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Abstract

Inspired by the previously reported neuroprotectaativity of hederacolchiside E1), we
synthesized hederacolchiside E for the first timleng with eleven of its derivatives. The
neuroprotective effects of these compounds werhdurevaluated against,B,- and AB; s-induced
injury using cell-based assays. The derivativesveldoobvious differences in activity due to struatur
variations, and two of them exhibited better neuntgrtive effects that in the A 4-induced injury
model. Compound was the most active derivative and had a relatiggihple chemical structure.
Moreover, 1 and 7 can significantly reduce the release of lactataydmgenase (LDH), level of
intracellular reactive oxygen species (ROS) aneérexdf malondialdehyde (MDA) increase resulting
from Apy s treatment, which demonstrated that these kindewifppunds show neuroprotective effects
in Alzheimer’s disease (AD) models via modulatingdative stress. Compound could be used as
promising lead for the development of a new typaefroprotective agent against AD.

Keywords:
Hederacolchiside E; Alzheimer's disease; Neuroptote effects; Antioxidation;
Structure-activity relationship.

1. Introduction

Alzheimer’s disease (AD), characterized by proguestss of memory and cognitive function,
dementia and eventually death, is the most commeurodegenerative disorder of this era that
substantially lowers the life quality of patients].[ According to Alzheimer’s Disease International
(ADI) [2], there were 46.8 million people worldwidizing with dementia in 2015; a number that is
estimated to reach 131.5 million by 2050. Howewristing drug treatments are insufficient in
preventing or reversing its inexorable neurodegaher progress [3] and show only marginal
symptomatic improvement in moderately to severéfigcted patients [4]. Although the mechanism of
this dementia has not been thoroughly elucidatezlabnormal accumulation gfamyloid (A) in the
hippocampal and cortical regions is hypothesizedet@ major pathological hallmark of AD [5-7]. In
addition, some studies have reported evidence Alfainduced oxidative stress and mitochondrial
dysfunctions also play roles in this kind of newbmrytotoxicity [8,9]. Therefore, searching for
antioxidants or free radical scavengers is ondegjyafor the treatment of AD.

For centuries, natural products and natural protklated structures have played a significant role
in the drug discovery and development processerp@noid saponins are a large family of natural
products with diverse structures and bioactivifig6]. Many of them have been shown to cause



improvements against neurotic atrophy and memofgctien dementia research [11]. For example,
uncarinic acid C, extracted frobh rhynchophylla [12], could effectively inhibit A8 aggregation, and a
large number of oleanane triterpenes from the afoBupleurum chinese [13] and the leaves of
Eleutherococcus senticosus [14] also showed potent neuroprotective activitidewever, the isolation
of pure saponins from crude plant extracts, espigdia suitable amounts, is relatively tedious and
difficult because of the microheterogeneity of theemplex structures [15]. Chemical synthesis would
therefore provide us a feasible route to homogesisaponins, as well as their derivatives, in sigffic
amounts for elucidating the structure activity tielaships (SARs), the biological mechanisms and for
potential commercial applications.

Hederacolchiside E 1f, namely
3-O-(a-L-rhamnopyranosyl-(#>2)-[$-D-glucopyranosyl-(3>4)]-a-L-arabinopyranosyl) oleanolic acid
a-L-rhamnopyranosyl-(&4)-5-D-glucopyranosyl-(36)-4-D-glucopyranosyl ester, is a bidesmosidic
oleanane saponin first isolated in 1970 from tlaevés ofHedera colchica (Figure 1) [16]. Previously,
Han’s group reported that hederacolchiside E, tlaénrbioactive component in the root extract of
Pulsatilla koreana, had prominent cognition-enhancing abilities aneluroprotective effects in
preliminary vitro and vivo activity-guided fractionation studies [17]. In theubsequent study,
researchers found that the oleanolic-glycoside miagoenriched fraction SK-PC-B70M, which
contained hederacolchiside E as the most activeedtignt, could attenuate AD-like pathology in the
brain of Tg2576 mice [18]. The antioxidative adiyvdf hederacolchiside E demonstrated in previous
reports may play an important role in the mechara$its neuroprotective effect against AL9].

Because of the unique biological activity in conadian with isolation and purification difficulties,
herein we report the chemical synthesis and bioldgevaluation of hederacolchiside E and its
derivatives. Since the-L-rhamnopyranosyl-(&2)-a-L-arabinopyranosyl moiety at 3-OH usually
appears in oleanane-type triterpenoid saponinsrepkaced the glucopyranosyl on the 4-OH of the
arabinose by other monosaccharide moieties; thusipounds2-6 were designed. To elucidate the
contribution of each sugar moiety in the biologieattivity, we removed one, two or three sugar
moieties to give compounds12 (Figure 2). The SAR study of these natural and matural saponins
against HO,-induced oxidative damage, as well ag-ediated neuronal cytotoxicity, is discussed.
Further investigation of compoundsand? on related neuroprotective indicators demonstrttatithe
neuroprotective activities of this kind of compouade highly correlated with their antioxidative

activities.
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Figure 1. The structure of hederacolchiside (
2. Chemistry

The synthesis of the naturally occurring saponidehnacolchiside E and its glycosylate-replaced
and deglycosylated derivatives is described heigitermediatesl8-23 were synthesized by routes
analogous to the efficient synthetic route @aeported previously by our group (Scheme 1) [20].



Deprotection of the benzoyl groups 18 generated intermediafed. The 3- and 4-OH groups G#
were selectively protected as an isopropyliden¢ahcand the 2-OH group was then glycosylated with
a peracetylated rhamnopyranosyl donor to afford pmmmd 16. The isopropylidene groupvas
hydrolyzed using-TsOH, producingl8 with an abnormaltC, conformation of the arabinopyranosyl
residue (3©-a-Ara H-1 J;, = 3.0) [21]. The conformation changing did notluehce the subsequent
selective glycosylation of 4-OH of the arabinopysyl residue by different trichloroacetimidate
donors [22] under the promotion of trimethylsilsifiate (TMSOTf) to provide intermediatds-23.

As shown in Scheme 2, trichloroacetimidate donimiged with the carboxyl group of C-28 were
synthesized in a straightforward manner from kndwthio-$-D-glucopyranoside?4. Regioselective
silylation of the 6-OH oR4 by tert-butyldimethylsilyl chloride (TBSCI) in pyridine veafollowed by
acetylation with acetic anhydride in one pot toedf25 in excellent yield. The Lewis acid BELO
was used to remove the TBS group fr@m to efficiently generat€6 with no observable acetyl
migration [23]. Glycosylation 026 with perbenzoylated glucopyranosyl trichloroacédiate afforded
27. Hydrolyzation of the thioglycoside using the eiint green reagent trichloroisocyanuric acid
(TCCA) [24] followed by trichloroacetimidation with CCLCN catalyzed  with
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) furnistibd disaccharide building blo&8. To prepared
trisaccharide dond6, the 4- and 6-OH groups 8# were first protected using benzaldehyde dimethyl
acetal to provid&9. Acetylation of the two remaining hydroxyl groufilowed by removal of the
benzylidene group byp-TsOH afforded31. Regioselective benzoylation &1 on the 6-OH with
benzoyl chloride in pyridine at 0 °C generaté? in 85% yield.Coupling 32 with a peracetylated
rhamnopyranosyl donor provide2B, which was followed by trichloroacetimidation tergerate34.
Glycosylation of26 and34 using catalytic amounts of TMSOTf successfully géve trisaccharidab.
The final trisaccharide don@6 was prepared via hydrolysis and trichloroacetimatabf 35 in the
same manner as above.

With key trisaccharide trichloroacetimidate dor8& in hand, we started to formally assemble
target saponind-8. As shown in Scheme 3, ready removal of the begrgup through catalytic
hydrogenation provided intermediat@s-42 Esterification 0f37-42with trichloroacetimidate donc6
promoted by TMSOTTf in dry C¥Cl,under an atmosphere of,Nbllowed by global deprotection of
the benzoyl and acetyl groups by 1 M NaOMe in thespnce of the C-28 ester glycosidic linkage,
afforded target compouriland its derivative2-6. The conformation of the arabinopyranosyl moiety
returned to the normdC, form (3-O-a-Ara H-1 J;, = 6.0) [20,21,25] after deprotection due to the
attenuated steric hindrance of the rhamnopyranosyéty and led to the correct final products.

The preparation of target compourtland8 were similar to the synthetic route described abov
(Scheme 3). Catalytic hydrogenation ©8 afforded intermediatel9, which was converted to
compound? by esterification and global deprotection via tieneral procedure. Deprotecting the
carboxyl group of compound5 followed by esterification with36 furnished compounds2.
Deprotection of the isopropylidene pyTsOH and benzoyl and acetyl groups by NaOMe aéfdrd
compoundd. Changing substituent groups on the carboxyl gr@up/ led to compound8-12 Direct
removal of the benzoyl and acetyl groups 3% furnished compoundd. Coupling 37 with
perbenzoylated glucopyranosyl trichloroacetimidaie28, 34) followed by global deprotection of the
benzoyl and acetyl groups to provide compout@d 2(Scheme 4).
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2 h; (e) perbenzoylated sugar trichloroacetimidak&4SOTf, CHCl,, 4 A MS, 0 °C, 30 min.
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Scheme 2Synthesis of intermediat@8, 34 and36. Reagents and conditions: (a) TBSCI, DMAP,
pyridine, rt, 24 h; (b) Ag, pyridine, 0 °C to rt, 5 h; (c) BFELO, CH.CI,, rt, 1 h; (d) sugar
trichloroacetimidates, TMSOTf, GBl,, 4 A MS, 0 °C, 30 min; (€) TCCA, acetone@®9:1, v/v,
0°Ctort, 1 h; (f) CGCN, DBU, CHCI, rt, 1 h; (g) PhCH(OMeg) p-TsOH, CHCN, 50 °C, 1 h;
(h) p-TsOH, MeOH-CHCI, 2:1, viv, rt, 2 h; (i) BzCl, pyridine, 0 °C to &,h.
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3. Results and discussion
3.1. Neuroprotective effects on H,O,-induced apoptosisin PC12 cells

It has been demonstrated that neurodegenerativeddis are a class of disease that induce
cellular injury by oxidative stress.,B8, can generate exogenous free radicals and simdéatege
caused by oxidative stress in nerve cells [26].hHigncentrations of D, can help us investigate
neuroprotective activities of compounds in an ecoigal way. The neuroprotective effects of
compounddl-12 on the HO,-induced decrease in cell viability in rat pheochozytoma (PC12) cells
were assessed in preliminary screenings using 453dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay, and the results are expreasead percentage of untreated control. As shown in
Figure 3, the cell viabilities decreased to apprately 58% when treated with,8, alone. Natural
saponinl exhibited a significant and dose-dependent eftactprotecting PC12 cells from ,8,
damage, and derivativ@s6, which kept the six-sugar skeleton, also showeskdtependent activities.
The antioxidant activities of these compounds wegeivalent to Edaravone, the positive control.
Compound? displayed a moderate activity and compo8rsghowed potent neuroprotective effects at 1
and 10uM, however as the concentration of the compoundseased to 5QM, some toxicity
appeared. Compoun@ with no substituent on carboxyl group of C-28aisother natural product,
hederacolchiside A and it showed potent cytotoxicity against PC12scehich is consistent with
previous reports [27]. Derivatives0 and 11 showed cytotoxicity at high concentration; however
compoundL2 showed moderate neuroprotective effects in thidehtest.
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Figure 3. The neuroprotective effects of compountisl2 on the HOz-induced decrease in cell
viability in PC12 cellsThe cell viability in control was taken as 100%dahe average value of cell
viability under HO, (200 uM) exposure was 57.9 * 2.9%. Data are expressekeas + the standard
deviation (SD)n = 3. Edaravone (Eda) was used as positive cofitfpl< 0.001 vs the control group.
"p<0.05"p<0.01,” p<0.001 vs the pO,-treated group.

