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Chemical composition of flower stem of Gastrodia elata
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Abstract: Objective To study the chemical composition of Tianma (Gastrodia elata Bl.) flower stem. Methods Various
chromatographic techniques such as silica gel and Sephadex LH-20 were used for separation and purification. Various spectroscopic
methods, including nuclear magnetic resonance spectrum, IR, UV, and MS, combined comparison with literatures were employed to
identify the structure of the separated compounds. Results A total of 13 compounds were isolated from ethyl acetate extract in the
stem of Gastrodia elata, and identified as (S5)-6,12-dihydroxy-9-methoxy-3,3-dimethyl-8,9-dihydro-3H,7H-benzo[2,3]oxepino[4,5-
b]pyrano[2,3-h]chromen-7-one 2,3-dihydrooxepin (1), 2-(2,4-dihydroxyphenyl)-5-hydroxy-3-(2-hydroxy-3-methylbut-3-en-1-yl)-8,8-
dimethyl-4H,8 H-pyrano[2,3-f]chromen-4-one (2), kuwanon C (3), mornigrol H (4), neocyclomorusin (5), morusin hydroperoxide (6),
morusin (7), licofavonec (8), cyclomulberrin (9), alternariol (10), 3,4-dihydroxy-benzoic (11), gastrodigenin (12), and N-trans-
grossamide (13). Conclusion Compound 1 is identified as a novel compound and named degracyclomorusin. Compounds 2—9 are
isolated from this plant for the first time.
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2510 95% LT R AU BRI £ BE A BUGE AL A F 22 i
CIGEORFEAT AL, ISR, PO B0
FINEMBZE R, ILr 819 3) 13 MEa, 79
Y5E (5)-6,12- ¥R HE-0-HI 4 JE-3,3- HIJE-89-
A-3H,TH- I [2,3] 48 4% 5 F [4,5-b] WL Thg F [2,3-A]
ZIFMEIE-7-H1  ((5)-6,12-dihydroxy-9-methoxy-3,3-
dimethyl-8,9-dihydro-3H,7H-benzo[2,3]oxepino [4,5-
b]pyrano[2,3-h]chromen-7-one 2,3-dihydrooxepin, 1)+
2-Q2A4- AL 5 FR AL - 3-(2-F k- 3- AL T30
1-38)-8,8- — F Jk -4, 8 - 1 I [ 2,311 2K FF: Mt IR -4-
Al (2-(2,4-dihydroxyphenyl)-5-hydroxy-3-(2-hydroxy-
3-methylbut-3-en-1-yl)-8,8-dimethyl-4H,8 H-pyrano
[2,3-f] chromen-4-one, 2). kuwanonC (3). HRxR
H (mornigrol H, 4). ¥ 4% (neocyclomorusin,
5). morusin hydroperoxide (6). 3X3¢% (morusin,
7). licofavonec (8). ¥Z % (cyclomulberrin, 9).
ZEEAIM Calternariol, 10). 3,4-dihydroxy-benzoic
(1) XFRIEFKFEE (gastrodigenin, 12). N-trans-
grossamide (13). HH &Y 1 AHL&Y, w4
NEERF O, HAEY 2~9 NE RN ZEY+
AR
1 Z5HH

L-550 A& R B oL TR S0 3= 4%
WIFRABRAFD; Avance 111 500 MHz 4R
WA (48 [F Bruker 2 A ); V100 B[R — k(X (3
Applied Photophysics A7) ); Autopol VI B Jigt:
A% (B8 [E & 18 KA D Shimadzu UV2401PC B4 4H
A L6 A (H A Shimadzu A F]D; Xevo TQ-
S Y e R VR (5 1 = DY ZAF R B A A (3%
Waters /A ) ); Agilent 1290UPLC/6540 Q-TOF ¥
BRI (£ Agilent 2 "] ); NICOLET IS10
Thermo HHZLAMEIEAY (FRERKIH/RAF]); Agilent
1100 AR 384 (SE[E Agilent A F]); Zorbax SB-
Cis FHH & it A (250 mmX 9.4 mm, 5pum, E[H
Agilent AT ); FERIAR GFasa (F5 8 MY FE 25 FRE
FIEFIERAFD: 100~200 HFEERERKR (55
R Z2 245 FIRE R TR AT BR 2 7)) 200~300 HAE

