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Abstract: Glycyrrhetinic acid (GA) had been the star anti@ankzad
compound and appealed to many scientists all dvemiorld; however,
its antitumor activity was not potent enough. T@riove GAS cytoxicity
and explore the effect of bonding mode on antitumactivity, 32
compounds including GA-OH series (GO, esters in @e8ition) and
GA-NH; series (GN, with amide linkages in C-3 positiorgdhbeen

designed and synthesized. All the compounds weeesed folin vitro
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cytotoxicity against A549, HepG2, MCF-7, Hela and@®K cell lines.
As a result, all the de-protected (without Boc grpderivatives showed
much stronger cytotoxic activity than GA, and sigipgly enough, all
the GN series of the compounds were more potent®@@ series against
various tumor cells. Among them, the compo@td(amide linkages in
C-3 position)exhibited stronger antitumor activity against A& line
(ICs0 = 2.109 = 0.11uM) than the positive drug cisplatin @&= 9.001
+ 0.37uM). Further studies indicated that compowt&icould induce
A549 apoptosis via nuclei fragmentation. The detecdf apoptosis and
cell cycle analysis indicated that compou2@l could induce the early
apoptosis and prevent A549 cells transition fromtdS G2 phase.
Furthermore, the structure-activity relationshipsrev briefly discussed.
Among which, current study displayed amide linkage<-3 position
could effectively enhance GA cytotoxicity, providila new modification

strategy for further study.

Keywords: Glycyrrhetinic; amino acid; antitumor; bonding negé@mide

linkages.

1. Introduction
In recent years, increasing effort had been madiedanew antitumor
compounds, and natural products always appealeth$b scientists [1-3].

Among them,pentacyclic triterpenoids were largely found in meedhl
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plants and possessed a wide range of pharmacdlcgtsities [4-6].
Glycyrrhetinic acid (GA), the aglycone of glycyrzm found in the roots
of licorice [7], had become a star anticancer cammgoas thousands of
research papers published were carried aroundhihdd been gotten into
the focus of worldwide scientific interest becao$éts advantages such
as being obtained easily and cheaply, good stghhligh biosecurity and
antiproliferative activity against various cancetl éines. Nowadays, due
to the influence of cancer, it was very common texple became poor
or even went bankrupt in many developing countriggith the
advantages of GA-like drugs, it had the prospedesieloping affordable
chemotherapy drugs that were acceptable for the people [8-12].
However, the weak antitumor activity of GA was @ leakness when
compared to other triterpenes like triptolide aetubnic acid [13,14]. All
the advantages mentioned and desire to improven#tequacies of GA
had made it meaningful to be modified for the disay of potential
antitumor compounds [15,16].

According to many other researches and previou& werformed by
our group, introduction of protected or de-protdctamino acid could
increase the antitumor activity as well as watelulgbty [17-19].
Structure activity relationship indicated that eftation at C-30 could
enhance the activity of GA, and among methyl estényl ester and

benzyl (Bn) ester at C-30, benzyl ester showed libst antitumor
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activities [20,21]. In addition, according to theports that bonding mode
of the compound might strongly affect the activiiyyd amide linkages
not only improved activity of compound but also matable than esters
In metabolism [22,23]. Based on the above, to im@rGAs cytotoxicity
and to explore the effect of bonding mode on amidiu activity, 32 GA
derivatives including GO series and GN series hagnbdesigned and
synthesized. The cytotoxic activity of all compoanwas screened
against A549 (human lung cancer), MCF-7 (human mamncancer),
HepG2 (human hepatocellular carcinoma), Hela (huogawical cancer)
and MDCK (Madin-Darby canine kidney) cell lin@s vitro. Moreover,
fluorescence staining observations and flow cytoimednalyses were
performed to observe the preliminary antitumor naecéms of the most
selectivity compound. In addition, the structur@aty relationships of
the two series of GA derivatives were briefly disseed. Notably, current
study displayed amide linkages in C-3 position daffectively enhance
the antitumor activity, providing a new modificaticstrategy for the

following study of GA.

2. Resultsand Discussion
2.1 Chemistry
The designed derivatives were prepared followirgy ghocedures in

Schemes 1-3. In Scheme 1, GA derivative GA-BN wgyethesized
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through a combination of GA and benzyl bromide @Mh-containing
K.CGOs at 857 in N,N-dimethylformamide (DMF). Then the intermat#
GA-BN was further reacted with N-protected-L-amim@id in dry
dichloromethane (DCM) in the presence of
1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide hyahloride (EDCI)
and 4-dimethylaminopyridine (DMAP) to vyield compalsn 1-8.
Subsequently, deprotection was performed withuifbacetic acid (TFA)
in dry DCM at 07 to afford compoundS-16.

In Scheme 2, the intermediate GO-BN was obtainedutih the
oxidation with CrQ/H,SQ, in acetonethe two epimers of GN-BN was
obtained by Borch reduction with sodium cyanobodbide and
ammonium acetate in methanol [22]. Considering that change of
absolute stereochemistry in C3-NHlidn't evidently improve the
antitumor activity which was reported by Czuk’s gpg24,25], we only
chose the main product3d5N-BN to synthesize the GA derivatives.
After 38-GN-BN was produced, as shown in Scheme 3, commound
17-24 were obtained through the combination off-GN-BN and
N-protected-L-amino acid under catalyzed by EDCI dan
1-Hydroxybenzotriazole (HOBt) and N,N-diisopropyigiamine (DIPEA)
in dry DCM, and deprotection was performed with TiRAlry DCM at O[]
to yield compound®5-32 All reactions were carried out as detailed in

the experimental section, and the structures diallet derivatives were
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confirmed by spectrafid NMR, *C NMR and HRMS) analysis.

(Insert Scheme 1.)
(Insert Scheme 2.)

(Insert Scheme 3.)

2.2 Biology
2.2.1 Cytotoxicity assay

The cytotoxicity of glycyrrhetinic acid derivativesy vitro was
evaluated on four tumor cell lines (A549: human +sarall-cell lung
cancer; MCF-7: human mammary cancer; HepG2: hunegatbcellular
carcinoma; Hela: humancervical cancer cell) using the the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazaliu  bromide (MTT)
assay. In addition, their toxicity was tested usorge normal cell line
(MDCK: Madin-Darby canine kidney) cells. The sfCvalues of these
compounds were summarized in Table 1. As showrsetipootected GA
amino acid derivatives seemed not improved applgrdmit all of the
de-protection GA amino acid derivatives were moogept against four
tumor cell lines than GA. The cytotoxicity detectialso revealed that
most of GA amino acids derivatives, especially #maide linkages
derivatives (GN series), exhibited better antitunaativities than the

positive drug cisplatin (DDP). For A549 cell linespmpound 26
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exhibited stronger antitumor activities ¢§£2.109+0.11uM) than DDP
(1C50=9.001=0.37uM), and was over 18 times better than GAg(E
40uM); For HepG2 cell line, compoun&8 (IC50=2.143+0.09uM) was
over 16 times better than GA @£€> 4uM) and stronger than DDP
(1C50=3.908 = 0.17uM). Among the derivatives, four most potent
compounds and DDP were listed and calculated &warage IG, values
against four cancer cell lines as shown in Fig.Am@ound26 showed
the strongest antitumor activity (averagesg2.268M) which was
threefold than the positive drug DDP (average+Z.392:M)

In the meantime, it could be obviously seen thatdmide linkages
derivatives (GN series) exhibited better antipeshtive activities against
the cell lines than ester linkages derivatives (&Des). As shown in
Fig.2, the 1G, values of all GN series were lower than GO saies549
cells, especially for derivatives connected witleipylalanine and leucine,
which in separate improved 5.64 times and 6.98 gjmiespectively.
Among them, compound6 was the most potent one against A549 cells.
As described above, introduction of de-protectednanacid (without
Boc group) could enhance antitumor activities amthing hydroxyl of
C-3 into amino made all derivatives obtain bettatitamor activities,
Considering compoun@6 had the lowest average of sfCvalues, we
chose it for further analysis to learn the mechand$ growth inhibition

on A549 cells.
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(Insert Table 1.)
(Insert Figure 1.)

(Insert Figure 2.)

2.2.2 Analyses of apoptosis
2.2.2.1 Morphological detection of apoptosis usingAPI staining

To further investigate the mechanism of apoptosiducted by
compound26 on A549 cell line, DAPI staining was performedeaft
treating A549 cells with 0, 1, 3 and 5 uM of compd6 for 72 h. As
shown in Fig.3, control groups of A549 cells showetict cell bodies
with clear round nuclei; while with increasing centration of compound,
the formation of apoptotic bodies appeared and ABéBs showed
condensed chromatin, nuclear fragmentation and Jileakescence. In
summary, these results indicated that compo@@dcould induced

apoptosis in A549 cells.

(Insert Figure 3.)

2.2.2.2 Detection of apoptosis using Annexin V-FITRI staining

To substantiate the ability of compoura®b to induce apoptosis,

further studies were carried out using Annexin VEIPI staining
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technique in A549 cells. As performed in Fig.4, whieeated with
different concentrations (0, 1, 3, and 5 pM) of poond 26, the early
apoptosis ratios increased from 3.0% of the contwob.9%, 26.5%,
44.8%, respectively. These results indicated tloapound26 had the

potential to induce A549 cell early apoptosis.

(Insert Figure 4.)

2.2.2.3Cell cycle analysis using PI staining

To analyze the cell cycle, A549 cells were staingith Pl apoptosis
detection kit As shown in Fig.5, with the increagiooncentration of
compound26 (0, 1, 3, and 5 uM), the percentage of A549 ¢elS phase
increased dramatically (from 31.41% to 53.21%), ckhievidently
indicated that compoun®6 was able to induce cell cycle arrest in the S

phase.

(Insert Figure 5.)

3. Conclusions
In this study, 32 Glycyrrhetinic acid derivativeachbeen designed
and synthesized and all of them were characterfigzedH NMR, °C

NMR, HRMS. In addition, all these compounds westdd for cytotoxic



200 activity against MCF-7, A549, Hela, HepG2 and MDCKHII lines by
201 standard MTT assay. From the obtained resultguldcbe known that all
202 of the de-protection GA amino acid derivatives werae active against
203 four tumor cell lines than GA, while those protentiGA amino acid
204 derivatives did not behave obvious antitumor atési Meanwhile, what
205 surprised us was that the amide linkages derivat(@&N series) were
206 Mmore potent against those tumor cells than estkeades derivatives (GO
207 series), which proved the bonding mode of GA dérres indeed
208 effectively affected the antitumor activity. Amortigem, compoun®6
209 exhibited a wide range of antitumor activity andsvietter than cisplatin
210 against A549 cells whose d@£was 2.109%0.11uM and 9.0010.37uM
211 respectively. Through DAPI staining, it was confaanthat compoung6
212 could induce A549 apoptosis via nuclei fragmentatibhe detection of
213 apoptosis and cell cycle analysis proved that cam@@6 could induce
214 cell cycle arrest at the S phase. In summary, h@duction of amino
215 and the formation of amide bond could effectivaiphance the antitumor
216 activity of GA, although that the selectivity ofettcompound was not
217 improved, this kind of compounds with significantlycreased activity
218 were suitable for the prodrug design, the stratefyour group by
219 introducing targeted pentapeptide which could d¢ffety change the
220 selective effect between the PSMA-expressing ande th

221 non-PSMA-expressing tumor cells and between thetwand non-tumor
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cells[26]. Furthermore, these results in this manps might prove
meaningful for the chemical modification of GA artle further

researches on GN series would be carried out ofollogving research.

4. Experimental section
4.1 Chemistry

Reagents were obtained from commercial suppliedsused without
further purification. All melting points were deteined on a micro
melting point apparatus and were uncorrected. TL&S werformed on
silica gel coated aluminum sheets (Qingdao Haiy&tgemical Co.,
Qingdao, China) and visualized in UV light (254 nidMR spectra were
recorded on a Bruker 400 spectrometer (Bruker, @Gayn with
tetramethylsilan (TMS) as an internal standard;nmgbal shiftsé were
given in ppm and coupling constanisin Hz. HR-MS were acquired
using a Thermo Scientific TM LTQ Orbitrap XL hybri&IrMS instrument

(Thermo Technologies, New York, NY, USA).

4.1.1 Preparation of Benzyl protected glycyrrhetint acid (GA-BN)
Glycyrrhetinic acid (1 equiv.) was dissolved in DN#O mL), Benzyl
bromide (1.2 equiv.) and anhydrousQQO; (3 equiv.) were added. The
mixture was stirred at 80 for 3 h. After completion of the reaction (as

monitored by TLC), the solvent was condensed te fean 20 mL under
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reduced pressure, and then 100 mL water was adtdd the mixture
was stirred, precipitated substances in water Witeeed and dried them

in the oven. Purification was performed by flashochatography.

