Bioorganic Chemistry 88 (2019) 102951

journal homepage: www.elsevier.com/locate/bioorg

Contents lists available at ScienceDirect =
BIO-ORGANIC
CHEMISTRY

Bioorganic Chemistry

Design and synthesis of the novel oleanolic acid-cinnamic acid ester
derivatives and glycyrrhetinic acid-cinnamic acid ester derivatives with

cytotoxic properties

Check for
updates

Rui Wang®"', Wei Yang™’, Yiqing Fan?, Wim Dehaen”, Yang Li¢, Huijing Li‘, Wei Wang?,

Qingxuan Zheng®, Qiyong Huai®"

@ Marine College, Shandong University, Weihai 264209, China

® Molecular Design and Synthesis, Department of Chemistry, KU Leuven, Celestijnenlaan 200F, B-3001 Heverlee, Belgium
€ Zhong Yuan Academy of Biological Medicine, Liaocheng People’s Hospital/Affiliated Liaocheng Hospital, Taishan Medical University, Liaocheng, China
4 School of Marine Science and Technology, Harbin Institute of Technology at Weihai, Weihai 264209, China

ARTICLE INFO ABSTRACT

Keywords:

Cytotoxicity

Oleanolic acid-cinnamic acid ester derivatives
Glycyrrhetinic acid-cinnamic acid ester

Oleanolic acid (OA) and glycyrrhetinic acid (GA) are natural products with anticancer effects. Cinnamic acid
(CA) and its derivatives also exhibited certain anticancer activity. In order to improve the anticancer activity of
OA and GA, we designed and synthesized a series of novel OA-CA ester derivatives and GA-CA ester derivatives
by using molecular hybridization approach. The 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide

dAe:iV?:s‘;:S (MTT) assay was used to assess their in vitro cytotoxicity on three cell lines (HeLa (cervical cancer), MCF-7
Rgsp (breast cancer) and L-O2 (a normal hepatic cell)). Among the evaluated compounds, 30 presented the strongest
Autophagy selective cytotoxicity on HeLa cells (ICso = 1.35puM) and showed no inhibitory activity against MCF-7 cells

(ICsp > 100uM) and L-O2 cells (ICso > 100 uM), and 3e presented the strongest selective inhibition of the
MCF-7 cells (ICso = 1.79 uM). What’s more, compound 2d also showed very strong selective inhibitory activity
against HeLa cells (ICso = 1.55 pM). The further research using Hoechst 33342, AO/EB dual-staining, flow cy-
tometric analysis and DCFH-DA fluorescent dye staining assay presented that 2d and 3o could induce HeLa cells

apoptosis and autophagy.

1. Introduction

Cancer has become a major cause of death in humans. In 2018, there
were an estimated 18.1 million new cancer cases and 9.6 million cancer
deaths worldwide [1]. In the United States, 1,735,350 new cancer cases
and 609,640 cancer deaths are projected to occur in 2018 [2]. Efforts to
develop low-toxic and high-efficiency anticancer agents have become
the primary task of mankind. Natural products have long been used to
treat various diseases due to their wide range of pharmacological ac-
tivities [3]. Because of the structurally modified derivatives of natural
products with anticancer effects have fewer side effects, they are being
beneficial to combat cancer compare with synthetic drugs [4]. And it is
a simple and effective method to obtain anticancer agents by structu-
rally modifying natural products with antitumor activity [5]. Oleanolic
acid (OA) and glycyrrhetinic acid (GA) are active natural products ex-
tracted from natural plants Ligustri Lucidi Fructus and Glycyrrhiza
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uralensis, respectively. They are all pentacyclic triterpenoids with si-
milar structures (Fig. 1). Studies reported that they both have a wide
range of pharmacological activities, such as antiviral [6-9], anticancer
[10-15], anti-inflammatory [16-21] and some other activities [22-25].
The researchers did a lot of OA and GA structural modification work
and achieved good results [26-34]. Jin et al. designed and prepared a
series of glycyrrhetinic acid conjugates with a triphenylphosphonium
cation (TTP") moiety and the novel glycyrrhetinic acid derivatives
exhibited stronger anticancer cell proliferation than GA [35]. Chu et al.
reported that oleanolic acid-lysine derivative derivatives displayed
strong inhibitory effect on hepatic stellate cells and could induce it
apoptosis [36]. Cinnamic acid (CA), as a natural product, was found to
have certain inhibitory activity against cancer cells (such as lung
cancer, prostate, melanoma and glioblastoma cells) [37-39].

In order to further enhance cytotoxic potency and better cancer
cell/normal cell selectivity of OA and GA, a series of novel OA-CA ester
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CA

Fig. 1. Oleanolic acid (OA), glycyrrhetinic acid (GA) and cinnamic acid (CA).

derivatives and GA-CA ester derivatives modified on -OH and -COOH
position were synthesized and used MTT method to test their inhibitory
activities against HeLa, MCF-7 and L-O2 cells. To further study the
mechanism of action of compounds 2d and 3o that we performed
apoptosis, ROS accumulation and autophagy tests.

2. Results and discussion
2.1. Chemistry

The preparation of oleanolic acid-cinnamic acid ester derivatives
3a-p was showed in Scheme 1. 2-substituted benzyl bromide or 2-
substituted benzyl chloride respectively reacts with OA to obtain OA
esters 2a-d. Cinnamic acid, 4-position cinnamic acid with substituent
and 5-fluorocinnamic acid were coupled with the 3-OH position of 2a-d
to obtain esters 3a-p in 1-ethyl-(3-(3-dimethiylamino) propyl)-carbo-
diimide hydrochloride (EDCI)/ N, N-dimethyl-4-aminopyridine (DMAP)
system. Showed in Scheme 2, glycyrrhetinic acid-cinnamic acid ester
derivatives, viz., 5a-q were prepared. The GA esters 4a-d was obtained
by the same way as OA esters 2a-d. The 3-OH position of 4a-d was
coupled with cinnamic acid, 5-fluorocinnamic acid and 4-position cin-
namic acid with substituent in the presence of EDCI/DMAP to get GA
esters 5a-q.

2.2. In vitro cytotoxicity

The in vitro cytotoxicity of compounds 1a, b, 2a-d, 3a-p, 4a-d and
5a-q against L-O2, MCF-7 and Hela cells were tested in MTT method
and the result set out in Table 1. The lead compounds GA and OA
displayed very poor inhibitory effect on MCF-7 and HeLa cells. In
contrast to GA and OA, the OA esters 2a-d and GA esters 4a-d showed
certain cytotoxicity to HeLa and MCF-7 cells, advocating that the in-
troduction of a benzyl group with a substituent at the ortho position on
the phenyl ring at COOH position of GA and OA could enhance their
anticancer activity. In particular, compound 2d showed strong selective
inhibitory activity against HeLa cells (ICso = 1.55 uM). Further mod-
ifying the OH group of OA esters or GA esters to obtain OA-CA esters
derivatives or GA-CA esters derivatives, and their selective inhibitory
activity against cancer cells was significantly improved. As compared
with GA and OA, compound 3e, 3m, 5e, 5i-j and 5m indicated strong
selective inhibition of MCF-7 cells and compound 3e was the best one
with ICso values 1.79uM, advocating that 4-methylcinnamic acid
linked to C-OH position of OA-2-chlorobenzyl ester could significantly
improve the inhibition property of OA on MCF-7 cells. In HelLa cells,
compounds 3k-1, 3n-o0, 5d, 51 and 50-q exhibited strong selective in-
hibitory activity against it and compound 30 was the most potent one
with ICsq value 1.35 uM. Compound 3o exhibited cytotoxicity close to
the positive control Gefitinib (ICso = 1.28 uM), however, its cytotoxi-
city against L-O2 cells (ICso > 100 uM) was much less than that of
Gefitinib (ICs¢p = 7.58 uM). Compounds 3m and 5a showed moderate

inhibitory effect on HeLa and MCF-7 cells. Interestingly, compounds 3a,
3c-d, 3g-j, 5¢ and 5f could inhibit neither HeLa cells nor MCF-7 cells.

Structure activity relationship analysis demonstrated that, there was
no clear trend for the electron-donating and electron-withdrawing
substituents for the effect of benzyl on GA cytotoxicity. However, the
introduction of a benzyl group with an electron donating group (CHz)
in the ortho position to OA can significantly increase the inhibitory
effect of OA on HelLa cells.

2.3. Inhibition of compound 2d and 30 on HeLa cells proliferation

Since compounds 2d and 3o showed strong cytotoxicity against
HeLa cells, we used HeLa cells to further study the mechanism of action
of 2d and 3o. As shown in Fig. 2, compounds 2d and 3o have a sig-
nificant inhibitory effect on the growth of HeLa cells and inhibit cell
proliferation in a concentration- and time-dependent manner.

2.4. Cell apoptosis induced by compounds 2d and 30

Apoptosis and necrosis, especially the former, are common cellular
responses to anticancer drugs. To further evaluate whether the cyto-
toxic effect of 2d and 3o are related to apoptosis, we detected cell
apoptosis by Hoechst 33342, AO/EB dual-staining and detected apop-
tosis rate by Annexin V/7-AAD dual-staining method (Figs. 3-5). After
treatment with compounds 2d (0 uM for control, 2 and 4 uM) and 30
(OuM for control, 1 and 2uM) for 48 h, as shown in Fig. 3, a large
number of cells with apoptotic features such as nuclear fragmentation
and chromatin condensation were observed in the test group in a dose-
dependent manner compared with the control group. AO, as a vital dye
showing green fluorescence, can stain both live and dead cells. EB stains
only apoptotic or necrotic cells that have lost their membrane integrity
and appear red fluorescence. As shown in Fig. 4, in control cells the
normal morphology and homogeneous green fluorescence were ob-
tained. When cells were pre-incubated with compounds 2d and 3o, the
orange or red fluorescence, which are the clearly morphological fea-
tures of apoptosis, were observed in the test group in a dose-dependent
manner. These preliminary results indicate that both compounds 2d
and 30 can induce apoptosis of HeLa cells. To further confirm the
nature of cell death induced by compounds 2d and 30, Annexin V-PE/7-
AAD dual-staining was performed, and the results were analyzed using
flow cytometry. Fig. 5 shows that the population of apoptotic cells
treated with compounds 2d and 3o had increased remarkably with
dose-dependent relation.

2.5. Intracellular ROS accumulation induced by compounds 2d and 30

ROS, which regard as mediators of apoptosis, are important for the
induction of apoptosis in many cancer cells, and could enter the nucleus
to cause DNA damage. Fluorescence microscopy was performed using
DCFH-DA fluorescent dye to investigate whether compounds 2d and 3o
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Scheme 1. General experimental way for the synthesis of 3a-p. Reagents and conditions: (a) DMF, K,CO3, room temp; (b) EDCI, DMAP, reflux, room temp.

treatment could increase the ROS level in HeLa cells. As shown in Fig. 6,
no significant fluorescence was found in control group. After treatment
with compounds 2d (2 and 4puM) or 3o (1 and 2uM) for 48h, the
fluorescence images are observed. These results demonstrate that
compounds 2d and 3o can increase ROS levels and in a dose-dependent
manner.

2.6. Autophagy induced by compounds 2d and 3o

Autophagy, as a lysosomal degradation pathway, which is con-
sidered to be a third mode of cell death besides apoptosis and necrosis,
is essential for homeostasis under normal conditions. To investigate the
autophagic effect of those derivatives on HelLa cells, the cells were
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Scheme 2. General experimental way for the synthesis of 5a-q. Reagents and conditions: (a) DMF, K,CO3, room temp; (b) EDCI, DMAP, reflux, room temp.

treated with compounds 2d (0puM for control, 2 and 4puM) and 3o intensity, with MFI = 1405 for OuM as the control, MFI = 2615 for
(0 uM for control, 1 and 2 uM) for 48 h, then the cells were stained with 2uM and MFI = 3446 for 4 uM. The same effect was also observed in
monodansylcadaverine (MDC). As shown in Fig. 7, different con- compounds 3o with MFI = 1338 for O uM as the control, MFI = 2222
centrations of compounds 2d lead to an increase in MDC fluorescent for 1 uM and MFI = 2714 for 2uM. The increase of MDC fluorescent
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Table 1
The ICsq values of OA, GA and their derivatives toward L-O2, MCF-7 and HeLa
cells.

Compd.  ICso (UM)? Compd. ICs0 (UM)?

L-02 MCEF-7 HeLa L-02 MCE-7 HeLa
la 32.9 > 100 >100 4a 69.43 27.73 42.68
1b >100 64.16 98.99 4b 11.9 14.06 19.01
2a > 100 12.97 >100 4c 1.9 20.07 22.01
2b > 100 > 100 >100 4d 44.2 8.21 29.99
2¢ >100 38.03 >100 5a 23.57 18.61 37.46
2d >100 32.49 1.55 5b 7.38 >100 4297
3a > 100 > 100 >100 5c 10.19 > 100 > 100
3b 2.78 >100 61.86 5d 83.18 >100 1.69
3c > 100 > 100 > 100 5e > 100 36.84 > 100
3d > 100 > 100 > 100 5f > 100 > 100 > 100
3e >100 1.79 >100 5g 28.19 >100 61.35
3f 16.86 48.01 >100 5h 25.31 > 100 > 100
3g > 100 > 100 >100 5i > 100 46.53 > 100
3h > 100 > 100 >100 5j > 100 86.55 > 100
3i 83.35 > 100 >100 5k 69.6 19.36 > 100
3j > 100 > 100 >100 51 > 100 81.96 1.72
3k > 100 >100 2.18 S5m > 100 42.68 > 100
31 > 100 >100 44.28 5n 1.77 >100 40.45
3m >100 38.89 56.29 50 > 100 >100 2.76
3n > 100 >100 2.34 5p > 100 > 100 53.42
30 > 100 >100 1.35 5q 64.31 >100 55.81
3p 82.81 >100 41.87 Gefitinib  7.58 1.22 1.28

2 1Cs is the drug concentration effective in inhibiting 50% of the cell growth
tested in MTT way and it was from three independent experiments.

intensity demonstrates the increasing number of autophagic cells. The
results indicated that the derivatives could induce autophagy in HeLa
cells and the autophagic effect occurs in a concentration-dependent
manner.

3. Conclusion

In this study, a series of new OA-CA ester derivatives and GA-CA
ester derivatives were prepared by using the molecular hybridization
approach and were screened for their in vitro cytotoxic activity in the
MTT method with MCF-7, HeLa and L-O2 cells. Compounds 2d and 3o
displayed strong selective inhibitory effect on Hela cells with ICsq va-
lues 1.55uM and 1.35puM, respectively. A series of pharmacological
studies showed that ROS was involved in the cytotoxicity and apoptosis
induced 2d and 3o, and they also could induce Hela cells autophagy.
Compound 30 may be a potential new anti-Hela candidate drug. For
MCF-7 cell, compound 3e was the most potent one. Due to its strong
selective inhibitory activity and it may be a potential anti-MCF-7 can-
didate agent. These derivatives will widen the structural diversity of
anticancer targets and affirm the perspectives of further investigations.
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1004
~- 24h

803 —~ 48h

60

40-

Inhibition rate
(% of control)

204

0

v | J5E | T T

¢ & N Vv
N

Concentration (M)

7=

Q!

Bioorganic Chemistry 88 (2019) 102951

4. Experimental
4.1. General

Melting points (mp) were tested by SGW X-4 micro-melting point
apparatus. Silica gel and silica gel plates were used to perform Column
chromatography and Thin-layer chromatography (TLC) respectively.
Bruker-400 instrument (400 MHz) was used to get >C- and 'H NMR
spectra and CDCl; as solvent. Mass spectra were acquired on a quad-
rupole orthogonal acceleration time-of-flight mass spectrometer
(Synapt G2 HDMS, Waters, Milford, MA). The solvent and reagents
without further purification and were obtained from Xinyue Chemical
and Glass Co. (Weihai, China).

