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Abstract: Objective To study the chemical constituents from Rubi Fructus. Methods The chemical constituents of fruits of R.
chingii were isolated and purified by reflux-extraction, solvent extraction and column chromatography such as silica gel column
chromatography, ODS column chromatography, Sephadex LH-20 column chromatography and semi-preparative RP-HPLC. The
structures of all compounds were identified by modern spectrum technology (ESI-MS, *H-NMR, ¥C-NMR). Results Sixteen
compounds were isolated from the fruits of R. chingii and identified as butyl-2-(4-hydroxy-3-methoxyphenyl)-3-hydroxypropanoate
(1), 1B,2a,190-trihydroxy-3-oxo-12-ursen-28-oic acid (2), 3B,19a-dihydroxy-1-oxo-olean-12-en-28-oic acid (3), alphitolic acid (4),
negundonorin A (5), kaempferol-3-O-robinobioside (6), tiliroside (7), quercetin (8), phlorizin (9), 5,6,7,4'-tetrahydroxy-flavonol (10),
aromadendrin (11), diethyl-2,2',3,3'4,4"-hexahydroxybiphenyl-6,6'-dicarboxylate (12), ethyl gallate (13), gallic acid (14),
(+)-catechin (15), and 4-hydroxybenzoic acid (16). Conclusion Among them, compound 1 is a new simple phenol named (3-
butylchinphenolate, compounds 2—5, 10 are isolated from this plant for the first time.
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BT Rubi Fructus k&8 7@ Y€
%478 %1 Rubus chingii Hu T80T s R sz, 51 42
HENERT, TESMATILW. 28 IV, fEd
MRS XM, BRI, R B, 3.
B BEtE, B B EREAR IR SR E ER,
AT T EER RS  BRIRAI PRSI, H W B,
WAEPRKY, BETRLFESH M. =,
sl AEI. RINER . BRSSO, BAD
AAb. PUR PUMIE . BB AN R R 55 24 30
PEB, REEHE T I iR, PR A
2 i EEAl, AR 2 1RO = S P bt
ANE T BEASGRAL 7 2 7 %€ th 16 Mb &4, Horh
1 MR RA Y 2-(4-F83E-3-F A JE 2K 0E)-3- 74
SRR T g [outyl-2-(4-hydroxy-3-methoxy-phenyl)-
3-hydroxypropanoate, 1]; 4 4> = #§ KL &5 :
1B,20,190- = #£ Jk -3- P 1 -12 I - 5 75 b -28- 1R
( 1B,2a,19a-trihydroxy-3-oxo-12-ursen-28-oic acid,
2). 3PB,190- 35 B -1- B dk - 55 R 0t -12- 45 -28- TR
( 3B,190-dihydroxy-1-oxo-olean-12-en-28-oic acid ,
3). ¥ T (alphitolic acid, 4). negundonorin A
(5); 6 NEEARAE: L ZE-3-O- il M K
( kaempferol-3-O-robinobioside , 6 ) . #& # FF
(tiliroside, 7). #i & (quercetin, 8). # &
(phlorizin, 9). 5,6,7,4-VU¥2 - FHEE (5,6,7,4'-
tetrahydroxy-flavonol, 10). ##§2 (aromadendrin,
1D); 5 MMBRINED: 2,2',3,3 4,4 -75F55E-6,6'-
2K — IR — 2.k (diethyl-2,2",3,3" 4,4"-hexahydroxy-
biphenyl-6,6'-dicarboxylate, 12). ¥% & T Z.fig Cethyl
gallate, 13). W& T (gallic acid, 14). (+)-JL
% & [(+)-catechin , 15] . X} ¥ & K H B
(4-hydroxybenzoic acid, 16). v, 1b&4 1 M
WEY, e NERE TR T, WEY 2~5. 10
NE IR ZHEY F 75 54533
1 UEEH

Bruker Avance 600 #1344 . Bruker Avance
400 A% REFLIRIC (FEE AT & 3w A F])D; Q-TOF-Ultima
A (Milford, MA, SE[ED; BT 125D B304k
7 ([ 28 Z P PR A ) D BSZ-100 H 367Uk
LA (PP AR B BRAF]D; 1260 Infinity
43 BT R A €543 5 1260 Infinity 11 21l 2% VAR
kA (EEZHERPHEARARD; ZORBAX
SB-C18 (250 mm X 4.6 mm, 5 pum); ZORBAX
SB-C18 (250 mm X 9.4 mm, 5 um); Sephadex LH-20

