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Chemical constituents of Panax notoginseng flowers
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Abstract: Objective To explore the chemical constituents investigation of Panax notoginseng flowers and their protective effects
against palmitic acid-induced cardiomyocyte injury. Methods Various separation techniques, including silica gel, MCI, and ODS
column chromatography, were employed to isolate and purify the constituents of P. notoginseng flowers. The structures of the isolated
compounds were elucidated through nuclear magnetic resonance (NMR) spectroscopy and comparison with reported literature data.
Additionally, the CCK-8 assay was used to evaluate the effects of these compounds on cardiomyocyte injury. Results Fifteen
compounds, including six sesquiterpenoids, three flavonoids, three polyacetylenes, two fatty acid derivatives, and one adenosine
derivative, were isolated from the 95% ethanol extract of P. notoginseng flowers and identified as (1R,4S,5S,10R)-10-methoxy-10-
(hydroxymethyl)aromadendran-4-ol (1), kaempferol 3-O-(2,4-di-E-p-coumaroyl)-a-L-rhamnopyranoside (2), quercetin (3), pipelol A
(4), kaempferol-3-O-rhamnoside (5), adenosine (6), bullatantriol (7), 43,10a-aromadendranediol (8), 43,103-aromadendranediol (9),
spathulenol (10), panaxynol (11), heptadeca-1,8-dien-4,6-diyn-3,10-diol (12), (Z)-1-methoxyheptadeca-9-en-4,6-diyne-3-one (13),
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methyl y-linolenate (14), methyl linoleate (15). Conclusion Compound 1 is a new sesquiterpenoid. Compounds 2, 4, 7, 8, 9, and
13 were isolated from P. notoginseng for the first time. Compounds 1, 6, 12, and 13 could significantly alleviate palmitic acid (PA)-
induced cardiomyocyte injury, demonstrating promising cardioprotective activities.

Key words: Panax notoginseng (Burk.) F. H. Chen; cardiomyocyte injury; (1R,4S5,5S,10R)-10-methoxy-10-(hydroxymethyl)
aromadendran-4-ol; kaempferol 3-O-(2,4-di-E-p-coumaroyl)-a-L-rhamnopyranoside; pipelol A; (Z)-1-methoxyheptadeca-9-en-4,6-

diyne-3-one
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40,108,14-=F% (pipelol A, 4). 1B4P,7a-=F2Fk
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Fig.1 Chemical structures of compounds 1—15
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1% Agilent 1260 4347 HPLC; Agilent 1260 infinity
II -] % HPLC; Rudolph Autopol VI Jig Y6l %€ 13
Bruker Apex I CCD §i A&7 #14%; H A Fuli ODS Cis
AHIEER (5 pm, YMC #3:£4E); Pharmacia
Sephadex LH-20 #ij ZEBE#&EE (25~100 pm); TLC )
(HFas4, MHEICRKEERARAFD: 60 HEER
(100~200. 200~300. 300~400 H, 7 SiEreik
THRAAD; HA=ZES HP-20P MCI H#HE
(75~150 um); #F i Bt A 3K 7 35 o8 2 by 4l
Synergy HT Z Ijfeltnix (3£ BioTek A 7]);
HSGFas4 12 (G RERE AR . B &AM & I0 A HE
A RA D SBS-100 Hedz 1+ A RS (Bl
P HTACES ) A BRAF D) HWS-24 B H #AE K
W (g —ER ISR IR AF]D; COyHIRER IR
CHrindz ESCO 2w i#@i# TAES (3£ Thermo
Fisher Scientific A 7)), B0l (f2E Eppendorf 2
A]D; DMl 5 B R EE (F5[E Leica AF]); Synergy
HT ZIfefEbrX (3 BioTek A ]); DMEM K59%
B R IE . iER (GEE Gibeo AH])); DMSO (3£
Sigma-Aldrich A#)); #34ER (525 P9767, £
Sigma AF]); HHMERTIRIL. 96 FUBREEH HHALRH K]
7R R A F .
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"], fit5 SY23080401. £ bifg 1 & 245K 5 2452 e
WOV RIAREENEMBASEEY =1 P
notoginseng (Burk.) F. H. Chen [T 1AL . CREF
T b oh R OR A A4 =
(SQH23080401) . H9c2 K B Lo ULAH KI5 T- K% 3
CAEPIFEARA RA T AR 7R T 5 10% M55 F1 1%
KT DMEM b 75 3 o
2 ik
21 ERESH