4.2. Synthesis

4.2.1. General experimental way for the synthesis of 2a-d and 4a-d

To a stirred solution of anhydrous potassium carbonate (500 mg,
3.62 mmol) and 1a (or 1b) (1 mmol) in N, N-dimethylformamide (DMF)
(10mL) at 25°C for 0.5h. 2-fluorobenzyl bromide (or 2-chlorobenzyl
chloride, 2-bromobenzyl bromide and 2-methylbenzyl chloride)
(1.5mmol) was added and stirring was continued at 25°C for 8h.
Saturated sodium chloride (10 mL) was added after the reaction was
completed, and then extracted with ethyl acetate (50 mL) three times.
The organic phase was washed with water. And the solvent was re-
moved after drying over anhydrous sodium sulfate to get compounds
2a-d or 4a-d.

4.2.1.1. 2-Fluorobenzyl 3beta-hydroxyolean-12-en-28-oate (2a). White
solid, yield 88%, mp 179.1-180.5°C. '"H NMR (CDCl3) &: 7.23- 7.43
(m, 2H), 6.99-7.19 (m, 2H), 5.28 (s, 2H, Ph-H,), 5.14 (m, 1H, H-12),
3.19 (dd, 1H, H-3, J = 10.6, 5.0Hz), 2.89 (dd, 1H, H-18, J = 13.9,
4.5Hz), 2.03 (m, 1H, H-16), 1.83 (dd, 2H, H-11 and H-11’, J = 8.9,
3.7 Hz), 1.74 (m, 1H, H-22), 1.69 (dd, 1H, H-1, J = 13.6, 4.4 Hz), 1.64
(m, 1H, H-19), 1.63 (m, 1H, H-16"), 1.60 (m, 1H, H-15), 1.55-1.58 (m,
2H, H-2 and H-2), 1.53 (m, 1H, H-22"), 1.52 (m, 1H, H-6), 1.50 (m, 1H,
H-9), 1.48 (m, 1H, H-6"), 1.42 (m, 1H, H-7), 1.39 (m, 1H, H-21), 1.34
(m, 1H, H-21%), 1.24 (m, 1H, H-7"), 1.17 (m, 1H, H-19"), 1.12 (s, 3H, H-
27),1.05 (m, 1H, H-1"), 1.02 (m, 1H, H-15"), 0.98 (s, 3H, H-30), 0.92 (s,
3H, H-29), 0.90 (m, 3H, H-23), 0.87 (s, 3H, H-25), 0.77 (s, 3H, H-24),
0.70 (m, 1H, H-5), 0.58 (s, 3H, H-26); 1*C NMR (CDCl,) §: 177.3, 159.8,
143.5, 130.6, 129.9, 129.9, 124.0, 122.5, 115.4, 78.9, 60.0, 55.2, 47.6,
46.8, 45.8, 41.7, 41.4, 39.3, 38.7, 38.5, 37.0, 33.9, 33.1, 32.7, 32.3,
30.7, 28.1, 27.3, 25.9, 23.6, 23.4, 23.0, 18.3, 16.8, 15.7. HRMS (ES + )
m/z caled for C3,Hs4F103 [M + H]* : 565.4051, found 581.4060.

4.2.1.2. 2-Chlorobenzyl 3beta-hydroxyolean-12-en-28-oate (2b). White
solid, yield 86%, mp 184.1-185.2 °C. 'H NMR (CDClj) 8: 7.36— 7.45

30 - HeLa
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Fig. 2. The proliferation inhibition of 2d and 3o toward HeLa assayed by MTT. HeLa cells were continuously treated with different concentrations (0 uM, 0.25 puM,
0.5uM, 1 uM, 2 M, 4 uM) of 2d and 3o for 24 h or 48 h. Cell viability was then determined by MTT assay. The experiments were done three times and the results of

representative experiments were displayed.
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2d (4 pM)

Control (0 pM)

3o (1 pM)

3o (2 uM)

Fig. 3. Fluorescent microscopic analysis of nuclei fragmentation of Hoechst 33,342 staining. Representative photomicrographs of HeLa cells stained with Hoechst
33,342 fluorescent dye after exposure to 2d (drug concentrations were 0 uM, 2 pM and 4 pM) and 3o (0O uM, 1 uM and 2 uM) for 48 h. The experiments were done

three times and the results of representative experiments were displayed.

(m, 2H), 7.24-7.26 (m, 2H), 5.29 (s, 2H, Ph-H,), 5.15 (m, 1H, H-12),
3.20 (dd, 1H, H-3, J = 10.6, 5.0Hz), 2.91 (dd, 1H, H-18, J = 14.0,
8.0 Hz), 2.02 (m, 1H, H-16), 1.82-1.85 (m, 2H, H-11 and H-11%), 1.71
(m, 1H, H-22), 1.68 (m, 1H, H-1), 1.65 (m, 1H, H-19), 1.61 (m, 1H, H-
16%), 1.59 (m, 1H, H-15), 1.56-1.58 (m, 2H, H-2 and H-2"), 1.55 (m, 1H,
H-22%), 1.53 (m, 1H, H-6), 1.51 (m, 1H, H-9), 1.48 (m, 1H, H-6"), 1.43
(m, 1H, H-7), 1.39 (m, 1H, H-21), 1.34 (m, 1H, H-21%), 1.25 (m, 1H, H-

Control (0 pM)

Control (0 uM)

2d 2 pM)

77),1.18 (m, 1H, H-19%), 1.13 (s, 3H, H-27), 1.07 (m, 1H, H-17), 1.03 (m,
1H, H-15%), 0.98 (s, 3H, H-30), 0.93 (s, 3H, H-29), 0.90 (s, 3H, H-23),
0.87 (s, 31, H-25), 0.77 (s, 3H, H-24), 0.72 (m, 1H, H-5), 0.58 (s, 3H, H-
26); '3C NMR (CDCly) & 177.3, 143.6, 134.0, 133.8, 130.1, 129.4,
129.3,126.7, 122.6, 78.9, 63.5, 55.2, 47.6, 46.9, 45.9, 41.7, 41.4, 39.3,
38.7, 37.0, 33.9, 33.1, 32.7, 32.4, 30.7, 28.1, 27.2, 25.9, 23.7, 23.4,
23.1, 18.3, 16.9, 15.6. HRMS (ES + ) m/z caled for CsyHssCl,05

2d (4 pM)

3o 2 uM)

Fig. 4. Representative images of AO/EB double stained HeLa cells after treatment with compounds 2d (drug concentrations were 0 puM, 2 uM and 4 pM) and 30
(OuM, 1 uM and 2 uM) for 48 h. The experiments were done three times and the results of representative experiments were displayed.
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Fig. 5. Hela cells apoptosis was detected by Annexin V/7-AAD assay after co-incubation with various concentrataions of 2d (drug concentrations were 0 pM, 2 M
and 4 uM) and 3o (0pM, 1 M and 2 uM) for 48 h. The experiments were done three times and the results of representative experiments were displayed.

Control (0 pM)

Control (0 pN)

2d (2 uM)

3o (1 pM)

2d (4 uM)

Jo (2 pM)

Fig. 6. Fluorescence microscope analysis of ROS by DCFH-DA staining after treatment with compounds 2d (drug concentrations were 0 uM, 2 uM and 4 uM) and 30
(OuM, 1 uM and 2 uM) for 48 h. The experiments were done three times and the results of representative experiments were displayed.

[M + H]" : 581.3756, found 581.3729.

4.2.1.3. 2-Bromobenzyl 3beta-hydroxyolean-12-en-28-oate (2c). White
solid, yield 85%, mp 169.1-170.4 °C. 'H NMR (CDCls) &: 7.34- 7.36

(m, 1H), 7.14-7.32 (m, 3H), 5.29 (s, 2H, Ph-H,), 5.10 (m, 1H, H-12),
3.21 (dd, 1H, H-3, J = 10.6, 5.0 Hz), 2.92 (dd, 1H, H-18, J = 13.9,
4.5Hz), 2.00 (m, 1H, H-16), 1.85 (dd, 2H, H-11 and H-11’, J = 8.9,
3.7 Hz), 1.72 (m, 1H, H-22), 1.70 (dd, 1H, H-1, J = 13.6, 4.4 Hz), 1.66
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Fig. 7. MDC fluorescent intensity in the autophagy was determined by flow cytometry while HeLa cells were co-incubation with various concentrataions of 2d (drug
concentrations were O M, 2uM and 4 uM) and 30 (OuM, 1uM and 2puM) for 48 h. The experiments were done three times and the results of representative

experiments were displayed.

(m, 1H, H-19), 1.63 (m, 1H, H-16), 1.60 (m, 1H, H-15), 1.57-1.59 (m,
2H, H-2 and H-2), 1.54 (m, 1H, H-22"), 1.52 (m, 1H, H-6), 1.50 (m, 1H,
H-9), 1.47 (m, 1H, H-6%), 1.43 (m, 1H, H-7), 1.39 (m, 1H, H-21), 1.36
(m, 1H, H-21%), 1.23 (m, 1H, H-7%), 1.19 (m, 1H, H-19"), 1.14 (s, 3H, H-
27), 1.07 (m, 1H, H-1), 1.03 (m, 1H, H-15), 1.00 (s, 3H, H-30), 1.94 (s,
3H, H-29), 0.92 (m, 3H, H-23), 0.90 (s, 3H, H-25), 0.80 (s, 3H, H-24),
0.74 (m, 1H, H-5), 0.60 (s, 3H, H-26); 1°C NMR (CDCl;) 8: 177.3, 143.5,
135.7, 132.7, 130.2, 129.5, 127.4, 123.6, 122.6, 78.9, 65.6, 55.2, 47.6,
46.9, 45.9, 41.7, 41.4, 39.3, 38.7, 38.5, 37.0, 33.9, 33.2, 32.7, 32.5,
30.7, 28.2, 27.2, 25.9, 23.7, 23.4, 23.1, 18.3, 16.9, 15.7. HRMS (ES + )
m/z caled for C3,Hs4Br;05 [M + H] 7' : 625.3251, found 625.3182.

4.2.1.4. 2-Methylbenzyl 3beta-hydroxyolean-12-en-28-oate (2d). White
solid, yield 86%, mp 185.5-187.6 °C. 'H NMR (CDCl,) 8: 7.34- 7.37
(m, 2H), 7.19-7.24 (m, 2H), 5.29 (s, 2H, Ph-H,), 5.10 (m, 1H, H-12),
3.21 (dd, 1H, H-3, J = 10.6, 5.0Hz), 2.92 (dd, 1H, H-18, J = 13.9,
4.5Hz), 2.00 (m, 1H, H-16), 1.85 (dd, 2H, H-11 and H-11’, J = 8.9,
3.7Hz), 1.75 (m, 1H, H-22), 1.68 (m, 1H, H-1), 1.66 (m, 1H, H-19),
1.63 (m, 1H, H-16), 1.60 (m, 1H, H-15), 1.54-1.55 (m, 2H, H-2 and H-
27, 1.52 (m, 1H, H-22"), 1.50 (m, 1H, H-6), 1.47 (m, 1H, H-9), 1.45 (m,
1H, H-6"), 1.43 (m, 1H, H-7), 1.39 (m, 1H, H-21), 1.36 (m, 1H, H-21"),
1.22 (m, 1H, H-7%), 1.16 (m, 1H, H-19"), 1.14 (s, 3H, H-27), 1.07 (m,
1H, H-1), 1.02 (m, 1H, H-15"), 1.00 (s, 3H, H-30), 0.94 (s, 3H, H-29),
0.92 (m, 3H, H-23), 0.89 (s, 3H, H-25), 0.80 (s, 3H, H-24), 0.72 (m, 1H,
H-5), 0.60 (s, 3H, H-26); *C NMR (CDCl;) &: 177.4, 143.6, 136.8,
134.3, 130.2, 129.2, 128.2, 125.9, 122.6, 78.9, 64.5, 55.3, 47.6, 46.9,
45.9, 41.7, 41.4, 39.3, 38.8, 38.5, 37.0, 33.9, 33.2, 32.8, 32.5, 30.7,
28.2, 27.2, 25.9, 23.7, 23.4, 23.1, 18.4, 16.9, 15.7. HRMS (ES + ) m/z
caled for C3gHs,05 [M + H]* : 561.4301, found 561.3742.

4.2.1.5. 2-Fluorobenzyl 3beta-hydroxy-11-oxo-olean-12-en-30-oate
(4a). White solid, yield 87%, mp 187.1-188.2°C. 'H NMR (CDCly) 8:
7.32-7.42 (m, 1H), 7.09-7.19 (m, 1H), 5.54 (s, 1H, H-12), 5.31 (s, 2H,
Ph-CH,), 3.23 (dd, 1H, H-3, J =10.8, 5.5Hz), 2.79 (dt, 1H, H-1,
J = 13.4, 3.6 Hz), 2.32 (s, 1H, H-9), 2.06 (m, 1H, H-18), 2.03 (m, 1H,
H-15), 1.94 (m, 1H, H-21), 1.91 (m, 1H, H-19), 1.82 (m, 1H, H-16),

1.75 (m, 1H, H-2), 1.71 (m, 1H, H-7), 1.66 (m, 1H, H-2), 1.62 (m, 1H,
H-19), 1.59 (m, 1H, H-6), 1.50 (m, 1H, H-6"), 1.46 (m, 1H, H-7"), 1.42
(m, 1H, H-22), 1.35 (s, 3H, H-27), 1.33 (m, 1H, H-22"), 1.30 (m, 1H, H-
217, 1.27 (m, 1H, H-16"), 1.17 (s, 3H, H-25), 1.15 (s, 3H, H-28), 1.12 (s,
3H, H-26), 1.01 (s, 3H, H-23), 0.97 (m, 1H, H-19), 0.96 (m, 1H, H-15"),
0.82 (s, 31, H-24), 0.76 (s, 3H, H-29), 0.72 (m, 1H, H-5); '3C NMR
(CDCls) & 200.1, 176.1, 169.0, 130.7, 130.4, 130.4, 128.5, 124.2,
115.7, 115.5, 78.7, 61.8, 60.4, 54.9, 53.4, 48.2, 45.4, 44.1, 43.2, 41.0,
39.1, 37.6, 37.1, 32.8, 31.8, 31.2, 28.4, 28.3, 28.1, 27.3, 26.5, 26.4,
23.3, 18.7, 17.5, 16.4, 15.6. HRMS (ES+) m/z calcd for CyyHsoF 104
[M + H]*: 579.3844, found 579.3846.

4.2.1.6. 2-Chlorobenzyl 3beta-hydroxy-11-oxo-olean-12-en-30-oate
(4b). White solid, yield 89%, mp 94.5-96.6 °C. 'H NMR (CDCls) &:
7.40-7.45 (m, 1H), 7.28-7.31 (m, 1H), 5.55 (s, 1H, H-12), 5.31 (s, 2H,
Ph-CH,), 3.23 (ddd, 1H, H-3, J = 10.6, 5.0, 1.8 Hz), 2.84 (m, 1H, H-1),
2.32 (s, 1H, H-9), 2.07 (m, 1H, H-18), 2.03 (m, 1H, H-15), 1.95 (m, 1H,
H-21), 1.92 (m, 1H, H-19), 1.82 (m, 1H, H-16), 1.78 (m, 1H, H-2), 1.70
(m, 1H, H-7), 1.67 (m, 1H, H-2"), 1.62 (m, 1H, H-19"), 1.59 (m, 1H, H-
6), 1.51 (m, 1H, H-6"), 1.48 (m, 1H, H-7"), 1.45 (m, 1H, H-22), 1.36 (s,
3H, H-27), 1.32 (m, 1H, H-22"), 1.26 (m, 1H, H-21"), 1.21 (m, 1H, H-
167, 1.19 (s, 3H, H-25), 1.12 (s, 3H, H-28), 1.11 (s, 3H, H-26), 1.01 (s,
3H, H-23), 0.99 (m, 1H, H-1"), 0.97 (m, 1H, H-15"), 0.81 (s, 3H, H-24),
0.77 (s, 3H, H-29), 0.70 (m, 1H, H-5); '3C NMR (CDCls) &: 200.2, 176.1,
169.0, 133.8, 133.7, 130.2, 129.7, 129.7, 128.5, 127.0, 78.8, 63.8,
61.8, 54.9, 53.5, 48.2, 45.4, 44.2, 43.2, 41.0, 39.1, 37.7, 37.1, 36.57,
32.8, 31.9, 31.8, 31.2, 28.4, 28.4, 28.1, 27.2, 26.5, 26.4, 23.4, 18.7,
17.5, 16.4, 15.6. HRMS (ES + ) m/z caled for CsyHs,Cl,0,4 [M + H]™*:
595.3548, found 595.3561.

