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o E: BB W% Juglans regia 1LY » T35k FIFIEFIAREENR . Sephadex LH-20 J% il £ 3 AH S5 4 (835 77 v
HEAT 7 B Ak, ARG 2400 S A M B A EE R, IR MTT kil SRS MM s 0E . 2558 MEikiE
95% LEE/KIREI T B3] 12 DMEFZAEM 7 MEVWBSMLEY, SRS ERNEARE (D, MR ), 57-=
$F-6,84-=HARHE (3). KBH¥E (. FHRE (5). AMEK (6). FEEE (7). 3,5-"8%-47- - HEEHENE
(8). MR (9. BM T (100, 12/ (1), W R (12). 2-@-2FEFEZIE) 0 mEmk-1,3- 8 (13). MB:-3-FEZ 2,
g (14). 1,2,3,4-VUS 3= FIG/RE-1-80 (15). 3-BEREMINE (16). DNTELE E (17). F2K C (18). N-FHEHE-L-FHRR
% (19). &t BRILED 4 1 9~12 4, HRUEDNERAABE SR> 252], HP0EaEw 13 5 1 MR RA=Y.
&M 2. 35 BAMH AL HCT-116 4080, AT HepG2 40A. A B BGC-823 4. A% A% & NCI-H1650
. A GEELE A2780 ZH M I FE A

KRR AT BT AEVRE: UM 2-(4-FREEIR LB I WRIR-1,3- ;s AR 5,7- R HE-6,8,4"- = F A A BT
HRER
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Chemical constituents from flowers of Juglans regia
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Henan Province Engineering Research Center for Food Safety Control of Processing and Circulation, College of Food Science and
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Abstract: Objective To investigate the chemical constituents from the flowers of Juglans regia. Methods The compounds were
isolated and purified by various column chromatographies, and their structures were identified by physiochemical properties and
spectroscopic data. MTT assay was used to detect the cytotoxic activity of the compounds in vitro. Results Ninteen compounds
were isolated from the EtOH extract of the flowers of J. regia, which were identified as acacetin (1), naringenin (2),
5,7-dihydroxy-6,8,4"-dimethoxyflavone (3), luteolin (4), herbacetin (5), chrysin (6), isosakuranetin (7), 3,5-dihydroxy-4',7-
dimethoxyflavone (8), quercitrin (9), isoquercitrin (10), kaempferol (11), quercetin (12), 2-(4-hydroxyphenethyl)
isoindoline-1,3-dione (13), 1H-indole-3-carboxylic acid-ethyl ester (14), 1,2,3,4-tetrahydronorharman-1-one (15), 1H-indole-3-
carbaldehyde (16), oleracein E (17), dracocephin C (18), N-benzoyl-L-phenylalanine (19). Conclusion All compounds were
isolated from this genus for the first time except for compounds 4, 9—12. Compounds 2, 3 and 5 exhibited significant in vitro growth
inhibitory activity against the HCT-116, HepG2, BGC-823, NCI-H1650, and A2780 cancer cell lines.
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5,7-dihydroxy-6,8,4"-dimethoxyflavone; herbacetin
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[PIEEA b, ARSI A MRAE IS OGRS R <. 15
WU AT, N 2 BS AR 2 19 M &
W, 12 AEMREBLEM D NEENE SRR
(acacetin, 1). #HZ % (naringenin, 2). 5,7- %%
56,84 = H % 3 B ( 5,7-dihydroxy-6,8,4'-
dimethoxyflavone, 3). ARBEHZE (luteolin, 4). ¥
iz (herbacetin, 5). H#% (chrysin, 6). FEf
PEZ (isosakuranetin, 7). 3,5-_F8HE-4" 7- FI4(HE
HEAEE (3,5-dihydroxy-4',7-dimethoxyflavone, 8)
Wit (quercitrin, 9). FHt S (isoquercitrin,
10). 11 &% (kaempferol, 11). #fl %3 (quercetin,
12): 7 MEPISEAC G50 W 25N 2-(4- 35K &
55 ) 5 B5) Wk wk -1,3- = [ [2-(4-hydroxyphenethyl)-
13] . Ml WE -3- B R 4 B
(1H-indole-3-carboxylic acid-ethyl ester, 14).1,2,3,4-
VUAT Z: F G ZR-1-B  (1,2,3,4-tetrahydronorharman-
l-one, 15). 3-fEFEM| ¢ (1H-indole-3-carbaldehyde,
16). S 0iMt% E Coleracein E, 17). H =&
( dracocephin C, 18). N-ZK H [ -L- K 4 & &
(N-benzoyl-L-phenylalaninol, 19) %§. L&Y 4
19~12 4k, HARWAERMNAKEEY T 5 845
B, HAWEM 13 N 1 AFRA= . WE T
Z 19 MEEIRT 5 Bl NS 40 B 40 B B s 1, 45 2R
KW, 1B 2. 3 A5 HARLF RS e 40
WA IAE -
1 {UEEHH

