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Abstract

Non-Steroidal anti -inflammatory drugs NSAIDs are used to treat a wide range of painful conditions.
They are known for their properties as analgesic, antipyretic, and anti-inflammatory.

Focusing on the synthesize of new NSAIDs derivatives (lla-1Vd) through introducing ester group at its
COOH group with Gabapentin through a acetyl linker. The process involved the formation of Schiff base; in-
termediates (la-b) from gabapentin and p-substituted benzaldehyde. (Etodolac , Ketorolac , and Tolmetin ) un-
dergoes esterification by chloroacetyl chloride to give the corresponding esters (11-1V), finally la-d reacted with
(I1-1V) to yield the final derivatives (Ila — 1vVd) which were confirmed for their purity and structure by melting
point,, (ATR-FTIR ) and *HNMR. In vitro and in vivo the anti-inflammatory, antibacterial activities and ADME
were evaluated using Ligand Designer from Glide (Schrodinger-2023-Maestro workspace).

Due to their hydrogen bonding interaction with key amino acids in COX1enzyme, (Illa, I1ld & IlIc) have
the highest docking score, and COX2 enzyme ( Illa and Ila ). Regarding to antibacterial activity, all of them are
significant except only 1\VVb. The compounds (llla, 1ld &Illc) have the highest docking scores ( -8.22 ,-7.07& -
6.155) respectively .ADME analysis revealed the highest results as TPSA :( llla, IVa & lic); -(Ila,llb, 1IC &
I1d ) as hydrogen bond donor; -as hydrogen bond acceptor (lla, Illa & Iva); -logP o/w: (Ild, 1lb & llc);logS -: (
lIb, Ild & lic); and finally-Rotatable bond: (llc , IVa & 1Vc); the others compounds' insilico ADMET screen-
ing findings fall within the advised ranges.

In vivo, the anti-inflammatory; Ila-1VVd showed good activity from 2-3 h. As antimicrobial activity, the high ac-
tivity given by: S. aureus: (IVb ,1Vc & 11a); S.pneumonia:( Ild , 1IVb &IVd); B.subtitilis: (IVb ,IVc & 11id); E.
coli: (IVb,IVc & lla); P.aeruginosa : (IVb & IVc ); K. pneumoniae (IVb ,IlIb & Ila ); give high activity; the
others ranging( moderate- inactive). Antifungal activity against Candida albicans, when compared with the drug
fluconazole, (IVb); the other final compounds were (moderate-inactive). The compounds were successfully syn-
thesized, and the results of the study of anti-inflammatory and antibacterial effectiveness indicate that the final
compounds contain drug-like features.
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Introduction

The class of nonsteroid anti-inflammatory
drugs (NSAIDs) like Etodolac (1), Ketorolac (2)
and tolmetin (3) that are represented in Figure
1 constitute a group of heterogeneous molecules
that commonly used medications worldwide ® This
drug class possess many pharmacological activities
such as analgesic, anti-pyretic, and edema-reducing
effect, so they are used for the long and short term
management of various conditions, include osteoar-
thritis, rheumatoid arthritis, and musculoskeletal
pain @,

Some research suggests that etodolac and
tolmetin may have a lower risk of adverse cardio-
vascular events, such as heart attack or stroke,
compared to NSAIDs like diclofenac or ibuprofen
©. (NSAIDs) have shown significant potential in

both the prevention and treatment of various can-
cers, as evidenced by extensive research. Chronic
inflammation is a well-established factor in carcin-
ogenesis, and NSAIDs, by inhibiting the Cycloox-
ygenase (COX) pathway, reduce the production of
pro-inflammatory prostaglandins, thereby mitigat-
ing inflammation-induced cancer progression “),

However, the relationship between the oral
intake of non-steroidal anti-inflammatory drugs
(NSAIDs) and gastrointestinal (Gl) side effects is
well-documented and multifaceted , and range from
dyspepsia, heartburn, and abdominal discomfort to
more serious events such as peptic ulcer with the
life-threatening complications of bleeding and per-
foration ©,
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Figure 1.Chemical structures of some NSAIDs and gabapentin .

One of the most effective strategies to pre-
vent the gastric irritation commonly associated
with  non-steroidal  anti-inflammatory  drugs
(NSAIDs) is the derivatization of their carboxylic
acid group. These modifications not only retain the
anti-inflammatory efficacy of the parent NSAIDs
but also offer opportunities for optimizing drug
efficacy and safety profiles through structural alter-
ations, highlighting the importance of strategic
derivatization in drug development . This ap-
proach involves the design and synthesis of prod-
ucts, which are bio reversible derivatives that un-
dergo enzymatic or chemical transformation in
vivo to release the active drug. By masking the
carboxylic acid group, products can significantly
reduce gastrointestinal side effects @9, Esterifica-
tion is a common method used to create these
products .This strategy is particularly effective be-
cause ester products can mask the free carboxylic
acid group, thereby reducing gastrointestinal side
effects and enhancing the drug's overall bioavaila-
bility and patient compliance®V,

Research indicates that ester products, such
as those synthesized from naproxen, can show var-
ied efficacy based on their hydrolysis rates. 2.
This resistance to hydrolysis is a common chal-
lenge with ester products, as seen with other
NSAIDs like aspirin and ibuprofen. Ester deriva-
tive Products have been found cleanable enzymati-
cally to release its bioactive forms and, the activity
of these enzymes can vary significantly among
individuals due to genetic differences, and envi-
ronmental factors, leading to substantial variability
in drug bioavailability ®4), To address the limita-
tions above, anhydride derivatives of carboxylic
acid-bearing drugs present a promising alternative
to traditional ester products. Unlike ester bonds,
which are commonly used in products to mask free
carboxylic acid groups and reduce gastrointestinal
side effects, anhydride bonds offer a more predict-
able hydrolysis and decomposition pattern. This
predictability is due to the inherent chemical prop-
erties of anhydrides, which readily undergo hydrol-
ysis, making them less sensitive to enzymolysis
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compared to esters or amides “%.0One of the signifi-
cant challenges in the development of ester and
anhydride products is ensuring their stability
against hydrolysis by saliva and gastrointestinal
(GIT) fluids, allowing them to reach the target tis-
sue effectively 19

To prevent anhydride and ester products
from hydrolyzing before reaching their target tis-
sue, several strategies can be employed, focusing
on enhancing the stability of these compounds
against hydrolytic degradation. One effective ap-
proach is the use of moisture barrier film coatings,
additionally, the synthesis of anhydride products can
be tailored to temporarily hydrophobized the drug,
making it less accessible to aqueous media until the
anhydride residue is hydrolyzed. This approach not
only shields the carboxylic acid group from irrita-
tive effects but also prolongs the drug's action by
controlling its release and activation in the body
(7, One of the most advantages of anhydride drugs
is to achieve sustained release over extended peri-
ods through the strategic design of their polymer
matrices and the inherent properties of anhydride
bonds. The high hydrolytic reactivity of anhydride
linkages is a key factor, as it allows for controlled
degradation rates, which can be finely tuned by
altering the chemical structure of the polymer
backbone (9,

Schiff bases, including imines, exhibit sig-
nificant antibacterial and antifungal properties due
to their unique chemical structure, which includes
the presence of nitrogen heteroatom. This heteroa-
tom play a crucial role in the biological activity of
Schiff bases by facilitating interactions with micro-
bial cell components, thereby disrupting their nor-
mal functions®® |, the structural diversity and the
presence of functional groups in Schiff bases con-
tribute to their potent antibacterial and antifungal
activities, making them promising candidates for
the development of new antimicrobial agents®?.

Gabapentin, an anticonvulsant structurally
similar to gamma-aminobutyric acid (GABA), has
been explored for its potential as a short-term ad-
junct in various pain management strategies. Its
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primary use is in treating neuropathic pain and sei-
zures, but its application extends to other condi-
tions such as alcohol withdrawal symptoms, pruri-
tus, hot flashes during menopause, and anxiety dis-
orders. It is also effective in managing acute post-
operative pain, providing a valuable option for
short-term pain relief @Y. The combination of the
gabapentin with NSAIDs medications has been
shown to be effective in various pain models. Mu-
tual prodrug, where the carrier used is another bio-
logically active drug instead of some inert mole-
cule. A mutual prodrug consists of two pharmaco-
logically active agents coupled together so that
each act as a promoities for the other agent and vice
versa. The carrier may also be a drug that might
help to target the parent drug to a specific site or
organ or cells or may improve site specificity of a
drug. The carrier drug may be used to overcome
some side effects of the parents’ drugs as well.
Thus, the mutual prodrug approach is of a great
interest, because combination therapy of two sepa-
rate drugs is used to treat many diseases where the
actives should be administered in separate dosage
forms(224),

In the current work ,we are foxing on the
synthesize of mutual prodrugs were synthesized by
conjugating different types of NSAIDs with
gabapentin using chloroacetyl chloride spacers in
order to ameliorate the NSAID’s gastric irritation
by esterification of the free carboxyl group, and
produce a synergistic analgesic effect from use two
analgesic drugs, so coupling with different types of
NSAIDs will have an additional benefit for treat-
ment of neuropathic pain with enhanced patient
compliance from use of a single chemical entity.
Materials and Methods
Chemicals and Instruments

Gabapentin, Etodolac, ketorolac and
tolmetin where supplied from (Macklin, china) .
All solvents and reagents that used received from
the chemicals store of college. Melting points were
determined by digital melting point apparatus (Stu-
art SMP30). The purity of the products and the
monitoring of the reactions check was done by thin
layer chromatography (TLC). *H-NMR spectra
were obtained on BRUKER model Ultra shield 500
MHz spectrophotometer, using Dimethyl sulfoxide
(DMSO) as a solvent.