KER (Pharmacia A 7)); FERE G (100~200. 200~
300. 300~400 H, FigZREEHEMARARD;
MCI gel CHP-20P ( H A Mitsubishi 2 & ) ;

ODS-AQ-HG (50 um) AHERE C(HA YMC A7) );
HSGFzss 2 B IERERAR . JEHI %R G ARE
RHKERATD; Ak, S H k. BER L.
HEE, OfE. ETE. BER (EZAERMR0E
FRAF, AR); ZfiE. B (FLAFEHAAARA
A], HPLC 4f); 4fiif /K (i R S AL A PR A F]D.

SR P 7T 20204 9 SR T E ) 4
8= SO I w2 S VP Z3ly N 23 PSR S A TR TR AN B2 6 e
NIRRT B AR B ZT R, chingii Hu
FT1 s, b4 (FPZ20200901) {771 Ligrh
PR 245 K5 24 5 B Hh 2 Ak 2 B =
2 EEESE

TR 78 7T 592 (50 kg) FH 80% 2. fin ]
FAREL, &k 2h, BEE 2K, SIFRIUEFIE,
IR IR IR E 11.9 kg. KRB0 B E R KT,
WA R, &b R OE T REAEL, WR4613 3
AL & RO IE T B AL S
IKIEERAL o

TERREAL (119 @) SREREALE, LUA
fik-BE TR 2.8 (30 : 1—>1 1 1) FOHIEEEL EEgemt, 8
i E A (TLC MG FEAH R4 534533 18 M4
4y (F1~F18). F13 (1 g) &Rk, LUA M
Bk-BERR 2l (15 @ 1—1 @ 1) BREEBEmAS] 13 M
4y (F13.1~F13.13). F14 (3 g) 4 MCI i,
PLFFEE-7K (10 : 90—100 : 0) BEEEPEMG, TLC Al
HItHRIAE Y EA 3 8 NS (F14.1~F14.8).
F14.7 % Saphadex LH-20 A ai (70%FHEE) 265
YeliE, 1938 6 NMH% (F14.7.1~F14.7.6). F14.75
S A TS (OME-/K 60 1 400 SERE NS
FMLE 2 (1.8mg). 3 (0.2mg). F14.76 &R E
P BB (LJE-/K 85 1 15) Ak iFEILG
Y14 (9.8mg). 5 (3.4mg).

IE TEEHRAL (1300 @) KA D-101 B K LIt
PRI 43 8, Mk LhatizK . 20%. 40%-. 60%- 80%-
95% L BEHEATIE BEVEML,  $%AN [F) LR AR o H e it
AL R4 A 133 6 N4H 7 (FBL~FB6). FB1(122
g) %4 CI18A31 i, DIFEE-7K (01 100—20 :
80) HhFEBEML, 3% 8 M4 (FBL1~FBL.8).
FB1.1 &ttt iy, 2o ia LAy BE-BS TR £ 16 (6
1—1 1 1) FIESER O FE-FEE (50 © 1-1 0 1) BREES:
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it LK B 45 AR M &4 14 (15 mg). FB1.3 4k
Je Akt i, DASHRE-HEE (40 0 1—1 0D BRE
Vet LA R B 45 3 34590 16 (11 mg). FB3 (458
9) Sk a, DI OBE-FHEE-/K (60 01!
1>1 101D SRS, 192 15 AN445) (FB3.1~
FB3.15). FB3.1 & ODS ff:tail, DLHEE-/K (5:
95—100 : 0) BAEEBEML, 53] 33 MMH 4 (FB3.1.1~
FB3.1.33). FB3.1.2 & il &Mt (ZME-7K
20 : 80) #Afitk13E{kA4) 15 (8 mg), FB3.1.3 it
[ERE T VL FIRE AR 2 59 12 (3 mg) 1 13 (64
mg); FB3.1.10 £ Sephadex LH-20 #:{fi [FHE-
K (LD RN 152 11 NH 4> (FB3.1.10A~
FB3.1.10K), FB3.1.10H & & 45 5 Btk &4 11(12
mg); FB3.1.12 SRERAE L, DLATHEE-BEER 2.1
(10 : 110 D MZEHFE-HEE (50 © 1-1 1 1)
FREEGEL, DARC - 4 e i (Z05-7K 30 1 70)
(I WT 7 B 4tidk, 19 211654 1(1 mg).10(0.2 mg);
FB3.1.16 £ H 45 mF 259 8 (5mg). FB3.2 &
Sephadex LH-20 #:ailk, DL 100% H 55 5 el s
53] 8 M (FB3.2.1~Fr.B3.2.8), FB3.2.4 43
ARl [Z 57K (22 1 78—25 & 75) J4lifkAn
B REIMLEY 7 (90 mg). 9 (1 mg). FB3.8
2P A (257K 20 0 80) il &15 FI4L
HW16 (48 mg).
3 KT

