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FEEE: S5 S H) IEARTE AT )2 M7 . Sephadex LH-20 4 5 M it AT (035 LA 2 2 1l 2 BUOBUM (i S5 H0R, X 22 =i
Bl [Ferula feruloides (Steudel) Korovin] R 80% £ BEHE MUY 1) 418 L BERALIEAT 7 B 4lifh, 133 11 /MEE ), FiZH
AR L7575 (NMRIMS.UV.IR) %810 &Y 4514, 43 7)) % 78 N baigene D (1) baigene E (2).baigene F (3)+
f -kirialovin (4). a-kirialovin (5). falcarindiol (6). ammoresinol (7). dshamirone (8). 2, 3-dihydro-7-hydroxy-25*, 3R* -
dimethyl-3- [4-methyl-5- (4-methy1-2-furyl) -3(E) -pentenyl] -furo[3, 2-c]coumarin (9). 2, 3-dihydro-7-hydroxy-25*, 3R* -
dimethyl-2-[4,8-dimethyl-3(E),7-nonadi-enyl]-furo[3,2-c]Jcoumarin (10) 1 baigene C (11). HH L EM1~3 N &
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Studies on the chemical composition of Ferula feruloides
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Abstract: Eleven compounds were isolated and purified from the ethyl acetate part of 80% ethanol extract of
Ferula feruloides root by a combination of normal-phase silica gel column chromatography, Sephadex LH-20 dextran
gel column chromatography and semi-preparative liquid chromatography and then modern wave spectrometry
methods (NMR, MS, UV, IR) were used to identify the structures of the compounds, which were identified as
baigene D (1), baigene E (2), baigene F (3), f-kirialovin (4), a-kirialovin (5), falcarindiol (6), ammoresinol (7),
dshamirone (8), 2,3-dihydro-7-hydroxy-25*,3R* -dimethyl-3- [4-methyl-5- (4-methy 1-2-furyl) -3(E) -pentenyl] -furo
[3,2-c]coumarin (9), 2,3-dihydro-7-hydroxy-2S*, 3R* -dimethyl-2- [4, 8-dimethyl-3(E), 7-nonadi-enyl] -furo[3, 2-c]
coumarin (10), and baigene C (11). Compounds 1-3 are new coumarin analogues, and compounds 4-6 are firstly
isolated from F. feruloides. The anti-proliferative activity of compounds 5, 711 against human gastric cancer
(MKN-45) cells was evaluated using MTT assay, which showed that compounds 7-11 exhibited strong inhibitory
activity, and compound 5 exhibited weak inhibitory activity.
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K[ B J& Ferula L. HHY) /2 3 J& T <= ¥ | Apiaceae
M2 AR, BRIk R k. W8 REDERAH
150 A, [ &b 3= 255 A1 £ B0 L IS AR 38 LB & T L ff
B AR AL ER AN R R S A . R EA 26 B, 3B
AT EE . B SRR A 0 2 F A D AR A D
B, BT CHE AP, 7[5 MR 6 & IR FE 24
AJE g Je 245 3t b, W] T AR R R AR AR L bk
IR AR DRI R VR T A ST 4 L B R A R K
1E R AIE R 2 R B 4 52 0e S5 D BRI 2 A8
e 2B BRAE Dy SE R B0 B ARSI A T R
8], AEAL 7 B BT AN RN, H RTOF R W, 2 <[]
BRHIHR AR LLA i~ SR A S AL B A5 F k- (i
KA EMNT, BA DAY HURE HUM R AR d
SRR . WL, A B 2 B B AL B HEAT R
Gewt 78, LAIHTZ 0 22 <) BN 88 K BEAE AL 52 10 O
T AR 22 5, 9o 9B ) ) 2 B U 5 A B E AR RO T R S
MM B8 He At o AT IR IEARE AL Z 4T 2 1) %
TUBAH (5 55 73 B HOR LA S NMR \MS UV . IR % BLAR
P 27T 0 N2 = R BRAR S o B S 11 A AL
EW, 77 9 % 8 N baigene D (1) baigene E (2).baigene
F (3).p-kirialovin (4). a-kirialovin (5). falcarindiol (6)-
ammoresinol (7). dshamirone (8). 2, 3-dihydro-7-
hydroxy-25*, 3R* -dimethyl-3- [4-methyl-5- (4-methy1-2-
furyl)-3(E)-pentenyl]-furo[3,2-c]coumarin (9)-2,3-dihy-
dro-7-hydroxy-25*, 3R* -dimethyl-2- [4, 8-dimethyl-3(F),
7-nonadi-enyl] -furo[3, 2-c]Jcoumarin (10) A baigene C
(1), SREW, EM1I~-3AHHEZREMED,
BP0 4~6 91 IR Z =B 88 th 73 B 45 21, 45 1
T,

