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Synthesis and antitumor activity of lupeol-3-pyrazole side chain derivatives

HOU Liman, ZHAO Yinxu, TIAN Shuang, DENG Siqi, SONG Juan, BU Ming, WANG Ming
College of Pharmacy, Qiqihar Medical University, Qiqihar 161006, China

Abstract: Objective To design and synthesize a series of lupeol-3-pyrazole side chain derivatives, and to study their antitumor
activities in vitro. Methods Starting from lupeol, the target compounds 4a — o were obtained through substitution and acylation
reactions. MTT assay was used to detect the effect of compounds on the proliferation of HepG2, MCF-7, A549, and MRC-5 cells.
A549 cells were treated with compound 4a at 1, 2, and 4 umol/L for 48 h, and the level of reactive oxygen species (ROS) was detected
by DCFH-DA staining, and cell apoptosis was detected by flow cytometry (AnnexinV-FITC/PI). The binding mode of compound 4a
with HSP90 was analyzed by molecular docking, and Western blotting method was used to detect the expression levels of HSP90 and
apoptosis-related proteins in A549 cells. Results 15 Lupeol-3-pyrazole side chain derivatives were synthesized. Compound 4a had a
strong cytotoxicity on A549 cells, promoted the production of reactive oxygen species in a dose-dependent manner, induced apoptosis
through oxidative stress. Compound 4a had a better binding affinity with HSP90, and significantly down-regulated the protein
expression of HSP90 and Bax, but up-regulated the protein expression of Bcl-2. Conclusion  Lupeol-3-pyrazole side-chain derivative
4a can promote the production of reactive oxygen species, induce cellular oxidative stress, and induce apoptosis in A549 cells.

Key words: lupeol-3-pyrazole side chain derivative; lupeol; cytotoxicity; reactive oxygen species; cell apoptosis; HSP90; Bax; Bcl-2
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Fig. 1 Design strategy for lupeol-3-pyrazole side chain derivatives
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A& (45 40302ES20) i M ARIMNRFI& (LS
50101ESO1). RIPA W (k5 20115E) W H
XAEMBE RO ARAR; BCA Rifl& (S
P0010) W H iR = RKAEMHEAREGRAT; B 41/
WRELR 2 (Bel-2) $ifk (dit's5 3498T). Bel-2 MK
X #EH (Bax) Fifk (5 5023T). #ARTLEH 90
(HSP90) Hifk (L5 4877T). B-WBhEA (B-actin)
Pifk (5 4970T) WHEE CST AF]; Pk
IgG — Pt (L5 ab205718) W H Ll U IHEHIASH
PR K45 ECL 2G| (k'S MA0186-
2) W H REEAS AR B A PR A ]

N4 R AS49 (Hlk'5 TCH-C116). A3
JRJE AN & MCF-7 ($it5 TCH-C247). AFFE 4
% HepG2 4Hffl % (TCH-C196) FIAJEAgRAE (Ht
5 TCH-C263) W HiFEAMFHE AR AF] .
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221 AW 26 P EE (1, 500 mg,
1 mmol) ¥&f# T 20 mL & eyt BEJE 40
TN 4-TEFEZR S F RS (472 mg, 2mmol) AIALNE
(278 uL, 3mmol), fERIRY' F =R 2he 1E
HEEARE (TLC) WM BEERE, #hiA R B 58 ik
5, BIRSIRAYIR 50 mL & T BRI, R KIK
FAVLRBR BREN K IR MR SR /KEAT 2L, A HLE
LITKTRBRIN TR, BAIRTE R LK. ERESR
PR BRZVE, RAEERAE I 5, Lok -
BEIR SR (20 @ D VR NBEMGR, 433 a2 (482
mg, ;73 76%). 'H-NMR (600 MHz, CDCl) J: 8.27
(d, J=9.2 Hz, 2H, H-34, H-36), 7.38 (d, J = 9.1 Hz,
2H, H-33, H-37), 4.69 (s, 1H, H-29), 4.57 (s, 1H, H-
29), 4.44 (dd, J=11.4, 5.1 Hz, 1H, H-3), 2.38 (td, J =
11.0, 5.8 Hz, 1H), 1.94~1.90 (m, 1H), 1.83~1.78 (m,
2H), 1.75 (dd, J = 13.4, 3.7 Hz, 2H), 1.68 (s, 3H), 1.65
(d, J=12.4 Hz, 2H), 1.55~1.52 (m, 1H), 1.48 (dt, J =
10.4,2.0 Hz, 1H), 1.41 (t, J=7.2 Hz, 4H), 1.39 (d, J =
4.7 Hz, 1H), 1.37 (s, 1H), 1.36 (s, 1H), 1.34 (s, 1H),
1.32 (s, 1H), 1.30 (d, J = 2.8 Hz, 1H), 1.25 (d, J = 3.6
Hz, 1H), 1.24~1.21 (m, 1H), 1.19 (d, J=10.9 Hz, 1H),
1.04 (s, 3H, CH3), 1.01 (dt, J = 6.8, 4.0 Hz, 2H), 0.99
(s, 3H, CH3), 0.95 (s, 3H, CH3), 0.90 (s, 3H, CH3), 0.88
(s, 3H, CH3), 0.79 (s, 3H, CH3). '3C-NMR (150 MHz,
CDCl3) d: 155.9 (C-31), 152.6 (C-32), 151.1 (C-20),
145.4 (C-35), 125.4 (C-34, C-36), 122.0 (C-33, C-37),
109.5 (C-29), 87.8 (C-3), 55.5 (C-5), 50.5 (C-9), 48.4
(C-18), 48.1 (C-19), 43.1 (C-14), 43.0 (C-17), 41.0 (C-
8), 40.1 (C-22), 38.4 (C-13), 38.3 (C-4), 38.1 (C-1),
37.2 (C-10), 35.7 (C-16), 34.3 (C-7), 30.0 (C-21), 28.1
(C-15), 27.6 (C-23), 25.2 (C-12), 23.7 (C-2), 21.1 (C-
11), 19.4 (C-30), 18.3 (C-28), 18.1 (C-24), 16.5 (C-6),
16.3 (C-25), 16.1 (C-26), 14.7 (C-27). HRMS (ESI)
m/z: calcd for C37Hs3NOs [M+H]*: 592.400 2, found:
592.399 8.

222 WEWIMERK HrhiEE 2 (300mg, 0.1
mmol) T 10 mL & F LT, 0 AR
(0.3mmol) FI=Z % (EtN, 3mL) 7E%IE T M
4 h. TLC #iNR M TERSE, MR SAR R F A 20
mL S BERRE,  FH ZKCRI R S B K IR AT
R, ToKBREREN T, Wi ekt 28 R IR 2
P e SR FRER A L AT Ak, DA &b -
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Fig.2 Synthesis route of lupeol-3-pyrazole side chain derivatives (4a — o)

HEE (50 @ 1D AENPEmLR, 152 E4k 3 (248 mg,
FEE 74%) . 'H-NMR (600 MHz, CDCl3) J: 4.68 (s,
1H, H-29), 4.57 (s, 1H, H-29), 4.36 (dd, J=11.8, 4.5
Hz, 1H, H-3), 3.46 (s, 4H, H-32, H-35), 2.84 (s, 4H, H-
33, H-34), 2.38 (d, J = 5.8 Hz, 1H), 2.17 (s, 1H, NH),
1.91 (d,J=22.0 Hz, 1H), 1.71 (d, J=4.0 Hz, 2H), 1.68
(s, 3H, CH3), 1.65 (d,J=3.6 Hz, 2H), 1.60 (s, 1H), 1.51
(s, 1H), 1.48 (s, 1H), 1.42 (d, J = 6.8 Hz, 2H), 1.40 (s,
2H), 1.38 (d, J=4.9 Hz, 2H), 1.36 (s, 1H), 1.33 (s, 1H),
1.31 (s, 1H), 1.29 (s, 1H), 1.23 (s, 1H), 1.20 (s, 1H),
1.17 (s, 1H), 1.07 (d, J = 17.5 Hz, 1H), 1.03 (s, 3H,
CHs3), 1.01 (s, 1H), 0.99 (s, 1H), 0.94 (s, 3H, CH3), 0.88
(s, 3H, CH3), 0.85 (s, 3H, CH3), 0.83 (s, 3H, CH3), 0.79
(s, 3H, CH3). '3C-NMR (150 MHz, CDCl;) 8: 155.72
(C-31), 151.12 (C-20), 109.50 (C-29), 82.12 (C-3),
55.48 (C-5), 50.42 (C-9), 48.40 (C-18), 48.13 (C-19),
45.94 (C-33, C-34), 43.12 (C-32, C-35), 42.95 (C-17,
C-14), 40.96 (C-8), 40.12 (C-22), 38.47 (C-13), 38.26
(C-4), 38.17 (C-1), 37.18 (C-10), 35.70 (C-16), 34.32
(C-7),29.94 (C-21), 28.19 (C-15), 27.56 (C-23), 25.21

(C-12), 24.30 (C-2), 21.07 (C-11), 19.40 (C-30), 18.34
(C-28), 18.13 (C-24), 16.96 (C-6), 16.27 (C-25), 16.10
(C-26), 14.67 (C-27). HRMS (ESI) m/z: caled for
C3sHsoN20, [M+H]*: 539.457 7, found: 539.458 0.

