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Abstract: Objective To study the chemical constituents from Rubus pirifolicus. Methods The extract from R. pirifolicus was
isolated and purified by macroporous resin, silica gel column, ODS, Sephadex LH-20 and semi-preparative HPLC. Their structures
were identified by spectral analysis combined with literature. Results Sixteen compounds were isolated from the ethyl acetate
extracts of R. pirifolicus and identified as pirifoliusic acid A (1), acanthochlamic acid (2), 20,3p-dihydroxyolean- 13(18)-en-28-oic
acid (3), 3-epi-2-oxopomolic acid (4), 2a,30,190,220-tetrahydroxyurs-12-en-28-oic acid (5), 23-O-galloylarjungenin (6),
2a,3a,190,24-tetrahydroxyolean-12-en-28-oic acid (7), bellericagenin B (8), roburgenic acid (9), 2f,3f,19a-trihydroxyolean-
12-ene-23,28-dioic acid (10), 2a,3p,23-trihydroxylup-20(29)-en-28-oic acid 28-O-B-D-glucopyranoside (11), ursolic acid (12),
maslinic acid (13), corosolic acid (14), pomolic acid (15), oleanolic acid (16). Conclusion Compound 1 is a new compound and

named pirifoliusic acid A; Compounds 2—3, 5—6, 8 —10 were isolated from the Rubus for the first time, and all the compounds
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were isolated from this plant for the first time.

Key words: Rubus pirifolicus Smith.; nor-oleanane triterpenoid; pirifoliusic acid A; acanthochlamic acid; 2a,3B-dihydroxyolean-13(18)-

en-28-oic acid

2184 N TR (Rosaceae) 28T J& Rubus L.
Y BL 28T Rubus pirifolicus Smith [FIHRFIZE,
AP ilibe. EES AEisk, TR T
JIUREE . &7 Fl R G ARSI,
TR U Rt gt , BRIROLES, TRy, A
A 2R BRI, FHT
RIRAPEI TR R OR . 1B MEREYS . A 4ANH .,
AMBEESE, B “AERT” ZFRBA. B ETE R AL
B rgA B M2 PR IR Fe b o AR R i
WIR A & =0 BRI, B, S K
73, I NEL TR IR £ Ba AL 7 B % 0E 29 MK
YT, G 26 =L 2 N EEEA 1A 2R
B I 53 B A3 1) =6 28 o3 508 TLbE =i
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PACHEFE R I, D =asR e R G UE. i
TRAP S BLR . ARG S LGB, gt —
R AL =WER Sy, F 85 1ZEYL
PR EERETY, IR AR 2R A, A
SCIGARB0T LR IR LA A2 T AT BT AL
T EEARE] 16 MEEY, 73 1% E R 3,4-284-
3-F RGP BE-4(23),13(18)- —#-2,28- IR
[2,3-seco-3-nor-olean-4(23)-en-2,28-dioic acid, 1]
acanthochlamic acid (2). 2a,3B-dihydroxyolean-
13(18)-en-28-oic acid (3) 3-F&-2-5AfC-HAHEERR (3-
epi-2-oxopomolic acid, 4). 20,3a,19a,22a-tetrahydro-
xyurs-12-en-28-oic acid (5). 23-O-galloylarjungenin
(6)+ 20,30,190,24-PYF2 355 R -12--28-FR K (20,
3a,19a,24-tetrahydroxyolean-12-en-28-oic acid, 7).
bellericagenin B (8). roburgenic acid (9). 2,3,19a-
SRR -12-075-23,28- kR (2P,3P,19a-tri-
hydroxyolean-12-ene-23,28-dioic acid, 10)- 20,3p,23-
trihydroxylup-20(29)-en-28-oic acid 28-O-f-D-gluco-
pyranoside (11). A&IREE Cursolic acid, 12). 1I##
f? (maslinic acid, 13). BtF XKL (corosolic acid,
14) . Bz (pomolic acid, 15). F5EUREE (oleanolic
acid, 16). HALEW 1 JHaY), v HZnt
BT A fEW2~3. 5~6. 8~10 AWM
TR EAE, A EMEINE N ZE
LR CE P

1 {EE5EMH
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AL A CHAR AR H R 4% -
REVELERIS X2 BUAH 84 (& ¥ 5 W g %
/~H]); Hypersil GOLDTM Cig 4+ (250 mm X 10 mm,
5 um, % EFEEKMIRAFD; BP211D B T4
R (B E 3 2 R~ 7); EYELA OSB-2100 Jig4%
AR CEIgRNESARARD; ZF-6 B =%
Ao AT A C R SRS R A BR A ) Sephadex
LH-20 (3£ [H Pharmacia A #]); ODS KA (40~
60 um, REHPERREHIARARD; AB-8 K
FLIR B g R B RE AN TS5 A
Tl (100~200. 200~300 H, FEZEH1LZERF)
AIRAFD; FEREER G5 BEA TARARD;
HEE, 2 (B34, Fisher); FH & MR N
griral (DU PRk AR A FD .

