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Abstract: A series of new dispiropyrrolidine oxindole derivatives (8-10) were successfully synthesised with yield of
57 to 95% via one-pot 1,3-dipolar cycloaddition reaction of azomethine ylides and characterised by various
spectroscopic techniques such as NMR, FT-IR, and HRMS. The compounds were evaluated for their activity against
methicillin-resistance Staphylococcus aureus (MRSA). Among the compounds, compound 9f and 9g exhibit
moderate activity against MRSA with minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of 250 pug/mL and 325 pg/mL, respectively. The binding energies and interactions of both
compounds with S. aureus adhesion proteins such as sdrE, CIfA and FnBPA were further studied through molecular
docking studies. Compound 9f (-8.5 = 0.00 kcal/mol) showed a strong binding affinity than compound 9g (-7.5 +
0.20 kcal/mol) particularly towards FnBPA adhesion protein. The molecular docking results revealed that the
interactions between the compounds 9f and 9g with target proteins correlate with the observed MRSA inhibitory
activity, highlighting their potential as promising lead candidates for anti-MRSA drug development.
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1. Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) represents a critical threat to global public
health, characterised by high mortality and morbidity rates'. In 2024, MRSA has been classified as a
global issue with a high burden and drug-resistant bacteria by the World Health Organization (WHO)?.
According to the National Antibiotic Resistance Surveillance (NARS) Report 2024 by the Ministry of
Health Malaysia, MRSA threat rates are increased from 7% in 2021 to 9.4% in 2024 which most cases
are from medical, surgical and intensive care wards®. This threat arises from MRSA resistance to
multiple classes of antibiotics. Since the early 1960s, MRSA has progressively evolved and adapted to
evade beta-lactam® and other classes of antibiotics, including macrolides’, aminoglycosides®,
fluoroquinolones’, and glycopeptides®. MRSA host interaction that caused infection and adaptation to
multiple classes of antibiotics contributes to the high mortality rate around the world, making it a
significant global health challenge.

The current treatment of MRSA as recommended by the Infectious Diseases Society of America
(IDSA) recommends vancomycin or daptomycin as first line therapeutic agent’. However, the limitation
of these drugs are adverse side effects such as acute kidney injury!'® and rhabdomyolysis with increasing
creatine phosphokinase at a higher dose!!. In 2010, ceftaroline, a B-lactam antibiotic, was approved by
the United States Federal Drug Administration (USFDA) to manage acute bacterial skin and
community-acquired bacterial pneumonia due to MRSA. However, the adverse side effect arises when
ceftaroline is prescribed for more than seven days or at higher dosage'?. Thus, MRSA infection is
continuously a growing burden worldwide and has significantly reduced available therapeutic options.
Hence, there is an urgent need for developing multi-drug strategies for the treatment of MRSA.

Recently, we have highlighted the potential of acetoxychavicol acetate and its derivatives in
inhibiting MRSA with in silico molecular modelling study on three adhesion protein of Staphylococcus
aureus'. Three molecular adhesion protein are serine-aspartate repeat-containing protein E (sdrE),
clumping factor A (CIfA) and fibronectin-binding protein A (FnBPA) belong to microbial surface
component recognising adhesive matrix molecules (MSCRAMMs) which have unique roles in the
interaction of Staphylococcus aureus to bind with host cells'* '°. Each protein contains ligand-binding
domain via dynamic mechanisms such as “dock, lock, latch” models'®.

sdrE adhesion protein bind to Complement factor H ligand to help in immune evasion'®. While
for CIfA, it binds to fibrinogen ligand to initiate adhesion and biofilm formation for the infection'’.
FnBPA binds primarily to fibrinogen but can also interact with other ligands such as fibronectin and
elastin, thereby enhancing the adhesion to host cells. All these three adhesion proteins are involved in
forming biofilms which are important to the pathogenesis, immune evasion and virulence factor of
Staphylococcus aureus to the host tissues' 1820,