By using FTIR Spectrometer ( Shimadzu , Japan )
, FTIR spectra were recorded, at college of Phar-
macy-University of Baghdad.

In Silico Design

In silico experiment

The docking method began by obtaining the
crystal structure of the COX-1 protein (PDB code:
3N8Z) , COX-2 protein (PDB code: 4m11) Diclo-
fenac as a reference , and the crystal structure of
the penicillin binding protein 3 of Mycobacterium
tuberculosis (6KGV) from the Protein Data Bank
Subsequently, thorough protein preparation was a
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place within the Schrddinger-2023-Maestro work-
space. In this step, water molecules that were not
involved in the binding site were removed. After-
wards, the hydrogen bonds were optimized to min-
imize any possible overlap problems, thereby as-
suring a precise depiction of the binding environ-
ment. The optimization approach was essential for
enhancing the protein's structural integrity in antic-
ipation of the forthcoming docking procedure.
Concurrently with the production of proteins, me-
ticulous processes for preparing ligands were car-
ried out. The ligands were carefully designed to
mimic their possible states within a pH range of 7 £
2. Using the OPLS4 force field, the ligands were
subjected to desalting in order to eliminate unnec-
essary ions and improve the accuracy of their mo-
lecular structures®®. In addition, all possible tau-
tomer were created to cover the wide range of
chemical variations that the ligands could display
within the normal pH range of the body. The exten-
sive ligand preparation step established the basis
for a comprehensive investigation of ligand-protein
interactions during the docking procedure. After
preparing both the protein and ligand appropriately,
the subsequent stage consisted of creating a recep-
tor grid using the reference ligand, FLP. The refer-
ence ligand was positioned at the center of the
binding pocket, acting as a central point for gener-
ating the receptor grid. A cubic box measuring 25
A in dimensions for COX-1, COX-2 and 30 A for
PBP3 were created around the reference ligands to
define the spatial limits for the following docking
simulations. The careful creation of a precise grid
allowed the docking algorithm to thoroughly exam-
ine possible binding positions within the limited
space of the binding pocket. Lastly, standard preci-
sion docking with flexible sampling was carried out
using the Glide docking algorithm. This approach
made it easier to investigate different ligand orien-
tations and conformations inside the receptor bind-
ing region, enabling a thorough investigation of
possible binding interactions. Flexible sampling
was used to guarantee a robust docking approach
that captured the complex interactions between the
ligands and the COX-land COX-2 proteins. All
things considered, this methodical approach—
which included exact preparation of the protein and
ligand as well as grid generation and docking simu-
lations—constituted a thorough means of clarifying
the interactions between the protein and ligand in-
side the COX-1and COX-2 binding pocket@®27,

ADMET studies

To test the drug resemblance of proposed
compounds, ligand-based ADMET prediction is a
crucial step, utilizing software like Swiss ADME to
identify the most similar drug molecules. This pro-
cess involves evaluating various molecular proper-
ties, including the number of hydrogen bond accep-
tors and donors, as outlined in Lipinski's rule of
five, which is essential for predicting oral bioavail-


https://www.thermofisher.com/us/en/home/global/forms/industrial/nicolet-summit-ftir-spectrometers.html
https://www.thermofisher.com/us/en/home/global/forms/industrial/nicolet-summit-ftir-spectrometers.html
https://www.thermofisher.com/us/en/home/global/forms/industrial/nicolet-summit-ftir-spectrometers.html
https://www.thermofisher.com/us/en/home/global/forms/industrial/nicolet-summit-ftir-spectrometers.html

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

ability. Swiss ADME is a pivotal tool in the drug
design methodology, suite of predictive models to
evaluating the physicochemical properties, phar-
maco-kinetics, drug-likeness, and medicinal chem-
istry friendliness of small molecules®,

Chemical synthesis

Synthesis of gabapentin- p-substituted benzalde-
hydes as Schiff base (la-b) (%6-28)

Solution of gabapentin (1.712g , 10 mmol ) and
absolute methanol (99%) (40ml) in (100ml ) round
bottom flask were mixed with stirring ,then 10
mmol of p-substituted benzaldehyde (a: NO, 1.51
g, b : Br1.85 g) and 1-3 drops of glacial acetic acid
in absolute methanol (3ml) was added .The reac-
tion mixture was reflex for (5 h) at temperature 60 -
80 °C. After the completion of the reaction, abso-
lute methanol was removed by rotary evaporator;
yellow residue was collected and recrystallized
from absolute methanol (99%) to give yellow crys-
tals of Schiff base la-b.

Synthesis of NSAIDs -chloroacetyl chloride de-
rivatives comps. (11 - V1) @729

An appropriate amount of each NSAIDs 10
mmole(2.87 gm (Etodolac) — 2.55 gm (Ketorolac )-
2.57 gm (Tolmetin)) was mixed respectively with
trimethylamine (0.01mole,1.4ml), 25ml of di-
chloromethane was placed above the mixture in a
round bottom flask and then the mixture was
cooled to -10°C, using an ice bath . A mixture of
chloroacetylchloride (0.01mole/0.8ml) in chloro-
form 25ml was prepared and was added drop-wise
to the mixture over a period of 1hr, with continuous
stirring, the temperature of reaction mixture was
kept at -10°C during the addition; the resultant mix-
ture was stirred over night at -10°C. Then washing
using separatory funnel with three different solu-
tions as follows; 5% NaOH (3x50 ml), 5% HCI
(3x50 ml), Brine solution (2x25ml). The interme-
diate of the NSAIDs -chloroacetylchloride was
collected by evaporating the solvent using a hot air
stream. Then recrystallization was done with petro-
leum ether (60-80) °C and ethyl acetate (25:1)

Synthesis of mutual prodrugs target compounds (
1-Vvi)eo

The following mixtures were prepared: Compound
I 10 mmole ( 3.04 gm (a) , 3.38 gm (b) ) , Com-
pound Il Chloro - acetyl derivatives 10 mmole
(3.63 gm (a) — 3.31gm (b) — 3.33gm (c)) , TEA (10
mmole/1.4ml) , sodium iodide (10mmole/1.5gm) in
DMF 25ml was stirred overnight at 25 °C. Then
after, poured down into ice slush, stirred, and ex-
tracted using Chloroform solution (25 ml, used four
times).

The resultant organic layer was washed over with
50 ml of 2% NayS;0;3 (3x50 ml), 5% NaOH (3x50
ml), 5% HCI (3x50 ml), Brine solution (2x25ml).
The organic layer dried over anhydrous sodium
sulphate and was filtered using under pressure cir-
cumstances to remove the solvent to obtain the
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Gabapentin — NSAIDs mutual prodrugs (I1-V1)a,b.
The derivatives then re — crystallized from Petrole-
um Ether (60-80) and Ethyl — Acetate (25:1).

Preliminary Pharmacological Study
Anti-Inflammatory assessment Study©Y

The anti-inflammatory properties of the syn-
thesized compounds were assessed by evaluating
the decrease in paw thickness of rats with egg-
white-induced paw edema. This method involves
measuring the reduction in paw edema thickness in
vivo. The experiment protocol for evaluating the
acute anti-inflammatory activity of synthesized
derivatives (I1-1V)a-d was conducted using the egg-
white induced paw edema method in albino rats
(AR), which aligns with established methodologies
for assessing anti-inflammatory efficacy.

Methods ©¢2:33),

Sixty white albino rats weighing (160-2009)
were attained from / Baghdad University animal
house and kept in the Iragi Center for cancer and
Medical Genetics Research, they housed under
standard conditions with marketable chaw as food
and ad libitum water. Inflammation was measured
at the start and throughout the short time course by
subcutaneous injection of egg whites into the rat
paw under standard acclimation conditions.

These rats were aimlessly sorted into 10
groups each group conforming of six rats: Group
A: Six rats injected intra-peritoneally (IP) with
propylene glycol considered as control. Group B:
Six rats injected with reference drug (Diclofenac
sodium 3mg/Kg dissolved in propylene glycol.The
(C-H) Groups: Six rats from each group were in-
jected with prepared compounds dissolved in pro-
pylene glycol in the doses shown in the table. 1
A 0.05ml subcutaneous injection of undiluted egg-
white material into the plantar side of the left hand
paw for the rats' hind paws may cause substantial
skin discomfort, due to dominant inflammation.
Thirty minutes after the administration of the de-
sired compounds or the vehicle, the paw width was
measured using a Vernier caliper at intervals of (0,
30, 60, 120, 180, 240, and 300) minutes, respec-
tively, after drug administration.

