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A new flavonoid glycoside isolated from medicinal Hippophae rhamnoides juice
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Abstract: Objective To study the chemical constituents from the medicinal Hippophae rhamnoides juice. Methods Several
chromatography methods (macroporous resin, silica gel, Sephadex LH-20, ODS, HPLC) and spectroscopic analysis (HR-ESI-MS,
TH-NMR, BC-NMR, HSQC, HMBC, NOESY) were used to isolate, purify and identify the chemical constituents from the H.
rhamnoides juice. Results Fourteen compounds were isolated from the medicinal H. rhamnoides juice, and identified as
isorhamnetin-3-0-a-L-rhamnosyl-(1—6)-p-D-glucosyl-7-O-(6-O-sinapinyl)-B-D-glucoside (1), isorhamnetin (2), quercetin (3),
isorhamnetin-7-O-a-L-rhamnoside (4), quercetin-7-O-a-L-rhamnoside (5), kaempferol-7-O-a-L-rhamnoside (6), tiliroside (7),
isorhamnetin-3-O-rutinosyl-7-O-B-(6""-isovaleryl)-glucoside (8), isorhamnetin-3-O-rutinosyl-7-O-f-(2""-isovaleryl)-glucoside (9),
3-hydroxybenzoic acid (10), 4-hydroxybenzoic acid (11), gentisic acid (12), vanillic acid (13), and 2-furan acid (14). Conclusion
Compound 1 is a new compound named as hippoflavonoside A.
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Wk Hippophae rhamnoides L. {F N5 %]
MZitt, R8T o B SRR R 2 &
CRBEIEE) M, BECRE, WBRZM A EEH . o
K. ZHE. FEREZMEERSY, AR M
B PR PRI PUO A B &) 2 i 25 B
PERL DAV BRZG Ay B 07 Bl BEAL T K & BT Vb
25 BRI RS . VOB, YOI FLA) vk
YIRS, HTR RS, HUERS. OWINE R
G RIR IR T

N TRV B TR it i 25 R4 R o
fitt, FHEGZTATRE RS NA R, A
WU RO BRI 2 b (E 25175 220025623),
XL R R EAT T VBRI 7T, —
J7TH VP BRE) — T R A 2 ) 837 B FE A,
FIT, VDR 2 B AL A 7T DL S b R
FEH . IRV VA B ) e $ R Al 1t 2K
P, I 2R s SR KIS T ROR, M
ZiFHVP IS T3 AR R 14 MEAYD, 0 %8
N R 2R -3-0-a-L- i 2 W 3k -(1—6)-B-D- i 41 b
H-7-0-(6-0-7F T Wi 3%)-p-D-Hi % Wi [isorhamnetin-
3-0-a-L-rhamnosyl-(1—6)--D-glucosyl-7-O-(6-O-
(isorhamnetin, 2). #ft7 2 (quercetin, 3). 3%
® -7-O-a-L- &, & ¥ # ( isorhamnetin-7-O-o-L-
4) . M K &K -7-0-0-L- B 2= ¥ AF
(quercetin-7-O-a-L-rthamnoside, 5)+ 111 Z2/}-7-0-0-L-
2SI (kaempferol-7-O-a-L-rhamnoside, 6). 4R
R (tiliroside, 7). 7R R-3-0-=FHiLE-7-0-
B-(6""- 5 [X Wi 5 )- % %] ¥ H [isorhamnetin-3-O-
rutinosyl-7-O-B-(6""-isovaleryl)-glucoside, 8]. % &
FR-3-0-Z B HERE-T-0-B-Q""- 5 KL 5% - 1] e W
[isorhamnetin-3-O-rutinosyl-7-O-p-(2""-isovaleryl)-
glucoside, 9]. 3-F2 37K i (3-hydroxybenzoic acid,
10). 4-BFEFKHE, (4-hydroxybenzoic acid, 11).
JEAHER (gentisic acid, 12). FEE (vanillic acid,
13). 2-PRIHER (2-furan acid, 14). H, fh&
W1 NHHAR S, dr R A
1 UEEH

Bruker AV-600 % L4k 1EAY (3t Bruker
Biospin A #] ); Bruker compact QTOF 1543 H#ik i Hk
FAA (FE1E Bruker 24 7)) )45 % HPLC 24 Shimadzu
LC-6AD #i EHIiaE & SPD-10A % UV #6125
CHABEGIEN, (i%FN COSMOSIL-5C;-

sinapinyl)-B-D-glucoside , 1] .

rhamnoside ,

MS-II (250 mmX20 mm, 5 pm),

FEEIERERS (200~300 H ) 5 2 AR (F
Btk THB AR D); Sephadex LH-20 (GE
Healthcare A7) ); ODS #E A 3EHEL (50 um, HA
YMC 2A#]); D-101 BEORFLRBBfiE COR¥EETRR
AERG s A g il Al B 5 i ) o

SEIS AT ZI R VBRI (k5 208570150 HAN
St KA A PR A A 4L, R AEBCT TR
RLR 2 22 B RR AN B = . 25Dk
RVTERIP 258 T 2019 4E 11 AR AL E AL
B, N5 BIRXE A AR A E s %=
XU BRI I 01 %5 58 NVD R H. rhamnoides L.