4.1.2 Preparation of Benzyl protected 3-aminoglycyhetinic acid
(GN-BN)

To a solution of Benzyl protected glycyrrhetinicida€l equiv.) in
CH;COCH; (20 mL), a solution of chromium trioxide in dilusailfuric
acid (10 mL.) was added drop by drop. The reaatixture was stirred
at 0] for 1 h. After completion of the reaction (as ntored by TLC),
the reaction mixture was diluted with 50 mL DCMgthsuccessively
washed with water and brine (20 mL each), dried evdydrous sodium
sulfate and filtered, and the solvent was evapdratader vacuum.
Purification was performed by flash chromatographygive GO-BN as
white solid.

To a solution of the intermediate (GO-BN) (1 equiand
CH;COONH; (10 equiv) in CH;OH (100 mL), NaCNBH (1.5 equiv.)
was added and the reaction mixture was stirred 1#drh at room
temperature. The reaction mixture was concentraigd, (100 mL) was
added. The pH of the mixture was adjusted to 9 WaldH solution (1M),
and filtered to give crude product. The crude pobduas purified using

flash chromatography to give Benzyl protectgdaBninoglycyrrhetinic
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acid as white solid.

4.1.3. General procedure for esterification at C3-@8 of Benzyl
protected glycyrrhetinic acid (method A)

The corresponding intermediate (GA-BN) (1 equivgdswdissolved in
dry DCM (25 mL), then DMAP (0.2 equiv.), EDCI (1eguiv.) and the
protected amino acid with Boc group (1.2 equiv.)reveadded. The
mixture was stirred at room temperature for 12 tbeer*completion of the
reaction (as monitored by TLC), the reaction migtwas diluted with 50
mL DCM, then successively washed with water andeb(RO mL each),
dried over anhydrous sodium sulfate and filterat &he solvent was
evaporated under vacuum. Purification was perforntad flash

chromatography.

4.1.4. General procedure for de-protection (metho@)

TFA (2 mL) was added slowly to the solution of tBec-protected
compound in dry DCM (6 mL). The mixture was stirr&dO (| for 4 h.
After completion of the reaction (as monitored HyC}, the solvent was
removed under reduced pressure and washed withueateal sodium
bicarbonate solution (10 mL). The aqueous layer exisacted with
DCM (3X25 mL) and the combined organic extracts were daeer

anhydrous sodium sulfate, filtrated and evaporafBden the crude
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product was purified by flash chromatography.

4.1.5. General procedure for esterification at C3-N2 of Benzyl
protected 3-aminoglycyrrhetinic acid (method C)

The corresponding intermediate (GN-BN) (1 equiveswdissolved in
dry DCM (25 mL), then HOBt (1.5 equiv.), EDCI (1€§uiv.), DIPEA
(2.5 equiv.) and the protected amino acid with Booup (1.2 equiv.)
were added. The mixture was stirred at room tentpexdor 12 h. After
completion of the reaction (as monitored by TL@J treaction mixture
was diluted with 50 mL DCM, then successively wakhéth water and
brine (20 mL each), dried over anhydrous sodiurfageiland filtered, and
the solvent was evaporated under vacuum. Puribicatias performed by

flash chromatography.

4.1.3.1.Benzyl

3p-(N-Boc-glycyl)-11-oxo-olean-12-en-30-oat€ompound 1).
According to Method A, compountl was obtained as white powder;
yield: 79.6%; m.p.: 89.8, [a]p =+140 (c 0.3 mg/mL, MeOH)H NMR
(400MHz, CDC}): § (ppm) 7.40-7.30 (m, 5H, H-Ar), 5.55 (s, 1H, H-12),
5.18, 5.10 (d, each, 1H, Bn-GH = 12.4 Hz), 4.59 (dd, 1H, H-3, =

11.6 Hz, 4.8 Hz), 3.90 (m, 2H, Gly-GNH), 2.80 (dt, 1H, H-1) = 13.6
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Hz, 3.6 Hz), 2.33 (s, 1H, H-9), 2.05-1.91, 1.8011.5.42-1.35, 1.31-1.18,
1.04-0.96, 0.80-0.77 (19H, methylene and methine trdkrpenoid
structure), 1.45 (brs, 9H, Boc-GH1.34 (s, 3H, H-27), 1.16-1.15 (br, 6H,
H-29 and H-25), 1.10 (s, 3H, H-26), 0.87 (brs, 6+23 and H-24), 0.73
(s, 3H, H-28)'°C NMR (100MHz, CDGCJ): & (ppm) 200.1 (C-11), 176.3
(C-13), 170.3(Gly-COO0), 169.3(C-13), 155.8 (Boc-OQQ@36.3 (G,
128.8 (G), 128.8 (G), 128.6 (C-12), 128.4 (§, 128.3 (G), 128.3 (GQ),
82.1 (C-3), 80.0 (BoctC), 66.4 (Bn-CH), 61.8 (C-9), 55.1 (C-5), 48.4
(C-18), 45.5 (C-8), 44.1 (C-20), 43.3 (C-14), 42@&y-CH,NH), 41.2
(C-19), 38.9 (C-1), 38.3 (C-4), 37.8 (C-22), 371™®10), 32.8 (C-7), 31.9
(C-17), 31.3 (C-21), 28.6 (C-29), 28.5 (C-23), 28Bbc-CH;), 28.2
(C-28), 26.6 (C-16), 26.5 (C-15), 23.7 (C-2), 2824+27), 18.8 (C-26),
17.5 (C-6), 16.8 (C-24), 16.5 (C-25). HRMS (ESfyz 740.4481

[M+Na]”, calcd. for GsHgsNNaO, 740.4502.

4.1.3.2.Benzyl
3p-(N-Boc-L-alanyl)-11-oxo-olean-12-en-30-oa(€ompound 2).
According to Method A, compound was obtained as white powder;
yield: 65.4%:; m.p.: 192.4), [a], =+140 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): 6 (ppm) 7.40-7.29 (m, 5H, H-Ar), 5.55 (d, 1H, H-12,
J =8.8 Hz), 5.18, 5.09 (d, each, 1H, Bn-CBl = 12.0 Hz), 4.94 (m, 1H,

H-3), 4.11 (m, 1H, Ala-CHNH), 3.64 (m, 1H, Ala-CHN}.78-2.66 (br,
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1H, H-1), 2.35 (s, 1H, H-9), 2.07-1.91, 1.83-1.4812-1.39, 1.30-1.25,
1.03-0.96, 0.86-0.84 (19H, methylene and methine traérpenoid
structure), 1.44 (s, 9H, Boc-GH 1.36-1.32 (br, 6H, H-27 and -Glof
Alanine), 1.16-1.12 (br, 6H, H-29 and H-25), 1.$03H, H-26), 0.89 (s,
3H, H-24), 0.78 (m, 3H, H-23), 0.73 (s, 3H, H-28C NMR (100MHz,
CDCl): ¢ (ppm) 200.1(C-11), 176.3 (C-30), 173.2 (Ala-COO¥9B
(C-13), 155.2 (Boc-COO), 136.3 {f 128.8 (G), 128.8 (G), 128.6
(C-12), 128.4 (G), 128.3 (G), 128.3 (G), 81.8 (C-3), 79.8 (Bog-C),
66.4 (Bn-CH), 61.8 (C-9), 55.1 (C-5), 49.70 (Ala-CHNH), 48@-18),
45.5 (C-8), 44.1 (C-20), 43.3 (C-14), 41.2 (C-139,9 (C-1), 38.4 (C-4),
37.8 (C-22), 37.0 (C-10), 32.8 (C-7), 31.9 (C-13}.3 (C-21), 28.6
(C-29), 28.5 (C-23), 28.4 (Boc-GH 28.2 (C-28), 26.6 (C-16), 26.5
(C-15), 23.7 (C-2), 23.4 (C-27), 19.1 (Ala-QH18.8 (C-26), 17.5 (C-6),
16.9 (C-24), 16.5 (C-25). HRMS (ESiVz 754.4686 [M+Nal], calcd.

for CysHesNNaO; 754.4659.

4.1.3.3.Benzyl
3p-(N-Boc-L-phenylalanine)-11-oxo-olean-12-en-30-ogt€ompound 3).
According to Method A, compound was obtained as white powder;
yield: 66.9%; m.p.: 99.0], [a]p =+132 (c 0.3 mg/mL, MeOH)H NMR
(400MHz, CDC}): 6 (ppm) 7.40-7.27, 7.25-7.15 (br, 10H, H-Ar), 5.54 (

1H, H-12), 5.19, 5.10 (d, each, 1H, Bn-CH = 12.0 Hz), 4.90 (d, 1H,
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Phe-CHNH, J = 8.4 Hz), 4.54 (m, 2H, Phe-CHNH an@)H3.12 (m, 1H,
Phe-CHH), 3.03 (m, 1H, Phe-CHM 2.81 (dt, 1H, H-1) = 13.6 Hz, 3.6
Hz), 2.32 (s, 1H, H-9), 2.08-1.90, 1.84-1.43, 113P8, 1.05-0.95, 0.76
(19H, methylene and methine of triterpenoid strregtul.40 (brs, 9H,
Boc-CH), 1.34 (s, 3H, H-27), 1.16 (s, 3H, H-29), 1.14 38|, H-25),
1.10 (s, 3H, H-26), 0.82 (s, 3H, H-24), 0.80 (s, 3H23), 0.73 (s, 3H,
H-28).°C NMR (100MHz, CDCJ): 6 (ppm) 200.1(C-11), 176.3 (C-30),
171.9 (Phe-COO), 169.2 (C-13), 155.2 (Boc-COO),.33@he-G),
136.2 (Bn-G), 129.5 (Phe-g), 129.5 (Phe-g), 128.8 (Bn-G), 128.8
(Bn-C,), 128.7 (Bn -G), 128.6 (C-12), 128.5 (Phe 4 128.5 (Phe-(),
128.4 (Bn-G), 128.4 (Bn-G), 127.1 (Phe-g), 82.3 (C-3), 79.9
(Bocq.C), 66.4 (Bn-CH), 61.8 (C-9), 55.2 (C-5), 54.8 (Phe-CHNH),
48.4 (C-18), 45.5 (C-8), 44.1 (C-20), 43.3 (C-41),2 (C-19), 38.9 (C-1),
38.6 (C-4), 38.2 (Phe-GH 37.8 (C-22), 37.0 (C-10), 32.8 (C-7), 31.9
(C-17), 31.3 (C-21), 28.6 (C-29), 28.5 (C-23), ZB@c-CH;), 28.2
(C-28), 26.6 (C-16), 26.5 (C-15), 23.6 (C-2), 28427), 18.8 (C-26),
175 (C-6), 16.8 (C-24), 16.5 (C-25). HRMS (EStyz 830.4996

[M+Na]", calcd. for G;HggNNaO, 830.4972.

4.1.3.4.Benzyl
3p-(N-Boc-L-proline)-11-oxo-olean-12-en-30-oa{€ompound 4).

According to Method A, compound was obtained as white powder;
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yield: 75.7%:; m.p.: 102.5), [a]p =+148 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): 6 (ppm) 7.41-7.29 (m, 5H, H-Ar), 5.55 (d, 1H, H-12,
J=5.2 Hz), 5.18, 5.10 (d, each, 1H, Bn-CBi= 12.4 Hz), 4.53 (m, 1H,
H-3), 4.31 (m, 1H, Pro-CH), 3.48 (m, 2H, Pro-§gH.79 (m, 1H, H-1),
2.33 (s, 1H, H-9), 2.21 (m, 1H, Pro-CHH 2.04-1.52, 1.42-1.36,
1.32-1.18, 1.05-0.93, 0.83-0.78 (22H, methylene andthine of
triterpenoid structure and proline), 1.45-1.42 @, Boc-CH), 1.32 (s,
3H, H-27), 1.16 (brs, 6H, H-29 and H-25), 1.1038, H-26), 0.88 (m,
6H, H-23 and H-24), 0.73 (s, 3H, H-285C NMR (100MHz, CDCJ): ¢
(ppm) 200.1 (C-11), 176.3 (C-30), 173.0 (Pro-COI®P.3 (C-13), 154.0
(Boc-COO), 136.3 (&), 128.8 (G), 128.8 (G), 128.6 (C-12), 128.5
(C.), 128.4 (G), 128.4 (G), 81.2 (C-3), 80.1 (Bog:C), 66.4 (Bn-CHj),
61.8 (C-9), 59.6 (Pro-CH), 55.2 (C-5), 48.4 (C-149,4 (Pro-CH), 45.5
(C-8), 44.1 (C-20), 43.3 (C-14), 41.2 (C-19), 3@881), 38.3 (C-4), 37.8
(C-22), 37.0 (C-10), 32.8 (C-7), 31.9 (C-17), 3(C321), 28.7 (Pro-Ch),
28.6 (C-29), 28.5 (C-23), 28.4 (Boc-g)H28.3 (C-28), 26.6 (C-16), 26.5
(C-15), 24.5 (Pro-Ch), 23.6 (C-2), 23.4 (C-27), 18.8 (C-26), 17.5 (C-6)
16.9 (C-24), 16.5 (C-25). HRMS (EStVz. 780.4837 [M+Na), calcd.

for C4,sH6;NNaGO;, 780.4815.

