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Abstract

A series of pentacyclic triterpenep-8ster derivatives were designed, synthesized and
evaluated as a new class of cholesteryl esterferapsotein (CETP) inhibitors for the treatment
of dyslipidemia. In vitro screening assay showeat Bout of 30 compounds displayed moderate
inhibiting human CETP activity with I§gs less than 14M. Among them, compoun20 (ICsp=
2.3 uM) had the most potent biological activity, andeetively ameliorated plasma lipid levels
of human adipose tissue specific CETP transgeni@-@GETPTg) mice and guinea pigs.
Additional safety evaluation (no blood pressurevai®n in guinea pigs) and pharmacokinetics
studies indicated that the potential druggabildy ¢ompound20 which is a promising lead for

development of a new class of CETP inhibitors lher treatment of dyslipidemia.
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TLC, thin layer chromatography; HPLC, high performoa liquid chromatography



1. Introduction

Cardiovascular diseases (CVDs) continue to bedhdihg cause of mortality worldwide over
the past two decades [1, Ztherosclerosis, a progressive disease charadterme the
accumulation of lipids and the formation of atheeoplaque within the arteries, which is the
primary cause of CVDs [3]. Numerous epidemiologiealdences confirmed that lowering low-
density lipoprotein cholesterol (LDL-C) levels aslivas raising high density lipoprotein-
cholesterol (HDL-C) levels in plasma appeared asramising treatment strategy for
cardiovascular pathologies [4Additional clinical studies indicated that non-HEL -(total
cholesterol minus HDL-C) and triglyceride (TG) aduiot be neglected for the prediction and
treatment of CVDs, and even had many other conmgelidvantages over LDL-C and other
traditional lipid parameters [SCurrently, statin drugs are widely used in the prgon and
treatment of CVDs by significantly lowering serunbIL-C levels; however, part of patients
receiving statin therapy suffer from serious adeergents, such as muscle pain, myopathy and
even fatal rhabdomyolysis [6}. is undeniable that intensive-dose statin therspgssociated
with an increased risk of new-onset diabetes Nifdcin, one of the oldest HDL-C-elevating
drugs tested in clinical trials, has less benefipatients at high risk of vascular events, and
possesses adverse effects (cutaneous flushingygeddhycemia) [8]Therefore, the reasonable
therapeutic strategy for patients with cardiovaacdisease should effectively accommodate the
balance between HDL-C and LDL-C, meanwhile posiyivaneliorate the other risk factors for
atherosclerosis including total cholesterol (TCJ di6.

Cholesteryl ester transfer protein (CETP), a hydotyic glycoprotein containing 476 amino
acids, plays an unfavorable physiological actionttansferring cholesteryl esters (CE) from

HDL to very-low-density lipoprotein (VLDL) or LDL articles in exchange for TG, thereby



raising proatherogenic LDL-C and lowering athera@ctive HDL-C [9].Accordingly, inhibition
of CETP has been considered as a promising appfoatfe prevention and treatment of CVDs
[10]. To date, a number of structurally distinct CETPRilators have been developed, and four of
them entered phase 11l clinical trials [1@fig. 1) Torcetrapib, as the first CETP inhibitested
in a long-term outcomes clinical trial, discontidua 2006 due to the elevation of blood pressure
and aldosterone levels [12). 2015 Evacetrapib's phase 1l trials was terngddtecause of the
lack of sufficiently clinical efficacy for patientsitv ‘high-risk’ coronary disease [13]. However,
the Dal-GenE randomized trial is currently beinqhaacted in patients with a recent acute
coronary syndrome to evaluate the effects of Dedpéh on cardiovascular risk in a genetically
defined population [14]. The large phase Il clalioutcome trial of Anacetrapib is also ongoing
to determine the safety and efficacy in patient$ wtherosclerotic cardiovascular diseases [14].
Recent research findings showed that Anacetrapincel progression of atherosclerosis by
systematically reducing non-HDL-cholesterol, impdvlesion stability and added to the
beneficial effects of atorvastatin [13Jevertheless, almost all the reported CETP inhibito
exhibited highly lipophilic and poorly aqueous dakicharacteristics [11], which might be an
unfavorable factor for their discovery and clinidavelopment [16Consequently, it is in urgent
need to develop novel CETP inhibitors with differestructural scaffolds to overcome the
adverse effects and improve the efficacy.
<<Fig.1 here>>

In order to find new structural CETP inhibitor cadates, a literature research was carried out
to screen active components from natural Chinegehenedicine. Pentacyclic triterpenes (PTs),
a group of widespread natural products that syitbdsby the cyclization of squalene [17],

attracted our attention, that were observed to ggssfiypolipidemic activity more than thirty



years ago [18]n China, the tablet of fine extract of hawthormt@ning oleanolic acidlj and
ursolic acid 8) as the main triterpene ingredients has been rnetkas an OTC drug for the
treatment of hyperlipidemia. Many clinical studiead confirmed that there was a significant
decrease in the serum TC, TG and LDL levels, ancease in HDL levels after treatment with
the plant extracts containing various natural pgyditc triterpene compounds [1$owever, the
mechanism of hypolipidemic activity of PTs is stgborly understood. Given the similar
structures of natural PTs with that of cholestenodl CE, it was proposed that PTs might exert
hypolipidemic action through the regulation of a@=gikrol transport and metabolism [19].

Based on the above findings, we believed that Pilistlaeir derivatives should be explored as
novel CETP inhibitors for the treatment of dysligésia. In fact, we have previously reported a
new class of CETP inhibitors designed by linking Bil's scaffolds and the active fragment from
Torcetrapib with the linker methylene chain [2@]this manuscript, we first describe the design
and synthesis of pentacyclic triterperfeedter derivatives as novel CETP inhibitors, ad ael
structure-activity relationship (SAR) analysisvitro and in vivo biological testing, preliminary

safety evaluation and pharmacokinetic studies.

2. Results and discussion
2.1. Design of pentacyclic triterpene 35-ester derivatives as novel CETP inhibitors

To design our compounds, oleanolic adifiWas selected as a potential lead compound. As we
have observed, bears a hydroxyl group at C-3 position and a rggdtacyclic skeleton with a
large surface area of hydrophobic environment, Wwhscquite similar with that of cholesterol.
(Fig. 2) In addition, a carboxyl group at C-17 piasi of 1 might be a potential hydrogen bond
site (HBS) that form interaction with CETP. In qarevious studies, molecular dockinglointo

the active site of CETP confirmed that it almostuggied the binding position of the endogenous



ligand CE. Besides, hydrogen bond interactions eetvt and Ser191, Ser230 were observed
[20]. (Fig. 2) Based on these findings, we hypothesibad PTs might be substrate analogue
inhibitors of CETP, mimicking the protein-ligandténactions between the active site and CE
scaffold. This could provide a reasonable explanafdr the hypolipidemic effect of PTs.
<<Fig.2 here>>

To better simulate the interactions between endwoggetigand CE and CETP, we proposed the
strategy for molecular design of novel CETP inlutstby linking the pentacyclic scaffold tf
with some hydrophobic and flexible alkyl chains@{3 position. Besides, some hydrophilic
segments introduced into the another end of th&gednains could form crucial hydrogen bond
interactions with several polar residues in thévacsite region of CETP, such as GIn-199, Ser-
230, and His-232 [21]Fig. 3) In addition, the length of alkyl chainsdadifferent pentacyclic
skeletons would also be investigated to point ustd the most promising candidates.

