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ABSTRACT
The thesis titled “Total synthesis of (—)-hygrophorone A'?, 4-epi-2,3-dihydrohygrophorone
H*? and discovering potent quorum sensing inhibitors through in silico studies” presents
the work carried out on the total synthesis (—)-hygrophorone A'?, 4-epi-2,3-

dihydrohygrophorone H? and using in silico tools to discover potent quorum sensing inhibitors

Chapter 1 describes the stereoselective total synthesis of anti-fungal cyclopentenone (—)-
hygrophorone A2 and cyclopentanone 4-epi-2,3-dihydrohygrophorone H*? in high overall
yields from D-ribose. The key step of this syntheses is an aqueous KOH mediated
diastereoselective intramolecular aldol reaction to form p-hydroxy ketone with three
contiguous chiral centres, which was further elaborated to (—)-hygrophorone A!? and (+)-

hygrophorone B*2.

Chapter 2 This chapter consists of three subsections discussing three classes of molecules
namely, hygrophorones, pentenomycins, and crown ethers to be potential inhibitors for the
LasR protein in the QS pathway of P. aeuriginosa bacteria. In the hygrophorone class, we
found 8 molecules from a pool of 64 different molecules, while from the crown ethers only 5
out of 54 molecules have shown promising results. Hygrophorones seem to be the structural
analog of autoinducer AHL (natural ligand for LasR). Most of the top scored molecules of
hygrophorone series reflect higher binding energy than the rest of the molecules of different
classes. On the contrary, the pentenomycin class molecules have poor binding efficiency due
to their small size and the lack of the alkyl chain. However, previous literature reports and our
simulations results confirm that the addition of an alkyl chain to the pentenomycin molecules
will enhance their interaction with the LasR active site residues (coherence with in vitro studies

reported).



Crown ethers seem to be the intermediate candidate for LasR inhibition. C5-5, C5-10, and C5-
11 are some of the best candidates among 54 chosen ligands. This macrocyclic crown moiety
of the crown ethers gets stabilized in the polar pocket of the LasR protein, while the aromatic
or alkyl chain gets stabilised in the non-polar pocket of LasR. In summary, comparable, and
higher binding energies of the lead compounds obtained from our study from that of naturally
occurring autoinducer AHL reflect these molecules to be potential candidates as inhibitors for
the LasR target. We hope our work will spur further experimental studies that would lead to

the discovery of new antibiotics for P. aeruginosa infections.

Chapter 3 This chapter unravels the molecular level insights and the binding mechanism for
pentenomycin to behave as a broad range antibiotic. In our computational study, we found that
pentenomycin binds with the LuxP protein and can even bind with the LuxP homologue, LsrB.
Based on molecular docking, molecular dynamics simulations, and MMPBSA calculations, it
was observed that pentenomycin induces conformational changes of LsrB/LuxP  from its
closed to open state. Pentenomycin ligand prevents domain closure (as seen in the cases of
1TJY, 3EJW, 3T95) thereby blocking PBP signals and ultimately shutting down the QS
cascade and virulence factors. For other proteins, it was observed that pentenomycin occupies
the active binding site without causing much of the structural change in protein and preventing
binding with Al-2, hence again shutting QS cascade (as seen in the cases of 5BQ3, 5BRA,
5GTA, 6DSP). Through these computational studies, we predict that pentenomycin would
prove to be a better antibiotic in the case of bacteria having periplasmic binding proteins (such
as LuxP or LsrB). Because PBPs share a common architecture and hinge motion upon opening
and closing and we anticipate that pentenomycin takes the exact binding site and prevents
domain closure in some while in others it may occupy active site thereby preventing the binding

of Al-2.

Vi
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NEAT MF "(-)-FBMERIT T'2, 4-T-2,3-SREESRENERT va'? 3T safafas &
F ATEIH F ARFaAT FRA AT gARRAT Hr @I FoT HAVOT (-)-FSABRIA T2 o
forT a0 F F TEIT FAT &1, 4-THN-2,3-STABISSIGTSHIDRIS AR rfFaremer HReT A

gefgfoex & @iet & fav gafafernr goq &1 39T we|

AT 1 NS T 3wd AT Y@ H TE-Haldd FrsFalideald (-)-gsadRiT T2 3K
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oIS W I AT & HNOT W FETHRT &I Bl &1 grellich, ool Afged Rare