TR =-B1EE (15.0kg) L5105, A 10 f%
T 95% LA R AR I 3 k. SRBGKH &I )G
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GURREEYEL, 193] 12 MRS (Fr. 8-1~8-12), Fr. 8-
6 £ ODS FERERE Ve (10%—60%H ) 753
5 ANt 4 (Fr. 8-6-1~8-6-5), H:A Fr. 8-6-3 Fi 4 MCI
FEERE (30%—40% Il REENAML, 530
&4 (9 mg). Fr. 8-7 & Sephadex LH-20 i % ¥
B AEEIE (70% D P, BELEY 3 (53
mg). Fr. 8-10 2 Sephadex LH-20 % S HH &AL (1
i (70%H I BEML, HEMLEY 2 (86 mg). Fr.9
NG E R T =R MR EAR, TUENTH: R
W (FRicN Fr.9L) £ 200~300 HEERH: (3, LL
BERR 2 WE-FEE (100 @ 110 © 1) BEEEGEBASS] 4
AR (Fr. 9L-1~9L-4). o Fr. 9L-3 4 ODS #F
B (30%—40% ) 7 B33 3 M4 (Fr.9L-
3-1~9L-3-3), Fr. 9L-3-1 #k—54 MCI @it
(20%—32%HEE) Aifk321E% 7 (7.4mg). Fr.
11 £ 200~300 HEERAEEE, PIBSER L 088-H i
(30 1 1>1 1 1) ARG, 53] 8 Mg (Fr. 11-
1~11-8). Fr. 11-3 £ Sephadex LH-20 % Sk
FEERE (70% D Ak B2 5 5 (33 mg). Fr.
11-7 4 Sephadex LH-20 i FFEERALGRE (70%
MeOH) 73 &152] 6 NMisr (Fr. 11-7-1~11-7-6),
Horb Fr. 11-7-3 KR4 ODS BEEEVEML (10%—40%
) 5 Sephadex LH-20 il (70% H i) 44k,
BEULEY 6 (3 mg),

TRFREAL (526.7 g) 4 100~200 H RERGHE
i, DUATMEE-BER 488 (100 @ 1—1 1 1) REGit
TR FEVERE, & I35 3] 8 N4> (Fr. al~a8). Fr.
a3 4 100~200 HEER AR, L& H k- i
(100 : 1-10 : 1) RGEVEHAFRNFS> Fr. a3-1, Fr.
a3-1 4 MCI i (60%—100%H ) 7213
B 5 M4y (Fr.a3-1-1~a3-1-5). Fr.a3-1-1 £ ODS
FE L 2 B (20%—40% F ) 52L& 1 (3
mg). Fr.a3-1-4 4 100~200 HEERFE I, LUA
Tk-BEFR 2 FE (100 © 1—100 © 10) FRGiHRE U5
3| 9 M/ (Fr.a3-1-4-1~a3-1-4-9). H:H1, Fr.a3-
1-4-3 22 MCI F: 43t (60%—80% MeOH) Vi 15 5]
2 N3 Fr. a3-1-4-3-1 F Fr. a3-1-4-3-2, B &4 MCI
(60%—80% L) x H Aifb 15 24k 54 10(30 mg),
JG#H % ODS (70%—80%F %) J & i alifb1s 2
&% 11 (53 mg); Fr. a3-1-4-8 {KIKZ ODS
(30%—70%FEE) 5 MCI (50%—72%HEE) il
aifk, BEMLEY 12 (7 mg). Fr. a3-1-5 £ 200~
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300 HEERH g, DUA M EE-BEER 488 (100 ¢
1—1 1 1) BRELEBAR] 7 AN (Fr.a3-1-5-1~a3-
1-5-7). Fr. a3-1-5-1 & ODS i (70%—100%
F) Yl 75 211k 54 14 (20 mg) 5464 15 (502
mg); Fr.a3-1-5-2 4 ODS #H i (70%—95% H i)
PEMAS R A4 13 (18 mg) . Fr. a7 4 Sephadex LH-
20 I RPHEAE R (70%H ) 7 EE8 4 4 E
B4y . Fr.a7-1 #—25%4 MCI A EIE (30%—85%
FHIE) BE VR4 2] 6 N5 (Fr.a7-1-1~a7-1-6).
Fr.a7-1-2 22 ODS R Bl (30%—40% H i) 135
&4 8 (34 mg). Fr.a7-1-3 £ 300~400 H
tol, DL G-I (100 @ 1100 : 6) BREEVE
i, P4 ODS RE VML (40%—60%H ) 4lifk,
RENEY 9 (4mg).
22 REBAFHEERIE S HO2 (AN BRI AR LR R AT

