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Two new 2,3-seco triterpenoids from Rubus pirifolius Smith

NING Xiao-yan"?, HUANG Mei-fang', LIANG Qin-qin', FENG Xu'?, LIANG Chen-yan"**,
FENG Jian-fang’, WANG Liu-ping"**, WEI Jian-hua"***

(1. College of Pharmacy, Guangxi University of Chinese Medicine, Nanning 530200, China; 2. Key Laboratory of
TCM Extraction and Purification and Quality Analysis, Education Department of Guangxi Zhuang Autonomous Region,
Nanning 530200, China; 3. Guangxi Superior Chinese Patent Medicine and National Medicine Development
Engineering Technology Research Center, Nanning 530200, China)

Abstract: Eight compounds were isolated from the ethyl acetate fraction of the 80% aqueous ethanol extract
of the roots and stems of Rubus pirifolius Smith by AB-8 macroporous resin, silica gel, ODS, Sephadex LH-20
column chromatography, and semi-preparative HPLC. Their structures were identified by spectral analysis such as
1D/2D NMR, MS, UV, IR and by comparison with literature information as rubussecotriterpene A (1), rubussecotri-
terpene B (2), cecropiacic acid (3), cecropiacic acid 3-methyl ester (4), alphitolic acid (5), betulinic acid (6), betulin
(7), and obtusalin (8). Compounds 1 and 2 are new compounds, and compounds 3-8 were isolated from this plant
for the first time.

Key words: Rubus pirifolius Smith; 2,3-seco triterpene; chemical composition
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Figure 1 Chemical structures of compounds 1-8

ZER5VHL
ka1 Atk R, BT HE, o) +25.2 (c

0.23, MeOH); HR-ESI-MS % i 1 70 F & T & m/z:
545.337 9 [M-H] (C,,H,,0,, i+ 58 N 545.347 8), 4l
o108 C,H,,0,, IFEHAWARE 8. a1
¥ '"H NMR i (£ 1) Fa] LW %3 8 AN HEEE 5[4,
1.35 (3H, s). 1.25 (3H, s). 1.24 (3H, overlapped). 1.23
(3H, overlapped). 1.17 (3H, s).1.01 (3H, s).0.91 (3H, d,
J=6.7Hz).0.80 (3H, s)], H 16, 0.91 #ER % &N
5 I3t 8 =, 1 6, 1.23 (3H, overlapped) A1 — % %4k
[P F {5 5 [0, 4.15 (1H, dq, J = 10.9, 7.1 Hz).3.97
(1H, dq, J=10.9, 7.1 Hz)] B H I, WAL A7 1A

Table 1 'H NMR (500 MHz) and *C NMR (125 MHz) data of
compounds 1 and 2 in CD,0D

1 2
Ne- 5, (Jin Hz) 5, mult. 5, (J in Hz) 5., mult
1 231 (IH,d, 18.2) 42.8 (t) 2.31 (2H,s) 42.7 ()
2.36 (1H, d, 18.3)
2 175.1 (s) 175.2 (s)
3 181.2 (s) 181.3 (s)
4 47.4 (s) 47.4 (s)
5 2.54(1H,brd, 11.4) 49.8 (d) 2.54 (1H, m) 49.8 (d)
6 1.56 (1H, overlapped)  22.3 (t) 1.56 (1H, overlapped)  22.3 (1)
1.47 (1H, overlapped) 1.50 (1H, m)
7 1.59 (1H, overlapped)  33.4 (t) 1.58 (1H, overlapped)  33.2 (1)
1.30 (1H, m) 1.27 (1H, m)
8 41.0 (s) 40.6 (s)
9 2.79 (1H,dd, 10.6,7.3) 40.3 (d) 2.86 (1H,t,9.1) 40.8 (d)
10 42.7 (s) 42.9 (s)
11 1.97 (2H, m) 249 (t) 1.94 (2H,dd,9.1,3.5) 25.0(t)
12 529 (1H,t,3.4) 129.5 (d) 5.31 (1H, t, 3.5) 124.9 (d)
13 139.8 (s) 144.4 (s)
14 43.3 (s) 43.3 (s)
15 1.76 (1H, m) 29.7 (t) 0.98 (1H, overlapped)  29.6 (t)

