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Abstract: Objective To modify the structure of natural monomeric compound based on oleanolic acid-3-O-B-D-glucuronide from
medicinal plant Aralia elata and to evaluate the myocardial protection activity of the derivatives. Methods Taking oleanolic acid or
ursolic acid as material, the target compounds were prepared by five steps of reactions and evaluated for myocardial protection effects
by H9c2 cells in vitro. Results Ten derivatives F1—F10 were synthesized. The structures of the target compounds were identified by
spectrum. Pharmacological results showed that all of the compounds had the different levels potency of myocardial protection effects in
cells. In particular, compounds F3 showed the significant myocardial protection activity compared to lead compound. Conclusion
The new compounds F1—F10 which show the potential of biological activity in myocardial protection, have not been reported in any
literature and deserved further research.
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g, 21.8 mmol), JIA 300 mL & HHt. MIIMA
PUT AL (0.8 g, 2.5 mmol) VLMK IKIRH (7.4
g, 53.6mmol) [1) 50 mL ZK¥#, HiFEAI. UKk
IR (3.2 mL, 26.8 mmol), WHEETHEEE
W, BN o [ NS5 G 5 A UK 0.1
mol/L i #h R MR BRIR AN /K I . LRI S A
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PERAR, TR AV IR AR g alifk, A -
SR L1 (8 & 1) YEMli 2 45 2 1 il 74 B1 AT B2,
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569.397 4 [M+Na]".
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Fig. 1 Synthetic routes of monomeric derivatives from A. elata

WA, TR R AT (O 1% 2k, A i TRE - TR
ClE (10 1) Pt nfe 2 A a4 c1 i c2.

Cl: 54g, W% 80%, HR-ESI-MS m/z: 1 147.5550
[M+Na]"; C2: 5.8 g, WK 85%, HR-ESI-MS m/z:
1 147.554 8 [M+Na] .

2.3.4 A DL AID2 (AR 40T 100 mL 5
B P AER BRI R A C1 8 C2 (3.0 g, 2.6
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ATordLAbEE . AREX 2 (SE6 A i R Hh s e il
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WEY F1: AR % 67%. HR-ESI-MS
mlz: 682.465 8 [M+Na]'. 'H-NMR (600 MHz,
CsDsN) &: 7.30 (1H, t, J = 5.6 Hz, N-H), 5.46 (1H, t,
J=3.3Hz H-12),4.96 (1H, d, J = 7.9 Hz, H-1"), 4.60
(1H, dd, J = 11.6, 2.5 Hz, H-3"), 4.43 (1H, dd, J =
11.6, 5.3 Hz, H-2'), 429~4.23 (2H, m, H-4', 5'),
4.08~4.02 (2H, m, H-6'), 3.52~3.46 (1H, m, H-31a),
3.42 (1H, dd, J = 11.8, 4.7 Hz, H-3), 3.31~3.25 (1H,
m, H-31b), 3.11 (1H, d, J = 11.8 Hz, H-18), 1.35 (3H,
s, CH3), 1.30 (3H, s, CHs), 1.04 (3H, s, CHj), 0.97
(3H, s, CH;), 0.95 (3H, s, CHj), 0.94 (3H, s, CHj),
0.90 (3H, s, CHs), 0.87 (3H, t, J = 7.3 Hz, H-33);
BC-NMR (150 MHz, CsDsN) J: 177.4, 145.0, 122.7,
106.8, 88.9, 78.8, 78.2, 75.9, 71.9, 63.1, 55.8, 48.0,
46.8, 46.5, 42.3, 42.1, 39.8, 39.6, 39.5, 38.8, 37.0,
34.4, 33.8, 33.2, 33.2, 32.2, 30.9, 28.3, 28.0, 26.6,
26.2,23.9,23.8,23.7,18.5,17.5,17.1, 15.5,

WE F2: AR AR, R 62%. HR-ESI-MS
mlz: 722.497 4 [M+Na]'. 'H-NMR (600 MHz,
CsDsN) d: 6.66 (1H, d, J = 7.6 Hz, N-H), 5.48 (1H, t,
J=3.4Hz, H-12), 4.96 (1H, d, J = 7.8 Hz, H-1"), 4.61
(1H, dd, J = 11.6, 2.6 Hz, H-3"), 4.48~4.40 (2H, m,
H-31, H-2'), 4.29~4.23 (2H, m, H-4', 5'), 4.08~4.02