AT BE KR HOc2 4HiY, MR
PA 1.2 X 10* AN FLIY 2 FEHRR T 96 LR, 4§ 24
h 41U BE J5 AT 239 T . LU UEHT ) DMEM
B R S S & GRIE 100 mmol/L) #ifE
9 50 umolV/L WRFEMIMW AW TAFM, 7L BT
Ja BLIZ NN 100 uL AR &4 TAERR, B
WHE 6 ML, MAZEIRRE TR T 2 he 52
VI E 5% 96 LAY DMEM #5375, H
HIMNFHRESE I 1% BSA TAEWR, AL K sh 254
JIN 0.2 mmol/L FEAHER TAEW#% 100 uL, 24 h )5
FF 2 LB EH TEAM PBS JEVE 1K, BEfERESLIDA
10% CCK-8 TAFW 100 uL, 4=FEBEG . K2y o
RE T RIS RS E 2 he 2R
B BRI 2 B 450 nm ARBIRGEREE (4) (.
GraphPad Prism 8.0 # AT 1EAT Gt 2% 20 A, AfH K]
R ENNTIEAT LA, PIPELEBCK A Dunnett-t £
5, R x+sRoR, I SEERIRT 3 I 3 IR
DAl ST 525
3 #R
3.1 HmEE

WEY 1. TEMIRY), 5% THE. (o] —44
(c0.05, MeOH), 1= 7 G ST/~ v 4 738 U m/z:
291.196 3 [M+Na]*, %54 '"H-NMR £l *C-NMR %
B (R D #EEMH TN CieHsOs, AHIA
FEA 3. 'H-NMR i1 7R 2 AN E AR A 1 H
FEMES [0n3.64 (d,J=11.9 Hz, H-14),3.76 (d, J =
11.9 Hz, H-14)], 3 MHIEEAES [0u 1.05 (s, H-12),
1.04 (s, H-13), 1.22 (s, H-15)], 1 MHEEES [0u

#1 A& 18 'H-NMR 1 BC-NMR ¥
Table 1 'H-NMR and '*C-NMR data of compound 1
{2 Jc on

1 515 220(m)
2 242 1.60 (m)
3 42.0 1.51(s)
4 80.9
5 481 134(t,J=10.5Hz)
6
7
8
9

30.0  0.45(dd,J=10.5,9.3 Hz)

278 0.64 (ddd,J=11.2,9.4, 6.1 Hz)
204 1.82 (m), 1.00 (m)

31,6 2.02 (m), 1.55 (m)

10 81.6

11 20.9

12 16.7  1.05(s)

13 29.0 1.04(s)

14 629 3.64(d,J=119Hz),3.76 (d,J=11.9 Hz)
15 241  1.22(s)

16 48.7 3.23(s)

3.23 (s, H-16)]; 'C-NMR #h3tH 16 Mz 5,
%tHE DEPT 135 F1 HSQC & E#fiE 3 MNEWES
[0c 80.9 (C-4), 81.6 (C-10), 20.9 (C-11)], 3 >FHFERR
{55 [0c 16.7 (C-12),29.0 (C-13),24.1 (C-15)], 54
W HEBRE S [dc 24.2 (C-2), 42.0 (C-3), 20.4 (C-8),
31.6 (C-9), 62.9 (C-14)], 4 MK HEAFS [6c51.5(C-
1), 48.1 (C-5), 30.0 (C-6), 27.8 (C-7)], 1 ™HEAIEHK
55 [0c 48.7 (C-16)], & XikiaZ, WHEa1
PSS BIAZ A AR Z s ns, H S pipelol Al
ZEFARIL, ANEZAE TGN Z T 1 NHE
Feahi (B Do

£ HMBC i (& 2), H-15 5 C-3. C-5. C-
4 fF1EH R 3Jen 8L 2en #H2E, [FIRf H-1 5 C-2.
C-5. C-6. C-9. C-10. C-14 E/rH &E i fEm

