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f8E: X/ ODS. MCI. Sephadex LH-20. :fil#% HPLC %k: ks Rtk P % (KRS &E)
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Prenylated flavonoids from the roots of Artocarpus heterophyllus

XI1AO Chuan-yun, LI Wen-yan, ZHAI Xiao-xiao, ZHU Ling-zhi, ZHOU Yan-fei,
YAO Peng-cheng, SHU Qing-xia, REN-Gang’

(Research Center of Natural Resources of Chinese Medicinal Materials and Ethnic Medicine,
Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China)

Abstract: Ten isoprenylated flavonoids were isolated from 95% ethanol extraction of Artocarpus heterophyllus,
with a combination of various chromatographic approaches, including ODS, MCI, CHP-20 P, Sephadex LH-20
and high performance liquid chromatography. On the basis of physic-chemical characters and spectroscopic
data analysis, these compounds were identified as artoheteroid E (1), cycloheterophyllin (2), artelastoxanthone
(3), artoindonesianin Q (4), cudraflavone C (5), 8-(y,y-dimethylallyl)-5,2',4'-trihydroxy-7-methoxyflavone (6),
kuwanon T (7), 6-(3-methylbut-2-enyl) apigenin (8), 5,7,2',4'-tetrahydroxy-6-(3-methylbut-3-enyl) flavone (9),
abanin A (10). Among them, compound 1 is a new one, while compounds 2—4 were isolated for the first time
from the plant of Artocarpus heterophyllus. All isolated compounds were screened for their inhibitory abilities
against cathepsin K.  Of them, compounds 3-5, 7 and 10 showed inhibitory effects with the |Csy values of 0.9,
1.6, 4.5, 24.5 and 63.5 pmol-L %, respectively.
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A, ORI AEORIR. ORI,
AT B A R i e R W, RS
BAR, 2k 2 , 2-55 B2 IR S mh vk oy, B
AN, HRDL BB B R4 i R
1R VDL R A s R B O e . AR AR K
(cathepsin K, CatK) & 697 B i B A A (1) — A~ 57 24§
R SRR B G A ) R B SR AL RE A S A
TR R 2 AR R A R L B B ) 2L AR
VI HAE AR K BA —ERHRCR, JEAh
B — e RIS i TR S, AR
ARSI E I ORI BEAT o3 1, 315 T 10
F G FE BRI IR R &Y (B 1), 2aEEN
artoheteroid E (1). cycloheterophyllin (2). artelasto-
xanthone (3). artoindonesianin Q (4). ¥ # i C (5)+
8-(y,y-dimethylallyl)-5,2',4"-trihydroxy-7-methoxyflavone
(6)« & IR T (7) 6-(3-methylbut-2-enyl) apigenin (8).
5,7,2',4'- VU JE-6- 7 ) KL 55 i (9) A1 albanin A
(10). M, fb&W 1 &Y, thEaY 2~4 /RE
RMZHE Y o3 BAR 3 A 73 B LB AT 140
il CatK i L, Hrb, &%) 3~5. 7 Al 10 Xf
CatK HATAFFEEE R dlE A, H 1Cso H 5 A A
0.9. 1.6. 45. 245, 635pumol-L %,

FER51T8
1 #HWEE

wEM 1L AEOTERMA (F). HR-ESI-MS
g HHESY T B 1% iz 449.161 1 [M—H]™ (i1 N
449.1606), fisE 7T A CosHoe07- L4 (IR)
SR HAH R IEARRE (3447 cm). HEE (2927
cm ). A (1654cm™). FIF (1610 cm™Y) AL