<<Fig.3 here>>

2.2. Chemistry

Synthesis of the target compounddl is shown in Scheme 1. Esterification of thg 3
hydroxyl group ofl with corresponding anhydrides in anhydrous pyridgeve the target
products7-9 in 52-90% vyield. As described in our previous mga2], benzylation ofl with
benzyl bromide or 4-methoxy benzyl chloride in theesence of BCO; in DMF at room
temperature, followed by condensation withhonylic acid or oleic acid in the present of EDCI
and DMAP afforded the corresponding benzyl es88rand34 in 81% and 68% yield over two
steps, respectively. Debenzylation 3¥ with hydrogen over palladium/carbon produced target

compoundl0. According our previous reported method [23], coomd 11 was obtained in 70%



yield by deprotection of thep-methoxybenzyl group of34 with proton-exchanged
montmorillonite (H-mont).
<<Scheme 1 here>>

Actually, the new drug research and developmenP®$ for prevention and treatment of
metabolic and vascular diseases has been an imppde of our work, and a large amount of
triterpenoid derivatives have been synthesized fomthed a chemical compound library.
Compoundsl2-16 were prepared according to the procedures deschibedr previous studies
[24]. Remarkablyheterocyclic, sulfonic and carboxyl group at thd ehthese compounds could
form crucial hydrogen bond interactions with théasite region of CETP.

As shown in Scheme 2, esterification of tifeh§droxyl group ofl separately with succinic
anhydride, glutaric anhydride, and phthalic anhgelrito furnish the corresponding target
compoundsl7, 18 and20 in 68-80% vyield. Alternatively, benzylation dfwith benzyl bromide,
followed by condensation with adipic acid in presenof EDCI and DMAP, and then
debenzylation with hydrogen over palladium/carbomHF generated target produ& in 65%
yield over three steps. According to the above @udaces, benzylation dfwith benzyl bromide,
followed by esterification separately with succiarchydride and glutaric anhydride to give key
intermediates85 and 36. Treatment o35 and36 with sulfinyl chloride in CHCI,, followed by
amidation with separately ammonia, morpholidined a@rhydroxyethylamine, and further
debenzylation over palladium/carbon gave the cpmeding target product8l-26 in 32-94%
yield over three steps.

<<Scheme 2 here>>
Additionally, target compound27-32 were synthesized to investigate the roles of carbox

group at C-17 position and different pentacyclielstons. As outlined in Scheme 3, compounds



27 and28 were synthesized by esterification of tileHydroxyl group off-amyrin &) separately
with succinic anhydride and glutaric anhydride. dimilar fashions, target produ@9 was
synthesized from carboxylic actij whose preparation was described in our previepert [25].
As shown in Scheme 4, acylation of th&I8/droxyl groups ob-oleanolic acid Z) [26], ursolic
acid @) and betulinic acid4) using glutaric anhydride provided target compauBg-32
containing three different pentacyclic skeletonbe Tdetails of the synthetic procedures and
structural characterizations of target compoundgascribed in the Experimental Section.
<<Scheme 3 here>>
<<Scheme 4 here>>

2.3. Screening assay of natural PTs and their 3p-ester derivatives as CETP inhibitors and SAR
analysis.

The inhibition of CETP mediated CE transfer forumat PTs1-4 and all target compounds
32 were characterized in vitro using a fluoresceneastier assay with human recombinant
CETP.The initial screening was carried out at a coneioin of 10uM for each compound, and
compounds that displayed >30% inhibition atyd were further evaluated for their 4. The
results are summarized in Table 1, and the dethilse bioassay procedures are described in the
Experimental Section. As shown in Table 1, thirteemmpounds demonstrated moderate
inhibitory activities, with >30% inhibition at a noentration of 1QuM for each compound.
Three natural PTs such as oleanolic atd d-oleanolic acid Z) and betulinic acid4) failed to
show their inhibitory activity in vitro, but ursaliacid @) displayed a moderate inhibitory
potency against CETP with angCof 46.6 pM. It gives us great encouragement tdoegpa
series of pentacyclic triterpen@-8ster derivatives (see compountiél, as shown in Table 1

and Scheme 1), which better mimicking the structfrendogenous ligand CE. Unfortunately,



the introduction of these hydrophobic alkyl growgisC-3 position caused a loss in inhibitory
activity, which suggested that these compounds wWitih lipid solubility might not be a
potentially strong contender to CE in the active segion of CETP. However, the introduction
of heterocyclic groups into the end of the alkylaich of compound8 afforded the new
compounds12-14, which brought us some exciting surprises. Among them, poamd 12
displayed a moderate inhibitory effect toward CEAlith an 1G, of 68.5 uM, but compounds3
and 14 have hardly any inhibitory potency. Additionallyprapound15 with sulfonic group in
the end exhibited I§ of 23.1 uM, while succinic acid esté&r displayed an excellent inhibitory
effect toward CETP (I§3= 4.3 uM), which was nearly 6-fold better than tbhtompoundl5.
However, malic acid estet6 showed no inhibitory activity against CETP, sinte tstable
intramolecular hydrogen bond between the carboxglug and hydroxyl group disturbed its
binding to the active site region. This unexpeatesllt indicates that the significant impact of
hydrophilic segments in the end of these alkyl cha@n the potency.

On the basis of above results, we held the carbgsotips at opposite ends on the molecular
scaffolds of compound48-20, which all displayed an excellent CETP inhibitoagtivity.
Among them, phthalic acid est2@ exhibited the most potent CETP inhibitory activiig, 1Cso
reached 2.3 uM. Remarkably, glutaric acid e&exhibited IGo of 3.5 uM, while adipic acid
esterl9 showed a faint loss in inhibitory potency agai@&TP, with an 1G, of 7.0 uM. This
indicates the significant impact of the carbon chaitgth on the potency. To further investigate
the importance of carboxyl group, we attemptedntooduce several amides to the end of the
carbon chain of compound§ and18, which caused a complete loss in inhibitory atfiysee
compounds21-26, as shown in Table 1 and Scheme 2). Besides, wibefusubstituted the

carboxyl group from C-17 position of compountid and 18 with methyl group to form



compound®7 and28, which almost completely ablated their activitiewever, compouné9
with a carboxylmethoxycarbonyl group at C-17 pasithad a moderate inhibitory potency, and
its ICspvalue was 38.9 uM. The above results suggest #rabryl groups at opposite ends on
the molecular scaffold are both important to maimthe inhibitory potency of these compounds
toward CETP.

