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ABSTRACT

Cardiovascular diseases (CVDs) account for over 17 million death globally each year, including
arterial thrombosis. Platelets are key components in the pathogenesis of this disease and
modulating their activity is an effective strategy to treat such thrombotic events. Cyclooxygenase-
1 (COX-1) isoenzyme is involved in platelet activation and is the main target of non-steroidal anti-
inflammatory drugs (NSAIDs) and new selective inhibitor research. A new mofezolac-based
scaffold was designed, synthesized and in vitro pharmacologically characterized as a novel set of
COX-1 inhibitors. Such inhibitors of general formula mofezolac-spacer-mofezolac (mof-spacer-
mof) and mofezolac-spacer-arachidonic acid (mof-spacer-AA) were projected to investigate the
possible cross-talk between the two monomers (Eaio and Eca) forming the COX-1 homodimer.
Mofezolac was chosen as either one or two moieties of these molecules being the known most
potent and selective COX-1 inhibitor and administered to humans as Disopain™, then arachidonic
acid (AA) was used to develop molecules bearing, in the same compound, in addition to the
inhibitor moiety (mofezolac) also the natural COX substrate. Depending on the nature of the
spacer, COX-1 and COX-2 activity was differently inhibited by mof-spacer-mof set with a
preferential COX-1 inhibition. The highest COX-1 selectivity was exhibited by the compound in
which  the spacer was the benzidine [N,N'-(biphenyl-4,4'-di-yl)bis(2-(3,4-bis(4-
methoxyphenyl)isoxazol-5-yl)acetamide) (15): COX-1 ICso = 0.08 uM, COX-2 ICs0 > 50 uM,
Selectivity Index (SI) > 625]. In the case of mof-spacer-AA set, the COX inhibitory potency and
also the isoform preference changed. (57, 87, 11Z, 1472)-N-(4-{2-[3,4-Bis(4-
methoxyphenyl)isoxazol-5-yl]acetamido } butyl)icosa-5,8,11,14-tetraenamide (19) and (5Z, 8Z,
117, 147)-N-(4'-{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-yl]acetamido}-[1,1'-biphenyl]-4-
yl)icosa-5,8,11,14-tetraenamide (21), in which the spacer is the 1,2-diaminobutane or benzidine,

respectively, selectively inhibited the COX-2, whereas when the spacer is the 1,4-
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phenylendiamine  [(5Z, 8Z, 117, 147)-N-(4-{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-
yl]acetamido} phenyl)icosa-5,8,11,14-tetraecnamide) (20) the COX preference is COX-1 (COX-1
ICs0 = 0.05 uM, COX-2 ICs0 > 50 uM, with a COX-1 selectivity > 1000). Molecular modelling by
using FLAP algorithm shows fundamental interactions of the novel compounds at the entry
channel of COX and inside its catalytic cavity. The effect of these mof-spacer-mof and mof-
spacer-AA in inhibiting in vitro free arachidonic acid-induced platelet aggregation was also
determined. A positive profile of hemocompatibility in relation to their influence on the blood
coagulation cascade and erythrocyte toxicity was observed. Cytotoxicity and genotoxicity safety

were also found for these two novel sets of compounds.



1. Introduction

According to World Health Organization (WHO), cardiovascular diseases (CVDs) are
responsible to 17.7 million deaths worldwide per year, representing 31% of all deaths. This
number is expected to grow to 23.6 million until 203012, Atherosclerosis is the most common
clinical manifestation related to CVDs, which is characterized by an atherosclerotic plaque
accumulation causing arterial wall thickening and luminal narrowing'-*.Rupture of atherosclerotic
plaques in vessels may cause thrombotic occlusion leading to a myocardial infarction and
ischemic stroke*”.

Platelets play a key role in pathogenesis of atherothrombosis due to their ability of aggregation
and adhesion in the content of atherosclerotic plaques exposed in arterial circulation after rupture,
forming with them a thrombus rich in fibrin®2. Antiplatelet therapy, such as clopidogrel and
aspirin, is used for treatment and prevention of atherothrombosis®. Aspirin is a drug that act as an
irreversible inhibitor of both COX-1 and COX-2, and at low dose selectively inhibits COX-1°1°,
COX-1 is an enzyme present also in platelet surface, where it is responsible to oxidize the
arachidonic acid (AA), its natural substrate, leading to the thromboxane A, (TXA>) formation,
which is in turn a platelet activator and increases the platelet aggregation!. Therefore, COX-1
inhibitors are used as antiplatelets, reducing the production of TXA. and consequently platelet
aggregation*?. However, use of antiplatelets demands knowledge of their characteristics, risks and
benefits, since they can cause severe adverse reaction as bleeding, neutropenia, thrombocytopenia
and drug resistance'*4,

Diarylisoxazoles are well known COX-1 inhibitors®>'8 abundantly studied also by X-ray in
complex with the enzyme to gain insight of COX-1 catalytic core'®. The selectivity towards COX-
1 has advantages, such as inhibition of platelet TXA> production and lack gastrointestinal

toxicity?®2!, whereas non selective COXs inhibitors have adverse cardiovascular side effects due



to their action as reducer of prostacyclin (PGlz) biosynthesis, which has cardioprotective effect
being a vasodilator and a potent platelet aggregation inhibitor?2%, Herein, we report the design
and synthesis of two sets of novel isoxazoles having the general formula mof-spacer-mof and mof-
spacer-AA (Figure 1), respectively. They were evaluated as COXs and arachidonic acid-induced
platelet aggregation inhibitors. In vitro coagulation, hemocompatibility to health human
erythrocytes and cyto- and geno-toxicity tests were also performed. Structure Based Virtual
Screening (SBVS), was carried out and the binding poses of selected compounds in the catalytic

pockets of both COX-1 and COX-2 enzymes were analyzed?.

H;CO OCHg H;CO OCHz H4CO OCHs,
@) O 0]
/ /
N_ \ R \ spacer / /\
0] OH @) @)
mofezolac (mof) (1) mof-spacer-mof (9-15)

H;CO OCHg3
A\ Q
N, spacer
© 0]
arachidonic acid (AA) mof-spacer-AA (19-21)

Figure 1. General chemical structures of mofezolac, arachidonic acid and two sets of novel
isoxazoles (mofezolac-spacer-mofezolac and mofezolac-spacer-AA).

2. Results and discussion
COXs are homodimers composed of ~72 kDa subunits that are tightly bonded to one another via
an interface spanning 2500 A2 Each COX monomer contains an epidermal growth factor-like

domain, a membrane binding domain (MBD), and a large hydrophobic L-shaped catalytic core.



The bifunctional catalytic subunit houses both COX and peroxidase (POX) enzymatic activities.
Both COX isoforms exhibit half-of-sites COX activity when a ligand binds to one monomer of an
unoccupied dimer, that monomer becomes the allosteric subunit (Eallo), and the partner monomer
becomes the catalytic monomer (Ecat). The catalytic efficiency of the catalytic monomer is
determined by its interaction with its allosteric partner and this, in turn, is different for each
different ligand that binds the allosteric monomer. With the aim to study the relationship between
the activity of the two monomers, we have designed and prepared compounds bearing (i) two
molecules of inhibitor linked by a spacer “mofezolac-spacer-mofezolac” (mof-spacer-mof) (9-
15) or (ii) an inhibitor molecule linked to the arachidonic acid (COXs endogenous substrate)
"mofezolac-spacer-AA" (mof-spacer-AA) (19-21) (Figure 1). Both two sets of molecules were
projected with the idea that each compound eventually could simultaneously interact with the two
monomers Eallo and Ecat, respectively, being formed by either two close mofezolac moieties or

mofezolac and AA.

2.1  Rational behind the design of the novel compounds

The novel isoxazoles were though, as “double/hybrid molecules”, taking into consideration the
dual characteristic of the COX-1 homodimer (PDB code 6Y3C) and the eventual cross-talk
between monomers. Specifically, the novel molecules are constituted by two parts linked by a
flexible or rigid moiety (spacer). One of the two parts is mofezolac (mof), a potent and selective
COX-1 inhibitor (COX-1 ICs0 = 0.0079 uM and COX-2 ICso >50 uM), mainly recognized by
Arg120 residue located close to the COX membrane binding domain and at the beginning of the
long hydrophobic channel containing the COX catalytic site'®?? and the second molecular-part is

another mofezolac molecule, affording mof-spacer-mof (double molecules 9-15).



The hypothesis underlined such an overall structure is that the two monomers forming the COX
homodimer play a different role, the first monomer when is occupied by a non-selective NSAIDs
behaves as an allosteric enzymatic portion (Eallo), determining a conformational change of the
partner monomer (Ecat) that exerts, then, the COX and POX catalysis. Hence, when one of the
two mofezolac present in mof-spacer-mof interacts with Eallo, the second mofezolac should

interact with Ecat, being close to it. This will definitively inhibit any COX catalytic activity.

The importance of understanding the cross-talk between the COX-allosteric and -catalytic
monomers was highlighted by a work showing that COX-2 inhibitors can bind tightly to one
monomer of COX-1 and attenuate the actions of aspirin on COX-1 in vitro and in vivo?®. From a
pharmacological viewpoint, this condition resembles the case in which a patient treated with one
of non-selective NSAIDs (i.e., a profen, such as ibuprofen) or COX-2 selective inhibitors
(COXIBs: i.e., celecoxib) to control an inflammatory status and contemporaneously takes the anti-
platelet low-dose aspirin. In this case, it should be expected that ibuprofen binding to Eallo
induces an Ecat conformational rearrangement to impair the aspirin access to Ecat catalytic site.
This will favor, instead, the access of the arachidonic acid to Ecat. In other words, a patient that is
treating inflammation with one of nsNSAIDS fails to prevent CVD events if simultaneously is
assuming low-dose aspirin (85-300 mg/die targets only COX-1), because COX-1-Ecat is
unoccupied and hence will still catalyze the conversion of AA in PGHy, in turn transformed in
thromboxane (TXA2). As a consequence, the “inflamed” patient believes to be protected against

adverse CVD events but in practice he is not.

