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Hederagenin 28 28, ECsp = 1.1 uM (ovarian carcinoma)
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Abstract:

In this study, a series of novel C-28 esters and@srderivatives of hederagenidd) were
designed and synthetized in attempt to developnpastitumor agents. Their structures
were confirmed by MS, IR'H NMR and **C NMR spectroscopic analyses and their
cytotoxic activities were screened in SRB assaysgua panel of six human cancer cell
lines. Although most of the compounds displayed enaté to high levels of cytotoxic
activity they were all more potent than the natyralductHe. The most active compounds
had either an ethylpyrimidinyRf) or an ethylpyrrolidinyl 28) substituent, with E&gin
the range of 1.1-6.5 uM for six human cancer de#d. Notably, this corresponds to an

approximately 30-fold times greater potency thim

Keywords: Sapindus saponarjapentacyclic triterpenes; hederagenin derivativeRB

assay, folk medicinal plant.
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1. Introduction

Natural products have been used to treat humaasésdor thousands of years. The results
of these treatments have been variable and indensidut advances in pharmaceutical
science have seen natural products used as mamtetbef development of new drugs,
including certain anti-cancer compounds. Within giethora of known natural products,
triterpenoic acids are considered promising candgléor anti-cancer drug development [1-

2],

Among the many sources of bioactive natural prazlace the fruits ofapindus saponaria
L., (Sapindaceae), popularly known in Brazil asb&ade-soldado” (soldier soap) and
"saboeiro" (soap-maker). This medium sized tropicek found principally in South
America and India, produces great amounts of smatk where a sap is accumulated [3].
In the tropics these fruits are mainly used aslst#ute for soap. However, they are also
used in the folk medicine for treating skin lesiomglammation and ulcers [3]. In their
pericarps these fruits accumulate great quantitibssaponins carrying the aglycone
hederagenin. Hederagenin is a pentacyclic tritesgawssessing two hydroxyl groups in
ring A, a double bond in ring C and a carboxyliogy at C-28 position. In addition,
hederagenin acts as a chemotaxonomic marker fatsptd the Sapindaceae family. Other
plant families like the Dipsacaceae also contaigdaamounts of hederagenin as aglycone
of saponins [4]. Furthermore it is known that thisane type triterpenoic acid shows some
interesting biological properties, such as an mi@mmatory [5], antifungal [6-7],

antimicrobial [8-9] and an anticancer activity [10]
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Our group and others have demonstrated that stelanodifications of sesquiterpenoids
[11], diterpenoids [12] and triterpenoids [2, 13-1Bight have a high impact onto their

biological activities.

Compared to other triterpenoids, modification ofléragenin has had little attention and,
therefore, very little is known with respect toith@ntitumor properties. To the best of our
knowledge only one report [10] has been publistrexiving hederagenin being moderately

active for A549 cancer cell line (Eg&= 39+6 pM) whilst being inactive for DLD-1 cells.

Recently, it was shown that the cytotoxic activefymaslinic acid (a constitutional isomer
of the hederagenin) increases by esterificationpadition 28. Although, introducing a
benzylic substituent at C-28 did not result in gigant improvement of the cytotoxicity it

improved selectivity for tumor cells [13].

In addition, antitumor screening of derivatives roéslinic, oleanolic or ursolinic acids
revealed the presence of a C = O moiety to be gaktar antitumor activity [16-18]. It has
also been shown that bulky ester residues seem#exact quite well with an hitherto

unknown intracellular target/receptor [13].

During the last few years we have been investigatire use of natural products as lead
structures for the discovery of novel putative rpieceutical drugs [19-21]. Consequently,
in line with this interest, we report here our prehary findings involving the hederagenin

scaffold.
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2. Results and discussion
2.1. Chemistry

Firstly, hederageninHe) was isolated from the pericarp 8f saponariaising a previously
reported procedure [22] as detailed in the expertaiesection. In general, the yield of
hederagenin from the dried pericarp of the fruitswaround 0.9%. The isolated compound
was fully characterized by comparing its spectrpgcdata with those previously reported
[30-32], along with its melting point. Subsequentie was transformed into various esters
(1-23), by its reaction with alkyl bromides in the prese of finely grounded potassium
carbonate. Aqueous work-up using aqueous HCI (586)) washing with brine facilitated
the isolation of the products [23]. Thus, followitlas simple general procedure, the target

alkyl esters were obtained in yields ranging betw&s% and 90% (Fig. 1).

[Insert Figure 1]

Reaction of hederagenin with several amines inptesence ofO-(benzotriazol-1-yl)-
N,N,N',N‘tetramethyluroniumtetrafluoro-boratetetrabutyl (Tl as a coupling catalyst

provided the desired amideZb{30) in 72% to 96% vyield (Fig. 2) [24].

[Insert Figure 2]

The structures of the hederagenin-derived estedsaamdes 1-30) were confirmed by
extensive spectroscopic analysis. All compoundswshoin their respective IR spectra
typical signals expected for the functional grougesng present in the molecules. For

example, in the IR spectra 23, strong absorption bands around 1720-1733 doe to a

5
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C = O stretching of esters were observed, assdciwitd absorptions between 1250-1150
cm® due to stretching of C-CO-O. For compoun@s-30) the C=O absorptions were
observed around = 1620-1650 cm being typical for amides. In the case of alkyA&s

and29 the bands for the=6C were observed betweérs 2118-2120 cm [25].

In the™H NMR spectra the signals of the aromatic hydrogeese detected between 7.20
and 8.50 ppm; for compountB, the resonances due to aromatic hydrogen atoms wer
found at 8.20 ppm and 7.50 ppm each as a doubfe8(7 Hz). For the amide23-30) the
signals of the NH were observed between 6.20-60. pn addition, alf*C NMR signals
for the triterpenoic skeleton in this compound eefivere similar with the exception of the
signals for C-28 and the group attached at thistipas For carbon C-28 a shift to higher
field for the esters and amides was observed apa@d to parertie (6 = 180.7 forHe to

0 = 177.5£0.75 for the ester carbonyls, and te 178+0.75 for the amide carbonyls). A
detailed assignment of the NMR specthd @nd**C) for all compounds is given in the
supplementary material associated to this papes. adsignments were possible by using
2D NMR techniques (when required) and the data vesmsistent with the proposed

structures.
2.2. Biological screening

Natural triterpenes as glycyrrhetinic, betulinicsalic, oleanolic and maslinic acid, and
their derivatives, are well-known for their antincar activities [2, 26]. Beside cytotoxicity,
many of these compounds have been shown to traggeptosis. For the parent compounds,

ECso values between 10-80 uM have been determined; sbrtleem were also shown to
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trigger apoptosis. Hederagenin derivatiie80 were tested for their cytotoxic activity
using a photometric sulforhodamine B assay (SRB) [@hd the EG values were

determined for six different human cancer cell di{618A2 (melanoma cells), A2780
(ovarian carcinoma), HT29 (colon adenocarcinomd}Avl (breast adenocarcinoma), A549
(lung cancer), 8505C (thyroid carcinoma)]. ThesgE@alues were calculated from dose
response curves applying a non-linear regressiamgube two parametric Hills-slope

equation (Table 1).

[Insert Table1]

Among all esters and amides, compoulx®9, were more cytotoxic than pardde, while
the 1-ethylmorpholinyl amide3Q) was the only one with a reduced activity (Fig. B)ese
results support the hypothesis that the preseneebolky group bonded to carbonyl-28 of
the triterpene skeleton modulates their cytotoxitvdy. Similar results have previously
been observed for glycyrrhetinic acid: in its natuform (free acid) a 3-fold lower

cytotoxicity was determined as compared to theesponding esters derivatives [28-29].

[Insert Figure 3]

The amides carrying an ethylpyrimidiny7) or ethylpyrrolidinyl 8) moiety were the
most active derivatives for all cell lines testepwing EGy values ranging between 1.3-
6.5 uM for27 and values between 1.1-3.9 uM B& This corresponds to an approximately
30 times higher cytotoxicity than pareHe (Fig. 4). In addition, the esters carrying a
benzyl ) or an ortho-nitrobenzyl (8) group were the most active among all ester

derivatives for the cells lines tested, exhibitle@so values between 7.0-9.7 uM faérrand

7
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6.1-8.4 uM forl8. These results revealed that compoubh@snd 18 are approximately 20

times more cytotoxic than hederagenin (Fig. 4).

[Insert Figure4]

For all cells lines tested (Fig. 5) the activity péra substituted esters2@, 21, 22)
decreased with the atomic radius of the halogemstgubnt. Furthermore, amides derived
from heterocycles carrying an additional nitrogdona 27, 28) were the most active

compounds for all cell lines evaluated in this gtud

[Insert Figure 5]

To gain a deeper insight into the mode of actiontlefse molecules some additional
experiments were performed. For such experimentbhave chosen only the most active
compound28. For this compound, the death of A2780 human awadancer cells was
investigated using an acridine orange/propidiumdedassay (AO/PI) and fluorescence
microscopy (Fig. 6). Thus, the cells were treatsd48 h with an Egy concentration o£8.
The results from this assay indicated that a ctatteell death has occurred as evidenced
by the presence of green fluorescent A2780 cedlgsefal cells showed an orange color, an

evidence that they died by secondary necrosis.

[Insert Figure 6]



158 3. Conclusion

159  To sum up, a series of 30 different esters and esmd hederagenin has been designed and
160  synthesized. All these compounds (carrying a bghloup at C-28) were screened for their
161  cytotoxic activity employing a panel of six humaancer cell lines including melanoma
162  cells, ovarian carcinoma, colon adenocarcinomagadtradenocarcinoma, lung cancer and
163  thyroid carcinoma using a photometric sulforhoda¥ihassay. From these data, it was
164 evident that almost all compounds exhibited highgtotoxicity activity for all tested
165 cancer cell lines compared to hederagenin. Ami@es/iog a heterocyclic grou®27 and
166  28) were found to be the most promising derivatiiesnng EGo ranging between 1.1-6.5
167 UM. Moreover, as shown by an additional AO/PI stegnexperiment, it was found that
168 compound28 mainly acts by apoptosis. Further intensive modtfans at C-28 and studies
169  concerning the mode of action of these compounds carrently performed in our

170  laboratory, and the results will be reported in doerse.

171 4. Experimental part

172 4.1. General procedures

173  Reagents were obtained from Sigma-Aldrich (Milwaeiké/isconsin, USA) and were used
174  without any purification. Solvents were purchaseahf Vetec (Rio de Janeiro, Brazil).
175  Analytical thin layer chromatography (TLC) was merhed on silica gel 6055, 0.2 mm
176  thick plates (supplied by Merck, Rio de Janeiroa#lj, and the spots were visualized by
177 UV-B light or by spraying with phosphomolybdic a¢rd10% EtOH, followed by heating.

178  Flash column chromatography (typical size of 20 lemgth and 2 cm of diameter) was

9
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performed using silica gel 230-400 mesh. All commtsiwere fully characterized by IR,
EI-MS, *H NMR and**C NMR spectroscopy. Infrared spectra were recoated Perkin-
Elmer Paragon 1000 FTIR spectrophotometer, pregdhn@ samples as potassium bromide
disks (1% w/w). Mass spectra were recorded on en&tieu GCMS-QP5050A instrument
by direct insertion, using EI mode (70 eV). Higkatition mass spectra were recorded on
a Bruker Micro TOF (resolution = 10,000 FWHM) usielgctro spray ionization (ESI) and
the result reported to four decimal figures. Eletabanalyses were measured on a Foss-
Heraeus Vario EL unit. Th#H and**C NMR spectra were recorded on a Varian Mercury
300 spectrometer at 300 and 75 MHz, respectivedinguCDC} as solvent and TMS as
internal reference, unless otherwise stated. Mglgaints were measured on a MQAPF-

301 apparatus and were not corrected.

