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Chemical constituents from Piperis longum and their anti-tumor activity
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ABSTRACT: AIM To study the chemical constituents from Piperis longum L. and their anti-tumor activity.
METHODS The 95% ethanol extract of P. longum was isolated and purified by silica gel, MCI, TLC and semi-
preparative HPLC, then the structures of obtained compounds were identified by physicochemical properties and
spectral data. The anti-tumor activity was determined by MTT method. RESULTS  Twenty compounds were
isolated and identified as 1B, 6a-dihydroxyeudesma-4 (15) -ene (1), (+) -aphanamol I (2), 1, 2-
dihydroxybisabola-3, 10-diene (3), 3', 4'-dihydroxy-bisabola-1, 10-diene (4), la-hydroxyisodauc-4-en-15-al
(5), commiphorane I (6), nigramide R (7), dipipermide A (8), hydoxydihydrobovolide (9), 3R-chloro-4S-
hydroxy-2-piperidone (10), 3S-chloro-4R-hydroxy-2-piperidone ( 11), guineensine (12), piperchabamide D
(13), pellitorine (14) , retrofractamide C (15) , retrofractamide A (16), 5, 6-dihydropiperlonguminine (17),
fagaramide (18), cis-fagaramide (19), (2E-N-2-methylpropyl) -3-pheny 1-2-propenamide (20). Compounds 8,
12-13 and 15-16 could inhibit the proliferation of SGC7901 cells. CONCLUSION Compounds 5-11 and 20 are
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first isolated from this plant, 7-8 are dimers of piperine, 10—11 are a pair of the chlorine-containing alkaloid

enantiomers isolated from this plant for the first time. Compounds 8, 12-13 and 15-16 show certain anti-tumor

activity.
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SGC7901 cells

BEJ R BUB AE Y BE KL Piperis longum
L. BT AR R R, AH
KWase, DR THGE, R, A
Bk, Ik BMRT . T IRRSEEN, £
WA R BN, RS ERD, EEY
Ao, HE, PR, BRI, EN
RS2 HY TR b), (2550 LAl i R B
KT TR EF AW E R R A, AR S ) EE
95% L BEFEELY) ) A e AL A TR g, Mt
STERE 20 MEEY, CAEAEYIEE 131, 5
WA 6 A~ HABZE 1A, IFR IS T H MR i R
i
1 #e

FEETE R . W2 OIS G R (F5
AL TABRAR) ; BaREE (F2E Dmvac 2>
l); EYELA OSB-2100 Jig 5% 7% &AL ( H A 75 5t B
fb/N7]) 5 Chiralpak IBN-5 F 14 (4.6 mmx 250
mm, 5 wm) ( H A& Daicel Corporation 2% #] ) ;
COSMOSIL-Pack Pbr F-14f, COSMOSIL-Pack ODS
EiEF: (10 mmx250 mm, 5 pm) ( H A Cosmosil
vH)) o SHB-B JEH /KA EHZE - (APM IR T8
AIRATE]) ;3 Waters 2535 2 il £ 155 %0 AH 2135 43
BE UV AIES (25 Waters 24H)) 3 AM600 %1
FEPE AL (18 E Bruker 23 Hl); BW A (1EH
Eppendorf 23 7] ) ; YZB/H 0024-2005 #2815 T.AE &
(AU ARECIS /R g S A R A | ) 5 HI 258
BRI (35 BioTek A ) ; MCO-18AIC — 4 1kt
GIEF ( H A Sanyo 23 Fl); BX63 8] B ¥ il B
( HA Olympus 23 7)) ; DYML-S50A-3 /& 2875 K
s [ B (L) ARAF .

WERRZE R (PBS) (b5 AE29431652, [
HyClone 2\ &) ; JiG 4 IiL7E . DMEM = M 1% 77 5k
(#1t*5 10099-141, 11965-092, ZE[E Gibco 22 H]) .
g, OB (g4, 3¢ Thermo Fisher Scientific
NCIDIS