HE0E, BAMERE (UV) SoRTE 262 315 K 371 nm
W FFAEE R U . tHNMR % (% 1) BT 15
PRIL A I FRIE 6y 13.20 (1H, s, HO-5); 2 M aEI AL &
R T155 0y 6.27 (1H, br s, H-6) £ 6.69 (1H, br s,
H-8); — 4L p,y — FF I A 5 000 5 A 32 ) i
F155 04 3.33(2H, d, J=7.1 Hz, H-16). 5.19 (1H, t,
J = 7.1 Hz, H-17). 1.76 (3H, s, H-19) A1 1.67 (3H, s,
H-20)11% 191, — /s ABX EHERE A 1K 5 oy 2.35 (1H, t,
J = 154 Hz, H;11). 3.19 (1H, dd, J = 15.2, 7.1 Hz,
Hp-11) £13.38 (1H, dd, J = 15,5, 7.1 Hz, H-12); Fi1
H % oy 1.35 (3H, s, H-14) f1 1.64 (3H, s, H-15); —4
F4 2 6y 4.01 (3H, s, MeO-4") . 1b&% 119 'HNMR
R 5 S5 artoheteroid C (B 1)k 4
Blo W A0 2 3 EEARIE: LAY LI H-3E 5
Wk, M T —HAET py-— R T
F5. XN, WEW LM CIMRET A yy-—
F LM% P S R MBS LA . 20 B 1 (1 °C NMR %8s
(£ 1) JFRH HMQC B xt Ha(5 54708, Rk
TIXAMEN: 5 artoheteroid C ML, b1 T
54N {E 5 0c 23.7 (C-16).123.8 (C-17).131.4 (C-18) .
17.9 (C-19) F 25.9 (C-20), X2 y,p- - H FEMH T FL R
R AR R RS 5 . LB 1 1 HMBC it
(K 2) Br,H-16 5 C-2'. C-3. C-4IMK, H-17 5
C-3HIAH IR o IEHE—PAUESE T y,p-— WY A A B 0 i
AT C-3. HARE 7155 on 4.01 5 C-3 ) HMBC
AHIGAEW] T A SRR C-4hE. th &9 1 ATt
WEE, AR {[a] 2-3.5 (c 0.1, MeOH)} 5k A [A
FHHEH1 artoheteroid C HILLIEYEAE {[o] #—2.4 (c 0.3,
MeOH)} IARIT, Rt C-12 A A AR KISk
MR, PR, (&Y 1S e NE LR, ©

Figurel Structures of compounds 1-10 and artoheteroid C
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Table1l 'Hand™C NMR datain acetone-ds for compound 1

Figure2 Key HMBC correlations (H—C) of compound 1

Table 2 Inhibitory effects of compounds 1-10 on cathepsin K.

#Positive control

Compound |Cso/pumol - L Compound 1Cso/pmol - L?
1 >100 6 >100
2 >100 7 245
3 0.9 8 >100
4 16 9 >100
5 4.5 10 63.5
E64° 0.002

Position S (600 MHz, Jin Hz) dc (150 MHz)
2 - 160.9
3 - 1136
4 - 181.1
5 - 163.2
6 6.27 (1H, br s) 99.9
7 - 164.7
8 6.69 (1H, br s) 95.1
9 - 157.5

10 - 104.8
11, 2.35(1H, t, J = 15.4) 204
11, 3.19 (1H, dd, J=15.2, 7.1)
12 3.38 (1H, dd, J = 155, 7.1) 46.7
13 - 93.1
14 1.35(3H, s) 2258
15 1.64 (3H, s) 25.9
16 3.33(2H,d, J=7.1) 237
17 519 (1H,t, J=7.1) 1238
18 - 131.4
19 1.76 (3H, ) 17.9
20 1.67(3H, s) 28.2
1 - 106.7
2 - 1475
3 - 121.8
4 - 147.1
5 - 140.1
6 - 131.1
4-OMe 401(3H, ) 59.8

Je—ANHTI R SO R B,y 44 artoheteroid E.
2 SEMEM

SRR 7 B AT THLSE AR K Eh
P . WiEk 2 BoR, (& 3~5. 7 Al 10 WoR A A
T2 BE B A F o W80 ey M Ak B 0 B 45 W v R B
I IR RO B3F | C-2/C-5' (3Fi14) Bk C-2/C-4
(5, 7, 10) M i S Wy 3L HUAR K C ¥ C-3 1 B ) 5+
TR HE AR T35 PR A2 0 B 3 2,5 R R HUAR
AT (3R 4) Gt T 2.4 IR AL
&Y (5. 7. 10).

