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ABSTRACT
Pentacyclic triterpenes (PTs) are the active irigred of many medicinal herbs and
pharmaceutical formulations, and are well-knowntFair anti-inflammatory activity.

On the other hand, anti-inflammatory effects of Adsi&tivated protein kinase



(AMPK) have recently drawn much attention. In tsiisdy, we found that a variety of
naturally occurring PTs sapogenins and saponinkliimulate the phosphorylation
of AMPK, and identifiedd-oleanolic acid 10) as a potent AMPK activator. Based on
these findings, 23 saponin derivativesaileanolic acid were synthesized in order to
find more potent anti-inflammatory agents with iroyped pharmacokinetic properties.
The results of cellular assays showed that sap@®nsignificantly inhibited
LPS-induced secretion of pro-inflammatory factoréFfo and IL-6 in THP1-derived
macrophages. Preliminary mechanistic studies showed 29 stimulated the
phosphorylation of AMPK and acetyl-CoA carboxyl#8€C). The bioavailability of
29 was significantly improved in comparison with itglyecon. More importantly29
showed significant  anti-inflammatory and liver-prative  effects in
LPS/D-GalN-induced fulminant hepatic failure micdeaken together, PTs saponins

hold promise as therapeutic agents for inflammadisgases.
1. Introduction

Inflammation is a host defense response to danggrals from pathogens,
damaged cells, and irradiation, &t The characteristic signs of acute inflammation
include redness, swelling, warmth, and paiwhich occur during a variety of acute
infection or tissue damage. On the other handetlage no classic signs of acute
inflammation in the context of chronic and low-geaishflammation, which plays a
key role in the initiation and progression of agargl many chronic diseases, such as
metabolic disease, cardiovascular disease, neueodegfive diseases, respiratory
diseases, autoimmune disease, and cancet,*etcAlthough many anti-inflammatory
agents are available in clinic, there are stilhgigant unmet medical needs for safer
and effective treatment of inflammatory diseases.

Pentacyclic triterpenes (PTs), the major activeadgents of many Traditional
Chinese Medicines (TCMs), are well-known for thaitti-inflammatory activitieS.
For example, oleanolic acid)(and glycyrrhizic acid 6) (Figure 1) have a long
history of clinical utility in China for treating dpatitis and liver-protectior.

Hederacoside CL1f) is the major component of ivy leaf preparatioasd. Prospan)



which is used worldwide for treating respiratorysetises’. Madecassic acid8)
exhibited promising anti-colitis effeét PTs present in apple peel, including oleanolic
acid @), ursolic acid %), corosolic acid §), and betulinic acid 9), exhibited
therapeutic potential against inflammatory bowededise'®. Asiatic acid {) had
anti-inflammatory and antioxidant activities agains

lipopolysaccharide/D-GalN-induced fulminant liveailfire .

Nevertheless, the
mechanisms of action of PTs having anti-inflammgateffects are still not fully
understood.

AMPK, which exists in the form of a heterotrimegomplex ¢fy), is a key
kinase that regulates the body's energy metaboksm stress responsé. It is
well-known that activation of AMPK protects the lyodgainst tissue damage caused
by acute and chronic inflammatidfi. Importantly, the existing AMPK activators
could exert anti-inflammatory effects in a varied§ inflammation models*™*®
However, anti-inflammatory mechanisms of AMPK ai# snclear’®. Notably, some
naturally occurring PTs such as oleanolic at)f{?® hederagenin3j %%, ursolic acid
(5) 2% corosolic acid ) %', asiatic acid ) %, madecassic aci@) ®, betulinic acid
(9) 2> % glycyrrhizic acid 16) ' anda-hederin®? have been reported to be AMPK
activators, which might have a high relevance whtir anti-inflammatory effects.

In view of the clinical significance of PTs in th@anagement of various chronic
diseases, our laboratory has been working in thid for more than 15 years>*=°
Our recent efforts in PTs program are focused awcbéng for novel PTs related
compounds with anti-inflammatory effects againsitacand chronic inflammatory
diseases. In this study, we found that most oftélséed PTs sapogenink~10Q and
saponins 11~20 had the capability to stimulate AMPK phosphorgat Notably,
d-oleanolic acid §-OA, 10) was proved to be a very potent AMPK activator. tiéen
designed and synthesized 23 novel saponin derestof 6-OA, most of which
exhibited significant anti-inflammatory activityh@ result of preliminary mechanistic

studies indicated that th& OA saponins might exert anti-inflammatory effecas,

least in part, through AMPK activation.



1 R'=R%®=H,R?= OH 5 R'=R®=R*=H,R?=OH
2 R®=H,R'=R?= OH 6 R®=R*=H,R'"=R?=0H
3 R'=H,R?=R®= OH 7 R*=H,R'=R2=R%=OH

8 R'=R2=R®=R% OH

Figure 1. Structures of naturally occurring PTs sapogefirisand saponinsl~20Q

2. Results and discussion
2.1. Naturally occurring PTsincreased AMPK phosphorylation

We examined the effect of some representative Ri®genins X~10

and



saponins 11~20 on AMPK phosphorylation in hepatocyte Huh7 cellsvas found
that oleanolic acid 1), betulinic acid 9) and s-oleanolic acid 10) significantly
stimulated Thr172-AMPK phosphorylation at 10M, and were more potent than the
well-known AMPK activator AICAR (Figures 2A). Othesapogenins such as
masilinic acid ), hederagenin3], glycyrrhetinic acid 4), ursolic acid %), corosolic
acid @), asiatic acid ) and madecassic acidB)(could also increase AMPK
phosphorylation in Huh7 cells. Calendulosidelf),(momordin Ic {2), ginsenoside
Ro (13), asperosaponin VI1#), hederacoside C1%), glycyrrhizic acid 16),
asiaticoside 17), madecassosidd §), ziyuglycoside Il 19) and ziyuglycoside 120)
are the major active PTs saponins of some TCMsfoled thatl3, 14, 17, 18 and20
significantly increased AMPK phosphorylation in Huleells (Figures 2B). Other
tested saponins could also stimulated AMPK phospaton. Taken together, a
variety of naturally occurring PTs sapogenins aadosins could enhance AMPK
phosphorylation in Huh7 cells. In particularpleanolic acid -OA, 10) is one of the
most potent PTs.
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Figure 2. PTs sapogenins and saponins stimulated the phgdgtian of AMPK (pThrl72) in
Huh7 cells. A, Effect of PTs sapogenibhslOon the phosphorylation of AMPK. B: Effect of PTs
saponinsl1~20on the phosphorylation of AMPK. Huh7 cells wereubated with 1QuM of PTs
sapogenins or saponins, and AICAR (0.2 mM) was wsed positive control. After 12 h of
incubation, the p-AMPK/AMPK levels were evaluatesing the Western blot assay.

2.2. &6Oleanolic acid stimulated the phosphorylation of AMPK and ACC in
hepatocytes

To further confirm the effect a%-OA on AMPK signaling, western-blot analysis
of a time course assay was conducted in Huh7 apdsBleells. The results showed
thatd-OA increased AMPK phosphorylation in a time-departdnanner (Figures 3A,
3B). We next examined the dose-dependent effedt@A on AMPK phosphorylation,
and found thad-OA dose-dependently stimulated AMPK phosphorytat{&igures



3C, 3D). As expected;OA time- and dose-dependently increased phospdtaril of
acetyl-CoA carboxylase (ACC), a downstream sulestrat AMPK (Figure 3).

Togetherd-OA was proved to be a potent AMPK activator.
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Figure 3. &-Oleanolic acid &OA) stimulates the phosphorylation of AMPK (pTh2land ACC
(pSer79) in a time- and dose-dependent manner. &®A (10 uM) induced phosphorylation of
AMPK (pThrl72) and ACC (pSer79) in a time-dependaahner in Huh7 and HepG2 cells. C/D,
0-OA induced phosphorylation of AMPK (pThrl72) andC®@ (pSer79) in a dose-dependent
manner in HUh7 and HepG2 cells. After cells weeatied withd-OA, protein levels of p-AMPH,
AMPKa, p-ACC, ACC and GAPDH were evaluated using theté/asblot assay.

2.3. Synthesis of 9-OA saponins

8-OA, which is a very rare pentacyclic triterpenédn plants, has been reported
to have anti-inflammatory activity’. Given our findings thas-OA was a potent
AMPK activator, and PTs saponins significantly stiaied AMPK phosphorylation,
we became interested BROA saponins as potential AMPK activators. Moregver
8-OA saponins should have better bioavailabilityntliaOA which has very poor
water solubility. To the best of our knowledge, rthes only ones-OA saponin
reported by far®. Therefore, we decided to synthesize a serie®wfSOA saponins

(Figure 4:21~43.



Sugar donor§1~Sl2are shown irFigure 5. Sugar bromidesS1~S6and glycosyl
trichloroacetimidate$7~S12were prepared according to the literature metfitéfs

The synthesis a¥-OA 28-glycoside®1~26is depicted inrScheme 1We recently
developed protonated montmorillonite-mediated higkpecific isomerization of
oleanolic acid benzyl ester in®@OA benzyl estelTM-1, allowing for a practical
preparation 05-OA (10) **. Therefore, catalytic hydrogenolysis Bf1-1 gavel0 in
95% yield **. Glycosidation of 10 with sugar bromidesS1~S6 under
phase-transfer-catalyzed conditions,@0;, BuNBr, CH,Cl,-H,O, 50C) afforded
benzoyl- or acetyl-protected glycosid2$a~26ain 41-94% yields. Removal of the
protecting groups oRla~26aby sodium methoxide in MeOH or sodium hydroxide

(aqg.) in THF gave the correspondiiA 28-glycoside®1~26in 64-93% vyields.

R = B-D-xylp) 37 (R"= B-D-xylp) 41 (R? = B-D-xylp)
( ) 42 (R?= o-L-rhap)
39 (R = g-L-arap) 43 (R? = p-D-glcp)
40 (R" = a-L-rhap)

R = a-L-rhap,
R = B-D-glcp)

33

34 (R = p-D-galp) 38
35 )

36 (

Figure 4. Structures 06-OA saponin®21~43.
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Figure 5. Sugar donor§1~S12

The synthetic route t6-OA 3-glycoside®27~32is shown inScheme 1 Reaction
of TM-1 with glycosyl trichloroacetimidateS7~S12n the presence of trimethylsilyl
trifluoromethanesulfinate (TMSOTY) afforded glycdss27a~32ain 71-95% vyields.
Removal of the benzoyl-protecting groups dfa~32aby sodium methoxide in
MeOH gaves-OA benzyl ester 3-glycosidea7b~32bin 63-83% yields. Catalytic
hydrogenolysis 027b~32bfurnisheds-OA 3-glycoside7~32in 63-88% yields.

The synthetic route t6-OA 3,28-diglycosides is showed Bchemes 2and 3.
Catalytic hydrogenolysis 028a and 29a furnished28c and 29c in 72% and 91%
yields, respectively. Glycosidation @Bc and 29c with sugar bromide$1~S2and
S4~S6under phase-transfer-catalyzed conditionsC@®;, n-BwuNBr, CH,Cl,-H20,
50 °C) afforded benzoyl protected glycosid&é®a~36aand37a-40ain 80-85% and
56-95% vyields, respectively. Removal of the protectgroups of33a~36aand
37a-40a by sodium methoxide in MeOH gave the correspondiByA
3,28-diglycoside83~36and37~40in 44-60% and 45-56% vyields, respectively.