2 REESE

ZiFVPR T 9.2 L, IR 808 95% £ B
BEIRIT N 80%, FEE 24 h JailuE, EIEHORE B
WG, A D-101 B AL B i R Bt i 44
IKBESERH 95% LB BEMi . Vel (176 g) Lt
JRAE i o 55, S be- FR R FE BRI (100 & 0~
100 : 50) f3%] SJ-A (100 : 0~100: 5, 26 g) Al
SJ-B (100 : 10~100 : 50, 73 g) 2 N4y, LAK
SI-A JL M HEEAEY) (AP 2, 103.3 mg).

SI-A (26 @) My EHERAE IG5, A -
PIEREREE SR (100 © 0~100 © 500, #HE TLC 45
&3F, 1535 MRS (Fr. A1~A5). Fr. A3 &hE
FEfail, M-l (10 0 1~3 1 1) BREEBRM,
B3 5 MRS (Fr. A3-1~A3-5). Fr. A3-1 &
Sephadex LH-20 4} #7533 Fr. A3-la ity Afb &4
14 (2.0 mg). Fr. A3-3 4 Sephadex LH-20 4} %73 %]
Fr. A3-3a fll Fr. A3-3b Jit4), HH Fr. A3-3b £ EH 4L
SR EY 13 (2.2 mg), FBRRBHE >4 ) % v
E S 31k &9 10C1.7 mg)11(1.9 mg) . Fr. A3-5
SRR AR O RE AR R A 12 (2.5 mg).

SI-B (73 g) #5r4JFik ODS Mk, HifE-
IKEREELE (30%~100%), f3EIFANS Fr. B2
(30%~40%H IE-7K) A Fr. Bl (45%~70% H[7-
Ao Hrh Fr. Bl SR A, & bi- s
FEVEML (100 : 3~100 : 50), B% 5 My (Fr.
B1-1~B1-5). Fr. Bl-1 &R EISALA RS
¥ 3 (5.5mg). Fr. B1-2 & HEEE 4L BEEMLEY) 4
(4.5 mg). Fr. BI1-3 £&Hill%& 4 HPLC 775 (% 0.1%
R 55%F lE-7K ) Sephadex LH-20 4fift,, 153
&7 (3.5mg, ®R=468min) 6 (48mg, wr=
56.8 min). Fr. B1-4 2|45 % HPLC 7355 (% 0.1%
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BERR (K] 25% L JE-7K) Sephadex LH-20 4litk, 153
WA S (3.2 mg, tr=38.7 min). Fr. B1-5 &%
Al HPLC & (& 0.1%BE5ER ) 48% HEE-7K) .
Sephadex LH-20 4fifk,, 3251 (2.7 mg, =
125.1 min). 8 (4.1 mg, tr=134.8 min) 19 (2.5 mg,
tr—180.1 min).
3 HMEE

WEY 1: EETE TR ARCHED, 858 254 nm
TMEAREHE, 365 nm FUEAREEEEIE, 10%
IR IR £ B VA . 95 4. HR-ESI-MS m/z 991.272 7
[M—H] G548 991.272 5, CusHs510a5), 1027.2512
[M+CI]- GHHEAE 1 027.249 2, C4sClHs52025), FH
¥ N CasHs2025, AMFIEE A 20,

'H-NMR (600 MHz, DMSO-ds) 45 1 ZH 7
RERHZ M 5, A48 C-8 Fl C-6 ALFHIEI
=561 6.76 (1H, d, J = 2.0 Hz, H-8) #1 6.57 (1H, d,
J = 2.0 Hz, H-6), RIFILEAL PR 515 W
7-OH MOEEHERE; B IF 3 4- S HUREE 2,
51 6'PLEFIE R FA5 5o 7.87 (1H, d, J = 1.9 Hz,
H-2"). 7.55 (1H, dd, J = 8.4, 1.9 Hz, H-6") £ 6.90
(1H, d, J= 8.4 Hz, H-5"), 454 NOESY =24 (K 1D
Wiy 7.87 (1H, d, J= 1.9 Hz, H-2") 5 &L T ou
3.83 (3H, s, 3'-OCH3) WIAMHKAE S, #iE B #H A 3'-
HAR -4 - R BB, T e S BN R R AR
fiTEY). 'TH-NMR H[FRERg H 1 JFF 7 (3,5-
TR ERNIAIE FHIEE S on 7.54 (1H, d,
J =158 Hz, H-7"""), 6.98 (2H, s, H-2""", 6"""), 6.52
(1H, d, J = 15.8 Hz, H-8""), 3.79 (6H, s, H-3"",
5" 534k, £ HMBC & H it 3] H-2"""/6""" (Su
6.98) 5 C-1"" (& 124.4). C-3""/5""" (& 148.0)-
C-4"" (& 138.3)s C-7"" (éc 145.6) FHITREMIR,
H-7""" (64 7.54) 5 C-1""" (& 124.4). C-2"""/6"" (&
106.1)s C-9"" (&c 166.5) FAHKR, H-8"" (& 6.52)
5 C-1"" (6 1244). C9"" (& 166.5) AR,
3""-OCHs (84 3.79) 5 C-3""" (& 148.0) J% 5"""-OCH;
(61 3.79) 5 C-5"" (& 148.0) A, HE—LHiiE
TR B2