Dose Calculation
The doses of these target compounds were calcu-

lated according to the following equation®4:
Dose of reference compound _

M.wt of reference compound -
Dose of tested compound

M.wt of tested compound

Diclofenac sodium is given at a dose of 3 mg/kg,
were the intended compounds are calculated in
equation as shown in the Table (1):
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Table 1. The molecular weights and doses for Diclofenac and the intended Compounds

Compounds M. Wt Rat dose(mg/kg)
Diclofenac sodium 318.1 3

lla 631.726 5.957

Ib 665.625 6.277

Illa 599.640 5.655

Ib 633.539 5.974

IVa 601.656 5.674

IVb 635.555 5.993

Antimicrobial activity (s)
The minimum inhibitory concentration (MIC),
alongside the agar diffusion method were used to
assess the antimicrobial activity of the final com-
pound ( lla — IVb) against various microorgan-
isms, including Gram-positive bacteria ( Staphylo-
coccus aureus , Streptococcus pneumoniae ,and
Bacillus subtilis ) , Gram-negative bacteria ( Esch-
erichia coli , Pseudomonas aeruginosa ,and
Klebsiella pneumoniae ), and fungi was Candida
albicans.
Standard Mcfarland solution (tube No. 0.5)
Standard Mcfarland solution No. 0.5 was
prepared according to Baron et al, 1994 as follows :

1- Solution (A) : dissolving 1.175 gm of barium
chloride in 90ml of D.W then completed to
100 ml .
2- Solution (B) : adding 1 ml of conc. H,SO; in
90ml of D.W and then completed to 100 ml .
The two solutions were mixed by adding 0.5 ml of
solution (A) to 99.5ml of solution (B).The prepared
solution was used to compare the turbidity of bac-
terial suspension in order to obtain an approximate
cell density of 1.5x108 CFU/ml.

Minimum inhibitory concentration reagent

The resazurin (Alamar Blue) solution was
prepared by dissolving 0.015 g of resazurin in 100
ml sterile distilled water, a vortex mixer was used
until well dissolved and stored at 4°C for a maxi-
mum of one week after preparation ¢,

Preparation of the Culture Media

All of the culture media were prepared ac-
cording to the manufacturing company instructions.
All these media were autoclaved at 121°C for 15
minutes at 15 pound per square inch (Psi). There
were incubated for 24h at 37°C for the sterility test
and store at 4°C until use ©7.

MIC test

At concentrations ranging from 10- 1000
mcg/ml, several diluted solutions were created
from a stock solution (10 mg/ml) of each deriva-
tive. These solutions were prepared on a microtiter
plate. The use of Mueller-Hinton broth as the dilu-
ent and the inoculation with a bacterial suspension
equivalent to McFarland standard no. 0.5
(1.5x1078 CFU/mI) is consistent with established
protocols for MIC determination ©®. The addition
of resazurin dye, a redox indicator that changes
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color in response to bacterial metabolic activity,
allows for the visual determination of bacterial
growth inhibition. The incubation period of 18 to
20 hours at 37°C is standard for such assays, ensur-
ing sufficient time for bacterial growth and interac-
tion with the antimicrobial agents. Following the
incubation period, 20 pl of resazurin dye was intro-
duced into each well. The subsequent 2-hour incu-
bation with resazurin dye to observe color changes
from blue to pink provides a clear visual endpoint
for determining sub-MIC concentrations, which are
the lowest concentrations at which bacterial growth
is inhibited but not completely eradicated®s),

Therefore, conducting an MIC test prior to the well
diffusion method provides a robust foundation for
understanding the effective concentration of antibi-
otics, facilitating more accurate and reliable anti-
microbial susceptibility testing and aid in the de-
velopment of new antimicrobial agents®®40),

Sensitivity Assay®*Y

The well diffusion assay used a bacterial
culture of 1.5x10"8 CFU/mI from the McFarland
turbidity standard (Number 0.5). The procedure
involved applying the substance to the surface of
MHA plates using a swab and allowing the excess
fluids to dry in a sterile hood. Four wells were cre-
ated in each agar plate containing the microorgan-
isms under examination, and 80uL of the test
chemical was added to each well. The plates were
then placed in an incubator at 30 °C for 72 hours
for fungal species and at 37 °C for 24 hours for
bacterial species. The zone of inhibition (ZI) width
around each well was measured in millimeters to
assess the antimicrobial activity.

Statistical analysis

All the experiments were performed and reported
triplicate. The average mean values were reported
along with standard deviation values. The t-test
was conducted after verifying the normality and
homogeneity of the data to assess its significance
and compare the means (* <0.05;** <0.01; ***
<0.001). The software used for statistical analysis
is ( R Studio 4.5 was used for the correlations and
the figures by OriginLab 2021Software ).s
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Results and Discussion
In Silico Design
Docking study

The docking results for the final derivatives
(Na-1vd), including: the binding mode, docked
pose, and binding free energy, were examined to
assess the interaction between our synthesized lig-
ands and the amino acid residues of the COX-1
protein (PDB code: 3N82Z) , COX-2 protein (PDB
code: 4m11) and of the penicillin binding protein 3
of Mycobacterium tuberculosis (6KGV). The dock-
ing finding demonstrates that ligand-protein bind-
ing happens in a manner consistent with executed
constriction that interacts with the preferred man-
ner. The float rating and docking score of recently

New conjugate of gabapentin-NSAIDs

developed gabapentin -NSAIDs derivatives (lla-
IVb) were compared to usage of glide rating and
docking score and potential strength activity. In
docking study, the result shows that binding of
ligand to protein occurs as consistent with carried
out constriction with interplay with preferred way.

Anti-inflammatory study

The newly developed ligands and Esflurbi-
profen ( FLP ) use as a reference were docked
against three-dimen-sional structures of cyclogene-
ses' enzyme COX1; and the Diclodenac use as a
reference were docked against two-dimensional
structures of cyclogeneses' enzyme COX 2 as
shown in Table 2 and Figure 2.

Table 2. Anti-inflammatory docking scores of gabapentin-NSAIDs derivatives docked with receptors
COX1 (PDB code 3N8Z) Esflurbiprofen ( FLP )as reference ; and COX2 (PDB code: 4m11) Diclofenac as

a reference .

COX-1 COX-2
ID AG Types of interaction ID AG Types of interaction
(Kcal/ (Kcal/
mol) mol)
Esflurbi- -10.1 Salt bridge : with Diclofenac | -6.228 Halogen bond:SER530
profen ( ARG120. H-bond:ARG120 , TYR355.
FLP) H-bond : with Pi-cation:ARG120
TYR355, ARG120.
lla -4.84 H-bond : with Arg120 | lla -6.594 H-bond : with ARG120.
Pi- cation : ARG120,
PHE518.
I1b N.A - Ib 0.39 -
Ia -10.78 H-bond:Arg120 Ia -7.249 H-bond with:Arg120,
Pi-cation: with TYR355.
Arg83 Pi-cation with:
LYS83, TYR386.
b -9.137 H-bond : with Ib -0.787 Halogen bond : with ARG513.
Arg120,TYR355,Argl H-bond : SER530.
20.
Pi-Pi stacking : with
TRP387, TYR385.
IVa -9.84 H-bond : with Arg120 | IVa -4.148 H-bond: with TYR385,
SER530, PHE5S18.
IVb -9.35 H-bond : with Arg120 | IVb -2.091 Halogen bond : with PHE518.
H-bond : with SER530.
Pi-cation :with ARG120.

2d structure

Esflurbiprofen ( FLP)

- -
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Figure 2. Anti-inflammatory docking/2d structure for compounds with cox1.
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Figure 3. Anti-inflammatory docking/2d structure for compounds with cox¥.

The docking data (Table 2) demonstrate
compound llla's potential affinity, as it scored -
10.78 kcal/mol, somewnhat better than that of the
reference compound FLP, which scored -10.1. Illa
demonstrated a strong affinity by squeezing into
the binding pocket and connecting with Arg120 to
create an essential hydrogen bond. Furthermore, its
nitrobenzene ring interacted pi-cationally with
Arg83's protonated state, increasing the binding
stability of the molecule. Illa was unique because
of its long conformation in the binding pocket,
which allowed for wide interactions with other res-
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idues. In contrast, the contact range of other ligands
was limited due to their adoption of more folded
conformations. Significantly, the inflexible triple
fused ring ligands were unable to create a preferred
extended structure within the binding site, probably
as a result of their lack of flexibility.

Regarding FLP, it has showed a clear inter-
action with Arg120, highlighting the importance of
this residue in the function of proteins. Remarka-
bly, every ligand except for that from compound
lla and 1lb was able to establish a minimum of one
hydrogen bond with Argl120 inside the binding
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region, indicating that Arg120 plays a crucial role
in ligand-protein interactions. These results high-
light the favorable binding affinity of compound
I11a and also underscore the importance of structur-
al flexibility in enhancing ligand-protein interac-
tions. Furthermore, finding important residues like
Arg120 is very helpful for making smart designs
for strong COX-1 inhibitors that work better as
medicines. Unfortunately, Ilb has failed to find
suitable conformation for binding to the enzyme
and as a result it has failed to give any score. The
re-docking process confirmed the robustness of the
initial docking results, emphasizing the favorable
binding affinity of compound lIlla, and this can be
considered as a validation process for the docking

New conjugate of gabapentin-NSAIDs

technique as well. The docking data (Table 2) also
demonstrate compound Illa and lla potential affini-
ty with COX-2, as it scored -7.249 and -6.594
kcal/mol respectively , somewhat better than that of
the reference compound Diclofenac, which scored -
6.228. Illa demonstrated a strong affinity by
squeezing into the binding pocket and connecting
with Arg120 and TYR355 to create an essential
hydrogen bond
Antibacterial study

In antibacterial study, amoxicillin use as a
reference and the synthesized compounds docked
against penicillin binding protein 3 of Mycobacte-
rium tuberculosis (PDB code 6KGV) ; as shown in
table 3.