2.2.3 P GRE-3-ME M EEATAEY) (da~0) A
OB BiEE 3 (60mg, 0.11 mmol) T 10
mL &R BRI, 3 N SRS (0.13
mmol). = LA (STAB, 0.33 mmol)
M=2Z & (EtN, 0.33 mmol), NIEASYIERS
R R =EBFE 5 he TLC MR M 45, KA
TR AE VR AT s il DA R R - HE
(50 : 1 FERNBERLH], 53] HIRGEY) 4a~o0.

P -3 -(4-(1 H-NHE R -3 ) G 22 ) R 1k 226 FPY R
fig (4a) (43 mg, 7=% 65%). 'H-NMR (600 MHz,
CDCls) 0: 7.53 (s, IH, CH=CH), 6.24 (s, |H, CH=CH),
4.69 (s, 1H, H-29), 4.56 (s, 1H, H-29), 4.35 (dd, J =
11.7, 4.4 Hz, 1H, H-3), 3.64 (s, 2H, CH»), 3.50 (s, 4H,
CH,X2), 2.46 (s, 4H, CH2X2), 2.38 (d, J = 5.9 Hz,
1H), 1.93~1.89 (m, 1H), 1.68 (s, 3H, CH3), 1.67 (s,
2H), 1.65 (s, 2H), 1.59 (s, 1H), 1.57 (s, 1H), 1.50 (d, J=
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6.8 Hz, 2H), 1.47 (d, J=2.9 Hz, 1H), 1.41 (s, 2H), 1.39
(s, 2H), 1.38 (s, 2H), 1.36 (s, 2H), 1.34 (s, 1H), 1.31 (s,
2H), 1.28 (s, 1H), 1.25 (s, 1H), 1.22 (s, 1H), 1.20 (s,
1H), 1.03 (s, 3H, CH3), 0.98 (d, J = 3.9 Hz, 2H), 0.94
(s, 3H, CH3), 0.87 (s, 3H, CH3), 0.84 (s, 3H, CH3), 0.81
(s, 3H, CH3), 0.78 (s, 3H, CH3). '*C-NMR (150 MHz,
CDCl3) 6: 155.51 (C-31), 150.99 (C-20), 143.92 (C-
37), 134.41 (C-39), 109.39 (C-29), 105.38 (C-38),
82.08 (C-3), 55.34 (C-36), 54.55 (C-5), 52.80 (C-33, C-
34),50.30 (C-9), 48.28 (C-18), 48.01 (C-19), 43.53 (C-
32, C-35), 43.00 (C-17), 42.84 (C-14), 40.84 (C-8),
40.01 (C-22), 38.34 (C-13), 38.14 (C-4), 38.04 (C-1),
37.06 (C-10), 35.58 (C-16), 34.20 (C-7), 29.83 (C-21),
28.08 (C-15), 27.44 (C-23), 25.09 (C-12), 24.17 (C-2),
20.95 (C-11), 19.29 (C-30), 18.22 (C-28), 18.01 (C-
24), 16.82 (C-6), 16.15 (C-25), 15.98 (C-26), 14.55 (C-
27). HR-MS (ESI) m/z: caled for C30HesNsO2 [M+
H]™: 619.495 1, found: 619.495 2.

3P) BRI 3-(4-(1- FF 38 - 1 H-TH PAe-3) F B 356 ) DR P
FHFFEREE (4b) (46 mg, 72F 70%). 'H-NMR (600
MHz, CDCl3) 6: 7.29 (s, 1H, CH=CH), 6.19 (s, 1H,
CH=CH), 4.68 (s, 1H, H-29), 4.56 (s, 1H, H-29),
4.35~4.30 (m, 1H, H-3), 3.87 (s, 3H, CH3), 3.58 (s,
2H, CH>), 3.51 (s, 4H, CH»X 2), 2.48 (s, 4H, CH» X 2),
2.39~2.35 (m, 1H), 1.93~1.89 (m, 1H), 1.68 (s, 3H,
CH3), 1.65 (s, 2H), 1.58 (d, J = 13.1 Hz, 2H), 1.52~
1.45 (m, 3H, CH3), 1.41 (s, 1H), 1.39 (s, 2H), 1.38 (s,
2H), 1.36 (s, 1H), 1.34 (s, 2H), 1.30 (s, 1H), 1.28 (s,
1H), 1.25 (s, 2H), 1.22 (s, 1H), 1.20 (s, 1H), 1.03 (s,
3H, CHs), 1.01 (d, J= 3.4 Hz, 1H), 0.98 (d, J= 3.5 Hz,
1H), 0.94 (s, 3H, CH3), 0.87 (s, 3H, CH3), 0.84 (s, 3H,
CHj3), 0.81 (s, 3H, CH3), 0.78 (s, 3H, CH3). 3C-NMR
(150 MHz, CDCl3) 6: 155.52 (C-31), 150.97 (C-37),
148.32 (C-20), 130.76 (C-39), 109.38 (C-29), 106.05
(C-38), 81.95 (C-3), 55.77 (C-36), 55.35 (C-5), 52.67
(C-33, C-34), 50.29 (C-9), 48.28 (C-18), 48.01 (C-19),
43.45 (C-32), 42.99 (C-35), 42.83 (C-17), 40.83 (C-
14), 40.00 (C-8), 38.80 (C-22), 38.34 (C-40), 38.13 (C-
13), 38.04 (C-4), 37.05 (C-1), 35.57 (C-10), 34.20 (C-
16), 29.82 (C-7),29.71 (C-21), 28.06 (C-15), 27.44 (C-
23), 25.08 (C-12), 24.16 (C-2), 20.95 (C-11), 19.28 (C-
30), 18.21 (C-28), 18.01 (C-24), 16.81 (C-6), 16.15 (C-
25), 15.98 (C-26), 14.55 (C-27). HR-MS (ESI) m/z:

caled for CsHesN4O2 [M + H]*': 633.5112, found:
633.5108.