FER5118
1 H#HMEE

&P AR [a]f 80° (¢ 0.5, MeOH); UV
JMOH (nm): 225, 315; HR-ESI-MS [M+H]" m/z 395.185 3,
WAy 708 C, 1,0, AEFIEE N 12, 'H NMR
(E D) BT ERINEREAE T [6,6.74 (1H, d, J =
1.8 Hz, H-6), d,, 6.80 (1H, dd, J = 8.6, 1.8 Hz, H-8), d,,
7.53 (1H, d, J = 8.6 Hz, H-9)], 3 M & M5 5 [0, 5.11
(1H, t, J = 7.3 Hz, H-3"), 6, 5.81 (1H, s, H-7"), §,, 7.04
(1H, s, H-9], I MERRFREEA(E S [0, 4.67 (1H, q,
J=6.8 Hz H-2)], 3 M H HEZ {55 [J,2.03 (1H, m H-
2'a), §, 1.92 (1H, m H-2'b), J,, 1.67 (2H, t, J = 8.1 Hz, H-
1), 8, 3.09 (2H, m, H-5")], 4 ™ H A5 5 [0, 1.55
(3H, d, J = 6.8 Hz, 2-Me), J,, 1.41 (3H, s, 3-Me), J,, 1.41
(3H, s, 4'-Me), J,, 1.93 (3H, d, J = 1.5 Hz, 8'-Me)].
“C NMR F1DEPT (3 2) &R H 24 M55 B FE4
AR 3 PR L7 AN BUBR AL 10 AN 20k S B SCRRT R
DAL G0 1 I REZ A 3,4-PR I 3 B 2, HALA W 1A
AL A P9 T UM F, UV IR ABALL, A STk s
&9 R FRF Y 3R XA E Y
f’7'"H NMR #1°C NMR X 5] 7£ T C-2 (1:6,, 4.67, 6,
94.5; 9: 6, 4.95, 6. 91.2), C-1' (1:6,, 1.67, 6. 35.7; 9: 6,
1.67, 1.87, . 39.0), 2-Me (1: d, 1.55, 6. 14.1; 9: 4,
1.45, 6. 15.9), 3-Me (1: J,, 1.41, §. 24.0; 9: J,, 1.26, J,
19.9). 7£ HMBC K% (K&l 3) # H-2'5 C-3, H-2/H-3-
Me 5 C-1" M %155, H-5'5 C-7', H-8'-Me 5 C-7'/C-
8'/C-9H KT T, HULHEWTHH 3, 4- KU F TR S
3- F BRI I — A S A SR AR E, AL G 1 F9 B
A E R 40, 25 BRI S 1 RS 91

Structures of compounds 1-11

Figure 1
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C-2 f1 C-3 FEA AR AERT L A . S TR E 1
[ FR X6 ST A A AL, ROESY B i 7R H-2 5 3-Me #2%,
2-Me 5 H-1"#11€, i =& H-2 Al 3-Me i T [ — 1], 2-Me
5 C-1"f67F A —1fl; H-3'5 H-5"77 7 NOE #H 2%, i € C-
3K C-4' 4 U R E R, 48 1 52 AL A 0 AR X6
SRR . 3 ECD ST VER E A 1 I 4] 1)
A, T 5K H Gaussian16 80C1FE 58 1%, A0 4044 B R4 3l 45
FKAHHCRH B3LYP/6-311G (d) HIZmlit 5. e e
fith b, 7| il (ECD) K H PBE0/def2-TZVP 2
S8, I R PR Y SMID AR L 2 & MeOH ¥ ¥ (1)
WL . 15 )5, 12 H SpecDis #4445 B B /R 24 = P
BJECD G o Jf i P8 S5 6 i A 5 ECD i
(B12), UESEAL &Y 1 I 4axt fg 8 0 28, 38 Hitk, &
W04 0T ST AR 45 K R 5 , FE A 44 O baigene D

Exptl.ECD of 1
Calcd.ECD of 2R,3R
4 Caled.ECD of 28,35

CD (mdeg)
(=]
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Figure 2 Experimental and calculated ECD spectra of compound

1

&2 FAAIR; [a]f 0° (c 0.5, MeOH); UV
AMOH (nm): 225, 315; HR-ESI-MS [M+H]" m/z 399.216 4,
M L 437 208 €, H, 0., ARIE N 10, 48 3E
o AIE PR WA A AR BRI WU (1 636 o) Bk R I AT U
(1 709 em™) LA S Wk W BA 5 5 25 5] kD F X005 TR g Ui
(1612 cm™), H LA P Ak f KRS 75 & 7-OH &
FRFFIE R MR USHRAE, 45 A LAY 2 I NMR B i
Bl (R 1.2), RILE C A&7 10 BA H R 8242,
LA & 10, (&9 2 78 C-7 4 TR 1A BRI IR AE
5 (6. 217.0), C-8"4b Bon 1 MR H RIS 5 (0. 41.8),

Figure 3 Key 'H-'H COSY and HMBC of compounds 1-3

T AL 10 KX B2 AR SR 2 AN AE 5 . Rt —
Y (B 3) BIE AL A 2 16 BEAZ S M 1 3% 482 77 =X,
ok e AR5 . % TA G 2 AR
SLARK AL, ROESY i 278 H-3 5 H-1'H2K, 2-Me 5
3-Me A 3¢, i %€ 2-Me I 3-Me fiz. T [@ —1I], H-3 F1 C-1’
AT [A — s H-3"5 H-5"#77E NOE 5%, #i & C-3'H1 C-
4R RUEE N E R B, &5 1 s A A ) TR AR S ST AR
A GG EAR /N, HENZ AL ST ge R b
TH A, AHH BT TS A IR TR AR A, ok
fff e S A SRR B . g b I HS Ak A 2 R R
SLAKZERE, I A 44 4 baigene E.o