Bk, 454 HSQC SZI6:Hf e A ik A7 1E 3 AV
LR 15 5 6u 5.45 (1H, d, J=7.3 Hz, H-1"). 5.17
(1H,d,J=17.6 Hz, H-1""), 4.41 (1H, s, H-1""), PLX 1
AN FEEXEAS 5 61 0.97 3H, d, J = 6.2 Hz, H-6""),
KA HMBC SHb&9 1 A E 528, i
M EERY R AFAE 2 ANEIETFERD 1A R 2508 . MR 1

Bl &% BEHRXE NOESY HXES
Fig. 1 Structure and key NOESY correlations of compound 1

B KA T EREERALE, viEid HMBC 3
CE 20k Hf € o 3 H-1"" (64 4.41) 5 C-6" (&c 66.8)
(1) HMBC #H2%, HEDIHEJE A E 4L & R ZERE-(1-6)-
HHE, BOZEERME. 3@ H-1" (6u 5.45) 5 C-3 (&
133.3), HEWr=FHEAERRERMN 3 f; Ak,
H-1"" (6u 5.17) 5 C-7 (& 162.7) H HMBC %,
HEWT S BRAE R 7 ALE R &0 . [T, 75 NOESY
SIS R ML F 6y 5.45 (1H, d, J=7.3 Hz, H-1") 5%
2% B 3 H-2'F1 H-6' 2 AE A%, 454 C-3 itk
AR O 133.3 B1; 3 HAKHE H-8 F1 H-6 561 5.17
(1H, d, J= 7.6 Hz, H-1"") KbJfiF ) NOESY AHXKA5
5, A[EEOBUE SRR T R g R, tAh, 2
AN AT 27 B 1 RE XS A Y mT e ok R A AR R B
(Jur =73 Hz; Juaw=7.6 Hz) W& N p-HH. &
2 (R AR AL B i i 5 - B R ZEHE RS 5 X
EeAf e N a-t 2

o)
X
HiCO /? ocH
e 3
S~ »7)/ <
oH
HO% (
HO 0o o )
OCH
3 OH @ =
0
a OH O
HMBC 6\
—~*_ \\] HO o]
— OH
o

H

2 &Y 1 HXE HMBC HHXES
Fig.2 Key HMBC correlations of compound 1
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g6 SR AR IE YD IR R UL C-3/C-7 XUBE
B SR B — M SRR BLD), JE S0k R R 2
& -3-0-0-L- i 25 Wl £ -(1-6)-B-D- 7 % # 3 -7-0-p-
D- & O SRS A TR LA I A 1 e
N C-3 FLIER B FEAS o 18R 5 G b &4
FEAR—8, M C-7 ALPTEREA & I C-5" A
C-6""4r il Al =3 IS 5 3.3 (& 77.2—73.9)
2.5 (& 60.6—63.1) ML HRAL, ShiA S

H-6"" K37 A 22 A #e L ou 4.43, 4.20, LK
HMBC 25 (& 2) 1 H-6"" 5% THIE I RIE (o
166.5) WEEFEHIE(E S, W@ T PRI C-7
P FT IR A BT 6" L.

gi b, WA 1 SN R REER-3-0-0-
L- 5 ZE 2 -(1—6)-B-D-8] %] H 2 -7-0-(6-0- 3+ T
B)-B-D-HEFEE (B 1), BAAEEEENLE 1.
SR ZBAEY) 1 AR, 4 NI B A

R1 LEW1 BRI EEE (600/150 MHz, DMSO-ds)
Table 1 NMR data of compound 1 (600/150 MHz, DMSO-de)