LT 2021 A 1 SRT) AR, &)
= 24 K 24 B H 24 R S I T A e s AR R TR
HEFITB2E T R, pirifolius Smith FRRFIZE, FrA<
(RPS-202101) f£ 1) PR 25 K7 rh 240 2 S0 2
2 RESSE

TR LT E BRI 50.0 kg, KA 10 {5 & 80%24
B[R4 3 7k (24 2. 1 h), JIEIRZEE SRR
B (82kg). MIREMERE/KBIR, MK Ak
(60~90 C). BAR LBG. 1E T AL, [BUCER G
BRI MEBEAIRE (444 ), BERRZEEIALR B
(823.5 g), IETESHANRE (3691.2 g) FIKHAL
RE (34878 g). BEIR LEEHALIRE 700.0 g, &K
LW B BE CAB-8) H:Efaif sy 5, ZF-KARS
(H20—20%—30%—40%—60%—80%—95%) 1 &
Yeli, 153 10 M4 (Fr. A~1D. Fr.F (53.0 g)
SR EIES R, 280-FE 30 1-1: D
BREELEL, 93] 7 ANMH45 (Fr. F-1~F-7), Fr. F-1
(3.35 g) fkik4 ODS HILEAE il (HEE-7K 40 :
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60—70 : 30, 8.0 mL/min). ERA:GRE (GAG-H
i 1:0—1: 1) Ffiile HPLC (HEE-/K 51 1 49,
3.0 mL/min) 7y & 4ifh, BB AEY S (16.1 mg,

k=33.4 min). Fr. F-5 (12.6 g) % ODS HikJEA:
o3 CFEEE-7K 30 @ 70—85 © 15, 8.0 mL/min) 4} &,
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SaEAE s (EH-FEE30 01530 D 4 E, 14
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et 4 HPLC (FHEE-/K 57 © 43, 3.0 mL/min) 7355
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HPLC (ZJi-7K 35 165, 2.0 mL/min) i &4l
b, BEMEAEY 8 (5.9 mg, ®R=31.0min). 10 (4.9
mg, ®R=232.0min) 16 (1.9 mg, x=233.6 min).
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D 55, 15287409 (Fr. -11~1-7). Fr. I-1 f
Fr. 12 (13.0 @) AIFFERERAFE G ChiBE-BE
4,20 1150 @ D, 193] 8 MHS (Fr. 1-1-1~
I-1-8). Fr. I-1-3 (0.3 g) fKIKZ: Sephadex LH-20 (4
5-FEE 12 1) il & HPLC (HEE-/K 76 : 24,

3.0mL/min) 7 &4k, F3EY2 G4mg, ®=
27.8 min) 11 (1.9 mg, tr=32.4 min). Fr. [-1-6 (1.4
g) & ODS H{REAE 1 (HEE-7K, 70 1 30595 :
5), 153 8 MAMNAE (Fr. 1-1-6-1~1-1-6-8), FLrf
Fr. 1-1-6-7 H i1 AR AR A EY 16 (365
mg). Fr. I-1-8 (4.9 g) £ ODS KB AL (F
fiE-7K 30 1 7090 1 10) 755, 4% 8 AN (Fr.
[-1-8-1~1-1-8-8). Fr. I-1-8-4 (1.21 g) ZLHEMH: (A
W CHMBE-ESRE 2088 7 11 0 1), 244 HPLC
HIfE-7K (67 : 37, 3.0 mL/min) —&HI%0 8. 4
oK (44 156, 3.0mL/min) — k4, B34
¥4 (1.7mg, tr=41.1 min). Fr.1-1-8-6 (0.4 g) &
AR CHMBE-BER O 6 0 1-1 1 1D FIf
14 HPLC (HE-7K 70 © 30, 3.0 mL/min) 43254k
1k, 5554k A4 15(9.3 mg, tr=33.0 min) . Fr. I-1-8-7
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Sy Ak, BRI EY 12 (24.5 mg, rR=19.4 min).
Fr. I-3 (3.6 g) %4 ODS FMREM A5, HEE-
KZREG (60 1 40—100 : 0, 8.0 mL/min) & Fh,
28] 7 NSy (Fr. 1-3-1~1-3-7). Fr.1-3-4 (0.60 g)
SRR CHMEBE-EIR N 4 15101 A
4 HPLC (Zf5-7K 65 © 35, 3.0 mL/min) 7355
alitk, B531E&Y 3(7.5 mg, k=15.1 min). Fr.I-3-6
(0.72 @ A HERAE IS CAMEE-BE R 483 - 11 -
1) Al HPLC (HIfE-7K 82 1 18, 3.0 mL/min)
srEaitk, BELAEY 13 (1.3 mg, ®R=15.9 min)
114 (44 mg, ®rR=17.2min),
3 ZEWEE

WEY 1. ARG
[a]y—21.9 (c0.04, MeOH). UV A,
IR vior (cm™'): 3439, 2945, 2864, 1696, 1633,
HR-ESI-MS ll5E H 4 5 F I8N m/z 455316 0
IM—H]" GHEAEN CaoHaz04, 455316 1) HiEA
A1 HI5rF N CooHaaOs, AEFIE A 8. 'TH-NMR
(500 MHz, CDs;OD) [, MELH] 6 A~ Hk i
ZU55 ou 1.75 (3H, s), 1.19 (3H, s), 0.97 (3H, s), 0.92
(3H, s), 0.87 (3H, 5), 0.75 3H, s); 1 HimFmEAlE S
Ou 4.92 (2H, m). BC-NMR (125 MHz, CD;OD).
DEPT135 F1 HSQC i B Zonf 29 MR 7155,
fFE 6 MR, 11 MR (1AM 6c 115.4),
2 AL, 10 ANZEDK (2 MREER Jc 180.6, 176.2;
3 AN Oc 148.6, 139.3,129.8).0c 148.6, 115.4,23.0
S SHERTZE M A MG EE S T, 2l L
YR, HAGE R (R D S5CMED
20,3p-dihydroxyolean-13(18)-en-28-oic acid!'% [f] ¥4
C. D ME MEHEEHLU, E52HLEY
acanthochlamic acid (3 7521 3,4-2430 ) i B Je
R =5 ) D3R A AR B (ISR ML, Hait
s Bom A 29 Mifs 5, FdERiE? 1 4
BB EUR e A =5 . '"H-"H COSY i (& 1) &R
H-5/H-6/H-7 #15%; H-9/H-11/H-12 #15%; H-15/H-16
AH2%; H-21/H-22 #19%. HMBC it (& 1) &K H-1
(0u2.41,2.26) 5 C-2 (5c176.2)~C-5 (dc 50.8)~ 10 (Jc
42.5) 9, H-23 (6n4.92) 5 C-4 (6c 148.6). C-24
(6c23.0), C-5 M8, R A IR C-2 M1 C-3 KA
WrEd, BfE C-3 RGNS, M C-2 #%E b
ORI, B PUESIZAL SN 3,4 RS T
BF% =%, ROESY #% (K 1) &/ H-25/H-26