&3 AR, [a]? -4° (¢ 0.5, MeOH); UV
JMOH (nm): 225, 315; HR-ESI-MS [M+H]" m/z 399.216 7,
HEM I 57 0N C, H,,0,, AEFIE N 10, LEPI3 5
FRMDEEY2 5+ AHE, H UV AR L.
i HSQC, HMBC, 'H-'H COSY & i (/& 3) H#E Wik &
Y3 A2 RAGMFER P . RS 32 m
'H NMR #1"°C NMR %4, X (& 1.2) HAAFAE T
C-3, C-1', C-2-Me, C-3-Me, % L FIWitb 5913 2 &
W2 7F C-2 F1 C-3 F-4 v Ab 1A Al tof B S5 ¥ 4, i ot AT
DA 8 A E DRI S50 o 8 TG4 3 IAH X 37
& #) 8, ROESY B i & 78 H-3 5 2-Me A 5% VH-1' Al
3-Me M %A 5, #i5E€ H-3 5 2-Me A T[] —fil] .3-Me
5 C-1'41 T [F —M; H-3"5 H-5"4% £ NOE A 2%, i &
C-3'FI C-4" b (P XUEE A E R 8, AR SEAG A4 3 ik
G2 RS AR . £F A e AL A D R X ST
R B . ZAE VTG AR /N, HEMZ AL & W P Rk
S A, A8 B AT 5T 2 A IR kB R4, T
B e ST AR R . g b I AL A 3 B
X SLARZE R, FAir 44 4 baigene Fo
2 GEMIEMN

KA MTT S &9 5. 7~11 (1 A 5 9 40 i
(MKN-45) 3 58 3 1) v PE AT VP4 . 45 R, L&
W07~ 11 35 3 T A5 R 40 ) 3, G 28 43 Bl Ay
97.93% + 0.31%. 88.78% + 3.21%. 84.36% + 1.82%.
91.30% + 2.64%-91.66% + 1.50%; tb &4 5 % It &
55 S GEAM IS 1, AN H1 28 29.09% + 3.96%.
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Table 1 'H NMR data of compounds 1-3 (600 MHz, CD,0OD)

No. 1

2

3

4.67(q,J=6.8 Hz)

3
3a
4
Sa
6 6.74 (d,J= 1.8 Hz)
7
8 6.80 (dd, J= 8.6, 1.8 Hz)
9 7.53 (d,J=8.6 Hz)
9a
9b
I 1.67 (t,J= 8.1 Hz)
2’ 2.03 (m), 1.92 (m)
3 5.11(t,J=7.3 Hz)
&
5 3.07 (d,J=15.6 Hz)
3.12(d,J=15.6 Hz)
6
7 5.81(s)
g
9’ 7.04 (s)
2Me 1.55(d, J= 6.8 Hz)
3Me 1.41 (s)
4'Me 1.41 (s)
8'Me 1.93 (d,J=1.5Hz)

3.24(q,J = 7.0 Hz)

6.74 (d, J=2.3 Hz)

6.80 (dd, J = 8.6, 2.3 Hz)
7.50 (d, J = 8.6 Hz)

1.81 (t,J= 7.6 Hz)

2.14 (t,J="17.6 Hz)
5.14 (tq, J= 7.6, 1.4 Hz)

2.14 (t,J= 7.6 Hz)

2.53 (t,J=7.6 Hz)

2.62 (p,J=17.0 Hz)
1.04 (d, J= 7.0 Hz)
1.46 (s)

1.27 (d,J="7.0 Hz)
1.56 (d, J= 1.4 Hz)
1.04 (d, J = 7.0 Hz)

3.17(q,J = 7.0 Hz)

6.74 (d, J=2.3 Hz)

6.81 (dd, J=8.7,2.3 Hz)
7.52(d, J=8.7 Hz)

1.88 (ddd, J = 14.0, 10.7, 5.5 Hz)
1.74 (ddd, J = 14.0, 10.7, 5.5 Hz)

2.24 (m)
5.22 (tq, J= 7.6, 1.4 Hz)

2.23(t,J=17.6 Hz)

2.61 (t,J=17.6 Hz)

2.66 (p, J = 7.0 Hz)
1.06 (d, J= 7.0 Hz)
1.50 (s)

1.25(d, J=7.0 Hz)
1.65 (d, J= 1.4 Hz)
1.06 (d, J = 7.0 Hz)

Table 2 ""C NMR date of compounds 1-3 (150 MHz, CD,OD)

No. 1 2 3
94.5 98.3 97.8
3 47.8 43.0 453
3a 106.6 103.9 103.5
4 163.2 163.6 163.7
Sa 158.3 158.2 158.2
6 103.4 103.5 103.5
7 163.7 163.7 163.6
8 114.4 114.4 114.4
125.2 125.2 125.1
9a 106.1 106.1 106.3
9b 168.6 167.4 167.2
1 35.7 42.6 36.1
2' 25.1 232 23.8
3’ 127.5 125.2 125.2
4 133.1 135.7 135.8
5’ 39.2 345 34.6
6’ 155.4 39.9 40.0
7 109.7 217.0 217.0
8’ 121.7 41.8 41.8
9 138.8 18.6 18.6
2Me 14.1 20.9 255
3Me 24.0 14.4 13.8
4'Me 15.9 16.0 16.0
8'Me 9.8 18.6 18.6