SGC7901 #ufL, W A [ B 2Rl B SL il 22 2
W IT 2 S B A B PR = 5

BER T 2022 4F 4 W G 4 25000 A BR

o], Zerp E BEAERE B 2] AR D WS T Al S A
5% S N S BUBHAARUR A Y BEZE Piperis longum
L. WA,
2 REENE
HUPETE 28 kg, MyEREAMIMT, MIA 224 L 95%
CEERWIE R, BREEEC 1.5 h, EE 2K, AFF
PEEUR, WUEME, 155 1.88 kg IBH (REUCRN
6.8% ), 1.8 kg izH, FEA 5 kg i L1, IR
UOH & W R, IETEE, KUERE, 4055 — & H
PEdRAr 891 g, 1E T BEFRAY 145 g, KFAL 791 g,
TAEHBEERAL (820 g) AREMSHEAFES, LAAT i k-
ZFRZTE (200 : 0~0: 100) BHEEPEM, TLC KR
E, 135 Fr.A~Fr. G (140 g), Fr.D (140 g)
SRS B, DA EE-PS R (50 1 0~0 ¢ 100)
BREE VR WG, TLC &% iR & JF M [F 4 43, 75 3
Fr. D1~Fr. D4,
Fr.D3 (104 g) ZREMCHSTES, VA imik-2
M2 TR (200 : 0~0: 100) BEEEGEME, TLC RiRG
I, 185 Fr.D3. 1~Fr.D3.3, Fr.D3.2 (62 g) &
MCI H:3 8, LIFEE-K (1:1~100:0) BEEEBE
B, TLC ¥R &3, 5% Fr.D3.2.1~Fr.D3.2.8
(36 g), Fr.D3.2.2 (0.2 g) Z2kH14 HPLC (1K
U 2 mL/min) gifk, DL 45% CIEUENL, 15 %)
AW 1 (150 mg, 1,=19 min), Fr.D3.2.3 (1.9
g) £l # HPLC (AR 8 mL/min) Zifk,
LL50% ZEBEM, 7% Fr.D3.2.3.1~Fr. D3.2.3.6,
Fr.D3.2.3.5 (83 mg) Z2FHil# HPLC (AR &
2 mL/min) éEE’pC, L1 50% Z»Hjﬁz{ﬁﬂﬁé, H2LEY 3
(5mg, t,=23 min); Fr.D3.2.3.6 (850 mg) £
il £ HPLC (M FR i 8 mL/min) #4lifk, LA
65% M BE ¥E Wi, 5 #F Fr.D3.2.3.6.1 ~
Fr.D3.2.3.6.2, Fr.D3.2.3.6.1 (103 mg) %3
Hil4 HPLC (AFHM & 2 mL/min) 4iifk, LI 64%
FREEVENL, 53459 2 (42 mg, ¢, =43 min),
HAHRAY 224 4 HPLC (K FR & 2 mL/min)
afifk, LI 58% CHEUEN, HEMEEY 5 (25 mg,
=21 min), Fr.D3.2.3.6.2 (420 mg) Z2F#%
HPLC (AR 2 mL/min) 4ifk, LI 55% 2 g0k
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B, SR EW 4 (23 mg, 1, = 22 min);
Fr.D3.2.3.3 (90 mg) 244 HPLC (AR &
2 mL/min) 4lifk, L 43% CHEGRNE, 153LEY 9
(3mg, tz=44 min), 18 (1.3 mg, iz =25 min) ,
19 (1.5 mg, t, =24 min), 20 (1.7 mg, t, =34
min) . Fr.D3.2.7 (1.7 g) %2kl HPLC ({AFfH
Jit 2 mL/min) 4lifk, DL 30% ~100% & Ji5 A6 B ik
i, Bk 12 (1.3 g, t,=55 min) , 13 (64
mg, t;=30.5 min), Fr.D3.2.4 (7.5 g) DA
Fge-HEE (1:1) EE5M, BRESRHE 1 g Bl
2Pl 4 HPLC (MRFHJE & 2 mL/min) 4ifk, DA
65% 2 NG YE L, 15 Fr.D3.2.4.1 ~ Fr.D3.2.4.2,
Fr.D3.2.4.1 (370 mg) 22l 4 HPLC (fARFUH
EZmL/min) é@ﬂc, LI 65% ﬁa@?ﬁ{ﬁﬂﬁ, 524k &
Y17 (68 mg, t, =26 min); Fr.D3.2.4.2 (120
mg) Z2# HPLC (AR E 2 mL/min) 4ifk,
Ph30% ~100% CJEREEEVERL, 15 21fkEW 14 (1.5
mg, ;=41 min), Fr.D3.2.6 (1.3 g) R o
HPLC (AR 2 mL/min) 4ifk, L) 65% &4k
fe, | B f& Y 15 (600 mg, 1, =22 min),
Fr.D3.2.6.1 (51 mg), Fr.D3.2.6.1 (51 mg) %
TLC 778, DLW BE-IE- (15 2 1) Y, 5
#MLEY 16 (3 mg),

Fr.D4 (4 ¢) bR, D& P k-H
i (50 :1~0:100) FREEVEME, W EE-CRE( -
1) 4G, HEMEEY 10, 11 (50 mg) , HARHS
A2 TLC K L4 JF, %) Fr. D4 1 ~ Fr. D4. 3,
Fr.D4. 1 (500 mg) £l 4 HPLC (AR & 2
mL/min) 4lifk, DL 75% CREWERL, S24k&9 7
(40 mg, 1, =16 min); Fr.D4.2 (1 g) Z2FHl4%
HPLC (fAFHIG & 2 mL/min) 4ifk, DL 72% H vk
B, S8 ka5 8 (120 mg, 1, = 28 min);
Fr.D4.3 (435 mg) 2244 HPLC (KRG & 2
mL/min) 4lifk, Ll 50% Z B, 53659 6
(6 mg, t,;=19 min), Pl HPLC Rl 35
210, 254 nm,
3 &ML TE