&Y 1. TEMIRY). [«°-1.2° (c 0.25,
MeOH). UV 212" (nm): 210, 235, 280. 4} HR-ESI-
MS m/z: 267.123 3 [M—H]~ Gi+51E 267.123 8)
ENE T KA CuHo0s, ANHIFIEE N 5.
IH-NMR (400 MHz, CD;0OD) #iils (% 1) &/w, H
1 ANHEEUES 04 0.89 (3H, m). 1 MNMEEFRA(E
5 0n 3.83 (3H, 5) 4 M LS (E 5 0w 1.60 (1H, m),
1.55 (1H, m), 1.33 (1H, m), 0.88 (1H, m). 3 MNZELE L
HILE(ES on 4.11 (2H, m), 4.06 (1H, m), 3.67 (1H,
m), 4 MXHIREEES on 6.87 (1H, d, J = 1.6 Hz),
6.73 (1H, m), 6.72 (1H, m), 3.68 (1H, m). 3C-NMR
(100 MHz, CD3OD) E/niztb &WF 14 MifsE5,
4t4 DEPT135 iR H AR L MHEBRES. 14
HRFEBE T 4 DN FEBE S 4 NI
B9 4 NFEWRAES, H oc 174.8 M My Hi KL b
{55, Oc 65.6. 65.2 NIEH I HEKRES, 4EA
TEHEN A 1 HARIRAE S oc 149.1. 47.2, 128.7,
121.8. 116.3. 112.6. &Y 1 MIXLERHEE S S

SCHRARGE 1Y ficusolIAHLL, ARl &b ficusol 4
NI, LAY LB T .

S5O SCHRIRIE 1) ficusol i B Atk &4 1 1
HMQC i, I C-2 N 5c 55.5, H-2 4 614 3.68. 7L
HMBC i (& 1) #1, H-2 5 6c 65.2. 112.6. 121.8.
128.7 #5%, it 116.3 AL, KIULHERT oc 65.2
N C-315%, 6c128.7 N C-1'{55, dc116.3 4 C-5'
55, 1 C-2'. C-6'HIHINTRL A H-H COSY i
H-5'5 6n 6.72 tH2¢, 15 o 6.87 AAHI, HEM v
6.72 N H-6'(55, on6.87 N H-2155, N oc121.8
R C-6'F5%, dc 112.6 N C-2M55, X—AL &M
SER] L@t NOESY #HIESE. 64 3.83 (H-3) 5 dc
149.1 B B 5 BC #H%, #EWT 5c 149.1 5 C-3(5 5.
TR B HMBC 3 iR oc 174.8 (C-1) 5 on 4.11
FHZE, HEM 6n 4.11 N H-1"15 5, 1T H-1" 3 5 6¢ 20.1.
dc 31.8 %, 454 H-1H COSY H on 4.11 5 64 1.55
AHIE, 7] DAHEWT oc 20.1 4 C-3"{5 %5, 6c 31.8 Jy C-2"
55, Eidxt 1D 12D NMR BEHIfEHT, 588 7 %
EY L BEGESHEE (R D K46 T
(PIRFIN o

7 NOESY i (& 2) WrfLLEE], H-3'-OMe
5 H-2"45 NOE #i5%, H-2 5 H-2'. H-6'45 NOE #H
K, X5 LRMERAEHERIE . 2 Gaussian

1 &% 1 8 H- 1 BC-NMR ##E (400/100 MHz,
CDsOD)

Table 1 'H- and ®C-NMR data of compound 1 (400/100
MHz, CDs;OD)

