action of drug molecules.

Over time, the practice of medicinal chemistry has evolved from empiricalmethods based on
the modification of existing drug structures to a moresystematic and rational approach, thanks
to developments in molecular biology, physical chemistry, and analytical techniques. This
scientific foundation, which includes breakthroughs in molecular biology, high-speed

computing, and advanced analytical methods, has ushered in a new era in medicinal
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chemistry, allowing for more precise drug design and discovery.

In this context, the study of pyrazoles, which are a class of compounds with a five-membered
ring structure containingnitrogen and carbon atoms, has garnered substantial attention due to
their diverse biological activities and potential pharmacological applications. These
compounds have been widely studied for their activities against variousmicroorganisms, and

their pharmacologicalproperties have been investigated.

In summary, Pharmaceutical Chemistry has a rich history and continues to be an ever-
evolving field, where interdisciplinary approaches and advances in various scientific
disciplines contribute to the development of new drugs, improved therapies, and a deeper
understanding of thecomplex interactions between drugs andliving organisms. The study of
pyrazoles and their various reactions and properties isa testament to the ongoing exploration
of novel chemical entities with potential medical applications.

METHODOLOGY

I. Preparation of 3-Methyl-Pyrazole-5-One (la)

Materials

o Ethylacetoacetate (1.3 ml, 0.01 mol)

e Hydrazine hydrate (0.5 ml, 0.01 mol)

e Round bottom flask

o Stirring apparatus

 Filtration setup

« Alcohol for recrystallization

o Melting point apparatus

1. Intoaclean, dry round bottom flask,introduce ethylacetoacetate (1.3 ml, 0.01 mol).
2. Add hydrazine hydrate (0.5 ml, 0.01 mol) drop by drop with constant stirring at room
temperature.

Allow the reaction mixture to cool at room temperature.

Filter and dry the solid that forms.

Recrystallize the product from alcohol.

o g k~ w

Record the melting point (222- 224°C) and calculate the percentageyield (70%).
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Preparation of 3-Methyl-1-Phenyl-Pyrazole-5-One (Ib)

MATERIALS

o a ~ w

Redistilled ethylacetoacetate (1.3 ml, 0.01 mol)

Phenyl hydrazine (1.8 ml, 0.01 mol)

Large evaporating dish

Boiling water bath

Fuming chamber

Ether

Filtration setup

Hot water for recrystallization

Melting point apparatus

Mix redistilled ethylacetoacetate (1.3 ml, 0.01 mol) and phenyl hydrazine (1.8 ml, 0.01
mol) in a large evaporating dish.

Heat the mixture on a boiling water bath in a fuming chamber for about2 hours with
constant stirring.

Allow the syrup to cool, then add 25ml of ether and stir vigorously.

Filter and wash the solid that formsto remove impurities.

Recrystallize the product from hot water.

Record the melting point (125- 127°C) and calculate the percentageyield (70%).

I11.Preparation of 6-Amino-4-(2- Chlorophenyl)-3-Methyl-1,4- Dihydropyrano [2,3-

c]Pyrazole-5-Carbonitrile (11d)

Materials

3-Methyl-pyrazole-5-one (la) (0.98gm, 0.01 mole)

Melanonitrile (0.6 ml, 0.01 mole)

2-Chloro benzaldehyde (1.4 ml, 0.01 mole)

Round bottom flask

Alcohol (10-15 ml)

Piperidine

Methanol for recrystallization

Melting point apparatus

Introduce 3-Methyl-pyrazole-5-one (la) (0.98 gm, 0.01 mole) into aclean, dry round
bottom flask and dissolve in alcohol (10-15 ml).

Add melanonitrile (0.6 ml, 0.01 mole) and 2-chloro benzaldehyde (1.4 ml, 0.01 mole)
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with constant stirring.

Slowly add 5 to 6 drops of piperidine and continue stirring for 2 hours.

Collect the solid product (I1d) and recrystallize it from methanol.

Record the melting point (240- 242°C) and calculate the percentageyield (64%).

V. Synthesis of Remaining Compounds(ll1a-0)

VI.

The remaining compounds (lla-0) were synthesized following the same procedure as
described above, and they were recrystallized using methanol. The percentage yields
ranged between 60-80%.

Preparation of 4-(2-Chlorophenyl)-3- Methyl-6-{[(1E)-Phenyl Methylene] Amino}-
1,4-Dihydropyrano [2,3-c]Pyrazole-5-Carbonitrile (111d).

