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N-phenyl Piperazine derivatives have increasingly been recognized for their profound
medicinal properties. This study embarks on the synthesis and study of such derivatives,
specifically focusing on their in vitro a-amylase inhibitory and anti-inflammatory potential.
Employing in silico molecular docking strategies, we assessed the interactions of these derivatives
with the a-amylase enzyme (1HNY.pdb). Compounds P6, P7, and P22 emerged with commendable
docking scores as -8.44, -8.37, and -8.49 kcal/mol, prompting their synthesis and assessment of
in vitro a-amylase activity assessment. Among the studied compounds, P7 demonstrated robust
inhibitory effects against both a- amylase and inflammation. Complementing the docking studies,
this comprehensive investigation underscores the potential of N-phenyl Piperazine derivatives

as potent bioactive molecules.
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Global community is witnessing a
significant rise in carbohydrate metabolism issues
like diabetes, obesity, etc.! Among them, diabetes
Mellitus, is a non-communicable metabolic
disorder, gaining growing attention due to its
prevalence and challenging public health issues
globally. The global DM count was around 537
million in 2023, and forecasts suggest a rise to
700 million by 2045. Approximately 10.5% of
this demographic comprises adults aged 20 to 79
years.” DM can be classified into three categories:
Type-1, or insulin depending diabetes; Type- 2,
or insulin resistant diabetes. Insulin resistant
diabetes is particularly alarming, accounting
for roughly 98 percent of all diabetes diagnoses

worldwide, although this ratio shows considerable
variation across different countries. A noteworthy
point of concern is the rising incidence rate of
type 2 diabetes in young adults. The global data
reveals that this figure jumped from 117 to 183
per 100,000 population between 1990 and 2019.°
This increasing prevalence of diabetes causes
severe economic implications for many nations.
Countries are finding that between 5% and 13%
of their total budget is dedicated to managing this
disease. For instance, in 2010, global diabetes-
related expenditure was around USD 376 billion.
This figure is projected to escalate to nearly USD
490 billion by 2030.* Besides, untreated diabetic
patients are highly likely for the development of
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chronic complications, including retinopathy, foot
problem, heart diseases, nephropathy, neuropathy,
gum disease and etc.’

Type 2 diabetes emerges as a result
of prolonged, abnormal regulation of blood
sugar levels, often caused by inadequate insulin
segregation from the pancreas or the body’s
defiance to insulin. Insulin serves as a critical
enzyme that facilitates the transport of glucose
from the blood into the cells. Failure or resistance
to insulin invariably leads to a surge in blood
sugar levels, potentially instigating severe health
complications such as blindness, heart attacks,
strokes, and kidney damage. Managing blood
glucose levels in individuals with diabetes mellitus
can be complicated due to personal factors like diet
and physical activity, and the non-specific effects
of oral antihyperglycemic medications. A common
strategy for preventing and managing diabetes
involves reducing the rise of post-prandial glucose
levels that is dependent on diet. Thus, considering
the enzyme inhibitors as an alternative target is a
valid strategy because of their target specificity.

The digestive enzyme Amylase, which
are secreted from salivary glands and pancreas.
Among all amylase enzymes, 4-amylase also
known as 1,4-a-D glucan glucanohydrolase, has
gained significant attraction as a therapeutic pick
out for type-2 diabetes mellitus. 4-amylase is a
calcium metalloenzyme that catalyze the cleaving
the glycosidic bonds in complex carbohydrates and
converting them in to simple carbohydrates which
can be absorbed.”

Inhibiting the action of 4-amylase
regulates blood sugar level, which cures obesity
and overweight conditions by reducing postprandial
measures of glucose.® Numerous amylase inhibitors
have also been found in natural sources.’ '
Several plants extracts found to be effective on
inhibiting the a4-amylase. For instance, natural
products, particularly plant extracts, have been
widely studied for their d4-amylase inhibitory
activity. Acarbose, a pseudo-tetra saccharide, is
a commercially available drug that functions as
an a-amylase inhibitor, delaying carbohydrate
digestion to mitigate postprandial hyperglycemia.
However, scaling up the plant extracts in bulk scale
to distribute commercially is challenging task due
to their limited availability,'"? poor stability, low
purity levels and high-cost factors.