16

1 OH
0
2“\

3 8
Q’))

15
12“1 13
~—& HMBC s g lH COSY

2 LAY 1 K%H HMBC & 'H-'H COSY HXES
Fig.2 Key HMBC and 'H-'H COSY correlations of

compound 1
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K55, BT C-4 AFEW (5c80.9, RIER), H
H-15 5 H-3. H-4. H-5 7£ 'H-'H COSY & $ BA H
T EMSS, AIERIAFSE C-15 T C4, H C4
AR, 78 H-'H COSY i, Aliegfid
1k % H-3/H-2/H-1/H-5 5 H-6/H-7/H-8/H-9 73 54 &,
HESERRS, W T C-1 2 C-5 LU C-6 £ C-
9 M BUER . 454 HMBC # H-15 5 C-3.
C-4. C-5 2%, LA H-14 5 C-1. C-9. C-10
MHRAES, ATt BHe C-14 & T C-10, FHil
o C-15 C-5 ZIMMMHERR, ARG 22T
E1E. LAk, H-16 5 C-10 ) HMBC M2%(5 5 £ W]
FAEJE (C-16) ERET C-10. B—J71, C-13 5 H-
6. H-7. H-12, PLK C-11 5 H-12. H-13 ) HMBC
RAES, B0 FF T 2R S, F B SE K
B EE T A EREdE, nTEREHIANZLE
Wi~ TH 4544 -

7£ NOESY b (& 3), H-1 5 H-6. H-15.
H-16 LA H-6 5 H-7 2 [f][1) NOE 7S [HJ#H G, 3+
B§ H-1. H-6. H-7. H-15 fl H-16 S T R4t [H
—IH; 1 H-5 5 H-14 ] NOE AH 5% U1 2 B % &[]
M AT 2T . _LR(E BESL T2 &P AH
XA (C-1 5 C-5 WIALARM AL SZ C-4 F1 C-10 FAH
WRABFTLIAD o FET1ZANNTE S, (LAY 1 4axt
FIRIIELE (4S, 10R) BR (4R, 10S) 2 Fftsf me S 44 ]
A, FTEEE 54 ECD itk — B i .

#7 X\ NOESY
E3 *&E41 5 NOESY iEE
Fig.3 NOESY spectrum of compound 1
YT (48, 10R) 5 (4R, 108) ARt A, H
H it ECD Mk B A ™ 155X FR 1% (Cotton X
I R/NAHEE . RS A RO - BRI, THRIEFEAN XS (4R,
108) BEATHIRIEZE K TD-DFT i+4i; (4S, 10R) ]
it ECD SGHEEERT (4R, 108) HHEHE K #H T8

1GFN e B A . i ECD i+ H # T Gaussian 09
P AR . B LM A Conflex 8.0 #Kf 7&
MMFF94 53 F 713 N AT HIE M R %, e
Wr & % B A 5.0 keal/mol . K5 1% 15 1 Ky G 48
B3LYP/6-31G (d) 7KV CRH SMD B =i 7 A,
WHRINHED NHAT TR S A 504, i
TR, B S5, 0% K R B R AE MO6-
2X/def2-TZVP 7KF (fL5 H iz SMD ¥ A8
T, SRS %z KBS (TD-DFT) 11511 30
NBCR A ECD Y61 o i J& , #I FH SpecDis (v1.71)
AT SR ECD W B3 R 248 o A ik 47
eEm, FEEmIES (REESR 6=0.3
eV) MEANEKRIE (AA=+15 nm), 2HE
HigTH5 ECD ik 55ei e nk it At bk @it ik
HAZAL &K ECD (B 4), Wi izt &4 C-4. C-
10 486 /YB3 N (48, 10R). £ SciFinder 1'%,
WA 1 WG, T4 N (1R4S,5S,10R)-10-H
AEE-10-(FF P/ AR 2 5e-4-B7 .