4.1.3.5.Benzyl

3p-(N-Boc-L-sarcosine)-11-oxo-olean-12-en-30-o&€ompound 5).
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According to Method A, compounBl was obtained as white powder;
yield: 81.2%; m.p.: 82.6, [a]p =+140 (c 0.3 mg/mL, MeOH)H NMR
(400MHz, CDC}): § (ppm) 7.40-7.30 (m, 5H, H-Ar), 5.54 (s, 1H, H-12),
5.18, 5.10 (d, each, 1H, Bn-GH = 12.0 Hz), 4.57 (m, 1H, H-3), 3.90
(m, 2H, Sar-Ch)), 2.94 (m, 3H, Sar-C¥), 2.80 (m, 1H, H-1), 2.33 (s, 1H,
H-9), 2.07-1.89, 1.83-1.52, 1.38, 1.32-1.18, 1.(8:00.83-0.78 (19H,
methylene and methine of triterpenoid structure}541.43 (br, 9H,
Boc-CHp), 1.34 (s, 3H, H-27), 1.16 (brs, 6H, H-29 and H;2510 (s, 3H,
H-26), 0.87 (m, 6H, H-23 and H-24), 0.73 (s, 3H28) *C NMR
(L00MHz, CDC}): 6 (ppm) 200.1 (C-11), 176.3 (C-30), 169.9 (Sar-COO),
169.3 (C-13), 155.6 (Boc-COO0), 136.3,4C128.8 (G), 128.8 (G),
128.6 (C-12), 128.5 (), 128.4 (G), 128.4 (G), 81.7 (C-3), 80.3
(Bocq.C), 66.4 (Bn-CH), 61.8 (C-9), 55.1 (C-5), 51.5 (Sar-¢H48.4
(C-18), 45.5 (C-8), 44.1 (C-20), 43.3 (C-14), 4{19), 38.9 (C-1),
38.2 (C-4), 37.8 (C-22), 37.0 (C-10), 35.8 (Sars;k82.8 (C-7), 31.9
(C-17), 31.3 (C-21), 28.6 (C-29), 28.5 (C-23), 28(Boc-CHb),
28.3(C-28), 26.6 (C-16), 26.5 (C-15), 23.7 (C-2B.42 (C-27), 18.8
(C-26), 17.5 (C-6), 16.9 (C-24), 16.5 (C-25). HRNESI|) m/z 754.4682

[M+Na]”, calcd. for GsHgsNNaO, 754.4659.

4.1.3.6.Benzyl

3p-(N-Boc-L-leucine)-11-oxo-olean-12-en-30-og&ompound 6).
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According to Method A, compounfl was obtained as white powder;
yield: 77.8%:; m.p.: 166.11, [a]r =+132 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): § (ppm) 7.40-7.31 (m, 5H, H-Ar), 5.54 (s, 1H, H-12),
5.18, 5.10 (d, each, 1H, Bn-GH = 12.0 Hz), 4.88 (m, 1H, Leu-CHNH),
4.55 (dd, 1H, H-3) = 12.0 Hz, 4.8 Hz), 4.29 (m, 1H, Leu-CHNH), 2.82
(dt, 1H, H-1,J = 13.6 Hz, 3.6 Hz), 2.33 (s, 1H, H-9), 2.05-1.984-1.48,
1.42-1.36, 1.32-1.18, 1.07-0.98, 0.83-0.77 (22Hthylene and methine
of triterpenoid structure and leucine), 1.44 (i@, Boc-CH), 1.34 (s,
3H, H-27), 1.16 (brs, 6H, H-29 and H-25), 1.103H, H-26), 0.95-0.94
(br, 6H, Leu-CH), 0.89-0.87 (m, 6H, H-23 and H-24), 0.73 (s, 3H28).
3C NMR (100MHz, CDCJ): 6 (ppm) 200.1 (C-11), 176.3 (C-30), 173.3
(Leu-COO), 169.2 (C-13), 155.5 (Boc-COO), 136.3,)(CL28.8 (G),
128.8 (G), 128.6 (C-12), 128.5 (§), 128.4 (G), 128.4 (G), 81.8 (C-3),
79.8 (Bocg.C), 66.4 (Bn-CH), 61.8 (C-9), 55.2 (C-5), 52.7 (Leu-CHNH),
48.4 (C-18), 45.5 (C-8), 44.1 (C-20), 43.3 (C-14,2 (Leu-CH), 41.2
(C-19), 38.9 (C-1), 38.3 (C-4), 37.8 (C-22), 371®10), 32.8 (C-7), 31.9
(C-17), 31.3 (C-21), 28.6 (C-29), 28.5 (C-23), 28Bbc-CH;), 28.3
(C-28), 26.6 (C-16), 26.5 (C-15), 25.0 (Leu-CH),28C-2), 23.4 (C-27),
23.1 (Leu-CH), 18.8 (C-26), 17.5 (C-6), 16.9 (C-24), 16.5 (Q-25

HRMS (ESI)m/z 796.5153 [M+Nal], calcd. for GgH,1NNaO; 796.5128.
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4.1.3.7.Benzyl
3p-(N-Boc-L-isoleucine)-11-oxo-olean-12-en-30-o¢@ompound 7).
According to Method A, compound was obtained as white powder;
yield: 70.9%:; m.p.: 162.8), [a]p =+132 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): § (ppm) 7.40-7.28 (m, 5H, H-Ar), 5.54 (s, 1H, H-12),
5.18, 5.09 (d, each, 1H, Bn-GH = 12.0 Hz), 5.01 (m, 1H, lle-CHNH),
4.56 (dd, 1H, H-3J = 11.6 Hz, 5.2 Hz), 4.26 (m, 1H, lle-CHNH), 2.81
(dt, 1H, H-1,J = 13.6 Hz, 3.2 Hz), 2.33 (s, 1H, H-9), 2.08-1.8B4-1.46,
1.42-1.37, 1.30-1.18, 1.07-0.98, 0.83-0.77 (22Hthylene and methine
of triterpenoid structure and isoleucine), 1.44(19H, Boc-CH), 1.34 (s,
3H, H-27), 1.15 (brs, 6H, H-29 and H-25), 1.103d, H-26), 0.96-0.91
(m, 6H, lle-CH), 0.89-0.88 (m, 6H, H-23 and H-24), 0.73 (s, 3H28).
3C NMR (100MHz, CDCJ): 6 (ppm) 200.1 (C-11), 176.3 (C-30), 172.2
(Ile-CO0), 169.2 (C-13), 155.8 (Boc-COO), 136.3,)C128.8 (G,
128.8 (G), 128.6 (C-12), 128.5 (§, 128.4 (G), 128.4 (G), 82.1 (C-3),
79.8 (Bocg.C), 66.4 (Bn-Ch)), 61.8 (C-9), 58.6 (lle-CHNH), 55.2 (C-5),
48.4 (C-18), 45.5 (C-8), 44.1 (C-20), 43.3 (C-41),2 (C-19), 38.9 (C-1),
38.2 (C-4), 38.1 (lle-CH), 37.8 (C-22), 37.0 (C-1@R.8 (C-7), 31.9
(C-17), 31.3 (C-21), 28.6 (C-29), 28.5 (C-23), 2&Bbc-CH;), 28.2
(C-28), 26.6 (C-16), 26.5 (C-15), 24.9 (lle-QH23.7 (C-2), 23.4 (C-27),

18.8 (C-26), 17.5 (C-6), 17.0 (C-24), 16.5 (C-253.9 (lle-CHCHy,),
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11.8 (lle-CHCH). HRMS (ESI)m/z. 796.5156 [M+Na], calcd. for

CugH71NNaO; 796.5128.

4.1.3.8.Benzyl
3p-(N-Boc-L-methionine)-11-oxo-olean-12-en-30-oat€ompound  8).
According to Method A, compounl was obtained as white powder;
yield: 66.9%:; m.p.: 152.91, [a]p =+120 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): § (ppm) 7.41-7.29 (m, 5H, H-Ar), 5.54 (s, 1H, H-12),
5.18, 5.10 (d, each, 1H, Bn-GHJ = 12.0 Hz), 4.57 (dd, 1H, H-3, =
11.6 Hz, 4.8 Hz), 4.46-4.34 (br, 1H, Met-CHNH), @.@it, 1H, H-1,J =
13.6 Hz, 3.2 Hz), 2.55 (m, 2H, Met-G8), 2.33 (s, 1H, H-9), 2.26-2.11
(m, 2H, Met-CHCH), 2.10 (s, 3H, Met-Ch), 2.04-1.92, 1.79-1.53,
1.42-1.37, 1.32-1.18, 1.07-0.96, 0.83-0.76 (19Hthylene and methine
of triterpenoid structure), 1.44 (brs, 9H, Boc-{{HL.34 (s, 3H, H-27),
1.16 (brs, 6H, H-29 and H-25), 1.10 (s, 3H, H-2689-0.87 (m, 6H,
H-23 and H-24), 0.73 (s, 3H, H-28JC NMR (100MHz, CDGJ)): 6 (ppm)
200.1 (C-11), 176.3 (C-30), 172.1 (Met-COO), 169313), 155.5
(Boc-COO), 136.3 (§), 128.8 (G), 128.8 (G), 128.6 (C-12), 128.5
(C.), 128.4 (G), 128.4 (G), 82.3 (C-3), 80.1 (Bog:C), 66.4 (Bn-CHj),
61.8 (C-9), 55.1 (C-5), 53.4 (Met-CHNH), 48.4(C-185.5 (C-8), 44.1
(C-20), 43.3 (C-14), 41.2 (C-19), 38.8 (C-1), 3834), 37.8 (C-22),

37.0 (C-10), 32.8 (C-7), 31.9 (C-17), 31.3 (C-230,2 (Met-CHCH),
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28.6 (C-29), 28.5 (C-23), 28.4 (Boc-6H28.3 (C-28), 28.2 (Met-Ci$),
26.6 (C-16), 26.5 (C-15), 23.7 (C-2), 23.4 (C-218,8 (C-26), 17.5 (C-6),
17.0 (C-24), 16.5 (C-25), 15.6 (Met-QHHRMS (ESI)m/z: 814.4712

[M+Na]”, calcd. for G;HggNNaO,S 814.4692.

4.1.4.1.Benzyl B-(glycyl)-11-oxo-olean-12-en-30-oa(€ompound 9).
According to Method B, compounl was obtained as white powder;
yield: 79.8%:; m.p.: 189.0, [a]p =+144 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): § (ppm) 7.40-7.30 (m, 5H, H-Ar), 5.54 (s, 1H, H-12),
5.18, 5.09 (d, each, 1H, Bn-GHl = 12.0 Hz), 4.58 (dd, 1H, H-3, =
11.6 Hz, 4.8 Hz), 3.44 (s, 2H, Gly-GH 2.80 (dt, 1H, H-1,) = 13.6 Hz,
3.6 Hz), 2.36 (s, 1H, H-9), 2.04-1.92, 1.84-1.373211.18, 1.05-0.95,
0.83-0.76 (19H, methylene and methine of triterpetistructure), 1.34 (s,
3H, H-27), 1.15 (brs, 6H, H-29 and H-25), 1.103H, H-26), 0.87 (brs,
6H, H-23 and H-24), 0.73 (s, 3H, H-285C NMR (100MHz, CDCJ): ¢
(ppm) 200.1 (C-11), 176.3 (C-30), 173.9 (Gly-COD§9.2 (C-13), 136.3
(C.), 128.7 (G), 128.7 (G), 128.6 (C-12), 128.4 (§, 128.3 (G), 128.3
(C.), 81.6 (C-3), 66.4 (Bn-CH), 61.8 (C-9), 55.1 (C-5), 48.4 (C-18), 45.5
(C-8), 44.1 (Gly-CH), 44.1(C-20), 43.3 (C-14), 41.2 (C-19), 38.9 (C-1)
38.3 (C-4), 37.8(C-22), 37.0 (C-10), 32.8 (C-7).9B(C-17), 31.3 (C-21),
28.5 (C-29), 28.4 (C-23), 28.2 (C-28), 26.6 (C-186,5 (C-15), 23.7

(C-2), 23.4 (C-27), 18.8 (C-26), 17.5 (C-6), 16@B-34), 16.5 (C-25).



