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Development of Potent and Selective Inhibitors for Group VIA
Calcium-Independent Phospholipase A, Guided by Molecular
Dynamics and Structure-Activity Relationships

Varnavas D. Mouchlis™T, Dimitris Limnios*, Maroula G. Kokotou?, Efrosini Barbayianni*,
George Kokotos™*, J. Andrew McCammon', and Edward A. Dennis™"

TDepartment of Pharmacology and Department of Chemistry and Biochemistry, School of
Medicine, University of California, San Diego, La Jolla, California 92093-0601, USA

*Laboratory of Organic Chemistry, Department of Chemistry, National and Kapodistrian University
of Athens, Panepistimiopolis, Athens 15771, Greece

Abstract

The development of inhibitors for phospholipases A, (PLA,S) is important in elucidating their
implication in various biological pathways. PLA, enzymes are an important pharmacological
target implicated in various inflammatory diseases. Computational chemistry, organic synthesis
and /n vitro assays were employed to develop potent and selective inhibitors for Group VIA
calcium-independent PLA,. A set of fluoroketone inhibitors, were studied for their binding mode
with two human cytosolic PLA, enzymes: Group IVA cPLA, and Group VIA iPLA,. New
compounds were synthesized and tested against three major PLA, enzyme. This study led to the
development of four potent and selective thioether fluoroketone inhibitors as well as a thioether
keto-1,2,4-oxadiazole inhibitor for GVIA iPLA,, which will serve as lead compounds for future
development and studies. The keto-1,2,4-oxadiazole functionality with a thioether is a novel
structure and it will be used as a lead to develop inhibitors with higher potency and selectivity
towards GVIA iPLA,.

Graphical abstract
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Introduction

Phospholipase A, (PLA,) constitutes a superfamily of enzymes that currently consists of 16
groups and several subgroups, and can be classified into the following six types: cytosolic
(cPLA)), secreted (sPLA),), calcium-independent (iPLA,), platelet-activating factor
acetylhydrolase (PAF-AH) also known as lipoprotein-associated PLA, (Lp-PLAy),
lysosomal PLA, (LPLA,), and adipose-PLA (AdPLA).1 PLA,s catalyze the release of free
fatty acids including arachidonic acid (AA) which is the initial and rate limiting step for
eicosanoid biosynthesis.2 Through their catalytic activity, Group IVA cytosolic (GVIA
cPLA)), Group VIA calcium-independent (GVIA iPLA)), and Group V secreted (GV
SPLA,) enzymes are implicated in many inflammatory diseases.! Thus, the development of
potent and selective inhibitors for each of these three enzymes should lead to the
development of novel pharmaceutical agents for different inflammatory conditions.3

GIVA cPLA, was cloned and sequenced in 199146 and its crystal structure was reported in
1999.7 This enzyme utilizes a catalytic dyad of Ser/Asp, and it exhibits high specificity for
membrane phospholipids containing AA at the s-2 position. Thus, it is the main AA
provider for the cyclooxygenase (COX) and lipoxygenase (LOX) pathways.8 Therefore, this
enzyme can be considered a key enzyme for mediating production of eicosanoids which are
implicated in numerous inflammatory diseases.!

GVIA iPLA, was purified from macrophages in 1994,° 10 and its crystal structure has not
been solved yet. The human gene of this enzyme expresses multiple splice variants.11: 12
Among them, the transcript variant 1 is one of the two active isoforms in humans. GVIA
iPLA, also utilizes a catalytic dyad of Ser/Asp, and it is not known to exhibit specificity for
the sn-2 fatty acid of the membrane phospholipids. It was found to be involved in membrane
homeostasis and remodeling involved in the basic metabolic functions within the cell.1 13
GVIA iPLA, is involved in signaling and other pathological conditions including diabetesl4
and Barth syndrome.1®

GV sPLA, was expressed and characterized in 1998,16 and its crystal structure has not been
reported either. This enzyme is also implicated in several inflammatory diseases, and its
activity was found to be interrelated with that of GIVA cPLA,.17 GV sPLA, utilizes a
catalytic dyad of His/Asp, and it was detected in rheumatoid arthritis synovial fluids, but its
expression was significantly lower than GIIA sPLA,, which is the major enzyme secreted in
rheumatoid arthritis.18

A variety of diverse small molecule inhibitors have been reported and their structures are
summarized in review articles.19 20 Our groups have developed some novel classes of
inhibitors including 2-oxoamides for GIVA cPLA,,21 22 amides for GV sPLA,,23 and
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fluoroketones for GVIA iPLA,.24-26 We have now explored potent and selective inhibitors
for GVIA iPLA, using structure-based design and /n vitro mixed micelle assays.2” Even
though there is no available crystal structure for this enzyme, we have developed a robust
homology model based on hydrogen/deuterium exchange mass spectrometry (DXMS)
experimental data and molecular dynamics (MD) simulations.28-30 The 3D structure of
GVIA iPLA, was used for molecular docking calculations and MD simulations with
previously synthesized inhibitors in an effort to establish a structure-activity relationship
(SAR). Based on our SAR model, new fluoroketone compounds were designed, synthesized
and tested /n vitro, and we were able to identify four new fluoroketones that potently inhibit
GVIAIPLA, and they are quite selective relative to GIVA cPLA, and GV sPLA,. In
addition, a novel potent and selective GVIA iPLA; inhibitor based on a keto-1,2,4-
oxadiazole functionality with a thioether was identify.

Results and Discussion

Structure-based design protocol

Fluoroketones represent a unique class of PLA; inhibitors that are highly potent and
selective toward GVIA iPLA,.24-26 Understanding the binding mode (conformation of the
inhibitor as well as its interactions with the binding pocket of the enzyme) of these
compounds is crucial in designing new compounds with improved inhibitory properties. To
do so, a data set of 27 PLA, inhibitors was used in order to develop a SAR for designing,
synthesizing and testing new compounds (Table 1).24 25 Figure 1 schematically represents
the structure-based design approach adopted in this study with the goal to design, synthesize
and test new fluoroketone compounds for their inhibitory activity against representatives of
three major PLA, groups.

