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ABSTRACT

Cholesteryl Ester Transfer Protein (CETP) is an drtgmt therapeutic target for the treatment of
atherosclerotic cardiovascular disease. Our makeamodeling study revealed that pentacyclic tréeqd
compounds could mimic the protein-ligand interacsioof the endogenous ligand cholesteryl ester (GE)
occupying its binding site. Alignment of the doagioonformations of oleanolic acid (OA), ursolicc&¢UA)
and the crystal conformations of known CETP inloibifTorcetrapib in the active site proposed the
applicability of fragment-based drug design (FBD&pproaches in this study. Accordingly, a series of
pentacyclic triterpenoid derivatives have beengtesi and synthesized as novel CETP inhibitors. nibst
potent compoundl2e (ICso: 0.28 uM) validated our strategy for molecular design. Molacwynamics
simulations illustrated that the more stable hydrogpond interaction of the UA derivatii@e with Ser191
and stronger hydrophobic interactions with VallP8g463 than those of OA derivatit2b mainly led to
their significantly different CETP inhibitory actty. These novel potent CETP inhibitors based wane-type

scaffold should deserve further investigation.
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ABBREVIATION LIST

CETP, Cholesteryl Ester Transfer Protein;
CE, cholesteryl ester;

OA, oleanolic acid;

UA, ursolic acid;

FBDD, fragment-based drug design;

CAD, Coronary artery disease;

HDL-C, High Density Lipoprotein cholesterol;
LDL-C, Low Density Lipoprotein cholesterol;
VLDL, very low-density lipoproteins;

TG, triglyceride;

PTs, pentacyclic triterpenoids;

RMSD, root-mean-square-deviation.



1. INTRODUCTION

Coronary artery disease (CAD) derived from athdewssis is the leading cause of morbidity and niibytall
over the world:* Large numbers of epidemiologic and clinical stsdive shown an inverse relationship
between High Density Lipoprotein cholesterol (HD)L-@&vels and atherosclerosis, whilst a log-linear
relationship between Low Density Lipoprotein chtdesl (LDL-C) and CAD events and mortality has been
fully recognized® ® So for decades, the main targets of lipid-modutatherapy in an effort to prevent or treat
CAD have primarily focused on either lowing LDL-G mising HDL-C levels: ® Currently, statin drugs
(HMG-CoA reductase inhibitor), which generate ingsige reductions in LDL-C, has been employed widely
in the prevention and treatment of cardiovascuisease. However, limitations of statin drugs haaeeived
more attention due to some issues such as dosatestaemergence of intolerance, adverse reactolsso
on? Niacin, the most efficient HDL-C raising agent dable, suffers from ubiquitous experience of flimh
and indicates undesirable results in two recenniaal trials (AIM-HIGH and HPS2-THRIVE)"?
Consequently, novel lipid-modulating agents whiolild reasonably accommodate the balance betweer HDL
C and LDL-C are urgently needed to help battle gmegrcardiovascular diseases.

Cholesteryl ester transfer protein (CETP), a plagiyaoprotein that mediates the transfer of chelgst
esters (CE) from antiatherogenic apoA-containingLHiarticles to proatherogenic apoB patrticles, prima
very low-density lipoproteins (VLDL), as for exchgs triglyceride (TG) from VLDL to HDL. The net efft
of this physiological process is a decrease ofrseHDL-C and increase of LDL-&: * Meanwhile, the
discovery that a genetic deficiency involving CE$Rssociated with elevated levels of HDL-C andeased
LDL-C demonstrated the rationality for its pharmlagical inhibition’®> Additionally, animal studies as well
as clinical and epidemiologic evidence have illaigtd that inhibition of CETP provides an effectseategy to
raise HDL-C®*® Therefore, inhibition of CETP would be expectedptoduce a therapeutically beneficial
plasma lipid profile and may bring clinical bendbt high risk CAD patients. Accordingly, this potiah drug

target has attracted the research interests of m@ayizations.
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Figure 1. Representative CETP inhibitors.

To date, four CETP inhibitors have entered clint@lelopment: Torcetrapib, Dalcetrapib, Anacetrapiinl
Evacetrapib (Figure IJ. However, only Anacetrapib developed by Merck isrently ongoing in phase IlI
trials. In December 2006 Torcetrapib’s phase lidl$r was terminated prematurely due to an increase
cardiovascular events and mortafitySubsequently Roche discontinued a phase Ill afi@alcetrapib after it
failed to show a clinically meaningful reduction@V events in May 2012 In 2015 Lilly also announced to
halt further research on Evacetrapib because datiieofsufficiently clinical efficacy in a large phase ttlal
for patients with ‘high-risk’ coronary disea¥eTherefore, novel CETP inhibitors with differentusttural

scaffolds are in urgent need to overcome the adwdfects and improve the efficacy.

Ursolic Acid (UA) Oleanolic Acid (OA)

Figure 2. Natural pentacyclic triterpenes.

We supposed that it would be a feasible strategyiioic the protein-ligand interactions of the enelogus
ligand CE by occupying its binding site for the igesof novel CETP inhibitors. In this regard, uisacid and
oleanolic acid (Figure 2), which belonged to peytéic triterpenoids (PTs), attracted our attentitue to their
similar structures to cholesterol and CE. Multiplearmacological effects of PTs have been reposaed some
have been used in clinical settirfg3® Molecular docking of PTs in the active site of GEfevealed their

similar binding mode with the endogenous ligandjidating the possibility of developing novel CETP



inhibitors based on these two scaffolds. Moreothex hypolipidemic effect of UA and OA in animalsshaeen
confirmed?’?° but the mechanism is still unclear. Alignmenté tdocking conformations of OA, UA and the
crystal conformations of known CETP inhibitors e tactive site proposed the applicability of fragtrgased
drug design (FBDD) approaches in this study. As &Bsnoncytotoxic agents with an excellent safetfile
and successful clinical utilities, introductionasftive fragments from known CETP inhibitors liker@etrapib
to PTs scaffolds would provide a novel generatib@EBTP inhibitors. To our knowledge, this is thesfistudy
of ursane-type and oleanane-type triterpenoid camg® as CETP inhibitors.

2. RESULTSand DISCUSSION

2.1. Fragment-based Molecular Design for Novel CETP Inhibitors.

Figure 3. Alignment of docking conformation of oleanolicid¢A, blue), ursolic acid (B, blue) and the crystanformation of CE
(purple).

Fragment-based molecular design has been considerad important methodology for lead discovery and
drug design. Molecular docking of the two PTs itite active site of CETP showed that they almostpied
the binding position of the endogenous ligand CEsi@es, hydrogen bond interactions between OA and
Serl191, Ser230 were observed, while one hydrogad between UA and Ser191 were found (Figure 3)s Thi
illustrated that these two PTs could mimic the @ireligand interactions between the active site @l
scaffold. The crystal structure of Torcetrapib iomplex with CETP was available (PDB ID: 4EWS).
Alignment of the docking conformations of OA, UAdathe crystal conformations of Torcetrapib in ticgwee
site showed that they were in the adjacent bindings (Figure 4), indicating the applicability oBBD

approaches. Accordingly, we proposed the strategynblecular design of novel CETP inhibitors byklirg



the PTs scaffolds and the active fragment from @wapib with the linker methylene chain (compouthas-
12f). Besides, the length of linker was also inveséidao identify the most feasible number of methgle

groups.

Figure 4. Alignment of docking conformation of oleanolici@¢A, green), ursolic acid (B, green), the crystahformation of CE
(red) and torcetrapib (blue).

