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LX4-LXB

Two fold less potent than Tirofiban in antiplatelet
aggregation (ICso=0.18 uMvs IC5y= 0.09 pM)

Two fold less potent than Tirofiban in inhibiting
GPIIb/Ia receptor (ICsp=0.08 uMvs ICsp=0.04 uM)

Lower bleeding risk than Tirofiban
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Abstract: Based upoh X2421, a previously identified antiplatelet aggregatamyent, a series of novel
2-amino-3-(naphth-2-yl)propanoic acid derivativesrevdesigned, synthesized and evaluated. Among
them, compounds X14 andL X25 were identified as promising antiplatelet aggrigaagents. The

vitro biologic study demonstrated thaK14 can block platelet aggregation induced by foufedént
inducers and displays comparable potency in inhipitGPIIb/Illa receptor in comparison with
Tirofiban. In addition,L X14 has much lower risk of bleeding thairofiban and shows significant
antithrombotic activityin vivo. Taking together, the results indicated thaX14 is a promising

GPIIb/llla receptor antagonist against plateletraggtion worthy of further evaluation.
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1. Introduction

Coronary artery thrombosis diseases, such as ngiatanfarction, acute coronary syndrome,
and pulmonary embolism, represent the most frequanse of mortality and morbidity worldwide
[1-3]. Platelets are primary components for theeltggment of thrombotic disorders. They can be
activated by a number of platelet inducers, inelgdvon Willebrand factor, collagens, fibronectin,
vitronectin (VIN), adenosine "&liphosphate (ADP), thrombin, platelet activatiragtbr (PAF), and
epinephrine (EPN), which are released to arteriaulation on account of plaque rupture [4, 5].
Activated platelets also can produce activatinganles, such as like thromboxane A2 (TXA2) and
ADP, further causing platelets shape change, senranhd increasing of the expression of GPIlIb/llla

receptor [6-9].



After platelet activation, GPIlIb/llla receptors agxposed and activated to combine with the
Arg-Gly-Asp (RGD) sequence of fibrinogen [10, 10ne molecule of fibrinogen can bind to several
platelets and one platelet can also combine withtiphel fibrinogens [12]. Ultimately, this so called
“cross-linking effect” leads to formation of throotbwhich overwhelms the luminal area of the vessel,
and causes various thrombotic diseases. ActivatiddPlIb/Illa receptor is the final common pathway
of platelet aggregation regardless of the init@timducer molecules, thus blocking the platelet

GPIIb/llla receptor could effectively inhibit pldét aggregationKigure 1) [13, 14].

Currently, three classes of antiplatelet aggregatiugs are frequently used in clinic: 1) aspirin,
which blocks the production of the platelet aciivgtmolecule TXA2 by inhibiting the cyclooxygenase
pathway [15]; 2) clopidogrel and prasugrel, whiemdtion as antagonists of the cell-surface ADP
receptor P2Y, [16] and 3) the GPIIb/llla receptor antagonistschs as Abciximab, Eptifibatide and
Tirofiban [17]. In clinical application the efficgoof aspirin and P2 receptors is limited by their
restricted spectrum of antiplatelet activity, besmplatelets can be activated by several othercardu
This promotes the development of potent inhibitofrplatelet aggregation based on the inhibition of
GPIIb/llla [18]. Among the GPIlla/lllb receptor agtnists, Abciximab is a hon-competitive antagonist
of GPIIb/llla which also interacts with two othemtérgrinso,fs and omf,, while Eptifibatide and
Tirofiban mimicking the RGD sequence of fibrinogare selective and competitive antagonists of
GPIIb/llla [19]. The GPIIb/llla inhibitors have pven effectiveness in reducing the risk of
periprocedural myocardial infraction (PMI) and umfg target vessel revascularization during
catheterization. However, they also have sevemitdtions, such as the risk of bleeding and the
induction of thrombocytopenia in some patients [2@jerefore, novel GPIIb/llla inhibitors with

reduced risks are urgently needed.

In our previous efforts to discover novel antipleteagents, a series of tryptophan derivatives
were designed and synthesized based on a threpapgde pENW derived from Agkistrodon acutus
Guenther venom [21, 22]. Among thelrX2421 was the most potent compound which inhibits pédtel
aggregation induced by all of the four agonists PADhrombin, U46619 and Collagen). It has ag IC
value of 24.8uM in an assay using ADP-induced rabbit plateletrrpiasma and shows moderate
GPlIIb/llla receptor inhibitory activity with an kgvalue of 5.4uM, as potent as the known GPIIb/llla
receptor antagonist, RGDs [23]. In addititrX 2421 has much lower bleeding risk thairofiban and
remarkable antithrombotic activity in arterial anehous thrombosis models in rats. Overak2421
is a promising lead for continuous study. In thager, we reported the design, synthesis and ei@iuat
of a novel series of 2-amino-3-(naphth-2-yl)proparacid derivatives with the purpose to improve

further the antiplatelet aggregation activity and¢duce the bleeding risk by structural modificas
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of L X2421.
2. Result and Discussion
2.1 Design and Structure-Activity Relationship

In order to explore the binding mode bK2421 to GPIIb/llla, we have performed molecular
docking for its interaction with GPIlIb/llla usindpé crystal structure of GPIlIb/llla in complex with
Tirofiban (PDB CODE: 2VDM,Figure 2). Our results indicated that there are multipleractions
betweenL X2421 and GPIlIb/llla. The 4-piperidyl group inX2421 has a salt bridge interaction with
the carboxyl group of the Asp224 residue in GPuUbunit, while the carboxyl group forms several
hydrogen bonds with Ser123, Asn215 residues arutals interaction with the MIDAS Mgion of
GPllla. The indole ring has-n interaction with the phenyl ring of Tyr190. To lfulunderstand the
binding mode and key interactions 10K2421 and GPIIb/Illa, molecular dynamics (MD) simulation
were carried out. The binding interactions betwie&2421 and GPlIb/llla were investigated along the
40 ns MD trajectories. The occupancies40%) of each binding interaction were displayedFigure
2. The result indicated that-n interaction between the indole ring and Tyr190vea strong and
stable binding. It make a significant contributitmthe inhibitory activity ofL X2421 to GPIIb/llla

(detailed information about the MD simulation canfbund in the Supporting Information).

To explore further of thig-n interaction, we designddX1-L X3 in which a naphthalene ring was
used to replace the indole ringlix2421 (Figure 3). These three compounds vary only in the length
of the linker between the naphthyl ring and theepgtine. To our disappointed, none of these
compounds inhibit platelet aggregation induced PAIN human platelet-rich plasma (more precise
than the rabbit platelet-rich plasma) at 100 (Table 1). However surprisinglyl. X4-L X6 in which a
piperizine ring was used to replace the piperiding in LX1-L X3 have much improved activity in
inhibiting platelet aggregation, indicating thap@iazine is more favorable in this scaffold. Among
these three compoundsX5 which contains a three GHinker is the most potent one with ans$C
value of 0.37uM, being 60 folds more potent than t, containingL X4 and 90 folds more potent

than four CH containingL X6, thusL X5 was selected as a new lead for the subsequent stud

Using L X5 as the lead compound, at first we explored thedplibbic group on sulfonamide by
designing compoundsX14-L X18. Our results indicated that removing the bromarafbX 14, 1C5=
0.18uM) or replacing it with other electron withdrawnogips, such as fluoro atorhX15, ICs= 0.28
uM) or nitro group [ X16, ICs= 0.20 uM) can only slightly influence the antiplatelet iaitt, but
introducing an electron donated methoxy group ® ghra position of the phenyl ring decreases the
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activity by about 8 folds, indicating that the dfeaic property of the phenyl ring may have inflaen
to the activity. Replacing the phenyl group LirX14 with a butyl group I(X18, ICs= 0.52 pM)

decreases the activity by about 3 folds, suggegtivemy! ring is more favorable at this site.

We have also designed a series of compounds bgadiaglthe sulfonamide group with an amide
group by designing compountdX7-L X13. Our results indicated that amide containing conmats are
dramatically less potent than their sulfonamidetaiming analogues. For exampleX7 shows an I¢,
value of 7.9 uM, being more than 40 times less motieanlL X14, indicating the importance of the

sulfonamide structure for the activity.

Our results have indicated that the piperizine grisieritical to the antiplatelet activity. Theredo
in order to explore the influence of the basic growe designed a series of benzamidine containing
compounds Table 3), as benzamidine has been frequently used in @Rdkantagonists in many
published literatures. Both the sulfonamide andatimde containing scaffolds were used in this serie
To our delight, at 50 uM several compounds, ineigdi X 24, L X25, L X26, L X30 can reach >99.5%
of inhibition, indicating benzamidine can also bsed as the base group in our new scaffold.
Interestingly, unlike the piperizine containing qoeaunds, sulfonamide containing compounds don't

show dramatically more potent activity than the@tontaining compounds in this series.

LX14 andLX25 are two of the most potent inhibitors of platedgigregation in our two new
series of compounds with igvalues of 0.18M and 0.84uM, respectively. Therefore these two
compounds are selected for further evaluationsInhdticeable that X14 is almost as potent as

Tirofiban.