3.2. Neuroprotective effects on AB;_4-induced apoptosisin PC12 cells

To further examine the neuroprotective effectshafse compounds, a model of,A-induced
damage was chosengfAs widely used to generate AD-like models to analylze protective effects
and mechanisms of action of new pharmacotherapre&ld. H,O,-mediated toxicity to neurons in this
system occurs through covalent cross-linking @f[28]. The results showed that the neuroprotective
effects of these compounds against; A-induced damage had obvious structure-based activit
differences that were not exactly in line with@4-induced damage (Table 1). Based on the data, the
preliminary SARs were analyzed and were found tthiedollowing:

a) The glycosyl residue on 4-OH of arabinose isciafufor the activity since the six-sugar
skeleton compounds$-6 showed different effects againsippA-induced damage. Natural product
showed remarkable activity at 50 and 10®. However, when the glucopyranosyl moiety was
substituted with a rhamnopyranosyl moiety, compo8rsthowed more potent antifi,, activity than
1. Compound®, 4, 5 and6 that had alternative sugar substituents showeéhdihed neuroprotective
activity in this model test.

b) For the substituent group on C-3 position, tikeation was mixed. Compouri] bearing only
an arabinopyranosyl moiety on C-3, displayed martemqt activity against gy s-induced damage than
compound 1 did at 50 and 100 uM. Compound 8, with the
a-L-rhamnopyranosyl-(&2)-a-L-arabinopyranosyl moiety, was less potent thhaand showed only
feeble activity at 5@M.

¢) The activities of compounds-12 which were designed by changing the substituemigon
C-28, were consistent in both,®L- and AB;sr-induced models. Only substitution by one or two
glucopyranosyl moietiesl(, and11) lead to cytotoxicity, and substitution with glygywanosyl and
rhamnopyranosyl12) afforded comparable neuroprotective activityhattof 1. The results indicated
that the presence of the rhamnopyranosyl residubeaC-28 position is of vital importance for the
neuroprotective activity.



Table 1. The neuroprotective effects of compountis8, 10-12on the A8; 4-induced decrease in cell
viability in PC12 cells.

Cell Viability (% of Control)

Compd.

10uM 50 uM 100uM
1 57.0+25 658+1% 70.4+3.0
2 58.3+22 59.7+26 =<
3 61.4+21% 684+37 746+27%
4 526+12 586+0.5 -
5 527+12 557+21 -
6 585+1.1 57.9+15 -
7 55.9+27 69.9+3%3 79.1+4.3
8 543+1.0 60.3+2% 3
10 145+03 10.3+1.0 3
11 295+04 19.8+2.6 -

12 59.3+0.7 63.3+20 -
model 553+15

The cell viability in control was taken as 100%¢dhe average value of cell viability undes:4, (40
uM) exposure was 55.3 + 1.5%. Data are expresseattas + SDn = 3.

% < 0.05 vs the A..4rtreated group.

®p < 0.01 vs the Bq.4rtreated group.

“The — means not test.

3.3. Effects on AB,_4-induced |lactate dehydrogenase (LDH) leakage in PC12 cells

LDH is a soluble enzyme present in most eukaryesits, it released from damaged cells into the
culture medium because of damage to the plasma raeelj29]. Measuring the activity of LDH can
guantitatively assess cytotoxicity. As shown inuUfeg 4, when PC12 cells were exposed toufD
Ap1.4, for 24 h, the LDH leakage was substantially inseeto 153% compared with the control group
(100%). Pretreatment of the cells with various @mntrations (10, 50, and 1Q0M) of compoundsl
and 7 led to significantly decreases in LDH. The LDHMWage percentages of samples treated with
compoundl were 147.4%, 138.5%, and 126.7%, respectively, sindlar levels were found with
compound 7 (143.7%, 134.4% and 126.3%, respectively). Thaultesindicated that the two
compounds can preverdfisrinduced damage by reducing the permeability of piesma
membrane.
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Figure 4. The effects of compounds(a) and7 (b) at different concentrations on the LDH leakage
Apy4rtreated PC12 cells. PC12 cells were treated wa@huMl Ap;.4, for 24 h in the presence or
absence of compounds (10, 50, 108). The results are expressed as mean +r5953/p < 0.01 as
compared with control groupp < 0.05 vs the Aqtreated group.p < 0.01 vs the A, treated

group.

3.4. Effects on Ay 4-induced intracellular reactive oxygen species (ROS) in PC12 cells

Overproduction of ROS can lead to severe impairrérellular functions. Once ROS cannot be
cleared by the antioxidant system, oxidative stneag occur. For instance, it can peroxidize membran
lipids, oxidize proteins and attack mitochondriaNM® [30]. The effect of hederacolchiside E and
compound? on the intracellular ROS level of PC12 cells wasasured using a ROS-sensitive
fluorescent probe (DCFH-DA). DCFH-DA can passivefyter the cell and react with ROS to produce
highly fluorescent dichlorofluorescein (DCF), whishreadily detected by flow cytometry. As shown
in Figure 5, after treatment with 40M Ap; 4, for 24 h, the intracellular ROS level of PC12 sell
substantially increased to 51.4% relative to thentrmd value (1.12%). When the cells were
preconditioned with 10, 50, and 1Q® of 1 or 7, the A8;.4-induced ROS levels were reduced in a
dose-dependent manner. The experiments demonstretedompound’ significantly reduced ROS
levels to 45.0%, 30.7%, and 20.6%, respectively sinowed better ROS-lowering activity than
(43.0%, 35.0%, and 29.2%, respectively) in highedgups.
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Figure 5. The effects of compoundsand7 on AB; 4-induced ROS level in PC12 cells as measured by
flow cytometry. The figure shows representativanfloytometric histograms. (a) Control; (b) 4M
Ap1.42alone; (c) 1M compoundl+40 uM Ap; 4 (d) 50uM compoundl+40 uM ApB; 45 () 100uM



compoundl+40 uM Ap;.45; (f) 10 uM compound7+40 uM ApB; 45 (g) 50 uM compound7+40 uM
Ap1.42; (h) 100uM compound/+40 uM Ap1 4.

3.5. Effects on Ay 4-induced malondialdehyde (MDA) in PC12 cells

Lipid peroxidation is one of the earliest recogdizeffects of oxygen toxicity in the cell
membranes that can lead to various degradatiorupt®guch as MDA. This effect has been studied
widely as an indicator of lipid peroxidation andrarker of oxidative stress [31]. Tl vitro MDA
expression levels in samples treated with compoudnded7 are displayed in Figure 6. The results
showed that these two compounds significantly deserd the MDA levels in a dose-dependent manner,
and compound possessed more potent activity (2.0, 1.6 and é&l/mL) thanl (2.5, 1.9 and 1.3
nmol/mL) at all test concentrations.
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Figure 6. The effects of compounds(a) and7 (b) at different concentrations on the MDA levils
Apy4rtreated PC12 cells. PC12 cells were treated wituM of Ap; 4, for 24 h in the presence or
absence of compounds (10, 50, 100). The results are expressed as mean +5D3.*p < 0.01 as
compared with control group,p < 0.01 vs the f.4-treated group.

4. Conclusions

Natural saponin hederacolchiside E was first s\gitteel in a concise and practical way, and its
analogs2-12 were designed and synthesized based on the sgtglided SAR. The neuroprotective
effects of these compounds againgOH and A8, 4r-induced injury in PC12 cells and the SAR were
evaluated and discussed. The twelve compounds shaetévity difference in the test and some of
them possessed potent neuroprotective effects. gnlbem, compound showed the best activity
against 4, s-inducedcell damage, which was noticeably superior to tatimal compound. Thein
vitro detection of related indicators in terms of neuotgection showed that natural sapodirand
compound 7 could significantly decrease the levels of LDH, ®Oand MDA in a
concentration-depended manner, indicating thaatiteAS activities of these compounds were highly
related to their antioxidant activities. In partem) compound?, which exhibited a relatively simple
chemical structure and potent neuroprotection,cctel used as a promising lead for the development
of a new series of neuroprotective agents agaibstThe pharmacokinetics of these kinds of saponins
require further study.

5. Experimental
5.1. Chemistry

All the commercial reagents were used without frthurification unless otherwise specified.



Solvents were dried and redistilled prior to use tire usual manner. Analytical thin-layer
chromatography (TLC) was performed with silica g&l254. Preparative column chromatography was
performed with silica gel H (200-300 mesh). Meltipgints were measured with a BUCHI Melting
Point B-540. Optical rotations were recorded orAaton Paar MCP 200 digital polarimetéH and

3C NMR spectra were recorded on a Bruker ARX 600 MBectrometer, using M8i as the internal
standard if not otherwise mentionelvalues are given in hertz. HR-MS spectra were abthion a
Bruker micro-TOF-Q spectrometer.

5.1.1. Benzyl Oleanolate 3-O-2,3,4-tri-O-acetyl-a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranoside
(17)

A solution of compound6 (5.03 g, 5.08 mmol) in C}€l,— MeOH (1:2, v/v, 50 mL) was added
p-TsOH (2.62 g, 15.24 mmol), and stirred at rt foh4When TLC (2:1, petroleum ether—EtOAc)
showed the deprotection was completgNER mL) was added to quench the reaction and tix&ure
was concentrated and purified by a silica gel calwhromatography (1.2:1, petroleum ether—EtOAc)
to give compoundl?7 (4.20 g, 87%) as a white amorphous solid=R0.36 (1:1, petroleum ether —
EtOAc); Mp 141 — 143 °Cfly +9.62 ¢ 2.08, CHOH);'H NMR (600 MHz, CDC}) 6 7.36 — 7.28 (m,
5H, Ar—H), 5.30 — 5.24 (m, 3H), 5.06 (m, 4H), 4D J = 3.0 Hz, 1H, H-1), 4.03 — 3.98 (m, 1H),
3.90 (dtJ=7.9, 4.0 Hz, 1H), 3.88 — 3.85 (m, 1H), 3.85833(m, 1H), 3.74 (dd] = 11.7, 8.3 Hz, 1H),
3.59 (dd,J = 11.7, 4.3 Hz, 1H), 3.11 (dd,= 11.8, 4.4 Hz, 1H), 2.90 (dd,= 13.7, 4.0 Hz, 1H), 2.14,
2.03, 1.98 (s each, 3H each, 3 xC®), 1.87 — 1.20 (m, 18H), 1.18 (@7 6.3 Hz, 3H, H-6), 1.10,
0.96, 0.91, 0.89, 0.87, 0.79, 0.59 (s each, 3H,eachCH,); "*C NMR (150 MHz, CDG)) § 177.55,
170.19, 170.13, 170.10, 143.83 , 136.54, 128.58,512 128.11, 128.03, 122.55, 102.02, 98.22, 90.40,
76.00, 71.00, 70.60, 69.83, 69.02, 67.09, 66.0613%%1.07, 55.60, 47.73, 46.85, 46.01, 41.79,911.4
39.41, 39.21, 38.64, 36.82, 33.98, 33.22, 32.74820.82, 28.22, 27.73, 25.97, 25.85, 23.77,23.5
23.16, 21.01, 20.91, 20.83, 18.35, 17.45, 16.9750615.44;, HRMS(ESI): calcd. for [M+Na]
Cs/H7s014Na: 973.5284, found 973.5291.