2.2. Chemistry.

Synthesis of the target compouri®a-f is shown in Schemes 1-2. The tetrahydroquindoedfold andPTs
moiety were synthesized, respectively. Overallppration of the tetrahydroquinoline scaffold wasfqened
by a reported six-step proceddfe®'Preparation of substituted aniliewas carried out by coupling reaction
of 4-bromobenzotrifluoridd with (R)-3-aminopentanenitrile in the presence of palladacetate and cesium
carbonate in toluene, then hydrolysis in sulfug@ayiving amide3. The key intermediate tetrahydroquinoline
5 was synthesizedby treating amide3 with benzyl chloroformate using lithiurtert-butoxide as a base,
followed by reduction of imide4 with sodium borohydride and intramolecular cydii@ga. Subsequent
acylation of tetrahydroquinoline with ethyl chlooomate was conducted in the presence of pyridiredftod
amidates, which was hydrogenated with#Rd/C to generate the key intermediate

As shown in Scheme 2, condensation of OA and UAasgply with benzyl chloride and potassium
carbonate in DMF to provide benzyl est&sb, followed by esterification of the 3-hydroxyl gmuwith
corresponding anhydrides to afford carboxylic addd. The amide intermediatella-f were obtained by

amidation of the key intermediafewith corresponding acyl chloridé8a-f, which were prepared by treatment



of 9a-f with thionyl chloride. Debenzylation dfla-f with hydrogen over Pd/C could give target compaund

12a-f smoothly.
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Reagents and conditions: (a) R)-3-aminopentanenitrile, Pd(OAg)CsCG;, toluene, 8C¢c; (b) 90% HSQO,, toluene, 100cC; (c)
benzyl chloroformatet-BuOLi, isopropanol, Gc-rt; (d) NaBH4, MgCl,*6H,0, ethanol, Oc-rt; (e) ethyl chloroformate, pyridine,
DCM, 0°c-rt; (f) H,, Pd/C, HCOONH, MeOH, 3Cc.

Scheme 1. Synthesis of key intermediafe

12a:n=1, R'=Me, R?=H, R*=Et, R*=COOEt
12b:n=2, R'=Me, R?=H, R%=Et, R*=COOEt
12¢:n=3, R'=Me, R?=H, R*=Et, R*=COOEt
12d:n=1, R'=H, R?=Me, R*=Et, R*=COOEt
12e:n=2, R'=H, R?=Me, R3=Et, R*=COOEt FsC
12f:n=3, R'=H, R?=Me, R’=Et, R*=COOEt

N“R3 N

12a-12f 11a-11f
Reagents and conditions: (a) DMF, K,CO;, BnCl, 130°c; (b) 2,2-Dimethyl-1,3-dioxane-4,6-dione, anhydrdakiene, reflux or
Succinic anhydride or Glutaric anhydride, DMAP, waitous pyridine, reflux(c) DCM, SOC}, t; (d) DCM, EN , rt; (e) MeOH,
THF, Hy/Pd/C.
Scheme 2. Synthesis of target compountiza-f.

2.3.In Vitro CETP Inhibition Activity.

The CETP inhibitory activities of the synthesizedane-type and oleanane-type triterpenoid derigativ
were evaluated by BODIPY-CE fluorescence assay @HA P RP Activity Kit (Catalog # RB-RPAK; Roar).
Anacetrapib was used as the positive control. cAlihpounds were tested with the commercially avkalab
CETP inhibitor drug screening kit mentioned abogeoading to the manufacturer’s protocol. The adgay
was established based on a donor molecule congamifiuorescent self-quenched neutral lipid thas wa
transferred to an acceptor molecule in the presefcEETP (Catalog # R8899; Roar). Transfer of the

fluorescent neutral lipid mediated by CETP to tleeeptor molecule results in an increase in fluerese



(EXEm = 465/535 nm). CETP inhibitors prevent thmditransfer and consequently decrease the fluenesc
intensity. From Table 1, all the ursane-type deives 12d-12f exhibited potent CETP inhibition activity, but
the three oleanane-type derivativE2a-12c showed poor activity with 1§ > 50 uM, indicating that the
introduction of ursane-type scaffold was more $l@do fit the pocket of CETP than oleanane-typeffetd.
This suggests that the differenalestereochemistry of the methyl group at carborafté carbon-20 between
these two types of scaffolds might play a key folethe binding of these compounds. Additionallgmpound
12d with malonyl group and compourt®f with glutaryl group exhibited I§ of 4.42 pM and 3.79 uM,
respectively, while the CETP inhibitory activity abmpound12e with succinyl group was nearly 20-fold
better than that af2d and12f. This indicates the significant impact of the @arlchain length on the potency.
Therefore, it is concluded that the molecular camfation of compound2e with succinyl group is preferred
to enter the relatively flat cavity of CETP in coangon with compound$2d and12f, and the length made
significant effects on their CETP inhibitory actwi Moreover, the most potent compouri@e has

preliminarily confirmed our strategy for molecutdgsign based on the PTs scaffold.

Table 1. Invitro CETP inhibition of compoundi2a-12f.

o o
HNMO
F3C
N
o%\o/\

Compound R' R n  ICs(uM)
12a CH; H 1 > 50
12b CH; H 2 > 50
12c CH; H 3 > 50
12d H CH; 1 4.42
12e H CHy 2 0.28+0.068
12f H CH; 3 3.79

Anacetrapib 0.04+0.005

3 |Cs values were determined from a single t2#te 1G, value was expressed as the mean + SEM of fouratepastsS the 1G, value was expressed as the mean +
SEM of six separate tests;

2.4. Molecular Dynamics Simulations.



From Table 1, there are significant differencesCIBTP inhibitory activity between the ursane-typel an
oleanane-type triterpenoid derivatives. Compouti with the best CETP inhibitory activity is the
representative ursane-type compound, whbe is the corresponding oleanane-type congener. Riaain
docking results in the active site of CETP, theypktcssimilar binding conformations. Hydrogen bond
interactions with Ser191 for both of them were obsé (Figure 5). But the conformations of the twbsP
scaffolds were not in accordance with each otheolebular dynamics simulations were carried out to

investigate the detailed differences between thesecompounds.

Figure 5. Docking conformation of copounﬁZb (A), 12e (B) in the active site of CETP. Yellow dash lirepresented hydrogen
bond.
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Figure 6. Changes of the backbone of protein CETP and diggtPb and12e) in the process of molecular dynamics simulations,
vertical axis represented RMSD values (Unit: Ax] &orizontal axis represented time of the simuta(idnit: picosecond).

Considering the different status of the two profegand systems, their simulation time was 10 af@dg,
respectively. To explore the dynamic stability lo¢ tsystems, the root-mean-square-deviation (RM3iRjes
using the starting structures as reference weiledéd (Figure 6). For the first protein-ligandwguex, the
RMSD values almost converged to 2.25 A from 2ns.tRe other, the RMSD plot of protein was fluctuhie

the range of 1.5-2.5 A, and converged to 2.25 A RMSD values of the ligand showed some fluctuation



around 2.75 A. All these comparisons between tit@lirand dynamic conformations showed that thege t
protein-ligand systems were in equilibrium. Besjddge root-mean-square-fluctuation (RMSF) values of
CETP in complex with compouni®?b and12e (Figure 7) were calculated, which showed simiéardiency of
the protein backbone stability. The residues indbeve site kept small RMSF values, like Cys13;18#,
Ser230 and His232, indicating they kept a stabldarmation in the process of the simulations, plow a

stable active site for ligand binding.
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Figure 7. RMSF of CETP in complex with compoutiglb and12e were calculated, respectively.