P B RE-3-(4-(1- 2.3 - 1 H-NH PAR-3 ) P 368 ) DR P
FEHPREE (4¢) (37mg, 7% 58%). 'H-NMR (600
MHz, CDCLs) 6: 7.33 (s, 1H, CH=CH), 6.19 (s, 1H,
CH=CH), 4.68 (s, 1H, CH,), 4.56 (s, 1H, CH>), 4.34
(dd, J=11.8,4.4 Hz, 1H, H-3), 4.14 (q,J="7.3 Hz, 2H,
H-29), 3.59 (s, 2H, CH>), 3.50 (s, 4H, CH» X 2), 2.48 (s,
4H, CH, X 2), 2.40~2.34 (m, 1H), 1.93~1.87 (m, 1H),
1.71~1.69 (m, 1H), 1.68 (s, 3H, CH3), 1.65 (d, J=4.0
Hz, 2H), 1.63~1.53 (m, 2H), 1.53~1.48 (m, 2H), 1.47
(s, 1H), 1.46 (s, 2H), 1.45 (s, 1H), 1.41 (s, 1H), 1.39 (d,
J=13.3Hz, 2H), 1.38 (s, 2H), 1.36 (s, 1H), 1.33 (d, J =
10.4 Hz, 1H), 1.31 (s, 1H), 1.28 (s, 1H), 1.22 (s, 1H),
1.20 (s, 1H), 1.18~1.09 (m, 1H), 1.09~1.05 (m, 1H),
1.03 (s, 3H, CHs), 0.99 (d, J = 13.4 Hz, 2H), 0.94 (s,
3H, CH3), 0.87 (s, 3H, CH3), 0.84 (s, 3H, CH3), 0.81 (s,
3H, CH3), 0.78 (s, 3H, CH3). 3C-NMR (150 MHz,
CDCl3) d: 155.51 (C-31), 150.94 (C-20), 148.01 (C-
37), 128.94 (C-39), 109.39 (C-29), 105.71 (C-38),
81.92 (C-3), 55.85 (C-36), 55.34 (C-5), 52.66 (C-33, C-
34), 50.29 (C-9), 48.27 (C-18), 48.00 (C-40), 46.84 (C-
19), 43.47 (C-32, C-35), 42.98 (C-17), 42.82 (C-14),
40.83 (C-8), 39.99 (C-22), 38.33 (C-13), 38.12 (C-4),
38.03 (C-1), 37.05 (C-10), 35.57 (C-16), 34.19 (C-7),
29.81 (C-21), 28.05 (C-15), 27.43 (C-23), 25.08 (C-
12), 24.15 (C-2), 20.94 (C-11), 19.28 (C-30), 18.21 (C-
28), 18.01 (C-24), 16.81 (C-6), 16.14 (C-25), 15.97 (C-
26), 15.66 (C-41), 14.54 (C-27). HR-MS (ESI) m/z:
caled for C4iHe7N4O2 [M + H]™: 647.526 4, found:
647.526 6.

PR G- 3-(4-(1-2R - 1 H-NHE M- 3) R R 35 ) DR 1
FEHREE (4d) (46 mg, =% 61%). 'H-NMR (600
MHz, CDCls) 6: 7.86 (s, 1H, CH=CH), 7.66 (d, J=7.9
Hz, 2H, H-Ar), 7.43 (d, J= 7.8 Hz, 2H, H-Ar), 7.28 (s,
1H, H-Ar), 6.44 (s, 1H, CH=CH), 4.68 (s, 1H, H-29),
4.56 (s, 1H, H-29), 4.35 (dd, J= 11.7, 4.5 Hz, 1H, H-
3),3.69 (s, 2H, CH,), 3.52 (s, 4H, CH, X 2), 2.53 (s, 4H,
CH, X 2), 2.40~2.34 (m, 1H), 1.93~1.88 (m, 1H),
1.70 (s, 1H), 1.68 (s, 3H, CH3), 1.67 (s, 1H), 1.65 (s,
2H), 1.61 (s, 1H), 1.56 (s, 1H), 1.53 (s, 1H), 1.48 (d, J=
16.0 Hz, 2H), 1.41 (s, 2H), 1.39 (s, 2H), 1.36 (s, 2H),
1.34 (s, 2H), 1.30 (s, 1H), 1.28 (s, 1H), 1.25 (s, 1H),
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1.22 (s, 1H), 1.20 (s, 1H), 1.18 (s, 1H), 1.08 (s, 1H),
1.06 (s, 1H), 1.02 (s, 3H, CHs), 1.01 (s, 1H), 0.98 (s,
1H), 0.94 (s, 3H, CH3), 0.87 (s, 3H, CH3), 0.84 (s, 3H,
CHj3), 0.81 (s, 3H, CH3), 0.78 (s, 3H, CH3). 3C-NMR
(150 MHz, CDCls) 6: 155.55 (C-31), 150.98 (C-20),
140.09 (C-37), 129.41 (C-40), 127.65 (C-42, C-44),
126.36 (C-39), 119.17 (C-43), 109.40 (C-41, C-45),
107.93 (C-29), 81.97 (C-38), 55.87 (C-3), 55.36 (C-
36), 52.79 (C-5), 50.30 (C-33, C-34), 48.29 (C-9),
48.02 (C-18), 43.59 (C-19), 43.00 (C-32, C-35), 42.84
(C-17), 40.84 (C-14), 40.01 (C-8), 38.35 (C-22), 38.14
(C-13), 38.05 (C-4), 37.06 (C-1), 35.58 (C-10), 34.21
(C-16), 29.83 (C-7), 29.72 (C-21), 28.08 (C-15), 27.45
(C-23), 25.09 (C-12), 24.17 (C-2), 20.95 (C-11), 19.29
(C-30), 18.22 (C-28), 18.02 (C-24), 16.82 (C-6), 16.16
(C-25), 15.98 (C-26), 14.55 (C-27). HR-MS (ESI) m/z:
caled for C4sHe7N4O2 [M + H]*: 695.526 4, found:
695.526 7.

P 5 -3-(4-(4- 51 F 28 )M -3 ) 25 IR
1223 FH S G (4e) (40 mg, 77 63%). 'H-NMR (600
MHz, CDCl3) d: 7.35 (s, 1H, CH=CH), 4.68 (s, 1H, H-
29), 4.56 (s, 1H, H-29), 4.34 (dd, J=11.7, 4.4 Hz, 1H,
H-3), 3.87 (s, 3H, CH3), 3.56 (s, 2H, CH>), 3.50 (s, 4H,
CH»X2), 2.51 (s, 4H, CH,X2), 2.40~2.35 (m, 1H),
1.94~1.87 (m, 1H), 1.68 (s, 3H, CH3), 1.65 (s, 2H),
1.60~1.54 (m, 1H), 1.48 (d, J=13.2 Hz, 2H), 1.41 (s,
2H), 1.39 (s, 2H), 1.38 (s, 2H), 1.36 (s, 1H), 1.33 (d, J=
10.5 Hz, 2H), 1.31 (s, 1H), 1.28 (s, 1H), 1.25 (s, 1H),
1.19 (d, J=10.8 Hz, 2H), 1.09~1.05 (m, 1H), 1.03 (s,
3H, CH3), 0.99 (d, J= 13.5 Hz, 2H), 0.94 (s, 3H, CH3),
0.93~0.89 (m, 1H), 0.87 (s, 3H, CH3), 0.84 (s, 3H,
CH3), 0.82 (s, 3H, CH3), 0.78 (s, 3H, CH3). 3C-NMR
(150 MHz, CDCls) 6: 155.52 (C-31), 150.96 (C-20),
149.79 (C-37), 130.59 (C-39), 109.39 (C-29), 94.65 (C-
38), 81.91 (C-3), 57.04 (C-36), 55.34 (C-5), 52.97 (C-
33), 52.54 (C-34), 50.29 (C-9), 48.27 (C-18), 48.00 (C-
19), 43.49 (C-32), 42.99 (C-35), 42.83 (C-17), 40.83
(C-14), 40.00 (C-8), 39.55 (C-22), 39.44 (C-40), 38.34
(C-13), 38.12 (C-4), 38.04 (C-1), 37.05 (C-10), 35.57
(C-16), 34.20 (C-7), 29.82 (C-21), 28.06 (C-15), 27.43
(C-23), 25.08 (C-12), 24.16 (C-2), 20.94 (C-11), 19.28
(C-30), 18.22 (C-28), 18.01 (C-24), 16.81 (C-6), 16.15
(C-25), 15.98 (C-26), 14.55 (C-27). HR-MS (ESI) m/z:

calcd for C4oHesN4O2Br [M+H]*: 711.421 3, found:
711.421 4.