507 HRMS (ESI)m/z 618.4159 [M+H], calcd. for GsHssNOs 618.4158.

508

s09  4.1.4.2.Benzyl  B-(L-alanyl)-11-oxo-olean-12-en-30-oa{€ompound
510 10). According to Method B, compourdd was obtained as white powder;
511 yield: 71.7%; m.p.: 199.1, [a]p =+164 (c 0.3 mg/mL, MeOH}H NMR
512 (A00MHz, CDCY): 6 (ppm) 7.42-7.28 (m, 5H, H-Ar), 5.54 (s, 1H, H-12),
513 5.18, 5.09 (d, each, 1H, Bn-GH = 12.0 Hz), 4.56 (dd, 1H, H-3, =
514 11.6 Hz, 4.8 Hz), 3.52 (g, 1H, Ala-CHI= 7.2 Hz), 2.79 (dt, 1H, H-1,=
515 13.6 Hz, 3.6 Hz), 2.34 (s, 1H, H-9), 2.08-1.89,011841, 1.31-1.18,
516 1.05-0.95, 0.81-0.79 (19H, methylene and methine traérpenoid
517 structure), 1.37-1.34 (br, 6H, H-27 and Ala-{H..16 (brs, 6H, H-29 and
518 H-25), 1.10 (s, 3H, H-26), 0.89 (s, 3H, H-24), 0(873H, H-23), 0.73 (s,
519 3H, H-28).°*C NMR (100MHz, CDCJ): ¢ (ppm) 200.1 (C-11), 176.4
520 (C-30), 176.3 (Ala-CO0), 169.2 (C-13), 136.3,JC128.7 (G), 128.7
51 (Cy), 128.6 (C-12), 128.4 (g, 128.3 (G), 128.3 (G), 81.2 (C-3), 66.3
522 (Bn-CHy), 61.8 (C-9), 55.1 (C-5), 50.5 (Ala-CH), 48.3 (8)145.5 (C-8),
523 44.1 (C-20), 43.3 (C-14), 41.2 (C-19), 38.9 (C38,4 (C-4), 37.8 (C-22),
524 37.0 (C-10), 32.8 (C-7), 31.9 (C-17), 31.3 (C-228.5 (C-29), 28.4
525 (C-23), 28.2 (C-28), 26.6 (C-16), 26.5 (C-15), 28C22), 23.4 (C-27),
526 20.9 (Ala-CH), 18.8 (C-26), 17.5 (C-6), 16.9 (C-24), 16.5 (Q-23RMS
527 (ESI)m/z 632.4277 [M+H], calcd. for GoHsgNOs 632.4315.
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4.1.4.3.Benzyl
3p-(L-phenylalanine)-11-oxo-olean-12-en-30-oat€ompound 11).
According to Method B, compountll was obtained as white powder;
yield: 80.9%:; m.p.: 192.8), [a]o =+140 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): 6 (ppm) 7.40-7.28, 7.24-7.18 (br, 10H, H-Ar), 5.54 (
1H, H-12), 5.19, 5.10 (d, each, 1H, Bn-CH = 12.4 Hz), 4.56 (dd, 1H,
H-3, J = 11.6 Hz, 4.8 Hz), 3.74 (m, 1H, Phe-CHNH3.14 (dd, 1H,
Phe-CHH, J = 13.6 Hz, 4.4 Hz), 2.82 (m, 1H, H-1), 2.78 (m,,1H
Phe-CHH), 2.34 (s, 1H, H-9), 2.05-1.91, 1.81-1.41, 1.3281.1.08-0.96,
0.78 (19H, methylene and methine of triterpenoidcitire), 1.35 (s, 3H,
H-27), 1.16 (brs, 6H, H-29 and H-25), 1.10 (s, 3H26), 0.86 (s, 3H,
H-24), 0.80 (s, 3H, H-23), 0.73 (s, 3H, H-28C NMR (100MHz,
CDCL): 6 (ppm) 200.1 (C-11), 176.3 (C-30), 174.8 (Phe-COWBP.2
(C-13), 137.6 (Phe-g), 136.3(Bn-G), 129.5 (Phe-g), 129.5 (Phe-g),
128.8(Bn-G), 128.8(Bn-G), 128.7(Bn-G), 128.6 (C-12), 128.5
(Phe-G,), 128.5 (Phe-g), 128.4(Bn-G), 128.4(Bn-G), 126.9 (Phe-g),
81.6 (C-3), 66.4 (Bn-Ch), 61.8 (C-9), 56.4 (Phe-CHN} 55.2 (C-5),
48.4 (C-18), 45.5 (C-8), 44.1 (C-20), 43.3 (C-41),2 (C-19), 38.9 (C-1),
38.6 (C-4), 38.3 (Phe-GH 37.8 (C-22), 37.0 (C-10), 32.8 (C-7), 31.9
(C-17), 31.3 (C-21), 28.6 (C-29), 28.4 (C-23), 2682228), 26.6 (C-16),

26.5 (C-15), 23.7 (C-2), 23.4 (C-27), 18.8 (C-26),5 (C-6), 16.9 (C-24),
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16.5 (C-25). HRMS (ESlivz 708.4593 [M+H], calcd. for GeHeNOs

708.4628.

4.1.4.4.Benzyl B-(L-proline)-11-oxo-olean-12-en-30-oaig€ompound
12). According to Method B, compouri® was obtained as white powder;
yield: 70.8%:; m.p.: 152.9), [a]p =+164 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): § (ppm) 7.40-7.28 (m, 5H, H-Ar), 5.54 (s, 1H, H-12),
5.18, 5.09 (d, each, 1H, Bn-GH) = 12.4 Hz), 4.58 (dd, 1H, H-3, =
11.6 Hz, 4.8 Hz), 3.76 (m, 1H, Pro-CH), 3.10 (m,, B4o-CHHNH),
2.92 (m, 1H, Pro-CHM\H), 2.81 (dt, 1H, H-1]) = 14.0 Hz, 3.2 Hz),
2.43(m, 1H, Pro-CHHCH)), 2.33 (s, 1H, H-9), 2.15 (m, 1H,
Pro-CHH(CH)), 2.04-1.38, 1.32-1.18, 1.07-0.95, 0.81-0.781H,
methylene and methine of triterpenoid structure pnudine), 1.34 (s, 3H,
H-27), 1.15 (brs, 6H, H-29 and H-25), 1.10 (s, 3H26), 0.89 (s, 3H,
H-23), 0.87 (s, 3H, H-24), 0.73 (s, 3H, H-28C NMR (100MHz,
CDCL): 6 (ppm) 200.1 (C-11), 176.3 (C-30), 175.2 (Pro-CO0§9.2
(C-13), 136.3 (§), 128.7 (G), 128.7 (G), 128.6 (C-12), 128.5 (9,
128.4 (G), 128.4 (G), 81.2 (C-3), 66.3 (Bn-C}), 61.8 (C-9), 60.3
(Pro-CH), 55.1 (C-5), 48.3 (C-18), 47.0 (ProH45.5 (C-8), 44.1
(C-20), 43.3 (C-14), 41.2 (C-19), 38.9 (C-1), 38@4), 37.8 (C-22),
37.0 (C-10), 32.8 (C-7), 31.9 (C-17), 31.3 (C-23),5 (Pro-CH), 28.5

(C-29), 28.4 (C-23), 28.3 (C-28), 26.6 (C-16), 266-15), 25.6
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(Pro-CH), 23.7 (C-2), 23.4 (C-27), 18.8 (C-26), 17.5 (C-B3.9 (C-24),
16.5 (C-25). HRMS (ESIjnz 658.4461 [M+H], calcd. for G,HegNOs

658.4471.

4.1.4.5.Benzyl B-(L-sarcosine)-11-oxo-olean-12-en-30-odt@ompound
13). According to Method B, compourid8 was obtained as white powder;
yield: 68.4%:; m.p.: 182.9), [a]r =+172 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): § (ppm) 7.42-7.29 (m, 5H, H-Ar), 5.53 (s, 1H, H-12),
5.18, 5.09 (d, each, 1H, Bn-GHJ = 12.0 Hz), 4.62 (dd, 1H, H-3, =
11.6 Hz, 4.4 Hz), 3.37 (brs, 2H, Sar-gH.81 (dt, 1H, H-1) = 13.6 Hz,
3.2 Hz), 2.45 (s, 3H, Sar-GH 2.33 (s, 1H, H-9), 2.04-1.92, 1.86-1.38,
1.32-1.18, 1.06-0.94, 0.81-0.78 (19H, methylene andthine of
triterpenoid structure and sarcosine), 1.34 (s, B¥27), 1.16 (brs, 6H,
H-29 and H-25), 1.10 (s, 3H, H-26), 0.88 (brs, 6+23 and H-24), 0.73
(s, 3H, H-28).*C NMR (100MHz, CDCJ): ¢ (ppm) 200.1 (C-11), 176.3
(C-30), 172.2 (Sar-COO0), 169.2 (C-13), 136.3,)(C128.8 (G), 128.8
(C.), 128.6 (C-12), 128.5 (), 128.4 (G), 128.4 (G), 81.4 (C-3), 66.4
(Bn-CH,), 61.8 (C-9), 55.1 (C-5), 52.9 (Sar-@\H), 48.4 (C-18), 45.5
(C-8), 44.1 (C-20), 43.3 (C-14), 41.2 (C-19), 3691), 38.3 (C-4), 37.8
(C-22), 37.0 (C-10), 36.2 (Sar-GH32.8 (C-7), 31.9 (C-17), 31.3 (C-21),
28.6 (C-29), 28.4 (C-23), 28.3 (C-28), 26.6 (C-18§,5 (C-15), 23.8

(C-2), 23.4 (C-27), 18.8 (C-26), 17.5 (C-6), 16®34), 16.5 (C-25).
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HRMS (ESI)m/z 632.4287 [M+H], calcd. for GiHsgNOs 632.4315.

4.1.4.6.Benzyl B-(L-leucine)-11-oxo-olean-12-en-30-oat€ompound
14). According to Method B, compourigd! was obtained as white powder;
yield: 65.4%; m.p.: 186.11, [a], =+172 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): § (ppm) 7.40-7.30 (m, 5H, H-Ar), 5.54 (s, 1H, H-12),
5.18, 5.10 (d, each, 1H, Bn-GH) = 12.4 Hz), 4.56 (dd, 1H, H-3, =
11.6 Hz, 4.8 Hz), 3.47 (m, 1H, Leu-CHMH2.82 (dt, 1H, H-1) = 13.6
Hz, 3.6 Hz), 2.34 (s, 1H, H-9), 2.04-1.92, 1.838].8.32-1.18, 1.08-0.98,
0.81-0.78 (22H, methylene and methine of triterpgnstructure and
leucine),

1.34 (s, 3H, H-27), 1.16 (brs, 6H, H-29 and H-2b},0 (s, 3H, H-26),
0.96-0.93 (br, 6H, Leu-C#), 0.89-0.88 (m, 6H, H-23 and H-24), 0.73 (s,
3H, H-28).*C NMR (100MHz, CDGCJ): 6 (ppm) 200.1 (C-11), 176.3
(C-30), 176.2 (Leu-COO), 169.2 (C-13), 136.3,JC128.8 (G), 128.8
(C.), 128.6 (C-12), 128.5 (), 128.4 (G), 128.4 (G), 81.3 (C-3), 66.4
(Bn-CH,), 61.8 (C-9), 55.2 (C-5), 53.3 (Leu-CHM)48.4 (C-18), 45.5
(C-8), 44.1 (C-20), 43.3 (C-14), 42.3 (Leu-gH41.2 (C-19), 38.9 (C-1),
38.3 (C-4), 37.8 (C-22), 37.0 (C-10), 32.8 (C-7),9(C-17), 31.3 (C-21),
28.6 (C-29), 28.4 (C-23), 28.3 (C-28), 26.6 (C-18,5 (C-15), 25.0
(Leu-CH), 23.7 (C-2), 23.4 (C-27), 23.2 (Leu-§H18.8 (C-26), 17.5

(C-6), 17.0 (C-24), 16.5 (C-25). HRMS (EStyz 674.4768 [M+H],
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calcd. for GgHgsNOs 674.4784.

4.1.4.7.Benzyl

3p-(L-isoleucine)-11-oxo-olean-12-en-30-ogEompound 15).
According to Method B, compountb was obtained as white powder;
yield: 73.9%; m.p.: 169.5, [a]p =+180 (c 0.3 mg/mL, MeOHYH NMR
(400MHz, CDC}): § (ppm) 7.42-7.29 (m, 5H, H-Ar), 5.54 (s, 1H, H-12),
5.18, 5.10 (d, each, 1H, Bn-GHJ = 12.0 Hz), 4.57 (dd, 1H, H-3, =
11.6 Hz, 4.8 Hz), 3.36 (m, 1H,lle-CHN}2.82 (dt, 1H, H-1) = 13.6 Hz,
3.2 Hz), 2.34 (s, 1H, H-9), 2.08-1.92, 1.84-1.373011.18, 1.08-1.01,
0.82-0.79 (23H, methylene and methine of triterpgnstructure and
isoleucine), 1.34 (s, 3H, H-27), 1.16 (brs, 6H, $Hahd H-25), 1.11 (s,
3H, H-26), 1.00-0.98 (br, 3H, lle-G}H 0.93-0.89 (m, 9H, lle-CHand
H-23 and H-24), 0.73 (s, 3H, H-28JC NMR (100MHz, CDGJ)): 6 (ppm)
200.1 (C-11), 176.3 (C-30), 173.5 (lle-CO0), 166C213), 136.3 (Q),
128.8 (G), 128.8 (), 128.6 (C-12), 128.5 (§, 128.4 (G), 128.4 (G),
81.4 (C-3), 66.4 (Bn-Ch, 61.8 (C-9), 59.9 (lle-CHN}), 55.2 (C-5),
48.4 (C-18), 45.5 (C-8), 44.1 (C-20), 43.3 (C-14).2 (C-19), 39.5
(Ile-CH), 38.9 (C-1), 38.2 (C-4), 37.8 (C-22), 370-10), 32.8 (C-7),
31.9 (C-17), 31.3 (C-21), 28.6 (C-29), 28.4 (C-223,3 (C-28), 26.6
(C-16), 26.5 (C-15), 24.4 (lle-GM 23.8 (C-2), 23.4 (C-27), 18.8 (C-26),

175 (C-6), 17.1 (C-24), 16.5 (C-25), 16.1 (lle-CHi,), 11.9
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(lle-CHsCH). HRMS (ESI)mz: 674.4763 [M+H], calcd. for GaHeNOs

674.4784.