(2H, m, H-6'), 3.41 (1H, dd, J = 11.8, 4.3 Hz, H-3),
3.05 (1H, dd, J = 13.4, 4.0 Hz, H-18), 1.35 (3H, s,
CH3), 1.30 (3H, s, CH3), 1.05 (3H, s, CH3), 0.99 (3H,
s, CHs), 0.94 (3H, s, CHs), 0.93 (3H, s, CHj), 0.92
(3H, s, CH3); "C-NMR (150 MHz, CsDsN) &: 177.5,
145.0, 122.7, 106.8, 88.9, 78.8, 78.3, 75.9, 71.9, 63.1,
55.8, 51.5, 48.0, 46.8, 46.2, 42.3, 42.1, 39.8, 39.5,
38.8, 37.0, 34.4, 33.6, 33.6, 33.2, 332, 32.6, 30.8,
28.2, 27.8, 26.6, 26.1, 24.2, 24.1, 24.0, 23.9, 23.7,
23.7,18.5,17.6,17.0,15.5.

&) F3: AOF K. IR 68%. HR-ESI-MS
m/z: 730466 3 [M+Na]". 'H-NMR (600 MHz,
CsDsN) d: 8.00 (1H, t, J = 5.8 Hz, N-H), 7.50~7.49
(2H, m, Ph-H-2", 6"), 7.37~7.34 (2H, m, Ph-H-3",
5"), 7.28~7.25 (1H, m, Ph-H-4"), 5.44 (1H, t, J = 3.3
Hz, H-12), 4.96 (1H, d, J = 7.7 Hz, H-1"), 4.79 (1H,
dd, J = 15.0, 6.0 Hz, H-31a), 4.63~4.59 (2H, m,
H-31b, H-3"), 4.43 (1H, dd, J = 11.6, 5.4 Hz, H-2'),
429~423 (2H, m, H-4', 5'), 4.08~4.02 (2H, m,
H-6"), 3.41 (1H, dd, J = 11.8, 4.3 Hz, H-3), 3.18 (1H,
dd, J = 13.3, 4.1 Hz, H-18), 1.34 (3H, s, CH3), 1.30
(3H, s, CH;), 1.03 (3H, s, CH3), 0.93 (6H, s, 2X CH3),
0.89 (3H, s, CHs), 0.88 (3H, s, CHz): "“C-NMR (150
MHz, CsDsN) d: 177.5, 144.9, 140.7, 128.7, 128.1,
127.2, 122.8, 106.9, 88.8, 78.8, 78.3, 75.8, 71.9, 63.1,
55.8, 48.0, 46.8, 46.5, 43.5, 42.2, 41.9, 39.8, 39.5,
38.7, 37.0, 34.4, 33.8, 33.2, 33.1, 30.9, 28.3, 27.9,
26.6,26.1,23.8,23.7,23.3,18.5,17.4, 17.0, 15.5.

&Y F4: AR A IR 47%. HR-ESI-MS
miz: 723492 6 [M+Na]". 'H-NMR (600 MHz,
CsDsN) 6: 5.44 (1H, t, J = 3.5 Hz, H-12), 4.95 (1H, d,
J =17.7 Hz, H-1"), 459 (1H, dd, J = 11.7, 2.4 Hz,
H-3'), 442 (1H, dd, J = 11.6, 5.3 Hz, H-2), 428~
421 (2H, m, H-4', 5'), 4.06~4.00 (2H, m, H-6"),
3.77~3.36 (4H, m, H-31, 32), 3.43~3.40 (2H, m,
H-3, 18), 2.38~2.34 (4H, m, H-33, 34), 2.21 (3H, s,
CHs), 1.35 (3H, s, CH3), 1.30 (3H, s, CH3), 1.04 (3H,
s, CHz), 0.98 (3H, s, CH;), 0.96 (3H, s, CH;), 0.95
(3H, s, CH3), 0.90 (3H, s, CH3); "C-NMR (150 MHz,
CsDsN) 6: 174.9, 145.5, 121.9, 106.9, 88.9, 78.8, 78.3,
75.9, 71.9, 63.1, 56.0, 55.6, 48.2, 47.6, 46.8, 46.8,
46.0, 45.7, 44.2, 42.3, 39.7, 39.6, 38.8, 37.1, 34.3,
33.4, 33.2, 30.4, 30.2, 28.4, 28.3, 26.6, 26.2, 24.2,
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23.8,23.8,22.9,18.6,17.4,17.1,15.6.