Agilent 1100 series LC/MSD Trap SL %5 i 4%
((HE Agilent A#]); Mercury-400. Inova-500.
VNS-600 BUZ R4 (3 H Varian 4 7]); Bruker
Avance-111-600 7 #% 1% 3 4R 4 (Bruker 2w )
Perkin-Elmer 241 #Jig)t4X (42[H Perkin-Elmer 2
] D ; R A I EIR GFase MIEERR G BAAHE (3 F
FER (200~300 HD A B L 47,
ODS-A-HG N HA YMC 277 f; MCI GEL ¥ H
AR =ZZF N A7 s Sephadex LH-20 2 Pharmacia 2
H] 77 s Agilent 1200 2 & 8B (A H AR By i
Prominenece UFLC; [ 4% &7 LC-6AD B4l % &
BOBAR A CRAMa I &5 SPD-20A, PRC-ODS
%R 250 mm X 20 mm, 5 pm); i ACABIM
FERGIE ARV AT, HRHACHTTE EB1K, 2T
AR AL A L A, ik AR 7i) 26 [ fisher
ATy R G5 e HCT-116 40/, A JHE
HepG2 Ziiffl. A B BGC-823 4Hf. Az <%

isoindoline-1,3-dione ,

JiE NCI-H1650 4Hf. A GF 55w A2780 204 tHAb
PRI 25 e 25 VDA 7 P 24 3 =5 4t

LI FAMIE T 2014 4 5 AREALERIZA
fel, 28 ] R 2R 2= B 299000t 78 B S AR EIATE 72 D2 4
SENERK J. regia LIGAIETT « HFRAS (ID-S-2601)
TRATT R B & 2R e 250t 5 B R A A 25
2 REESSE

BT BRAE 75 ke, #HE, FH 95%ZFE[R]
WIREL 2 K, 3918 2. 1h, SRAEHEL IR
Bt M NEE . G CREREAGHR IR IR
SRR A IR 3 s R T T VR ek s [l AL 7+
BIOREE, G E KRB IR B SR
BEPR CBRAEEL 3 Wk, & HFBER L BRAEBUH IR ik
g6, AW (Z3 L) H pH=2 M EHERAH 3 Ik
(BFIX 1.95 L), BEER LT Z88K0E 3 G,
JE 41T B RR L BEH8 7 450 go LR TR L BEAR
H0W) R ek A i 3 AT 40 B, DL = U e - R
(25:1. 2031, 151, 105 1. 5: 1) BAEEWR,
S E AR N 5 Ve (Fro 1~5).