The second set of molecules “hybrid molecules”, were obtained by replacing one mofezolac unit
with the arachidonic acid (AA), endogenous COX substrate, obtaining mof-spacer-AA compounds
(19-21). In this case, the hypothesis is mof-moiety should interact with Eallo and AA moiety with

Ecat.



2.2  Chemistry

For the preparation of the two acetamide bonds of "mof-spacer-mof" series (9-15), mofezolac was
in situ activated in inert atmosphere with 1-(3-dimethylaminopropyl)-3-ethylcarbodimide
hydrochloride (EDC-HCI) and 1-hydroxybenzotriazole monohydrate (HOBtH20) at 0 °C in
anhydrous CHCl; and then reacted with the opportune diamine (spacer) (2-8) in the presence of
N,N-diisopropylethylamine (DIEA), affording, after overnight stirring the final products in 25-83
% yields (Scheme 1).
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Scheme 1. Synthesis of mof-spacer-mof set (9-15). Reagents and conditions: (a) HOBtH20,
EDC-HCI, CH2Cls, 0 °C, 2h; (b) diamine, DIEA, CHxCly, r.t., 16h; (c) H20.

With a similar approach the mofezolac/arachidonic bis-amides of mof-spacer-AA series were
obtained by reacting mofezolac with the opportune diamine (1 mmol) (3, 6 and 8), in the presence
of N,N-diisopropylethylamine (DIEA), 1-hydroxybenzotriazole monohydrate (HOBt-H20) and 1-
(3-dimethylaminopropyl)-3-ethylcarbodimide hydrochloride (EDC-HCI) in anhydrous CH.Cl; at 0

°C and under an inert atmosphere, affording the corresponding acetamides intermediates in 65-92



% yields (Scheme 2), that were finally reacted with arachidonic acid, activated by EDC-HCI and

OHBt-H20, to afford the corresponding amides in 31-85 % yields.
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Scheme 2. Synthesis of mof-spacer-NH, (16-18) and mof-spacer-AA (19-21). Reagents and
conditions: (a) HOBtH20, EDC-HCI, CH:CIz, 0 °C, 2h; (b) Hz2N-spacer-NH: (3, 6, 8; *1,4-
diaminobutane (3) was first converted into NH>(CH2)sNHBoc (3a) and allowed to react with
mofezolac), DIEA, CH:Cly, r.t., 16h; (c) H20; (d) 16-18, DIEA, CHxCly, r.t.; (e) 2h stirred
solution kept at 0 °C under argon of AA, HOBt'H,O, EDC-HCI, CHCly, r.t., 16h; (f) H20.

2.3 Cyclooxygenase catalytic activity inhibition evaluation



Cyclooxygenase activity inhibition was determined by a colorimetric COX Inhibitor Screening
Assay which measures the peroxidase component (POX) of the cyclooxygenases, monitoring the
appearance of oxidized N, N, N’, N’-tetramethyl-p-phenylenediamine (TMPD) at A = 590 nm
(Table 1 and 2).

Mof-C,-mof (9) is constituted by two mofezolac molecules linked by an ethylene bridge (Table 1).
It inhibits both isoenzymes with a preference towards the COX-1 isoform (COX-1 ICso = 0.013
MM and COX-2 ICso = 0.12 pM), being its selectivity index Sl equal to 9. A higher Sl value is
obtained by elongating the linker of two carbon units, substituting the ethylene to a butylene
spacer, obtaining mof-Cs-mof (10). COX-1 selectivity is retained when the linker is longer as in
the case of mof-Ce-mof (11) and mof-C1o-mof (12), even if the inhibitory potency (ICso) of COX-
1 activity decreases (COX-1 ICso = 9.0 and 7.1 pM, respectively). Mof-CeHs-mof (13) was
obtained by replacing the C,+Cy carbon units as spacers by the conformationally rigid phenyl
ring. A good grade of inhibition was restored registering an 85% percentage of inhibition, an 1Cso
of 0.15 uM and a Sl of 333. No inhibition at all was observed towards both COX isoforms when a
-CH»CsH4CHa- moiety was used as a spacer. The absence of any COXs activity inhibition by mof-
CH2CsHsCH»-mof (14) was likely due to its higher possible conformational states. The presence
of benzidine as a linker in mof-CsHs-mof (13) seemed to be responsible of its improved inhibitory
activity with respect to 10-12. This result prompted us to design the most selective compound of
the series (mof-CeHa-CsHa-mof) (15). Specifically, it has an 1Csop = 0.08 uM and an SI = 625

(Table 1).

Table 1. COX inhibitory activity of mof-spacer-mof molecules (9-15) bearing different spacers
(2-8).
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Compound 1Cso (UM)? SI¢
(% inhibition)?
COX-1 COX-2
HaCO. OCH,
Q 0.013+0.0003| 0.12+0.002 9
(0]
7\ H 75 45
N\O HMN \O;N ( ) ( )
(6] L(
H3CO OCH3
n =1, spacer = -(CHa)2- (mof-C,-mof) (9)
n = 2, spacer = -(CHz)s- (mof-C4-mof) (10) 5.5+0.1 >50 >9
(74)
n = 3, spacer = -(CHz)e- (mof-Cs-mof) (11) 9.0+0.2 >50 5.5
(50)
n = 6, spacer = -(CHz)12- (mof-C12-mof) (12) 7.1+0.3 >50 7
(40)
HyCO. OCH;
Q) R o 0.15+0.04 >50 333
N O/©/o Wi (85)
. \ L(
H
H3CO OCH3
mof-Ce¢Hy-mof (13)
HaCO OCH;
VIR >50¢ >501 -
° “@ %
o
H3CO OCH3
mof-CH2CsHsCHs-mof (14)
HsCO OCHg N 0.
N
I 0.08+0.001 >50 625
O O Q (73)
H HyCO OCHj
mof-CsH4-CsHy-mof (15)

4Cso values are the means of at least three independent measurements. PInhibition percentage (%)
determined at the highest final inhibitor concentration used (50 puM). “Selectivity Index (SI) =

COX-2 IC50/COX-1 ICs0. 9n.a. = not active.
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Among the set of compounds mof-C>+C1o-mof (9-12) (Table 1), the alkyl C4 spacer appeared to
be the best length to achieve the highest COX-1 selectivity and a good extent of COX-1 activity
inhibition. Then, the alkyl C4 spacer was used to conjugate mofezolac to arachidonic acid (AA)
(Scheme 2, Table 2), the natural endogenous COXs substrate. In this case, an inversion of
selectivity was observed. In fact, mof-C4-AA (19) is a preferential COX-2 inhibitor with a COX-2
ICs0 of 0.8 uM, even though its precursor mof-C4-NH; (16) is a COX-1 selective inhibitor (COX-1
ICs0 = 0.95 pM, COX-2 ICsp = 3.5 uM). As from Table 1, COX-1 inhibition preference was
observed when a phenyl ring is the spacer in mof-C¢Hs-mof (13). The corresponding mof-CsHas-
AA (20) was found to be the most potent and selective COX-1 inhibitor of the series with a COX-
1 ICso of 0.05 pM, COX-2 ICso > 50 UM, and a selectivity index higher than 1,000. Its precursor
mof-C¢H4-NH, (17), instead, exhibited a COX-2 inhibition preference (COX-1 ICso = 24.0 uM,
COX-2 ICsp = 0.5 pM). The COXs selectivity preference in favor of COX-2 (SI = 189) was also
observed when a benzidine was used as spacer to prepare mof-CsHs-CsHs-AA (21). Such a Sl
value is higher than any of COXIBs selectivity, despite of the behavior of its precursor (18) that

showed a COX-1 inhibition preference (COX-1 ICso = 0.075 puM, COX-2 ICs0 = 0.3 uM).

Table 2. COX inhibitory activity of compounds composed by mofezolac and arachidonic acid
(19-21) and their precursors (mofezolac linked to the spacers) (16-18).

Compound 1Cs0 (UM)? SI¢
(% inhibition)® /s
COX-1 COX-2

HsCO OCH;

0.95+0.01 3.5+0.12 3.7
i o (100) (51) (0.27)
N*o\ HNgNHZ

mof-C4-NH> (16)
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HaCO OCH,

16.0+0.2 0.8+ 0.02 0.05
(57) (61) (20)

H 0
mof-Cs-AA (19)

HsCO, OCH,4

" 24.0£0.9 0.5+ 0.0 0.02
[e) 2
Y (74) (79) (48)
g NQ

mof-CsHs-NH, (17)

HaCO
0.05+0.002 >50 > 1,000
T (66) (>0.001)
o N
mOf-C6H4-AA (20)
HaCO OCH, NH,
0.075+0.002 0.3+ 0.01 4
0}
2\ (85) (71) (0.25)
30
Mof-CsHs-CsHs-NH> (18)
H,CO OCH, 17+0.7 0.09+0.003 0.005

o (50) (60) (189)
O Ne

m0f-C6H4-C6H4-AA (2 1)

3Cso values are the means of at least three independent measurements. PInhibition percentage (%)
determined at the highest final inhibitor concentration used (50 puM). “Selectivity Index (SI) =
COX-2 IC50/COX-1 ICsp.