In the pursuit of developing synthetic drugs for the inhibition of Staphylococcus aureus,
spirocyclic compounds, a molecule with at least two rings connected by a single carbon atom. This
spirocyclic compound can be found in many derivatives obtained from various natural resources®'. With
their unique non-planar three-dimensional scaffold, it has been suggested that spirocyclic compound are
more likely to be successfully developed as a drug than flat ring compounds®?. Spiropyrrolidine
compound are one of spirocyclic compound that have shown wide potential on biological properties on
various studies. They have been well studied for various biological activities such as anti-cancer®, anti-
cholinesterase?®, anti-mycobacteria®®, anti-inflammatory?® and anti-malarial activities?’. Recently,
spiropyrrolidine oxindole compounds have been found to be active against MRSA?. The enhanced
biological activities of spiropyrrolidine oxindole compound might be due to their three-dimensional
scaffold molecular structure which offer a better binding interaction with the active site of the targeted
protein®. Previously, we have synthesised dispiropyrrolidine oxindole derivatives via a one-pot 1,3-
dipolar cycloaddition of azomethine ylides, generated from sarcosine and isatin derivatives®*. Hence,
similar methodology and reaction mechanism from the previous study have been used and discussed as
part of this work. However, in this extended study, we incorporating electron donating and withdrawing
group to the dispiropyrrolidine oxindole derivatives, MRSA inhibitory biological activity and molecular
docking study that has not been reported in our previous study.
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2. Experimental

2.1. Chemical Material and Apparatus

Chemicals and reagents used for chemical synthesis such as 4-piperidone, (2-bromoethyl)
benzene, benzaldehyde, 4-methylbenzaldehyde, 4-methoxybenzaldehyde, 2-methoxybenzaldehyde,
2,4-methoxybenzaldehyde, 4-chlorobenzaldehyde, 4-bromobenzaldehyde, 4-fluorobenzaldehyde,
isatin, 5-bromoisatin, 5-fluoroisatin, sodium carbonate, and sodium hydroxide were analytical grade,
purchased from Sigma-Aldrich (USA), Acros Organics (USA) and Fisher Scientific (USA). The
analytical reagent grade (AR grade) solvent for reaction and purification purposes such as n-hexane,
ethyl acetate, acetonitrile, ethanol, methanol was purchased from QReC (Malaysia) and used without
further purification process. Purity of the synthesised compound and reaction progress were monitored
using a thin layer chromatography (TLC) sheet precoated with silica gel 60 Fzs4 (0.040-0.063 mm)
purchased from Merck (Germany). The melting points were recorded using the Stuart™ SMP30 melting
point (Cole Palmer, USA). The Fourier-Transform Infrared (FT-IR) spectra were analysed using a
Shimadzu FTIR equipped with ATR. Nuclear magnetic resonance (NMR) spectra were obtained using
a 500 MHz Bruker Advance NMR (500 MHz for 'H-NMR, 125 MHz for *C-NMR) spectrometer
system, and the data were analysed using MNova Software Version 14.2.1 (Mestrelab Research,
Santiago de Compostela, Spain). The chemical shifts were internally calibrated using DMSO-ds peak
(H: 2.50 ppm, *C:39.5 ppm), or CDCl; peak (1H: 7.26 ppm, 13C:77.0 ppm) for both 'H and *C-NMR.
The mass spectra have been recorded with LC-MS Thermo UPLC Binary System (ThermoFisher
Scientific, Waltham, MA, USA) equipped with QExactive™ Orbitrap Mass Spectrometer (Thermo
Fisher Scientific, Waltham, MA, USA),

2.2. Chemistry
2.2.1. Synthesis of 1-phenethylpiperidine-4-one®

The synthesis of 1-phenethylpiperidine-4-one (3) was synthesised with the reaction between 4-
piperidone monohydrate hydrochloride (1) (10 mmol, 1 equiv.), sodium carbonate (24 mmol, 2.4 equiv.)
and 2-bromoethyl benzene (2) (12 mmol, 1.2 equiv.) in 80 mL acetonitrile. The suspension was stirred
and refluxed at 65°C. After 12h, the reaction mixture was cooled to ambient temperature and extracted
with dichloromethane. The organic layer was washed with water and dried over anhydrous sodium
sulphate and concentrated using rotary evaporator. The resulting yellow oil was subjected to silica
column chromatography (hexane/ethyl acetate 50%) to give the desired compound 3. The details of the
reactions and the spectroscopic data can be found in the Supporting Information (Figure S1-S5).