{7 ZA oc OH
1 174.8
2 55.5 3.68 (overlapped)
3 65.2 3.67 (overlapped), 4.06 (m)
Iy 128.7
2/ 112.6 6.87 (d, J = 1.6 Hz)
3 149.1
4' 147.2
5 116.3 6.73 (overlapped)
6 121.8 6.72 (overlapped)
1" 65.6 4.11 (m)
2" 318 1.55 (m), 1.60 (m)
3" 20.1 0.88 (m), 1.33 (m)
4" 14.0 0.89 (m)
3’-OMe 56.4 3.83(s)
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El1 k&% 189 HMBC #0 1H-1H COSY XX ES
Fig. 1 Key HMBC and !H-'H COSY correlations of

compound 1

2 1L&41 89 NOESY XEBXES

Fig. 2 Key NOESY correlations of compound 1
09 B, XHLEW 1 A BEAEAERYT 2 Pheaxf 1) B 4544
(2R F12S) MEe CD it AT TiHE, FHonlE5H
S CD BT EEXS . g5 REIR, EW 11
T CD i 5z CD A& (- 3), Hik
I CD i 7E 200~400 nm ] Cotton X3 JLF- 4 0,
AL HEMAL B4 1 & — R AN TEdR, PRSI 744
AN 2R-(4-F 55 -3- A HL Ok 2L )-3- B2 N R T
PiE AT 2S-(4-F4255-3- FH A A AL )-3-F2 RR N R T i -
BATENED 1 N (F)-2-(4-F5E-3-H E R
B)-3- BN T g . 2T iR #r ) Sci-Finder £
=, WEEM 1N L NEY), R NERET
MR T I

604 - -Exp. ECD for1
— Calcd. ECD for (2R)-1
" Calcd. ECD for (2S)-1

200 250 300 350 400
Alnm

3 L& 1 RYITEILE CD Ak
Fig. 3 Calculated and experimental CD spectra of
compound 1

&M 2: Atk R ESI-MS m/z: 501 [M—H],
7373 CaoHa606: 'H-NMR (600 MHz, CDsOD) §:
5.30 (1H, m, H-12), 4.39 (1H, d, J = 9.8 Hz, H-2),
3.20 (1H, d, J = 9.8 Hz, H-1), 2.65 (1H, m, H-11a),
2.52 (1H, s, H-16a), 2.50 (1H, s, H-18), 2.19 (1H, m,
H-11b), 1.93 (1H, dd, J = 11.0, 6.6 Hz, H-9), 1.71 (1H,
m, H-15a), 1.63 (2H, m, H-22), 1.54 (1H, m, H-16b),
1.52 (1H, m, H-21a), 1.39 (2H, m, H-6), 1.33 (2H, m,
H-7a, H-20), 1.32 (3H, s, H-27), 1.29 (1H, s, H-7h),
1.281 (3H, s, H-30), 1.19 (3H, s, H-25), 1.18 (2H, s,
H-15b, 21b), 1.12 (3H, s, H-23), 1.11 (3H, s, H-26),
0.98 (1H, s, H-5), 0.92 (3H, d, J = 6.7 Hz, H-29), 0.87
(3H, s, H-24); 3C-NMR (150 MHz, CDs0D) §: 214.3
(C-3), 182.9 (C-28), 139.0 (C-13), 130.5 (C-12), 87.3
(C-1), 76.2 (C-2), 73.6 (C-19), 55.1 (C-18), 54.6
(C-5), 48.9 (C-9), 48.8 (C-17), 485 (C-4), 44.3
(C-10), 43.1 (C-20), 42.6 (C-14), 41.8 (C-8), 39.1
(C-22), 34.0 (C-7), 29.8 (C-15), 28.3 (C-11), 27.4
(C-21), 27.1 (C-30), 26.7 (C-16), 25.5 (C-23), 24.9
(C-27), 21.9 (C-24), 19.9 (C-6), 18.0 (C-26), 16.6
(C-29), 12.9 (C-25). VA %5l 5 SCiikfiri B A —350),
M ELEYD 2 N 1B,20,190- = F2 FE-3- 12 45-
5 95 J5¢-28-1%