AW FS: AEMAK. 1% 51%. HR-ESI-MS
mlz: 710461 0 [M+Na]'. 'H-NMR (600 MHz,
CsDsN) 6: 5.44 (1H, t, J = 3.3 Hz, H-12), 4.95 (1H, d,
J = 7.8 Hz, H-1'), 459 (1H, dd, J = 11.7, 2.5 Hz,
H-3'), 442 (1H, dd, J = 11.6, 5.4 Hz, H-2), 428~
421 (2H, m, H-4, 5", 4.07~4.00 2H, m, H-6),
3.78~3.68 (8H, m, H-31~34), 3.44~3.40 (2H, m,
H-3, 18), 1.36 (3H, s, CH3), 1.29 (3H, s, CHs), 1.04
(3H, s, CH3), 0.97 (3H, s, CH3), 0.96 (3H, s, CHs),
0.93 (3H, s, CH3), 0.90 (3H, s, CHs); "“C-NMR (150
MHz, CsDsN) &: 175.1, 145.3, 122.0, 106.9, 88.9,
78.8, 78.3, 75.9, 71.9, 67.2, 63.1, 56.0, 48.1, 47.7,
46.7, 46.4, 44.1, 42.3, 39.7, 39.6, 38.8, 37.1, 34.2,
33.4, 33.2, 33.2, 30.6, 30.2, 28.3, 28.3, 26.6, 26.2,
24.2,23.8,22.8,18.6,17.3,17.1, 15.6.

WA F6: AERA. K 44%. HR-ESI-MS
mlz: 780.575 1 [M+Na]'. 'H-NMR (600 MHz,
CsDsN) 6: 7.26 (1H, t, J = 5.6 Hz, N-H), 5.48 (1H, t,
J=3.3Hz, H-12), 495 (1H, d, J = 7.7 Hz, H-1"), 4.59
(1H, dd, J = 11.6, 2.4 Hz, H-3"), 442 (1H, dd, J =
11.7, 5.4 Hz, H-2'), 428~421 (2H, m, H-4, 5'),
4.07~4.00 (2H, m, H-6"), 3.59~3.53 (1H, m, H-31a),
3.44~3.33 (2H, m, H-3, H-31b), 3.11 (1H, dd, J =
13.5, 4.2 Hz, H-18), 1.35 (3H, s, CHs), 1.31 (3H, s,
CHs), 1.04 (3H, s, CHs), 1.01 (3H, s, CH3), 0.97 (3H,
s, CH3), 0.94 (3H, s, CHs), 0.93 (3H, s, CH3), 0.85
(3H, t, J = 7.1 Hz, H-40); “C-NMR (150 MHz,
CsDsN) d: 177.4, 145.1, 122.8, 106.9, 88.9, 78.8, 78.3,
75.9, 71.9, 63.1, 55.8, 48.0, 46.9, 46.5, 42.3, 42.0,
40.0, 39.9, 39.6, 38.8, 37.0, 34.5, 33.9, 33.2, 33.1,
32.0, 30.9, 30.2, 29.6, 29.6, 28.3, 28.0, 27.6, 26.6,
26.2, 23.9, 23.8, 23.8, 22.9, 18.5, 17.6, 17.1, 15.6,
14.2.

&Y FT: AR, K 61%. HR-ESI-MS
mlz: 746.460 7 [M+Na]'. 'H-NMR (600 MHz,
CsDsN) 6: 9.01 (1H, s, N-H), 7.91~7.89 (2H, m,
Ph-H-2", 6"), 7.02~7.00 (2H, m, Ph-H-3", 5"), 5.60
(1H, t, J = 3.3 Hz, H-12), 494 (1H, d, J = 7.8 Hz,
H-1'), 4.60~4.58 (1H, m, H-3'), 4.43~4.40 (1H, m,
H-2'), 427~4.21 (2H, m, H-4', 5"), 4.05~4.01 (2H,
m, H-6), 3.64 (3H, s, CH3), 3.41 (1H, dd, J=11.8, 4.4
Hz, H-3), 3.24 (1H, dd, J = 13.4, 4.0 Hz, H-18), 1.33

(3H, s, CH3), 1.31 (3H, s, CH3), 1.01 (3H, s, CHj),
0.95 (3H, s, CH3), 0.93 (6H, s, 2X CHs), 0.85 (3H, s,
CH;); “C-NMR (150 MHz, CsDsN) 6: 176.1, 156.6,
145.0, 133.2, 123.1, 114.4, 106.9, 88.9, 78.8, 78.3,
75.8, 71.9, 63.1, 55.8, 55.3, 48.0, 47.3, 46.8, 42.3,
42.0, 39.9, 39.5, 38.8, 37.0, 34.4, 33.3, 33.2, 33.0,
30.9, 28.3, 28.0, 26.6, 26.2, 23.9, 23.8, 23.8, 18.5,
17.5,17.0,15.5.