(HED, ST HEE,
MeOH (11m): 203.2.
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#z1 &% 1 H "H-NMR (500 MHz) #1 *C-NMR (125 MHz) #{#E (CD30D)
Table 1 'H-NMR (500 MHz) and '*C-NMR (125 MHz) data of compound 1 (CD30D)

302 O dc Thr on dc
1 241(1H,d,J=14.5Hz),2.26 (1H, d,J=14.4 Hz) 44.4 (1) 16 1.88 (1H, overlapped), 1.48 (1H, dd, J=13.5,4.2 Hz) 343 (1)
2 176.2 (s) 17 49.5(s)
3 18 129.8 (s)
4 148.6 (s) 19 245(1H, dd,J=14.0,2.0 Hz), .71 (1H, overlapped) 42.0(t)
5 2.73(1H,dd,J=13.0,2.9 Hz) 50.8(d) | 20 33.6 (s)
6 1.70 (1H, overlapped), 1.37 (1H, m) 252() | 21 1.30(1H,s), 1.22 (1H, m) 38.0 (1)
7 1.55(1H,dd,J=13.8,2.7 Hz), 1.39 (1H, m) 342() | 22 2.15(1H,m), 1.31 (1H,s) 36.9 (1)
8 42.1(6) | 23 4.92(2H, m) 115.4(t)
9 221(1H,dd,J=12.6,2.7 Hz) 432(d) | 24 175(3H,s) 23.0(q)
10 425(s) | 25 0.87(3H,s) 20.5(q)
11 1.70 (1H, overlapped), 1.34 (1H, m) 243 | 26  0.97(3H,s) 18.6 (q)
12 2.77(1H, d,J = 14.4 Hz), 1.89 (1H, overlapped) 264() | 27 L19(3H,s) 21.6 (q)
13 1393 (s) | 28 180.6 (s)
14 46.0(s) | 29 0.92(3H,s) 327(q)
15 1.76 (1H, overlapped), 1.16 (1H, d, /= 3.4 Hz) 283() | 30 0.75(3H,s) 24.6 (q)

TH-TH COSY

HMBC ——~

ROESY ,~

1 AY 1 WM REERN HMBC. 'H-'H COSY 1 ROESY #%{ES
Fig. 1 Structure and key HMBC, '"H-'H COSY and ROESY correlations of compound 1

AR, #78 C-10 EHJ-CH,COOH A o #4%Y; H-5/H-9
AR H-9/H-27 A%, #7r C-5 EHIRPIRHN B
. 28 BRTIR, B AT 1 RN 3,4-3438-
3-25 LSRR 15-4(23),13(18)- - )-2,28- R 1R,
2 SciFinder f%, #iE L BIL &Y. S5 W 1,
i REIH B IR A (pirifoliusic acid A) .
&Y 2: AEEPIRGS & (FEE). ESI-MS m/z:
455 [M—H] . 'H-NMR (500 MHz, CDsOD) d: 4.91
(2H, s, H-23), 4.72 (1H, s, H-29), 4.60 (1H, s, H-29),
271 (1H, dd, J = 13.0, 3.0 Hz, H-5), 1.75 (3H, s,
H-24), 1.70 (3H, s, H-30), 1.03 (6H, s, H-26, 27), 0.84
(3H, s, H-25); BC-NMR (125 MHz, CD;0D) : 180.1
(C-28), 176.1 (C-2), 151.9 (C-20), 148.8 (C-4), 115.2
(C-23), 110.2 (C-29), 57.5 (C-17), 50.9 (C-5), 50.4
(C-19), 48.5 (C-18), 44.1 (C-1), 44.0 (C-14), 43.0

(C-9), 42.0 (C-10), 41.9 (C-8), 39.8 (C-13), 38.1
(C-22), 33.8 (C-7), 333 (C-16), 31.7 (C-15), 30.9
(C-21), 26.8 (C-12), 253 (C-6), 23.8 (C-11), 23.1
(C-24), 20.2 (C-25), 19.5 (C-30), 16.4 (C-27), 15.1
(C-26). DL EEHE 5 S0l ARE A — 30, e
&%) 2 N acanthochlamic acid.

WEY3: AELENM K. ESI-MS m/z: 495
[M+Na]". '"H-NMR (500 MHz, CDs0D) ¢: 3.65 (1H,
t, J = 10.1 Hz, H-2), 2.96 (1H, d, J = 9.0 Hz, H-3),
122 (3H, s, H-23), 1.03 (3H, s, H-27), 0.99 (3H, s,
H-24, 26), 0.95 (3H, s, H-25), 0.81 (3H, s, H-29), 0.79
(3H, s, H-30); 3C-NMR (125 MHz, CD:0D) 6: 180.6
(C-28), 139.1 (C-13), 129.8 (C-18), 84.5 (C-3), 69.7
(C-2), 56.8 (C-5), 52.1 (C-9), 49.5 (C-17), 48.6 (C-1),
45.6 (C-14), 42.7 (C-8), 42.0 (C-19), 40.5 (C-4), 39.6
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(C-10), 38.0 (C-21), 36.9 (C-22), 36.1 (C-7), 34.3
(C-16), 33.6 (C-20), 32.7 (C-29), 29.3 (C-23), 28.3
(C-15), 26.3 (C-12), 24.7 (C-30), 22.9 (C-11), 21.5
(C-27), 19.5 (C-6), 18.4 (C-26), 182 (C-25), 17.4
(C-24). LA EHUR 5 SClfhoE B A — 00, #ss e
tWEH 3 N 20,3B-dihydroxyolean-13(18)-en-28-oic
acid.