TR -3 (A-(4- 1R -1- £ FE - i -3 ) FR g 356 Y D
IR L ARG (4f) (32 mg, 723 62%). 'H-NMR (600
MHz, CDCL3) d: 7.40 (s, 1H, CH=CH), 4.69 (s, 1H, H-
29), 4.57 (s, 1H, H-29), 4.37~4.33 (m, 1H, H-3), 3.93
(s, 2H, CHy), 3.52 (s, 2H, CH,), 3.45 (s, 4H, CH, X 2),
2.40 (d, J=29.1 Hz, 5H, CH, X2, H-19), 1.92 (q, J =
7.9, 6.1 Hz, 2H, CH>), 1.68 (s, 3H, CH3), 1.65 (s, 2H),
1.58 (d,J=9.1 Hz, 1H), 1.50 (d, /= 11.2 Hz, 2H), 1.46
(s, 1H), 1.42 (s, 2H), 1.40 (s, 2H), 1.38 (s, 2H), 1.36 (s,
2H), 1.34 (s, 1H), 1.31 (s, 2H), 1.28 (s, 1H), 1.25 (s,
2H), 1.22 (s, 1H), 1.20 (s, 1H), 1.08 (s, 1H), 1.03 (s,
3H, CHs), 0.94 (s, 3H, CH3), 0.87 (s, 3H, CH3), 0.85 (s,
3H, CH3), 0.82 (s, 3H, CH3), 0.79 (s, 3H, CH3). '*C-
NMR (150 MHz, CDCl3) 0: 155.47 (C-31), 151.00 (C-
20), 138.28 (C-37, C-39), 136.18 (C-29), 109.38 (C-
38), 82.10 (C-3), 55.35 (C-36), 52.54 (C-5), 50.31 (C-
33, C-34), 48.29 (C-9), 48.02 (C-18), 43.62 (C-19),
43.01 (C-40), 42.84 (C-32), 40.85 (C-35), 40.01 (C-
17), 38.35 (C-14), 38.14 (C-8), 38.05 (C-22), 37.76 (C-
13), 37.07 (C-4), 35.58 (C-1), 34.20 (C-10), 29.83 (C-
16), 29.72 (C-7), 29.67 (C-21), 28.08 (C-15), 27.45 (C-
23),25.09 (C-12), 24.17 (C-2), 22.71 (C-11), 20.96 (C-
30), 19.29 (C-28), 18.22 (C-24), 18.01 (C-6), 16.83 (C-
25), 16.16 (C-26), 15.98 (C-41), 14.55 (C-27). HR-MS
(ESI) m/z: calcd for C41HeeN4O2Br [M+H]*: 725.436 9,
found: 725.437 1.

5 -3 -(4-(1- FF k- L - -4y P 358 ) DR P
FEHRME (4g) (48 mg, 173 66%). 'H-NMR (600
MHz, CDCls) 6: 7.39 (s, 1H, CH=CH), 7.31 (s, 1H,
CH=CH), 4.68 (d, J = 2.5 Hz, 1H, H-29), 4.56 (s, 1H,
H-29), 4.34 (dd, J=11.6, 4.4 Hz, 1H, H-3), 3.88 (s, 3H,
CHs), 3.48 (s, 4H, CH, X 2), 3.44 (s, 2H, CHa), 2.41 (d,
J=11.7Hz, 4H, CH,X2), 1.94~1.88 (m, 1H), 1.68 (s,
3H, CHs), 1.67 (s, 2H), 1.65 (d, J = 3.6 Hz, 2H), 1.60
(d, J=14.3 Hz, 1H), 1.57 (d, J = 3.6 Hz, 1H), 1.55~
1.50 (m, 1H), 1.50~1.46 (m, 2H), 1.41~1.39 (m, 2H),
1.38 (d, J=3.3 Hz, 2H), 1.36 (d, J= 2.9 Hz, 2H), 1.30
(d, J=3.5 Hz, 1H), 1.28 (d, J = 2.6 Hz, 1H), 1.25 (s,
2H), 1.20 (dd, J = 12.7, 9.2 Hz, 2H), 1.09~1.05 (m,
1H), 1.03 (s, 3H, CH3), 1.01 (d, J = 3.2 Hz, 1H), 0.98
(s, 1H), 0.94 (s, 3H, CH3), 0.87 (s, 3H, CH3), 0.85 (s,
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3H, CH3), 0.82 (s, 3H, CH3), 0.78 (s, 3H, CH3). 3C
NMR (150 MHz, CDCl3) d: 155.50 (C-31), 150.99 (C-
20), 139.99 (C-40), 130.02 (C-38), 109.38 (C-37),
82.00 (C-29), 55.35 (C-3), 52.48 (C-5), 52.41 (C-33, C-
34), 50.30 (C-9), 48.28 (C-18), 48.01 (C-36), 43.49 (C-
19), 43.00 (C-32, C-35), 42.83 (C-17), 40.84 (C-14),
40.00 (C-8), 38.93 (C-22), 38.34 (C-39), 38.14 (C-13),
38.04 (C-4), 37.06 (C-1), 35.58 (C-10), 34.20 (C-16),
29.82 (C-7), 29.72 (C-21), 28.07 (C-15), 27.44 (C-23),
25.09 (C-12), 24.17 (C-2), 20.95 (C-11), 19.28 (C-30),
18.22 (C-28), 18.01 (C-24), 16.82 (C-6), 16.15 (C-25),
15.98 (C-26), 14.55 (C-27). HR-MS (ESI) m/z: caled
for C40HesN4O> [M+H]": 633.510 8, found: 633.511 3.
P L E-3-(4-(1- . FE- 1 H-NE e -4) R R 3 ) i 15
FHEREE (4h) (48 mg, 7= 78%). 'H-NMR (600
MHz, CDCls) 6: 7.40 (s, 1H, CH=CH), 7.34 (s, 1H,
CH=CH), 4.68 (d, J= 2.5 Hz, 1H, H-29), 4.56 (d, J =
2.0 Hz, 1H, H-29), 4.34 (dd, J = 11.7, 4.4 Hz, 1H, H-
3), 4.14 (q, J = 7.3 Hz, 2H, CH>), 3.49 (s, 4H, CH, X
2), 3.44 (s, 2H, CH,), 2.40 (d, J = 18.8 Hz, 4H, CH, X
2),2.37(dd, J=11.0, 5.9 Hz, 1H), 1.95~1.88 (m, 1H),
1.68 (s, 3H, CH3), 1.68 (s, 2H), 1.65 (d,J=3.4 Hz, 2H),
1.58 (dd, J=12.1,3.3 Hz, 1H), 1.48 (d, J="7.3 Hz, 3H,
CHs), 1.46 (s, 2H), 1.41 (s, 1H), 1.40~1.38 (m, 2H),
1.38 (d, J=3.3 Hz, 2H), 1.35 (d, /= 12.0 Hz, 2H), 1.32
(d, J=10.3 Hz, 1H), 1.28 (s, 1H), 1.25 (s, 2H), 1.20
(dd, J=12.6,9.4 Hz, 2H), 1.08~1.04 (m, 1H), 1.03 (s,
3H, CH3), 1.01 (d, J = 3.4 Hz, 1H), 0.98 (s, 1H), 0.94
(s, 3H, CH3), 0.87 (s, 3H, CH3), 0.85 (s, 3H, CH3), 0.82
(s, 3H, CH3), 0.78 (s, 3H, CH3). '*C-NMR (150 MHz,
CDCls) 8: 155.50 (C-31), 150.98 (C-20), 139.77 (C-39,
C-38), 128.31 (C-37), 109.38 (C-29), 81.99 (C-3),
55.35 (C-36), 52.59 (C-5), 52.45 (C-33, C-34), 50.30
(C-9), 48.28 (C-18), 48.01 (C-19), 46.97 (C-40), 43.50
(C-32, C-35), 43.00 (C-17), 42.83 (C-14), 40.84 (C-8),
40.00 (C-22), 38.34 (C-13), 38.13 (C-4), 38.04 (C-1),
37.06 (C-10), 35.57 (C-16), 34.20 (C-7), 29.82 (C-21),
28.07 (C-15), 27.44 (C-23), 25.09 (C-12), 24.17 (C-2),
20.95 (C-11), 19.28 (C-30), 18.22 (C-28), 18.01 (C-
24), 16.82 (C-6), 16.15 (C-25), 15.98 (C-26), 15.51 (C-
41), 14.55 (C-27) . HR-MS (ESI) m/z: caled for
C41He7N4O, [M+H]*: 647.526 4, found: 647.526 9.
P g8 I -3-(4-(1,3,5- = FF 2 -1 - At -4 FE i