Three compounds were initially selected and docked in the binding pocket of both GVIA
iPLA, and GIVA cPLA,. GV sPLA, was not included in the structure-based design protocol
because none of the fluoroketone compounds exhibited significant activity towards this
enzyme.24 25 Compounds 2 (GK187)2° and 3 (FKGK18)24 are potent inhibitors of GVIA
iPLA, that showed similar inhibitory activity (Table 1). Compound 2 is a pentafluoro ketone
containing a methoxy phenyl group, while compound 3 is a trifluoromethyl ketone with a
naphthalene group at the hydrophobic chain. These two compounds were used to initiate our
studies because they are structurally different in terms of the fluoro carbonyl as well as the
hydrophobic chain even though they have comparable inhibitory potency.24 25 Compound
21 (GK174)% is a trifluoromethyl ketone with two phenyl groups at the hydrophobic chain
and is the only compound in this class that showed high inhibitory activity against GIVA
cPLA,.2% Each compound was docked in the binding pocket of the relevant enzyme to create
an optimized enzyme-inhibitor complex in terms of conformation and binding energy. The
resulting enzyme-inhibitor complexes were then placed on a POPC membrane patch based
on previously published models,?8 and the systems (enzyme-inhibitor-membrane-water)
were minimized, equilibrated and subjected to a 300 ns simulation each. Clustering analysis
was performed to identify the most abundant conformation for each complex. These
complexes were used in docking calculations using a set of published fluoroketone
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inhibitors24 25 with the goal to create reliable models to assist the structure-based design of
new compounds.

Binding mode of fluoroketone inhibitors based on Induced Fit Docking (IFD)

The IFD calculations were performed using the homology model of GVIA iPLA,28 and the
crystal structure for GIVA cPLA,.” Residues Gly486, Gly487, Lys489, Ser519, Val548,
Phe549, Leu560, Tyr643, Phe644, Asp652, Lys729, and Leu770 were selected to define the
binding pocket of GVIA iPLA; in the IFD calculations. These residues were found to show
decreased “on exchange” rates in DXMS studies upon binding of a GVIA iPLA; inhibitor,
which belongs to the same fluoroketone class of compounds.30 For GIVA cPLA, residues
Gly197, Gly198, Phe199, Arg200, Ser228, Trp232, Pro263, Phe295, Leu298, 116299,
Thr302, Leu303, Phe397, Met417, Asp549, Asn555, Thr680 and Phe683 were chosen to
define the binding pocket of the enzyme in the IFD calculations. These residues showed
decreased “on exchange” rates in DXMS studies upon binding with pyrrophenone, which is
a potent GIVA cPLA, inhibitor.3!

Figure 2A and 2C show the binding mode of compound 2 and 3 in the binding pocket of
GVIA iPLA,; generated by the IFD calculations. The fluoroketone group is located in the
hydrophilic region of the binding pocket. The oxygen atom of the carbonyl group is near to
residues Gly486/Gly487 which constitute the “oxyanion hole”. These two glycine residues
were found to interact with the s7+2 carbonyl group of the phospholipid according to our
previously published structural studies.?8 The same oxygen atom is in spatial proximity to
the catalytic Ser519. The fluorine atoms are located near to the residues Asn658 and Lys725.
These two residues were found to interact with the phosphate group according to our
previous studies.28 The methoxy phenyl group in compound 2 and the naphthalene group in
3 is located near to the entrance of the binding pocket, and it interacts with aromatic and
aliphatic residues including Val548, Phe549, Leu560, Tyr643, Phe644 and Leu770 (Fig. 2A
and 2C).

Figure 3A represents the binding mode of compound 21 in the binding pocket of GIVA
cPLA, from the IFD calculations. The fluoroketone group is located near to the “oxyanion
hole” (Gly197/Gly198) and to the catalytic Ser228, with fluorine atoms near Asn555. It
seems that the binding of the fluoroketone group in both enzymes involves identical
residues. These residues were also found to interact either with the s-2 carbonyl group
(Gly197/Gly198) or the phosphate group (Asn555) of the phospholipid molecule in our
previous studies.?8 The two phenyl groups are placed in the hydrophobic region of the active
site near residues Trp232, Pro263, Phe295, Leu298, 11e299, Thr302, Leu303, Phe397 and
Phe683. This is the region where the fatty acyl chains of the phospholipid molecule were
bound according to our previous studies.?8

Binding mode of fluoroketone inhibitors after MD

Each enzyme-inhibitor complex was placed on the surface of a POPC membrane patch (Fig.
1) minimized, equilibrated and subjected to a 300 ns simulation using NAMD 2.9.32 The
RMSD for the enzyme backbone atoms was stabilized at ~2.5 A relative to the starting
structure indicating that each simulation was reasonably converged (Fig. S1).
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The binding mode of compound 2 and 3 after the MD simulation is shown in Figure 2B and
2D. The fluoroketone group remains in the hydrophilic region of the enzyme binding pocket
with the oxygen atom of each carbonyl group interacting periodically with Gly486/Gly487
the so called “oxyanion hole” (Movie 1 and 2 or Fig. 2B and 2D). The same oxygen atom
does not show any interactions with the catalytic Ser519. The fluorine atoms participate in
H-bonding interactions with residue Asn658 but no interactions were observed with residue
Lys725. In both simulations, the fluoroketone group shows an identical interaction pattern
while the number of fluorine atoms does not seem to play a significant role in the binding.
The simulations showed an interesting movement of the methoxy phenyl group in 2 and the
naphthalene group in 3 from the entrance of the active site into the hydrophobic region of
the binding pocket (Movie 1 and 2). The final pose of the MD simulations shows the two
compounds in a horizontal orientation (Fig. 2B and 2D) rather than the vertical one
suggested by the IFD complexes (Fig. 2A and 2C). This hydrophobic region was found to
accommodate the sn-2 fatty acyl chain during our previously published studies on a PAPC
substrate.28 On their final binding mode, the two groups were found to interact with residues
like Val488, 11e523, Tyr541, Met544, Val548, Phe549, Leu560, Tyr643, Phe644 and Leu770.
It is worth mentioning that the oxygen atom of the methoxy phenyl group participates in H-
bonding with Tyr541 during the simulation (Movie 1).

The MD simulation of the GIVA cPLA,-21 complex (Fig. 3B) shows that the oxygen atom
of the fluoroketone carbonyl group interacts with Gly197/Gly198, the so called “oxyanion
hole” (Movie 3 or Fig. 3B). The fluorine atoms are in spatial proximity with Asn555 but no
H-bonding interactions were observed during the simulation. The distance between the
nitrogen atom of Asn555 and the fluorine atoms ranges between 3.0 to 3.5 A, but never
drops below 2.8 which is the threshold for the formation of an H-bond. The two phenyl
groups remain in the same hydrophobic region of the deep binding channel indicated by the
IFD complex and they do not appear to change their binding mode significantly during the
simulation (Movie 3 or Fig. 3B).