TheH NMR spectra for all compound were assigned ferdignals that were clearly well
defined as described for each compound, followirggdtructural numbers presented in the
Supporting Material. For all compounds a multiplets observed in the ranged# 0.5 to

2.5 ppm, so the hydrogen atoms in this range coolide assigned.
4.2. Isolation of Hederageniig)

Dried and ground pericarp &apindus saponari., (2 kg) was extracted with methanol.
A total of 3 extractions at room temperature wasied out, keeping the solvent in contact
with the sample for 24 hours. For each extractidndf solvent was used. The combined
methanol extracts were concentrated under redussdyre in a rotary evaporator to afford

650 g of a crude brown residue. To 300 g of thEdue a solution of sulfuric acid in

10
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methanol (1.5 L, 5% v/v) was added, and the mixtuas heated under reflux for 3 hours.
After this hydrolysis, the pH was adjusted to 6-+y ddding potassium hydroxide in
methanol (5% v/v). To the resultant mixture acieatharcoal (100 g) was added, followed
by a heating under reflux for 30 min. The resultmgxture was filtered through a Celite®
pad (2 g), and the filtrate was concentrated uneéuced pressure to approximately 10%
of the initial volume. To this solution 1 L of distd hot water was added, and the residual
methanol was evaporated under reduced pressureretitie was filtered off to afford

crude hederagenin as a pale brown solid.

This crude material was washed twice with hot atewitrile (1 L) affording 8.5 g (2.8%
of dry mass)He as a white solid, m.p. 318-32C (lit.: 317-320°C [22]); R = 0.24
(hexane/ethyl acetate, 1:1 v/v). All spectroscagata (IR, MS, and NMR) were in full

agreement with the literature [30-32].

4.3. General procedure for the synthesis of e5t23

A 25 mL one necked round-bottomed flask was changitd a solution of hederagenin
(100 mg, 0.23 mmol) in dry DMF (5 mL), and finelyognded potassium carbonate (1
mmol) was added. To this mixture an alkyl bromi@e46 mmol) was added, and the
reaction was stirred for 18 h at 25 °C. The reactioxture was quenched by adding ethyl
acetate (20 mL), washed with an aqueous solutiddGif(5%, 50 mL), followed by brine
(50 mL) and dried over N8QO,. The mixture was filtered, the solvent was remouader

reduced pressure in a rotary evaporator, and tiecproduct was obtained as a yellow

11
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solid. This solid was purified by silica gel columchromatography eluting with

hexane/ethyl acetate (3:1 v/v) to afford the pualpct as a solid.

All yields and physical and spectroscopic data tfer compounds are included in the

Supplementary Material
4.4. Benzotriazol-1-yl-(33,23-dihydroxyolean-12-en-28-oat24]

A 50 mL two-necked round bottomed flask was chargétl hederagenin (100 mg, 0.23
mmol) TBTU (0.25 mmol), DIPEA (0.25 mmol) and THE ifiL). The mixture was stirred
at room temperature overnight. The precipitate fiveesed off, and the filtrate was diluted
with ethyl acetate (20 mL). The organic layer wassked with water (50 mL) and brine
(50 mL) and dried (N&0Oy,). The solvent was evaporated under reduced peesswafford
the crude product as a brown solid. This crude yebdvas purified by column

chromatography (silica gel, hexane/ethyl acetatke,v&/) to afford24 in 92% vyield (105

mgQ).

White solid; m.p. 232-232C; R = 0.43 (hexane/ethyl acetate 1:1 v/v); IR (KB} 3400,
1806, 1088, 1050, 998, 738 ¢ntH NMR (300 MHz, CDCJ): § = 8.03 (dt, 1H,J = 8.1,
0.8 Hz, H-34), 7.51 (ddd, 1H, = 9.0, 8.0, 0.9 Hz), 7.40 (m, 1H, H-35), 7.35 (m, HH,
36), 5.36 (t, 1HJ = 3.5 Hz, H-12), 3.73 (d, 1H} = 10.4 Hz, H-23), 3.64 (brt, 1H) = 7.6
Hz, H-3), 3.42 (d, 1HJ = 10.4 Hz, H-23), 2.96 (dd, 1H, = 13.4, 4.2 Hz, H-18), 1.10 (s,
3H, CH), 0.98 (s, 3H, Ch), 0.96 (s, 3H, Ch), 0.94 (s, 3H, CH), 0.88 (s, 3H, Ck), 0.84
(s, 3H, CH); *C NMR (75 MHz, CDCJ): § = 173.75 (C-28), 143.64 (C-13), 142.19 (C-

31), 122.88 (C-32), 128.61 (C-36), 124.79 (C-32)3.98 (C-12), 120.59 (C-34), 108.27

12
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(C-33), 76.79 (C-3), 72.02 (C-23), 49.90 (C-9),787(C-17), 47.67 (C-5), 45.58 (C-19),
42.06 (C-4), 41.92 (C-14), 41.72 (C-18), 39.60 |C3B.34 (C-1), 37.03 (C-10), 33.80 (C-
21), 33.04 (C-29), 32.75 (C-7), 32.56 (C-22), 30(T720), 28.17 (C-15), 26.74 (C-27),
25.90 (C-2), 23.65 (C-30), 23.57 (C-11), 23.25 @);118.58 (C-6), 17.42 (C-26), 15.88
(C-25), 11.61 (C-24); HRMS (ESI TOF-MS) [M+Hgalcd. for [GeHsiNsO4]*: 589.8079,

found 590.3959. CHN calcd.: C, 73.31; H, 8.71; fdu@, 73.07; H, 8.95.

4.5. General procedure for the synthesis of ami§e30

A 50 mL two-necked round bottomed flask was chargéti hederagenin (100 mg, 0.23
mmol), the appropriate amine (0.50 mmol) and THF(§. To the resultant solution, kept
under nitrogen atmosphere, were added TBTU (0.2%linamd DIPEA (0.45 mmol). This
reaction mixture was stirred vigorously for 2 hrabm temperature, until TLC analysis
revealed a total consumption of the starting malefihe mixture was filtered, and the
filtrate was diluted with ethyl acetate (20 mL),skad with water (50 mL) and brine (50
mL) and dried (Ng50Oy). The solvent was evaporated under reduced peessuafford the

crude product. This product was purified by silgel column chromatography (silica gel,

hexane/ethyl acetate, 1:2 v/v).

All yields and physical and spectroscopic datadompound<25-30 are presented in the

Supplementary Material associated to this paper.

4.6. Cytotoxicity assay

13
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The cytotoxicity of the compounds was evaluatechgisihe sulforhodamine-B (SRB,
procured from Sigma-Aldrich, Wilwaukee, WisconslSA) micro-culture colorimetric
assay. In short, exponentially growing cells wereded into a 96-well plate on day O at the
appropriate cell densities to prevent confluencthefcells during the period of experiment.
After 24 hours, the cells were treated with setiltions of the compounds (0-30 uM) for
96 hours. The final concentration of DMSO nevereexted 0.5%, which was non-toxic to
the cells. The percentages of surviving cells iato untreated controls were determined
96 h after the beginning of drug exposure. Afteriafurs of treatment, the supernatant
medium was discarded from the 96-well plates, dadcells were fixed with 10% TCA.
For a thorough fixation, the plates were alloweddst at 4 °C. After fixation, the cells
were washed in a strip washer. The washing was finmdgimes with water using alternate
dispensing and aspiration procedures. The plates dyed with 100 puL of 0.4% SRB for
about 20 min. After dying, the plates were washeth W% acetic acid to remove the
excess of the dye and allowed to air-dry overnight base solution (100 pL, 10 mM) was
added to each well and absorbance was measured &70 nm (using a 96 well plate
reader, Tecan Spectra, Crailsheim, Germany)soB@lues were calculated from semi
logarithmic dose response curves by non-linearessgon applying a two parametrical

Hill-slope equation. Values are given with a coafide interval Cl = 95%.

The AO/PI assay was performed as previously desgiib, 18]. In short, approximately
500 000 A2780 cells were seeded in cell culturekBaand were allowed to grow for 24 h.
The medium was removed, and the loaded medium yiagpan EG, concentration) was

added. After 48 h, the supernatant medium was aelieand centrifuged; the pellet was

14
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suspended in phosphate-buffer saline (PBS) andriteygd again. The liquid was
removed, and the pellet was suspended in PBS. Alitang the suspension with a solution
of AO/PI, analysis was performed under a fluoreseemicroscope. While a green

fluorescence showed apoptosis, a red colored nuighelicated necrotic cells.
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Tablel.

Cytotoxicity for He and analogsl-30 (ECsp values in uM from SBR assays after 96 h of
treatment; the values are averaged from at leest thdependent experiments performed each in
triplicate; confidence interval Cl = 95%; individuaositive (upper value) and negative (lower
value) errors are given in the supplementary patt}:off in all experiments 3QM except for
parentHe where the cut-off was 60M); employing human tumor cell lines.

ECsy 518A2 A2780 HT29 MCF7 A549 8505C

He 34.9 19.9 50.0 25.7 29.0 38.0
1 7.8 9.7 9.5 7.9 7.0 7.6

2 10.3 12.9 12.8 10.2 10.9 8.8
3 10.9 14.3 14.3 12.7 13.2 7.8
4 12.9 13.1 16.1 16.5 14.8 14.1
5 10.0 13.4 13.2 12.5 13.2 11.2
6 9.5 12.9 13.0 11.5 11.4 8.0
7 7.5 11.6 12.0 10.2 11.7 8.7
8 11.7 13.6 13.5 12.7 13.6 9.5
9 9.0 12.9 13.2 11.3 12.6 8.4
10 9.2 14.4 13.3 12.7 12.9 9.4
11 111 15.0 13.4 12.7 13.1 13.1
12 11.7 13.8 14.8 13.0 13.0 11.9
13 10.9 13.7 14.4 13.5 13.5 9.7
14 8.7 12.1 13.4 9.0 114 10.3
15 8.1 11.9 12.0 8.3 8.1 6.6

16 12.7 13.5 14.0 13.4 14.0 12.8
17 12.4 17.0 17.7 154 15.9 13.2
18 8.4 7.8 7.8 7.8 6.5 6.1

19 11.8 14.7 14.8 13.7 13.7 8.8
20 10.2 11.4 11.3 9.2 8.5 6.7

21 114 13.0 135 12.7 9.8 8.1
22 11.6 13.2 13.7 135 13.5 8.6
23 13.8 14.6 15.3 14.2 14.2 13.7
24 8.6 8.8 11.2 7.7 9.5 9.5

25 13.7 11.4 15.1 14.6 15.7 13.5
26 125 15.9 19.3 15.2 17.2 12.7
27 3.7 1.8 1.3 6.5 2.7 3.6

28 2.0 11 1.2 3.7 1.9 1.8

29 21.6 14.8 17.3 17.0 16.8 22.1

30 >30 >30 >30 >30 >30 >30
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Figure 1. Synthesis of hederagenin ester derivatives 1-23.
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Figure 6. Fluorescence microscopy image of A2780 cells treated with an ECy, concentration of

hederagenin derivative 28 for 48 hours.