2.2 The biologic assay and docking study

Besides ADP, platelet aggregation can also be aetivby other inducers. TherefoteX14 and
L X25 have also been evaluated for their antiplatelgtegation activity induced by collagen, collagen
and thrombin together with ADP. As shownFigure 4 andTable 4, L X14 andL X25 can significantly
inhibit platelet aggregation induced by ADP (2®1), collagen (1ug/ml), thrombin (0.26 U/ml) and
U46619 (2uM) with the 1G, values of 0.18, 1.32, 0.53, 1.¢M and 0.84, 27.7, 22.9, 23,eM
respectively, suggesting that our compouhd§l4 and LX25 can block the common pathway of
platelet aggregation by inhibiting the GPIlIb/llkeceptor. Interestingly, our compounds are morerpiote

in inhibiting platelet aggregation induced by ADRn those induced by other three inducers.

LX14 and LX25 have been evaluated for their binding affinity @®lIb/llla receptor in the



fibrinogen/GPlIb/llla enzyme-linked immunosorbergsay (ELISA) in comparison witfirofiban
(Figure 5). Compound4 X14 andL X25 can potently block the binding of GPIIb/llla tcetfibrinogen
in a concentration-dependent manner with thg W@lues of 0.08 and 1.38V respectively, with. X14
being only two-fold less potent thahirofiban, consistent to its activity in the inhibition ofe
antiplatelet aggregation. ThukX14 represents a promising GPIlIb/llla receptor anté&joagainst

platelet aggregation.

In order to probe the binding modes of compouhd§l4d and LX25 with GPlIb/llla, we
performed molecular docking study using CDOCKERDiscovery studio 3.0 in comparison with
Tirofiban (Figure 6). The result indicated th&atX14 binds to the same pocket as TirofibhiX14 has
hydrogen bond interactions with Ser123 and AsnXddues and salt bridge interaction with the
MIDAS Mg?* ion of GPllla asTirofiban. Also similar toTirofiban, the sulfonamido group ihX14
forms hydrogen bonds with Arg214 and Asn215 resdwaand the 4-piperizyl group formed a slat
bridge with Asp224 residue, while the naphthaleh& X¥14 exhibitsz-n interaction with the phenyl
ring of Tyr190. The interaction betweérX25 and GPIIb/llla is similar to that betwedrX14 and
GPIIb/llla, however, the sulfonamido group lirX25 doesn’t have hydrogen bond interactions with
Arg214 and Asn215 residues due to the spatial ehithe amide bond, maybe this is the reason $or it
less potent binding affinity to GPIIb/llla tharX14.

The risk of bleeding is one critical limitation f@PIIb/llla inhibitors in the preventing formation
of thrombus. Thereford, X14 has been evaluated for the bleeding timesivo in comparison with
Tirofiban. As shown inFigure 7, treatment with 3 mg/kg, 15 mg/kg and 30 mg/kgLaf14, the
bleeding times are approximately 6.72+1.23, 8.6B42And 9.28+3.21 min (n= 6) respectively. While
only with 1 mg/kg ofTirofiban, the bleeding times are 16.8+2.33 min (n= 6). Th&llt indicated that
LX14 has much lower bleeding risk thairofiban, representing a safer GPIIb/llla inhibitor against

platelet aggregation.

L X14 has also been evaluated forifts/ivo antithrombotic activity in comparison witfirofiban
in rat arterio-venous shunt modéligure 8). Our results indicated thatX14 significantly decreases
the thrombus weight in a dose-dependent manner0Ang/kg, it reduces the experimental thrombosis
by 40.04£5.8% (n= 6), as effective @gofiban at 1 mg/kg (37.1+4.7%), further confirming thatsita

promising antiplatelet agent.

2.3 Chemistry

Compoundl was prepared by a described method reported By Marco, R. Franlet al [24].
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Reactions of compoundl with various acyl chloride or sulfonyl chloridef@fded 2-15 which were
further hydrolyzed with LiOH to yield intermediaté8-29 as shown in schente Then,16-29 were
reacted with 4-piperidyl contained intermediatepitovideL X1-L X3 with Boc cleavage. Methylation
of 16-29 with SOC}H/MeOH vyielded our critical intermediat@9-43. Compounds13-57 were further
obtained by treatment with the corresponding dibdemwhich were reacted with Boc-paperazine to
give 58-72. Finally, LX4-L X18 were achieved by hydrolyzation of methyl ester degrotection of
Boc. Additionally,30-43 were refluxed with 4-cyano benzylbromide in dretane/KCO; to give
73-84 which were reacted with HCI/MeOH and MMeOH by Pinner reaction and hydrolyzed to
afford L X19-L X30.

3. Conclusion

In summary, we identified compoundX5 as a novel lead by structure modificationLo€2421.
The antiplatelet aggregation activity of it was m@otent thai X2421 with the IG, value of 7.9uM.
Further optimization, a novel series of compoundseadesigned and synthesized by exploring the
impact of the basic group and the functional gronpthea-amino group on the antiplatelet aggregation
activity. Our effort led to the hit of X14 and L X25, showing remarkably antiplatelet aggregation
activity, especiallyL X14, almost equally high potency dsrofiban. Further studyl X14 andL X25
could inhibit the platelet aggregation induced byrfdifferent agonistd, X14 displayed comparable
ability asTirofiban in inhibiting the GPIIb/Illa receptor (K= 0.08uM). At last, L X14 was selected
to performin vivo biologic evaluation in comparison wifhirofiban. The lower bleeding time and
significant antithrombotic activity were observethove all, LX14 could be a safer and promising

antiplatelet aggregation agent for further study.

4. Experimental procedures

4.1 Chemistry

All reagents were from commercial sources. Withateethylsilane (TMS) as internal standard,
the 'H-NMR and™*C-NMR were recorded on Bruker AV-300 apparatus bipgi deuterated solvents.
HR-MS was collected on Agilent technologies 652@uxate-Mass Q-TOF LC/MS instruments. Every
targeted compound was purified via silica gel (6G8;230 mesh) column chromatography. Melting
points were measured by XT-4 melting point appaalthe purity ¥95%) of final compounds is
verified by the HPLC study performed on Agilent C86 mmx150 mm, 3.um) column using a
mixture of solvent methanol/water at the flow raf€d.5 mL/min and peak detection at 254 nm under

UVv.



(x)-2-Amino-3-(6-hydroxy-2-naphthyl)propanoic adiydrobromide (2-HBr)lL was synthesized

by a known method established within the literature

4.1.1 Typical procedure for the preparation2fl5

To the mixture of (£)-2-Amino-3-(6-hydroxy-2-napthpropanoic acid hydrobromide (2- HBE)
(4.30 mmol) in acetone (20 mL) and water (10 mL}C&; (13.0 mmol) was added, followed by
stirring at room temperature for 1 h, then subtdacyl chloride (5.60 mmol) was dropped slowly at
0°C, and the mixture was kept under stirring for 1@&th65C. After the reaction was completed,
monitored by TLC, the solvent was removed undeuced pressure, and the resulting residue was
dissolved in HO (10 mL), acidified to pH 2-3 with 1 M HCI, thexteacted with AcCOEt (3x15mL).
The combined organic layers were dried oves9@ and concentrated under reduced pressure. The
crude residue was purified by flash column chromephy (petroleum ether/AcOEt 1:1 ) to give the

corresponding product.

4.1.2 Typical procedure for the preparationl®~29

To the solution of the intermediat2~15 (3.80 mmol) in MeOH/Acetone4® (30 mL,
v:viv=1:1:1), LiOH*H0 (11.0 mmol) was added. The reaction mixture viasd for 8 h at 5, and
TLC analysis indicated that the reaction was coteple The solvent was removed under reduced
pressure, and the resulting slurry was taken uplj@, acidified to pH 2-3 with 1 M HCI. The

precipitate was filtered and dried to afford theresponding compound

4.1.3 Typical procedure for the preparationlof1~L X3

1-Boc-4-(methylsulfonyl)oxy)propyl) piperidine  ot-Boc-4-(2-((methylsulfonyl)oxy)propyl)
piperidine or 1-Boc-4-(2-((methylsulfonyl)oxy)prolppiperidine or
1-Boc-4-(3-((methylsulfonyl)oxy)propyl)  piperidine or  1-Boc-4-(4-((methylsulfonyl)oxy)butyl)
piperidine (2.20 mmol) was added to a solution & tamino-substituted derivatives of
(¥)-2-Amino-3-(6-hydroxy-2-naphthyl)propanoic adigdrobromide (2- HBr)16~29,1.70 mmol) in 15
mL of dry DMF, then dry KCO; power (5.10 mmol) was added. The mixture wasestiat 80°C for
12 h under i and TLC analysis indicated the reaction was cetaplThe mixture was filtered, and the
filtrate was concentrated macua The crude residue was purified by flash columrootatography
and eluted with 2:1 petroleum ether/AcOEt to gike torresponding intermediate. The intermediate
was dissolved in 5 ml AcOEt. Pass the dry HCI ga8’@ through the system and the solution was

stirred and monitored by TLC. After completion, S@vent was removed in vacuo and the residue was



dissolved in methanol. The solution was concendrétevacuoto give the corresponding compound

LX1~LX3.

