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Novel betulin acid derivatives were synthesized and investigated for their antitumor activity.
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Abbreviation list:
ADM: adriamycin
AO/EB: acridine orange/ethidium bromide
BE: betulin
3¢ NMR: *C Nuclear Magnetic Resonance
DMF: N, N-dimethylformamide
DMSO: dimethyl sulfoxide
HCPT: 10-hydroxyl camptothecine
'H NMR: Proton Nuclear Magnetic Resonance
IR: Infra-red
MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetzalium bromide

TUNEL: terminal deoxynucleotidyl transferase biedld TP nick end labeling



Abstract

Nineteen betulin derivatives modified at the C-3d &B-28 positions were synthesized and
assessed for antitumor activities against the MG&-&C3, Bcap-37, A375, and MCF-7 human
cancer cell lines in vitro by MTT assay. Some datiixes (compound8a—3d and5) displayed
strong antitumor properties, with dCvalues between 4 and 184. Compound3c, containing
piperidine group at C-28 positon, hadsd@alues of 4.3, 4.5, 5.2, 7.5, and 5 on the five
cancer cell lines, respectively. Subsequent flumese staining and flow cytometric analysis
indicated that compoun8c induced apoptosis in MGC-803 cell line, with an @tpsis ratio of

31.11% after 36 h of treatment at{id 3c.
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1. Introduction

Betulin (BE; 1; lup-20(29)-enef3 28-diol), is an abundaand naturally occurring pentacyclic
triterpenoid [1,2]. This compound is a major effeetcomponent of many traditional Chinese
medicines that is widely distributed in plants [3&hd forms up to 30% of the dry weight of the
extractive (e.g., the bark of birch trees) [6-8].E Bpossesses various biological and
pharmacological activities [9], such as anti-HN\O[,Lanti-inflammatory [11,12], antiretroviral
[13], antibacterial properties [14], and anticanpeperties [15,16]. Recently, some studies have
shown that BE had marked antitumor activities agfararious types of cancer cell lines [17], such
as colorectal (DLD-1), prostate (PC3), breast (MGQFand lung (A549) cancer cell lines, and
could induce A549 cell-line apoptosis [18-21]. IRerimore, a recent report found BE to be more
active against other melanoma lines (G361, SK-MB),-heuroblastoma cell lines (GOTO,
NB-1), and leukemia lines (HL-60, U937, K562) [2Bowever, compared to other pentacyclic
triterpenoids, BE is inactive against melanoma dele (MEL-2) [23]. Researchers had
demonstrated that keeping a polar substituent at @33 position was essential for the
pharmacological activities of pentacyclic triterpen[24]. According to the structure-activity
relationship, a hydrogen donor group at either @-8-28 position can improve cell proliferation
inhibition significantly [25]. In recent years, thldrug, with introduced amino alkyl groups has
attracted considerable attention. Recent studige Bhown that the introduction of amino alky
groups had unexpected improvements in the anti-btldntitumor activities of compounds [25].
In 2010, Kommera et afound that the antitumor activities of BE derivasvwith amino acyl
groups introduced at C-28 position were signifibamhproved, and had the therapeutic potential
in the treatment of gastric carcinoma [26]. Funhare, previous work already indicated that the
introduction of aromatic carboxyl groups to pentdicy triterpenoids could result in good
cytotoxicity [27,28].

Thus, in view of the previous rationale and in @mmtion of an ongoing program aiming at
developing more potential anticancer drugs, inpifessent study nineteen BE derivatives modified
at C-3 and C-28 positions were designed and syimtgbsThe antitumor activities of these
derivatives were screened in vitro by MTT assaygidive human cancer cell lines MGC-803
(human gastric carcinoma cell line), PC3 (humarstate carcinoma cell line), Bcap-37 (human

breast carcinoma cell line), A375 (human malignaseianoma cell line), and MCF-7 (human
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breast carcinoma cell line). Additionally, the &mior mechanism of the BE derivatives was
investigated through acridine orange/ethidium bd®rstaining (AO/EB), Hoechst 33258 staining,
terminal deoxynucleotidyl transferase dUTP nick-eladbeling (TUNEL) assay, and flow

cytometric analysis.

2. Results and discussion

2.1. Chemistry

The syntheses of BE derivatives are summarizecthei@e 1. The structure of BE was modified
at C-3 and C-28 positions. Succinic anhydride amateio anhydride were introduced at the C-28
position in dry dichloromethane (DCM) in the presemf pyridine to obtain compoun@sand4.
Compound2 was treated with corresponding amines in dry D@Mhe presence of PyBOP to
afford compound8a—-3d The 28-OH and 3-OH of BE were acetylated withnaatic carboxyl
group in the presence of DCC and DMAP in dry DCMrabm temperature to gain the
compoundsa—6d Finally, only the 28-OH of BE was acetylated gsBEDCI instead of DCC to
obtain the compoundga—7gin high yields. All the compounds were fully chaexized by
various spectroscopic methods.

Scheme 1

2.2. Evaluation of antitumor activities
In vitro inhibitory activities of the synthesizedERlerivatives were evaluated against MGC-803,
PC3, Bcap-37, A375, and MCF-7 cell lines by MTTagsdHydroxycamptothecine (HCPT) and
Adriamycin (ADM) were used as positive controls.clture medium containing 0.1% DMSO
served as negative control. All BE derivatives udithg ADM and HCPT were dissolved in
DMSO. Each experiment was repeated thrice. Thgviues are summarized in Table 1.

Table 1
Table 1 presents the modified compounds at the (@@8tion with selected amino groups
displaying potent antitumor activities against fiwe cancer cell lines. These compounds hag IC
values between 4 and 181. Furthermore, the most active compound amongyin¢hesized BE
derivatives was compourt. This compound had approximately four times marevidy than

that of BE, and the 1§ values were 4.3, 4.5, 5.2, 7.5, and pM\2 on the five cancer cell lines,
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respectively. Further experiments indicated thatliferation of the five cancer cells were
significantly inhibited by compoun8c in a concentration-dependent manner (Figure 1).

Figure 1
Compounds2 and 4, with succinic anhydride and maleic anhydride ddtrced at the C-28
position, had more activity than that of the par8®. This result may be attributed to the
introduced carboxyl group, which was more hydraphian the hydroxyl group. This phenomena
was similar to Drag-Zalesinska observations, wimetle® most active compounds were those with
the highest solubility in water [29].
Recently, some researchers studied the structtigbacrelationships of other pentacyclic
triterpenes including Betulinic acid, Ursolic aciénd Oleanolic acid. These pentacyclic
triterpenes had similar structure-activity relaships despite the different structur&®revious
studies showed that the introduction of amino atigups at the C-28 position further enhanced
the antitumor activities. In this study, the compdsi modified at the C-28 position with selected
amino groups displayed potent antitumor activi{i€s, values, between 4 and 1&1), identical
with the previous reports [30].
Remarkably, when 28-OH was esterified with aromatid (fa—7g) the modification led to a
decline in activity. In addition, when 28-OH andDB4 were esterified at the same tint@a{6d,
the activity was reduced or even disappeared. Twe dctivity can be explained by the
observation of Kommera et al. [26]: “One reasonléw activity can be due to the straight and
rigid phenyl groups and the possible interactiofih whe n-system of the phenyl ring lead to a
much bulky molecule, thereby with a lower abilibypgenetrate the cell membrane.”
In addition, the active compoungs3a—3d 4, and5 were also tested on normal cell line NIH3T3.
As shown in Table 2, compoun@sand3a—3dwere less toxic on normal cell lines than that on
cancer cell lines, and more selective to cancérlineks than compound$ and5. Compoundst
and5 were selective to cancer cells, and were, to saxtent, cytotoxic on normal cells.