The synthesis o0f3-OA 3-diglycosides 41~43 is depicted in Scheme 4
Debenzoylation of 29a using methanolic MeONa in GBI, followed by
isopropylidene formation with 2,2-dimethoxypropamediated byp-toluenesulfonic

acid hydrate §-TsOH-HO) to furnish saponiiTM-2 in 85% yields. Coupling of



TM-2 with S7, S8 or S11 was carried out in the presence of catalytic arhain
BFs3-ELO to generatédla~43ain 59-74% yields. Compoundtla~43awere treated
with methanol-TsOH-HO to give 41b~43bin 72-87% yields. Removal of the
benzoyl-protecting groups of1b~43b by sodium methoxide in MeOH and then
catalytic hydrogenolysis furnishedOA 3-diglycosidegt1~43in 37-63% yields.

Scheme 1Synthesis 0b6-OA 28-glycosides and 3-glycosides

cfor 21, 22, 24-26

d for 23
10 21a (R=P1) 21 R = P-Dxylp)
22a (R=P2) R IDon
- 23 (R' = f-D-glcap)
;ia (E = :i) 24 (R' = a-L-arap)
a (R =P4) 25 (R' = a-L-rhap)
a 25a (R = P5) 26 (R' = f-D-glcp)
26a (R=P6)

™-1 27a (R' = P1) 27b (R2= -D-xylp) 27 (R?= B-D-xylp)
28a (R' = P6) 28b (R? = B-D-glcp) 28 (R2= p-D-glcp)
29a (R' = P4) 29b (R?= a-L-arap) 29 (R2= a-L-arap)
30a (R' = P2) 30b (R?= B-D-galp) 30 (R2= p-D-galp)
31a (R' = P5) 31b (R2= a-L-rhap) 31 (R2= a-L-rhap)
32a (R'=P7) 32b (R?= a-L-rhap -(1-3)-a-L-arap) 32 (R2= a-L-rhap -(1-3)-o.-L-arap)
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Reagents and conditions: (a) H, Pd/C, THF, rt, 95%; (b) }COs;, CH,Cl,-H,0, n-BuNBr, 50°C,
41-94%; (c) MeONa, ChCl,-MeOH, rt, 64-80%; (d) NaOH (aq.), THF, rt, 93%.T@ISOTf, 4A
MS, CHCl,, 0 °C~rt, 71-95%; (f) NaOMe, CCI-MeOH, rt, 63-83%; (g) B Pd/C, THF,
63-88%.

Scheme 2Synthesis 08-OA 3,28-diglycosides (3-@-L-arabinopyranosyl)

29a (R=P4) 29¢ (R = P4) 33a (R'=P1)

33 (R" = p-D-xylp)
34a (R'=P2) 34 (R" = p-D-galp)
35a (R'= P5) 35 (R' = a-L-rhap)
36a (R'= P6) 36 (R' = p-D-glcp)



Reagents and conditions. (a) H,, Pd/C, 91%, THF; (b) ¥COs, n-BwNBr, CH,Cl,-H,0, 50°C,
80-85%; (c) MeONa, C}Cl,-MeOH, rt, 44-60%.

Scheme 3Synthesis 06-OA 3,28-diglycosides (3-@-D-glucopyranosyl)

28a (R =P6) 28¢ (R = P6) 37a (R'=P1) 37 (R = p-D-xylp)
38a (R'=P2) 38 (Rl = p-D-galp)
39a (R'= P4) 39 (R' = o-L-arap)
40a (R'= P5) 40 (R" = a-L-rhap)

Reagents and conditions. (a) H, Pd/C, THF, 72%; (b) ¥COs, n-BuNBr, CH,Cl,-H,0, 50°C,
56-95%; (c) MeONa, CkCl-MeOH, rt, 45-56%.

Scheme 4Synthesis 0b6-OA 3-diglycosides

c \ko ‘
§7, 88, 811 ‘ =
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OR

41a (R=P1) 41b (R=P1) 41 (R" = p-D-xylp)
42a (R = P5) 42b (R = P5) 42 (R" = a-L-thap)
43a (R = P6) 43b (R = P6) 43 (R" = B-D-glcp)

Reagents and conditions: (a) MeONa, CHOH/CH,CI;; (b) (CH).C(OCH),, p-TsOH-HO,
dry-DMF, 85%; (c) Bk-EtO, 4A MS, dry-CHCl,, 59-74% (d) p-TsOH- HO, CH,CI,/CH;OH,
72-87% (e) CHONa, CHOH/CH,CI;; (f) H,, Pd/C, CHOH, 37-63%.

2.4. In vitro anti-inflammatory activity of o-OA saponins

We examinedn vitro anti-inflammatory activity of the synthesiz&dDA saponins
(10 uM) in THP1-derived macrophages. AMPK activator AIRA0.2 mM) was used
as a positive control, and it showed significantititory effect on secretion of
pro-inflammatory factorsAs expected, most of the saponins significantlyiliiid
LPS-induced secretion of pro-inflammatory factarsmor necrosis factar-(TNF-)
and Interleukin-6 (IL-6) in THP1-derived macrophag€&igures 6A, 6B), and were
more potent than AICAR. Among them, Sapor28s33 and43 were the most potent

ones. We next examined anti-inflammatory actiaityl possible cytotoxicity a-OA,



29 and33 at different concentrations. The results showatl##OA dose-dependently
inhibited LPS-induced secretion of IL-6 in THP14g¢ed macrophages (Figure S1B),
while it had very weak inhibitory effect on the sstcon of TNFa (Figure S1A). By
contrast, saponin29 and 33 significantly inhibited LPS-induced secretion adtiv
TNF-o and IL-6 in THP1-derived macrophages (Figure Sibtably, 5-OA, 29 and
33 did not show significant cytotoxic effects on TH&drived macrophages within
1~10 uM concentration range (Figure S2), indicating thidieir in vitro
anti-inflammatory effects were not correlated waithiotoxicity.

Preliminary analysis of structure-activity relatship (SAR) shows thas-OA
3-glycosides (e. (27, 28, 29) are generally more potent th&OA 28-glycosides (e.
g. 23, 24, 25). Saponins bearing an arabinoside moiety at 3tipasof 5-OA display
prominent potency (e. 29, 33, 43). Saponin29 showed the best potency on
inhibition of LPS-induced TNF secretion in THP1-derived macrophages. When
addingp-D-xylopyranosyl groupp-D-galactopyranosyl groum-L-rhamnopyranosyl
or B-D-glucopyranosyl group at 28-O position28 to result in saponind3, 34, 35 or
36, respectively, their inhibitory effect on LPS-irmbd TNFe secretion was
decreased with 33 still remaining significant potency. When adding
B-D-glucopyranosyl-(32) group ata-L-arabinopyranoside group @O to result in
saponird3, the potency still remained significant, while adgp-D-xylopyranosyl-(1
—2) group ata-L-arabinopyranoside group @O led to almost loss of the potency
(41). On the other hand, in the inhibitory assay ofStiRduced IL-Gsecretion in
THP1-derived macrophage®9 was again the most potent saponin, &3cand 43
also showed significant inhibitory effect. Togeth&aponin29, 33 and 43 exhibited
significantin vitro anti-inflammatory effects, and were more poteanttheir aglycon

0-OA.
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Figure 6. Inhibitory effects ofd-oleanolic acid 10) and its saponin1~43 on LPS-induced
inflammatory response in THP1-derived macrophagks. Effect of the compounds on
LPS-induced secretion of TN&-B, Effect of the compounds on LPS-induced seametif IL-6.
Compounds concentration: 1®; LPS: lipopolysaccharide, 100 ng/mL; AICAR (0.2v\hwas
used as the positive control. The results wereesgad as the means + SEM (n=3)< 0.05,**p

< 0.01,***p < 0.001 compared to the LPS group.

2.5. In vitro metabolic stability of saponins 29, 33 and 41 in liver microsomes

We examined the metabolic stability of sapon?® 33 and 41 in human and
mouse liver microsomes. The results (Table 1) skothat saponing9, 33 and41
had good metabolic stability in mouse liver micnoss (F,2>120 min). In human
liver microsomes, saponin9 and 41 (T1, >120 min) showed better metabolic

stability than saponi33 (T1,= 45.09 min).

Table 1 Metabolic stability ofsaponin®29, 33 and41in liver microsomes

Compd. Species 1k (min) Cln (MmL/min/kg)
29 Human >120 0.00
Mouse >120 0.00




33 Human 45.09 38.56

Mouse >120 0.00
41 Human >120 3.25
Mouse >120 2.34
Ketanserin* Human 42.40 41.00
Mouse 19.30 282.75

Ketanserin* was used as the positive control.

2.6. Pharmacokinetic studies of saponins 29, 33 and 41

Saponing9, 33 and41 were subjected to pharmacokinetic (PK) studieBalin/C
mice. The pharmacokinetic data in mice showed thatoral bioavailability 029
(24.66%) and33 (18.64%) was much better than that of oleanolid &t), ursolic
acid 6) and betulinic acid9), whose peak plasma concentrations never exceeaf 1%
the oral dosé&”. The oral bioavailability oft1 (1.13%) was much lower than that2§
and 33 The half-lives o029, 33 and41 were 0.35 h, 1.14 h, and 1.26 h, respectively.
Notably, after oral dosing &9 (10 mg/kg) in mice, only trace amount ®OA was
detected as a metabolite (data not shown), indigatat saponir29 was seldom
metabolically converted to its aglyc@OA. Therefore, it is speculated that saponin
29 may take effectgn vivo through its original form. Moreover, we found tledter
oral administration of saponi®3in mice, it could not be metabolically converted to
either 29 or OA (data not shown). Together, saponiB8 and 33 showed
significantly improved oral bioavailability, andet took effects in mice through their

original forms. Therefore, we chose sapo?@for further studies.

Table 2Pharmacokinetic studies 88ponin 29, 33 and41in Balb/C mice.

Compd. Admin. Dose Tpax Crax AUC(0-t) AUC(0-0) T F
mg/kg h ng/mL h*ng/mL h*ng/mL h %
29 p.o. 10 0.42 1838.00 1669.63 1688.31 0.35 24.66
V. 2 0.08 4413.83 1354.08 1362.44 0.35
33 p.o. 10 2.67 728.21 3002.66 3082.96 1.14 18.64
V. 2 0.08 3500.40 3222.20 3295.92 1.74
41 p.o. 10 0.75 54.21 145.43 150.87 1.26 1.13
V. 2 0.08 8823.73 2573.79 2589.03 2.25

2.7. Saponin 29 increased the phosphorylation of AMPK and ACC



We investigated the AMPK agonistic effect of sapo2® on Huh7 and HepG2
cells. The results (Figures S3) showed 2&fatime- and dose-dependently stimulated
the phosphorylation of AMPK and ACC in Huh7 and B&pcells. To preliminarily
probe the mechanism fd9 to stimulate AMPK phosphorylation, we examined
whether29 had direct interaction with two major AMPK isoform&MPK o181yl
and AMPKa2B2y1. The results (Figures S4) of the protein asshgwed thal9 had
no influence on the enzymatic activity of recomibihAMPK a1pf1yl anda2p2y1
heterotrimers, indicating th&9 probably increased AMPK phosphorylation in an

indirect manner.