2.2.2. General Synthesis of (3E,5E)-3,5-diarylidene- 1-phenethylpiperidine-4-one derivatives™

A mixture of 1-phenethylpiperidine-4-one (3) (1 mmol, 1 equiv.), appropriate aldehyde 4 (2
mmol, 2 equiv.) was dissolved in ethanol (20 mL), 10 mL of 30% sodium hydroxide solution was added
dropwise over 15 minutes period and stirred with a magnetic stirrer for 2-6 hours at room temperature.
After completion of the reaction as detected by TLC, the mixture was poured into crushed ice. The
precipitated solid was filtered and washed with cold ethanol to obtain the final products 5a-5h. The
details of the reactions and the spectroscopic data can be found in the Supporting Information (Figure
S6-545).

2.2.3. General Procedure for Synthesis of dispiropyrrolidine oxindole Derivatives®

The synthesis of dispiropyrrolidine oxindole derivatives (8a-10h) is shown in Scheme 1.
(3E,5E)-3,5-diarylidene-1-phenethylpiperidine-4-one (Sa-h) was refluxed with appropriate isatin
derivatives (7a-c) and sarcosine (6) in methanol (20 mL) for 4-7 hours. Upon completion, the reaction
mixture was cooled to room temperature and poured into water (20 mL). The resulting precipitate was
collected by filtration and washed with cold methanol to yield the desired compound 8a-10h. The details
of the reactions and the spectroscopic data can be found in the Supporting Information (Figure S46-
S165).
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2.3. Biological Assay
2.3.1. Bacterial Isolates and Growth Conditions™

The MRSA ATCC 25923 and ATCC 33591 was utilised and maintained in the Antimicrobial
Laboratory, Forest Research Institute of Malaysia (FRIM), on Protect Bacterial Preservers (Technical
Service Consultants Limited, Heywood, Lanshire, England) at -20°C. Prior to use, isolates were
subculture overnight at 37°C in Mueller-Hinton broth (MHB) and adjusted to obtain turbidity
comparable to McFarland standards accordingly using a cell density meter (Biochrom WPA CO8000,
Cambridge, UK) at 600 nm.

2.3.2. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC)
Assay

MIC and MBC assays were used to evaluate antimicrobial efficiency using agar-well diffusion
method adheres to Clinical and Laboratory Standards Institute (CLSI) guidelines®?. Serial dilution of the
compound was prepared in dimethyl sulfoxide (DMSO) and tested with a microbial suspension at 108
CFU/mL at 37°C for 24 hours. The MIC value was defined as the lowest concentration of the compounds
showing no visible microbial growth and MBC value was defined as the lowest concentration of the
compounds to kill 99.9 % of the bacteria.

2.4. Molecular Docking Studies

In our previous work'?, we have reported molecular docking study of acetoxychavicol acetate
(ACA) compounds and its analogues to S. aureus adhesion protein such as sdrE, CIfA and FnBPA.
Hence, similar docking method and protocol have been applied for this study. The docking process
began by downloading the Protein Data Bank (PDB) files (PDB ID: SWTA, 2VR3, 4B5Z) from Protein
Data Bank (http://www.rcsb.org/pdb). The DockPrep tools in UCSF Chimera software (Regents of
University of California, USA) were used for the protein preparation. During this process, various
adjustment has been made to the ligand and protein such as polar hydrogen atom were added, merging
non-polar hydrogen atoms, setting solvation parameters followed by the inclusion of Gasteiger charges
and the prepared structures were saved in (.pdbqt) format. For sdrE, the grid size was set to 80x89x79
A, with grid centres at -5, 0.4, -1.7 A. For CIfA, the grid size was 96x86x96 A, with grid centres at 3,
0.4 and -7 A. For FnBPA, the grid size was 89x87x100 A, with grid centers at 23, 40 and 2 A'3.