4.1.4.8.Benzyl
3p-(L-methionine)-11-oxo-olean-12-en-30-oa{€ompound 16).
According to Method B, compountl6 was obtained as white powder;
yield: 62.1%; m.p.: 179.6/, [a]o =+116 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): § (ppm) 7.41-7.29 (m, 5H, H-Ar), 5.54 (s, 1H, H-12),
5.18, 5.10 (d, each, 1H, Bn-GH) = 12.4 Hz), 4.57 (dd, 1H, H-3, =
11.6 Hz, 4.8 Hz), 3.62 (q, 1H, Met-CHNH) = 4.4 Hz), 2.80 (dt, 1H,
H-1,J = 13.6 Hz, 3.2 Hz), 2.65 (t, 2H, Met-GH = 8.0 Hz), 2.34 (s, 1H,
H-9), 2.11 (brs, 5H, Met-CHand Met-CH), 2.04-1.92, 1.83-1.39,
1.31-1.18, 1.05-0.96, 0.81-0.79 (19H, methylene andthine of
triterpenoid structure), 1.34 (s, 3H, H-27), 1.b6s( 6H, H-29 and H-25),
1.10 (s, 3H, H-26), 0.89-0.88 (m, 6H, H-23 and H; 2473 (s, 3H, H-28).
3C NMR (100MHz, CDCJ): 6 (ppm) 200.1 (C-11), 176.3 (C-30), 175.4
(Met-COO0), 169.3 (C-13), 136.3 {§ 128.7 (G), 128.7 (G), 128.6
(C-12), 128.5 (§), 128.4 (G), 128.4 (G), 81.7 (C-3), 66.4 (Bn-CH),
61.8 (C-9), 55.1 (C-5), 53.8 (Met-CHNH 48.4 (C-18), 45.5 (C-8), 44.1
(C-20), 43.3 (C-14), 41.2 (C-19), 38.9 (C-1), 3834), 37.8 (C-22),
37.0 (C-10), 32.8 (C-7), 31.9 (C-17), 33.9 (Met-CHi), 31.3 (C-21),

30.7 (Met-CHS), 28.5 (C-29), 28.4 (C-23), 28.3 (C-28), 26.6 1)
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26.5 (C-15), 23.7 (C-2), 23.4 (C-27), 18.8 (C-26),5 (C-6), 17.0 (C-24),
16.5 (C-25), 15.5 (Met-CH. HRMS (ESI)m/z: 692.4328 [M+H], calcd.

for C4oHeaNOsS 692.4349.

4.1.5.1.Benzyl
3B-[(N-Boc-glycyl)amino]-11-oxo-olean-12-en-30-oat€ompound 17).
According to Method C, compounti7 was obtained as white powder;
yield: 89.2%:; m.p.: 136.11, [a]p =+136 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDCY): & (ppm) 7.39-7.29 (m, 5H, H-Ar), 6.11 (m, 1H,
NHCO), 5.53 (s, 1H, H-12), 5.18, 5.09 (d, each, Br;CH,, J = 12.0
Hz), 5.15 (m, 1H, Gly-CkNH), 3.81-3.64 (m, 3H, H-3 and Gly-GNH),
2.76 (dt, 1H, H-1J = 13.6 Hz, 3.6 Hz), 2.35 (s, 1H, H-9), 2.03-1.92,
1.83-1.51, 1.40-1.36, 1.32-1.15, 1.05-0.95, 0.820(19H, methylene
and methine of triterpenoid structure), 1.45 (I9id, Boc-CH), 1.34 (s,
3H, H-27), 1.15 (s, 3H, H-29), 1.12 (s, 3H, H-25)09 (s, 3H, H-26),
0.88 (s, 3H, H-23), 0.78 (s, 3H, H-24), 0.72 (s, 3H28). *C NMR
(100MHz, CDC: & (ppm) 200.2 (C-11), 176.3 (C-30), 169.7
(Gly-CO0), 169.2 (C-13), 156.2 (Boc-COO), 136.3,)(C128.7 (G),
128.7 (G), 128.6 (C-12), 128.5 (, 128.4 (G), 128.4 (G), 80.5
(Bocq.C), 66.3 (Bn-CH), 61.8 (C-9), 56.6 (C-3), 55.6 (C-5), 48.4 (C-18),
45.5 (C-8), 45.1 (Gly-ChHNH), 44.1 (C-20), 43.4 (C-14), 41.2 (C-19),

39.8(C-1), 38.3 (C-4), 37.8 (C-22), 37.0 (C-10),83&-7), 31.9 (C-17),
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31.3 (C-21), 28.6 (C-29), 28.5 (C-23), 28.4 (BocsL128.4 (C-28), 26.6
(C-16), 26.5 (C-15), 25.4 (C-2), 23.4 (C-27), 18®26), 17.8 (C-6),
16.6 (C-24), 16.4 (C-25). HRMS (EStyz 717.4821 [M+H], calcd. for

CaqHesN20s 717.4843.

4.1.5.2.Benzyl
3p-[(N-Boc-L-alanyl)amino]-11-oxo-olean-12-en-30-oa(€ompound

18). According to Method C, compourdid was obtained as white powder;
yield: 80.3%; m.p.: 116.2], [a]o =+132 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): § (ppm) 7.41-7.29 (m, 5H, H-Ar), 5.55 (d, 18=8.0
Hz, H-12), 5.18, 5.09 (d, each, 1H, Bn-CBl = 12.0 Hz), 4.96 (brs, 1H,
Ala-CHNH), 4.11 (m, 1H, Ala-CHNH), 3.83-3.60 (m, 1HH-3),
2.78-2.66 (m, 1H, H-1), 2.35 (s, 1H, H-9), 2.0611.9.85-1.48,

1.42-1.36, 1.33-1.30, 1.16, 1.04-0.96, 0.86-0.82H(1methylene and
methine of triterpenoid structure), 1.44 (brs, Béc-CHs), 1.35 (s, 3H,
H-27), 1.25 (m, 3H, Ala-CH3), 1.16 (m, 3H, H-29)12-1.10 (s, 6H,
H-25 and H-26), 0.89 (s, 3H, H-23), 0.78 (m, 3H2#) 0.73 (m, 3H,
H-28). ud®C NMR (100MHz, CDC)): ¢ (ppm) 200.3 (C-11), 176.3
(C-30), 172.2 (Ala-COO), 169.2 (C-13), 155.6 (Bod®@), 136.3 (G),
128.7 (G), 128.7 (G), 128.6 (C-12), 128.5 (§, 128.4 (G), 128.4 (GQ),
80.3 (Bn-CH), 66.3 (Bn-CH), 61.8 (C-9), 56.5 (C-3), 55.6 (C-5), 53.8

(Ala-CHNH), 48.4 (C-18), 45.5 (C-8), 44.1 (C-20)3.3 (C-14), 41.2
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(C-19), 39.8 (C-1), 38.3 (C-4), 37.8 (C-22), 37CLY0), 32.8 (C-7), 31.9
(C-17), 31.3 (C-21), 28.6 (C-29), 28.5 (C-23), 2€Bbc-CH;), 28.4
(C-28), 26.6 (C-16), 26.5 (C-15), 25.4 (C-2), 28%#27), 18.8 (C-26),
17.8 (Ala-CH), 17.5 (C-6), 16.6 (C-24), 16.4 (C-25). HRMS (EB¥y:

731.4980 [M+H], calcd. for GsHg;N,Og 731.4999.

4.1.5.3.Benzyl
3B-[(N-Boc-L-phenylalanine)amino]-11-oxo-olean-12-en-30abe(Com
pound 19). According to Method C, compourdi® was obtained as white
powder; yield: 78.4%; m.p.: 1128, [a]p =+120 (c 0.3 mg/mL, MeOH);
'H NMR (400MHz, CDC)): § (ppm) 7.38-7.28, 7.23-7.18 (m, 10H,
H-Ar), 5.88 (m, 1H, NHCO), 5.53 (s, 1H, H-12), 5,810 (d, each, 1H,
Bn-CH,, J = 12.0 Hz), 5.02 (m, 1H, Phe-CHNH), 4.31 (m, 1H,
Phe-CHNH), 3.61 (m, 1H, H-3), 3.14-2.99 (m, 2H, ), 2.72 (dt,
1H, H-1,J = 13.6 Hz, 3.6 Hz), 2.33 (s, 1H, H-9), 2.04-1.982-1.43,
1.37, 1.30-1.18, 1.00-0.78 (19H, methylene and metbf triterpenoid
structure), 1.41 (brs, 9H, Boc-GKH 1.35 (s, 3H, H-27), 1.16 (brs, 3H,
H-29), 1.07 (s, 3H, H-25 and H-26), 0.72 (m, 6H28land H-24), 0.56
(m, 3H, H-28)**C NMR (100MHz, CDCJ): 6 (ppm) 200.3 (C-11), 176.4
(C-30), 171.0 (Phe-COO), 169.3 (C-13), 155.6 (B@EJ, 136.3
(Phe-G), 136.3 (Bn-G), 129.4 (Phe-G), 129.4 (Phe-g), 128.9 (Bn-G),

128.9 (Bn-G), 128.7 (Phe-), 128.7 (Phe-g), 128.6 (C-12), 128.4
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(Bn-C.), 128.3 (Bn-G), 128.3 (Bn-G), 127.1 (Phe-g), 80.5 (Boce.C),
66.4 (Bn-CH), 61.8 (C-9), 56.8 (C-3), 56.3 (Phe-CHNH), 55.65)C
48.4 (C-18), 45.5 (C-8), 44.1 (C-20), 43.3 (C-11),2 (C-19), 39.7 (C-1),
38.2 (C-4), 38.0 (Phe-Gij 37.8 (C-22), 37.0 (C-10), 32.8 (C-7), 31.9
(C-17), 313 (C-21), 28.6 (C-29), 28.5 (C-23), 28(Boc-CH),
28.4(C-28), 26.6 (C-16), 26.5 (C-15), 25.3(C-2).428-27), 18.8 (C-26),
17.8 (C-6), 16.4 (C-24), 16.3 (C-25). HRMS (ES{z 807.5293 [M+H],

calcd. for G;H71N,Os 807.5312.

4.1.5.4.Benzyl
3B-[(N-Boc-L-proline)amino]-11-oxo-olean-12-en-30-oa{€ompound
20). According to Method C, compouraf) was obtained as white powder;
yield: 81.2%; m.p.: 102.57, [a]o = +104 (c 0.3 mg/mL, MeOH)'H
NMR (400MHz, CDCY): ¢ (ppm) 7.38-7.29 (m, 5H, H-Ar), 5.53 (s, 1H,
H-12), 5.18, 5.09 (d, each, 1H, Bn-¢H = 12.4 Hz), 4.28 (m, 1H,
Pro-CH), 3.63 (m, 1H, H-3), 3.42 (m, 2H, Pro-gH2.77 (m, 1H, H-1),
2.35 (s, 1H, H-9), 2.18 (m, 1H, Pro-CHH 2.07-1.51, 1.43-1.37,
1.32-1.18, 1.05-0.94, 0.87-0.84 (22H, methylene andthine of
triterpenoid structure and proline), 1.46 (brs, @ac-CH), 1.35 (s, 3H,
H-27), 1.15 (s, 3H, H-29), 1.12 (s, 3H, H-25), 1(893H, H-26), 0.91 (s,
3H, H-23), 0.78 (s, 3H, H-24), 0.72 (s, 3H, H-28C NMR (100MHz,

CDCL): 6 (ppm) 200.3 (C-11), 176.3 (C-30), 171.6 (Pro-COD§9.2
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(C-13), 155.5 (Boc-COO), 136.3 {F 128.7 (G), 128.7 (G), 128.6
(C-12), 1285 (G), 128.4 (G), 128.4 (G), 80.5 (Bocg.C), 66.3
(Bn-CH), 61.8 (C-9), 60.4 (Pro-CH), 56.5 (C-3), 55.6 (G4B.4 (C-18),
47.3 (Pro-CH), 45.5 (C-8), 44.1 (C-20), 43.3 (C-14), 41.2 (Q;139.8
(C-1), 38.4 (C-4), 37.8 (C-22), 37.1 (C-10), 3287), 31.9 (C-17), 31.3
(C-21), 28.5 (Pro-Ch), 28.5 (C-29), 28.5 (C-23), 28.5 (Boc-gH28.4
(C-28), 26.6 (C-16), 26.5 (C-15), 25.6 (C-2), 2840-CH), 23.4 (C-27),
18.8 (C-26), 17.8 (C-6), 16.6 (C-24), 16.4 (C-2BRMS (ESI) m/z

757.5137 [M+H], calcd. for G/HggN,Og 757.5156.