IR (5 & R & 25 IR T8 BR A ) )
Sephadex LH-20 #tf#E 11 (GE Healthcare Bio-
Sciences AB A F] ). AN 10% HaSO4 B LB
W SATaiEE. 2. /KB (GENERAL-
REAGENT A ], TV EE . BEEL B8 Ak
Il (R R AR, T RAE . &4
(BRI R AR AR,

RIRAEZET 2019 FK H = 8 FHIE T, 23
H R 25 KX P 2R 5 e A=K} (Orchidaceae)
YRk Gastrodia elataBl.. 34~ (No. Zsh-20) {#
12T th E Rl B B B R I 7 B i AAL 2 5 7
PRSI FH [ 55 A5 S 4
2 RESSE

RIETIEAEZE 170 kg, WS, H 95%ZEE 20
L [FyiseE 3 Wk, BHREFEDN 2 h, JERE, &I
W WERRS, ESOE R, SRR EE R L BE2E
W IR, PR J5 7 715 2 B R 06 5 A A KGR
fro BEIR LBeiR AL B A (s (100~200 H ,
FMEE-TRER 100 0 1~0 1 1) BRESEmL, BE g
JEREREAR (TLC) KA HBE Al S5y, #3208 A
#H4y (Fr. 1~8). it TLC KA (7] B (g
ASLIGEPE T 2 NH Y Fr. 7 A Fr. 8 #4710 B 4lifh..

Fr.7 (124 g DU v B/ TR B g o Aot 7R 3R 47 1IE AR
FERCAE (L (200~300 H) 43182 14 A4
Fr. 7.1~7.14, 1 Fr. 7.2 4 Sephadex LH-20 %Ei
@ CRAF-FEE 1 : 1), BEE3HTHET IEARRE RS
FEOE CRAG-FEE9 1) BEMLEY 2 (6 mg).
Fr. 7.4 #4374 Sephadex LH-20 &t A (& A)-
HEE1 D, BEI KM Cis A (FEE-/K 50 :
50) HEAFULEY1 (8.0mg) M3 (7.74 mg).
Fr. 7.7 #0 4  EIEMAEE (200~300 H, #fj-
FIE 19~9 : 1) 1 Sephadex LH-20 B H: it (4
fi-HEE 1D B24EY 4 (56 mg) 15 (385
mg). Fr. 7.10 #4734 J)x & Sephadex LH-20 #EAE
W CHED. IEMAAEERE (200~300 H, #45-HEE
91 1), £ HPLC 2lifk (HEE-/K 80 © 200 157
&Y 6 (7.8mg, ,R=9.195min). Fr.7.13 #H4
Sephadex LH-20 4kt il (G5-FEE 1. Dy X
SIEAEE A (200~300 H, & 45-FEE 19~9 1 1D
A Sephadex LH-20 #ERAEAHE (HEE), H4hme
FAEY T (220 mg)

Fr.8 (743 g) VNG -IA B Be i 74T IEARRE
Jee Atttk I B 1S 2 13 A543 Fr. 8.1~8.13. H A Fr.
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8.2 #4934t Sephadex LH-20 He it il (&A1 - F I
11D, REIEMEERE (200~300 H, S 45-F il
29 1 1~9: 1) F1 Sephadex LH-20 &tfiA:thil: (FH
i) S8 8 (3.4 mg). Fr. 8.6 #/r & IEAHKE
ik (200~300 H, S46-HEE 19 0 1), Sephadex
LH-20 BERAE il (S 05-FEE 11 1) 1 Sephadex
LH-20 Bttt (R B20E% 9 (3.1mg),
PPl 24 4% HPLC 2i4k (HEE-/K 80 : 20D
REMA 10 (1.5mg, &®=28.739 min). Fr.8.10 &
S IEAIAE I (200~300 H D CRAG-HEE 29 @ 1~
4 1 1), Sephadex LH-20 #EAE (a3l (Gf5-HEE 1 -
1) A1 Sephadex LH-20 #/RAE (3 (FEE) 1534k
Y11 (3.1 mg) 12 (24 mg). Fr. 8.13 )&
IEAEAEEGE (200~300 H) (E475-HEE 19~3 1 1),
PPl 24 4% HPLC 4iifk (HEE-/K 80 : 20)
BEMEY 13 (3.2 mg, ®r=11.475 min).
3 ZHEE