4.1.3.1 (¥)-2-((4-bromophenyl)sulfonamido)-3-(6¢gridin-4-ylmethoxy)naphthalen-2-yl) propanoic
acid-HCI (LX)

It was obtained as a light yellow solid in 35% gliein.p. 134-13&; HRMS (ESI): m/z, calculated for
CusH,/BIN,OsS, 547.0902 (M+H) found 547.0913*H-NMR (300MHz, DMSOeg): 4 9.79 (br, 1H,
HCI), 9.01 (s, 1Hpiperidyl-NH), 8.73 (d, 1H, J= 8.7 Hz, -S@IH-CH-), 7.63~7.06 (m, 10H, Ar-H),
4.11~4.01 (m, 1H, -CHCH-NH-), 3.67 (t, 2H, J= 6.2 Hz, -GFD-), 3.13~2.67 (m, 6H,
piperidylCH,-N-CH,- and -CH-CH,-NH-), 1.91~1.15 (m, 5HPiperidineH); ¥C-NMR (75MHz,
DMSO-dg): 6 170.7, 155.1, 139.8, 133.4, 131.7, 130.0, 12&3,Q, 127.4, 126.0, 125.9, 118.7, 108.4,
73.1,67.7,57.4,42.2, 37.7, 36.4, 32.8, 32.2{,3%b.7, 24.5 ppm.

4.1.3.2 (1)-2-((4-bromophenyl)sulfonamido)-3-(6{{dperidin-4-yl)ethoxy)naphthalen-2-yl)propanoic
acid-HCI (LX2)

It was obtained as a light yellow solid in 40% gliein.p. 152-15€ ; HRMS (ESI): m/z, calculated for
CueH20BIN,O5S, 561.1059 (M+H) found 561.1046'H-NMR (300MHz, DMSO#,): §9.01~8.72 (br,
2H, piperidylNH and HCI), 8.70 (d, 1H, J= 8.8 Hz, -S8H-), 7.60~7.04 (m, 10H, Ar-H), 4.01~3.98
(m, 1H, -CH-CH-NH-), 3.79~3.77 (m, 2H, -CHO-), 3.15~2.64 (m, 6Hpiperidy-CH,-N-CH,- and
-CH,-CH,-NH-), 1.59~1.10 (m, 7HPiperidine and -CH-CH,-0-); **C-NMR (75MHz, DMSOdg): 3
170.7, 155.1, 147.0, 139.9, 133.4, 131.7, 130.8,712128.1, 127.4, 125.9, 124.2, 123.1, 122.6,7118.
108.4, 62.0, 61.3, 43.0, 42.7, 34.1, 33.6, 31.13,310.3, 28.6 ppm.

4.1.3.3(8-2-((4-bromophenyl)sulfonamido)-3-(6-(@geridin-4-yl)propoxy)naphthalen-2-yl)propanoi
c acid-HCI (LX3)

It was obtained as a light yellow solid in 43% gliein.p. 146-14& ; HRMS (ESI): m/z, calculated for
CoH31BrN,OsS, 575.1215 (M+H) found 575.1215'H-NMR (300MHz, DMSOd,): J 9.00~8.69 (s,
1H, piperidylNH), 8.69 (d, 1H, J= 8.9 Hz, -SIH-), 8.67~8.45 (br, 1H, HCI), 7.59~7.01 (m, 10H,
Ar-H), 4.00 (m, 1H, -CHCH-NH-), 3.98~3.68 (t, 2H, J= 5.8 Hz, -Gi®-), 3.17~2.69 (m, 6H,
piperidyFCH,-N-CH,- and -CH-CH,-NH-), 1.55~0.91 (m, 9HPiperidine and -CH-CH,-CH,-O-);
%C-NMR (75MHz, DMSOd): § 170.7, 155.2, 139.9, 133.4, 131.7, 129.9, 12&8,1], 127.4, 125.9,
118.7, 108.4, 64.5,57.4, 42.9, 40.2, 38.5, 3728},31.7, 31.3, 31.0, 29.7, 28.9, 28.0, 24.6 ppm.



4.1.4 Typical procedurfor the preparation 080~43

To the stirred solution of the intermediat6~29 (49.00 mmol) in methanol (160 mL) afCQ
sulfoxide chloride (98.00 mmol) was added dropwase] stirred at 50 overnight. After the reaction,
monitored by TLC, was complete, the mixture wascemtratedn vacuo The corresponding methyl

intermediate was obtained by column chromatography.

4.1.5 Typical procedure for the preparationd8~57

To a solution of intermediat80~43 (22.03 mmol) in acetonitrile (70 mL), 1,2-dibrombate or
1,3-dibromopropane or 1,4-dibromobutane (44.06 mMGCO; (66.09 mmol) were added. The
mixture was stirred at 60 for 48 h. The product was filtered, and the fttravas concentrated in
vacua The crude residue was purified by flash columronfatography and eluted with 5:1 petroleum

ether/AcOEt to give the corresponding product.

4.1.6 Typical procedure for the preparation5g8f~72

To the solution of thintermediated3~57 in acetonitrile (40 mL), 1-Boc-piperazine (20.40nof)
and KCO; (20.40 mmol) were added. The mixture was stirre@QC for 48 h. The reaction was
filtered, and the filtrate was concentratedvacuao The crude residue was purified by flash column

chromatography and eluted with 8:1 petroleum eftefdEt to give the corresponding product.

4.1.7 Typical procedure for the preparationLof4~L X18

To the solution of the intermedia®@~72 (2.30 mmol) in MeOH/THF/KD (15 mL, viviv=1:1:1),
LiOH*H,O (6.90 mmol) was added. The reaction mixture viiaieed at room temperature for 2 h, and
TLC analysis indicated that the reaction was cotepleThe solvent was removed under reduced
pressure, and the resulting slurry was taken uplj®, acidified to pH 2-3 with 1 M HCI. The
precipitate was filtered and dried to afford theresponding compound with Boc-piperazine. Then the
intermediates (1.50 mmol) were dissolved in 5 mDA&t. Pass the dry HCI gas atOthrough the
system and the solution was stirred and monitosedlUL. After completion, the solvent was removed
in vacuo and the residue was dissolved in methdid.solution was concentratedvacuoto give the

corresponding compound.

4.1.7.1 (3)-2-((4-bromophenyl)sulfonamido)-3-(6{(@perazin-1-yl)ethoxy)naphthalen-2-yl)propanoic
acid-HCI (LX4)



It was obtained as a white solid in 41% yield. mlp3-155C; HRMS (ESI): m/z, calculated for
CusH2sBIN3OsS, 562.1006 (M+H) found 562.1033'H-NMR (300MHz, DMSOe€): J12.3 (s, 1H,
-COOH), 9.84 (br, 2Hpiperidy-NH and HCI), 8.52~8.49 (d, 1H, J= 9.0 Hz, -9¢H-), 7.71~7.22 (m,
10H, Ar-H), 4.56 (t, 2H, J= 6.0 Hz, -GHD-), 4.01~3.94 (m, 1H, -CHCH-NH-), 3.68~3.50 (m, 10H,
Piperazineand -CH-CH,-O-), 3.02~2.73 (m, 2H, -CHCH-NH-); ¥C-NMR (75MHz, DMSOd): &
172.2, 155.0, 140.2, 132.8, 132.2, 131.4, 128.8,5,227.9, 127.8, 127.5, 126.5, 125.6, 118.5,11,07.
62.4,57.6, 54.5, 48.4, 37.6, 31.1, 29.8, 21.0 ppm.

4.1.7.2(8-2-((4-bromophenyl)sulfonamido)-3-(6-{@ferazin-1-yl)propoxy)naphthalen-2-yl)propanoi
c acid-HCI (LX5)

It was obtained as a white solid in 45% yield. mlg1-173C; HRMS (ESI): m/z, calculated for
Co6H3BrN3OsS, 576.1062 (M+H) found 576.1078'H-NMR (300MHz, DMSOds): J12.3 (s, 1H,
-COOH), 9.85 (br, 2HpiperidyFNH and HCI), 8.78 (d, 1H, J=9.0 Hz, -$8H-), 7.79~7.10 (m, 10H,
Ar-H), 4.20 (t, 2H, J= 5.5 Hz,_-CHO-), 4.04~3.98 (m, 1H, -CHCH-NH-), 3.73~3.49 (m, 10H,
Piperazine and -CH-CH,-CH,-O-), 3.13~2.77 (m, 2H, -CHCH-NH-), 2.30~2.27 (m, 2H,
-CH,-CH,-CH,-0-); "*C-NMR (75MHz, DMSOds): § 172.2, 155.8, 140.2, 133.0, 131.9, 131.4, 128.8,
128.3,127.8, 127.5, 126.5, 125.5, 118.5, 106.8,6%.6, 53.1, 47.7, 37.6, 31.1, 29.8, 29.2, PR12.