1.03 (1H, m) 1.03 (1H, overlapped)
16 2.55(1H,dd, 13.3,4.3) 26.7(t) 2.24 (1H, dd, 14.5,3.2) 28.7(t)

1.50 (1H, m) 1.57 (1H, overlapped)
17 49.1 (s) 46.8 (s)
18 2.49 (1H, brs) 55.1(d) 3.05 (1H, brs) 452 (d)
19 73.5(s) 3.24(1H,d, 3.7) 82.4 (d)
20 1.32 (1H, m) 43.1 (d) 36.0 (s)
21 1.73 (1H, overlapped)  27.3 (t) 1.74 (1H, overlapped)  29.6 (t)
1.20 (1H, m) 1.61 (1H, overlapped)
22 1.71 (1H, overlapped)  38.9 (t) 1.74 (1H, overlapped)  33.99 (t)
1.62 (1H, overlapped) 1.59 (1H, overlapped)
23 1.25(3H,s) 27.9 (q) 1.25(3H,s) 28.0 (q)
24 1.24 (3H, overlapped)  24.5(q) 1.23 (3H, overlapped)  24.6 (q)
25 1.01 (3H,s) 19.6 (q) 1.00 (3H, s) 19.6 (q)
26 0.80 (3H, s) 17.3(q) 0.77 (3H, s) 17.4 (q)
27 1.35(3H,s) 243 (q) 1.31(3H,s) 24.5 (q)
28 182.3 (s) 182.4 (s)
29 1.17 (3H,s) 27.1(q) 0.91 (3H, s) 28.6 (q)
30 0.91(H,d,6.7) 16.6 (q) 0.95 (3H, s) 25.2(q)

' 4.15(1H,dg, 10.9,7.1) 61.8(t) 4.15(1H, dq, 10.8,7.1) 61.8 (t)
3.97 (1H, dq, 10.9, 7.1) 3.96 (1H, dq, 10.8, 7.1)

2" 1.23 (3H, overlapped)  14.2(q) 1.22 (3H, overlapped) 14.2 (q)

LA, H,-1/Me-2" 2 [H] [ 'H-'"H COSY #H2% (K 2) 78
SPUER T IX— M. bR T CHEEEE S [0, 61.8 (t, C-17) Al
14.2 (q, C-2)] 4k, (L& 1 HREE (R 1) 2R304
WRAS 5, ELHE 7/ F L L8 N O S AN IR [
1A XU VR 3455 0, 129.5 (d, C-12)], BA K 10 MZH
[ELFE 2 M RIE(E 5 0, 182.3 (s, C-28) F1175.1 (s, C-2)-
1A B IEAS 5 0. 181.2 (s, C-3)- I MRS 5 0,
139.8 (s, C-13) Al 1 NEHFHKAZ 5 6. 73.5 (s, C-19)],
Ferf o, 139.8 F11129.5 Jy 5 75 e 78 =l 1) R Ak XUBE £
S AU ER B, A 1 _ER R S A 2,3-3
T B = A B 3 (5 R Atk & 4 (5
R ER-3-F ) M BE AR AL, 6351
FIX e T A1 CAEER L, B C-3 47 (J,
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183.2—181.2) th 22 B (R4, XL A1+ 4
SEIEHURAE C-3 2. HMBC i (&2) 1, H-1/C-3 2
[ AR OQUE TR /IR T X — 8. BT a1 NG
IR e M =k C-2/3 KL I ZLFR 7 1, N [R5 A2 P & B A
FE 2% e, A XA BY 5 5 5 e Y =i 58 4 — 2K,
ROESY i (K2) B 2HEL. Zabl LER, fieihs
W1 45 ¥ N 2, 3-seco, 19a -hydroxy-urs-12-ene-2, 3, 28-
trioic acid 3-ethyl ester, iy % A & # 1 & = A
(rubussecotriterpene A).