WEY 4. ABTEEH K. ESI-MS m/z: 485
[M—H] . 'H-NMR (500 MHz, CD;0D) ¢: 5.29 (1H,
t, J = 3.2 Hz, H-12), 3.50 (1H, s, H-3), 2.51 (1H, s,
H-18), 1.38 (3H, s, H-27), 1.19 (3H, s, H-29), 1.00
(3H, s, H-24), 0.96 (3H, s, H-25), 0.92 (3H, d, J = 6.7
Hz, H-30), 0.84 (3H, s, H-23), 0.79 (3H, s, H-26);
BC-NMR (125 MHz, CD;0D) d: 215.5 (C-2), 182.4
(C-28), 140.2 (C-13), 128.8 (C-12), 83.7 (C-3), 73.6
(C-19), 55.1 (C-18), 52.2 (C-1), 51.1 (C-5), 49.1
(C-17), 48.6 (C-9), 43.6 (C-10), 43.1 (C-20), 42.9
(C-14), 42.8 (C-4), 41.5 (C-8), 39.0 (C-22), 33.7
(C-7), 29.6 (C-15), 27.3 (C-21), 27.2 (C-23), 27.0
(C-29), 26.6 (C-16), 24.7 (C-27), 24.5 (C-11), 21.9
(C-24), 20.1 (C-6), 17.1 (C-26), 17.0 (C-30), 16.6
(C-25). VL X5 iRkl FaAR — 502, e
&Y 4 R 3-F-2-FAC-IREE IR o

wEs: atER MK, ESI-MS m/z: 503
[M—H] . 'H-NMR (500 MHz, CD;0D) ¢: 5.27 (1H,
t,J = 3.4 Hz, H-12), 3.92 (1H, ddd, J=11.9, 4.2, 3.1
Hz, H-2), 3.67 (1H, dd, J = 11.9, 4.3 Hz, H-23), 3.32
(1H, d, J=2.5 Hz, H-3), 2.45 (1H, s, H-18), 1.36 (3H,
s, H-27), 1.15 (3H, s, H-29), 0.98 (3H, s, H-25), 0.98
(3H, s, H-23), 0.95 (3H, d, J = 6.7 Hz, H-30), 0.86
(3H, s, H-24), 0.80 (3H, s, H-26); '3C-NMR (125
MHz, CD;0D) J: 180.6 (C-28), 139.8 (C-13), 129.5
(C-12), 80.1 (C-3), 75.7 (C-22), 73.2 (C-19), 67.2
(C-2), 55.8 (C-18), 54.8 (C-17), 49.3 (C-5), 48.2
(C-9), 432 (C-14), 42.5 (C-1), 41.4 (C-8), 413
(C-20), 39.5 (C-4), 39.3 (C-10), 35.6 (C-21), 34.0
(C-7), 29.2 (C-23), 29.0 (C-15), 26.7 (C-29), 25.2
(C-27), 24.7 (C-11), 22.4 (C-24), 19.3 (C-6, 16), 17.5
(C-26), 16.9 (C-25), 16.4 (C-30). LA % 5 Cikik
TEHEAR—, MW EY 5 8 20,30,190,220-
tetrahydroxyurs-12-en-28-oic acid.

& e: HtER AR, ESI-MS m/z: 679
[M+Na]*. 'H-NMR (500 MHz, CD;0D) ¢: 7.08 (1H,

s, H-2'), 5.30 (1H, t, J = 3.5 Hz, H-12), 4.20 (1H, d,
J=11.3 Hz, H-23a), 4.05 (1H, d, J = 11.2 Hz, H-23b),
3.74 (1H, td, J = 11.5, 4.5 Hz, H-2), 3.43 (1H, d, J =
9.6 Hz, H-3), 3.22 (1H, d, J = 6.4 Hz, H-19), 3.04 (1H,
brs, H-18), 1.28 (3H, s, H-27), 1.17 (3H, s, H-25),
1.04 (3H, s, H-30), 0.92 (3H, s, H-29), 0.83 (3H, s,
H-26), 0.75 (3H, s, H-24); '3C-NMR (125 MHz,
CD;0D) o: 182.5 (C-28), 168.3 (C-7"), 146.6 (C-3',
5", 144.9 (C-13), 139.9 (C-4'), 124.6 (C-12), 121.6
(C-17), 110.0 (C-2', 6"), 82.5 (C-19), 78.1 (C-3), 69.3
(C-2), 66.8 (C-23), 49.6 (C-5), 49.4 (C-9), 47.8 (C-1),
46.7 (C-17), 45.2 (C-18), 44.1 (C-4), 42.6 (C-14), 40.8
(C-8), 39.1 (C-10), 36.0 (C-20), 34.0 (C-22), 33.5
(C-7), 29.5 (C-21), 29.3 (C-16), 28.7 (C-29), 28.6
(C-15), 25.1 (C-27), 25.0 (C-30), 24.9 (C-11), 19.5
(C-6), 17.8 (C-26), 17.3 (C-25), 13.7 (C-24). DL L3
5 SCmRRoE B AR — M S E A 6 R
23-0-galloylarjungenin.

