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Chemical constituents from Mongolian medicine Inulae Radix
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Abstract: To study the chemical constituents from the roots of the Mongolian medicine Inulae Radix. The compounds were
separated and purified by RP-HPLC and silver nitrate silica gel chromatography,and the structures of the compounds were i-
dentified by applying NMR and MS spectroscopy. Twenty-two monomeric compounds were isolated and identified as follows;
S5a,6a-dihydroxy-eudesma-11(13) -dien-12 ,8B-olide (1) ,4a-hydroxy-5-methoxy-5 , 8a-dimethyl-3-methylenedecahydronaph-
tho[ 2,3-b | furan-2-one (2),1(10),4(5),11(13)-germa-cradiene-8, 12-olide (3 ), alantolactone (4 ) ,isoalantolactone
(5),11,13-dihydro-5(6) -dine-alantolactone (6) , alloalantolactone (7) ,4a,58-epoxy-1(10),11(13)-germacra-dien-12,
8a-olide (8) , sseptuplinolide (9) ,8-epi-ivangustin (10 ) , santamarine (11) , racemosalactone A (12) ,3-oxo-eudesma-4
(11) -dien-12,8B-olide (13) ,telekin (14) ,igalane (15) ,macrophyllilactone E (16) ,4a,15-epoxy-isoalantolactone (17),
11, 13-dihydroxy-alantolactone (18),1(2),4(15),11(3)-eudesma-trien-12,8B-olide (19),linolenic (20 ), linoleic acid
(21) ,oleic acid (22). Compound 1 was a new sesquiterpenoes. Compounds 2,3,9-14,17 ,19-22 were isolated from genus In-
ula for the first time. Compounds 4-8,15,16,18 have been reported from Inulae Radix.

Key words : Mongolian medicine Inulae Radix;silver nitrate silica gel column chromatography ;chemical constituents
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ARAEHAT IR A B OEFE, DRSO A M (a1
ARULST  #E—25 h J5 SE E AR 258 T A 5 A
UFRT I ER  EE—PNR AR T AT bk
2GR0 BRI AT 5T 2L 5E B 1 BRI KR o
1 #R5FZ®
1.1 ##y

TRFE (T APk A, it S
20120619 , 7= il At ) , i N 5Tt R 245 JH A )
HEE FATAIR R HAR Y E N3P B LR AEY)
KA Inula helenium L. [T AR .
1.2 {¢EFFtH

Bruker Avance M 500 MHz #% % 2L R X (Fij t
Bruker /A 7] ) ; SHIMADZU LC-20AT 75 ¢k i Hl 42 1t
L (UV,RID-10A 45l 8%, H A B HA 7)) 5 IR Affini-
ty-1( HAB A F]) s L RF (B5 AL-204, #i4
B-FER Z A FEABRAT]) ;SCW-5 H Bhlie el
(B SCW-5, BB s BUGH S Sh ] W5y
FEHERE T (B5 TU-1901 , b 50 2 3 AR ) 5 AR
B (el 25 8 WAL R A IR A | 5 w2 6
TEREIE GFosy (5 By WAL T ) s AR E AT 6k i (200-
300 H, i EH BEEEAE ) s O (3L Fisher) ;
M (£ Fisher) ; PUSUTEIR (SE [ Fisher) ; A1)
By oM, S5 7K 2K
1.3 7k

PREXT.0 kg H AR HGK, KR 8 (R LR O

AR R, $2 03 U, MK 2 h 1 h 30 min, 52 UK

B IR R e 4, KA, LR TR J2 0T vk
a5 TR AR 32,38 oo SR HIL R Ak
RIS, BAE32.38 ¢ 12, 1 75 % 1 10 Sl vk e ]
4% 1.2.3 4 FLpUFRsy . 55 4 B0 10 g HEm 4
HPLC 4381 ,70% LA RE VRN, 11k &) 4(3.7
g,tp = 13.5 min) 6(2.8 mg,i; = 16.5 min) 7(19.0
mg, i, = 18.5 min) 20(15.4 mg,t; = 12.0 min) 21
(5.0 mg,t; = 22.5 min) . 22(6.4 mg,t;, = 34.0
min) ;55 1.2.3 #8343 9F 22 ¢, RH A #1189 10% fil§
FRER A (200 ~ 300 H ) #4335, P 2R 2 4e-&