Several oral antidiabetic agents, including
biguanides, sulfonylureas, and acarbose are
utilized to control elevated blood sugar levels."
However, acarbose, and miglitol are the only
FDA approved a-amylase inhibitors for curing the
diabetics, revealing the scarcity in the availability
of 4-amylase inhibitors.'* Besides many synthetic
inhibitors that block the enzyme’s activity by
binding to its active site are effective for diabetes
management. However, side effects like flatulence,
diarrhea, bloating, meteorism, and stomach pain
have spurred the quest for safer alpha-amylase
inhibiting molecules."

N-phenyl piperazine core derivatives are
pivotal scaffold in medicinal chemistry that were
reported to display various medicinal activities,
including anti-inflammatory,'® dopamine D,
receptor,'” anticonvulsant agents,'®and protein
kinase inhibitor Inspired by the wide spectrum of
medicinal properties, herein this work, we report
that we designed and synthesis N-phenyl piperazine
based derivatives and evaluated for their &-amylase
inhibiting properties based on the molecular
docking studies.

MATERIALS AND METHODS

Molecular docking

Auto-Dock (version 4.2) was used to
perform Molecular docking studies. Protein Data
bank was used for the structure of the enzymes. To
avoid the unwanted interactions, bounded solvent
molecules were denied with interactions of alpha
amylase.

General procedure for preparation of P6, P7,
P22

Synthesis of 4-(4-acetylpiperazin-1-yl)phenyl
2-chlorobenzoate (P6)

To the reaction mixture of 2-chlorobenzoic
acid (2.3 g, 14.68 mmol) in DMF (20mL), TBTU
(5.66 g, 17.62 mmol) and triethylamine (2.22 g,
22.02 mmol) were added and mixed for 30 minutes
at 30+£5°C. Further, 1-(4-(4-hydroxyphenyl)
piperazin-1-yl)ethanone (3.23 g, 14.68 mmol) was
added. Quench the mass in chilled water and filter
to get the product. Isolate the material in ethyl
acetate and ether (3:7) by using chromatography.
Yield: 82%. 1H NMR: ppm: & 2.08 (S, 3H),
3.13 - 3.20 (d, 4H), 3.62 (S, 4H), 7.08 (d, 2H),
7.19 (d, 2H), 7.57 (S, 1H), 7.69 (d, 2H) 8.07 (S,
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1H). m/z 358.82, (M++1) 359.2. IR: 3456, 2834,
1739,1661,1232,1034,749 cm "

Synthesis of 4-(4-acetylpiperazin-1-yl)phenyl
picolinate (P7)

To the reaction mixture of picolinic acid
(1.8 g) in DMF (20mL, TBTU (5.66 g, 17.62 mmol)
and triethylamine (2.22 g, 22.02 mmol) were
added and mixed for 30 minutes at 30+5°C. Then
1-(4-(4-hydroxyphenyl)piperazin-1-yl)ethanone
(3.23 g) was charged. Quench the mass in chilled
water and filter to get the product. Isolate the
material in ethyl acetate and ether (3:7) by using
chromatography. Yield: 80%. 1H NMR: ppm: &
2.05 (S, 3H), 3.10 — 3.17 (d, 4H), 3.59 (S, 4H),
7.05 (d, 2H), 7.15 (d, 2H), 7.73 (S, 1H), 8.07 (d,
1H) 8.20 (d, 1H), 8.80 (S, 1H). m/z 325.36, 326.2.
IR: 3431, 2817, 1762,1640,1231,1197 cm "
Synthesis of 4-(4-acetylpiperazine-1-yl)phenyl
4-methylbenzoate (P22)

TBTU (5.66 g, 17.62 mmol) and
triethylamine (2.22 g, 22.02 mmol) was charged
to DMF (20mL) containing 4- methyl benzoic acid
(2 g, 14.68 mmol) and stirred for 30 minutes at
30+5°C. Then 1-(4-(4-hydroxyphenyl)piperazin-1-
yl)ethanone (3.23 g,) was added. Quench the mass
in chilled water and filter to get the product. Isolate
the material in ethyl acetate and ether (3:7) by using
chromatography. NMR: ppm: 2.04 (S, 3H), 2.42 —
2.50(S,3H),3.09-3.16 (d, 4H), 3.58 (S, 4H), 7.03
(d,2H),7.11 (d, 2H), 7.39-7.41 (d, 2H), 7.99-8.01
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IR : 3408, 2858, 1724,1630,1514,1444,1237,1179
cm -1
Anti-inflammatory activity
BSA denaturation technique
a-amylase inhibition

Anti-inflammatory (BSA denaturation
technique) was performed as per the reported
methods of Sribalan et al."” d-amylase inhibition
was performed as per the reported methods of
Sribalan et al.?
Density Functional Theory

FMO’s was performed for synthesized
compounds using DFT methods. The electronic
structural characterization of compounds was
obtained from the structure of the compound.
Gaussian 09W software package was used with
B3LYP/6.31 G, resulted optimized structure was
analyzed in the Gauss view software and the same
software was used for the further process that
mentioned initially.