EM 1. HELEEHMAK, (o) +117.96 (c
0.157 MeOH); UV A" (nm): 202 (4.58), 233 (4.52),
275(4.57), 304 (4.31), 322 (4.25), 353 (4.02); IR &R
HAEMHIEAERIE (3412, 3264cm ™). HRIE (1654
em™). HHE (2928, 2853 ecm™!) AIZKER (1575
cm™) SFRHIEE S BT ESI-MS 4 HifEs+
EFIE m/iz 407 [M—H], R¥E &S HRE (-)-
HRESIMS 407.113 3 ((M—H]", 518 407.113 6)
A1 BC-NMR %, #i5€ H 7308 CasHa007, ANE
HMIEEH 14,

'H-NMR % (£ D) FERZILEVEH 1,2,4-
ZHEAREIRFL T [0u 6.60 (1H, d, J = 2.0 Hz, H-3),
6.80 (1H, dd, J= 8.6, 2.0 Hz, H-5"), 7.69 (1H, d, J= 8.6
Hz, H-6")]; 1 M#R(ES [0u 6.76 (1H, d, J = 10.0
Hz, H-1"),5.70 (1H, d, J=10.0 Hz, H-2")]: 1 M&%
WH T [0n5.35 (1H,dd,J=9.5, 3.8 Hz, H-2"")];
1 NEHIAES [0n3.39 (1H, dd, J=14.9, 3.8 Hz, H-
1'a), 2.15 (1H, dd, J= 14.9, 9.5 Hz, H-1""b)]; 1 N
AIEF T [0n3.63 (3H,s,H-3")]; 2 NHIEAES [on
1.47 (3H, s, H-4"), 1.46 (3H, s, H-5")]. '*C-NMR.
DEPT #1 HSQC (£ 1) iS4l R Z GV 451
HEA 23 MRET, S AR R R S i
WA AP 2 AHE, 1 ANEEF R, 1 ME
AHIE, 1 NMEEFER. 12 M EBRETF. 2D
BUERRAS 5 2 NEURRUERR (S 5 1 DN, &5
4 'H-NMR F1 BC-NMR ##fs, #IGHENZEY)
& 5 RSB E B 2R &9 . i 'H-'"H COSY
et H-1" (6 6.76)/H-2" (Su 5.70) A%, HMBC
e (1) R H-1" (01 6.76) 5 C-7(6c 160.8). C-
8a (dc 153.2) 1 C-8 (6c 102.5) #5%, H-2" (du 5.70)
55 C-8 (6¢ 102.5) #HK, MRHE C-6 (6¢100.1) Kt~
M E, H H-1" (0n 6.76) A1 H-2" (du 5.70) 5 C-6
(0c 100.1) FEAHIE, MR 5 L MR 3R O B A C-8;
G C-3" (6¢ 79.3) A7 B4 2= AT AR HEW S 1) ik
AIRES S EARHZ IR T 1 AL 3R . 1 "H-"TH COSY
Pt H-1"" (0n 3.39, 2.15)/H-2"" (du 5.35) IR,
HMBC &) H-1"" (6u 3.39, 2.15) 5 6c C-4

£1 LA 15 H- 1 BC-NMR RVE#E (500/125 MHz, CD30D)
Table 1 'H-NMR and 3C-NMR spectral data of compounds 1 (500/125 MHz, CD;0D)