FEIR 2R 5L FH RS (4i) (45 mg, 7 67%). 'H-NMR
(600 MHz, CDCl3) J: 4.69 (s, 1H, H-29), 4.56 (s, 1H,
H-29), 4.35 (dd, J=11.7,4.3 Hz, 1H, H-3), 3.70 (s, 3H,
CH3), 3.43 (s, 4H, CH2X2), 3.26 (s, 2H, CH>), 2.40~
2.28 (m, 5H, CH,X2, H-19), 2.18 (s, 6H, CH3), 1.92
(d, J = 11.7 Hz, 1H), 1.68 (s, 3H, CH3), 1.67 (s, 2H),
1.65 (s, 1H), 1.63 (s, 1H), 1.59 (s, 1H), 1.54 (s, 1H),
1.48 (d, J = 13.4 Hz, 2H), 1.42 (s, 1H), 1.39 (s, 2H),
1.38 (s, 2H), 1.36 (s, 1H), 1.34 (s, 1H), 1.30 (d, J=13.2
Hz, 2H), 1.25 (s, 1H), 1.22 (s, 1H), 1.20 (s, 1H), 1.10~
1.05 (m, 1H), 1.03 (s, 3H, CH3), 1.01 (s, 1H), 0.99 (s,
1H), 0.94 (s, 3H, CH3), 0.87 (s, 3H, CH3), 0.85 (s, 3H,
CHj3), 0.82 (s, 3H, CH3), 0.79 (s, 3H, CH3). 3C-NMR
(150 MHz, CDCl3) 6: 155.55 (C-31), 151.00 (C-20),
146.99 (C-39, C-38), 138.02 (C-37), 109.38 (C-29),
81.89 (C-3), 55.35 (C-36), 52.40 (C-5), 51.83 (C-33, C-
34), 50.31 (C-9), 48.29 (C-18), 48.02 (C-19), 43.74 (C-
32, C-35), 43.00 (C-17), 42.84 (C-14), 40.85 (C-8),
40.01 (C-22), 38.35 (C-13), 38.14 (C-4), 38.05 (C-1),
37.07 (C-10), 35.81 (C-41), 35.58 (C-16), 34.21 (C-7),
29.82 (C-21), 28.06 (C-15), 27.45 (C-23), 25.09 (C-
12), 24.18 (C-2), 20.95 (C-11), 19.29 (C-30), 18.22 (C-
28), 18.01 (C-24), 16.83 (C-6), 16.16 (C-25), 15.98
(C26), 14.55 (C-27), 11.95 (C-40), 9.79 (C-42). HR-
MS (ESI) m/z: caled for C41Hg7NsO2 [M+H]*: 633.510 8,
found: 633.510 9,

P Fp) 57 -3 -(4-(1-2R B -1 H-NHE P-4 R B 25 ) DR 128
FEHREE (4)) (38mg, 7% 61%). 'H-NMR (600
MHz, CDCls) 6: 7.88 (s, 1H, CH=CH), 7.67 (d, J= 8.0
Hz, 2H, H-Ar), 7.64 (s, 1H, H-Ar), 7.44 (d, J=7.8 Hz,
2H, H-Ar), 7.28 (s, 1H, CH=CH), 4.68 (s, 1H, H-29),
4.56 (s, 1H, H-29), 4.35 (dd, J = 11.8, 4.5 Hz, 1H, H-
3),3.52 (s, 4H, CH, X 2),3.50 (s, 2H, CH»), 2.46 (s, 4H,
CH»X?2), 2.40~2.36 (m, 1H), 1.91 (d, J = 15.4 Hz,
1H), 1.68 (s, 3H, CH3), 1.65 (s, 2H), 1.58 (d, J = 12.6
Hz, 1H), 1.49 (d, J = 10.5 Hz, 2H), 1.46 (s, 1H), 1.39
(s, 2H), 1.38 (s, 2H), 1.36 (s, 2H), 1.31 (s, 2H), 1.29 (s,
2H), 1.25 (s, 2H), 1.20 (d, J=10.8 Hz, 2H), 1.07 (d, J=
8.4 Hz, 1H), 1.02 (s, 3H, CH3), 1.01 (s, 1H), 0.98 (s,
1H), 0.94 (s, 3H, CH3), 0.87 (s, 3H, CH3), 0.84 (s, 3H,
CHj3), 0.82 (s, 3H, CH3), 0.78 (s, 3H, CH3). 3C-NMR
(150 MHz, CDCl3) 6: 155.50 (C-31), 150.96 (C-20),
141.79 (C-40, C-43), 140.06 (C-38), 129.45 (C-44, C-
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42), 126.57 (C-39), 126.42 (C-45, C-41), 118.91 (C-
37), 109.40 (C-29), 82.01 (C-3), 55.35 (C-36), 52.58
(C-5), 52.55 (C-33), 50.30 (C-34), 48.29 (C-9), 48.01
(C-18), 43.00 (C-19), 42.83 (C-32), 40.84 (C-35),
40.01 (C-17), 38.35 (C-14), 38.14 (C-8), 38.05 (C-22),
37.06 (C-13), 35.58 (C-4), 34.21 (C-1), 31.61 (C-10),
29.83 (C-16), 28.08 (C-7), 27.45 (C-21), 25.09 (C-15),
24.17 (C-23), 22.67 (C-12), 20.95 (C-2), 19.29 (C-11),
18.23 (C-30), 18.02 (C-28), 16.84 (C-24), 16.16 (C-6),
15.98 (C-25), 14.55 (C-26), 14.16 (C-27). HR-MS
(ESI) m/z: calcd for C4sHe7N4O2 [M+H]*: 695.526 4,
found: 695.526 6.

P -3 -(4-(1- I - 1 - -5 ) B i 326 ) i
FHEREE (4 (42mg, =% 66%). 'H-NMR (600
MHz, CDCls) 6: 7.39 (s, 1H, CH=CH), 6.12 (s, 1H,
CH=CH), 4.68 (s, 1H, H-29), 4.56 (s, 1H, H-29), 4.35
(dd, J=11.7, 4.4 Hz, 1H, H-3), 3.89 (s, 3H, CH3), 3.49
(d, J=18.0 Hz, 4H, CH, X 2), 3.46 (s, 2H, CH>), 2.38
(d, J=12.8 Hz, 4H, CH,X2), 2.35 (s, 1H), 1.92 (d, J =
12.8 Hz, 1H), 1.68 (s, 3H, CH3), 1.65 (s, 1H), 1.63 (s,
1H), 1.58 (dd, J= 12.9, 3.2 Hz, 1H), 1.53 (s, 1H), 1.49
(s, 1H), 1.46 (s, 1H), 1.42 (s, 2H), 1.39 (s, 2H), 1.38 (s,
2H), 1.36 (s, 1H), 1.35 (s, 1H), 1.33 (s, 1H), 1.31 (s,
1H), 1.29 (s, 1H), 1.27 (s, 1H), 1.23 (s, 1H), 1.20 (s,
1H), 1.07 (dd, J= 12.9, 4.5 Hz, 1H), 1.03 (s, 3H, CH3),
1.01 (s, 1H), 0.99 (s, 1H), 0.94 (s, 3H, CH3), 0.87 (s,
3H, CH3), 0.85 (s, 3H, CH3), 0.82 (s, 3H, CH3), 0.78 (s,
3H, CH3). BC-NMR (150 MHz, CDCl3) 8: 155.51 (C-
31), 150.98 (C-20), 137.89 (C-38, C-37), 109.39 (C-
29), 107.26 (C-39), 82.05 (C-3), 55.34 (C-36), 52.99
(C-5), 52.69 (C-33, C-34), 50.30 (C-9), 48.28 (C-18),
48.01 (C-19), 43.62 (C-32, C-35), 43.00 (C-17), 42.84
(C-14), 40.84 (C-8), 40.00 (C-22), 38.34 (C-13), 38.14
(C-4), 38.04 (C-1), 37.06 (C-10), 36.74 (C-40), 35.57
(C-16), 34.20 (C-7), 29.82 (C-21), 28.07 (C-15), 27.44
(C-23), 25.09 (C-12), 24.16 (C-2), 20.95 (C-11), 19.29
(C-30), 18.22 (C-28), 18.01 (C-24), 16.82 (C-6), 16.15
(C-25), 15.98 (C-26), 14.55 (C-27). HR-MS (ESI) m/z:
caled for C4HeN4O2 [M+ H]": 661.542 1, found:
661.541 8.