4.1.5.5.Benzyl
3B-[(N-Boc-L-sarcosine)amino]-11-oxo-olean-12-en-30-oate
(Compound 21). According to Method C, compouril was obtained as
white powder; yield: 76.3%; m.p.: 1195, [a]p =+140 (c 0.3 mg/mL,
MeOH); *H NMR (400MHz, CDCJ): 6 (ppm) 7.39-7.29 (m, 5H, H-Ar),
5.53 (s, 1H, H-12), 5.18, 5.09 (d, each, 1H, Bn,CH= 12,0 Hz),
3.88-3.77 (m, 2H, Sar-Gi 3.68 (m, 1H, H-3), 2.94 (s, 3H, Pro-gH
2.79 (m, 1H, H-1), 2.35 (s, 1H, H-9), 2.05-1.9183t1.48, 1.42-1.37,
1.32-1.17, 1.04-0.94, 0.85 (19H, methylene and metbf triterpenoid
structure), 1.46 (s, 9H, Boc-GK1.34 (s, 3H, H-27), 1.15 (s, 3H, H-29),
1.12 (s, 3H, H-25), 1.09 (s, 3H, H-26), 0.88 (s, 8H23), 0.85 (m, 1H,

H-5), 0.76 (s, 3H, H-24), 0.72 (s, 3H, H-28C NMR (100MHz, CDGJ):
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& (ppm) 200.2 (C-11), 176.3 (C-30), 174.2 (Sar-CODH9.2 (C-13),
156.8 (Boc-COO), 136.3 (§, 128.7 (G), 128.7 (G), 128.6 (C-12),
128.5 (G, 128.4 (G), 128.4 (G), 80.9 (Boce.C), 66.3 (Bn-Ch), 61.8
(C-9), 56.4 (C-3), 55.6 (C-5), 53.8 (Sar-H48.4 (C-18), 45.4 (C-8),
44.1 (C-20), 43.3 (C-14), 41.2 (C-19), 39.8 (C39,2 (C-4), 37.8 (C-22),
37.0 (C-10), 35.9 (Sar-Gj 32.8 (C-7), 31.9 (C-17), 31.3 (C-21), 28.6
(C-29), 28.5 (C-23), 28.5(Boc-GH 28.4 (C-28), 26.6 (C-16), 26.5
(C-15), 25.5 (C-2), 23.4 (C-27), 18.9 (C-26), 11(®6), 16.6 (C-24),
16.4 (C-25). HRMS (ESIivz 731.4986 [M+H], calcd. for GsHeN2Og

731.49909.

4.1.5.6.Benzyl
3B-[(N-Boc-L-leucine)amino]-11-oxo-olean-12-en-30-oatéCompound
22). According to Method C, compour&? was obtained as white powder;
yield: 65.8%; m.p.: 116.5, [a]p =+112 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): ¢ (ppm) 7.39-7.31 (m, 5H, H-Ar), 6.06 (m, 1H,
NHCO), 5.53 (s, 1H, H-12), 5.18, 5.09 (d, each, BH;CH,, J = 12.0
Hz), 4.85 (m, 1H, Leu-CHNH), 4.04 (m, 1H, Leu-CHNK)64 (m, 1H,
H-3), 2.77 (m, 1H, H-1), 2.35 (s, 1H, H-9), 2.0, 1.82-1.47,
1.41-1.37, 1.30-1.17, 1.07-0.96, 0.86-0.83 (22Hthylene and methine
of triterpenoid structure and leucine), 1.44 (@, Boc-CH), 1.35 (s,

3H, H-27), 1.15 (s, 3H, H-29), 1.12 (s, 3H, H-25)10 (s, 3H, H-26),
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794
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797
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805

806

807

808

809

810
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812

813

0.95-0.92 (m, 6H, Leu-C§j, 0.88 (s, 3H, H-23), 0.78 (s, 3H, H-24), 0.72
(s, 3H, H-28)*C NMR (100MHz, CDGJ)): § (ppm) 200.2 (C-11), 176.3
(C-30), 172.0 (Leu-COO), 169.2 (C-13), 155.8 (Bdd@), 136.3 (G),
128.7 (G), 128.7 (G), 128.6 (C-12), 128.5 (§, 128.4 (G), 128.4 (Q),
80.2 (Boce.C), 66.3 (Bn-CH), 61.8 (C-9), 56.5 (C-3), 55.6 (C-5), 53.7
(Leu-CHNH), 48.4 (C-18), 45.5 (C-8), 44.1 (C-208.3 (C-14), 42.0
(Leu-CHp), 41.2 (C-19), 39.8 (C-1), 38.2 (C-4), 37.8 (C;22).1 (C-10),
32.8 (C-7), 31.9 (C-17), 31.3 (C-21), 28.7 (C-298.6 (C-23), 28.4
(Boc-CH;), 28.4(C-28), 26.6 (C-16), 26.5 (C-15), 25.4 (G-25.0
(Leu-CH), 23.4 (C-27), 23.0 (Leu-GH 18.8 (C-26), 17.9 (C-6), 17.0
(C-24), 16.4 (C-25). HRMS (ESlz 773.5449 [M+H]J, calcd. for

CugH73N206 773.5469.

4.1.5.7.Benzyl
3B-[(N-Boc-L-isoleucine)amino]-11-oxo-olean-12-en-30-og@ompoun

d 23). According to Method C, compoun23 was obtained as white
powder; yield: 67.7%; m.p.: 1160, [a]p =+84 (c 0.3 mg/mL, MeOH);
'H NMR (400MHz, CDC)): 6 (ppm) 7.41-7.30 (m, 5H, H-Ar), 5.92 (m,
1H, NHCO), 5.54 (s, 1H, H-12), 5.18, 5.10 (d, eatH, Bn-CH, J =
12.4 Hz), 5.01 (m, 1H, lle-CHNH), 3.86 (m, 1H, BHNH), 3.66 (m, 1H,
H-3), 2.77 (dt, 1H, H-1) = 13.2 Hz, 3.2 Hz), 2.35 (s, 1H, H-9), 2.05-1.46,

1.41-1.37, 1.32-1.28, 1.19, 1.04-0.97, 0.86-0.82H(Zmethylene and
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834

835

methine of triterpenoid structure and isoleucided4 (brs, 9H, Boc-C4),
1.35 (s, 3H, H-27), 1.25 (s, 3H, lle-QH1.16 (s, 3H, H-29), 1.12 (s, 3H,
H-25), 1.10 (s, 3H, H-26), 0.95 (s, 3H, lle-QH0.88 (s, 3H, H-23), 0.78
(s, 3H, H-24), 0.72 (s, 3H, H-28YC NMR (100MHz, CDGJ): 6 (ppm)
200.3 (C-11), 176.4 (C-30), 171.3 (lle-CO0), 169@B-13), 156.1
(Boc-COO), 136.3 (§), 128.8 (G), 128.8 (G), 128.6, 128.5 (), 128.4
(C), 128.4 (G), 80.2 (Bocg.C), 66.4 (Bn-CH), 61.8 (C-9), 60.1
(Ile-CHNH), 56.7 (C-3), 55.6 (C-5), 48.4 (C-18),.85C-8), 44.1 (C-20),
43.4 (C-14), 41.2 (C-19), 39.8 (C-1), 38.1 (C-4),8B(C-22), 37.1 (C-10),
36.8 (lle-CH), 32.8 (C-7), 31.9 (C-17), 31.3 (C-22B.7 (C-29), 28.6
(C-23), 28.5(Boc-Ch), 28.5 (C-28), 26.7 (C-16), 26.6 (C-15), 25.5 (C-2
24.9 (lle-CH), 23.4 (C-27), 18.8 (C-26), 17.9 (C-6), 16.8 (Q;246.4
(C-25), 16.0 (lle-CHCH,), 11.6 (lle-CHCH). HRMS (ESI) m/z

773.5450 [M+H], calcd. for GgH7aN,Og 773.5469.

4.1.5.8.Benzyl
3B-[(N-Boc-L-methionine)amino]-11-oxo-olean-12-en-30-oat€ompo
und 24). According to Method C, compourZd was obtained as white
powder; yield: 80.9%; m.p.: 12915, [a]p =+116 (c 0.3 mg/mL, MeOH);
'H NMR (400MHz, CDC)): § (ppm) 7.40-7.30 (m, 5H, H-Ar), 6.11 (m,
1H, NHCO), 5.53 (s, 1H, H-12), 5.18, 5.09 (d, eatH, Bn-CH, J =

12.0 Hz), 5.16 (M, 1H, Met-CHNH), 4.21 (m, 1H, MBHNH), 3.64 (m,
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1H, H-3), 2.78 (dt, 1H, H-1J = 13.6 Hz, 3.2 Hz), 2.57 (m, 2H,
Met-CH,S), 2.35 (s, 1H, H-9), 2.11 (m, 5H, Met-gtdnd Met-CH),
2.04-1.92, 1.83-1.47, 1.42-1.37, 1.32-1.17, 1.@®%00.86-0.83 (19H,
methylene and methine of triterpenoid structure)441 (brs, 9H,
Boc-CH), 1.34 (s, 3H, H-27), 1.32 (m, 1H, H-211.15 (s, 3H, H-29),
1.12 (s, 3H, H-25), 1.10 (s, 3H, H-26), 0.88 (s, 3H23), 0.79 (s, 3H,
H-24), 0.73 (s, 3H, H-28)*C NMR (100MHz, CDGCJ): 6 (ppm) 200.2
(C-11), 176.3 (C-30), 171.0 (Met-COO), 169.2 (C;1H5.7 (Boc-COO0),
136.3 (G), 128.7 (G), 128.7 (G), 128.6 (C-12), 128.5 (§, 128.4 (G),
128.4 (G), 80.4 (Bocg.C), 66.3 (Bn-CH)), 61.8 (C-9), 56.8 (C-3), 55.6
(C-5), 54.1 (Met-CHNH), 48.4 (C-18), 45.5 (C-8),.14(C-20), 43.3
(C-14), 41.2 (C-19), 39.8 (C-1), 38.2 (C-4), 37G22), 37.1 (C-10),
32.8 (C-7), 31.9 (C-17), 31.4 (C-21), 31.3 (Met-CH), 30.5
(Met-CH,S), 28.7 (C-29), 28.6 (C-23), 28.5 (Boc-gH8.4 (C-28), 26.6
(C-16), 26.5 (C-15), 25.5 (C-2), 23.4 (C-27), 18326), 17.9 (C-6),
16.7 (C-24), 16.4 (C-25), 15.4 (Met-QHHRMS (ESI)m/zz 791.5023

[M+H]., calcd. for G;H-1N,O6S 791.5033.

4.1.4.9.Benzyl
3B-[(glycyl)amino]-11-oxo-olean-12-en-30-oa{€ompound 25).
According to Method B, compoun?b was obtained as white powder;

yield: 75.7%; m.p.: 215.9, [a]p =+160 (c 0.3 mg/mL, MeOHYH NMR
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(400MHz, CDC}): § (ppm) 7.39-7.29 (m, 5H, H-Ar), 5.53 (s, 1H, H-12),
5.18, 5.09 (d, each, 1H, Bn-GH = 12.4 Hz), 3.68 (m, 1H, H-3), 3.36 (s,
2H, Gly-CHp), 2.77 (dt, 1H, H-1J = 13.6 Hz, 3.2 Hz), 2.36 (s, 1H, H-9),
2.07-1.88, 1.80-1.43, 1.32-1.18, 1.07-0.94, 0.89H(1methylene and
methine of triterpenoid structure), 1.34 (s, 3H2H; 1.15 (s, 3H, H-29),
1.14 (s, 3H, H-25), 1.10 (s, 3H, H-26), 0.88 (s, 3H23), 0.82 (s, 3H,
H-24), 0.72 (s, 3H, H-28)°C NMR (100MHz, CDG)): 6 (ppm) 200.3
(C-11), 176.3 (C-30), 172.0 (Gly-CO0), 169.1 (C51B36.3 (G), 128.7
(C.), 128.7 (G), 128.6 (C-12), 128.5 (§}, 128.4 (G), 128.4 (G), 66.3
(Bn-CH,), 61.9 (C-9), 56.0 (C-3), 55.6 (C-3), 48.4 (C-185.5 (C-8),
44.9 (Gly-CHNH,), 44.1 (C-20), 43.3 (C-14), 41.2 (C-19), 39.8 (C-1
38.3 (C-4), 37.8 (C-22), 37.1 (C-10), 32.9 (C-7),B(C-17), 31.3 (C-21),
28.7 (C-29), 28.5 (C-23), 28.4 (C-28), 26.6 (C-1Bj,4 (C-15), 25.5
(C-2), 23.4 (C-27), 18.8 (C-26), 17.9 (C-6), 160-24), 16.4 (C-25).

HRMS (ESI)m/z 617.4299 [M+H], calcd. for GHs:N,O, 617.4318.