3 N

B Fx % BT B 00 2B 2 W M Rt AT T 4
Haik, € T 11 MMEE Y baigene D (1) baigene E

(2). baigene F (3). f -kirialovin (4). « -kirialovin (5).
falcarindiol (6). ammoresinol (7). dshamirone (8). 2, 3-
dihydro-7-hydroxy-25*,3R* -dimethyl-3-[4-methyl-5- (4-
methy1-2-furyl) -3(F) -pentenyl] -furo[3, 2-c]coumarin
(9)- 2, 3-dihydro-7-hydroxy-25*, 3R* -dimethyl-2- [4, 8-
dimethyl-3(£), 7-nonadi-enyl] -furo[3, 2-c]coumarin (10),
baigene C (11). [FIBF A 7 A5 9 5.7~ 11 [ #
MKN-45 41 fg i 84 5 v Pk . &5 R E W, (& 1~3
N A R ENEY, EY)4~6 N E KN Z =]
Wb AR EERIRY, LAY T~ BRI
HH AT BRI T A, A S 5 AR I H B A ) 3 1

Z B SR A B B UM 2 . AR
W Abof Ho AR 2 B oy A2 AR F B AT T FSE, SRR T
FUTRRAE T R 55, AELX FE B0 e 245 2500 Jo itk e Lol
I RGIRADITCR AL o ABFFAE —ERRE LRk T
2 <=5 1K) 24 28000 o1 HE A, 4 R IR T R ROR F i it
TRFER YR . A2 )5 2 TAR T, JA T 3t — DR AW
% <= B BRI 245 235000 IO it A O 24 B A B A AL,
AR L o 24 B 5 R 22 R P B B B TR R AR 4

SMUE N
Bruker DRX-600 MHz % A% fi 3% 9% 9% 135 1 (15
Bruker 2 &); Waters 2535 T 2 il 2% v2y S0BUAH €8 043
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Q-TOF Micro LC-MS-MS Jfii{% . Waters 2998 DAD #&:l]
2% «Waters 2707 H 2 #EAE 3% (35 [E Waters A #]); Betasil
C /¥ (250 mm x 10 mm, 5 pm)~Thermo C, ¥ (150 mm x
10 mm, 5 um, & [E Thermo 2\ 7]); Phenomenex C, >}l
% (250 mm x 10 mm, 5 um, 3% [E Phenomenex A #);
COSMOSIL Cholester 3% (250 mm x 10 mm, 5 um,
H 7% Cosmosil 24 #]); Sephadex LH-20 % 5 ¥ %t i (35
Amersham 2> 7)); A 38 5 Ry 2 0 A
GF,, MR (HE VLR TF RA PR AR, B g P EE. 4

& (35 [E TEDIA RF 2 7]); RPMI-1640 15 953 . — HI L
M (DMSO, 3£ & Hyclone A #); A B &40 il (MKN-45,
r ] SR B SR AR T ) o

S 22 B 21T 2021 4 8 H W B sE 4 5 /R H

1B X TR AR A IR A |, S AR ALINE K 5 e 5
UR A2 % N TR B 2R R A ) 2 B B [Ferula
feruloides (Steudel) Korovin] ] 5 H . 2 <= ] 2% #
FEA (No. SC0883) R A7 T H B e K25 2= B i)
AN

1 RS E

W 22 <] BRN S0 oK L 7, 493 3 829 26.5 kg 1)

K, K 80% & B v WU Ky R IR AR (4 x S0 L,
FIRTR), ¥ 4 AT 2R BUR A I, WERG 2T 4
BEk R A392 5 4.6 kgo [RIHIR B AN REY &) 70 BUE K A4
R, BT AN IE & R R K B 2R 38 5] o B
W S A T R AT R, R4 S A5 2 A R R AR
HF422 g FKERFHHAREZET, FRIRREH S
BRAE K . PR 482 .86 IE T BE AR, 8% [ i
BENCTR OBEHAIIRE 1717 g IE T BEHAL 1 524 g
2/ 2B B AL (9 B 1 670 g SR IE MR AL E #r
(200~300 H) % H AT /> . EH =& - I R
G AT BB FE VR (R FREE 1002002 1), 43 2 0 i
% (TLC) faill, % 44 3 8 7 A4 45 (Fr.B1~Fr.B7).
I Fr.B3 A IEMHEE R A 2 BT (300~400 H) 43 &, % —
FPLE-HEE (10001301 1) (iR RBEATHEZTEM, &
TLC KLl & FF 73 9 8 4~ 41 4 (Fr.B3-1~Fr.B3-8), il
Fr.B3-4 A IEFHEE R AEEHT (10~40 pm) 70 &5, XA A
B~ 2.1 4T (1002 101 1) (144 R 247 86 B e i,
28 TLC fill & JF 73 A 12 N4 %3 (Fr.B3-4-1~Fr.B3-4-
12). HU Fr.B4 F IEAH B AE Z AT (300~400 H) 77 5,
KH A - 2.1 218 (200100 1) [k R AT R
Ve, & TLC t il & J9F 4» v 12 A4 43 (Fr.B4-1~Fr.
B4-12), fif B Fr.B4-5 A IEAHBE IR A% 2 AT (10~40 pum)
o388, K A - 2R O (7:1-011) [k RiEATH
PP, 48 TLC K& 9 43 9 10 44 5 (Fr.B4-5-1~
Fr.B4-5-10).