55 I -3-(4-(1- 2.3 -1 H-IEE -5 ) FR g ) R P
FHREE (4D (42mg, 773 65%). 'H-NMR (600
MHz, CDCl3) 6: 7.42 (s, 1H, CH=CH), 6.11 (s, 1H,

CH=CH), 4.68 (s, 1H, H-29), 4.56 (s, 1H, H-29), 4.35
(dd,J=11.7,4.4 Hz, 1H, H-3),4.21 (d,J=7.2 Hz, 2H,
CHa), 3.51 (s, 4H, CH, X 2), 3.46 (s, 2H, CH>), 2.39 (d,
J=5.6 Hz, 4H, CH,X2), 2.35 (s, 1H), 1.94~1.89 (m,
1H), 1.68 (s, 3H, CHs), 1.65 (s, 2H), 1.62 (d, J = 11.0
Hz, 1H), 1.58 (d, /= 12.3 Hz, 1H), 1.50 (d, /= 9.3 Hz,
2H), 1.46 (s, 1H), 1.44 (s, 1H), 1.43 (s, 3H, CH;), 1.41
(s, 1H), 1.39 (s, 2H), 1.38 (s, 2H), 1.36 (s, 1H), 1.30 (d,
J=9.2 Hz, 2H), 1.25 (s, 2H), 1.23 (s, 1H), 1.20 (s, 1H),
1.07 (d, J=8.5 Hz, 1H), 1.03 (s, 3H, CH3), 1.00 (s, 1H),
0.99 (s, 1H), 0.94 (s, 3H, CH3), 0.87 (s, 3H, CH), 0.85
(s, 3H, CH3), 0.81 (s, 3H, CH;), 0.78 (s, 3H, CH3). 1>C-
NMR (150 MHz, CDCl;) §: 155.51 (C-31), 151.00 (C-
20), 138.09 (C-38, C-37), 109.38 (C-29), 107.07 (C-
39), 82.06 (C-3), 55.35 (C-36), 52.99 (C-5), 52.73 (C-
33, C-34), 50.31 (C-9), 48.29 (C-18), 48.02 (C-19),
44.31 (C-40), 43.65 (C-32), 43.00 (C-35), 42.84 (C-
17), 40.85 (C-14), 40.01 (C-8), 38.34 (C-22), 38.14 (C-
13), 38.05 (C-4), 37.07 (C-1), 35.58 (C-10), 34.20 (C-
16), 29.83 (C-7), 29.72 (C-21), 28.07 (C-15), 27.45 (C-
23), 25.09 (C-12), 24.17 (C-2), 20.95 (C-11), 19.29 (C-
30), 18.22 (C-28), 18.01 (C-24), 16.82 (C-6), 16.15 (C-
25), 15.98 (C-26), 15.64 (C-27), 14.55 (C-41). HR-MS
(ESI) m/z: calcd for C4iHe7N4O2 [M+H]*: 647.526 4,
found: 647.526 2,

P G -3-(4-(1,3- - F AR 1 H-AHE P -5) 7 )
RIS R I ERHE (4m) (34 mg, 773 54%). 'H-NMR
(600 MHz, CDCl3) ¢0: 5.92 (s, 1H, CH=CH), 4.68 (s,
1H, H-29), 4.56 (s, 1H, H-29), 4.35 (dd, J=11.7, 4.4
Hz, 1H, H-3), 3.82 (s, 4H, CH,X2), 3.47 (s, SH, CH3,
CH,), 2.39 (d, J = 5.5 Hz, 4H, CH,X2), 2.22 (s, 3H,
CHs), 2.02 (s, 1H), 1.90 (q, /= 11.0, 10.0 Hz, 2H), 1.68
(s, 3H, CH3), 1.65 (s, 2H), 1.58 (d,J=9.5 Hz, 2H), 1.49
(s, 1H), 1.46 (s, 2H), 1.39 (s, 2H), 1.36 (s, 2H), 1.31 (s,
2H), 1.29 (s, 2H), 1.25 (s, 2H), 1.22 (s, 1H), 1.19 (d, J=
10.9 Hz, 2H), 1.08 (s, 2H), 1.03 (s, 3H, CHs), 0.94 (s,
3H, CH3), 0.87 (s, 3H, CH3), 0.85 (s, 3H, CH3), 0.81 (s,
3H, CHs), 0.78 (s, 3H, CHs). '*C-NMR (150 MHz,
CDCls) o: 155.48 (C-31), 151.01 (C-20), 147.04 (C-39,
C-37),130.95 (C-29), 109.38 (C-38), 82.11 (C-3), 55.35
(C-36), 52.61 (C-5), 50.31 (C-33, C-34), 48.29 (C-9),
48.02 (C-18), 43.00 (C-19), 42.84 (C-32), 40.85 (C-
35), 40.01 (C-17), 38.34 (C-14), 38.14 (C-8), 38.05 (C-
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22), 37.07 (C-13), 36.36 (C-4), 35.58 (C-1), 34.20 (C-
41), 29.83 (C-10), 29.72 (C-16), 29.34 (C-7), 28.07 (C-
21), 27.44 (C-15), 25.09 (C-23), 24.16 (C-12), 20.95
(C-2), 19.29 (C-11), 18.22 (C-30), 18.01 (C-28), 16.82
(C-24), 16.15 (C-6), 15.98 (C-25), 14.55 (C-26), 14.14
(C-27), 13.39 (C-40). HR-MS (ESI) m/z: caled for
C41He7N4O2 [M+H]™: 647.526 4, found: 647.526 7.

IR I -3-(4-(1,3- - FF -1 H- L P-4 H R L )
WREEIE FHEREE (4n) (39mg, 773 62%). 'H-NMR
(600 MHz, CDCl3) 6: 7.25 (s, 1H, CH=CH), 4.69 (s,
1H, H-29), 4.56 (s, 1H, H-29), 4.35 (dd, J = 11.7, 4.4
Hz, 1H, H-3), 3.80 (s, 3H, CH3), 3.49 (s, 4H, CH2 X 2),
3.38 (s, 2H, CHy), 2.42 (s, 4H, CH,X2), 2.21 (s, 3H,
CHs), 1.94~1.89 (m, 1H), 1.68 (s, 3H, CH3), 1.66~
1.64 (m, 2H), 1.62 (dd, J = 12.0, 3.3 Hz, 1H), 1.57 (dd,
J=13.9,10.1 Hz, 1H), 1.54~1.50 (m, 1H), 1.50~1.45
(m, 2H), 1.42 (d, J=16.1 Hz, 2H), 1.40 (s, 2H), 1.39~
1.37 (m, 2H), 1.35 (d, J=12.2 Hz, 2H), 1.34~1.30 (m,
2H), 1.29 (d, J=2.5 Hz, 1H), 1.25 (s, 1H), 1.22 (d, J =
4.6 Hz, 1H), 1.20 (d, J = 3.6 Hz, 1H), 1.08~1.05 (m,
1H), 1.03 (s, 3H, CH3), 1.01 (d, J = 3.2 Hz, 1H), 0.98
(s, 1H), 0.94 (s, 3H, CH3), 0.87 (s, 3H, CH3), 0.85 (s,
3H, CH3), 0.82 (s, 3H, CH3), 0.78 (s, 3H, CH3). 13C-
NMR (150 MHz, CDCls) d: 155.49 (C-31), 150.97 (C-
20), 147.94 (C-37), 130.93 (C-39), 114.14 (C-29),
109.39 (C-38), 82.01 (C-3), 55.34 (C-36), 52.34 (C-5),
51.88 (C-33), 50.30 (C-34), 48.27 (C-9), 48.01 (C-18),
43.48 (C-19), 42.99 (C-32), 42.83 (C-35), 40.83 (C-
17), 40.00 (C-14), 38.59 (C-8), 38.34 (C-22), 38.13 (C-
13), 38.04 (C-4), 37.05 (C-1), 35.57 (C-40), 34.20 (C-
10), 29.82 (C-16), 29.71 (C-7), 28.07 (C-21), 27.44 (C-
15), 25.08 (C-23), 24.16 (C-12), 20.95 (C-2), 19.28 (C-
11), 18.22 (C-30), 18.01 (C-28), 16.82 (C-24), 16.15
(C-6), 15.98 (C-25), 14.55 (C-26), 11.84 (C-27). HR-
MS (ESI) m/z: caled for C41He7N4O> [M+H]"™: 647.526 4,
found: 647.526 9,