— Exp. ECD of 1

— Cal. ECD of (15,4R,5R,105)-1

- = Cal. ECD of (1R,4S,5S,10R)-1

5
4
3
2
1
0
-1

CD (mdeg)/(M™'-cm™)

200 300 400
A/mm

4 L&Y 1KLL ECD #itE ECD i&E
Fig. 4 Experimental ECD and calculated ECD spectra of

compound 1

e 2: HETLEMMA, ESI-MS m/z: 725
[M+H]", 4+ T3 H C3oH32014. 'H-NMR (400 MHz,
CD;0D) d: 1.04 (3H, d, J= 6.1 Hz, H-6"), 3.53 (1H, m,
H-5"), 5.28 (1H, dd, J = 9.7, 3.4 Hz, H-4"), 5.82 (1H,
dd, J = 3.4, 1.8 Hz, H-2"), 3.64 (1H, m, H-3"), 6.21
(1H, d, J=2.1 Hz, H-8), 6.37 (1H, s, H-6), 5.61 (1H, d,
J=1.7Hz, H-1"), 6.29 (1H, d, J = 15.9 Hz, H-8coum),
6.75 (2H, d, J = 8.6 Hz, H-3coum, 5coum), 6.99 (2H,
d, J = 8.8 Hz, H-3', 5'), 7.46 (2H, d, J = 8.7 Hz, H-
2coum), 7.39 (2H, d, J = 8.7 Hz, H-6coum), 7.87 (2H,
d,J=8.8 Hz, H-2, 6"); '3C-NMR (100 MHz, CD;0D)
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5: 17.7 (C-6"), 70.8 (C-5"), 70.9 (C-4"), 72.2 (C-2"),
73.0 (C-3"), 94.8 (C-8), 99.9 (C-6), 100.2 (C-1"), 105.9
(C-10), 114.3, 114.9 (C-8coum), 116.7 (C-3coum),
116.8 (C-5coum), 116.9 (C-3', 5", 122.4 (C-1"), 127.0,
127.1 (C-1coum), 131.2 (C-2coum), 131.4 (C-6coum),
131.9 (C-2', 6%, 135.4 (C-3), 147, 147.7 (C-7coum),
158.5 (C-2), 159.1 (C-9), 161.3 (C-4"), 161.5, 161.7 (C-
4coum), 163.2 (C-5), 165.9 (C-7), 167.7, 168.5 (C-
9coum), 179.3 (C-4). LA ¥¥s 5 Sk ifiE A —
;O MEEHEY 2 MLER 3-0-24-2 -
X0} 2 55 ) Pk g R 2= B

LAY 3: B KK, ESI-MS m/z: 303 [M+H]',
ﬁ}%ﬁy\j C15H1007o 1H-Nl\/lR (600 MHZ, CD3OD) o:
6.18 (1H, d, J= 2.1 Hz, H-6), 6.39 (1H, d, J = 2.1 Hz,
H-8), 6.89 (1H, d, J = 8.5 Hz, H-5"), 7.64 (1H, dd, J =
8.5,2.1 Hz, H-6'), 7.74 (1H, d, J= 2.1 Hz, H-2); 3C-
NMR (150 MHz, CD;0D): 177.3 (C-4), 165.6 (C-7),
162.5 (C-5), 158.2 (C-9), 148.8 (C-4"), 148.0 (C-2),
146.2 (C-3%, 137.2 (C-3), 124.1 (C-1), 121.6 (C-6"),
116.2 (C-5", 116.0 (C-2"), 104.5 (C-10), 99.2 (C-6),
94.4 (C-8). LA -E¥a 5 SClRIRIE I A —F0), #E
TEVZME DN 2=

tEY) 4: TR, ESI-MSm/z: 254 [M]Y,
3 ¥R CisHas03. 'H-NMR (400 MHz, CD;0D) §:
3.68 (2H, m, H-14), 2.16 (1H, dd, J = 13.3, 6.8 Hz, H-
9), 1.97 (1H, m, H-1), 1.75 2H, m, H-2), 1.62 (2H, m,
H-3), 1.28 (2H, d, J = 10.2 Hz, H-5), 1.04 (3H, s, H-
12), 1.03 (3H, s, H-13), 0.63 (1H, td, J=11.0, 10.3, 6.1
Hz, H-7), 0.44 (1H, dd, J = 10.9, 9.4 Hz, H-6), 1.21
(1H, s, H-15); 3C-NMR (100 MHz, CD;0D) 6: 80.9
(C-4), 76.8 (C-10), 62.2 (C-14), 56.7 (C-1), 47.9 (C-5),
42.0 (C-3), 38.3 (C-9), 30.4 (C-6),29.0 (C-13), 27.8 (C-
7), 24.6 (C-2), 24.3 (C-15), 20.8 (C-11), 20.7 (C-8),
16.7 (C-12). VA 3 5 SOl B A — 207, i
A NER 2 fi-4a,10B,14- =