The docking experiment was performed with AutoDock Vina 1.5.7 in three independent
molecular docking runs. After completing the molecular docking simulation, 10 ligand-protein models
were generated and evaluated based on binding affinity. Finally, the ligand-receptor model that exhibit
the most favourable binding energy and best interaction was selected for further visualization and
analysis of their active interaction in 3D conformations by using BIOVIA Discovery Studio Visualiser
2021 (Dassault Systems, California, USA).

3. Results and Discussion

3.1. Chemistry

In this work, we synthesised the new dispiropyrrolidine oxindole derivatives in moderate to high
yields (57-95%). All synthesised compounds were new except for the compounds 3, 5a, 5b, 8a, 8b, 9a,
and 9b which are known compounds that have been synthesised in our previous work?*. The reaction
was 1,3-dipolar cycloaddition reactions of azomethine ylides, which were generated in situ by the
decarboxylative condensation of sarcosine 6 with isatin derivatives 7a-c¢, in the presence of 3E,5E-
bis(arylidene)- 1-phenethyl-4-piperidone Sa-h as dipolarophiles as shown in Scheme 1. The synthesised
compounds 8-10 were characterised by spectroscopic methods, including 'H and '*C NMR, FT-IR, and
HRMS analysis (see Supporting Information Figures S46-S165).
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Scheme 1. Synthesis of dispiropyrrolidine oxindole derivatives 8-10

Compound 9e (Supporting information Figure S106-S110) has been selected as a representative
example for discussion of spectral data. This compound exhibit peaks at 3193, 1709, 1593, and 1204
cm’! corresponding to the peaks of N-H stretching, C=0 stretching for ketone, C=C stretching of alkene
and C-N stretching for tertiary amine group. In the 'H NMR spectrum of compound 9e, 41 total protons
have been integrated within the range o1 1.79-10.59. Interestingly, on the piperidinyl proton CH»-11, the
chemical shift of the piperidinyl proton CH-11b is observed in the downfield region as a doublet at dn
2.97 (J=15.0 Hz). In contrast, the piperidinyl proton CH-11a appears in the upfield region as a doublet
at oy 1.79 (J=15.0 Hz). This extreme upfield shift of the CH>-11a proton is likely due to the anisotropic
effect of the oxindole moiety on this neighbouring proton. In the case of proton CH»-7a and CH»-7b,
proton CH,-7b appeared as doublet at oy 3.28 (J=12.0 Hz) while proton CH,-7a appeared to be doublet
of doublet at du 2.92 (J=12.0, 2.0 Hz). The coupling in proton CH,-7a is due to geminal coupling
between CH,-7a and proton CH»-7b (J=12.0 Hz) and long-range allylic coupling with olefinic methine
C=CH-31, which appeared as doublet (J/=2.0 Hz) at aromatic proton region (ou 7.65). On the other hand,
pyrrolidinyl proton CH,-13 appeared as two non-magnetically equivalent protons with doublet of
doublet multiplicity. Chemical shift of proton CH»-13a at du 3.10 (J=8.0, 7.5 Hz) while for proton CHo-
13b is at du 3.82 (J=8.0, 3.0 Hz). Both geminal proton CH»-13 couple each other (J=8.0 Hz), and with
vicinal methine proton CH-12 at &y 4.57 (J=7.5, 3.0 Hz). In the '*C-NMR, a total of 41 carbon was
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observed between d¢ 32.4-196.8. The signal for the spiro carbon C-10 and C-14 are observed at d¢ 62.9
and dc¢ 76.0, respectively.