P B -3-(4-(1- 2K I - 1 H-PHE -5 ) PR 35 ) DR P
FHREE (400 (31 mg, 773 55%). 'H-NMR (600
MHz, CDCl3) d: 7.67 (d,J="7.7 Hz, 2H, CH=CH), 7.63
(s, 1H, H-Ar), 7.46 (d, J= 7.7 Hz, 2H, H-Ar), 7.39 (s,
1H, H-Ar), 6.36 (s, 1H, CH=CH), 4.68 (s, 1H, H-29),
4.56 (s, 1H, H-29), 4.35 (dd, J = 11.8, 4.4 Hz, 1H, H-
3),3.49 (s, 4H, CH, X 2), 3.45 (s, 2H, CH,), 2.42 (s, 4H,

CH»X2),2.38 (s, 1H), 1.91 (d, J = 15.4 Hz, 1H), 1.68
(s, 3H, CH3), 1.65 (d, J= 3.5 Hz, 2H), 1.58 (d, J=16.2
Hz, 2H), 1.50 (s, 2H), 1.47 (s, 1H), 1.42 (s, 2H), 1.39
(s, 2H), 1.38 (s, 2H), 1.30 (d, J = 9.3 Hz, 2H), 1.25 (s,
2H), 1.21 (d, J= 8.0 Hz, 2H), 1.18 (s, 1H), 1.07 (d, J =
8.3 Hz, 1H), 1.03 (s, 3H, CH3), 1.01 (s, 1H), 0.98 (s,
1H), 0.94 (s, 3H, CH3), 0.87 (s, 3H, CH3), 0.85 (s, 3H,
CHj3), 0.82 (s, 3H, CH3), 0.78 (s, 3H, CH3). 3C-NMR
(150 MHz, CDCls) 6: 155.50 (C-31),151.00 (C-20),
140.00 (C-39, C-43), 139.76 (C-40), 128.97 (C-37),
127.76 (C-44, C-42), 124.97 (C-41, C-45), 109.39 (C-
29), 108.78 (C-38), 82.06 (C-3), 55.35 (C-36), 52.88
(C-5), 52.40 (C-33), 50.31 (C-34), 48.29 (C-9), 48.02
(C-18), 43.67 (C-19), 43.01 (C-32), 42.84 (C-35),
40.85 (C-17), 40.01 (C-14), 38.34 (C-8), 38.14 (C-22),
38.05 (C-13), 37.07 (C-4), 35.58 (C-1), 34.20 (C-10),
31,95 (C-16), 29.83 (C-7), 29.72 (C-21), 28.08 (C-15),
27.45 (C-23), 25.09 (C-12), 24.17 (C-2), 20.96 (C-11),
19.29 (C-30), 18.22 (C-28), 18.01 (C-24), 16.83 (C-6),
16.16 (C-25), 15.98 (C-26), 14.55 (C-27). HR-MS
(ESI) m/z: calcd for C4sHe7N4O2 [M+H]™: 695.526 4,
found: 695.526 3.

2.3 iBRESEMEITMN

2.3.1 iR % HepG2. MCF-7. A549. MRC-
SYHME T 37 C. 5% COx 10%RA-MLIE . 1%X
Pt (100 UmL HEZEM 100 pg/mL FEFHZR) 1
DMEM 58 4 #5 77 23 7 s Seimde AR A 6~10 AX11)
1

232 fLEYRMIEA IR SR MTT
DA Y) 4a~o0 T HepG2. MCF-7. A549.
MRC-5 4 fHsbsEaE /1. LL AS49 4iAE I, HL
XTECAE I AS49 4Hf, DARRSL 5X 103 N4
HREBANT 96 FLARH, AMMRNGEESS, IR TR,
YPGB A S AL AW R 51
1.25.2.50. 5.00. 10.00. 20.00+ 40.00+ 80.00 pmol/L).
Fi7% 48 h Ja, 7] 96 FLARCEEFLIIA 20 uL MTT V7K
R, WHE 4h, FEEFE BAMA 150 pL
DMSO, ¥k, HHEEFRXAE 490 nm A% AT
TNRIMROGEE (4D 18, THEIGTEIISIZE GERE ]
F=1—A 2us/A ww. H IBM SPSS Statistics 27 #X 1
THEACEYINEEEDHIREE (ICs), SR WK 1.
GERRH, KBS B T B3 B30
e, SWEY 3 FHL, SIAMEREIEL S, il #0 i)
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RORA W RAEF, HRACREE T B4R 5 5
YT AS49 LR, SXTHRALAELE, (5 4a. 4d
AT 4m BRI T B2 WP TE I, H ICs (5
/NT 3 pmol/Lo Hed &4 4a I E F 5 53
H ICso 1809 2.09 umol/L, L ERRAE i EEE () 1Cso
35.86 umol/L #& TiL 17 f5. X} HepG2 4l
Z, SRHA R SR ) 1Cso M EL, nE eI B R 5
KEEMAEY 4 IEA CEEMAAE Y 41 R H

SHAMEER . XF MCF-7 R, 58S m
FHEG, MEme R R . RIS 4n iy
FAIEVE R . A, G 4a 7E MRC-5 41/l R
R I R IR R TR (SI=16.71), IR
BT R GUMIRE )y . 25 B RTIR, P R -
352 5 R T 1 51 N BE 08 o5 98 REAAR P Ji S T P
P, HEautm BB S, Pummig it —bie
s [F) SRR IE 20 P PR AR R B

*1 WEYIBRIMIEIERE

Table 1 In vitro antiproliferative ability of compounds

ICs0/(umol-L1)

&Y Sl
A549 HepG2 MCF-7 MRC-5

4a 2.09+0.23 7.25+0.31 8.68+2.48 34.92+3.97 16.71
4b 3.21+1.01 7.79+0.22 6.91+0.61 18.09+1.25 5.63
4c 3.64+0.29 6.0140.18 7.614+0.72 36.02+2.04 9.89
4d 2.26+0.77 7.38+0.11 10.04+0.84 19.52+1.15 8.63
4e 3.39+0.55 6.84+0.23 8.39+0.91 17.77+1.01 5.24
4f 3.00+0.88 11.46+0.93 10.41+3.51 26.30+1.96 8.76
4g 4.14+1.00 7.38+0.64 7.94+0.93 20.88+2.48 5.04
4h 4.39+0.21 5.37+0.14 5.19+0.59 25.74+2.91 5.86
4i 6.31+1.10 8.3840.02 6.17+0.32 36.89+4.11 5.84
4j 5.16+0.28 456+1.57 4.37+0.72 25.02+1.32 4.84
4k 5.02+0.12 12.53+1.85 8.31+1.03 50.49+1.03 10.05
4l 5.30+0.35 4.43+1.12 6.701+0.26 31.13+0.92 5.87
4m 2.76+0.23 9.82+2.36 7.69+1.14 35.32+3.62 12.79
4n 4.61+0.07 5.07+1.01 3.61+0.05 41.26+3.62 8.95
40 3.72+0.24 5.14+1.71 474+1.31 26.42+0.88 711

W& 3 12.03+1.47 11.19+1.45 9.78+1.20

P 35.86+1.88 43.55+0.99 62.03+1.24

233 LEY 425 S AS40 AT AL Bk
) 4a X A549 4If 1Cso (2.0940.23) umol/L 1
NG ERSEIR IR, FUESEE L 1. 2. 4
umol/L AT SZ46 . ¥ A549 4HBEAEFRNT- 6 LR,
5 24h J5. [ 1. 2. 4 umol/L fL&W) 4a AbFE
Y 48 ho ZETEMEAGHI&E U1, 7/ DCFH-
DA #REFBEYCHE B 4000 20 min. A I 4 06t
FEE AT 7087, Flowjo A B HE . TN AR
R a5 B R, xR EL gL, A549 4 A (135 1
AKTHEEEY) 4a FIKREF S HE B, 23
FEARDG, DL 3. 25K G 4a KT AS49 4HiffL
HE T EUKF 2R A DG g 3

234 (L&Y 4aiFS ASA AIOIET:  BUEAEK
W A549 g0, BeRP T 6 fLtRkH, LA 2X 1054,

WE 24 h J5, HR4IMERNEEE. A 1. 2. 4
umol/L .54 4a ALERAAR 48 h. {57 FH PBS 1G4
M2 )G, WEERTA 4L, 2% Annexin V-FITC/PI
YA TR BT, LIS Annexin V-
FITC (5puL) A1 PI (5puL) MI45E 2 400 pL,
WEOCHEE 20 min. A FRGEIAC 34T, Flowjo #X
PR IREE . S5 RWE 4. SXTBAE, BB
BV 4a IKFETEE, AS49 M AP TR B B T .
2.3.5 L&Y 4a 5 HSPOO FE AL AR it
WE IR PR S5 AR 35 o HSPOO 1571 T % F) 22 B
28, @5 HSP9O ] ATP 45 G184 Rt &,
SR E MM, TEMIRIEYT I I 30020,
%4 HSPOO AN R, UMK &4 4a 5
HSP90 & L5 G RE S P i EEEAL &) 4a
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4 pmol-L! 1007 ook
80
57 601 *x
+
\-Hg 40 4
20 *
Moo i v PO 0.
10100 A1 2 4
4a/(umol-L")
Hxti4iti: "P<0.05 P<0.01 "P<0.001.