&Y 5: FOK A, ESI-MS m/z: 433[M+H]*,
37N CaiHa0010- 'H-NMR (400 MHz, CD;0D) 6
7.77 (2H, d, J = 8.7 Hz, H-2', 6"), 6.94 (2H, d, J = 8.7
Hz, H-3', 5), 6.38 (1H, d, J = 2.1 Hz, H-8), 6.20 (1H,
d, J=2.1 Hz, H-6), 5.54 (1H, d, J= 2.1 Hz, rha-H-1"),
0.92 (3H, d,J=5.5 Hz, tha-CH3); 3C-NMR (100 MHz,
CD;0D) §: 179.6 (C-4), 165.9 (C-7), 163.2 (C-5),
161.5 (C-4"), 159.3 (C-2), 158.5 (C-8a), 136.2 (C-3),

131.9 (C-2',6", 122.6 (C-1%, 116.5 (C-3", 5", 105.9 (C-
4a), 103.5 (C-1"), 99.8 (C-6), 94.7 (C-8), 73.2 (C-4"),
72.1 (C-5"), 72.0 (C-3"), 71.9 (C-2"), 17.6 (C-6"). LA
RS SRR IE A S0, S SN
L 251 -3-0- R ZEFETF

&Y 6: A EK A, ESI-MS m/z: 268]M~+H]*,
431N C1oH13N504. 'H-NMR (600 MHz, CD;0D)
5:8.31 (1H, s, H-8), 8.18 (1H, s, H-2), 5.97 (1H, d, J =
6.4 Hz, H-1"), 4.76~4.73 (1H, m, H-2'), 4.33 (1H, dd,
J=5.1,2.6 Hz, H-3), 4.17 (1H, q, J = 2.6 Hz, H-4"),
3.89 (I1H, dd, J = 12.5, 2.5 Hz, H-5"a), 3.75 (1H, dd,
J=12.5,2.7Hz, H-5'b); *C-NMR (150 MHz, CD;0D)
5: 157.6 (C-6), 153.5 (C-2), 142.0 (C-8), 121.1 (C-5),
91.2 (C-1'), 88.2 (C-4"), 75.5 (C-2"), 72.7 (C-3"), 63.5
(C-5"). DA EH¥E 5 kol S A — 80, s e 4
WAV .

WEW 1. AEGERAR, ESI-MSm/z 257 M+
H]*, 2 731~ CisHx03. 'H-NMR (400 MHz,
CD;0D) ¢:1.01 (3H, s, H-15), 1.22 (3H, s, H-14), 1.23
(3H, s, H-13), 1.27 (3H, 5, H-12); 13C-NMR (100 MHz,
CD;0D) 8: 80.7 (C-1), 33.0 (C-2), 48.1 (C-3), 60.3 (C-4),
52.1 (C-5), 30.2 (C-6), 72.6 (C-7), 32.0 (C-8), 40.2 (C-9),
41.9 (C-10), 72.4 (C-11), 28.6 (C-12), 30.0 (C-13), 33.4
(C-14),15.0 (C-15). LA EHdE 5 ko A —3507,
MBS EYIN 1B4AP, Ta- = FaFE ke o

&Y 8: AR K, ESI-MS m/z: 239[M+H]",
23N CisHa02. 'H NMR (400 MHz, CD;0D) 6:
1.87 (1H, m, H-1), 1.25 (1H, d, J= 10.5 Hz, H-5), 1.22
(3H, s, H-15), 1.14 (3H, s, H-14), 1.05 (3H, s, H-12),
1.03 (3H, s, H-13),0.61 (1H, ddd, J=5.9,9.4, 11.2 Hz,
H-7), 0.44 (1H, m, H-6); 3C-NMR (100 MHz, CD;0D)
5. 81.0 (C-4), 75.7 (C-10), 57.6 (C-1), 48.9 (C-5), 45.4 (C-
9),42.0 (C-3),30.1 (C-6),29.1 (C-13),27.8 (C-7), 24.9 (C-
2), 244 (C-14), 21.2 (C-8), 20.6 (C-11), 20.1 (C-15), 16.7
(C-12). DA EHR-5 SOk oE AR —803, #s e ixdb
HHR AB,100-F A 22—