A ou oc /DA on dc
2 156.6 4' 163.3
3 114.1 5 6.80 (1H, dd, J= 8.6, 2.0 Hz) 1134
4 181.8 6 7.69 (1H, d, J= 8.6 Hz) 130.2
4a 105.4 1" 6.76 (1H, d, J=10.0 Hz) 115.5
5 162.8 2" 5.70 (1H, d, J=10.0 Hz) 128.8
6 6.18 (1H, s) 100.1 3" 79.3
7 160.8 4" 1.47 3H, s,) 28.4
8 102.5 5" 1.46 3H, s,) 28.4
8a 1532 | 1" 3.39(1H,dd,J=14.9,3.8 Hz),2.15 (1H,dd,J= 149,95 Hz)  28.0
1’ 118.4 2" 5.35(1H, dd, J=9.5, 3.8 Hz) 112.1
2! 162.2 3" 3.63 3H, s) 56.5
3 6.60 (1H,d,/J=2.0Hz) 111.6
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1 &Y 1 %+, 'H-"H COSY #8XxFX#A HMBC
LEPS
Fig. 1 Structure, 'H-'"H COSY correlation and key HMBC

correlation of compound 1

(181.8). C-2' (162.2) A1 C-2 (112.1) A3, H-2""
(61 3.39, 2.15) 5 0c C-2 (156.6). C-3 (114.1) Al C-
3" (56.5) AHK, KEL C-2mh Cc-2nd@idk 1 AMEET
TER T 1 AN-EI03F . iR 45 HMBC %+ H-3""5 112.05
(0c C-2") IR, HELE C2 B LiER: 1 MHE
B BEGNEM LRI T, ETHEY 1R
ghk). ILAMEH SpecDis 1.70 XL ST
A ECD EHEGATHEA, SR)5 5505 ECD Bl
Tttt SR WK 2, RS REREEY 1 %k
1 ECD Hif Y S-1 fit BB AT 2V4, Fik
HIBLEY) 1 S5k FrEm X il S. g8 b
ik, SEEW 1 MERIE 1 R, &5CH
REBEWE G, AR O,
e 2: BB AR, CisHuO7; ESI-MS
m/z: 435 [M—H]"; 'H-NMR (500 MHz, CD;0D) §:
7.20 (1H, d, J= 8.3 Hz, H-6"), 6.60 (1H, d, J= 10.0 Hz,
H-1"), 6.43 (1H, dd, J = 8.3, 2.2 Hz, H-5"), 6.42 (1H, d,
J=2.2Hz, H-3'),6.17 (1H, s, H-6), 5.61 (1H, d,J=10.0

Hz, H-2"), 4.73(1H, brs, H-4"""a), 4.67 (1H, brs,

— Exp. ECDof 1
. - = - Caled. ECD of (R)-1
! —-— Caled. ECD of (S)-1

CD(mdeg)

200 I 24ItO I 2;30 I 3I20 I 3I60 ‘ 460
Alnm
2 &Y 1 K ECD W HEE ML EiL
Fig. 2 Calculated and experimental ECD spectra of
compound 1

H-4""b), 429 (1H, t, J = 6.9 Hz, H-2""), 2.73 (2H, d,
J=6.9Hz, H-1""), 1.49 (3H, s, H-5""), 1.44 (6H, d, J =
2.1 Hz, H-4", 5"); BC-NMR (125 MHz, CD;0OD) &:
184.3 (C-4), 160.6 (C-7), 164.4 (C-2), 162.7 (C-5),
162.2 (C-2), 157.8 (C-4"), 153.8 (C-8a), 148.3 (C-3""),
132.8 (C-6'), 128.3 (C-2"), 119.6 (C-3), 115.7 (C-1"),
113.0 (C-1"), 111.6 (C-4""), 108.3 (C-5"), 105.8 (C-4a),
103.9 (C-3"), 102.2 (C-8), 100.3 (C-6), 79.2 (C-3"),
75.3 (C-2""), 32.3 (C-1"), 28.4 (C-4", 5"), 17.2 (C-
5" VLR S SR S A — 50, et A
)2 N 2-(2,4- FRFERIL)-5-F8 5L -3-(2-FR FE-3- H
T -3-07-1-3)-8,8- - F L 4 H 8 H-FE I 3 [2,3-f1 2% 5F
L PR -4l