A S & HMBC NOESY
2 157.0
3 1333
4 177.6
5 161.1
6 6.57 (1H, d, J=2.0 Hz) 99.0 C-5/7/8/10 H-1""
7 162.7
8 6.76 (1H, d, J=2.0 Hz) 95.1 C-6/7/9/10 H-1""
9 155.9
10 105.7
Iy 120.8
2! 7.87 (1H,d, J=1.9 Hz) 1133 C-2/4'/6' 3’-OCHs, H-1"
3/ 146.9
4 149.6
5’ 6.90 (1H, d, /= 8.4 Hz) 115.3 C-1'/3' H-6'
6’ 7.55 (1H, dd, J= 8.4, 1.9 Hz) 122.4 C-2/2'/4' H-5'/1"
1" 5.45(1H,d,J=17.3 Hz) 101.2 C-3 H-2'/6'
2" 3.22 (1H, overlapped) 74.3
3" 3.23 (1H, overlapped) 76.4
4" 3.04 (1H, overlapped) 70.1
5" 3.28 (1H, overlapped) 76.0
6" 3.70 (1H, d, J = 10.8 Hz, H-a) 66.8 c-1
3.34 (1H, overlapped, H-b)
1 4.41 (1H, s) 100.9 C-6"/3""/5"
2" 3.40 (1H, overlapped) 70.3
3 3.25 (1H, overlapped) 70.6
4 3.06 (1H,t,J=9.5 Hz) 71.8 C-2"/3"/5" /6"
5 3.25 (1H, overlapped) 68.3
6" 0.97 (3H, d, J= 6.2 Hz) 17.7 C-4"/5'"
17 5.17 (1H, d, J=7.6 Hz) 99.7 C-7
2m 3.32 (1H, overlapped) 73.1
3m 3.35 (1H, overlapped) 76.2
4 3.30 (1H, overlapped) 69.5
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gR1

AL Su o&c HMBC NOESY
5 3.79 (1H, overlapped) 73.9
6" 4.43 (1H, d, J=10.8 Hz, H-a) 63.1 C-9""

420 (1H, dd, J=11.9, 5.6 Hz, H-b)

" 124.4
26" 6.98 (2H, s) 106.1  C-1"""/3""" /4" /5" 7" 3m/5"-OCHs/H-7'""/H-8"""
3 s 148.0
4 138.3
7 7.54 (1H, d, J=15.8 Hz) 145.6  C-1"""2"""[6"" /9" H-2"""/6"""
8" 6.52 (1H, d, J=15.8 Hz) 114.6 C-1"""/9™" H-2"""/6"""
9 166.5
3'-OCH;3 3.83 3H,s) 557 C-3 H-2'
3'""-OCHs 3.79 3H, s) 56.1 C-3"" H-2"""/6""
5""-OCHs 3.79 3H, s) 56.1 C-5"" H-6"""/6""

G 2: EETCETEH RCHED, %4 254 nm
TIEAWEBE, 365 nm FUEARHEIIE, 10%
IR IR £ B VAV . 35 {0 . HR-ESI-MS m/z: 315.050 6
[M—H]" G5l 315.0510, CiH1107), 2T RH
C16H1207o 1H-NN[R (600 MHZ, DMSO'dﬁ) o 12.46
(1H, s, 5-OH), 10.83 (1H, s, 7-OH), 9.77 (1H, s,
4'-OH), 9.43 (1H, s, 3-OH), 7.75 (1H, d, J = 2.1 Hz,
H-2"), 7.68 (1H, dd, J = 8.5, 2.0 Hz, H-6'), 6.93 (1H,
d, J = 8.5 Hz, H-5"), 6.48 (1H, d, J = 2.0 Hz, H-8),
6.19 (1H, d, J= 2.0 Hz, H-6), 3.84 (3H, s, 3-OCH3);
3C-NMR (150 MHz, DMSO-ds) &: 146.7 (C-2), 135.9
(C-3), 176.0 (C-4), 160.8 (C-5), 98.3 (C-6), 164.0
(C-7), 93.7 (C-8), 156.2 (C-9), 103.1 (C-10), 122.0
(C-1"), 111.7 (C-2"), 148.9 (C-3), 147.4 (C-4"), 115.6
(C-5"), 121.8 (C-6"), 55.8 (-OCH3). LA L#¥E 5 ik
RIEFEAR ), MEEEED 2 NFRER.

WEY) 3: mETE AR CHED, 2841 254 nm
TUMEAREHE, 365 nm WA B ERE, 10%
(IR R 2 B VAV 5 €4 . HR-ESI-MS mi/z: 603.081 5
[2M—H]~ GH5A1E 603.078 0, C30Hi9014)» 301.037 1
[M—H]" ({514 301.035 4, CisHoO7), TN
CisH1007. 'H-NMR (600 MHz, DMSO-ds) &: 12.46
(1H, s, 5-OH), 7.64 (1H, d, J = 2.2 Hz, H-2'), 7.53
(1H, dd, J = 8.5, 2.2 Hz, H-6'), 6.87 (1H, d, J = 8.5
Hz, H-5), 6.40 (1H, d, J = 2.0 Hz, H-8), 6.17 (1H, d,
J=2.0 Hz, H-6); '3C-NMR (150 MHz, DMSO-ds) &:
147.0 (C-2), 135.9 (C-3), 176.0 (C-4), 160.9 (C-5),