Fr.1(58 g, &M ki-HEE 25 1 1 & HH MCI
FEERE, KIKEL 30%. 50%- 70% L BEK R B,
53] 3 MYER > (Fr. 1.1~1.3), Fr. 1.1 (15 g,
30% 08 e R & i (MPLC), fKIKEL 30%-
50%- 70%- 100% F EEREEE VRN, 133 4 4Bl
4y (Fr.1.1.1~1.14), Fr. 1.1.1 (248 g, 30%F %)
SR B, DO, HA4 Fro 1L1.1-8~
1.1.1-9 (80 mg) & AR (1%, DAFEE-7K (60 :
40) NEAH, AR E 6 mL/min, A 230 nm 1E
9 UV kil KAl &2 &Y 15 (4 mg, w=21
min); Fr. 1.1.1-10~1.1.1-12 (72 mg) £ A%
i, DIREE-/K (60 : 40) NREIH, EIRRE 6
mL/min, LA 230 nm £ UV RG] & 150 A
Y2 (24 mg, /=28 min); Fr. 1.1.3 (2.1 g, 70%
) 28 8 A il , DA e e, Fob Pr 1.1.3-5~
1.1.3-6 (70 mg) £ A #& tils, DLFFEE-7K (65 :
35) NSIHE, AR E 6 mL/min, L 230 nm {E
9 UV kil KA — il % 30549 3 (16 mg,
=16 min); Fr. 1.1.3-8 (38 mg) £ [ kH | % h ik,
DA EE-7K (70 @ 30) i ahAl, ARFRIR & 6 mL/min,
PL230 nm /EN UV Kl 34T — il % 15340 64
4 (4mg, ®R=37 min); Fr. 1.3 (11 g, 70%ZE)
22 MPLC, RIKLA 40%. 50%. 60%. 80%. 100%
FHEERG LT, 193] 5 MBS (Fro 1.3.1~
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1.3.5). Fr. 1.3.4 (2.5g, 80%H ) ZLERFEGIE,
DAREE SR, b Fr. 1.3.4-12~1.3.4-15 (160 mg)
2 AR & AR, DIREL-/K (70 130D s,
AR E 6 mL/min, LL 230 nm {EN UV F&3 K
il &1L AW 5 (54 mg, tr=50 min); Fr. 1.3.4-18~
1.3.4-19 (180 mg) £ S AH il 45 i, LLFIE-7K (65 -
35) NVLEIAE, A E 6 mL/min, LA 230 nm fE
9 UV B K A3 E) 6 (7 mg, /=29 min).
7 (6mg, ®&rR=47 min) 18 (7mg, k=93 min).
Fr. 2 (72 g, =& 5e-HEE 20 1 1) SRERAE
gk, DAL= G- H BRI (100 ¢ 1. 50 0 1.
2511415015 50 1), SLEEEERN N 5 A
fii#84y (Fr.2.1~2.5). Fr.2.1 (14g, =5 Hk-H
FZ 100 : 1) 24 MPLC, KIXEL 30%. 40%-. 50%-
65%- 80%- 100% FHEERLEELEML, 132 6 e/l
4 (Fr.2.1.1~2.1.6). Fr.2.1.1 (2.4 g, 30%HE%)
LB A, DIREERL, P Fr 2.1.1-8~
2.1.1-9 (120 mg) £ SOAH % 1%, DAFIEE-7K (45 :
50) A, AFNAREAN 6 mL/min, LA 230 nm
YR UV kil K H &5 E9 9 (8 mg, w=22
min) 110 (15mg, /=27 min); Fr.2.1.2 (3.5 g,
40%H ) SEIHE AN, DIHERED, 158 4 A
Ve EB s (Fr. 2.1.2.1~2.1.2.4), A1 Fr. 2.1.2.3 (80
mg) &RAAGIE A, DIRFE-/K (55 045) N
HAE, AR E 6 mL/min, LA 230 nm /A UV &
T Kl A3 AP 16 (10 mg, =18 min);
Fr.2.13 (2.5g, 50%H 8 S ail, DLFE
Vemt, Horb Fr.2.1.3-1~2.1.3-4 (180 mg) £ Al
#ait, LLZBE-K (40 0 60) NIRBHHH, AR E
6 mL/min, LA 230 nm {E4 UV KUK il 2 340 &
Y19 (12mg, ®rR=28min); Fr.2.14 (2g, 65%H
fig) St RAE e, DUREESEN, HAd Fr.2.1.4-7~
2.1.4-8 (120 mg) & JeAH il 4% ik, PLLSiG-7K (45 -
55) NURENAH, RFEAN 6 mL/min, LA 230 nm
YER UV kil K & 1506 13 (4 mg, =35
min) A 14 (5mg, r=44min); Fr.2.1.6 (2g, H
) ZEERCHE G, DIHERENL, Hf Fro 2.1.6~
2.1.11 (50 mg) £ /Al #& i, DLHEE-K (65 :
35) NYREIAH, AR ESN 6 mL/min, LA 230 nm
YER UV kil K & 154064 11 (18 mg, =78
min); Fr. 2.1.6-15~2.1.6-16 (30 mg) £ A%
i, DIFEE-/K (65 ©35) AREIH, BFmEN
6 mL/min, LA 230 nm {E8 UV KKl 540 &

Y1 (14mg, ®=52min); Fr.22 (10g, =& HF k-
FEE 50 0 1) 4 MPLC, KIXLL 60%. 70%. 90%
FHEERRFE LM, 1830 3 My (Fro 2.2.1~
2230, Fr.22.1 (2 g, 60%FEE) ZEtRHGE,

PLFFEESE L, b Fr. 2.2.1-3 (65 mg) £ [ AHH] %%
o, DIFEE-K (40 @ 60) NWEHMH, EBRERN
6 mL/min, LA 230 nm {E4 UV KK il 2 340 &
Y17 (15mg, rR=15min); Fr.2.2.2 (22¢g, 70%
FRRE) el AT (A1, DURRESEL, Hor Fr. 2.2.1-12
(100 mg) &l & ik, DLHEE-/K (55145