Based on the above findings, we also synthesizetboands30-32 with different pentacyclic
skeletons, and further evaluated their biologicivéies toward CETP. As shown in Table 1, a
decrease in CETP inhibitory activity was observethwhe bioassay of olean-13(18)-ene-type
derivative 30 and lupane-type derivativé2, which exhibited 1Gy of 10.3 uM and 38.0 pM,
respectively. However, ursane-type derivatBleexhibited excellent CETP inhibitory activity,
with an 1G of 3.4 uM, which was as well as that of the cqroggling oleanane-type derivative
18. These data show that the different pentacycldfsids have an important influence on the
CETP inhibitory activities of these compounds; ob@e-type and ursane-type scaffolds might
be more suitable to fit the active pocket of CET&htbther pentacyclic scaffolds. Consequently,
according to the preliminarily SAR analysis, compd®20 was identified as a potent CETP
inhibitor for an in-depth study in vivo.

<<Table 1 here>>
2.4. In vivo studies of compound 20.

Compound20 was first tested in human adipose tissue specificTFZ transgenic (ap2-
CETPTQg) mice pharmacodynamic model. Adipose tisduep2-CETPTg mice has a high level
of CETP, which secrets into the blood circulatiogguces HDL-C, and increases non-HDL-C
significantly; the lipid profile is very similar wh lipid metabolism of type 2 diabetic [27].

Compound20 was dosed in ap2-CETPTg mice at 30 mg/kg, onceya@ld.); plasma samples

10



were obtained at 2 h after dosing on day 14, aad HDL-C, LDL-C, TG, and TC levels were
measured. As shown in Fig. 4, compol@dlincreased HDL-C level by 11.1% and decrease
LDL-C level by 34.2% versus control, while an irese of 51.0% in HDL-C and a decrease of
40.4% in LDL-C were observed after dosing with Aetaapib. Although compoun2d showed
a slightly weaker activity in raising HDL-C and leving LDL-C than Anacetrapib, it could
effectively reduce TG and TC levels by 29.3% ar8¥g.respectively. Quite unexpectedly, 4.7%
increase in TG level and 17.8% increase in TC lewarle observed after dosing of Anacetrapib
for two weeks in ap2-CETPTg mice, which is worttijusther investigation.
<<Fig.4 here>>

In view of reasonably regulation of lipid profile CETP transgenic mice, we further evaluated
compound0 in a species that naturally expresses CETP. $uicea pigs (unlike mice and rats)
express CETP, and the lipid metabolism of which base similarities to that of human,
compound20 was next tested in the normal fed and high-fatdeithea pig models. As depicted
in Fig. 5, compound®0 produced elevation in HDL-C of approximately 32.3% < 0.05,
compared with control) and reduction in LDL-C of.8% in normal fed guinea pigs after dosing
30 mg/kg (g. d.) for two weeks. In our further sasl high-fat fed guinea pig models have a
higher level of LDL-C, TG and TC, and a lower lew$IHDL-C than the control guinea pigs.
(Fig. 6) An increase of 72.8% in HDL-C and a deseeaf 40.8% in LDL-C versus model were
observed after dosing with compoud, while Anacetrapib increased HDL-C level by 82.2%
and decreased LDL-C level by 30.2%. (Fig. 6A ang BBich to our satisfaction, compoug@
could also reduce TG and TC levels by 27.3% an8%Q0compared with model, respectively.
(Fig. 6C and 6D)

<<Fig.5 here>>
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<<Fig.6 here>>

According the above results, compowilshowed similar effects on modulating lipid profile
as Anacetrapib in the normal fed and high-fat fethga pig models, in spite of its moderate
inhibiting human CETP activity in vitro. Howeveme thing that needs to be addressed is that,
natural PTs are often mild and sometimes even weadtulators for their targets, which can
interact with multiple target proteins in lipid nabblism pathways [19]. For example, oleanolic
acid @) showed mild ACAT inhibitory activity (1o = 77.9uM) [28] and weak PL inhibitory
activity (1Cso = 83ug/mL) [29]. Therefore, compouri2d with a natural product scaffold may be
a multi-site modulator of lipid metabolism at aisbt level. To better explain its hypolipidemic
effects, we would investigate the interaction ompound20 with some other target proteins in
the lipid metabolism pathways, such as ACAT, PPARs, FXR and LXR, etc. In our opinion,
the mild interaction of compound0 with these related target proteins may be the tkey
systematically modulate lipid metabolism.

2.5. Safety evaluation of compound 20.

In view of excellent biological activities of comyed 20, we further evaluated its effects on
the systolic blood pressure in normal fed and Hligghfed guinea pig models. As shown in Fig.
7A and 7B, the systolic blood pressure of normdldad high-fat fed guinea pigs had hardly any
change versus control and model after dosing witmg&/kg (g. d.) compoun2D for two weeks.

In addition, a comparison of physiochemical prop@rofiles of compoun@0 and four typical
CETP inhibitors are shown in Table 2. To our satisbn, compound®0 with two carboxyl
groups exhibited better aqueous solubility, withaatition codficient of 0.49, which might be an
advantage for drug absorption and drug safety theeexisting CETP inhibitors.

<<Fig.7 here>>
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<<Table2 here>>
2.6. Pharmacokinetic evaluation of compound 20.

Compound20 was further evaluated for its preliminary pharmawgekc profile in normal fed
guinea pig models, compared withat the same oral dose, and the relevant pharmaatakin
parameters are listed in Table 3. The results stowet compound20 had a good
pharmacokinetic profile, with an AUGs (area under the plasma concentration-time cuiwa fr
0 to 48 hours) of 9337.83 + 2152.23 ng/mL*h andbadyhalf-life (i, = 18.75 + 5.15 h). After
oral administration of compouri2D at 30 mg/kg dose, plasma concentrations reackeoedk
(Cmax= 1266.46 = 406.61 ng/mL) at 1.46 £+ 0.40 h. Itaseworthy that only a very small amount
of compound20 metabolized intol in normal fed guinea pigs. (Fig. 8) On the badist®
favorable in vitro and in vivo properties, compow2lwas selected as a candidate for further
development.