Table 3.Anti-bacterial docking scores: penicillin binding protein 3 of Mycobacterium tuberculosis (PDB

code 6KGV), Amoxicillin as reference

AG (Kcal/ mol) | Docking score Types of interaction
Amoxicillin -3.8 H-bond : GLN597 , THR593 , THR595 , SER386 , ASN441.
(reference)
Ila -5 H-bond : THR593 , HIP422.
b -5.81 H-bond : GLN597 , ASN443 , THR593.
Ia -8.22 H-bond : HIS645 , ASN443 , GLN597 , THR593.Pi-Pi stack-
ing : with HIS645.
I1b -5.16 H-bond : ASN443 , SER441 , THR533 , GLN597.
IVa -4.5 H-bond : GLN597 , THR593 , ASN443 , HIS645 , SER441.
IVb -2 H-bond : SER441 , ASN443 , THR593 , HIS645 , GLN597
2d structure
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Figure 4. Anti-bacterial dockmg/2d structure for compounds.
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By examining the first crystal structure of 6KGV
(also known as PBP3 in the Protein Data Bank), it
was possible to gain understanding of the interac-
tion between the protein and its co-crystallized lig-
and, amoxicillin. Several significant interacting
residues have been detected. The amino acid resi-
dues Thr595, Thr593, GIn597, and Asn443 estab-
lish hydrogen bonds with the ligand, thereby en-
hancing its stability within the binding pocket. lla
has scored -5 kcal/mol upon docking into the bind-
ing site of the PBP3 of mycobacterium. A hydro-
gen bond has been established between the nitro
group and HIP422, and the anhydride group and
THR593.

IIb has obtained a score of -5.81, demon-
strating the presence of H-bonds involving imine-
GLN597, ester-ASN443, and anhydride-THR593.
I11a has achieved a score of -8.22, indicating that it
is a highly bound ligand. It formed four hydrogen
bonds with specific amino acids (ketone-HIS645,
anhydride-THR593, ester-ASN443, Imine-
GLN597), and a n-m stacking interaction was also
found between acetophenone and HIS645. Ilib
achieved a score of -5.16 and identified four hy-
drogen bonds: Imine-GLN597, ester-ASN443, An-
hydride-SER441, and anhydride-THR593. IVa has
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achieved a score of -4.5 and formed a total of 5
hydrogen bonds. These hydrogen bonds include
Imine-GLN597, ester-ASN443, Anhydride-
SER441, anhydride-THR593, and Acetophenone-
HIS645. IVb received the lowest score of -2 and
formed three H-bonds (Anhydride-ASN443, Anhy-
dride-SER441, Ester-THR595), one n-m stacking
(bromobenzne-TRP425), and one halogen bond
(Br-LYS440). The test ligands, except for 1Vb,
competed with and had stronger affinities for PBP3
than amoxicillin, which was used as a standard.
The poor score of 1Vb can be attributed to its ina-
bility to adopt a stable conformation within the
binding pocket, resulting in a less stable and less
robust binding complex with the protein. Refer to
Figure 3 for further details. The data indicate that
these ligands, especially Illa, can function as pow-
erful inhibitors of PBP3 and exhibit significantly
higher binding efficiency compared to Amoxicillin.

ADMET study

The prediction of ADMET properties using
in silico methods is a crucial step in the drug de-
velopment process, significantly enhancing the
efficiency and accuracy of identifying viable drug
candidates; as shown below in table 4.

Table 4. in silico ADMET prediction results of the final compounds.

Cpds. Mol.wt | Rotat- | Do Ac- TPSA LogP values | Rule logS values
able | nor | cept A? - — of - —
iLO Sili- - ESO | Ali | Silicos-IT
bond | HB HB GP | cos-IT Five L
lla 631.72 15 1 9 152.87 | 4.73 | 6.62 2 - -9.1 -9.67
6.86
b 665.61 14 1 7 107.05 |5.55 | 9.44 1 - -9.03 | -11.1
7.69
lla 599.63 14 0 9 149.85 | 4.25 | 4.19 2 - -7.66 | -7.73
5.93
b 633.53 13 0 7 104.03 | 4.53 | 7.01 1 - -7.59 | -9.16
6.76
IVa 601.65 15 0 9 149.85 | 4.23 | 4.97 2 - -8.4 -8.31
6.32
1Vb 635.54 14 0 7 104.03 | 5.09 | 4.79 1 - -8.33 | -9.74
7.16
Rec- 150-500 | no 0-6 |2-20 | 20-130 |-2-6.5 Max | Insoluble<-10
om- more Az 4 Poorly<-6
mend- than 9 Moderately<-4
ed rotata- Soluble<-2
values ble Very soluble <0
bonds

HBD: Estimated number of hydrogen bonds that would be donated by the solute to water molecules in an aque-
ous solution.HBA: Estimated number of hydrogen bonds that would be accepted by the solute from water mole-
cules in an aqueous solution.- logP iLOGP o/w: Predicted logarithm octanol/water partition coefficient.- Rule
of Five: Number of violations of Lipinski's rule of five.- logS (Ali): water solubility (calculated with the Ali

model).
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The compounds have a molecular weight
ranging from 599.63 to 665.61 g/mol, suggesting
the existence of relatively large molecules. The
count of heavy atoms and aromatic heavy atoms
ranges from 42 to 46, with a significant proportion
being aromatic, namely 15 to 17. The value of the
Csp3 percentage ranges from 0.36 to 0.49, suggest-
ing a moderate degree of saturation. The number of
rotatable bonds ranges from 13 to 15, indicating a
good level of flexibility. The hydrogen bond accep-
tor count is within the range of 7 to 9, but the hy-
drogen bond donor count is either 0 or 1, suggest-
ing a modest propensity for hydrogen bonding. The
topological polar surface area (TPSA) exhibited
significant values, ranging from 104.03 to 149.85,
indicating a considerable extent of polar surface
area. This has the potential to negatively impact the
ability of substances to pass through and be ab-
sorbed by a material or organism. The LogP values
for iLOGP, XLOGP3, WLOGP, MLOGP, and Sili-
cos-1T are being referred to. The Log P values of
these compounds range from 4.23 to 9.85, indicat-
ing a significant level of lipophilicity. The logS
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values (ESOL, Ali, Silicos-IT) projected that the
compounds will have low aqueous solubility, sug-
gesting poor solubility. In the end, it is envisaged
that these compounds will have minimal absorption
in the gastrointestinal tract and will not be able to
penetrate the blood-brain barrier. The bioavailabil-
ity score usually varies from 0.17, whereas the syn-
thetic accessibility score ranges from 4.40 to 5.43.
Synthetic studies

The overall process for synthesizing the intermedi-
ates and targeted compounds were depicted in
Scheme 1 ; Gabapentin was reacted with two types
of  para-substituted  benzaldehyde ( p-
Nitrobenzaldehyde, and p-bromobenzaldehyde) to
protect the free amine group via converting it to
imine (Schiff base) (la-b) , Esterification by the
reaction of NSAID with chloroacetyl chloride to
give the corresponding ester 11-1V , The reaction of
I1-1V with la-b\to give the final product (lla-1Vb).
The characterization and functional groups of the
proposed compounds were identified by using the
IR spectroscopy, their structures were confirmed by
!H-NMR spectra .

o
//O
HoN oH HC x—@—ﬁ_—r\n oH
-
N (1]
Reflux
compound I (a-b)
Gabapentin (4) X
2 i o
\\C—OH C ClI -10C _ C C Cl
CI/ \C/ TEA 11 —— R/ \O/ \C/
o , 1hr stirring =1
R 2
NSAIDs 2-chloroacetyl chloride compound II -IV

II-1v

Compound ( II-IV)a,b

Where X is a :NO, & b :Br .

R = 1I :Etodolac

Rasy R

Yr)@={%

, IIl: Ketorolac & IV :Tolmetin

Schemel. Synthesis of intermediates la-b and targeted compounds lla-1Vb

Synthesis of gabapentin- p-substituted benzalde-
hyde schiff base

e Compound (la) : 2- (1- ( ( ( 4-nitro
benzylidene) amino) methyl) cyclohexyl) acetic
acid

o
HO—Ll—[ ],—N=(H:4®7NOQ

light brawn powder. , yield=86%,m.p=(92-93) °C,
(Rt =0.5,Chloroform:ethyl acetate:ether 10:5:1 ),
IR(v=cm-1): broad band at 3329.5 — 3260.5 cm—1
owing to OH group , 3064.32 (Stretching vibration
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of CH (aromatic) ) , 2846.93 and 2735.06 (C-H
Str of CHy), 1705.07 (C=0)str. of COOH, 1647.21
(C=N)str. of imine, 1604.77 (C=C)str, 1517 asym
and 1381.03 sym. Str. Vib.NO) str. 3105(C-0)
str. of COOH .

e Compound (Ib) : 2-(1-(((4-bromobenzylidene)
amino)methyl)cyclohexyl)acetic acid

(o]
Ho—ﬂ N=04®7m
f f H

brawn powder, yield=82%,m.p=(155-157) °C,( Rs
=0.8, Chloroform:ethyl acetate:ether 10:5:1 ),


https://doi.org/10.31351/vol33iss(4SI)pp362-382

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

IR(v=cm™): broad band at 336794.5 — 3247.5
cm—1 owing to tw OH group 2816.07, and
2904.80 (C-H str. of CHy), 1658.78 (C=0)str. of
COOH, 1589.34 (C=N)str. of imine, 1581.26
(C=C)str,725.23 (C-Br)str.