2.8. Saponin 29 showed anti-inflammatory and liver-protective effects in

LPS/D-GalN-induced fulminant hepatic failure mice

Fulminant hepatic failure (FHF) is a life-threategiand fatal clinical syndrome
with poor prognosis and high mortalitit is well-known that lipopolysaccharide
(LPS)/D-galactosamine (D-GalN)-induced FHF is clgsecorrelated with
macrophage-derived inflammatory cytokines, suchngsrleukin (IL)-18, IL-6, and
tumor necrosis factor (TNF-%. To determine thén vivo anti-inflammatory effects
of 29, we evaluated this compound with using LPS/D-Galfiiiced FHF mouse
model. As illustrated in Figure 7A, histologicaladysis of the mouse liver sections in
the LPS/D-GalN group showed obviously disturbechiéecture, such as hepatocyte
necrosis, hemorrhage, and neutrophil infiltratioNot surprisingly, the
LPS/D-GalN-induced liver alterations were effeclyveelieved by the pretreatment
with 29. Moreover, the serum ALT and AST levels were digantly increased by
LPS/D-GalN administration, while this increase wamarkedly inhibited by29
(Figures 7B, 7C). Furthermore, we examined the mRRXpression levels of IL-6 and
TNF-a in the liver. The results showed that LPS/D-Gaighsicantly increased the
MRNA expression of IL-6 and TNé&-n the liver, while29 significantly inhibited the
expression of the inflammatory cytokines (Figur&sahd 7E). Together, sapori2®
exhibited significant anti-inflammatory and livergpective effects against

LPS/D-GalN-induced fulminant hepatic failure.
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Figure 7. Liver-protective effects of sapon® (Compd.29) on LPS/D-GalN induced FHF mice.
A, Representative histological sections of therbvavere stained with hematoxylin and eosin
(H&E, magnification 200x). B/C, Effects of Comp2P on the serum ALT and AST levels. D/E,
Effect of Compd29 on hepatic inflammation relatdtb and Tnf mMRNA levels in liver. All data
were presented as means + SEM (n = 8-14 per gréti).< 0.001 compared to Vehicle group;
*p < 0.05 and**p < 0.001 compared to LPS/D-GalN group.

3. Conclusions

In summary, the present study showed that a vamétyaturally occurring
pentacyclic triterpenes stimulated the phosphadodatof AMPK. Among them,
o-oleanolic acid 10), a very rare pentacyclic triterpene acid, was/pdoto be a very
potent AMPK activator. WithLO as a lead compound, 23 new saponin derivatives
of d-oleanolic acid were synthesized in order to findrenpotent anti-inflammatory
agents with better pharmacokinetic properties. Agntire synthesized saponir9
could activate AMPK in a time- and dose-dependeranmer, and inhibited

LPS-induced secretion of pro-inflammatory factodFfo and IL-6 in THP1-derived



macrophages29 had significantly improved oral bioavailabilityné took effects
mainly through its original form. More importantly29 showed significant
anti-inflammatory and liver-protective effects inP&/D-GalN-induced fulminant
hepatic failure mice. Taken together, pentacyclterpene saponins hold promise as

anti-inflammatory agents.
4. Experimental section
4.1. Chemistry

4.1.1. Materials

Naturally occurringpentacyclic triterpenessed in this study were commercially
purchased products with purity95%, including oleanolic acid, maslinic acid,
glycyrrhetinic acid, corosolic acid, asiatic acidadecassic acid, betulinic acid and
glycyrrhizic acid from Yuanye Bio-Technology Co.,tdL (Shanghai, China);
hederagenin from Herbpurify Co., Ltd. (Chengdu,r@hj ursolic acid from Boliante
Chem Co., Ltd. (Xi 'an, China); calenduloside E, nmoodin Ic, asiaticoside,
madecassoside, ziyuglycoside Il and ziyuglycosifterh Push Bio-Technology Co.,
Ltd. (Chengdu, China); ginsenoside Ro from BiopuriPhytochemicals Ltd.
(Chengdu, China); asperosaponin VI and hederacd@sittem Meilunbio. Co., Ltd.
(Dalian, China).

4.1.2. General information

Commercially available reagents and solvents wseel without further purification.
Analytical thin-layer chromatography (TLC) was merhed on silica gel 60 F254
plates (Qingdao Ocean Chemical Company, China)ur@olchromatography was
carried out on silica gel (200-300 mesh, QingdaedancChemical Company, China).
'H and**C NMR spectra were recorded on an ACF*300Q Brukecsometer with
Me,Si as the internal reference. Proton coupling padtevere described as singlet (s),
doublet (d), doublet of doublets (dd), triplet @iplet of doublets (td), quartet (q),
multiplet (m), and broad (br). Low and high resmnt mass spectra (LRMS and

HRMS) were given with electron impact mode. The snasalyzer type used for the



HRMS measurements was TOF.
4.1.3. Synthesis of §-OA 28-glycosides 21~26
0-Oleanolic acid (10)

A mixture of 5-OA benzyl estemfM-1 (1.0 g, 1.829 mmol) and 10% Pd/C (100
mgq) in THF (40 mL) was stirred overnight at roormgeerature under Hatmosphere.
The mixture was filtered through celite, and thirdte was concentrated under
reduced pressure. The residue was subjected ta gkl column chromatography
(petroleum ether/EtOAc, 2:1) to affodebleanolic acid 10) (793 mg, 95%) as a white
powder.IR (KBrymax 3525, 3435, 2940, 2603, 1699, 1453, 1386, 102% 4rhNMR
(300 MHz, CDC4) 6 3.23 (dd,J = 10.6, 5.6 Hz, 1H, H-C(3)), 2.81-2.69 (m,
1H,H-C(12)), 2.44 (dJ = 14.1 Hz, 1H, H-C(12)), 2.23-2.14 (m, 1H, H-C(19).17 (s,
3H, CH;), 0.98 (s, 3H, Ch), 0.93 (s, 3H, CHh), 0.91 (s, 3H, Ch), 0.87 (s, 3H, Ch),
0.76 (s, 3H, Ch), 0.74 (s, 3H, CB.**C NMR (75 MHz, CDCJ) § 181.94 (C-28),
139.09 (C-13), 127.64 (C-18), 79.23, 55.52, 5048036, 44.54, 41.54, 41.18, 39.04,
38.98, 37.51, 36.93, 35.85, 35.06, 33.16, 32.872328.24, 27.49, 27.29, 25.37,
24.33, 21.76, 21.28, 18.51, 17.72, 16.51, 15.65MBRESI): 'z calcd for [M-H]
CaoH4703: 455.3531,; found: 455.3519.

p-D-xylopyranosyl o-oleanolate (21)

To a solution of é-oleanolic acid 10, 300 mg, 0.657 mmol) and
benzoylbromoglycosid&1 (449 mg, 0.855 mmol) in Gi&l,/H,O (30 mL/3 mL) was
added KCOs; (182 mg, 1.317 mmol) and n-BNBr (85 mg, 0.264 mmol). The
mixture was refluxed under nitrogen atmosphereerAdompletion of the reaction, the
mixture was diluted with CCl, (10 mL), and the organic layer was washed with
water (20 mLx2), dried over anhydrous sodium selfand concentrated under
reduced pressure. The residue was subjected toswigscted to silica gel column
chromatography (C¥Cl,/MeOH, 100:1) to afford®21a (528 mg, 89%)To a solution
of 21a (520 mg, 0.577 mmol) in MeOH-CEI, (16 mL/8 mL) was added MeONa

(94 mg, 1.74 mmol), and the mixture was stirredomim temperature for 5 h. The



mixture was neutralized with DOWEX50WX2-100 ion-Baage resin (B, and then
fillered and concentrated. The residue was sulgedt® silica gel column
chromatography (C¥Cl./MeOH, 15:1) to affor®@1 (273 mg, 80%) as a white powder.
Mp 240-242 C; IR (KBr) Vmax 3361, 2967, 2937, 2906, 2865, 1744, 1702, 1460,
1029 cntt; *H NMR (300 MHz, DMSOds) § 5.30 (d,J = 7.7 Hz, 1H, H-C(1)), 5.13
(d, J = 6.0 Hz, 1H), 5.07 (d] = 4.7 Hz, 1H), 5.02 (d] = 4.9 Hz, 1H), 4.29 (d] = 5.0
Hz, 1H), 3.77 (ddJ = 11.2, 4.9 Hz, 1H), 3.32-2.99 (m, 5H), 2.74J&; 14.0 Hz, 1H,
H-C(12)), 2.40 (dJ = 14.2 Hz, 1H, H-C(12)), 2.19-2.10 (m, 1H, H-C(1.9).15 (s,
3H, CH;), 0.93 (s, 3H, Ch), 0.90 (s, 3H, CH), 0.87 (s, 3H, Ch), 0.86 (s, 3H, Ch),
0.74 (s, 3H, Ch), 0.70 (s, 3H,Ch). °C NMR (75 MHz, DMSO#dg) & 174.53 (C-28),
137.80 (C-13), 127.13 (C-18), 94.98, 76.79, 7672404, 69.28, 66.25, 54.85, 50.05,
47.85, 43.79, 40.87, 40.46, 38.40, 36.82, 36.26053534.47, 32.19, 31.88, 28.15,
27.06, 26.37, 24.68, 23.85, 21.16, 20.68, 17.9622,716.14, 15.86. HRMS (ESI):
m/z calcd for [M+Na] CzsHss0/Na: 611.3918; found: 611.3918.

0-OA saponins22, 24, 25 and 26 were synthesized according to the synthetic
route shown irBcheme land the procedure described for preparatiailof
p-D-galactopyranosyl d-oleanolate (22)

White powder. Mp 244-247C; IR (KBr) vmax3538, 3396, 2947, 2874, 1708,
1450, 1450, 1062 ci'H NMR (300 MHz, DMSOdg) & 5.31 (d,J = 7.3 Hz, 1H,
H-C(1)), 4.89 (d,J = 5.3 Hz, 1H), 4.78 (d] = 4.9 Hz, 1H), 4.61-4.54 (m, 1H), 4.48 (d,
J = 3.9 Hz, 1H), 4.29 (d) = 4.9 Hz, 1H), 3.73-3.66 (m, 1H), 3.59-3.51 (m,)1H
3.50-3.36 (M, 4H), 3.07-2.97 (m, 1H, H-C(3)), 2Z86 (m, 1H, H-C(12)), 2.38 (d,
= 13.9 Hz, 1H, H-C(12)), 2.17-2.07 (m, 1H,H-C(19)13 (s, 3H, CH), 0.91 (s, 3H,
CHs), 0.89 (s, 3H, Ch), 0.84 (s, 3H, Ch), 0.83 (s, 3H, Ch), 0.72 (s, 3H, Ch), 0.67
(s, 3H, CH). *C NMR (75 MHz, DMSOs) & 174.32 (C-28), 137.77 (C-13), 127.31
(C-18), 94.93, 76.79, 75.96, 73.43, 69.55, 67.810% 54.85, 50.08, 47.86, 43.82,
40.82, 38.41, 36.82, 36.21, 34.93, 34.48, 32.1983131.88, 28.16, 27.06, 26.48,
24.67, 23.96, 21.20, 20.73, 18.00, 17.23, 16.1586l5HRMS (ESI):m/z calcd for
[M+Na]* CseHsgOsNa: 641.4024; found: 641.4030.

a-L-arabopyransoyl d-oleanolate (24)



White powder. Mp 247-249C; IR (KBr) Vmax 3490, 2991, 2954, 2937, 2894,
2869, 1707, 1450, 1208, 922 ¢mtH NMR (300 MHz, DMSOds) & 5.34 (d,J = 5.3
Hz, 1H, H-C(1), 5.06 (d,J = 3.7 Hz, 1H), 4.75 (s, 1H), 4.63 @z 3.7 Hz, 1H), 4.29
(d, J = 4.9 Hz, 1H), 3.80-3.67 (m, 2H), 3.55-3.42 (m)38104 (dd,J = 13.1, 7.6 Hz,
1H, H-C(3)), 2.73 (dJ = 12.8 Hz, 1H, H-C(12)), 2.39 (d,= 14.0 Hz, 1H, H-C(12)),
2.20-2.12 (m, 1H, H-C(19)), 1.15 (s, 3H,§H0.92 (s, 3H, Ch), 0.90 (s, 3H, CH),
0.86 (s, 3H, Ch), 0.84 (s, 3H, Ch), 0.73 (s, 3H, Ch), 0.68 (s, 3H, Ch). **C NMR
(75 MHz, DMSO#dg) & 174.33 (C-28), 137.76 (C-13), 127.29 (C-18), 9476.79,
71.96, 69.49, 66.54, 65.07, 54.84, 50.08, 47.9684340.81, 38.40, 36.82, 36.28,
35.03, 34.47, 32.18, 31.99, 31.88, 28.15, 27.0512624.67, 23.92, 21.20, 20.70,
17.97, 17.25, 16.13, 15.85. HRMS (ESHjvz calcd for [M+Na] CssHssO/Na:
611.3924; found: 611.39198.
a-L-rhamnopyranosyl d-oleanolate (25)