WEW9: AL kR, ESI-MSm/z: 239 [M+
HI*, 2 73~ CisHx02. 'H-NMR (400 MHz,
CD;0D) d: 1.03 (3H, s, H-13), 1.10 (3H, s, H-12), 1.17
(3H, s, H-15), 1.20 (3H, s, H-14), 0.57 (1H, m, H-7),
0.41 (1H, t, J = 10.0 Hz, H-6); '3C-NMR (100 MHz,
CD;0D) d: 81.1 (C-4), 73.1 (C-10), 57.8 (C-1), 47.6
(C-5), 43.8 (C-9), 42.0 (C-3), 30.6 (C-6), 30.4 (C-13),
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28.2 (C-7), 24.7 (C-2), 24.6 (C-14), 21.8 (C-11), 20.2
(C-8),16.8 (C-12). LA FHdin5 ki AR — £,
MU EZACEYIN 4P, 10B-FF AR 25t —FE

& 10: ToESE AR AA, ESI-MS m/z:
220 [M]*, 273N CisHuO. 'H-NMR (400 MHz,
CDCls) 6: 0.46 (1H, dd, J = 11.3, 9.5 Hz, H-6), 0.70
(1H, m, H-7), 1.03 (3H, s, H-15), 1.05 (3H, s, H-12),
1.28 (3H, s, H-13), 1.31 (1H, d, J = 10.7 Hz, H-5), 2.20
(1H, td, J = 10.4, 5.6 Hz, H-1), 4.67 (2H, d, J = 10.3
Hz, H-14); 3C-NMR (100 MHz, CDCls) §: 153.6 (C-
10), 106.4 (C-14), 81.1 (C-4), 54.4 (C-5), 53.5 (C-1),
41.8(C-3),39.0(C-9), 30.0 (C-6), 28.8 (C-12), 27.6 (C-
7), 26.8 (C-2), 26.2 (C-15), 24.9 (C-8), 20.4 (C-11),
16.4 (C-13). LA -#dE 5 ikl FA —F0S), iy
BB ZNE YR AR T .

WA 11: R ARE, ESI-MS m/z: 244
[M]*, 43T 3N C17H240 . 'H-NMR (400 MHz, CDCl5)
9:5.93 (1H, ddd, J=17.2,10.2, 5.3 Hz, H-2), 5.46 (1H,
d, J=17.0 Hz, H-1a), 5.37 (1H, m, H-9), 5.24 (1H, d,
J=10.2 Hz, H-1b), 4.91 (1H, d, J= 5.3 Hz, H-3), 3.03
(2H, d, J=7.0 Hz, H-8), 2.02 (2H, dd, J = 7.4, 1.5
Hz, H-11), 0.88 (3H, t, J = 6.9 Hz, H-17); *C-NMR
(100 MHz, CDCls) 0: 136.3 (C-2), 133.2 (C-10), 122.0
(C-9), 117.2 (C-1), 80.4 (C-7), 74.3 (C-4), 71.4 (C-5),
64.1 (C-6), 63.6 (C-3), 31.9 (C-15), 29.4 (C-12), 29.3
(C-13),29.2 (C-14), 27.3 (C-11), 22.8 (C-16), 17.8 (C-
8), 14.2 (C-17). VL Hdf 5 SOk B A — 350,
s s A A NS T .

& 12: EEMIRY), ESI-MS m/z: 261[M+
HI", 43T 3N C17H240:. 'H-NMR (400 MHz, CDCl3)
d:6.33 (1H, dd, J = 15.9, 5.6 Hz, H-9), 5.95 (1H, ddd,
J=16.9, 10.1, 5.3 Hz, H-2), 5.76 (1H, d, J = 15.9 Hz,
H-8), 5.48 (1H, d, J=17.0 Hz, H-1a), 5.26 (1H, d, J =
10.1 Hz, H-1b), 4.97 (1H, d,J= 5.3 Hz, H-3), 4.19 (1H,
td, J = 7.4, 3.9 Hz, H-10), 0.87 (3H, t, J = 6.7 Hz, H-
17); 3C-NMR (100 MHz, CDCl3) 6: 150.1 (C-9), 136.1
(C-2), 117.4 (C-1), 108.1 (C-8), 80.5 (C-4), 73.6 (C-7),
72.2 (C-10), 71.0 (C-6), 63.8 (C-3), 37.0 (C-11), 31.9
(C-16), 29.5 (C-14), 29.3 (C-13), 25.3 (C-12), 22.8 (C-
15),142(C-17). VL EHdE 5 0ol A —307,
YE AV N ER-1,8-—H-4,6- —H-3,10- %,