&9 3: F R A ESI-MS m/z: 485 [M—H],
4313 Ca0Ha60s; 'H-NMR (600 MHz, CD30D) -
5.29 (1H, brs, H-12), 3.34 (1H, s, H-3), 3.27 (1H, d,
J = 3.7 Hz, H-2a), 3.11 (1H, d, J = 12.0 Hz, H-19),
3.06 (1H, m, H-18), 2.37 (2H, dd, J = 10.7, 6.4 Hz,
H-1la, 16a), 2.24 (2H, m, H-2b, 9), 1.87 (2H, m,
H-16b, 22a), 1.68 (4H, m, H-11b, 15a, 21a, 22b), 1.46
(2H, m, H-6), 1.32 (3H, s, H-27), 1.31 (3H, s, H-25),
1.29 (2H, s, H-7), 1.03 (3H, s, H-29), 1.00 (3H, s,
H-23), 0.99 (1H, overlapped, H-5), 0.96 (3H, s, H-24),
0.94 (3H, s, H-26), 0.90 (2H, m, H-15b, 21b), 0.84
(3H, s, H-30); 3C-NMR (150 MHz, CD30D) ¢: 215.4
(C-1), 183.4 (C-28), 144.0 (C-13), 125.4 (C-12), 82.5
(C-19), 79.8 (C-3), 55.9 (C-5), 54.1 (C-10), 47.4
(C-17), 45.2 (C-18), 44.9 (C-2), 42.8 (C-14), 40.9
(C-8), 40.6 (C-9), 40.5 (C-4), 36.1 (C-20), 33.9
(C-22), 33.9 (C-7), 29.6 (C-16), 29.0 (C-23, 29),
28.8 (C-21), 28.7 (C-15), 26.6 (C-11), 25.3 (C-30),
25.1 (C-27), 19.1 (C-6), 18.3 (C-26), 16.6 (C-24),
15.3 (C-25). LA ¥ 5 C Bk iE F AR — 50,
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YE AW 3 M 3B,190- -1 I -5 U Jo -
12-475-28-1% -

&M 4: AR A ESI-MS m/z: 471 [M—H] -,
373X CaoHag04: H-NMR (400 MHz, CDsOD) §:
4.73 (1H, s, H-29a), 4.62 (1H, s, H-29b), 3.63 (1H, td,
J =18.0, 6.0 Hz, H-2), 3.05 (1H, td, J = 12.0, 6.0 Hz,
H-19), 2.91 (1H, d, J = 18.0 Hz, H-3), 2.34 (1H, td,
J =126, 3.6 Hz, H-13), 1.72 (3H, s, H-30), 1.64 (1H,
t, J = 11.3 Hz, H-18), 1.03 (3H, s, H-27), 1.01 (3H, s,
H-23), 0.99 (3H, s, H-26), 0.94 (3H, s, H-25), 0.80
(3H, s, H-24); 3C-NMR (100 MHz, CD30D) 4: 180.2
(C-28), 152.0 (C-20), 110.2 (C-29), 84.4 (C-3), 69.7
(C-2), 575 (C-17), 56.8 (C-5), 52.0 (C-9), 50.4
(C-18), 48.2 (C-19), 48.1 (C-1), 43.6 (C-14), 42.0
(C-8), 40.5 (C-4), 39.6 (C-10), 39.5 (C-13), 38.2
(C-22), 355 (C-7), 33.4 (C-16), 31.7 (C-21), 30.8
(C-15), 29.1 (C-23), 26.8 (C-12), 22.2 (C-11), 195
(C-30), 19.5 (C-6), 17.9 (C-25), 17.2 (C-24), 16.7 (C-26),
15.1 (C-27). DA ¥ 5 ik A —50, Mk
ENEY) 4 NEBR TR

&9 5: F R A ESI-MS m/z: 469 [M-+H]*,
7rF-30 CooHa00s; 'H-NMR (600 MHz, CD30OD) ¢:
6.27 (1H, s, H-1), 5.37 (1H, s, H-12), 2.78 (1H, m,
H-6a), 2.55 (1H, s, H-18), 2.54 (1H, overlapped,
H-16a), 2.33 (1H, m, H-6b), 2.26 (1H, m, H-11a), 1.96
(3H, s, H-23), 1.93 (1H, m, H-9), 1.86 (1H, m, H-22a),
1.74 (2H, overlapped, H-15a, 22b), 1.70 (1H, m,
H-11b), 1.63 (3H, overlapped, H-7, 16b), 1.41 (1H, m,
H-20), 1.33 (2H, m, H-21), 1.29 (3H, s, H-25), 1.20
(3H, s, H-30), 1.18 (3H, s, H-27), 1.10 (3H, s, H-26),
1.02 (1H, brs, H-15h), 0.92 (3H, d, J = 6.0 Hz, H-29);
13C-NMR (150 MHz, CD30D) ¢: 183.3 (C-28), 182.3
(C-3), 168.2 (C-5), 146.4 (C-2), 140.5 (C-13), 129.1
(C-12), 127.7 (C-4), 127.6 (C-1), 73.4 (C-19), 55.4
(C-18), 49.6 (C-17), 46.4 (C-9), 44.9 (C-10), 43.6
(C-14), 43.1 (C-20), 41.3 (C-8), 38.8 (C-22), 36.1
(C-7), 30.0 (C-15), 27.2 (C-30), 27.0 (C-21), 26.8
(C-11), 26.6 (C-16), 26.1 (C-6), 24.3 (C-27), 21.7
(C-25), 17.3 (C-26), 16.5 (C-29), 10.7 (C-23). LA 3%k
i 5Ok Rk IE A B, MR EEY 5 N
negundonorin A.