Structure-activity relationships (SAR)

A representative enzyme-inhibitor complex was selected from each of the five clusters (Fig.
1) for docking calculations. Each complex was optimized using the Protein Preparation
Wizard (PPW),33 and the already bound inhibitor was redocked in the active site. Enzyme-
inhibitor complexes that belong to the most abundant clusters received the highest (absolute
value) theoretical binding score, named herein as the XP GScore (Extra-Precision Glide
Score). Compound 2 and 3 received similar XP GScore towards each MD complex with 3
showing slightly more optimized H-Bonding interactions. Thus, 3D complex of GVIA
iPLA, with compound 3 was used for conducting docking calculations for the SAR studies.
Al the fluoroketone compounds of Table 124 25 were docked in GVIA iPLA2 binding site
in order to examine if the structural models can give a good correlation between inhibitory
activity and XP GScore. Table 1 summarizes the structures, the X;(50), the log X,(50), and
the XP GScore for the selected compounds. X;(50) is the mole fraction of the compound that
is required for 50% inhibition of the enzyme. Mole fraction is a dimensionless number
derived by dividing the number of moles of inhibitor by the total number of moles of surface
(moles of substrate plus inhibitor plus detergent).34 35 X(50) values can be converted to
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molar concentration by considering that 0.091 mole faction of inhibitor corresponds to 50
UM concentration. Thus, an X;(50) of 0.0001 corresponds to 55 nM.

An initial linear regression analysis did not reveal a correlation between the X;(50) and XP
GScore values (Fig. 4A, Table 1). However, further analysis of the results showed that
compounds 6, 8 and 12 give false negative predictions, while compounds 22 and 24 give
false positive predictions according to the XP Glide scoring function. Outliers are typical of
docking calculations since empirical scoring functions are not completely accurate in
calculating theoretical binding scores.36 By excluding these five compounds from the linear
regression, the linearity was significantly improved (Fig. 4B). It is worth noting that the
compounds with high X;(50) values tend to have higher XP GScore against GVIA iPLA,,
with our lead compounds 2 and 3 ranked among the highest ones. Another interesting
compound is 21 which is the only compound exhibiting significant inhibitory activity
against GIVA cPLA; (X,(50) = 0.0074). This compound ranked with the highest XP GScore
against GIVVA cPLA, in comparison with the lower scored 2 and 3 which showed no
significant activity against GIVA cPLA, (Table 1).

Design and synthesis of thioether fluoroketone and keto-1,2,4-oxadiazole inhibitors
using the SAR model

In order to test the predictive ability of our SAR models, we have designed four new
fluoroketone compounds based on the structures of compound 1 (GK177),25 2, 3 and 10
(FKGK11, Table 1).24 25 These new analogues (28, 29, 30, and 31 in Table 2) contain a
sulfur atom at the beta position to the carbonyl group taking into consideration the following
literature data. During the ‘80s, Hammock and coworkers demonstrated that in some cases
the presence of a thioether beta to the carbonyl group of trifluoromethyl ketones increased
the inhibitory potency on juvenile hormone esterase3’ and mammalian carboxylesterase.38
In addition, polyunsaturated trifluoromethyl ketones containing sulfur or oxygen atoms at
the beta position were synthesized starting from EPA and DHA as potential PLA,
inhibitors.3° Recently, it was demonstrated that such sulfur derivatives directly inhibit GIVA
cPLA, and suppress PGE, formation in mesangial cells.*? Given the substantial structural
similarity of the new compounds with their original analogues we also synthesized two
novel compounds (32 and 33 in Table 2) containing a 1,2,4-oxadiazole ring in order to test
the ability of the SAR model to predict structurally different compounds. Oxadiazoles
compounds were developed in the past as inhibitors of various enzymes including HIV
integrase and they have been proven to exhibit a wide range of biological activities.*1 42

Two different routes were employed to synthesize fluoroketones containing a sulfur atom at
the beta position to activated carbonyl. Thiols 34a—c were reacted with commercially
available 3-bromo-1,1,1-trifluoroacetone or 1-bromo-3,3,4,4,4-pentafluorobutan-2-one to
give directly the target compounds 28, 30, 31 (Scheme 1). Pentafluoro derivative 29 was
prepared by conversion of carboxylic acid 35 to the corresponding Weinreb amide, followed
by treatment with (pentafluoroethyl)lithium (Scheme 1). Both routes led to products in high
yield and in conclusion the synthesis of these new thioether fluoroketones requires fewer
steps in comparison to the synthesis of compound 1, 2 and 3, where the synthesis starts from
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the Horner-Emmons reaction of an appropriate aromatic aldehyde and triethyl
phosphonocrotonate.

The synthesis of keto-1,2,4-oxadiazoles is depicted in Scheme 2. Alcohols 36a,b were
oxidized to aldehydes and treated with zert-butyldimethylsilyl cyanide (TBDMSCN) in the
presence of KCN and 18-crown-6 to produce nitriles 37a,b. Then, amidoximes 38a,b were
prepared and coupled with pivalic acid using N,V -dicyclocarbodiimide (DCC) as the
coupling agent to give compounds 39a,b. The formation of the 1,2,4-oxadiazole ring was
accomplished by treatment with tetrabutylammonium fluoride (TBAF) under microwave
irradiation. Under such conditions the silyl protecting group was removed and compounds
40a,b were finally oxidized to target compounds 32, 33 using the Dess-Martin reagent.

As shown in Table 2, our SAR model ranked compounds 28 (GK407), 29 (GK388) and 30
(GK408) with an XP GScore as high as the ones for 1, 2 and 3 against GVIA iPLA,, and as
low as the ones against GIVA cPLA,. These compounds were tested /n vitro against GVIA
iPLA, and GIVA cPLA, and they indeed showed a comparable inhibitory activity and
selectivity against GVIA iPLA; as their precursor compounds. They also showed negligible
inhibitory activity against the GV sPLA,, as expected for this class of fluoroketones. It is
worth mentioning that compound 3 and 30 gave a higher XP GScore against GIVA cPLA,
than 1, 2, 28 and 29 and they also showed a higher percentage of inhibition against GIVA
cPLA, (inhibition 80.8% against GIVA cPLA, was reported for compound 3).24 The
importance of the sulfur atom for the potency of these inhibitors indicated by dramatic
improvement of the inhibitory activity of compound 31 (Table 2) which is 10-fold more
potent than its non-thio analogue 10 (Table 1). This compound shows high potency and
selectivity for GVIA iPLA; and it was ranked among the highly active compounds by
receiving an XP GScore of 8.4. Finally, the potency of compounds 32 (GK392) and 33
(GK367) towards GVIA iPLA, was satisfactorily predicted by the SAR model even though
the compounds are structurally different from fluoroketones. Compound 32 received an XP
score of 7.4 and an X;(50) of 0.0057 in contrast with it non-thio analogue 33 which received
and XP of 4.8 and insignificant inhibition towards GVIA iPLA,. The selectivity of 32
towards GVIA iPLA, was also predicted by receiving low XP GScore towards GIVA
CPLA,.