The trajectory of equilibrium state was taken talgpe of hydrogen bond occupancy. It was found that
compoundl2e got two hydrogen bonds with the binding site, esly the stable hydrogen bond with Ser191,
occupancy of which was as high as 99.4%. For comg&@b, two hydrogen bonds were also observed, but
they were too unstable as their occupancy values s@small. Considering their similar structuresept the

scaffolds, the absence of this stable hydrogen Hmetdieen compound2b and Ser191 might contribute

mainly to their significantly different CETP inhtbry activity.

Table 2. Hydrogen bond occupancy of the two compouid@b Gnd12e€) in the selected phase of molecular dynamics sitouls

Comp. H-Acceptor H-Donor Occupancy % Distance Angle
12b Cysl3@S MOL@N1H49 0.93 3.382 (+0.11) 36.54 (12.06)
Serl91@0 MOL@O3H44 0.6 3.070 £0.20) 57.39 (-1.90)

126 Cysl13@sS MOL@N1H49 20.2 3.361 (£0.10) 25.00 12.57)

Serl91@0 MOL@O3H44 99.4 2.808 (+0.15) 24.75 (+10.34)




Binding free energy was calculated using MM/GBSAthods based on the snapshots collected from the
specified equilibrium state. It could be found thhaeir calculated binding free energy were in tlens
tendency with their CETP inhibitory activity. Fuettmore, analysis of binding free energy profileeaed that
the van-der Waals and nonpolar solvation energer® the main driving force behind the total bindfreg
energy, which was evident froxE, 4, in case of both binding free energy calculatiofsb{e 3). TheiAE,q,
values showed they got similar hydrophobic intecactwith the binding site. The strength of electoon
interactions between the two inhibitors and bindsitg were consistent with their valuesAtye, including
the hydrogen bond interactions. The differencesvéen theirAEqe values could be considered as the main
reason for their different total binding free enerdhis was in accordance with their hydrogen bond

interactions with the binding site.

Table 3. Binding free energy calculated using MM/GBSA.

Lo 12b 12e

Contribution

Mean/(kcal/mol) Std. Mean/(kcal/mol) Std.
AEqe -8.89 2.67 -12.46 2.30
AE aw -96.00 3.60 -97.56 3.41
AEia 0.00 0.00 0.00 0.00
AEum -104.89 4.31 -110.02 3.87
AGgbronpolar -13.61 0.15 -13.46 0.14
AGgspoar 51.98 2.19 53.28 2.57
AGgpsol 38.36 2.24 39.82 2.60
AGgpor -66.52 3.50 -70.19 3.43

AENM=AE e HAE gy AEiy; AGsoIvationzAGnonpola\F"AGpolar; AGiot =AEMMTAGsopation

Cys Ile Leu Val Thr Ser Met Ala Val GIln Ala Ile Leu Ile Leu Leu Ser His Phe Phe Phe Phe
13 15 129 136 138 191 194 195 198 199 202 205 206 215 217 228 230 232 263 441 461 463

0.5

idue (Keal/mol)

AG,

4
Figure 8. Comparison of per-residue energy decompositiBGiyag-resique Of CETP in complex with compouri@b and12e.




Different binding conformations of compourk®b and 12e in the active site were resulted from the
differences between their chemical structuresh@rrresulted in different binding modes and protgjand
interactions, and finally made different effects their bioactivity. In order to investigate the tdbutions
made by different protein-ligand interactions anglere the corresponding key residues making effgmér-
residue binding free energy decomposition was tatled. According to the reported crystal structutes
main residues involved in the binding of CE weresT3; llel5, Thr138, Serl191, Met194, Val198, GIn199,
Ser230 and His23%,while the key residues involved in the bindingTafstrapib were Cys13, lle15, Leul29,
Vall36, Val198, GIn199, Ala202, ILe205, Leu20626, Leu217, Leu228, Ser230, His232 and Phé2@3.
could be found that the two sites shared some caommasidues, like Cys13, Val198, GIn199, Ser230 and
His232, coinciding with the premise of our molecudasign strategy. Table 4 summarized the compaa$o
energy contributions of the main residues in teohelectrostatic, vdW and solvation free energyttie
binding of compoundl2b and 12e in the active site of CETP. Most of the residuesden similar energy
contributions to the binding of these two compouexrisept several key residues. From Table 4 andr&igu
Cys13, llel5, Serl91, Val198 and Phe463 got beaiteraction with compoundZ2e, while Met194, Phe263
and Phe441 got better interaction with compoigldl. Cys13, which was in the proximity of the linerade
great contributions to the binding of compouk##. Although the hydrogen bond interactions with lilgands
were not stable enough, the contributions in teofmelectrostatic and vdW correctly reflected th&edent
roles it has played in the binding of these two poonds. Ser191 obviously made greater contributiorise
binding of compound.2e than 12b, mainly emphasizing on th&G... This was consistent with the different
stability of the hydrogen bond interactions betw&em191 and the two compounds. Vall98 in the prixim
of the linker got more significant vdW interactiovith compoundl12e than 12b because of their different
conformations of the linker, and finally resultedgreater energy contribution to the binding of poemd12e.
The different directions of Met194 side chains #mel different rotation of the PTs scaffolds ledhe greater
vdW interaction between Met194 and compo@8d than12e. It was observed that this rotation made changes

to the whole molecular conformation. Therefore, élséve fragment from Torcetrapib in the two compadsi



got different hydrophobic interactions with the hyphobic pocket. This resulted in the different teiutions
of the related residues, such as Phe263, Phe441Phed63. As these two compounds got significantly
different CETP inhibitory activity, it could be coduded that Cys13, llel5, Ser191, Vall98 and Phev&@

the key residues for ligand binding, especially tlydrogen bond interactions with Ser191, and hydobp:

interactions with Val198 and Phe463.

Table 4. Energy contributions of the main residues invdliethe active site of CETP to the binding of itors.?
12b 12e

AGvdw AGele Aqusol Aqutot AGvdw AGele Aqugol Aqutot

Cys13 -0.96 -049 0.20 -1.25 -1.40 -0.67 -0.09 621
llel5 -1.49 -0.06 -0.08 -163 -1.85 0.05 -0.23 3.0
Leul29 -1.22  0.13 0.19 -090 -1.23 0.06 0.37 -0.80
Vall36 -0.96 0.04 0.49 -043 -1.16 0.17 0.49 -0.50
Thrl38 -1.08 -0.51 0.64 -095 -1.15 -0.05 0.29 10.9
Serl91 -2.07 -0.49 0.94 -1.62 -091 -312 037 736
Met194 -2.67 0.23 0.32 -212 -2.16 0.32 0.06 -1.79
Alal95 -1.31 0.21 -0.08 -1.18  -1.47 092 -0.73 8l.2
Vall98 -260 031 -0.01 -2.29 -3.21 -0.07 0.23 53.0
GIn199 -1.02 -0.49 0.90 -060 -191 -0.83 1.91 40.8
Ala202 -148 -0.16 0.21 -143 -1.49 -0.61 0.57 315
lle205 -1.35 -0.22 0.00 -156 -1.37 -0.33 0.11 91.5
Leu206 -0.62 -0.24 0.20 -065 -0.64 -0.28 0.22 00.7
lle215 -0.07 0.03 0.05 0.01 -0.25 -0.07 0.17 -0.15
Leu217 -0.08 0.02 0.07 0.02 -0.12 0.08 0.10 0.06
Leu228 -0.98 0.09 0.07 -0.82 -1.42 -0.04 0.29 -1.17
Ser230 -0.57 -0.10 -0.28 -095 -0.79 -0.25 -0.02 .061
His232 -0.50 043 -0.07 -0.14 -0.84 0.00 0.76 -0.07
Phe263 -2.66 -0.06 0.24 -249 -2.00 0.08 -0.12 520
Phed41 -1.23 -0.04 0.10 -1.16 -0.40 0.10 -0.03 30.3
Phe461 -0.93 0.08 0.00 -0.85 -0.72 0.01 0.15 -0.56
Phe463 -0.42 -0.03 -0.06 -0.50 -1.73 -0.65 0.23 142.
@ All values are in kcal/mol.