<<Table 3 here>>

<<Fig.8 here>>

3. Conclusions

In the present study, a series of pentacyclicrpére B-ester derivatives were designed and
synthesized, and their inhibitory activities inrgitwere evaluated using a fluorescence transfer
assay with human recombinant CETP. Among them, @iwenpounds displayed moderate
inhibitory activities against CETP, with 46 < 10uM. Compound20 showed the best biological
activity, with an 1Go of 2.3 uM. The preliminary SAR analysis indicated that homhilic
segments at opposite ends on the molecular scafi@dndispensable to maintain the CETP
inhibitory potency of these compounds, and diffeqgentacyclic skeletons play a key role for

the inhibitory activities. Further studies in vighowed that compoun2d provided an 11.1%
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increase in HDL-C levels and a 34.2% decrease ib-Chevels versus control in ap2-CETPTg
mice. Remarkably, compour2 couldeffectively reduce TG and TC levels by 29.3% ar@¥%.
which was superior to the positive control drug éetaapib. Furthermore, compou20 also
showed robust potential to regulate the lipid peofioth in the normal fed and high-fat fed
guinea pig models, which is very comparable to At@pib. Additionally, no significant
changes on the systolic blood pressure in normal &ed high-fat fed guinea pigs when
compound20 was administered orally for two weeks. Preliminpharmacokinetics studies in
guinea pigs indicated that compoul@ has a good pharmacokinetic profile. In summary, the
studies described herein demonstrate that thedaqyetic triterpene @-ester derivatives with
hydrophilic segments at opposite ends on the mtaescaffold, especially compourad, have

promising potential as novel generation of CETRUmbrs for the treatment of dyslipidemia.

4. Experiments
4.1. Chemistry

All commercially available solvents and reagentsrevased without further purification.
Reactions were monitored by TLC on Silica Gel 64 2lates (Qingdao Ocean Chemical
Company, China). Column chromatography was cargat on silica gel (200-300 mesh,
Qingdao Ocean Chemical Company, Chirfa).and **C NMR spectra were recorded on an
ACF* 300 Q Bruker or ACF* 500 Q Bruker spectrometeiCDCk, or in DMSO-d@ with Me,Si
as the internal reference. Low- and high- resotutioass spectra (LRMS and HRMS) were
recorded in electron impact mode. Chemical shifeseweported in parts per million (ppm).
Proton coupling patterns were described as sirfgjetoublet (d), triplet (t), multiplet (m), and
broad (br). In addition, compound0 was confirmed with over 98% purity, which was

determined by Agilent 1260 with binary pump, phaotaleg array detector, using Agilent Extend-
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C18 column (0.46 cm x 15 cm,uBn), CH;OH/H,O = 80/20 (v/v) at 1.0 mL/min, and calculated
the peak areas at 254 nM.
4.1.1. General procedure for the synthesis of compounds 7-9, 17, 18 and 20.

To a solution ofl (100 mg, 0.219 mmol) dissolved in dry pyridine f8.) was added
anhydrides (0.876 mmol) and DMAP (27 mg, 0.219 mnibhe reaction mixture was stirred at
room temperature (or heated to reflux) until theCTIlndicated the consumption of starting
material, and then concentrated in vacuo to dryn€ken water (10 mL) was added to the
reaction mixture and the aqueous layer was exttagith EtOAc (3 x 5 mL). The combined
organic layers were washed with brine and driedr caehydrous NgO,, filtered, and
concentrated in vacuo. The residue was purifiedflagh chromatography (SO petroleum
ether/ethyl acetate 30 : 1 to 5 : 1) to give th&rdéle product.
4.1.1.1. 33Acetyloxy-olean-12-en-28-oic acid (7) [30]. Compound7 (98 mg, 90%) was obtained
as a white solid'H NMR (300 MHz, CDCJ) § 5.28 (s, 1H), 4.56-4.42 (m, 1H), 2.82 (dds=
13.3, 2.9 Hz, 1H), 2.04 (s, 3H), 1.99-0.65 (m, 22H)3 (s, 3H), 0.94 (s, 3H), 0.93 (s, 3H), 0.91
(s, 3H), 0.86 (s, 3H), 0.85(s, 3H), 0.75 (s, 3H3ISM/z 521.3 [M + Na].
4.1.1.2. 3B3-Propionyloxy-olean-12-en-28-oic acid (8) [30]. Compound8 (92 mg, 79%) was
obtained as a white solitH NMR (300 MHz, CDC{) § 5.27 (s, 1H), 4.58-4.40 (m, 1H), 2.81 (d,
J = 13.5 Hz, 1H), 2.32 (q] = 7.5 Hz, 2H), 2.06-0.70 (m, 25H), 1.13 (s, 3HRD(s, 3H), 0.93
(s, 3H), 0.90 (s, 3H), 0.85 (s, 6H), 0.75 (s, 3EF-MSm/z 511.4 [M - HI.
4.1.1.3. 33-Butyryloxy-olean-12-en-28-oic acid (9) [30]. Compound9 (60 mg, 52%) was
obtained as a white solit NMR (300 MHz, CDC{) § 5.28 (s, 1H), 4.57-4.43 (m, 1H), 2.81 (d,
J=12.9 Hz, 1H), 2.28 (] = 7.3 Hz, 2H), 2.06-0.65 (m, 27H), 1.13 (s, 3HRA(s, 6H), 0.90 (s,

3H), 0.85 (s, 6H), 0.75 (s, 3H): ESI-MSZz 525.4 [M - H].
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4.1.1.4. 33-[ 3-(Carboxyl)propionyloxy] -olean-12-en-28-oic acid (17) [30]. Compoundl7 (98 mg,
80%) was obtained as a white sofil. NMR (300 MHz, DMSO-g) 6 5.29 (s, 1H), 4.56 (1] =
7.8 Hz, 1H), 2.90-2.79 (m, 1H), 2.78-2.53 (m, 4B))0-0.70 (m, 22H), 1.13 (s, 3H), 0.96 (s,
3H), 0.94 (s, 3H), 0.92 (s, 3H), 0.87 (s, 3H), 0(823H), 0.75 (s, 3H); ESI-MBVz 579.3 [M +
Na]".

4.1.1.5. 35 (4-Carboxyl)butyryloxy] -olean-12-en-28-oic acid (18) [30]. Compound18 (85 mg,
68%) was obtained as a white sofil. NMR (300 MHz, DMSO-¢) 6 12.09 (brs, 1H), 5.13 (s,
1H), 4.39-4.36 (m, 1H), 2.73-2.69 (m, 1H), 2.2972(fn, 2H), 2.21 (tJ = 6.93, 2H), 2.00-0.70
(m, 24H), 1.08 (s, 3H), 0.84 (s, 9H), 0.78 (s, 6B1H9 (s, 3H); ESI-MSnz 569.4 [M - H].

4.1.1.6. 34 (2-Carboxyphenyl)carbonyloxy] -olean-12-en-28-oic acid (20) [30]. Compound20
(99 mg, 75%) was obtained as a white solid.NMR (300 MHz, DMSO-g) § 7.70-7.67 (m,
1H), 7.60-7.57 (m, 3H), 5.15 (s, 1H), 4.63-4.57 (H), 2.74-2.71 (m, 1H), 2.00-0.70 (m, 22H),
1.10 (s, 3H), 0.88 (s, 6H), 0.85 (s, 6H), 0.8B), 0.71 (s, 3H); ESI-M&Vz 627.3 [M + Na].
4.1.2. 3-[ (2-Carboxyethyl)car bonyl oxy] -f-amyrin (27) [31].