4.2.1.7. 2-Bromobenzyl 3beta-hydroxy-11-oxo-olean-12-en-30-oate
(4c). White solid, yield 88%, mp 193.1-194.2 °C. 'H NMR (CDCl5) §:
7.52 (dd, 1H, J = 8.0, 1.2Hz), 7.37 (d, 1H, J = 6.4 Hz), 7.29 (td, 1H,
J=17.5,1.2Hz),7.14 (td, 1H, J = 7.7, 1.8 Hz), 5.51 (s, 1H, H-12), 5.23
(s, 2H, Ph-CH.), 3.16 (dd, 1H, H-3, J = 11.2, 5.5 Hz), 2.72 (dt, 1H, H-1,
J =13.3, 3.5Hz), 2.26 (s, 1H, H-9), 2.06 (m, 1H, H-18), 2.03 (m, 1H,
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H-15), 1.95 (m, 1H, H-21), 1.92 (m, 1H, H-19), 1.87 (m, 1H, H-16),
1.75 (m, 1H, H-2), 1.72 (m, 1H, H-7), 1.65 (m, 1H, H-2"), 1.62 (m, 1H,
H-19"), 1.58 (m, 1H, H-6), 1.52 (m, 1H, H-6"), 1.45 (m, 1H, H-7"), 1.41
(m, 1H, H-22), 1.35 (m, 1H, H-22"), 1.30 (s, 3H, H-27), 1.27 (m, 1H, H-
21%), 1.20 (m, 1H, H-16"), 1.14 (s, 3H, H-25), 1.07 (s, 3H, H-28), 1.04 (s,
3H, H-26), 0.95 (s, 3H, H-23), 0.90 (m, 1H, H-1"), 0.88 (m, 1H, H-15"),
0.75 (s, 3H, H-24), 0.71 (s, 3H, H-29), 0.64 (m, 1H, H-5); °C NMR
(CDCl;) &: 200.1, 175.9, 169.0, 135.3, 132.9, 130.1, 129.9, 128.5,
127.6, 123.5, 78.5, 65.9, 61.7, 54.9, 48.1, 45.3, 44.1, 43.1, 41.0, 39.1,
37.7, 37.0, 32.7, 31.8, 31.1, 28.4, 28.2, 27.2, 26.4, 26.4, 23.4, 18.7,
17.5, 16.4, 15.7. HRMS (ES+) m/z caled for Cg;Hs,Br,04 [M + H] *:
639.3044, found 639.3045.

4.2.1.8. 2-Methylbenzyl 3beta-hydroxy-11-oxo-olean-12-en-30-oate
(4d). White solid, yield 88%, mp 184.5-185.6 °C. 'H NMR (CDCl3) &:
7.34 (dd, 1H, J = 7.5, 1.9 Hz), 7.17 -7.28 (m, 3H), 5.55 (s, 1H, H-12),
5.29 (s, 2H, Ph-CH,), 3.23 (dd, 1H, H-3, J = 11.0, 5.3 Hz), 2.79 (dt, 1H,
H-1, J = 13.4, 3.6 Hz), 2.32 (s, 1H, H-9), 2.07 (m, 1H, H-18), 2.04 (m,
1H, H-15), 1.96 (m, 1H, H-21), 1.92 (m, 1H, H-19), 1.81 (m, 1H, H-16),
1.77 (m, 1H, H-2), 1.72 (m, 1H, H-7), 1.65 (m, 1H, H-2"), 1.62 (m, 1H,
H-19%), 1.59 (m, 1H, H-6), 1.51 (m, 1H, H-6"), 1.45 (m, 1H, H-7), 1.42
(m, 1H, H-22), 1.36 (s, 3H, H-27), 1.32 (m, 1H, H-22"), 1.29 (m, 1H, H-
217, 1.26 (m, 1H, H-16"), 1.17 (s, 3H, H-25), 1.14 (s, 3H, H-28), 1.11 (s,
3H, H-26), 1.01 (s, 3H, H-23), 0.97 (m, 1H, H-1"), 0.95 (m, 1H, H-15"),
0.81 (s, 3H, H-24), 0.76 (s, 3H, H-29), 0.72 (m, 1H, H-5); *C NMR
(CDCl3) &: 200.1, 176.2, 169.0, 136.7, 134.0, 130.4, 129.1, 128.5,
126.1, 78.7, 64.6, 61.8, 54.9, 48.2, 45.4, 44.1, 43.2, 41.1, 39.1, 37.7,
37.1, 32.8, 31.8, 31.2, 28.5, 28.3, 28.1, 27.3, 26.5, 26.4, 23.4, 19.0,
18.7,17.5,16.4, 15.6. HRMS (ES + ) m/z caled for CsgHss04 [M + H]*
: 575.4095, found 575.4106.

4.2.2. General experimental way for the synthesis of 3a-p and 5a-q

To a solution of EDCI (1 mmol) and the corresponding cinnamic
acids (1 mmol) in anhydrous dichloromethane (15mL) at 0°C, and
meanwhile, 2a-d or 4a-d was dissolved (1mmol) in dry di-
chloromethane (15 mL) at 25 °C. The two mixtures were stirred for 1 h
and mixed them. DMAP (0.2 mmol) was added and the mixture was
stirred at 25 °C for one day. When the reaction was finish, 1 M HCI was
used to wash the mixture and removed the solvent. And purification by
column chromatography (petroleum/ethyl acetate = 4/1) to obtain
compounds 3a-p and 5a-q.

4.2.2.1. 2-Fluorobenzyl 3beta-cinnamoyloxyolean-12-en-28-oate (3a). White
solid, yield 28%, mp 155.7-157.6 °C. *H NMR (CDCls) &: 7.69 (d, 1H,
J = 16.0 Hz), 7.55 (m, 2H), 7.28-7.40 (m, 6H), 7.10 (m, 1H), 6.47 (d, 1H,
J = 16.0Hz), 5.32 (s, 2H, Ph-H,), 5.16 (d, 1H, H-12, J = 13.6 Hz), 4.66 (t,
1H, H-3, J = 6.8 Hz), 2.95 (dd, 1H, H-18, J = 13.6, 3.6 Hz), 2.04 (m, 1H,
H-16), 1.88 (m, 1H, H-11), 1.77 (m, 1H, H-22), 1.73 (m, 1H, H-11"), 1.68
(m, 1H, H-1), 1.65 (m, 1H, H-19), 1.64 (m, 1H, H-16"), 1.58 (m, 1H, H-15),
1.55-1.57 (m, 2H, H-2 and H-2"), 1.54 (m, 1H, H-22"), 1.52 (m, 1H, H-6),
1.49 (m, 1H, H-9), 1.45 (m, 1H, H-6"), 1.42 (m, 1H, H-7), 1.40 (m, 1H, H-
21), 1.33 (m, 1H, H-21"), 1.22 (m, 1H, H-7"), 1.19 (m, 1H, H-19"), 1.16 (s,
3H, H-27), 1.04 (m, 1H, H-1%), 1.02 (m, 1H, H-15’), 0.96 (s, 6H, H-29 and
H-30), 0.95 (m, 3H, H-23), 0.93 (s, 3H, H-25), 0.92 (s, 3H, H-24), 0.86 (m,
1H, H-5), 0.62 (s, 3H, H-26); '*C NMR (CDCly) &: 177.4, 166.8, 144.3,
143.6, 134.5, 130.6, 130.6, 130.14, 129.9, 128.9, 128.9, 128.0, 128.0,
124.0, 122.5, 118.8, 115.5, 115.2, 81.0, 60.0, 55.3, 47.5, 46.8, 45.8, 41.7,
41.4, 39.3, 38.2, 37.9, 36.9, 33.9, 33.1, 32.7, 32.3, 30.7, 28.1, 27.6, 25.8,
23.6, 23.4, 23.0, 18.2, 16.9, 15.4. HRMS (ES + ) m/z caled for C4gHgoFO,4
[M + H]*: 695.4470, found 695.4402.

4.2.2.2. 2-Chlorobenzyl 3beta-cinnamoyloxyolean-12-en-28-oate (3b). White
solid, yield 4%, mp 173.8-176.2°C. 'H NMR (CDCly) 6: 7.69 (d, 1H,
J=16.0Hz), 7.56 (m, 1H), 7.48-7.50 (m, 2H), 7.40-7.44 (m, 2H),
7.27-7.31 (m, 4H), 6.47 (d, 1H, J = 16.0 Hz), 5.32 (s, 2H, Ph-H,), 5.19
(m, 1H, H-12), 4.73 (m, 1H, H-3), 2.96 (dd, 1H, H-18, J = 13.9, 4.5 Hz),
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2.06 (m, 1H, H-16), 1.89 (m, 1H, H-11), 1.75 (m, 1H, H-22), 1.72 (m, 1H,
H-11%), 1.69 (m, 1H, H-1), 1.66 (m, 1H, H-19), 1.64 (m, 1H, H-16"), 1.62
(m, 1H, H-9), 1.59 (m, 1H, H-15), 1.56-1.58 (m, 2H, H-2 and H-2"), 1.54
(m, 1H, H-22"), 1.53 (m, 1H, H-6), 1.49 (m, 1H, H-9), 1.46 (m, 1H, H-6"),
1.43 (m, 1H, H-7), 1.41 (m, 1H, H-21), 1.36 (m, 1H, H-21"), 1.33 (m, 1H,
H-21%), 1.28 (m, 1H, H-19"), 1.22 (m, 1H, H-7), 1.19 (m, 1H, H-19"), 1.17
(s, 3H, H-27), 1.09 (m, 1H, H-1), 1.07 (m, 1H, H-15"), 0.97 (s, 6H, H-29
and H-30), 0.96 (s, 3H, H-23), 0.94 (s, 6H, H-25 and H-24), 0.89 (m, 1H, H-
5), 0.63 (s, 3H, H-26); 1*C NMR (CDCl,) &: 177.3, 166.8, 144.3, 143.6,
135.0, 130.9, 130.9, 130.2, 129.9, 129.9, 129.9, 129.9, 128.9, 128.1,
127.2, 126.8, 122.5, 118.8, 81.0, 63.5, 55.3, 47.5, 46.9, 45.9, 43.6, 41.7,
41.4, 39.3, 38.2, 38.0, 36.9, 33.9, 33.1, 32.7, 32.4, 30.7, 28.1, 27.6, 25.9,
23.7,23.4,23.1,18.3,16.9, 15.4. HRMS (ES + ) m/z calcd for C4HgoCl104
[M + H]*: 711.4174, found 711.4185.

4.2.2.3. 2-Methylbenzyl 3beta-cinnamoyloxyolean-12-en-28-oate (3c). White
solid, yield 49%, mp 173.4-175.1°C. H NMR (CDCly) é: 7.72 (d, 1H,
J=16.0Hz), 7.56 (dd, 2H, J =6.7, 2.9Hz), 7.41 (dd, 2H, J = 4.8,
2.1Hz), 7.24-7.40 (m, 2H), 7.17-7.23 (m, 3H), 6.50 (d, 1H,
J =16.0Hz), 5.29 (s, 2H, Ph-H,), 5.14 (q, 1H, H-12, J = 12.6 Hz), 4.70
(dd, 1H, H-3, J = 10.1, 6.2 Hz), 2.97 (dd, 1H, H-18, J = 13.9, 4.4 Hz), 2.41
(s, 3H), 2.03 (td, 1H, H-16, J = 12.6, 3.5Hz), 1.90 (dd, 1H, H-11, J = 9.0,
3.6Hz), 1.78 (m, 1H, H-22), 1.75 (m, 1H, H-11%), 1.70 (m, 1H, H-1), 1.67
(m, 1H, H-19), 1.66 (m, 1H, H-16"), 1.63 (m, 1H, H-9), 1.61 (m, 1H, H-15),
1.57-1.59 (m, 2H, H-2 and H-2"), 1.55 (m, 1H, H-22’), 1.53 (m, 1H, H-6),
1.49 (m, 1H, H-9), 1.46 (m, 1H, H-6"), 1.41 (m, 1H, H-7), 1.39 (m, 1H, H-
21), 1.35 (m, 1H, H-21"), 1.31 (m, 1H, H-21"), 1.27 (m, 1H, H-19"), 1.24 (m,
1H, H-7%), 1.21 (m, 1H, H-19"), 1.19 (s, 3H, H-27), 1.10 (m, 1H, H-1"), 1.05
(m, 1H, H-15"), 1.00 (s, 3H, H-23), 0.98 (s, 6H, H-29 and H-30), 0.97 (s,
3H, H-24), 0.96 (s, 3H, H-25), 0.91 (m, 1H, H-5), 0.65 (s, 3H, H-26); '*C
NMR (CDCls) &: 177.4, 166.8, 144.3, 143.7, 136.9, 134.4, 130.2, 130.2,
129.3,128.9,128.9, 128.9, 128.3, 128.1, 128.1, 125.9, 122.5, 118.9, 81.0,
64.5, 55.4, 47.6, 46.9, 45.9, 41.7, 41.4, 39.3, 38.2, 38.0, 37.0, 33.9, 33.2,
32.7, 32.5, 30.8, 28.2, 27.7, 25.9, 23.7, 23.5, 23.2, 19.0, 18.3, 16.9, 15.5.
HRMS (ES +) m/z caled for C4Hg304 [M + H]™': 691.4721, found
691.4765.

4.2.2.4. 2-Fluorobenzyl 3beta-(4-methyl) cinnamoyloxyolean-12-en-28-
oate (3d). White solid, yield 2%, mp 140.2-141.9°C. H NMR
(CDCl3) &: 7.69 (dd, 1H, J = 16.0, 1.7 Hz), 7.43 (ddd, 3H, J = 17.3,
8.0, 1.8 Hz), 7.02 - 7.38 (m, 4H), 7.18 (m , 1H), 6.42 (dd, 1H, J = 16.0,
1.7 Hz), 5.32 (s, 2H, Ph-H,), 5.16 (s, 1H, H-12), 4.65 (m, 1H, H-3), 2.92
(dd, 1H, H-18, J = 14.1, 4.3 Hz), 2.39 (s, 3H), 2.02 (m, 1H, H-16), 1.87
(dd, 1H, H-11, J = 9.1, 3.5Hz), 1.76 (m, 1H, H-22), 1.73 (m, 1H, H-
11, 1.67 (m, 1H, H-1), 1.65 (m, 1H, H-19), 1.62 (m, 1H, H-16’), 1.59
(dt, 1H, H-15, J = 16.9, 6.7 Hz), 1.54-1.56 (m, 2H, H-2 and H-2’), 1.53
(m, 1H, H-229), 1.51 (m, 1H, H-6), 1.47 (m, 1H, H-9), 1.46 (m, 1H, H-
6", 1.44 (m, 1H, H-7), 1.40 (m, 1H, H-21), 1.37 (m, 1H, H-21"), 1.25
(m, 1H, H-79), 1.19 (m, 1H, H-19"), 1.15 (s, 3H, H-27), 1.08 (m, 1H, H-
17), 1.03 (m, 1H, H-15"), 0.95 (s, 9H, H-29, H-30 and H-23), 0.92 (s, 6H,
H-25 and H-24), 0.88 (m, 1H, H-5), 0.62 (s, 3H, H-26); *C NMR
(CDCl3) &: 177.4, 167.0, 144.3, 143.6, 140.5, 131.8, 130.6, 130.6,
129.9, 129.9, 129.6, 129.6, 128.0, 128.0, 124.0, 122.5, 117.7, 115.5,
80.9, 60.0, 53.3, 47.5, 46.8, 45.87, 41.7, 41.4, 39.3, 38.2, 37.9, 36.9,
33.9, 33.1, 32.3, 30.7, 28.1, 27.6, 25.8, 23.6, 23.4, 23.0, 21.5, 16.9,
16.8, 15.4. HRMS (ES +) m/z caled for C4HgF10, [M + H]':
709.4626, found 709.2953.