Highlights

» A series of ester and amide derivatives of hedelades been synthesized.

* Some derivatives were more actives than hederadengix human cancer lines.

* Amides with pyrimidinyl and pyrrolidinyl groups wethe most active derivatives.
» EGsovalues for pyrimidinyl and pyrrolidinyl derivatigeanged from 1.1 to 6.5 uM.

» AO/PI staining experiment showed that compoB8dnainly acts by apoptosis.
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Section A:
Benzyl-(#)3,23-dihydroxyolean-12-en-28-oatb (

White solid; yield: 66 mg, 56%; m.p. 160-1862; R = 0.46 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3410, 3032, 1722, 1158, 1044, 746, 696'cthl NMR (300 MHz, CDC)): 6§ = 7.34-
7.31 (m, 5H, Ph), 5.27 (t, 1H,= 3.6 Hz, H-12), 5.09 (d, 1H,= 12.5 Hz, H-3)), 5.03 (d, 1H,]
=12.5 Hz, H-3), 3.69 (d, 1H, = 10.3 Hz, H-29, 3.61 (dd, 1H, = 8.7, 7.0 Hz, H-3), 3.40 (d,
1H, J = 10.3 Hz, H-28), 2.89 (dd, 1H,) = 13.7, 4.5 Hz, H-18), 1.11 (s, 3H, @HO0.91 (s, 6H,
2xCH), 0.89 (s, 3H, Ch), 0.87 (s, 3H, Ch), 0.59 (s, 3H, Ck); **C NMR (75 MHz, CDCJ): 6 =
177.45 (C-28), 143.62 (C-13), 136.37 (C-32), 12838C-33, C-33'), 127.94 (2xC-34,C-34)),
127.89 (C-35), 122.40 (C-12), 76.85 (C-3), 72.092@}, 65.92 (C-31), 49.79 (C-9), 47.57 (C-
17), 46.71 (C-5), 45.80 (C-19), 41.74 (C-4), 41(6814), 41.34 (C-18), 39.25 (C-8), 38.08 (C-
1), 36.86 (C-10), 33.83 (C-21), 33.07 (C-29), 3(@77), 33.34 (C-22), 30.67 (C-20), 27.58 (C-
15), 26.68 (C-27), 25.87 (C-2), 23.61 (C-30), 23(3411), 23.01 (C-16), 18.45 (C-6), 16.87 (C-
26), 15.64 (C-25), 11.38 (C-24); HRMS (ESI TOF-MBJI+H]" calcd. for [G/HssO4]™:

563.4104, found 563.4100.



o-Nitrobenzyl-(8)3,23-dihydroxyolean-12-en-28-oa® (

29
30’///,,

White solid; yield: 56 mg, 43%; m.p. 168-170; R = 0.38 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3418, 1724, 1528, 1160, 1046, 730°ciH NMR (300 MHz, CDCY): § = 8.06 (brd,
1H, J = 7.8 Hz, H-34), 7.63 (d, 1H, = 1.1 Hz, H-36), 7.61 (d, 1H] = 0.7 Hz, H-37), 7.48 (m,
1H, H-35), 5.48 (d, 1H] = 14.4 Hz, H-33), 5.40 (d, 1H,) = 14.4 Hz, H3}), 5.27 (t, 1HJ = 3.5
Hz, H-12), 3.70 (d, 1H] = 10.3 Hz, H-23), 3.61 (dd, 1H) = 7.1, 6.9 Hz, H-3), 3.40 (d, 1H,=
10.3 Hz, H-29), 2.87 (dd, 1H,) = 14.2, 4.0 Hz, H-18), 1.11 (s, 3H, §0.92 (s, 3H, Ck), 0.90
(s, 6H, 2xCH), 0.87 (s, 3H, Ch), 0.55 (s, 3H, Ch); **C NMR (75 MHz, CDC}): 6 = 177.20 (C-
28), 148.02 (C-33), 143.68 (C-13), 133.59 (C-33R.38 (C-36), 129.83 (C-37), 128.89 (C-35),
125.08 (C-34), 122.70 (C-12), 76.99 (C-3), 72.2582@}, 62.97 (C-31), 49.91 (C-9), 47.69 (C-
17), 47.15 (C-5), 45.98 (C-19), 41.91 (C-4), 41(8314), 41.49 (C-18), 39.40 (C-8), 38.22 (C-
1), 37.01 (C-10), 33.95 (C-21), 33.19 (C-29), 3A6-7), 32.53 (C-22), 30.81 (C-20), 27.72 (C-
15), 26.86 (C-27), 26.03 (C-2), 23.72 (C-30), 236611), 23.28 (C-16), 18.59 (C-6), 16.99 (C-
26), 15.78 (C-25), 11.51 (C-24); HRMS (ESI TOF-MB)J+H]* calcd. for [G:HssNOg]™:

608.3951, found: 607.8198; CHN calcd.: C, 73.118H9; found: C, 72.87; H, 8.93.



0-Bromobenzyl-(3)3,23-dihydroxyolean-12-en-28-oa®.(

29
30/’////

White solid; yield: 74 mg, 55%; m.p. 171.3-173; R = 0.42 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): b = 3414, 3078, 1722, 1158, 1032, 748%crtH NMR (300 MHz, CDCJ): § = 7.56 (dd,
1H,J=7.7, 1.3 Hz, H-34), 7.42 (dd, 18~ 7.6, 1.7 Hz, H-37), 7.29 (td, 1H~= 7.6, 1.3 Hz, H-
36), 7.17 (td, 1HJ = 7.7, 1.7 Hz, H-35), 5.28 (t, 1Hd,= 3.6 Hz, H-12), 5.16 (d, 1H, = 13.1 Hz,
H-31.), 5.09 (d, 1H,]J = 13.1 Hz, H-3}), 3.71 (d, 1H, = 10.3 Hz, H-23, 3.62 (dd, 1HJ = 8.9,
6.9 Hz, H-3), 3.41 (d, 1H] = 10.3 Hz, H-23), 2.91 (dd, 1H, = 13.7, 4.0 Hz, H-18), 1.11 (s,
3H, CH), 0.92 (s, 3H, CHh), 0.91 (s, 3H, CH), 0.89 (s, 3H, CH), 0.87 (s, 3H, Ch), 0.57 (s, 3H,
CHs); 3C NMR (75 MHz, CDCY): 6 = 177.44 (C-28), 143.71 (C-13), 135.84 (C-32),.892C-
34), 130.33 (C-37), 129.66 (C-35), 127.49 (C-3&®3.74 (C-33), 122.66 (C-12), 77.05 (C-3),
72.32 (C-23), 65.78 (C-31), 49.94 (C-9), 47.73 (Q;147.06 (C-5), 46.01 (C-19), 41.93 (C-4),
41.83 (C-14), 41.48 (C-18), 39.41 (C-8), 38.24 (C3r.02 (C-10), 34.00 (C-21), 33.23 (C-29),
32.63 (C-7), 32.57 (C-22), 30.84 (C-20), 27.77 &);26.91 (C-27), 26.02 (C-2), 23.76 (C-30),
23.51 (C-11), 23.22 (C-16), 18.62 (C-6), 17.03 @);25.80 (C-25), 11.51 (C-24); HRMS (ESI
TOF-MS) [M+H]" calcd. for [G/HssBrO4]*: 641.7183, found 643.3204 [M+2+H]643.3204;

CHN calcd.: C, 69.25; H, 8.32; found: C, 69.01;843.



Pentafluorobenzyl-(@3,23-dihydroxyolean-12-en-28-oat.(

White solid; yield: 26 mg, 18%; m.p. 143.3-145Q R = 0.44 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3430, 1734, 1508, 1150, 1130, 1052, 942clH NMR (300 MHz, CDC}): d = 5.24
(t, 1H,J = 3.4 Hz, H-12),5.19 (dt, 1Hl = 12.0, 1.0 Hz, H-3), 5.07 (dt, 1HJ = 12.0, 1.0 Hz,
H-31,), 3.70 (d, 1HJ = 10.4 Hz, H-23, 3.62 (brt, 1H,]) = 7.5 Hz, H-3), 3.41 (d, 1H] = 10.4
Hz, H-23), 2.82 (dd, 1H,] = 12.9, 4.5 Hz, H-18), 1.09 (s, 3H, @H0.92 (s, 3H, Ch), 0.90 (s,
3H, CH), 0.88 (s, 6H, 2xCHJ, 0.54 (s, 3H, Ch); **C NMR (75 MHz, CDCJ): § = 177.15 (C-
28), 143.34 (C-13), 122.79 (C-12), 76.89 (C-3)222(C-23), 49.91 (C-9), 47.65 (C-17), 47.03
(C-5), 45.81 (C-19), 41.92 (C-4), 41.79 (C-14),521(C-18), 39.33 (C-8), 38.23 (C-1), 37.00 (C-
10), 33.86 (C-21), 33.18 (C-29), 32.62 (C-7), 343822), 30.80 (C-20), 27.60 (C-15), 26.87 (C-
27), 25.97 (C-2), 23.70 (C-30), 23.47 (C-11), 23(0116), 18.56 (C-6), 16.66 (C-26), 15.70 (C-
25), 11.53 (C-24); HRMS (ESI TOF-MS) {B-M+H]" calcd. for [G/Ha7FsOs]": 635.3525,

found 635.3524.



o-Fluorobenzyl-(8)3,23-dihydroxyolean-12-en-28-oate).(

29
%% 1y,

White solid; yield: 70 mg, 57%; m.p. 161.7-168@ R = 0.5 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): = 3422, 1724, 1158, 1031, 756 ¢mH NMR (300 MHz, CDG)): 6 = 7.37 (td, 1HJ=
7.6, 1.9 Hz, H-37), 7.30 (tdd, 1B~ 7.5, 5.6, 1.9 Hz, H-35), 7.11 (td, 185+ 7.5, 1.2 Hz, H-35),
7.05 (ddd, 1HJ) = 9.3, 8.2, 1.2 Hz, H-34), 5.26 (t, 1Bi~ 3.5 Hz, H-12), 5.11 (brt, 2H, = 13.3
Hz, H-31), 3.70 (d, 1H] = 10.3 Hz, H-23, 3.62 (dd, 1H,) = 8.8, 6.9 Hz, H-3), 3.41 (d, 1H,=
10.3 Hz, H-29), 2.88 (dd, 1H,] = 13.6, 3.9 Hz, H-18), 1.10 (s, 3H, ©HO0.91 (s, 6H, 2xCH),
0.88 (s, 3H, Ch), 0.87 (s, 3H, CH), 0.57 (s, 3H, Ch); *C NMR (75 MHz, CDC}): § = 177.52
(C-28), 161.13 (dJ = 246.9 Hz, C-33), 143.68 (C-13), 130.73J¢; 3.7 Hz, C-37), 130.05 (d,
J = 8.0 Hz, C-35), 124.13 (d,= 3.8 Hz, C-32), 123.67 (d,= 14.8 Hz, C-36), 122.59 (C-12),
115.48 (dJ = 21.0 Hz, C-34), 77.04 (C-3), 72.30 (C-23), 61(@Q = 3.9 Hz, C-31), 49.95 (C-
9), 47.73 (C-17), 46.94 (C-5), 45.97 (C-19), 41(824), 41.82 (C-14), 41.50 (C-18), 39.38 (C-
8), 38.24 (C-1), 37.02 (C-10), 33.98 (C-21), 33(€329), 32.63 (C-7), 32.46 (C-22), 30.83 (C-
20), 27.70 (C-15), 26.89 (C-27), 26.01 (C-2), 23€=30), 23.51 (C-11), 23.15 (C-16), 18.62 (C-
6), 16.94 (C-26), 15.80 (C-25), 11.52 (C-24); HRMBSI TOF-MS) [M+H[ calcd. for
[CaHs53FO4]™: 580.8127, found. 581.4003; CHN calcd.: C, 76/819.20; found: C, 76.41; H,

9.33.