White powder. Mp 235-237C; IR (KBr) Vmax 3554, 3512, 3346,2990, 2939,
2866, 1723, 1455, 1139, 969 ¢m'H NMR (300 MHz, DMSOds) & 5.81 (s, 1H,
H-C(1)), 5.14 (d,J = 4.1 Hz, 1H), 4.97 (d] = 5.2 Hz, 1H), 4.77 (d] = 5.7 Hz, 1H),
4.29 (d,J = 5.0 Hz, 1H), 3.63 (s, 1H), 3.56-3.42 (m, 2H)3133.22 (m, 1H),
3.09-2.98 (m, 1H, H-C(3)), 2.74 (d,= 13.4 Hz, 1H, H-C(12)), 2.45 (d,= 14.2 Hz,
1H, H-C(12)), 2.06 (dJ = 13.6 Hz, 1H, H-C(19)), 1.16 (s, 3H, @H1.13 (s, 3H,
CHs), 0.92 (s, 6H, 2xCh), 0.84 (s, 6H, 2xCh), 0.75 (s, 3H, Ch), 0.69 (s, 3H, CH).
13C NMR (75 MHz, DMSO#d) § 173.99 (C-28), 138.25 (C-13), 126.89 (C-18), 94.66
76.76, 71.33, 71.22, 70.61, 69.45, 54.81, 50.0208743.97, 40.65, 38.39, 36.81,
36.18, 35.42, 34.40, 32.20, 31.96, 28.14, 27.05%572624.72, 23.92, 21.22, 20.81,
17.97, 17.66, 17.39, 16.09, 15.84. HRMS (ES¥k calcd for [M+Na] CsgHssO/Na:
625.4075; found: 625.4072.

P-D-glucopyranosyl d-oleanolate (26)

White powder. Mp 263-265C; IR (KBr) vmax 3503, 3347, 2941, 2871,
1720,1449, 1207, 1250, 1085, 1057 5t NMR (300 MHz, DMSOds) & 5.35 (d,J
= 8.1 Hz, 1H, H-C(}), 5.09 (d,J = 6.0 Hz, 1H), 5.04 (s, 1H), 4.98 @@= 5.0 Hz, 1H),
4.51-4.41 (m, 1H), 4.29 (d} = 4.6 Hz, 1H), 3.74-3.63 (m, 1H), 3.52-3.41 (m,)1H



3.29-3.19 (m, 2H), 3.15-2.98 (m, 3H), 2.73Jd; 12.5 Hz, 1H, H-C(12)), 2.39 (d,=
13.9 Hz, 1H, H-C(12)), 2.18-2.09 (m, 1H, H-C(1®)14 (s, 3H, Ch), 0.92 (s, 3H,
CHs), 0.90 (s, 3H, Ch), 0.86 (s, 3H, Ch), 0.84 (s, 3H, Ch), 0.73 (s, 3H, Ch), 0.68
(s, 3H, CH).X*C NMR (75 MHz, DMSOsg) & 174.30 (C-28), 137.76 (C-13), 127.26
(C-18), 94.36, 77.76, 76.79, 76.68, 72.51, 69.71683, 54.85, 50.08, 47.83, 43.80,
40.86, 38.40, 36.82, 36.24, 34.97, 34.96, 34.47213232.10, 31.87, 28.16, 27.06,
26.44, 24.68, 23.92, 21.19, 20.73, 17.98, 17.2115165.86. HRMS (ESI)v/z calcd
for [M+Na]" CzgHss0sNa:641.4024; found: 641.4017.

0-Oleanolic acid 28-O- [#-D-glycuronic acid] ester (23)

To a solution of é-oleanolic acid 10, 200 mg, 0.438 mmol) and
1-Bromo-1-deoxy-2,3,4-tri-O-acetyl-D-glucuronic acid methyl este83 (261 mg,
0.657 mmol) in CHCIy/H,0 (8 mL/5 mL) was added X O3 (151 mg,1.093 mmol)
and BuNBr (56 mg,0.174 mmol). The mixture was refluxedden nitrogen
atmosphere. After completion of the reaction, thgtume was diluted with CECl,
(10 mL), and the organic layer was washed with wgB® mLx2), dried over
anhydrous sodium sulfate, and concentrated undeiceel pressure. The residue was
subjected to silica gel column chromatography (@etrm ether/EtOAc, 3:1) to afford
23a(308 mg, 91%).

To a solution of23a (308 mg, 0.398 mmol) in THF (8 mL) was added 3N
sodium hydroxide (2 mL), and the mixture was stire¢ room temperature for 8 h.
The mixture was neutralized with HCI (1 M), andrtheghyl acetate (8 mL) was added.
The mixture was stirred at room temperature forH).and the resulting suspension
was filtered. The filter cake was purified by sligel column chromatography
(CH.CIl,/MeOH, 10:1) to afford23 (234 mg, 93%) as a white powder. Mp 280D
(decomposed); IR (KBNmax3487, 2941, 2872, 1725, 1450, 1093criiH NMR (300
MHz, DMSO-<ds) & 5.37 (d,J = 8.1 Hz, 1H, H-C(}), 5.24 (dJ = 5.9 Hz, 1H), 5.20 (s,
1H), 4.30 (dJ = 4.7 Hz, 1H), 3.71 (d] = 9.1 Hz, 1H), 3.30 (s, 2H), 3.13 (@= 6.4
Hz, 1H), 3.02 (s, 1H), 2.71 (d,= 14.1 Hz, 1H, H-C(12)), 2.38 (d,= 14.2 Hz, 1H,
H-C(12)), 2.11 (dJ = 11.6 Hz, 1H, H-C(19)), 1.13 (s, 3H, ©H0.90 (s, 3H, CBh),
0.87 (s, 3H, Ch), 0.84 (s, 3H, Ch), 0.83 (s, 3H, Ch), 0.71 (s, 3H, Ch), 0.67 (s, 3H,



CHs). 1*C NMR (75 MHz, DMSO-dg) & 174.43 (C-28), 169.85, 137.95 (C-13),
127.07 (C-18), 94.26, 76.79, 76.10, 76.01, 72.1234, 54.85, 50.06, 47.85, 43.83,
40.86, 38.41, 36.82, 36.21, 34.95, 34.46, 32.18863128.16, 27.07, 26.38, 24.68,
23.90, 21.18, 20.72, 17.99, 17.21, 16.15, 15.86.19FAGI): m/z calcd for [M-H]
C36Hs5509:631.3852; found: 631.3841.

4.1.4. Synthesis of 6-OA 3-glycosides 27~32

0-Oleanolic acid 3-O-f-D-glucopyranoside (28)

A suspension of 3-O benzyl ester TM-1 (550 mg, 1.01 mmol),
trichloroacetimidateS8 (969 mg, 1.30 mmol) and powdered 4 A molecular esev
(171 mg) was stirred for 30 min a&@in dry CHCl, (15 mL), and then TMSOTf (55
pL, 0.3 mmol) was added. The mixture was stirrechain temperature for 3 h before
the reaction was quenched byNE(0.1 mL). The mixture was filtered, and the &l
was concentrated under reduced pressure. The eesids subjected to silica gel
column chromatography (petroleum ether/ EtOAc, @13fford28a (779 mg, 69 %).

To a solution o28a (779 mg, 0.693 mmol) in MeOH-CEIl, (10 mL/10 mL)
was added NaOCH(187 mg, 3.46 mmol), and the mixture was stirrécdrceom
temperature for 5 h. The mixture was neutralizedh WwDOWEX50WX2-100
ion-exchange resin (B and then filtered. The filtrate was concentratgutier
reduced pressure. The residue was subjected ta gkl column chromatography
(CH.CIlx/MeOH, 10:1) to affor®8b (330 mg, 67%).

A mixture of 28b (330 mg, 0.467 mmol) and 10% Pd/C (33 mg) wasestir
overnight at room temperature undey & atmospheric pressure. The mixture was
filtered through celite, and the filtrate was camcated under reduced pressure. The
residue was subjected to silica gel column chrogragghy (CHCI,/MeOH, 10:1) to
afford 28 (145 mg, 50%) as a white powder. Mp 235-287 IR (KBr) Vmax3457,
3393, 2938, 2874, 1701, 1450, 1082, 1028"cntH NMR (300 MHz, DMSO+dg) 6
12.00 (s, 1H, COOH), 4.89-4.76 (m, 3H), 4.33( 5.5 Hz, 1H), 4.15 (d] = 7.7 Hz,
1H), 3.72-3.58 (m, 1H), 3.47-3.36 (m, 1H), 3.1722(én, 5H), 2.70 (dJ = 14.7 Hz,
1H, H-C(12)), 2.37 (dJ = 13.7 Hz, 1H, H-C(12)), 2.08-2.00 (m, 1H, H-C(19).12



(s, 3H, CH), 0.98 (s, 3H, Ch), 0.88 (s, 3H, Ch), 0.83 (s, 6H, 2xCh}, 0.74 (s, 3H,
CHs), 0.70 (s, 3H, Ch). ®C NMR (75 MHz, DMSOdg) & 177.31 (C-28), 137.02
(C-13), 127.99 (C-18), 105.36, 87.90, 76.88, 76794, 70.19, 61.22, 55.09, 50.15,
47.51, 43.90, 40.83, 40.62, 38.50, 36.54, 36.483(B534.59, 32.45, 32.27, 31.99,
27.56, 26.69, 25.65, 24.70, 23.92, 21.29, 20.77,/4717.47, 16.33, 16.17.
HRMS(ESI):mvz calcd for [M+Na] CzeHseOsNa:641.4024; found: 641.4026.

0-OA saponing27, 29, 30~32were synthesized according to the synthetic route
shown inScheme Jland the procedure described for preparatiazBof
0-Oleanolic acid 3-O-f-D-xylopyranoside (27)

White powder. Mp 202-208C; IR (KBr) vmax 3548, 3454, 3414, 2946, 1679,
1227, 1041 cit; *H NMR (300 MHz, DMSOsg) 5 12.02 (s, 1H, COOH), 4.89 (s,
3H), 4.15 (dJ = 7.4 Hz, 1H), 3.68 (dd] = 11.0, 4.9 Hz, 1H), 3.15-2.93 (m, 4H), 2.72
(d, J = 15.7 Hz, 1H, H-C(12)), 2.39 (d, = 13.8 Hz, 1H, H-C(12)), 2.12-2.00 (m,
1H,H-C(19)), 1.15 (s, 3H, C) 1.00 (s, 3H, Ch), 0.91 (s, 3H, Ch), 0.86 (s, 6H,
2xCHs), 0.76 (s, 3H, Ch), 0.73 (s, 3H, ChH. *C NMR (75 MHz, DMSOds) §
177.29 (C-28), 137.00 (C-13), 127.99 (C-18), 106.88.69, 76.72, 73.75, 69.60,
65.56, 55.02, 50.12, 47.50, 43.89, 40.82, 40.617(8838.39, 36.55, 36.47, 35.30,
34.56, 32.44, 32.27, 31.98, 27.48, 26.69, 25.84/®423.90, 21.27, 20.77, 17.76,
17.46, 16.28, 16.15. HRMS(ESIz calcd for [M+Na] CssHs¢0;Na:611.3918;
found: 611.3909.
0-Oleanolic acid 3-O-a-L-arabinopyranoside (29)