5.1.2. General procedure for the preparation of intermediates 18-23

A mixture of17 (0.70 g, 0.74 mmol), trichloroacetimidate don@$89 mmol) and 4 A molecular
sieves in dry CECI, (50 mL) wad stirred at 0 °C for 20 min. A solutioh TMSOTf (0.22 mL, 0.34
mmol/mL) in dry CHCIl, was injected to the reaction mixture. The mixturasvetirred under these
conditions for 30 min, then quenched witkNE{(0.1 mL). The mixture was the diluted with H,
and filtered. The filtrate was concentrated andfigar by a silica gel column chromatography (2:1
petroleum ether — EtOAc) to affortB-23 The'H-NMR and**C-NMR data of intermediates9-23
was shown in supplementary data.

5.1.3. Benzyl Oleanolate
3-0-2,3,4-tri-O-acetyl-a-L-rhamnopyranosyl-(1—2)-[ 2,3,4,6-tetr a-O-benzoyl-5-D-glucopyranosyl-(1
—4)] -a-L-arabinopyranoside (18)

Following the general procedure mentioned abovgetocompound.8 (0.97g, 86%) as a white
foam. R = 0.32 (2:1, petroleum ether — EtOAc); Mp 119 4 22; [0]2 —92.04 ¢ 2.26, CHOH); *H
NMR (600 MHz, CDC})) ¢ 8.03 — 7.27 (m, 25H, Ar-H), 5.92 @,= 9.7 Hz, 1H), 5.69 (1] = 9.7 Hz,
1H), 5.56 (ddJ = 9.8, 7.9 Hz, 1H), 5.30 — 5.25 (m, 2H), 5.23 (@l¢, 3.4, 1.6 Hz, 1H), 5.11 — 5.00 (m,
4H, PhCH), 4.97 (d,J = 0.9 Hz, 1H, H-1), 4.68 (ddJ = 12.1, 3.2 Hz, 1H), 4.56 (d,= 3.6 Hz, 1H,
H-1"), 4.50 (ddJ = 12.1, 5.0 Hz, 1H), 4.21 (ddd,= 9.6, 4.7, 3.5 Hz, 1H), 4.06 — 4.02 (m, 1H), 4.00
(dd,J =10.0, 6.4 Hz, 1H), 3.96 (di,= 7.2, 3.5 Hz, 1H), 3.80 — 3.76 (m, 1H), 3.74 (@,5.6, 3.8 Hz,
1H), 3.63 (ddJ = 11.9, 3.5 Hz, 1H), 3.03 (dd,= 11.8, 4.4 Hz, 1H), 2.90 (dd,= 13.5, 3.9 Hz, 1H,



H-18), 2.13, 2.04, 1.98 (s each, 3H each, 3 x@3), 1.16 (dJ = 6.2 Hz, 3H, H-8), 1.10, 0.93, 0.92,
0.89, 0.84, 0.74, 0.58 (s each, 3H each, 7 %)CFC NMR (150 MHz, CDG)) § 177.57, 170.12,
166.20, 165.90, 165.44, 165.28, 143.79, 136.56,5633133.36, 133.32, 129.98, 129.90, 129.74,
129.27, 128.93, 128.54, 128.51, 128.42, 128.12,002822.65, 102.40, 101.90, 97.89, 90.24, 75.95,
75.92, 72.92, 72.43, 72.21, 71.08, 70.41, 69.831%%9.11, 66.83, 66.07, 65.46, 63.12, 60.42,55.7
47.74, 46.87, 46.02, 42.12, 41.78, 41.50, 39.42,73%88.70, 36.80, 33.99, 33.24, 32.78, 32.51,40.8
30.27, 29.83, 29.26, 28.22, 27.73, 25.99, 25.858323.53, 23.49, 23.22, 23.18, 21.03, 20.93,60.8
18.35, 17.42, 16.98, 16.49, 15.44, 14RRMS(ESI): calcd. for [M+N&]CggH1040.5Na: 1551.6861,
found 1551.6864.

5.1.4. Phenyl
2,3,4,6-tetra-O-benzoyl-p-D-glucopyranosyl-(1—6)-2,3,4-tri-O-acetyl- 1-thio-f-D-glucopyranoside

(27)

A mixture of compound 26 (0.30 g, 0.75 mmol), perbenzoylated glucopyranosyl
trichloroacetimidate (0.67 g, 0.90 mmol) and 4 Alecalar sieves in dry C}€l, (30 mL) was stirred
for 20 min at 0 °C. A solution of TMSOTf (0.22 mQ,34 mmol/mL) in dry CHCI, was injected to the
reaction mixture. The mixture was stirred undeiséheonditions for 30 min, then quenched witkNEt
(0.1 mL). The mixture was the diluted with gH, and filtered. The residue was purified by a silica
gel column chromatography (2.5:1 petroleum ethEtGAc) to give compoun@7 (0.61 g, 83%) as a
white foam. R= 0.27 (2:1, petroleum ether — EtOAc); Mp 100 3 2Q; [¢]¥ —1.06 ¢ 1.89, CHOH);

'H NMR (600 MHz, CDC}) ¢ 8.04 (d,J = 7.2 Hz, 2H), 7.92 (d] = 7.2 Hz, 2H), 7.89 (d] = 7.2 Hz,
2H), 7.83 (dJ = 7.2 Hz, 2H), 7.56 (1] = 7.4 Hz, 1H), 7.51 (1 = 7.4 Hz, 1H), 7.47 (] = 7.4 Hz, 1H),
7.46 — 7.42 (m, 5H), 7.38 — 7.35 (m, 5H), 7.33 @&, 7.7 Hz, 2H), 7.29 () = 7.8 Hz, 2H), 5.83 (¥ =

9.6 Hz, 1H), 5.63 (1) = 9.7 Hz, 1H), 5.49 (dd} = 9.7, 7.9 Hz, 1H), 5.13 (§,= 9.3 Hz, 1H), 4.92 (d]
=7.9 Hz, 1H), 4.85 (1) = 9.7 Hz, 1H), 4.78 (1 = 9.8 Hz, 1H), 4.66 — 4.59 (m, 2H), 4.46 (d&; 12.1,
5.4 Hz, 1H), 4.08 — 4.03 (m, 1H), 3.83 (dds 11.8, 2.1 Hz, 1H), 3.80 — 3.75 (m, 1H), 3.69ddH=
9.6, 7.2, 2.1 Hz, 1H), 2.05 (s, 3H), 1.95 (s, 3H®3 (s, 3H)**C NMR (150 MHz, CDGCJ) § 170.05,
169.57, 169.24, 166.11, 165.78, 165.23, 165.16,4833133.22, 132.91, 131.64, 129.84, 129.84,
129.80, 129.77, 129.58, 129.19, 128.87, 128.82522828.48, 128.45, 128.34, 128.32, 100.86, 85.41,
77.93, 73.83, 72.92, 72.39, 71.80, 70.00, 69.7(84%8.02, 63.02, 20.74, 20.57, 20 BRMS(ESI):
calcd. for [M+Na] Cs,H,g0:7SNa: 999.2504, found 999.2484.

5.15. 2,3,4,6-tetra-O-benzoyl-f-D-glucopyranosyl-(1—6)-2,3,4-tri-O-acetyl - f-D-glucopyranosyl
trichloroacetimidate (28)

A solution of compoun@7 (0.54 g, 0.55 mmol) in acetone® (9:1, 50 mL) was added TCCA
(0.13 g, 0.55 mmol) slowly at ri’he solution was stirred for 1 h and then acetoas vemovedn
vacuum. The reaction mixture was dissolved with £LH, and successively washed with saturated
NaHCQG; and followed by brine, then dried over J8&,. R = 0.35 (1:1, petroleum ether — EtOAc). A
mixture of crude solid, C@CN (0.22 mL, 2.20 mmol) and DB(®0.01 mL, 0.07 mmol) in CKCl, (30
mL) was strried at rt for 1 h. After completiontbe reaction based on TLC, the solvent was removed
in vacuum and the resulting residue was purified by a sigiehcolumn chromatograpt{:1 petroleum
ether—EtOAc) to give compour2B (0.47 g, 83% over two steps) as a white foam=R.25 (2:1,
petroleum ether — EtOAc); Mp 107 — 109 °Gj3 +35.54 ¢ 1.21, CHOH);'H NMR (600 MHz,
CDClg) 6 8.43 (s, 1H), 8.02 (d} = 7.1 Hz, 2H), 7.95 (d] = 7.2 Hz, 2H), 7.89 (d] = 7.2 Hz, 2H), 7.81
(d,J=7.2 Hz, 2H), 7.55 () = 7.4 Hz, 1H), 7.52 — 7.47 (m, 2H), 7.42 (dd; 15.0, 7.5 Hz, 4H), 7.37
(t, J=7.8Hz, 1H), 7.33 () = 7.7 Hz, 2H), 7.27 () = 7.7, 2H), 6.39 (dJ = 3.6 Hz, 1H), 5.87 (I =



9.6 Hz, 1H), 5.65 (t) = 9.7 Hz, 1H), 5.51 — 5.46 (m, 2H), 4.96Jt 4.2, 1H), 4.94 — 4.91 (m, 2H),
4.63 (ddJ=12.1, 3.2 Hz, 1H), 4.49 (dd,=12.1, 5.2 Hz, 1H), 4.19 — 4.12 (m, 2H), 3.96, #d 11.6,

2.0 Hz, 1H), 3.70 (dd] = 11.6, 6.1 Hz, 1H), 1.97 (s, 6H), 1.96 (s, 3K& NMR (150 MHz, CDG)) 6
169.88, 169.74, 169.53, 166.12, 165.78, 165.20,0/65160.61, 133.44, 133.21, 133.15, 133.13,
129.93, 129.85, 129.76, 129.63, 129.30, 128.83,812828.44, 128.41, 128.31, 128.29, 100.78, 92.62,
90.63, 72.87, 72.34, 71.65, 71.38, 69.78, 69.724%&7.40, 63.06, 20.64, 20.52, 20.41; HRMS(ESI):
calcd. for [M+Na] CygH440:gNClsNa: 1050.1516, found 1050.1492.