Table 2
2.3. Preliminary investigation of the apoptosis-inducing effect of title compound 3c

BE and its derivatives have been reported to indyoptosis in certain cancer cell lines [31]. In

the present study, compouf3d was selected to analyze the mechanism of growtlbition of
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MGC-803 cells. To determine whether or not the ghoiwhibitory activity of compoun@c were
related to the induction of apoptosis, the morpdiclal changes of MGC-803 cells were
investigated by AO/EB staining, Hoechst 33258 gtginand TUNEL assay.

The cell morphological changes brought by compoGuodwere assessed using fluorescence
microscopy after AO/EB staining. AO permeatestad tells and stains the nuclei green, whereas
EB only penetrates the cells when cytoplasmic mamdiintegrity is lost, and stains the nucleus
red, dominating over AO. The stained cells reved@ad different types under a fluorescence
microscope: the chromatin of living cells was greeith normal structure; the chromatin of
non-apoptotic dead cells was red with normal stmegtyellow coloration of early apoptotic cells
with pyknotic morphology; and orange coloration laite apoptotic cells with pyknotic
morphology. With HCPT as positive control, compowudat 5uM against MGC-803 cells from
12 h to 48 h was detecteth AO/EB staining. The HCPT concentration was il against
MGC-803 cells for 48 h. The results are shown iguFeé A. Cells treated with compourgt
from 12 to 48 h had morphological changes. Theaisthined as yellow green or orange, and the
morphology showed pyknosis, membrane blebbing, @idbudding. These phenomena were
associated with cell apoptosis.

The morphological changes during cell apoptosievedso assayed using Hoechst 33258 staining.
Live cells with uniformly light blue nuclei wereetated with Hoechst 33258 and observed under a
fluorescence microscope. Four types of stained e&re observed, characterized by cytoplasmic
and nuclear shrinkage, chromatin condensationagogtotic body. With HCPT (at 1M for 48

h) as positive control, compourdd at 5uM was tested against MGC-803 cells from 12 h td48
via Hoechst 33258 staining. Results are shown in EigBr, which shows that the cells of the
negative group were stained blue, indicating nomoaldition. However, the cells of HCPT group
appeared compact and condensed, with strong blweeicence, signifying typical apoptosis
characteristics. The cells treated with compoB8adrom 12 to 48 h had morphological changes.
The blue emission light in apoptotic cells was bryg than the negative group. Condensed
chromatin could also be found in many treated cafld some cells formed apoptotic bodies,
which is a characteristic of apoptotic cells. Thesgults were similar with the previous AO/EB
dual staining results.

TUNEL, one of the popular methods to investigate dboptosis induction, relies on the presence
7



of nicks in the DNA. DNA nicks can be identified bgrminal deoxynucleotidyl transferase, an
enzyme that will catalyze the addition of dUTPs,iclhare secondarily labeled with a marker.
Cells with brown precipitate are positive to apagoWith HCPT used as positive control at 10
uM for 48 h, compoundc at 5uM was tested against MGC-803 cells from 12 to 48nd
apoptosis was detected using TUNEL assay. Regeltshewn in Figure@. Cells of the negative
group did not appear as brown precipitates, whef&RBT group appeared as brown precipitates.
After 48 h, most of the cells treated with compowBalalso appeared as brown precipitates.
Therefore, compoun@c induced apoptosis against MGC-803 cells. The tesukre identical
with the previous experiments.

Figure 2
The apoptosis ratios induced by compo@udh cancer cells were quantitatively assessed by.FC
In early apoptotic cells, phosphatidylserine (R&)jch is distributed inside the lipid bilayer of
normal cells, was transferred from the inside &f ¢iell membrane to the outside. Annexin V, a
c&* dependent phospholipid-binding protein with a hédfinity for PS, was used to detect early
apoptosis. Propidine lodide (PI) is a red fluorescdye, which stains cells that have lost
membrane integrity. When the cells are dual stawwiédl annexin V-FITC and PI, four different
periods of apoptotic cells can be observed. Ck#s are not stained with either annexin V or Pl
are viable and reside in the lower lift quadrargll€that are only stained with annexin V are in
the stage of early apoptosis and reside in therloight quadrant. Cells that are stained by both
chemicals are nonviable apoptotic/necrotic celld seatter in the upper right quadrant, while the
upper left quadrant represents the nuclear fragsfredrotic cells stained only with PI. As shown
in Figure A, with HCPT as positive control, compoufd (10 pM) could induce apoptosis of
MGC-803 cells. The highest apoptosis ratio, 31.1486 obtained after 36 h of treatment at a
concentration of 1@M. Furthermore, as shown in Figur8,3he apoptosis of MGC-803 cells
increased gradually in a time-dependent manner.

Figure 3

3. Conclusions
In summary, nineteen BE derivatives were designed synthesized. The growth inhibitory

activities were evaluated against MGC-803, PC3pBXa A375, and MCF-7 human cell lines in
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vitro for all derivatives. Among the BE derivativeynthesized, compoung, 3a—3¢ and 5
displayed strong antitumor properties showing, alues between 4 and 181. Compound3c
possessed the most potent activities, witky Malues of 4.3, 4.5, 5.2, 7.5, and pM for the five
cancer cell lines, respectively. However, afterdadtiction of aromatic acid in BE, the activity was
reduced or even disappeared. Structure-activigtioriship was also investigated in this study.
Moreover, compoun8c was selected to analyze the mechanism of growihition of MGC-803
cell lines by AO/EB staining, Hoechst 33258 stajipifUNEL assay, and flow cytometric analysis.
These mechanistic studies demonstrated that cord@minhibited cell growths by inducing cell
apoptosis. Apoptosis ratio reached 31.11% aftdn 86treatment at 1M, which is higher than
the ratio observed for the positive control HCPHe3e findings provide a powerful incentive for
further research on the chemical modification anacsure-activity relationships of BE and other

triterpenoid acids.

4. Experimental section

4.1. General

Betulin with more than 98% purity was purchasednfrdhejiang Tiancao Biotech Co., Ltd.
Reagents of analytical grade were obtained fromaYGthemistry Co., Ltd., and used without
further purification unless otherwise noted. Siligel (200—300 mesh) used in column
chromatography was provided by Tsingtao Marine GsmnCo., Ltd. IR spectra were recorded
on a Bruker VECTOR22 spectrophotometer in KBr di$ksNMR and™*C NMR were performed

on a JEOL-ECX500 spectrometer at 22 °C, with TM$&asnternal standard.