&% 1. 6@k %, HR-ESI-MS m/z.
239.192 8 [M+H]*,'"H-NMR (600 MHz, CD,0D)
8: 4.94 (1H, d, J = 1.1 Hz, H-15a), 4.73
(1H, d, J=1.1 Hz, H-15b), 3.63 (1H, t, J=
9.8 Hz, H-6), 3.34 (1H, dd, J=11.5, 4.7 Hz,
H-1), 2.27 (2H, overlapped, H-3a, 11), 2.05
(1H, td, J=13.6, 5.0 Hz, H-3b), 1.94 (1H,
3992

dt, J=12.7, 3.0 Hz, H-9a), 1.77 (1H, m, H-
2a), 1.72 (1H, d, J = 9.8 Hz, H-5), 1.55
( 2H, H-2b, 8a ), 1.24 ( 2H,
overlapped, H-7, 8b), 1.12 (1H, td, J=12.7,
2.8 Hz, H9b), 0.95 (3H, d, J=6.9 Hz, H-
12), 0.85 (3H, d, J=6.9 Hz, H-13), 0.68
(3H, s, H-14);*C-NMR (150 MHz, CD,0D) &:
146.7 (C-4), 108.9 (C-15), 79.8 (C-1), 68.0
(C-6)., 56.5 (C-5), 51.7 (C-7), 43.0 (C-10),
37.5 (C9), 36.4 (C-3), 32.8 (C-2), 26.9
(C-11), 21.7 (C-12), 19.3 (C-8), 16.3 (C-
13), 12.2 (C-14), VI EBIES3CHk [5] st
A3, WEER 1B, 6a-— 4 (15) -#%
I

L&Y 2. TEMIRY, HR-ESI-MS m/z:
259.163 5 [M+Na]*,'"H-NMR (600 MHz, CDCI,)
5:5.50 (1H, d, J=4.3 Hz, H-6), 4.01 (2H,
s, H-12), 2.82 (1H, ddd, J=14.6, 6.0, 3.5
Hz, H3a), 2.54 (1H, m, H-4a), 2.41 (1H,
m, H3b), 2.27 (2H, m, H-4b, 7). 2.07
(1H, m, H-10a), 1.79 (1H, m, H-9a), 1.64
(1H, m, H-8), 1.57 (1H, m, H-13), 1.35
(2H, m, H-9b, 10b), 1.26 (3H, s, H-11),
0.90 (6H, t, J=6.9 Hz, H-14, 15);" C-NMR
(150 MHz, CDCL,) &: 213.9 (C-2), 141.8 (C-
5), 131.1 (C-6), 67.2 (C-12), 59.0 (C-1),
56.2 (C-8), 51.6 (C-7), 40.1 (C-3), 34.6
(C-10), 33.0 (C-13), 27.2 (C-9), 25.1 (C-
4), 24.8 (C-11), 22.2 (C-14), 20.1 (C-15).
DLEEOE 5 3CHR [6] i deA —2, #%EN
(+) -aphanamol I,

&Y 3. w A AR Y, HR-ESI-MS m/z.
261.180 7 [M+Na]*.'"H-NMR (600 MHz, CDCI,)
5. 5.54 (1H, s, H4), 5.12 (1H, bit, J=7.0
Hz, H-10), 3.96 (2H, overlapped, H-1, 2),
2.00 (3H, overlapped, H-7, 9), 1.80 (3H, s,
H-15), 1.72 (1H, dt, J=14.4, 2.2 Hz, H-5),
1.68 (3H, s, H-12), 1.64 (1H, m, H6),
1.60 (3H, s, H-13), 1.44 (1H, &, J=12.7,
3.3 Hz, H-6), 1.32 (2H, overlapped, H-8),
0.82 (3H, d, J=6.7 Hz, H-14);*C-NMR (150
MHz, CDCl,) &. 136.9 (C-3), 131.5 (C-11),
130. 1 (C-4), 124.8 (C-10), 69.3 (C-1), 68.1
(C-2), 40.7 (C-6), 35.3 (C-8), 30.6 (C-7),

overlapped
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29.9 (C-5), 26.2 (C-9), 25.9 (C-12), 20.6
(C-15), 17.8 (C-13), 14.5 (C-14), D\ I %d
53k [7] WAEREA -2, WEER 1, 2-25
-3, 10-B 20k s .