a7 BtERH K. ESI-MS m/z: 503
[M—H] . 'H-NMR (500 MHz, CD;0D) ¢: 5.31 (1H,
d, J= 3.7 Hz, H-12), 3.89 (1H, m, H-2), 3.74 (1H, d,
J = 2.5 Hz, H-3), 3.64 (1H, d, J = 11.4 Hz, H-24b),
3.39 (1H, d, J =11.4 Hz, H-24a), 3.24 (1H, d, J =3.7
Hz, H-19), 3.04 (1H, brs, H-18), 1.30 (3H, s, H-27),
1.08 (3H, s, H-29), 0.95 (3H, s, H-30), 0.94 (3H, s,
H-26), 0.93 (3H, s, H-25), 0.73 (3H, s, H-23);
13C-NMR (125 MHz, CD;0D) d: 182.3 (C-28), 144.7
(C-13), 124.7 (C-12), 82.4 (C-19), 74.6 (C-3), 67.0
(C-2), 65.8 (C-24), 50.0 (C-5), 48.9 (C-9), 46.7
(C-17), 45.4 (C-4), 452 (C-18), 42.7 (C-14), 42.4
(C-1), 40.9 (C-8), 39.3 (C-10), 36.0 (C-20), 34.2
(C-7), 34.0 (C-22), 29.5 (C-15), 29.4 (C-21), 28.7
(C-29), 28.6 (C-16), 25.1 (C-30), 25.1 (C-27), 25.0
(C-11), 23.1 (C-23), 19.5 (C-6), 17.7 (C-25), 172
(C26). LA EHdE 5 kiR ERE A —FS), ws e
EY T N 20,30,190,24-PUFRFEFHHIR-12-475-28- 21 -

&Y 8: AT EMHAK. ESI-MS m/z: 519
[M—H] . 'H-NMR (500 MHz, CD;0D) ¢: 5.31 (1H,
t, J=3.3 Hz, H-12), 4.04 (1H, d, J = 11.6 Hz, H-23a),
4.03 (1H, d, J = 11.4 Hz, H-24b), 3.83 (IH, td, J =
11.4, 4.5 Hz, H-2), 3.62 (1H, d, J = 11.4 Hz, H-24a),
3.51 (1H, d, J = 11.6 Hz, H-23b), 3.45 (1H, d, J= 9.7
Hz, H-3), 3.24 (1H, d, J = 3.7 Hz, H-19), 3.05 (1H,
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brs, H-18), 1.30 (3H, s, H-27), 1.01 (3H, s, H-25),
0.95 (3H, s, H-30), 0.93 (3H, s, H-29), 0.74 (3H, s,
H-26); *C-NMR (125 MHz, CDs;0D) d: 182.3 (C-28),
144.7 (C-13), 124.6 (C-12), 82.4 (C-19), 79.5 (C-3),
69.8 (C-2), 64.5 (C-23), 62.6 (C-24), 49.3 (C-9), 48.4
(C-5), 48.2 (C-4), 47.5 (C-1), 46.7 (C-17), 45.2
(C-18), 42.6 (C-14), 40.7(C-8), 39.0 (C-10), 36.0
(C-20), 34.0 (C-22), 33.7 (C-7), 29.5 (C-21), 29.4
(C-15), 28.7 (C-29), 28.6 (C-16), 25.1 (C-11), 25.1
(C-30), 25.0 (C-27), 19.8 (C-6), 17.6 (C-26), 17.3
(C-25). LALHdE 5 SClikIaE 5 A —Elel, #hedesE
&%) 8 N bellericagenin B.

WEM9: AEIERAK. ESI-MS m/z: 533
[M—H] . 'H-NMR (500 MHz, CD;OD) ¢: 5.31 (1H,
t, J = 3.2 Hz, H-12), 4.26 (1H, d, J = 2.1 Hz, H-3),
4.22 (1H, dd, J = 11.4, 3.7 Hz, H-2), 4.00 (1H, d, J =
10.2 Hz, H-23a), 3.80 (1H, d, J = 10.2 Hz, H-23b),
3.24 (1H, d, J = 3.7 Hz, H-19), 3.05 (1H, brs, H-18),
1.30 (3H, s, H-27), 0.95 (3H, s, H-30), 0.93 (3H, s,
H-29), 091 (3H, s, H-25), 0.77 (3H, s, H-26);
BC-NMR (125 MHz, CDs;0D) ¢: 182.4 (C-28), 178.8
(C-24), 144.6 (C-13), 124.8 (C-12), 82.4 (C-19), 70.7
(C-3), 67.5 (C-23), 67.1 (C-2), 55.0 (C-4), 48.3 (C-9),
46.7 (C-17), 45.8 (C-5), 45.2 (C-18), 42.8 (C-14),42.7
(C-1), 40.6 (C-8), 39.9 (C-10), 36.0 (C-20), 34.0
(C-22), 33.8 (C-7), 29.5 (C-21), 29.4 (C-15), 28.7
(C-29), 28.6 (C-16), 25.2 (C-30), 25.0 (C-27), 24.9
(C-11), 21.0 (C-6), 17.7 (C-26), 14.8 (C-25). LA L%k
P 5 CERROE A — BT, M ENEY) 9 N
roburgenic acid.