4.1.7.3 (B-2-((4-bromophenyl)sulfonamido)-3-(6{@perazin-1-yl)butoxy)naphthalen-2-yl)propanoic
acid-HCI (LX6)

It was obtained as a white solid in 53% yield. mp9-171C; HRMS (ESI): m/z, calculated for
C,7H3BrN;OsS, 590.1319 (M+H) found 590.1347*H-NMR (300MHz, DMSO#€g): J12.0 (s, 1H,
-COOH), 10.1 (br, 2HpiperidykNH and HCI), 8.80 (d, 1H, J= 9.0 Hz, -$8H-), 7.66~7.13 (m, 10H,
Ar-H), 4.13~4.11 (m, 2H, -CHO-), 3.99~3.97 (m, 1H, -CHCH-NH-), 3.90~3.40 (m, 10H,
Piperazineand -CH-CH,-CH,-CH,-O-), 3.219~3.08 (m, 2H,_-CHCH-NH-), 1.91~1.87 (m, 4H,
-CH,-CH,-CH,-CH,-0-); *C-NMR (75MHz, DMSOd): & 172.2, 156.1, 140.2, 133.0, 131.8, 131.4,
128.7, 128.2, 127.8, 127.8, 127.4, 126.4, 125.8,6,1106.6, 66.8, 57.6, 55.3, 47.6, 37.6, 25.80 20.

ppm.
4.1.7.4 (4)-2-benzamido-3-(6-(3-(piperazin-1-yl)propoxy)repalen-2-yl)propanoic acid-HCILX7)

It was obtained as a white solid in 45% yield. mlg1-173C; HRMS (ESI): m/z, calculated for
CoHaN3Oy, 462.2293 (M+H), found 462.22307H-NMR (300MHz, DMSOe€): J 9.66 (br, 2H,
piperidyFNH and HCI), 8.78 (d, 1H, J= 8.3 Hz, -CO-NH-), §-7.10 (m, 11H, Ar-H), 4.72~4.70 (m,
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1H, -CH-CH-NH-), 4.15 (t, 2H, J= 6.1 Hz,_-GHD-), 3.71~3.30 (m, 1OHpPiperazine and
-CH,-CH,-CH,-0-), 3.29~3.14 (m, 2H,_-CHCH-NH-), 2.24~2.22 (m, 2H, -CHCH,-CH,-O-);
B¥C-.NMR (75MHz, DMSOe): 6 173.0, 166.5, 155.8, 133.8, 133.6, 133.4, 13239,8, 131.4, 128.8,
128.4, 128.1, 127.3, 127.2, 127.1, 126.5, 118.5,8,064.8, 54.4, 53.1, 47.7, 38.6, 36.6, 29.2, 28.9

14.0 ppm.

4.1.7.5(8)-2-(3-fluorobenzamido)-3-(6-(3-(piperazinyl)propoxy)naphthalen-2-yl)propanoic acid-HCI
(LX8)

It was obtained as a white solid in 63% yield. mp1-163C; HRMS (ESI): m/z, calculated for
CoH31FNO4, 480.2199 (M+H), found 480.2125'H-NMR (300MHz, DMSOdg): J 11.9 (s, 1H,
-COOH), 9.76 (br, 2Hpiperidy-NH and HCI), 8.91 (d, 1H, J= 8.3 Hz, -CO-NH-), 5-7.10 (m, 10H,
Ar-H), 4.72~4.67 (m, 1H, -CHCH-NH-), 4.15 (t, 2H, J= 5.6 Hz, -GFD-), 3.70~3.42 (m, 10H,
Piperazine and -CH-CH,-CH,-O-), 3.29~3.14 (m, 2H, -CHCH-NH-), 2.22~1.90 (m, 2H,
-CH,-CH,-CH,-0O-); ¥C-NMR (75MHz, DMSOdg): 6 172.8, 165.0 (J= 367 Hz), 163.4, 160.1, 155.8,
136.1, 133.3, 132.9, 132.8, 130.4, 128.8, 128.8,0,227.1, 126.5, 123.5, 118.5, 118.3, 118.0,2,14.
106.8, 64.9, 54.4,53.1, 47.7, 36.2, 23.2, 13.9.ppm

4.1.7.6(1)-2-(4-fluorobenzamido)-3-(6-(3-(piperazinyl)propoxy)naphthalen-2-yl)propanoic acid-HCI
(LX9

It was obtained as a white solid in 65% yield. mlg7-179C; HRMS (ESI): m/z, calculated for
CoH31FNO4, 480.2199 (M+H), found 480.2134H-NMR (300MHz, DMSOdg): J 11.7 (s, 1H,
-COOH), 9.56 (br, 2Hpiperidy-NH and HCI), 8.83 (d, 1H, J= 8.0 Hz, -CO-NH-), §-8.10 (m, 10H,
Ar-H), 4.69 (m, 1H, -CHH-CH-NH-), 4.16 (t, 2H, J= 5.9 Hz, -GHD-), 3.81~3.30 (m, 10HRiperazine

and -CH-CH,-CH,-O-), 3.21~3.13 (m, 2H,_-CHCH-NH-), 2.21~2.20 (m, 2H, -CHCH,-CH,-O-);

BC-NMR (75MHz, DMSO€dg): 6 173.1, 165.5 (J= 247 Hz), 165.2, 162.2, 155.7,4,3B32.8, 130.2,
130.0, 129.8, 128.9, 128.4, 128.1, 127.1, 126.8,511115.3, 115.0, 106.6, 64.8, 54.3, 53.1, 4768 3

4.1.7.7(8-2-(3,5-dichlorobenzamido)-3-(6-(3-(pipem-1-yl)propoxy)naphthalen-2-yl)propanoic
acid-HCI (LX10>

It was obtained as a light yellow solid in 53% gliein.p. 149-15T; HRMS (ESI): m/z, calculated for
CoH30CLN3O,, 530.1413 (M+H), found 530.1433'H-NMR (300MHz, DMSO6,): J 11.8 (s, 1H,
-COOH), 9.63 (br, 2HpiperidyFNH and HCI), 9.04 (d, 1H, J= 8.0 Hz, -CO-NH-), §=7.09 (m, 9H,
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Ar-H), 4.65 (m, 1H, -CHH-CH-NH-), 4.13 (t, 2H, J= 5.8 Hz, -GHD-), 3.80~3.30 (m, 10HRiperazine
and -CH-CH,-CH,-O-), 3.25~3.09 (m, 2H, -CHCH-NH-), 2.22~2.20 (m, 2H, -CHCH,-CH,-O-);
B¥C-.NMR (75MHz, DMSOs€): 6 172.7, 163.5, 155.8, 136.8, 134.2, 133.1, 13239,8, 128.8, 128.4,
128.0, 127.2, 126.5, 126.1, 118.6, 106.6, 64.8},%8.1, 47.8, 38.6, 36.2, 23.2 ppm.

4.1.7.8 (3)-2-(4-nitrobenzamido)-3-(6-(3-(piperazinyl)propoxy)naphthalen-2-yl)propanoic acid-HCI
(LX1D)

It was obtained as a yellow solid in 60% yield. mlg4-146C; HRMS (ESI): m/z, calculated for
CoH3iN4Os, 507.2044 (M+H), found 507.2060;H-NMR (300MHz, DMSOdg): J 10.0 (br, 2H,
piperidytNH and HCI), 9.28 (d, 1H, J= 7.7 Hz, -CO-NH-), 85.98 (m, 10H, Ar-H), 4.62 (m, 1H,
-CH,-CH-NH-), 3.97 (t, 2H, J= 6.0 Hz, _-GHD-), 3.43~3.30 (m, 10H,Piperazine and
-CH,-CH,-CH,-0-), 3.21~3.14 (m, 2H, _-CHCH-NH-), 2.15~2.11 (m, 2H, -C}CH,-CH,-O-);
¥C-NMR (75MHz, DMSOd): 4 171.5, 162.5, 157.1, 153.2, 138.5, 134.1, 13R88,6, 127.4, 127.0,
126.8, 126.6, 126.3, 124.5, 123.5, 123.0, 122.2,6,214.1, 106.2, 106.1, 102.4, 55.2, 52.1, #4123

ppm.

4.1.7.9(9-2-(4-methoxybenzamido)-3-(6-(3-(pipenatiyl)propoxy)naphthalen-2-yl)propanoic
acid-HCI (LX12)

It was obtained as a light yellow solid in 53% gliein.p. 166-16& ; HRMS (ESI): m/z, calculated for
CogHaN3Os, 492.2398 (M+H), found 492.2312]H-NMR (300MHz, DMSOds): J 9.55 (s, 2H,
piperidylNH and HCI), 8.62 (d, 1H, J= 8.3 Hz, -CO-NH-), 7=B®4 (m, 10H, Ar-H), 4.67~4.64 (m,
1H, -CH-CH-NH-), 4.15 (t, 2H, J= 5.8 Hz, -GFD-), 3.74 (s, 3H, CHO-), 3.44~3.31 (m, 10H,
Piperazine and -CH-CH,-CH,-O-), 3.28~3.13 (m, 2H, -CHCH-NH-), 2.24~2.21 (m, 2H,
-CH,-CH,-CH,-0-); "*C-NMR (75MHz, DMSOds): 5 173.3, 165.7, 161.6, 155.7, 133.5, 132.8, 129.1,
128.9, 128.4, 128.1, 127.1, 126.4, 126.0, 118.83,311106.6, 64.7, 59.7, 55.2, 54.2, 53.0, 47.82,36.
31.3, 30.5, 29.6, 23.1, 14.0 ppm.