Furthermore, their relative configuration of chiral centres was established by comparing their
key 3C NMR chemical shift with that of closely related compounds, whose structures have been
established by X-ray crystallography in earlier work?3-4,
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Scheme 2. Mechanism for the formation of dispiropyrrolidines derivatives 8-10. (Adopted from our
previous publication®*)

In our previous work, we has described the reaction mechanism of the dispiropyrrolidine
oxindole compounds, as shown in?*. First, sarcosine and the carbonyl group of isatin undergo a
condensation reaction with the carbon at C-3, forming an iminium intermediate. This iminium
intermediate is thought to be in equilibrium with a cyclic hemiaminal ester. It then irreversibly loses
carbon dioxide to produce the key azomethine ylide species. Next, regio- and stereo-selective 1,3-
dipolar cycloaddition of azomethine ylides with dipolarophiles will produce dispiropyrrolidine oxindole
compounds, respectively. As the mechanism involves polar or charged species, methanol, a polar protic
solvent, is chosen to ensure that the transition states of the intermediates are stabilised.
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3.2. Biological Activity Assays
3.2.1 Anti bacteria inhibitory activity

The synthesised compounds 8-10 were screened for their in-vitro anti bacteria activity on Gram-
positive and Gram-negative bacteria. Selected compounds with their minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC) are shown in Table 1. Among the synthesised
compounds, 9f and 9g exhibited moderate inhibitory activity against Gram-positive bacteria
Staphylococcus aureus ATCC 25923 and Staphylococcus aureus ATCC 33591 (methicillin-resistant).
The MIC and MBC values for 9f and 9g against these strains were determined to be 250 pg/mL and 325
pg/mL, respectively. In contrast, all synthesised compounds were ineffective against the Gram-negative
bacteria tested, with MIC and MBC values exceeding 500 pg/mL. Compounds 9f and 9g shown to be
selective inhibitors only for Gram-positive bacteria might be due to the difference in cell wall
composition between Gram-positive and Gram-negative bacteria. The interaction and penetration of the
synthesised compound might be facilitated by the thick peptidoglycan layer and its localization within
the cell envelope of Gram-positive bacteria, leading to its effective microbial activity*> 3%, Contrarily,
the presence of lipopolysaccharide as the outer membrane and efflux pumps in Gram-negative bacteria
likely to reduce the compound effectiveness*®.

Table 1. Minimum inhibitory concentration (MIC) and minimum bactericidal activity (MBC) of
different microbes on dispiropyrrolidine oxindole derivatives 8-10.

Staphylococcus . , Pseudomonas Salmonella

Compd. aureus Staphylococcus Escherichia coli aeruginosa typhimurium
ATCC 25923 “wrews ATCC 339 ATCC 35218 ATCC 27853 ATCC 14028

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

(ng/mL)  (ug/mL)  (pg/mLl)  (pg/ml) (ng/mL) (pg/mL) (ug/mL) (ug/ml)  (ug/mL)  (ug/mL)

8a >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
8b >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
8c >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
8d >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
8e >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
8f >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
8g >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
8h >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
9a >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
9b >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
9¢ >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
9d >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
%e >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
of 250 250 250 250 >500 >500 >500 >500 >500 >500
9g 350 350 350 350 >500 >500 >500 >500 >500 >500
9h >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
10a >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
10b >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
10c >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
10d >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
10e >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
10f >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
10g >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
10h >500 >500 >500 >500 >500 >500 >500 >500 >500 >500

The MIC and MBC values obtained for MRSA strains remains the key potential of the
compounds to be developed as therapeutics agent in the treatment of methicillin-resistance
Staphylococcus aureus. Since MRSA can cause serious infection and resistance to several different class
of antibiotics, it continues to be a major concern especially in healthcare environments around the world.
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Even though the synthesised compounds show effectiveness against Gram-positive bacteria, its limited
potential on Gram-negative strains such as Escherichia coli, Pseudomonas aeruginosa, Salmonella
typhimurium can be considered for further exploration. Some modifications of the compounds structure
such as introduction of new functional groups that able to target the outer membrane or efflux pumps
mechanism, could lead to higher antimicrobial activity on both Gram-positive and Gram-negative
bacteria®?.