Understanding the binding of the fluoroketone group

Our structural model gives insight into the binding mode of fluoroketone inhibitors as potent
and selective inhibitors of GVIA iPLA,. Starting with the fluoroketone group it is clear that
the number of fluorine atoms does not play a central role in the inhibitory activity. Both
trifluoromethyl and pentafluoroethyl ketone gave the same activity (1 and 2 in Table 1).25
Simulations of both compounds 2 and 3 showed one residue Asn658 in GVIA iPLA,
interacting with the fluorine atoms of both pentafluoroethyl and trifluoromethyl groups
(Movie 1 and 2). According to our proposed catalytic cycle, the “oxyanion hole” stabilizes
the tetrahedral intermediate formed after the Ser519 attacks the carbon atom of the s7-2
carbonyl group.28 It is likely that the fluorine atoms add to the polarity of the carbonyl group
and the catalytic Ser519 attacks the carbon atom forming a reversible hemiacetal, while
residues Gly486/Gly487 stabilize the negatively charged oxygen atom. Based on our
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mechanistic assumptions, it appears that our model works well. However, the possibility of
the formation of a covalent bond cannot be excluded, but that would not change the
conclusion significantly. It is worth mentioning that the interactions of the fluoroketone
group in GIVA cPLA, (Movie 3) are identical with the ones in GVIA iPLA,.

Understanding the binding of the hydrophobic chain

The hydrophobic chain appears to play a critical role in the inhibitory activity of these
compounds. The aromatic rings participate in pi-pi stacking while the bulky naphthalene
ring in compound 3 reduces the inhibitory activity two-fold in contrast to the methoxy
phenyl group in 2. The simulations (Movie 1 and 2) show that the methoxy phenyl group is
much more flexible during its accommaodation in the hydrophobic region of the pocket and,
thus, optimizes its interactions with the surrounding residues. Moreover, the oxygen atom
forms an H-bond with residue Tyr541 making the binding of 2 more favorable (Movie 1).
The hydrophobic chain also plays an important role in the selectivity of these compounds.
Short compounds like 2 show high selectivity toward GVIA iPLA,, while they tend to lose
selectivity when the chain becomes bulkier (compound 3 exhibits less selectivity) and longer
(compound 21 shows no selectivity). Our studies on the binding of a PAPC molecule,28
indicated that GIVVA cPLA; has a much deeper channel-like binding pocket than GVIA
iPLA,. As a result, fluoroketones with a long hydrophobic chain will complement better the
deep pocket and they will have higher inhibitory potency.

In summary, our studies show that the same fluoroketone functional group (activated
carbonyl group) can be used to develop inhibitors with selectivity for either GVIA iPLA, or
GIVA cPLA,, which share the same catalytic mechanism both utilizing a catalytic dyad of
Ser/Asp. However, the size of the hydrophobic chain is very critical for both activity and
selectivity. Short-chain compounds tend to prefer GVIA iPLA, while long-chain compounds
also inhibit GIVA cPLA,.

Thioether enhances inhibitor binding and potency

MD simulations on compounds 32 and 33 revealed the binding mode of these two
compounds and how the sulfur atom improves the inhibitory potency of the thio-analogues.
The binding mode of 32 that occur during the simulation (Fig. 5A) showed that this
compound exhibits tighter binding than 33 (Fig. 5B). It is obvious that the phenyl ring of 32
is closer to the residues of the hydrophobic pocket of GVIA iPLA,. The MD simulations
showed that 32 (Movie 4) is much more stable in the binding site of the enzyme in
comparison with 33 (Movie 5). The carbonyl group is constantly interacting with the
“oxyanion hole” (Gly486/Gly487) while theoxadiazole ring is forming H-Bonds with
Asn658. The same interactions do not occur in the case of 33 making its binding weaker and
as a results is very unstable in the binding site of the enzyme during the simulation (Movie
5). The sulfur atom is also a very versatile atom in terms of its interactions with the residues
of an enzyme. Its electron cloud can be involved in pi-pi stacking interactions and other
interaction with aromatic or non-aromatic residues.*3 In the case of 32 the sulfur atom is in
spatial proximity to Tyr643, Phe722, Leu770 as well as the “oxyanion hole” (Gly486/
Gly487) constantly interacting with this residues (Movie 4). According to the X;(50) value
of the thio versus non-thio inhibitors, it is obvious that the presence of the beta-thioether
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enhances the binding and potency of these compounds and the MD simulations clearly
explain the beneficial effect of the sulfur atom upon binding of 32 (Fig. 5A and Movie 4).

Conclusion

Fluoroketones exhibit unique inhibitory properties against PLA, enzymes that belong to
serine hydrolases and, thus, are attractive synthetic compounds for elucidating the binding
mode with each particular enzyme and performing structure-activity relationship studies.
Our computational studies allow us to understand clearly how fluoroketones interact with
either GVIA iPLA; or GIVA cPLA,, and what structural features an inhibitor should possess
in order to present selectivity for GVIA iPLA, or GIVA cPLA,. These studies constitute a
valuable guide indicating that inhibitors of GVIA iPLA, should be small-size molecules.
Increase of the size and the lipophilicity of the inhibitor lead to decrease of selectivity for
GVIAiPLA,. An SAR model was established and new compounds were synthesized and
tested that show high inhibitory activity against GVIA iPLA, while showing the validity of
our structural and SAR models. In conclusion, this study introduces a new class of thioether
fluoroketones that have the potential for further development in order to identify potent and
selective inhibitors not only for GVIA iPLA, but for GIVA cPLA, as well. In addition, a
novel structure of GVIA iPLA; inhibitor combining the keto-1,2,4-oxadiazole functionality
with a thioether was identify.