SIS IS

Bruker AX-600 A% S HREE AL (3 L Bruker
/A #]); Finnigan TSQ 700 A i%4% (32 Finnigan /A
H]); UV-1800 4871 1] WL 23 66 FE tH A IRAffinity-1
SE AR AT AR (H A B A H]); Adilent 1260
I AT B OB BB A (3R E 2 FER RHCH IR A |]);
L.C-3000 & &4 A 14 (At G FndEE R A IR A
F]); Sephadex LH-20 (¥t Pharmacia A #]); YMC-

pack ODS il %4+ (250 mmx=10 mm, 5 pm) (H A
YMC /~#]); MCI CHP-20P # fig . HP-20 KFLIfiE (H
K= AT R ORI (& TR
FFRARAA); BibaiFEE, o5 GEE KA R A
A)); N-[N-(L-3-trans-carboxirane-2-carbonyl)- L-leucyl]-
agmatine (E64, LifgflHr T IR A R A H); N-
CBZ-PHE-ARG7-AMEDO-4-METHYLCOUMARI (3
R&D Systems); CatK (3£ [E Enzo Life sciences).
fib BT R 3 e e (PE Be AL Tt A R A D).

WHEMT 2013 4£ 3 ARA) TR ARX
BT, BRI P A R 2 K b 2 B R S RO 25 i AT
FLRERFEEHITECAZHET ERBEY E
Artocarpus heterophyllus Lam. f) #8 , % iF ¢ 4
(TCMO01-01-2013) A7 T VL7 1 5 24 K 2 24 B IR
HRGEA PO AE.
1 #RESE

B B %R 17.0 kg, Wi, =R
T HI 95% LEFRAR 3K (2t 5iEH 11 10), B3R
O, IR A IE, MERGE SRE 15 kg #HE
BESK 11 RE, RXAAME. &0 Bk
B IE T EEZEHY, 19 204 MBS A 213.3 g« S EAL
574.0 g- BEIR L EEHRAL 382.0 g+ IE T BEFRAL 152.4 9.
AR KL I A i, A 2 —s/K (0: 100 —
100 : 0) KA PG4 %> Frl~11.Fr.7 4 MCI CHP-
20P #f flg ki, F 27K (50 : 100 — 100 : 0) #f
FEVEM, 1454 Sephadex LH-20 A3 (3 14 1) 4% 5 24
WA 153 B LA 1 (3.0 mg, 40% 2. fi%, tg 25 min).
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2 (10 mg, 80% Z. /15, tr 25 min). 3 (10 mg, 50% 2. i tg
30 min). 4 (6 mg, 50% Z.fiiF, tg 38 min). 5 (2 mg, 60%
2N, t 40 min). 6 (8 mg, 50% 2 fif, tg 27 min). 7 (33
mg, 55%Z. i, tg 50 min). 8 (2.8 mg, 50% . /1, tg 50
min).9 (11 mg, 40% Z.Ji§, tg 58 min) F1 10 (6 mg, 40%
2., tr 33 min),
2 HHExE

HEML EELTHHRAR (W), 10%A6 R
CLBEH RS Ja I ¥ (4, [«] 2-3.5 (¢ 0.1, MeOH);
HR-ESI-MS mVz 449.161 1[M—H] ™~ (it %11 &y 449.1606),
32 51 3N CogHeO70 ABFIFER 14, UV WLIkIE
Jmax (109 €): 262 (4.2). 315(3.9). 371 (4.0) nm. ZL4h
Sl ORGP IR (3447 cm Y. HIE (2927
cm ). BRIE (1654 cm ). FFF (1610 cm™Y) ZE4RE
E50&, NMR 3048 1% 1.

wEM2 EELEHHAR (TE), 10%HK6EK-
CBEE W JE AR 3 . ESI-MS miz 501.19
[M—H]"; '"HNMR (CD3OD, 600 MHz) 6y 7.18 (1H, s,
H-6), 6.65 (1H, d, J = 10.0 Hz, H-16), 6.35 (1H, s,
H-3), 6.10 (1H, d, J = 9.4 Hz, H-11), 5.66 (1H, d, J =
10.0 Hz, H-17), 5.45 (1H, d, J = 9.4 Hz, H-12), 5.24
(1H, t, J = 6.8 Hz, H-22), 3.52 (1H, dd, J =14.4, 7.2 Hz,
Hp-21), 3.46 (1H, dd, J = 14.4, 7.1 Hz, H,-21), 1.95 (3H,
s, H-15), 1.87 (3H, s, H-24), 1.71 (6H, s, H-14, 25), 1.45
(3H, s, H-19), 1.44 (3H, s, H-20); *CNMR (CD;OD,
150 MHz) dc 157.6 (C-2), 110.0 (C-3), 179.9 (C-4),
154.8 (C-5), 106.4 (C-6), 157.5 (C-7), 109.0 (C-8), 155.4
(C-9), 105.5 (C-10), 107.9 (C-1'), 153.2 (C-2'), 106.1
(C-3), 152.6 (C-4), 142.0 (C-5), 110.4 (C-6), 70.3
(C-11), 122.4 (C-12), 139.6 (C-13), 25.9 (C-14), 18.7
(C-15), 116.6 (C-16), 129.2 (C-17), 79.0 (C-18), 28.4
(C-19), 28.5 (C-20), 22.3 (C-21), 123.3 (C-22), 132.7
(C-23), 26.0 (C-24), 18.4 (C-25) . LA _F- %445 scight 28l
XIS FE AR — 3, % € N cycloheterophyllin.