4.2.2.5. 2-Chlorobenzyl  3beta-(4-methyl)cinnamoyloxyolean-12-en-28-
oate (3e). White solid, yield 2%, mp 147.2-149.6°C. 'H NMR
(CDCl3) é: 7.66 (d, 1H, J = 16.0Hz), 7.41-7.50 (m, 3H), 7.25-7.31
(m, 3H), 7.21 (d, 2H, J = 7.8Hz), 6.42 (d, 1H, J = 16.0 Hz), 5.32 (s,
2H, Ph-H,), 5.21 (m, 1H, H-12), 4.72 (m, 1H, H-3), 2.95 (dd, 1H, H-18,
J =13.7, 4.4 Hz), 2.39 (s, 3H), 2.03 (m, 1H, H-16), 1.88 (dd, 1H, H-11,
J = 8.9, 3.5Hz), 1.74 (m, 1H, H-22), 1.72 (m, 1H, H-11"), 1.68 (m, 1H,
H-1), 1.65 (m, 1H, H-19), 1.64 (m, 1H, H-16"), 1.62 (m, 1H, H-9), 1.59
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(m, 1H, H-15), 1.56-1.58 (m, 2H, H-2 and H-2"), 1.54 (m, 1H, H-22"),
1.51 (m, 1H, H-6), 1.48 (m, 1H, H-9), 1.45 (m, 1H, H-6"), 1.43 (m, 1H,
H-7), 1.41 (m, 1H, H-21), 1.37 (m, 1H, H-21"), 1.32 (m, 1H, H-21"),
1.29 (m, 1H, H-19%), 1.20 (m, 1H, H-7"), 1.19 (m, 1H, H-19"), 1.16 (s,
3H, H-27), 1.09 (m, 1H, H-1%), 1.07 (m, 1H, H-15%), 0.96 (s, 9H, H-29,
H-30 and H-23), 0.93 (s, 6H, H-25 and H-24), 0.88 (m, 1H, H-5), 0.63
(s, 3H, H-26); *C NMR (CDCl,) &: 177.3, 167.0, 144.3, 143.6, 135.0,
130.9, 130.9, 130.0, 129.9, 129.9, 129.9, 129.9, 129.6, 128.0, 127.2,
126.8,122.5, 117.7, 80.8, 63.5, 55.3, 47.5, 46.9, 45.9, 43.6, 41.7, 41.4,
39.3, 38.2, 37.9, 36.9, 33.9, 33.1, 32.7, 32.4, 30.7, 28.1, 27.6, 25.9,
23.7, 23.4, 23.1, 21.5, 18.2, 16.9, 15.4. HRMS (ES + ) m/z calcd for
C47He>ClL0,4 [M + H] ™" : 725.4331, found 725.3891.

4.2.2.6. 2-Bromobenzyl  3beta-(4-methyl)cinnamoyloxyolean-12-en-28-
oate (3f). White solid, yield 3%, mp 170.6-172.8 °C. 'H NMR (CDCly)
8: 7.66 (d, 1H, J = 16.0, 1.7 Hz), 7.58-7.62 (m, 2H), 7.44-7.52 (m,
2H), 7.31-7.37 (m , 2H), 7.18-7.24 (m, 2H), 6.41 (d, 1H, J = 16.0 Hz),
5.32 (s, 2H, Ph-H,), 5.15 (m, 1H, H-12), 4.65 (m, 1H, H-3), 2.96 (dd,
1H, H-18, J = 14.1, 4.3 Hz), 2.39 (s, 3H), 2.02 (td, 1H, H-16, J = 13.2,
3.9Hz), 1.88 (dd, 1H, H-11, J = 8.8, 3.7 Hz), 1.78 (m, 1H, H-22), 1.73
(m, 1H, H-11%), 1.67 (m, 1H, H-1), 1.65 (m, 1H, H-19), 1.62 (m, 1H, H-
16%), 1.58 (m, 1H, H-15), 1.54-1.56 (m, 2H, H-2 and H-2"), 1.53 (m, 1H,
H-229), 1.51 (m, 1H, H-6), 1.48 (m, 1H, H-9), 1.45 (m, 1H, H-6"), 1.42
(m, 1H, H-7), 1.40 (m, 1H, H-21), 1.38 (m, 1H, H-21"), 1.27 (m, 1H, H-
77, 1.21 (m, 1H, H-19"), 1.16 (s, 3H, H-27), 1.08 (m, 1H, H-1"), 1.03 (m,
1H, H-15%), 0.96 (s, 6H, H-30 and 29), 0.95 (s, 3H, H-23), 0.93 (s, 6H,
H-25 and H-24), 0.86 (m, 1H, H-5), 0.62 (s, 3H, H-26); *C NMR
(CDCl3) 6: 177.3, 167.0, 144.3, 143.6, 135.7, 133.2, 132.7, 130.9,
130.2, 129.6, 129.6, 129.5, 128.0, 128.0, 127.9, 127.4, 122.5, 117.7,
80.8, 65.6, 55.3, 47.5, 47.0, 45.9, 41.7, 41.4, 39.3, 38.2, 37.9, 36.9,
33.9, 33.1, 32.7, 32.45, 30.7, 29.7, 28.1, 27.7, 25.9, 23.7, 23.4, 23.1,
21.5, 18.2, 16.9, 15.4. HRMS (ES + ) m/z calcd for C47HgoBri04
[M + H]*: 769.3826, found 769.3841.

4.2.2.7. 2-Methylbenzyl  3beta-(4-methyDcinnamoyloxyolean-12-en-28-
oate (3g). White solid, yield 6%, mp 191.2-192.6°C. 'H NMR
(CDCl3) &: 7.68 (d, 1H, J = 16.0Hz), 7.47 (d, 2H, J = 7.9 Hz), 7.35
(d, 2H, J = 8.0 Hz), 7.22-7.27 (m, 4H), 6.43 (d, 1H, J = 8.0 Hz), 5.32
(s, 2H, Ph-H,), 5.14 (q, 1H, H-12, J = 10.4Hz), 4.68 (dd, 1H, H-3,
J=09.9, 6.5Hz), 2.96 (dd, 1H, H-18, J = 13.8, 4.4 Hz), 2.47 (s, 3H),
2.03 (td, 1H, H-16, J = 12.5, 3.5Hz), 1.90 (dd, 1H, H-11, J = 8.9,
3.6 Hz), 1.78 (m, 1H, H-22), 1.74 (m, 1H, H-11"), 1.70 (m, 1H, H-1),
1.67 (m, 1H, H-19), 1.66 (m, 1H, H-16%), 1.63 (m, 1H, H-9), 1.60 (m,
1H, H-15), 1.57-1.59 (m, 2H, H-2 and H-2"), 1.55 (m, 1H, H-22), 1.53
(m, 1H, H-6), 1.49 (m, 1H, H-9), 1.46 (m, 1H, H-6"), 1.41 (m, 1H, H-7),
1.39 (m, 1H, H-21), 1.35 (m, 1H, H-21"), 1.31 (m, 1H, H-21), 1.27 (m,
1H, H-19"), 1.24 (m, 1H, H-7), 1.20 (m, 1H, H-19"), 1.18 (s, 3H, H-27),
1.10 (m, 1H, H-1%), 1.05 (m, 1H, H-15), 0.99 (s, 3H, H-23), 0.98 (s, 6H,
H-29 and H-30), 0.96 (s, 3H, H-24 and H-25), 0.90 (m, 1H, H-5), 0.64
(s, 3H, H-26); *C NMR (CDCl;) &: 177.4, 167.0, 144.3, 143.7, 140.5,
137.2, 135.5, 130.7, 129.8, 129.8, 129.0, 129.0, 128.2, 128.1, 126.4,
125.9, 122.5,117.8, 80.9, 64.5, 55.4, 47.6, 46.9, 45.9, 41.7, 41.4, 39.3,
38.2, 38.0, 37.0, 33.9, 33.1, 32.7, 32.5, 30.7, 28.2, 27.6, 25.9, 23.7,
23.4, 23.1, 21.5, 19.0, 18.3, 16.9, 15.4. HRMS (ES + ) m/z calced for
C4sHes04 [M + H]* : 705.4877, found 705.4717.

4.2.2.8. 2-Fluorobenzyl 3beta-(4-fluoro)cinnamoyloxyolean-12-en-28-oate
(3h). White solid, yield 14%, mp 156.1-158.2°C. "H NMR (CDCls) §:
7.64 (d, 1H, J = 16.0 Hz), 7.52-7.55 (m , 2H), 7.28-7.40 (m, 5H), 7.10
(m, 1H), 6.38 (d, 1H, J = 16.0 Hz), 5.32 (s, 2H, Ph-H,), 5.16 (t, 1H, H-
12, J = 1.3Hz), 4.66 (m, 1H, H-3), 2.92 (dd, 1H, H-18, J = 13.8,
4.5Hz), 2.00 (m, 1H, H-16), 1.87 (dd, 1H, H-11, J = 8.9, 3.6 Hz), 1.77
(m, 1H, H-22), 1.71 (m, 1H, H-11"), 1.68 (m, 1H, H-1), 1.65 (m, 1H, H-
19), 1.62 (m, 1H, H-16), 1.58 (m, 1H, H-15), 1.55-1.57 (m, 2H, H-2
and H-2"), 1.54 (m, 1H, H-22’), 1.51 (m, 1H, H-6), 1.48 (m, 1H, H-9),
1.45 (m, 1H, H-6"), 1.42 (m, 1H, H-7), 1.40 (m, 1H, H-21), 1.33 (m, 1H,
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H-21%), 1.23 (m, 1H, H-7"), 1.19 (m, 1H, H-19), 1.15 (s, 3H, H-27), 1.08
(m, 1H, H-1), 1.05 (m, 1H, H-15"), 0.95 (s, 9H, H-29 , H-30 and H-23),
0.92 (s, 6H, H-25 and H-24), 0.88 (m, 1H, H-5), 0.62 (s, 3H, H-26); 3¢
NMR (CDCl5) 6: 177.4, 166.7, 162.6, 159.8, 143.6, 143.0, 130.6, 130.6,
129.9, 129.9, 129.9, 124.0, 122.4, 118.6, 116.1, 115.9, 115.5, 115.2,
81.1, 60.1, 55.3, 47.5, 46.8, 45.8, 41.7, 41.4, 39.3, 38.1, 37.9, 36.9,
33.9, 33.1, 32.7, 32.3, 30.7, 28.1, 27.6, 25.8, 23.6, 23.4, 23.0, 18.2,
16.9, 15.4. HRMS (ES +) m/z caled for Cu¢HsoF204 [M + H]*:
713.4376, found 713.4463.

4.2.2.9. 2-Chlorobenzyl 3beta-(4-fluoro)cinnamoyloxyolean -12-en-28-
oate (3i). White solid, yield 33%, mp 183.1-185.3°C. 'H NMR
(CDCl3) 6: 7.63 (d, 1H, J = 16.0Hz), 7.45-7.51 (m, 2H), 7.37 (m,
1H), 7.25-7.27 (m, 3H), 7.06 (t, 2H, J = 8.4Hz), 6.38 (dd, 1H,
J =16.0, 1.6 Hz), 5.28 (s, 2H, Ph-H,), 5.20 (dd, 1H, H-12, J = 11.9,
10.3 Hz), 4.66 (m, 1H, H-3), 2.92 (dd, 1H, H-18, J = 13.9, 4.3 Hz), 2.02
(m, 1H, H-16), 1.87 (m, 1H, H-11), 1.78 (m, 1H, H-22), 1.71 (m, 1H, H-
117, 1.68 (m, 1H, H-1), 1.66 (m, 1H, H-19), 1.62 (m, 1H, H-16’), 1.60
(m, 1H, H-15), 1.56-1.58 (m, 2H, H-2 and H-2’), 1.54 (m, 1H, H-22’),
1.51 (m, 1H, H-6), 1.47 (m, 1H, H-9), 1.43 (m, 1H, H-6"), 1.42 (m, 1H,
H-7), 1.41 (m, 1H, H-21), 1.34 (m, 1H, H-21"), 1.22 (m, 1H, H-7"), 1.19
(m, 1H, H-19), 1.15 (s, 3H, H-27), 1.08 (m, 1H, H-1’, J = 10.1 Hz),
1.05 (m, 1H, H-15%), 0.95 (s, 6H, H-29 and H-30), 0.93 (s, 9H, H-25 ,H-
24 and H-23), 0.87 (m, 1H, H-5), 0.62 (s, 3H, H-26); '*C NMR (CDCl;)
8:177.2,166.6, 162.5, 143.6, 142.9, 134.1, 130.9, 130.1, 129.9, 129. 5,
129.3,127.2,126.8,122.5, 118.6, 116.1, 115.9, 81.1, 63.5, 55.3, 47.6,
46.9, 45.9, 41.7, 41.4, 39.3, 38.1, 37.9, 36.9, 33.9, 33.1, 32.7, 32.5,
30.7, 28.1, 27.6, 25.9, 23.7, 23.4, 23.1, 18.3, 16.9, 15.4. HRMS (ES + )
m/z caled for C46Hs,ClF104 [M—H] ™ : 727.3935, found 727.3943.

4.2.2.10. 2-Bromobenzyl  3beta-(4-fluoro)cinnamoyloxyolean-12-en-28-
oate (3j). White solid, yield 16%, mp 152.1-153.5°C. 'H NMR
(CDCly) 8: 7.59-7.63 (m, 2H), 7.37 (m, 1H), 7.25-7.27 (m, 3H), 7.09
(t, 1H, J = 8.6 Hz), 6.39 (d, 1H, J = 16.0 Hz), 5.32 (s, 2H, Ph-H5), 5.15
(m, 1H, H-12), 4.64 (m, 1H, H-3), 2.92 (dd, 1H, H-18, J = 14.0, 4.0 Hz),
2.02 (m, 1H, H-16), 1.87 (dd, 1H, H-11, J = 9.0, 3.6 Hz), 1.78 (m, 1H,
H-22), 1.70 (m, 1H, H-11"), 1.68 (m, 1H, H-1), 1.66 (m, 1H, H-19), 1.62
(m, 1H, H-16%), 1.60 (m, 1H, H-15), 1.56-1.58 (m, 2H, H-2 and H-2"),
1.54 (m, 1H, H-22"), 1.52 (m, 1H, H-6), 1.47 (m, 1H, H-9), 1.45 (m, 1H,
H-6%), 1.42 (m, 1H, H-7), 1.40 (m, 1H, H-21), 1.34 (m, 1H, H-21"), 1.25
(m, 1H, H-7"), 1.20 (m, 1H, H-19"), 1.16 (s, 3H, H-27), 1.10 (m, 1H, H-
1’,J = 10.1 Hz), 1.07 (m, 1H, H-15"), 0.97 (s, 3H, H-23), 0.96 (s, 6H, H-
29, H-30), 0.93 (s, 6H, H-25, H-24), 0.89 (m, 1H, H-5), 0.63 (s, 3H, H-
26); °C NMR (CDCl3) &: 177.3, 166.7, 162.6, 143.6, 143.0, 133.2,
132.7, 130.9, 130.2, 130.1, 129.9, 129.8, 129.5, 127.9, 127.4, 118.6,
116.1, 115.9, 81.0, 65.6, 55.3, 47.5, 46.9, 45.9, 41.7, 41.4, 39.3, 38.1,
37.9, 36.9, 33.9, 33.1, 32.6, 32.4, 30.7, 28.1, 27.6, 25.9, 23.6, 23.4,
231, 18.2, 16.9, 15.4. HRMS (ES +) m/z caled for C46H59Br1F104
[M + H]*: 773.3576, found 773.3581.