White powder. Mp 245-247C; IR (KBr) vmax3436, 2943, 2875, 1701, 1456,
1088; H NMR (300 MHz, DMSOds) & 12.03 (s, 1H, COOH), 4.80 (s, 1H),
4.59-4.38 (m, 2H), 4.13 (dJ = 5.0 Hz, 1H), 3.71-3.56 (m, 2H), 3.37 (s, 3H),
3.08-2.97 (m, 1H, H-C(3)), 2.70 (d,= 14.6 Hz, 1H, H-C(12)), 2.37 (d,= 13.8 Hz,
1H, H-C(12)), 2.11-2.00 (m, 1H, H-C(19)), 1.1238{, CH), 0.97 (s, 3H, Ck), 0.89
(s, 3H, CHy), 0.83 (s, 6H, 2xC}J, 0.74 (s, 3H, Ch), 0.71 (s, 3H, Ch.1*C NMR (75
MHz, DMSO-dg) & 177.31 (C-28), 137.01 (C-13), 128.02 (C-18), 109.505.78,
87.72, 72.67, 70.99, 67.56, 65.00, 55.03, 50.1%24743.91, 40.84, 40.63, 38.68,
38.40, 36.58, 36.49, 35.32, 34.58, 32.46, 32.290®B27.60, 26.70, 25.77, 24.72,



23.93, 21.29, 20.80, 17.81, 17.47, 16.32, 16.16M8EESI): m/z calcd for [M+Na]
CasHs607Na:611.3918; found: 611.3912.
0-Oleanolic acid 3-O-f-D-galactopyranoside (30)

White powder.Mp 270-272°C; IR (KBr) Vinax 3480, 3421, 2943, 2874, 1695,
1453, 1071 cr; *H NMR (300 MHz, DMSOds) 5 12.03 (s, 1H, COOH), 4.70 (s,
1H), 4.59 (s, 1H), 4.52-4.42 (m, 1H), 4.29 {d5 3.3 Hz, 1H), 4.13 (dJ = 6.2 Hz,
1H), 3.64 (s, 1H), 3.59-3.39 (m, 2H), 3.29 (s, 3B1},1-3.00 (m, 1H, H-C(3)), 2.71 (d,
J = 13.0 Hz, 1H, H-C(12)), 2.39 (d,= 13.8 Hz, 1H, H-C(12)), 2.12-2.00 (m, 1H,
H-C(19)), 1.14 (s, 3H, C#, 1.00 (s, 3H, Ch), 0.91 (s, 3H, Ch), 0.85 (s, 6H,
2xCHg), 0.76 (s, 3H, Ch), 0.73 (s, 3H, ChH. **C NMR (75 MHz, DMSOds) &
177.28 (C-28), 137.02 (C-13), 127.98 (C-18), 10587.89, 74.83, 73.55, 71.11,
68.03, 60.33, 55.11, 50.13, 47.50, 43.89, 40.836(1038.47, 36.54, 36.47, 35.29,
34.57, 32.44, 32.26, 31.98, 27.59, 26.69, 25.7669423.91, 21.28, 20.77, 17.78,
17.46, 16.33, 16.14.HRMS(ESImz calcd for [M+Na] CssHsgOgNa:641.4024;
found: 641.4018.

0-Oleanolic acid 3-O-a-L-rhamnopyranoside (31)

White powder. Mp 275-277C; IR (KBr) Vimax 3586, 3348, 3247, 2937, 1669,
1454, 1047, 840, 808 ¢m *H NMR (300 MHz, DMSOsdg) § 12.03 (s, 1H, COOH),
4.73-4.65 (m, 2H), 4.61 (s, 1H), 4.48 (&= 5.7 Hz, 1H), 3.65 (s, 1H), 3.60-3.49 (m,
1H), 3.49-3.39 (m, 1H), 3.27-3.14 (m, 1H), 3.108(En, 1H, H-C(3)), 2.72 (dJ =
14.8 Hz, 1H, H-C(12)), 2.40 (d] = 13.3 Hz, 1H, H-C(12)), 2.12-2.03 (m, 1H,
H-C(19)), 1.17-1.09 (m, 6H, 2xG} 0.91 (s, 6H, 2xChJ, 0.86 (s, 6H, 2xCh), 0.73
(s, 6H, 2xCH). **C NMR (126 MHz, DMSOds) & 177.38 (C-28), 137.03 (C-13),
128.03 (C-18), 102.87, 87.46, 72.09, 70.80, 7068247, 54.67, 50.07, 47.56, 43.95,
40.83, 40.65, 38.58, 38.25, 36.59, 36.51, 35.3%54432.47, 32.32, 32.03, 27.87,
26.69, 25.04, 24.69, 23.93, 21.32, 20.82, 17.90,75,717.50, 16.30, 16.16.

HRMS(ESI) :m/z calcd for [M+Na] CsgHe207N:620.4521; found: 620.4516.
o-oleanalic acid 3-O-a-L-rhamnopyranosyl -(1—3)- a-L-arabinopyranoside (32)
White powder.Mp 238-241°C; IR (KBr) vmax3443, 2941, 1703, 1453, 1142,

1053, 980 crifl; *H NMR (300 MHz, DMSO¢g) 5 12.02 (s, 1H, COOH), 5.02 (d,=



5.5 Hz, 1H, H-C(}), 4.82 (s, 1H, H-C(1), 4.60 (dd,J = 10.7, 4.7 Hz, 2H), 4.49 (d,

= 4.4 Hz, 1H), 4.43 (d] = 5.9 Hz, 1H), 4.18 (d] = 6.6 Hz, 1H), 3.79-3.64 (m, 4H),
3.63-3.35 (m, 6H), 3.30-3.11 (m, 2H), 3.10-3.00 @tH, H-C(3)), 2.71 (dJ = 13.5
Hz, 1H, H-C(12)), 2.38 (dJ = 13.4 Hz, 1H, H-C(12)), 2.11-2.01 (m, 1H, H-C(19)
1.13 (m, 3H, CH), 1.11 (s, 3H, Ck), 0.98 (s, 3H, Ch), 0.90 (s, 3H, Ch), 0.85 (s,
6H, 2xCHy), 0.76 (s, 3H, Ch), 0.72 (s, 3H, CH.*C NMR (126 MHz, DMSOdg) &
177.43 (C-28), 137.10 (C-13), 128.04 (C-18), 105861.75, 87.90, 72.16, 70.50,
70.45, 69.74, 68.34, 67.55, 55.06, 50.15, 47.5974340.88, 40.69, 38.87, 38.42,
36.63, 36.54, 35.36, 34.63, 32.51, 32.36, 32.076R726.74, 25.87, 24.77, 23.97,
21.36, 21.35, 20.85, 17.86, 17.57, 16.38, 16.24MBEESI)m/z calcd for [M+Na]
CaHesO11Na: 757.4497; found:757.4492.

4.1.5 Synthesis of §-oleanolic 3,28-diglycosides 33~40
3-O-a-L-arabinopyranosyl-28-O-f-D-xylopyranosyl é-oleanolate (33)

A solution of29a(1.2 g, 1.211 mmol) and 10% Pd/C (120 mg) in THb ifiL)
was stirred overnight at room temperature underatHatmospheric pressure. The
mixture was filtered through celite, and filtrateasvconcentrated under reduced
pressure. The residue was subjected to silicagehm chromatography (petroleum
ether/EtOAc,4:1) to affor@9c (1 g, 91%)*H NMR (300 MHz, CDC}) & 8.22-7.84
(m, 6H), 7.62 -7.28 (m, 9H), 5.81-5.72 (m, 1H),5(6, 1H), 5.60 (dd] = 8.7, 3.3 Hz,
1H), 4.79 (dJ = 6.2 Hz, 1H), 4.33 (dd] = 12.8, 3.7 Hz, 1H), 3.87 (d,= 12.3 Hz,
1H), 3.17 (dd)J = 10.7, 5.1 Hz, 1H), 2.74 (d,= 14.3 Hz, 1H), 2.44 (d] = 14.0 Hz,
1H), 2.22-2.15 (m, 1H), 1.14 (s, 3H), 0.92 (s, 36187 (s, 3H), 0.85 (s, 3H), 0.78 (s,
3H), 0.74 (s, 3H), 0.64 (s, 3H).

To a solution oR9c (150 mg, 0.167mmol) and benzoylbromoglycostdg114
mg, 0.217 mmol) in CKCIl,/H,O (10 mL/1 mL) was added ,KO; (46 mg,
0.333mmol) and BINBr (22 mg, 0.068 mmol). The mixture was refluxeader
nitrogen atmosphere. After completion of the reagtithe mixture was diluted with
CH.CI, (10 mL), and the organic layer was washed with wgt@ mLx2), dried over

anhydrous sodium sulfate, and concentrated undeiceel pressure. The residue was



subjected to silica gel column chromatography (detrm ether/EtOAc,5:1) to afford
33a To a solution 083a(198 mg, 0.147 mmol) in MeOH-CGRI, (16 mL/8 mL) was
added NaOCH (40 mg, 0.740 mmol), and the mixture was stirrdd r@om
temperature for 10 h. The mixture was neutralizeith WWOWEX50WX2-100
ion-exchange resin (Bi and then filtered and concentrated. The residias
subjected to silica gel column chromatography {CliMeOH, 15:1) to affor®B3 (47
mg, two steps: 44%) as a white powdbtp 224-226°C; IR (KBr) Vmax 3427, 2940,
2872, 1716, 1653, 1451, 1362, 1090, 996'ch NMR (300 MHz, DMSO+dg) 6
5.26 (d,J = 7.6 Hz, 1H, H-C(1)), 5.11 (d,J = 6.0 Hz, 1H, H-C(1)), 5.06 (d,J = 4.4
Hz, 1H), 5.00 (d,) = 4.8 Hz, 1H), 4.77 (d] = 3.4 Hz, 1H), 4.50-4.40 (m, 2H), 4.13 (d,
J=5.6 Hz, 1H), 3.77-3.57 (m, 3H), 3.37 (s, 3HRB2.96 (M, 5H), 2.76-2.63 (m, 1H,
H-C(12)), 2.37 (dJ = 13.7 Hz, 1H, H-C(12)), 2.15-2.05 (m, 1H, H-C(1.9).12 (s,
3H, CH), 0.96 (s, 3H, Ch), 0.86 (s, 3H, Ch), 0.84 (s, 6H, 2xCh}, 0.74 (s, 3H,
CHs), 0.70 (s, 3H,CH.2*C NMR (75 MHz, DMSQds) § 174.52 (C-28), 137.76
(C-13), 127.12 (C-18), 105.67, 94.98, 87.68, 76/4064, 72.03, 70.96, 69.27, 67.48,
66.22, 64.89, 54.98, 49.99, 47.82, 43.77, 40.866B838.37, 36.53, 36.23, 35.05,
34.40, 32.17, 31.84, 27.57, 26.36, 25.70, 24.6883321.13, 20.65, 17.75, 17.73,
17.19, 16.25, 16.12. HRMS(EStYz calcd for [M+Na] CsHssO11Na:743.4341;
found:743.4334.