Similar to the synthesis of Ild,starting with 6-amino-4-(2-Chlorophenyl)-3-Methyl-1,4-
Dihydropyrano [2,3-c] Pyrazole-5-Carbonitrile (11d) as a precursor.

Synthesis of Remaining Compounds(l11a-0)

The remaining compounds (lll1a-0) were synthesized following the same procedure as
described above, and they were recrystallized using methanol. The percentage yields
ranged between 30-50%.

MATERIALS

Round bottom flasks

Alcohol for dissolving and recrystallization
Glacial acetic acid

Crushed ice for quenching reactions
Filtration setup

Melting point apparatus

Spectral Data

Spectral data for each compound, including IR, IHNMR, and Mass Spectra, were

collected and analyzed to confirm the chemicalstructures and purity.

Physical Data

The physical characterization data for each synthesized compound, including molecular
formula, molecular weight, melting point, and percentage yield, were recorded and
presented in tables.
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Table 1: Physical data of synthesized compounds (11a-0).

Compound Molecular Melting | Yield
>:No code R R1 Formula Mol.Wt point (%)

1 lla H 4-OH C14H12N402 268 210-212°C | 60

2 Ib H 3,4-di-OCH3 | C16H16N403 312 188-190°C | 68

3 llc H 2-NO2 C14H11N503 297 230-232°C| 72

4 Id H 2-Cl2 C14H11CIN4O 287 240-242°C | 64

5 Ile H 4-F C14H11FN40O 270 230-232°C | 75

6 If C6H5 H C20H16N40 328 140-144°C | 65

7 llg C6H5 4-OH C20H16N402 344 194-196°C | 67

8 Ih C6H5 4-OCH3 C21H18N402 358 170-174°C | 70

9 i C6H5 | 3,4-di-OCH3 | C22H20N403 388 130-132°C| 78

10 j C6H5 | 3,4,5-tri-OCH3 | C23H22N404 418 160-162°C | 65

11 Ik C6H5 2-NO2 C20H15N503 373 135-137°C | 66

12 11 C6H5 3-NO2 C20H15N503 373 188-190°C | 78

13 IlIm C6H5 2-Cl2 C20H15CIN4O 363 142-145°C | 77

14 IIn C6H5 3-Cl2 C20H15CIN40O 363 160-163°C | 69

15 llo C6H5 4-F C20H15FN40 346 168-170°C | 70

Table 2: Physical characteristic data of synthesized compounds (l1a-0).
N:CH‘©—R2
Compound Molecular Mol. Melting Yield
S:No code R R1 R2 Formula Wt. point (%)

1 Ila H 4-OH OH C21H16N403 372 | 175-180°C 30
2 Ib H 3,4-di-OCH3 H C23H20FN403 | 400 | 160-162°C 42
3 Iic H 2-NO2 H C21H15N503 385 | 210-212°C 35
4 Id H 2-CI2 H C21H15CIN4O | 375 | 180-183°C 30
5 Ille H 4-F OH C21H15FN402 | 374 | 185-187°C 45
6 Iif C6H5 H H C27H20N40 416 | 160-164°C 48
7 Ig C6H5 4-OH H C27H20N402 432 | 280-285°C 42
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8 I11h C6H5 4-OCH3 OH C28H22N403 462 215-217°C 38
9 Ili C6H5 | 3,4-di-OCH3 H C29H24N403 476 160-162 °C 32
10 11j C6H5 | 3,4,51tri-OCH3 OH C30H26N405 552 225-227°C 40
11 Ik C6H5 2-NO2 H C27H19N503 461 210-212°C 42
12 i C6H5 3-NO2 H C27H19N503 461 145-148°C 44
13 IIm C6H5 2-Cl2 H C27H19CIN4O | 451 120-125°C 40
14 Ilin C6H5 3-Cl2 OH C27H19CIN4O2 | 464 178-180 °C 45
15 Illo C6H5 4-F OH C27H19FN402 | 450 | 206 -208 °C 46

RESULTS AND DISCUSSION

Spectral Data

In this study, the synthesized compounds (la, Ib, Ild, i, 11, and 1lIn) were characterized

using various spectroscopic techniques, including infrared (IR) and proton nuclear magnetic

resonance (1H- NMR) spectroscopy. The spectral data provided valuable insights into the

chemical structure of these compounds.