98.4 (C-6), 164.1 (C-7), 93.6 (C-8), 156.3 (C-9), 103.2
(C-10), 122.1 (C-1"), 115.2 (C-2), 145.2 (C-3"), 147.9
(C-4"), 115.8 (C-5"), 120.2 (C-6"). LA |- $045 5 3k
TEHEAR—F®, MUSE S 3 iz

&) 4: B OTCE TR KRB, %4h 254 nm
TMEAREPE, 365 nm FUWEA M ERE, 10%
(R R £ B 1 R 35 6 . HR-ESI-MS m/z: 461.109 4
[M—H]~ G514 461.108 9, CH21011), 2 TRA
C2H2011. 'H-NMR (600 MHz, DMSO-ds) &: 12.44
(1H, s, 5-OH), 9.79 (2H, brs, 3, 4-OH), 7.75 (1H, d,
J=2.1Hz, H-2'), 7.73 (1H, dd, J = 8.5, 2.0 Hz, H-6"),
6.93 (1H, d, J= 8.5 Hz, H-5"), 6.84 (1H, d, J= 2.1 Hz,
H-8), 6.41 (1H, d, J = 2.1 Hz, H-6), 5.55 (1H, d, J =
1.4 Hz, H-1"), 3.83 (3H, s, 3'-OCH3), 1.11 (3H, d, J =
6.2 Hz, H-6"); 13C-NMR (150 MHz, DMSO-ds) & 147.2
(C-2), 136.4 (C-3), 176.3 (C-4), 160.6 (C-5), 99.1 (C-6),
161.6 (C-7), 94.8 (C-8), 156.0 (C-9), 104.9 (C-10), 122.2
(C-1"), 111.9 (C-2), 147.6 (C-3"), 147.7 (C-4"), 115.8
(C-5", 122.1 (C-6'), 98.5 (C-1"), 70.3 (C-2"), 70.5
(C-3"), 719 (C-4"), 70.1 (C-5"), 182 (C-6"), 56.1
(3'-OCHs). LA FH 5 SOk A3, #sE
WEY 4 R RER-7-0-0-L-FRAHEE

a5 mET0E M ARCRED, 241 254 nm
TUEAREPE, 365 nm F LA B ERE, 10%
(B R £ B 1A R 35 6 . HR-ESI-MS m/z: 895.198 2
[2M—H]" G514 895.193 8, CsH3902), 447.093 6
[M—H]" (P51 447.093 3, CxH19011), 23 73RN
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C21H20011. 'H-NMR (600 MHz, DMSO-ds) & 7.72
(1H, d, J = 1.9 Hz, H-2"), 7.58 (1H, dd, J = 8.5, 2.0
Hz, H-6'), 6.89 (1H, d, J = 8.5 Hz, H-5"), 6.79 (1H, d,
J=2.0 Hz, H-8), 6.41 (1H, d, J = 2.0 Hz, H-6), 5.54
(1H, d, J = 1.3 Hz, H-1"), 1.13 (3H, d, J = 6.2 Hz,
H-6"); 3C-NMR (150 MHz, DMSO-ds) & 147.9
(C-2), 136.1 (C-3), 176.0 (C-4), 160.4 (C-5), 98.9
(C-6), 161.4 (C-7), 942 (C-8), 155.7 (C-9), 104.7
(C-10), 121.8 (C-1"), 115.6 (C-2"), 145.1 (C-3"), 147.5
(C-4"), 115.2 (C-5"), 120.1 (C-6'), 98.4 (C-1"), 70.1
(C-2"), 70.3 (C-3"), 71.6 (C-4"), 69.9 (C-5"), 18.0
(C-6"). LA -H¥E 5 SCHRIRGE B A — 500, w s e
&Y 5 Flfi % 25-7-0-0-L- R 2R