4.2. Synthesis

4.2.1. General procedure for compounds 2, 3a-3d, and 4-5.

Betulin reacted with succinic anhydride or maleitidride (0.50 g, 5.00 mmol) in dry DCM (35
mL) containing DMAP (0.06 g, 0.50 mmol) and theat&n mixture was reflux for 5 h, then the
mixture was poured into the 100 mL distilled watehich containing 1N HCI (10 mL) and
partitioned with ethyl acetate that containing 2b@tanol (3x30 mL), The organic layer was dried
over NaSQ, and purified via silica gel column chromatograpfiylash column) with

chloroform/methanol (20:1, v/v) to obtain the compds2 and4. And then, compoundaor 4 (1
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mmol), amines (1.2 mmol), and PyBOP (1.2 mmol) watded to DCM (10 mL) containing J&t
(0.5 mmoal); the mixture was then stirred at roomgerature for 612 h. After the reaction was
completed, the mixture was poured onto 100 mL afiltid water and partitioned with ethyl
acetate (3x50 mL). The target compounds were pdrifion a flash column with
chloroform/methanol (20:1, v/v) to yield compourgsand>.

Compound 2): Yield: 73.3%; white power, mp: 223-228; IR (KBr, cni'): vmax3445, 3071,
2930, 2873, 1730, 1640, 882; MS (El): 542"{M'H-NMR (CDCk, 500 MHz)35: 4.81 (1H, s,
Hb-29), 4.67 (1H, s, Ha-29), 4.50 (1H, H= 8.5 Hz, Hb-28), 4.09 (1H, d,= 10.2 Hz, Ha-28),
3.15~3.17 (1H, m, H-3), 2.85~2.89 (4H, m, LLH..66 (3H, s, H-30), 1.16 (3H, s, HO.96 (3H, s,
CHs), 0.92 (3H, s, Ch), 0.87 (3H, s, Ch), 0.78 (3H, s, ChJ; *C-NMR (CDCE, 125 MHz)5: 174.8
(C=0), 173.2 (C=0), 150.4 (C-20), 110.1 (C-29)91-3), 62.8 (C-28), 55.6 (C-5), 50.5 (C-9), 48.9
(C-19), 47.7 (C-17), 46.7 (C-18), 42.7 (C-14), 4(98), 39.3 (C-4), 39.0 (C-1), 37.6 (C-13), 37.2
(C-10), 34.7 (C-7), 34.3 (C-22), 29.9 (gH29.9 (C-21), 29.8 (Chi 29.8 (C-16), 28.4 (C-23), 28.1
(C-2), 27.2 (C-15), 25.4 (C-12), 20.7 (C-11), 18C130), 18.6 (C-6), 16.2 (C-25), 16.1 (C-26), 15.9
(C-24), 14.7 (C-27).

4.2.2. General procedure for compounds 6a-6d.

Betulin (1 mmol), aromatic acids (2 mmol), DCC (2woi), and DMAP (1 mmol) were added to
DCM (25 mL); the mixture was then stirred at roamperature for 6-12 h. After the reaction
was completed, the mixture was poured onto 100 frdistilled water and partitioned with ethyl
acetate (3x50 mL). The target compounds were pdribn a flash column with petroleum
ether/EtOAc (20:1, v/v) to yield compoun@a-6d

Compound §a): Yield: 73.9%; colorless oil; IR (KBr, cﬁj: Vmax3438, 1715, 2945, 1640, 1377,
1030; MS (El): 650 (M); *H-NMR (CDCk, 500 MHz)3: 8.04~8.06 (4H, m, PhH), 7.53~7.55 (2H, m,
PhH), 7.41~7.45 (4H, m, PhH), 4.72~4.74 (1H, m,)H430 (1H, s, Hb-29), 4.69 (1H, s, Ha-29), 4.54
(1H, d,J = 10 Hz, Hb-28), 4.10 (1H, d,= 10.8 Hz, Ha-28), 1.74 (3H, s, H-30), 1.07 (3H;iss), 1.01
(3H, s, CH), 0.99 (3H, s, Ch), 0.92 (3H, s, Ch), 0.86(3H, s, Ch); “*C-NMR (CDC}, 125 MHz)3:
167.1 (C=0), 166.4 (C=0), 150.2 (C-20), 132.9 (@3R.8 (C), 131.0 (CH), 130.6 (CH), 129.7 (CH),
129.6 (CH), 128.5 (CH), 128.4 (CH), 110.0 (C-29),78(C-3), 63.4 (C-28), 55.4 (C-5), 50.4 (C-9),
48.9 (C-19), 47.8 (C-17), 46.8 (C-18), 42.9 (C-11),0 (C-8), 38.5 (C-4), 38.3 (C-1), 37.8 (C-13),

37.2 (C-10), 34.8 (C-7), 34.2 (C-22), 30.0 (C-28.,8 (C-16), 28.2 (C-23), 27.2 (C-2), 25.3 (C-15),
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23.9 (C-12), 20.9 (C-11), 19.2 (C-30), 18.3 (CiH)9 (C-25), 16.3 (C-26), 16.2 (C-24), 14.9 (C-27).
4.2.3. General procedure for compounds 7a-7g.

Betulin (0.45 g, 1.00 mmol), aromatic acids (1.2af), EDCI (0.23 g, 1.20 mmol), and DMAP
(0.06 g, 0.50 mmol) were added to DCM (10 mL) comntgy EgN (0.05 g, 0.50 mmol); the
mixture was then stirred at room temperature fd2@. After the reaction was completed, the
mixture was poured onto 100 mL of distilled watad gartitioned with ethyl acetate (3x50 mL).
The target compounds were purified on a flash calwith petroleum ether/EtOAc (10:1, v/v) to
yield compound§a-7g

Compound 7a): Yield: 72.2%; colorless oil; IR (KBr, ci): vmax2944, 2873, 1711, 1640, 1012,
880, 754, 703; MS (El): 546 ()t 'H-NMR (CDCk, 500 MHz)s: 8.05 (2H, dJ = 7.3 Hz, PhH),
7.56 (2H, tJ = 11.4 Hz, PhH), 7.45 (2H,4= 14.4 Hz, PhH), 4.71 (1H, s, Hb-29), 4.60 (1H{a;29),
4.50 (1H, dJ= 9.5 Hz, Hb-28), 4.09 (1H, d,= 10.3 Hz, Ha-28), 3.14~3.17 (1H, m, H-3), 1.64,(8,
H-30), 1.05 (3H, s, Ch), 1.01 (3H, s, Ch), 0.95 (3H, s, Ch), 0.83 (3H, s, CH}, 0.75 (3H, s, Ch);
3C-NMR (CDCE, 125 MHz)3: 167.0 (C=0), 150.2 (C-20), 132.9 (C), 130.6 (CH29.6 (CH), 128.4
(CH), 109.9 (C-29), 77.1 (C-3), 63.4 (C-28), 55#5), 50.5 (C-9), 48.9 (C-19), 47.8 (C-17), 46.8
(C-18), 42.8 (C-14), 40.9 (C-8), 38.9 (C-4), 3881, 37.7 (C-13), 37.2 (C-10), 34.8 (C-7), 34.3
(C-22), 30.1 (C-21), 29.7 (C-16), 28.1 (C-23), 2C2), 27.2 (C-15), 25.3 (C-12), 20.9 (C-11), 19.3

(C-30), 18.4 (C-6), 16.2 (C-25), 16.1 (C-26), 16£424), 14.9 (C-27).