4.1.4.10.Benzyl
3p-[(L-alanyl)amino]-11-oxo-olean-12-en-30-oa{&ompound 26).
According to Method B, compoun?6 was obtained as white powder;
yield: 78.1%:; m.p.: 176.5), [a]p =+152 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): § (ppm) 7.40-7.29 (m, 5H, H-Ar), 5.53 (s, 1H, H-12),

5.18, 5.09 (d, each, 1H, Bn-GH = 12.4 Hz), 3.62 (m, 1H, H-3), 3.53 (q,



880 1H, Ala-CH,J =6.8 Hz), 2.77 (dt, 1H, H-1,= 13.6 Hz, 3.2 Hz), 2.36 (s,
sg1  1H, H-9), 2.07-1.91, 1.80-1.43, 1,32-1.25, 1.1&710.94, 0.85 (19H,
882 methylene and methine of triterpenoid structure§5Xs, 3H, H-27), 1.25
ge3  (m, 3H, Ala-CH3), 1.15 (s, 3H, H-29), 1.14 (s, 325), 1.10 (s, 3H,
gsa H-26), 0.87 (s, 3H, H-23), 0.85 (m, 1H, H-5), 0@13H, H-24), 0.73 (s,
gss  3H, H-28).°C NMR (100MHz, CDGCJ): § (ppm) 200.3 (C-11), 176.3
8s6  (C-30), 175.0 (Ala-CO0), 169.1 (C-13), 136.3,JC128.7 (G), 128.7
837 (Ca), 128.6 (C-12), 128.5 (), 128.4 (G), 128.4 (G), 66.3 (Bn-CH),
gss  61.8 (C-9), 56.1 (C-3), 55.6 (C-5), 50.9 (Ala-CHNH48.4 (C-18), 45.5
gs0  (C-8), 44.1 (C-20), 43.3 (C-14), 41.2 (C-19), 3@C81), 38.3 (C-4), 37.8
g0 (C-22), 37.1 (C-10), 32.8 (C-7), 31.9 (C-17), 3(3321), 28.7 (C-29),
go1 285 (C-23), 28.4 (C-28), 26.5 (C-16), 25.5 (C-2B.4 (C-27), 18.8
892 (C-26), 17.9 (Ala-CH), 16.8 (C-24), 16.4 (C-25). HRMS (ESHVz
893  631.4465 [M+H], calcd. for GoHsgN,O, 631.4475.

894

895 4.1.4.11.Benzyl

896  3P-[(L-phenylalanine)amino]-11-oxo-olean-12-en-30-oa{Compound

897  27). According to Method B, compourt¥ was obtained as white powder,
gog  yield: 71.9%; m.p.: 139.5), [a]p =+156 (c 0.3 mg/mL, MeOHYH NMR
899 (400MHz, CDC}): 6 (ppm) 7.40-7.29, 7.24-7.19 (m, 10H, H-Ar), 5.54 (s
900 1H, H-12), 5.19, 5.10 (d, each, 1H, Bn-£Hd = 12.0 Hz), 3.71-3.60 (m,

901 2H, Phe-CHNH and H-3), 3.27 (dd, 1H, Phe-CHH = 13.6 Hz, 4.0 Hz),
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2.78-2.71 (m, 2H, H-1 and Phe-CHH2.37 (s, 1H, H-9), 2.05-1.93,
1.79-1.42, 1.31-1.18, 1.08-0.95, 0.89 (19H, metnyland methine of
triterpenoid structure), 1.35 (s, 3H, H-27), 1.853H, H-29), 1.13 (s, 3H,
H-25), 1.10 (s, 3H, H-26), 0.86 (s, 3H, H-23), 0(863H, H-24), 0.73 (s,
3H, H-28).*C NMR (100MHz, CDCJ): 6 (ppm) 200.3 (C-11), 176.3
(C-30), 173.6 (Phe-CO0), 169.1 (C-13), 138.1 (Phk-C36.3 (Bn-G),
129.5 (Phe-g), 129.5 (Phe-), 128.8 (Bn-G), 128.8 (Bn-G), 128.7
(Phe-G), 128.7 (Phe-§), 128.6 (C-12), 128.4 (Bn+J, 128.3 (Bn-G),
128.3 (Bn-G), 126.9 (Phe-G), 66.3 (Bn-CH), 61.8 (C-9), 56.5 (C-3),
56.2 (Phe-CHNB), 55.6 (C-5), 48.4 (C-18), 45.5 (C-8), 44.1 (C-248.3
(C-14), 41.2 (C-19), 39.8 (C-1), 38.4 (Phe{;188.2 (C-4), 37.8 (C-22),
37.1 (C-10), 32.9 (C-7), 31.9 (C-17), 31.3 (C-228.7 (C-29), 28.6
(C-23), 28.4 (C-28), 26.6 (C-16), 25.5 (C-2), 283+27), 18.8 (C-26),
17.9 (C-6), 16.7 (C-24), 16.4 (C-25). HRMS (EStyz 707,4779

[M+H] ", calcd. for GgHgsN,O, 707.4788.

4.1.4.12.Benzyl
3B-[(L-proline)amino]-11-oxo-olean-12-en-30-oat@&ompound 28).
According to Method B, compoun?i8 was obtained as white powder;
yield: 75.5%:; m.p.: 116.2], [a]o =+148 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): ¢ (ppm) 7.63 (d, 1H,-NH-J) = 10.4 Hz), 7.39-7.29 (m,

5H, H-Ar), 5.52 (s, 1H, H-12), 5.18, 5.09 (d, eatH, Bn-CH, J = 12.4
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Hz), 3.79 (dd, 1H, Pro-CHNH] = 8.8 Hz, 5.6 Hz), 3.59 (m, 1H, H-3),
3.02 (m, 1H, Pro-CHH\H), 2.90 (m, 1H, Pro-CHMH), 2.76 (dt, 1H,
H-1,J = 13.2 Hz, 3.2 Hz), 2.35 (s, 1H, H-9), 2.14 (m,, Bo-CHH),
2.03-1.87, 1.83-1.37, 1.29-1.17, 1.06-0.96, 0.88H(2methylene and
methine of triterpenoid structure and proline) 41(8, 3H, H-27), 1.15 (s,
3H, H-29), 1.13 (s, 3H, H-25), 1.10 (s, 3H, H-28)86 (s, 3H, H-23),
0.81 (s, 3H, H-24), 0.72 (s, 3H, H-28fC NMR (100MHz, CDCJ): §
(ppm) 200.3 (C-11), 176.3 (C-30), 174.1 (Pro-COI®BP.1 (C-13), 136.3
(C.), 128.7 (G), 128.7 (G), 128.6 (C-12), 128.5 (), 128.4 (G), 128.4
(Ca), 66.3 (Bn-CH), 61.9 (C-9), 60.8 (Pro-CH), 56.1 (C-3), 55.6 (-5
48.4 (C-18), 47.3 (Pro-CH 45.5 (C-8), 44.1 (C-20), 43.3 (C-14), 41.2
(C-19), 39.8 (C-1), 38.3 (C-4), 37.8 (C-22), 31CL10), 32.9 (C-7), 31.9
(C-17), 31.3 (C-21), 30.9 (Pro-GH 28.7 (C-29), 28.5 (C-23), 28.4
(C-28), 26.5 (C-16), 26.5 (C-15), 26.2 (Pro-H25.5 (C-2), 23.4 (C-27),
18.8 (C-26), 17.9 (C-6), 16.8 (C-24), 16.4 (C-2HRMS (ESI) m/z

657.4622 [M+H], calcd. for G,HgiN,O, 657.4631.

4.1.4.13.Benzyl B-[(L-sarcosine)amino]-11-oxo-olean-12-en-30-oate
(Compound 29). According to Method B, compourZb was obtained as
white powder; yield: 69.3%; m.p.: 1829, [a]p =+156 (c 0.3 mg/mL,
MeOH); 'H NMR (400MHz, CDCJ): 6 (ppm) 7.21 (d, 1H, -NH-J =

10.4Hz), 7.40-7.30 (m, 5H, H-Ar), 5.53 (s, 1H, H:12.18, 5.09 (d, each,
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1H, Bn-CH,, J = 12.0 Hz), 3.69 (td, 1H, H-3,= 11.2 Hz, 4.4 Hz), 3.25
(m, 2H, Sar-Ch)), 2.76 (dt, 1H, H-1,) = 13.6 Hz, 3.2 Hz), 2.43 (s, 3H,
Sar-NHCH), 2.36 (s, 1H, H-9), 2.05-1.91, 1.81-1.40, 1.3P8].
1.07-0.94, 0.87-0.84 (19H, methylene and methine traérpenoid
structure), 1.35 (s, 3H, H-27), 1.16 (s, 3H, H-2914 (s, 3H, H-25), 1.10
(s, 3H, H-26), 0.89 (s, 3H, H-23), 0.81 (s, 3H, #:2.73 (s, 3H, H-28).
3C NMR (100MHz, CDCJ): 6 (ppm) 200.3 (C-11), 176.3 (C-30), 170.7
(Sar-COO0), 169.1 (C-13), 136.3 4 128.7 (G), 128.7 (G), 128.6
(C-12), 128.5 (§), 128.4 (G), 128.4 (G), 66.3 (Bn-CH), 61.9 (C-9),
55.6 (C-5), 54.8 (Sar-Ch 48.4 (C-18), 45.5 (C-8), 44.1 (C-20), 43.3
(C-14), 41.2 (C-19), 39.9 (C-1), 38.3 (C-4), 37G-32), 37.1 (C-10),
36.9 (Sar-Ch), 32.9 (C-7), 31.9 (C-17), 31.3 (C-21), 28.7 (OQ-228B.6
(C-23), 28.4 (C-28), 26.6 (C-16), 26.5 (C-15), 286®B2), 23.4 (C-27),
18.8 (C-26), 17.9 (C-6), 16.8 (C-24), 16.4 (C-2BRMS (ESI) m/z

631.4480 [M+H], calcd. for GoHsgN,O, 631.4475.

4.1.4.14.Benzyl
3p-[(L-leucine)amino]-11-oxo-olean-12-en-30-oa(€ompound 30).
According to Method B, compoun80 was obtained as white powder;
yield: 78.9%:; m.p.: 139.5, [a]p =+156 (c 0.3 mg/mL, MeOH}H NMR
(400MHz, CDC}): § (ppm) 7.39-7.29 (m, 5H, H-Ar), 5.53 (s, 1H, H-12),

5.18, 5.10 (d, each, 1H, Bn-GHJ = 12.0 Hz), 3.79 (m, 1H,
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Leu-CHNH2), 3.62 (m, 1H, H-3), 2.77 (m, 1H, H-1)32 (s, 1H, H-9),
2.08-1.89, 1.79-1.37, 1.32-1.18, 1.07-0.98. 0.82H(2methylene and
methine of triterpenoid structure and leucine)5)(8 3H, H-27), 1.16 (s,
3H, H-29), 1.12 (s, 3H, H-25), 1.10 (s, 3H, H-26)96-0.93 (m, 6H,
Leu-CHs), 0.86 (s, 3H, H-23), 0.81 (s, 3H, H-24), 0.733H, H-28).°C
NMR (100MHz, CDCY): § (ppm) 200.3 (C-11), 176.4 (C-30), 172.0
(Leu-COO), 169.3 (C-13), 136.3 (¥ 128.7 (G), 128.7 (G), 128.6
(C-12), 128.5 (), 128.4 (G), 128.4 (G), 66.4 (Bn-CH), 61.9 (C-9),
57.0 (C-3), 55.6 (C-5), 53.2 (Leu-CHN}148.4 (C-18), 45.5 (C-8), 44.1
(C-20), 43.3 (C-14), 42.5 (Leu-GH 41.2 (C-19), 39.8 (C-1), 38.4 (C-4),
37.8 (C-22), 37.1 (C-10), 32.8 (C-7), 31.9 (C-13).3 (C-21), 28.8
(C-29), 28.6 (C-23), 28.4 (C-28), 26.6 (C-16), 263-15), 25.0 (C-2),
24.9 (Leu-CH), 23.4 (C-27), 22.8 (Leu-gH18.8 (C-26), 17.9 (C-6),
16.8 (C-24), 16.4 (C-25). HRMS (ESt)z 673.4933 [M+H], calcd. for

Ca3HesN20, 673.4944.