NRENM, AR R 6 mL/min, LA 230 nm {EN UV
R Kol 25 1540 &0 18 (20 mg, r=238 min);

Fr.2.3 (12 g, =& HF-HEE 25 1 1) 4 MPLC, K
REL 60%- 80%- 100% H B Af EEEINE, 192 3 Mk
e84 (Fr.2.3.1~2.3.3), Fr.2.3.1-5 (200 mg) £
AR &k, DLREE-/K (40 60D AENAH, &
T E 6 mL/min, LA 230 nm {FA UV A& K —
WA & 12 (12 mg, =8 min).

3 KT

&1 K, ESI-MS m/z: 285 [M+H]';
'H-NMR (400 MHz, DMSO-ds) 6: 8.03 (2H, d, J=8.8
Hz, H-2', 6'), 7.11 (2H, d, J = 8.8 Hz, H-3', 5'), 6.87
(1H, s, H-3), 6.49 (1H, d, J = 2.0 Hz, H-8), 6.19 (1H,
d, J = 2.0 Hz, H-6), 3.85 (3H, s, -OMe); '*C-NMR
(100 MHz, DMSO-ds) 6: 182.1 (C-4), 163.3 (C-2),
162.2 (C-4"), 164.1 (C-7), 161.9 (C-5), 128.8 (C-2,
6", 115.0 (C-3', 5'), 103.4 (C-3), 99.2 (C-6), 94.4
(C-8), 56.0 (-OMe). LA F-Hdfs 5 SCif o — 2, #
UEREY 1 NEERER.

AW 2: R AR, ESI-MS m/z: 273 [M+HT;
'H-NMR (400 MHz, DMSO-ds) o: 12.13 (1H, s,
5-OH), 10.76 (1H, s, 7-OH), 9.56 (1H, s, 4-OH), 7.29
(2H, d, J = 8.4 Hz, H-2, 6'), 6.77 (2H, d, J = 8.4 Hz,
H-3', 5'), 5.86 (2H, brs, H-6, 8), 5.42 (1H, dd, J =
12.8, 2.4 Hz, H-2), 3.25 (1H, dd, J = 17.2, 13.2 Hz,
H-3.), 2.26 (1H, dd, J = 17.2, 2.4 Hz, H-3.); 1C-
NMR (100 MHz, DMSO-ds) 0: 196.9 (C-4), 167.1
(C-7), 163.9 (C-5), 163.4 (C-9), 158.2 (C-4"), 129.3
(C-1), 128.8 (C-2', 6'), 115.6 (C-3', 5'), 102.2 (C-10),
96.2 (C-6), 95.4 (C-8), 78.9 (C-2), 42.4 (C-3). L L%
5 SRR IE — 507, MUS AT 2 iR R

&9 3. #E ) K s ESI-MS m/z: 345 [M+H]';
'H-NMR (400 MHz, DMSO-ds) 6: 12.71 (1H, s,
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5-OH), 8.00 (2H, d, J = 8.8 Hz, H-2', 6), 7.11 (2H, d,
J = 8.8 Hz, H-3', 5'), 6.54 (1H, s, H-3), 3.84 (3H, s,
8-OMe), 3.77 (3H, s, 4-OMe), 3.73 (3H, s, 6-OMe);
3C-NMR (100 MHz, DMSO-ds) J: 182.4 (C-4), 127.8
(C-2', 6'), 114.6 (C-3', 5"), 102.4 (C-3), 60.5 (8-OMe),
59.4 (6-OMe), 55.0 (4-OMe). LA %dE 5 CikikiE
— ), WK A 3 N 5,7- - F3E-6,8,4"- = H
A AR .

&) 4: TR A  ESI-MS m/z: 287 [M+H]';
'H-NMR (400 MHz, DMSO-ds) 6: 12.75 (1H, s,
5-OH), 10.46, 9.78, 9.67 (% 1H, brs, 7, 3', 4-OH),
7.70 (1H, d, J = 2.0 Hz, H-2'), 7.67 (1H, dd, J = 8.0,
2.0 Hz, H-6"), 6.97 (1H, d, J = 8.0 Hz, H-5"), 6.87 (1H,
s, H-3), 6.47 (1H, d, J = 2.0 Hz, H-8), 6.24 (1H, d, J =
2.0 Hz, H-6); '3C-NMR (100 MHz, DMSO-ds) o:
181.4 (C-4), 122.0 (C-6'), 116.0 (C-5"), 113.6 (C-2"),
103.8 (C-3), 99.2 (C-6), 94.5 (C-8). LA L%¥E 5 ik
IE—F, BEEEEY) 4 WRBRE.