4.3. Céll lines and culture

MGC-803, PC3, Bcap-37, A375, MCF-7, and NIH3T3 diekés were obtained from the Institute
of Biochemistry and Cell Biology, China Academy $¢ience. MGC-803 is gastric cancer cell
line, PC3 is prostate cancer cell line, A375 isigm&nt melanoma cell line, Bcap-37 and MCF-7
are breast cancer cell lines. The entire cancdrlioels were maintained in the RPMI 1640
medium, whereas the NIH3T3 cell line was maintained in DMBEN&edium. They were
supplemented with 10% heat-inactivated fetal bogeeim (FBS) in a humidified atmosphere of
5% CQ at 37 °C. All cell lines were maintained at 37ifCa humidified 5% carbon dioxide and

95% air incubator.

4.4, MTT Assays
11



All tested compounds were dissolved in DMSO andsegbently diluted in the culture medium
before treatment of the cultured cells. When this @gere 80-90% confluent, they were harvested
by treatment with a solution containing 0.25% tigpshoroughly washed and resuspended in
supplemented growth medium. Cells (2%&@Il) were plated in 10QL of medium/well in
96-well plate. After incubations overnight, thelsekere treated with different concentrations of
extracts in RPMI 1640 with 10% FBS for 72 h. In akal, the cells treated with 0.1% DMSO
served as negative control and ADM (Adriamycin)pasitive control. Finally, 10@L of MTT
was added, and the cells were incubated for 4 b. NIfiT-formazan formed by metabolically
viable cells was dissolved in 1@ of SDS for 12 h. The absorbance was then measréé5

nm with a microplate reader, which is directly ppdonal to the number of living cells in culture.

4.5. AO/EB Saining

The cells were seeded at a concentration of 5eallimL in a volume of 0.6 mL on a sterile cover
slip in 6-well tissue culture plates. Following utation, the medium was removed and replaced
with fresh medium plus 10% FBS and then supplendenith compounds. After the treatment
period, the cover slip with monolayer cells waseirigd on the glass slide with 20 of AO/EB

stain (100ug/mL). The fluorescence was read using an IX71SflEeescence microscope.

4.6. Hoechst 33258 Saining

The cells grown on the sterile cover slip in 6-wifisue culture plates were treated with
compounds for a certain range of treatment time diiture medium containing compounds was
removed, and the cells were fixed in 4% paraforeiayde for 10 min. The cells were washed
twice with PBS, and were consequently stained @ithmL of Hoechst 33258 staining for 5 min.

The stained nuclei were washed twice with PBS, aede consequently observed under an

IX71SIF-3 fluorescence microscope at 350 nm exoiteind 460 nm emissions.

4.7. TUNEL Assay
TUNEL assays were performed using a colorimetridNBU apoptosis assay kit according to the
manufacturer’s instructions. The cells grown in élveulture clusters were treated as mentioned

in mitochondrial depolarization assay. The MGC-808wn in 6-well tissue culture plates were
12



washed with PBS and fixed in 4% paraformaldehydet@min. The cells were washed once with
PBS, and were consequently permeabilized with inohataining wash buffer for 2 min on ice.
The cells were rewashed once with PBS, and wersecpently incubated in 0.3%,6; in
methanol at room temperature for 20 min to inatéithe endogenous peroxidases, after which
the cells were washed thrice with PBS. Thereafteg, cells were incubated with @2 of
TdT-enzyme and 4L of Biotin-dUTP per specimen for 60 min at 37 °The cells were
terminated for 10 min, and were consequently inteawith streptavidin-HRP (5@L per
specimen) conjugate diluted at 1:50 in sample dilder 30 min. The cells were washed three
times with PBS, and were consequently incubateti diahminobenzidine solution (2Q per
specimen) for 10 min. Thereafter, the cells weveashed twice with PBS, and were consequently

imaged under an XDS-1B inverted biological micrqeeo

4.8. Flow Cytometry Analysis

Prepared MGC-803 cells (1x¥fL) were washed twice with cold PBS and then spsuded
gently in 500uL binding buffer. Thereafter, cells were stained5imL Annexin V-FITC and
shaked well. Finally, L Pl was added to these cells and incubated faom20in a dark place,

analyzed by FACS Calibur, Becton Dickinson.

4.9, Satigtical Analysis

All statistical analyses were performed using SAB3), and the data were analyzed using
one-way ANOVA. The mean separations were performgidg the least significant difference
method. Each experiment was performed in triplicated all experiments were run thrice and
yielded similar results. Measurements from all thplicates were combined, and the treatment

effects were analyzed.
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Captions for Figures and Tables

Figure 1. Effect of compoundc on cancer cell proliferation.

Figure 2. Apoptosis induction studies of compouBd (A) AO\EB staining. (B) Hoechst 33258
staining. (C) TUNEL assay.

Figure 3. Annexin V/PI dual staining of MGC-803 cell ling#&) Apoptosis ratios. (B) A: negative
control; B-D: cells treated with HCPT (4tM) as positive control; E-G: cells treated with
compound3c (10 uM).

Table 11Cso (uM) for 72 h of antitumor activities of BE derivaéig on human cancer cell lines
vitro

Table 2 Selectivity index of 2, 3a—3d 4, and5 toward cancer cells

& selectivity index (IGo on mouse embryo fibroblast cell lineffon corresponding cancer cell
line)

Scheme 1Reagents and conditions: (a) Succinic anhydriddAB, pyridine, DCM, r.t., 8 h; (b)
R;H, PyBOP, DCM, r.t., 12 h; (c) Maleic anhydride, BM, pyridine, DCM, r.t., 24 h; (d)
Piperidine, PyBOP, DCM, r.t., 12 e¢) RCOOH, DCC, DMAP, DCM, r.t., 24 h; (f) fkOOH,

EDCI, DMAP, DCM, r.t., 24 h.
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Table 11Cso (uM) for 72 h of antitumor activities of BE derivaéig on human cancer cell lings

vitro

Compound MGC-803 PC3 Bcap-37 A375 MCF-7

1 30.2+0.8 22.4+09 255+0.5 28.0+0.3 19.3+0.5
2 11.3+0.2 125+0.3 15.7+0.9 179+05 145+0.6
3a 8.5+0.2 9.6+0.4 6.7+0.3 10.3+0.8 9.2+0.6
3b 8.9+0.3 8.3+0.2 7.9+0.1 12.6+0.6 10.1+0.3
3c 43+0.4 45+0.2 52+04 7.5+0.6 5.2+0.7
3d 9.2+0.6 11.2+0.7 6.4+0.3 18.5+0.9 115+04
4 21.3+0.5 25.8+0.4 18.3+0.1 23.2+0.2 17.1+0.1
5 5.3+0.2 9.6+0.2 7.4+05 144+04 6.3+0.4
6a-6d >100 >100 >100 >100 >100
7a-79 >100 >100 >100 >100 >100
HCPT 20.1+26 345+15 28.1+1.0 27.8+1.2 48.2+0.4

ADM 0.7+0.2 06+0.1 1.2+0.2 1.0+0.6 1.35+0.1
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Table 2 Selectivity indexX of 2, 3a-3d 4, and5 toward cancer cells

Compound MGC-803 PC3 Bcap-37 A375 MCF-7
2 6.45 5.83 4.64 4.07 5.02
3a 7.29 6.45 9.25 6.01 6.73
3b 4.97 5.33 5.60 3.52 4.38
3c 8.23 7.86 6.81 4.72 6.80
3d 6.23 5.12 8.97 3.10 4.99

4 <3 <3 <3 <3 <3

5 <3 <3 <3 <3 <3

% selectivity index (IGy on mouse embryo fibroblast cell linefon

line)

18
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Figure 1. Effect of compound@c on cancer cell proliferation.
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Figure 2. Apoptosis induction studies of compoudd (A) AO\EB staining. (B) Hoechst 33258

staining. (C) TUNEL assay.
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Figure 3. Annexin V/PI dual staining of MGC-803 cell lind#) Apoptosis ratios. (B) A: negative
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Highlights

1. Nineteen betulin derivatives modified at the C-3 and C-28 positions were synthesized
2. Theantitumor activities were investigated against various cancer cell lines.
3. Compound 3c displayed the most potent antitumor activity.