HEM3 WELERRAR (T, 10% K-
OIS % e M s B . ESI-MS m/z 433.13
[M—H]"; *HNMR (CD;0OD, 600 MHz) dy 6.76 (1H, d,
J = 10.0 Hz, H-16), 6.43 (1H, d, J = 2.0 Hz, H-8), 6.19
(1H, d, J = 2.0 Hz, H-6), 5.69 (1H, d, J = 10.0 Hz, H-
17), 4.66 (1H, s, H,-14), 4.25 (1H, s, H;-14), 3.95 (1H,
d, J = 6.3 Hz, H-12), 3.35 (1H, dd, J = 6.7, 15.8 Hz, H,-
11), 2.44 (1H, dd, J = 6.7, 15.8 Hz, Hy-11), 1.78 (3H, s,
H-15), 1.49 (3H, s, H-20), 1.47 (3H, s, H-19); *CNMR
(CD0D, 150 MHZ) dc 162.1 (C-2), 112.2 (C-3), 181.6
(C-4), 163.0 (C-5), 100.0 (C-6), 165.4 (C-7), 95.0 (C-8),
158.1 (C-9), 105.0 (C-10), 108.2 (C-1'), 146.3 (C-2),

111.5 (C-3), 145.8 (C-4'), 137.6 (C-5), 129.7 (C-6),
22.6 (C-11), 38.4 (C-12), 145.6 (C-13), 112.0 (C-14),
21.9 (C-15), 117.7 (C-16), 129.9 (C-17), 78.5 (C-18),
28.1 (C-19), 28.1 (C-20) . PA_F- ¥ 5 Sk nf 18 5 3
A—F, W% %A artelastoxanthone.

wEaWm 4 EETERHK (FEE), 10% KR
COBE W % S AR B . ESI-MS miz 397.13
[M—H]"; '"HNMR (CD50D, 600 MHz) dy 6.73 (1H, s,
H-6'), 6.60 (1H, s, H-3), 6.43 (1H, d, J = 2.2 Hz, H-8),
6.30 (1H, d, J = 2.2 Hz, H-6), 5.08 (1H, t, J = 7.0 Hz,
H-12), 3.84 (3H, s, MeO-7), 3.72 (3H, s, MeO-4'), 3.03
(2H, d, J = 6.7 Hz, H-11), 1.59 (3H, s, H-15), 1.38 (3H,
s, H-14); ®*CNMR (CD50D, 150 MHz) d¢ 163.0 (C-2),
122.2 (C-3), 183.6 (C-4), 163.3 (C-5), 99.0 (C-6), 167.0
(C-7), 92.8 (C-8), 159.6 (C-9), 105.9 (C-10), 113.5 (C-1),
149.8 (C-2), 101.3 (C-3), 152.5 (C-4), 139.9 (C-5),
117.8 (C-6'), 24.9 (C-11), 122.6 (C-12), 132.8 (C-13),
25.9 (C-14), 17.6 (C-15), 56.6 (MeO-7), 56.3 (MeO-4') .
LAt 53k PY4R5# artoindonesianin Q (A4 Jk A —
#, W e N artoindonesianin Q.