&2 ABEMER, BT HE, [a]f +29.5 (¢
0.07, MeOH); HR-ESI-MS % i 1 4 F & T & m/z:
545.338 1 [M—-H] (C,,H,,0,, T 5154 545.347 8), H#E
Hor 1308 C,H,0,, tHEHABEFE NS, (a2
'HNMR i (& 1) Haf DO R 8 M HILE S [0, 1.31
(3H, s)~ 1.25 (3H, s). 1.23 (3H, overlapped). 1.22 (3H,
overlapped). 1.00 (3H, s). 0.95 (3H, s). 0.91 (3H, s).
0.77 (3H, )], H 1 6, 1.22 (3H, overlapped) Fl— %} & fk
[0 H (5 5 [0, 4.15 (1H, dq, J = 10.8, 7.1 Hz)~3.96
(1H, dq, J=10.8, 7.1 Hz)] B HH B, ULAH 45 A2 7E 1A
LA K, Hy-1/Me-2" 2 [A] 1) 'H-"H COSY #H % (Kl 3) 7t
SR T IX — £, 1 HMBC i (& 3) # H,-17/C-3 2 [H]
HIRH R U SRR 2% AR R G R IR AE C-3 40 B T L%
HA55 [0, 61.8 (1, C-1") F114.2 (q, C-2")] 4, th &2
IS (R 1) 1 RoRA 30 MG 5, BFE 7N L8
AN BRSNS [ELRE 1A U IR RS T o,
124.9 (d, C-12) F1 1 A& BRI 215 5 0, 82.4 (d,
C-19)], LA K 10 R G475 2 MR FEAE 5 6, 182.4 (s,
C-28) A1175.2 (s, C-2)~ 1 MG HRIHEAE 5 . 181.3 (s, C-3)
AT XU ZE A 5 0, 144.4 (s, C-13)], H o, 144.4

'H-'H COSY == HMBC — =~

H1124.9 2955 BUR BB =k I RSS9 o @ AT
HHEERT, RIS 4G 1 B EE B, AR 2 AbfE
T, A AW RS 05 R = B, A S ) 2 955
REE B . A1) 2 (A X g B i i ROESY SE
55 H0 E 1). ROESY i (& 3) # H-19/H-30 #H %, #2718
C-19fZOH N, Zie Ll L5 E, e a2 4t
N 2,3-seco, 19a-hydroxy-olean-12-ene-2,3,28-trioic acid
3-ethyl ester, fif 4 A & 1 231 =% B (rubussecotri-
terpene B).

SCIGER Sy

LR G6230 B K AT IR [A) 5T 35X (36 [ Agilent 23
#]); 1ii & 5% AVANCE III 500MHz %4 1% 1% & 4% 5 i 4%
(1% [ Bruker 2 7); FE Bk Kt /R NICOLET iS10 & p 41
AR A (35 B FEBR R R A F]); B LC-20AR K
LC-16P 24 2 il 2 WAH €5 385 4% | & 3 LC-2030 PLUS %Y
o RO A 5 8 UV2401PC AL AR ] L2056
FEAL (H A B A A, K] % -REVELERIS X2
RYWAR €1 A (55 [ M B 107 3 4E 7k 2 \]); YMC-Pack
ODS-A #: (250 mm x 4.6 mm, 5 pm, H A #k 2 2 4 4k
7 LR A4b); Hypersil GOLD™ C  # (250 mm x
10 mm, 5 pum, 3% [E 2828 € /R A #)); BP211D B L7
Gy MR F (B 28 2 R 5 4 \)); e 78 K AX (EYELA
OSB-2100.0SB-2200, | i % B % A IR A #]); ZF-6
= H AN A (it 52 S AHE A IR 2 #|); LH-20
F2 TR 35 78 S8 R S (Sephadex LH-20, 3% [E Pharmacia
A T]); ODS J AHRERE (40~60 pum, K gl A5 -k
FABRA A, K AL A% g (AB-8, KE: T 6 &K 48
16 THFFCR); kit R A (100~200 H .200~300 H,