3-OA saponins34~36were synthesized according to the synthetic roubeva in
Scheme 2and the procedure described for preparatioBBof
3-O-a-L-arabinopyranosyl-28-O-f-D-galactopyranosyl J-oleanolate (34)

White powder.Mp 229-231°C; IR (KBr) Vmax 3415, 2944, 2869, 1731, 1452,
1066 cni; *H NMR (300 MHz, DMSO#dg) & 5.30 (d,J = 7.4 Hz, 1H, H-C()), 4.86
(d,J=5.5 Hz, 1H, H-C()), 4.80-4.72 (m, 2H), 4.60-4.52 (m, 1H), 4.49-4(89 3H),
4.13 (d,J = 6.0 Hz, 1H), 3.74-3.50 (m, 4H), 3.48-3.32 (m,)7B.06-2.98 (m, 1H,
H-C(3)), 2.75-2.65 (m, 1H, H-C(12)), 2.37 @z= 13.5 Hz, 1H, H-C(12)), 2.16-2.07
(m, 1H, H-C(19)), 1.12 (s, 3H, G} 0.97 (s, 3H, Ch), 0.88 (s, 3H, Ch), 0.83 (s, 6H,
2xCHs), 0.75 (s, 3H, CH), 0.71 (s, 3H, CH.}*C NMR (75 MHz, DMSOdg) §
174.32 (C-28), 137.73 (C-13), 127.31 (C-18), 1059893, 87.70, 75.96, 73.45,



72.66, 70.97, 69.56, 67.79, 67.52, 64.94, 60.020(1%50.03, 47.83, 43.81, 40.82,
38.78, 38.37, 36.55, 36.23, 34.94, 34.45, 32.1963131.86, 27.58, 26.48, 25.73,
24.70, 23.95, 20.72, 17.79, 17.23, 16.27, 16.16MSEESI)m/z calcd for [M+Na]
Ca1HeeO12Na:773.4447; found:773.4438.
3-O-a-L-arabinopyranosyl-28-O-a-L-rhamnopyranosyl 4-oleanolate (35)

White powder.Mp 252-254°C; IR (KBr) Vmax3429, 2939, 1740, 1720, 1451,
1140, 1065, 967 cth 'H NMR (300 MHz, DMSOsdg) & 5.80 (s, 1H, H-C(}), 5.13
(d,J = 4.1 Hz, 1H), 4.95 (d] = 5.3 Hz, 1H), 4.77 (dd} = 10.2, 5.0 Hz, 2H), 4.46 (,
= 5.4 Hz, 2H), 4.14 (dJ) = 5.9 Hz, 1H), 3.74-3.58 (m, 3H), 3.56-3.34 (m,)5H
3.32-3.20 (m, 2H), 3.08-2.97 (m, 1H, H-C(3)), 2(3J = 12.6 Hz, 1H, H-C(12)),
2.44 (d,J = 14.1 Hz, 1H, H-C(12)), 2.10-2.01 (m, 1H, H-C(19.14 (s, 3H, Ch),
1.12 (s, 3H, Ch, 0.98 (s, 3H, Ch), 0.91 (s, 3H, Ch), 0.84 (s, 3H, Ch), 0.83 (s, 3H,
CHs), 0.76 (s, 3H, CH), 0.73 (s, 3H, Ch).*C NMR (75 MHz, DMSQGdg) 5 173.99
(C-28), 138.22 (C-13), 126.89 (C-18), 105.70, 94.87.64, 72.63, 71.32, 71.22,
70.95, 70.59, 69.44, 67.49, 64.91, 54.93, 49.96064743.94, 40.64, 39.52, 38.76,
38.33, 36.53, 36.19, 35.41, 34.33, 32.19, 31.94562726.66, 25.72, 24.73, 23.91,
21.18, 20.79, 17.74, 17.64, 17.37, 16.25, 16.08MBESI)m/z calcd for [M+Na]
Ca1Hee012Na:757.4497; found: 757.4488.
3-O-a-L-arabinopyranosyl-28-O-#-D-glucopyranosyl J-oleanolate (36)

White powder.Mp 225-228°C; IR (KBr) vmax3406, 2941, 2874, 1747, 1645,
1452, 1070 cil; *H NMR (300 MHz, DMSOds) 6 5.35 (d,J = 8.0 Hz, 1H, H-C()),
5.08 (d,J = 6.1 Hz, 1H, H-C(}), 5.02 (d,J = 4.6 Hz, 1H), 4.96 (d] = 5.2 Hz, 1H),
4.78 (s, 1H), 4.46 (d) = 3.3 Hz, 3H), 4.15 (dJ = 5.4 Hz, 1H), 3.77-3.57 (m, 3H),
3.52-3.35 (m, 3H), 3.30-2.98 (m, 6H), 2.78-2.68 (A, H-C(12)), 2.39 (dJ = 14.1
Hz, 1H, H-C(12)), 2.20-2.08 (m, 1H, H-C(19)), 1.(5 3H, CH), 0.99 (s, 3H, Ch),
0.90 (s, 3H, Ch), 0.86 (s, 6H, 2xCh), 0.77 (s, 3H, Ch), 0.73 (s, 3H, Ch). **C
NMR (75 MHz, DMSOdg) & 174.31 (C-28), 137.74 (C-13), 127.27 (C-18), 185.7
94.37, 87.71, 77.76, 76.69, 72.65, 72.51, 70.97{&%7.53, 64.95, 60.85, 55.01,
50.04, 47.82, 43.79, 40.87, 38.78, 38.40, 36.56243634.98, 34.44, 32.22, 31.86,



27.59, 26.44, 25.76, 24.72, 23.92, 21.18, 20.72801717.21, 16.28, 16.17.
HRMS(ESI):mvz calcd for [M+Na] Cs1HesO12Na:773.4447; found:773.4446.
3-O-p-D-glucopyranosyl-28-O-f-D-xylopyranosyl é-oleanolate (37)

A solution of28a(2.0 g, 1.780 mmol) and 10% Pd/C (200 mg) in THE f2L)
was stirred overnight at room temperature undgatHatmospheric pressure. The
mixture was filtered through celite, and filtrateasvconcentrated under reduced
pressure. The residue was subjected to silicagahm chromatography (petroleum
ether/EtOAc, 2:1) to afford®8c (1.32 g, 72%fH NMR (300 MHz, CDC)) §
8.10-7.75 (m, 8H), 7.62-7.27 (m, 12H), 5.91)& 9.6 Hz, 1H), 5.66-5.49 (m, 2H),
4.86 (d,J = 7.9 Hz, 1H), 4.64-4.48 (m, 2H), 4.22-4.07 (m)18110 (ddJ = 11.5, 4.6
Hz, 1H), 2.76 (d,) = 14.8 Hz, 1H), 2.45 (dl = 14.1 Hz, 1H), 2.21-2.12 (m, 1H), 1.13
(s, 3H), 0.94 (s, 3H), 0.85 (s, 3H), 0.79 (s, 361)6 (s, 3H), 0.68 (s, 3H), 0.60 (s,
3H).

To a solution oR8c (200 mg, 0.193 mmol) and benzoylbromoglycossdg132
mg, 0.251 mmol) in CkCl,/H,0 (15 mL/1.5 mL) was added,&O; (67 mg, 0.485
mmol) and ByYNBr (25 mg, 0.078 mmol). The mixture was refluxetler nitrogen
atmosphere. After completion of the reaction, thgtume was diluted with CkCl,
(10 mL), and the organic layer was washed with w#B® mLx2), dried over
anhydrous sodium sulfate, and concentrated undeicesl pressure. The residue was
subjected to was subjected to silica gel columnormiatography (petroleum
ether/EtOAc,7:1) to affordd7a To a solution of37a (285 mg, 0.193 mmol) in
MeOH-CHCI, (8 mL/4 mL) was added NaOGH52 mg, 0.963 mmol), and the
mixture was stirred at room temperature for 10 lhe Tixture was neutralized with
DOWEX50WX2-100 ion-exchange resin i1 and then filtered and concentrated.
The residue was subjected to silica gel columnrolatography (CkCl,/MeOH, 15:1)
to afford37 (74 mg, two steps:51%) as a white powddp 215-217°C; IR (KBr)
Vmax 3405, 2942, 2874, 1732, 1643, 1454, 1077,ciH NMR (300 MHz, DMSO#)
$5.29 (d,J = 7.7 Hz, 1H, H-C(}), 5.13 (dJ = 6.1 Hz, 1H, H-C(}), 5.07 (dJ = 4.7
Hz, 1H), 5.02 (d,) = 4.9 Hz, 1H), 4.92-4.80 (m, 3H), 4.35Jt= 5.6 Hz, 1H), 4.17 (d,

J = 7.6 Hz, 1H), 3.76 (ddJ = 11.0, 4.8 Hz, 1H), 3.68 (dd,= 11.0, 5.1 Hz, 1H),



3.52-3.39 (m, 1H), 3.31-3.03 (m, 8H), 3.04-2.94 (rh, H-C(3)), 2.73 (dJ = 13.2
Hz, 1H, H-C(12)), 2.40 (d] = 13.8 Hz, 1H, H-C(12)), 2.18-2.08 (m, 1H, H-C(19)
1.15 (s, 3H,CH), 1.00 (s, 3H, Ch), 0.89 (s, 3H, Ch), 0.87 (s, 6H, 2xCh}, 0.77 (s,
3H, CHy), 0.73 (s, 3H, Ch. *C NMR (126 MHz, DMSOd) § 174.66 (C-28),
137.87 (C-13), 127.16 (C-18), 105.43, 95.02, 87/8490, 76.62, 76.51, 73.96, 72.10,
70.21, 69.33, 66.32, 61.24, 55.11, 50.09, 47.90844340.92, 40.55, 38.78, 38.56,
36.57, 36.32, 35.10, 34.52, 32.26, 31.96, 27.5932625.70, 24.76, 23.89, 21.23,
20.69, 17.80, 17.29, 16.38, 16.26. HRMS(E&B: calcd for [M+Naf
C41He6012Na:773.4447; found:773.4446.

5-OA saponins38~40were synthesized according to the synthetic roubeva in

Scheme 3and the procedure described for preparatioBifof

3-O-p-D-glucopyranosyl-28-O-f-D-galactopyranosyl 4-oleanolate (38)

White powder. Mp 225-227C; IR (KBr) Vmax 3589, 3547, 3357, 2942, 1742,
1649, 1450, 1079 ¢ *H NMR (300 MHz, DMSOsdg) § 5.32 (d,J = 7.4 Hz, 1H,
H-C(1)), 4.98-4.65 (m, 5H), 4.57 (s, 1H), 4.47 {d= 3.5 Hz, 1H), 4.34 (s, 1H), 4.17
(d, = 7.7 Hz, 1H), 3.76-3.37 (m, 8H), 3.19-3.02 (m)48102-2.92 (m, 1H, H-C(3)),
2.80-2.65 (m, 1H, H-C(12)), 2.39 (d,= 13.9 Hz, 1H, H-C(12)), 2.17-2.06 (m, 1H,
H-C(19)), 1.14 (s, 3H, C#), 1.00 (s, 3H, Ch), 0.90 (s, 3H, CH), 0.85 (s, 6H, Ch),
0.76 (s, 3H, Ch), 0.73 (s, 3H, Ch. °C NMR (126 MHz, DMSOdg) & 174.88
(C-28), 138.17 (C-13), 127.58 (C-18), 105.58, 95.88.32, 77.08, 76.76, 76.23,
74.22, 73.70, 70.45, 69.83, 68.13, 61.47, 60.393%50.38, 48.19, 44.13, 41.14,
40.74, 39.52, 38.81, 36.83, 36.52, 35.25, 34.79%3232.31, 32.20, 27.87, 26.77,
25.96, 25.15, 25.03, 24.26, 21.53, 20.99, 18.0%71716.64, 16.52.HRMS(ESyz
calcd for [M+Na] CsHesO13Na:803.4552; found 803.4551.
3-O-p-D-glucopyranosyl-28- O-a-L-arabinopyranosyl d-oleanolate (39)

White powder.Mp 203-206°C; IR (KBr) vmax 3386, 2940, 2874, 1745, 1644,
1450, 1077, 974 cth *H NMR (300 MHz, DMSO¢g) 6 5.34 (d,J = 5.8 Hz, 1H,
H-C(1)), 5.05 (d,J = 4.9 Hz, 1H, H-C()), 4.94-4.78 (m, 3H), 4.73 (d,= 4.4 Hz,
1H), 4.62 (d,J = 4.1 Hz, 1H), 4.34 (t) = 5.7 Hz, 1H), 4.17 (d) = 7.7 Hz, 1H),



3.83-3.60 (m, 3H), 3.56-3.37 (m, 4H), 3.29-2.92 @GHl), 2.73 (dJ = 13.3 Hz, 1H,
H-C(12)), 2.39 (dJ = 13.9 Hz, 1H, H-C(12)), 2.21-2.10 (m, 1H, H-C(1.9).15 (s,
3H, CHg), 1.00 (s, 3H, Ch), 0.90 (s, 3H, Ch), 0.86 (s, 6H, 2xC}}, 0.75 (dJ = 9.5
Hz, 6H, 2xCH). °C NMR (126 MHz, DMSOds) § 174.45 (C-28), 137.82 (C-13),
127.33 (C-18), 105.43, 94.82, 87.94, 76.90, 76/@296, 72.05, 70.21, 69.52, 66.67,
65.22, 61.24, 55.11, 50.11, 48.01, 43.89, 40.86/B838.55, 36.57, 36.35, 35.09,
34.52, 32.26, 32.05, 31.96, 27.60, 26.54, 25.70/32423.96, 21.26, 20.71, 17.81,
17.33, 16.37, 16.26. HRMS(EStyz calcd for [M+Na] CaHscO1Na:773.4447;
found: 773.4455.