Compound27 (98 mg, 79%) was prepared frofnas a white solid following the similar
procedure carried out for compoufid. *H NMR (300 MHz, CDCJ) d 5.17 (s, 1H), 4.53-4.51
(m, 1H), 2.68-2.62 (m, 4H), 1.97-0.70 (m, 23H),2L(&, 3H), 0.95 (s, 6H), 0.86 (s, 9H), 0.82 (s,
6H); ESI-MSm/z: 549.4 [M + Na].

4.1.3. 3-[ (3-Carboxypropyl)carbonyl oxy] -f-amyrin (28) [31].

Compound28 (102 mg, 81%) was prepared frdbnas a white solid following the similar
procedure carried out for compoufid. 'H NMR (300 MHz, CDCYJ) d 5.20 (s, 1H), 4.66-4.45
(m, 1H), 2.48-2.38 (m, 4H), 2.09-0.80 (m, 25H),5L(&, 3H), 0.99 (s, 6H), 0.89 (s, 12H), 0.85 (s,

3H); ESI-MSm/z 539.4 [M - HJ.
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4.1.4. Carboxymethyl 35-[ (4-carboxy)butyryloxy] -olean-12-en-28-oate (29).

Compound29 (14 mg, 11%) was prepared frofhas a white solid following the similar
procedure carried out for compoufid. *H NMR (300 MHz, CDCJ) é 5.26 (s, 1H), 4.62-4.47
(m, 2H), 4.47-4.45 (m, 1H), 2.91-2.87 (m, 1H), 22132 (m, 4H), 2.15-0.70 (m, 24H), 1.18 (s,
3H), 0.98 (s, 3H), 0.94 (s, 3H), 0.91 (s, 3H), O(893H), 0.88 (s, 3H), 0.77 (S, 3H): ESI-M&Z
674.4 [M + 2Nai".

4.1.5. 3-[ (4-Carboxyl)butyryl oxy] -olean-13(18)-en-28-oic acid (30).

Compound30 (107 mg, 86%) was prepared fratnas a white solid following the similar
procedure carried out for compoutd *H NMR (300 MHz, DMSO-¢) 6 12.08 (brs, 1H), 4.43
(dd,J = 11.8, 5.1 Hz, 1H), 2.70 (d,= 15.2 Hz, 1H), 2.37-2.29 (m, 2H), 2.30-2.17 (iH) 42.08-
2.03 (m, 1H), 1.84-0.7 (m, 22H), 1.14 (s, 3H), 0(893H), 0.86 (s, 3H), 0.85 (s, 3H), 0.82 (s,
3H), 0.80 (s, 3H), 0.71 (s, 3H); ESI-M8z 569.3 [M - H].

4.1.6. 3 (4-Carboxyl)butyryl oxy] -urs-12-en-28-oic acid (31) [32].

Compound31 (106 mg, 85%) was prepared fraBnas a white solid following the similar
procedure carried out for compou® *H NMR (300 MHz, DMSO-g) 6 12.02 (brs, 1H), 5.13
(s, 1H), 4.45-4.39 (m, 1H), 2.35-2.30 (m, 1H), 2281 (m, 4H), 2.11 (dJ = 11.1 Hz, 1H),
1.98-0.68 (m, 23H), 1.06 (s, 3H), 0.91 (s, 6H)20(8, 9H), 0.76 (s, 3H); ESI-M&/z 569.4 [M
- HJ.

4.1.7. 33 (4-Carboxyl)butyryl oxy] -lup-20(29)-en-28-oic acid (32) [33].

Compound32 (101 mg, 82%) was prepared frofnas a white solid following the similar
procedure carried out for compout®l *H NMR (300 MHz, CDCJ) 6 4.73 (s, 1H), 4.61 (s, 1H),
4.51-4.46 (m, 1H), 3.03-2.96 (M, 1H), 2.46-2.39 &H), 2.29-0.78 (m, 26H), 1.69 (s, 3H), 0.97

(s, 3H), 0.92 (s, 3H), 0.85 (s, 6H), 0.82 (s, 3ESI-MSmVz: 569.3 [M - HI.
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4.1.8. 3/3-Nonanoyl oxy-olean-12-en-28-oic acid (10).

As described in our previous report [22], benzgiatof 1 with benzyl bromide afforded the
key intermediate benzyl ester derivative. To atswhuof this benzyl ester (200 mg, 0.366 mmol)
dissolved in CHCI, (10 mL), was added-nonylic acid (70 mg, 0.439 mmol), EDCI (140 mg,
0.732 mmol) and DMAP (45 mg, 0.366 mmol). The riemcmixture was stirred at 4 until
the TLC indicated the consumption of starting mateffhen water (20 mL) was added to the
reaction mixture and the aqueous layer was exttagith CH.CI, (3 x 5 mL). The combined
organic layers were washed with brine and driedr caehydrous NgO,, filtered, and
concentrated in vacuo. The residue was purifiedflagh chromatography (SO petroleum
ether/ethyl acetate 100 : 1) to give compoB8@203 mg, 81% for two steps) as a colorless oil.

To a solution 0f33 (200 mg, 0.291 mmol) was dissolved in THF (5 mLyl areated with 10%
Pd/C (20 mg). The mixture was stirred at room tenajpee under Blatmospheric pressure until
the TLC indicated the consumption of starting materThe reaction mixture was filtered
through celite and the insoluble substance was &hshth THF. The filtrate was concentrated
in vacuo to givelO (121 mg, 70%) as a white solfti NMR (300 MHz, CDCJ) § 5.27 (s, 1H),
4.59-4.41 (m, 1H), 2.82 (d,= 10.9 Hz, 1H), 2.29 (] = 7.2 Hz, 2H), 2.01-0.65 (m, 37H), 1.13
(s, 3H), 0.94 (s, 3H), 0.92 (s, 3H), 0.90 (s, 3KB5 (s, 6H), 0.74 (s, 3H); ESI-MFz 595.5 [M
- HJ.

4.1.9. 3-Oleoyl oxy-olean-12-en-28-oic acid (11).

Following the similar procedure carried out for gmund 33, benzylation ofl with 4-
methoxybenzylchloride, and then condensation withcoacid in the presence of EDCI and
DMAP, gave key intermedia® (208 mg, 68% for two steps) as a colorless oilaBolution of

34 (90 mg, 0.107 mmol) dissolved in @&, (3 mL) was added H-mont (40 mg) and anisol (1
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mL). The mixture was stirred at room temperaturgl eine TLC indicated the consumption of
starting material. The reaction mixture was filtereo remove H-mont. The filtrate was
concentrated in vacuo and the residue was purifieflash chromatography (SiOpetroleum
ether/ethyl acetate 100 : 1) to gité (50 mg, 70%) as a white solitH NMR (300 MHz,
CDCl) 6 5.37 (s, 2H), 5.31 (s, 1H), 4.58-4.44 (m, 1H)52(8,J = 13.4 Hz, 1H), 2.32 (1 = 7.3
Hz, 2H), 2.12-0.70 (m, 51H), 1.16 (s, 3H), 0.963H), 0.94 (s, 3H), 0.91 (s. 3H), 0.89 (s, 6H),
0.79 (s, 3H); ESI-M3$n/z 719.6 [M - H].