RESULTS

Molecular docking

Considering the medicinal significances
of piperazine analogues in medicinal chemistry, we
designed 22 piperazine derivatives (figure 1) were
studied with interactions of alpha amylase.
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Fig. 1. Structure of the compounds
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Chemistry

After the successful validation of 22
piperazine derivatives, we identified P6, P7 and
P22 as potent compounds and intended for the
synthesis of compound. As shown in scheme, 4-
phenolic-piperizine (2) was treated with various
aromatic carboxylic acids (1a-1c) with HBTU and
triethyl amine yielded the desired esters P6, P7 and
P22 in noticeable yields.
Biological studies
Alpha-Amylase inhibition studies

The prepared P6, P7 and P22 were
evaluated of their 4-amylase inhibitory potential
of various strengths of (10, 50, 100, 250 and 500
ug/mL), by adopting acarbose as a Reference drug.
As shown in figure 5, treatment of compounds
P6, P7 and P22 demonstrated the dose dependent
inhibitory effect against a-amylase.
Anti-inflammatory activity

The inhibitors P6, P7, and P22 were
analyzed for their anti-inflammatory activities,

using diclofenac sodium as a reference through the
albumin denaturation method. When subjected to
various concentrations alongside of Bovine serum
albumin, inflammation has been measured by the
level of denaturation.
Frontier Molecular Orbitals

Energy of Highest Occupied Molecular
Orbital (HOMO) or the Lowest Unoccupied
Molecular Orbital (LUMO) are specifically
analysed. Frontier orbitals influence all chemical
reactivity of a substance. The energy gap between
them, called the band gap, indicates molecular
reactivity: a smaller gap implies higher reactivity.
Beyond the energy levels, DFT parameters offer
insights into a molecule’s reactivity and electronic
behaviours, crucial for predicting molecular
interactions and designing new molecules.
Molecular Electrostatic Potential

Molecular Electrostatic Potential helps
as an insightful tool for elucidating the binding
interactions between nucleophilic and electrophilic

Table 1. Molecular docking interconnections of prepared compounds with IHNY

S. Chemical Binding

Inhibition Number of

Interconnected amino acid

No  name energy constant  bonding
Kacal/mol  (uM) (Hydrogen)

1. P1 -6.9 8.73 4 HIS201,GLN63,GLN63,TRP59

2. P2 -6.99 7.54 4 TRP59,TYR62,ARG195,ASP197

3. P3 -7.98 1.43 4 HIS201,GLN63,GLN63,HIS305

4. P4 -6.26 25.83 2 ALA198, TRP59

5. P5 -1.27 4.7 3 ASP300,TYR62,HIS299

6. P6 -8.44 0.65 2 HIS299, TYR62

7. P7 -8.37 0.73 4 TYRI151,LYS200,HIS299,TYR62

8. P8 -6.45 18.57 7 GLN63,GLN63,GLU233,GLU233,TRP59,LYS,200,
HIS201

9. P9 -6.23 27.02 3 TRP59,ALA198,GLU233

10. P10 -6.44 19.04 5 HIS101,ASP197,LYS200,LYS200,TYR151

11. P11 -6.27 25.27 7 GLN63,TRP59,TYR151,TYR151,LYS200,LYS200,
HIS201

12. P12 -6.84 9.76 3 GLN63,GLN63,LYS200

13. P13 -6.47 18.23 4 THR163,HIS299,TYR62,ASP197

14. P14 -7.22 5.07 2 GLN63,LYS200

15. P15 -6.26 2591 4 TRP59,TRP59,TRP59,TRP62

16. P16 -6.37 21.29 5 TTYR62,HIS299,ASP197,GLU233,GLU233

17. P17 -6.58 15.06 3 LYS200,LYS200,TYRI151

18. P18 -6.45 18.56 4 GLN63,GLY104,TYR62,HIS299

19. P19 -6.66 13.08 3 GLN63,ARG195,ASP300

20. P20 -7.06 6.64 4 TYR62,TYR151,TYR151,LYS200

21. P21 -7.39 3.82 2 HIS299,TYR62

22 P22 -8.49 0.60 3 GLN63,LYS200,ILE235
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interventions within the prepared compounds. DISCUSSIONS