4.1.7.10(3)-2-butyramido-3-(6-(3-(piperazin-1-yl)propoxy)phathalen-2-yl)propanoic acid-HCLX13)

It was obtained as a light yellow solid in 33% giein.p. 155-157; HRMS (ESI): m/z, calculated for
Co4HaN3O4, 428.2549 (M+H), found 428.2551H-NMR (300MHz, DMSOds): J 11.9 (s, 1H,
-COOH), 9.76 (br, 2HpiperidyFNH and HCI), 8.15 (d, 1H, J= 8.1 Hz, -CO-NH-), Z+7.09 (m, 6H,
Ar-H), 4.47 (m, 1H, -CHCH-NH-), 4.15 (t, 2H, J= 5.8 Hz, -GFD-), 3.70~3.42 (m, 10HRiperazine
and -CH-CH,-CH,-0-), 3.17~2.92 (m, 2H,_-CHCH-NH-), 2.24~2.22 (m, 2H, -CHCH,-CH,-O-),
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2.00~1.87 (M, 2H, -CHCH,-CHy), 1.42~1.29 (m, 2H, -CHCH,-CHy), 0.65 (t, 3H, J= 7.1 Hz,
-CH,-CH,-CHy); ®C-NMR (75MHz, DMSO¢): & 173.2, 171.9, 155.7, 133.0, 132.8, 128.9, 128.4,
128.0, 127.2, 126.4, 118.5, 106.6, 64.8, 53.3,,38(, 36.9, 36.7, 30.8, 23.1, 18.5, 13.5, 138.pp

4.1.7.11(9-2-(phenylsulfonamido)-3-(6-(3-(pipenai-yl)propoxy)naphthalen-2-yl)propanoic
acid-HCI (LX14)

It was obtained as a light yellow solid in 43% giein.p. 174-17& ; HRMS (ESI): m/z, calculated for
CoeHaNz0sS, 498.2063 (M+H) found 498.2046'H-NMR (300MHz, DMSOdy): & 12.1 (s, 1H,
-COOH), 9.89 (br, 2H, HCI andiperazineNH), 8.32 (d, 1H, J= 9.06 Hz, -S®IH-), 7.67~7.09 (m,
11H, Ar-H), 4.16 (t, 2H, J= 5.8 Hz, -GHD-), 3.95~3.91 (m, 1H, -CHCH-NH-), 3.71~3.07 (m, 10H,
Piperazine and -CH-CH,-CH,-O-), 3.07~2.76 (m, 2H, -CHCH-NH-), 2.46~2.22 (m, 2H,
-CH,-CH,-CH,-0-); "®C-NMR (75MHz, DMSO#ds): § 172.2, 155.8, 140.9, 133.0, 131.9, 131.8, 128.9,
128.7,128.5, 128.3, 128.1, 127.9, 127.4, 127.8,51226.1, 126.0, 118.4, 106.6, 64.8, 57.4, 58(0/,
37.7,23.2 ppm.

4.1.7.12(9)-2-((4-fluorophenyl)sulfonamido)-3-(6-(Biperazin-1-yl)propoxy)naphthalen-2-yl)propano
ic acid-HCI (LX15)

It was obtained as a light yellow solid in 38% giein.p. 159-16T; HRMS (ESI): m/z, calculated for
CoeH31FN3OsS, 516.1968 (M+H) found 516.1953'H-NMR (300MHz, DMSOedg): J 11.9 (s, 1H,
-COOH), 9.70 (br, 2H, HCI angiperazineNH), 8.42 (d, 1H, J= 9.1 Hz, -S@H-), 7.67~6.97 (m,
10H, Ar-H), 4.15 (t, 2H, J= 5.8 Hz, -GHD-), 3.99~3.90 (m, 1H, -CHCH-NH-), 3.72~3.30 (m, 10H,
Piperazine and -CH-CH,-CH,-O-), 3.10~3.04 (m, 2H, _-CHCH-NH-), 2.30~2.25 (m, 2H,
-CH,-CH,-CH,-0-); ®C-NMR (75MHz, DMSO#ds): & 173.5, 165.3 (J= 150 Hz), 162.2, 163.3, 151.1,
131.7, 128.7, 128.6, 128.4, 128.1, 127.4, 127.6,4,2125.1, 124.5, 119.1, 111.3, 112.0, 110.8,8,09.
102.0, 67.1, 55.8, 54.7, 48.0 ppm.

4.1.7.13(8-2-((4-methoxyphenyl)sulfonamido)-3-8s¢piperazin-1-yl)propoxy)naphthalen-2-yl)propa
noic acid-HCI (LX17)

It was obtained as a light yellow solid in 40% gliein.p. 158-16@; HRMS (ESI): m/z, calculated for
Co7H3N306S, 528.2168 (M+H) found 528.2151*H-NMR (300MHz, DMSO#dg): §9.90 (br, 2H, HCI
andpiperazineNH), 8.14 (d, 1H, J= 8.9 Hz, -SENH-), 7.64~6.66 (m, 10H, Ar-H), 4.19~4.11 (m, 2H,
-CH,-0-), 3.87~3.85 (m, 1H, -CHCH-NH-), 3.66~3.30 (m, 13HRiperazineand -CH-CH,-CH,-O-
and_CH-O-), 3.00~2.46 (m, 2H, -CHCH-NH-), 2.25~2.22 (m, 2H, -CHCH,-CH,-O-); *C-NMR
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(75MHz, DMSO4dg): 6 171.1, 170.8, 155.3, 152.1, 151.8, 151.3, 15036,.11, 135.2, 134.1, 133.5,
131.8,127.1, 126.8, 126.3, 126.1 125.3, 122.2,0,2P0.5, 67.8, 66.5, 45.2, 43.5 ppm.

4.1.7.14(8)-2-(butylsulfonamido)-3-(6-(3-(piperazlnyl)propoxy)naphthalen-2-yl)propanoic acid-HCI
(LX18)

It was obtained as a light yellow solid in 33% giein.p. 167-16%; HRMS (ESI): m/z, calculated for
CoH36N30sS, 478.2376 (M+H) found 478.2361'H-NMR (300MHz, DMSOdg): J 11.9 (s, 1H,
-COOH), 9.70 (s, 2Hpiperidyl-NH and HCI), 7.79~7.14 (m, 6H, Ar-H), 4.20 (m, H4&H,-CH-NH-),
4.11 (m, 2H, -CHO-), 3.45~3.37 (m, 10HRiperazineand -CH-CH,-CH,-O-), 3.26~2.89 (m, 2H,
-CH,-CH-NH-), 2.26~2.23 (m, 2H, -CHCH,-CH,-O-), 1.27~1.24 (m, 2H,_-CHCH,-CH,-CHy),
1.18~1.15 (m, 2H, -CHCH,-CH,-CHs), 0.96~0.87 (m, 2H, -CHCH,-CH,-CH,), 0.55 (t, 3H, J=
7.5Hz, -CH-CH,-CH,-CHy); ®C-NMR (75MHz, DMSOd,): & 173.1, 155.9, 133.0, 132.6, 129.2,
128.9, 128.3,128.1, 127.7, 126.5, 118.6, 106.8,6&¥.5, 53.1, 52.2, 47.8, 38.5, 37.7, 24.8, 23045,

13.1 ppm.
4.1.8 Typical procedure for the preparation73~84

To the solution of théntermediate30~43 (10.20 mmol) in acetonitrile (40 mL), 4-cyanobehzy
bromide (15.30 mmol) andX0O; (20.40 mmol) were added. The mixture was refluseernight. The
reaction was filtered, and the filtrate was conegetl invacua The crude residue was purified by
flash column chromatography and eluted with 1:Irgdetim ether/AcOEt to give the corresponding

product.
4.1.9 Typical procedure for the preparationLof19~L X30

The intermediat@3~84 (2.30 mmol) was dissolved in dry MeOH (3 mL), Passdry HCI gas at
0°C through the system and the solution was stirredfoand monitored by TLC. After completion,
the solvent was removed in vacuo and the residigedigsolved in dry methanol (3ml) again. Pass the
dry NH; gas through the system at room temperature ansboibdon was stirred for 6h and monitored
by TLC. After completion, the solvent was removed/acuo and the residue was dissolved in AcOEt.
Then, the crude residue was purified by flash coluwhromatography and eluted with 10:1 AcOEt

/MeOH to give the corresponding intermediate.

To the solution of the intermediatd.30 mmol) in MeOH/THF/LD (3 mL, viviv=1:1:1),

LiOH*H,O (2.60 mmol) was added. The reaction mixture wased at room temperature overnight.
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After the reaction, monitored by TLC, was completib@ solvent was removed under reduced pressure,
and the mixture was diluted in8, acidified to pH 2-3 with 1 M HCI. The precipiéatvas filtered and

dried to afford the corresponding compound.
4.1.9.1(8)-2-benzamido-3-(6-((4-carbamimidoylbeyaxy)naphthalen-2-yl)propanoic acid-H@IX19)

It was obtained as a grey solid in 45% vyield. nif1-184C; HRMS (ESI): m/z, calculated for
CugH25N30,, 468.2012 (M+H), found 468.2006'H-NMR (300MHz, DMSOdg): 09.65 (br, 1H, HCI),
8.56 (d, 1H,J= 8.3 Hz, -CO-NH-), 7.79~7.00 (m, 18H, Ar-H and MN#€-NH,), 5.51 (m, 1H,
-CH,-CH-NH-), 4.73~4.59 (m, 2H, -CHO-), 3.25~3.00 (m, 2H, -CHCH-NH-); **C-NMR (75MHz,
DMSO-dg): 6 173.3, 166.0, 165.4, 162.2, 162.0, 154.8, 1488,0, 133.1, 132.6, 131.1, 128.7, 128.1,
128.0, 127.9, 127.8, 127.5, 127.4, 127.3, 127.2,11226.4, 125.6, 118.5, 108.4, 62.1, 54.9, 3piBA.p

4.1.9.2(9)-2-(3-fluorobenzamido)-3-(6-((4-carbamiaylbenzyl)oxy)naphthalen-2-yl)propanoic
acid-HCI (LX20)

It was obtained as a light yellow solid in 41% gliein.p. 182-18%; HRMS (ESI): m/z, calculated for
CogH24FN3O,, 486.1954 (M+H), found 486.1940°H-NMR (300MHz, DMSO#é): §9.70~9.23 (m, 3H,
NH=C-NH,), 8.72 (d, 1H,J= 6.1 Hz,-CO-NH-), 7.87~7.16 (m, 14H, Ar-H), 5.31~5.21 (nH,2
-CH,-0-), 4.63 (m, 1H, -CKHCH-NH-), 3.30~30.1 (m, 2H,_-CHCH-NH-); **C-NMR (75MHz,
DMSO-dg): 6 173.4, 167.5 (J= 210 Hz), 165.6, 164.7, 155.7,a4840.1, 136.5, 133.9, 133.7, 132.7,
130.4, 130.2, 129.0, 128.5, 128.0, 127.6, 126.3,5,2118.6, 118.2, 117.9, 114.3, 113.8, 107.3,,68.2
55.0, 37.2 ppm.