4.  Further mechanism study indicated compound 3c could induce apoptosis of cancer cells.
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Data of other compounds

Compound (3a): Yield: 61.1%; pale yellow ail; IR (KBr, cm'l): Vmax 3445, 2947, 2870, 1728, 1033,
882; MS (El): 597 (M*); '"H-NMR (CDCl3, 500 MHz) &: 4.63 (1H, s, Hb-29), 453 (1H, s, Ha-29),
4.23 (1H, d, J=9.2 Hz, Hb-28), 3.84 (1H, d, J = 10.8 Hz, Ha-28), 3.30~3.33 (4H, m, CH,), 3.15~3.17
(1H, m, H-3), 2.62~2.64 (4H, m, CH,), 1.63 (3H, s, H-30), 1.15 (3H, s, CH5), 1.05 (3H, S, CH3), 0.97
(3H, s, CH3), 0.92 (3H, s, CHs), 0.87 (3H, s, CH3), 0.78 (3H, s, CHz); *C-NMR (CDCl3, 125 MHz) &:
173.7 (C=0), 170.3 (C=0), 150.3 (C-20), 109.8 (C-29), 78.9 (C-3), 62.8 (C-28), 55.3 (C-5), 50.4 (C-9),
48.9 (C-19), 47.7 (C-17), 46.7 (C-18), 42.7 (C-14), 41.9 (CH,), 40.9 (C-8), 40.4 (C-4), 389 (C-1), 38.7
(C-13), 37.6 (CH,), 37.1 (C-10), 34.6 (C-7), 34.2 (C-22), 29.8 (CH,), 29.6 (C-21), 28.0 (CHy), 27.9
(C-16), 27.8 (C-23), 27.4 (C-2), 27.1 (C-15), 25.2 (C-12), 20.8 (C-11), 19.2 (C-30), 18.6 (C-6), 16.2
(C-25), 16.1 (C-26), 15.5 (C-24), 14.8 (C-27), 14.2 (CH5), 13.1 (CH,).

Compound (3b): Yield: 62.8%; pale yellow ail; IR (KBr, cm™): vy 3444. 2942, 2860, 1728,

1641459, 882; MS (El): 595 (M"); *H-NMR (CDCl3, 500 MHz) &: 4.63 (1H, s, Hb-29), 453 (1H, s,
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Ha-29), 4.22 (1H, d, J = 11.5 Hz, Hb-28), 3.84 (1H, d, J = 10.3 Hz, Ha-28), 3.14~3.16 (1H, m, H-3),
2.63~2.66 (4H, m, CH,), 2.52 (4H, t, J = 12.5 Hz, CH,), 1.79~1.82 (m, CH,), 1.63 (3H, s, H-30), 1.01
(3H, s, CH3), 0.96 (3H, s, CH5), 0.81 (3H, s, CHg), 0.71 (3H, 5, CHa); *C-NMR (CDCl3, 125 MHz) 5:
173.4 (C=0), 169.7 (C=0), 150.2 (C-20), 109.9 (C-29), 77.4 (C-3), 62.8 (C-28), 55.3 (C-5), 50.4 (C-9),
48.9 (C-19), 47.7 (C-17), 46.5 (CH,), 46.4 (C-18), 45.8 (CH,), 42.7 (C-14), 40.9 (C-8), 39.0 (C-4), 38.7
(C-1), 37.6 (C-13), 37.2 (C-10), 34.5 (C-7), 34.2 (C-22), 29.8 (CH,), 29.7 (C-21), 29.4 (CH,), 29.2
(C-16), 28.1 (C-23), 27.4 (C-2), 27.1 (C-15), 26.1 (CH,), 25.2 (C-12), 24.5 (CH,), 20.7 (C-11), 19.1
(C-30), 18.6 (C-6), 16.2 (C-25), 16.1 (C-26), 15.9 (C-24), 14.7 (C-27).

Compound (3c): Yield: 63.6%; pale yellow oil; IR (KBr, cm™): vine 3439, 2943, 2868, 1733, 1453,
1030, 880; MS (El): 609 (M*); '"H-NMR (CDCls, 500 MHz) &: 4.64 (1H, s, Hb-29), 454 (1H, s,
Ha-29), 4.25 (1H, d, J = 6.5 Hz, Hb-28), 3.84 (1H, d, J = 11.8 Hz, Ha-28), 3.48~3.50 (4H, m, CH,),
3.14~3.16 (1H, m, H-3), 2.62~2.64 (4H, m, CH,), 1.64 (3H, s ,H-30), 1.57~1.59 (m, CH,), 1.06 (3H, s,
CHa), 0.96 (3H, s, CH3), 0.92 (3H, s, CH3), 0.78 (3H, s, CH5), 0.72 (3H, s, CH3); *C-NMR (CDCl3,
125 MHz) §é: 173.7 (C=0), 169.4 (C=0), 150.3 (C-20), 109.9 (C-29), 78.9 (C-3), 62.8 (C-28), 55.3
(C-5), 50.4 (C-9), 48.8 (C-19), 47.7 (C-17), 46.5 (CH,), 46.4 (C-18), 42.9 (CH,), 42.7 (C-14), 40.9
(C-8), 39.0 (C-4), 38.7 (C-1), 37.6 (C-13), 37.2 (C-10), 34.6 (C-7), 34.2 (C-22), 29.8 (CH,), 29.7
(C-21), 29.4 (CH,), 29.6 (C-16), 28.1 (C-23), 27.4 (C-2), 27.1 (C-15), 26.4 (CH,), 25.5 (CHy), 25.2
(C-12), 24.6 (CH,), 20.8 (C-11), 19.2 (C-30), 18.4 (C-6), 16.2 (C-25), 16.1 (C-26), 15.5 (C-24), 14.8
(C-27).