The reaction of the primary amine group
in gabapentin is crucial to prevent side reactions
during the synthesis of target compounds, the for-
mation of imines from the reaction of primary
amines with aldehydes or ketones is influenced by
several factors, including electronic and steric ef-
fects. Schiff bases derived from aromatic substi-
tuted benzaldehydes have a wide range of applica-
tions, including in the fields of coordination chem-
istry, catalysis, and biological activities. Aromatic
substituted benzaldehydes are generally more
readily available and easier to handle compared to
aliphatic aldehydes, making them a convenient
choice for the synthesis of Schiff bases ?°42), This
stability is attributed to the resonance stabilization
provided by the aromatic ring, making aromatic
imines more suitable for various applications.“®,

Glacial acetic acid plays a multifaceted
role in the synthesis of Schiff bases, which is cru-
cial for ensuring efficient and selective reactions.
It helps maintain an acidic pH environment. This
acidic environment is necessary for the formation
of the imine (Schiff base) as it facilitates the nu-
cleophilic attack of the amine on the carbonyl car-
bon of the aldehyde or ketone, making the carbon-
yl carbon more electrophilic and susceptible to
nucleophilic attack. Additionally, the protons pro-
vided by glacial acetic acid act as a catalyst, pro-
moting the dehydration step where water is elimi-
nated to form the imine product. The use of glacial
acetic acid also improves the selectivity of the
Schiff base formation, suppressing side reactions
and maximizing the yield of the desired product
(20.44)

The IR spectrum of the intermediates la,
and Ib indicated to the disappearance of broad,
strong absorption due to the N-H stretching vibra-
tion of the primary amine group (-NH) around
3300 cm-1 , and to the revealed bands that at-
tributed C=N Stretching vibration of imine group
str. at( la: (1647.21), and Ib: (1589.34))cm-1 re-
spectively.

Synthesis of  NSAIDs -chloroacetyl chloride
derivatives comps. (11 - VI)

*Compound (Il) 2-chloroacetic 2-(1,8-diethyl-
1,3,4,9-tetrahydropyrano(3,4-b)indol-1-yl)acetic
anhydride

Brawn powder, yield=72%,m.p=167-169 °C
,( Rt = 0.6, Toluene : ethyl acetate 2:1 ) ,
IR(v=cm™): 3340(asy N-H of pyrrole), 3055.24
Stretching vibration of CH (aromatic) , 2970.38
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and 2931.80 Stretching vibration of CH,,CHz (ali-
phatic) , 1739.79 and 1705.07 ( ester C=0)
str,1589.37 (C=C) str, 1458.18 C-N-C asymmetric
stretch (aromatic), 1411.89 Aromatic C-C stretch-
ing vibrations , 1261.45 C-O-C asymmetric stretch
for anhydride , 1033.85 C-O-C  asymmetric
stretch ether , 837.11 C-C-O symmetric stretch
ether , 794.67 C-CI Stretching vibration .

«Compound  (I11)  5-benzoyl-2,3-dihydro-1H-
pyrrolizine-1-carboxylic 2-chloroacetic anhydride

\ / I \L(\

Brawn, yield=69%,m.p.=(150-152)°C, (Rt = 0.8,
Toluene : ethyl acetate 2:1) , IR(v=cm™?): 3055.24
Stretching vibration of CH (aromatic) , 2924.09
and 2951.09 C-H stretching vibrations of CH:
,CHs ( aliphatic groups ) , 1739.79 Saturated
symmetric C=0 stretch(strongest) , 1670.35 Satu-
rated asymmetric C=0O stretch, 1593.20 C=C
stretching vibrations of the aromatic ring , 1566.20
C-N-C asymmetric stretch (aromatic) , 1473.62
aromatic C-C stretching vibrations , 1265.30 C-O-
C asymmetric stretch for anhydride , 790.81 C-Cl
Stretching vibration.

*Compound (1V) 2-chloroacetic 2-(1-methyl-5-(4-
methylbenzoyl)-1H-pyrrol-2-yl)acetic anhydride

T T T

White powder, yield=76%,m.p= (174-176) °C , (
R¢=0.8, Toluene : ethyl acetate 2:1), IR(v=cm-Y):
3115.04 and 3028.24 Stretching vibration of CH
(aromatic) , 2958.80 C-H stretching vibrations of
CH, ,CHjs (aliphatic groups ) , 1730.15 Saturated
symmetric C=0 stretch(strongest) , 1703.14 Satu-
rated asymmetric C=0 stretch , 1512.49 C=C
stretching vibrations of the aromatic ring , 1568.13
C-N-C asymmetric stretch (aromatic) , 1487.12
Aromatic C-C stretching vibrations , 1265.30 C-O-
C asymmetric stretch for anhydride , 736.81 C-Cl
Stretching vibration.

Chloroacetyl chloride is a highly reactive acylating
agent, making it suitable for esterification reac-
tions due to its increased electrophilicity, which
facilitates nucleophilic attack by OH of alco-
hols.Chloroacetylchloride can be used in the pres-
ence of other functional groups, such as halogens,
without causing unwanted side reactions or affect-
ing the esterification process “®.The synthesis of
the intermediate as NSAIDs -chloroacetyl chloride
(I-1V)  were synthesized from three types of
NSAIDs (a-Etodolac, b-Ketorolac , and c-
Tolmetin ) with chloroacetylchloride .The conver-
sion of chloroacetyl chloride into ester, will occur
through nucleophilic acyl substitution reactions
which involve tetrahedral intermediate Nucleo-
philic substitution at the acyl carbon atom in a-
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chloroacetyl chloride is highly selective due to the
pronounced electrophilicity of the carbonyl car-
bon, which is significantly influenced by the pres-
ence of two electron-withdrawing groups: the
doubly bonded oxygen and the chlorine atom. This
heightened electrophilicity makes the carbonyl
carbon more susceptible to nucleophilic attack
compared to the alkyl one in alkyl chlorides “9.

The reaction is carried out with trimethylamine
(TEA) which is useful in acylation reactions, par-
ticularly for neutralizing hydrogen chloride, is
well-documented and advantageous due to its nu-
cleophilicity and ability to act as an electron-
releasing group (ERG). TEA's nucleophilicity is
higher compared to NSAIDs , making it a pre-
ferred choice in such reactions “”. The necessity
of maintaining low temperatures by , such as be-
low -10°C, is crucial because it helps control the
reaction Kkinetics and prevents the decomposition
of reactive intermediates, optimizing esterification
reactions, ensuring high yields, and maintaining

the stability of the reactants and catalysts involved
(48)

The IR spectrum of the intermediates Il, 1l and 1V
indicated to the disappearance of broad bands of
NSAIDs hydroxyl group (-OH) and to the revealed
bands that attributed ester(C=0) str. at( Il:
(1739.79 , 1705.07), I1l: (1739.79 , 1670.35) , and
IV: (1730.15, 1703.14))cm™* respectively.

Synthesis of Target Compounds (l1a-1Vb)
*Compound (1a) 2-(1,8-diethyl-1,3,4,9-
tetrahydropyrano(3,4-b)indol-1-yl)acetic 2-(2-(1-
((4nitrobenzylidene-) amino) methyl) cyclohexyl)
acetoxy) acetic anhydride

Yellow powder, yield=86%, m.p.=(180-182) °C, (
Rt = 0.5 , Chloroform : methanol 85:15 )
IR(v=cm™): 3340.71 ( N-H of pyrrole) asymmetric
stretching vibrations , 3093.82 Stretching vibration
of CH (aromatic) , 2924.09 C-H stretching vibra-
tions of CH; ( aliphatic groups ) , 1793.80 Saturat-
ed symmetric C=0 stretch (strongest) , 1732.08
Saturated asymmetric C=0 stretch , 1678.07 C=N
Stretching vibration of imine group , 1593.20&
1570.06 C=C stretching vibrations of the aromatic
ring, 1477.47 C-N-C asymmetric stretch (aro-
matic) ,1400.32 Asymmetric N-O stretching vibra-
tion of the nitro group, 1342.46 Symmetric N-O
stretching vibration of the nitro group , 1265.30 C-
O-C asymmetric stretch for anhydride , 1083.99
C-0O-C asymmetric stretch ether .