4.1.9.3(1)-2-(4-fluorobenzamido)-3-(6-((4-carbamiylbenzyl)oxy)naphthalen-2-yl)propanoic
acid-HCI (LX21)

It was obtained as a red solid in 48% yield. m.p3-184C; HRMS (ESI): m/z, calculated for
CogH24FN;O,, 486.1966 (M+H), found 486.1963'H-NMR (300MHz, DMSO#€): 09.43~9.34 (m, 3H,
NH=C-NH,), 8.85~8.73 (d, 1HJ= 8.5 Hz,-CO-NH-), 7.89~7.16 (m, 14H, Ar-H), 5.30~5.21(m, ,2H
-CH,-0-), 4.68~4.55 (m, 1H, -CHCH-NH-), 3.29~3.13 (m, 2H, -CHCH-NH-); **C-NMR (75MHz,
DMSO-dg): 6 173.3, 167.6 (J= 405 Hz), 165.2, 162.2, 155.4,14834.0, 133.6, 132.7, 130.5, 129.9,
129.4, 129.0, 128.5, 128.3, 127.6, 127.2, 126.8,311115.2, 114.9, 107.3, 68.6, 68.2, 55.1, 54743

36.3 ppm.
4.1.9.4(9)-2-(4-nitrobenzamido)-3-(6-((4-carbamiraidbenzyl)oxy)naphthalen-2-yl)propanoic
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acid-HCI (LX22)

It was obtained as a light yellow solid in 35% giein.p. 178-17%; HRMS (ESI): m/z, calculated for
CogH2aN4Op, 513.1789 (M+H), found 513.1797;'H-NMR (300MHz, DMSOdg): J 10.2~9.22
(NH=C-NH,), 8.86 (d, 1H,J= 7.4 Hz,-CO-NH-), 8.26~7.16 (m, 17H, Ar-H), 5.30~5.21 (nH,2
-CH,-0-), 4.61 (m, 1H, -CKHCH-NH-), 3.28~3.10 (m, 2H,_-CHCH-NH-); **C-NMR (75MHz,
DMSO-dg): 6 174.1, 172.9, 167.5, 165.6, 164.4, 155.6, 14818,8], 142.9, 140.1, 134.2, 133.8, 133.6,
132.7,129.0, 128.8, 128.3, 128.1, 127.7, 127.6,3,2.23.3, 118.5, 107.2, 68.6, 55.9, 55.4, 55r@.pp

4.1.9.5(8)-2-(4-methoxybenzamido)-3-(6-((4-carbardoglbenzyl)oxy)naphthalen-2-yl)propanoic
acid-HCI (LX23)

It was obtained as a yellow solid in 46% yield. mi@4-187C; HRMS (ESI): m/z, calculated for
CaoH27N30s, 498.2021 (M+H), found 498.2063H-NMR (300MHz, DMSOds): 07.99~6.87 (m, 17H,
Ar-H and NHEC-NH,), 5.19 (m, 2H, -CHO-), 4.51 (m, 1H, -CRHCH-NH-), 3.73 (m, 2H, CHO-),
3.20~3.10 (m, 2H, -CHCH-NH-); **C-NMR (75MHz, DMSO#): 5 167.6, 165.0, 161.3, 155.4, 140.2,
134.7, 133.6, 132.5, 129.1, 128.8, 128.7, 128.8,22127.9, 127.6, 127.4, 127.1, 126.9, 126.0,4118.
113.3, 107.0, 68.6, 55.7, 55.2 ppm.

4.1.9.6(1)-2-butyramido-3-(6-((4-carbamimidoylbelmyy)naphthalen-2-yl)propanoic acid-HCl
(LX24)

It was obtained as a yellow solid in 40% yield. mi@8-190C; HRMS (ESI): m/z, calculated for
CosHoN3O,, 434.2281 (M+H), found 434.2270H-NMR (300MHz, DMSOds): J 12.6 (s, 1H,
-COOH), 9.42~9.24 (m, 3H\NH=C-NH,), 8.20 (d, 1H,J= 8.1 Hz,-CO-NH-), 7.80~7.04 (m, 10H,
Ar-H), 5.35~5.26 (m, 2H, -CHO-), 4.48 (m, 1H, -CRHCH-NH-), 3.20~2.92 (m, 2H, -CHCH-NH-),
2.00 (m, 2H, -CHCH,-CHz), 1.98~1.34 (m, 2H, -CHCH,-CHz), 0.68 (t, 2H, J= 7.1 Hgz,
-CH,-CH,-CHs); ®C-NMR (75MHz, DMSOd,): & 173.2, 172.0, 167.5, 165.4, 155.7, 155.4, 143.1,
140.1, 133.6, 133.2, 132.8, 129.0, 128.5, 128.8,112127.6, 126.4, 118.6, 107.2, 107.1, 68.6, 68.2,
53.3, 18.5, 13.3 ppm.

4.1.9.7(9-2-(phenylsulfonamido)-3-(6-((4-carbamitoylbenzyl)oxy)naphthalen-2-yl)propanoic
acid-HCI (LX25)

It was obtained as a light yellow solid in 48% gliein.p. 182-18%; HRMS (ESI): m/z, calculated for
CoHosN30sS, 504.1633 (M+H) found 504.1656;H-NMR (300MHz, DMSOde): & 12.8 (s, 1H,
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-COOH), 9.38~9.17 (m, 3HYH=C-NH,), 8.34~8.30 (d, 1H]= 9.2 Hz-SO,-NH-), 7.89~7.19 (m, 14H,
Ar-H), 5.35 (m, 2H, -CHO-), 3.91~3.89 (m, 1H, -CHCH-NH-), 2.83~2.77 (m, 2H, -CHCH-NH-);
3C-NMR (75MHz, DMSO¢): § 172.2, 165.4, 155.5, 143.2, 140.9, 132.9, 1332,1] 131.8, 129.1,
128.5, 128.4, 128.3, 128.0, 127.6, 127.5, 127.3,21226.5, 126.0, 118.6, 107.2, 68.2, 57.4 ppm.

4.1.9.8(9-2-((4-methylphenyl)sulfonamido)-3-(6-drbamimidoylbenzyl)oxy)naphthalen-2-yl)propa
noic acid-HCI (LX26)

It was obtained as a yellow solid in 42% yield. mlF7-180C; HRMS (ESI): m/z, calculated for
CogH27/N305S, 518.1823 (M+H) found 518.1818;H-NMR (300MHz, DMSOd): & 9.71 (br, 1H,
HCI), 9.35 (d, 1HJ= 6.1 Hz,-SO,-NH-), 8.02~6.98 (m, 17H, Ar-H and N#C-NH,), 5.37~5.28 (m,
2H, -CH,-0O-), 4.68~4.61 (m, 1H, -CHCH-NH-), 3.10~2.70 (m, 2H,_-CHCH-NH-), 2.20 (s, 3H,
CHs-); “®C-NMR (75MHz, DMSOd): § 172.5, 167.5, 155.4, 143.1, 141.9, 137.9, 1339,3, 129.4,
128.9, 128.4, 128.3, 128.2, 127.6, 127.4, 127.8,3,2126.0, 118.5, 57.5, 68.4, 58.3, 36.1, 20.98 20

4.1.9.9(9-2-((4-methoxyphenyl)sulfonamido)-3-(8-farbamimidoylbenzyl)oxy)naphthalen-2-yl)prop
anoic acid-HCI (LX27)

It was obtained as a light yellow solid in 33% giein.p. 178-18T; HRMS (ESI): m/z, calculated for
CogH2/N306S, 534.1728 (M+H) found 534.1704H-NMR (300MHz, DMSOde): & 12.8 (s, 1H,
-COOH), 9.45~9.32 (m, 3HNH=C-NH,), 9.20 (br, 1H, HCI), 8.17 (d, 1H= 8.0 Hz,-SO,-NH-),
8.19~6.73 (m, 14H, Ar-H), 5.44~5.28 (m, 2H, -£8-), 4.81~4.36 (m, 1H, -CHCH-NH-), 3.89 (s,
3H, CH;-0-), 3.11~2.82 (m, 2H, -CHCH-NH-); *C-NMR (75MHz, DMSO#): § 172.4, 167.5, 165.4,
161.6, 155.8, 143.1, 140.1, 132.8, 132.2, 129.8,4,2128.3, 128.2, 127.6, 127.4, 126.5, 126.3,3118.
113.6, 113.4, 107.1, 107.0, 68.7, 68.2, 57.7, T4, 55.2 ppm.