4.1.10. 35 (5-Carboxy)valeryloxy] -olean-12-en-28-oic acid (19) [34].

Following the similar procedure carried out for qmund33, benzylation ofl with benzyl
bromide, and then condensation with adipic acithenpresence of EDCI and DMAP, gave key
intermediate37 (247 mg, 72% for two steps) as a colorless oilloMong the procedure
described for preparation @D, compoundl9 (156 mg, 90%)was prepared fror87 as a white
solid. *H NMR (300 MHz, DMSO-g) 6 12.01 (brs, 1H), 5.16 (s, 1H), 4.51-4.33 (m, 1HY,72
2.72 (m, 1H), 2.31-2.27 (m, 2H), 2.23-2.19 (m, 2HP9-0.70 (m, 26H), 1.11 (s, 3H), 0.89 (s,
3H), 0.87 (s, 6H), 0.81 (s, 6H), 0.72 (s, 3H); B&-m/z 583.4 [M - HI.

4.1.11. General Procedure for the Synthesis of compounds 21-26.

As described in our previous report [2dénzylation ofl with benzyl bromide, followed by
acylation with succinic anhydride and glutaric asitige respectively, gave key intermedidte
and36 in a good yield. To a solution 86 (100 mg, 0.155 mmol) dissolved in gEl, (5 mL)
was added thionyl chloride (1 mL). The reaction tmig was refluxed for 4 h, and then
concentrated in vacuo to dryness. The residue ws®lded in CHCI, (3 mL). Amine (0.155
mmol) and EN (0.186 mmol) were added into the reaction mixtamed then stirred at room

temperature until the TLC indicated the consumptérstarting material. Water (20 mL) was
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added to the reaction mixture and the aqueous lagerextracted with C#l, (3 x 10 mL). The
combined organic layers were washed with brinediretl over anhydrous N80, filtered, and
concentrated in vacuo. The residue was dissolvadHir (5 mL) and treated with 10% Pd/C (20
mg). The mixture was stirred at room temperaturdeurtt atmospheric pressure until the TLC
indicated the consumption of the starting mateffdde reaction mixture was filtered through
celite and the insoluble substance was washedWith The filtrate was concentrated in vacuo
and the residue was purified by flash chromatogydiO,, petroleum ether/ethyl acetate 3 : 1)
to give desirable product21-23. Following the similar procedure carried out f2i-23,
Compound£4-26 were prepared frorkey intermediat&6.

4.1.11.1. 33-(4-Amino-4-oxobutyryloxy)-olean-12-en-28-oic acid (21). Compound2l (93 mg,
94% for two steps) was obtained as a white sOHANMR (300 MHz, CDCY) J 6.25 (s, 1H),
5.73 (s, 1H), 5.26 (s, 1H), 4.55-4.49 (m, 1H), 22888 (m, 1H), 2.68-2.64 (m, 2H), 2.54-2.49
(m, 2H), 2.06-0.70 (m, 22H), 1.12 (s, 3H), 0.926H), 0.90 (s, 3H), 0.85 (s, 3H), 0.84 (s, 3H),
0.75 (s, 3H); ESI-M®z 668.5 [M + Na].

4.1.11.2. 3(-(4-Morpholino-4-oxobutyryl oxy)-olean-12-en-28-oic acid (22). Compound22 (57
mg, 59% for two steps) was obtained as a whitelsti NMR (300 MHz, CDCJ) 6 5.27 (s,
1H), 4.53-4.48 (m, 1H), 3.70-3.65 (s, 4H), 3.6303(8, 2H), 3.50-3.48 (s, 2H), 2.85-2.79 (m,
1H), 2.68-2.61 (m, 4H), 2.04-0.70 (m, 22H), 1.133d), 0.93 (s, 6H), 0.90 (s, 3H), 0.87 (s, 3H),
0.85 (s, 3H), 0.75 (s, 3H); ESI-M&z 624.5 [M - HI.

4.1.11.3. 38{4-[ (2-Hydroxyethyl)amino] -4-oxobutyryl oxy}-olean-12-en-28-oic  acid  (23).
Compound23 (40 mg, 43% for two steps) was obtained as a wdutiel. ‘H NMR (300 MHz,

CDCl) 6 6.18 (s, 1H), 5.27 (s, 1H), 4.54-4.48 (m, 1H), 337@8 (M, 2H), 3.43-3.39 (m, 2H),
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2.85-2.78 (m, 1H), 2.69 (8,= 6.2 Hz, 2H), 2.49 (] = 6.6 Hz, 2H), 2.04-0.70 (m, 22H), 1.12 (s,
3H), 0.93 (s, 6H), 0.90 (s, 3H), 0.84 (s, 6H), 0(F43H); ESI-MSWz 622.4 [M + Na].

4.1.11.4. 3(-(5-Amino-5-oxovaleryloxy)-olean-12-en-28-oic acid (24). Compound24 (33 mg,
38% for two steps) was obtained as a light yellolids'H NMR (300 MHz, CDCJ) 6 6.18 (brs,
1H), 5.53 (brs, 1H), 5.28 (s, 1H), 4.54-4.49 (m)12486-2.80 (m, 1H), 2.43-2.38 (m, 2H), 2.32-
2.27 (m, 2H), 2.31-0.70 (m, 24H), 1.14 (s, 3H),40(8, 6H), 0.91 (s, 3H), 0.87 (s, 3H), 0.86 (s,
3H), 0.76 (s, 3H)**C NMR (75 MHz, CDC}) ¢ 183.1, 175.7, 172.8, 143.8, 122.3, 81.0, 55.2,
47.5, 46.5, 45.9, 41.6, 41.0, 39.3, 38.0, 37.7),334.8, 33.8, 33.7, 33.1, 32.5, 32.4, 30.7, 29.7,
28.1, 27.7, 25.9, 23.6, 23.4, 22.9, 20.8, 18.20,176.8, 15.4; ESI-MSn/z. 568.4 [M - HJ;
HRMS calcd for @sHs4NOs [M - H]": 568.4002, found: 568.4015.