Experimental Procedures

Induced Fit Docking (IFD) protocol

Each enzyme-inhibitor initial complexes were predicted using the IFD protocol implemented
in Schrodinger Suite 2014.44 45 The enzyme 3D structure (receptor) was optimized using
the PPW module.33 The inhibitor 3D structures (ligand) were sketched using Maestro 9.9
sketcher,%6 and they were optimized using the LigPrep 3.2 application.4’ IFD protocol
employs Glide 6.5% and the refinement module in Prime 3.84° to accurately predict
enzyme-inhibitor complexes by incorporating side-chain flexibility for the receptor. The box
center for the docking calculations was defined using the centroid of selected residues that
were found to constitute the binding pocket of GVIA iPLA; and GIVA cPLA; using DXMS
and extensive MD simulations in our previously published papers.28-30 The box size was
determined automatically according to the centroid of the specified binding pocket residues.
For the initial docking of the inhibitors the side-chain of the binding pocket residues were
trimmed automatically based on the B-factor. The receptor van der Waals scaling was set to
0.70 and the ligand van der Waals scaling to 0.50. Twenty poses (binding modes) of each
inhibitor were allowed to pass to the Prime refinement step. During the Prime refinement
step, the side-chains of the residues within 6 A the inhibitor pose were optimized in terms of
conformation and potential energy. Finally, twenty enzyme-inhibitor structures were allowed
to pass to the redocking step with a threshold for eliminating high-energy structures from the
Prime refinement of 30 kcal/mol, and the Glide Extra-Precision (XP) scoring function.>0
The final complexes were selected based on the binding mode and the score.
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Molecular Dynamics (MD) simulations

MD simulations were carried out on enzyme-inhibitor complexes (compounds 2, 3, 32 and
33 for GVIA iPLA,, and compound 21 for GIVA cPLAy), which were derived from the
docking calculations. Each complex was placed on a POPC membrane patch of ~100 x 100
A2 area according to our previously published model.28-30 POPC molecules within 0.6 A of
the enzyme were removed, the system was solvated with TIP3P water molecules, and was
neutralized using sodium chloride at a concentration of 100 mM. The total number of atoms
of the entire system was approximately 105,000. NAMD 2.9 was employed for the MD
simulations.32 The CHARMM General Force Field (CGenFF) and parameters were used for
the inhibitors,®! and the CHARMMS36 all-atom additive force field and parameters were
used for the enzyme and the POPC membrane patch.>2 The system was minimized for
20,000 steps and equilibrated for 12 ns to relieve all the unfavorable contacts. Finally, a 300
ns MD simulation was performed at a temperature of 310 K using the MPT ensemble. The
trajectory files of the simulations were analyzed using the Visual Molecular Dynamics
(VMD) software.>3

Docking Calculations

Clustering analysis was performed on the trajectories derived from the MD simulations on
the enzyme-2, -3 and -21 complexes in order to identify suitable conformations for the
docking calculations. The 3D structures were optimized using the PPW.33 The 3D structures
of the inhibitors were sketched using Maestro 9.9 sketcher#® and they were optimized using
LigPrep 3.2.47 Glide 5.8 was used for the rigid-docking of the compounds into the enzyme
binding pocket.*8 The grid required for the docking procedure was generated using a scaling
factor of 1.0 and partial charge cutoff of 0.25, while X; Y, Zdimensions of the inner box
were set to 12 A. For the inhibitor docking a scaling factor of 0.8 and partial charge cutoff of
0.15 were used that allow complete flexibility of the structures. The poses were selected
according to the binding mode and the XP GScore. The Glide Extra-Precision (XP) scoring
function0 was used for the calculations.

In vitro PLA, activity Assay

The activities of human GVIA iPLA,, GIV cPLA; and GV sPLA, were determine using a
group-specific mixed micelle modified Dole assay.?} 27 The substrate was prepared using
slightly different conditions for each enzyme to achieve optimum activity: (i) GVIA iPLA,
mixed micelle substrate consisted of 400 uM Triton X-100, 98.3 uM PAPC, and 1.7uM
arachidonyl-1-14C PAPC in a buffer containing 100 mM HEPES pH 7.5, 2 mM ATP, and 4
mM DTT; (ii) GIVA cPLA, mixed micelle substrate consisted of 400 uM Triton X-100, 95.3
UM PAPC, 1.7 uM arachidonyl-1-14C PAPC, and 3 puM PI(4,5)P2 in a buffer containing 100
mM HEPES pH 7.5, 90 uM CaCl,, 2 mM DTT, and 0.1 mg/ml BSA; and (iii) GV sPLA,
mixed micelles substrate consisted of 400 uM Triton X-100, 98.3 uM PAPC, and 1.7 uyM
arachidonyl-1-14C PAPC in a buffer containing 50 mM Tris-HCI pH 8.0, and 5 mM CaCls.
The compounds were initially screened at 0.091 mole fraction (5 puL of 5 mM inhibitor in
DMSO) in substrate (495 uL). X,(50) was determined for compounds exhibiting greater than
95% inhibition. Inhibition curves were generated using GraphPad Prism 5.0 and the non-

J Med Chem. Author manuscript; available in PMC 2017 May 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mouchlis et al.

Synthesis

Page 11

linear regression by plotting percentage of inhibition vs log (mole fraction) to calculate the
reported X;(50) and its associated error.

of the inhibitors. General Methods

Chromatographic purification of products was accomplished using Merck Silica Gel 60 (70—
230 or 230-400 mesh). Thin-layer chromatography (TLC) was performed on Silica Gel 60
F254 aluminum plates. Spots were visualized with UV light and/or phosphomolybdic acid in
EtOH. Melting points were determined using a Bu chi 530 apparatus and were

uncorrected. 1H, 13C and 1°F NMR spectra were recorded on a Varian Mercury. Chemical
shifts are given in ppm, and coupling constants (J), in Hz. Peak multiplicities are described
as follows: s, singlet; d, doublet; t, triplet; and m, multiplet. HRMS spectra were recorded on
a Bruker Maxis Impact QTOF Spectrometer. Dichloromethane was dried by standard
procedures and stored over molecular sieves. All other solvents and chemicals were reagent
grade and used without further purification. The purity of all compounds subjected to
biological tests was determined by analytical HPLC and was found to be 95%.

Synthesis of Fluoroketones 28, 30, 31

Thiol 34a-c (1 mmol) was transferred to an oven dried flask and CCl, (2 mL) was added
under nitrogen atmosphere. After 5 minutes, 3-bromo-1,1,1-trifluoropropan-2-one (1.3
mmol, 248 mg) or 1-bromo-3,3,4,4,4-pentafluorobutan-2-one (1.3 mmol, 313 mg) was
added dropwise over 15 minutes. The mixture was left stirring under nitrogen bubling at
room temperature for 4 hours. Column chromatography of the crude mixture afforded the
desired product [EtOAc/petroleum ether (bp 40-60 °C)].