M2 CTRVOASBERE(15:1.5:1.3:1.2: 1) ,8 {5 AR
(8 000mL) 3 i, 200 mL g —ANifi 73 5 —#f o>
Fri (15: 1) 4% 37 sy, 10% fis PR )2 ik %00,
JRIFRICLE-L TR OHR (31 1), W) 2% T BElE-
WBRIR , LA 1 ARA R AL B R B IR A TR A5 4T R
i ARG 4(4.3 g) 5(2.2 g) 35 0 Fr2(5:
1) 75 38 M43, 10% A B2 12 35 5 501, 5 JFAH
[ s Fr2 (1 ~20 S3i) 18 &9 5(2.5 g) ;2
(21 ~38 Syiigr) 4 HPLC 4% 80% W i afifl, , 15
EW1(7.2 mg,t, = 32.0 min) .2(4.3 mg,t, =
27.0 min) 17(5.0 mg,¢, = 25.0 min) ., % =35>
Fr3(3:1) 45 40 5, 10% fil§ B2 AR 2 (035 4 501
GRS, Fi3-1 (1 ~7 534 ) il Fr3-3 (21 ~
40 SSr) 4 HPLC @ik 70% HEEaifl, 151k &
Y 8(12.4 mg,t, = 17.5 min) 9(3.8 mg,t; = 19.5
min) 10(23.0 mg,z; = 21. 0 min) 11(5. 8 mg,i; =
23.5 min) 12(1.6 mg,t; = 27.0 min) 15(6.0 mg,
tp=12.0) 16(8.0 mg,i; = 10.5 min) , Fr3-2(8 ~
20 Si4r) 4 HPLC {435 65% W et , 151k &
P 3(25.0 mg,t; = 58.5 min) (13 (5.0 mg, t; =
13.5 min) 14 (4.6 mg,t; = 25.0 min) ,15(13.0
mg,t, = 50.0 min) ; 55 PUFES Frd (2: 1) 15 40 PR
4y, Frd (15 ~25 5) 4 HPLC {43 80% H fEalifk
B e 18(4.5 mg,t; = 8.5 min) \19(2.0 mg, ¢,
= 13.0 min),
2 FEHEE

WEW 1 AEERE & (CHCL) s [ o] +
56.99(c 0.73, CHCL, ) ; HR-ESI-MS: m/z 289. 141 0
[M+Na]* (caled for C5H,,O,Na,289.139 7) ;2%
#5C NMR 3%, 4 & H 5y F 2N Cps Hy, 0,5 UV
(MeOH) A, (log £) 211 (1.51) nm; IR Y% i 78 i%
AP E A FREE(3 405 em™) (T 650 em™ ) LA
JeF(1 770 em™ ) ;'H NMR (500 MHz, CDCI, ) :2
AMHREF(ES1.13(3H,s),1.06(3H,d,J = 7.0
Hz) ,2 DIAHME A (5 5:6.43(1H,d,J = 3.0
Hz) 5.79(1H,d,J = 2.5 Hz),2 P& AL AR B 35t
AfE5:4.70(1H,m) ,2.92 (1H,d,J = 2.5 Hz);
“C NMR(125 MHz, CDCL,) W84 15 IR 1, 1
AERBIER (5, 169.5) .2 A MUHEBRAS B (5,136.6.
5.123.6) ,3 MNi&EFEMK (5. 61.1.8,67.4.8.75.1),2
NGRS (8. 16.4 .6.17.9) ; HMBC j& 1, H-14
(641.13,3H,s) 5 C-1(6.37.3),C-5(8.67.4),C9
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(8:39.4),C-10(8.32.5) #H% , H-15(8,1. 06 ,3H ,d,
J =7.0Hz) 5 C-3(5.29.4),C4(5.37.6),C-5(8,
67.4)FH , H-6(5,2.92,1H,d,J = 2.5 Hz) 5 C-5
(8.67.4),C-7(85,37.0),C-8(8, 75. 1) #iX:,H-13a
(8,6.43,1H,d,J = 3.0 Hz) fl H-13b(8,5.79,1H,
d,J =2.5Hz) 5 C7(8.37.0),C-11(5. 136.7),
C-12(8; 169. 5) A ; 454 HSQC 3% B & | % 4k
(8. 67.4) Ky 7=, & %Ak (6. 61. 1) BA —4(8y
2.92,1H,d,J = 2.5 Hz) ,iEHMK (5. 75.1) LA —
A(8,4.70, 1H, m) ;'H-'"H COSY i tfr, H-6 (8,
2.92) 5 H-7(5,3.69) #H%,H-7(8,3.69) 5 H-8(§,
4.70) H-13a(8,6.43) H-13b(8,5.79) #1X, 454
DL b IR e A 1 BAT UG o-FUIE 3L - N R4S
¥ o ALY 1 AR A Y3 o — 4k [§] 4% Overhauser
BN NOESY 35 HE 478 TA , KK A A% it e 0 4% > i
MRS T H-8 Jy o #9711 NOESY 1%t H-8
A1 H-7 H9a #156, M H-7 H9a ¥l o #%!; H-
98 5 H-6 \H-14 ¢ ,H-6 X 5 H-l1a H-13 H-14 H-
15 FH2C, W F B H-6 \H-14, H-15 ¥k g #4714, C,-
OH W o #4974 ; (HMBC ,'H-"H COSY #6155 K&
FHXTAS Y ULIE 1 NOESY #HCE S LK 2) ;45652
5 SCHR R 10 TR IR R I b R A e R R AL
YRy e BB 5 SC C5-OH 2y o B RY 25 |, 45T
BH LXK SClfinder 085 R4 2 0 S B AL &)
Sa, 6a-dihydroxy-eudesma-11 ( 13 ) -dien-12, 83-olide
(REREBHE IR 1) o B 1 AT S5 F 5 e i