3. CONCLUSIONS

Residues

In summary, a novel series of ursane-type and aleatype triterpenoid derivatives were designec wit
fragment-based method, which were then synthesinddevaluated for their CETP inhibitory activityvitro

by BODIPY-CE fluorescence assay. All the ursanestgerivatives exhibited moderate inhibitory activit
Among them, compounti2e was identified to embody remarkable potent CETHRbition with 1Cso of 0.28
UM. In addition, molecular dynamics simulation sésdshowed that key hydrogen bond interaction of
compoundl2e with Ser191 and hydrophobic interactions with \@8J&nd Phe463 made great contributions to

its binding. These key interactions also contriduteainly to the significant difference of CETP ibibory



activity between compountlb and 12e. Therefore, compounil?e could be considered as a promising lead
compound due to its novel scaffold, CE-mimickingdihg mode and potent CETP inhibitory activity. The
results of this study indicated that the novel getien of potent CETP inhibitors based on pentacycl

triterpenoid scaffold of ursolic acid deserve fertinvestigation.
4. EXPERIMENTS

4.1 Chemistry.

Most chemicals and solvents were analytical graad avhen necessary, were purified and dried with
standard methods. Melting points were taken on &rXnicro melting point apparatus and uncorrectet.
NMR spectra were recorded with a Bruker AV-300 &FA500 spectrometer in the indicated solvents (TMS
as internal standard): the values of the chemibdissare expressed it values (ppm) and the coupling
constantsJ) in Hz. High-resolution mass spectra were recorggdg an Agilent QTOF 6520.

4.1.1 (R)-3-((4-(trifluor omethyl)phenyl)amino)pentanenitrile (2)

A mixture of 4-bromobenzotrifluorid¢1l01 mg, 1.03 mmol), cesium carbonate (500 mg, MB3ol), 2-
dicyclohexylphosphino-“2N,N-dimethylamino)biphenyl (4.4 mg, 0.01 mmoljgmylboronic acid (1.86 mg,
0.015 mmol) and palladium acetate (1.8 mg, 0.00&m dry toluene (4 mL) was added to a Schlerdetu
The solution was fully degassed and charged wigbragas, then heated to D for 4 h. The reaction mixture
was cooled to room temperature and filtered throGghte Pad. The solids were rinsed with toluene toe
filtrate was collected and concentrated. The residas purified by column chromatography (petroleaiher:
ethyl acetate = 10:1) to affo®i(190 mg, 76%) as a yellow oil.

4.1.2 (R)-3-((4-(trifluor omethyl)phenyl)amino)pentanamide (3)

To a solution of2 (190 mg, 0.785 mol) in toluene (2 mL), 90% sulpbwcid (0.42 mL, 4.43 mmol) was
slowly added, and the mixture stirred at°85for 10 h. Then the solution was cooled to roomgerature and
alkalified with 20% sodium hydroxide to pH 11-12hel mixture was extracted with isopropyl ether, veash

with water and brine successively, dried over antws sodium sulfate, concentrated and the resicage w



purified by column chromatography (petroleum etleghyl acetate = 2:1) to provide (170 mg, 83%) as a
light yellow solid.

4.1.3 (R)-(3-((4-(trifluor omethyl)phenyl)amino)pentanoyl) benzyl carbamate (4)

To a solution of3 (390 mg, 1.5 mmol) in anhydrous isopropyl ethem({B) was cooled to -16C with
ice/acetone bath. Benzyl chloroformate (305 mg,mm8ol) was then added, followed by the slow additd
1.0 M lithium tert-butoxide in THF solution (3.6 mB.6 mmol) in 15 min. After stirring for anothes min,
the reaction mixture was quenched by adding 1.0yllrdchloric acid (6 mL) and extracted with isoprbpy
ether. The organic phase was washed with wateband successively, dried over anhydrous sodiurfata)l
concentrated and the residue was purified by coladmmamatography (petroleum ether: ethyl acetat&:%)1o
provide4 (511 mg, 86%) as a light yellow oil.

4.1.4 ((2R,49)-2-ethyl-6-(trifluoromethyl)-1,2,3,4-tetr ahydroquinolin-4-yl) benzyl carbamate (5)

To a solution of4 (511 mg, 1.3 mmol) in anhydrous ethanol (12 mL) wasled to -10C with ice/acetone
bath, then sodium borohydride (34 mg, 0.906 mma} \added, followed by slow addition of a solutidn o
magnesium chloride hexahydrate (276 mg, 1.36 mnmol0.6 mL HO). The internal temperature was
maintained below -5C during addition process. Once addition was cotapldie reaction temperature was
raised to OC and stirred for 15 min. Then the solution wasnged with 1.0 M hydrochloric acid (6 mL) and
stirred for 0.5 h at room temperature. Concentnatioremove most of ethanol in vacuum and the veswdas
added with water and extracted with dichloromethahen organic phase was washed with water ane brin
successively, dried over anhydrous sodium sulfebpecentrated and purified by column chromatography
(petroleum ether : ethyl acetate = 10:1) to ¢giv@42 mg, 90%) as a white solid.

4.15 ethyl (2R,4S)-4-(((benzyloxy)car bonyl)amino)-2-ethyl-6-(trifluoromethyl)-3,4-dihydroquinoline-
1(2H)-car boxylate (6)

A mixture of5 (150 mg, 1.89 mmol) and anhydrous pyridine (759 @445 mmol) in dry dichloromethane
(10 mL) was slow added a solution of ethyl chlorofate (1020 mg, 9.45 mmol, in 3 mL dichloromethane)

20 min, then the mixture was stirred at room terapge for 0.5 h and quenched with 10% sodium hyideox



(5 ml) at 0°C. After stirring for 15 min, the reaction mixtukeas extracted with dichloromethane. The
combined organic layers were washed with 1.0 M bghlioric acid, saturated ag NaHgQvater and brine
successively, dried over anhydrous sodium sulfet&centrated and the residue was purified by column
chromatography (petroleum ether : ethyl acetat®:)1o provides (140 mg, 76%) as a white solid.

4.1.6 ethyl (2R,4S)-4-amino-2-ethyl-6-(trifluor omethyl)-3,4-dihydroquinoline-1(2H)-car boxylate (7)

To a solution o6 (215 mg, 0.5 mmol) in methane (5 mL) was added amum format (80 mg, 1.25 mmol),
the mixture was treated with hydrogen over 10% R@ETmg, 50% water wet) at 40 for 2 h. The mixture
was cooled to room temperature and filtered thraDglite, then the filtrate was concentrated in waand the
residue was purified by column chromatography (detrm ether : ethyl acetate = 1:1) to providg€ 13 mg,
90%) as a light yellow oitH NMR (300 MHz, CDCJ) § 7.74-7.71 (m, 1H), 7.57-7.44 (m, 2H), 4.46-4.39 (m
1H), 4.34-4.14 (m, 2H), 3.88-3.79 (m, 1H), 2.598(n, 1H), 1.71-1.62 (m, 1H), 1.53-1.39 (m, 1HB33:.
1.24 (m, 6H), 0.86 () = 7.4 Hz, 3H).