2,4-Difluorobenzyl-(8)3,23-dihydroxyolean-12-en-28-oa (

29
30/”’/1,

White solid; yield: 48 mg, 38%; m.p. 164.6-185; R = 0.49 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3410, 1726, 1156, 1100, 1032, 962, 850'ctil NMR (300 MHz, CDCJ): = 7.35
(m, 1H, H-37), 6.82 (m, 2H, H-34 and H-36), 5.251(d,J = 3.5 Hz, H-12), 5.06 (brt, 2Hj} =
13.3 Hz, H-31), 3.70 (d, 1H}, = 10.3 Hz, H-23), 3.61 (dd, 1H,J = 8.7, 7.1 Hz, H-3), 3.41 (d,
1H,J = 10.4 Hz, H-29), 2.85 (dd, 1H,) = 14.3, 4.7 Hz, H-18), 1.10 (s, 3H, @HO0.92 (s, 3H,
CHjz), 0.90 (s, 3H, Ch), 0.88 (s, 3H, Ch), 0.87 (s, 3H, Ch), 0.55 (s, 3H, Ch); *C NMR (75
MHz, CDCk): § = 177.50 (C-28), 163.09 (dd,= 247.9, 12.0 Hz, C-35), 161.40 (dbs 249.9,
14.1 Hz, C-33), 143.64 (C-13), 131.99 (dd 9.8, 5.4 Hz, C-37), 122.59 (C-12), 119.74 (dd,
= 14.9, 3.6 Hz, C-32), 111.29 (d#i= 21.0, 3.6 Hz, C-36), 104.00 (t= 25.6 Hz, C-34), 77.00
(C-3), 72.25 (C-23), 59.64 (d,= 3.4 Hz, C-31), 49.92 (C-9), 47.70 (C-17), 46.625), 45.94
(C-19), 41.92 (C-4), 41.82 (C-14), 41.50 (C-18),339(C-8), 38.24 (C-1), 37.01 (C-10), 33.95
(C-21), 33.21 (C-29), 32.63 (C-7), 32.45 (C-22),830(C-20), 27.67 (C-15), 26.88 (C-27), 25.98
(C-2), 23.73 (C-30), 23.50 (C-11), 23.12 (C-16),608(C-6), 16.92 (C-26), 15.77 (C-25), 11.52
(C-24); HRMS (ESI TOF-MS) [M+H] calcd. for [G7Hs:F04]": 598.8031, found 599.3900;

CHN calcd.: C, 74.21; H, 8.75; found: C, 73.95:8-88.



2,6-Difluorobenzyl-(8)3,23-dihydroxyolean-12-en-28-oafd (

White solid; yield: 100 mg, 79%; m.p. 120-122; R = 0.49 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3402, 1732, 1236, 1158, 1056, 1038, 784"clH NMR (300 MHz, CDC}): § = 7.29
(m, 1H, H-35), 6.88 (m, 2H, H-34 and H-36), 5.231#, J = 3.3 Hz, H-12), 5.16 (d, 1H] =
11.9 Hz, H-33), 5.10 (d, 1HJ = 11.9 Hz, H-33), 3.70 (d, 1H,J = 10.3 Hz, H-23), 3.61 (brt,
1H,J = 7.9 Hz, H-3), 3.41 (d, 1H] = 10.3 Hz, H-23), 2.84 (dd, 1HJ = 13.9, 4.1 Hz, H-18),
1.09 (s, 3H, CH), 0.92 (s, 3H, Ch), 0.89 (s, 3H, Ch), 0.88 (s, 3H, Ch), 0.87 (s, 3H, Ch),
0.59 (s, 3H, Ch); **C NMR (75 MHz, CDCY): 6 = 177.36 (C-28), 162.04 (dd= 250.0, 7.5 Hz,
C-33 and C-37), 143.52 (C-13), 130.63)(t 25.6 Hz, C35), 122.59 (C-12), 112.42)t 18.8
Hz, C-32), 111.41 (m, C-36), 111.41 (m, C-34), B7G-3), 72.06 (C-23), 54.07 d,= 3.9 Hz,
C-31), 49.96 (C-9), 47.73 (C-17), 46.92 (C-5), 2456-19), 41.92 (C-4), 41.79 (C-14), 41.52 (C-
18), 39.32 (C-8), 38.25 (C-1), 37.02 (C-10), 33(@621), 33.23 (C-29), 32.64 (C-7), 32.33 (C-
22), 30.81 (C-20), 27.66 (C-15), 26.87 (C-27), 850-2), 23.73 (C-30), 23.50 (C-11), 23.04 (C-
16), 18.64 (C-6), 16.79 (C-26), 15.80 (C-25), 11(&224); HRMS (ESI TOF-MS) [M+H]
calcd. for [G/Hs:F04]": 598.8031, found 599.3920; CHN calcd.: C, 74.218H5; found: C,

74.04; H, 8.91.



0-Chlorobenzyl-(B)3,23-dihydroxyolean-12-en-28-o0at® (

29
30’///,,

31 37

White solid; yield: 96 mg, 76%; m.p. 176.2-177G3 R= 0.47 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3408, 3064, 1724, 1250, 1160, 1042, 1010, 752; & NMR (300 MHz, CDC)): 6

= 7.42 (m, 1H, H-34), 7.37 (m, 1H, H-37), 7.24 @K, H-35 and H-36), 5.27 (t, 1H,= 3.4 Hz,
H-12), 5.17 (d, 1HJ = 13.0 Hz, H-33), 5.12 (d, 1HJ = 13.0 Hz, H-33), 3.70 (d, 1H,) = 10.3
Hz, H-23), 3.61 (dd, 1H,) = 8.4, 7.0 Hz, H-3), 3.40 (d, 1H,= 10.3 Hz, H-23), 2.90 (dd, 1H,)

= 13.6, 4.2 Hz, H-18), 1.10 (s, 3H, €H0.91 (s, 3H, Ch), 0.90 (s, 3H, Ch), 0.89 (s, 3H, Ch),
0.87 (s, 3H, Ch), 0.57 (s, 3H, CH); °C NMR (75 MHz, CDCJ): 6 = 177.48 (C-28), 143.69 (C-
13), 134.16 (C-32), 133.91 (C-33), 130.19 (C-320.59 (C-34), 129.86 (C-35), 126.86 (C-36),
122.63 (C-12), 77.02 (C-3), 72.27 (C-23), 63.643(0; 49.93 (C-9), 47.72 (C-17), 47.04 (C-5),
46.00 (C-19), 41.90 (C-4), 41.82 (C-14), 41.48 @);1B9.39 (C-8), 38.23 (C-1), 37.01 (C-10),
33.99 (C-21), 33.22 (C-29), 32.63 (C-7), 32.57 @);30.84 (C-20), 27.77 (C-15), 26.91 (C-27),
26.02 (C-2), 23.75 (C-30), 23.50 (C-11), 23.20 @);18.61 (C-6), 17.00 (C-26), 15.79 (C-25),
11.52 (C-24); HRMS (ESI TOF-MS) [M+H]calcd. for [G/HssClO4": 597.2670, found

598.3711; CHN calcd.: C, 74.40; H, 8.94; found73.,95; H, 9.03.



0-Methylbenzyl-(8)3,23-dihydroxyolean-12-en-28-oat®.(

29
%% 1y,

White solid; yield: 105 mg, 86%; m.p. 165.3-168 R = 0.53 (hexane/ethyl acetate 1:1 v/v);
IR (KBr): © = 3420, 1718, 1160, 1040, 740 ¢mH NMR (300 MHz, CDCY): 6 = 7.32 (m, 1H),
7.17 (m, 3H), 5.25 (t, 1H] = 3.4 Hz, H-12), 5.10 (d, 1H, = 12.6 Hz, H-33), 5.03 (d, 1H,] =
12.6 Hz, H-33), 3.70 (d, 1H,] = 10.3 Hz, H-23, 3.61 (brt, 1H,J = 8.3 Hz, H-3), 3.41 (d, 1H]

= 10.3 Hz, H-29), 2.88 (dd, 1H,J = 13.9, 4.2 Hz, H-18), 2.34 (s, 3H, @H1.10 (s, 3H, CH),
0.91 (s, 6H, 2xCh), 0.88 (s, 6H, 2xCh), 0.56 (s, 3H, Ch) ); *C NMR (75 MHz, CDC)): ¢ =
177.62 (C-28), 143.74 (C-13), 137.00 (C-32), 134(€333), 130.30 (C-34), 129.32 (C-37),
128.35 (C-35), 126.00 (C-36), 122.57 (C-12), 77(083), 72.31 (C-23), 64.60 (C-31), 49.95
(CH-9), 47.73 (C-17), 47.00 (C-5), 46.01 (C-19),921(C-4), 41.83 (C-14), 41.50 (C-18), 39.38
(C-8), 38.24 (C-1), 37.02 (C-10), 33.99 (C-21),283(C-29), 32.63 (C-7), 32.56 (C-22), 30.80
(C-20), 27.73 (C-15), 26.90 (C-27), 26.02 (C-23.75 (C-30), 23.49 (C-11), 23.20 (C-16), 19.06
(C-38), 18.61 (C-6), 16.99 (C-26), 15.79 (C-25),511(C-24); HRMS (ESI TOF-MS) [M + H]
calcd. for [GeHs604]": 576.8488, found 577.4266; CHN calcd.: C, 79.12;9¥9; found: C,

79.00; H, 9.98.
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2,6-Dichlorobenzyl-(8)3,23-dihydroxyolean-12-en-28-oatHj.

29
30’///,,

White solid; yield: 100 mg, 75%; m.p. 148.6-1502 R = 0.46 (hexane/ethyl acetate 1:1 v/v);
IR (KBr): © = 3440, 1730, 1158, 1032, 768 &mH NMR (300 MHz, CDCY): 6 = 7.32 (d, 1H))

= 8.5 Hz, H-34), 7.32 (d, 1H] = 7.1 Hz, H-36), 7.21 (dd, 1H, = 8.5, 7.1 Hz, H-35), 5.32 (d,
1H,J = 11.7 Hz, H-3)), 5.26 (d, 1HJ = 11.7 Hz, H-3}), 5.24 (t, 1HJ = 3.3 Hz, H-12), 3.70
(d, 1H,J = 10.3 Hz, H-23), 3.62 (brt, 1HJ = 7.9 Hz, H-3), 3.41 (d, 1H] = 10.3 Hz, H-23),
2.86 (dd, 1HJ = 14.0, 4.0 Hz, H-18), 1.09 (s, 3H, €HO0.93 (s, 3H, Ch), 0.89 (s, 3H, Ch),
0.88 (s, 3H, Ch), 0.87 (s, 3H, Ch), 0.68 (s, 3H, CH); :*C NMR (75 MHz, CDC)): 5 = 177.45
(C-28), 143.57 (C-13), 137.14 (C-32), 131.99 (C;350.38 (C-33), 130.38 (C-37), 128.47 (C-
34), 128.47 (C-36), 122.63 (C-12), 77.06 (C-3)322(C-23), 61.29 (C-31), 49.97 (C-9), 47.74
(C-17), 47.15 (C-5), 45.93 (C-19), 41.91 (C-4),88L(C-14), 41.45 (C-18), 39.37 (C-8), 38.25
(C-1), 37.03 (C-10), 33.99 (C-21), 33.23 (C-29),68(C-7), 32.46 (C-22), 30.83 (C-20), 27.81
(C-15), 26.88 (C-27), 25.98 (C-2), 23.74 (C-30),5&3(C-11), 23.06 (C-16), 18.66 (C-6), 17.15
(C-26), 15.82 (C-25), 11.52 (C-24); HRMS (ESI TOBMM-+H]" calcd. for [GHs:Cl,04]*:

631.7117, found 631.3308; CHN calcd.: C, 70.358130; found: C, 70.11; H, 8.52.
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2-Ethyl-1,3-dioxanyl-(8)3,23-dihydroxyolean-12-en-28-oatklj.