Such mappings grant an unparalleled visualization

of electron density distributions on molecular = Molecular docking

surfaces.! The docking studies reveals that all
compounds were found to demonstrate significant
binding energies and inhibition constants. In

Fig. 3. Docking interactions of P7 among the alpha-amylase
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particular, compounds P6, P7, and P22 exhibited
the strongest binding energy with notable inhibition
constants among the tested compounds as shown
in table 1. For instance, the binding energies and
inhibition constants of P6, P7, and P22 were -8.44,
-8.37, and -8.49 kcal/mol and 0.65, 0.73, and 0.60
UM respectively as shown in table 1.

When P6 docks with 1HNY, it was found
to show two bonds with HIS299 and TYRG62

of 1THNY. The carbonyl oxygen in P6 engages
bonding (hydrogen) with HIS299, having bond
distance of 2.88 A. Besides, the same carbonyl-
oxygen atom also underwent bonding with the
phenyl ring of TYR62, having a bond distance of
3.09 A. (Figure 2)

For P7 docking with THNY, four bonding
are observed with TYR151, LYS200, HIS299,
and TYR62 of IHNY. The halogen in the phenyl

Fig. 4. Docking interactions of P22 among the alpha-amylase
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Scheme 1. Synthesis of compounds P6, P7 and P22
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group was found to show a conventional bond  the bond distance of 3.34 A. Additionally, the
interaction with LY S200, with the bond length of  piperazinamide carbonyl oxygen in the ligand
3.26 A. The phenylene ring of TYR62 engages in  having bonding with HIS299, with a bond length
a pi-donor bonding with the acetyl CH3, having  of 3.97 A. (Figure 3)
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Fig. 5. Alpha-Amylase inhibitory actions of the synthesized compounds, P6, P7 and P22.
10, 50, 100, 250 and 500 pg/mL of compounds were evaluated for their 4-amylase inhibitory potential using Acarbose as
positive control.
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Fig. 6. Anti-inflammatory activity of the compounds, P6, P7 and P22. 10, 50, 100, 250 and 500 pg/mL of
compounds were evaluated for their 4-amylase inhibitory potential using diclofenac sodium as standard(std).
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Similarly, in its docking with 1HNY,
P22 having multiple inter connections, -NH2
had interacted were with GLN63, LYS200, and
ILE235. The carboxamide nitrogen of GLN63
formed a bonding interaction with the tolyl- CH
and the bond distance was measured at 3.09
A. The piperazinamide oxygen underwent a
bonding with LYS200, with a bond distance of
3.01 A. Additionally, the NH of ILE235 had the
bonding with piperazinamide CH3, with a bond
measurement of 3.14 A. (Figure 4)

Alongside hydrogen bonding, these
piperazine derivatives also demonstrated other
interactions with the 4-amylase enzyme, including
Pi-cation, Pi-pi stacking, Pi-alkyl, Pi-pi T- shaped,
and attractive charge interactions. The results of
docking has been detailed as below, and visual
depictions of these interactions were presented in
figures. (Figure 2,3,4).

Molecular docking results can be used
to study the interactions of small molecules with
proteins by interpreting strong binding energies.

Table 2. Density Functional Theroy values of P6,P7,P22

S.  Chemical HOMO LUMO Band Chemical Global Global Electrophilicity
No  name gap(DE) potential hardness softness index
1. P6 -5.4864 -1.3908 4.0956 -3.4386 2.0478 0.2441 2.8870
2. P7 -5.4921 -1.8327 3.6594 -3.6624 1.8297 0.2732 3.6654
3. P22 -5.2478 -1.2471 4.000 -3.2474 2.0003 0.2499 2.6360
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Fig. 7. FMO diagram of p6
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The binding energies of P6, P7 and P22 were -
8.44, -8.37, and -8.49 kcal/mol, the results were
comparable with the reference drug diclofenac
sodium results -7.07 and -4.2 kcal/mol.
Biological studies
Alpha Amylase inhibition studies