&Y S: BRiE A4 ESI-MS m/z: 344 [M+
H]"; 'H-NMR (400 MHz, DMSO-ds) 0: 12.71 (1H, s,
5-OH), 10.74 (1H, s, 3-OH), 8.00 (2H, d, J = 8.8 Hz,
H-2', 6", 7.11 (2H, d, J = 8.8 Hz, H-3', 5), 6.55 (1H,
s, H-6), 3.84, 3.77, 3.74 (% 3H, s, 3XO0Me); "C-
NMR (100 MHz, DMSO-ds) 6: 178.7 (C-4), 161.8
(C-4"), 157.9 (C-7), 155.8 (C-5), 152.9 (C-2), 152.1
(C-9), 138.1 (C-3), 131.6 (C-8), 130.5 (C-1"), 122.7
(C-2', 6", 114.7 (C-3', 5'), 105.2 (C-10), 94.5 (C-6),
60.5 (7-OMe), 60.2 (8-OMe), 55.9 (4'-OMe). DL L%k
P 5 SCHR R E —E 0, WS A S ONERE .

B 6: B (kIR S i (D s ESI-MS mi/z:
255 [M+H]*; 'H-NMR (400 MHz, DMSO-ds) o:
12.82 (1H, s, 5-OH), 8.07 (2H, d, J= 7.2 Hz, H-2', 6'),
7.58 (3H, m, H-3'~5"), 6.96 (1H, s, H-3), 6.51(1H, d,
J=1.2 Hz, H-8), 6.21 (1H, d, J = 1.2 Hz, H-6); '3C-
NMR (100 MHz, DMSO-ds) 6: 182.3 (C-4), 165.3
(C-7), 163.6 (C-2), 161.9 (C-9), 158.0 (C-5), 132.5
(C-4"), 131.2 (C-1"), 129.6 (C-3', 5"), 126.9 (C-2', 6'),
105.6 (C-3), 104.3 (C-10), 99.6 (C-6), 94.6 (C-8). LA
FEE S SCER R GE —E 023, S EGE Y 6 N H
M

&) 7. kI AR ESI-MS m/z: 287 [M+
H]*; 'H-NMR (400 MHz, DMSO-de) §: 12.12 (1H, s,
5-OH), 9.64 (1H, s, 7-OH), 7.32 (2H, d, J = 8.0 Hz,

H-2', 6"), 6.79 (2H, d, J = 8.0 Hz, H-3', 5'), 6.10 (1H,
s, H-6), 6.08 (1H, s, H-8), 5.48 (1H, d, J = 12.8 Hz,
H-2), 3.78 (3H, s, -OMe), 3.32 (1H, overlapped,
H-3a), 2.72 (1H, dd, J = 17.2, 2.4 Hz, H-3b);
13C-NMR (100 MHz, DMSO-de) J: 197.0 (C-4), 167.4
(C-7), 163.2 (C-5), 162.8 (C-9), 157.8 (C-4'), 128.4
(C-2', 6'), 126.5 (C-1'), 115.2 (C-3', 5'), 102.6 (C-10),
94.7 (C-6), 93.8 (C-8), 78.6 (C-2), 55.9 (4-OMe),
42.0 (C-3). LA EHHE 5o0mfdiiE —3), M Efl
YT IR

1 A4 8: L [E A ; ESI-MS m/z: 315 [M+H]*;
'H-NMR (400 MHz, DMSO-ds) J: 8.04 (2H, d, /= 8.8
Hz, H-2', 6'), 7.15 (2H, d, J = 8.9 Hz, H-3', 5'), 6.46
(1H, d,J=2.0 Hz, H-8), 6.21 (1H, d, J = 1.6 Hz, H-6),
3.88,3.81 (% 3H, s, -OMe). LA EH¥i 5 CikiRiE—
O, MU AEY) 8 N 3,5- -4 7- T A
TR