EY) 6: METEHA: ESI-MS m/z: 595
[M+H]*, 773 CH30015; 'H-NMR (600 MHz,

CD30D) 6: 8.09 (2H, d, J = 8.8 Hz, H-2', ¢'), 6.88
(2H, d, J = 8.9 Hz, H-3", 5), 6.41 (1H, d, J = 1.8 Hz,
H-8), 6.21 (1H, d, J = 2.0 Hz, H-6), 5.04 (1H, d, J =
7.8 Hz, H-1"), 4.52 (1H, d, J = 1.3 Hz, H-1""), 3.72
(1H, dd, J = 10.3, 5.7 Hz, H-6a"), 3.39 (1H, dd, J =
10.3, 6.8 Hz, H-6b"), 3.80~3.27 (8H, m, sugar-H),
1.18 (3H, d, J = 6.2 Hz, H-6""); 13C-NMR (150 MHz,
CD;0D) §: 179.5 (C-4), 166.0 (C-7), 162.9 (C-5),
161.5 (C-4'), 159.2 (C-2), 158.4 (C-9), 135.6 (C-3),
132.3 (C-2', C-6), 122.5 (C-1'), 116.0 (C-3', C-5'),
105.5 (C-10), 105.4 (C-1"), 101.8 (C-1"), 99.9 (C-6),
94.8 (C-8), 75.2 (C-5"), 74.9 (C-3"), 73.7 (C-4"), 72.9
(C-2"), 72.2 (C-3"), 72.0 (C-2""), 70.0 (C-4"), 69.6
(C-5"), 67.3 (C-6"), 17.8 (C-6""). LA X 5 kR
EHRAR—FO, B s 6 1L ZEm-3-0-Hl 4
T

WE 7. BWETERMAR; ESI-MS m/z: 595
[M+H]*, 43T 30 CaoH013; H-NMR (400 MHz,
CD30D) 6: 7.98 (2H, d, J = 8.9 Hz, H-2', 6¢'), 7.39
(1H, d, J =16.0 Hz, H-3""), 7.29 (2H, d, J = 8.6 Hz,
H-5"", 9", 6.79 (4H, m, H-3', 5', 6", 8'""), 6.29 (1H,
brs, H-8), 6.12 (1H, brs, H-6), 6.07 (1H, d, J = 16.0
Hz, H-2""), 5.25 (1H, t, J = 3.8 Hz, H-1"), 4.31 (1H,
dd, J = 2.2, 12.0 Hz, H-6a"), 4.19 (1H, dd, J = 6.6,
12.0 Hz, H-6b"), 3.48 (4H, m, H-2"~5"); 3C-NMR
(100 MHz, CD30D) &: 179.3 (C-4), 168.7 (C-1"),
165.7 (C-7), 162.8 (C-5), 161.4 (C-4"), 161.0 (C-7""),
159.2 (C-2), 158.2 (C-9), 146.4 (C-3"), 135.1 (C-3),
132.1 (C-2', 6'), 131.0 (C-5"", 9", 126.9 (C-4"),
122.6 (C-1"), 116.6 (C-6"", 8'"), 115.9 (C-3', 5'), 114.6
(C-2"), 105.5 (C-10), 103.8 (C-1"), 99.8 (C-6), 94.7
(C-8), 77.9 (C-2"), 75.7 (C-5"), 75.6 (C-3"), 71.6
(C-4"), 64.2 (C-6"). LA LHd 5 CHRHIEFA—
FUol, #ss e LAY T BT