1IHNMR(500 MHz, DMSOd6; §,ppm) : 1.16-1.42
( m,6H methyl groups), 1.85-1.90(m, 6H
,cyclohexane ring of gabapentin) , 1.94-(m,4H
cyclohexane ring of gabapentin), 2.15 ( CH; of
ethyl group of pyran ), 2.27 (s,2H, o CH> to cy-
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clohexane ring of gabapentin), 2.41 (t, 2H , CH>
of pyran ring), 3.00 (s, 2H , o -CH> to pyran ring) ,
3.03 (t,2H,CH; of ethylbenzene ), 3.05 (s, 2H , o
CH; to C=N), 3.77 (t, 2H , CH: of pyran ring),
5.42 (s,2H , o CH; to two ester groups ) , 6.79 (d,
2H , benzene ring), 7.14-7.18 (m, 1H , benzene
ring) , 7.64 (d, 2H , m-nitrobenzene ring), 7.86 (d
,2H,0- nitrobenzene ring), 8.20 (s,1H ,Schiff base
proton) and 10.94 (s, 1H ,NH pyrrole).

*Compound (1b): 2-(2-(2-(((4-
bromobenzylidene) amino)methyl)  cyclohex-
yl)acetoxy) acetic 2-(1,8-diethyl-1,3,4,9-

tetrahydropyrano(3,4-b)indol-1-yl)acetic
dride

anhy-

Brown powder, yield=81%,m.p=(211-213) °C, (R¢
=0.7, Chloroform : methanol 85:15), IR(v=cm?):
3305.99 ( N-H of pyrrole) asymmetric stretching
vibrations , 3020.53 Stretching vibration of CH
(aromatic) , 2920.23 and 2854.65 C-H stretching
vibrations of CH; ( aliphatic groups ) , 1691.06
Saturated symmetric C=0 stretch (strongest),
1651.07 Saturated asymmetric C=0O stretch ,
1630.09 C=N Stretching vibration of imine group ,
1580.49&1512.19 C=C stretching vibrations of the
aromatic ring, 1485.19 C-N-C asymmetric stretch
(aromatic) , 1280.73 C-O-C asymmetric stretch for
anhydride , 1072.42 C-O-C asymmetric stretch
ether , 844.82 C-O-C symmetric stretch ether ,
675.09 C-Br.

1HNMR (500 MHz, DMSOd6; 6,ppm) : 1.12-1.32
( m,6H methyl groups), 1.74-1.79(m, 6H
,cyclohexane ring of gabapentin) , 1.81-1.84
(m,4H cyclohexane ring of gabapentin), 2.27 ( t
2H , CH; of ethyl group of pyran ), 2.35 (s,2H, o
CH; to cyclohexane ring of gabapentin), 2.57 (t,
2H , CH; of pyran ring), 2.78(S, 2H , a -CH. to
pyran ring) , 2.83 (t, 2H, CH; of ethylbenzene ) ,
3.05(S,2H, o CH, to C=N) , 3.48 (t, 2H, CH; of
pyran ring),4.92 (s,2H , a CH to two ester groups)
, 6.73 (d, 2H , benzene ring), 6.76-6.82 (m, 1H ,
benzene ring) , 7.57 (d, 2H , o-bromo-benzene
ring), 7.68 (d ,2H,m- bromobenzene ring),8.68
(s,1H ,Schiff base proton) and 9.68 (s, 1H ,NH

pyrrole).

« Compound (Illa): 5-benzoyl-2,3-dihydro-1H-
pyrrolizine-1-carboxylic 2- ( 2- (1 - (( ( 4 -
nitrobenzylidene) amino)-methyl)cyclohexyl) ace-
toxy)acetic anhydride

Mﬁ("?o)@/“&% %”"2
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Pale yellow powder, yield=81%, m.p = (234.5-
236)°C ,( Rf= 0.8, Chloroform : methanol 85:15)
JR(v=cm™): 3105.39 and 3082.25 Stretching vi-
bration of CH (aromatic) , 2850.79 C-H stretching
vibrations of CH; ( aliphatic groups ) , 1778.37
Saturated symmetric C=0 stretch (strongest) ,
1705.07 Saturated asymmetric C=0O stretch ,
1604.77 C=N Stretching vibration of imine group ,
1582.67 &1527.62 C=C stretching vibrations of
the aromatic ring , 1446.61 C-N-C asymmetric
stretch (aromatic) , Aromatic C-C stretching vibra-
tions , 1342.46 the asymmetric and symmetric
stretching of the nitro (NO2) group , 1284.59 C-O-
C asymmetric stretch for anhydride .

1IHNMR (500 MHz, DMSOd6; 8,ppm) : 1.21-1.27
(m, 6H ,cyclohexane ring of gabapentin) , 1.58-
1.68 (m,4H cyclohexane ring of gabapentin), 1.87
(dt,2H ,CH. of pyrrolizine ring ),3.58 (s,2H, «
CH; to cyclohexane ring of gabapentin), 3.63 (S,
2H, a CH; to C=N), 3.80 (t,1H ,CH of pyrroliz-
ine ring ) ,3.87 (t,2H ,CH; of pyrrolizine ring ),
4.80 (s,2H , a CH; to two ester groups ),7.09 (d,
1H ,pyrrolizine ring), v¥.46(d, 1H ,pyrrolizine ring
B of a, - unsaturated system), 7.20-7.12 (m, YH ,
benzene ring) , 7.86(d, 2H , benzene ring), 8.05 (d
,2H,m- nitroobenzene ring), 8.27 (d ,2H,0- ni-
troobenzene ring), 8.48 (s,1H ,Schiff base pro-
ton).

e Compound (I11b): 25-benzoyl-2,3-dihydro-1H-
pyrrolizine-1-carboxylic 2-(2-(1-(((4-bromobenzy
lidene) amino) methyl) cyclohexyl)acetoxy)acetic
anhydride

AP0

Brawn powder, yield=79%,m.p=(187-188)°C, ( Rs
= 0.7, Chloroform : methanol 85:15) , IR(v=cm"
1): 3086.11 and 3039.81 Stretching vibration of
CH (aromatic) , 2924.09 and 2885.51 C-H stretch-
ing vibrations of CH, ( aliphatic groups ), 1724.34
Saturated symmetric C=0 stretch (strongest) ,
1701.22 Saturated symmetric C=0 stretch ,
1631.78 C=N Stretching vibration of imine group ,
1570.06 &1512.49 C=C stretching vibrations of
the aromatic, 1465.90 C-N-C asymmetric stretch
(aromatic) , 1257.59 C-O-C asymmetric stretch for
anhydride , 586.36 C-Br stretching.

1IHNMR (500 MHz, DMSOd6; 8,ppm) : 1.25-
1.27(m, 6H ,cyclohexane ring of gabapentin) ,
1.31-1.33(m,4H cyclohexane ring of gabapentin),
1.36 (dt,2H ,CH. of pyrrolizine ring ),1.58 (s,2H,
a CH; to cyclohexane ring of gabapentin), 1.60
(S, 2H, a CHz to C=N) , 2.22 (t,1H ,CH of pyr-
rolizine ring ) ,4.14 (t,2H ,CH; of pyrrolizine ring
), 5.32 (s,2H , o CH; to two ester groups) , 7.43 (d,
1H ,pyrrolizine ring), 7.77 (d, 1H ,pyrrolizine ring
B of o,f- unsaturated system),7.81-7.85 (m, YH
,benzene ring) ,8.17 (d, 2H , benzene ring), 8.22
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(d, 2H , m-bromobenzene ring), 8.29 (d ,2H,0-
bromobenzene ring), 8.53 (s,1H ,Schiff base pro-
ton).

* Compound (IVa): 2-(1-methyl-5-(4-methyl ben-
zoyl )-1H-pyrrol-2-yl)acetic 2-(2-(1-(((4 nitroben-
zylidene ) amino) methyl) cyclohexyl) ace-
toxy)acetic anhydride

jontannaas

Yellow-pale orange powder, Yyield=84%,m.p=
(233-235) °C , (R=0.8, Chloroform : ethyl ace-
tate : ether 62.5 : 31.25 : 6.25 ) IR(v=cm™):
3078.39 and 3005.10 Stretching vibration of CH
(aromatic) , 2962.66 , 2808.38 and 2885.51 C-H
stretching vibrations of CH, ( aliphatic groups ) ,
177451 Saturated symmetric C=0 stretch
1670.35 Saturated asymmetric C=0 stretch
1585.49 C=N Stretching vibration of imine group ,
1591.23 &1561.48 C=C stretching vibrations of
the aromatic ring , 1496.76 C-N-C asymmetric
stretch (aromatic) , 1531.48 &1400.32 the asym-
metric and symmetric stretching of the nitro (NO>)
group , 1269.16 C-O-C asymmetric stretch for
anhydride .