It is evident from the data listed in Table 1 and 2, that even if more and more work has been done
to understand the rationale behind the selectivity of COXs inhibitors no definitive rules are
available to design a highly selective COX-1 or COX-2 inhibitor. The two sets of the novel mof-
spacer-mof and mof-spacer-AA were projected to try to define the role of Eallo and Ecat, the two

monomers forming the COX homodimers, often considered conformationally heterodimers®®. The
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condition used to measure the inhibitory capability of the novel compounds requires an
arachidonic acid concentration kept at 100 uM. The highest concentration at which the new sets of
compounds are usually tested is 50 pM, this could mean that if AA has a higher affinity for Eallo
(0.25 uM for both COX isoforms) than for Ecat (0.5-2.0 and 5.0-10.0 uM for COX-1 and COX-2,
respectively) there could be both a AA mass effect along and compounds chemical structures
(size, polarity, lipo- and hydro-philia, the presence of specific functional groups, specific
interactions with the almost 50 amino acid interactions present in the long hydrophobic channel
constituting the COXs active site and involved in the substrate/inhibitors recognition) to direct the
selectivity of inhibitors either towards COX-1 or COX-2. In vivo, the situation is still more
complex for the presence of circulating saturated, mono- and poly-unsaturated fatty acids.
Saturated and mono-unsaturated free fatty acids bind Eallo, act as COXs non-substrates, and when
their ratio with respect AA is equal or higher than 20, they behave as inhibitor of COX-1 and
activator of COX-2. Poly-unsaturated fatty acids bind Ecat of COX-1 but Eallo of COX-2 and this
could be the reason of the cardioprotective role of w-3 fish oil fatty acids, particularly when w-3

fatty acids/AA ratios are equal or higher than 5.0.

2.4  Molecular Modeling

A Structure Based Virtual Screening (SBVS), based on the Fingerprints for Ligands and Proteins
(FLAP) algorithm, was carried out as an attempt to rationalize the inhibition capabilities of the
novel synthesized compounds and the binding poses of selected compounds in the catalytic
pockets of both COX-1 and COX-2 enzymes were analyzed*®.

The SBVS was performed using the X-ray crystal structures of ovine COX-1 in complex with
mofezolac (PDB code: SWBE)® or AA (PDB code: 1DI1Y)?® and of mouse COX-2 with celecoxib

(PDB code: 3LN1)?, upon removal of the co-crystallized ligands. The COX-1 binding poses of
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the mof-spacer-mof compounds (9, 13 and 15) were generated within the internal cavities
computed for the SWBE structure; both COX-1 structures (SWBE and 1DIY) were used to
investigate the mof-spacer-AA compounds (19, 20 and 21) and, interestingly, similar binding
poses were obtained. As in our previous studies?®?°, the crystallographic poses of mofezolac'® and
celecoxib?” in the three-dimensional structure of COX-1 and COX-2, respectively, as well as that
of AA in COX-1%, were also reported for comparison purposes (Figure S1-S3).

According to the FLAP poses of the mof-spacer-mof compounds (9, 13 and 15) within COX-1
(Figure 2), one of the two mofezolac moieties is always located at the top of the catalytic pocket.
The insertion of different flexible or rigid spacers induced significant changes in the interactions
of both the inner and the outermost mofezolac unit. Overall, these compounds strongly interact
with (i) the residues Arg120/Tyr355 at the catalytic site entry channel, an enzyme zone crucial for
substrate/inhibitor recognition, (ii) the residues in central hydrophobic region and (iii) the top of

the cavity, where the catalytic inducer Tyr385 is located.
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Figure 2. Proposed 3D binding mode inside the active site of COX-1, determined by FLAP
analysis, for 9 (a, b), 13 (c, d) and 15 (e, f). Some of the COX-1 key residues located in the cavity
are highlighted in stick-mode.

The key hydrogen bond with Tyr355 occurred for all compounds, even though the H-bond
acceptor is the isoxazole nitrogen atom of the outer mofezolac for 9, the outer amide (NH) and the
isoxazole ring are the donor and acceptor unit, respectively, for 13 and only the amide carbonyl
(CO) for 15. The methoxy substituted phenyl ring of the outer mofezolac moieties (Figure S4)
interact with an external region defined by two parallel a-helixes (one of the two helixes
containing also the Arg120). Hydrophobic and H-bond interactions (with the Tyr385), of both the
mofezolac inner moiety and the spacer moieties, inside the cavity contributed to obtain a favorable
binding for all the compounds.

A good fit inside the catalytic cavity and H-bond acceptor interactions, quantified by the FLAP H
and O probes respectively, relate to the compounds ability to act as COX-1 inhibitors. The
analysis of these parameters, in agreement with experimental data (Table 1), confirms that

16



compound 9 is the most active of the series while compounds 13 and 15 are almost equivalent
(H*O values are 0.62, 0.56, and 0.58, respectively), albeit with lower values than the reference
inhibitor mofezolac, whose H*O value is 0.70.

A deeper inspection of the binding poses (2D depiction in Figure 3 and Figure S5), allowed to
ascertain that the compound 9, bearing the flexible and shorter Cz unit spacer, displays the most
efficient interactions with both Arg120 and Tyr355 (Figure 3a); the biphenyl unit of 15 ensures the
best interaction with the central hydrophobic region defined by the residues of the two parallel a-
helixes that define the upper and the lower limits of the catalytic cavity (Figure 3b). In addition,
the external mofezolac unit of 15 is able to form a dense network of CH-r interactions between
the methoxy-substituted phenyl rings and different Val, Leu and lle residues of the two-parallel
outermost a-helixes (Figure S4c). On the contrary, in the FLAP binding pose of 13, the inner
mofezolac moiety shifts towards the center of the cavity (Figure S5); this shift allows the
formation of a new H-bond interaction between Tyr355 and amide NH, but the outer mofezolac is

involved in less efficient CH-nt interactions. Additional =-w interaction with Phe518, or other

aromatic residues, and H-bond are still possible for all the compounds.
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Figure 3. Comparison of the 2D FLAP binding poses for 9 (a) vs 15 (b). The most important
COX-1 residues are shown together with their respective numbers. Purple regions indicate strong
interactions.

The FLAP poses of the ‘hybrid molecules’ 19, 20 and 21 within the COX-1 show that they
interact with the catalytic cavity through the fatty acid moiety (Figure 4), while the mofezolac is
always locate in the outer region of the COX-1 active site. The features of the spacer linking the

mofezolac and AA, also in this series, guide the interactions established within the catalytic site,

resulting, then, in the enzyme activity inhibition.
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Figure 4. Proposed 3D binding mode inside the active site of COX-1, determined from FLAP
analysis, for 19 (a, b), 20 (c, d) and 21 (e, f). Some of the COX-1 key residues located in the cavity
are highlighted in stick-mode.

Only compound 20 is able to realize (i) a good fit of the long AA chain inside the catalytic cavity,
(ii) strong H-bond interactions with Arg120 and Tyr355, and (iii) efficient interactions both with
the central hydrophobic area of the cavity and with the aromatic residues in the deepest region, i.e.
nearby the catalytic Tyr385 (Figure 5; the poses of 19 and 21 are shown for comparison in Figure
S6). It is possible to take advantage of the CH-r interactions between the central phenyl ring and
the residues of the two parallel a-helixes and, at the same time, to establish strong H-bond with the
outer amide linkage and the mofezolac-isoxazole. Moreover, as previously reported for 9 and 15,
the methoxy-substituted phenyl rings of the mofezolac unit realize a dense network of CH-n

interactions with the Val, Leu and lle residues of the two-parallel outermost a-helixes.
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Figure 5. 2D FLAP binding pose of compound 20. The most important COX-1 residues are
shown together with their respective numbers. Purple regions indicate strong interactions.

A check of the FLAP H and O probes, which correlated with the in vitro inhibitor behavior,
allowed us to rationalize that 20 is the most active of the series: the H*O values obtained through
the Structure Based Virtual Screening are 0.52, 0.50, and 0.47 for 20, 19 and 21, respectively.

It is worth nothing that, when the AA moiety is removed (i.e. compounds 16, 17 and 18) the trend
observed for the inhibitory activity reverses and resembles what previously observed for ‘gemini
systems’ 9, 13 and 15, when one of the mofezolac and the spacer occupy the enzyme cavity. This
result further supports the inclusion of the substrate/AA moiety and the lower inhibition potency
observed for 19 and 21 than 20.

Among the synthesized compounds, only 9, 19 and 21 inhibit COX-2; although the mofezolac is
not a COX-2 inhibitor, the FLAP binding poses clearly indicate that this moiety is always

included, at variable depths, into the wider COX-2 cavity (Figure 6).
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Figure 6. Proposed 3D binding mode inside the COX-2 active site determined by FLAP analysis
for 9 (a, b), 19 (c, d) and 21 (e, f). Some of the COX-1 key residues located in the cavity are
highlighted in stick-mode.

The compounds with the shorter and flexible spacer, namely 9 and 19, place the inner mofezolac
unit at the top of the cavity mainly due to a network of CH-n, S-n and n-nt interactions (Figure 6

and S7) and the H-bond interaction of the isoxazole ring with Ser530 (also Tyr385 for compound
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19). Some of these interactions can be observed also in the crystallographic pose of celecoxib
(Figure S3). An additional network of H-bonds, between Arg120/Tyr355 and both the amidic
carbonyl (CO) and the outer isoxazole ring, and CH-= interaction, of the external mofezolac, at the
entry of the cavity reinforces the overall interaction of compound 9 with the enzyme. For
compound 19, only the amidic carbonyl (CO) is hydrogen-bonded to Tyr385; moreover, the AA
moiety (Figures 6¢, 6d and S8) is too close to the two-parallel outermost a-helixes that define the
cavity entry causing steric hindrance.

The FLAP binding pose of 21 inside the COX-2 catalytic site (Figure 6e, 6f and S9) shows that
mofezolac has a different orientation but is able to achieve strong n-n and S-m interactions, with
Met 522 and Tyr 385; the latter residue and Ser 530 are involved in H-bond interactions with the
isoxazole ring and the inner amidic NH; the biphenyl unit is located in the central region of the
binding pocket and interact with Tyr355 and the residues that define the upper and lower cavity
walls. Unlike compound 9, the AA moiety of 21 establishes strong CH-rn interaction with the
external parallel a-helixes and strong H-bond with Arg120: these interactions are key points for

the inhibitory activity of this compound.