Compound (3d): Yield: 64.4%; pale yellow oil; IR (KBr, cm'l): Vmax 3446, 2945, 2860, 1730, 1647,
1028, 881; MS (El): 611 (M*); '"H-NMR (CDCls, 500 MHz) &: 4.64 (1H, s, Hb-29), 454 (1H, s,
Ha-29), 4.25 (1H, d, J = 13.3 Hz, Hb-28), 3.85 (1H, d, J = 8.4 Hz, Ha-28), 3.63~3.65 (4H, m, CH,),
347 (4H, t, J = 5.6 Hz, CH3), 3.14~3.17 (1H, m, H-3), 2.62~2.65 (4H, m, CH,), 1.66 (3H, s, H-30),
1.01 (3H, s, CH3), 0.96 (3H, s, CH3), 0.92 (3H, s, CH3), 0.77 (3H, s, CH3), 0.71 (3H, s, CHs); *C-NMR
(CDCl3, 125 MHz) &: 173.4 (C=0), 169.9 (C=0), 150.2 (C-20), 109.9 (C-29), 78.9 (C-3), 66.9 (CH,),
66.5 (CH,), 62.9 (C-28), 55.3 (C-5), 51.9(CH,), 50.4 (C-9), 48.8 (C-19), 47.7 (C-17), 46.5 (C-18), 45.7
(CH,), 42.2 (C-14), 40.9 (C-8), 38.9 (C-4), 38.7 (C-1), 37.6 (C-13), 37.2 (C-10), 34.6 (C-7), 34.2
(C-22), 29.8 (CH,), 29.3 (C-21), 29.0 (CH,), 28.0 (C-16), 27.8 (C-23), 27.4 (C-2), 27.1 (C-15), 25.2
(C-12), 20.8 (C-11), 19.2 (C-30), 18.4 (C-6), 16.2 (C-25), 16.1 (C-26), 15.5 (C-24), 14.8 (C-27).

Compound (4): Yield: 65.8%; white power, mp: 232-234 °C; IR (KBr, cm™): v 3435, 2942,
2



1728, 1375, 1030, 881; MS (El): 540 (M*); *H-NMR (CDCl3, 500 MHz) 8: 6.35 (1H, d, J = 10.4 Hz,
CH), 6.23 (1H, d, J = 14.8 Hz, CH), 4.66 (1H, s, Hb-29), 4.56 (1H, s, Ha-29), 4.37 (1H, d, J = 11.3 Hz,
Hb-28), 3.97 (1H, d, J = 7.9 Hz, Ha-28), 3.14~3.16 (1H, m, H-3), 1.64 (3H, s, H-30), 0.99 (3H, 5, CH53),
0.94 (3H, s, CHs), 0.92 (3H, s, CH3), 0.79 (3H, s, CHg), 0.72 (3H, s, CHs); *C-NMR (CDCl3, 125
MH?z) §: 167.2 (C=0), 167.2 (C=0), 149.9 (C-20), 133.9 (CH), 128.6(CH), 110.1 (C-29), 79.0 (C-3),
64.8 (C-28), 55.3 (C-5), 50.4 (C-9), 489 (C-19), 47.7 (C-17), 46.5 (C-18), 42.7 (C-14), 40.9 (C-8),
38.9 (C-4), 38.7 (C-1), 37.8 (C-13), 37.2 (C-10), 34.5 (C-7), 34.2 (C-22), 29.7 (C-21), 29.5 (C-16),
28.0 (C-23), 27.2 (C-2), 27.0 (C-15), 25.2 (C-12), 20.8 (C-11), 19.1 (C-30), 18.3 (C-6), 16.1 (C-25),
16.0 (C-26), 15.4 (C-24), 14.8 (C-27).

Compound (5): Yield: 60.7%; pae yellow ail; IR (KBr, cm'l): Vmax 3240, 2930, 1734, 1640, 1455,
883; MS (El): 607 (M*); '"H-NMR (CDCl3, 500 MHZ) &: 6.50 (1H, d, J = 10.2 Hz, CH), 5.95 (1H, d, J
= 11.5Hz, CH), 4.62 (1H, s, Hb-29), 452 (1H, s, Ha-29), 4.23 (1H, d, J = 9.1 Hz, Hb-28), 3.87 (1H, d,
J = 12.6 Hz, Ha-28), 3.55~3.58 (4H, m, CH,), 3.12~3.14 (1H, m, H-3), 1.61 (3H, s, H-30), 1.48~1.51
(m, CHy), 0.95 (3H, s, CH3), 0.92 (3H, s, CH3), 0.89 (3H, s, CH3), 0.75 (3H, s, CH3), 0.69 (3H, s, CHy);
BC-NMR (CDCl3, 125 MHZ) &: 165.3 (C=0), 165.2 (C=0), 150.1 (C-20), 138.4 (CH), 122.8 (CH),
110.0 (C-29), 77.4 (C-3), 63.5 (C-28), 55.3 (C-5), 50.4 (C-9), 48.9 (C-19), 47.7 (C-17), 47.4 (CHy),
46.3 (C-18), 42.7 (C-14), 42.1 (CH,), 40.9 (C-8), 38.9 (C-4), 38.7 (C-1), 37.6 (C-13), 37.2 (C-10), 34.6
(C-7), 34.2 (C-22), 29.7 (C-21), 295 (C-16), 28.1 (C-23), 27.4 (C-2), 27.1 (C-15), 26.1 (CH,), 25.2
(C-12), 24.6 (CH,), 20.8 (C-11), 19.2 (C-30), 18.3 (C-6), 16.2 (C-25), 16.1 (C-26), 15.4 (C-24), 14.8
(C-27).

Compound (6b): Yield: 75.20; white solid; mp: 222-225 °C;IR (KBr, cm™): vina 3456, 1698, 1638,
1377, 1032, 882, 744; 'H-NMR (CDCl3, 500 MHz) &: 8.83 (1H, s, PhH), 881 (1H, s, PhH),
8.37~8.41 (m, PhH), 7.62~7.67 (2H, m, PhH), 4.75~4.77 (1H, m, H-3), 4.76 (1H, s, Hb-29), 4.61 (1H,
s, Ha-29), 458 (1H, d, J = 10.5 Hz, Hb-28), 4.15 (1H, d, J = 10.8 Hz, Ha-28), 1.72 (3H, s, H-30), 1.08
(3H, s, CH3), 1.01 (3H, s, CH5), 1.00 (3H, s, CH3), 0.90 (3H, 5, CHa); *C-NMR (CDCl3, 125 MHz) 5:
164.9 (C=0), 164.2 (C=0), 150.0 (C-20), 1484 (C), 148.4 (C), 135.3 (C), 135.2 (C), 132.7 (CH),
132.3 (CH), 129.8 (CH), 129.7 (CH), 127.5 (CH), 127.3 (CH), 124.6 (CH), 124.5 (CH), 110.2 (C-29),
82.9 (C-3), 64.4 (C-28), 55.5 (C-5), 50.4 (C-9), 48.9 (C-19), 47.8 (C-17), 46.8 (C-18), 42.9 (C-14),
41.0(C-8), 38.4 (C-4), 38.3(C-1), 37.8 (C-13), 37.2 (C-10), 34.8 (C-7), 34.2 (C-22), 30.0 (C-21), 29.6

(C-16), 28.2 (C-23), 27.1 (C-2), 25.2 (C-15), 23.8 (C-12), 209 (C-11), 19.2 (C-30), 18.3 (C-6), 16.9
3



(C-25), 16.3 (C-26), 16.2 (C-24), 14.9 (C-27).