WEY 3: T EER AR, CasHaOs; ESI-MS
m/z: 421 [M—H]; 'H-NMR (500 MHz, CD;0OD) §:
7.44 (1H, d, J = 8.3 Hz, H-6'), 6.79 (1H, d, J= 2.3 Hz,
H-3'), 6.76 (1H, dd, J = 8.3, 2.3 Hz, H-5"), 6.60 (1H, s,
H-6), 5.53 (1H, m, H-2"), 5.47 (1H, m, H-2""), 3.69
(2H, d, J = 7.1 Hz, H-1"), 3.46 (2H, d, J = 6.9 Hz, H-
1), 1.96 (6H, s, H-4"", 5'"), 1.92 (3H, s, H-5"), 1.76
(3H, s, H-4"); 3C-NMR (125 MHz, CD;0D) §: 184.6
(C-4), 164.0 (C-7), 163.1 (C-4'), 162.2 (C-8a), 161.0
(C-2), 158.2 (C-2'), 157.4 (C-5), 133.0 (C-3"), 132.8
(C-6'), 132.4 (C-3"), 123.8 (C-2"), 123.3 (C-2'""), 121.7
(C-3),113.9(C-1'), 108.2 (C-5"), 107.9 (C-8), 105.7 (C-
4a), 104.1 (C-3"), 99.3 (C-6), 26.3 (C-4""), 26.2 (C-4"),
25.2(C-1),22.7 (C-1"), 18.1 (C-5"), 18.0 (C-5"). LA
R EHR S SRR E S AR 0, MU A3 N
FM C.

e 4: ETEE AR, CoHis06; ESI-MS
m/z: 353 [M+H]"; 'H-NMR (500 MHz, CD;0D): &
7.59 (1H, d, J= 8.6 Hz, H-6"), 6.50 (1H, dd, J= 8.6, 2.2
Hz, H-5'), 6.38 (1H, d, J = 1.9 Hz, H-8), 6.30 (1H, d,
J =22 Hz, H-3), 6.16 (1H, d, J = 1.9 Hz, H-6), 6.13
(1H, d, J = 9.4 Hz, H-1"), 5.40 (1H, d, J = 9.4 Hz, H-
2), 1.94 (3H, s, H-5"), 1.69 (3H, s, H-4"); 3C-NMR
(125 MHz, CD;0D) §: 179.6 (C-4), 165.4 (C-7), 164.7
(C-2), 163.3 (C-5), 159.5 (C-2'), 158.6 (C-8a), 157.3
(C-4"), 139.8 (C-1"), 126.3 (C-6"), 122.5 (C-2"), 111.0
(C-1), 110.3 (C-5'), 108.6 (C-3'), 105.6 (C-4a), 105.0
(C-3), 100.0 (C-6), 95.1 (C-8), 70.6 (C-3"), 25.9 (C-5"),
18.7 (C-4")o LA s 5 SRR I8 FE AR — S0, s
FEEY) 4 NEZEH.,
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tEY) 5: WEITLETEH K, CosHuO7; ESI-MS
miz: 437 [M~+HJ"; 'H-NMR (500 MHz, CDCL) o
13.78 (1H, s, 5-OH), 8.15 (1H, d, /= 8.5 Hz, H-6"), 7.13
(1H, dd, J=8.5,2.4 Hz, H-3), 7.11 (1H, d, J = 2.4 Hz,
H-5"),6.95 (1H, d, J=9.9 Hz, H-1"), 6.53 (1H, s, H-6),
5.71 (1H, d, J = 9.9 Hz, H-2"), 4.31 (1H, dd, J = 9.9,
1.9 Hz, H-2""), 3.99 (1H, dd, J=16.7, 1.9 Hz, H-1""a),
2.98 (1H, dd, J=16.7,9.9 Hz, H-1""b), 1.59 (3H, s, H-
4"), 1.56 (3H, s, H-5"), 1.48 (6H, s, H-4"", 5"); 13C-
NMR (125 MHz, CDCls) 6: 181.8 (C-4), 163.8 (C-4),
162.5 (C-5), 161.6 (C-2"), 159.9 (C-7), 158.6 (C-2),
152.2 (C-8a), 130.9 (C-6"), 127.8 (C-2), 117.4 (C-3),
115.6 (C-1"), 114.3 (C-1"), 112.5 (C-3"), 109.1 (C-5"),
104.6 (C-4a), 101.5 (C-8), 100.1 (C-6), 90.9 (C-2""),
78.6 (C-3"), 72.1 (C-3"), 28.3 (C-5", 4"), 27.9 (C-5""),
25.7(C-1"),25.3 (C-4"). LA HilE 5 CikikiE S A
— U2, MEEENEY) S ISR AWM.