Figure 7. Comparison of the 2D FLAP binding poses for compounds 9 (a) vs 21 (b). The most
important COX-2 residues are shown together with their respective numbers. Purple regions
indicate strong interactions.
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Hydrophobic interaction and H-bond acceptor interactions, quantified by the FLAP probes Dry
and O respectively, are strictly related to the COX-2 inhibition activity; the analysis of these
parameters confirms that 19 is the less active of the series, whereas compounds 9 and 21 are

almost equivalent (Dry*O values are 0.69 and 0.77, respectively) (Figure 7).

Compounds 13, 15, 20-21 were further characterized by evaluating their contribution in platelet
aggregation and blood coagulation and their hemolytic and genotoxicity effects since as a
continuation of preceding investigations, mofezolac and its analogues have already been described

as an attempt to target diseases such as multiple myeloma?® *°, thrombosis®!, and ovarian cancer®?-

34

2.5 Inhibition of AA-induced Platelet aggregation

The 1Cso values (Table 3) show that all compounds were able to efficiently inhibit platelet
aggregation. In particular, mof-C¢H4-CsHs-mof (15) shows an ICsp = 0.44 uM superimposed with
mofezolac (ICso = 0.45 uM). All other compounds 13, 2 and 20 have a comparable micromolar
activity revealing the potency of these antiplatelet compounds to inhibit the arachidonic acid
pathway of platelet aggregation and confirm their ability to reduce the TXA: production by COX-
1 inhibition as a mechanism to impair normal platelet aggregation as for aspirin (ICso = 1.11

HM)gl-

Table 3. Antiplatelet profile of compounds on in vitro platelet aggregation of human citrated
platelet rich plasma induced by arachidonic acid (AA).

Compound 1Cso (uM)?
mof-CgHs-mof (13) 0.91 +0.28
mof-CgHs-CsHs-mof (15) 0.44 £0.13
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mof-CsHs-AA (20) 0.61 +0.24

mof-CsHs-CsHs-AA (21) 0.76 £0.16
mofezolac (1) 0.45+0.04
Aspirin 1.11+1.17

3Cso =

concentration at which 50% inhibition of platelet aggregation is observed.

2.6 In vitro coagulation assays

Neither the extrinsic nor intrinsic pathways of the coagulation cascade were affected by the
presence of the novel isoxazoles, suggesting that their antithrombotic profile relies on the direct
impairment of platelet aggregation, thus differing from dual action molecules (Table 4). This
result reveals a small bleeding risk in comparison to dual acting molecules whose mechanism

often lead to severe bleeding disorders®.

Table 4. In vitro coagulation of human plasma (n = 3) activated by prothrombin time (PT) and
thromboplastin time (APTT).2

Compound (100uM) PT (seconds) APTT (seconds)
C- 13.9+0.8 448 +15
C+ 300+0.0 300+ 0.0
mof-Ce¢H4-mof (13) 155+0.0 475+04
mof-Ce¢H4-CsHa-mof (15) 15.1+£0.3 465+1.1
mof-CsHs-AA (20) 153+£1.0 556 +1.2
mof-CsHa-CeHa-AA (21) 146+ 0.5 48.0+1.6
mofezolac (1) 142 +0.3 50.8 £0.23
Aspirin 146+ 1.0 50.3+£0.3

4(C-) = negative control: DMSO 1%. (C+) = positive control: 100 uM rivaroxaban.

2.7 Hemocompatibility to healthy human erythrocytes
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The hemocompatibility profile of some representative novel isoxazoles was determined based on
the degree of erythrocyte lysis observed in the 3h incubation time at 37°C. The hemolysis values
obtained were zero (%) or close to it, confirming the acceptable toxicity profile of the compounds

tested (Table 5). Hemolysis values below 10% are considered non-hemolytic?®.

Table 5. Hemolytic profile of some representative novel isoxazoles through hemolysis assay.?

Compound (100 pM) Hemolysis (%0)
C- 0.00 £ 0.22
C+ 100 + 2.01
mof-Ce¢H4-mof (13) 0.00 £ 0.04
mof-CsHas-CsHa-mof (15) 0.00 +0.08
mof-CsHs-AA (20) 0.00 £ 0.01
mof-C¢Hs-CsHs-AA (21) 0.14 +0.08
mofezolac (1) 0.00 £ 0.02
Aspirin 0.0 £0.04

4(C-) = 1% DMSO is the negative control; 1% Triton X-100 is the positive control (C+).
Values below 10% are considered non hemolytic.

2.8  Cytotoxicity activity

The cytotoxicity test in Vero cell line was performed by MTT reduction assay at 10 and 100 uM
for 48 hours (Table 6). Among all the tested compounds, none of them was considered toxic to
Vero cells, even at higher concentration. Significantly statistical reduction (p-value < 0.05) of cell
viability values was not considered in this test, since the results above 70% are biologically
acceptable according to 1ISO 10993:5 (2009). This result represents a starting point for advanced
pre-clinical studies, given the correlation between toxicity in Vero cells, isolated renal tissue and

nephrotoxicity in rats®’.
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Table 6. Vero cells viability after 48 hours of exposition to the tested novel compounds at 10 and
100 pMm.2

Compounds [UM] Cell viability (%) £S.D. (%)
Control - 100 2.6
100 97 2.8
mof-CsHy-mof (13)
10 98 0.5
100 92 2.8
mof-CsHs-CsHs-mof (15)
10 100 4.8
100 79 3.2
mof-C¢Hs-AA (20)
10 93 2.8
100 84 3.1
mOf-C6H4-C6H4-AA (21)
10 94 4.2
100 91 4.6
mofezolac (1)
10 97 3.7
100 95 2.0
Aspirin
10 100 2.8

4Data are presented as mean of cell viability values (n = 4) + standard deviations.

2.9  Genotoxicity Tests

The safety of the novel isoxazoles is reinforced by the genotoxicity tests which revealed no
mutagenicity profile against Salmonella typhimurium auxotroph mutant strains through reverse
mutagenesis and histidine prototrophy (Ames test), compared to the positive control 4-nitro-
quinoline 1-oxide (4NQO), nor genotoxicity evaluated against Escherichia coli through the SOS
chromotest. This low risk profile is observed even at the highest concentrations tested (500 uM,

Table 7), revealing the safety profile of the series as promising “lead prototypes”.
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Table 7. Mutagenic and genotoxic activity of molecules without metabolic activation.?

Ames Test SOS chromotest

Compound S. typhimurium E. coli

TA97 TA98 TA100 TA102 PQ35 PQ37

mof-CsHs-mof (13) - - - - - -
mof-CeHs-CsHs-mof (15) - - - - - -
mof-CsHs-AA (20) - - - - - -
mof- C¢Hs-CsHa-AA (21) - - - - - -
mofezolac (1) - - - - - -
4-NQO + + + + + +
DMSO - - - - - -

Aspirin - - - - - -

4Assays performed by dissolving the tested compounds in DMSO. 4-NQO was used as a positive
control. Reported results derive by three different concentrations (10 uM, 100 uM and 500 pM).

3. Conclusion
New double/hybrid molecules (mof-spacer-mof/mof-spacer-AA) have been investigated for their
cross-talk between the Eaio and Eca monomers constituting the COX structure. Molecular
modeling accomplished studies clearly show the importance of the novel compounds interaction
not only inside the catalytic cavity but also at the entry channel, thus supporting the extreme
importance of allosteric effects in the COX catalytic activity. Depending on the nature of the
spacer linking the two moieties (two mofezolac molecules or mofezolac bond to arachidonic acid)
of the novel compounds resulted to have a different inhibition preference towards COX isoforms
but all of them were endowed with antiplatelet activity. In addition, these compounds were not

able to affect the coagulation pathways, showing selectivity for primary hemostasis related targets.
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The hemolysis values were below 10 % indicating a non-hemolytic profile of such compounds.
Their safety profile was proven also by both cytotoxicity activity and genotoxicity tests. Thus, the
novel compounds have shown a good pharmacodynamic profile and selectivity in COX-1 or
COX-2 inhibition, revealing that they might be promising antiplatelet agents. Further studies are
ongoing to produce some crystallographic structure of the human COX isoenzymes taking also
into account the recent publication of the long-sought 3D structure of human COX-1 (PDB code:

6Y3C) in the Protein Data Bank.

4. EXPERIMENTAL SECTION
Chemistry. *H NMR and *3C NMR spectra were recorded on a Bruker 600 MHz or AGILENT
500 MHz spectrometer and chemical shifts are reported in parts per million (6), and the following
abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, g =
quartet, m = multiplet, quin = quintuplet, sext = sextet, sep = septet, b = broad. FT-IR spectra were
recorded on a Perkin-Elmer 681 spectrophotometer. GC analyses were performed on a HP 6890
model, Series II by using a HP1 column (methyl siloxane; 30 m x 0.32 mm x 0.25 um film
thickness). Analytical thin-layer chromatography (TLC) was carried out on pre-coated 0.25 mm
thick plates of Kieselgel 60 F254; visualization was accomplished by UV light (254 nm). Column
chromatography was accomplished by using silica gel 60 with a particle size distribution 40-63
um and 230-400 ASTM. GC-MS analyses were performed on HP 5995C model. High-resolution
mass spectrometry (HRMS) analyses were performed using a Bruker microTOF QIlI mass
spectrometer equipped with an electrospray ion source (ESI). Reagents and solvents were
purchased from Sigma-Aldrich (Sigma-Aldrich, St. Louis, MO, USA) and used without any
further purification. Full characterization data have been reported for both the newly synthesized

compounds and the known compounds. All spectral data are consistent with the reported values.
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General procedure for the preparation of mofezolac-spacer-mofezolac (9-15). To a solution of
mofezolac (3 mmol) in anhydrous CH2Cl, kept at 0°C in an argon-flushed three-necked round
bottom flask, equipped with a magnetic stirrer and an argon inlet, 1-hydroxybenzotriazole
monohydrate (HOBtH.O, 3 mmol) and 1-(3-dimethylaminopropyl)-3-ethylcarbodimide
hydrochloride (EDC-HCI, 3 mmol) were added. The yellow and limpid reaction mixture was
stirred for 2h at 0 °C. Then, the proper diamine (2-8, 1 mmol) and N,N-diisopropylethylamine
(DIEA, 3 mmol) were very slowly added by a syringe, and the mixture stirred overnight (16h)
kept under argon atmosphere. The reaction was blocked by adding H.O and extracted by EtOAc
(3 x 15 mL). The combined organic extracts were washed with sat. NaHCO3 (3 x 5 mL), dried
with anhydrous Na»SOg, filtered and the solvent removed under reduced pressure. The solid

reaction crudes were purified by crystallization from EtOAc/hexane mixtures.