5.1.6. 2,3,4-Tri-O-acetyl-a-L-rhamnopyranosyl-(1—4)-2,3-di-O-acetyl-6-O-benzoyl-5-D-
glucopyranosyl trichloroacetimidate (34)

Crude34 was prepared fror83 (1.51 g, 2.06 mmol) by the same procedure a&8pand purified
by a silica gel column chromatograp{8:1 petroleum ether—EtOAc) to give compoB#(1.32 g, 81%
over two steps) as a white foam; R0.41 (1:1, petroleum ether — EtOAc); Mp 82 — 8% [a]?
+23.78 € 2.08, CHOH); 'H NMR (600 MHz, CDC}) ¢ 8.66 (s, 1H, NH), 8.04 (d,= 7.4 Hz, 2H, Ph),
7.58 (t,J = 7.4 Hz, 1H, Ph), 7.45 @,= 7.7 Hz, 2H, Ph), 6.51 (d,= 3.7 Hz, 1H, H-1), 5.62 (tJ=9.7
Hz, 1H), 5.26 (ddJ = 10.1, 3.2 Hz, 1H), 5.19 — 5.15 (m, 1H), 5.09.605(m, 2H), 4.92 (d] = 1.5 Hz,
1H, H-1"), 4.80 (dd,J = 12.5, 1.4 Hz, 1H), 4.54 (dd,= 12.5, 3.7 Hz, 1H), 4.28 (d,= 8.9 Hz, 1H),
3.99 (t,J = 9.7 Hz, 1H), 3.92 (dq} = 12.4, 6.1 Hz, 1H), 2.09, 2.08, 2.05, 2.01, {98ach, 3H each, 5
x CH;CO), 1.18 (dJ = 6.2 Hz, 3H, H-8).*C NMR (150 MHz, CDG)) § 170.17, 170.06, 170.02,
169.83, 165.90, 161.02, 133.28,129.94, 129.8251289.58, 93.11, 90.87, 76.76, 71.31, 70.90, 70.78
70.35, 70.15, 68.66, 67.99, 62.02, 21.22, 20.95912020.83, 20.58, 17.39; HRMS(ESI): calcd. for
[M+Na]" C31H340:6NClsNa: 806.0992, 808.0962, found 806.0954, 808.0943.

5.1.7. Phenyl
2,3,4-tri-O-acetyl-a-L-rhamnopyranosyl-(1—4)-2,3-di-O-acetyl -6-O-benzoyl-5-D-glucopyranosyl-(1—
6)-2,3,4-tri-O-acetyl-1-thio-5-D-glucopyranoside (35)

Crude35 was prepared fror@4 (1.34 g, 1.71 mmol) wit6 by the same procedure as & and
purified by a silica gel column chromatography (Bgtroleum ether — EtOAc) to give compoust
(1.52 g, 87%) as a white foam; R0.23 (1.5:1, petroleum ether — EtOAc); Mp 10204 °C; 5 —
44.34 € 1.06, CHOH);'H NMR (600 MHz, CDC}) § 8.03 (dd,J = 8.2, 1.1 Hz, 2H, Ph), 7.56 (t=
7.4 Hz, 1H, Ph), 7.47 — 7.40 (m, 4H, Ph), 7.3428q{m, 3H, Ph), 5.24 — 5.16 (m, 3H), 5.13 (dd&;
3.1, 2.1 Hz, 1H), 5.04 (1 = 10.0 Hz, 1H), 4.94 — 4.90 (m, 1H), 4.89 Jd; 1.8 Hz, 1H), 4.88 — 4.79
(m, 3H), 4.69 (dJ = 10.1 Hz, 1H), 4.58 (d} = 7.9 Hz, 1H), 4.45 (ddl = 12.3, 4.3 Hz, 1H), 3.91 @,=
9.3 Hz, 1H), 3.88 — 3.82 (m, 2H), 3.74 — 3.69 (id),13.66 (ddd,J = 9.7, 4.1, 1.9 Hz, 1H), 3.61 (dd,
=11.3, 7.3 Hz, 1H), 2.07, 2.06, 2.06, 2.03, 11996, 1.95, 1.95 (s each, 3H each, 8 xC8#l), 1.16 (d,

J = 6.2 Hz, 3H);*C NMR (150 MHz, CDGCJ) § 170.30, 170.23, 170.14, 170.04, 169.98, 169.66,
169.40, , 165.91, 133.28, 132.27, 132.24, 129.2@,8B, 129.31, 128.57, 128.30, 100.52, 99.21, 85.71
77.47,74.11, 74.03, 73.02, 72.04, 70.78, 70.19)6/(®8.82, 68.65, 68.36, 67.93, 62.32, 21.17,£20.9
20.91, 20.87, 20.83, 20.79, 20.71, 20.65, 17.35MBFESI): calcd. for [M+Na] C4Hsc0.35;Na:
1043.2825, found 1043.2833.

5.1.8.

2,3,4-Tri-O-acetyl-a-L-rhamnopyranosyl-(1—4)-2,3-di-O-acetyl -6-O-benzoyl-5-D-glucopyranosyl-(1
—6)-2,3,4-tri-O-acetyl--D-glucopyranosyl trichloroacetimidate (36)

Crude36 was prepared fror@5 (1.52 g, 1.50 mmol) by the same procedure a84pand purified
by a silica gel column chromatography (1.5:1 petah ether — EtOAc) to give compouffl (1.33 g,
83%) as a white foam.;R 0.47 (1:1, petroleum ether — EtOAc); Mp 100 2 2C; )3 +15.43 ¢



1.88, CHOH);™H NMR (600 MHz, CDC}) ¢ 8.66 (s, 1H, NH), 8.03 (d, = 7.9 Hz, 2H, Ph), 7.56 (,
=7.2 Hz, 1H, Ph), 7.45 (8,= 7.6 Hz, 2H, Ph), 6.50 (d,= 3.6 Hz, 1H, H-Y), 5.51 (t,J = 9.8 Hz, 1H),
5.22 — 5.18 (m, 2H), 5.11 (s, 1H), 5.06 — 4.99 3i), 4.87 — 4.83 (m, 2H), 4.77 (d~ 11.3 Hz, 1H),
4.58 (d,J = 7.9 Hz, 1H), 4.47 (dd} = 12.3, 4.1 Hz, 1H), 4.15 — 4.11 (m, 1H), 3.91@ 9.6 Hz, 2H),
3.87 — 3.82 (m, 1H), 3.73 (d,= 9.4 Hz, 1H), 3.54 (dd] = 11.2, 5.2 Hz, 1H), 2.05, 2.05, 2.04, 2.02,
2.00, 1.99, 1.99, 1.96 (s each, 3H each, 8 %G, 1.14 (dJ = 6.2 Hz, 3H, H-8);°C NMR (150
MHz, CDCk) 6 170.27, 170.14, 170.12, 170.03, 170.00, 169.9@,48 160.85, 133.26, 129.93,
129.85, 128.53, 100.38, 99.14, 92.89, 90.83, 76/89)1, 73.01, 71.83, 70.78, 70.11, 70.07, 69.84,
68.63, 68.24, 67.87, 67.22, 62.45, 21.13, 20.908Q®010.68, 20.55, 17.33; HRMS(ESI): calcd. for
[M+Na]" C43Hs,ClsNO2Na: 1094.1837, found 1094.1832.

5.1.9. General procedure for the preparation of intermediates 37-42

A sustention ofl8 (or 19-23 (0.50 mmol) and 10% Pd-C (0.2 g) in EtOAc (50 migs refluxed
and bubbled up with H(70 mL/min) for 3.5 hAfter completion of the reaction based on TLC, Pd-C
was removed through filtration and the filtrate veamicentrated to dryness and purified by a siliela g
column chromatography (1.5:1 petroleum ether — B4 afford37-42 The'H-NMR and“*C-NMR
data of intermediate38-42was shown in supplementary data.

5.1.10. Oleanolic acid
3-0-2,3,4-tri-O-acetyl-a-L-rhamnopyranosyl-(1—2)-[ 2,3,4,6-tetra-O-benzoyl-5-D-glucopyranosyl-(1
—4)] -a-L-arabinopyranoside (37)

Following the general procedure mentioned abovgetocompound7 (0.65g, 91%) as a white
foam. R = 0.19 (2:1, petroleum ether — EtOAc); Mp 175 -8 2T; [o]2 +27.27 € 1.98, CHOH);'H
NMR (600 MHz, CDC})) ¢ 8.03 — 7.28 (m, 20H, Ar-H), 5.91 @,= 9.7 Hz, 1H), 5.69 (1) = 9.7 Hz,
1H), 5.56 (ddJ = 9.7, 8.0 Hz, 1H), 5.30 — 5.25 (m, 2H), 5.23 (@&; 3.3, 1.5 Hz, 1H), 5.04 (dd,=
19.7, 9.0 Hz, 2H), 4.94 (br s, 1H, H)14.68 (ddJ = 12.1, 3.1 Hz, 1H), 4.59 (d,= 3.1 Hz, 1H, H-1),
4.50 (ddJ =12.1, 4.9 Hz, 1H), 4.23 — 4.18 (m, 1H), 4.05.953(m, 3H), 3.82 — 3.77 (m, 1H), 3.77 —
3.73 (m, 1H), 3.64 (dd] = 11.5, 3.3 Hz, 1H), 3.04 (dd,= 11.6, 4.4 Hz, 1H), 2.81 (dd,= 13.6, 3.8
Hz, 1H), 2.13, 2.03, 1.98 (s each, 3H each, 3 %@}, 1.16 (dJ = 6.2 Hz, 3H, H-6), 1.12, 0.93,
0.92, 0.90, 0.87, 0.74, 0.74 (s each, 3H eachCH3; *C NMR (150 MHz, CDG)) § 183.11, 170.12,
166.21, 165.90, 165.44, 165.29, 143.66, 133.56,3433133.22, 129.99, 129.91, 129.75, 129.31,
128.99, 128.95, 128.94, 128.54, 128.52, 128.42,7822102.28, 101.86, 97.99, 90.23, 76.07, 75.75,
72.95, 72.42, 72.20, 71.08, 70.15, 69.85, 69.71%%6.89, 63.13, 60.14, 55.71, 47.78, 46.67,516.0
41.76, 41.11, 39.41, 39.20, 38.69, 36.86, 33.988B32.74, 32.52, 30.80, 29.84, 28.22, 27.80,126.0
25.84, 23.71, 23.54, 23.13, 21.03, 20.93, 20.873418.7.43, 17.09, 16.46, 15.46; HRMS(ES]I): calcd.
for [M+Na]" CgiHogO29Na: 1461.6391, found 1461.6398.

5.1.11. General procedure for the preparation of compounds 1-6

A mixture of compound87 (or 38-42 (0.45 mmol),36 (0.58 g, 0.54 mmol) and 4 A molecular
sieves in dry CECI, (30 mL) were stirred under an atmosphere ofdd 30 min at 0 °C. A solution of
TMSOTf (0.13 mL, 0.34 mmol/mL) in dry Ci&l, was injected. The mixture was stirred under these
conditions for 30 min, then quenched withNE(0.1 mL), and concentrated to dryness to affordie
intermediate12-48 The resulting residue was dissolved in dry MeOH,Cl, (2:1, v/v, 30 mL), to
which a freshly prepared solution of NaOMe in Me®#lution (1.0 mol/L, 0.45 mL) was added. The
solution was stirred at rt for 5 h and then neizeal with Dowex H resin to pH 7 and filtered. The
filtrate was concentrated and purified on a Sepkddé-20 column using MeOH as the eluent to
afford compound -6.