WEY10: ATCTLEREAK. ESI-MS m/z: 517
[M—H] . 'H-NMR (500 MHz, CD;0D) ¢: 5.32 (1H,
t, J = 3.2 Hz, H-12), 3.73 (1H, d, J = 9.7 Hz, H-2),
3.63 (1H, td, J = 10.7, 4.1 Hz, H-3), 3.25 (1H, d, J =
3.7 Hz, H-19), 3.05 (1H, brs, H-18), 1.30 (3H, s,
H-27), 1.11 (3H, s, H-29), 1.02 (3H, s, H-30), 0.95
(3H, s, H-26), 0.93 (3H, s, H-25), 0.75 (3H, s, H-24);
BC-NMR (125 MHz, CD;0D) 6: 182.3 (C-28), 181.5
(C-23), 144.7 (C-13), 124.5 (C-12), 82.4 (C-19), 81.0
(C-3), 69.3 (C-2), 55.2 (C-4), 52.9 (C-5), 49.4 (C-9),
48.1 (C-1), 46.7 (C-17), 45.2 (C-18), 42.6 (C-14), 40.8
(C-8), 39.3 (C-10), 36.0 (C-20), 34.0 (C-22), 335
(C-7), 29.5 (C-21), 29.4 (C-15), 28.7 (C-29), 28.5

(C-16), 25.1 (C-27), 25.0 (C-30), 24.8 (C-11), 21.8
(C-6), 17.6 (C-25), 17.3 (C-26), 12.8 (C-24). LI L%
5 3CER IR OE R A —FY, WS RS 10 N
2B,3B,190- = FRFEFF IR -12-075-23,28- R

a1 BEIERE K. ESI-MS m/z: 673
[M—+Na]". '"H-NMR (500 MHz, CDs0D) ¢: 5.49 (1H,
d, J=8.2 Hz, H-1"), 4.71 (1H, d, J = 1.8 Hz, H-29a),
4.60 (1H, s, H-29b), 3.83 (1H, dd, J = 11.7, 0.9 Hz,
H-6"), 3.69 (1H, overlapped, H-6'b), 3.65 (1H, m,
overlapped, H-2), 3.48 (1H, d, J = 11.1 Hz, H-23a),
3.41 (1H, m, H-3), 3.24 (1H, d, J = 11.0 Hz, H-23D),
3.00 (1H, td, J = 10.9, 4.7 Hz, H-19), 1.69 (3H, s,
H-30), 1.00 (3H, s, H-25), 0.95 (3H, s, H-26), 0.93
(3H, s, H-24), 0.66 (3H, s, H-27); 3C-NMR (125
MHz, CD3;OD) ¢: 176.1 (C-28), 151.8 (C-20), 110.3
(C-29), 952 (C-1", 78.8 (C-5"), 78.4 (C-3"), 78.1
(C-3), 741 (C-2), 71.1 (C4"), 69.9 (C-2), 66.2
(C-23), 62.4 (C-6"), 57.9 (C-17), 51.9 (C-9), 50.6
(C-18), 48.4 (C-5, 19), 48.2 (C-1), 44.1 (C-4), 43.7
(C-8), 42.0 (C-14), 39.3 (C-10), 39.2 (C-13), 375
(C-22), 34.8 (C-7), 32.8 (C-16), 31.4 (C-21), 30.7
(C-15), 26.8 (C-12), 22.2 (C-11), 19.5 (C-30), 19.0
(C-6), 18.3 (C-25), 16.6 (C-206), 15.1 (C-27), 13.6
(C-24). DAL 5 SRR R A — 300, #se e
AW 11 4 20,3B,23-trihydroxylup-20(29)-en-28-oic
acid 28-0-B-D-glucopyranoside .

& 12: BELEME K. ESI-MS m/z: 479
[M+Na]*. '"H-NMR (500 MHz, CD;0D) J: 5.24 (1H,
s, H-12), 3.17 (1H, d, J = 9.7 Hz, H-3), 1.13 (3H, s,
H-27), 0.98 (9H, d, J = 6.9 Hz, H-23, 24, 29), 0.89
(3H, d, J = 6.2 Hz, H-30), 0.86 (3H, s, H-25), 0.78
(3H, s, H-26); 3C-NMR (125 MHz, CDs0D) ¢: 181.7
(C-28), 139.7 (C-13), 126.9 (C-12), 79.7 (C-3), 56.8
(C-5), 54.4 (C-18), 43.3 (C-9, 17), 40.8 (C-14), 40.4
(C-8), 40.0 (C-4), 39.8 (C-19), 38.1 (C-1, 20), 34.3
(C-22), 31.8 (C-7), 29.2 (C-21), 28.8 (C-10), 27.9 (C-15,
23), 25.3 (C-2), 24.4 (C-16), 24.1 (C-11), 21.6 (C-30),
19.5 (C-6), 17.8 (C-26), 17.6 (C-29), 16.4 (C-24), 16.0
(C-25)o DAL 5 SCHRAROE H A — 32021, kg
LAY 12 NEERIR.

WEM13: AETERK K. ESI-MS m/z: 471
[M—H] . 'H-NMR (500 MHz, CD;0D) J: 5.28 (1H,
t, J = 3.6 Hz, H-12), 3.65 (1H, ddd, J=11.4, 9.9, 4.5
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Hz, H-2), 2.94 (1H, d, J = 9.6 Hz, H-3), 2.90 (1H, dd,
J=13.8,3.9 Hz, H-18), 1.19 (3H, s, H-27), 1.05 (3H,
s, H-25), 1.04 (3H, s, H-23), 0.98 (3H, s, H-30), 0.94
(3H, s, H-29), 0.86 (3H, s, H-26), 0.84 (3H, s, H-24);
3BC.NMR (125 MHz, CD;0D) §: 145.5 (C-13), 123.3
(C-12), 84.5 (C-3), 69.5 (C-2), 56.7 (C-5), 49.1 (C-9),
48.2 (C-1), 47.8 (C-17), 47.4 (C-19), 43.0 (C-14), 42.8
(C-18), 40.6 (C-4), 40.5 (C-8), 39.3 (C-10), 35.0
(C-21), 33.9 (C-7, 22), 33.6 (C-29), 31.6 (C-20), 29.3
(C-23), 28.9 (C-15), 26.4 (C-27), 24.6 (C-16), 24.1
(C-11), 24.0 (C-30), 19.6 (C-6), 17.8 (C-24), 17.4
(C-26), 17.1 (C-25). LA -Z0HE 5 STk #fiE 3 A —
#;2, W EAED 13 HILERR .