3.3. Molecular Docking Studies

Based on biological assay study, compound 9f and 9g have shown a good to moderate potency
in inhibiting S. aureus. Thus, both compounds have been selected to be further examine on their binding
energy and their interaction between the compounds (ligand) and S. aureus adhesion proteins (receptor)
through molecular docking studies. sdrE (PDB ID: SWTA), CIfA (PDB ID:2VR3), and FnBPA (PDB
ID: 4B5Z) are three important adhesion protein contributing to its ability to invade host cells, immune
evasion and promoting biofilm formation to S. aureus'> 162,

Table 2. Binding energy of compound 9f and 9g with S. aureus adhesion protein
Protein (PDB ID) Compound Binding energy (kcal/mol)

-8.5+0.
FnBPA (4B5Z) 3; 32 + g.gg
of -7.3+0.10
CIfA (2VR3) 9g -6.9 +0.07
of -6.2+0.03
sdrE (SWTA) 9g -5.3+0.00

Results are expressed as mean + standard deviation (SD) for n=3 experiments

As shown in Figures 1a and Table 2, 9f demonstrated the strongest binding energy for FnBPA,
with a mean binding energy of -8.5+0.00 kcal/mol. This analogue interacts with several key residues
such as ARG67, HIS61, ASP115, and PRO116, which contributes to its high binding stability. In
contrast, 9g showed lower mean binding energy of -7.5+0.2 kcal/mol than 9f, indicating more variability
in its interaction strength. 9g interacts with key residue such as VAL306, LYS164 and VAL63. The role
of FnBPA in adherence and cellular invasion has been studied in preclinical models of S.aureus infection
and interaction with these specific residues may reduce S. aureus virulence and pathogenicity®” *. In a
study by Rafi Shaik et al. (2025)*°, mangostin-copper oxide complexes exhibited a binding energy of -
7.9 kcal/mol against S. aureus FnBPA adhesion protein. The key amino acid residues involved in the
interaction were GLN, PRO, TYR, HIS, ILE, VAL and PHE. Similar amino acid residues were observed
in the binding interactions of 9f and 9g. Moreover, the binding energies of 9f and 9¢g are between -8.5
and -7.5 kcal/mol, which is close to the reported binding energy of -7.5 kcal/mol. This similarity
highlights the potential of these compounds in inhibiting S. aureus strain bacteria.

For CIfA, Figure 1b and Table 2 shows the mean binding energy of 9f is -7.3+0.1 kcal/mol with
interaction key residue such as ASN57, ALA63, and ILE77. Compound 9¢g exhibit lower binding energy
-6.940.07 kcal/mol with interaction key residue such as ASN57 and ALA63. Even though 9g shares
common residue like ASN57, its binding interaction suggests less stability compared to 9f. In sdrE
protein, depicted in Figure 1c and Table 2, 9f exhibit mean binding energy of -6.2+0.03 kcal/mol with
interaction key residue such as ASN58, THR131 and ALA121. In contrast, 9g exhibit lower binding
energy of -5.3+0.00 kcal/mol with interaction key residue GLN434, TYR550, PRO437, PRO544 and
ILE549. The conventional hydrogen bonding in 9f might influence the higher binding energy than 9g
since a strong hydrogen bonding is crucial for most high-affinity ligand in ligand-protein complex*.
Their key binding interaction between the ligand 9g and 9f with key amino acid are shown in Table 3.
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(c)

(e)

Figure 1. Binding interactions of compound 9f (a) and 9g (b) with FnBPA, 9f (c) and 9f (d) with CIfA
and 9f (e) and 9g (f) with sdrE S. aureus adhesion proteins in 3D form.
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Table 3. Key binding interactions of compounds 9f and 9g with FnBPA, CIfA and sdrE S.aureus