5.1.12.
3-O-[ a-L-rhamnopyranosyl-(1—2)-[ f-D-glucopyranosyl-(1—4)] -a-L-arabinopyranosyl] oleanolic acid
28-O-[ a-L-rhamnopyranosyl-(1—4)-4-D-glucopyranosyl-(1—6)-5-D-glucopyranosyl] ester (1)

Following the general procedure mentioned abovgetacompound. (0.52 g, 84% over two steps)
as a white foam. R= 0.24 (4:1:5,n-BUOH-ACOH-H,0); Mp 226 — 228 °C;d]> —21.74 ¢ 1.15,
CH3OH); *H NMR (600 MHz, GD:sN) ¢ 8.40 — 6.45 (m, 16H. OH), 6.27 (@= 8.1 Hz, 1H, H-),
6.20 (br s, 1H, H-1), 5.93 (d,J = 9.0 Hz, 1H, OH), 5.88 (br s, 1H, H)1 5.42 (br s, 1H, H-12), 5.16
(d,J = 7.8 Hz, 1H, H-T), 4.99 (d-like,J = 6.0 Hz, 1H, H-Y), 4.78 (dJ = 6.0 Hz, 1H, H-1), 4.75 (s,
1H), 4.71 — 4.62 (m, 4H), 4.57 (ddi= 9.1, 2.5 Hz, 1H), 4.58 — 4.52 (m, 2H), 4.47 384m, 3H), 4.38
—4.25 (m, 8H), 4.25 — 4.20 (m, 3H), 4.19 — 4.09 4i), 4.06 (tJ = 8.4 Hz, 1H), 3.96 (1] = 8.4 Hz,
1H), 3.93 — 3.90 (m, 1H), 3.82 (d~ 10.8 Hz, 1H), 3.68 (dl = 9.4 Hz, 1H), 3.26 — 3.16 (m, 2H), 2.32
(td, J = 13.6, 2.6 Hz, 1H), 2.11 — 2.00 (m, 2H), 1.99.741(m, 7H), 1.72 (d) = 6.1 Hz, 3H, H-8),
1.66 (d,J = 6.1 Hz, 3H, H-8), 1.25, 1.18, 1.13, 1.11, 0.90, 0.90, 0.89 (s e@kheach, 7 x Cy); °C
NMR (150 MHz, GDsN) ¢ 176.53 (C-28), 144.13 (C-13), 122.88 (C-12), 126@-1"), 104.95 (C-1
", 104.90 (C-1), 102.76 (Cc-¥), 101.80 (C-1), 95.67 (C-1), 88.69, 79.67, 78.81, 78.76, 78.56, 78.23,
78.08, 77.19, 76.52, 76.35, 75.50, 75.37, 74.092Z473.90, 72.79, 72.60, 72.51, 72.32, 71.27,7]0.8
70.32, 69.84, 69.22, 64.53, 62.55, 61.29, 56.0M%4&7.05, 46.24, 42.16, 41.68, 39.90, 39.50,38.9
37.03, 34.01, 33.14, 32.56, 30.77, 28.29, 28.082&6.07, 23.81, 23.70, 23.38, 18.67, 18.55,11.7.5
17.04, 15.68HRMS(ESI): calcd. for [M+Na] CgsH1060s0Na: 1389.6661, found 1389.6677.
5.1.13.
3-O-[ a-L-rhamnopyranosyl-(1—2)-[ a-L-arabinopyranosyl-(1—4)] -a-L-arabinopyranosyl] oleanolic
acid 28-O-[ a-L-rhamnopyranosyl-(1—4)-4-D-glucopyranosyl-(1—6)-$-D-glucopyranosyl] ester (2)

Following the general procedure mentioned abovgetacompoun@ (0.49 g, 82% over two steps)
as a white foam. R= 0.24 (4:1:5,n-BUOH-AcOH-H,0); Mp 230 — 233 °C;d]> -51.49 ¢ 1.34,
CH3OH); '"H NMR (600 MHz, GD:sN) ¢ 8.09 (s, 1H, OH), 7.54 — 7.52 (m, 2H, OH), 7.44J¢& 4.3
Hz, 1H, OH), 7.36 (dJ = 4.8 Hz, 1H, OH), 6.86 (d,= 3.0 Hz, 2H, OH), 6.83 (d,= 4.4 Hz, 1H, OH),
6.81 — 6.77 (m, 1H, OH), 6.76 (= 4.1 Hz, 1H, OH), 6.71 (d, = 4.5 Hz, 1H, OH), 6.67 (d, = 3.6
Hz, 1H, OH), 6.54 — 6.51 (m, 3H, OH), 6.27 Jd; 8.1 Hz, 1H, H-Y), 6.16 (br s, 1H, H-1), 5.90 (br s,
1H, H-1"), 5.73 (dJ = 8.8 Hz, 1H, OH), 5.41 (s, 1H, H-12), 5.04 — 5(60 2H, H-1'), 493 (dJ=7.4
Hz, 1H, H-1"), 4.81 (d,J = 5.8 Hz, 1H, H-1), 4.75 (br s, 1H), 4.71 — 4.69 (m, 2H), 4.67 —34(f,
2H), 4.60 — 4.57 (m, 1H), 4.53 — 4.43 (m, 4H), 4-48.31 (m, 4H), 4.31 — 4.25 (m, 4H), 4.25 — 4.20
(m, 2H), 4.20 — 4.14 (m, 2H), 4.14 — 4.08 (m, 38199 — 3.95 (m, 8.4 Hz, 1H), 3.87 @M= 11.0 Hz,
1H), 3.72 — 3.67 (m, 2H), 3.25 — 3.18 (m, 2H), 2(82 = 12.6 Hz, 1H), 1.73 (d = 6.1 Hz, 3H, H-8),
1.65 (d,J = 6.0 Hz, 3H, H-8), 1.25, 1.19, 1.13, 1.10, 0.90, 0.90, 0.88 (s e@kheach, 7 x Cy); °C
NMR (150 MHz, GDsN) 6 176.53 (C-28), 144.08 (C-13), 122.88 (C-12), 106©-1"), 104.93 (C-1
", 104.88 (C-1), 102.74 (Cc-¥), 101.74 (c-1), 95.66 (C-1), 88.70, 79.13, 78.74, 78.18, 78.06, 77.17,
76.50, 76.33, 75.36, 74.78, 74.05, 74.01, 73.988¥2.78, 72.58, 72.50, 72.31, 70.82, 70.31,59.8
69.79, 69.18, 67.47, 64.53, 61.25, 55.99, 49.68)61317.03, 46.21, 42.13, 41.66, 39.88, 39.50,38.9
37.02, 33.99, 33.14, 32.53, 30.76, 29.98, 28.208&6.63, 26.06, 23.79, 23.68, 23.36, 18.65,5.8.5
17.50, 17.02, 15.67; HRMS(ESI): calcd. for [M+N&kH1040,0Na: 1359.6555, found 1359.6563.
5.1.14.
3-O-[ a-L-rhamnopyranosyl-(1—2)-[ a-L-rhamnopyranosyl-(1—4)] -a-L-arabinopyranosyl] oleanolic
acid 28-O-[ a-L-rhamnopyranosyl-(1—4)-4-D-glucopyranosyl-(1—6)-$-D-glucopyranosyl] ester (3)

Following the general procedure mentioned abovgetocompound (0.51 g, 84% over for two



steps) as a white foam; R0.24 (4:1:5n-BuOH-AcOH-H,0); Mp 211 — 214 °C;d]2 —36.76 ¢ 1.36,
CH3OH); *"H NMR (600 MHz, GDsN) 6 7.54 — 7.36 (m, 4H, OH), 6.89 — 6.29 (m, 12H, O&27 (d,J
= 8.1 Hz, 1H, H-¥), 6.03 (br s, 1H, H-Y), 5.90 (br s, 1H, HY), 5.77 (br s, 1H, HM), 5.41 (s, 1H,
H-12), 5.03 — 5.00 (m, 2H, H'}, 4.92 (d,J = 4.3 Hz, 1H, H-1), 4.76 (s, 1H), 4.71 — 4.69 (m, 2H),
4.65 (d,J = 4.3 Hz, 1H), 4.63 — 4.56 (m, 3H), 4.55 — 4.5Q 2id), 4.48 — 4.45 (m, 2H), 4.43 — 4.37 (m,
3H), 4.37 — 4.32 (m, 4H), 4.31 — 4.20 (m, 3H), 4-20.05 (m, 5H), 3.97 (1 = 6.9 Hz, 1H), 3.89 (d]
= 10.1 Hz, 1H), 3.68 (dl = 9.4 Hz, 1H), 3.62 (d] = 4.2 Hz, 1H), 3.20 (1] = 16.7 Hz, 2H), 2.32 (1 =
12.5 Hz, 1H), 1.73 (d] = 6.1 Hz, 3H, H-8), 1.69 (d,J = 6.0 Hz, 3H, H-6), 1.64 (d,J = 6.1 Hz, 3H),
1.26, 1.17, 1.11, 1.09, 0.90, 0.90, 0.87 (s eathe&ch, 7 x Ch); **C NMR (150 MHz, GDsN) &
176.52 (C-28), 144.09 (C-13), 122.85 (C-12), 104@51'), 104.81 (C-1), 102.73 (C-¥), 102.52
(C-1"), 101.98 (C-1), 95.63 (C-¥), 89.01, 78.72, 78.17, 78.04, 77.16, 76.49, 7673234, 74.94,
74.02, 73.86, 72.76, 72.57, 72.29, 72.16, 72.0180/(0r0.30, 70.27, 70.12, 69.16, 62.90, 61.24,%5.8
49.68, 48.04, 47.03, 46.21, 42.13, 41.65, 39.848%88.86, 37.00, 33.98, 33.14, 32.52, 30.75,7229.9
28.26, 28.03, 26.50, 26.05, 23.78, 23.68, 23.34/118.8.56, 18.54, 17.47, 16.90, 15.62; HRMS(ESI):
calcd. for [M+Na] CgsH1060,0Na: 1373.6712, found 1373.6672.
5.1.15.
3-O-[ a-L-rhamnopyranosyl-(1—2)-[ f-D-gal actopyranosyl-(1—4)] -a-L-arabinopyranosyl] oleanolic
acid 28-O-[ a-L-rhamnopyranosyl-(1—4)-4-D-glucopyranosyl-(1—6)-p-D-glucopyranosyl] ester (4)