4.2.2.11. 2-Methylbenzyl 3beta-(4-fluoro)cinnamoyloxyolean-12-en-28-
oate (3k). White solid, yield 33%, mp 159.7-161.2°C. 'H NMR
(CDCly) &: 7.67 (d, 1H, J = 16.0Hz), 7.54 (t, 2H, J = 6.6 Hz), 7.36
(dd, 1H, J =18.7, 7.3Hz), 7.25 (d, 2H, J = 15.0Hz), 7.21 (d, 2H,
J =7.0Hz), 7.09 (t, 1H, J = 8.4 Hz), 6.40 (d, 1H, J = 16.0 Hz), 5.32 (s,
2H, Ph-H,), 5.13 (q, 1H, H-12, J=12.6Hz), 4.66 (d, 1H, H-3,
J =19.4Hz), 2.96 (d, 1H, H-18, J = 13.6, 4.4 Hz), 2.40 (s, 3H), 2.03
(t, 1H, H-16, J = 13.8 Hz), 1.89 (d, 1H, H-11, J = 8.8 Hz), 1.80 (m, 1H,
H-22), 1.76 (m, 1H, H-11%), 1.72 (m, 1H, H-1), 1.69 (m, 1H, H-19), 1.66
(m, 1H, H-16"), 1.63 (m, 1H, H-9), 1.60 (m, 1H, H-15), 1.56-1.58 (m,
2H, H-2 and H-2), 1.55 (m, 1H, H-22"), 1.52 (m, 1H, H-6), 1.49 (m, 1H,
H-9), 1.45 (m, 1H, H-6"), 1.42 (m, 1H, H-7), 1.39 (m, 1H, H-21), 1.35
(m, 1H, H-21"), 1.31 (m, 1H, H-21"), 1.26 (m, 1H, H-19"), 1.24 (m, 1H,
H-7%), 1.22 (m, 1H, H-19), 1.18 (s, 3H, H-27), 1.10 (m, 1H, H-1"), 1.06
(m, 1H, H-15%), 0.98 (s, 6H, H-29, H-30 and H-23), 0.95 (s, 6H, H-24
and H-25), 0.90 (m, 1H, H-5), 0.64 (s, 3H, H-26); '3C NMR (CDCls) §:



R. Wang, et al.

177.4, 166.6, 162.6, 143.7, 143.0, 136.9, 130.8, 130.7, 130.2, 129.9,
129.2, 128.9, 128.2, 125.9, 122.5, 118.6, 116.1, 115.9, 81.1, 64.5,
55.4, 47.6, 46.9, 45.9, 41.7, 41.4, 39.3, 38.2, 38.0, 37.0, 33.9, 33.2,
32.7, 32.5, 30.7, 28.2, 27.6, 25.9, 23.7, 23.1, 19.0, 18.8, 18.3, 16.90,
15.4. HRMS (ES + ) m/z caled for CuyHgoF104 [M + H]™: 709.4626,
found 709.4639.

4.2.2.12. 2-Fluorobenzyl 3beta-(4-nitro) cinnamoyloxyolean-12-en-28-
oate (31). White solid, yield 2%, mp 122.3-124.1 °C. H NMR (CDCl5)
8: 8.26 (d, 2H, J = 8.4Hz), 7.69 (d, 2H, J = 8.8 Hz), 7.29-7.46 (t, 3H,
J = 7.6 Hz), 7.06-7.16 (m, 2H), 6.58 (d, 1H, J = 16.1 Hz), 5.32 (s, 2H,
Ph-H,), 5.16 (s, 1H, H-12), 4.67 (t, 1H, H-3, J = 8.1 Hz), 2.92 (d, 1H, H-
18, J = 14.1 Hz), 2.02 (m, 1H, H-16), 1.88 (d, 1H, H-11, J = 9.8, Hz),
1.74 (m, 1H, H-22), 1.72 (m, 1H, H-11"), 1.70 (m, 1H, H-1), 1.66 (m,
1H, H-19), 1.63 (m, 1H, H-16"), 1.58 (m, 1H, H-15), 1.54-1.56 (m, 2H,
H-2 and H-2"), 1.53 (m, 1H, H-22"), 1.51 (m, 1H, H-6), 1.47 (m, 1H, H-
9), 1.45 (m, 1H, H-6"), 1.44 (m, 1H, H-7), 1.40 (m, 1H, H-21), 1.36 (m,
1H, H-21%), 1.23 (m, 1H, H-7"), 1.19 (m, 1H, H-19"), 1.15 (s, 3H, H-27),
1.10 (m, 1H, H-1’), 1.00 (m, 1H, H-15"), 0.96 (s, 6H, H-29 and H-30),
0.94 (s, 3H, H-23), 0.94 (s, 3H, H-24), 0.92 (s, 3H, H-25), 0.85(m, 1H,
H-5), 0.63 (s, 3H, H-26); *C NMR (CDCls) §: 177.3, 165.8, 148.5,
143.6, 141.3, 140.7, 130.9, 130.6, 129.9, 128.6, 128.6, 124.1, 124.1,
124.0, 123.2, 122.4, 115.4, 115.2, 81.7, 60.0, 55.3, 47.6, 46.8, 45.8,
41.7, 41.4, 39.3, 38.1, 37.9, 36.9, 33.9, 33.1, 32.3, 30.7, 28.1, 27.6,
25.8, 23.6, 23.4, 23.0, 16.9, 16.8, 15.4. HRMS (ES + ) m/z calcd for
C46H59F1N106 [M + H] * 740.4321, found 740.4732.

4.2.2.13. 2-Chlorobenzyl 3beta-(4-nitro) cinnamoyloxyolean-12-en-28-
oate (3m). White solid, yield 3%, mp 97.1-99.6 °C. 'H NMR (CDCls)
8:8.26 (d, 2H, J = 8.0 Hz), 7.71 (d, 2H, J = 8.8 Hz), 7.40-7.48 (m, 2H),
7.27-7.28 (m, 3H), 6.58 (d, 1H, J = 16.0 Hz), 5.32 (s, 2H, Ph-H,), 5.16
(s, 1H, H-12), 4.70 (m, 1H, H-3), 2.92 (dd, 1H, H-18, J = 14.2, 4.5 Hz),
2.02 (m, 1H, H-16), 1.88 (dd, 1H, H-11, J = 9.0, 3.4 Hz), 1.76 (m, 1H,
H-22), 1.74 (m, 1H, H-11"), 1.72 (m, 1H, H-1), 1.68 (m, 1H, H-19), 1.64
(m, 1H, H-16", 1.61 (m, 1H, H-15), 1.56-1.59 (m, 2H, H-2 and H-2’),
1.53 (m, 1H, H-22"), 1.51 (m, 1H, H-6), 1.47 (m, 1H, H-9), 1.45 (m, 1H,
H-6), 1.44 (m, 1H, H-7), 1.40 (m, 1H, H-21), 1.37 (m, 1H, H-21"), 1.24
(m, 1H, H-7%), 1.19 (m, 1H, H-19"), 1.16 (s, 3H, H-27), 1.07 (m, 1H, H-
1%), 1.00 (m, 1H, H-15"), 0.95 (s, 9H, H-29, H-23 and H-30), 0.93 (s, 6H,
H-24 and H-25), 0.84 (m, 1H, H-5), 0.63 (s, 3H, H-26); °C NMR
(CDCl3) 6: 177.3, 165.8, 148.4, 143.7, 141.3, 140.7, 134.1, 133.8,
130.0, 129.5, 129.3, 128.6, 128.6, 126.7, 124.2, 123.2, 123.2, 122.5,
81.7, 63.5, 55.3, 47.5, 46.9, 45.9, 41.7, 41.4, 39.3, 38.1, 37.9, 36.9,
33.9, 33.1, 32.4, 30.7, 28.1, 27.6, 25.9, 23.6, 23.4, 23.1, 18.2, 16.9,
15.4. HRMS (ES +) m/z caled for CuHsoCliN;Og [M + H]*:
756.4025, found 756.3934.

4.2.2.14. 2-Bromobenzyl 3beta-(4-nitro) cinnamoyloxyolean-12-en-28-
oate (3n). White solid, yield 12%, mp 216.4-218.5°C. 'H NMR
(CDCly) é: 8.26 (d, 2H, J = 8.3Hz), 7.68-7.72 (m, 3H), 7.58 (d, 1H,
J = 8.0Hz), 7.46 (d, 1H, J = 7.7 Hz), 7.29-7.34 (m, 1H), 7.29-7.34 (m,
1H), 6.58 (d, 1H, J = 16.0 Hz), 5.32 (s, 2H, Ph-H>), 5.16 (q, 1H, H-12,
J = 13.1Hz), 4.70 (m, 1H, H-3), 2.95 (d, 1H, H-18, J = 13.9 Hz), 2.02
(t, 1H, H-16, J = 14.8 Hz), 1.87 (d, 1H, H-11, J = 9.1 Hz), 1.81 (m, 1H,
H-22),1.76 (m, 1H, H-11"), 1.72 (m, 1H, H-1), 1.68 (m, 1H, H-19), 1.65
(m, 1H, H-16"), 1.62 (m, 1H, H-15), 1.55-1.58 (m, 2H, H-2 and H-2),
1.53 (m, 1H, H-22"), 1.51 (m, 1H, H-6), 1.47 (m, 1H, H-9), 1.45 (m, 1H,
H-6"), 1.44 (m, 1H, H-7), 1.40 (m, 1H, H-21), 1.37 (m, 1H, H-21"), 1.22
(m, 1H, H-77), 1.18 (m, 1H, H-19"), 1.16 (s, 3H, H-27), 1.07 (m, 1H, H-
17, 1.00 (m, 1H, H-15"), 0.95 (s, 9H, H-29, H-23 and H-30), 0.93 (s, 6H,
H-24 and H-25), 0.88 (m, 1H, H-5), 0.62 (s, 3H, H-26); °C NMR
(CDCly) 6: 177.2, 165.8, 148.4, 143.7, 141.3, 140.7, 135.7, 132.7,
130.2, 129.5, 128.6, 128.6, 127.4, 124.1, 124.1, 123.6, 123.2, 122.5,
81.7, 65.6, 55.3, 47.6, 46.9, 45.9, 41.7, 41.4, 39.3, 38.1, 37.9, 36.9,
33.9, 33.1, 32,4, 30.7, 28.1, 27.7, 25.9, 23.6, 23.4, 23.1, 18.2, 16.9,
15.4. HRMS (ES + ) m/z caled for C4sHsgBr;N;0g¢ Na [M + Nal*:
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822.3340, found 822.1312.

4.2.2.15. 2-Methylbenzyl 3beta-(4-nitro) cinnamoyloxyolean-12-en-28-
oate (30). White solid, yield 2%, mp 89.4-91.2°C. 'H NMR (CDCl3)
8:8.26 (d, 2H, J = 8.4 Hz), 7.66-7.75 (m, 3H), 7.36 (d, 1H, J = 7.3 Hz),
7.17-7.29 (m, 3H), 6.58 (d, 1H, J = 16.0 Hz), 5.32 (s, 2H, Ph-H,), 5.10
(q, 1H, H-12, J = 12.8 Hz), 4.70 (m, 1H, H-3), 2.92 (m, 1H, H-18), 2.38
(s, 3H), 2.00 (t, 1H, H-16, J = 13.7 Hz), 1.87 (d, 1H, H-11, J = 9.4 Hz),
1.81 (m, 1H, H-22), 1.76 (m, 1H, H-11%), 1.72 (m, 1H, H-1), 1.68 (m,
1H, H-19), 1.65 (m, 1H, H-16"), 1.62 (m, 1H, H-15), 1.55-1.58 (m, 2H,
H-2 and H-2"), 1.53 (m, 1H, H-22"), 1.51 (m, 1H, H-6), 1.47 (m, 1H, H-
9), 1.45 (m, 1H, H-6"), 1.43 (m, 1H, H-7), 1.40 (m, 1H, H-21), 1.36 (m,
1H, H-21"), 1.24 (m, 1H, H-7%), 1.19 (m, 1H, H-19"), 1.15 (s, 3H, H-27),
1.07 (m, 1H, H-1"), 1.03 (m, 1H, H-15%), 0.96 (s, 9H, H-29, H-23 and H-
30), 0.94 (s, 6H, H-24 and H-25), 0.88 (m, 1H, H-5), 0.61 (s, 3H, H-26);
13C NMR (CDCl,) 8: 177.4, 165.8, 143.7, 141.3, 141.2, 140.7, 140.2,
136.9, 134.3, 130.2, 129.2, 128.6, 128.2, 125.9, 124.1, 123.2, 122.4,
81.7, 64.4, 55.3, 47.6, 46.9, 45.9, 41.7, 41.4, 39.3, 38.1, 37.9, 36.9,
33.9, 33.1, 32.4, 30.7, 28.1, 27.6, 25.8, 23.6, 23.4, 23.1, 18.9, 18.2,
16.9, 15.4. HRMS (ES + ) m/z calcd for C47HgoN,0¢ [M—H] ™ :
734.4426, found 734.3986.

4.2.2.16. 2-Fluorobenzyl  3beta-(2, 3, 4, 5, 6-Pentafluoro)
cinnamoyloxyolean — 12-en-28-oate (3p). White solid, yield 48%, mp
168.2-169.3 °C. 'H NMR (CDCly) 6: 7.62 (t, 1H, J = 17.0 Hz), 7.39 (p,
1H, J = 7.8 Hz), 7.27 (d, 1H, J = 9.4 Hz), 7.06 (dq, 3H, J = 27.5, 9.5,
9.0Hz), 6.38 (t, 1H, J = 17.0Hz), 5.28 (d, 2H, Ph-H,, J = 16.7 Hz),
5.13 (d, 1H, H-12, J = 16.2Hz), 4.63 (td, 1H, H-3, J = 12.4, 12.0,
6.7 Hz), 2.92 (t, 1H, H-18, J = 9.2 Hz), 2.22 (m, 1H, H-16), 1.85 (q, 1H,
H-11, J = 8.9, 8.4 Hz), 1.77 (m, 1H, H-22), 1.71 (m, 1H, H-11"), 1.68
(m, 1H, H-1), 1.65 (m, 1H, H-19), 1.62 (m, 1H, H-16"), 1.58 (m, 1H, H-
15), 1.55-1.57 (m, 2H, H-2 and H-2’), 1.54 (m, 1H, H-22"), 1.51 (m, 1H,
H-6), 1.48 (m, 1H, H-9), 1.45 (m, 1H, H-6"), 1.42 (m, 1H, H-7), 1.40 (m,
1H, H-21), 1.33 (m, 1H, H-21"), 1.23 (m, 1H, H-7"), 1.19 (m, 1H, H-19"),
1.16 (s, 3H, H-27), 1.08 (m, 1H, H-1"), 1.05 (m, 1H, H-15"), 0.95 (s, 3H,
H-23), 0.92 (s, 9H, H-29 and H-30), 0.91 (s, 6H, H-25 and H-24), 0.78
(m, 1H, H-5), 0.62 (s, 3H, H-26); *C NMR (CDCls) §: 177.2, 165.7,
162.2, 159.7, 143.6, 130.6, 130.5, 129.9, 129.8, 127.7, 126.9, 124.0,
123.9, 123.7, 123.5, 122.4, 115.4, 115.2, 81.8, 60.0, 55.3, 47.5, 46.8,
45.8, 41.6, 41.4, 39.3, 38.1, 37.9, 36.9, 33.8, 33.1, 32.3, 30.7, 28.1,
27.6, 25.8, 23.6, 23.4, 23.0, 18.2, 16.8, 15.3. HRMS (ES + ) m/z calcd
for C4HssF¢O4 [M + H]: 785.3999, found 785.4045.