ROESY »

Figure 2 Structure and key HMBC, 'H-'H COSY and ROESY correlations of compound 1
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Figure 3  Structure and key HMBC, 'H-'H COSY and ROESY correlations of compound 2
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] 24 4 P A 200 A B A D) ek Ji )= AR (50 mm %
100 mm 55, & S EEA T AHRAR); HEE O (B
ali| Fisher); BT FH % #0857 350 20 #r 4l (D9 )1 74 e ) 2
HIRA T,

LLE T 2021 4F 1 HRT T HaH %, &) v IR
2K B H 2 e SR T A 8 R R B TR AR
AU T Rubus pirifolius Smith AR FIZE, A3 AK (RPS-
202101) A2 T P R 25 K22 24 25000 = .

1 EESSE

T 2T FH AR 50.0 kg, SR FH 10 fi5 5 80% &£ B[]
THEHL 3 IR (2241 h), IR K 46 153 B 22 (8.2 kg).
SORE NG B K&, I A (60~90 °C)\ &
% OB IE T EEREEL, [ 7 5 13 2040 T kR IR B
44.4 g, LR ORISR E 823.5 g, IE T HEHNLIR B
3691.2 g M/KHALIR B 3 487.8 g-

LR BB R ALIR B 700.0 g, 42 AB-8 K FLI Rk
BB, MR K\ 20% 2B . 30% Z.BF . 40% 2B .
60% £ T < 80% L FE 95% L BELE I, 5 2] 10 N4 4
Fr.A~Fr.J. Frl(27.0g) ZrERAE 1S5 5, LA -
BE (49:1~0:1) BAEEGEM, 193] 7 4% Fr.l-1~Frl-7.
# Frl-1 5 Fri-2 &3 (13.0 g) J5 &Rk R A (i 4 55,
PLAT - 28 216 (202 1~0:1) BREE SRR, 53] 8 4
44y Fr.I-1-1~Fr.I-1-8, H 1 Fr.I-1-4 #7 tH 1) A (o8 K
(0.22 g) %4 Sephadex LH-20 (& fj— FF I, 1:1) A (i,
WA BN H 53 Frl-1-4-1 F14L 59 6 (5.6 mg); Fr.l-1-4-1
25 2= 1] £ i OB (FF -7, 88:12) 4lifk, BBk &
)7 (t, = 19.7 min; 3.4 mg) 18 (¢, = 25.2 min; 3.4 mg).
Fr.I-1-8 (4.9 g) £ ODS FIL e A (3% 4 55, LRI BE-7K
(30:70~90:10) #f FE L, 15 2] 8 N4 4> (Fr.I-1-8-1~
Fr.1-1-8-8). Fr.I-1-8-3 (0.93 g) &kEME (f k- 208 &
B, 102 1~201) FF €3 A0 i) 25 = 80 A (L -7K,
43:57) 4ifk, BRI A3 (1, = 30.3 min; 7.3 mg). Fr.
I-1-8-4 (1.21 g) Lt kE (it 4 B, LA k- 288 &
BE (7:1~1:1) BEFEWE M, 15 2 8 A4 4y Fr.I-1-8-4-1~
Fr.I-1-8-4-8. Fr.I-1-8-4-4 25l & = SGR A (F BE-K,
67:33) 5 — X5 133 544 5 Frl-1-8-4-4-(1)~Fr.l-
1-8-4-4-(5)o Fr.I-1-8-4-4-(2) 2 Y-l % ey WOHAH (LW -
K, 44:56) k4, BB A Y 4 (1, = 34.2 min;
12.5 mg). Fr.I-1-8-4-4-(4) & -1l #& = 800 (2 -
K, 48:52) 5 ik 4lith, BEMLED 1 (4, = 32.9 min;
11.7 mg) M2 (t, = 34.4 min; 2.7 mg). Fr.I-3 (3.6 g) &
K2 ODS (FFEE-7K, 60:40~100:0) FEEFE (£ ik -
LFR WG, 4:1~101) HE i £ 515 5 Fri-3-4-4. Frl-
3-4-4 28 21l 2% R OB (B -IK, 80:20) 24k, 13 3
AES (1, = 17.3 min; 3.0 mg).