"P<0.05 "P<0.01

**P <0.001 vs control group.

3 LAY 4a 3 AS49 MBIAEMEERFERM ( x£s, n=3)
Fig.3 Effect of compound 4a on ROS levels in A549 cells ( xts,n=3)

4a
A -1 -1 -1
pagict 1 umol-L 2 umol-L 4 umol-L
107, 2 |20, o e o e S T
= i ~ ;\3, B ﬁ, X b e 20 %
~ ! %102 =10 10 7 4
P2 N y -
= i s | =t 2 =
B = T ] e =R 9% 10
i @ g @3 o‘. @ ol o &
:]l 251 "‘—]"100 1 . w&” ‘-‘-100 84. ; 575 ’-‘-100 70.6 6.1 =
= 10104 100 10r 10t 10° 10 104 100 10 10* A L2 4
FL1-H::FL1-Height =~ FLI1-H::FL1-Height =~ FL1-H::FL1-Height FL1-H::FL1-Height 4a/(umol L)
»

Annexin V

»

SxHRA L "P<0.05,
*P < 0.05 vs control group.
4 A 4a 3t A549 WHVATREEN ( X £s, n=3)
Fig. 4 Effect of compound 4a on apoptosis rate of A549 cells ( xts,n=3 )

1 3D 43 T-45 98 3d AutoDockTools #5443 17 F b
. [FFA PDB 4 H 3R HSP90 (PDBID:

7k9r) 45K, BEATAHE, fFH AutoDockTools
X 5E R, A8 ] PyMOL B %) o 432 45 Sk A7 ]
AR CE 5. 7 TR T R EoR, BHAML
YW S S HSPOO & M 45 & it N-7.75
kJ/mol, th&%) 4a 55 HSP9O 25 [ 45 4 H HIRE A
—9.48 kl/mol, FW] 5B G WP 5 S REAHEL,

A 4a 5 HSPOO A EFE (454 e /7 o MR XT
Bedh Foaf W23, BEARAL S0 P R SRR A S
HSP90 & H H )2 FE B ik ik ASP-43 (RAZR 43
SHIE) ML EBEE S M-S 4a fik X HSP9O
(AR (1R 48 rh, HAr e iR T i 0t 5 & IR bR
e ASP-40 CRABERE) 37 Shk3) Lataa)ir
Wit AR, B LA AR R TS SER-39
(LLZMRM 39 THkIE) FaaEE TS, £H

= m g )
i 31

SIS ] J5 A AT 25 0 TR LA G

P AR HSPOO b, 3SR 2G4 58 s RS g, Xt
Y RIEIT B R E L,

2.3.6 L&Y 4a X AS549 i h HSPOO FIVE T-AH
KEARIEAKFEMEEN 4% 2.3.4 TUF7EEATH
ks 7RI 255 21 o 18 A RIPA 2R EUS R A,
BCA L TE A B4, KEAZL SDS-
PAGE Hiyk ¥ 5% % PVDF i . H 5%/Bifig2k
A 1.5h, InN—3T CFBREEEB 12 1000) BEAT
WEE, BN 4 COKFEM &I/ Ve, W8 Pt (Fs
BELEB 1250000 1.5h, M. ECL RGAH &5
52, B SUR T AURAR, Tmage] BAFIHEAT 24T

N7 BUEAAY) 4a Re il id 45 HSP9O M/
MM T, {8 H Western blotting V5K & 7E AS549 41
Jiu/F HSP90. Bax. Bcl-2 £k, WK 6. Z&AH
WEALAY) 4a WbFE 48 h J5, AS49 il Bax A
Fis S Fii#a%, HSPO. Bel-2 B ARIE ZH T
R
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A-PIF FBE S HSPOO SR A4S 73R B-FH BB HSPOO & FMIEAE A &l CALEY) 4a 5 HSPOO AL AR DAY 4a 5
HSP90 & AR 45 & i o
A-the binding surface of lupeol and HSP90 protein; B-binding sites of lupeol and HSP90 protein; C-compound 4a binding surface of HSP90 protein is

shown; D- compound 4a binding site for interaction with HSP90 protein

5 SFXHE 3D ATLE

Fig.5 3D visualization of molecular docking

4al (umol-L™")

R 1 2 4

HSP90 ‘ T S — — -| 9.0X104

Bax [—- — e — —| 2.1X10¢

Bol-2 [ o

B-actin

2.6X10*

— — 4.2X10*

YRR w1 2 4
1.59 ,
4al (umol-LT)
*
1.01 "
*
* |
*k k%
0.57 w5k L kx
0 T T T
HSP90 Bax Bel-2

SxPIRALEE: "P<0.05 "P<0.01.
*P<0.05 **P<0.01 vs control group.

Bl 6 LAY 4a Xt AS49 MHAEH HSPYO ROAT-HXEAREMFM ( x5, n=3)
Fig. 6 Effect of compound 4a on the expression of HSP90 and apoptosis-related proteins in A549 cells ( xts,n=3)

3 g

P G R Z AT HAR P A
=AY, R 2 M A S T A 2 K. N
T SR AR PR SR R E M, A AT A
B GRS S AP, TESL C-3 A1 5] N H RS
FLH, FEAEWRGEIE I A i 2 2 5] NI, &
BT — RPN B AT AR . T AR
S SE R 8 'H-NMR . *C-NMR 1 HR-MS
T HEARBAT T RAE.

MTT sLIGgi R BIR, SRR B SR,
REZFA AV R T BRI PG E S
AW 4a 75 AS49 AR A 4 sIAE FH ik, B
BHA i SRR 7T 17 £ . A, &) 4a 15
MRC-5 1EW40H R R FE e S s, R
500 51 e T8 4 B P [) B IE A0 i L R ) B
PEo X eegh FRE, 7R H G RER C-3 LLMEE S| N
L s ] 0% S 35 488 8 A 5 00 A B B R i 1 (R B
PRI IE 5 41 1) AR R 7 1

AHF T AT T ACE W da Jof fili e 0 i 284 B ) 0
HEH A HFE SR TS 851K, (L&Y 4a
ety LA A ST AS49 40 ROS 774,
B A NBOE S RE T BEE LS 42 IRE
[R3En, 4HEN ROS /K-F &3 7+, KB ROS 1E
WEY) 4a FIMRE TP REEEEH . d—
RNESE, th&Y) 4a BENE B EHEE AS49 41
M TEA,  HA T 3R A W FE I T+ & o

SN ERER, WG 4a 5 HSPO
(45 & R N—10.4 kI/mol, FHE T BRI &90°8 B
TE (-9.9k)/mol) HATHIRML &Ry, Hrp
MR 3R (1) 2 S RN IR R 34 _F (1 R 75 HSP9O &
H ) B S B IR R L T R T SR, SR T LA
HESEANSE GReEt, RS 4a feis il
OB 455 3] HSPOO HH b, S 254 i i e
MM A K . Western blotting 73 4T 27~ , L&) 4a
2 3% N HSP9O Al Bax & H 13K IE, AN F i Bel-
2 FREMERE, #— B I0UF 7 H i@ i HSP9O
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