Fr.B3-4-9 il AR 79 3 AN 5y (Fr.B3-4-9-1~
Fr.B3-4-9-3), ¥ Fr.B3-4-9-1 FH 2 il #% v 20 AH 1%
(Thermo C, #F, 30%~85% Z. /i, 9.0 mL-min™, 35 min,
MANHEHE 0.1% K FER) 414 1 5 4143 (Fr.B3-4-9-
1-1~Fr.B3-4-9-1-5), 3 71 Fr.B3-4-9-1-1 F - il % 15 2L
WAH 3% (COSMOSIL Cholester (i K5, 35%~44% 2.
Ji&, 4.0 mL-min”, 41 min, 330 & FH 0.1% (1) F L) 4
B4t 15 24k & 4 (7 mg) FALE 5 (17.9 mg); Fr.
B3-4-2 2 - 1fill 2% = U AH 41 (COSMOSIL Cholester
s, 75%~87% £ M, 4.0 mL-min™, 35 min, Jit s H
TH 0.1% T HER) 7 B 454015 2454 8 (109.5 mg);
Fr.B3-4-3 2 - il & = O AH £ 1% (Thermo C, #F,
60%~80% £ JI§, 4.0 mL-min”, 35 min, i 31l & 4
0.1% M H ) 7> B4 3 2E9 7 (97.4 mg)-

Fr.B4-5-5 28 - il % /=1 20 AH €43 (Thermo C #F,
60%~100% Z. i, 4.0 mL-min™, 35 min, i 3/ & H
0.1% 19 H R) 7 & 4lifk 11 N4 4) (Fr.B4-5-5-1~Fr.
B4-5-5-11), H 1 Fr.B4-5-5-2 AL &% 6 (5.1 mg); Fr.
B4-5-5-4 2 -] % = 2808 €11 (COSMOSIL Cholester
ik, 55%~67% .5, 4.0 mL-min™', 50 min, Ji 5
TH0.1% MHR) /7 Bai B 2hA71 (3.7 mg)fb
A9 (25.5 mg); Fr.B4-5-5-10 £ - il % 5 B0 A &
W (COSMOSIL Cholester & i ¥, 67%~75% £},
4.0 mL-min™', 30 min, JishAHEH 0.1% K HFIR) 43 55 4l
AS F A 10 (52.3 mg) FI4L &9 11 (21.3 mg); Fr.
B4-5-6 £ -1l £ 15 RUAH £ (Thermo C 4, 45%~
75% ., 4.0 mL-min™, 25 min, Ji A &4 0.1% [ H
R) 43 & 4tk 6 A~ 414y (Fr.B4-5-6-1~Fr.B4-5-6-6),
PR Fr.B4-5-6-3 28 - il % i ROB AR 1% (COSMOSIL
Cholester i 4%, 48%~54% £ 5, 4.0 mL'min™", 40 min,
WA & H 0.1% B ER) 4 5 4 13 Bk & 1 2
(2.3 mg) MLE 3 (2.6 mg)-

2 HHERE

&1 3 AR [« 80° (¢ 0.5, MeOH);
HR-ESI-MS [M+H]" m/z 395.185 3 (it 5{H: 395.185 3);
UV AMOH (nm): 225, 315; IR vEP: 1 690, 1 628; '"H NMR
(600 MHz, CD,0D) A1 °C NMR (150 MHz, CD,0D) %
PR 1FIER 2,

&2 FAER; [«]Z 0° (¢ 0.5, MeOH); HR-
ESI-MS [M+H]" m/z 399.216 4 (it %.18: 399.216 6); UV
JMOH (nm): 225, 315; IR vEB™: 1709, 1 690, 1 636, 1 612;
'H NMR (600 MHz, CD,OD) 1"”C NMR (150 MHz,
CD,OD) %45 W3 1 f13 2.

a3 SO, o] -4° (c 0.5, MeOH); HR-
ESI-MS [M+H]" m/z 399.216 7 (it 5AE: 399.216 6); UV
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MO (nm): 225, 315; IR vEB™: 1709, 1 690, 1 636, 1 612;
'H NMR (600 MHz, CD,0D) #1"*C NMR (150 MHz,
CD,0D) $# W3 1 f1£ 2.,