N,N'-(Ethane-1,2-di-yl)-bis{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-yl]Jacetamide} (9). 27%
Yield. Mp 145-148 °C (EtOAc/Hexane, white solid). FT-IR (KBr): 3852, 3741, 2959, 2915, 1638,
1380, 1255, 1104, 1019, 798 cm™. 'H NMR (300 MHz, CDCls, §): 7.40-7.34 (m, 4H, aromatic
protons); 7.18-7.14 (m, 4H, aromatic protons); 6.92-6.86 (m, 4H, aromatic protons); 6.85-6.81 (m,
4H, aromatic protons); 6.40 (m, 2H, NH: exchanges with D20); 3.81 (s, 6H, OCHj3); 3.80 (s, 6H,
OCHzs); 3.68 (s, 4H, CH2CO); 3.40 (s, 4H, NHCH>). 3C NMR (125 MHz, CDCls, 3): 167.7,
162.2, 161.1, 160.6, 159.4, 131.0, 129.8, 121.3, 121.0, 117.6, 114.4, 114.3, 114.0, 113.9, 55.3,
55.2, 40.2, 33.9, 31.9, 29.6, 29.3. HRMS (ESI) m/z calcd for [CaoHasN4Os + Na]*: 725.4738;

found 725.4752.

N,N'-(Butane-1,4-diyl)bis{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-ylJacetamide} (10). 83 %
Yield. Mp 163-166 °C (EtOAc/Hexane, white solid). FT-IR (KBr): 3836, 3736, 3294, 2930, 1647,
1384, 1287, 1256, 1178, 1097, 1031, 1019, 826, 802 cm™. 'H NMR (300 MHz, CDCl3, §): 7.42-

7.36 (m, 4H, aromatic protons); 7.19-7.13 (m, 4H, aromatic protons); 6.93-6.88 (m, 4H, aromatic
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protons); 6.85-6.82 (m, 4H, aromatic protons); 6.10 (m, 2H, NH: exchange with D,0); 3.82 (s,
6H, OCHj); 3.80 (s, 6H, OCH3); 3.67 (s, 4H, CH2CO); 3.29-3.27 (m, 4H, NHCH,); 1.53-1.49 (m,
4H, CH2CH,). *C NMR (75 MHz, CDCls, §): 167.0, 162.9, 161.3, 160.8, 159.6, 131.3, 130.0,
121.6, 121.2, 117.7, 114.5, 115.2, 55.5, 55.4, 39.6, 34.3, 26.8. HRMS (ESI) m/z calcd for

[C42H42N4Og - H]: 729.7875; found 729.7924.

N,N'-(Hexane-1,6-diyl)bis{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-ylJacetamide} (11). The
product was isolated by column chromatography (silica gel; mobile phase: CHCIs/MeOH = 11:1).
Mp 159-161 °C (yellow solid). 25% Yield. FT-IR (KBr): 3834, 3733, 2924, 1644, 1509, 1384,
1259, 1174, 1100, 1031, 800 cm™. *H NMR (500 MHz, CDCls, §): 7.40-7.37 (m, 4H, aromatic
protons); 7.18-7.16 (m, 4H, aromatic protons); 6.92-6.90 (m, 4H, aromatic protons); 6.86-6.84 (m,
4H, aromatic protons); 6.08-6.04 (m, 2H, NH: exchange with D20); 3.83 (s, 6H, OCHz); 3.81 (s,
6H, OCHs); 3.67 (s, 4H, CH.CO); 3.29-3.25 (m, 4H, NHCHy); 1.54-1.48 (m, 4H, NHCH,CH>);
1.36-1.29 (m, 4H, NH(CH.)2CH>). 3C NMR (75 MHz, CDCls, 8): 174.0, 170.1, 168.6, 156.5,
139.8, 136.6, 133.8, 131.4, 131.1, 130.5, 129.5, 115.4, 113.0, 112.6, 100.9, 56.0, 51.8, 39.3, 33.5,

32.5,29.1, 19.8. HRMS (ESI) m/z calcd for [CasH4sN4Os + Na]": 781.5793; found 781.5508.

N,N'-(Dodecane-1,12-diyl)bis{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-yl]acetamide} (12). The
product was isolated by column chromatography (silica gel; mobile phase: CHCIls/MeOH = 15:1).
Mp 134-138 °C (yellow solid). 67% Yield. FT-IR (KBr): 3715, 3600, 2929, 2863, 1646, 1609,
1553, 1513, 1428, 1251, 1177, 1037, 831 cm™. *H NMR (500 MHz, CDCls, §): 7.41-7.39 (m, 4H,
aromatic protons); 7.17-7.15 (m, 4H aromatic protons); 6.93-6.91 (m, 4H, aromatic protons); 6.87-
6.84 (m, 4H, aromatic protons); 5.75-5.65 (m, 2H, NH: exchange with D,0); 3.84 (s, 4H,
CH.CO); 3.29-3.24 (m, 4H, NHCH,CHy); 1.57-1.30 (m, 4H, NH-CH2CHy); 1.28-1.24 (m, 16H).

13C NMR (300 MHz, CDCls, §): 162.7, 161.1, 160.6, 159.4, 131.0, 129.7, 121.3, 120.0, 117.4,
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114.3, 113.9, 55.2, 40.0, 34.2, 29.3, 29.1, 26.7. HRMS (ESI) m/z calcd for [CsoHssN4Og + Na]™:

865.7376; found 865.7147.

N,N'-(1,4-Phenylene)bis{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-yl]acetamide}  (13). The
product was isolated by column chromatography (silica gel; mobile phase: CHCIs/MeOH = 15:1).
Mp 178-182 °C (pink solid). 45% Yield. FT-IR (KBr): 3749, 3653, 2915, 1639, 1384, 1251, 1107,
821 cm™. IH NMR (500 MHz, DMSO-dg, 5): 10.30 (bs, 2H, NH: exchange with D,0); 7.50-7.49
(m, 4H, aromatic protons); 7.30 (d, 4H, J = 8.81 Hz, aromatic protons); 7.19 (d, 4H, J = 8.32 Hz,
aromatic protons); 6.97-6.93 (m, 8H, aromatic protons); 3.84 (s, 4H, CH>); 3.75 (s, 12H, OCHj).
13C NMR (75 MHz, DMSO-dg, 8): 165.47, 164.34, 160.74, 160.67, 159.42, 134.94, 131.37,
129.84, 121.72, 121.26, 120.15, 117.21, 114.73, 114.64, 55.64, 55.55, 34.16, 29.45. HRMS (ESI)

m/z calcd for [C4sH3s8N4Og - H]: 749.7875; found: 749.7611.

N,N'-[1,4-Phenylenebis(methylene)]bis{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-ylJacetamide}
(14). The product was isolated by column chromatography (silica gel; mobile phase:
CHCl3/MeOH = 15:1). Mp 168-172 °C (white solid). 26% Yield. *H NMR (300 MHz, DMSO-ds,
d): 8.75-8.65 (m, 2H, NH: exchange with D-O); 7.34-7.28 (m, 4H, aromatic protons); 7.25-7.12
(m, 8H, aromatic protons); 6.98-6.90 (m, 8H, aromatic protons); 4.28-4.22 (m, 4H, CH2NH); 3.75
(s, 6H, OCH3); 3.74 (s, 6H, OCH3); 3.66 (s, 4H, CH»CO). 3C NMR (75 MHz, DMSO-ds, 5):
166.84, 164.64, 160.67, 159.41, 138.14, 131.38, 129.82, 127.8, 114.69, 114.64, 79.64, 55.66,

55.56, 42.69, 33.23. HRMS (ESI) m/z calcd for [C4sH42N4Og + Na]*: 801.5693; found: 801.5895.

N,N'-[(1,1'-biphenyl)-4,4'-diyl]bis{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-yl]acetamide}(15).
The product was isolated by column chromatography (silica gel; mobile phase: CHCIl3/MeOH =
9:1). Mp 240-243 °C (yellow solid). 26% Yield. FT-IR (KBr): 3715, 3658, 2922, 1605, 1244,

1170, 1026, 827 cm™. 'H NMR (500 MHz, DMSO-ds, §) : 10.41 (bs, 2H, NH: exchange with
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D20); 7.64-7.60 (m, 8H, aromatic protons); 7.31 (d, 4H, J = 8.81 Hz, aromatic protons); 7.19 (d,
4H, J = 8.31, aromatic protons); 6.98-6.94 (m, 8H, aromatic protons); 3.88 (s, 4H, CH,CO); 3.75
(s, 12H, OCHjs). ¥C NMR (75 MHz, DMSO-ds, 8): 165.76, 164.29, 160.75, 160.68, 159.44,
138.34, 135.20, 131.37, 129.84, 127.01, 121.72, 121.26, 120.05, 117.28, 114.76, 114.65, 79.62,

55.65, 55.55, 34.28. HRMS (ESI) m/z calcd for [CsoH42N4Os - H]: 825.8831; found 825.9124.