1IHNMR (500 MHz, DMSOd6; 6,ppm) : 1.10-1.19
(m, 6H ,cyclohexane ring of gabapentin) , 1.20-
1.23 (m,4H cyclohexane ring of gabapentin), 2.33
(s,2H, o CH> to cyclohexane ring of gabapentin),
3.05 (s,3H , toluene ring), 3.47 (S, 2H , a CHz to
C=N), 3.60(S, 2H, a CH,to C=0), 3.88 (s5,3H,
N-CHjs), 4.89 (s,2H , oo CH2 to ester ), 7.26 (d, 1H
pyrrole ring), 7.55 (d, 1H ,pyrrole ring ,f of o, -
unsaturated system),7.61 (d, 2H ,benzene ring)
,7.81 (d, 2H , benzene ring), 7.94 (d, 2H , o-
bromobenzene ring), 8.05 (d ,2H,m- bromoben-
zene ring), 8.42 (s,1H ,Schiff base).

e Compound (I1Vb): 2-(2-(1-(((4-bromo benzyli-
dene) amino) methyl) cyclohexyl)acetoxy)acetic
2-(1-methyl-5-(4-methylbenzoyl)-1H-pyrrol-2-
ylacetic anhydride

Wre g

Brawn, yield=77%,m.p= (198-199.5) °C  (
Ri=0.6, Chloroform : ethyl acetate : ether 62.5 :
31.25:6.25), IR(v=cm™?): 3020.31 Stretching
vibration of CH (aromatic) , 2908.65 and 2858.51
C-H stretching vibrations of CH, ( aliphatic
groups ) , 1735.93 Saturated symmetric C=0
stretch , 1685.83 Saturated asymmetric C=0
stretch , 1631.78 C=N Stretching vibration of
imine group, 1570.06 &1527.62 C=C aromatic
stretching vibrations , 1485.19 C-N-C asymmetric



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

stretch, 1269.16 C-O-C asymmetric stretch for
anhydride, 605.65 C-Br stretching.

1IHNMR (500 MHz, DMSOd6; §,ppm) : 1.30-
1.39(m, 6H ,cyclohexane ring of gabapentin) ,
1.95-2.35 (m,4H cyclohexane ring of gabapentin),
2.63 (s,2H, a CH; to cyclohexane ring of gabapen-
tin), 2.92 (s,3H , toluene ring), 3.35 (S, 2H , a
CHzto C=N), 3.69 (S, 2H , o CH, to C=0) , 3.83
(s,3H, N-CHgs), 593 (s, 2H , o CH: to ester ) ,
7.24 (d, 1H ,pyrrole ring), 7.29 (d, 1H ,pyrrole ring
LS of op- unsaturated system),7.43 (d, 2H
,benzene ring) , 7.48 (d, 2H , o-bromobenzene
ring), 7.54 (d ,2H,m- bromobenzene ring), 7.58 (d,
2H , benzene ring), 8.45 (s,1H ,Schiff base ).

The IR spectrum of final derivatives (Ila - 1Vb)
indicated the disappearance of broad band of OH
group of: Etodolac (3255.84-3209.55) cm, ke-
torolac  (3371.57-3216.58) cm™,  tolmetin
(3226.73-3255.24) cm?  and the appearance of
band attributed ester(C=0)str for (lI-1V)a,b re-
spectively: {(1732.08 ,1793.80) , (1732.08
,1793.80) , (1778.37 , 1705.07) , (1724.34
1701.22) , (1774.51 , 1670.35) and (1716.65 ,
1631.78) cm™ Yon the other hand, the interpreta-
tion of the *THNMR spectrum for compounds Ila-
Vb revealed a singlet peak due to the (CH; a to
ester group) and there is no peak appeared at the
range of proton of carboxylic group .

In the synthesis of the target compounds,
which are mutual prodrugs of gabapentin , were
synthesized with the aid of different types of
NSAIDs such as (Etodolac, Ketorolac and
Tolmetin) and para substituted benzaldehyde in
addition to chloroacetyl spacer (-OCH.COO-).
The conversion of chlorinated esters to iodinated
esters using triethylamine (TEA) and sodium io-
dide in dimethylformamide (DMF) , then mix the
iodinated ester with gabapentin in the presence of
TEA\DMF .Replacement of chloride with iodide
by reacting the chlorinated ester (resulted from
step 2) with anhydrous Nal because removal of
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iodide in the next step is easier than that of chlo-
ride. (Finkelstein reaction, halo-de-halogenation)
49 Sodium iodide is employed due to its ability to
facilitate nucleophilic substitution reactions, where
the iodide ion (I") replaces the chlorine atom in the
ester. Additionally, the presence of iodide ions can
significantly accelerate the reaction rate, triethyl-
amine (TEA) serves as a base in this reaction, neu-
tralizing any acidic by-products and maintaining
an optimal pH for the reaction to proceed efficient-
ly. TEA also helps in deprotonating intermediates,
thereby facilitating the nucleophilic attack by io-
dide ions. The choice of DMF as the solvent is
further justified by its ability to stabilize reaction
intermediates and its high boiling point, which
allows the reaction to be conducted at elevated
temperatures, thereby increasing the reaction rate
and yield ®9,

'H-NMR Spectrophotometer

The interpretation of the *HNMR spectrum for
compounds Ila-Vd revealed a singlet peak due to
the (CH: o to ester group) at 6= (ppm): Ila 4,93 ,
Ilb 4.98, Illa 5.01, Illb 4.98, IVa 5.11, IVb 5.17,
respectively and there is no peak appeared at the
range of proton of carboxylic group. All the infer-
ences mentioned above provide evidence of the
occurrence of the association and the success of
the preparation of the compounds.

Preliminary Pharmacological Studies
Anti-Inflammatory Activity®3:5

The subcutaneous injection of egg- white
into the rat paw produces inflammation resulting
from plasma extravasations, increased water tissue
and plasma protein exudation along with neutro-
phil extravasations, which are all due to the me-
tabolism of arachidonic acid. Comparison of the
Diclofenac Sodium (Standard) effect on the con-
trol ( Propylene Glycol) The results were summa-
rized with in Figure (4) and Table (5)

Table 5. Effect of Diclofenac Sodium (Standard) and Propylene Glycol(control) on egg white induced paw

edema in rats.

Period of time (hours) Thickness of Paw (mm)

Control Standard
0 4.49 +0.03 4.44 £0.02
1/2 4.72 +0.02 4.58 £0.02
1 6.06 £0.03 6.00 £0.04
2 7.67+0.5 6.35 +£0.02***
3 7.76 £0.03 6.11 +0.01***
4 6.98 +0.02 5.83 £0.01***
5 6.57 +0.11 5.25 +£0.02***

Data are expressed as mean £ SEM of mm paw thicknessn= 6 (number of animals). Significantly different

compared to control: p-value *** < 0.0001
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Standard with Control

IEAN PAW THICKNESS(MM)
»

—e—DICLO —m— CONTROL

o) 20 MIN 1 HR 2HR 2 HR 4 HR S HR

TIME(H.)
Figure 5. Effect of Diclofenac Sodium (Standard), Propylene glycol (control) on egg white induced paw
edema in rats

Anti-inflammatory Effect of Tested Compound

Table (6) shows the effect of tested com-
pounds on egg-white induced edema as an indicator
for their anti-inflammatory activity. The intra-

plantar injection of egg-white into rat hind paw
induce a progressive edema, which was reached
maximum (measured by millimeter) after 1 hour of

injection.

Table 6. Anti-inflammatory activity of control, slandered and gabapentin derivatives on egg white in-
duced paw edema in rat
Time(h.) | Oh. 0.5h. 1h. 2h. 3h 4 h. 5h.
Control 4.49 4.72 6.01 7.67+05 | 7.76 6.9A 6.56
+0.03 | +0.02 +0.03 +0.03 +0.02 $0.11
standard | 4.44 4.58 6.00 6.35 6.11 5.83 5.24
+0.02 | +0.02 +0.04 £0.02%** | +0.01*** | £0.01*** +0.02%**
o Ila 4.43 4.67 6.006 6.15 5.17 5.08 4.85
S +0.02 | +0.02 +0.04 +0.01* $0.03*** | +0.02*** +0.04***
\g Ilb 4.61 4.68 5.97 6.66 6.42 6.41 6.32
2 +0.01 | +0.01 +0.01 +0.04* +0.4* +0.01*** +0.01**
S [ma 4.52 4.66 5.95 6.52 6.06 5.11 4.75
= +0.02 | +0.02 +0.03 +0.01* +0.01* +0.02%** +0.01***
2 | b 4.55 4.67 6.00 7.00 6.88 6.68 6.54
o +0.03 | +0.02 +0.03 $0.02%** | +0.01*** | +£0.02*** +0.02**
IVa 4.47 4.64 5.99 6.73 6.47 6.18 5.96
+0.01 | +0.02 +0.02 $0.01%** | £0.03*** | +£0.02*** +0.04***
IVb 4.50 4.64 5.94 6.46 6.15 6.07 5.31
+0.01 | +0.02 +0.05 +0.01* +0.01* +0.02%** +0.01*

Different testing groups' non-identical superscripts (a, b) are evaluated as significantly different (p<0.05). Data
are expressed as mean + SEM of mm paw thickness, n= number of animal, time (0) is time of injection of tested
compounds time (30) nim is time of injection of egg-white (induced by paw edema), *significantly different
with control (p<0.05) All tested compounds and standard drug showed significant activity in comparison with
control at 2 hrs. time. * (lla,lva,l1b &IVb)compounds showed activity comparable to standard drugs and signifi-
cantly higher than control from time (2-5)hrs. * (Illa & IlIb) compounds showed lower activity than standard;
Control from time (2-5)hrs.
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Figure 6. Curves illustrates anti-inflammatory activities of final compounds in comparison with control

and standard.