WA 6: EETCETMARCHED, %4k 254 nm
TIEEWEBE, 365 nm FUEARHEIIE, 10%
(KRR R £ VAT 36 (. . HR-ESI-MS m/z: 431.099 5
[M—H]" (iH5H 431.098 4, C21H19010), 7> TN
C21H20010. 'H-NMR (600 MHz, DMSO-ds) &: 12.48
(1H, s, 5-OH), 10.14 (1H, s, 4-OH), 9.54 (IH, s,
3-OH), 8.09 (2H, d, J = 8.8 Hz, H-2', 6), 6.93 (2H, d,
J = 8.8 Hz, H-3', 5'), 6.83 (1H, d, J = 2.0 Hz, H-8),
6.42 (1H, d, J= 2.0 Hz, H-6), 5.54 (1H, d, J= 1.1 Hz,
H-1"), 3.84 (1H, dd, J = 2.8, 1.7 Hz, H-2"), 3.64 (1H,
dd, J=9.3, 3.3 Hz, H-3"), 1.13 (3H, d, J = 6.2 Hz,
H-6"); 13C-NMR (150 MHz, DMSO-ds) & 147.5
(C-2), 136.0 (C-3), 176.1 (C-4), 160.4 (C-5), 98.8
(C-6), 161.4 (C-7), 94.4 (C-8), 155.8 (C-9), 104.7
(C-10), 121.5 (C-1"), 129.7 (C-2', 6"), 115.5 (C-3', 5"),
159.4 (C-4), 98.4 (C-1"), 71.6 (C-4"), 70.3 (C-3"),
70.1 (C-2"), 69.9 (C-5"), 17.9 (C-6"). VA% 5
BRIRE R A —F Y, W e EY 6 il E-7-
O-a-L-fRZENEF .

WEY 7: AT ETE ARCHED, %40 254 nm
FUEAREPE, 365 nm W E A HEH B 5%6 10%01)
Wile OISR S 3 (0. HR-ESI-MS m/z: 593.131 9
[M—H]" G518 593.130 1, C30H25013), 20 T 3H
C30H26013. 'H-NMR (600 MHz, DMSO-ds) &: 12.56
(1H, s, 5-OH), 7.99 (2H, d, J = 8.9 Hz, H-2', 6'), 7.37
(2H, d, J = 8.6 Hz, H-2"", 6""), 7.34 (1H, d, J = 16.0
Hz, H-7"), 6.85 (2H, d, J = 8.8 Hz, H-3', 5'), 6.79
(2H, d, J= 8.3 Hz, H-3", 5"), 6.37 (1H, s, H-8), 6.14
(1H, s, H-6), 6.11 (1H, d, J = 16.0 Hz, H-8""), 5.44
(1H, d, J = 7.6 Hz, H-1"), 427 (1H, dd, J = 11.8, 1.8

Hz, H-6"), 4.03 (1H, dd, J = 11.7, 6.5 Hz, H-6");
13C-NMR (150 MHz, DMSO-ds) &: 156.4 (C-2), 133.0
(C-3), 177.3 (C-4), 161.1 (C-5), 98.9 (C-6), 164.7
(C-7), 93.7 (C-8), 156.3 (C-9), 103.7 (C-10), 120.8
(C-17), 130.8 (C-2', 6'), 115.8 (C-3', 5"), 160.0 (C-4"),
101.0 (C-1"), 74.2 (C-2"), 76.2 (C-3"), 69.9 (C-4"),
74.1 (C-5"), 63.0 (C-6"), 124.9 (C-1""), 130.2 (C-2"",
6", 115.1 (C-3", 5", 159.8 (C-4""), 144.6 (C-7""),
113.6 (C-8""), 166.2 (C-9"). LA %k 5 ik 5
AR, MR AED) T N

WEY) 8: EETCE R ARCHED, 841 254 nm
TMEAREPE, 365 nm FWEA R ERIE, 10%
(KRR R £ VAT 35 (8 . HR-ESI-MS m/z: 869.273 8
[M—H] (518 869.272 1, C3oHa902), 7T HHA
C39Hs50022. 'H-NMR (600 MHz, DMSO-ds) & 7.88
(1H, d, J = 1.3 Hz, H-2"), 7.54 (1H, dd, J = 8.4, 1.4
Hz, H-6"), 6.93 (1H, d, J = 8.3 Hz, H-5"), 6.74 (1H, d,
J=1.1 Hz, H-8), 6.44 (1H, d, J = 1.3 Hz, H-6), 5.48
(1H, d, J = 7.3 Hz, H-1"), 5.12 (1H, d, J = 7.6 Hz,
H-1""), 4.43 (1H, s, H-1""), 4.43 (1H, s, H-6""), 4.06
(1H, dd, J = 11.8, 8.0 Hz, H-6""), 3.83 (3H, s,
3'-OCH3), 3.74 (1H, d, J= 9.3 Hz, H-5""), 3.07 (1H, t,
J = 9.4 Hz, H-4"), 2.11 (1H, dd, J = 14.8, 7.2 Hz,
H-2"", 2.07 (1H, dd, J = 14.8, 7.3 Hz, H-2"""), 1.85
(1H, m, H-3""), 0.99 (3H, d, J = 6.1 Hz, H-6""), 0.69
(6H, d, J= 6.6 Hz, H-4""", 5"""); 13C-NMR (150 MHz,
DMSO-ds) & 157.1 (C-2), 133.3 (C-3), 177.6 (C-4),
160.1 (C-5), 99.4 (C-6), 162.7 (C-7), 94.8 (C-8), 156.0
(C-9), 105.8 (C-10), 120.8 (C-1"), 113.5 (C-2'), 147.0
(C-3"), 149.9 (C-4"), 115.4 (C-5"), 122.4 (C-6'), 55.7
(-OCH3), 101.1 (C-1"), 74.3 (C-2"), 76.4 (C-3"), 70.1
(C-4"), 76.1 (C-5"), 66.8 (C-6"), 101.0 (C-1""), 70.3
(C-2"), 70.7 (C-3""), 71.9 (C-4""), 68.3 (C-5""), 17.8
(C-6""), 99.3 (C-1""), 73.0 (C-2""), 76.2 (C-3""), 70.0
(C-4""), 73.9 (C-5""), 63.4 (C-6""), 172.2 (C-1"""),
42.6 (C-2""), 25.1 (C-3""), 21.9 (C-4""), 21.9
(C-5"")o VA EHE 5 SCfAoE S A — 50, s E
& 8 N RAER-3-0- =/ MEIL-7-0-p-(6""-5F
T S ) - 2 W Y