4.2.2.17. 2-Fluorobenzyl 3beta-cinnamoyloxy-11-oxo-olean-12-en-30-oate
(5a). White solid, yield 31%, mp 169.1-171.4 °C. 'H NMR (CDCl;) 8:
7.68 (d, 1H, J = 16.0 Hz), 7.55 (dt, 2H, J = 5.9, 3.6 Hz), 7.30 —7.46 (m,
5H), 7.07-7.22 (m, 2H), 6.46 (d, 1H, J = 16.0 Hz), 5.56 (s, 1H, H-12),
5.31 (s, 2H, Ph-CH,), 4.68 (dd, 1H, H-3, J = 11.6, 4.8 Hz), 2.84 (dt, 1H,
H-1,J = 13.4, 3.6 Hz), 2.38 (s, 1H, H-9), 2.08 (m, 1H, H-18), 2.03 (m,
1H, H-15), 1.96 (m, 1H, H-21), 1.92 (m, 1H, H-19), 1.82 (m, 1H, H-16),
1.75 (m, 1H, H-2), 1.71 (m, 1H, H-7), 1.67 (m, 1H, H-2"), 1.61 (m, 1H,
H-19"), 1.57 (m, 1H, H-6), 1.49 (m, 1H, H-6"), 1.44 (m, 1H, H-7"), 1.41
(m, 1H, H-22), 1.37 (s, 3H, H-27), 1.34 (m, 1H, H-22"), 1.32 (m, 1H, H-
217, 1.27 (m, 1H, H-16"), 1.21 (s, 3H, H-25), 1.18 (s, 3H, H-28), 1.14 (s,
3H, H-26), 1.10 (m, 1H, H-1"), 1.04 (m, 1H, H-15"), 0.97 (s, 3H, H-23),
0.94 (s, 3H, H-24), 0.87 (m, 1H, H-5), 0.77 (s, 3H, H-29); *C NMR
(CDCl3) &: 200.0, 176.1, 169.0, 166.8, 159.8, 144.3, 134.5, 130.8,
130.5, 130.4, 130.2, 128.9, 128.9, 128.5, 128.0, 128.0, 124.2, 118.8,
115.5, 80.7, 61.7, 60.4, 55.0, 53.5, 48.2, 45.4, 44.1, 43.2, 41.0, 38.8,
38.3, 37.6, 36.9, 32.7, 31.8, 31.2, 29.7, 28.4, 28.3, 28.1, 26.5, 26.4,
23.7, 23.3, 18.7, 17.4, 16.9, 16.5. HRMS (ES +) m/z caled for
C46HsgF105 [M + H]*: 709.4263, found 709.4271.

4.2.2.18. 2-Chlorobenzyl 3beta-cinnamoyloxy-11-oxo-olean-12-en-30-
oate (5b). White solid, yield 11%, mp 181.3-182.7°C. 'H NMR
(CDCl3) &: 7.69 (dd, 1H, J =16.0, 1.4Hz), 7.51-7.62 (m, 2H),
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7.37-7.50 (m, 5H), 7.26-7.41 (m, 2H), 6.46 (d, 1H, J = 16.0 Hz), 5.57
(s, 1H, H-12), 5.32 (s, 2H, Ph-CH.), 4.69 (m, 1H, H-3), 2.84 (m, 1H, H-
1), 2.39 (s, 1H, H-9), 2.10 (m, 1H, H-18), 2.06 (m, 1H, H-15), 1.96 (m,
1H, H-21), 1.92 (m, 1H, H-19), 1.84 (m, 1H, H-16, J = 13.2, 6.7 Hz),
1.76 (m, 1H, H-2), 1.72 (m, 1H, H-7), 1.68 (m, 1H, H-2"), 1.61 (m, 1H,
H-19%), 1.53 (m, 1H, H-6), 1.47 (m, 1H, H-6"), 1.45 (m, 1H, H-7"), 1.41
(m, 1H, H-22), 1.39 (s, 3H, H-27), 1.34 (m, 1H, H-22"), 1.29 (m, 1H, H-
217, 1.28 (m, 1H, H-16%), 1.21 (s, 6H, H-25 and H-28), 1.15 (s, 3H, H-
26), 1.09 (m, 1H, H-17), 1.04 (m, 1H, H-15"), 0.98 (s, 3H, H-23), 0.94 (s,
3H, H-24), 0.87 (m, 1H, H-5), 0.79 (s, 3H, H-29); *C NMR (CDCls) &:
200.0, 176.1, 169.0, 166.8, 144.3, 134.5, 133.8, 133.7, 130.2, 129.7,
129.7, 128.9, 128.9, 128.5, 128.0, 128.0, 127.0, 118.8, 80.7, 63.8,
61.7, 55.1, 53.5, 48.2, 45.4, 44.2, 43.2, 41.0, 38.9, 38.3, 37.7, 37.0,
32.7, 31.8, 31.2, 29.7, 28.4, 28.4, 28.1, 26.5, 26.4, 23.7, 23.3, 18.7,
17.4, 16.9, 16.5. HRMS (ES + ) m/z caled for C4HsgCl,0s [M + HI* :
725.3967, found 725.3979.

4.2.2.19. 2-Bromobenzyl 3beta-cinnamoyloxy-11-oxo-olean-12-en-30-
oate (5c). White solid, yield 32%, mp 185.7-187.4°C. 'H NMR
(CDCl3) &: 7.67 (d, 1H, J = 16.0Hz), 7.61 (dd, 1H, J = 8, 0.8 Hz),
7.55 (dt, 2H, J = 5.9, 3.7 Hz), 7.45 (dd, 1H, J = 7.6, 1.6 Hz), 7.36-7.40
(m, 2H), 7.31-7.41 (m, 2H), 7.22 (td, 1H, J = 7.7, 1.8 Hz), 6.46 (d, 1H,
J = 16.0Hz), 5.59 (s, 1H, H-12), 5.31 (s, 2H, Ph-CH,), 4.68 (dd, 1H, H-
3,J =11.6,4.8Hz), 2.84 (dt, 1H, H-1, J = 13.5, 3.6 Hz), 2.38 (s, 1H, H-
9), 2.08 (m, 1H, H-18), 2.04 (m, 1H, H-15), 1.97 (m, 1H, H-21), 1.96
(m, 1H, H-19), 1.82 (m, 1H, H-16), 1.76 (m, 1H, H-2), 1.72 (m, 1H, H-
7), 1.69 (m, 1H, H-2"), 1.62 (m, 1H, H-19"), 1.55 (m, 1H, H-6), 1.49 (m,
1H, H-6"), 1.44 (m, 1H, H-7%), 1.42 (m, 1H, H-22), 1.37 (s, 3H, H-27),
1.34 (m, 1H, H-22"), 1.31 (m, 1H, H-21"), 1.27 (m, 1H, H-16"), 1.22 (s,
3H, H-25), 1.20 (s, 3H, H-28), 1.14 (s, 3H, H-26), 1.09 (m, 1H, H-1"),
1.04 (m, 1H, H-15"), 0.98 (s, 3H, H-23), 0.94 (s, 3H, H-24), 0.87 (m, 1H,
H-5), 0.79 (s, 3H, H-29); *C NMR (CDCl3) &: 200.0, 176.0, 169.0,
166.8, 144.3, 135.4, 134.5, 132.9, 130.2, 130.2, 129.92, 128.9, 128.9,
128.53, 128.0, 128.0, 127.6, 123.6, 118.8, 80.7, 61.7, 55.0, 53.5, 48.2,
45.4, 44.1, 43.2, 41.0, 38.8, 38.3, 37.7, 37.0, 32.7, 31.8, 31.2, 28.5,
28.4,28.1, 26.5, 26.4, 23.7, 23.3, 18.7, 17.4, 16.9, 16.5. HRMS (ES + )
m/z caled for C4gHsgBr;Os [M + H]*: 769.3462, found 769.3465.

4.2.2.20. 2-Methylbenzyl = 3beta-cinnamoyloxy-11-oxo-olean-12-en-30-
oate (5d). White solid, yield 14%, mp 219.3-221.2°C. 'H NMR
(CDCl3) &: 7.69 (d, 1H, J = 16.0Hz), 7.51-7.60 (m, 2H), 7.33-7.46
(m, 4H), 7.19-7.32 (m, 3H), 6.47 (d, 1H, J = 16.0 Hz), 5.58 (s, 1H, H-
12), 5.31 (s, 2H, Ph-CH,), 4.68 (dd, 1H, H-3, J = 11.6, 4.8 Hz), 2.85 (dt,
1H, H-1, J = 13.4, 3.6 Hz), 2.39 (s, 4H), 2.08 (m, 1H, H-18), 2.03 (m,
1H, H-15), 1.97 (m, 1H, H-21), 1.95 (m, 1H, H-19), 1.83 (m, 1H, H-16),
1.78 (m, 1H, H-2), 1.73 (m, 1H, H-7), 1.69 (m, 1H, H-2"), 1.61 (m, 1H,
H-19"), 1.58 (m, 1H, H-6), 1.47 (m, 1H, H-6"), 1.45 (m, 1H, H-7"), 1.41
(m, 1H, H-22), 1.38 (s, 3H, H-27), 1.35 (m, 1H, H-22"), 1.33 (m, 1H, H-
217, 1.28 (m, 1H, H-16"), 1.21 (s, 3H, H-25), 1.19 (s, 3H, H-28), 1.14 (s,
3H, H-26), 1.09 (m, 1H, H-1"), 1.04 (m, 1H, H-15%), 0.99 (s, 3H, H-23),
0.95 (s, 3H, H-24), 0.89 (m, 1H, H-5), 0.78 (s, 3H, H-29); °C NMR
(CDCl3) 8: 200.0, 176.2, 169.0, 166.8, 144.4, 136.7, 134.5, 134.0,
130.4, 130.2, 129.1, 128.9, 128.9, 128.5, 128.5, 128.1, 128.1, 126.1,
118.8, 80.7, 64.6, 61.7, 55.1 53.5, 48.3, 45.4, 44.1, 43.2, 41.1, 38.9,
38.3, 37.7, 37.0, 32.7, 31.8, 31.2, 28.5, 28.4, 28.1, 26.5, 26.4, 23.7,
23.3, 19.0, 18.7, 17.4, 16.9, 16.5. HRMS (ES +) m/z calced for
C47H6105 [M + H]*: 705.4513, found 705.4525.

4.2.2.21. 2-Fluorobenzyl 3beta-(4-methyl)cinnamoyloxy-11-oxo-olean-12-
en-30-oate (5e). White solid, yield 3%, mp 164.2-166.5°C. 'H NMR
(CDCl3) &: 7.66 (d, 1H, J = 16.0Hz), 7.55 (dt, 3H, J = 5.9, 3.6 Hz),
7.30-7.46 (m, 5H), 7.07-7.22 (m, 2H), 6.42 (dd, 1H, J = 16.0, 1.2 Hz),
5.56 (s, 1H, H-12), 5.31 (s, 2H, Ph-CH,), 4.68 (dd, 1H, H-3, J = 11.6,
4.8 Hz), 2.84 (d, 1H, H-1, J = 13.9 Hz), 2.39 (s, 3H), 2.36 (s, 1H, H-9),
2.08 (m, 1H, H-18), 2.04 (m, 1H, H-15), 1.97 (m, 1H, H-21), 1.94 (m,
1H, H-19), 1.82 (t, 1H, H-16, J = 14.1 Hz), 1.76 (m, 1H, H-2), 1.72 (m,
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1H, H-7), 1.69 (m, 1H, H-2"), 1.61 (m, 1H, H-19"), 1.57 (m, 1H, H-6),
1.49 (m, 1H, H-6"), 1.44 (m, 1H, H-7"), 1.41 (m, 1H, H-22), 1.38 (s, 3H,
H-27), 1.34 (m, 1H, H-22"), 1.31 (m, 1H, H-21), 1.28 (m, 1H, H-16"),
1.25 (s, 3H, H-25), 1.19 (s, 3H, H-28), 1.15 (s, 3H, H-26), 1.11 (m, 1H,
H-17), 1.04 (m, 1H, H-15"), 0.98 (s, 3H, H-23), 0.94 (s, 3H, H-24), 0.88
(m, 1H, H-5), 0.77 (s, 3H, H-29); *C NMR (CDCl;) 8: 200.0, 176.1,
169.0, 167.0, 159.8, 144.3, 140.5, 131.8, 130.4, 130.7, 129.6, 129.6,
128.5, 128.0, 128.0, 124.2, 124.2, 117.7, 115.7, 80.5, 61.7, 60.4, 55.1,
53.5, 48.2, 45.4, 44.1, 43.2, 41.0, 38.8, 38.3, 37.6, 36.9, 32.7, 31.8,
31.2, 29.7, 28.4, 28.3, 28.1, 26.5, 26.4, 23.7, 23.3, 21.5, 18.7, 17.4,
16.9, 16.5. HRMS (ES +) m/z caled for C4HgoF10s [M + H]*:
723.4419, found 723.4435.

4.2.2.22. 2-Chlorobenzyl  3beta-(4-methyl)cinnamoyloxy-11-oxo-olean-
12-en-30-oate (5f). White solid, yield 14%, mp 209.5-212.1°C. 'H
NMR (CDCly) & 7.66 (d, 1H, J=16.0Hz), 7.42-7.47 (m, 3H),
7.28-7.33 (m, 3H), 7.20 (d, 2H, J=7.9Hz), 6.46 (d, 1H,
J =16.0Hz), 5.56 (s, 1H, H-12), 5.31 (s, 2H, Ph-CH»), 4.68 (dd, 1H,
H-3, J = 11.6, 4.9Hz), 2.84 (dt, 1H, H-1, J = 13.5, 3.6 Hz), 2.39 (s,
3H), 2.10 (m, 1H, H-18), 2.06 (s, 1H, H-9), 2.00 (m, 1H, H-15), 1.99 (m,
1H, H-21), 1.96 (m, 1H, H-19), 1.84 (m, 1H, H-16), 1.75 (m, 1H, H-2),
1.72 (m, 1H, H-7), 1.69 (m, 1H, H-2"), 1.61 (m, 1H, H-19"), 1.53 (m, 1H,
H-6), 1.50 (m, 1H, H-6"), 1.44 (m, 1H, H-7"), 1.42 (m, 1H, H-22), 1.38
(s, 3H, H-27), 1.34 (m, 1H, H-22"), 1.32 (m, 1H, H-21"), 1.27 (m, 1H, H-
167, 1.28 (s, 3H, H-25), 1.21 (s, 3H, H-28), 1.14 (s, 3H, H-26), 1.09 (m,
1H, H-1"), 1.04 (m, 1H, H-15%), 0.98 (s, 3H, H-23), 0.94 (s, 3H, H-24),
0.88 (m, 1H, H-5), 0.79 (s, 3H, H-29); '*C NMR (CDCl;) &: 200.0, 176.1,
169.0, 167.01, 144.4, 140.5, 133.8, 133.7, 130.2, 129.7, 129.7, 129.6,
129.6, 128.7, 128.5, 128.0, 128.0, 127.0, 117.7, 80.5, 63.9, 61.7, 55.1,
53.5, 48.2, 45.4, 44.2, 43.2, 41.0, 38.9, 38.3, 37.7, 37.0, 32.7, 31.8,
31.2, 29.7, 28.4, 28.4, 28.1, 26.5, 26.4, 23.7, 23.3, 21.5, 18.7, 17.4,
16.9, 16.5. HRMS (ES + ) m/z caled for C4;HgoCl1Os [M + H]™ :
739.4124, found 739.4131.