&Y 14: HETER A ESI-MS m/z: 495
[M+Na]". 'H-NMR (500 MHz, CD;OD) 6: 5.27 (1H,
s, H-12), 1.15 (3H, s, H-23), 1.05 (6H, s, H-25, 27),
1.00 (3H, s, H-24), 0.92 (3H, d, J = 6.0 Hz, H-30),
0.88 (3H, s, H-29), 0.84 (3H, s, H-26); '3C-NMR (125
MHz, CD;0D) §: 181.8 (C-28), 139.8 (C-13), 126.7
(C-12), 84.5 (C-3), 69.5 (C-2), 56.7 (C-5), 54.4
(C-18), 49.1 (C-17), 48.3 (C-1, 9), 43.3 (C-14), 40.8
(C-4), 40.5 (C-8), 40.4 (C-19, 20), 39.2 (C-10), 38.1
(C-22), 34.2 (C-7), 31.8 (C-21), 29.5 (C-23), 29.2
(C-15), 25.3 (C-16), 24.5 (C-11), 24.1 (C-27), 21.6
(C-30), 19.5 (C-6), 17.8 (C-25), 17.6 (C-24), 17.5
(C-29), 17.2 (C-26). LA L% 5 TR iiE A —
;, ME A 14 MR RIR.

tE15: AL EMHAK. ESI-MS m/z: 471
[M—H] . 'H-NMR (500 MHz, CD;0D) ¢: 5.27 (1H,
t, J = 3.3 Hz, H-12), 3.14 (1H, dd, J= 114 , 4.7 Hz,
H-3), 2.49 (1H, s, H-18), 1.32 (3H, s, H-27), 1.18 (3H,
s, H-29), 0.97 (3H, s, H-23), 0.94 (3H, s, H-25), 0.92
(3H, d, J = 6.7 Hz, H-30), 0.79 (3H, s, H-26), 0.77
(3H, s, H-24); BC-NMR (125 MHz, CD;0D) J: 182.3
(C-28), 140.0 (C-13), 129.4 (C-12), 79.8 (C-3), 73.6
(C-19), 56.7 (C-5), 55.1 (C-18), 48.3 (C-9), 48.6
(C-17), 43.1 (C-20), 42.6 (C-14), 41.1 (C-8), 39.9
(C-1), 39.8 (C-4), 39.0 (C-22), 38.1 (C-10), 34.2
(C-7), 29.6 (C-15), 28.7 (C-23), 27.9 (C-2), 27.3
(C-21), 27.1 (C-30), 26.6 (C-16), 24.8 (C-27), 24.7
(C-11), 19.6 (C-6), 17.5 (C-26), 16.6 (C-29), 16.3
(C-25), 15.9 (C-24). LA L%l 5 ORI IE FE A —
FA2S], S T NA S 15 IR o

EM16: HETERKIKR . ESI-MS m/z: 455
[M—H] . 'H-NMR (500 MHz, CD;0D) 4: 5.23 (1H,
d, J= 3.6 Hz, H-12), 3.14 (1H, dd, J = 11.4, 4.8 Hz,
H-3), 2.84 (1H, dd, J=13.9, 4.1 Hz, H-18), 1.15 (3H,
s, H-27), 0.96 (3H, s, H-30), 0.94 (3H, s, H-26), 0.93
(3H, s, H-29), 0.90 (3H, s, H-25), 0.82 (3H, s, H-24),
0.77 (3H, s, H-23); '3C-NMR (125 MHz, CDs;OD) ¢:
181.9 (C-28), 145.2 (C-13), 123.6 (C-12), 79.7 (C-3),
56.8 (C-5), 49.1 (C-9), 47.6 (C-17), 47.2 (C-19), 42.9
(C-14), 42.7 (C-18), 40.5 (C-8), 39.8 (C-1, 4), 38.2
(C-10), 34.9 (C-21), 34.0 (C-22), 33.8 (C-7), 33.6
(C-29), 31.6 (C-20), 28.8 (C-15), 28.7 (C-23), 27.9
(C-2), 26.4 (C-27), 24.5 (C-11), 24.1 (C-16), 24.0
(C-30), 19.5 (C-6), 17.7 (C-26), 16.30 (C-24), 15.9
(C-25). LALEHdE 5 SClRIRE R A — B lel, #he e
&Y 16 NFTHHRRE .

4 i

A WAL G TR CBRIBAL 4y A5 5] 16
M= e, K aw 1 i aY, g
W B IR MAZAE) 7y B AT 2 Y SCHRRIE
XAl SWE R AF 2%, acanthochlamic acid
(2) BAHt HIND FEMERRY, 20,3p-dihydroxy-
olean-13(18)-en-28-oic acid (3 ) roburgenic acid (9).
REMER (1), WAERR (13), RIPRIR (14). B
M (15). R (16) HAPUmEENT2833, 3.
F2-FA- W EERR (4) BAPURALEHBY,
bellericagenin B (8) HAPIHETIEMEDY, 20,3B,23-
trihydroxylup-20(29)-en-28-oic acid 28-O-B-D-gluco-
pyranoside (11) HEHRTIAHE RAEHIT. ARHEF
FE VAT, DAY 2520
R SR AR AR, AR R A RS
%, et IR TIRAIT R .

FlBAFR AL HEARELEF SR
SE K
[1]1 B, 2. hERES R (M] Jba: PEEZS

R i Rt 2016: 721.

2] J7dh. TR RIFEALAS M) BT VR DR

#t, 1993: 114.

3] WHF, #rH, BIET. 164 FRrEdE2 53 5ok

W] PEREEZ R, 2011, 17(12): 36-40.

[4] Pemsfn. scHPEZSE M) mT: T EEREEROR AR

#L, 2008: 49.