WEY 9: AT E B ARCHED, %41 254 nm
TMEAREBE, 365 nm FUSAREHEERIE, 10%
(BT IR 2 B VA 5 9 €4 . HR-ESI-MS m/z: 869.273 9
[M—H]" (i+51H 869.272 1, CioHa0022), 73 TN
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C39H500220 TH-NMR (600 MHz, DMSO-d(,) 0. 7.85
(1H, d, J = 1.7 Hz, H-2'), 7.55 (1H, dd, J = 8.3, 1.6
Hz, H-6'), 6.92 (1H, d, J = 8.5 Hz, H-5'), 6.74 (1H, d,
J = 1.4 Hz, H-8), 6.35 (1H, d, J = 1.6 Hz, H-6), 5.46
(1H, d, J = 7.2 Hz, H-1"), 5.39 (1H, d, J = 8.0 Hz,
H-1""), 4.83 (1H, dd, J = 9.3, 8.3 Hz, H-2""), 4.42
(1H, s, H-1""), 3.83 (3H, s, 3’-OCH3), 3.69 (1H, d, J =
10.8 Hz, H-6"), 3.34 (1H, m, H-6"), 3.06 (1H, t, J =
9.2 Hz, H-4"), 3.06 (1H, t, J = 9.2 Hz, H-4""), 2.20
(1H, dd, J = 14.8, 7.1 Hz, H-2"""), 2.16 (1H, dd, J =
14.8, 6.7 Hz, H-2"""), 1.98 (1H, m, H-3"""), 0.97 (3H,
d, J=6.2 Hz, H-6""), 0.88 (3H, d, J = 6.7 Hz, H-5"""),
0.87 (3H, d, J= 6.4 Hz, H-4"""); 3C-NMR (150 MHz,
DMSO-ds) & 157.0 (C-2), 133.3 (C-3), 177.5 (C-4),
160.9 (C-5), 99.1 (C-6), 162.1 (C-7), 94.6 (C-8), 156.0
(C-9), 105.9 (C-10), 120.6 (C-1"), 113.2 (C-2'), 147.0
(C-3"), 149.8 (C-4"), 115.3 (C-5'), 122.5 (C-6'), 55.6
(-OCH3), 101.1 (C-1"), 74.3 (C-2"), 76.4 (C-3"), 70.0
(C-4"), 76.0 (C-5"), 66.6 (C-6"), 100.8 (C-1""), 70.3
(C-2), 70.6 (C-3"), 71.8 (C-4""), 68.3 (C-5""), 17.7
(C-6""), 97.3 (C-1""), 73.0 (C-2""), 73.8 (C-3""), 69.8
(C-4"), 77.4 (C-5""), 60.4 (C-6""), 171.1 (C-1"""),
42.8 (C-2"", 25.4 (C-3""), 22.0 (C-4""), 22.0
(C-5"")o VA EHR 5 SOk E T AR — B, WU e
EY 9 NRRER-3-0-EF/FEI-7-0-8-2""- 5+
3T S ) - W