Compound (6¢): Yield: 65.4%; white solid; mp: 234-236 °C; IR (KBr, cm'l): Vmax 3446, 2945,
2870, 1711, 1642, 1033; 'H-NMR (CDCl3, 500 MHz) §: 7.76~7.78 (m, PhH), 7.59~7.61 (m, PhH),
4.75~4.77 (1H, m, H-3), 4.74 (1H, s, Hb-29), 4.60 (1H, s, Ha-29), 4.55 (1H, d, J = 10.8 Hz, Hb-28),
412 (1H, d, J = 10.4 Hz, Ha-28), 1.66 (3H, s, H-30), 1.12 (3H, s, CH3), 1.03 (3H, 5, CH3), 1.00 (3H, s,
CHa), 0.93 (3H, s, CH3), 0.88 (3H, s, CH3); *C-NMR (CDCl3, 125 MHz) &: 167.5 (C=0), 166.8
(C=0), 150.1 (C-20), 132.3 (C), 131.8 (C), 131.7(C), 131.6 (C), 131.1 (CH), 130.8 (CH), 130.2 (CH),
129.9 (CH), 128.7 (CH), 128.3 (CH), 126.8 (CH), 126.7 (CH), 124.6 (CF3), 122.4 (CF3), 110.0 (C-29),
83.2 (C-3), 64.7 (C-28), 55.6 (C-5), 50.3 (C-9), 49.0 (C-19), 47.8 (C-17), 46.5 (C-18), 42.8 (C-14),
40.9 (C-8), 38,5 (C-4), 38.0(C-1), 37.7 (C-13), 37.2 (C-10), 34.5 (C-7), 34.1(C-22), 29.7 (C-21), 29.6
(C-16), 28.0 (C-23), 27.0 (C-2), 25.2 (C-15), 23.3 (C-12), 20.9 (C-11), 19.2 (C-30), 18.2 (C-6), 16.6
(C-25), 16.2 (C-26), 14.8 (C-24), 14.3 (C-27).

Compound (6d): Yield: 72.5%; white solid; mp: 212-214 °C; IR (KBr, cm™): vine 3433, 2942,
2899, 1718, 1640, 882, 734; 'H-NMR (CDCl3, 500 MHz2) &: 7.84 (1H, d, J = 7.9 Hz, PhH), 7.80 (1H,
d, J = 7.4 Hz, PhH), 7.40~7.42 (m, PhH), 7.26~7.28 (m, PhH), 4.73~4.76 (1H, m, H-3), 471 (1H, s,
Hb-29), 4.60 (1H, s, Ha-29), 4.53 (1H, d, J = 10.8 Hz, Hb-28), 4.12 (1H, d, J = 11.1 Hz, Ha-28), 1.70
(38H, s, H-30), 1.08 (3H, s, CH3), 1.06 (3H, s, CH3), 0.95 (3H, s, CH3), 0.93 (3H, s, CH3), 0.88 (3H, s,
CHs); ®*C-NMR (CDCl3, 125 MHz2) &: 166.3 (C=0), 165.7(C=0), 150.1 (C-20), 133.7 (C), 1335 (C),
132.6 (C), 132.3 (C), 131.6 (CH), 131.3 (CH), 131.2 (CH), 131.1 (CH), 131.0 (CH), 130.5 (CH), 126.7
(CH), 126.6 (CH), 110.0 (C-29), 82.7 (C-3), 64.2 (C-28), 55.6 (C-5), 50.4 (C-9), 48.9 (C-19), 47.8
(C-17), 46.7 (C-18), 42.8 (C-14), 41.0 (C-8), 38,5 (C-4), 38.1 (C-1), 37.8 (C-13), 37.2 (C-10), 34.8
(C-7), 34.2 (C-22), 29.9 (C-21), 29.7 (C-16), 29.6 (C-23), 28.2 (C-2), 27.2 (C-15), 25.3 (C-12), 20.9
(C-11), 19.2 (C-30), 18.3 (C-6), 16.9 (C-25), 16.3 (C-26), 16.1 (C-24), 14.9 (C-27).

Compound (7b): Yield: 69.4%; colorless ail; IR (KBr, cm'l): Vmax 3444, 2930, 2866, 1712, 1455,
881, 739; MS (El): 581 (M*); '"H-NMR (CDCl3, 500 MHz) &: 7.99 (1H, s, PhH), 7.93 (1H,d, J=7.9
Hz, PhH), 7.52 (1H, d, J = 8.2 Hz, PhH), 7.39 (1H, t, J = 15.1 Hz, PhH), 4.70 (1H, s, Hb-29), 4.59 (1H,
s, Ha-29), 452 (1H, d, J = 10.4 Hz, Hb-28), 4.09 (1H, d, J = 12.3 Hz, Ha-28), 3.15~3.18 (1H, m, H-3),
1.73 (3H, s, H-30), 1.08 (3H, s, CH3), 0.98 (3H, s, CH3), 0.95 (3H, s, CH3), 0.81 (3H, s, CH3), 0.74 (3H,
s, CH3); ®*C-NMR (CDCl3, 125 MHZ) &: 165.8 (C=0), 150.1 (C-20), 134.6 (C), 133.0 (C), 132.3 (CH),

129.8 (CH), 129.7 (CH), 127.8 (CH), 110.0 (C-29), 79.0 (C-3), 63.8 (C-28), 55.4 (C-5), 50.5 (C-9),
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489 (C-19), 47.8 (C-17), 46.7 (C-18), 42.8 (C-14), 40.9 (C-8), 38.9 (C-4), 38.8 (C-1), 37.7 (C-13),
37.2 (C-10), 34.8 (C-7), 34.3 (C-22), 30.0 (C-21), 29.7 (C-16), 28.1 (C-23), 27.5 (C-2), 27.2 (C-15),
25.3(C-12), 20.9 (C-11), 19.3 (C-30), 18.4 (C-6), 16.2 (C-25), 16.1 (C-26), 15.5 (C-24), 14.9 (C-27).
Compound (7c): Yield: 67.6%; colorless oil; IR (KBr, cm'l): Vmax 3433, 2951, 2931, 1701, 1022,
882, 735; MS (El): 615 (M"); 'H-NMR (CDCl5, 500 MHzZ) &: 7.76 (1H, d, J = 12.3 Hz, PhH), 7.71
(1H, d, J=14.6 Hz, PhH), 7.58~7.60 (2H, m, PhH), 4.69 (1H, s, Hb-29), 4.58 (1H, s, Ha-29), 4.51 (1H,
d, J =105 Hz, Hb-28), 4.13 (1H, d, J = 9.7 Hz, Ha-28), 3.15~3.18 (1H, m, H-3), 1.71 (3H, s, H-30),
1.07 (3H, s, CH3), 0.97 (3H, s, CH3), 0.92 (3H, s, CH3), 0.81 (3H, s, CH3), 0.75 (3H, s, CHs); *C-NMR
(CDCl3, 125 MHz) é: 167.5 (C=0), 150.1 (C-20), 131.8 (C), 131.1 (CH), 130.2 (CH), 1285 (CH),
126.8 (CH), 126.7 (C), 121.7(CF), 110.0 (C-29), 79.0 (C-3), 64.9 (C-28), 55.4 (C-5), 50.5 (C-9), 49.0
(C-19), 47.7 (C-17), 46.5 (C-18), 42.7 (C-14), 40.9 (C-8), 38.9 (C-4), 38.8 (C-1), 37.7 (C-13), 37.2
(C-10), 345 (C-7), 34.3 (C-22), 29.7 (C-21), 29.6 (C-16), 28.1 (C-23), 27.5 (C-2), 27.1 (C-15), 25.3
(C-12),20.9 (C-11), 19.3 (C-30), 18.4 (C-6), 16.2 (C-25), 16.1 (C-26), 15.4 (C-24), 14.9 (C-27).
Compound (7d): Yield: 65.2%; colorless oil; IR (KBr, cm'l): Vmax 3448, 2927, 1698, 1457, 880,
730; MS (El): 560 (M*); *H-NMR (CDCl, 500 MHz) &: 7.92 (1H, d, J = 8.2 Hz, PhH), 7.04 (1H, d, J
= 8.3 Hz, PhH), 7.25~7.27 (2H, m, PhH), 4.70 (1H, s, Hb-29), 459 (1H, s, Ha-29), 4.46 (1H, d, J =
10.8 Hz, Hb-28), 4.09 (1H, d, J = 11.5 Hz, Ha-28), 3.16~3.18 (1H, m, H-3), 2.61 (3H, s, CH3), 1.69
(8H, s, H-30), 1.05 (3H, s, CH3), 1.03 (3H, s, CH3), 0.96 (3H, s, CH3), 0.82 (3H, s, CH3), 0.75 (3H, s,
CHa); ®*C-NMR (CDCls, 125 MHz) &: 168.1 (C=0), 150.2 (C-20), 140.2 (C), 132.0 (C), 131.8 (CH),
129.9 (CH), 129.9 (CH), 125.7 (CH), 110.0 (C-29), 79.0 (C-3), 63.2 (C-28), 55.4 (C-5), 50.5 (C-9),
49.0 (C-19), 47.8 (C-17), 46.7 (C-18), 42.8 (C-14), 40.9 (C-8), 38.9 (C-4), 38.8 (C-1), 37.7 (C-13),
37.2 (C-10), 34.9 (C-7), 34.3 (C-22), 30.0 (C-21), 29.7 (C-16), 28.0 (C-23), 27.5 (C-2), 27.2 (C-15),
25.3 (C-12), 22.1 (CHs), 20.9 (C-11), 19.3 (C-30), 18.4 (C-6), 16.1(C-25), 16.1 (C-26), 15.5 (C-24),
149 (C-27).