1,1,1-Trifluoro-3-((4-methoxyphenethyl)thio)propan-2-one (in equilibrium with its
corresponding gem-diol) (28)

Yield 88%; colourless oil; H NMR (200 MHz, CDCl5) : §7.16-7.09 (2H, m, ArH), 6.90—
6.82 (2H, m, ArH), 4.09 [1H, br s, SCH>,C(OH),], 3.80 (3H, s, OMe), 3.47 (1H, br s,
SCH,C=0), 3.01-2.70 (4.5H, m, 4 x CA#H and 0.5 x OH), 1.81 (0.5H, br, OH); 13C NMR
(50 MHz, CDCl5) : §185.1 (q, /= 34 Hz, C=0), 158.2, 131.7, 129.5, 122.8 (q, /= 285 Hz,
CF3), 114.3, 92.4 [q, J= 32 Hz, C(OH),], 55.2, 36.3, 35.0, 34.8, 34.7, 34.3, 33.5; 19F NMR
(186 MHz, CDCl3) : §-20.8, -30.3; HRMS (ESI) calcd for C15H12F30,S [M-H] ~,
277.0516; found, 277.0515.

1,1,1-Trifluoro-3-((2-(haphthalen-2-yl)ethyl)thio)propan-2-one (in equilibrium with its
corresponding gem-diol) (30)

Yield 83%; colourless oil; TH NMR (200 MHz, CDCls) : §7.89-7.77 (3H, m, ArH), 7.67
(1H, s, ArH), 7.54-7.44 (2H, m, ArH), 7.39-7.30 (1H, m, ArH), 4.14 [1.8H, br s,
SCH,C(OH),], 3.49 (0.2H, SCH,C=0), 3.12-2.90 (4H, m, 4 x CHH), 2.98 (1.8H, br,

OH); 13C NMR (50 MHz, CDCl3) : §137.1, 133.5, 133.4, 128.2, 127.7, 127.5, 126.9, 126.4,
126.2, 125.6, 123.0 (q, J = 282.5 Hz, CF3), 92.5 [q, /=29 Hz, C(OH),], 36.4, 35.8, 35.1,
34.6, 34.2, 33.4; 19F NMR (186 MHz, CDCls) : §-20.7, -30.2; HRMS (ESI) calcd for
C15H1oF30S [M-H]~, 297.0566; found, 297.0563.
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3,3,4,4,4-Pentafluoro-1-(phenethylthio)butan-2-one (in equilibrium with its corresponding
gem-diol) (31)

Yield 78%; colourless oil; 1H NMR (200 MHz, CDCls) : §7.40-7.12 (5H, m, ArH), 3.73
(0.2H, br s, OH), 3.50 (3H, s, OMe, SCH,), 3.28 (0.2H, br s, OH), 3.10-2.60 (4H, m, 4 x
CHH); 13C NMR (50 MHz, CDCl3) : §187.5 (t, /= 26.1 Hz, C=0), 139.6, 139.4, 128.6,
128.5,126.7, 117.7 (qt, /= 287.1 and 34.0 Hz, CF3), 107.0 (tq, 268.4 and 38.3 Hz, CFy),
93.9 [m, C(OH),], 35.7, 35.4, 35.2, 34.9, 33.1, 31.9; 1°F NMR (186 MHz, CDCls) : §-24.1,
-26.7, -66.5, —71.6; HRMS (ESI) calcd for C1oH15F30,S [M-H] ~, 297.0378; found,
297.0381.

3,3,4,4,4-Pentafluoro-1-((4-methoxyphenethyl)thio)butan-2-one (29)

To a solution of 2-((4-methoxyphenethyl)thio)acetic acid (3) (0.9 mmol, 203 mg) in dry
dichloromethane (7 mL) DMAP (1.1 mmol, 140 mg), N, O-dimethylhydroxylamine
hydrochloride (0.9 mmol, 90 mg), A-methylmorpholine (0.9 mmol, 270 mg, 0.25 mL) and
WSCI (0.9 mmol, 143 mg) were added consecutively. The mixture was left stirring for 24
hours at room temperature. Then, water was added (7 mL) and the aqueous phase was
extracted with dichloromethane (2 x 10 mL). The combined organic phases were washed
with H,0, HCI 1N, H,0, 4% NaOH, H,0, brine (1 x 10 mL each) and dried over Nay;SO4.
Evaporation of the solvent afforded the corresponding Weinreb amide without further
purification (78% yield, 0.70 mmol, 189 mg). In a round bottom flask containing the
Weinreb amide under nitrogen atmosphere, dry Et,O (15 mL) was added. Then, the mixture
was cooled down to =78 °C and CF3CF»l (3.5 mmol, 858 mg) and MeL.i.LiBr (2.2M in
Et,0, 3.5 mmol, 1.6 mL) were added consecutively. The mixture was left stirring at =78 °C
for 2 hours and then for 1 hour at room temperature. Then, water (4 mL) and 10% KHSO4
until pH 4-5 were added. The aqueous phase was extracted with Et,O (3 x 10 mL) and the
solvent was evaporated under reduced pressure. The residue was purified by flash column
chromatography [EtOAc/petroleum ether (bp 40-60 °C), 1:9]. Yield 70% over two steps;
colourless oil; TH NMR (200 MHz, CDClg) : §7.14 (2H, d, J= 8.7 Hz, ArH), 6.87 (2H, d, J
=8.7 Hz, ArH), 3.81 (3H, s, OMe), 3.51 (2H, s, CH,C=0), 2.90-2.68 (4H, m, 4 x

CHH); 13C NMR (50 MHz, CDCl3) : §187.5 (t, J =26.0 Hz, C=0), 158.3, 131.4, 129.5,
117.7 (qt, /= 287.0 Hz and 34.0 Hz, CF3), 113.9, 107.0 (tq, J= 268.4 Hz and 38.6 Hz, CF,),
55.2, 35.4, 34.3, 33.4; 19F NMR (186 MHz, CDCls) : §-26.8, —65.6; HRMS (ESI) calcd for
C13H12F50,S [M-H] ~, 327.0484; found, 327.0482.

Synthesis of nitriles 37a,b

To a stirred solution of alcohol 36a,b (1 mmol) in dry CH,Cl, (10 mL), Dess-Martin
periodinane was added (1.2 mmol, 509 mg) and the mixture was stirred for 1 h at room
temperature. The organic solvent was evaporated under reduced pressure and Et,O (30 mL)
was added. The organic phase was washed with saturated aqueous NaHCO3 (20 mL)
containing Na,S,03 (1.5 g, 9.5 mmol), H,0 (20 mL), dried over NaySQy, and the organic
solvent was evaporated under reduced pressure.