th&Y4  EONIR; ESI-MS m/z 331 [M+H]', H
731308 C,,H,,04; '"H NMR (600 MHz, CD,0D): 6, 1.26
(3H, d, J = 7.2 Hz, 3-Me), 1.50 (3H, s, 2-Me), 1.74 (1H,
m, H-1'a), 1.81 (2H, m, H-2"), 1.86 (1H, m, H-1'b), 2.16
(3H, s, H-5"), 2.60 (2H, t, J = 6.8 Hz, H-3"), 3.18 (1H, q,
J =172 Hz, H-3), 3.89 (3H, s, 7-OMe), 6.93 (1H, d, J =
2.4 Hz, H-6), 6.95 (1H, dd, J = 9.4, 2.4 Hz, H-8), 7.59
(1H, d, J = 9.4 Hz, H-9); "C NMR (150 MHz, CD,0D):
Je 97.9 (C-2), 45.4 (C-3), 104.9 (C-3a), 163.4 (C-4),
158.2 (C-5a), 101.7 (C-6), 165.2 (C-7), 113.8 (C-8),
124.9 (C-9), 107.2 (C-9a), 166.9 (C-9b), 35.4 (C-1"),
19.5 (C-2"), 44.2 (C-3"), 211.2 (C-4"), 29.9 (C-5"), 25.5
(2-Me), 13.8 (3-Me), 56.4 (7-OMe). | iR%HE 5 k™
T8 B A — 2, 08 A A YN B-kirialovin.

&5 FEAMAR; ESI-MS m/z 331 [M+H]', H
5y ¥ A~ C,,H,,0,; 'H NMR (600 MHz, CD,0D): &,
1.27 (3H, d, J = 7.0 Hz, 3-Me), 1.47 (3H, s, 2-Me), 1.72
(1H, m, H-1"a), 1.77 (2H, m, H-2"), 1.81 (1H, m, H-1'b),
2.11 (3H, s, H-5'), 2.54 (2H, t, J = 6.9 Hz, H-3"), 3.27
(1H, q, J = 7.0 Hz, H-3), 3.89 (3H, s, 7-OMe), 6.93 (1H,
d, J = 2.4 Hz, H-6), 6.95 (1H, dd, J = 9.4, 2.4 Hz, H-8),
7.57 (1H, d, J = 9.4 Hz, H-9); "C NMR (150 MHz,
CD,0D): J. 98.5 (C-2), 43.2 (C-3), 104.5 (C-3a), 163.3
(C-4), 158.2 (C-5a), 101.7 (C-6), 165.2 (C-7), 113.8 (C-
8), 124.9 (C-9), 107.1 (C-9a), 167.1 (C-9b), 42.0 (C-1"),
18.7 (C-2"), 43.9 (C-3"), 211.2 (C-4"), 29.9 (C-5"), 20.6(2-
Me), 14.3 (3-Me), 56.4 (7-OMe). ik ¥#s 5 C kMK
TEFEAR — 2, 12 1% S YN a-kirialovin.

eawre sk, ESI-MS m/z 261 [M+H]", 3t
4> F 3~ C,H,,0,; 'H NMR (600 MHz, CD,0D): 6,
0.91 (3H, t, J = 7.2 Hz, H-17), 1.32 (2H, m, H-12), 1.32
(2H, m, H-13), 1.32 (2H, m, H-14), 1.32 (2H, m, H-15),
1.32 (2H, m, H-16), 2.12 (2H, qt, J = 7.5, 1.5 Hz, H-11),
5.16 (1H, dt, J = 8.3, Hz, H-8), 5.19 (1H, dt, J = 10.2,
1.4 Hz, H-1b), 5.41 (1H, dt, J=17.1, 1.4 Hz, H-1a), 5.46
(1H, ddt, J = 10.8, 8.3, 1.4 Hz, H-9), 5.56 (1H, dtd, J =
10.7, 7.5, 1.4 Hz, H-10), 5.91 (1H, ddd, J = 17.1, 10.2,
5.5 Hz, H-2), 4.87 (1H, d, J = 5.5 Hz, H-3); "C NMR
(150 MHz, CD,0D): d. 116.3 (C-1), 134.1 (C-2), 63.8
(C-3), 81.1 (C-4), 70.1 (C-5), 68.7 (C-6), 79.7 (C-7),
58.8 (C-8), 129.8 (C-9), 134.6 (C-10), 28.5 (C-11), 30.3
(C-12), 30.3 (C-13), 30.4 (C-14), 30.2 (C-15), 23.7 (C-

16), 14.6 (C-17) iR %l 5 SCHERP R 18 36 A — 35, 7
E1ZA AW N falcarindiol .

&7 #EWAR; ESI-MS m/z 383 [M+H]", 1
41 310N C,,H,,0,; '"H NMR (600 MHz, CDCL,): d,, 1.58
(3H, s, H-13), 1.62 (3H, s, H-14), 1.67 (3H, s, H-12),
1.84 (3H, s, H-15), 2.00 (2H, m, H-8), 2.07 (2H, q, J =
7.4 Hz, H-9), 2.18 (2H, m, H-4), 2.18 (2H, q, J = 7.4 Hz,
H-5), 3.41 (2H, d, J = 7.5 Hz, H-1), 5.08 (1H, t, J =
7.4 Hz, H-6), 5.08 (1H, t, J = 7.4 Hz, H-10), 5.45 (1H, t,
J =15 Hz, H-2), 6.83 (1H, dd, J = 8.7, 2.3 Hz, H-6"),
7.00 (1H, d, J = 2.3 Hz, H-8"), 7.64 (1H, d, J = 8.7 Hz,
H-5"); "C NMR (150 MHz, CDCL,): 6. 23.9 (C-1), 120.4
(C-2), 143.0 (C-3), 39.8 (C-4), 26.1 (C-5), 123.1 (C-6),
136.6 (C-7), 39.8 (C-8), 26.8 (C-9), 124.5 (C-10), 131.6
(C-11), 25.9 (C-12), 17.9 (C-13), 16.6 (C-14), 16.3 (C-
15), 165.1 (C-2"), 99.8 (C-3"), 162.6 (C-4'), 109.0 (C-
4'a), 124.4 (C-5"), 113.3 (C-6"), 160.2 (C-7"), 102.8 (C-
8"), 154.0 (C-8'a). iR ¥s 5 Uk e i 26 A — 5%,
fif 5E 1Z AL & W) N ammoresinol .