k&Y 4. A H K, HR-ESI-MS m/z:
261.180 7 [M+Na]*,'"H-NMR (600 MHz, CDCI,)
8. 5.63 (1H, d, J=10.2, 2.6 Hz, H-1), 5.60
(1H, d, J=10.2 Hz, H-2), 5.07 (1H, m, H-
10), 3.77 (1H, dd, J=7.7, 3.1 Hz, H4),
.29 (1H, m, H-6), 2.02 (1H, m, H9),
.93 (1H, m, H9a), 1.80 (1H, m, H-5a),
.67 (3H, s, H-13), 1.67 (1H, m, H-5b),
.59 (3H, s, H-12), 1.57 (1H, m, H-7),
.38 (1H, m, H-8a), 1.29 (3H, s, H-15),
.20 (1H, m, H-8b), 0.86 (3H, d, J=6.9
Hz, H-14); “C-NMR ( 150 MHz, CDCl,) &:
131.9 (C-2), 133.1 (C-1), 131.6 (C-11),
124.6 (C-10), 73.5 (C-4), 70.9 (C-3), 36.8
(C-6), 36.4 (C-7), 34.4 (C-8), 27.6 (C-5),
26.0 (C-9), 25.9 (C-13), 23.8 (C-15), 17.8
(C-12), 16.3 (C-14), DI E®dsS53cHk [8] 4k
HEHAR—FL, SE R 3, 4-7 831, 10-%Z
ot 0

&Y 5. KA MAR Y, HR-ESI-MS m/z:
259.170 4 [M+Na]*,'"H-NMR (600 MHz, CDCI,)
5:9.35 (1H, s, H-15), 6.60 (1H, d, J=5.2
Hz, H-5), 3.49 (1H, dd, J=11.3, 3.9 Hz, H-
1), 2.97 (1H, dd, J=14.8, 6.2 Hz, H-3b),
2.24 (1H, dd, J=10.0, 5.6 Hz, H-6), 2.04
(1H, m, H-7), 1.92 (1H, m, H-8a), 1.75~
1.88 ( 3H, overlapped, H-9a, 3a, 2b), 1.62
(IH, m, H-11), 1.50 (2H, overlapped, H-8b,
9b), 1.25 (1H, s, H-2a), 0.89 (3H, d, J=
7.0 Hz, H-13), 0.88 (3H, d, J=7.0 Hz, H-
12), 0.73 (3H, s, H-14);"C-NMR (150 MHz,
CDCL) &: 193.3 (C-15), 159.8 (C-5), 143.8
(C-4), 83.4 (C-1), 50.4 (C-7), 50.1 (C-6),
49.5 (C-10), 39.6 (C-9), 32.3 (C-11), 29.0
(C-2), 25.0 (C-8), 21.7 (C-13), 19.6 (C-3),
19.5 (C-12), 13.5 (C-14), UL F %4 5 ik
[5] fEHEA -3, MUEEN la-FE R4 b
Jai-15-18%

k& W 6. A @K K, HR-ESI-MS m/z.
261.182 4 [ M+Na]*,'"H-NMR (600 MHz, DMSO-

— = = e = N

d,) 8: 5.35 (1H, d, J=4.4 Hz, H-3), 4.04
(1H, brs, H-15), 3.45 (1H, dd, J=9.7, 5.9
Hz, H-1), 2.17 (1H, m, H-2a), 2.11 (IH,
, H2b), 2.02 (1H, m, H-5), 1.81 (1H,
, H6a), 1.74 (1H, m, H-8a), 1.67 (1H,
, H-7), 1.60 (1H, m, H9a), 1.55 (1H,
, H-11), 1.50 (1H, m, H-6b), 1.43 (1H,
, HOb), 1.36 (1H, m, H-8b), 0.96 (3H,
s, H-14), 0.89 (6H, t, J = 6.2 Hz, H-12,
13);"” C-NMR (150 MHz, DMSO-d,) §&: 138.2
(C-4), 131.2 (C-3), 76.8 (C-1), 67.4 (C-
14), 56.0 (C-7), 51.5 (C-5), 46.4 (C-10),
39.8 (C-9), 33.2 (C-11), 28.1 (C-6), 27.4
(C-8), 25.2 (C-2), 22.3 (C-12), 20.0 (C-
13), 19.9 (C-15), DL ¥ 5cmk [9] il
AR—F, HEE N commiphorane 1,

k&Y 7. A @B K, HR-ESI-MS m/z:
571.299 1 [M+H]*,"H-NMR (600 MHz, CDCI,)
5. 6.87 (2H, d, J=1.1 Hz, H-7, 7"), 6.75
(2H, dd, J=8.0, 1.1 Hz, H-11, 11"), 6.72
(2H, d, J=8.0 Hz, H-10, 10"), 6.36 (2H, d,
J=15.9 Hz, H-5, 5"), 6.11 (2H, dd, J=15.9,
7.6 Hz, H-4, 4"), 5.94 (4H, s, -OCH,0-),
3.68 (2H, m, H-5'a, 5"a), 3.66 (2H, m, H-
2, 2", 3.35~3.53 (6H, m, H-1", 1", 5'b, 5"
b), 1.34 ~ 1.63 ( 12H, overlapped, H-2' ~ 4',
2"~4") ;" C-NMR (150 MHz, CDCl,) &: 170.5
(C-1, 1"), 148.1 (C-8, 8"), 147.2 (C-9, 9"),
131.5 (C-6, 6"), 131.2 (C-5, 5"), 128.7 (C-
4, 4"y, 121.1 ( C-11, 117), 108.4 ( C-10,
10"y, 105.6 ( C-7, 7"), 101.0 (-OCH,0-),
46.8 (C-1', 1"), 46.3 (C-3, 3"), 43.3 (C-5',
5"y 42.1 (C-2, 2"), 27.0 (C-2", 2"), 25.8
(C-4", 4"y, 24.6 (C-3", 3"), I %5 3ok
[10] B FEA S, Hosw BN EER R,