4.1.4.15.Benzyl B-[(L-isoleucine)amino]-11-oxo-olean-12-en-30-o0ate
(Compound 31). According to Method B, compour®ll was obtained as
white powder; yield: 80.2%; m.p.: 1225, [a]p =+120 (c 0.3 mg/mL,
MeOH); 'H NMR (400MHz, CDCJ): 6 (ppm) 7.41-7.28 (m, 5H, H-Ar),
5.54 (s, 1H, H-12), 5.18, 5.10 (d, each, 1Hz 12.0 Hz, -OCH),

3.68-3.56 (m, 2H, H-3 and lle-CH), 2.77 (m, 1H, H-2.35 (s, 1H, H-9),
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2.08-1.37, 1.32-1.30, 1.18, 1.02, 0.91, 0.86-033H( methylene and
methine of triterpenoid structure and isoleucide3s (s, 3H, H-27), 1.25
(s, 3H, lle-CH), 1.16 (s, 3H, H-29), 1.12 (s, 3H, H-25), 1.10 38i,
H-26), 0.99-0.97 (m, 3H, lle-C§i 0.91 (m, 1H, H-19, 0.87 (s, 3H,
H-23), 0.85 (m, 1H, H-5), 0.81 (s, 3H, H-24), 0.3 3H, H-28).°*C
NMR (100MHz, CDC}): 6 (ppm) 200.3 (C-11), 176.4 (C-30), 176.4
(Ile-CO0), 169.3 (C-13), 136.3 {F 128.8 (G), 128.8 (G), 128.6
(C-12), 128.5 (), 128.4 (G), 128.4 (G), 66.4 (Bn-CH), 61.8 (C-9),
59.3 (lle-CHNH), 57.1 (C-3), 55.7 (C-5), 48.4 (C-18), 45.5 (C-8},1
(C-20), 43.3 (C-14), 41.2 (C-19), 39.8 (C-1), 3834), 37.8 (C-22),
37.6 (lle-CH), 37.1 (C-10), 32.9 (C-7), 31.9 (C-13L.3 (C-21), 28.9
(C-29), 28.6 (C-23), 28.4 (C-28), 26.6 (C-16), 26515), 25.2 (C-2),
24.4 (lle-CH), 23.4 (C-27), 18.8 (C-26), 17.9 (C-6), 16.8 (Q;216.3
(C-25), 15.6 (lle-CHCH,), 11.8 (lle-CHCH). HRMS (ESI) m/z

673.4940 [M+H], calcd. for GsHesN,O, 673.4944.

4.1.4.16.Benzyl B-[(L-methionine)amino]-11-oxo-olean-12-en-30-oate
(Compound 32). According to Method B, compour2P was obtained as
white powder; yield: 71.0%; m.p.: 10219, [a]p =+144 (c 0.3 mg/mL,
MeOH); 'H NMR (400MHz, CDCJ): 6 (ppm) 7.40-7.30 (m, 5H, H-Ar),
7.15 (d, 1H, -NH-J = 10.0 Hz), 5.53 (s, 1H, H-12), 5.18, 5.10 (d,reac

1H, Bn-CH, J = 12.4 Hz), 3.71-3.61 (m, 2H, Met-CHNIdnd H-3), 2.76
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(dt, 1H, H-1,J = 13.6 Hz, 3.2 Hz), 2.61 (m, 2H, Met-G$), 2.36 (s, 1H,
H-9), 2.11 (m, 1H, Met-CHHF, 2.10 (s, 3H, Met-Ck), 2.07-1.88,
1.82-1.37, 1.30-1.18, 1.06-0.95, 0.85-0.84 (20Hthylene and methine
of triterpenoid structure and methionine), 1.353¢4, H-27), 1.16 (s, 3H,
H-29), 1.13 (s, 3H, H-25), 1.10 (s, 3H, H-26), 0(873H, H-23), 0.82 (s,
3H, H-24), 0.73 (s, 3H, H-28)3C NMR (100MHz, CDC)): ¢ (ppm)
200.2 (C-11), 176.3 (C-30), 172.5 (Met-COO), 16@213), 136.3 (),
128.7 (G), 128.7 (G), 128.6 (C-12), 128.4 (§, 128.3 (G), 128.3 (GQ),
66.3 (Bn-CH), 61.8 (C-9), 56.7 (C-3), 55.6 (C-5), 54.2 (Met{gH),
48.4 (C-18), 45.5 (C-8), 44.1 (C-20), 43.3 (C-11),2 (C-19), 39.8 (C-1),
38.3 (C-4), 37.8 (C-22), 37.1 (C-10), 32.8 (C-7}.8B (C-17), 31.3
(Met-CH,CH), 30.5 (Met-CHS), 28.8 (C-29), 28.6 (C-23), 28.4 (C-28),
26.6 (C-16), 26.6 (C-15), 25.4 (C-2), 23.4 (C-2B,8 (C-26), 17.9 (C-6),
16.8 (C-24), 16.4 (C-25), 15.3 (Met-QHHRMS (ESI)m/z: 691.4500

[M+H] ", calcd. for GoHgsN,O,S 691.4509.

4.2 Bio-evaluation methods
4.2.1 Cell culture

A549, MCF-7, HepG2, Hela and MDCK cells were obegirirom the
Chinese Academy of Medical Sciences and Peking ruriéedical
College. Cultures were maintained as monolayer ®MR1640/DMEM

supplemented with 10% (v/v) fetal bovine serum (FB8d 1% (v/v)
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penicillin/streptomycin (Thermo Technologies, Newvork, NY, USA)
under a humidified atmosphere containing 5%,@D 37 [1. The GA
derivatives under study were dissolved in DMSO if&gSt. Louis, MO,
USA) and added at required concentrations to tHe ccdture. Cells

incubated without the preparations served as thaao

4.2.2 Cytotoxicity assay

The cytotoxicity of these compounds was testedian dells lines in
vitro using the MTT method. In short, exponentiagiyowing cells were
seeded into 96-well plates at a density13° cells/well and incubated for
24 h at 37°C with 5% C© Then the cells were exposed to various
concentrations of the tested drugs and incubatedZd. Later, the MTT
solution (20 pL, 5 mg/mL) was added to each well arcubated for
another 4 h. After throwing away the supernatantiom, formazan
crystals were dissolved with DMSO (150 pL). The aabance was
measured at 490 nm with a plate reader (BIORAD gi#ttrophotometer,
Bio-rad Life Science Development Ltd., Beijing, €&). Wells without
drugs were used to be blanks. Thel@alues were defined as the
concentration of compounds that produced a 50%f@rafion inhibition
of surviving cells and calculated using the GraghRaism 5. The

inhibitory rate was calculated in the following Edun (1):
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% inhibition = [1 — (Sample group OD-Blank group {)@ontrol group

OD-Blank group OD) x 100% (1)

4.2.3 Morphological detection of apoptosis using DAl staining
Exponentially growing A549 cells were seeded inwigl} plates (2.4
X 10 cells/well). After incubation for 24 h at 3¢ wii% CQ, certain
concentrations of compourizb (1, 3, 5uM) were added to each well,
cells were incubated for another 72 h. Then theatddure medium was
discarded and cells were washed twice with PBS fawmtl with 4%
paraformaldehyde for 10 min. Then the liquid wascdrded and the cells
were stained with DAPI (DAPI, 1@/mL, Molecular Probes/Invitrogen
Life Technologies, Carlsbad, CA, USA) for 1 min dark. The cell
morphological observation of nuclear changes websersed using

inverted phase-contrast microscope.

4.2.4 Detection of apoptosis using Annexin V-FITC/Pstaining
Exponentially growing A549 cells were seeded inviglt plates (1.2
X 10 cells/well). After incubation for 24 h at 3¢ wii®% CQ, certain
concentrations of compourizb (2, 4, 8uM) were added to each well,
cells were incubated for another 72 h. Then ceksewcollected and
washed twice with cold PBS and centrifuged at 100 for 5 min. The

harvested cells were resuspended in 20 binding buffer, which
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contained 1QuL Annexin V-FITC. After 15 min, the cells were wash
twice and resuspended in 30D binding buffer. At the same time, 10
Pl was added. After avoiding light reaction for dfin, the cells were

analyzed with a flow cytometer.

4.2.5 Cell cycle analysissing Pl staining

Exponentially growing A549 cells were seeded invigl plates (1.2
X 10 cells/well). After incubation for 24 h at 3¢  wii®% CQ, certain
concentrations o026 (2, 4, 8uM) were added to each well, cells were
incubated for another 72 h. Then cells were cald&nd washed twice
with cold PBS and centrifuged at 1000 rpm for 5 nihre supernatant
was discarded. The resulting pellet was resuspeadédixed in 1mL 70%
cold ethanol for 12 h at £ . And 0.5 mL of PI stagnsolution was
added before cells were washed with PBS, afteriaion at 37C for 30

min, the cells were analyzed with a flow cytometer.

4.3 Statistical analysis

All data were expressed as the mearsandard deviation (SD) of
three replications. The statistical analysis wasfopmed by SPSS
software (Version 20.0) to analyze the varianceeday analysis of
variance (ANOVA) followed by the least significadifference (LSD)

post hoc test for multiple comparisons. A p-vallidess than 0.05 was
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considered significant.
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Captions to the Tables, Figures and Schemes.

Table 1. Thein vitro cytotoxicity of compounds against various cell
lines. GA —Glycyrrhetinic acid; DDP —cisplatin

Figure.l. The average I values of the four most potent compounds and
DDP on four cancer cell lines

Figure.2. The IGg values of GN series and GO series on A549 cefls *
0.05, vs. GN series.

Figure.3. Morphological detection of apoptosis using DARIising (200
X) on A549 cells treated with compou@ (a) control group; (b) uM,;

(c) 3uM; (d) 5uM.

Figure. 4. Detection of apoptosis using Annexin V-FITC/PI stag on
A549 cells treated with compour@s: (a) control group; (b) 1M; (c) 3
uM; (d) 5uM.

Figure. 5. Cell cycle analysis using Pl staining on A549 cetsited with

compound?6: (a) control group; (b) &M, (c) 3uM; (d) 5uM.
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Scheme 1. Synthesis of the GA derivatived-16 Reagents and

Conditions: (a) Bn-Br, dry DMF, dry COs, 80 [, reflux, 3 h; (b)

Boc-amino acids, DCM, DMAP, EDCI, rt,12 h; (c) TiHAdry DCM.

Scheme 2.Synthesis of the GA derivative GN-BN. Reagents and

Conditions: (a) CrgJH,SQ,, CH;COCH;, 0 [, 1 h; (b) NaCNBH,

CH;COONH,, CH;OH, rt, 12 h.

Scheme 3. Synthesis of the GA derivatived7-32 Reagents and

Conditions: (a) Boc-amino acids, DCM, HOBt, EDCIPEA, rt, 12 h;

(b) TFA in dry DCM, 01, 4 h.

Table 1
Half Maximal Inhibitory Concentration (IC 5) Values (UM)

Compound A549 MCF-7 HepG2 Hela MDCK
1-8 >40 >40 >40 >40 >40

9 2.751+0.17 3.8110.13 3.306:0.26 3.296:0.21 4.4310.35
10 3.17£0.16 4.393£0.19 3.068£0.09 4,996£0.43 3.398:0.17
11 16.96+1.14 14.43-2.01 >40 18.84+0.93 14.41-1.31
12 4,731+0.42 5.218-0.36 6.39:0.55 9.05%0.52 9.63:0.71
13 4,995+0.29 3.8910.12 4.564F0.26 7.995-0.29 5.765-0.35
14 22.91+£2.29 11.94£1.56 14.94:2.01 43.09£1.13 19.33:-1.88
15 4,9661+-0.97 10.0£1.03 8.146:0.88 9.6470.64 9.0110.72
16 7.532+0.46 8.076:0.82 9.958£0.69 10.56:1.07 39.25-3.53
17-24 >40 >40 >40 >40 >40

25 2.442+0.13 2.853:0.21 3.472£0.26 3.010.18 3.749-0.09
26 2.109+0.11 2.135-0.18 2.439-0.07 2.39-0.09 4.645-0.12
27 3.006£0.12 3.2810.18 5.048£0.29 2.239:-0.07 5.024:0.22
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1246

28 3.261+0.14  7.623:0.56  2.143-0.09  2.20%£0.12  2.528-0.06
29 3.345£0.37  3.412£0.33  3.795:0.39  3.197#40.26  3.1710.19
30 3.281£0.21  6.096:0.39  6.213-0.31  2.29740.29  4.645-0.13
31 3.43£0.23 4.686:0.32 5.146:0.35  2.944-0.14  4.1270.26
32 6.974+0.42  7.004:0.51  4.08%0.25  3.102£0.18  6.247-0.38
GA >40 >40 >40 >40 >40
DDP 9.001+0.37 6.78+0.42 3.908+0.17  9.88+0.59 6.921+0.33
Figure 1.
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1254
1 R;=L-Boc-gly 9 R;=L-gly
2 R;=L-Boc-ala 10 R;=L-ala
3 R;=L-Boc-phe 11 Ry=L-phe
4 R=L-Boc-pro 12 Ry=L-pro
5 R|=L-Boc-sar 13 Ry=L-sar
6 R;=L-Boc-leu 14 R =L-leu
7 R;=L-Boc-ile 15 R =L-ile

1255 8 R;=L-Boc-met 16 Ry=L-met

1256

1257 Scheme 2.
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1259

1260 Scheme 3.

GN-BN 17-24 25-32
17 Ry=L-Boc-gly 25 R=L-gly
18 R=L-Boc-ala 26 R|=L-ala
19 R,=L-Boc-phe 27 R|=L-phe
20 R;=L-Boc-pro 28 Ry=L-pro
21 R;=L-Boc-sar 29 R=L-sar
22 Ry=L-Boc-leu 30 Rj=L-leu
23 R,=L-Boc-ile 31 Ry=L-ile
24 R;=L-Boc-met 32 Rj=L-met

1261
1262



Highlights

a. Thirty-two glycyrrhetinic acid (GA) derivatives had been designed

and synthesi zed.

b. Most of the compounds were more potent than GA and positive drug

cisplatin.

c. All the GN series were more potent than GO series against various

tumor célls.

d. Compound 26 showed the most potent antitumor activity among all

derivatives.