3-O-p-D-glucopyranosyl-28- O-a-L-rhamnopyranosyl é-oleanolate (40)

White powder.Mp 254-256°C; IR (KBr) vnax3396, 2940, 2874, 1741, 1643,
1451, 1079, 1026 cf *H NMR (300 MHz, DMSQds) & 5.80 (s, 1H, H-C(}), 5.12
(d,J=4.2 Hz, 1H, H-C()), 4.95 (dJ = 5.3 Hz, 1H), 4.84 (] = 5.2 Hz, 3H), 4.75 (d,
J=5.7 Hz, 1H), 4.34 () = 5.7 Hz, 1H), 4.16 (d] = 7.7 Hz, 1H), 3.74-3.57 (m, 2H),
3.55-3.41 (m, 3H), 3.29-3.21 (m, 1H), 3.18-2.92 GHl), 2.73 (dJ = 12.9 Hz, 1H,
H-C(12)), 2.44 (dJ = 13.8 Hz, 1H, H-C(12)), 2.10-2.00 (m, 1H, H-C(1.9).14 (s,
3H, CHs), 1.12 (s, 3H, Ch), 0.99 (s, 3H, CH), 0.91 (s, 3H, Ch), 0.84 (s, 3H, Cb),
0.83 (s, 3H, Ch), 0.76 (s, 3H, Ch), 0.74 (s, 3H, CH. °C NMR (126 MHz,
DMSO-ds) 8 174.13 (C-28), 138.35 (C-13), 126.96 (C-18), 185.944.73, 87.95,
76.92, 76.64, 73.99, 71.44, 71.27, 70.64, 70.2453%9%1.27, 55.09, 50.08, 48.07,
44.04, 40.73, 40.46, 38.80, 38.53, 36.59, 36.2813534.47, 32.30, 32.07, 27.62,
26.73, 25.71, 24.83, 24.00, 21.31, 20.85, 17.83/6.717.49, 16.40, 16.24. HRMS
(ESI): m/z calcd for [M+Na] CsHeg01,Na:787.4603; found 787.4596.

4.1.6 Synthesis of 9-OA 3-diglycosides 41~43

o-oleanalic acid 3-O-f-D-xylopyranosyl-(1 —2)-a-L-arabinopyranoside(41)

TO a solution o29a(1.29 g, 1.301 mmol) in Cil,/CH3;0H (5 mL/10 mL) was
added CHONa (211 mg, 3.906 mmol). The mixture was stirredoam temperature
for 6 h. After completion of the reaction, the mird was neutralized with

DOWEX50WX2-100 ion-exchange resin(iHand then was filtered and concentrated.



The residue was subjected to silica gel columnrolatography (CkCl,/MeOH, 10:1)
to afford29d (797 mg, 90%) as a white powder. To a solutio@%d (797 mg,1.174
mmol) in dry DMF (15 mL) was addep-TsOH-HO (33 mg, 0.173 mmol) and
Me,C(OMe), (433 pL, 3.552 mmol) at . The mixture was then allowed to warm
up to room temperature and stirred for 4 h befoNEKO.1 mL) was added. The
solution was concentrated and purified throughcailgel column chromatography
(petroleum ether/EtOAc,4:1) to affofiM-2 (480 mg, 57%) as a white powdeH
NMR (300 MHz, CDC}) & 7.43-7.27 (m, 5H), 5.11 (dd,= 12.3 Hz, 2H), 4.25-4.16
(m, 3H), 4.06 (ddJ = 7.4, 5.8 Hz, 1H), 3.75 (dd,= 13.9, 3.6 Hz, 1H), 3.68-3.59 (m,
1H), 3.13 (ddJ = 11.4, 4.7 Hz, 1H), 2.79-2.67 (m, 1H), 2.40 {&& 14.3 Hz, 1H),
2.25 (d,J = 2.4 Hz, 1H), 2.23-2.14 (m, 1H), 1.37 (s, 3HB4L(s, 3H), 1.13 (s, 3H),
0.98 (s, 3H), 0.86 (s, 3H), 0.86 (s, 3H), 0.80 3#{), 0.78 (s, 3H), 0.72 (s,
3H).ESI-MS:mVz 741.6 [M+23].

A suspension offM-2 (150 mg, 0.209 mmol)$7 (165 mg,0.271 mmol) and
powdered 4A molecular sieves (225mg) in dry,CH(15 mL) was stirred for 40 min
and then cooled to -78 BF;-ELO (19 uL, 0.146 mmol) was added and the mixture
was stirred at -78C for 2 h before the reaction was quenched B}NEO.1 mL).The
suspension was then filtered and the filtrate wascentrated and subjected to a silica
gel chromatography (petroleum ether/EtOAc,10:1ptiord 41a. p-TsOH-HO (24
mg) was added to a solution dfia (144 mg, 0.124 mmol) in Ci€l,-CH3;OH (4
mL/8 mL) and the solution was stirred at room terapee for 5 h. When TLC
showed that deprotection had completedNED.1 mL) was added and the mixture
was concentrated and purified through a silicacgkimn chromatography (petroleum
ether/EtOAc,2:1) to afford1b (100 mg, 72%) as a white powdéetNMR (300 MHz,
CDCl) & 7.98 (t,J = 8.2 Hz, 6H), 7.59-7.27 (m, 14H), 5.75 Jt= 7.0 Hz, 1H),
5.41-5.33 (m, 1H), 5.28 (dd,= 10.9, 6.6 Hz, 1H), 5.11 (d,= 6.9 Hz, 2H), 5.08-5.01
(m, 1H), 4.90 (s, 1H), 4.46 (dd= 12.1, 4.0 Hz, 1H), 3.97 (s, 1H), 3.91-3.63 (i) 4
3.57 (ddJ = 11.1, 5.0 Hz, 1H), 3.38 (d,= 9.7 Hz, 1H), 3.24-3.14 (m, 1H), 2.74 (d,
= 12.5 Hz, 1H), 2.40 (d] = 14.2 Hz, 1H), 2.26-2.09 (m, 2H), 1.13 (s, 3HRA(s,
3H), 0.87 (s, 3H), 0.86 (s, 3H), 0.79 (s, 6H), OF23H).



A suspension of1b (280 mg,0.189 mmol) and GBNa (51 mg,0.944 mmol) in
CH.CI,/CH3OH (5 mL/10 mL) was stirred at room temperature 5r and then
neutralized with DOWEX50WX2-100 ion-exchange regifi). The mixture was
filtered and filtrate was concentrated. The residas dissolved in C¥OH (10 mL),
and Pd/C (10 mg) was added. The mixture was stovednight at room temperature
under B at atmospheric pressure. The mixture was filteneduigh celite, and filtrate
was concentrated under reduced pressure. The eesids subjected to silica gel
column chromatography (GBI,/CH;OH,10:1) to afford41 (38 mg, two steps
62%).Mp 235-237C; IR (KBr) Vimax 3398, 2940, 2864, 1733, 1645, 1455, 1361, 1047,
990 cni'; 'H NMR (300 MHz, DMSOds) § 12.02 (s, 1H, COOH), 5.33 (d= 4.0 Hz,
1H, H-C(1)), 5.00-4.87 (m, 3H), 4.61 (d,= 4.3 Hz, 1H), 4.33 (dJ = 7.2 Hz, 2H),
3.74-3.54 (m, 5H), 3.47-3.36 (m, 1H), 3.29-3.18 (iH), 3.17-3.09 (m, 1H),
3.07-2.97 (m, 3H), 2.79-2.66 (m, 1H, H-C(12)), 2(40J = 14.0 Hz, 1H, H-C(12)),
2.12-2.00 (m, 1H, H-C(19)), 1.15 (s, 3H, §H0.97 (s, 3H, Ch), 0.91 (s, 3H, Ch),
0.86 (s, 6H, 2xCH), 0.76 (s, 3H, Ch), 0.73 (s, 3H, Ch. **C NMR (75 MHz,
DMSO-dg) & 177.24 (C-28), 136.99 (C-13), 127.97 (C-18), 104.503.54, 87.92,
79.13, 76.28, 74.23, 71.59, 69.52, 66.71, 65.79035.00, 50.09, 47.48, 43.88,
40.81, 40.58, 38.77, 38.38, 36.54, 36.44, 35.27/543432.42, 32.24, 31.95, 27.24,
26.67, 25.71, 24.68, 23.90, 21.24, 20.77, 17.7%2716.11, 15.71. HRMS(ESiNz
calcd for [M+Na] CyoHs4011Na:743.4341; found 743.4340.

8-OA saponinsAl~43were synthesized according to the synthetic robhteva
in Scheme 4and the procedure described for preparatiofilof
o-oleanolic acid 3-O-a-L-rhamnopyranosyl -(1—2)- a-L-arabinopyranoside (42)

White powder.Mp 267-269°C; IR (KBr) vmax3537, 3443, 2941, 2870, 1688,
1448, 1059, 988 cth H NMR (300 MHz, DMSO#ds) § 12.02 (s, 1H, COOH), 5.06
(s, 1H, H-C(}), 4.68 -4.53 (m, 4H), 4.44 (s, 1H), 4.34 Jd= 5.1 Hz, 1H), 3.76-3.66
(m, 3H), 3.60 (dJ) = 5.4 Hz, 3H), 3.53-3.44 (m, 1H), 3.43-3.35 (m)18127-3.15 (m,
1H), 3.09-2.99 (m, 1H, H-C(3)), 2.72 (@= 14.1 Hz, 1H, H-C(12)), 2.40 (d,= 13.8
Hz, 1H, H-C(12)), 2.12-2.02 (m, 1H, H-C(19)), 1(53H, CH), 1.10 (d,J = 6.1 Hz,
3H, CHs), 0.96 (s, 3H, Ch), 0.91 (s, 3H, Ch), 0.86 (s, 6H, 2xChJ, 0.76 (s, 3H,



CHs), 0.73 (s, 3H, CH.2*C NMR (126 MHz, DMSOds) & 177.38 (C-28), 137.05
(C-13), 128.01 (C-18), 103.75, 100.01, 87.81, 7472929, 71.98, 70.41, 68.29, 67.41,
63.71, 55.14, 50.14, 47.55, 43.94, 40.84, 40.66114038.73, 38.59, 36.60, 36.51,
35.34, 34.60, 32.49, 32.32, 32.03, 27.39, 26.683®524.74, 23.94, 21.30, 20.81,
17.80, 17.51, 16.28, 16.14.HRMS(E8z calcd for [M+Na]
Ca1Hee011Na:757.4497; found:757.4498.