3N AR e aRomH 0 a9 # gfte w8 T GeAAsiEe 3t & fau wh

TohiSel HToll & 3TelTal JE3R Fishd AISe GRS (S-fae) IeqT=Al & A1 GHAA) &

Y Sofeh! ST # gefe glal| i3eT 2 LasR @Y & fov #egadt 3#Aigar gdld &id

g1 C5-5,C5-10, 3R C5-11 54 gt gU fordle & & $© AIATS 3Faligar &1 i3 $2 &
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T Tohrsel H@ell LasR & IR-¢dIT dishe & BT &1 S &1 F&T &, Irepfceh §9 & 910
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GENERAL EXPERIMENTAL CONSIDERATIONS
All solvents employed were purified by standard procedures. Anhydrous solvents were dried
over sodium wire (THF, diethyl ether, benzene) or molecular sieves (CH,Cl,, CHCl3, DMF).
Nitrogen or Argon gas used for creating an inert atmosphere was freed from oxygen prior to
entry into the reaction vessel.
Commercially sourced TLC plates were used, and the spots were visualized by exposure to
iodine or by dipping in KMnO,. Column chromatography was carried out on silica gel (230
400 mesh) using hexane and ethyl acetate mixtures as eluent unless otherwise mentioned.
Optical rotations were recorded on an Autopol V (Rudolph Research Flanders, NJ)
instrument. All the rotations were measured at 589 nm (sodium D-line).
All melting points reported in this thesis are uncorrected and were taken on an electric melting

point apparatus (Ambassador, India).

IR spectra were taken within the range 4000-600 cm-? either as KBr pellets or neat on a Nicolet
(Madison, USA) FT-IR spectrophotometer (Model Protégé 460).

!H-NMR spectra were recorded on 300 MHz or 400 MHz, or 500 MHz Bruker Spectrospin
DPX FT-NMR instruments. The solvents employed were CDCIl; or CD;0D with Me,Si as

the internal standard. The multiplicities are denoted as s-singlet, brs-broad singlet, d-doublet,

brm-broad multiplet, t-triplet, g-quartet, dt-doublet triplet and m-multiplet. 13C-NMR spectra
were recorded at 75 MHz or 100 MHz, or 125 MHz instruments. The chemical shifts are
reported in ¢ values (parts per million, ppm) relative to the internal standard Me,Si.

High-resolution mass spectra were recorded with a Q-TOF Bruker instrument, using

electrospray ionization (ESI) as the ionization method.
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SOFTWARE

For chapter 2 and 3, structures were drawn in ChemDraw and saved in SDF file format. The
molecules were minimized using the Steepest Descent algorithm with the Universal Force Field
(uff) as implemented in the PyRx software. The coordinates of the proteins were downloaded
from the RCSB protein data bank. Hydrogen atoms were added, and structure optimization was
done using the clean geometry module of discovery studio (Accelerys San Diego, CA, USA).
In the docking technique, all water molecules were removed. Subsequently, hydrogen atoms
were added to the protein residues, and Kollman atomic charges were assigned to the protein
atoms using AutoDock MGL Tools 1.5.6.

All simulations were carried out using the GROMACS 5.1.4 software provided by HPC IIT
Delhi. The force field used is GROMOS96 43al. Ligand topology files were created with the
help of the PRODRG server. The long-range electrostatic interactions were described by the
Particle Ewald Mesh method. Using the LINCS algorithm, all bonds involving hydrogen atoms
were restrained. The system’s temperature is controlled at 300 K using the Berendsen
thermostat while the pressure is maintained at 1 bar using the Parrinello-Rahman barostat. The
GROMACS g _mmpbsa module was used to calculate the binding free energies. The
configurations collected every 100 ps of the last 10 ns of the MD simulations were used for

these analyses.
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LIST OF ABBREVIATIONS

Ac : acetyl

Ac.0 : acetic anhydride

Anhyd. : anhydrous

Ar : aryl

aq ; aqueous

Al : autoinducer

Bn : benzyl

brs : broad singlet

C : concentration

calcd : calculated

cat. : catalytic

cm : centimeter

DCM : dichloromethane

dd : doublet of a doublet

ddd : doublet of a doublet of a doublet
ddt : doublet of a doublet of a triplet
dt : doublet of a triplet

DIPA : N, N-diisopropylamine

DIPEA : N, N-diisopropylethylamine
DMF : N, N-dimethylformamide
DMAP : 4-(N,N-dimethylamino)pyridine
2,2-DMP : 2,2-dimethoxy propane

DMP : Dess-Martin periodinane
DMSO : dimethylsulfoxide

dr : diastereomeric ratio

dt : doublet of a triplet

ent : enantiomer

eq. : equivalents

Et : ethyl

Fig. : figure

g : gram(s)
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Rg

sat.
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t

td

TBAF
TBS
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TLC

uv

root mean square fluctuation

radius of gyration
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solvent accessible surface area
tertiary-Butyl

triplet
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tetra-n-butylammonium fluoride
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