&) F8: MK A .. R 61%. HR-ESI-MS
mlz: 682.466 1 [M+Na]". 'H-NMR (600 MHz,
CsDsN) 6: 7.19 (1H, t, J = 5.5 Hz, N-H), 5.46 (1H, t,
J = 3.3 Hz, H-12), 488 (1H, d, J = 7.6 Hz, H-1"),
4.61~4.60 (1H, m, H-3'), 4.52~4.46 (3H, m, H-2/,
4'.5",4.19 (1H, dd, J = 3.4, 9.6 Hz, H-6'a), 4.14 (1H,
t,J= 5.9 Hz, H-6'b), 3.44~3.40 (2H, m, H-31a, H-3),
3.33~3.28 (1H, m, H-31b), 2.39 (1H, d, J = 10.7 Hz,
H-18), 1.35 (3H, s, CH3), 1.23 (3H, s, CH3), 1.03 (3H,
s, CH3), 0.98~0.95 (9H, m, 3XCHs), 0.91 (3H, s,
CHs), 0.87 3H, t, J = 7.3 Hz, H-33); "C-NMR (150
MHz, CsDsN) d: 177.5, 139.8, 125.7, 107.4, 88.7,
76.8, 75.3, 73.2, 70.2, 62.5, 55.9, 53.5, 47.9, 47.8,
42.6, 40.1, 39.9, 39.6, 39.6, 39.3, 38.9, 38.3, 36.9,
333, 32.1, 31.2, 28.3, 28.3, 26.8, 24.9, 23.8, 23.6,
23.5,18.3,17.5,17.1, 15.6.

&4 F9: AR A . R 67%. HR-ESI-MS
miz: 722497 2 [M+Na]". 'H-NMR (600 MHz,
CsDsN) 6: 6.70 (1H, d, J = 7.4 Hz, N-H), 5.49 (1H, t,
J = 3.5 Hz, H-12), 488 (1H, d, J = 7.6 Hz, H-1"),
4.61~4.60 (1H, m, H-3), 4.52~4.46 (3H, m, H-2/,
4',5",4.19 (1H, dd, J = 3.4, 9.6 Hz, H-6'a), 4.14 (1H,
t, J = 5.9 Hz, H-6'b), 4.07~4.06 (1H, m, H-31), 2.38
(1H, d, J = 10.7 Hz, H-18), 1.34 (3H, s, CH3), 1.24
(3H, s, CH3), 1.02 (3H, s, CH3), 0.97~0.95 (6H, m,
2XCH;), 091 (3H, s, CH;3), 0.89 (3H, s, CHs);
BC-NMR (150 MHz, CsDsN) §: 177.4, 139.8, 125.6,
107.3, 88.7, 76.7, 75.2, 73.2, 70.1, 62.4, 55.9, 53.5,
51.4, 48.0, 47.8, 42.5, 39.9, 39.9, 39.5, 39.3, 38.8,
38.2, 36.8, 33.6, 33.4, 32.6, 31.2, 282, 28.2, 26.7,
24.9, 242, 24.1, 24.0, 23.9, 23.7, 23.5, 18.5, 17.6,
17.0, 15.5.