IR Spectra

The IR spectra of the compounds revealed several key functional groups and characteristic

absorption bands. Notably,the following bands were observed.

o Compound Ib displayed an aromaticCH stretching band at 3030 cm-1 and a CO absorption

band at 1800 cm-1.

o Compounds Ild, Ili, I1i, and I1In exhibited characteristic CN stretching absorption bands
at 2191cm-1, 2193 cm-1, 2150 cm-1, and 2160 cm-1, respectively.
e Compound Ild demonstrated NH and NH2 stretching bands at 3630 cm-1 and 3387 cm-1,

while compound Ili exhibited an NH2 stretching band at 3333 cm-1.

e Compound IlIn displayed an OHstretching band at 3204 cm-1.

These IR spectra data provided evidence of the presence of specific functional groups

within the compounds and served as a useful tool for structural characterization.

SPECTRAL DATA

Compound la
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The 1H-NMR spectra of the compounds further elucidated their chemical structure. Key

proton signals were identified, and chemical shifts were recorded. The following observations

were made.

o Compound la exhibited a singlet between 5.2-5.3 ppm for one protonof CH= and singlets

at 2.0-2.1 ppmand 10.3-10.4 ppm for three protonsof CH3 and two protons of OH and -

NH groups, respectively.

e Compound Ib showed a multiplet between 7.1-7.9 ppm for five protons of an aromatic

ring, and singlets at 2.1-2.0 ppm and 3.4-3.5 ppm for three protons of CH3 and two

protons of CH2, respectively.

e« Compound Illd displayed a multiplet between 7.2-8.2 ppm for four protons of an

aromatic ring, a singlet at 2.0-2.2 ppm for three protons of CH3, and a broad singletat

10.8-11.2 ppm for one proton of -NH group.

e Compound Ili exhibited a singlet at4.7-4.8 ppm, 4.6-6.7 ppm, and 1.9- 2.0 ppm for two

protons of NH2, one proton of pyran CH, and three protons of CH3, respectively.
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These 1H-NMR spectra data provideddetailed information about the chemical environment

of the protons in each compound and aided in structural confirmation.

Mass Spectrometry (LCMS)

Molecular weight determination using LCMS confirmed the molecular weights of the
synthesized compounds as follows: la (99), 1b (175), Ild (288), 1li (387), Illi (475), and IlIn
(464). Molecular ion peaks were observed at these respective masses, validating the

molecular weightassignments.

The presence of M+1 peaks in some compounds indicated the potential presenceof nitrogen or

oxygen isotopes, while compounds Ild and I1In showed M+2 peaksdue to chlorine isotopes.

Anti-Inflammatory Activity

In vivo anti-inflammatory activity was evaluated using the Carrageenan-induced rat paw
edema model. The study involved several groups of rats treated with different compounds,
including a control group, a standard drug (Ibuprofen) group, and groups treated with the

synthesized compounds (Il1a to 1110).

The results indicated a significant reduction in paw edema volume in the treated groups
compared to the control group. Percentage reduction in edema volume was calculated,
demonstrating the anti-inflammatorypotential of the compounds. This reductionsuggests that
the synthesized compounds may have anti-inflammatory properties, making them potential

candidates for further investigation as anti-inflammatory agents.
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SUMMARY AND CONCLUSION

The objective of this research was to synthesize pyrazole-substituted derivatives and
investigate their anti-inflammatory activity. The study revealed that these compounds
exhibited significant anti- inflammatory activity. The presence ofstrong electron-withdrawing
groups such asCl and NO2 at ortho positions and OH and Fat para positions was associated
with good activity. Conversely, the presence of mild electron-donating groups, such as
OCH3, resulted in moderate activity. Compounds with NO2 and CI at meta positions showed

less significant activity compared to those with para substitution.

The findings indicate that pyrazole moieties, when appropriately modified, can serve as
effective anti-inflammatory agents. The synthesized compounds were screened for both in-
vivo and in-vitro anti-inflammatory activities, demonstrating their potential in mitigating
inflammation. This study suggests that pyrazoles can be a valuable resource for further
research and development, with the potential to yield more potent and specific anti-

inflammatory compounds while minimizing toxicity.

While some compounds exhibited promising activity at low dosage levels, it is crucial to
emphasize that there is no completely safe drug. Medications have the power to alter
physiological processes, and they come with both benefits and risks. To fully harness the
benefits of these compounds, it is essential to consider their potential effects and seek

realistic standardsof harmlessness.
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Moving forward, further research, including molecular modeling, may contribute to the

development of even better drugs. Compounds synthesized for biological testing might not

always become new drugs, but they serve as valuable models for testing hypotheses and

expanding our understanding of anti-inflammatory mechanisms. This research opens the door

to exploring the possibilities of pyrazole-based compounds for future drug development,

aiming for improved efficacy and safety in anti-inflammatory treatments.
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