To a stirred mixture of zert-butyldimethylsilyl cyanide (TBDMSCN) (1.0 mmol, 141 mg),
potassium cyanide (0.2 mmol, 13 mg), and 18-crown-6 (0.4 mmol, 106 mg) in CH,ClI, (15
mL) at 0 °C, a solution of the aldehyde (1.0 mmol) derived from alcohol 36a,b, was added
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dropwise over 30 min. After addition was completed, the mixture was stirred overnight at
room temperature. The organic solvent was evaporated under reduced pressure and the
residue was purified by column chromatography [EtOAc-petroleum ether (bp 40-60 °C),
0.5:9.5].

2-(tert-Butyldimethylsilyloxy)-6-(4-methoxyphenyl)hexanonitrile (37a)
Yield 76%; colourless oil; TH NMR (200 MHz, CDCls): §7.12 (2H, d, J= 10.0 Hz), 6.87
(2H, d, J=8.0 Hz), 4.43 (1H, t, J= 6.0 Hz), 3.80 (3H, s), 2.62 (2H, t, /= 8.0 Hz), 1.89- 1.75
(2H, m), 1.71-1.48 (4H, m), 0.98 (9H, s), 0.25 (3H, s), 0.16 (3H, s); 13C NMR (50 MHz,
CDClj3): 6157.4,133.6, 128.9, 119.7) 113.4) 61.4, 54.7, 35.8, 34.4, 30.7, 25.2, 23.7, 17.7,
-5.5, =5.7; MS (ESI) m/z (%): 351.2 [(M+NH,4)*, 100].

2-(tert-Butyldimethylsilyloxy)-3-(4-methoxyphenethylthio)propanenitrile (37b)

Yield 74%; colourless oil; 1H NMR (200 MHz, CDCls): §7.10 (2H, d, /= 8.6 Hz), 6.82
(2H, d, /= 8.6 Hz), 4.91-4.60 (2H, m), 4.53-4.32 (1H, m), 3.77 (3H, s), 2.80-2.62 (4H, m),
0.94 (9H, s), 0.17 (3H, s), 0.11 (3H, s); 13C NMR (50 MHz, CDCl3): §157.9, 132.8, 129.5,
119.8,113.8, 61.7, 55.1, 38.9, 35.2, 34.6, 25.6, 18.0, -5.2, -5.1; MS (ESI) m/z (%): 369.2
[(M+NH4)*, 100].

Synthesis of amidoximes 38a,b

Compound 37a,b (1 mmol) was placed in a microwave vessel and a 50% aqueous solution
of NH,OH (4.0 mmol, 0.5 mL) was added. The reaction mixture was left stirring under
microwave irradiation (initial setting at 50W) for 30 minutes at 120 °C. Then, water was
added (10.0 mL) and the mixture was extracted with ether (2 x 10 mL). The combined
extracts were washed with brine, dried over Nap,SO,4 and concentrated under reduced
pressure. The product was purified by column chromatography [EtOAc-petroleum ether (bp
40-60 °C), 2:8].

(2)-2-(tert-Butyldimethylsilyloxy)-N'-hydroxy-6-(4-methoxyphenyl)hexanimidamide (38a)
Yield 76%; colourless oil; 1H NMR (200 MHz, CDCls): §7.13 (2H, d, J= 8.0 Hz), 6.86
(2H, d, J=8.0 Hz), 4.85 (2H, s), 4.20 (1H, t, J= 6.0 Hz), 3.81 (3H, 5), 2.60 (2H, t, /= 6.0
Hz), 1.85-1.61 (4H, m), 1.54-1.34 (2H, m), 0.94 (9H, s), 0.14 (6H, s); 13C NMR (50 MHz,
CDClg): §157.3, 155.5, 134.4, 129.0, 113.4, 70.7, 54.8, 36.5, 34.7, 31.2, 25.5, 24.6, 17.8,
-5.2, -5.3; MS (ESI) m/z (%): 367.6 [(M+H)*, 100].

(2)-2-(tert-Butyldimethylsilyloxy)-N'-hydroxy-3-(4-
methoxyphenethylthio)propanimidamide (38b)
Yield 64%; colourless oil; 1H NMR (200 MHz, CDCls): §7.11 (2H, d, J= 8.6 Hz), 6.83
(2H, d, J=8.6 Hz), 4.89-4.62 (2H, m), 4.33-4.18 (1H, m), 3.78 (3H, s), 2.89-2.65 (6H, m),
0.90 (9H, s), 0.13 (3H, s), 0.09 (3H, s); 13C NMR (50 MHz, CDCl3): §158.0, 154.8, 132.5,
129.4,113.8, 70.8, 55.2, 39.1, 35.3, 34.6, 25.7, 18.1, -5.0, -5.1; MS (ESI) m/z (%): 385.2
[(M+H)*, 100].
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Synthesis of 39a,b

To a stirred solution of amidoxime 38a,b (1.0 mmol) in dry CH,Cl, (20 mL), pivalic acid (1
mmol, 102 mg) and DCC (1.1 mmol, 227 mg) were added. The reaction mixture was stirred
overnight at room temperature. The organic solvent was evaporated under reduced pressure
and the residue was purified by column chromatography [EtOAc-petroleum ether (bp 40—
60 °C), 2:8].

(2)-2-((tert-Butyldimethylsilyloxy)-N'-(pivaloyloxy)-6-(4-methoxyphenyl)hexanimidamide
(39a)
Yield 76%; colourless oil; 1H NMR (200 MHz, CDCls): §7.07 (2H, d, J= 8.0 Hz), 6.80
(2H, d, /=8.0 Hz), 4.87 (2H, s, NH)), 4.32 (1H, t, /= 6.0 Hz), 3.77 (3H, s), 2.54 (2H, t, J=
8.0 Hz), 1.83-1.60 (6H, m), 1.28 (9H, s), 0.88 (9H, s), 0.07 (6H, s); 13C NMR (50 MHz,
CDClj3): §174.8,160.2, 157.5, 134.4,129.1, 113.5, 70.0, 55.1, 38.7, 37.4, 34.7, 31.1, 27 .4,
25.6, 24.6, 17.9, -5.1; MS (ESI) m/z (%): 451.8 [(M+H)*, 100].