Synthesis of (5Z, 8Z, 11Z, 14Z)-N-(4-{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-
ylJacetamido}butyl)icosa-5,8,11,14-tetraenamide (19).

tert-Butyl (4-aminobutyl)carbamate (3a). Butane-1,4-diamine (3) (5 g, 56.72 mmol) was
solubilized in anhydrous dioxane (40 mL) in an argon-flushed three-necked round bottom flask,
equipped with a magnetic stirrer. Then, a solution of di-tert-butyl-carbonate (2.48 g, 11.34 mmol)
in anhydrous dioxane (40 mL) was very slowly added by a dropping funnel. The obtained turbid
reaction mixture was stirred overnight (16 h) at room temperature. Then, the solvent was distilled
under reduced pressure and water (50 mL) was added to precipitate the solid di-tert-butyl
dicarbamate by-product, in turn filtered off. The aqueous solution was extracted with CH2Cl (5 x
30 mL), and the combined organic phases were dried with anhydrous Na>SOs, filtered and the
solvent removed under reduced pressure. tert-Butyl (4-aminobutyl)carbamate (3a) was isolated as
a yellow solid (yield = 79%). FT-IR (KBr): 3359, 2976, 2933, 2866, 1694, 1528, 1453, 1391,
1365, 1276, 1252, 1174, 1042, 989, 867, 781 cm™. 'H NMR (400 MHz, CDCls, §): 5.14 (s, 1H,
NH: exchanges with D20); 2.94 (q, 2H, J = 6.4 Hz); 2.53 (t, 2H, J = 6.4 Hz); 1.36-1.26 (m, 6H);

1.07 (s, 9H).

tert-Butyl {4-[2-(3,4-bis[4-methoxyphenyl]isoxazol-5-yl)acetamido]butyl}carbamate (3b). In a
three necked-flask (50 mL) equipped with a magnetic stirrer, mofezolac (0.5 g, 1.47 mmol) was
solubilized in dry DMF (35 mL). Then, tert-butyl (4-aminobutyl)carbamate (3a) (0.8 g, 4.25

mmol), 1-hydroxybenzotriazole monohydrate (HOBtH.O, 309 mg, 1.80 mmol), N,N-
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diisopropylethylamine (0.74 mL, 4.25 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodimide
hydrochloride (EDC-HCI, 294 mg, 1.54 mmol) were added, and the reaction mixture was stirred
overnight (16h) at room temperature. Then, water (30 mL) was added, and the aqueous solution
was extracted with EtOAc (5 x 30 mL). The combined organic extracts were washed with brine,
and dried with anhydrous Na>SOs, filtered and the solvent distilled under reduced pressure. The
product (3b) was isolated (65 % yield) by column chromatography (silica gel; mobile phase:
EtOAc/MeOH = 95:5). *H NMR (400 MHz, CDCls, §): 7.41-7.36 (m, 2H, aromatic protons);
7.18-7.14 (m, 2H, aromatic protons); 6.93-6.89 (m, 2H, aromatic protons); 6.87-6.82 (m, 2H,
aromatic protons); 6.01 (s, 1H, CONH: exchanges with D20); 4.56 (s, 1H, NH: exchanges with
D20); 3.83 (s, 3H, OCHs); 3.80 (s, 3H, OCH3); 3.68 (s, 2H, CH.CO); 3.29-3.27 (q, 2H, J = 6.4
Hz, CONHCH,); 3.11-3.13 (q, 2H, J = 6.4 Hz, CH:NHCO); 1.50-1.53 (m, 4H, CH»CH); 1.43 (s,

9H). HRMS (ESI) m/z calcd for [C2sH3sN3Os + Na]*: 532.3171; found 532.3672.

4-{2-[3,4-Bis(4-methoxyphenyl)isoxazol-5-yl]lacetamido}butan-1-aminium chloride (3c). In a
three necked-flask (100 mL) equipped with a magnetic stirrer, tert-butyl{4-[2-(3,4-bis[4-
methoxyphenyl]isoxazol-5-yl)acetamido]butyl}carbamate (3b) (120 mg, 0.236 mmol) was
solubilized in CH2Cl> (9 mL), then HCI (g) was bubbled into the yellow reaction mixture for 1h at
25 °C. The reaction progress was monitored by TLC (silica gel, mobile phase: CHCIls/MeOH =
95:5) until the disappearance of substrate. The product (3c) was isolated by removing the solvent
under reduced pressure (92 % vyield) and used for the next reaction without any further
purification). H NMR (400 MHz, CDCls, 8): 7.99 (s, 3H, NHs": exchange with D-0); 7.35-7.40
(m, 2H, aromatic protons); 7.14-7.18 (m, 2H, aromatic protons); 6.81-6.92 (m, 4H, aromatic
protons); 3.80 (s, 3H, OCHjs); 3.82 (s, 3H, OCHjs); 3.67 (s, 2H, CH2CO); 3.24-3.30 (q, 2H, CH2);

2.69-2.73 (t, 2H, CONHCHy); 1.45-1.61 (m, 4H, CCH2CH-C).

33



N-(4-Aminobutyl)-2-[3,4-bis(4-methoxyphenyl)isoxazol-5-yl]acetamide (16). In a round
bottom flask 2N Na,COz was added to a solution of 4-{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-
yl]acetamido}butan-1-aminium chloride (3c) in EtOAc (3 mL) and the suspension was stirred for
15 minutes at room temperature. Then, the organic phase was treated with anhydrous Na>SOs,
filtered and the solvent distilled under reduced pressure. The product was isolated as a yellow oil.
'H NMR (400 MHz, CDCls, §): 7.35-7.40 (m, 2H, aromatic protons); 7.30-7.20 (bs, 2H, NH:
exchange with D20); 7.14-7.18 (m, 2H, aromatic protons); 6.81-6.92 (m, 4H, aromatic protons);
3.82 (s, 3H, OCHs); 3.80 (s, 3H, OCHa); 3.67 (s, 2H, CH2CO); 3.23-3.28 (g, 2H, CHy); 2.70-2.74

(t, 2H, CONHCHy); 1.47-1.63 (m, 4H, CCH2CH.C).

(5Z, 8z, 11z, 14Z)-N-(4-{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-yl]acetamido}butyl)icosa-
5,8,11,14-tetraenamide (19). Arachidonic acid (0.027 mL, d = 0.922 g/mL, 0.082 mmol) was
solubilized in anhydrous CH2Cl> (8 mL) in an argon-flushed three-necked round bottom flask,
with a dropping funnel and an argon inlet, equipped with a magnetic stirrer and an ice-bath. 1-
Hydroxybenzotriazole monohydrate (HOBtH.O, 28 mg, 0.164 mmol) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodimide hydrochloride (EDCHCI, 31.4 mg, 0.164 mmol) were
added, and the reaction mixture was stirred at 0 °C for 2h. Then, N-(4-aminobutyl)-2-[3,4-bis(4-
methoxyphenyl)isoxazol-5-yl]acetamide (67 mg, 0.164 mmol) and N,N-diisopropylethylamine
(0.029 mL, 0.164 mmol) were added, and the reaction mixture was stirred overnight at room
temperature. After the disappearance of the starting material, monitored by TLC (silica gel; mobile
phase: CHCIs/MeOH = 9:1), sat. ag. NaHCO3 (90 mL) was added to the reaction mixture. Then,
after the addition of sat. ag. NH4Cl (3 x 30 mL), the organic phase was dried with anhydrous
Na>S0s, filtered and the solvent removed under reduced pressure at room temperature. The
product was isolated by column chromatography (silica gel; mobile phase: CHCl3/MeOH = 9:1) in
73% yield. Mp 97-99 °C. FT-IR (KBr): 3439, 2929, 1649, 1251 cm™. *H NMR (400 MHz, CDCls,
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d): 7.40-7.37 (m, 2H, aromatic protons); 7.19-7.16 (m, 2H, aromatic protons); 6.93-6.83 (m, 4H,
aromatic protons); 6.20-6.16 (m, 1H, CONH: exchange with D,0); 5.65-5.62 (m, 1H, NHCO:
exchange with D20); 5.42-5.31 (m, 8H, CH=CH); 3.83 (s, 3H, OCHs3); 3.80 (s, 3H, OCHj3); 3.69
(s, 2H, CH2CONH); 3.33-3.23 (m, 4H, CONHCH,CH,CH,CH;NHCO); 2.85-2.79 (m, 6H); 2.19-
2.01 (m, 6H); 1.75-1.65 (m, 2H); 1.63-1.50 (m, 4H); 1.37-1.25 (m, 4H); 0.90-0.85 (t, 3H, CHa).

HRMS (ESI) m/z calcd for [C43Hs7N30s + Na]*: 718.6511; found: 718.6190.

Synthesis of (5Z, 8Z, 117, 14Z)-N-(4-{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-
ylJacetamido}phenyl)icosa-5,8,11,14-tetraenamide (20).