&Y 8: HETEHA: ESI-MS m/z: 303
[M+H]* 4T3 CisHwO7; *H-NMR (600 MHz,
DMSO-ds) 8: 7.67 (1H, d, J = 2.2 Hz, H-2'), 7.54 (1H,
dd, J = 8.5, 2.2 Hz, H-6"), 6.90 (1H, d, J = 8.5 Hz,
H-5%), 6.43 (1H, d, J = 1.9 Hz, H-8), 6.20 (1H, d, J =
1.9 Hz, H-6); *C-NMR (150 MHz, DMSO-ds) d:
176.2 (C-4), 164.2 (C-7), 160.9 (C-9), 156.6 (C-5),
148.0 (C-4"), 147.2 (C-2), 145.3 (C-3), 136.1 (C-3),
122.4 (C-1'), 120.5 (C-6'), 116.0 (C-5"), 115.4 (C-2'),
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103.4 (C-10), 98.5 (C-6), 93.8 (C-8). LA #df 5 ik
I F A, SR E ) 8 It E

WG 9: R TCE TR K s ESI-MS m/z: 435
[M—H], 7 F3 CaH24010; *H-NMR (600 MHz,
CDs0D) ¢: 7.06 (2H, d, J = 1.8 Hz, H-2, 6), 6.68 (2H,
d, J = 2.0, 8.4 Hz, H-3, 5), 6.18 (1H, d, J = 8.5 Hz,
H-3"), 5.95 (1H, d, J = 2.0 Hz, H-5"), 5.03 (1H, d, J =
7.7 Hz, H-1"), 3.90 (1H, dd, J = 2.2, 12.1 Hz, H-6a"),
3.71 (1H, dd, J = 5.5, 12.1 Hz, H-6b"), 3.45 (4H, m,
H-2"~5"), 3.37 (2H, m, H-a), 2.88 (2H, m, H-p); 3C-
NMR (150 MHz, CDs;OD) §: 206.6 (C=0), 167.6
(C-4"), 166.0 (C-6"), 162.4 (C-2'), 156.4 (C-4), 133.9
(C-1), 130.4 (C-2, 6), 116.1 (C-3, 5), 106.8 (C-1"),
102.1 (C-1"), 98.4 (C-5"), 95.5 (C-3'), 78.5 (C-3"),
78.5 (C-5"), 74.8 (C-2"), 71.1 (C-4"), 62.5 (C-6"),
47.0 (C-a), 30.9 (C-B). LA %¥ 5 SCikHfiE A —
|, WA 9 AR BT .

&M 10: EEILEMA; ESI-MS m/z: 305
[M+H]*, 4 F3 CisH07; 'H-NMR (600 MHz,
CD30D) §: 7.35 (2H, d, J = 12.0 Hz, H-2', 6'), 6.83
(2H, d, J = 12.0 Hz, H-3', 5"), 5.85 (1H, s, H-8), 4.96
(1H, d, J = 11.6 Hz, H-2), 452 (1H, d, J = 6.0 Hz,
H-3); 3C-NMR (150 MHz, CD;OD) 6: 198.1 (C-4),
165.3 (C-5), 164.5 (C-9), 159.2 (C-4'), 130.4 (C-2/,
6'), 129.4 (C-1'), 116.1 (C-3’, 5'), 101.5 (C-10), 96.6
(C-8), 84.9 (C-2), 73.6 (C-3). LA E¥4lE 5 kIR &
BRI, HUSEEY) 10 04 5,6,7.4-VU5JE-
T I I

&P 11 wEsRg s (HEE; mp 237~
241 ‘C; ESI-MS m/z: 289 [M+H]*, %4 T i
C15H120s; IH NMR (600 MHz, CD3OD) 0.7.35 (2H,
d, J = 8.5 Hz, H-2', 6"), 6.83 (2H, d, J = 8.5 Hz, H-3',
H-5"), 5.92 (1H, d, J = 2.0 Hz, H-8), 5.88 (1H, d, J =
2.0 Hz, H-6), 4.97 (1H, d, J = 11.5 Hz, H-2), 4.54 (1H,
d, J = 11.5 Hz, H-3); 3C-NMR (150 MHz, CD30D) ¢:
198.5 (C-4), 168.7 (C-7), 165.3 (C-5), 164.5 (C-9),
159.2 (C-4"), 130.4 (C-2', 6), 129.3 (C-1"), 116.1
(C-3', 5), 101.9 (C-10), 97.3 (C-6), 96.3 (C-8), 85.0
(C-2), 73.6 (C-3). LA F-Hdfa 5 STk i B AR — 5114,
WA EEY) 11 NERB R,