4.1.7 General procedurefor the preparation of compounds 8a-b

A mixture of OA (5 g, 0.011 mol) oA (5 g, 0.011 mol), potassium carbonate (3 g, 0182 and benzyl
chloride (2.5 mL, 0.022 mol) in N,N-Dimethylformage (80 mL) was stirred at 10€ for 5 h. Then the
reaction mixture was cooled to room temperature \@as poured into ice water. The mixture was exdect
with ethyl acetate. The organic layer was washetth wiater and brine successively, dried over anhyglro
sodium sulfate, concentrated in vacuo and the weswdas purified by column chromatography (petroleum
ether/ethyl acetate) to provi@a-b as a white solid.

4.1.7.1 Oleanolic acid benzyl ester (8a)

CompoundBa was obtained as a white solid (5.55 g, 93#)NMR (300 MHz, CDC}) & 7.33 (s, 5H), 5.28
(s, 1H), 5.09 (ABJ = 12.6 Hz, 1H), 5.03 (AB] = 12.0 Hz, 1H) 3.23-3.18 (m, 1H), 2.90 (d,= 12.0 Hz, 1H),
1.12 (s, 3H), 0.98 (s, 3H), 0.92 (s, 3H), 0.8%B), 0.88 (s, 3H), 0.77 (s, 3H), 0.61 (s, 3H).

4.1.7.2 Ursolic acid benzy! ester (8b)



Compoundb was obtained as a white solid (5.7 g, 958) NMR (300 MHz, CDCY)  7.33 (s, 5H), 5.23
(s, 1H), 5.10 (AB, = 12.5 Hz, 1H), 4.97 (AB] = 12.5 Hz, 1H), 3.23-3.18 (m, 1H), 2.27 {5 11.3 Hz, 1H),
1.07 (s, 3H), 0.98 (s, 3H), 0.94 (s, 3H), 0.8B), 0.86 (s, 3H), 0.78 (s, 3H), 0.64 (s, 3H).

4.1.8 General procedurefor the preparation of compounds 9a-f

To a solution oBa (200 mg, 0.366 mmol) d8b (200 mg, 0.366 mmol) in dry toluene (3 mL) was atide
2,2-Dimethyl-1,3-dioxane-4,6-dione (58 mg, 0.403 ohmThe mixture was heated to reflux for 5 h, then
cooled to room temperature and concentrated in ozadine resulting residue was purified by column
chromatography (petroleum ether/ethyl acetate)eln Ya and9d as a white solid.

To a solution oBa (200 mg, 0.366 mmol) dsb (200 mg, 0.366 mmol) in dry pyridine (5 mL) was add
succinic anhydride (180 mg, 1.8 mmol) or glutamtedride (208 mg, 1.82 mmol) and DMAP (45 mg, 0.366
mmol). Then the mixture was heated to reflux forl50h. After cooling to room temperature, the solutvas
poured into 1.0 M hydrochloric acid and extractethvdichloromethane. The combined organic phase was
washed with water and brine successively, dried aabydrous sodium sulfate, concentrated in vacubtiae
residue was purified by column chromatography (detrm ether/ethyl acetate) to aff@dd-9c and9e-9f as a
white solid.

4.1.8.1 3p-(2-car boxyacetoxy)-olean-12-en-28-oic acid benzyl ester (9a)

Compound9a was obtained as a white solid (106 mg, 46%l)NMR (300 MHz, CDCJ) & 7.35 (s, 5H),
5.30 (s, 1H), 5.16-4.96 (m, 1H), 4.61Jt= 7.7 Hz, 1H), 3.44 (s, 2H), 2.92 @= 11.8 Hz, 1H), 1.14 (s, 3H),
0.92 (s, 12H), 0.86 (s, 3H), 0.62 (s, 3H).

4.1.8.2 3p-((3-car boxypropanoyl)oxy)-olean-12-en-28-oic acid benzyl ester (9b)

Compounddb was obtained as a white solid (230 mg, 98%) NMR (300 MHz, CDCJ) & 7.33 (s, 5H),
5.29 (s, 1H), 5.14-4.92 (m, 2H), 4.51Jt= 7.6 Hz, 1H), 2.90 (d] = 11.6 Hz, 1H), 2.65 (d] = 6.8 Hz, 4H),
1.12 (s, 3H), 0.91 (s, 3H), 0.90 (s, 6H), 0.845(8), 0.60 (s, 3H).

4.1.8.3 3p-((4-car boxybutanoyl)oxy)-olean-12-en-28-oic acid benzyl ester (9c)



Compounddc was obtained as a white solid (222 mg, 92%)) NMR (300 MHz, CDCJ) 5 7.33 (s, 5H),
5.28 (s, 1H), 5.14-4.96 (m, 2H), 4.57-4.43 (m, 12490 (d,J = 11.1 Hz, 1H), 2.51-2.29 (m, 4H), 1.12 (s, 3H),
0.92 (s, 3H), 0.90 (s, 6H), 0.85 (s, 6H), 0.613(8).

4.1.8.4 3p-(2-car boxyacetoxy)-12-ur sen-28-oic acid benzyl ester (9d)

Compounddd was obtained as a white solid (200 mg, 87%d) NMR (300 MHz, CDC}) § 7.35 (s, 5H),
5.25 (s, 1H), 5.12 (AB] = 12.5 Hz, 1H), 4.99 (AB] = 12.5 Hz, 1H), 4.66-4.57 (m, 1H), 3.44 (s, 2HR&(d,
J=11.2 Hz, 1H), 1.09 (s, 3H), 0.96 (s, 3H), 0.8943H), 0.90 (s, 3H), 0.87 (s, 6H), 0.66 (s, 3H).

4.1.8.5 3B-((3-car boxypropanoyl)oxy)-12-ur sen-28-oic acid benzyl ester (9e)

Compound9e was obtained as a white solid (220 mg, 93%))NMR (300 MHz, CDCJ) 5 7.33 (s, 5H),
5.23 (s, 1H), 5.10 (ABJ = 12.5 Hz, 1H), 4.97 (AB] = 12.5 Hz, 1H), 4.52 (f] = 7.5 Hz, 1H), 2.68-2.61 (m,
4H), 2.26 (dJ = 11.1 Hz, 1H), 1.06 (s, 3H), 0.94 (s, 3H), 0.813H), 0.85 (s, 9H), 0.64 (s, 3H).

4.1.8.6 3p-((4-carboxybutanoyl)oxy)-12-ur sen-28-oic acid benzy! ester (9f)

Compounddf was obtained as a white solid (200 mg, 838%i) NMR (300 MHz, CDCY) & 7.33 (s, 5H),
5.23 (s, 1H), 5.10 (AB] = 12.5 Hz, 1H), 4.97 (AB] = 12.5 Hz, 1H), 4.55-4.45 (m, 1H), 2.41 (m, 4HR&(d,
J=11.3 Hz, 1H), 1.07 (s, 3H), 0.94 (s, 3H), 0.823H), 0.85 (s, 9H), 0.64 (s, 3H).