tEY) 6: TETLTE MK, CosHauOs; ESI-MS
miz: 451 [M—H]: 'H-NMR (500 MHz, CD;OD) &
7.87 (1H, d,J = 8.9 Hz, H-6"), 6.76 (1H, d, J= 10.0 Hz,
H-1"), 6.68 (1H, dd, J = 8.9, 2.5 Hz, H-5"), 6.52 (1H, d,
J = 2.5 Hz, H-3"), 6.13 (1H, s, H-6), 5.69 (1H, d, J =
10.0 Hz, H-2"), 4.30 (1H, d, J = 9.9 Hz, H-2""), 2.65
(1H,d,J=9.9, 16.8 Hz, H-1""b), 1.45 (6H, s, H-4", 5"),
1.35(3H, s, H-5"") 1.30 (3H, s, H-4"""); BC-NMR (125
MHz, CD;0D) 6: 182.6 (C-4), 163.7 (C-4"), 162.6 (C-
5), 162.0 (C-2"), 160.7 (C-7), 159.5 (C-2), 153.0 (C-8a),
131.0 (C-6"), 128.7 (C-2"), 117.5 (C-3), 115.7 (C-1"),
114.8 (C-1'), 112.7 (C-5'), 108.9 (C-3"), 102.2 (C-4a),
100.4 (C-6, 8), 86.8 (C-2""), 84.1 (C-3"), 79.2 (C-3"),
28.4 (C-4"), 28.4 (C-5"), 26.2 (C-1""), 22.4 (C-4""),
20.3 (C-5"). LA LRSS SCHRIGE A — 213, i
%52 -&%) 6 S morusin hydroperoxide.

EY) 7: EETE KR, CasH2aO6; ESI-MS
m/z: 419 [M—H]; 'H-NMR (500 MHz, CD;0D) 4:
7.10 (1H, d, J=8.3 Hz, H-6"), 6.58 (1H, d, /= 10.0 Hz,
H-1"), 6.42 (1H, d, J= 2.0 Hz, H-3"), 6.40 (1H, dd, J =
8.3, 2.0 Hz, H-5"), 6.14 (1H, s, H-6), 5.56 (1H, d, J =
10.0 Hz, H-2"), 5.09 (1H, t, J = 7.0 Hz, H-2""), 3.10
(H, d,J=7.0 Hz, H-1""), 1.59 (3H, s, H-4"), 1.41 (6H,
s, H-5",4"),1.39 (3H, s, H-5""); BC-NMR (125 MHz,
CD;0D) 6: 183.9 (C-4), 163.6 (C-2), 162.7 (C-5), 162.1
(C-4", 160.5 (C-7), 158.0 (C-2'), 153.8 (C-8a), 132.9