b5 8 #E IR, ESI-MS m/z 357 [M+H]',
73N C,,H,,0,; 'H NMR (600 MHz, CDCL,): 6,, 1.59
(3H, s, 5-Me), 1.59 (3H, s, 9-Me), 1.62 (3H, s, 13-Me),
1.68 (3H, s, H-14), 1.97 (2H, t, J = 7.5 Hz, H-6), 1.97
(2H, t, J = 7.5 Hz, H-10), 2.06 (2H, q, J = 7.5 Hz, H-7),
2.06 (2H, q, J = 7.5 Hz, H-11), 2.42 (2H, q, J = 7.7 Hz,
H-3), 2.93 (2H, t, J = 7.7 Hz, H-2), 5.09 (1H, t, J =
7.5 Hz, H-8), 5.09 (1H, t, J= 7.5 Hz, H-12), 5.16 (1H, t,
J =17.7 Hz, H-4), 6.38 (1H, d, J = 9.0 Hz, H-3'), 6.38
(1H, dd, J = 9.0, 2.2 Hz, H-5"), 7.66 (1H, d, J = 2.2 Hz,
H-6'); “C NMR (150 MHz, CDCL,): .. 205.0 (C-1), 39.7
(C-2), 23.4 (C-3), 122.4 (C-4), 137.0 (C-5), 39.7 (C-6),
26.6 (C-7), 124.1 (C-8), 135.2 (C-9), 38.2 (C-10), 26.8
(C-11), 124.4 (C-12), 131.4 (C-13), 25.8 (C-14), 16.1 (5-
Me), 16.1 (9-Me), 17.8 (13-Me), 113.9 (C-1"), 165.2 (C-
2"), 103.6 (C-3'), 162.8 (C-4"), 107.9 (C-5"), 133.5 (C-
6')o bR 5 ORI TE B A — 2, B E %A A
A dshamirone.

&9 # @R, ESI-MS m/z 395 [M+H]", 1
5> ¥ A~ C,H,0,; 'H NMR (600 MHz, CD,0D): 4§,
1.26 (3H, s, 3-Me), 1.45 (3H, d, J = 6.7 Hz, 2-Me), 1.50
(3H, s, 4'-Me), 1.67 (1H, m, H-1'a), 1.87 (1H, m, H-1'b),
1.94 (3H, s, 8'-Me), 1.94 (1H, m H-2a), 2.09 (1H, m H-
2'b), 3.13 (2H, m, H-5"), 4.95 (1H, q, J = 6.7 Hz, H-2),
5.18 (1H, d, J = 7.7 Hz, H-3"), 5.84 (1H, s, H-7"), 6.73
(1H, d, J = 2.3 Hz, H-6), 6.80 (1H, dd, J = 8.8, 2.3 Hz,
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H-8), 7.05 (1H, s, H-9"), 7.52 (1H, d, J = 8.8 Hz, H-9);
“C NMR (150 MHz, CD,0D): §. 91.2 (C-2), 48.0 (C-3),
106.1 (C-3a), 163.1 (C-4), 158.3 (C-5a), 103.4 (C-6),
163.1 (C-7), 114.3 (C-8), 125.1 (C-9), 106.2 (C-9a),
168.0 (C-9b), 39.0 (C-1"), 24.6 (C-2"), 127.1 (C-3"),
133.5 (C-4'), 39.2 (C-5'), 155.4 (C-6"), 109.8 (C-7"),
121.7 (C-8'), 138.9 (C-9'), 15.9 (2-Me), 19.9 (3-Me),
15.9 (4'-Me), 9.8 (8'-Me). iR % ¥ 5 > #R7 IR i 3
A — 3, W E %A & YN 2,3-dihydro-7-hydroxy-25*,
3R* -dimethyl-3- [4-methyl -5- (4-methyl-2-furyl)-3(E) -
pentenyl]-furo[3,2-c]coumarin.