4.1.9 General procedurefor the preparation of compounds 11a-11f

A mixture of acid9a-9f (0.16 mmol) and thionyl chloride (1 mL) in dry dloromethane (2 mL) was stirred
for 2 h at room temperature. Then dichloromethartkethionyl chloride were removed in vacuo. Yelloguid
(10a-10f) obtained and triethylamine (0.32 mmol) were adtted solution of intermediaté (0.16 mmol in 3
mL dichloromethane) at €. Then the reaction mixture was stirred at roompterature for 6 h. The solution
was poured into 1.0 M hydrochloric acid and exwedcwith with dichloromethane. The combined organic
layers was washed with water and brine successidelgd over anhydrous sodium sulfate, concentrated
vacuo and the residue was purified by column chtography (petroleum ether/ethyl acetate) to proitke

11f as a white solid.



4191 3B-(3-(((2R,49)-1-(ethoxycar bonyl)-2-ethyl-6-(trifluor omethyl)-1,2,3,4-tetr ahydr oquinolin-4-
yl)amino)-3-oxopr opanoyl)oxyl-olean-12-en-28-oic acid benzyl ester (11a)

Compoundlla was obtained as a white solid. Yield: 5044.NMR (300 MHz, CDC{) § 7.65-7.62 (m, 2H),
7.55-7.46 (m, 2H), 7.44 (s, 1H), 7.37-7.29 (m, 4530 (d,J = 3.7 Hz, 1H), 5.19-5.00 (m, 3H), 4.67-4.46 (m,
2H), 4.36-4.16 (m, 3H), 3.55-3.35 (m, 2H), 2.92J¢& 12.9 Hz, 1H), 2.60-2.45 (m, 1H), 1.14 (s, 3HRI(s,
3H), 0.91 (s, 6H), 0.89 (s, 6H), 0.63 (s, 3H); HRSMESI) m/z calculated for GH7aFsN,O; [M+Na]™:
953.5262, found: 953.5278.

4192  3B-(4-(((2S4R)-1-(ethoxycar bonyl)-2-ethyl-6-(trifluor omethyl)-1,2,3,4-tetr ahydr oquinolin-4-
yl)amino)-4-oxobutanoyl)oxyl-olean-12-en-28-oic acid benzyl ester (11b)

Compoundllb was obtained as a white solid. Yield: 6744.NMR (300 MHz, CDC}) 6 7.63-7.58 (m, 1H),
7.54-7.46 (m, 2H), 7.39-7.31 (m, 5H), 6.10 Jd 8.8 Hz, 1H), 5.30 (s, 1H), 5.15-4.97 (m, 3HH%4.48 (m,
2H), 4.32-4.12 (m, 3H), 2.92 (d,= 10.2 Hz, 1H), 2.81-2.70 (m, 2H), 2.66-2.42 (1H)31.14 (s, 3H), 0.93 (s,
3H), 0.91 (s, 3H), 0.87 (s, 6H), 0.85 (s, 3H), 0(623H); HR-MS (ESI)n/'z calculated for GHzsFsN2O7
[M+Na]™: 967.5419, found: 967.54309.

4193 3B-(5-(((2R,49)-1-(ethoxycar bonyl)-2-ethyl-6-(trifluor omethyl)-1,2,3,4-tetr ahydr oquinolin-4-
yl)amino)-5-oxopentanoyl)oxyl-olean-12-en-28-oic acid benzyl ester (11c)

Compoundlic was obtained as a white solid. Yield: 60%4.NMR (300 MHz, CDC}) § 7.61-7.54 (m, 1H),
7.50-7.43 (m, 1H), 7.38 (s, 1H), 7.36-7.26 (m, 55186 (d,J = 8.8 Hz, 1H), 5.25 (s, 1H), 5.13-4.92 (m, 3H),
4.54-4.42 (m, 2H), 4.30-4.09 (m, 3H), 2.88 J& 10.8 Hz, 1H), 2.53-2.24 (m, 6H), 1.10 (s, 3HBD(S, 3H),
0.87 (s, 6H), 0.83 (s, 3H), 0.83 (s, 3H), 0.58); HR-MS (ESI)mVz calculated for gH77FN,07 [M+Na]™:
981.5575, found: 981.5599.

4194  3B-(3-(((2R,49)-1-(ethoxycar bonyl)-2-ethyl-6-(trifluor omethyl)-1,2,3,4-tetr ahydr oquinolin-4-
yl)amino)-3-oxopr opanoyl)oxyl-12-ur sen-28-oic acid benzyl ester (11d)

Compoundlld was obtained as a white solid. Yield: 38.NMR (300 MHz, CDC}) 6 7.65-7.59 (m, 2H),

7.53-7.48 (m, 1H), 7.44 (s, 1H), 7.39-7.30 (m, 55{B1 (s, 1H), 5.24 (s, 1H), 5.12-4.96 (m, 3H) 944645 (m,



2H), 4.34-4.14 (m, 3H), 3.58-3.30 (M, 2H), 2.648(t, 1H), 2.28 (dJ = 11.1 Hz, 1H), 1.09 (s, 3H), 0.94 (s,
3H), 0.91 (s, 3H), 0.88 (s, 6H), 0.86 (s, 3H), 0(663H); HR-MS (ESIym/z calculated for H73F3N20O7
[M+Na]": 953.5262, found: 953.5275.

4195  3B-(4-(((2S4R)-1-(ethoxycar bonyl)-2-ethyl-6-(trifluoromethyl)-1,2,3,4-tetr ahydroquinolin-4-
yl)amino)-4-oxobutanoyl)oxyl-12-ur sen-28-oic acid benzyl ester (11e€)

Compoundlle was obtained as a white solid. Yield: 7094.NMR (300 MHz, CDC}) § 7.63-7.59 (m, 1H),
7.53-7.48 (m, 2H), 7.38-7.30 (m, 5H), 6.10 J& 8.8 Hz, 1H), 5.30 (s, 1H), 5.15-4.96 (m, 3HEH#4.45 (m,
2H), 4.32-4.14 (m, 3H), 2.82-2.73 (m, 2H), 2.65&(&, 2H), 2.56-2.45 (m, 1H), 2.28 @= 11.1 Hz, 1H),
1.09 (s, 3H), 0.96 (s, 3H), 0.93 (s, 3H), 0.876¢d), 0.85 (s, 3H), 0.66 (s, 3H); HR-MS (E®Mz calculated
for CseH7sFaN20O7 [M+Na]": 967.5419, found: 967.5435.

4196  3B-(5(((2R,49)-1-(ethoxycar bonyl)-2-ethyl-6-(trifluor omethyl)-1,2,3,4-tetr ahydr oquinolin-4-
yl)amino)-5-oxopentanoyl)oxyl-12-ur sen-28-oic acid benzyl ester (11f)

CompoundL1f was obtained as a white solid. Yield: 71%4.NMR (300 MHz, CDC{) § 7.60-7.53 (m, 1H),
7.50-7.42 (m, 1H), 7.38 (s, 1H), 7.36-7.27 (m, 55i85 (d,J = 8.8 Hz, 1H), 5.20 (s, 1H), 5.12-4.91 (m, 3H),
4.52-4.41 (m, 2H), 4.28-4.11 (m, 3H), 2.56-2.31 @), 2.24 (dJ = 11.2 Hz, 1H), 1.04 (s, 3H), 0.92 (s, 3H),
0.89 (s, 3H), 0.84 (s, 6H), 0.83 (s, 3H), 0.628@),; HR-MS (ESm/z calculated for gH;7FsN,O; [M+Na]™:
981.5575, found: 981.5599.

4.1.10 General procedurefor the preparation of compounds 12a-f

The esterlla-f (100 mg) in methane (2 ml) and tetrahydrofuram(Rwas reduced with hydrogen over 10%
Pd/C (10 mg, 50% water wet) at room temperaturel@h. The reaction mixture was filtered througHit€e
Pad, then the filtrate was concentrated in vacu the residue was purified by column chromatography
(petroleum ether/ethyl acetate) to provide targetgoundsl?a-f as a white solid.