Following the general procedure mentioned abovgetacompound (0.52 g, 84% over two steps)
as a white foam. R= 0.24 (4:1:5,n-BUOH-AcOH-H,0); Mp 228 — 231 °C;d]> —43.52 ¢ 2.16,
CH3OH); "H NMR (600 MHz, GDsN) ¢ 8.18 (d,J = 3.0 Hz, 1H, OH), 7.55 — 7.32 (m, 4H, OH), 6.88 —
6.66 (m, 8H, OH), 6.54 — 6.51 (m, 3H, OH), 6.27J¢; 8.1 Hz, 1H, H-Y), 6.17 (br s, 1H, H-Y), 5.90
(brs, 1H, H-1), 5.81 (d,J = 8.9 Hz, 1H, OH), 5.42 (s, 1H, H-12), 5.08 (celid = 8.9 Hz, 1H, H-T),
5.03 — 5.01 (m, 2H, HY), 4.78 (d,J = 5.9 Hz, 1H, H-1), 4.74 (s, 1H), 4.71 — 4.69 (m, 2H), 4.68 —
4.61 (m, 2H), 4.61 — 4.52 (m, 3H), 4.51 — 4.48 i), 4.47 — 4.43 (m, 3H), 4.39 — 4.31 (m, 4H), 4.30
—4.28 (m, 2H), 4.26 — 4.18 (m, 3H), 4.18 — 4.10 %), 4.07 (tJ = 5.8 Hz, 1H), 3.97 (td] = 8.4, 4.6
Hz, 1H), 3.83 (dJ = 11.1 Hz, 1H), 3.68 (dl = 9.5 Hz, 1H), 3.25 — 3.16 (m, 2H), 2.32Jt 11.7 Hz,
1H), 1.73 (dJ = 6.2 Hz, 3H, H-8), 1.65 (d,J = 6.1 Hz, 3H, H-8), 1.25, 1.18, 1.14, 1.11, 0.90, 0.90,
0.89 (s each, 3H each, 7 x §HC NMR (150 MHz, GDsN) ¢ 176.53 (C-28), 144.11 (C-13), 122.89
(C-12), 107.06 (C-1), 104.92 (C-1, c-1), 102.77 (C-Y), 101.74 (C-1), 95.68 (C-1), 88.68, 79.56,
78.78, 78.21, 78.09, 77.24, 77.20, 76.53, 76.3615/55.38, 74.09, 74.04, 73.90, 73.05, 72.80,172.6
72.52, 72.33, 70.87, 70.36, 70.33, 69.81, 69.2H%42.36, 61.28, 56.00, 49.69, 48.06, 47.05,316.2
42.15, 41.68, 39.89, 39.50, 38.92, 37.03, 34.01,5332.56, 30.77, 30.00, 28.29, 28.07, 26.64,7226.0
23.81, 23.70, 23.38, 18.67, 18.56, 17.52, 17.0885HRMS(ESI): calcd. for [M+N&]CssH106030Na:
1389.6661, found 1389.6717.
5.1.16.
3-O-[ a-L-rhamnopyranosyl-(1—2)-[ f-D-xylopyranosyl-(1—4)] -a-L-arabinopyranosyl] oleanolic  acid
28-O-[ a-L-rhamnopyranosyl-(1—4)-4-D-glucopyranosyl-(1—6)-5-D-glucopyranosyl] ester (5)

Following the general procedure mentioned abovgetacompound (0.51 g, 84% over two steps)
as a white foam. R= 0.24 (4:1:5,n-BUOH-AcOH-H,0); Mp 228 — 232 °C;d]> —33.55 ¢ 1.52,
CH3OH); "H NMR (600 MHz, GDsN) ¢ 8.34 (d,J = 3.8 Hz, 1H, OH), 7.54 — 7.34 (m, 5H, OH), 7.20
(d,J= 4.5 Hz, 1H, OH), 6.85 — 6.54 (m, 8H, OH), 6.87)= 8.1 Hz, 1H, H-Y), 6.19 (br s, 1H, H-Y),
5.89 (br s, 1H, H-1), 5.80 (d,J = 9.0 Hz, 1H, OH), 5.41 (s, 1H, H-12), 5.03 — 4(89 3H, H-1", H-1
V), 4.81 (d,J = 5.8 Hz, 1H, H-1), 4.76 (s, 1H), 4.72 — 4.68 (m, 2H), 4.68 — 4.62 2H), 4.61 — 4.56



(m, 1H), 4.54 — 4.51 (m, 1H), 4.50 — 4.44 (m, 2#B8 — 4.31 (m, 6H), 4.30 — 4.28 (m, 1H), 4.25 —
4.20 (m, 3H), 4.20 — 4.15 (m, 2H), 4.15 — 4.08 4ir), 4.03 (tdJ = 8.4, 4.1 Hz, 1H), 3.97 (td,= 8.1,
4.4 Hz, 1H), 3.89 (d) = 10.7 Hz, 1H), 3.69 — 3.63 (m, 2H), 3.21 (ddi&; 16.2, 12.3, 3.3 Hz, 2H), 2.32
(t, J=11.5 Hz, 1H), 1.73 (d] = 6.2 Hz, 3H, H-8), 1.66 (d,J = 6.1 Hz, 3H, H-8), 1.25, 1.18, 1.12,
1.10, 0.90, 0.89, 0.88 (s each, 3H each, 7 »%)CHC NMR (150 MHz, GDsN) ¢ 176.56 (C-28),
144.13 (C-13), 122.92 (C-12), 106.96 (&)},1104.94 (Cc-1, c-1%), 102.80 (C-I), 101.84 (C-1),
95.70 (C-1), 88.73, 79.33, 78.80, 78.66, 78.23, 78.11, 771B8%5, 76.37, 75.41, 75.24, 74.11, 74.06,
73.93, 72.83, 72.64, 72.55, 72.37, 71.01, 70.886/@9.90, 69.25, 67.47, 64.55, 61.31, 56.02,219.7
48.09, 47.08, 46.25, 42.18, 41.71, 39.92, 39.53&87.05, 34.03, 33.18, 32.58, 30.80, 28.32,128.1
26.64, 26.10, 23.83, 23.72, 23.41, 18.70, 18.5%41,71.7.07, 15.69; HRMS(ESI): calcd. for [M+Na]
CesH1040-0Na: 1359.6555, found 1359.6449.
5.1.17.
3-O-[ a-L-rhamnopyranosyl-(1—2)-[ f-D-ribofuranosyl-(1—4)] -a-L-arabinopyranosyl] oleanolic  acid
28-O-[ a-L-rhamnopyranosyl-(1—4)-4-D-glucopyranosyl-(1—6)--D-glucopyranosyl] ester (6)

Following the general procedure mentioned abovgetacompound (0.47 g, 79% over two steps)
as a white foam. R= 0.24 (4:1:5,n-BUuOH-AcOH-H,0); Mp 220 — 223 °C;d]? -72.32 ¢ 1.12,
CH3OH); "H NMR (600 MHz, GDsN) § 7.53 — 7.30 (m, 4H, OH), 7.00 — 6.47 (m, 11H), 6@7J =
7.9 Hz, 1H, H-Y), 6.17 (s, 1H, OH), 6.09 (s, 1H, HY 5.90 (s, 1H, H-Y), 5.65 (d,J = 2.4 Hz, 1H,
H-1"), 5.41 (s, 1H, H-12), 5.01 (d,= 7.6 Hz, 2H, H-1), 4.87 (d,J = 3.4 Hz, 1H, H-1), 4.74 (s, 1H),
4.71 — 4.68 (m, 2H), 4.67 — 4.60 (m, 2H), 4.59)4,9.1 Hz, 1H), 4.54 — 4.51 (m, 1H), 4.50 — 4.43 (m
3H), 4.41 — 4.28 (m, 7H), 4.27 — 4.06 (m, 11H)93:93.95 (m, 1H), 3.88 (d,= 10.2 Hz, 1H), 3.68 (d,
J = 8.6 Hz, 1H), 3.22 (ddd} = 15.3, 11.5, 1.9 Hz, 2H), 2.32 {t= 13.7 Hz, 1H), 1.73 (d] = 5.6 Hz,
3H, H-6"), 1.67 (d,J = 5.5 Hz, 3H, H-6), 1.25, 1.19, 1.11, 1.11, 0.90, 0.90, 0.89 (s gakheach, 7 x
CH); ®C NMR (150 MHz, GDsN) 6 176.53 (C-28), 144.11 (C-13), 122.87 (C-12), 1040-1', C-1
Y, 103.57 (c-1), 102.77 (c-¥), 101.97 (c-1), 95.67 (C-¥), 88.85, 78.77, 78.19, 78.08, 77.20, 77.02,
76.52, 76.36, 75.38, 74.04, 73.90, 72.88, 72.8181722.55, 72.52, 72.30, 70.87, 70.33, 70.08,%0.0
69.22, 65.33, 61.28, 55.95, 48.07, 47.05, 46.235121.68, 39.89, 39.51, 38.92, 37.03, 34.00,3.1
32.55, 30.77, 30.00, 28.29, 28.07, 26.60, 26.08®23.69, 23.38, 18.68, 18.57, 17.50, 16.96,6.5.6
HRMS(ESI): calcd. for [M+Na] CgsH1040-0Na: 1359.6555, found 1359.6423.
5.1.18. 3-O-a-L-arabinopyranosyl-oleanolic acid
28-O-[ a-L-rhamnopyranosyl-(1—4)-4-D-glucopyranosyl-(1—6)-5-D-glucopyranosyl] ester (7)

Compound7 was synthesized frord9 (0.41 g, 0.45 mmol) by the same procedure as for
compoundl-6 and purified on a Sephadex LH-20 column using Me@3Hhe eluent. (0.42 g, 89%
over two steps), white foam; R 0.36 (4:1:5n-BuOH-AcOH-H,0); Mp 186 — 189 °C;d]> —27.50 ¢
1.12, CHOH); '"H NMR (600 MHz, GDsN) 6 7.51 (d,J = 5.6 Hz, 1H, OH), 7.49 (dl = 4.5 Hz, 1H,
OH), 7.39 (dJ = 4.5 Hz, 1H, OH), 7.33 (d,= 5.0 Hz, 1H, OH), 6.97 (d,= 4.9 Hz, 1H, OH), 6.82 (d,
J=4.3 Hz, 1H, OH), 6.79 (d,= 5.0 Hz, 1H, OH), 6.74 (dd,= 7.4, 5.3 Hz, 1H, OH), 6.66 (d,= 4.6
Hz, 1H, OH), 6.58 (dJ = 5.7 Hz, 1H, OH), 6.50 (d,= 6.4 Hz, 1H, OH), 6.31 (d,= 4.0 Hz, 1H, OH),
6.27 (d,J = 8.1 Hz, 1H, H-1), 5.89 (s, 1H, H-1), 5.42 (s, 1H, H-12), 5.00 (d,= 5.4 Hz, 1H, H-1),
4.78 (d,J = 7.1 Hz, 1H, H-1), 4.70 — 4.68 (m, 2H), 4.60 — 4.55 (m, 1H), 4.42.44 (m, 2H), 4.38 —
4.31 (m, 5H), 4.26 — 4.20 (m, 2H), 4.19 — 4.14 8#), 4.13 — 4.09 (m, 2H), 3.96 (td~= 8.5, 4.5 Hz,
1H), 3.85 (dJ = 10.9 Hz, 1H), 3.68 (d} = 9.5 Hz, 1H), 3.35 (dd] = 11.7, 4.2 Hz, 1H), 3.20 (dd,=
13.6, 3.8 Hz, 1H), 1.72 (d, = 6.1 Hz, 3H, H-8), 1.28, 1.25, 1.11, 0.98, 0.90, 0.90, 0.90 (s gath
each, 7 x Ch); ®C NMR (150 MHz, GDsN) § 176.52 (C-28), 144.12 (C-13), 122.90 (C-12), 187.4



(C-1"), 104.87 (c-), 102.76 (c-¥), 95.65 (C-¥), 88.70, 78.75, 78.33, 78.05, 77.16, 76.53, 75.35,
74.65, 74.01, 73.88, 72.93, 72.77, 72.57, 70.9832®%9.52, 69.25, 66.74, 61.33, 55.91, 49.68,018.1
47.06, 46.25, 42.15, 41.70, 39.93, 39.57, 38.84)8334.02, 33.14, 32.56, 30.77, 28.30, 28.25,26.6
26.08, 23.83, 23.72, 23.38, 18.52, 17.53, 16.9463t5HRMS(ESI): calcd. for [M+H]Cs3HgOx1:
1059.5734, found 1059.5745.