4.2.2.23. 2-Bromobenzyl  3beta-(4-methyl)cinnamoyloxy-11-oxo-olean-
12-en-30-oate (5g). White solid, yield 2%, mp 196.8-198.9 °C. 'H
NMR (CDCl3) &: 7.55-7.68 (m, 2H), 7.40-7.46 (m, 3H), 7.35-7.39
(m, 2H), 7.22 (dt, J = 8.1, 4.0 Hz, 2H), 6.42 (d, 1H, J = 2.0 Hz), 5.59
(s, 1H, H-12), 5.32 (s, 2H, Ph-CH,), 4.67 (m, 1H, H-3), 2.84 (d, 1H, H-1,
J = 13.6 Hz), 2.39 (s, 3H), 2.36 (s, 1H, H-9), 2.06 (m, 1H, H-18), 2.02
(m, 1H, H-15), 1.98 (m, 1H, H-21), 1.90 (m, 1H, H-19), 1.84 (m, 1H, H-
16), 1.75 (m, 1H, H-2), 1.73 (m, 1H, H-7), 1.69 (m, 1H, H-2"), 1.61 (m,
1H, H-19"), 1.53 (m, 1H, H-6), 1.49 (m, 1H, H-6"), 1.45 (m, 1H, H-7"),
1.41 (m, 1H, H-22), 1.39 (s, 3H, H-27), 1.34 (m, 1H, H-22"), 1.31 (m,
1H, H-21%), 1.28 (m, 1H, H-16"), 1.22 (s, 3H, H-25), 1.19 (s, 3H, H-28),
1.15 (s, 3H, H-26), 1.09 (m, 1H, H-1"), 1.04 (m, 1H, H-15"), 0.98 (s, 3H,
H-23), 0.94 (s, 3H, H-24), 0.88 (m, 1H, H-5), 0.79 (s, 3H, H-29); '3C
NMR (CDCl3) 8: 200.0, 176.0, 169.0, 167.0, 144.3, 140.5, 135.4, 133.0,
133.0, 132.8, 130.2, 129.9, 129.7, 129.6, 128.5, 128.0, 127.6, 127.5,
123.7, 117.7, 85.6, 66.0, 61.7, 55.1, 53.4, 48.2, 45.4, 45.4, 44.2, 43.2,
41.0, 38.9, 38.3, 37.7, 36.9, 32.7, 31.8, 31.2, 28.4, 28.4, 28.1, 26.5,
26.4, 23.7, 23.3, 21.5, 18.7, 17.4, 16.9, 16.6. HRMS (ES + ) m/z calcd
for C4;HgoBr;05 [M + H]™*: 783.3619, found 783.3636.

4.2.2.24. 2-Methylbenzyl  3beta-(4-methyl)cinnamoyloxy-11-oxo-olean-
12-en-30-oate (5h). White solid, yield 7%, mp 167.8-169.2°C. |
NMR (CDCl3) &: 7.66 (d, 1H, J = 16.0Hz), 7.45 (d, 2H, J = 8.0 Hz),
7.36 (dd, 1H, J = 7.4, 1.8Hz), 7.32-7.17 (m, 5H), 6.42 (d, 1H,
J =16.0Hz), 5.57 (s, 1H, H-12), 5.32 (s, 2H, Ph-CH»), 4.68 (dd, 1H,
H-3, J = 11.6, 4.8Hz), 2.85 (dt, 1H, H-1, J = 13.4, 3.6 Hz), 2.39 (s,
6H), 2.37 (s, 1H, H-9), 2.07 (m, 1H, H-18), 2.05 (m, 1H, H-15), 1.97 (m,
1H, H-21), 1.95 (m, 1H, H-19), 1.83 (m, 1H, H-16), 1.77 (m, 1H, H-2),
1.72 (m, 1H, H-7), 1.69 (m, 1H, H-2"), 1.61 (m, 1H, H-19), 1.54 (m, 1H,
H-6), 1.49 (m, 1H, H-6"), 1.44 (m, 1H, H-7"), 1.41 (m, 1H, H-22), 1.38
(s, 3H, H-27), 1.36 (m, 1H, H-22"), 1.33 (m, 1H, H-21"), 1.26 (m, 1H, H-
167, 1.21 (s, 3H, H-25), 1.19 (s, 3H, H-28), 1.14 (s, 3H, H-26), 1.10 (m,
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1H, H-1"), 1.04 (m, 1H, H-15"), 0.98 (s, 3H, H-23), 0.94 (s, 3H, H-24),
0.89 (m, 1H, H-5), 0.78 (s, 3H, H-29); 13C NMR (CDCl5) §: 200.0, 176.2,
169.0, 167.0, 144.4, 140.5, 136.7, 134.0, 131.8, 130.4, 129.6, 129.6,
129.1, 128.5, 128.5, 128.0, 128.0, 126.1, 117.7, 80.5, 64.6, 61.7, 55.1,
53.5, 48.3, 45.4, 44.1, 43.2, 41.1, 38.9, 38.3, 37.7, 37.0, 32.7, 31.8,
31.2, 28.5, 28.4, 28.1, 26.5, 26.4, 23.7, 23.3, 21.5, 19.0, 18.7, 17.4,
16.9, 16.5. HRMS (ES +) m/z caled for CugHg30s [M + H]™"
719.4670, found 719.4680.

4.2.2.25. 2-Fluorobenzyl 3beta-(4-fluoro)cinnamoyloxy-11-oxo-olean-12-
en-30-oate (5i). White solid, yield 21%, mp 193.3-195.1 °C. H NMR
(CDCl3) 6: 7.63 (d, 1H, J = 16.0Hz), 7.52 (dd, 2H, J = 8.5, 5.4 Hz),
7.26-7.44 (m, 2H), 7.03-7.23 (m, 4H), 6.37 (d, 1H, J = 16.0 Hz), 5.55
(s, 1H, H-12), 5.30 (s, 2H, Ph-CH,), 4.68 (dd, 1H, H-3, J = 11.7,
4.8 Hz), 2.83 (dt, 1H, H-1, J = 13.5, 3.6 Hz), 2.37 (s, 1H, H-9), 2.07 (m,
1H, H-18), 2.04 (m, 1H, H-15), 1.95 (m, 1H, H-21), 1.92 (m, 1H, H-19),
1.84 (m, 1H, H-16), 1.78 (m, 1H, H-2), 1.74 (m, 1H, H-7), 1.68 (m, 1H,
H-2%), 1.63 (m, 1H, H-19), 1.59 (m, 1H, H-6), 1.48 (m, 1H, H-6"), 1.43
(m, 1H, H-7"), 1.39 (m, 1H, H-22), 1.36 (s, 3H, H-27), 1.33 (m, 1H, H-
227, 1.30 (m, 1H, H-21), 1.26 (m, 1H, H-16"), 1.19 (s, 3H, H-25), 1.17
(s, 3H, H-28), 1.13 (s, 3H, H-26), 1.07 (m, 1H, H-1"), 1.02 (m, 1H, H-
15”), 0.97 (s, 3H, H-23), 0.93 (s, 3H, H-24), 0.87 (m, 1H, H-5), 0.76 (s,
3H, H-29); *C NMR (CDCl3) &: 200.0, 176.1, 169.0, 166.6, 162.3,
159.8, 143.0, 130.8, 130.7, 130.4, 130.4, 129.9, 129.9, 128.4, 124.2,
116.1, 115.9, 115.7, 115.5, 80.7, 61.7, 60.4, 60.3, 55.0, 53.5, 48.2,
45.4, 44.0, 43.2, 41.0, 38.8, 38.3, 37.6, 36.9, 32.7, 31.2, 28.4, 28.3,
28.1, 26.5, 23.7, 23.3, 18.7, 17.4, 16.9, 16.4. HRMS (ES + ) m/z calcd
for C46Hs,F205 [M + H] *: 727.4168, found 727.4182.

4.2.2.26. 2-Chlorobenzyl 3beta-(4-fluoro)cinnamoyloxy-11-oxo-olean-12-
en-30-oate (5j). White solid, yield 13%, mp 118.2-119.7 °C. H NMR
(CDCl3) 8: 7.64 (d, 1H, J = 16.0 Hz), 7.49-7.57 (m, 2H), 7.41 -7.46(m,
2H), 7.31 (dt, J = 7.0, 2.2 Hz, 2H), 7.03-7.13 (m, 2H), 6.37 (d, 1H,
J = 16.0Hz), 5.57 (s, 1H, H-12), 5.31 (s, 2H, Ph-CH,), 4.67 (dd, 1H, H-
3,J =11.7,4.8Hz), 2.84 (dt, 1H, H-1, J = 13.6, 3.7 Hz), 2.38 (s, 1H, H-
9), 2.09 (m, 1H, H-18), 2.00 (m, 1H, H-15), 1.99 (m, 1H, H-21), 1.95
(m, 1H, H-19), 1.86 (m, 1H, H-16), 1.78 (m, 1H, H-2), 1.73 (m, 1H, H-
7), 1.68 (m, 1H, H-2’), 1.65 (m, 1H, H-19"), 1.60 (m, 1H, H-6), 1.49 (m,
1H, H-6"), 1.43 (m, 1H, H-7), 1.39 (m, 1H, H-22), 1.38 (s, 3H, H-27),
1.33 (m, 1H, H-22"), 1.29 (m, 1H, H-21"), 1.27 (m, 1H, H-16"), 1.21 (s,
3H, H-25), 1.20 (s, 3H, H-28), 1.13 (s, 3H, H-26), 1.08 (m, 1H, H-1"),
1.04 (m, 1H, H-15%), 0.97 (s, 3H, H-23), 0.93 (s, 3H, H-24), 0.84 (m, 1H,
H-5), 0.78 (s, 3H, H-29); '3C NMR (CDCl;) 8: 200.0, 176.0, 166.7,
162.6, 143.0, 133.7, 133.6, 130.2, 130.2, 129.9, 129.9, 129.7, 129.7,
129.7, 128.5, 127.0, 118.6, 116.1, 115.9, 80.7, 63.8, 61.7, 55.0, 48.2,
45.4, 44.2, 43.2, 41.0, 38.8, 38.3, 37.6, 36.9, 32.7, 31.8, 31.2, 28.4,
28.4, 28.1, 26.5, 26.40 , 23.7, 23.3, 18.7, 17.4, 16.9, 16.5. HRMS
(ES + ) m/z caled for C4¢Hs;ClLiF,05 [M + H]* : 743.3873, found
743.3882.

4.2.2.27. 2-Bromobenzyl 3beta-(4-fluoro)cinnamoyloxy-11-oxo-olean-12-
en-30-oate (5k). White solid, yield 2%, mp 115.6-117.8 °C. 'H NMR
(CDCly) 8: 7.59-7.68 (m, 2H), 7.51-7.54 (m, 2H), 7.45 (dd, 1H, J = 7.6,
1.8Hz), 7.36 (td, 1H, J = 7.5, 1.2Hz), 7.22 (td, J = 7.7, 1.8 Hz, 1H),
7.08 (t, 2H, J = 8.6 Hz), 6.38 (d, 1H, J = 16.0 Hz), 5.59 (s, 1H, H-12),
5.31 (s, 2H, Ph-CH,), 4.67 (dd, 1H, H-3,J = 11.6, 4.8 Hz), 2.85 (m, 1H,
H-1), 2.38 (s, 1H, H-9), 2.07 (m, 1H, H-18), 2.04 (m, 1H, H-15), 1.97
(m, 1H, H-21), 1.96 (m, 1H, H-19), 1.82 (m, 1H, H-16), 1.78 (m, 1H, H-
2), 1.74 (m, 1H, H-7), 1.68 (m, 1H, H-2"), 1.62 (m, 1H, H-197), 1.60 (m,
1H, H-6), 1.49 (m, 1H, H-6"), 1.44 (m, 1H, H-7"), 1.40 (m, 1H, H-22),
1.38 (s, 3H, H-27), 1.37 (m, 1H, H-22"), 1.34 (m, 1H, H-21"), 1.27 (m,
1H, H-16"), 1.22 (s, 3H, H-25), 1.20 (s, 3H, H-28), 1.13 (s, 3H, H-26),
1.08 (m, 1H, H-1"), 1.04 (m, 1H, H-15"), 0.97 (s, 3H, H-23), 0.93 (s, 3H,
H-24), 0.82 (m, 1H, H-5), 0.79 (s, 3H, H-29); '*C NMR (CDCls) 8: 200.0,
176.0, 169.1, 166.7, 162.6, 143.0, 132.9, 132.9, 130.2, 129.9, 129.9,
129.9, 129.9, 128.5, 127.6, 123.6, 118.5, 116.1, 115.9, 80.7, 66.0,
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61.7, 55.0, 53.5, 48.2, 45.4, 44.2, 43.2, 41.0, 38.8, 38.3, 37.7, 36.9,
32.7, 31.8, 31.2, 28.5, 28.4, 28.1, 26.5, 26.4, 23.7, 23.3, 18.7, 17.4,
16.9, 16.5. HRMS (ES + ) m/z calcd for CsHs,BriF;0s [M + H]*:
787.3368, found 787.3368.

4.2.2.28. 2-Methylbenzyl 3beta-(4-fluoro)cinnamoyloxy-11-oxo-olean-12-
en-30-oate (51). White solid, yield 2%, mp 101.2-102.9 °C. 1H NMR
(CDCls) &: 7.65 (d, 1H, J = 15.9 Hz), 7.54 (t, 2H, J = 6.9 Hz), 7.36 (d,
1H, J=7.1Hz), 7.25 (dt, 3H, J=15.1, 6.4Hz), 7.09 (t, 2H,
J =8.5Hz), 6.37 (d, 1H, J = 15.6 Hz), 5.57 (s, 1H, H-12), 5.32 (s,
2H, Ph-CH,), 4.68 (dd, 1H, H-3, J = 11.6, 4.0 Hz), 2.85 (d, 1H, H-1,
J = 13.6 Hz), 2.39 (s, 3H), 2.35 (s, 1H, H-9), 2.09 (m, 1H, H-18), 2.03
(m, 1H, H-15), 1.95 (m, 1H, H-21), 1.92 (m, 1H, H-19), 1.86 (m, 1H, H-
16), 1.79 (m, 1H, H-2), 1.73 (m, 1H, H-7), 1.67 (m, 1H, H-2"), 1.65 (m,
1H, H-19"), 1.58 (m, 1H, H-6), 1.47 (m, 1H, H-6"), 1.45 (m, 1H, H-7"),
1.41 (m, 1H, H-22), 1.38 (s, 3H, H-27), 1.33 (m, 1H, H-22"), 1.30 (m,
1H, H-21%), 1.26 (m, 1H, H-16"), 1.21 (s, 3H, H-25), 1.19 (s, 3H, H-28),
1.14 (s, 3H, H-26), 1.07 (m, 1H, H-1"), 1.02 (m, 1H, H-15"), 0.98 (s, 3H,
H-23), 0.94 (s, 3H, H-24), 0.85 (m, 1H, H-5), 0.77 (s, 3H, H-29); '°C
NMR (CDCly) 8: 200.0, 176.2, 169.0, 166.7, 162.6, 143.0, 136.7, 134.0,
130.8, 130.4, 129.9, 129.9, 129.1, 128.5, 128.5, 126.1, 118.6, 116.1,
115.9, 80.7, 64.6, 61.7, 55.1, 48.3, 45.4, 44.1, 43.2, 41.1, 38.8, 38.3,
37.7, 37.0, 32.7, 31.2, 28.5, 28.4, 28.1, 26.4, 23.7, 23.3, 19.0, 18.7,
17.4, 16.9, 16.4. HRMS (ES + ) m/z caled for C4;HgoF105 [M + H]*:
723.4419, found 723.4435.