White solid; yield: 105 mg, 84%; m.p. 110-PC1 R = 0.46 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3440, 1730, 1158, 1032, 768 tmiH NMR (300 MHz, CDCJ): 6 = 5.27 (t, 1HJ =
3.3 Hz, H-12), 4.62 (t, 1H] = 5.3 Hz, H-33), 4.09 (td, 4H] = 6.6, 1.6 Hz, H-34, H-34’), 3.73
(m, 3H, H-23, H-31), 3.62 (brt, 1H) = 7.6 Hz, H-3), 3.41 (d, H] = 10.3 Hz, H-23), 2.85 (dd,
1H,J = 13.9, 4.2 Hz, H-18), 1.11 (s, 3H, @HO0.94 (s, 3H, Ch), 0.91 (s, 3H, Ch), 0.89 (s, 3H,
CHs), 0.87 (s, 3H, CH), 0.72 (s, 3H, Ch); **C NMR (75 MHz, CDCJ): § = 177.67 (C-28),
143.97 (C-13), 122.37 (C-12), 99.75 (C-33), 77.0&3}, 72.26 (C-23), 67.05 (C-34"), 67.04 (C-
34), 60.04 (C-31), 49.96 (C-9), 47.74 (C-17), 46(T85), 46.01 (C-19), 41.91 (C-4), 41.84 (C-
14), 41.40 (C-18), 39.45 (C-8), 38.24 (C-1), 37(Q610), 34.57 (C-32), 34.00 (C-21), 33.23 (C-
29), 32.66 (C-7), 32.54 (C-22), 30.84 (C-20), 27@315), 26.00 (C-35), 26.86 (C-27), 25.90 (C-
2), 23.74 (C-30), 23.55 (C-11), 23.13 (C-16), 1§626), 17.14 (C-26), 15.81 (C-25), 11.54 (C-
24); HRMS (ESI TOF-MS) [M+H] calcd. for [GeHssOg]": 586.8421, found 587.4307; CHN

calcd.: C, 73.68; H, 9.96; found: C, 73.47; H, 80.0
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m-Chlorobenzyl-(8)3,23-dihydroxyolean-12-en-28-oatkj.

31 37

White solid; yield: 45 mg, 35%; m.p. 171.9-173CGt R = 0.49 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3394, 1720, 1250, 1210, 1160, 1032, 784"clH NMR (300 MHz, CDC}): § = 7.34
(brs, 1H, H-33), 7.27 (m, 2H. H-35 and H-36), 7(21, 1H, H-37), 5.29 (t, 1H) = 3.4 Hz, H-
12), 5.08 (d, 1HJ = 12.9 Hz, H-33), 4.97 (d, 1H,] = 12.9 Hz, H-31), 3.71 (d, HJ = 10.3 Hz,
H-23,), 3.62 (brt, 1H,]) = 7.2 Hz, H-3), 3.41 (d, H] = 10.3 Hz, H-23), 2.88 (dd, 1H,) = 14.1,
4.3 Hz, H-18), 1.11 (s, 3H, GH 0.92 (s, 6H, 2xCh}, 0.89 (s, 3H, Ch), 0.88 (s, 3H, Ch), 0.56
(s, 3H, CH); °C NMR (75 MHz, CDCJ): § = 177.51 (C-28), 143.74 (C-13), 138.53 (C-32),
134.47 (C-34), 129.83 (C-36), 128.33 (C-33), 128(2235), 126.18 (C-37), 122.69 (C-12),
77.03 (C-3), 72.29 (C-23), 65.20 (C-31), 49.93 (C4¥.73 (C-17), 46.93 (C-5), 46.00 (C-19),
41.94 (C-4), 41.85 (C-14), 41.49 (C-18), 39.42 (C3B.23 (C-1), 37.04 (C-10), 33.97 (C-21),
33.22 (C-29), 32.63 (C-7), 32.54 (C-22), 30.83 @;27.70 (C-15), 26.91 (C-27), 26.03 (C-2),
23.77 (C-30), 23.48 (C-11), 23.22(C-16), 18.60 {C16.00 (C-26), 15.76 (C-25), 11.51 (C-24);

HRMS (ESI TOF-MS) [HO-M+H]" calcd. for [G/Hs:ClOs]*: 579.3605, found 579.3594.

13



m-Methylbenzyl-(8)3,23-dihydroxyolean-12-en-28-oatksj.

31 37

White solid; yield: 65 mg, 53%; m.p. 164.9-168C R = 0.49 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3416, 1720, 1162, 1042, 1018, 780, 719"ctl NMR (300 MHz, CDCJ): 6 = 7.21
(d, 1H,J = 7.3 Hz), 7.12 (m, 3H), 5.28 (t, 18,= 3.7 Hz, H-12), 5.06 (d, 1H, = 12.6 Hz, H-
31.), 4.99 (d, 1H,) = 12.5 Hz, H-33), 3.71 (d, HJ = 10.3 Hz, H-23, 3.62 (dd, 1H, = 8.3, 6.9
Hz, H-3), 3.41 (d, HJ = 10.3 Hz, H-23), 2.90 (dd, 1HJ = 13.6, 5.0 Hz, H-18), 2.34 (s, 3H,
CHs), 1.11 (s, 3H, Ch), 0.92 (s, 3H, Ch), 0.91 (s, 3H, Ch), 0.89 (s, 3H, CH), 0.88 (s, 3H,
CHs), 0.60 (s, 3H, Ch); *C NMR (75 MHz, CDCY): 6 = 177.65 (C-28), 143.86 (C-13), 138.14
(C-34), 136.46 (C-32), 128.87 (C-33), 128.76 (C;3%)8.45 (C-36), 125.14 (C-37), 122.40 (C-
12), 77.05 (C-3), 72.31 (C-23), 66.13 (C-31), 499=0), 47.74 (C-17), 46.87 (C-5), 46.03 (C-
19), 41.93 (C-4), 41.84 (C-14), 41.48 (C-18), 39€28), 38.24 (C-1), 37.03 (C-10), 34.00 (C-
21), 33.24 (C-29), 32.63 (C-7), 32.56 (C-22), 3QBR0), 27.73 (C-15), 26.90 (C-27), 26.03 (C-
2), 23.78 (C-30), 23.50 (C-11), 23.18 (C-16), 21(6438), 18.61 (C-6), 17.03 (C-26), 15.78 (C-
25), 11.51 (C-24); HRMS (ESI TOF-MS) §B-M+H]" calcd. for [GgHs704]": 577.4257, found

577.4253.
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3-(N-propyl-phthalimidyl)-(8)3,23-dihydroxyolean-12-en-28-oatky.

OH

White solid; yield: 107 mg, 76%; m.p. 121.3-1%3 R = 0.48 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): & = 3458, 3228, 1772, 1715,1176, 1158, 1050, 10@6, ¢hi*; *H NMR (300 MHz,
CDCL): 6 = 7.83 (m, 2H, H-36, H-36"), 7.71 (m, 2H, H-37,332), 5.29 (t, 1H,J = 3.3 Hz, H-
12), 4.06 (t, 1HJ = 6.2 Hz, H-31), 3.77 (m, 3H, H-33, H-333.62 (brt, 1H,]J = 7.7 Hz, H-3),
3.41 (d, HJ = 10.3 Hz, H-29), 2.87 (dd, 1HJ = 13.9, 4.0 Hz, H-18), 1.10 (s, 3H, §H0.92 (s,
6H, 2xCH), 0.88 (s, 3H, Ch), 0.87 (s, 3H, Ch), 0.70 (s, 3H, CH; *C NMR (75 MHz,
CDCL): § = 177.70 (O=C-28), 166.34 (C-34, C-34"), 143.831(8), 134.11 (C-37, C-37)),
132.21 (C-35, C-35’), 123.39 (C-36, C-36’), 122(€812), 77.05 (C-3), 72.28 (C-23), 61.68 (C-
31), 49.94 (C-9), 47.73 (C-17), 46.83 (C-5), 45(8919), 41.91 (C-4), 41.84 (C-14), 41.43 (C-
18), 39.44 (C-8), 38.23 (C-1), 37.03 (C-10), 353133), 33.99 (C-21), 33.23 (C-29), 32.61 (C-
7), 32.47 (C-22), 30.82 (C-20), 28.00 (C-32), 27(8615), 26.86 (C-27), 26.00 (C-2), 23.72 (C-
30), 23.51 (C-11), 23.11 (C-16), 18.61 (C-6), 17(CR6), 15.80 (C-25), 11.52 (C-24); HRMS
(ESI TOF-MS) [M+HJ calcd. for [GiHsoNOg]™: 661.9103, found 660.4263; CHN calcd.: C,

74.40; H, 8.98; found: C, 74.15; H, 9.13.
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m-Nitrobenzyl-(B8)3,23-dihydroxyolean-12-en-28-oatkyyf.

31 37

White solid; yield: 61 mg, 47%; m.p. 173.6-178Q R = 0.44 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3394, 3080, 1720, 1532, 1160, 1032, 804, 736; ¢hh NMR (300 MHz, CDCJ): 6 =
8.22 (t, 1HJ = 1.4 Hz, H-33), 8.16 (ddd, 1H,= 8.0, 2.3, 1.4 Hz, H-35), 7.66 (dt, 1B~ 7.9,
1.4 Hz, H-37), 7.52 (t, 1H] = 7.9 Hz, H-36), 5.30 (t, 1H] = 3.6 Hz, H-12), 5.19 (d, 1H] =
13.1 Hz, H-33), 5.09 (d, 1HJ = 13.1 Hz, H-3%), 3.70 (d, 1HJ = 10.3 Hz, H-23, 3.61 (dd,
1H,J = 8.7, 7.1 Hz, H-3), 3.40 (d, 1H,= 10.3 Hz, H-29), 2.89 (dd, 1H, = 13.4, 3.7 Hz, H-
18), 1.11 (s, 3H, C§J, 0.91 (s, 3H, Chk), 0.89 (s, 6H, 2xCh}, 0.86 (s, 3H, Ch), 0.52 (s, 3H,
CHs); 3C NMR (75 MHz, CDCY): 6 = 177.46 (C-28), 148.52 (C-34), 143.63 (C-13),.639C-
32), 134.04 (C-37), 129.59 (C-36), 123.10 (C-332.928 (C-35), 122.78 (C-12), 76.98 (C-3),
72.22 (C-23), 64.74 (C-31), 49.88 (C-9), 47.62 (Q;147.00 (C-5), 45.94 (C-19), 41.91 (C-4),
41.83 (C-14), 41.50 (C-18), 39.41 (C-8), 38.19 (C3r.00 (C-10), 33.92 (C-21), 33.18 (C-29),
32.57 (C-7), 32.53 (C-22), 30.81 (C-20), 27.72 &);26.86 (C-27), 26.02 (C-2), 23.74 (C-30),
23.45 (C-11), 23.23 (C-16), 18.57 (C-6), 16.972@); 15.72 (C-25), 11.51 (C-24); HRMS (ESI
TOF-MS) [M + HJ calcd. for [GsHssNOg]*: 607.8198, found 608.0032; CHN calcd.: C, 73.11;

H, 8.79; found: C, 73.02; H, 8.89.
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3,5-Dimethoxybenzyl-(33,23-dihydroxyolean-12-en-28-oatky.