Compounds (lla-1Vb) exhibitioner in com-
parison with diclofenac effect also to derivatives
(a-1Vvb) produced signi-ficant reduction of paw
edema with respect to the effect of propylene gly-
col; the anti-inflammatory assessment of the tested
compound in comparison experimental chemicals
with the control (propylene glycol 50%), they all
displayed thinner paws thickness @4,

As shown in figure (5) and Table (6),
there is no significant difference between the con-
trol and the final synthesized compounds (lla-1Vb)
at time 0 and 1/2 h.,1h. while at 2h. these final
compounds showed high significant difference
when compared with the control, the strong signifi-
cant difference of these in reduction of paw edema
are compounds (lla,IVVa),while the rested com-
pounds (Illa, 11b) no significant difference in reduc-
tion of paw edema After 2-5 h. the other com-
pounds (I1Ib, IVb) showed significant effect in re-
duce paw edema.

e Compound Ila demonstrated significant anti-
inflammatory activity over the time period from 0
to 5 hours, with a meanSD of 5.18+0.65 and a p-
value of less than 0.05. Similarly,

e Compound Illa showed significant effects with a
mean+SD of 5.86+0.85 and a p-value of less than
0.00001.

e Compound lIb, the mean+SD was 5.90+1.0 with
a p-value of less than 0.0004.

e Compound Illb had a meantSD of 6.06+0.76
with a p-value of less than 0.0007.

The management control group showed significant
results with a mean+SD of 6.32+1.3 and a p-value
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of less than 0.0001. The standard treatment group
also demonstrated significant effects with a
mean+SD of 5.50+0.76 and a p-value of less than
0.0001.The t-test further indicated significant dif-
ferences between the compounds and experimental
chemicals at various time points. At the initial time
point (0 hours).

e significant differences were observed among
Compounds lla, Illa, 1Va, b, Illb, Vb, the man-
agement control, and the standard, with a p-value
of 0.0001.

e At 30 minutes, significant differences persisted
among these groups, with a p-value of 0.00002. At
1 hour, the p-value was 0.00006, at 2 hours it was
0.00001,

e at 3 hours it was 0.00005, at 4 hours it was
0.00005, and at 5 hours it remained significant with
a p-value of 0.00005.

These findings indicate that all tested compounds
exhibited significant anti-inflammatory effects over
the studied period in comparison to the experi-
mental chemicals and control, with each compound
showing distinct levels of efficacy at different time
point.

Antibacterial Activity

The synthesized final compounds (lla-1\vd) were
tested to evaluate their anti-microbial activity to-
wards gram -, gram + also anti-fungi ( fluconazole
is standard compounds ), by well penetrated diffu-
sion type method .While the antibacterial solubil-
izer was amoxicillin and ciprofloxacin. DMSO was
the solvent and as control.
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Table 7.MIC values for gabapentin derivatives (l1a-1Vvd); ciprofloxacin , amoxicillin and fluconazole as

standard.
MIC (mm)
Gram positive bacteria Gram negative bacteria Fungi
compounds S.au- | S.pneumo- | B.subtilis | E.coli | P. K. Candida
reus nia aeruginosa | pneumoniae | albicans
Conc.(mcg/ml)
Amoxicillin 125 250 125 125 250 250
Ciprofloxacin 125 125 125 125 125 125
Fluconazole - - - - - - 125
DMSO as a solvent and control  as a solvent and control  as a solvent and control
la 500 1000 500 500 500 1000 500
1ls] 500 500 500 500 1000 1000 500
Ila 500 500 500 500 1000 1000 1000
b 500 500 500 500 1000 1000 500
IVa 1000 1000 1000 1000 | - - 1000
IVb 250 250 250 250 500 500 250
Table 8. Antimicrobial activity as of final compounds( Ila-1Vd ) as Inhibition zone .
Zoneof | S S.pneu- B.Sub- | E. P.aeru- | K.pne- C. Control | DMSO
inhibitin | .aureus | monia tilis coli ginosa | umoniae albians | G-
mm
lla 32 29 28 30 20 30 27 - -
b 27 25 23 25 17 29 27 - -
Ila 29 28 25 26 20 20 23 - -
b 30 28 26 27 27 33 26 - -
IVa 26 25 23 25 21 27 24 - -
Vb 37 33 36 35 34 36 31 - -
Amoxi- | 40 38 38 39 37 37 - -
ci-llin
Cipro- | 39 35 37 33 32 32 - -
floxacin
Flu- 36 -
cona-
zole
Mean 325 30.1 29.5 30 26 30.5 27.7 - -
+SD 5.4 +4.73 +6.43 | #5.20 | £7.55 15.42 +4.46
SEM 1.93 1.67 2.27 1.84 2.67 1.91 1.68 - -
P (val- | 0.000* | 0.00000* | 0.000* | 0.000* | 0.000* | 0.000* 0.000* | -- -
ue)
NS: No Significant Value * (P<0.05)

The inhibition zones of the chemical being
tested are considered to be extremely active when
they are more  than 15 mm, moderately active
when they are between 10 and 15 mm, barely ac-
tive when they are between 5 and 10 mm, and inac-
tive when they are less than 5 mm.The synthesized
final compounds (I1a—I1Vb) were tested to evaluate
their antimicrobial activity against gram negative,
gram positive bacteria and fungi, this evaluation
was done using well diffusion method, using the
standard compounds with antifungal agent was
(fluconazole), while with antibacterial agent was
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(Amoxicillin and ciprofloxacin); DMSO was cho-
sen as a solvent and as control ©2),

As observed from Table (8), the mean + SD
for S. aureus is 32.5 £ 5.4. The T-test indicates a
strong correlation between the Zone of Inhibition
(la- Ivb, Amoxicillin, Ciprofloxacin, Fluconazole)
and S. aureus, with a p-value less than 0.05. Simi-
larly, for S. pneumonia, the mean = SD is 30.1 +
4.73, and the T-test shows a strong correlation with
the same set of inhibitors, with a p-value less than
0.000.



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

o B. subtilis has a mean + SD of 29.5 £ 6.43, and
the T-test indicates a strong correlation with the
Zone of Inhibition (lla, 1lb, Illa, Illb, IVa, Amoxi-
cillin, Ciprofloxacin, Fluconazole), with a p-value
less than 0.0000. For E. coli, the mean + SD is 30 +
5.20, and the T-test also shows a strong correlation
with the same inhibitors, with a p-value less than
0.000.

¢ P. aeruginosa exhibits a mean + SD of 26 + 7.55,
and the T-test reveals a strong correlation with the
Zone of Inhibition (lla, 1lb, Illa, Ilb, IVa, Amoxi-
cillin, Ciprofloxacin, Fluconazole), with a p-value
less than 0.0001. K. pneumoniae has a mean + SD
of 30.5 = 5.42, with the T-test showing a strong
correlation with the inhibitors, resulting in a p-
value less than 0.000.

e C. albicans, with a mean + SD of 27.7 *+ 4.46,
also shows a strong correlation with the Zone of
Inhibition (lla, b, Hla, b, 1Va, Amoxicillin,
Ciprofloxacin, Fluconazole), with a p-value less
than 0.000.The data demonstrate that all tested mi-
croorganisms exhibit a strong correlation between
the Zone of Inhibition and the set of inhibitors (lla,
lb, Hla, b, 1Va, Amoxicillin, Ciprofloxacin, and
Fluconazole).

e S. aureus and S. pneumonia: Both pathogens
show significant susceptibility to the inhibitors, as
indicated by their respective mean values and low
p-values. The mean + SD for S. aureus (32.5 + 5.4)
and S. pneumonia (30.1 £ 4.73) suggest that the
inhibitors are highly effective against these bacte-
ria, with relatively consistent results.In summary,
the inhibitors tested are broadly effective against a
range of bacterial and fungal pathogens.

The consistently low p-values across different
microorganisms highlight the robustness of these
inhibitors. However, the variability in the Zone of
Inhibition, particularly for P. aeruginosa, indicates
that while the inhibitors are generally effective,
their efficiency can vary significantly between dif-
ferent strains or conditions. Further studies might
explore the reasons behind these variations and
optimize the inhibitors for even broader and more
consistent application.

Conclusion

The synthesis of a new series of gabapentin-
NSAIDs derivatives was accomplished with suc-
cessful results. There is somewhat a noticeable
relationship between the docking results of our
compound and the results of the in vitro results.
Also they showed accepted pharmacokinetic prop-
erties through the virtual ADMET studies. Alt-
hough these compounds demonstrate favorable
bioavailability scores, their elevated lipophilicity,
inadequate solubility, and likelihood of metabolic
interactions pose obstacles that require attention
during further stages of therapeutic development.

The MIC results show that compound (1Vb)
can inhibit a variety of bacterial strains at low con-
centrations when compared to another synthetic
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compounds. According to the MIC and zone of
inhibition results, compound (I'Vb) is more active
against the fungi (C. albicans) than another com-
pounds.

Recommendations for further stud-
ies

o A preliminary hydrolysis research was conducted
on the synthesized target compounds in diluted
plasma and at two different pH levels (1.2 and 7.4)
to demonstrate the potential for chemical or enzy-
matic hydrolysis of these potential mutual products.
e Study the toxicity activity of the synthesized de-
rivatives; also study the anticancer activity as cell
lines to reveal on which-on-which type of cancer
cells also have activity.
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