41101 3B-(3-(((2R,49)-1-(ethoxycar bonyl)-2-ethyl-6-(trifluor omethyl)-1,2,3,4-tetr ahydr oquinolin-4-

yl)amino)-3-oxopr opanoyl)oxyl-olean-12-en-28-oic acid (12a)



Compoundl2a was obtained as a white solid. Yield: 61%. mp. 142C; *H NMR (300 MHz, CDCJ) &
7.67-7.64 (m, 1H), 7.61 (s, 1H), 7.51-7.49 (m, 1H%3 (s, 1H), 5.28 (s, 1H), 5.13-5.11 (m, 1H),244659 (m,
1H), 4.53-4.49 (m, 1H), 4.27-4.22 (m, 2H), 3.53@B(h, 2H), 2.84-2.80 (m, 1H), 2.54-2.48 (s, 1HL4L(s,
3H), 0.95 (s, 3H), 0.93 (s, 3H), 0.91 (s, 3H), 0(813H), 0.88 (s, 3H)-*C NMR (75 MHz, CDC}) 5 183.45,
169.59, 164.99, 154.37, 143.66, 139.51, 133.21,1¥2d.24.24, 122.31, 121.10, 83.06, 62.21, 55.32°A4
47.51, 46.46, 45.83, 44.57, 41.56, 41.12, 40.9233B7.99, 37.74, 37.08, 36.91, 33.74, 32.98,73282.37,
30.60, 29.62, 28.40, 27.97, 27.89, 27.61, 25.84/7233.51, 23.33, 22.85, 18.11, 17.02, 16.57,9512.35,
9.90, 7.83; HR-MS (ESlyz calculated for GgHe7F3N-O7 [M+Na]" 863.4793, found 863.4766.

4.1.10.2 3B-(4-(((2S4R)-1-(ethoxycar bonyl)-2-ethyl-6-(trifluoromethyl)-1,2,3,4-tetr ahydroquinolin-4-
yl)amino)-4-oxobutanoyl)oxyl-olean-12-en-28-oic acid (12b)

Compoundl2b was obtained as a white solid. Yield: 60%. m.p.-13¢°C; *H NMR (300 MHz, CDC}) &
7.59-7.56 (M, 1H), 7.49-7.48 (m, 2H), 6.17 J& 8.7 Hz, 1H), 5.27 (s, 1H), 5.08-5.01 (m, 1H),645643 (m,
2H), 4.29-4.16 (m, 2H), 2.84-2.45 (m, 6H), 1.143H)), 0.93 (s, 3H), 0.90 (s, 3H), 0.88 (s, 3H),80(8, 3H),
0.84 (s, 3H), 0.75 (s, 3H}?C NMR (75 MHz, CDC}) § 183.38, 173.11, 172.20, 171.51, 168.43, 154.42,
143.66, 136.99, 133.85, 126.15, 124.23, 122.47.,0P281.80, 62.20, 55.26, 53.35, 47.54, 46.53,4518.77,
41.59, 40.98, 39.29, 38.05, 37.71, 37.43, 36.98BB3RB3.03, 32.54, 32.44, 31.47, 30.65, 29.96,2%26.14,
27.96, 27.67, 25.84, 23.56, 23.40, 22.92, 18.13,A1716.66, 15.35, 14.41, 9.89; HR-MS (ESI}: calculated
for CyoHeoFsN2O7 [M+Na]" 877.4949, found 877.4960.

4.1.10.3 3B-(5-(((2R,49)-1-(ethoxycar bonyl)-2-ethyl-6-(trifluor omethyl)-1,2,3,4-tetr ahydr oquinolin-4-
yl)amino)-5-oxopentanoyl)oxyl-olean-12-en-28-oic acid (12c)

Compoundl2c was obtained as a white solid. Yield: 74%. mp.:-138°C; *H NMR (300 MHz, CDC}) &
7.60-7.58 (m, 1H), 7.49-7.46 (m, 1H), 7.40 (s, 1598 (d,J=6.0 Hz, 1H), 5.26 (s, 1H), 5.11-5.03 (m, 1H),
4.54-4.46 (m, 2H), 4.28-4.16 (m, 2H), 2.84-2.78 i), 2.53-2.30 (m, 6H), 1.12 (s, 3H), 0.93 (s, 3BH2 (s,
3H), 0.89 (s, 3H), 0.87 (s, 3H), 0.86 (s, 3H), 0(343H); °C NMR (75 MHz, CDCJ) 5 183.47, 173.09,

171.99, 154.40, 143.64, 139.60, 133.68, 126.22,2624122.47, 120.91, 114.61, 81.23, 62.23, 55.2B3FH



47.55, 46.51, 45.86, 44.62, 41.58, 40.95, 39.28)R387.72, 37.37, 36.97, 35.60, 33.78, 33.67,830A.53,
30.64, 29.67, 28.10, 28.06, 27.66, 25.87, 23.583832.89, 21.22, 18.16, 17.13, 16.67, 15.34,44030;
HR-MS (ESI)nmv/z calculated for gH71FsN-O7 [M+Na]* 891.5106, found 891.5120.

4.1.10.4 3B-(3-(((2R,49)-1-(ethoxycar bonyl)-2-ethyl-6-(trifluor omethyl)-1,2,3,4-tetr ahydroquinolin-4-
yl)amino)-3-oxopr opanoyl)oxyl-12-ur sen-28-oic acid (12d)

Compoundl2d was obtained as a white solid. Yield: 59%. mp.:-152C; *H NMR (300 MHz, CDC}) §
7.68-7.64 (m, 1H), 7.61 (s, 1H), 7.52-7.49 (m, 1H%#4 (s, 1H), 5.25 (s, 1H), 5.17-5.09 (m, 1H),544660 (m,
1H), 4.54-4.47 (m, 1H), 4.31-4.19 (m, 2H), 3.5483(th, 2H), 2.58-2.49 (m, 1H), 2.22-2.18(m, 1H),9(8,
3H), 0.97 (s, 3H), 0.91 (s, 3H), 0.88 (s, 6H), 0(863H), 0.79 (s, 3H)-*C NMR (75 MHz, CDC}) 5 183.23,
169.59, 164.98, 154.37, 137.97, 133.21, 126.14,5B258124.24, 121.06, 83.08, 62.21, 55.23, 53.275%2
47.89, 47.43, 44.56, 41.91, 41.10, 39.47, 38.9777388.18, 37.74, 37.08, 36.84, 36.63, 32.77,83®B.40,
28.02, 27.89, 24.01, 23.76, 23.52, 23.23, 21.0901816.92, 16.62, 15.44, 14.35, 9.91, 7.83; HRHESI)
m/z calculated for GgHgs7FsN>O; [M+Na]* 863.4793, found 863.4795.