&Y 8. JC kY, HR-ESI-MS m/z.
571.283 9 [M+H]",'"H-NMR (600 MHz, CDCI,)
5: 6.74 (2H, d, J=8.0 Hz, H-10, 10"), 6.72
(2H, d, J=1.2 Hz, H-7, 7"), 6.67 (2H, d,
J=8.0, 1.2 Hz, H-11, 11”), 6.61 (2H, dd,
J=15.2, 8.0 Hz, H-3, 3"), 6.11 (2H, dd, J=
15.2 Hz, H-2, 2"), 5.92 (4H, brs, -OCH,0-),
3.80 (2H, m, H-5, 5"), 3.73 (2H, m, H-4,
4"y, 3.36 (8H, brs, H-1', 1", 5", 5"), 1.59
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(4H, brs, H-3', 3"), 1.47 (8H, brs, H-2',

2", 4", 4");"® C-NMR (150 MHz, CDCl,) &:
165.4 (C-1, 1”), 147.9 (C-8, 8"), 146.3 (C-
9, 9"), 143.8 (C-3, 3"), 133.6 (C-6, 6"),

122.2 (C-=2, 27), 121.0 (C-11, 117), 108.4
( C7, 77, 108.3 ( C-10, 10"), 101.1
(-OCH,0-), 47.1 (C-1', 1), 46.6 (C-5, 5"),

45.3 (C-4, 4"), 43.2 (C-5', 5"), 26.5 (C-2',
2"Y, 25.7 (C-4', 4"y, 24.7 (C-3', 3"), U I
s 550wk [10] Ml SEA — 2, W e WG
RO N e A

fE& Y 9. TGk, HR-ESI-MS m/z;
199.134 9 [M+H]",'"H-NMR (600 MHz, CDCI,)
5: 1.97 (1H, m, H-6a), 1.94 (3H, s, H-12),
1.82 (3H, s, H-11), 1.75 (1H, m, H-6b),
1.22~1.34 (6H, m, H-7~9), 0.87 (3H, t,
J=6.9 Hz, H-10);"” C-NMR (150 MHz, CDCI,)
5: 172.0 (C-2), 157.8 (C-4), 125.5 (C-3),
107.0 (C-5), 36.1 (C-6), 31.7 (C-7), 22.7
(C-8), 22.6 (C9), 14.1 (C-10), 10.6 (C-
12), 8.4 (C-11), VI FEISCHk [11] sk
AR—F, WS RIS AR IR

Ew 10, 11, e [HE-CB (1
1) ], % &5 148 ~ 151 °C, HR-ESI-MS m/z:
150.030 0 [M+H]*,"H-NMR (600 MHz, DMSO-
d,) 8: 7.84 (1H, brs, -NH), 5.70 (1H, d,
J=4.1Hz, -OH), 4.01 (1H, d, J=5.5 Hz, H-
3), 3.93 (1H, m, H-4), 3.23 (1H, m, H-
6a), 3.10 (1H, m, H-6b), 2.00 (1H, m, H-
5a), 1.69 (1H, m, H-5b);"“C-NMR (150 MHz,
DMSO-d,) 6: 166.0 (C-2), 69.2 (C-4), 58.6
(C-3), 36.8 (C-6), 25.9 (C-5), DL E¥#E5C
BRO[12] HoEEA -3, BEEhEw 10, 114
3G 2-URIERR, X B RATET (E 1) &
N, Bk 2 Ak AW — X AN e, B3 mg
ZFMAESE, DIECKE-SFINEE (80 : 20) Ve,
P8 10 (1 mg, t,=12 min) . 11 (1 mg, t,=
14 min) , ECD YGi LK 2, H4h, MEY hAM
WA, (ol 251027 (c=0.1, HEE), 21 (c=