HEMS wEATLEEMA (FEE), 10% K
FR— L 5 5 I #VE T 1, ESI-MS mVz421.16
[M—H]"; *"HNMR (CD30D, 600 MHz) d,4 7.05 (1H, d,
J = 8.3 Hz, H-6, 6.40 (1H, d, J = 2.2 Hz, H-3), 6.39
(1H, dd, J = 8.3, 2.2 Hz, H-5), 6.30 (1H, s, H-8), 5.25
(1H, 1, J = 7.2 Hz, H-17), 5.08 (1H, t, J = 7.0 Hz, H-12),
3.32 (2H, overlap, H-16), 3.08 (2H, d, J = 7.0 Hz, H-
11), 1.78 (3H, s, H-20), 1.67 (3H, s, H-19), 1.58 (3H, s,
H-15), 1.38 (3H, s, H-14); *CNMR (CD0D, 150 MHz)
dc 163.2 (C-2), 121.7 (C-3), 183.6 (C-4), 159.9 (C-5),
112.4 (C-6), 163.3 (C-7), 93.6 (C-8), 157.7 (C-9), 105.2
(C-10), 113.5 (C-1), 157.8 (C-2'), 103.7 (C-3), 161.8
(C-4'), 107.9 (C-5), 132.6 (C-6'), 24.9 (C-11), 122.9
(C-12), 132 (C-13), 25.9 (C-14), 17.9 (C-15), 22.3
(C-16), 123.6 (C-17), 131.9 (C-18), 26.0 (C-19), 17.6
(C-20). DA E¥ds 5 ckPIng 85 3 A — 5, #ek e
NFEA B Co

wEH6 HEOTEEK AR (DMSO), 10% ik
PR — 2 B Vi T 55 o IR B 5 1. ESI-MS vz 367.12
[M—H]"; *HNMR (DMSO-ds, 600 MHz) 6y 7.87 (1H,
d, J= 8.8 Hz, H-6), 7.15 (1H, s, H-6), 6.66 (1H, overlap,
H-3", 6.65 (1H, s, H-3), 6.57 (1H, dd, J = 2.3, 8.8 Hz,
H-5, 5.27 (1H, m, H-12), 4.03 (3H, s, MeO-7), 3.58
(2H, d, J = 6.8 Hz, H-11), 1.88 (3H, s, H-14), 1.77 (3H,
s, H-15); ®*CNMR (DM SO-ds, 150 MHz) d¢ 163.3 (C-2),
108.9 (C-3), 183.3 (C-4), 159.9 (C-5), 95.8 (C-6), 163.0
(C-7), 107.8 (C-8), 160.6 (C-9), 104.2 (C-10), 109.7
(C-1'), 154.5 (C-2'), 104.8 (C-3), 162.8 (C-4'), 107.4
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(C-5'), 130.5 (C-6), 22.2 (C-11), 123.2 (C-12), 132.1
(C-13), 26.3 (C-14), 18.6 (C-15) . LA b ##E Stk %
MG A—3, W% ERN 8-(y,y-dimethylalyl)-5,2' 4"
trihydroxy-7-methoxyflavone .

WEM T EELEHRAR (TE), 10%H6 K-
OB WIS G m#vE 3 . ESI-MS m/z 421.16
[M—H]"; *HNMR (CD;0OD, 600 MHz) dy 6.90 (1H, d,
J=83Hz H-6), 6.45 (1H, d, J = 2.1 Hz, H-8), 6.27 (1H,
d, J = 8.3 Hz, H-5), 6.17 (1H, d, J = 2.1 Hz, H-6), 5.26
(1H, m, H-17), 5.10 (1H, m, H-12), 3.38 (2H, d, J=7.0
Hz, H-16), 3.08 (2H, d, J = 7.0 Hz, H-11), 1.78 (3H, s,
H-19), 1.67 (3H, s, H-20), 1.57 (3H, s, H-14), 1.33 (3H,
s, H-15); *CNMR (CD30D, 150 MHz) dc 163.2 (C-2),
122.1 (C-3), 183.7 (C-4), 163.6 (C-5), 99.5 (C-6), 165.5
(C-7), 94.6 (C-8), 159.3 (C-9), 105.5 (C-10), 113.8
(C-1'), 154.7 (C-2'), 117.7 (C-3), 159.0 (C-4), 108.1
(C-5'), 128.8 (C-6), 24.8 (C-11), 122.6 (C-12), 132.8
(C-13), 17.6 (C-14), 25.9 (C-15), 23.3 (C-16), 124.0
(C-17), 131.9 (C-18), 18.0 (C-19), 26.0 (C-20) . LA %
6 5 SCRRIPIN RS SR — B, WS NS T