(C-3"), 132.5 (C-6'), 128.2 (C-2"), 122.7 (C-2""), 122.1
(C-3), 115.8 (C-1"), 113.1 (C-1"), 108.1 (C-5"), 106.0
(C-8), 103.9 (C-3"), 102.2 (C-4a), 100.1 (C-6), 79.1 (C-
3"), 28.4 (C-4"), 25.9 (C-5"), 24.9 (C-1""), 17.7 (C-4"",
5. VLB 5 SOk s A —E 0, s et A
M1 RRER.

e 8: 3T EEM AR, CoHis0s; ESI-MS
m/z: 339 [M-+H]"; 'H-NMR (500 MHz, CD;0D) §:
7.85 (2H, d, J = 8.8 Hz, H-2', 6'), 6.93 (2H, d, J= 8.8
Hz, H-3', 5"), 6.58 (1H, s, H-3), 6.26 (1H, s, H-6), 5.23
(1H, brt, J = 6.8 Hz, H-2"), 3.51 (2H, d, J = 6.8 Hz, H-
1), 1.82 (3H, s, H-4"), 1.68 (3H, s, H-5"); 3C-NMR (125
MHz, CD;0D) 6: 184.3 (C-4), 166.2 (C-2), 163.4 (C-7),
162.7 (C-4"), 160.8 (C-5), 156.6 (C-8a), 132.6 (C-3"),
129.5 (C-2', 6"), 123.8 (C-2"), 123.6 (C-1"), 117.0 (C-3,
5'), 108.2 (C-8), 105.3 (C-4a), 103.6 (C-3), 99.6 (C-6),
25.9 (C-4"), 22.6 (C-1"), 18.2 (C-5"). LA_EXE 5k
IEFEA ), ML A 8 M licofavone C.

EW9: BB MR, CasHouOs; ESI-MS
m/z: 421 [M-+H]"; 'H-NMR (500 MHz, CD;0D) §:
7.61 (1H, d, J= 8.6 Hz, H-6"), 6.52 (1H, dd, J= 8.6, 2.3
Hz, H-5'), 6.32 (1H, d, J = 2.3 Hz, H-3"), 6.22 (1H, s,
H-6), 6.15 (1H, d, J= 9.4 Hz, H-1""), 5.41 (1H, d, J =
9.4 Hz, H-2""), 5.29 (1H, brs, H-2""), 4.59 (2H, s, H-1""),
1.95 (3H, s, H-4""), 1.83 (3H, s, H-5""), 1.69 (6H, s, H-
4" 5"); BC-NMR (125 MHz, CD;0D) §: 180.0 (C-4),
164.7 (C-8a), 162.9 (C-7), 160.9 (C-4"), 159.6 (C-2), 157.2
(C-2"), 155.7 (C-5), 139.8 (C-3"), 132.4 (C-3"), 126.2 (C-
6'), 123.8 (C-2"), 122.6 (C-2""), 110.9 (C-5"), 110.1 (C-1"),
108.9 (C-3), 108.2 (C-4a), 105.6 (C-8), 105.1 (C-3'), 99.4
(C-6), 70.7 (C-1""), 25.9 (C-4"), 25.9 (C-5"), 22.5 (C-1"),
18.7(C-4""),18.2(C-5"). VA L-H¥s 5 CikAfaE FA—
U, MSTENEY 9 AR,