1, W), XL 53500 R 3R-54-4S-¥5 Hk-2-k

WERR | 3S-GH-4R-FEFE-2-WRIER, VLI 3,

&% 12, A 4 ¥ K, HR-ESI-MS m/z.
384.251 8 [M+H]*,"H-NMR (600 MHz, CDCI,)
8. 7.19 (1H, dd, J =15.0, 10.4 Hz, H-3),

3994

E1 &Y 10~11 5 X 5% B RITHEN
Fig.1 X-ray single crystal diffraction structure of

compounds 10-11

181 —— SR MHECD of 10
151 - - P BHECD of (3RAS)
—SZIAHECD of 11

— 121 - - -TFEEECD of (3S4R)
g o]
4
2 61
ERER

0<

340

_6-
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K /nm

2 kA% 10~11 # ECD 3tif
Fig.2 ECD spectra for compounds 10-11

['l\a

3 k&YW 10~11 BEITHE
Fig.3 Absolute configurations of compounds 10-11

QI

6.89 (1H, s, H-2"), 6.74 (2H, m, H-5', 6'),
6.27 (1H, d, J=15.7 Hz, H-13), 6.12 (1H,
m, H-4), 6.04 (2H, overlapped, H-5, 12),
5.93 (2H, s, -OCH,0-), 5.74 (1H, d, J =
15.0 Hz, H-2), 5.53 (1H, brs, -NH), 3.16
(2H, t, J=6.4 Hz, H-1"), 2.12 ~2.18 (4H,
m, H-6, 11), 1.79 (1H, m, H-2"), 1.38 ~
1.47 (4H, m, H-7, 10), 1.27~1.36 (4H, m,
H-8, 9), 0.92 (6H, d, J = 6.7 Hz, H-3",
4") ;" C-NMR (150 MHz, CDCl,) &: 166.5 (C-
1), 148.0 (C-4"), 146.6 (C-3"), 143.3 (C-
3), 141.4 (C-12), 132.6 (C-1"), 129.5 (C-
4), 129.4 (C-5), 128.4 (C-13), 121.9 (C-2),
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120.3 (C-6'), 108.3 ( C-5'), 105.5 ( C-2'),
101.0 (-OCH,0-), 47.0 ( C-1"), 33.0 ( C-6,
11), 29.5 (C-10), 29.1 (C-7), 28.8 (C-8, 9,
2"y, 20.2 (C-3", 4"y, Dl EHdES Sk [13] R
A3, W S LA S RO

k&% 13. & @ h ok, HR-ESI-MS m/z.
358.234 7 [M+H]",'"H-NMR (600 MHz, CDCI,)
8: 6.89 (1H, d, J=1.4 Hz, H-13), 6.83 (1H,
dt, J=15.4, 7.0 Hz, H-3), 6.75 (1H, dd, J=
7.9, 1.4 Hz, H-17), 6.73 (1H, d, J=7.9 Hz,
H-16), 6.28 (1H, d, J=15.7 Hz, H-11), 6.03
(1H, dt, J=15.7, 7.0 Hz, H-10), 5.93 (2H,
s, -OCH,0-), 5.74 (1H, dt, J=15.4, 1.4 Hz,
H-2), 5.46 (1H, brs, -NH), 3.14 (2H, t, J=
6.7 Hz, H-1"), 2.13~2.19 (4H, m, H-4, 9),
1.79 (1H, m, H-2'), 1.40 ~ 1.47 (4H, m,
H-5~8), 1.29~1.35 (4H, m, H-5~8), 0.92
(6H, d, J=6.7 Hz, H-3", 4');® C-NMR (150
MHz, CDCl,) &8: 166.2 (C-1), 148.0 (C-14),
146.7 (C-15), 144.7 (C-3), 132.5 (C-12),
129.5 (C-10), 129.4 (C-11), 123.7 (C-2),
120.3 (C-17), 108.3 (C-16), 105.5 (C-13),
101.0 (C-18), 46.9 (C-1'), 33.0 (C-9), 32.1
(C-4), 29.4 (C-8), 29.2 (C-7), 29.0 (C-6),
28.3 (C-5), 28.7 (C-2"), 20.3 (C-3', 4"), U
FEIESSCER [14] HERAR -2, s oI
BEZENTERE D,

b &% 14. F @8 K, HR-ESI-MS m/z.
224.199 9 [M+H]*,"H-NMR (600 MHz, CDCI,)
8: 7.19 (1H, dd, J = 14.6, 10.5 Hz, H-3),
6.03~6.16 (2H, m, H-4, 5), 5.75 (1H, d,
J=14.6 Hz, H-2), 5.49 (1H, brs, -NH), 3.16
(2H, t, J=6.2 Hz, H-1'), 2.14 (2H, m, H-
6), 1.79 (1H, m, H-2'), 1.34 (6H, m, H-7~
9), 0.92 (6H, d, J=6.6 Hz, H-3", 4'), 0.88
(3H, t, J=6.6 Hz, H-10);"°C-NMR (150 MHz,
CDCl,) 6: 166.5 (C-1), 143.5 (C-5), 141.5
(C-3), 128.3 (C-4), 121.8 (C-2), 47.0 (C-
1'), 33.1 (C-6), 31.5 (C-8), 28.8 (C-2"),
28.6 (C-7), 22.6 (C-9), 20.3 (C-3', 4),
14.1 (C-10), DA L& Sk [15] iEEEA—
B, WO E R R,

b &% 15. A @8 K, HR-ESI-MS m/z.
330.210 7 [M+H]*,"H-NMR (600 MHz, CDCI,)