[S] Wang L P, Guo DF, Li S H, et al. Chemical composition

of Rubus pirifolius Smith [J]. Med Plant, 2019, 10(6):



*50 - * —?- ﬁ 20244E1 H $55% $ 13 Chinese Traditional and Herbal Drugs 2024 January Vol. 55 No. 1
24-26. [21] XIBH)I, BB, REZR, & FRBRILS R0 T

[7]

(9]

[10]

[11]

[12]

[13]

[14]

[17]

TN, BIRTT, RLI, . AFATPPIAET 2, 3-
L =MEER [J]. 23R, 2023, 58(10): 3065-3069.
Ning X Y, Huang M F, Feng J F, et al. Pentacyclic
triterpenoids from Rubus pirifolius Smith and their
chemotaxonomic significance [J]. Biochem Syst Ecol,
2023, 110: 104686.

HE, £5, Ml & RO =i LT AT
O I I3 0 AT ST [J]. P2, 2019, 5003):
745-752.

X, EREAL. T =5 S E W 0 2 BEAE PR 5C
& 7). iz, 2018, 30(10): 1-6.

VUK, MRKE, W, % =R 2R =6 Ry
R E AT [J]. $OF LAY =R, 2022,
30(1): 144-150.

Li B J, Gao B C, Peng S L, et al. Chemical constituents of
Acanthochlamys bracteata [J]. Chin J Chem, 2005, 23(7):
933-936.

R, B, FUROR, S BB i gE 0],
24,2014, 45(19): 2742-2747.

Fan X R, Bai L, Lin L M, et al. Studies on the chemical
constituents and quality evaluation of Rosa cymosa Tratt.
root [J]. J Sep Sci, 2020, 43(24): 4379-4389.

Gammacurta M, Waffo-Teguo P, Winstel D, et al.
Triterpenoids from Quercus petraea: Identification in
wines and spirits and sensory assessment [J]. J Nat Prod,
2019, 82(2): 265-275.

Zeuf, R, AR, & AN =i s
v ] PEZGYEZE, 2008, 18(5): 381-383.
Gossan D P A, Alabdul Magid A, Yao-Kouassi P A, ef al.
Antibacterial and cytotoxic triterpenoids from the roots of
Combretum racemosum [J). Fitoterapia, 2016, 110:
89-95.

Pérez A J, Pecio L, Kowalczyk M, et al. Triterpenoid
components from oak heartwood (Quercus robur) and
their potential health benefits [J]. J Agric Food Chem,
2017, 65(23): 4611-4623.

FKIEIE, AR, MLER, S5 M R Rt AT
[, FEZEEEE, 2014, 49(1): 15-21.

Lei Y Q, Huang Y Y, Wang Y H, er al. Potential
anti-neuroinflammatory  triterpenoids isolated from
Chinese acorns (Quercus serrata var. brevipetiolata) [J]. J
Funct Foods, 2018, 50: 18-25.

TR, VO K R R B R A
HABETE (3], RIRPIRIT LS TT K, 2017, 29 (G 1):
11-17.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[30]

[31]

[32]

[34]

S0 [J]. RIS K, 2011, 23(6): 1058-1060.
HEZ, TAEN, TR, & THHERSEE T &%
BB [J]. i EEZg, 2022, 53(11): 3280-3285.

FRI, BIREE, 8, % SEFHAGER S ().
TR HARBIERR, 2011, 20(6): 443-446.
SRIETS, W, BRAE, . Lot T (D]
FREZ 5, 2011, 22(31): 2931-2933.

(R, skBE, MEARIEER, & FABWTR=MERM
S R HEAEWIEE R (7. REM, 2017, 4002):
354-358.

AR, RICHE, BRALRS, 55 BELABD T (J].
HREZY, 2018, 49(7): 1520-1524.

Smirnova I E, Kazakova O B. Structure-anti-influenza
type a activity relationship among a series of nitrogen
lupane triterpenoids [J]. Nat Prod Commun, 2018, 13(10):
1934578X1801301.

Wang K J, Meng X Y, Chen J F, et al. Emodin induced
necroptosis and inhibited glycolysis in the renal cancer
cells by enhancing ROS [J]. Oxid Med Cell Longev, 2021,
2021: 8840590.

Zheng J L, Wang S S, Shen K P, er al. Ursolic acid
potentiated oxaliplatin to induce apoptosis in colorectal
cancer RKO cells [J]. Die Pharm, 2020, 75(6): 246-249.
Lim Y, Ooi K, Subramaniam M, et al. Apoptotic and
cytostatic actions of maslinic acid in colorectal cancer
cells through possible IKK-f inhibition [J]. Asian Pac J
Trop Biomed, 2021, 11(3): 122.

Jasim S A, Khalaf O Z, Alshahrani S, et al. An in vitro
investigation of the apoptosis-inducing activity of
corosolic acid in breast cancer cells [J]. Iran J Basic Med
Sci, 2023, 26: 453-460.

Yang L X, Guo Y, Hao Q A, et al. Pomolic acid inhibits
proliferation of human lung carcinoma cells via induction
of apoptosis and suppression of cell migration and
invasion [J]. Trop J Pharm Res, 2022, 21(6): 1201-1207.
Woo J S, Yoo E S, Kim S H, et al. Anticancer effects of
oleanolic acid on human melanoma cells [J]. Chem Biol
Interact, 2021, 347: 109619.

D'Abrosca B, Fiorentino A, Monaco P, et al
Radical-scavenging activities of new hydroxylated ursane
triterpenes from cv. annurca apples [J]. Chem Biodivers,
2005, 2(7): 953-958.

Nandy A K, Chakraborty A, Podder G. Antimicrobial
activity of Terminalia
Fitoterapia. 1997, 68(2): 178-180.

bellerica triterpenoids [J].

[Friesmit  EUAF]