&9 9. #E (0 ) AK ; ESI-MS m/z: 449 [M+H]';
'H-NMR (400 MHz, DMSO-ds) o: 12.69 (1H, s,
5-OH), 7.33 (1H, brs, H-2'), 7.28 (1H, brd, J= 8.5 Hz,
H-6'), 6.89 (1H, d, J = 8.5 Hz, H-5"), 6.42 (1H, brs,
H-8), 6.24 (1H, brs, H-6), 5.28 (1H, brs, Rha-H-1),
4.00 (1H, brs, Rha-H-2), 3.51 (1H, brs, Rha-H-3), 3.24
(1H, m, Rha-H-5), 3.19 (1H, m, Rha-H-4), 0.84 (3H,
d, J = 6.0 Hz, Rha-Me); 3C-NMR (100 MHz,
DMSO-d) J: 178.3 (C-4), 157.0 (C-2), 148.8 (C-4"),
145.6 (C-3"), 134.7 (C-3), 121.6 (C-6'), 116.1 (C-5"),
115.9 (C-2), 101.7 (Rha-C-1), 98.6 (C-6), 93.5 (C-8),
17.9 (Rha-C-6). LA FEE -5 SClRHoE — ), s
EEY) 9 MR T .

WEY10: EmEFRR: ESI-MS m/z: 465 [M+
H]"; 'H-NMR (400 MHz, DMSO-djs) 6: 12.66 (1H, s,
5-OH), 10.88 (1H, s, 7-OH), 9.74 (1H, s, 3’-OH), 9.17
(1H, s, 4-OH), 7.70 (1H, brd, J = 8.0 Hz, H-6'), 7.55
(1H, brs, H-2"), 6.84 (1H, d, J = 8.0 Hz, H-5'), 6.43
(1H, brs, H-8), 6.23 (1H, brs, H-6), 5.41 (1H, d, J =
8.0 Hz, Glc-H-1), 3.68~3.33 (6H, m, Glc-H-2~6);
3C-NMR (100 MHz, DMSO-ds) J: 177.3 (C-4), 156.8
(C-2), 148.5 (C-4'), 145.0 (C-3"), 133.9 (C-3), 121.8
(C-6"), 116.3 (C-5"), 115.7 (C-2"), 100.7 (G-1), 98.5
(C-6), 93.4 (C-8), 612 (C-6). LA EEIEEHLEM 10
FHEL, 3 A BRI — 20 ORI TR
25 ZEHE S ks — 30, M e &1 10
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&P 11 FERR, ESI-MS m/z: 329 [M+
H]*; 'H-NMR (400 MHz, DMSO-ds) 6: 12.93 (1H, s,
-OH), 8.07 (2H, d, J = 8.8 Hz, H-2', ¢'), 7.02 (2H, d,
J = 8.8 Hz, H-3', 5"), 6.55 (1H, brs, H-8), 6.49 (1H,
brs, H-6); '3C-NMR (100 MHz, DMSO-de) J: 176.2
(C-4), 156.1 (C-4"), 147.1 (C-2), 136.0 (C-3), 129.4
(C-2', 6", 115.8 (C-3', 5"), 98.5 (C-6), 93.8 (C-8). LA
RS SCERIRGE —#0), MU EREY 11 -
A1

b & 12: KK, ESI-MS m/z: 303 [M+
HJ*: 'H-NMR (400 MHz, DMSO-ds) d: 12.45, 10.73,
9.54, 9.31, 9.26 (% 1H, s, 5XOH), 7.64 (1H, d, J =
2.4 Hz, H-2"), 7.50 (1H, dd, J = 8.4, 2.0 Hz, H-6'),
6.84 (1H, d, J = 8.4 Hz, H-5"), 6.36 (1H, d, J= 2.0 Hz,
H-6), 6.15 (1H, d, J = 2.0 Hz, H-8); '*C-NMR (100
MHz, DMSO-ds) d: 176.3 (C-4), 164.3 (C-7), 161.2
(C-9), 156.6 (C-5), 148.1 (C-4), 1472 (C-2), 145.5
(C-3"), 136.2 (C-3), 122.4 (C-1"), 120.4 (C-6'), 116.1
(C-5"), 115.5 (C-2"), 103.5 (C-10), 98.6 (C-6), 93.8
(C-8)o LA HUl 5 CikifoE —07, S e e
12 A