4.1.11.5. 33-(5-Morpholino-5-oxoval eryloxy)-olean-12-en-28-oic acid (25). Compound25 (35
mg, 32% for two steps) was obtained as a lighbyebolid."H NMR (300 MHz, CDC})  5.28

(s, 1H), 4.57-4.40 (m, 1H), 3.72-3.64 (m, 4H), 3%36 (M, 2H), 3.52-3.42 (m, 2H), 2.92-2.77
(m, 1H), 2.43-2.36 (M, 4H), 2.20-0.70 (M, 24H),4L(%, 3H), 0.94 (s, 3H), 0.93 (s, 3H), 0.91 (s,
3H), 0.86 (s, 3H), 0.85 (s, 3H), 0.76 (s, 3L NMR (75 MHz, CDCJ) 6 183.1, 173.1, 171.0,
143.6, 122.5, 81.0, 66.9, 66.7, 55.3, 47.5, 4669),445.8, 41.9, 41.6, 41.0, 39.3, 38.0, 37.7,,37.0
33.8, 33.0, 32.5, 32.4, 32.1, 30.6, 29.7, 28.17,225.9, 23.6, 23.4, 22.9, 20.6, 18.2, 17.1, 16.7,
15.4; ESI-MSm/z 638.4 [M - H]; HRMS calcd for GeHgoNOg [M - H]: 638.4421, found:
638.4438.

4.1.11.6. 3{5-[(2-Hydroxyethyl)amino| -5-oxovaleryloxy}-olean-12-en-28-oic  acid (26).
Compound26 (46 mg, 43% for two steps) was obtained as a Ngtiow solid.'H NMR (300
MHz, CDCk) § 6.08 (brs, 1H), 5.29 (s, 1H), 4.55-4.50 (m, 1H}533.72 (m, 2H), 3.46-3.39 (m,

2H), 2.89-2.79 (m, 1H), 2.40 @,= 6.9 Hz, 2H), 2.32-2.23 (m, 2H), 2.12-0.70 (mH241.15 (s,
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3H), 0.95 (s, 6H), 0.92 (s, 3H), 0.87 (s, 6H), 0(73H);**C NMR (75 MHz, CDC}) § 183.5,
173.5, 173.2, 143.7, 122.5, 81.1, 62.2, 55.3, 44655, 45.8, 42.4, 41.5, 40.9, 39.3, 38.0, 37.7,
37.0, 35.5, 33.8, 33.0, 32.5, 30.6, 29.7, 28.17,245.9, 23.6, 23.4, 22.8, 21.1, 18.2, 17.2, 16.7,
15.4; ESI-MSm/z 612.4 [M - H]; HRMS calcd for GHsgNOg [M - H]: 612.4264, found:
612.4278.

4.2. CETP inhibitory assay in vitro.

The CETP inhibitory bioactivities of natural PTsdanheir 3-ester derivatives were
determined by using a standard fluorescent-CE taaskay with CETP activity assay kit (Roar
Biomedical Inc.) and human recombinant CETP (Roemtdical Inc.). Assay system was
prepared according the instruction for the CETRvagtassay kit and human recombinant
CETP. The assay uses synthetic HDL donor partities contain a fluorescent CE with an
excitation maximum at 465 nm and emission maximirb3 nm. As the fluorescent CE is
transferred from a donor molecule to an acceptotecute by human recombinant CETP,
fluorescence is observed and quantified. Inhibitidn GETP mediated CE transfer is
characterized by a decrease in levels of fluoregcebserved relative to control. Anacetrapib
was used as the positive control drug.

The assay procedure can be described briefly asm®IlAll testing compounds were totally
dissolved in 100% DMSO and stored at nitrogen abiReconstitute the 80g/mL human
recombinant CETP in total protein with assay butied dilute the stocking compounds with
DMSO. A solution that contains no human recombin@BTP was as background and that
contains human recombinant CETP but no testing coimgis as the positive control. Donor
molecule (4 mL), acceptor molecule (4 mL) and testcompound (1 mL) with human

recombinant CETP (30 ng) were mixed in assay bii#éd mL). After incubation at 37T for 3
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h, fluorescence intensity was read in a fluorimetx( Station 1l1) and the inhibition ratio was
also calculated. The initial screening was caraetiat a concentration of 1M for each testing
compound. Compounds that displayed >30% inhibiab©OuM were diluted with DMSO for 8
points titration (1 : 5 serial dilutions) in 96-welilution plate, and the inhibition ratios weresal
calculated according to the above methodsgy Malues of these compounds were determined
from a curve fit of the data with each concentratested. The curve was fitted using "Sigmoidal
dose-response (variable slope)" in GraphPad Pridgtware.

4.3. In vivo sudies of compound 20 in animal models.

For the transgenic mice pharmacodynamic assayC&¥RTg mice expressing human CETP
were used. Blood samples were collected by retbitadbleed. Compound0 was formulated in
DMSO/cremophor/saline at a 3 : 4 : 93 ratio and desing at 30 mg/kg, once-a-day, for two
weeks. Blood was drawn 2 h postdose on day 14. BDLDL-C, TG and TC levels in ap2-
CETPTg mice were measured using an automateddimadyzer (COBAS), which were reported
as the mean = SD (n 6), and compared to the values measured in cogtonip. Anacetrapib
was used as the positive control drug.

For the normal fed guinea pig study, the male quimigs (12 weeks of age) were used. Blood
samples were collected by retro-orbital bleed. fitade guinea pigs were dosed with compound
20 by gavage, 30 mg/kg, once-a-day, for two week#h wormal diet simultaneously. At 2 h
after dosing on day 14, plasma samples were cetle¢tiDL-C and LDL-C levels in normal fed
guinea pigs were measured, which were reportedeamean + SD (r 6) and compared to the
values measured in control group. Anacetrapib veasl &s the positive control drug.

For the high-fat fed guinea pig study, the malengaipigs (12 weeks of age) were used and

initially fed a high fat diet (2.5% coconut oil arfid25% cholesterol) for two weeks. Blood
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samples were collected by retro-orbital bleed. Thiea high-fat fed guinea pigs were dosed with
compound 20 by gavage, 30 mg/kg, once-a-day, for two weeksth whigh-fat diet
simultaneously. At 2 h after dosing on day 14, plasamples were obtained. HDL-C, LDL-C,
TG and TC levels in high-fat fed guinea pigs werasured, which were reported as the mean *
SD (n> 6), and compared to the values measured in madapgAnacetrapib was used as the
positive control drug.