N-(4-Aminophenyl)-2-[3,4-bis(4-methoxyphenyl)isoxazol-5-yl]lacetamide (17). Mofezolac (50
mg, 0,147 mmol) was stirred in anhydrous CH2Cl> (4 mL) in an argon-flushed three-necked round
bottom flask kept in an ice-bath at 0 °C equipped with a dropping funnel and an argon inlet. Then,
1-hydroxybenzotriazole monohydrate (HOBtH.O, 20 mg, 0.147 mmol) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodimide hydrochloride (EDC-HCI, 28 mg, 0.147 mmol) were
added. The obtaoned reaction mixture was stirred at 0° C for 2 h. In a dropping funnel was
charged a solution of p-phenylenediamine (16 mg, 0.147) and N,N-diisopropylethylamine (0,025
ml, 0,147 mmol) in anhydrous CH2Cl> (2 mL), previously stirred at room temperature for 30
minutes in a round bottom flask under argon atmosphere. This solution was very slowly dropwise
added to the reaction mixture, in turn, then, stirred at room temperature overnight (16h). The
solvent was removed under reduced pressure and N-(4-aminophenyl)-2-[3,4-bis(4-
methoxyphenyl)isoxazol-5-yl]Jacetamide was isolated by column chromatography (silica gel;
mobile phase: CHCls/MeOH=9:1) as a yellow solid (50 % yield). Mp 202-204 °C. *H NMR (400
MHz, CDCls, 6): 7.42-7.40 (m, 2H, aromatic protons); 7.35-725 (bs, 1H, NH: exchanges with
D20); 7.25-7.19 (m, 4H, aromatic protons); 6.94-6.92 (m, 2H, aromatic protons); 6.87-6.85 (m,

2H, aromatic protons); 6.66-6.64 (m, 2H, aromatic protons); 3.84 (s, 3H, OCH3); 3.83 (s, 2H,
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CH2CO); 3.82 (s, 3H, OCHBa); 3.62 (s, 2H, NH2: exchange with D.O). HRMS (ESI) m/z calcd for

[C25H23N304 + Na]*: 452.1930; found: 452.1590.

(52, 87, 117, 147)-N-(4-{2-[3,4-Bis(4-methoxyphenyl)isoxazol-5-yl]
acetammido}phenyl)icosa-5,8,11,14-tetraenammide (20). Arachidonic acid (0.012 mL, d =
0.922 g/mL, 0.038 mmol) was solubilized in anhydrous CH>Cl> (2 mL) in an argon-flushed three-
necked round bottom flask, kept in an ice-bath at 0 °C equipped with a dropping funnel and an
argon inlet. 1-Hydroxybenzotriazole monohydrate (HOBt-H.O, 20 mg, 0.147 mmol) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodimide hydrochloride (EDC-HCI, 28 mg, 0.147 mmol) were
added, and the reaction mixture was stirred at 0°C for 2 h. In a dropping funnel was charged a
solution of N-(4-aminophenyl)-2-[3,4-bis(4-methoxyphenyl)isoxazol-5-yl]acetamide (16 mg,
0.147) and N,N-diisopropylethylamine (0,025 mL, 0,147 mmol) in anhydrous CH2Cl> (2 mL)
previously stirred at room temperature for 30 minutes in a round bottom flask under argon
atmosphere. This solution was very slowly dropwise added to the reaction mixture, in turn stirred
at room temperature overnight (16h). Then, a sat. ag. NaHCO3 (8 mL) was added, and after
separation from the aqueous solution, the organic phase was dried over anhydrous Na>SOg, filtered
and the solvent removed under reduced pressure at room temperature. The product was isolated by
column chromatography (silica gel; mobile phase: CHCls/MeOH = 9:1). 85 % Yield. Mp 133-135
°C. 'H NMR (400 MHz, CDCls, §): 7.50-7.40 (m, 7H, 6 aromatic protons and NHCO); 7.22-7.19
(m, 2H, aromatic protons); 7.09 (s, 1H, NHCO: exchanges with D20); 6.96-6.92 (m, 2H, aromatic
protons); 6.88-6.84 (m, 2H, aromatic protons); 5.44-5.32 (m, 8H, CH=CH); 3.85 (s, 2H,
CH2CONH); 3.84 (s, 3H, OCHs3); 3.81 (s, 3H, OCH3); 2.86-2.78 (m, 6H); 2.38-2.34 (m, 2H); 2.20-
2.15 (m, 2H); 2.09-2.02 (m, 2H); 1.86-1.80 (m, 2H); 1.37-1.24 (m, 6H); 0.92-0.80 (m, 3H, CH3);

HRMS (ESI) m/z calcd for [CasHs3N3Os + Na]*: 738.6412; found: 738.6877.
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Synthesis of (5Z, 8Z, 11Z, 14Z)-N-(4'-{2-[3,4-bis(4-methoxyphenyl)isoxazol-5-yl]acetamido}-

[1,1'-biphenyl]-4-yl)icosa-5,8,11,14-tetraenamide (21).
N-[4'-Amino-(1,1'-biphenyl)-4-yl]-2-[3,4-bis(4-mehoxyphenyl)isoxazol-5-yl]acetamide (18).

Mofezolac (50 mg, 0.143 mmol) was solubilized in anhydrous CH>Cl> (4 mL) in an argon-flushed
three-necked round bottom flask, equipped with a dropping funnel and an argon inlet, and kept in
an ice-bath at 0 °C. 1-Hydroxybenzotriazole monohydrate (HOBt-H-O, 20 mg, 0,147 mmol) and
1-(3-dimethylaminopropyl)-3-ethylcarbodimide hydrochloride (EDC-HCI, 28 mg, 0.147 mmol)
were added, and the reaction mixture was stirred at 0 °C for 2 h. In a dropping funnel was charged
a solution of benzidine (27 mg, 0.147 mmol) and N,N-diisopropylethylamine (0,025 mL, 0,147
mmol) in anhydrous CH2Cl> (2 mL), previously stirred at room temperature for 30 minutes in a
round bottom flask under argon atmosphere. This solution was very slowly dropwise added to the
reaction mixture, in turn stirred at room temperature overnight (16h). A sat. ag. NaHCO3 (9 mL)
was then added, and after separation from the aqueous solution, the organic phase was dried over
anhydrous NaxSOg, filtered and the solvent removed under reduced pressure at room temperature.
The N-(4'-amino-[1,1-biphenyl]-4-yl)-2-[3,4-bis(4-mehoxyphenyl)isoxazol-5-yl]acetamide was
isolated by column chromatography (silica gel; mobile phase: CHClz/MeOH = 10:1). 27 % Yield.
Mp 204-206 °C. *H NMR (500 MHz, CDCls, §): 7.52-7.49 (m, 5H, 4H aromatic protons, and 1H,
NH: exchanges with D.O); 7.42-7.33 (m, 4 H, aromatic protons); 7.21 (d, 2H, J = 8.81 Hz,
aromatic protons); 6.95 (d, 2H, J = 8.81, aromatic protons); 6.87 (d, 2H, J = 8.81, aromatic
protons); 6.75 (d, 2H, J = 8.32, aromatic protons); 3.88 (s, 2H, CH2CO); 3.85 (s, 3H, OCH5); 3.82
(s, 3H, OCHs); 3.66-3.63 (bs, 2H, NH.: exchange with D20). 3C NMR (125 MHz, CDCls, 9):
159.67; 157.32; 156.55; 155.96; 154.87; 141.06; 133.08; 130.81; 126.35; 125.99; 125.07; 123.0;
122.05; 116.43; 116.12; 115.69; 113.07; 110.64; 109.77; 109.28; 58.38; 50.55; 30.51. HRMS

(ESI) m/z calcd for [C31H27N304 + Na]*: 528.2885; found: 528.2894.
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(5z, 8z, 11z, 14Z)-N-{4'-{2-[3,4-Bis(4-methoxyphenyl)isoxazol-5-ylJacetamido}-(1,1'-
biphenyl)-4-yl}icosa-5, 8, 11, 14-tetraenamide (21). Arachidonic acid (0.011 mL, 0.033 mmol)
was solubilized in anhydrous CH2Cl, (2 mL) in an argon-flushed three-necked round bottom flask,
equipped with a dropping funnel and an argon inlet, and kept in an ice-bath. 1-
Hydroxybenzotriazole monohydrate (HOBtH:O, 6 mg, 0.039 mmol) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodimide hydrochloride (EDC-HCI, 8 mg, 0.039 mmol) were
added, and the reaction mixture was stirred at 0 °C for 2 h. In a dropping funnel was charged a
solution of N-[4-amino-(1,1'-biphenyl)-4-yl]-2-[3,4-bis(4-mehoxyphenyl)isoxazol-5-yl]acetamide
(20 mg, 0.039) and N,N-diisopropylethylamine (0.007 mL, 0.039 mmol) were solubilized in
anhydrous CH2Cl2> (2 mL) previously stirred at room temperature for 30 minutes in a round
bottom flask under argon atmosphere. This solution was very slowly dropwise added to the
reaction mixture, in turn stirred at room temperature overnight (16h). Then, a sat. ag. NaHCO3 (10
mL) was added to the reaction mixture and, after separation from the aqueous solution, the
obtained organic phase was dried over anhydrous Na SO, filtered and the solvent removed under
reduced pressure at room temperature. The product was isolated by column chromatography
(silica gel; mobile phase: CHCls/MeOH = 10:1). 31 % Yield. Mp 132-134 °C. 'H NMR (600
MHz, DMSO-de, 8): 10.42-10.38 (bs, 1H, CONH: exchanges with D,0); 9.95-9.89 (bs, 1H,
CONH: exchanges with D20); 7.68-7.55 (m, 8H, aromatic protons); 7.32 (d, 2H, J = 8.41 Hz,
aromatic protons); 7.21 (d, 2H, J = 8.40 Hz, aromatic protons); 7.01-6.94 (m, 4H, aromatic
protons); 5.45-5.28 (m, 8H, CH=CH); 3.89 (s, 2H, CH.CONH); 3.75 (s, 6H, OCHj3); 2.86-2.75 (m,
6H); 2.35-2.31 (M, 2H); 2.14-2.08 (m, 2H); 2.05-1.98 (m, 2H); 1.72-1.64 (m, 2H); 1.32-1.18 (m,
6H); 0.83 (t, 3H, J = 6.6 Hz, CHs). *C NMR (125 MHz, CDCls, §): 171.07, 164.58, 162.06,
161.31, 160.71, 159.62, 137.00, 136.39, 131.11, 130.54, 129.96, 129.81, 129.00, 128.62, 128.30,

129.12, 127.84, 127.54, 127.51, 127.32, 127.28, 121.18, 120.85, 120.49, 120.13, 117.86, 114.51,
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114.03, 63.12, 63.10, 55.30, 55.26, 37.04, 35.26, 32.82, 31.93, 31.91, 31.51, 29.77, 29.70, 29.50,
27.2, 26.60, 25.74, 25.29, 22.68, 14.12. HRMS (ESI) m/z calcd for [CsiHs7N3Os + Na]*:

814.7367; found: 814.7590.