5. 6.88 (1H, s, H-2'), 6.81 (1H, m, H-3),
6.72 (2H, overlapped, H-5", 6"), 6.26 ( 1H,
d, J=15.0 Hz, H9), 6.00 (1H, m, H-8),
5.91 (2H, s, -OCH,0-), 5.75 (1H, d, J =
15.0 Hz, H-2), 5.65 (1H, brs, -NH), 3.16
(2H, t, J = 6.3 Hz, H-1"), 2.17 ( 4H,
overlapped, H-4, 7), 1.47 (4H, overlapped, H-
5,6), 1.78 (1H, m, H-2"), 0.90 (6H, d,
J= 6.7 Hz, H-3", 4");" C-NMR ( 150 MHz,
CDCly) &: 166.4 (C-1), 148.0 (C-3"), 146.7
(C-4"), 144.8 (C-3), 132.4 (C-1"), 129.7 (C-
8), 128.9 (C-9), 123.7 (C-2), 120.3 (C-6"),
108.3 (C-5"), 105.4 (C-2'), 101.0(-OCH,0-),
47.0 (C-1"), 32.8 (C-4), 32.0 (C-7), 29.0
(C-6), 28.7 (C-2"), 27.8 (C-5), 20.2 (C-3",
4"y o VA EEOE S SCER [16-17] il A —3%, ik
YT N BREE 2 C.

&Y 16. F @K K, HR-ESI-MS m/z:
328.1934 [M+H]",'"H-NMR (600 MHz, CDCI,)
8: 7.19 (1H, dd, J = 14.9, 10.6 Hz, H-3),
6.88 (1H, d, J=1.3 Hz, H-2"), 6.74 (2H, m,
H-5', 6'), 6.30 (1H, d, J=15.6 Hz, H-9),
6.16 (1H, dd, J=14.9, 10.6 Hz, H-4), 6.10
(1H, m, H-5), 6.01 (1H, m, H-8), 5.93
(2H, s, -OCH,0-), 5.76 (1H, d, J=14.9 Hz,
H-2), 5.50 (1H, brs, -NH), 3.16 (2H, t, J=
6.5 Hz, H-1"), 2.30 (2H, d, J=3.0 Hz, H-6),
2.31 (2H, d, J=3.0 Hz, H-7), 1.79 (1H, m,
H-2"), 0.92 (6H, d, J=6.7 Hz, H-3", 4");"C-
NMR (150 MHz, CDCl,) &: 166.5 (C-1), 148.1
(C-3"), 146.8 (C-4"), 142.2 (C-3), 142.0 (C-
5), 132.2 (C-1"), 130.3 (C-9), 128.9 (C-4),
127.8 (C-8), 122.2 (C-2), 120.5 ( C-6"),
108.4 ( C-5'), 105.5 ( C-2'), 10..1 (-
OCH,0-), 42.7 (C-1"), 32.3 (C-7), 33.0 (C-
6), 28.7 (C-2"), 20.3 (C-3", 4", VI FEIES
SCHR [16-17 ] HRIEEEA—F, HE e e 2 Tk
e A,

k&% 17. 168 K, HR-ESI-MS m/z.
276.160 5 [M+H]*,"H-NMR (600 MHz, CDCI,)
5. 6.84 (1H, m, H-3), 6.72 (I1H, d, J=7.8
Hz, H-5'), 6.66 (1H, d, J=1.7 Hz, H-2'),
6.62 (1H, dd, J=7.8, 1.7 Hz, H-6'), 5.92
(2H, s, -OCH,0-), 5.77 (1H, dt, J = 15.2,

3995
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1.3 Hz, H-2), 5.50 (1H, brs, -NH), 3.14
(2H, t, J=6.4 Hz, H-1"), 2.68 (2H, t, J=
7.7 Hz, H-5), 2.44 (2H, m, H-4), 1.79 (1H,
m, H-2"), 0.92 (6H, d, J = 6.7 Hz, H-3",
4"y;®C-NMR (150 MHz, CDCl,) &: 166.0 (C-
1), 147.7 (C-3'), 145.9 (C-4"), 143.5 (C-
3), 135.0 (C-1"), 124.4 (C-2), 121.3 (C-
6'), 108.9 ( C-5'), 108.3 ( C-2"), 100.9 (-
OCH,0-), 47.0 (C-1"), 34.5 (C-5), 34.2 (C-
4), 28.7 (C-2"), 20.3 (C-3", 4", VL ¥R
SCHk (18] il FEA —F, M o A BER W
TR

ft &% 18. A @ # A&, HR-ESI-MS m/z:
248.130 2 [M+H]",'H-NMR (600 MHz, CDCI,)
8: 7.54 (1H, d, J=15.6 Hz, H-3), 7.00 (1H,
d, J=1.4 Hz, H-2"), 6.98 (1H, dd, J=7.9,
1.4 Hz, H-6'), 6.79 (1H, d, J=7.9 Hz, H-
5'), 6.22 (1H, d, J=15.6 Hz, H-2), 5.97
( 2H, s, -OCH,0-), 5.63 ( 1H, brs, -NH-),
3.21 (2H, t, J=6.6 Hz, H-1"), 1.84 (1H, m,
H-2"), 0.95 (6H, d, J=6.6 Hz, H-3", 4");"C-
NMR (150 MHz, CDCl,) &: 166.2 (C-1), 149.1
(C-4"), 148.3 (C-3"), 140.8 (C-3), 129.4 (C-
1), 124.0 (C-6"), 118.9 (C-2), 108.7 (C-
5'), 106.4 ( C-2'), 101.3 (-OCH,0-), 47.2
(C-1"), 28.8 (C-2"), 20.3 (C-3", 4", LI L%
P55 Sk [19] el A — 2, Bk o
P fz