&Y 13: FEAMRY; HR-ESI-MS m/z:
268.095 6 [M+H]" (iF 54 268.089 5, C16H1sNO3);
'H-NMR (600 MHz, DMSO-ds) 6: 9.20 (1H, s, -OH),
7.84 (4H, m, H-4~7), 6.97 (2H, d, J = 8.4 Hz, H-2/,
6", 6.63 (2H, d, J = 8.4 Hz, H-3', 5'), 3.74 2H, t, J =
7.2 Hz, H-8"), 2.78 (2H, t, J = 7.2 Hz, H-7"); 3C-
NMR (150 MHz, DMSO-de) J: 168.1 (C-1, 3), 156.2
(C-4"), 134.8 (C-5, 6), 131.9 (C-4a, 7a), 129.9 (C-2',
6"), 128.6 (C-1'), 123.4 (C-4, 7), 115.6 (C-3', 5'), 40.5
(C-8'),33.3(C-7)o LA EEHE 5 ik HiE —F08), W
UEAWAY 13 N 2-(4-FRFE TR 238 15| epf-1,3-
i, ZWEMRE RNRIRZYh 3 85345, A 1
ASHHIRIRT=H)

&Y 14: FERAR, ESI-MS m/z: 190 [M+
HJ*: 'H-NMR (400 MHz, DMSO-ds) J: 8.04 (1H, s,
H-2), 7.98 (1H, d, J = 7.6 Hz, H-7), 7.46 (1H, d, J =
7.6 Hz, H-4), 7.17 (2H, m, H-5, 6), 426 (2H, q, J =
6.8 Hz, H-1"), 1.32 (3H, t, J = 6.8 Hz, H-2'); 3C-NMR
(100 MHz, DMSO-ds) 6: 164.9 (C=0), 136.8 (C-2),
132.9 (C-7a), 126.1 (C-4a), 122.8 (C-4), 121.7 (C-6),
120.9 (C-5), 112.8 (C-7), 107.1 (C-3), 59.4 (C-1"),

15.0 (C-2"). LA F%¥m 5 skl — 209, #eseth
H 1 14 05| Wk-3-H R 2T

WE15: REEHA, ESI-MS m/z: 187 [M+
H]"; 'H-NMR (400 MHz, DMSO-ds) d: 11.57 (1H, s,
9-NH), 7.58 (1H, d, J = 8.0 Hz, H-5), 7.55 (1H, s,
2-NH), 7.38 (1H, d, J = 8.4 Hz, H-8), 7.21 (1H, t, J =
7.6 Hz, H-7), 7.05 (1H, t, J = 8.0 Hz, H-6), 3.50 (2H,
t,J= 6.8 Hz, H-3), 2.92 (2H, t, J = 6.8 Hz, H-4); '3C-
NMR (100 MHz, DMSO-ds) 6: 162.3 (C-1), 137.5
(C-8a), 127.7 (C-9a), 125.4 (C-4b), 124.5 (C-7), 120.6
(C-6), 119.8 (C-4a), 118.6 (C-5), 112.9 (C-8), 41.6
(C-3),20.8 (C-4). YA F#¥Ess& HMBC 5255, 53¢
BRAROE — 20, W E G 15 8 1,2,3,4-I05 %
FH I 7RG -1- 1

thEY) 16: KR, ESI-MS m/z: 146 [M+
H]*: 'H-NMR (400 MHz, DMSO-ds) d: 9.92 (1H, d,
J=0.8 Hz, -CHO), 8.26 (1H, d, J= 1.2 Hz, H-2), 8.07
(1H, d, J=7.6 Hz, H-4), 7.49 (1H, d, J= 7.6 Hz, H-7),
7.24 (1H, t, J = 6.4 Hz, H-6), 7.20 (1H, t, J = 6.4 Hz,
H-5); BC-NMR (100 MHz, DMSO-ds) &: 185.4
(-CHO), 138.9 (C-2), 137.5 (C-7a), 124.6 (C-3a),
123.9 (C-6), 122.6 (C-5), 121.3 (C-4), 118.6 (C-3),
112.9 (C-7). LA EHUR 5 SClRiiE — 32, #Msse
AW 16 Dy 3-BEFE I W

thBEY17: HEHK, ESI-MS m/z: 220 [M+
H]"; 'H-NMR (400 MHz, DMSO-ds) &: 8.79 (1H, s,
8-OH), 8.75 (1H, s, 9-OH), 6.49 (1H, s, H-10), 6.48
(1H, s, H-7), 4.57 (1H, t, J = 8.0 Hz, H-10b), 3.94
(1H, m, H-5a), 2.89 (1H, m, H-5b), 2.58 (2H, m, H-6),
2.57 (1H, m, H-1a), 2.38 (1H, m, H-2a), 2.19 (1H, m,
H-2b), 1.57 (1H, m, H-1b); '*C-NMR (100 MHz,
DMSO-ds) 0: 172.0 (C-3), 144.2 (C-8), 144.0 (C-9),
128.4 (C-10a), 123.7 (C-6a), 115.4 (C-7), 111.6
(C-10), 55.5 (C-10b), 36.6 (C-5), 31.2 (C-2), 27.4
(C-6), 27.3 (C-1). LA RH¥a 5 ki —822, W%
BEMEY 1T NV L E.