o-oleanalic acid 3-O-p-D-glucopyranosyl-(1 —2)-a-L -arabinopyranoside (43)

White powder.Mp 230-232°C; IR (KBr) Vmax 3458, 3336, 2945, 1695, 1453,
1078, 1022, 989 cth H NMR (300 MHz, DMSOds) 5 12.02 (s, 1H, COOH), 5.29
(d,J = 4.2 Hz, 1H, H-C(}), 4.92 (d,J = 3.8 Hz, 1H), 4.86 (d] = 4.4 Hz, 2H), 4.59 (d,
J=4.6 Hz, 1H), 4.45 (d] = 4.7 Hz, 1H), 4.37 (d] = 7.6 Hz, 1H), 4.17 () = 5.4 Hz,
1H), 3.78-3.57 (m, 5H), 3.56-3.45 (m, 1H), 3.371(d), 3.22-2.94 (m, 5H), 2.72 (d,
= 13.4 Hz, 1H, H-C(12)), 2.39 (d = 13.9 Hz, 1H, H-C(12)), 2.11-2.00 (m, 1H,
H-C(19)), 1.15 (s, 3H, C¥), 0.98 (s, 3H, Ch), 0.91 (s, 3H, Ck), 0.86 (s, 6H,
2xCHs), 0.76 (s, 3H, CH), 0.73 (s, 3H, Ch). *C NMR (126 MHz, DMSOdg) &
177.41 (C-28), 137.07 (C-13), 128.04 (C-18), 1031@3.27, 87.97, 78.53, 76.75,
76.39, 74.50, 71.18, 69.88, 66.29, 63.06, 60.850(6550.14, 47.58, 43.95, 40.86,
40.68, 38.77, 38.38, 36.60, 36.53, 35.35, 34.615(0B232.35, 32.05, 27.62, 26.72,
25.68, 24.74, 23.95, 21.57, 21.34, 20.84, 17.8641716.21, 16.09.HRMS(ESiNz
calcd for [M+Na] CyiHesO12Na:773.4447; found:773.4443.

4.2. Biology
4.2.1. Materials

Dulbecco’s modified Eagle medium (DMEM), Roswell rlea Memorial
Institute-1640 (RPMI  1640) medium, Fetal Bovine ey and
Penicillin-Streptomycin Solution were purchasedrir8iological Industries (Israel).
Gluta MAX™, Sodium Pyruvate Solution, and MEM Non-Essentiahido Acids
Solution were purchased from Gibco (USA). Minimunmagle medium were
purchased from HyClone (USA). All cell lines wengrghased from the Cell Bank of

the Chinese Academy of Sciences (Shanghai, ChB@A protein quantitative kit



was obtained from Beyotime Biotechnology (Shanghahina). Anti-pAMPKo
(Thrl72), Anti-AMPKa, Anti-pACC (Ser79), Anti-ACC were purchased froneliC
Signaling Technology (USA). Ant-GAPDH were purchds from arigo
Biolaboratories Corp (Shanghai, China). HRP-labgledt anti-mouse 1gG secondary
antibody was purchased from Fcmacs Biotech Co., [(hnjing, China) and
HRP-labeled goat anti-rabbit IgG secondary antibadgs purchased from CoWin
Biosciences (Beijing, China). Western-blot detectdt (Tanor™High-sig ECL
Western Blotting Luminol/Enhancer Solution and TafHigh-sig ECL Western
Blotting Peroxide Buffer was purchased from Tanarefce & Technology Co., Ltd
(shanghai, China). Interleukin-6 (IL-6) and Tumacrosis factorr (TNF-a) ELISA
kits were purchased from Biolegend (USA). Phorkiindyristate 13-acetate (PMA)
was obtained from MedChemExpress (USA). DMSO an8 lere purchased from
Sigma (USA). D/GalN was purchased from Sangon Blo{&hanghai, China). Trizol,
PimeScript™ RT Master Mix (Perfect Real Time) andBR® Premix Ex Tag were
purchased from Vazyme Biotech Co., Ltd. (Nanjingjr2).

4.2.2. Cdl cultures

Huh7 cellswere cultured in Dulbecco’s modified Eagle’s mediyDMEM),
supplemented with 10% fetal bovine serum (FEB®)Yd Penicillin-Streptomycin
Solution. HepG2 cells were cultured in MEM mediwsupplemented with 10% fetal
bovine serum (FBS), Penicillin-Streptomycin SolatioGluta MAX™, Sodium
Pyruvate Solution, and MEM non-essential amino .a€ldP1 cells wee cultured in
RPMI-1640, supplemented  with 10% heat-inactivated BSF and
Penicillin-Streptomycin Solution. All cells were lawred routinely at 37 °C in an
atmosphere of 5% CQuntil 85-90% confluent and then treated with prapans for

experiments.
4.2.3. Western blot analysis of AMPK and ACC phosphorylation

Huh7 or HepG2 cells were seeded at 3 ¥viéll in 12-well plates, then incubated

for 24 h. For the Western blot analysis, the cedse exposed to tested compounds



for 12 h. Then, the cells were lysed using a lysiffer [120 mM NaCl, 1% NP-40,
0.5% sodium deoxycholate, 0.1% SDS, 50 mM Tris-KpE 7.6)], and proteins were
obtained after centrifugation. The concentratiohproteins were determined using a
BCA protein assay kit. The equal amounts of prateiere then electrophoresed on
10% or 6% SDS polyacrylamide gels. After transfegrio PVDF membranes, the
membranes were blocked with a 5% BSA solution forahd incubated overnight
with primary antibodies for p-AMP& (Thrl72), AMPka, p-ACC (Ser79), ACC or
GAPDH. Then membranes were incubated continuallly s@condary antibodies, and

the bands were detected using a Western blot datdat.
4.2.4. Measurement of cytokine secretion

THP1-derived macrophages (4XHells/well in 12-well plates) were treated with
LPS (100 ng/mL, sigma) and compounds simultaneotmlyl2 h. Then, culture
supernatant fractions were collected and assayetiNG-o. and IL-6 production with
the ELISA kit, following the manufacturer’s insttians. Cells were lysed to quantify

total cell proteins.
4.2.5. In vitro metabolic stability in liver microsomes

Preheat 0.1 M potassium phosphate buffer (K-byffgf) 7.4. Spiking solutions of
test and reference compounds 500 uM spiking seluéald 5 pL of 10 mM stock
solution into 95 pL of ACN. 1.5 uM spiking solutiam microsomes (0.75 mg/mL):
add 1.5 pL of 500 uM spiking solution and 18.75qf120 mg/mL liver microsomes
into 479.75uL of K-Buffer. 3 x NADPH stock solutigg mM, 5 mg/mL) is prepared
by dissolving NADPH into buffer. Dispense 30 puL d% puM spiking solution
containing 0.75 mg/mL microsomes solution to theagsplates designated for
different time points (0-,15-,30-,45-,60-min). FOrmin, add 150 pL of ACN
containing IS to the wells of O-min plate and thestd 15 puL of NADPH stock
solution (6 mM) . Pre-incubate all other plate @t°€ for 5 minutes. Add 15 pL of
NADPH stock solution to the plates to start thectea and timing. At 15-min,
30-min, 45-min and 60-min add 150 pL of ACN coniain IS to the wells of



corresponding plates respectively to stop the i@aciAfter quenching, shake the
plates at the vibrator for 10 min (600 rpm/min) d@hen centrifuge at 6000rmp for 15
min. Transfer 8QuL of the supernatant from each well into a 96-veelmple plate

containing 14QuL of water for LC/MS analysis.
4.2.6. In vivo pharmacokinetic parameters of compounds

Compound®9, 33 and41 (5% DMSO + 10% solutol + 85% saline) were subjecte
to pharmacokinetic studies in Balb/C mice (3 ansmsdr group). Test compoun2g
33, and41 were administered orally at a dose of 10 mg/kgoBIl samples were
collected 0.25 h,0.5h, 1 h, 2 h, 4 h, 6 h, 8ld, 24 h after oral administration.

On the other hand, compoun?d 33 and41 were administered intravenously at 2
mg/kg, and blood samples were collected at 0.0882%5 h, 0.5 h, 1 h, 2 h, 4 h, 8 h,
and 24 h after intravenous administration. The @lsamples are collected on ice and
centrifuged to separate plasma within 1 hour (deigiation conditions: 6800g, 6
minutes, 2-8°C). The plasma samples are stored8Q°& refrigerator before analysis.
LC-MS/MS was used to determine the concentratiotheforiginal compound and

possible metabolites in the supernatant.
4.2.7. Animal study

Male BALB/c mice (8-9 weeks), weighing approximtéll—-24 g, were purchased
from Beijing Vital River Laboratory Animal Technajy Co., Ltd. (Beijing, China).
All animals were housed in a room with temperatar@4 + 1°C, a 12 h light-dark
cycle. Animals were allowed free access to tap watel normal food, and were
randomly assigned to independent groups: VehidemgrLPS/D-GalN group, Compd.
29 + LPS/D-GalN group. Vehicle group, LPS/D-GalN gpowvas intragastric
administration 0.5% CMCNa once a day for 3 daysl @ompd.29 + LPS/D-GalN
group was intragastric administrati@8 at 200 mg/kg once a day for 3 days. On the
fourth day, after last intragastric administratemmd a single intraperitoneal injection
of LPS/D-GalN (10ug/700 mg/kg) or solvent for 5.5 h, blood was cdkecand

serum was obtained by centrifugation at 3000 rpi@, #r 15 min. After sacrificed,



part of the mouse liver was fixed in 4% paraforneélgtie for hematoxylin and eosin
(H&E) staining, while the rest was frozen to liquidrogen for mRNA detectioill
experimental procedures have been reviewed andegbrby the Animal Health

Committee of China Pharmaceutical University.
4.2.8. Histopathology

Liver tissue samples were fixed in 4% paraformajdelh subjected to standard
histological processing, and embedded in paraffire liver tissue was cut to |am
thick, stained with hematoxylin and eosin, and Histopathological lesions were

randomly evaluated at 200-fold magnification thriodige selected histological field.
4.2.9. Biochemical indexes assay

ALT and AST levels in serum were analyzed and eateldl with anautomatic

biochemical analyzer.
4.2.10. Measurement of cytokine mRNA levels by real-time PCR

Approximate 10 mg of liver was homogenized in 5Q0Trizol. Total mMRNA was
extracted according to the manufacturer’s instansti The total mMRNA was reversed
to cDNA using HiScript Il Q RT SuperMix kit (Vazymeaccording to the
manufacturer’s protocol. The Power SYBR Green Mdsli& was used for real-time
PCR analysis. Differences in gene expression betweeups were calculated using
cycle threshold (Ct) values. Relative expressiogafes was calculated by thé*2'
method. The necessary primers were purchased feorgd® Biotech. The following

primer  pairs  were used: 5-AACGATGATGCACTTGCAGA-3' and

5-GGTACTCCAGAAGACCAG-AGGA-3’ for 16,
5'-CCACGTCGTAGCAAACCAC-3" and 5'-TGGGTGAGGAGCACGTAG3’ for
Tnf, 5-GGCATTGTGGAAGGGCTCAT-3 and

5'-GGCAGCACCAGTGGATGCAG-3' for Gapdh. Gene expression values were

normalized to the expression levelsGapdh.

4.2.11. Satitical analysis



All data are presented as mean = SEM, and analysesperformed with Graphpad
Prism 7 software. Comparisons between experimegmtalps were conducted using

One-way ANOVA, Values of p< 0.05 were considereghgicant.
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Highlights

8-Oleanalic acid was identified as a potent AMPK activator.

23 new saponin derivatives of &-oleanolic acid were synthesized and biologically
evaluated.

The bioavailability of saponins 29 and 33 was much better than their aglycon.

Saponin 29 exhibited significant in vitro and in vivo anti-inflammatory effects.
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