White solid; yield: 90 mg 68%; m.p. 96-8C; R;= 0.53 (hexane/ethyl acetate 1:1 v/v); IR (KBr):

§ = 3418, 1724, 1598, 1206, 1158, 1031, 1010, 832 ¢ NMR (300 MHz, CDCY): 6 = 6.48
(d, 2H,J = 2.3 Hz, H-33, H-33"), 6.39 (t, 1H] = 2.3 Hz, H-35), 5.28 (t, 1H] = 2.4 Hz, H-12),
5.02 (d, 1HJ = 12.7 Hz, H-31), 4.96 (d, 1H,J = 12.7 Hz, H-31), 3.77 (s, 6H, 2xCHiO), 3.70
(d, 1H,J = 10.3 Hz, H-23, 3.62 (brt, 1HJ = 6.9 Hz, H-3), 3.41 (d, 1H] = 10.3 Hz, H-29),
2.90 (dd, 1H,J = 13.7, 4.2 Hz, H-18), 1.11 (s, 3H, @H0.91 (s, 6H, 2xChJ, 0.89 (s, 3H, Ch),
0.87 (s, 3H, Ch), 0.62 (s, 3H, Ch); *C NMR (75 MHz, CDCJ): § = 177.53 (C-28), 160.96 (C-
34), 160.96 (C-34"), 143.80 (C-13), 138.81 (C-3232.58 (C-12), 105.75 (C-33), 105.75 (C-
33"), 99.98 (C-35), 77.01 (C-3), 72.24 (C-23), G (&-31), 55.46 (O-C-36), 55.46 (O-C-37),
49.93 (C-9), 47.73 (C-17), 46.90 (C-5), 46.01 (G; 191 (C-4), 41.83 (C-14), 41.49 (C-18),
39.42 (C-8), 38.23 (C-1), 37.02 (C-10), 33.98 (G;BB.22 (C-29), 32.62 (C-7), 32.54 (C-22),
30.84 (C-20), 27.75 (C-15), 26.85 (C-27), 26.042)C23.77 (C-30), 23.47 (C-11), 23.19 (C-16),
18.60 (C-6), 17.01 (C-26), 15.76 (C-25), 11.53 @:HRMS (ESI TOF-MS) [M+H] calcd. for

[CagHse06]: 622.8742, found 623.4304; CHN calcd.: C, 75.208139; found: C, 74.97; H, 8.51.
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2-Propyn-1-yl-(#)3,23-dihydroxyolean-12-en-28-oatEry.

White solid; yield: 100 mg, 92%; m.p. 196-187; R = 0.55 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3396, 3310, 2128, 1730, 1158, 1034, 1010, 668 ¢hh NMR (300 MHz, CDCY): ¢

= 5.28 (t, 1HJ = 3.6 Hz, H-12), 4.67 (dd, 1H, = 15.6, 2.7 Hz, H-3), 4.55 (dd, 1H, = 15.6,
2.7 Hz, H-3%), 3.69 (d, 1H,) = 10.4 Hz, H-29), 3.61 (brt, 1H,] = 7.9 Hz, H-3), 3.40 (d, 1H] =
10.3 Hz, H-29), 2.84 (dd, 1H,) = 14.0, 4.7 Hz, H-18), 2.40 (t, 1H,= 2.7 Hz, H-33), 1.11 (s,
3H, CHp), 0.93 (s, 3H, Ch), 0.91 (s, 3H, Ck), 0.88 (s, 3H, Ch), 0.86 (s, 3H, CH), 0.73(s, 3H,
CHz); °C NMR (75 MHz, CDGJ): 6 = 176.99 (C-28), 143.47 (C-13), 122.67 (C-12) 218(C-
32), 76.96 (C-3), 74.54 (C-33), 72.14 (C-23), 51(C731), 49.92 (C-9), 47.72 (C-17), 46.89 (C-
5), 45.95 (C-19), 41.88 (C-4), 41.84 (C-14), 41(8918), 39.50 (C-8), 38.25 (C-1), 37.02 (C-
10), 33.94 (C-21), 33.19 (C-29), 32.65 (C-7), 3AB@2), 30.78 (C-20), 27.78 (C-15), 26.79 (C-
27), 25.98 (C-2), 23.73 (C-30), 23.51 (C-11), 23€216), 18.60 (C-6), 17.23 (C-26), 15.83 (C-
25), 11.55 (C-24); HRMS (ESI TOF-MS) [M+Hlcalcd. for [GaHs¢Q4]*: 510.7477, found

511.3779; CHN calcd.: C, 77.60; H, 9.87; found7Z.,50; H, 9.99.
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p-Nitrobenzyl-(8)3,23-dihydroxyolean-12-en-28-oatks].

White solid; yield: 75 mg, 58%; m.p. 164.3-168G8 R: = 0.40 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3470, 3088, 1728, 1524, 1158, 1034, 1014, 736 ¢hh NMR (300 MHz, CDCY): &

= 8.20 (d, 2H, = 8.7 Hz, H-34, H-34"), 7.50 (d, 2H,= 8.7 Hz, H-33, H-33"), 5.28 (t, 1H), =
3.5 Hz, H-12), 5.19 (d, 1H| = 13.5 Hz, H-3J), 5.09 (d, 1H,) = 13.5 Hz, H-3}), 3.69 (d, 1H,]

= 10.4 Hz, H-23, 3.61 (dd, 1HJ = 8.4, 7.3 Hz, H-3), 3.40 (d, 1H,= 10.4 Hz, H-29), 2.88
(dd, 1H,J = 14.0, 4.0 Hz, H-18), 1.11 (s, 3H, @HO0.91 (s, 3H, Ch), 0,90 (s, 3H, Ch), 0.89 (s,
3H, CHs), 0.86 (s, 3H, Ch), 0.55 (s, 3H, Ch); *C NMR (75 MHz, CDCJ): 6 = 177.35 (C-28),
147.73 (C-35), 143.80 (C-32), 143.66 (C-13), 128(6533), 128.55 (C-33’), 123.84 (C-34),
123.84 (C-34’), 122.72 (C-12), 76.90 (C-3), 72.£223), 64.69 (C-31), 49.85 (C-9), 47.65 (C-
17), 47.00 (C-5), 45.90 (C-19), 41.91 (C-4), 41(8414), 41.55 (C-18), 39.41 (C-8), 38.22 (C-
1), 36.99 (C-10), 33.90 (C-21), 33.17 (C-29), 3667), 32.55 (C-22), 30.81 (C-20), 27.70 (C-
15), 26.85 (C-27), 26.02 (C-2), 23.73 (C-30), 23@911), 23.22 (C-16), 18.55 (C-6), 17.02 (C-
26), 15.74 (C-25), 11.52 (C-24); HRMS (ESI TOF-MB)+H]"* calcd. for [GHsNOg]™:

608.8278, found 608.3951; CHN calcd.: C, 72.998194: found: C, 72.74; H, 9.03.
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p-Methylbenzyl-(8)3,23-dihydroxyolean-12-en-28-oatky.

White solid; yield: 40 mg, 32%; m.p. 146-147@G; R = 0.49 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): = 3390, 1726, 1158, 1032, 1008, 804 'crtH NMR (300 MHz, CDCJ): § = 7.12 (d,
2H,J = 8.0 Hz, H-33, H-33"), 7.14 (d, 2H, = 8.0 Hz, 34, H-34'H), 5.27 (t, 1H} = 3.3 Hz, H-
12), 5.05 (d, 1H) = 12.4 Hz, H-33), 4.98 (d, 1H, = 12.4 Hz, H-3}), 3.70 (d, 1H,J = 10.4 Hz,
H-23.), 3.62 (brt, 1H,) = 7.8 Hz, H-3), 3.40 (d, 1H} = 10.4 Hz, H-29), 2.88 (dd, 1H, = 14.0,
4.1 Hz, H-18), 2.34 (s, 3H, G} 1.10 (s, 3H, Ch), 0.92 (s, 3H, Ch), 0.90 (s, 3H, Ch), 0.88
(s, 3H, CH), 0.87 (s, 3H, Ck), 0.59 (s, 3H, Ch); *°C NMR (75 MHz, CDCJ): § = 177.64 (C-
28), 143.79 (C-13), 137.79 (C-35), 133.50 (C-320.19 (C-34), 129.19 (C-34"), 128.23 (C-33),
128.23 (C-33"), 122.51 (C-12), 77.00 (C-3), 72.2323), 66.02 (C-31), 49.94 (C-9), 47.72 (C-
17), 46.81 (C-5), 45.98 (C-19), 41.88 (C-4), 41(8114), 41.49 (C-18), 39.40 (C-8), 38.24 (C-
1), 37.01 (C-10), 33.97 (C-21), 33.23 (C-29), 32(637), 32.56 (C-22), 30.80 (C-20), 27.73 (C-
15), 26.90 (C-27), 26.02 (C-2), 23.77 (C-30), 23(€-11), 23.13 (C-16), 21.31 (C-36), 18.59
(C-6), 17.02 (C-26), 15.78 (C-25), 11.54 (C-24); MR (ESI TOF-MS) [M+H] calcd. for

[C3gHs5604] " 576.8488, found 577.4248; CHN calcd.: C, 79.129H09; found: C, 78.97; H, 9.94.
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p-Fluorobenzyl-(8)3,23-dihydroxyolean-12-en-28-oatdy.

White solid; yield: 110 mg, 90%; m.p. 175.6-177Ct R = 0.49 (hexane/ethyl acetate 1:1 V/v);
IR (KBr): © = 3382, 1724, 1512, 1226, 1154, 1032, 1010, 82% & NMR (300 MHz, CDCY):

§ = 7.30 (m, 2H, H-33, H-33"), 7.01 (m, 2H, H-34,34%), 5.26 (t, 1HJ = 3.7 Hz, H-12), 5.05
(d, 1H,J = 12.4 Hz, H-33), 4.99 (d, 1H,J = 12.4 Hz, H-3%), 3.70 (d, 1H, = 10.4 Hz, H-23),
3.61 (brt, 1HJ = 7.9 Hz, H-3), 3.40 (d, 1H]} = 10.4 Hz, H-23), 2.86 (dd, 1HJ = 13.8, 4.1 Hz,
H-18), 1.10 (s, 3H, CkJ, 0.91 (s, 3H, Ch), 0.90 (s, 3H, Ch), 0.88 (s, 3H, CH), 0.87 (s, 3H,
CHs), 0.56 (s, 3H, CH); **C NMR (75 MHz, CDCJ): § = 177.54 (C-28), 162.63 (d,= 244.8
Hz, C-35), 143.73 (C-13), 132.35 @5 3.2 Hz, C-32), 130.19 (d,= 8.4 Hz, C-33,C-33’), (C-
12), 115.44 (dJ = 21.3 Hz, C-34, C-34"), 76.98 (C-3), 72.22 (C-285,36 (C-31), 49.92 (C-9),
47.70 (C-17), 46.83 (C-5), 45.96 (C-19), 41.91 (C441.83 (C-14), 41.50 (C-18), 39.39 (C-8),
38.24 (C-1), 37.01 (C-10), 33.96 (C-21), 33.21 @);32.63 (C-7), 32.48 (C-22), 30.82 (C-20),
27.70 (C-15), 26.85 (C-27), 26.00 (C-2), 23.75 @;23.49 (C-11), 23.16 (C-16), 18.59 (C-6),
17.00 (C-26), 15.78 (C-25), 11.53 (C-24); HRMS (EBOF-MS) [M+H] calcd. for

[Cs7HsaFO4]*: 580.4006, found 581.4000.
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p-Chlorobenzyl-(8)3,23-dihydroxyolean-12-en-28-oa&l}.