&P 10: AETERMAR (HED, %Ik 254
nm NMELAHREHE . HR-ESI-MS m/z: 137.025 5 [M—
H]- GH5HAH 137.024 4, C;Hs503), 43T 38 C7H6Os.
'H-NMR (600 MHz, CD;0D) &: 7.41 (1H, dt, J = 7.6,
1.2 Hz, H-6), 7.37 (1H, dd, J = 2.3, 1.4 Hz, H-2), 7.15
(1H, t, J = 7.9 Hz, H-5), 6.82 (1H, ddd, J = 8.0, 2.5,
0.7 Hz, H-4); 3C-NMR (150 MHz, CD;OD) &: 140.7
(C-1), 117.1 (C-2), 158.1 (C-3), 118.2 (C-4), 129.6
(C-5), 121.5 (C-6), 175.7 (-COOH). {£ HMBC i,
S 7.37 (1H, dd, J = 2.3, 1.4 Hz, H-2) 5 C-3 (&
158.1).C-4 (& 118.2).C-6 (5c 121.5) FI-COOH (8¢
175.7) #H2%; Su 6.82 (1H, ddd, J = 8.0, 2.5, 0.7 Hz,
H-4) 5 C-2 (& 117.1) F1 C-6 (&c 121.5) #H5%; o
7.15 (1H, t, J=7.9 Hz, H-5) 5 C-1 (& 140.7) 1 C-3
(6c 158.1) #5%; 64 7.41 (1H, dt, J=7.6, 1.2 Hz, H-6)
5 C-2 (& 117.1).C-4 (6c 118.2).C-5 (& 129.6) #lI
-COOH (&c 175. kK. VL EE¥ 5 S0k B FE A

—E), RS 10 v 3- R EER TR

a1 e mAR (FED, %Ik 254
nm FWEHREH . HR-ESI-MS m/z: 137.025 5 [M—
H]-GHEAE 137.024 4, C7Hs03), 731 34 C7HeO3.
'H-NMR (600 MHz, CD;0D) &: 7.81 (2H, d, J = 8.6
Hz, H-2, 6), 6.72 (2H, d, J = 8.6 Hz, H-3, 5);
BC-NMR (150 MHz, CD;OD) & 129.8 (C-1), 132.3
(C-2, 6), 115.4 (C-3, 5), 161.4 (C-4), 175.9 (-COOH).
DA 24 5 SRR GE AR — S04, W e A& 1
N A-FRIEFHIR

EW12: ABTEH R (FED, K5k 254
nm FUEZEAREDE, 365 nm FWEA W ARG,
HR-ESI-MS m/z: 153.020 4 [M—H]~ G548 153.019 3,
C7Hs04), TR A CHeO4. 'H-NMR (600 MHz,
CD;0D) & 7.25 (1H, d, J = 3.1 Hz, H-6), 6.93 (1H,
dd, J = 8.9, 3.1 Hz, H-4), 6.75 (1H, d, J = 8.9 Hz,
H-3); 3C-NMR (150 MHz, CD;OD) &: 114.3 (C-1),
156.4 (C-2), 118.6 (C-3), 124.4 (C-4), 150.5 (C-5),
116.1 (C-6), 173.6 (-COOH). LA_ %4l 5 R kiE £
A=), WEENEY 12 N RIHRE .

WEM13: AETERM AR (FED, %Ik 254
nm NAMEERPE, 365 nm FMEHE GRS
HR-ESI-MS m/z: 167.036 0 [M—H]~ Gi+4E 167.035 0,
CsH704), 7 FA AN CsHsOso 'H-NMR (600 MHz,
DMSO-ds) & 9.86 (1H, s, 4-OH), 7.44 (1H, dd, J =
8.0, 1.9 Hz, H-6), 7.43 (1H, d, J = 1.9 Hz, H-2), 6.84
(1H, d, J = 8.0 Hz, H-5), 3.80 (3H, s, 3-OCH3);
BC-NMR (150 MHz, DMSO-ds) & 121.7 (C-1), 115.1
(C-2), 147.3 (C-3), 151.1 (C-4), 112.7 (C-5), 123.5
(C-6), 167.3 (-COOH), 55.6 (-OCH3). LA E-%i#E 5
BRI E A — ), M ENEY) 13 AT R,

e 14: BEIERMAR (HED, 284254
nm N EHREHE. HR-ESI-MS m/z: 111.009 3 [M—
H]- GHEAE 111.008 8, CsH303), 43T A CsH4Os.
'H-NMR (600 MHz, DMSO-ds) &: 7.90 (1H, dd, J =
1.7, 0.8 Hz, H-5), 7.20 (1H, dd, J = 3.5, 0.7 Hz, H-3),
6.65 (1H, dd, J = 3.5, 1.7 Hz, H-4); BC-NMR (150
MHz, DMSO-ds) & 145.0 (C-2), 117.8 (C-3), 112.2
(C-4), 147.1 (C-5), 159.4 (-COOH). LA F%id 5 ik
IERA -, BEEEY) 14 5 2-HRIR TR .
4 it

A TN VBSR4 E 14 Me
Y, H L AR EY . 2 EAREr
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2 MEMAE SRR MR, W RIERT—
2R g 22 W T U5 R SERL AR A AR

MITEAHR DG, R HRIEAER NG UE R
SCRE R EENLH N, AT T AR,
YO S AT DA S 2 D MR SRS I BRI I, [
N A A S T 2 b e, Yl 35 8 I K B R o Wl
BA IR, AL, KRR T2
R, A2 IR . VDo e 24 2
BURIBETE . s bRERIT IR 4L T 2%
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