5.1.19. Oleanolic acid
3-0-2,3,4-tri-O-acetyl -a-L-rhamnopyranosyl-(1— 2)-3,4-O-isopr opylidene-a-L-ar abinopyranoside (51)

A suspension 016 (0.60 g, 0.61 mmol) and 10% Pd-C (0.18 g) in Et@3@ mL) was refluxed
and bubbled up with H(70 mL/min) for 1.5 hPd-C was removed through filtration and the fiktrat
was concentrated to dryness and purified by aasga column chromatography (2:1 petroleum ether —
EtOAc) to afford51 (0.47 g, 87%) as a white foam, R0.34 (2:1, petroleum ether — EtOAc); Mp 144
— 148 °C; {]5 —24.75 ¢ 1.01, CHOH); *H NMR (600 MHz, CDC}) § 7.27 (s, 1H), 5.36 — 5.31 (m,
3H), 5.29 — 5.27 (m, 2H), 5.05 &= 9.9 Hz, 1H), 4.36 (d] = 7.5 Hz, 1H), 4.22 — 4.18 (m, 2H), 4.17 —
4.14 (m, 1H), 4.11 (ddl = 10.4, 2.7 Hz, 1H), 3.78 — 3.73 (m, 2H), 3.10,(id 11.8, 4.3 Hz, 1H), 2.82
(dd,J = 13.7, 3.9 Hz, 1H), 2.15 (s, 3H), 2.02 (s, 3H¥6L(s, 3H), 1.93 — 1.54 (m, 14H), 1.53 (s, 3H),
1.33 (s, 3H), 1.20 (d1 = 6.2 Hz, 3H), 1.13 (s, 3H), 1.06 (s, 3H), 0.9334), 0.91 (s, 3H), 0.90 (s, 3H),
0.82 (s, 3H), 0.74 (s, 3H}?C NMR (150 MHz, CDG)) ¢ 183.11, 170.17, 169.99, 169.94, 143.55,
122.66, 110.38, 103.14, 95.25, 89.05, 79.11, 75/2®5, 71.28, 69.63, 69.09, 66.23, 62.61, 55.88,
47.67, 46.55, 45.88, 41.67, 41.09, 39.33, 39.08/4886.77, 33.83, 33.07, 32.66, 32.46, 30.68,28.0
27.78, 27.64, 26.10, 25.92, 23.58, 23.42, 22.9972®0.81, 20.72, 18.23, 17.36, 16.92, 16.35,d&5.4
HRMS(ESI): calcd. for [M+Na&]CseH7¢014Na: 923.5127, found 923.5116.

5.1.20.

3-0-[2,3,4-tri-O-acetyl-a-L-rhamnopyranosyl-(1— 2)-3,4-O-isopropylidene-a-L-arabinopyranoside] ol
eanolic acid
28-0-2,3,4-Tri-O-acetyl-a-L-rhamnopyranosyl-(1—4)-2,3-di-O-acetyl -6-O-benzoyl-5-D-glucopyranos
yl-(1—6)-2,3,4-tri-O-acetyl-5-D-glucopyranosyl ester (52)

A mixture of compound$1 (0.47 g, 0.53 mmol)36 (0.68 g, 0.64 mmol) and 4 A molecular
sieves in dry CECI, (30 mL) were stirred under an atmosphere ofdd 30 min at 0 °C. A solution of
TMSOTf (0.16 mL, 0.34 mmol/mL) in dry Ci&l, was injected. The mixture was stirred under these
conditions for 30 min, then quenched withNE(0.1 mL), and concentrated to dryness to affordie
intermediate$2. The residue was purified by a silica gel colurhmomatography (5:2 petroleum ether
— EtOAC) to give compoun82 (0.83 g, 87%) as a white foam; R0.3 (3:2, petroleum ether — EtOACc);
Mp 154 — 156 °C; d]y —21.67 ¢ 2.18, CHOH); *H NMR (600 MHz, CDC}) § 8.04 (d,J = 7.2 Hz,
2H), 7.58 (tJ = 7.4 Hz, 1H), 7.47 (1) = 7.7 Hz, 2H), 5.54 (d] = 8.3 Hz, 1H), 5.36 — 5.34 (m, 2H),
5.31 (ddJ = 3.5, 1.7 Hz, 1H), 5.30 — 5.29 (m, 1H), 5.22 £/5(m, 3H), 5.13 — 5.09 (m, 2H), 5.05dt,
= 8.1 Hz, 1H), 5.02 () = 8.0 Hz, 1H), 4.95 () = 9.7 Hz, 1H), 4.87 — 4.82 (m, 2H), 4.77 Jc; 10.6
Hz, 1H), 4.55 (dJ = 7.9 Hz, 1H), 4.48 (ddl = 12.3, 4.3 Hz, 1H), 4.36 (d,= 7.5 Hz, 1H), 4.22 — 4.18
(m, 2H), 4.18 — 4.14 (m, 1H), 4.14 — 4.10 (m, 18190 (t,J = 9.3 Hz, 1H), 3.87 — 3.82 (m, 2H), 3.79 —
3.73 (m, 3H), 3.69 (dddl = 9.7, 4.0, 1.9 Hz, 1H), 3.56 (dd~= 11.5, 5.6 Hz, 1H), 3.09 (dd,= 11.7,
4.3 Hz, 1H), 2.78 (dd] = 13.5, 3.8 Hz, 1H), 2.15 (s, 3H), 2.09 (s, 3HD&(s, 3H), 2.06 (s, 3H), 2.03
(s, 3H), 2.01 (s, 3H), 2.00 (s, 3H), 1.99 (s, 3HY7 (s, 6H), 1.96 (s, 3H), 1.92 — 1.56 (m, 11HH31(s,
3H), 1.51 — 1.35 (m, 4H), 1.33 (s, 3H), 1.32 — 1(@4 5H), 1.20 (dJ = 6.3 Hz, 3H), 1.15 (d] = 6.2
Hz, 3H), 1.11 (s, 3H), 1.05 (s, 3H), 0.92 (s, 36189 (s, 3H), 0.88 (s, 3H), 0.83 (s, 3H), 0.733();

%C NMR (150 MHz, CDG)) § 175.27, 170.16, 170.13, 170.07, 169.99, 169.99.85 169.38, 168.90,



165.79, 142.86, 133.13, 132.33, 130.91, 129.81,7129128.85, 128.44, 122.85, 110.36, 103.18,
100.28, 99.08, 95.15, 91.47, 88.99, 79.15, 75.889 73.83, 73.39, 72.91, 72.87, 71.80, 71.271,0.
69.99, 69.60, 69.07, 68.80, 68.52, 67.76, 67.60,%65.56, 62.66, 62.36, 55.84, 53.43, 47.62,26.7
45.81, 41.72, 41.06, 39.30, 39.07, 38.75, 36.76/332.95, 31.69, 30.56, 29.70, 28.01, 27.85,87.7
25.57, 23.49, 23.41, 22.83, 21.03, 20.98, 20.7%2®0.69, 20.65, 20.59, 20.54, 19.19, 18.19,5,7.3
17.21, 16.99, 16.40, 15.47, 13.73; HRMS(ESI): calimt [M+H]" CgH1,/057: 1811.8051, found
1811.8015.

5.1.21. 3-O-[ a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranosyl] oleanolic acid
28-O-[ a-L-rhamnopyranosyl-(1—4)-4-D-glucopyranosyl-(1—6)-5-D-glucopyranosyl] ester (8)

P-TsOH (0.15 g, 0.90 mmol) was added to a solutidn5@ (0.81 g, 0.45 mmol) in
MeOH-CHCI, (2:1, v/v, 30 mL) The mixture was stirred at 40 °C for 6 h followy addition of
NaOMe in MeOH solution (1.0 mol/L, 1.35 mL). The xtuire was stirred at rt for 5 h and then
neutralized with Dowex Hresin to pH 7 and filtered. The filtrate was cartcated and purified on a
Sephadex LH-20 column using MeOH as the eluentftwchcompound (0.43 g, 79% over two steps)
as a white foam. R= 0.34 (4:1:5,n-BUOH-AcOH-H,0); Mp 168 — 172 °C;d]? -21.37 ¢ 1.17,
CH3OH); 'H NMR (600 MHz, GDsN) 6 6.28 (d,J = 8.2 Hz, 1H, H-), 6.20 (s, 1H, H-1), 5.91 (s, 1H,
H-1"), 5.42 (s, 1H, H-12), 5.04 — 5.01 (m, 3H, M}14.91 (dJ = 5.4 Hz, 1H, H-1), 4.79 (dJ=1.8
Hz, 1H), 4.73 — 4.65 (m, 3H), 4.65 — 4.57 (m, 3#HA7 (t,J = 9.3 Hz, 1H), 4.40 — 4.27 (m, 7H), 4.26 —
4.10 (m, 6H), 3.97 (1) = 8.4 Hz, 1H), 3.85 (d] = 9.9 Hz, 1H), 3.68 (d] = 9.4 Hz, 1H), 3.26 (dd] =
11.6, 4.1 Hz, 1H), 3.19 (dd,= 13.9, 3.8 Hz, 1H), 2.33 @,= 12.6 Hz, 1H), 1.73 (d] = 6.2 Hz, 3H,
H-6"), 1.65 (d,J = 6.1 Hz, 3H, H-6), 1.26, 1.18, 1.11, 1.10, 0.91, 0.90, 0.89 (s eatheach, 7 x
CHs); *C NMR (150 MHz, GDsN) 6 176.53 (C-28), 144.12 (C-13), 122.85 (C-12), 184(8-1"),
104.76 (C-1), 102.73 (c-¥), 101.73 (c-{), 95.65 (C-1), 88.78, 78.72, 78.30, 78.05, 77.14, 76.51,
75.94, 75.33, 74.05, 73.98, 73.87, 73.68, 72.74/722.55, 72.36, 70.89, 70.30, 69.89, 69.23,%8.5
64.58, 61.31, 55.93, 48.07, 47.06, 46.24, 42.1681139.90, 39.49, 38.93, 37.04, 34.01, 33.13,82.5
30.76, 28.27, 28.11, 26.51, 26.06, 23.80, 23.7B8838.56, 18.51, 17.51, 16.98, 15.64; HRMS(ESI):
calcd. for [M+Na] CsgHosOssNa: 1227.6133, found 1227.6101.

5.1.22. General procedure for the preparation of compounds 10-12

A mixture of compounds7 (0.6 g, 0.41 mmol), trichloroacetimidate donorgrfyenzoylated
glucosyl trichloroacetimidat&8 or 34), (0.49 mmol) and 4 A molecular sieves in dry CH (30 mL)
were stirred under an atmosphere offdd 30 min at 0 °C. A solution of TMSOTf (0.12 mQ,34
mmol/mL) in dry CHCI, was injected. The mixture was stirred under tloegelitions for 30 min, then
guenched with EN (0.1 mL), and concentrated to dryness to affatdie intermediate53-55 The
resulting residue was dissolved in dry MeOH-CH (2:1, v/v, 30 mL), and a newly prepared solution
of NaOMe in MeOH (1.0 mol/L, 0.41 mL) was addedeTdolution was stirred at rt for 5 h and then
neutralized with Dowex Hresin to pH 7 and filtered. The filtrate was cartcated and purified on a
Sephadex LH-20 column using MeOH as the eluentfescacompoundL0-12
5.1.23.