4.1.9.10(1)-2-((4-nitrophenyl)sulfonamido)-3-(6-{¢arbamimidoylbenzyl)oxy)naphthalen-2-yl)propan
oic acid-HCI (LX28)

It was obtained as a light yellow solid in 38% gliein.p. 188-19T; HRMS (ESI): m/z, calculated for
CoH24N,0;S, 549.1560 (M+H) found 549.1568*H-NMR ( 300MHz, DMSOds): & 9.38~9.26 (m,
4H, NH=C-NH, and —-S@NH-), 8.15~7.00 (m, 14H, Ar-H), 5.35~5.13 (m, 24&H,-O-), 4.77~4.66
(m, 1H, -CH-CH-NH-), 3.25~2.98 (m, 2H, -CHCH-NH-); *C-NMR (75MHz, DMSOds): & 170.8,
165.1, 155.1, 144.5, 143.6, 140.1, 133.3, 130.8,11228.7, 128.6, 128.4, 128.2, 127.9, 127.7,3,27.
127.1, 126.5, 126.0, 124.0, 123.9, 123.4, 118.8,31®% 1.6, 55.9, 18.5 ppm.
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4.1.9.11(1-2-((4-bromophenyl)sulfonamido)-3-(6-drbamimidoylbenzyl)oxy)naphthalen-2-yl)propa
noic acid-HCI (LX29)

It was obtained as a yellow solid in 42% yield. mi@4-186C; HRMS (ESI): m/z, calculated for
C,H4BIN3OsS, 582.0811 (M+H) found 582.0832*H-NMR (300MHz, DMSO#g): & 9.47~9.31 (m,
4H, NH=C-NH, and —-S@NH-), 7.90~7.04 (m, 14H, Ar-H), 5.34~5.25 (m, 24&H,-O-), 4.80~4.55
(m, 1H, -CH-CH-NH-), 3.05~2.82 (m, 2H, -CHCH-NH-); *C-NMR (75MHz, DMSOds): & 173.5,
172.2, 151.1, 131.7, 127.4, 124.5, 112.0, 109.8,.053.1, 52.8, 51.7, 49.0, 41.9, 36.8, 27.1,,18.5
13.4 ppm.

4.1.9.12(9)-2-(butylsulfonamido)-3-(6-((4-carbamiaoilbenzyl)oxy)naphthalen-2-yl)propanoic
acid-HCI (LX30)

It was obtained as a light yellow solid in 43% giein.p. 197-19%; HRMS (ESI): m/z, calculated for
CosHooN305S, 484.1938 (M+H) found 484.1948'H-NMR (300MHz, DMSO#l): & 9.47~9.31 (m, 4H,
NH=C-NH, and —S@NH-), 7.92~7.20 (m, 14H, Ar-H), 5.36~5.27 (m, 24&H,-O-), 4.77~4.45 (m,
1H, -CH-CH-NH-), 3.05~2.82 (m, 2H,_-CHCH-NH-), 1.63~1.40 (m, 2H,_-CHCH,-CH,-CHj),
1.27~1.08 (m, 2H, -CHCH,-CH,-CHjz), 1.01~0.81 (m, 2H, -CHCH,-CH,-CH,), 0.58~0.56 (m, 2H,
-CH,-CH,-CH,-CHs); *C-NMR (75MHz, DMSO#d): 8 175.0, 173.2, 167.7, 165.8, 155.5, 142.8, 134.3,
132.8, 129.0, 127.6, 126.4, 118.6, 107.3, 68.63,690.2, 58.0, 52.0, 50.7, 48.6, 31.0, 27.8, 22097,
13.2 ppm.

4.2 Biology

All animal experiments were handled according ® Amimal Ethics Committees of the Institute
of Materia Medica, Chinese Academy of Medical Sceé=n The animal protocol was approved by and
carried out according to the Institutional Animahr€ and use Committee of China Pharmaceutical

University.
Antiplatelet aggregation assays

Platelet aggregation was measured at 37°C in &lptahggregometer (PRECILBY-NJ4Pu
Lisheng Corp.; Beijing, China) performed Human platelet-rich plasma (PRP) was obtained by
purchasing apheresis platelets from Jiangsu Prei&iaod CentetPlatelet poor plasma (PPP) was
prepared by further centrifugation at 3000r/min idr min, removed with a pipet and used in the

reference cell of the aggregometer. Test substadissslved in saline or 0.2% aqueous DMSO were
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added to PRP to a final volume of 300ul and alloweethcubate for 1 min followed by the addition of
an inducer (10 uM ADP, 1 U/ml thrombin, 1 U46619 or 9ug/ml collagen) to initiate aggregation.
Maximal platelet aggregation (MPA) was definedlas inaximal percent increase in light transmission
after addition of ADP related to the light transsim in PPP. The maximal gradient of platelet
aggregation was defined as the maximal percen¢@ser within the first 5 min. The data were obtained

in triplicates.

PARcontrol—PARsample
PARcontrol

Inhibition of antiplatelet aggregation x 100% PAR platelet aggregation ratio)

Calculation of 1Gg

For each series of experiments in which the compsuvere tested in, at least four concentrations
were chosen and a percentage inhibition-conceotraturve was derived. From this curve theylC
value was calculated as the concentration of itdnilmiausing a 50% inhibition of the aggregatiomgsi

SPSS software.

Fibrinogen/GPlIb/Illa enzyme-linked immunosorbessay

Tissue culture-treated flat-bottom polystyrene S#llsvplates were coated with fibrinogen (10
pg/ml), diluted in 0.1 M sodium carbonate, pH 9t54& overnight. After unbound proteins were
removed by washing with TACTS (20 mM Tris, 0.15 M@, pH 7.5, 2 mM CagJl 0.05% Tween 20)
wells were blocked with 1% BSA in TACTS for 1 h.& purified human platelet GPIIb/Illa (B 20
ug/mlin TACTS) (Enzyme Research Laboratories, Soeid, IN, USA), diluted in TACTS containing
0.5% BSA, were added to the wells; then, Samplese vaelded. After 2 h incubation, wells were
washed three times with TACTS followed by additadrgoat antihuman integrip3 antibody (1:2,000,
CBLA479; Millipore, Bedford, MA, USA) in TACTS conitaing 0.5% BSA. Following 1h incubation at
37°C, wells were washed (TACTS) and anti-goat |@8jegated alkaline phosphatase (1:1,000, A3562;
Sigma) in TACTS containing 0.5% BSA was added te thells. Before adding the stabilized
p-nitrophenyl phosphate liquid substrate (N7653; Signwvells were washed three times with TACTS.
After 30 min of substrate conversion, the reactias stopped with 3 M NaOH, and absorbance was
read at 405 nm using a Thermomax microplate re@delecular Devices). Net specific binding was
obtained by subtracting optical density values fwalls coated only with BSA from the total binding
measured as described above. Binding was not ddt@ttthe absence of GPIlIb/llla. All experiments

were performed in triplicate.

Bleeding time assay
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The bleeding time was measured by a tail transectiethod. Briefly, ICR mice pretreated with 3
mg/kg, 1 mg/kg, 0.3 mg/kly X14, 1 mg/kgTirofiban or saline 30 min before the experiments, then,
mice were anesthetized intraperitoneal (i.p.) adstimtion of 5% chloral hydrate and placed on a
heating pad to maintain a constant body temperatu8°’C. A 3-mm piece of the tail-tip was cut off
with a sharp scalpel. The tail was immersed intgsfiogic saline solution preheated to'@7and the

time until cessation of bleeding for more than Bswecorded.

In vivo antithrombotic study by rat arteriovenotmiat thrombosis model

SD rats (both sexes180~220 g) were used for as rat arteriovenous sthuotbosis model
according to the method. Rats were treated byé&iil injection administration of 1 mg/Kgirofiban
and 0.3 mg/kg, 1 mg/kg and 3 mg/kg(14. After 15 min administration of samples by tailirve
injection, Rats were anesthetized by intraperitbifiep.) administration of 10% chloral hydrate (3
mi/kg). The left jugular vein and right common didcartery were isolated and catheterised by atshun
catheter (American Health & Medical Supply Intefoaél Corp., Scarsdale, NY, USA). This catheter
is composed of three parts including two 4 cm |@ulyethylene (PE) 60 catheters, which were
introduced into the blood vessels, and a 12 cm BBRA60 catheter that is in the middle of the two
PEG60 catheters. A rough silk thread (10 cm in lepgtas in the middle PE160 catheter to induce
thrombosis. The shunt was opened for 20 min and thesed. Silk strings were removed from the
middle PE160 catheter; Then, the dry weight of itvas was weighed by drying the thrombus @€60

for 20 min and removing the cotton thread weigh.

4.3 Docking studies

The binding modes for the ligands to GPIIb/llla weagenerated by CDOCKER in Discovery
Studio 3.0 (Accelrys Software Inc.). In CDOCKERnpdam ligand conformations were generated
through molecular dynamics, and a variable numbetramslations/rotations were applied to each
conformation to generate low-energy orientationshefligand within the active site of rigid recepto
Final ligand conformations were sorted by CHARMnemrgy (interaction energy plus ligand strain).
The crystal structures of GPIIb/llla (PDB entry eo2VDM) were extracted from the Protein
Database. All ligands were docked in all possildgemisomeric forms in an active site located spher
with 12A radius for GPlIb/llla, which was generatedth the CreateSphere function around the
subsequently removed crystal structure ligand.tal tof 30 dockings for each ligand were performed,

and the conformers with the lowest CHARMmM energyenghosen for interpreting the docking results.