Compound (7€): Yield: 68.1%; colorless oil; IR (KBr, cm™): v 2947, 2866, 1688, 1455, 882,
744; MS (EI): 565 (M*); "H-NMR (CDCl3, 500 MHz) &: 8.03~8.06 (2H, m, PhH), 7.11 (2H, t, J =
14.5 Hz, PhH), 4.70 (1H, s, Hb-29), 4.59 (1H, s, Ha-29), 4.50 (1H, d, J = 10.1 Hz, Hb-28), 4.07 (1H, d,
J =84 Hz, Ha-28), 3.16~3.18 (1H, m, H-3), 1.68 (3H, s, H-30), 1.04 (3H, s, CH3), 0.99 (3H, s, CH3),
0.95 (3H, s, CH3), 0.81 (3H, s, CH3), 0.75 (3H, 5, CHa); *C-NMR (CDCl3, 125 MHZ) 5: 166.0 (C=0),

150.1 (C-20), 132.1 (C), 126.8 (C), 115.7 (CH), 1155 (CH), 110.0 (C-29), 79.0 (C-3), 635 (C-28),
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55.4 (C-5), 50.5 (C-9), 48.9 (C-19), 47.8 (C-17), 46.8 (C-18), 42.8 (C-14), 40.9 (C-8), 38.9 (C-4), 38.8
(C-1), 37.7 (C-13), 37.2 (C-10), 34.8 (C-7), 34.3 (C-22), 30.0 (C-21), 29.7 (C-16), 28.1 (C-23), 27.5
(C-2), 27.2 (C-15), 25.3 (C-12), 20.9 (C-11), 19.2 (C-30), 18.4 (C-6), 16.2 (C-25), 16.1 (C-26), 15.4
(C-24),14.9 (C-27).

Compound (7f): Yield: 66.5%; colorless oil; IR (KBr, cm™): vina 3446, 2935, 1712, 1640, 1033,
882, 722; MS (El): 581 (M*); "H-NMR (CDCl3, 500 MHZ) &: 7.29 (2H, d, J = 8.2 Hz, PhH), 7.20 (2H,
d, J = 84 Hz, PhH), 4.66 (1H, s, Hb-29), 4.56 (1H, s, Ha-29), 4.29 (1H, d, J = 10.3 Hz, Hb-28), 3.85
(1H, d, J=10.5Hz, Ha-28), 3.59 (1H, s, CH,), 3.15~3.18 (1H, m, H-3), 1.65 (3H, s, H-30), 1.02 (3H, s,
CHa), 1.01 (3H, s, CHg), 0.95 (3H, s, CH3), 0.80 (3H, s, CH5), 0.75 (3H, s, CH3); *C-NMR (CDCl3,
125 MHz) &: 171.6 (C=0), 150.1 (C-20), 133.1 (C), 132.7 (CH), 130.7 (CH), 128.7 (CH), 110.0 (C-29),
79.0 (C-3), 63.5 (C-28), 55.4 (C-5), 50.4 (C-9), 48.9 (C-19), 47.8 (C-17), 46.5 (C-18), 42.8 (C-14),
40.9 (C-8), 40.9 (CH,), 38.9 (C-4), 38.8 (C-1), 37.7 (C-13), 37.2 (C-10), 34.6 (C-7), 34.2 (C-22), 29.8
(C-21), 29.6 (C-16), 28.1 (C-23), 27.5 (C-2), 27.1 (C-15), 25.3 (C-12), 20.9 (C-11), 19.2 (C-30), 18.4
(C-6), 16.2 (C-25), 16.1 (C-26), 15.4 (C-24), 14.8 (C-27).

Compound (7g): Yield: 73.9%; colorless oil; IR (KBr, cm™): vma 3442, 2941, 1706, 1640, 880,
722; MS (El): 572 (M"); 'H-NMR (CDCl5, 500 MHZ) &: 7.69 (1H, d, J = 14.7 Hz, PhH), 7.49~7.52
(2H, m, PhH), 7.36~7.38 (2H, m, PhH), 6.46 (1H, d, J = 14.2 Hz, CH), 5.01 (1H, d, J = 5.4 Hz, CH),
4.70 (1H, s, Hb-29), 459 (1H, s, Ha-29), 441 (1H, d, J = 9.8 Hz, Hb-28), 3.99 (1H, d, J = 10.5 Hz,
Ha-28), 3.14~3.16 (1H, m, H-3), 1.69 (3H, s, H-30), 1.05 (3H, s, CH3), 1.02 (3H, s, CH3), 0.95 (3H, s,
CHa), 0.82 (3H, s, CHg), 0.77 (3H, s, CH3); ®*C-NMR (CDCl3, 125 MHz) &: 167.6 (C=0), 150.3
(C-20), 144.7 (CH), 134.5 (C), 130.3 (CH), 128.9 (CH), 128.2 (CH), 118.3 (CH), 110.0 (C-29), 79.0
(C-3), 62.9 (C-28), 55.4 (C-5), 50.5 (C-9), 48.9 (C-19), 47.8 (C-17), 46.7 (C-18), 42.8 (C-14), 40.9
(C-8), 38.9 (C-4), 38.8 (C-1), 37.7 (C-13), 37.2 (C-10), 34.8 (C-7), 34.2 (C-22), 30.0 (C-21), 29.7
(C-16), 28.1 (C-23), 27.5 (C-2), 27.2 (C-15), 25.3 (C-12), 20.9 (C-11), 19.3 (C-30), 18.4 (C-6), 16.2

(C-25), 16.1 (C-26), 15.5 (C-24), 14.9 (C-27).