For the pharmacokinetic evaluation of compo@@dthe male guinea pigs (12 weeks of age)
were used. Compound0 dissolved in DMSO/cremophor/saline at a 3 : 4 :r@80 was
administered to normal fed guinea pigs at doseOofmg/kg (n = 6) by oral gavages. Blood
samples (30QL) were collected before and after administratigrrdtro-orbital bleed at 0.25 (at
the end of oral gavage), 0.5, 1, 1.5, 2, 3, 4,,408 24, 36 and 48 h after drug administration.
After centrifugation of blood samples, 100 aliquots of plasma samples were collected. After
adding 10uL internal standard (1.S.) glycyrrhetic acid (10/mL), the samples were extracted
with 1 mL of ethyl acetate and centrifuged at 4@®din for 10 minutes. The organic layer (900
uL) was transferred and evaporated to the drynesSREy 2010 vacuum concentrator (Thermo
Electron Corporation, MA, USA). The residues wergsdlved by methanol and then injected
into the LC-MS/MS system. The LC-MS/MS was perfodmy triple quadrupole system TSQ
Quantum Ultra (Thermo Scientific, MA, USA). Analygsavere carried out using electrospray
ionization (ESI) in negative-ion mode using selestireactions monitoring (SRM)nvz
603.3-453.2 for compound20, myz 455.4-407.3 for 1 and nVz 469.3-425.3 for I.S..
Separation of the test compounds was achieved asirfg) mm x 2.1 mm i.d., 3B, Agilent
ZORBAX Elipse Plus C8 column. The mobile phase cositjpn was (A) water with 1 mM

ammonium acetate and (B) methanol. The column tesityre was maintained at 35 °C. Mobile
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phase B maintained to 15% for 1 minute and thereased to 95% in half a minute. Over next
6.5 minutes, mobile phase B went to 100% smootAty8.01 minute, mobile phase B was

decreased to 15% rapidly and final equilibratiofdHer 2 minutes.
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Scheme 1. Synthesis of compounds11. 2

7: R' = methyl
8: R = ethyl
9: R' = n-propyl

33: R'=octyl, R = Bn 10: R" = octyl
34: R' = heptadec-8-enyl, R? = PMB 11: R = heptadec-8-enyl

& Reagents and conditions: (a) anhydride, pyridDBIAP, r.t, 52-90%; (b) BnBr or PMBCI,
K,COs, DMF, r.t; (c) n-nonylic acid or oleic acid, EDCI, DMAP, GBl,, reflux, 68-81% for
two steps; (d) B Pd/C, THF, r.t, 70% fotO; (e) H-mont, CHCI,, r.t, 70% forl1.

Scheme 2. Synthesis of compoundg-26. 2

21: R®=amino, n=2

22: R® = morpholine-4-yl, n=2

23: R® = 2-hydroxyethylamino, n=2
24: R3=amino, n=3

25: R® = morpholine-4-yl, n=3

26: R® = 2-hydroxyethylamino, n=3

@ Reagents and conditions: (a) anhydride, pyriddMAP, r.t, 68-80%; (b) BnBr, KCOs, DMF,
r.t, 90%; (c) EDCI, DMAP, ChCl,, reflux, 80%; (d) SOG] CH,Cl,, 40°C; then E4N, amines,

CH.CIy, r.t; (e) B, Pd/C, THF, r.t, 32-94% for two steps.
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Scheme 3. Synthesis of compoundsy-29. 2

5:R*=CHjg 27:R*=CHs, n=2
6: R* = COOCH,COOH 28:R*=CHs,n=3
29: R* = COOCH,COOH, n=3

% Reagents and conditions: (a) anhydride, pyriddAP, r.t, 11-81%.

Scheme 4. Synthesis of compoun@-32. 2

betulinic acid (4)

@ Reagents and conditions: (a) anhydride, pyriddMAP, r.t, 82-86%.
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Table 1. Screening assay of natural PTs and their derivatigenovel CETP inhibitors in vitrd.

In vitro CETP inhibitory activity

Compd.
% Inhibition at 10uM ICs0 (LM)
1 9.7 /°
2 0 /
3 31.9 46.6
4 n.e
7 (R' = Me) 38.3 n.e.
8 (R' = EY) 8.5 /
9 (R =n-Pr) 13.6 /
51
10 (Rl = Q/) 12.6 /
¢
11 (R' = Ci\A/;/\) 0 /
(\N/\}{
pPER= ) 30.9 68.5
N
13(R! = @ ) 28.9 /
PN
14 (Rl — N\%N ) 16.5 /
H
AN i{
15 (R = " T ) 55.2 23.1
e
HOS N 4.7 /
BR'= o )
B 54.0 4.3

17R'= o )
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18 (Rl — HOM‘%{) 55.2 3.5

PR= 5T 53.7 7.0
£
@QWOH 66.8 2.3
20R'= o )
HoN % /
AR b ) 0
o /
(N~ 0
22(R'= L )
23(R'= o )
[0}
24 (Rl - Hsz/NZ{) 0 /
)OK/M
N 0 /
25 (R = o/ )
o
26(R =" g /
27 0 /
28 14.7 /
29 49.0 38.9
30 59.1 10.3
31 62.0 3.4
32 30.0 38.0
Anacetr apib ¢ 84.1 0.0338

® The initial screening was carried out at a coregioins of 10uM for each
compound and I§s were measured for compounds that displayed >30%
inhibition of CETP (average for two times at diffet time points)® “/” means
that no experiment was conductéch.e. means that no effeét.The reference

drug.
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Table 2. Physiochemical properties of compowttband four typical CETP inhibitors.

Compd. Molecular formula/weight Character Log P (pH)?
20 C3gH5204/604.83 white powder 0.49
Torcetrapib GsH25F9N204/600.48 colorless solid 1.05
Dalcetrapib G3sH3sNO,S/389.60 white powder 0.92
Anacetrapib  CzoH2sF10NO3/637.52 colorless solid 0.73
Evacetrapib 61H36FsN602/638.66 white powder 0.51

@ Shake-flask method and HPLC were used to deterthm@artition coefficients

of test compounds in octanol-water system &t@5

Table 3. Pharmacokinetic parameters of compou2@andl in normal fed guinea pig8.

Parameter Compd.20 Compd.1
AUCq.48 (h*ng/mL) 9337.83 + 2152.23 291.47 + 80.89
AUCy., (h*ng/mL) 10851.60 + 2578.21 312.41 + 87.56

MRTo.45 (h) 1495 +1.86 11.72 +1.87

MRTo-, (h) 23.39+2.74 1497 +2.72

Cinax (ng/mL) 1266.46 + 406.61 52.19 + 27.89
Tmax () 1.46 + 0.40 0.75 + 0.32
t2 (h) 18.75+5.15 11.74+3.51

® The oral doses were formulated in DMSO/cremophtine at a 3 : 4 : 93 ratio

and given at 30 mg/kg to normal fed guinea pigs (8).° AUC, area under the

plasma concentration-time curve; MRT, mean residetime; G, Observed

maximal plasma concentration following oral dosifigas, time to reach the Gy

t1/2, terminal half-life. Values expressed as mean = SD
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A series of pentacyclic triterpen@-8ster derivatives were designed, synthesized
and evaluated as a new class of cholesteryl estmsfer protein (CETP)
inhibitors.

The most potent compour2d displayed an 16 value of 2.3uM against CETP in
vitro.

Compound20 effectively ameliorated plasma lipid levels of hamadipose tissue
specific CETP transgenic mice and guinea pigs, leati no significant changes
on the systolic blood pressure in guinea pigs.

Compound0 has a good pharmacokinetic profile.