AP 13: WAREAR, ESI-MS m/z: 275 [M+
HI", 43T 3N CisHa602. 'H-NMR (400 MHz, CDCl5)

8:5.56 (1H, m, H-10), 5.37 (1H, m, H-9), 3.71 (2H, t,
J=6.1Hz, H-1), 3.35 (3H, s, OCH3), 3.11 (2H, dd, J =
7.0, 1.7 Hz, H-8), 2.81 (2H, t, J = 6.1 Hz, H-2), 2.03
(2H, q, J = 6.9 Hz, H-11), 0.88 (3H, m, H-17); 13C-
NMR (100 MHz, CDCl3) d: 184.9 (C-3), 134.1 (C-10),
120.8 (C-9), 88.9 (C-4), 76.8 (C-7), 72.4 (C-5), 67.1 (C-
1), 63.6 (C-6), 59.0 (OCH3), 45.6 (C-2), 31.9 (C-15),
29.4(C-12),29.3 (C-13),29.2 (C-14),27.4 (C-11),22.8
(C-16), 18.2 (C-8), 14.2 (C-17). LA EHHE 530k
ERA S, W E &N (2)-1-FEHET
BRR-9-H5-4,6- —H-3- .

&Y 14: EKEOIEWRA, ESI-MS m/z: 292
IM]*, 4+ N CiH30,. 'H-NMR (400 MHz,
CDCls) 9:5.36 (6H, m, olefine-H), 3.66 (3H, s, OCH3),
2.80 (4H, ddd, J = 6.9, 4.3, 1.7 Hz, H-8,11), 2.30 (2H,
t,J=7.5 Hz, H-2), 2.06 (4H, m, H-5, 14), 1.30 (5H, s,
-CH-), 1.25 (5H, s, -CH>-), 0.97 (3H, t, J = 7.6 Hz,
terminal methyl); '*C-NMR (100 MHz, CDCls) &:
174.5 (C-1), 132.1 (C-13), 130.4 (C-6), 128.4 (C-10),
128.4 (C-9), 127.8 (C-7), 127.2 (C-12), 51.6 (OCH3),
34.2 (C-2),29.8 (C-16), 29.7 (C-15), 29.3 (C-14), 29.2
(C-4), 27.3 (C-5), 25.7 (C-8), 25.7 (C-11), 25.0 (C-3),
20.7 (C-17), 14.4 (C-18). LA LHd 5 SRR iE FE A
— 0, WIS y- TR R H S

B 15: LI EHRBAAE, ESI-MS m/z: 294
IM]*, %+ T3 N CioH340,. 'H-NMR (400 MHz,
CDCl3) 6: 5.43~5.28 (4H, m, H-9, 10, 12, 13), 3.66
(3H, s, H-1"), 2.77 (2H, m, H-11), 2.30 2H, t, J = 7.6
Hz, H-2), 2.04 (4H, m, H-8, 14), 0.88 (3H, m, H-18);
13C-NMR (100 MHz, CDCls) 6: 174.5 (C-1), 130.4 (C-
13), 130.2 (C-9), 128.2 (C-10), 128.1 (C-12), 51.6 (C-
1), 34.3 (C-2),31.7 (C-16), 29.7 (C-7), 29.5 (C-6), 29.3
(C-15),29.2 (C-5), 29.2 (C-4), 27.4 (C-14), 27.3 (C-8),
25.7 (C-11), 25.1 (C-3), 22.7 (C-17), 14.2 (C-18). LA
I HHE S SRS S AR B, i AN
RIATHEG D
3.2 RBRAFHEERS SO MEREIR A A SRIh 4R

K HEREIRS T 0 WA IR BRR, Xd 5 58
BRI EY 1 K 3~13 34T T 40 RIS 0k S5 F
fro ERWE S Fror. AVNEMEIRIES RERW, 78
50 umol/L 3K FE R, tb&W 1. 6. 12 F1 13 GES 3%
PETFSZ AR AN S 77, B A O LA AR
TGS
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Fig.5 Cell experiment results of compounds 1 and 3—13
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