A0 18: FEEOK K, HR-ESI-MS m/z: 356.114 1
[M+H]* GiH51H 355.105 6, Ci1oH17NOg); 'H-NMR
(400 MHz, DMSO-ds) d: 12.75 (1H, s, 5-OH), 7.49
(1H, s, -NH), 7.31 (2H, d, J = 8.8 Hz, H-2, 6"), 6.80
(2H, d, J = 8.8 Hz, H-3', 5'), 5.94 (1H, s, H-8), 5.43
(1H, dd, J = 12.8, 2.4 Hz, H-2), 5.07 (1H, dd, J = 9.2,
5.2 Hz, H-5"), 3.25 (1H, m, H-3a), 2.71 (1H, dd, J =
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17.2, 2.0 Hz, H-3b), 2.17 (2H, m, H-4"), 2.05 (2H, m,
H-3"); 1BC-NMR (100 MHz, DMSO-ds) J: 197.4
(C-4), 177.3 (C-2"), 165.8 (C-7), 162.0 (C-5), 161.9
(C-9), 1582 (C-4'), 129.3 (C-1"), 128.8 (C-2', 6),
115.6 (C-3, 5"), 109.3 (C-6), 101.7 (C-10), 95.2 (C-8),
78.8 (C-2), 46.8 (C-5"), 42.2 (C-3), 30.9 (C-3"), 25.8
(C-4"). VA HuE 5 SCikdkiE — 512, s e s
Y18 NE =%,

&Y 19: HEKK, ESI-MS m/z: 256 [M+
H]*: 'H-NMR (400 MHz, DMSO-ds) J: 8.16 (1H, d,
J = 8.0 Hz, H-4'), 7.78 (2H, d, J = 7.6 Hz, H-2, '),
7.49 (1H, t, J = 7.2 Hz, H-4"), 7.43 (2H, d, J= 8.0 Hz,
H-3', 5'), 7.26~7.15 (4H, m, H-2", 3", 5", 6"), 4.15
(1H, m, H-2), 3.50 (1H, dd, J = 10.8, 5.6 Hz, H-1a),
3.42 (1H, dd, J = 10.4, 6.4 Hz, H-1b), 2.95 (1H, dd,
J=13.6, 5.2 Hz, H-3a), 2.78 (1H, dd, J = 13.6, 9.2 Hz,
H-3b); 3C-NMR (100 MHz, DMSO-d¢) J: 166.4
(C=0), 139.9 (C-1"), 135.2 (C-1"), 131.4 (C-4'), 129.5
(C-4"), 128.6 (C-3, 5'), 128.5 (C-3", 5"), 127.7 (C-2",
6"), 126.3 (C-2', 6), 63.4 (C-1), 53.7 (C-2), 36.9
(C-3)o LA HUR 5 CikifoE — 8, s e e
19 24 N-ZK I BE-L- AR A 2R -

4 (RINARREIEMRTFIE

KH MTT 15 B SCRREZE 772, LR B AN
1-§2 3L -2- A - 12-FF JE-[1,3] 4 FF[4,5"4,5] 7K F
[1,2-c)3EmE-12-2R R £h (NK109) 26y RH 4 Xt e 24,
ME TAEY 1~19 Xt 5 RO JE 40 B i 41 i 2555
P GERERIH, (b5 2.3 F1 5 B 0% HCT-116.
HepG2. BGC-823. NCI-H1650 i1 A2780 fifJ& 41 iy
PRBGTEIAER, (a2 BIEBENHIKE (ICso)
1505 2.22, 2.45. 2.45. 220, 1.00 umol/L; 1k
AW 3 B 1Cso fH 43 728 0.84+ 1.23. 0.90. 0.88. 0.65
umol/L; H&4 5 (1) ICso {653 14 3.87+ 3.96. 7.61
4.14. 2.87 umol/L. PHME IR 25 EAZREN 1Cs 1H 55
4 0.000 2. 0.007 6. 0.000 6. >1 F10.020 4 pmol/L,
NK109 ) ICso {54354 3.94. 1.19. 1.84. 1.75 Al
0.90 umol/L.
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