4.2.2.29. 2-Fluorobenzyl 3beta-(4-nitro)cinnamoyloxy-11-oxo-olean-12-
en-30-oate (5m). White solid, yield 26%, mp 106.8-108.5 °C. 'H NMR
(CDCl5) &: 8.12-8.24 (m, 2H), 7.62-7.71 (m, 3H), 7.25-7.41 (m, 2H),
7.04-7.15 (m, 2H), 6.55 (d, 1H, J = 20.0 Hz), 5.51 (s, 1H, H-12), 5.27
(s, 2H, Ph-CH.), 4.65 (dd, 1H, H-3, J = 12.0, 4.8 Hz), 2.80 (m, 1H, H-
1), 2.34 (s, 1H, H-9), 2.04 (m, 1H, H-18), 2.00 (m, 1H, H-15), 1.95 (m,
1H, H-21), 1.91 (m, 1H, H-19), 1.88 (m, 1H, H-16), 1.78 (m, 1H, H-2),
1.75 (m, 1H, H-7), 1.67 (m, 1H, H-2"), 1.64 (m, 1H, H-19"), 1.59 (m, 1H,
H-6), 1.48 (m, 1H, H-6"), 1.42 (m, 1H, H-7"), 1.40 (m, 1H, H-22), 1.33
(s, 3H, H-27), 1.29 (m, 1H, H-22/), 1.27 (m, 1H, H-21"), 1.22 (m, 1H, H-
16", 1.16 (s, 3H, H-25), 1.14 (s, 3H, H-28), 1.09 (s, 3H, H-26), 1.03 (m,
1H, H-1%), 0.99 (m, 1H, H-15"), 0.94 (s, 3H, H-23), 0.90 (s, 3H, H-24),
0.84 (m, 1H, H-5), 0.72 (s, 3H, H-29); *C NMR (CDCl,) 8: 199.8, 176.0,
169.1, 165.8, 159.7, 148.4, 141.3, 140.7, 130.7, 130.2, 128.6, 128.6,
128.4,124.2,124.1,124.1, 123.1, 115.6, 115.4, 81.4, 61.6, 60.3, 55.0,
53.5, 48.2, 45.3, 44.0, 43.1, 41.0, 38.7, 38.2, 37.6, 36.9, 32.6, 31.7,
31.1, 28.4, 28.2, 28.1, 26.4, 23.6, 23.3, 18.6, 17.4, 16.9, 16.4. HRMS
(ES +) m/z caled for CseHs,FiN;O0, [M + H]": 754.4113, found
754.4121.

4.2.2.30. 2-Chlorobenzyl 3beta-(4-nitro)cinnamoyloxy-11-oxo-olean-12-
en-30-oate (5n). White solid, yield 41%, mp 143.1-144.5 °C. 1H NMR
(CDCl3) &: 8.13-8.25 (m, 2H), 7.62-7.72 (m, 3H), 7.35-7.45 (m, 2H),
7.24-7.31 (m, 2H), 6.56 (dd, 1H, J = 16.1, 2.7 Hz), 5.54 (s, 1H, H-12),
5.28 (s, 2H, Ph-CH,), 4.66 (dd, 1H, H-3, J = 11.3, 4.6 Hz), 2.81 (m, 1H,
H-1), 2.35 (s, 1H, H-9), 2.07 (m, 1H, H-18), 2.01 (m, 1H, H-15), 1.96
(m, 1H, H-21), 1.92 (m, 1H, H-19), 1.87 (m, 1H, H-16), 1.79 (m, 1H, H-
2), 1.76 (m, 1H, H-7), 1.66 (m, 1H, H-2"), 1.63 (m, 1H, H-19"), 1.58 (m,
1H, H-6), 1.49 (m, 1H, H-6"), 1.46 (m, 1H, H-7"), 1.41 (m, 1H, H-22),
1.35 (s, 3H, H-27), 1.33 (m, 1H, H-22"), 1.30 (m, 1H, H-21"), 1.23 (m,
1H, H-16"), 1.17 (s, 3H, H-25), 1.11 (s, 3H, H-28), 1.08 (s, 3H, H-26),
1.05 (m, 1H, H-1), 1.01 (m, 1H, H-15"), 0.95 (s, 3H, H-23), 0.91 (s, 3H,
H-24), 0.84 (m, 1H, H-5), 0.75 (s, 3H, H-29); *C NMR (CDCl;) 8: 199.9,
176.0, 169.1, 148.4, 141.4, 140.7, 133.7, 133.7, 130.2, 130.1, 129.7,
129.6, 128.6, 128.4, 127.0, 124.1, 123.8, 123.1, 123.1, 81.3, 63.7,
61.6, 55.0, 53.5, 48.2, 45.3, 44.1, 43.2, 41.0, 38.8, 38.3, 37.7, 36.9,
32.6, 31.8, 31.2, 28.4, 28.1, 28.0, 26.4, 26.4, 23.6, 23.3, 18.7, 17.4,
16.9, 16.4. HRMS (ES + ) m/z caled for C46Hs;Cl;N;0, [M + H]*:
770.3818, found 770.3833.
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4.2.2.31. 2-Bromobenzyl 3beta-(4-nitro)cinnamoyloxy-11-oxo-olean-12-
en-30-oate (50). White solid, yield 49%, mp 132.4-134.8 °C. H NMR
(CDCl3) 8: 8.13-8.25 (m, 2H), 7.62-7.72 (m, 3H), 7.56 (dt, 1H, J = 7.9,
1.5Hz), 7.26-7.45 (m, 2H), 7.18 (tt, 1H, J = 7.6, 1.7 Hz), 6.56 (d, 1H,
J = 16.0 Hz), 5.56 (s, 1H, H-12), 5.28 (s, 2H, Ph-CH,), 4.66 (dd, 1H, H-
3,J = 11.6, 4.8 Hz), 2.80 (ddt, 1H, J = 16.7, 13.8, 3.5Hz), 2.35 (s, 1H,
H-9), 2.10 (m, 1H, H-18), 2.02 (m, 1H, H-15), 1.96 (m, 1H, H-21), 1.92
(m, 1H, H-19), 1.85 (m, 1H, H-16), 1.78 (m, 1H, H-2), 1.75 (m, 1H, H-
7), 1.67 (m, 1H, H-2’), 1.64 (m, 1H, H-19"), 1.59 (m, 1H, H-6), 1.48 (m,
1H, H-6"), 1.42 (m, 1H, H-7), 1.40 (m, 1H, H-22), 1.35 (s, 3H, H-27),
1.29 (m, 1H, H-22"), 1.27 (m, 1H, H-21"), 1.22 (m, 1H, H-16"), 1.19 (s,
3H, H-25), 1.16 (s, 3H, H-28), 1.10 (s, 3H, H-26), 1.03 (m, 1H, H-1),
0.99 (m, 1H, H-15"), 0.95 (s, 3H, H-23), 0.91 (s, 3H, H-24), 0.85 (m, 1H,
H-5), 0.76 (s, 3H, H-29); '3C NMR (CDCl;) 8: 199.8, 175.9, 169.1,
165.8, 148.4, 141.3, 140.7, 135.3, 132.9, 130.2, 130.1, 129.9, 128.6,
128.4, 127.6, 124.1, 123.6, 123.1, 123.1, 81.3, 65.9, 61.6, 55.0, 53.5,
48.2, 45.3, 44.1, 43.2, 41.0, 38.8, 38.2, 37.7, 36.9, 32.6, 31.8, 31.1,
28.4, 28.1, 28.0, 26.4, 23.6, 23.3, 18.7, 17.4, 16.9, 16.4. HRMS (ES + )
m/z caled for C46Hs;BriN;0, [M + H]* : 814.3313, found 814.3306.

4.2.2.32. 2-Methylbenzyl 3beta-(4-nitro)cinnamoyloxy-11-oxo-olean-12-
en-30-oate (5p). White solid, yield 44%, mp 111.6-113.2°C. 'H NMR
(CDCl;) &: 8.13-8.25 (m, 2H), 7.63-7.72 (m, 3H), 7.22 (m, 1H),
7.15-7.28 (m, 3H), 6.57 (d, 1H, J = 16.0Hz), 5.55 (s, 1H, H-12),
5.27 (s, 2H, Ph-CHy), 4.68 (dd, 1H, H-3, J = 11.6, 4.8 Hz), 2.82 (ddt,
1H, H-1, J = 16.9, 13.9, 3.6 Hz), 2.36 (s, 3H), 2.31 (s, 1H, H-9), 2.04
(m, 1H, H-18), 2.02 (m, 1H, H-15), 1.96 (m, 1H, H-21), 1.92 (m, 1H, H-
19), 1.84 (m, 1H, H-16), 1.77 (m, 1H, H-2), 1.74 (m, 1H, H-7), 1.67 (m,
1H, H-2"), 1.64 (m, 1H, H-19"), 1.58 (m, 1H, H-6), 1.48 (m, 1H, H-6"),
1.42 (m, 1H, H-7), 1.39 (m, 1H, H-22), 1.36 (s, 3H, H-27), 1.31 (m, 1H,
H-22), 1.28 (m, 1H, H-21"), 1.25 (m, 1H, H-16"), 1.18 (s, 3H, H-25),
1.16 (s, 3H, H-28), 1.11 (s, 3H, H-26), 1.06 (m, 1H, H-1"), 1.01 (m, 1H,
H-15%), 0.96 (s, 3H, H-23), 0.92 (s, 3H, H-24), 0.86 (m, 1H, H-5), 0.72
(s, 3H, H-29); '3C NMR (CDCl,) &: 199.83 , 176.13 , 169.12 , 165.77 ,
148.4, 141.4, 140.7, 136.6, 134.0, 130.4, 130.3, 129.1, 128.7, 128.5,
128.4, 126.1, 124.1, 123.1, 123.1, 81.4, 64.5, 61.6, 55.0, 53.5, 48.2,
45.3, 44.1, 43.2, 41.1, 38.8, 37.7, 36.9, 32.7, 31.8, 31.1, 28.5, 28.1,
28.1, 26.4, 23.6, 23.3, 19.0, 18.6, 17.4, 16.9, 16.4. HRMS (ES + ) m/z
caled for C47HgoN;07 [M + H]* : 750.4364, found 750.4362.

4.2.2.33. 2-Fluorobenzyl 3beta-(2,3,4,5,6-Pentafluoro)cinnamoyloxy-11-
oxo-olean-12-en-30-oate  (5q). White solid, yield 26%, mp
198.7-199.5°C. 'H NMR (CDCl;) &: 7.62 (d, 1H, J = 16.4Hz),
7.26-7.43 (m, 2H), 7.12 (dt, 2H, J = 26.5, 8.4Hz), 6.74 (d, 1H,
J = 20.0Hz), 5.54 (s, 2H, Ph-CH,), 5.26 (d, 1H, H-12, J = 12.4 Hz),
4.67 (dd, 1H, H-3, J = 12.0, 4.8 Hz), 2.80 (d, 1H, H-1, J = 13.6 Hz),
2.36 (s, 1H, H-9), 2.06 (m, 1H, H-18), 2.01 (m, 1H, H-15), 1.95 (m, 1H,
H-21), 1.91 (m, 1H, H-19), 1.84 (m, 1H, H-16), 1.78 (m, 1H, H-2), 1.71
(m, 1H, H-7), 1.68 (m, 1H, H-2"), 1.62 (m, 1H, H-19"), 1.59 (m, 1H, H-
6), 1.48 (m, 1H, H-6"), 1.42 (m, 1H, H-7"), 1.40 (m, 1H, H-22), 1.36 (s,
3H, H-27), 1.30 (m, 1H, H-22"), 1.26 (m, 1H, H-21"), 1.25 (m, 1H, H-
167, 1.18 (s, 3H, H-25), 1.17 (s, 3H, H-28), 1.12 (s, 3H, H-26), 1.02 (m,
1H, H-1"), 0.98 (m, 1H, H-15"), 0.95 (s, 3H, H-23), 0.92 (s, 3H, H-24),
0.86 (m, 1H, H-5), 0.75 (s, 3H, H-29); *C NMR (CDCl5) 8: 199.8, 176.0,
169.0, 165.7, 159.8, 148.0, 144.3, 138.9, 136.5, 130.7, 130.4, 130.3,
128.4,127.8,126.9, 124.2, 124.1, 115.6, 115.4, 81.6, 61.6, 60.3, 55.0,
48.2, 45.3, 44.0, 43.2, 41.0, 38.8, 38.2, 37.6, 36.9, 32.7, 31.7, 31.1,
28.4,28.2, 28.1, 26.4, 23.6, 23.3, 18.7, 17.4, 16.8, 16.4. HRMS (ES + )
m/z caled for C4gHs3FsOs [M + H]* : 799.3791, found 799.3798.

4.3. Biological assays

4.3.1. Cytotoxicity in vitro assay

MTT assay was used to determine the cytotoxicity in vitro. The MCF-
7, HeLa cell lines and L-02 (3-4 x 10* cells/mL) were placed in 96-well
plates and cultured in an incubator at 37 °C with 5% CO, for 24 h. Then,
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the medium was replaced by various concentrations of test compounds.
After 48 h incubation, 20 uL of MTT solution (5 mg/mL) was added to
each well and it was incubated for another 4 h. The formazan crystals
were dissolved in 100 pL. DMSO and the absorbance was measured at
490 nm using a Bio-Rad iMark™ microplate reader. The ICso values
were obtained by linear regression analysis using GraphPad Prism
(version 5.01).

4.3.2. Apoptosis assay by Hoechst 33,342 staining methods

HeLa cells were seeded into 6-well plates and incubated at 37 °C
with 5% CO, for 24 h. Then, the medium was replaced by different
concentrations of compounds 2d (0puM, 2uM, 4uM) and 3o (OuM,
1uM, 2uM) for 48 h. After that, the cells were fixed with 4% paraf-
ormaldehyde and stained with DMEM solution containing 10 pug/mL
Hoechst 33,342 for 10 min in the dark. Finally, the cells were washed
twice with cold PBS and examined under a fluorescence microscope.

4.3.3. Apoptosis assay by AO/EB staining methods

HeLa cells were seeded into 6-well plates and incubated at 37 °C
with 5% CO, for 24 h. Then, the cells were exposed to different con-
centrations of compounds 2d (0 uM, 2 uM, 4 uM) and 3o (0 uM, 1 uM,
2 uM) for 48 h. After that, the cells were trypsinized, fixed and stained
with 100 pg/mL concentration of AO/EB for 5 min in the dark. Finally,
the cells were washed twice with cold PBS and examined under a
fluorescence microscope.

4.3.4. Reactive oxygen species (ROS) assay

Intracellular ROS levels were measured using 2/, 7’-di-
chlorodihydrofluorescein diacetate (DCFH-DA) fluorescent probe. After
incubation with different concentrations of compounds 2d and 3o, the
cells were trypsinized and incubated with 10 pM DCFH-DA in DMEM
for 25 min in the dark. Finally, the cells were washed twice with cold
PBS and examined under a fluorescence microscope.

4.3.5. Apoptosis assay by annexin V/7-AAD double staining

PE Annexin V Apoptosis Detection Kit I was used to distinguish
different stages of apoptosis. After incubation with different con-
centrations of compounds 2d and 3o for 48 h, the cells were trypsinized
and washed twice with PBS. Then, the cells were stained with Annexin
V-PE (5pL) and 7-AAD (5plL) in binding buffer. After incubation at
room temperature for 15 min, cell apoptosis was analyzed by BD FACS
Aria III flow cytometer.

4.3.6. Autophagy induced by the compounds

HeLa cells were seeded into 6-well plates and incubated for 24 h.
Then, the medium was replaced with medium containing different
concentrations of compounds 2d (0puM, 2uM, 4uM) and 3o (OuM,
1uM, 2 uM) for 48 h. After that, the cells were trypsinized and stained
with MDC (monodansylcadaverine) solution (50 mM) for 15 min in the
dark. Finally, the cells were washed twice with cold PBS and analyzed
by BD FACS Aria III flow cytometer.
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