&) F10: AR K . % 65%. HR-ESI-MS
milz: 730.465 5 [M+Na]". 'H-NMR (600 MHz,
CsDsN) 6: 7.78 (1H, t, J = 5.8 Hz, N-H), 7.49~7.48
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(2H, m, Ph-H-2", 6"), 7.38~7.35 (2H, m, Ph-H-3",
5", 7.29~7.28 (1H, m, Ph-H-4"), 5.43 (1H, t, J = 3.3
Hz, H-12), 4.89 (1H, d, J = 7.6 Hz, H-1"), 4.72 (1H,
dd, J = 14.7, 5.5 Hz, H-31a), 4.64 (1H, dd, J = 14.8,
5.7 Hz, H-31b), 4.59~4.60 (1H, m, H-3'), 4.50~4.46
(3H, m, H-2', 4, 5"), 4.19 (1H, dd, J = 3.4, 9.6 Hz,
H-6'a), 4.14 (1H, t, J = 5.9 Hz, H-6'b), 3.43 (1H, dd,
J = 11.7, 42 Hz, H-3), 2.44 (1H, d, J = 10.7 Hz,
H-18), 1.34 (3H, s, CHs), 1.24 (3H, s, CH3), 1.00 (3H,
s, CHs), 0.97 (3H, d, J = 6.5 Hz, CH;), 0.95 (3H, s,
CHs), 0.91 (3H, s, CHs), 0.89 (3H, s, CH3); "“C-NMR

(150 MHz, CsDsN) o: 177.3, 140.5, 139.6, 128.7,
128.2, 127.2, 125.9, 107.5, 88.8, 76.8, 75.4, 73.2, 70.3,
62.5, 55.9, 53.6, 47.9, 47.8, 43.6, 42.5, 40.0, 39.8, 39.5,
39.3, 38.9, 38.1, 36.9, 33.4, 31.2, 28.3, 28.3, 26.7, 24.9,
23.8,23.6,21.3,184,17.4,17.4,17.0,15.6.
32 {ARRFKINLER

DL B K 1) 55 3R 1 -3-O-B-D- 1 Wi 41 7% B
TR 12 by BH P B, ZEAEG s =1 (0.14 0.34 1.0 pg/mL)
3 ANFIEAIREE N, Ik g s S0 %42 T S ket
) F1~F10 % HOc2 o UL4R f it Ry o AR SE
RIWE 1.

F1 ITHERBARBETEMECARIPEMEESR

Table 1 Myocardial protection activity of monomeric derivatives from A. elata

e . %Wﬁﬁ%% .
0.1 ug'mL 0.3 pg'mL 1.0 pg'mL

xof e 100
Y 67.09+ 8.45™
FE IR TR -3 - O-P-D-NLk e 7 22 A0 P 12 73304 5.87 75.12+ 3.29 80.74% 7.40"
F1 70.19+ 4.85™ 67.39+ 5.11 76.88+ 436"
F2 78.46% 7.94" 7526+ 8.65 7577+ 6.10
F3 76.55+ 6.43" 80.75+ 3.18" 80.16% 327"
F4 7111+ 3.26 72,64+ 456" 66.70% 2.36
F5 69.54+ 251" 64.45+ 527 7029+ 4.55
F6 69.23+11.24" 68.48+12.52" 68.99+13.11
F7 69.18%+ 7.53 73.24+ 6.82 69.43+ 4.89
F8 7221+ 520 7343+ 2.94 69.89+ 3.37"
F9 7111+ 3.27 69.38+ 7.83" 71.28+ 5.41
F10 70.16+ 6.48" 73.64%+ 471 7874+ 639"

GaBALLLE: "P<0.01; SERAILLE: "P<0.05 “P<0.01 "P<0.001
#p <0.01 vs control group; P <0.05 “P<0.01 P <0.001 vs model group

33 WMYXRELE

UPISIG S R, 10 MTAEDAE 3 N REIR
TR 38 S I AN [RVRE B (o UL i AR s, Herp
&Y F3 5 IRAE W) IBR TR-3-0-B-D-ML I
HPHERERR AN LURE PEAR Y, JUHAEAR, hiE4d (0.1
A10.3 pg/mL) WG BEA UL VLRI R
KW 1) FFERR -3-O-B-D- ML Wi 7 25 B 14 1R A 4%
DR YER , gikrh 28 7 RIEFEAE A S5 440 75 3k
Hl, RIEBEN G RE R AR, AT AT
VSR AE, Witk &4 F3 1 F10, iERBRKNE
i e R B e AT AE a5, b5 Fe Al
F7: 2 i % 0l T I 12 6 0y i 2 B - FLRE I, R

ORTIE AR, &%) F3 F1 F10; 3)
FRURIR T o i o SRR R o), WP OIUR S
PERZ A K, RS F3 F1 F10. TG )
H bG35 R W SCERIRE R &4, IR TT
JERAAR AR R TR YERE ST B A, AT RN
T -

S 3k
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