3-O-[ a-L-rhamnopyranosyl-(1—2)-[ f-D-glucopyranosyl-(1—4)] -a-L-arabinopyranosyl] oleanolic acid
28-0-p-D-glucopyranosyl] ester (10)

Following the general procedure mentioned abovgetbocompoundlO (0.38 g, 88% over two
steps) as a white foam; R 0.36 (4:1:5n-BuOH-AcOH-H,0); Mp 217 — 220 °C;d]> -5.16 € 1.55,
CH3OH); '"H NMR (600 MHz, GD:sN) ¢ 8.50 (s, 1H, OH), 7.57 — 7.29 (m, 5H, OH), 6.88.48 (m,
5H, OH), 6.37 (dJ = 8.2 Hz, 1H, H-Y), 6.23 (s, 1H, H-1), 5.99 (d,J = 9.0 Hz, 1H, OH), 5.45 (s, 1H,



H-12), 5.18 (dJ = 7.8 Hz, 1H, H-T), 4.80 — 4.72 (m, 2H, H'), 4.70 — 4.61 (m, 2H), 4.58 — 4.48 (m,
3H), 4.46 — 4.41 (m, 4H), 4.37 — 4.19 (m, 7H), 4-08.06 (m, 2H), 3.96 — 3.89 (m, 1H), 3.82 Jd&;
11.1 Hz, 1H), 3.26 — 3.14 (m, 2H), 2.37J& 12.8 Hz, 1H), 1.67 (dl = 6.1 Hz, 3H, H-8), 1.27, 1.19,
1.13, 1.12, 0.93, 0.90, 0.87 (s each, 3H eachCH3; *C NMR (150 MHz, GDsN) ¢ 176.45 (C-28),
144.12 (C-13), 122.88 (C-12), 106.47 (E}1104.98 (C-1), 101.82 (C-1), 95.78 (C-1), 88.64,
79.78, 79.40, 78.95, 78.84, 78.58, 76.36, 75.51,8/474.09, 72.52, 72.33, 71.23, 71.06, 69.84,164.6
62.52, 62.17, 55.97, 48.05, 47.01, 46.19, 42.15,5139.90, 39.49, 38.91, 37.01, 34.00, 33.16,82.5
30.79, 28.25, 28.06, 26.64, 26.09, 23.81, 23.64238.69, 18.53, 17.48, 17.04, 15.65; HRMS(ESI):
calcd. for [M+H] CsgHg70,1: 1059.5734, found 1059.5739.

5.1.24.

3-O-[ a-L-rhamnopyranosyl-(1—2)-[ f-D-glucopyranosyl-(1—4)] -a-L-arabinopyranosyl] oleanolic acid
28-O-[ -D-glucopyranosyl-(1—6)-5-D-glucopyranosyl] ester (11)

Following the general procedure mentioned abovgetocompoundll (0.43 g, 86% over two
steps) as a white foam; R0.32 (4:1:5n-BuOH-AcOH-H,0); Mp 215 — 217 °C;4]? —-16.67 ¢ 1.50,
CH3OH); '"H NMR (600 MHz, GD:sN) ¢ 8.48 (s, 1H, OH), 7.56 — 7.29 (m, 5H, OH), 6.88.45 (m,
4H, OH), 6.30 (dJ = 8.1 Hz, 1H, H-Y), 6.22 (s, 1H, H-1), 5.98 (d,J = 8.0 Hz, 1H, OH), 5.43 (s, 1H,
H-12), 5.18 (dJ = 7.9 Hz, 1H, H-T), 5.06 (d,J = 7.8 Hz, 1H, H-1), 4.78 (d,J = 5.9 Hz, 1H, H-1),
4.76 —4.74 (m, 2H), 4.70 — 4.60 (m, 2H), 4.57474m, 3H), 4.45 — 4.37 (m, 5H), 4.34Jt 9.5 Hz,
1H), 4.32 — 4.20 (m, 7H), 4.18 — 4.13 (m, 2H), 4-08.02 (m, 2H), 3.94 — 3.90 (m, 2H), 3.83 J&
11.0 Hz, 1H), 3.27 — 3.17 (m, 2H), 2.33J& 11.9 Hz, 1H), 1.67 (dl = 6.1 Hz, 3H, H-8), 1.26, 1.18,
1.13, 1.12, 0.90, 0.89, 0.89 (s each, 3H eachCH3; *C NMR (150 MHz, GDsN) ¢ 176.55 (C-28),
144.15 (C-13), 122.87 (C-12), 106.44 (&),1105.35 (C-1), 104.96 (C-1), 101.83 (C-1), 95.71 (C-1
"), 88.67, 79.72, 78.84, 78.79, 78.58, 78.52, 787202, 76.37, 75.51, 75.19, 74.09, 73.92, 72.52,
72.33, 71.48, 71.24, 70.90, 69.85, 69.38, 64.540%52.52, 55.98, 48.06, 47.05, 46.24, 42.16,911.6
39.89, 39.49, 38.90, 37.02, 33.98, 33.14, 32.54,83®0.00, 28.28, 28.06, 26.63, 26.08, 23.81,83.6
23.39, 18.69, 18.54, 17.51, 17.04, 15.70; HRMS(E&&Icd. for [M+H] CsgHo7Os6 1221.6263, found
1221.6290.

5.1.25.
3-O-[ a-L-rhamnopyranosyl-(1—2)-[ f-D-glucopyranosyl-(1—4)] -a-L-arabinopyranosyl] oleanolic acid
28-O-[ a-L-rhamnopyranosyl-(1—4)-5-D-glucopyranosyl] ester (12)

Following the general procedure mentioned abovgetbocompoundl2 (0.42 g, 86% over two
steps) as a white foam; R0.34 (4:1:5n-BuOH-AcOH-H,0); Mp 162 — 165 °C;d]? —37.50 ¢ 1.44,
CH3OH); '"H NMR (600 MHz, GDsN) 6 6.28 (d,J = 8.2 Hz, 1H, H-¥), 6.22 (s, 1H, H-1), 5.95 (s,
1H, H-1), 5.43 (s, 1H, H-12), 5.18 (d,= 7.8 Hz, 1H, H-T), 5.02 — 4.97 (m, 2H), 4.79 (d= 6.0 Hz,
1H, H-1"), 4.77 (s, 1H), 4.73 — 4.64 (m, 4H), 4.60 — 452 $H), 4.44 — 4.33 (m, 5H), 4.32 — 4.20 (m,
7H), 4.20 — 4.09 (m, 3H), 4.07 (= 8.5 Hz, 1H), 3.95 — 3.91 (m, 1H), 3.84 — 3.83 1), 3.21 (tJ =
12.5 Hz, 2H), 2.32 (1) = 12.5 Hz, 1H), 1.72 (d] = 6.2 Hz, 3H, H-8), 1.67 (dJ = 6.1 Hz, 3H, H-8),
1.26, 1.19, 1.13, 1.09, 0.93, 0.90, 0.86 (s eathe&ch, 7 x Ch); **C NMR (150 MHz, GDsN) &
176.40 (C-28), 144.05 (C-13), 122.91 (C-12), 106291™), 104.86 (C-1), 102.68 (C-¥), 101.77
(c-1"), 95.41 (c-1), 88.69, 79.45, 78.71, 78.49, 77.89, 77.08, 7615146, 74.23, 74.03, 73.94 73.89,
73.83, 72.73, 72.66, 72.54, 72.47, 72.26, 71.3417(®9.83, 65.64, 64.39, 62.55, 61.02, 55.98,518.0
47.01, 46.18, 42.15, 41.74, 39.90, 39.48, 38.93)3734.00, 33.12, 32.54, 30.76, 28.24, 28.09,26.5
26.07, 23.79, 23.64, 23.37, 18.61, 18.52, 17.440Q,715.62; HRMS(ESI): calcd. for [M+H]
CsoHge70,5: 1205.6313, found 1205.6294.



5.2. Biology
5.2.1. Cell culture and treatments

PC12 cells were purchased from Jiangsu Keygen &io@ompany, China, grown in Roswell
Park Memorial Institute-1640 (Gibicaupplemented with 15% fetal bovine serum and 1%biatit
mixture comprising penicilline and streptomycin Q1Q/mL of penicilin and 100ug/mL of
streptomycin in a humidified atmosphere at 37 °C with 5% £Oells were sub-cultured every 2 days
and in culture for 8 days before being used foreexpents.
5.2.2. Céll viability assay

Cells were trypsinized with 0.25% trypsin, countadd seeded in 96-well culture plates (1 & 10
cells/well). After 12 h of incubation, the cells mge pretreated with compounds in different
concentrations for 12 h before incubation in medicontaining HO, (200 uM) or Af1.4, (40 uM).
After 12 h of treatment, 20L of MTT (5 mg/mL) wasadded. After incubation for 4 h the supernatant
was discarded, and DMSO (15@0/well) was added. The 96-well plate was vibrated a
microvibrator for 10 min, and the optical density480 nm was measured using a microplate reader.
5.2.3. LDH release assay

The amount of LDH release was determined by usingssay kit according to the manufacturer’'s
protocol. At the end of drug treatment, the supkmtaand cell lysates were transferred to 96-well
plates and incubated with 1mg/ml NADH in pyruvatdstrate solution for 15 min at 37 °C. After
additional incubation for 15 min with 2,4-dinitrophylhydrazine at 37 °C, the reaction was stopped by
adding 0.4 mol/L NaOH. The changes in absorbance wetermined at 450 nm by using a microplate
reader. LDH leakage was expressed as the perce(#ggef the total LDH activity (LDH in the
supernatant + LDH in the cell lysate), accordinghe equation: %LDH released = (LDH activity in
the medium/total LDH activity) x 100%.
5.2.4. Measurement of intracellular ROS level

ROS level was measured by using DCFH-DA method. [2&Fr the treatment, PC12 cells were
washed with PBS and incubated with DCFH-DA at alftoncentration of 1@mol/L for 20 min at 37
°C in darkness. Then the cells were washed with BB& times. The fluorescence intensity was
measured by using a flow cytometer (BD FACSCallih88/530 nm).
5.2.5. Measurement of MDA level

The MDA content was determined using the 2-thioltariec acid (TBA) method [32]After the
treatment, two volumes of 2-thiobarbituric acidgeat (0.375% TBA, 15% trichloroacetic acid, and
0.1 mM EDTA) were added to the cell samples andedoat 95 °C for 40 min. After cooling and
centrifugation at 3000 x g for 10 min, the absodeaaf each supernatant was measured at 532 nm by
using a microplate reader.
5.2.6. Satigtical analysis

All samples were cultured in triplicate. The data expressed as the means + SD of three assays.
Statistical analysis was performed using one-wayais of variance (ANOVA) with Dunnett’s tef.
< 0.05 was considered significant.
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Highlights
Natural saponin hederacolchiside E and eleven of its derivatives were synthesized for the
first time.

This series of compounds showed obvious differences in activity in AD-like models due
to structural variations.

Compound 7 with a relatively simple chemical structure showed the best activity against
Ap1.4-induced cell damage.

Hederacolchiside E and compound 7 could significantly reduce the levels of LDH, ROS
and MDA resulting from Af1.4, treatment in a concentration-depended manner.