(2)-2-(tert-Butyldimethylsilyloxy)-3-(4-methoxyphenethylthio)-N'-
(pivaloyloxy)propanimidamide (39b)
Yield 73%; colorless oil; H NMR (200 MHz, CDCls): §7.06 (2H, d, J= 8.6 Hz), 6.78 (2H,
d, J= 8.6 Hz), 5.15-4.84 (2H, m), 4.55-4.43 (1H, m), 3.74 (3H, s), 2.89-2.70 (6H, m), 1.24
(9H, s), 0.88 (9H, s), 0.11 (3H, s), 0.07 (3H, s); 13C NMR (50 MHz, CDCl3): §174.6, 158.9,
157.8,132.3, 129.2, 113.6, 69.7, 55.0, 38.7, 35.1, 34.7, 28.3, 27.3, 25.5, 17.9, -5.1, -5.3;
MS (ESI) m/z (%): 469.3 [(M+H)*, 100].

Synthesis of 40a,b

To a stirred solution of compound 39a,b (1.0 mmol) in dry toluene (3 mL) in a microwave
vessel, TBAF (1M in THF, 1.0 mmol) was added. The reaction mixture was left stirring
under microwave irradiation (initial setting at 90W) for 1 hour at 120 °C. The organic
solvent was evaporated under reduced pressure and the residue was purified by column
chromatography [EtOAc-petroleum ether (bp 40-60 °C), 2:8].

1-(5-tert-Butyl-1,2,4-oxadiazol-3-yl)-5-(4-methoxyphenyl)pentan-1-ol (40a)
Yield 28%; colourless solid; m.p. 109- 111°C; IH NMR (200 MHz, CDClg): §7.09 (2H, d, J
=8.0 Hz), 6.81 (2H, d, /= 8.0 Hz), 4.82 (1H, t, /= 6.0 Hz), 3.78 (3H, 5), 2.92 (1H, ), 2.57
(2H, t, J= 6.0 Hz), 2.02-1.87 (2H, m), 1.75-1.55 (4H, m), 1.43 (9H, s); 13C NMR (50 MHz,
CDCl3): 6186.4,171.7, 157.5, 134.4, 129.1, 113.6, 66.6, 55.1, 35.3, 34.7, 33.0, 31.2, 28.3,
24.6; MS (ESI) m/z (%): 319.2 [(M+H)*, 100].

1-(5-tert-Butyl-1,2,4-oxadiazol-3-yl)-2-(4-methoxyphenethylthio)ethanol (40b)
Yield 25%; pale yellow oil; H NMR (200 MHz, CDCl3): §7.11 (2H, d, J= 8.6 Hz), 6.84
(2H, d, /= 8.6 Hz), 5.04-4.86 (1H, m), 3.79 (3H, s), 3.31-3.18 (1H, m), 3.11-3.01 (2H, m),
2.91-2.69 (4H, m), 1.43 (9H, s); 13C NMR (50 MHz, CDCls): §186.8, 170.3, 158.2, 132.0,
129.4,113.9, 65.4, 55.2, 37.9, 35.2, 34.2, 33.7, 28.3; MS (ESI) m/z (%): 337.2 [(M+H)*,
100].
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Synthesis of 1,2,4-oxadiazoles 32, 33

To a stirred solution of compound 40a,b (1 mmol) in dry CH,Cl, (10 mL), Dess-Martin
periodinane was added (1.2 mmol, 509 mg) and the mixture was stirred for 1 h at room
temperature. The organic solvent was evaporated under reduce pressure and Et,O (30 mL)
was added. The organic phase was washed with saturated aqueous NaHCO3 (20 mL)
containing Na,S,03 (1.5 g, 9.5 mmol), H,O (20 mL), dried over NaySQOy, and the organic
solvent was evaporated under reduced pressure. The residue was purified by column
chromatography [EtOAc-petroleum ether (bp 40-60 °C), 2:8].

1-(5-tert-Butyl-1,2,4-oxadiazol-3-yl)-5-(4-methoxyphenyl)pentan-1-one (33)

Yield 88%; colourless oil; 1H NMR (200 MHz, CDCl3): §=7.08 (2H, d, /= 8.0 Hz), 6.81
(2H, d, /=8.0 Hz), 3.77 (3H, s), 3.06 (2H, t, J= 6.0 Hz), 2.59 (2H, t, J= 6.0 Hz), 1.86-1.64
(4H, m), 1.47 (9H, s); 13C NMR (50 MHz, CDCl3): §=191.8, 187.8, 165.3, 157.6, 134.0,
129.2, 113.6, 55.2, 40.3, 34.6, 33.8, 30.9, 28.3, 23.0; HRMS (ESI) calcd for C1gH24N203
[M+H]*, 317.1863, found, 317.1863.

1-(5-tert-Butyl-1,2,4-oxadiazol-3-yl)-2-(4-methoxyphenethylthio)ethanone (32)

Yield 85%; colorless oil; TH NMR (200 MHz, CDClg): §7.13 (2H, d, J= 8.6 Hz), 6.83 (2H,
d, /= 8.6 Hz), 3.86-3.70 (5H, m), 2.94-2.70 (4H, m), 1.49 (9H, s); 13C NMR (50 MHz,
CDCl3): 5188.2, 184.4, 164.7, 158.2, 131.8, 129.5, 113.8, 55.2, 37.6, 34.4, 33.9, 33.8, 28.3;
HRMS (ESI) calcd for C17H,1N,NaOsS [M+Na]*, 357.1243, found, 357.1255.
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Figure 1. Structure-based design protocol
Fluoroketone inhibitors were docked in GVIA iPLA, and GIVA cPLA, binding site. Each

enzyme-inhibitor complex was placed on a POPC membrane patch, solvated, minimized,
equilibrated and subjected in 300 ns MD simulation. Suitable docking conformations of each
complex were identifying using clustering analysis.
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Figure 2. Binding mode of compound 2 and 3 in GVIA iPLA binding pocket
(A) GVIA iPLA,-2 complex generated by IFD. (B) GVIA iPLA,-2 complex after MD

simulation (Movie 1). (C) GVIA iPLA,-3 complex generated by IFD. (D) GVIA iPLA»-3
complex after MD simulation (Movie 2).
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Figure 3. Binding mode of compound 21 in GIVA cPLA; binding pocket
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(A) GIVA cPLA,-21 complex generated by IFD. (B) GIVA cPLA»-21 complex after MD

simulation (Movie 3).
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Figure 4. Correlation between the inhibitory activity (log X;(50)) and the XP GScore
(A) All of the fluoroketone compounds were included. (B) Five outlier compounds were

excluded (compounds 6, 8, 12, 22 and 24 in Table 1).
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Binding mode occur during the MD simulation for (A) compounds 32 (Movie 4) and for (B)

compounds 33 (Movie 5) in GVIA iPLA; binding site.
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