White solid; yield: 118 mg, 93%; m.p. 183.6-18%5C2 R = 0.49 (hexane/ethyl acetate 1:1 v/v);
IR (KBr): © = 3402, 1724, 1158, 1032, 812 &niH NMR (300 MHz, CDCJ): § = 7.28 (m, 4H,
H-33, H-33’, H-34, H-34’), 5.26 (t, 1H] = 3.3 Hz, H-12), 5.06 (d, 1H, = 12.5 Hz, H-3)), 4.97
(d, 1H,J = 12.5 Hz, H-3}), 3.70 (d, 1HJ = 10.3 Hz, H-23), 3.62 (brt, 1HJ = 7.8 Hz, H-3),
3.41 (d, 1HJ = 10.3 Hz, H-28), 2.87 (dd, 1H,) = 13.8, 4.1 Hz, H-18), 1.10 (s, 3H, @H0.92
(s, 3H, CH), 0.90 (s, 3H, CH), 0.89 (s, 3H, CH), 0.87 (s, 3H, CH), 0.55 (s, 3H, Ch); *°C
NMR (75 MHz, CDC}): § = 177.50 (C-28), 143.73 (C-13), 135.01 (C-32),.993C-35), 129.69
(C-33), 129.69 (C-33’), 128.73 (C-34), 128.73 (C)}3422.59 (C-12), 77.00 (C-3), 72.24 (C-23),
65.27 (C-31), 49.92 (C-9), 47.71 (C-17), 46.86 (C45.96 (C-19), 41.92 (C-4), 41.83 (C-14),
41.52 (C-18), 39.40 (C-8), 38.24 (C-1), 37.01 (G;BB.95 (C-21), 33.21 (C-29), 32.62 (C-7),
32.50 (C-22), 30.82 (C-20), 27.70 (C-15), 26.88(Q; 26.01 (C-2), 23.75 (C-30), 23.49 (C-11),
23.17 (C-16), 18.58 (C-6), 16.99 (C-26), 15.79 &);211.52 (C-24); HRMS (ESI TOF-MS)

[M+H] " calcd. for [GHs3ClO4)": 597.2673, found 598.3731.
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p-Bromobenzyl-(3)3,23-dihydroxyolean-12-en-28-oat2f

White solid; yield: 110 mg, 81%; m.p. 184-185; R = 0.49 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3394, 1724, 1158, 1032, 808 tmH NMR (300 MHz, CDCY): 6 = 7.46 (d, 2H,) =
8.4 Hz, H-34, H-34"), 7.20 (d, 2H, = 8.3 Hz, H-33, H-33’), 5.26 (t, 1H), = 3.3 Hz, H-12), 5.04
(d, 1H,J = 12.6 Hz, H-33), 4.96 (d, 1H,J = 12.6 Hz, H-3%), 3.70 (d, 1H,J = 10.3 Hz, H-23),
3.61 (brt, 1HJ = 7.9 Hz, H-3), 3.40 (d, 1H] = 10.3 Hz, H-23), 2.86 (dd, 1H,] = 13.9, 4.2 Hz,
H-18), 1.10 (s, 3H, CkJ, 0.92 (s, 3H, Ch), 0.90 (s, 3H, Ch), 0.89 (s, 3H, CH), 0.89 (s, 3H,
CHs), 0.53 (s, 3H, Ch); *C NMR (75 MHz, CDCY): § = 177.49 (C-28), 143.72 (C-13), 135.51
(C-32), 131.69 (C-34), 131.69 (C-34’), 130.00 (Q;3A380.00 (C-33’), 122.59 (C-12), 122.13 (C-
35), 76.99 (C-3), 72.22 (C-23), 65.29 (C-31), 49619), 47.70 (C-17), 46.85 (C-5), 45.96 (C-
19), 41.91 (C-4), 41.82 (C-14), 41.51 (C-18), 39B98), 38.23 (C-1), 37.01 (C-10), 33.82 (C-
21), 33.20 (C-29), 32.61 (C-7), 32.50 (C-22), 30:820), 27.69 (C-15), 26.86 (C-27), 26.02 (C-
2), 23.75 (C-30), 23.49 (C-11), 23.16 (C-16), 186%), 16.97 (C-26), 15.81 (C-25), 11.53 (C-
24): HRMS (ESI TOF-MS) [M+H] calcd. for [G/HsaBrO4]*: 641.7183, found 641.3212; CHN

calcd.: C, 69.25; H, 8.32; found: C, 68.93; H, 8.50
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m-Bromobenzyl-(33,23-dihydroxyolean-12-en-28-oat2s}.

31 37

White solid; yield: 75 mg, 55%; m.p. 170.6-1722 R = 0.49 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): ® = 3400, 1722, 1210, 1160, 1023, 1014, 782 clH NMR (300 MHz, CDC}): § = 7.49
(brs, 1H, H-33), 7.42 (dt, H, = 7.5, 1.6 Hz, H-35), 7.22 (m, 2H, H-36, H-37), 5(28H,J = 3.7
Hz, H-12), 5.07 (d, 1HJ = 12.8 Hz, H-33), 4.96 (d, 1H,) = 12.8 Hz, H-3%), 3.69 (d, 1HJ =
10.4 Hz, H-23), 3.61 (brt, 1H, = 7.6 Hz, H-3), 3.40 (d, 1H] = 10.4 Hz, H-29), 2.88 (dd, 1H,

J = 13.6, 4.2 Hz, H-18), 1.11 (s, 3H, HO0.91 (s, 6H, 2xCh}, 0.89 (s, 3H, Ch), 0.87 (s, 3H,
CHs), 0.55 (s, 3H, Ch); C NMR (75 MHz, CDCY): § = 177.51 (C-28), 143.72 (C-13), 138.76
(C-32), 131.15 (C-33), 131.15 (C-35), 130.10 (C;3@6.22 (C-37), 122.67 (C-12), 122.63 (C-
34), 76.99 (C-3), 72.23 (C-23), 65.14 (C-31), 4962), 47.71 (C-17), 46.92 (C-5), 45.99 (C-
19), 41.89 (C-4), 41.82 (C-14), 41.46 (C-18), 39(@e8), 38.22 (C-1), 37.02 (C-10), 33.96 (C-
21), 33.20 (C-29), 32.60 (C-7), 32.53 (C-22), 30820), 27.68 (C-15), 26.84 (C-27), 26.02 (C-
2), 23.76 (C-30), 23.48 (C-11), 23.21 (C-16), 1868), 16.98 (C-26), 15.77 (C-25), 11.53 (C-
24): HRMS (ESI TOF-MS) [M+H] calcd. for [G/HsaBrO4]*: 641.7183, found 641.3205; CHN

calcd.: C, 69.25; H, 8.32; found: C, 69.02; H, 8.60
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Benzyl-(#)3,23-dihydroxyolean-12-en-28-amideb)

29
$ O/l//’n

OH

White solid; yield: 114 mg, 96%; m.p. 135-136@& R: = 0.41 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): & = 3388, 1636, 1522, 1048, 1004, 732"ciH NMR (300 MHz, CDC)): 6 = 7.31 (m,
3H), 7.23 (m, 2H), 6.21 (t, 1H,= 5.5 Hz, N-H), 5.28 (brs, 1H, H-12), 4.61 (dd, IHs 14.7, 3.6
Hz, H-31), 4.12 (dd, 1H,J = 14.7, 3.6 Hz, H-3), 3.69 (d, 1H,] = 10.3 Hz, H-23), 3.61 (brt,
1H, J = 8.4 Hz, H-3), 3.39 (d, 1H] = 10.3 Hz, H-29), 2.52 (dd, 1H,J = 13.1, 3.6 Hz, H-18),
1.13 (s, 3H, Ch), 0.89 (s, 9H, 3xCH), 0.87 (s, 3H, Ch), 0.65 (s, 3H, Ch); °C NMR (75 MHz,
CDCly): 6 = 178.33 (C-28), 144.86 (C-13), 138.40 (C-32),.189C-34), 128.78 (C-34’), 127.84
(C-33"), 127.84 (C-33), 127.50 (C-35), 123.03 (Q;126.70 (C-3), 72.00 (C-23), 49.77 (C-9),
47.59 (C-17), 46.76 (C-5), 46.47 (C-19), 43.71 (0;32.45 (C-4), 41.17 (C-14), 41.88 (C-18),
39.45 (C-8), 38.26 (C-1), 36.92 (C-10), 34.23 (§;BB.10 (C-29), 32.70 (C-7), 32.27 (C-22),
30.84 (C-20), 27.43 (C-15), 26.64 (C-27), 25.872)C23.91 (C-30), 23.73 (C-11), 23.53 (C-16),
18.52 (C-6), 17.04 (C-26), 15.89 (C-25), 11.59 @:HRMS (ESI TOF-MS) [M+H] calcd. for
[C3H55NO3]™: 561.8375, found 562.4260; CHN calcd.: C, 79.10:9:87; found: C, 78.95; H,

9.98.
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1-Ethylpyridinyl-(3)3,23-dihydroxyolean-12-en-28-amide6)

White solid; yield: 97 mg, 79%; m.p. 255.8-257CG% R = 0.40 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): © = 3402, 1730, 1636, 1522, 1242, 1048, 1004, 736; ¢hh NMR (300 MHz, CDCY): ¢
=8.51 (d, 1H,J = 4.0 Hz, H-37), 7.61 (t, 1H,= 7.5 Hz, H-35), 7.15 (d, 2H,= 7.5 Hz, H-34, H-
36), 6.73 (brs, 1H, N-H), 5.19 (brs, 1H, H-12),B(n, 3H, H-23H-3, H-31), 3.42 (m, 2H, H-
23, H-31), 2.96 (t, 2H,J = 6.1 Hz, H-32), 2.43 (brdd, 1H, = 11.3 Hz, H-18), 1.09 (s, 3H,
CHs), 0.86 (s, 9H, 3xCH), 0.87 (s, 3H, Ch), 0.58 (s, 3H, Ch); **C NMR (75 MHz, CDCJ): 6 =
178.24 (C-28), 159.94 (C-33), 149.18 (C-37), 144(@313), 136.72 (C-35), 123.70 (C-12),
122.82 (C-34), 121.66 (C-36), 76.82 (C-3), 72.1526), 49.83 (C-9), 47.62 (C-17), 46.92 (C-5),
46.42 (C-19), 42.10 (C-4), 42.00 (C-14), 41.87 &);B9.41 (C-8), 38.67 (C-31), 38.24 (C-1),
36.97 (C-32), 36.94 (C-10), 34.25 (C-21), 33.122@); 32.74 (C-7), 32.22 (C-22), 30.82 (C-20),
27.40 (C-15), 26.66 (C-27), 25.91 (C-2), 23.69 (§;23.65 (C-11), 23.47 (C-16), 18.55 (C-6),
16.94 (C-26), 15.79 (C-25), 11.59 (C-24); HRMS (EBOF-MS) [M+H] calcd. for
[CaHs56N205] " 576.8522, found 577.4366; CHN calcd.: C, 77.049H8; found: C, 76.81; H,