It is imperative to note that P7 displayed
significant inhibitory effects compared to P6 and
P22. Impressively, at several concentrations, P7

outperformed the control acarbose by displaying
potent inhibitory effects. Moreover, all the three
compounds showed maximum inhibitory potential
at the treatment of 500 pg/mL. for instance, P6 and
p7 showed respectively 74 and 78% of 4-amylase
inhibitions, whereas P7 showed approximately
90% inhibition, which is better than the control,
agarbose. At the 100 ng/mL mark, both P7 and
P22 achieved 50% inhibition of 4-amylase, while

Fig. 10. Molecular Electrostatic potential of p6

Fig. 12. Molecular electrostatic potential of p22
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P6 showed slightly decreased potential. The
a-Amylase inhibitory order lies in the pattern of
P7>P22> P6. Collectively, the results suggest the
potential of piperazine-based compounds to evolve
as a model for the discovery of the 4-amylase
inhibitor.
Anti-inflammatory activity

As shown in figure 6, a dose-dependent
anti-inflammatory response was evident upon
treatment with P6, P7, and P22. In comparison
to the control, all three compounds exhibited
comparable anti-inflammatory effects across the
tested concentrations. Notably, P7 consistently
demonstrated the highest anti-inflammatory
potential across most concentrations. However,
at 100 pg/mL, P6 surpassed the efficacy of
other compounds and even the standard control.
Remarkably, at 500 pg/mL, all compounds
displayed 85-90% anti-inflammatory effects,
describing their significant anti-inflammatory
potential. Collectively, the synthesized phenyl
piperazine derivatives not only inhibit 4-amylase
but also inhibit inflammation, giving the new
opportunities in development of drugs targeting
both 4-amylase and inflammation.
Frontier Molecular Orbitals

Amongst the evaluated compounds, P6
exhibited Highest occupied molecular orbital of
-5.4864 eV and a Lowest unoccupied molecular
orbital of -1.3908 eV (as evident in Figure 7).
This results in an energy gap (AE) of 4.0956
eV and a chemical potential of -3.4386 eV. In
contrast, compounds P7 and P22 presented
almost similar HOMO values of -5.4921 eV
and -5.2478 eV, respectively, while their LUMO
values were measured at -1.8327 eV and -1.2471
eV, respectively (refer to Figures 8 and 9). It’s
well-established that a larger energy gap between
HOMO and LUMO levels corresponds to higher
kinetic energy, leading to enhanced chemical or
molecular interactions. Apparently, P6 was found
to have more band gap. Further, the global hardness
values for the synthesized compounds P6, P7,
and P22 were determined to be 2.0478, 1.8297,
and 2.0003 eV, respectively. Their global softness
values were reported as 0.2441, 0.2732, and 0.2499
eV, respectively.
Molecular Electrostatic Potential

In the context of compounds P6, P7, and
P22, this distinction in electron density becomes

evident upon observing Figures 10, 11, and 12.
Specifically, regions demarcated in red portray
electron-rich locales, prime for electrophilic
encounters, whereas those highlighted in blue
signify electron-deficient zones, conducive for
nucleophilic interactions. For instance, in all the
three compounds, piperazine amide carbonyls
and phenyl esters were found to show the electron
deficiency by displaying red color, which indicate
that they can be a potential hydrogen bond
acceptor while interacting with the target. In
contrast, electron-rich domains play a pivotal role
in hydrogen bond formations, particularly with
enzymes and proteins.

CONCLUSION

Our comprehensive study has reinforced
the medicinal significance of N-phenyl Piperazine
derivatives, emphasizing their potential in 4&-amylase
inhibition and anti-inflammatory activities.
Docking studies given crucial inputs about the
interactions of N-phenyl Piperazine derivatives
with alpha -amylase enzyme. The concurrent
application of Density Functional Theory and
molecular electrostatic potential investigations
further complemented our understanding of these
interactions. Collectively, our findings spotlight
the P7 derivative as a promising candidate in the
realm of bioactive molecules, potentially catalyzing
advancements in therapeutic interventions targeting
a-amylase and inflammation. Since N-phenyl
piperazine has very good a-amylase inhibition
results, The further chemical derivatives of
N-Phenyl piperazine can play a key role in drug
discovery.
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