Cyclooxygenase activity inhibition determination. Preliminarily, the new compounds were
evaluated for their ability to inhibit ovine COX-1 or human COX-2 enzyme measuring the extent
(%) of enzyme activity inhibition at 50 uM. The inhibition of the enzyme was evaluated by using
a colorimetric COX inhibitor screening assay kit (Catalog No. 7601050, Cayman Chemicals, Ann
Arbor, MI, USA) following the manufacturer’s instructions. COX is a bifunctional enzyme
exhibiting both cyclooxygenase and peroxidase activities. The cyclooxygenase component
catalyzes the conversion of arachidonic acid into the hydroperoxide PGG2, and then peroxidase
component catalyzes PGG> reduction into the corresponding alcohol PGHy, the precursor of PGs,
thromboxane and prostacyclin. The Colorimetric COX Inhibitor Screening Assay colorimetrically
measures the peroxidase activity of the cyclooxygenases monitoring the appearance of oxidized
N,N,N’,N’-tetramethyl-p-phenylenediamine (TMPD) at A = 590 nm. Stock solutions of test

compounds were dissolved in DMSO.

Antiplatelet Assays. Human platelet rich (PRP) and poor (PPP) plasma were prepared by
differential centrifugation of the whole blood (n=3) and the platelet aggregation was monitored by
turbidimetric method using Chrono-log 560VS Aggregometer (Chrono-Log, Havertown, PA,
USA). The derivatives were pre-incubated in PRP for two min before addition of the arachidonic
acid (AA - 500 pM) (Cayman Chemical Company, Ann Arbor, MI, USA). Different
concentrations of the compounds were also tested to determine the concentration required to
inhibit 50% of platelet aggregation (ICso) induced by AA. The platelet aggregation tests were

performed in triplicate and the positive controls were acetylsalicylic acid (ASA) (Sigma Aldrich,
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SP, Brazil) and the negative control was the vehicle dimethyl sulfoxide (DMSO 1%) (Sigma

Aldrich, SP, Brazil)®.

Anticoagulant Assays. Human platelet poor (PPP) plasma were prepared by differential
centrifugation of the whole blood (n=3) and the assays were performed in coagulation analyzer
CoagLab® IV (Beijing Shining Sun Technology Co. Ltd., China) as described by Sathler et al.*’.
In the aPTT assay, plasma samples were first incubated with the compounds (100 uM) for 15
minutes at room temperature and them for 2 minutes at 37 °C. Next, cephalin (100 pl) was added
and incubated for 2 minutes. The reaction was triggered with 100 pl of 0.025 M CacCl: in a final
volume of 300uL. In the PT test, similarly, 97 pL of plasma were first incubated with the
compounds for 15 minutes at room temperature and then 2 minutes at 37 °C. Then 100 pL of PBS
were added and incubated for 3 minutes. The reaction was triggered with 100 pL of calcium
thromboplastin, in a final volume of 300 puL. The plasma clotting time was monitored in seconds

at 37 °C.

Hemolytic Activity. The hemolytic activity of compounds was investigated according to Parnham
and Wetzig*®4!, The citrated blood (n=3) was centrifuged at 2500 rpm for 15 minutes and the
erythrocyte pellet was washed 3 times with PBS (pH 7.4) and resuspended in same buffer. Then
the derivatives were incubated with the suspension of erythrocytes for 3h at 37 °C in accord to
ASTM F756-00 (Standard Practice for Assessment of Hemolytic Properties of Materials). The
release of hemoglobin was measured after centrifugation of samples (2500 rpm for 15 min) and
checked in a spectrophotometer at 540 nm. The complete hemolysis was obtained using 1% Triton

X-100 as positive control. Less than 10% hemolysis was considered non-hemolytic?®.
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Cytotoxicity to Vero cell line. Vero cell line, from kidney epithelial cells extracted from an
African green monkey (Chlorocebus sp), was purchased from the Rio de Janeiro Cell Bank,
Brazil. Dulbecco’s Modified Eagles Medium (DMEM), Hank’s Balanced Salt Solution, fetal
bovine serum (FBS), antibiotic solution (10,000U/mL penicillin, 10mg/mL streptomycin),
antimycotic solution (25-30ug/mL amphotericin B), trypsin—EDTA solution (2.5mg/mL trypsin,
0.2mg/mL EDTA) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
were all supplied by Sigma—Aldrich (Sado Paulo, Brazil). Dimethyl sulfoxide (DMSQ) and other
reagents were from analytical grade. Culture medium was supplemented with 4.5 mg/ml glucose,
0.1 mg/ml penicillin, 0.14 mg/ml streptomycin and 10% inactivated FBS. Cultured cells were
maintained at 37°C in an atmosphere containing 95% air and 5% CO2. Cells were sub-cultivated
every 48 h by trypsin-EDTA solution. Metabolically active cells were assessed using the MTT
reduction colorimetric assay, as previously reported by Mosmann (1983)*2. Cells were seeded in
96-well plates (Corning) at density of 3.2 x 10* cells/well, distributed in a total volume of 200
pL/well. Then the plates were taken to cell incubator at 37°C and 5% CO2 for 24 hours. After
incubation, the cells were placed in contact with the samples (10 and 100 uM; n = 4) for 48 hours.
As control group we used DMEM containing 10% FBS and 1% of DMSO. Then, samples were
aspirated and the cells were treated with MTT reagent (2.5 mg/mL) by adding 100 pL of HBSS
and 25 pL of MTT solution per well. The plates containing the cells were incubated with MTT for
3 hours at 37°C and 5% CO.. At the end of incubation time, MTT was aspirated and the cells were
washed with phosphate buffer solution (PBS) (pH 7.4). The buffer was aspirated and DMSO was
added (100 pL/well) for cell viability measurement by absorbance at 570 nm, after shaking
vigorously for 60 seconds, using a microplate reader (TP-Reader™, Thermoplate, Brazil). The
cytotoxicity/cell viability was expressed as the percentage of cells surviving in relation to

untreated cells*.
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Genotoxicity Tests. Reverse Mutagenesis to Histidine Prototrophy (Ames Test). This assay
was performed as described by Maron and Ames**, using the histidine Salmonella typhimurium
auxotroph mutant strains TA97, TA98, TA100 and the wild type strain TA102. Each assay was
conducted in triplicate and the results obtained show a comparison between the molecules and the
positive control 4-NQO. The negative results indicated that the molecules have no mutagenic

properties.

SOS Chromotest - “Spot Test”. The SOS chromotest (spot test) was performed according to
Quillardet and Hofnung*, using Escherichia coli strains PQ35 and PQ37. One hundred microliters
of an overnight culture of the E. coli strains are diluted in 5 mL of LB medium and the culture is
incubated at 37 °C in a gyratory incubator up to a concentration of 2 x 108 bacteria/mL. Fractions
of 0.1 mL of the culture are then distributed into test tube with top agar, and the mixture is poured
immediately on M63 medium plate. A sample of 10 pL of the molecules is spotted onto the center
of the plate. After overnight incubation at 37 °C, the presence of a blue ring around a zone of
inhibition indicates genotoxic activity. Each assay was conducted in triplicate and the results

obtained show a comparison between the molecules and the positive control 4-NQO.

Computational methods. The binding poses in the COX active sites were generated using the
FLAP software in the structure-based mode (Molecular Discovery Ltd., UK;
www.moldiscovery.com). The procedure has been extensively described elsewhere®. The protein
binding site was calculated with the FLAP site module in the FLAP software that is able to
reproduce the main cavities of the crystallographic structures. For each ligand a maximum of 25

conformers were generated to mimic the compound flexibility; the protonation state at
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physiological pH of each molecule was assigned to ionizable residues, as predicted by MoKa®*’

The FLAP software was used in the “structure-based” mode; this approach allows to generate
binding poses of a ligand in a protein cavity based on the similarity between their GRID fields*.
The GRID Molecular Interaction Fields were generated through the probes for H (shape), DRY

(hydrophobic interactions) N1 (H-bond donor) and O (H-bond acceptor) interactions.
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TABLES

Table 1. COX inhibitory activity of mof-spacer-mof molecules (9-15) bearing different spacers (2-
8).

Table 2. COX inhibitory activity of compounds composed by mofezolac and arachidonic acid (19-
21) and their precursors (mofezolac linked to the spacers) (16-18).

Table 3. Antiplatelet profile of compounds on in vitro platelet aggregation of human citrated
platelet rich plasma induced by arachidonic acid (AA). IC50 (Concentration that induced 50%
inhibition of platelet aggregation

Table 4. Evaluation of compounds on the in vitro coagulation of human plasma (n=3) by activated
partial thromboplastin time (APTT) and prothrombin time (PT) (B). Negative control: DMSO 1%
(C-). Positive Control: Rivaroxaban 100uM (C+).

Table 5. Hemolytic profile through hemolysis assay. Values below 10% are considered non
hemolytic. DMSO 1% is the negative control (C-) and Triton x-100 1% (C+) is the positive

control.

Table 6. Cell viability of Vero cells after 48 hours of exposition to derivatives at 10 and 100 pM.

Data are presented as mean of cell viability values + standard deviation (n = 4).
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Table 7. Mutagenic and genotoxic activity of molecules without metabolic activation. The
molecules were dissolved in dimethylsulfoxide (DMSO) to perform assays. As positive control 4-

NQO was used. Results of three different concentrations (10 uM, 100 uM and 500 pM). ASA:
aspirin.
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