&Y 12: AR A; ESI-MS m/z: 395 [M+
H]*, 7373\ C1sH18010: *H-NMR (600 MHz, CD3s0D)
5. 7.09 (2H, s, H-5, 5'), 3.91 (4H, m, 2X-OCH,-),

0.94 (6H, t, J = 7.1 Hz, CH3X2); 8C-NMR (150
MHz, CD3;0D) ¢: 168.3 (C=0), 143.9 (C-4, 4'), 143.5
(C-2, 2", 137.2 (C-3, 3"), 121.5 (C-6, 6'), 118.4 (C-1,
1), 109.3 (C-5, 5'), 59.8 (-OCH3-), 12.6 (C-CH3). Lk
AR S SCERIRE A0S, WS A 12
N 2,233 4,475 HE-6,6- B IK —HER — L.

&Y 13: EERRES & (FHEE: mp 151~
154 °C;ESI-MS m/z: 197 [M—H]", 7T 3 CoH100s:
IH NMR (600 MHz, DMSO-ds) o: 6.96 (2H, s, H-2,
6), 4.21 (2H, g, J = 7.1 Hz, CHy), 1.27 (3H, t, J = 7.2
Hz, CHs): 3C NMR (150 MHz, DMSO-de) : 166.3
(C=0), 145.8 (C-3, 5), 138.6 (C-4), 120.1 (C-1), 108.9
(C-2, 6), 60.5 (C-CHy), 14.7 (C-CH3). LA E¥di 53¢
BRI TE S A — 308, MU aY) 13 NEE TR
LT

&) 14: AEaERRE R (FEED; mp 251~
252 °C; ESI-MS m/z: 171 [M+H]*, %+ C7HeOs;
!H-NMR (600 MHz, CD30D) 6: 7.06 (2H, s, H-2, 6);
3C-NMR (150 MHz, CDsOD) §: 170.4 (C-7), 146.4
(C-3, 5), 139.6 (C-4), 122.0 (C-1), 110.3 (C-2, 6). Lk
EEE S OGRS, S E S ) 14
HNEETIR.

&) 15: HEsHRE S (FEED; mp 175~
177 C; [a’° +17°(c 0.1, MeOH); ESI-MS m/z: 289
[M—H]", 4T3 CisH106; 'H-NMR (600 MHz,
CDs0D) ¢: 6.83 (1H, d, J = 1.6 Hz, H-2"), 6.76 (1H, d,
J=8.0 Hz, H-5"), 6.72 (1H, dd, J = 8.0, 1.6 Hz, H-6"),
5.92 (1H, d, J = 2.2Hz, H-8), 5.85 (1H, d, J = 2.1 Hz,
H-6), 4.56 (1H, d, J = 7.5 Hz, H-2), 3.97 (1H, m, H-3),
2.84 (1H, dd, J = 16.0, 5.4 Hz, H-4a), 2.50 (1H, dd,
J = 16.0, 8.2 Hz, H-4b); BC-NMR (150 MHz,
CD30D) §: 158.0 (C-7), 157.7 (C-9), 157.1 (C-4"),
146.4 (C-5), 146.4 (C-3"), 132.4 (C-1"), 120.2 (C-5"),
116.2 (C-2"), 115.4 (C-6"), 101.0 (C-10), 96.4 (C-8),
95.6 (C-6), 83.0 (C-2), 69.0 (C-3), 28.7 (C-4). LA L%k
I 5 ORI TE HE AR — B 0718, W E A 15 N
(+)- L%

&Y 16: HEsHRE & (FED; mp 214 C;
ESI-MS m/z: 137 [M—H]", 7> ¥ C7Hs03; 'H-NMR
(600 MHz, CD30D) ¢: 7.81 (2H, d, J = 8.8 Hz, H-2,
6), 6.85 (2H, d, J = 8.8 Hz, H-3, 5); 3C-NMR (150
MHz, CD;0D) 4: 167.6 (C-7), 161.9 (C-4), 132.0 (C-2,
6), 121.7 (C-1), 115.5 (C-3,5). A %t 5 ki 5
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AR5, WS A 16 AXTHRIER R
4 it
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PHYZE Bt BRSERE . TN RSN . PRI
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AR E AT S A o 2 B 5 1, A B
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TR R 7 BB s . Hoh =R &)
FE BT R RS, BRI, £
TR G D BRI IR R BB 4, 2 4E C-19 fLE 72
SRR, SRR RO R FUR A B T ) R =il
KA RE T A FFONI RN X —1R
Mo DRI LRI, AL RIS 2 P A SR
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