9.88.
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1-Ethylpiperidinyl-(#)3,23-dihydroxyolean-12-en-28-amid&’)

Yellow solid; yield: 87 mg, 70%; m.p. 246.9-247@; R= 0.32 (hexane/ethyl acetate 1:1 v/v);
IR (KBr): © = 3420, 3374, 1624, 1604, 1540, 1042, 1006 cid NMR (300 MHz, GDsN): 6 =
5.51 (brs, 1H, H-12), 4.22 (m, 2H, H-2B-3), 3.73 (d, 1HJ = 10.3 Hz, H-29), 3.65 (m, 1H, H-
31,), 3.46 (M, 1H, H-39), 2.94 (brdd, 1HJ = 10.8 Hz, H-18), 2.44 (m, 2H, H-32), 2.31 (brs, 4H,
H-33, H-33"), 1.21 (s, 3H, C#), 1.08 (s, 3H, Ch), 1.03 (s, 3H, Ch), 0.96 (s, 3H, CH), 0.93 (s,
3H, CH), 0.90 (s, 3H, Ch); *C NMR (75 MHz, GDsN): § = 177.76 (C-28), 145.16 (C-13),
123.29 (C-12), 73.51 (C-3), 67.93 (C-23), 58.043@); 54.86 (C-33, C-33’), 48.73 (C-9), 47.38
(C-17), 47.26 (C-5), 46.81 (C-19), 43.25 (C-4),58(C-14), 42.53 (C-18), 40.07 (C-8), 39.10
(C-1), 37.51 (C-31), 37.14 (C-10), 34.70 (C-21),98B(C-29), 32.45 (C-7), 32.98 (C-22), 31.20
(C-20), 28.16 (C-15), 27.97 (C-27), 26.78 (C-34,,34'), 26.34 (C-2), 25.04 (C-35), 24.22 (C-
30), 24.18 (C-11), 23.94 (C-16), 18.86 (C-6), 17(TR6), 16.34 (C-25), 13.52 (C-24); HRMS
(ESI TOF-MS) [M+H] calcd. for [G7He:N2Os]*: 582.8998, found 583.4838; CHN calcd.: C,

76.24; H, 10.72; found: C, 76.04; H, 10.94.
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1-Ethylpyrrolidinyl-(33)3,23-dihydroxyolean-12-en-28-amidzs)

White solid; yield: 91 mg, 76%; m.p. 240.8-242€3 R = 0.35 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): & = 3424, 1630, 1610, 1532, 1058, 1044 ciiH NMR (300 MHz, CDCY): 6 = 6.61 (t,
1H,J = 4.8 Hz, N-H), 5.31 (t, 1H] = 3.2 Hz, H-12), 3.69 (d, 1H, = 10.3 Hz, H-23), 3.62 (brt,
1H, J = 8.1 Hz, H-3), 3.42 (m, 1H, H-31a), 3.40 (d, 1Hs 10.0 Hz, H-29), 3.19 (m, 1H, H-
31b), 2.53 (m, 7H, H-32a, H-32b, H-33a, H-33b, H¥331-33b’, H-18), 1.13 (s, 3H, Cj} 0.94
(s, 3H, CH), 0.88 (s, 6H, 2xCh), 0.86 (s, 3H, Ch), 0.76 (s, 3H, Ch); *C NMR (75 MHz,
CDCL): 6 = 178.46 (C-28), 144.53 (C-13), 122.89 (C-12)786(C-3), 72.07 (C-23), 54.39 (C-
32), 54.04 (C-33, C-33), 49.85 (C-9), 47.64 (C-14$.85 (C-5), 46.46 (C-19), 42.37 (C-4),
41.14 (C-14), 41.88 (C-18), 39.49 (C-8), 38.30 {C3ar.99 (C-31), 36.97 (C-10), 34.29 (C-21),
33.13 (C-29), 32.71 (C-7), 32.36 (C-22), 30.82 (;27.46 (C-15), 26.62 (C-27), 25.84 (C-2),
23.74 (C-30), 23.74 (C-34, C-34") 23.69 (C-11),683(C-16), 18.58 (C-6), 17.03 (C-26), 15.88
(C-25), 11.64 (C-24); HRMS (ESI TOF-MS) [M+Hgalcd. for [GeHsoN20s]*: 568.8732, found

569.4675; CHN calcd.: C, 76.01; H, 10.63; found7&.85; H, 10.93.
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2-Propyn-1-yl-(#)3,23-dihydroxyolean-12-en-28-amid)

White solid; yield: 101 mg, 93%; m.p. 141.8-1432 R = 0.48 (hexane/ethyl acetate 1:1 v/v);
IR (KBr): & = 3384, 2120, 1654, 1520, 1046, 1002*cfiH NMR (300 MHz, CDCY): § = 6.09
(brs, 1H, N-H), 5.39 (brs, 1H, H-12), 3.95 (m, 231), 3.69 (d, 1HJ = 10.2 Hz, H-23), 3.62
(brt, 1H,J = 7.8 Hz, H-3), 3.39 (d, 1H] = 10.2 Hz, H-23), 2.51 (brdd, 1HJ = 11.4 Hz, H-18),
2.19 (brs, 1H, H-33), 1.14 (s, 3H, @HO0.94 (s, 3H, Ck), 0.89 (s, 6H, 2xChJ, 0.87 (s, 3H,
CHs), 0.77 (s, 3H, Ch); *C NMR (75 MHz, CDC}): 6 = 178.23 (C-28), 144.77 (C-13), 123.26
(C-12), 79.70 (C-32), 76.73 (C-3), 72.01 (C-23),7B1(C-33), 49.78 (C-9), 47.62 (C-17), 46.74
(C-5), 46.42 (C-19), 42.23 (C-4), 42.15 (C-14),801(C-18), 39.50 (C-8), 38.31 (C-1), 36.94 (C-
10), 34.17 (C-21), 33.08 (C-29), 32.36 (C-7), 32@422), 30.82 (C-20), 29.47 (C-31), 27.35 (C-
15), 26.66 (C-27), 25.89 (C-2), 23.98 (C-30), 23(6811), 23.62 (C-16), 18.53 (C-6), 17.10 (C-
26), 15.86 (C-25), 11.58 (C-24); HRMS (ESI TOF-MB)+H]* calcd. for [GaHsiNOs]™:

509.7629, found; 510.3944; CHN calcd.: C, 77.7516108; found: C, 77.51; H, 10.33.

29



1-Ethylmorpholinyl-(3)3,23-dihydroxyolean-12-en-28-amidO)

White solid; yield: 90 mg, 72%; m.p. 245.3-248G R = 0.44 (hexane/ethyl acetate 1:1 v/v); IR
(KBr): b = 3404, 1630, 1522, 1118, 1048 tmMH NMR (300 MHz, CROD): 6 = 5.39 (brs, 1H,
H-12), 3.71 (brt, 4HJ = 4.5 Hz, H-34, H-34’), 3.61 (dd, 1H,= 10.9, 5.1 Hz, H-3), 3.53 (d, 1H,
J = 10.9 Hz, H-23), 3.31 (m, 3H, H-31, H-23, 2.71 (dd, 1H,) = 12.6, 2.8 Hz, H-18), 2.48 (m,
6H, H-32, H-33, H-33"), 1.20 (s, 3H, GH 0.97 (s, 3H, Ch), 0.95 (s, 3H, Ch), 0.92 (s, 3H,
CHs), 0.80 (s, 3H, Ch), 0.70 (s, 3H, CH); **C NMR (75 MHz, CROD): 6 = 180.29 (C-28),
145.44 (C-13), 124.06 (C-12), 73.77 (C-3), 67.893¢ C-34), 67.27 (C-23), 58.09 (C-32),
54.62 (C-33, C-33'), 48.91 (C-9), 48.66 (C-17),#7(C-5), 47.61 (C-19), 43.28 (C-4), 43.07 (C-
14), 42.88 (C-18), 40.62 (C-8), 39.45 (C-1), 37(8931), 37.08 (C-10), 35.08 (C-21), 34.15 (C-
29), 33.49 (C-7), 33.21 (C-22), 31.60 (C-20), 28@6L5), 27.39 (C-27), 26.44 (C-2), 24.61 (C-
30), 24.17 (C-11), 23.95 (C-16), 19.08 (C-6), 17(@626), 16.31 (C-25), 12.74 (C-24); HRMS
(ESI TOF-MS) [M+H] calcd. for [GeHeoN2O4]": 584.8726, found 585.4624; CHN calcd.: C,

73.93; H, 10.34; found: C, 73.68; H, 10.62.
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ECs Melanoma Ovarian Colon Breast

Table 1. EGsovalues and Confidence Interval (Cl = 95 %)

Lung

Thyroid
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518A2 A2780 HT29 MCF7 A549 8505C
He 349 .2 199 08 500 ;5 257 37 200 3% 380 ¢
L oore 12 oer 9 es S5 7o % 70 % e O
2 103 % 120 9% 128 9 102 %, 1090 %), 88 ?,
3 109 02 143 0 143 % 127 % 132 % 78 D
5 100 75 184 55 12 %0 125 %, 132 %, 12 %,
6 95 oF 129 Y 130 j5 115 Y7 114 91 80 27
7 75  os 16 93 120 Y 102 %, w7 %, 87 %,
8 17 99 16 i 135 Y o127 %0 13e Y. 95 %%
9 90 o7 129 37 w2 Yo 13 % 126 %% 84 %%,
10 92 0% 144 22 133 28 127 2% 120 %% 04 07
1 111 gl 150 %% 134 9% 127 %0 131 A, 131 M2
12 17 o9 138 5 ws % 130 P 130 Y, 119 %%
13 109 ¥ 137 30 144 %% 135 %L 135 %P, 97 12,
14 87 o9 121 %2 134 %% a0 % 114 %, 103 %,
15 81 oF 119 ¥ 120 oz 83 97 81 % 66 OF
16 127 57 185 i) 140 o3 134 o9 140 17 128 §
17 124 12 170 1S 177 9% 154 3 159 o9 132 Y
B se 2 78 %% 78 O, 78 %, es 9% a1 04
19 118 o5 w7 %% 148 %% w37 % 137 %, 88 35
20 102 o5 14 % 113 %L 92 % 85 %2 67 00
21 114 33 130 o5 135 o7 127 33 98 7 81 13
22 116 g5 132 5o 137 909 135 ¥ 131 ¥ 135 3
23 138 55 146 ;S 153 0o 142 03 122 15 142 1%
24 86 o7 88 9 w2 Yo 77 %, 15 %, a5 ',
25 137 12 14 Y5 151 3% 146 %), 103 Y, 157 'S,
26 125 22 159 0T 193 10 152 Y2 151 %, 172 %F
27 37 g3 18 g7 13 g7 65 ;36 o 27 oo
26 20 oy 11 o1 12 g 37 g Ll g3 19 g
29 216 ;o 148 3 173 20 170 7 148 55 168 g
30 >30 >30 >30 >30 >30 >30
Section B:

Figure S1'H NMR spectrum of.
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