&% 19: A @8 K, HR-ESI-MS m/z:
248.123 7 [M+H]*,"H-NMR (600 MHz, CDCI,)
8: 7.10 (1H, d, J=1.6 Hz, H-2'), 6.93 (1H,
dd, J=8.0, 1.6 Hz, H-6'), 6.77 (1H, d, J=
8.0 Hz, H-5"), 6.63 (1H, d, J=12.5 Hz, H-
3), 5.96 (2H, s, -OCH,0-), 5.88 ( IH, d,
J=12.5 Hz, H-2), 5.57 (1H, brs, -NH), 3.09
(2H, t, J=6.7 Hz, H-1"), 1.72 (1H, m, H-
2"y, 0.84 (6H, d, J=6.8 Hz, H-3", 4");"C-
NMR (150 MHz, CDCly) &: 167.3 (C-1), 148.1
(C-4"), 147.8 (C-3"), 136.1 (C-3), 129.2 (C-
1), 124.0 (C-2), 123.6 (C-6'), 109.3 (C-
2'), 108.3 ( C-5'), 101.4 (-OCH,0-), 47.0
(C-1"), 28.4 (C-2"), 20.3 (C-3", C-4"), VI L
B 530k [19] M EEA -3, B b X
AEREN
3996

&% 20, A © 8K, HR-ESI-MS m/z:
204.138 9 [M+H]*,"H-NMR (600 MHz, CDCI,)
8: 7.63 (1H, d, J=15.9 Hz, H-3), 7.50 (2H,
dd, J=7.8, 1.8 Hz, H-2', 6'), 7.32 ~7.38
(3H, m, H-3'~5"), 6.40 (1H, d, J=15.6 Hz,
H-2), 5.66 (1H, brs, -NH), 3.23 (2H, t, J=
6.7 Hz, H-1"), 1.8 (1H, m, H-2"), 0.96
(6H, d, J=6.7 Hz, H-3", 4");” C-NMR (150
MHz, CDCl,) &: 166.0 (C-1), 141.1 (C-3),
135.0 (C-2), 130.0 (C-1'), 128.0 (C-2', 6"),
120.9 (C-4'), 109.0 (C-3', 5'), 47.2 (C-1"),
28.8 (C-2"), 20.3 (C-3", 4"y, LI F%c¥s 530k
[20] #RBREA -, MEEHN (2E-N2-FT
B 3-HEEE 1-2- TN I
4 mPpEEEAR

OB K0 (0 0 BE SGCT7901 20 M, A T
L= N 6x10°/mL, #EFTF 96 fL, &L
100 pL, AAEINGREES KRR 24 h, FEfiog 2 RE R,
LAY A 100 wL 50 pmol/L AR W, 25 H
STHRZHANA 100 wL 2 DMSO 25 538, BHME X}
HRALIMA 10 wmol/L fR 7T, 40 T 15 5240
HiEEE 48 h, #OE, AFLINA 10 L MTT, FREF
LIRFATTEE 4 h, WO BIEW, AFLINA 100 pL
DMSO %l &, 2K F¥¥% 10 min, 7F 490 nm
PARALME R (OD), B 3K, T HEAH
R v 4k 2k 2 1C,, 8, [k & A
50, 25, 12.5, 6.25, 3.125 wmol/L #H I ¥ ¥k %%
100 pL, HAHBE S ME, EEZ 3K, 4558, ik
A8, 12~13, 15~16 FIH —E BTG PE
Horh 13, 15~16 1C, 510 (3.88+0.62) .
(24.51+3.59) . (12.34%1.12) pmol/L, T FHPE
IR 1C, MR (4.34£0.35) wmol/L,

5 Wit 54ie

ARSI % BE KA 2 LA HEAT AR SY, AL 95%
SR ) — P e A b 43 5 45 ) 20 Mk
G, 5~11 F120 AR Mz R, Hr,
G 8., 9 MM — RIKLEW; 10, 11 B
WMZAEY 513 & A G, BARTFSE B o0
Wi 52 PR IE e e X T, 8. 12, 13, 15,
16 FEREMH SGC7901 AN dhsE . ke REF
TYERARZE AR, A W2 b 280 T R i
BT, R — R IR TS, X
HRWMAL G A TIRAISR

FEMR: HAGFEH FRNREGEAZY R,
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