HEM8 EEILEHMAK (FEE), 10% KR
LV R 55 I N R 3 4 . ESI-MS vz 337.11 [M—
H]"; *HNMR (CD;OD, 600 MHz) dy 7.78 (2H, d, J =
8.3 Hz, H-2',6), 6.92 (2H, d, J = 8.3 Hz, H-35), 6.54
(1H, s, H-3), 6.46 (1H, s, H-8), 5.24 (1H, m H-12), 3.30
(2H, d, J = 7.4, H-11), 1.78 (3H, s, H-14), 1.66 (3H, s,
H-15); *CNMR (CD50OD, 150 MHz) Jc 163.7 (C-2),
103.7 (C-3), 183.9 (C-4), 162.6 (C-5), 113.2 (C-6), 165.9
(C-7), 94.1 (C-8), 157.2 (C-9), 105.1 (C-10), 123.3
(C-1), 129.3 (C-2',6), 117.0 (C-3,5), 159.9 (C-4),
22.3 (C-11), 123.4 (C-12), 132.1 (C-13), 17.9 (C-14),
26.0 (C-15). LA ¥ 5 S RPIn e R 36 A — 3, %
%52 N 6-(3-methylbut-2-enyl) apigenin.

EYWo HEEETLEEMK (FEE), 10% K6
R — B T 5 5 IR ¥ (. ESI-MS mvz 353.10
[M—H]"; *HNMR (CD;0OD, 600 MHz) dy 7.89 (1H, d,
J = 8.8 Hz, H-6), 7.12 (1H, s, H-8), 6.64 (1H, overlap,
H-3), 6.63 (1H, s, H-3), 6.57 (1H, dd, J = 8.8, 2.3 Hz,
H-5, 5.32 (2H, m, H-12), 3.35 (2H, d, J = 7.1 Hz, H-
11), 1.87 (3H, s, H-14), 1.77 (3H, s, H-15); ®*CNMR
(CD50D, 150 MHz) dc 162.4 (C-2), 104.2 (C-3), 182.8
(C-4), 159.6 (C-5), 109.6 (C-6), 162.6 (C-7), 94.0 (C-8),
156.0 (C-9), 104.3 (C-10), 111.5 (C-1), 159.2 (C-2),
107.7 (C-3), 109.0 (C-5'), 130.7 (C-6), 21.9 (C-11),
123.3 (C-12), 131.5 (C-13), 18.6 (C-14), 26.4 (C-15) .
DA Sl 5 eI S R A — 8, e N 5.7,
2,40 ¥ -6~ S 0 T o

HEW 10 EHETLERH KR (FEE), 10%K
W lR — £ B W %5 5 A R 3 5 . ESI-MS mvz
353.10 [M—H]; *HNMR (CD;0D, 600 MHz) d, 7.06
(1H, d, J = 8.2 Hz, H-6), 6.41 (1H, d, J = 2.0 Hz, H-3),
6.39 (1H, dd, J = 2.0, 8.2 Hz, H-5), 6.26 (1H, d, J= 2.2
Hz, H-8), 6.17 (1H, d, J = 2.2 Hz, H-6), 5.10 (1H, m,
H-12), 3.08 (2H, d, J = 7.0 Hz, H-11), 1.58 (3H, s, H-14),
1.38 (3H, s, H-15); *CNMR (CD50D, 150 MHZz) dc
159.8 (C-2), 121.9 (C-3), 183.7 (C-4), 163.2 (C-5), 99.5
(C-6), 165.5 (C-7), 94.5 (C-8), 157.7 (C-9), 105.4
(C-10), 113.4 (C-1), 161.9 (C-2'), 103.7 (C-3), 163.5
(C-4), 107.9 (C-5), 132.4 (C-6'), 24.9 (C-11), 122.8
(C-12), 132.7 (C-13), 25.9 (C-14), 17.6 (C-15) . L L%}
¥ 5 SCERPOIN S SR — B, % N albanin A
3 CatK HPH5E M i ix

K FH 5 H B2t B A & AT 7 4 Catk
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