adhesion protein
Protein  Compound Protein residue Interacting unit of Types of interaction
compound
- . Conventional hydrogen
ARG67 C=0 oxindoles bond (2.52A)
HIS61 C=0 oxindoles Carbon hydrogen bond
of
ASP115 C-H pyrrolidines Carbon hydrogen bond
FnBPA
(PDB ID: PRO116 Phenyl and CI atom n-m stacked
4B3Z) C=0Oand N-H i C ional hyd
=0 and N-H in onventional hydrogen
VAL306 oxindoles bond (2.57A)
9¢g LYS164 Phenyl m-cation
VALG3 Phenyl and bromo Alkyl
atom
ALAG63 Chloro atom Halogen
of ASNS57 Phenyl n-donor hydrogen bond
CIfA (PDB Phenyl and chloro
ID: 2VR3) ILE77 atom Alkyl
ALAG63 Bromo atom Halogen
9g
ASNS7 Phenyl n-donor hydrogen bond
THRI131 Chloro atom Carbon hydrogen bond
of ASNS58 Phenyl n-donor hydrogen bond
ALA121 Phenyl n-alkyl
. Conventional hydrogen
GLN434 N-H oxindoles bond (1.87A)
sdrE (PDB
ID: TYRS550 Phenyl n-n T-shaped
SWTA)
PRO544 Bromo atom Alkyl
9g
ILE549 Bromo atom Alkyl
PROA437 Phenyl m alkyl
PRO544 Phenyl m alkyl
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3.4. Structure-Activity Relationship (SAR)

The SAR was established by synthesising dispiropyrrolidine oxindole derivatives containing
electron donating and withdrawing groups on the phenyl ring, as well as different halogen groups (Cl
and Br) on oxindoles moiety. Among all the derivatives, only 9f and 9g exhibited moderate MRSA
activity. The 4-chlorophenyl derivative 9f (MIC and MBC: 250 pg/mL) was more potent than the 4-
bromophenyl derivative 9g (MIC and MBC: 350 pg/mL). Compound 9f showed better inhibitory
activity which might be due to the presence of two chlorine atoms on the phenyl ring. Interestingly,
when both chlorine atom was replaced with bromine atom and fluorine atom in the same para position,
MRSA inhibition significantly decrease (MIC and MBC: >350 pg/mL for bromine, >500 pg/mL for
fluorine). This indicates that the presence of two chlorine atoms on the phenyl ring is crucial for
inhibiting MRSA and replacing with more and less electronegative halogen atom will reduce its
inhibitory activity. The molecular docking study also suggests that the two chlorine atoms interact with
key residues of all three proteins amino acid residue (FnBPA, CIfA, sdrE) such as PRO116 (n-n
stacked), ALA63 (halogen) and THR131 (hydrogen bonding). On the other hand, the bromine atom in
the oxindole moiety is essential for inhibition, as replacing the bromine atom with a fluorine or hydrogen
atom, significantly decreases MRSA inhibition to more than 500 pg/mL for both MIC and MBC. Figure
2 summarizes the structure-activity relationship studies of these dispiropyrrolidine oxindole compounds.

Preferable
4-chloro substituent

Preferable
4-chloro substituent

Preferable
i 4-bromo substituent

Figure 2. SAR study of dispiropyrrolidine oxindole compounds

4. Conclusion

In summary, we have successfully synthesised dispiropyrrolidine oxindole derivatives with
promising potency to inhibit MRSA. The SAR study suggests that the chlorine atoms at para position
on the phenyl ring and bromine atom in position 5 in oxindoles moiety were the most preferable halogens
that may contribute in inhibiting MRSA activity. Additionally, a molecular docking study conducted on
MRSA adhesion proteins provides further insight into the interaction between the dispiropyrrolidine
oxindole compounds and their target S. aureus adhesion proteins. These findings confirm the interaction
of our synthesised compounds with MRSA adhesion proteins as well as the suitability of the chlorine
atom in para position on the phenyl ring and the bromine atom at position 5 in the oxindoles moiety.
Further work on evaluation of the FnBPA gene expression and protein will confirm the involvement of
this adhesion protein in its inhibitory effect. This allowed computational, medical and synthetic chemists
to further develop high performance anti-MRSA drugs based on dispiropyrrolidine oxindole derivatives.
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