4.4 Molecular Dynamic Simulations
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MD simulation of GPIIb/Illa receptor bound to moldar LX2421 was performed using PMEMD
module of AMBER 12 with ff99SB modifications [25] ¢he Cornell et al. force field [26T.IP3P
water molecules were applied to solvate the compigtending 12 A away from the protein atom. The
counterions were added to the solvent to keep yetem neutral. The geometry of the system was
minimized before MD simulation. The whole systemswzeated from 0 to 300 K running 50 ps
molecular dynamics with position restraints at ¢ants volume. Subsequent isothermal isobaric
ensemble (NPT)-MD was performed for 500 ps to ddjlns solvent density followed by 500 ps of
constant pressure equilibration at 300K without strints to relax the system. The production
dynamics at constant pressure achieved length§ ols4of which snapshots saved at 20 ps intervals.

The “ptraj” tool in Amber 12 was used to analyze time-dependence of the RMSD of the &oms.
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Figure caption

Fig. 1. The mechanism of platelet aggregation and sonresepting drugs of antiplatelet aggregation.

Fig. 2. (A) The docking model of LX2421 with GPIIb/llla eeptor, the figure was prepared by Discovery St (For
interpretation of the references to color in tigsife legend, the reader is referred to the webieerof this article.). (B) The key
interactions formed between LX2421 and GPIIb/llieng the MD trajectories. The key interactions dfieth occupancies were
more than 40% were considered and shown in theefigthe key interactions are colored as red (ocumypgreater than 80%),
purple (occupancy of 60-80%), blue (occupancy of6dlb).

Fig. 3. The identification of novel compound LX5.

Fig. 4. The activity of LX14 (A, B, C) and LX25 (D, E, Fdffinhibiting Collagen (jtg/ml) Thrombin (0.26 U/ml) and U46619
(2 uM)-induced human platelet aggregation. The actiwias shown as an inhibition ratio to control groDpta are expressed as
mean + SD (n=3).

Fig. 5. The GPIIb/Illa receptor inhibitory activities of L4 and LX25 in comparison with Tirofiban in therfitmgen/GPlIb/Illa
enzyme-linked immunosorbent assay. Data are exgessmean + SD (n=3).

Fig. 6. Docking mode of LX14 (A) and LX25 (B) binding to GFllla receptor in comparison with Tirfiban, figel A:
compound LX14 (purple, bold), Tirofbian (brown,niifigure B: compound LX25 (blue). (For interpéta of the references to
color in this figure legend, the reader is refeti@the web version of this article.).

Fig. 7. Bleeding time induced by intravenous injection ofmpound LX14 (3, 15, and 30 mg/kg) and Tirofibarm{d/kg). The
accumulated bleeding time was recorded within 20. iiata are expressed as mean + SD (n= 6). *P 5 &6*P < 0.0001
compared with control group, #P < 0.01 compared Witofiban-treated group.

Fig. 8. The antithrombotic activities of compound LX14 aFidbfiban in vivo in the rat arteriovenous shuntotmbosis model.
Three doses were tested for LX14 (1, 5 and 10 mgéad one dose (1 mg/kg) was tested for Tirofili2ata are expressed as

mean * SD (n= 6). *P < 0.05, ***P < 0.0001 compa#gith control group.
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Scheme caption

Scheme 1. Conditions and reagents) RCI, K,CO;, acetone/water (v:iv=1:2), 85, overnight, 80-88%b) LiOH, acetone/
methanol/water (viviv=1:1:1), 50C , overnight, 75-89%; c) 1-Boc-4-(methylsulfonyl)oxy)propyl)piperidine or
1-Boc-4-(2-((methylsulfonyl)oxy)propyl)piperidine ro 1-Boc-4-(2-((methylsulfonyl)oxy)propyl)piperidine or
1-Boc-4-(3-((methylsulfonyl)oxy)propyl)piperidine r 01-Boc-4-(4-((methylsulfonyl)oxy)butyl)piperidineK,CO;, DMF, N,
80°C, 12 h, 42-48%) HCI (g), AcOE, -5°C, 4h, 82-90%g) SOC}, methanol, 50°C, 6 h, 95%;) Br(CH).Br, K.COs, dry
acetonitrile, 60C, 48 h, 35-50%;g) N-Boc-piperazine, KCO; dry acetonitrile, 6@C, 48 h, 30-60%;h) LiOHe<H.O,
MeOH/THF/HO (viviv=1:1:1), r.t., 5 h, 40-55%) HCI(g), ACOEt, OC, 4 h, 90-95%j) 4-CNPh-CHBr (1.5 equiv.)/KCOs (2.0
equiv.), dry acetonitrile, reflux, overnight, 60%998; k) HCl/MeOH, NH/MeOH, -5C, overnight, 45%~50%) LiOH<H,O,

MeOH/THF/H0 (v:viv=1:1:1), r.t., overnight, 65-68%.
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Table 1 Antiplatelet aggregation activity of naphthaleregidatives LX1-LX6 designed from LX2421.

o
Ry
QM?O :

Compound R: R, n Inhibition%/50uM? I Cso(uM)°

. 9
FiN &g
LX1 CL;{ BQE’; 0 <5.00 >100
o AN S
LX2 ), ' B Jors 1 <5.00 >100
o BN S
LX3 CL;{ B Jori 2 <5.00 >100

Lx4 ’ Hz@l; Jor 1 97.3:1.6 12.8+1.04
Br
cl ﬁzN/\ (‘S?\;
LX5 Ny Or¥ 2 99.1£2.3 0.37£0.03
Br
LX6 o Y . . .
(N oL 3 91.242.4 18.8+1.12
Br
2421 38.1x1.8 NI

&1n vitro inhibition of ADP-induced (20 uM) humartepelet aggregation; See the Experimental Section
for details; the data represent the mean of at these independent determinations.

® In vitro inhibition of ADP-induced (20 pM) human gtelet aggregation; See the Experimental
Section for details; Values are means from twdted independent dose—response curves.

°ND means not determined.



Table 2 Antiplatelet aggregation activity of naphthaleregidatives LX19-LX30 designed from LX5.

o
Serey o,
5
N0 HN‘S// N0 HN R
o) o T S e —

Compound R | Cso(uM)? Compound R | Cso(uM)?
Q 0
LX7 ©)€«f 7.90+2.11 LX13 Py 5.40+0.04
0 9
LX8 ©ﬂﬁ 6.38+1.05 LX14 ©/§xf 0.18£0.07
F

[e]
LX9 /@*ﬁ 7.60+1.54 LX15 it 0.28+1.12
: SOL

o] [e]
LX10 ¢ 4 24.60+1.98 LX16 e 0.20+0.08
168 Lot
Cl
o Q
LX11 /@*ﬁ 3.40+0.06 LX17 3¢ 1.65+1.01
O,N \O
Q [e]
LX12 @*ﬁ 12.70+1.62 LX18 PR, 0.52+0.04
\O [
LX2421 ND® Tirofiban 0.09+0.03

2 In vitro inhibition of ADP-induced (20 uM) humanatélet aggregation; See the Experimental Section
for details; Values are means from two to threepehdent dose—response curves.

®ND means not determined.



Table 3 Antiplatelet aggregation activity of naphthaleregidatives LX19-LX30 designed from LX5.

Q

]
SO = oy SO
7 HN o O HoN®
Br ﬁ/

Cpd R Inhibition%/  1Cs(uM)* Cpd R Inhibition%/  |Cso(uM)?
50pM>® 50pM®
it Q
LX19 ©)L£ 49.4+2.3 ND L X25 ©/§}f{ >99.5 0.84+0.09

o
¥ g
LX20 Q)L 49.7+0.8 ND LX26 Jora >99.5 4.012.31

LX21 dﬁ 23.3+4.1 ND LX27 54 215415 ND
F \O/©/O

o [e]
LX22 /@*«f >99.5 2.10+1.22 LX28 @/Eﬁ 62.912.7 ND
O,N O,N
2 B
LX23 J@Aﬁ 32.4+3.9 ND LX29 it 50.2+3.4 ND
o Br
o
LX24 Aﬁ; >99.5 1.08+0.06 LX30 B >99.5 3.29+1.07
N (o]
L X2421 ND Tirofiban 0.09+0.03

1n vitro inhibition of ADP-induced (20 uM) humangtélet aggregation; See the Experimental Section
for details; Values are means from two to threepwhdent dose—-response curves.

® In vitro inhibition of ADP-induced (20 uM) humarlatelet aggregation; See the Experimental
Section for details; The data represent the meat lefast three independent determinations.

°ND means not determined.



Table 4 The activity of LX14 and LX25 for inhibiting ADP2Q uM), Collagen (ug/ml), Thrombin
(0.26 U/ml) and U46619 (2M)-induced human platelet aggregation.

LX14 L X25
Inducer [Cso (uM)? Inducer ICsp (uM)?
ADP (20uM) 0.18+0.07 ADP (2Q:M) 0.8420.09
COLL (1 ug/ml) 1.3240.09 COLL (1 ug/ml) 27.7+1.67
Thr (0.26 U/ml) 0.5320.14 Thr (0.26 U/ml) 22.942.1
U46619 (2uM) 1.01+0.26 U46619 (2M) 23.6£2.07

#Values are means from two to three independent-desponse curves.
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Highlights:

® | X5 wasidentified based on an identified antiplatel et aggregation agent L X2421.

® A series of 2-amino-3-(naphth-2-yl)propanoic acid derivatives were synthesized and evaluated for
antiplatelet aggregation activity.

® | X14 shows comparable ability as Tirofiban in inhibiting platelet aggregation and GPIIb/ll1a
receptor.

® | X14 hasless bleeding risk in comparison with Tirofiban.