2 GEMEE

&1L Atk R (B, [«]y +25.2 (c 0.23,
MeOH); ESI-MS m/z 545 [M - H]~; HR-ESI-MS m/z
545.337 9 [M-H] (C,,H,,0,, 1} 5 {H Ky 545.347 8); UV
(MeOH) 4, (loge): 205.2nm (3.73). IR (KBr) v, : 3442,
2 934.2 878.1 701.1 633 cm™. 'H NMR (500 MHz,
CD,0D) A1 °C NMR (125 MHz, CD,0D) $## I.% 1.

&2 Atk R (HE), [« +29.5 (c 0.07,
MeOH); ESI-MS m/z 545 [M -H] ; HR-ESI-MS m/z
545.338 1 [M-H] (C,,H,,0,, i 5 H } 545.347 8); UV
(MeOH) /. (loge):205.4nm (3.77). IR (KBr)v, 3442,
2 930.2 8761 701.1 634 cm™. 'H NMR (500 MHz,
CD,0D) #1"”°C NMR (125 MHz, CD,0OD) %4 L5 1.

twE3 AR (FEE), ESI-MS m/z 517 [M—
H], XN C, H, 0, ZWEYI HNMR (500 MHz,
CD,0D) #1"°C NMR (125 MHz, CD,0D) $4f 5 3 ik
)5 MR IR A — 2.

thEma AR (FE), ESI-MS m/z 531 [M-
H], 73 7308 C, H, 0, ZME 'HNMR (500 MHz,
CD,0D) #1°C NMR (125 MHz, CD,0D) ¥4 55 S #k”
()5 F W R -3 - Y R e AR — 5

&S HERAK (FEE), ESI-MS m/z 471 [M—
H], 513N C, H, 0, WA 'HNMR (500 MHz,
CD,OD) 1 *C NMR (125 MHz, CD,0D) ¥4 5 S k™™
2 Bk BRI A — .

thEwe HEk AR (FAh), ESI-MS m/z 455 [M—
H], /N C, H, 0,0 ZEY 'HNMR (500 MHz,
C,D,N) #1"”"C NMR (125 MHz, C,D,N) %4z 5 SC k™"
) MR R B A — B

&1 AR (FEE), ESI-MS m/z 465 [M+
Na]', 73 ¥ A C, H 0,0 AV 'HNMR (500 MHz,
CD,OD) Fi1°C NMR (125 MHz, CD,0D) % #& 55 X
HRU VAR R i R AR —

&8 HEM AR (FEE), ESI-MS m/z 465 [M+
Na]’, 7 ¥~ C, H,, 0, ZAAPIK 'THNMR (500 MHz,
CD,OD) Fi1'*C NMR (125 MHz, CD,0D) %4z 5 3k
A obtusalin £ A~ — 3 .

YE& Samk: 7/ DR ST HEAT SIS S5 R K IR S 08 3
B 05 R GG Y0 U Bl gk AT 9258 1, L St B R 2 Y B 9T
SIS VT PR A i AR SORE SR R I AR S
10 [R] 368 TRAE 35, 7 DT S 58 (0 B4R 1 TH D A SC 5 6 R S
AR ARSI L RERAE#, SRR T S BTk S5 M AT
MR B, HF B2 E R .
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