tEYI10 B R ESI-MS m/z 405 [M+Na]”,
H 47X N C,H,0,; 'HNMR (600 MHz, CD,0D): §,,
1.28 (3H, d, J = 7.0 Hz, 3-Me), 1.47 (3H, s, 2-Me), 1.56
(3H, s, 4-Me), 1.56 (3H, d, 8'-Me), 1.64 (3H, d, J =
1.5 Hz, H-9'), 1.81 (2H, m, Hz, H-1"), 1.92 (2H, t, J =
7.7 Hz, H-5"), 2.03 (2H, q, J = 7.7 Hz, H-6'), 2.14 (2H,
m, H-2"), 3.26 (1H, q, J = 7.0 Hz, H-3), 5.05 (1H, tp, J =
7.7, 1.5 Hz, H-7"), 5.13 (1H, tq, J = 7.2, 1.4 Hz, H-3"),
6.74 (1H, d, J = 2.3 Hz, H-6), 6.80 (1H, dd, J = 8.6,
2.3 Hz, H-8), 7.51 (1H, d, J = 8.6 Hz, H-9); °C NMR
(150 MHz, CD,0D):d, 98.4 (C-2), 43.0 (C-3), 103.9 (C-
3a), 163.6 (C-4), 158.2 (C-5a), 103.5 (C-6), 163.6 (C-7),
114.3 (C-8), 125.3 (C-9), 106.1 (C-9a), 167.4 (C-9b),
42.7 (C-1"), 23.1 (C-2"), 124.8 (C-3"), 136.6 (C-4"), 40.7
(C-5"), 27.6 (C-6"), 125.1 (C-7"), 132.1 (C-8'), 25.8 (C-
9"),20.4 (2-Me), 14.4 (3-Me), 15.9 (4-Me), 17.7 (8'-Me)-
IR HE SRR TE B AR — B, B e AN 2,3-
dihydro-7-hydroxy-25*, 3R* -dimethyl-2- [4, 8-dimethyl-
3(E),7-nonadi-enyl]-furo[3,2-c]coumarin.

&Y 11 T AR, ESI-MS m/z 405 [M+Na]’,
H 4y 7308 C,,H,,0,; 'H NMR (600 MHz, CD,0D): 6,
1.26 (3H, d, J = 7.0 Hz, 3-Me), 1.48 (3H, s, 2-Me), 1.59
(3H, s, 8'-Me), 1.65 (3H, s, 4-Me), 1.65 (3H, s, H-9"),
1.75 (1H, ddd, J = 14.1, 10.8, 5.4 Hz, H-1'a), 1.89 (1H,
ddd, J = 14.1, 10.8, 5.4 Hz, H-1'b), 2.00 2H, t, J =
7.4 Hz, H-5'), 2.08 (2H, q, J = 7.4 Hz, H-6'), 2.26 (2H,
m, H-2"), 3.17 (1H, q, J = 7.0 Hz, H-3), 5.09 (1H, tp, J =
7.4, 1.5 Hz, H-7"), 5.20 (1H, tq, J = 7.1, 1.4 Hz, H-3"),
6.74 (1H, d, J = 2.2 Hz, H-6), 6.86 (1H, dd, J = 8.6,
2.2 Hz, H-8), 7.52 (1H, d, J = 8.6 Hz, H-9); "C NMR
(150 MHz, CD,0OD): d. 97.9 (C-2), 45.4 (C-3), 104.1 (C-
3a), 163.6 (C-4), 158.2 (C-5a), 103.5 (C-6), 163.6 (C-7),
114.3 (C-8), 125.3 (C-9), 106.2 (C-9a), 167.2 (C-9b),
36.2 (C-1"), 23.8 (C-2"), 125.0 (C-3"), 136.6 (C-4"), 40.8

(C-5"), 27.6 (C-6"), 125.1 (C-7"), 132.2 (C-8'), 25.8 (C-
9, 25.5 (2-Me), 13.8 (3-Me), 16.0 (4'-Me), 17.7 (8'-Me).
AR R 5 SCERY R R — 2, R e AN
baigene C.
3 HRTESNE

K MTT X &9 5.7~11 [0 A B 9 41 i
(MKN-45) 34 58 $00 1) 35 P 2E AT VR4 o A I A 5 09 i
il : LA DMSO fE b i 71, F Ak & W 35BS i ik B A
0.25 mol-L™ VA, 48 J5 # H 0.1 mol-L"' PBS (T fi2 &
AN R AN SR O AR BE Y 5.0 mmol L
AEIAL A MR W . K MKN-45 20 0 55 0 4L L 55
JEHERNT 96 FLAN MBS FRAR NG R, BB o5 1 AR
FI| 85%, =X (A AR AN M . P05 FH 5 o 5 = IR FE 1)
1490 (0 11100 pmol-L™) At FELH g 24 h, b6 J5 15 B &
L AR, NN 5 mg-mL i MTT, 7E 37 °CHl
5% CO, W /55 7= 56 H 1 A 30 min. W7 &AL EiE
W, N 150 uL DMSO. il i B AR X 7E 3 4 490 nm T
MW (OD) 18 .

SEUG A 4 pL RPN 5 mmol- L A AR I RE SV +
196 uL RPMI-1640 4 ffd 55 77 %5 ; % B4 : 4 pl 2%
DMSO-PBS ¥ W + 196 uL RPMI-1640 4 it 15 77 3 .
ST A1 1) 2 1 A SO 2 (%) = [1- (OD gy, —
OD.,.)/ (OD ;4 = OD...)] X 100%.

13 STEK: WOHT IR 3 07 ST SC 06 e i R DR A TSk
06y SIC ot KA 7 M A e ST BB 5 R ) 245 6 R S A
S e PRALH B, 20 10 WAL A A5 R 4 e SR AR UK
2o ELE RV AT R T I« A G V8 0 Rl A & 0 £ 20 B R 1 4
AR W5 A3 I A e £ 5T SC R I B AN H R SCE AR I
W, I F & E R -

B 1 75 W R 2 v 2R
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