A 10: 3R B AK, ClaH1005; ESI-MS m/z:
257 [M—H]; 'H-NMR (500 MHz, CD;0D) ¢: 7.22
(1H, d, J= 1.8 Hz, H-6), 6.68 (1H, d, J=2.2 Hz, H-12),
6.59 (1H, d, J=2.2 Hz, H-10), 6.33 (1H, d, J= 1.8 Hz,
H-4), 2.76 (3H, s, H-14); BC-NMR (125 MHz,
CD;0D) d: 168.6 (C-7), 167.0 (C-5), 166.2 (C-3), 159.9
(C-11), 154.5 (C-9), 134.0 (C-13), 139.8 (C-1), 126.9
(C-8), 118.6 (C-12), 111.0 (C-6), 106.2 (C-10), 102.4
(C-10, 4), 25.8 (C-14). DL E#¥a 5 SR iE A —
F;OT, WG 10 R EEA
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&Y 11: EEEIRE S (FFED, C/HeOus
ESI-MS m/z: 153 [M—H] ; 'H-NMR (500 MHz,
CD;0D) d: 7.26 (1H, d, J= 2.0 Hz, H-2), 7.14 (1H, dd,
J=282,2.1Hz, H-6), 6.69 (1H, d, J = 8.2 Hz, H-5);
BC-NMR (125 MHz, CD;OD) &: 173.3 (C-7), 146.4
(C-4), 142.2 (C-3), 126.5 (C-1), 121.7 (C-6), 116.0 (C-
2), 114.4 (C-5). VA -3l 5 0k iiE S A — 208,
W AW 11 0N 3,4-dihydroxy-benzoic acid.

EY 12: TLEKAK, CHsOr; ESI-MS m/z:
1242 [M—H]; 'H-NMR (500 MHz, CD;OD) ¢: 7.02
(2H, d, J= 8.3 Hz, H-2, 6), 6.67 (2H, d, J= 8.3 Hz, H-
3,5),4.31 (2H,s,H-7); *C-NMR (125 MHz, CD;0D)
5: 156.8 (C-4), 131.1 (C-1), 125.6 (C-2, 6), 112.2 (C-3,
5),62.7 (C-7). LA FE 5 0kl B A — 209, i
KRB 12 NI IE R

AW 13: I EHRY), CisH3eN2Os; ESI-
MS m/z: 625 [M+H]*; 'H-NMR (500 MHz, DMSO-
ds) 0: 9.38 (1H, s, 4-OH), 8.62 (1H, t, J= 6.0 Hz, 9'-
CONH), 8.29 (1H, t, J = 6.0 Hz, 9-CONH), 7.56 (1H,
d,J=16.0 Hz, H-7), 7.34 (1H, s, H-2), 7.21 (4H, d, J =
8.5 Hz, H-2", 6",2", 6", 7.10 (1H, s, H-6), 7.10 (1H,
d,J=2.0 Hz, H-2), 6.99 (1H, d, J= 8.2 Hz, H-5'), 6.92
(1H, dd, J=8.2,2.0 Hz, H-6'), 6.89 (4H, d, J= 8.5 Hz,
H-3",5",3" 5", 6.67 (1H, d, J= 15.7 Hz, H-8), 6.09
(1H, d,J=8.1 Hz, H-7"), 4.42 (1H, d, J= 8.1 Hz, H-8"),
4.03 (3H, s, 3-OCH3), 3.96 (3H, s, 3'-OCH3), 3.54 (4H,
m, H-8", 8"), 2.86 (4H, m, H-7", 7""); BC-NMR (125
MHz, DMSO-ds) 6: 169.7 (C-9'), 165.5 (C-9), 155.9
(C-4", 4, 149.0 (C-4), 147.9 (C-3"), 147.1 (C-4"),
144.3 (C-3), 139.0 (C-7), 130.8 (C-1'), 129.9 (C-2"",
6", 129.8 (C-2", 6"), 129.7 (C-1"), 129.6 (C-1""),
128.9 (C-5), 128.8 (C-1), 119.9 (C-8), 119.1 (C-6"),
116.1 (C-6), 115.7 (C-5"), 115.5 (C-3"", 5""), 115.4 (C-3",
5", 111.9 (C-2), 110.6 (C-2'), 88.0 (C-7"), 56.1 (C-8"),
56.0 (3-OCHj), 55.9 (3'-OCH3), 41.2 (C-8"), 41.0 (C-8""),
34.7 (C-7"), 34.5 (C-7"). LA L-Ed 5 CikAfaE FE A —
20, BRI EWY) 13 4 N-trans-grossamide »
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