4.1.10.5 3B-(4-(((2S4R)-1-(ethoxycar bonyl)-2-ethyl-6-(trifluoromethyl)-1,2,3,4-tetr ahydroquinolin-4-
yl)amino)-4-oxobutanoyl)oxyl-12-ur sen-28-oic acid (12€)

Compoundl2e was obtained as a white solid. Yield: 73%. mp.:-138C; *H NMR (300 MHz, CDC}) §
7.60-7.58 (m, 1H), 7.50-7.48 (m, 2H), 6.23 §d9.0 Hz, 1H,), 5.24 (s, 1H), 5.06-5.04 (m, 1H),64646 (m,
2H), 4.29-4.13 (m, 2H), 2.76-2.60 (m, 4H), 2.542(#, 1H), 2.20-2.17 (m, 1H) 1.08 (s, 3H), 0.9538),
0.88 (s, 3H), 0.86 (s, 6H), 0.84 (s, 3H), 0.773(d); °C NMR (75 MHz, CDC}) 5 183.06, 173.10, 171.50,
154.42, 139.55, 138.86, 138.02, 135.36, 133.86,1528.25.66, 124.23, 124.18, 121.07, 81.79, 653®6,
53.36, 52.56, 47.93, 47.45, 44.76, 41.92, 39.5M)23%88.82, 38.24, 37.71, 37.43, 36.88, 36.71,B238.45,
30.60, 29.95, 29.68, 28.14, 27.99, 24.07, 23.52&21.15, 18.13, 17.06, 16.99, 16.71, 15.49, 1149490;
HR-MS (ESI)nm/z calculated for GsHgoFsN-O7 [M+Na]* 877.4949, found 877.4953.

41106 3B-(5-(((2R,49)-1-(ethoxycar bonyl)-2-ethyl-6-(trifluor omethyl)-1,2,3,4-tetr ahydr oquinolin-4-

yl)amino)-5-oxopentanoyl)oxyl-12-ur sen-28-oic acid (12f)



Compoundl2f was obtained as a white solid. Yield: 77%. mp. 158°C; *H NMR (300 MHz, CDC}) &
7.61-7.58 (m, 1H), 7.50-7.47 (m, 1H), 7.41 (s, 16{D2 (d,J=9.0 Hz, 1H), 5.23 (s, 1H), 5.11-5.04 (m, 1H),
4.54-4.47 (m, 2H), 4.28-4.16 (m, 2H), 2.50-2.37 €M), 2.19-2.16 (m, 1H), 1.07 (s, 3H), 0.94 (s, SBIB6 (s,
3H), 0.85 (s, 6H), 0.76 (s, 3HY'C NMR (75 MHz, CDC}) 5 183.30, 173.10, 172.02, 154.41, 153.48, 137.99,
134.28, 133.69, 126.22, 125.65, 124.21, 120.825382.24, 55.29, 53.34, 52.53, 47.93, 47.46, 444631,
39.50, 39.01, 38.82, 38.24, 37.72, 37.37, 36.9(0713635.61, 33.68, 32.82, 30.59, 29.67, 28.10,8728.04,
23.56, 23.27, 21.22, 21.14, 18.14, 17.07, 16.99/21615.49, 14.39, 9.90; HR-MS (ESHyz calculated for
CsoH71FsN207 [M+Na]* 891.5106, found 891.5120.

4.2. CETP inhibitory assay.

The CETP inhibitory bioactivities of the synthesizeompounds were determined by using a standard
fluorescent-CE transfer assay. The assay proceziurebe described briefly as follows. Testing conmatsu
were totally dissolved in 100% DMSO and storedibgen cabinet. Reconstitute the @@ml rCETP in total
protein with assay buffer and dilute the stockignpounds (10mM) with DMSO for 8 points titration:§1
serial dilutions) in 96-well dilution plate. A sdian that contains no rCETP was as background aatl t
contains rCETP but no testing compounds as thdip®siontrol. Donor molecule (4L), acceptor molecule
(4 pL) and testing compound (jtL) with rCETP (30 ng) were mixed in assay buffeO@2uL). After
incubation at 37C for 3 h, fluorescence intensity was read in arflueter (Flex Station 1) and the inhibition
ratio was also calculated.

4.3. Molecular docking and molecular dynamics simulation.

All molecular docking procedures were completedsainrodinger 2009. The crystal structure of CETP in
complex with CE (PDB ID: 20BD) was applied in maléar modeling. The protein in the crystal structure
was prepared using tiReotein Preparation Wizard workflow. The generated receptor grid was centerethe
endogenous ligand CE in the crystal structure, wiaies defined as the ligand-binding site searclonedhe
compounds to be docked was confirmed by an engdsixx that was similar in size to the crystal ligamhe

compounds were prepared witlhgPrep and docked into the binding site usi@fjde extra precision (XP)



mode. Default settings were used for all the offamameters. The best pose was determined by Glme s
and interactions between the compounds and CETP.

Molecular dynamics simulations were performed gsime AMBER 14 software package with the ffO9SB
force field* to simulate CETP in complex with compount#h and 12e and calculate their binding free
energy. The co-complex structures were obtainedmioyecular docking. The ligands were firstly fully
minimized by the AM1 method and electrostatic posts computed at the HF/6-31G* level in the Gaassi
09 program. The RESP fitting technique in AMBERMds used to determine the partial charges. Theforc
field parameters for the ligand were generated with general AMBER force field (GAFF) by the
Antechamber progrart.Hydrogen atoms were assigned using the LEaP moaiieh sets ionisable residues
to their default protonation states at a neutravplie. Each complex was immersed in a cubic boklie8P
water model with a 10 A minimum solute-wall distafi2 A total of fifteen N& ions were added to neutralize
each protein-ligand complex system. Energy was mg&d in the solvated system employing 1000 stéps o
the steepest descent algorithm and 2000 stepeafahjugate gradient algorithm with a nonbondedf€wutf
10A. The protocol for molecular dynamics simulatioonsisting of gradual heating, density equilitmati
equilibration and production procedures in an isotral isobaric ensembI®&PT, P = 1 atm and T = 298K)
MD. The system was gradually heated from 0 to 288K0ps, followed by density equilibration at 298K
500ps, and then constant equilibration at 298K5fifips. Then each protein-ligand complex system ruete
a process of equilibration procedure until the eysaichieved a continuous stable status, i.e. ptiodustage.
The time step was set to 2fs while the snapshote teéen every 10 ps to record the conformatioedtary
during production MD. The nonbonded interactionsenteeated with a 10A cutoff. SHAKE algorithni® was
applied to constrain all bonds involving hydrogannas to their equilibrium length. The conformatioofs
different systems were collected every 50ps afterdystem achieved their equilibrium status. THecded
snapshots were used for structural and energetigsie of each complex system.

Binding free energy calculations were also perfatnbe investigate the differences of binding affinit

between different ligands and the binding pock&e Thethod of and MM/GBSRis used for investigating the



energetic contribution of protein-ligand bindindimties. For different protein-ligand systems, gh@cess of
converged status was used for the binding freeggnealculation. The solute and solvent dielectnostants
were set as 1.0 and 80.0, respectively. The bindieg energy of different ligands to the proteinswa
calculated as follows:

AGinging=Gcomplex-[ Gproteint Giigand]

For different protein-ligand systems, the processbinding free energy calculations were also agjpfor
hydrogen bond occupancy calculations. The hydrdmgerd distance was set as 3.5A and angle was 120.0°.
Other parameters were kept default.

Binding free energy was decomposed to each resuigentify the key residues contributed greatlytie
binding process of inhibitors. The interactionsAEn inhibitor and each residue were computed using
MM/GBSA decomposition procedure in Amber 14. Foomponents were included in the binding interaction
of each inhibitor-residue pair: van der Waals dbaotion (AG,qw), electrostatic contributiom\Gge) and

solvation contributionAGgps).
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HIGHLIGHTS

Linking of PTsand the active fragment provided a promising lead compound 12e.

Compound 12e took a unique CE-mimicking binding mode, different with current known CETP inhibitors.
Compound 12e with potent CETP inhibitory activity experimentally validated our molecular modeling.
Molecular dynamics simulations explained the detailed differences on CETP inhibitory activity between

compound 12b and 12e.