14

1 &% 1 HMBC,'H-'H COSY
KEHEXESRETHE
Fig. 1 Key HMBC and 'H-'H COSY correlations

and relative configuration of compound 1

NOESY »7 %

B2 k&% 1A NOESY X BHXES
Fig.2  Key NOESY correlations of compound 1

JE AR TR 3 T AS T B I A 3% R 48 (www. trew. ac.
en)
£1 LAY 1H'HNMRF"C NMR
##E (500 #0125 MHz,CDCl, )
Table 1 'H NMR and "C NMR data for
compound 1 ( 500 and 125 MHz,CDCI,)

No. S S
1 1.39(1H,m) ;1. 07(1H,m) 37.3
2 1.81(1H,m);1.51(1H,m) 23.9
3 1.83(1H,m) ;1. 52(1H,m) 29.4
4 1.45(1H,m) 37.6
5 - 67.4
6 2.92(1H,d,J = 2.5 Hz) 61.1
7 3.69(1H,m) 37.0
8 4.70(1H,m) 75. 1

1.58(1H,dd,J = 15.0,1.8 Hz,H9a);

39.
? 1.89(1H,dd,J = 15.0,4.4 Hz,H9b) 9.4
10 - 32.5
11 - 136.7
12 - 169. 5
6.43(1H,d,J = 3.0 Hz)
13 5.79(1H,d,J = 2.5 Hz) 123.6
14 1. 13(3H,s) 16. 4
15 1.06(3H,d,J = 7.0 Hz) 17.9

waw2 HEeakY; UV (MeOH) A, (log
£)207(0.89) nm; HR-ESI-MS: m/z 289. 141 O[ M +
Na] * (caled for C,sH,,0,Na,289. 139 7) ; IR ( N i)
Vo 3 448 .1 6501 747 ¢m ';"H NMR (500 MHz,
CDCl;)68:6.32 (1H,d,J = 3.5 Hz,H-13a),5.61
(1H,d,J = 3.0 Hz,H-13b) ,4.75(1H, m, H-8),
3.25(1H,m,H-7),2.1(1H,m,H-6),1.85(1H, m,
H9),1.8(1H,m,H-6),1.65(1H,m,H9),1.65 ~
2.0(2H,m,H-3),1.45(1H, m,H-2),1.39(3H, s,
H-15),1.26(1H,m,H-2) ,1.25(1H,m,H-1),1.06
(3H,s,H-14) ;" C NMR (125 MHz, CDCl, ) §:34.9
(C-1),16.5(C-2),32.2(C-3),62.5(C4),65.9(C-
5),29.7(C-6),37.5(C-7) ,74.7(C-8) ,41.9(C-9) ,
32.3(C-10),138.8(C-11),170.0(C-12),122.9(C-
13),22.9(C-14),19.7(C-15), LI E%#E 5 X
MR IR AE — B, O B LA 2 N 4a-Hydroxy-5-
methoxy-5, 8a-dimethyl-3-methylenedecahydronaphtho
[2,3-b ] furan-2-one,

WEW 3 HEEREE S (CHCL ) [a]] +
19.7 (¢ 1.34, CHCL, ) ; HR-ESI-MS: m/z 255. 135 2
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[M+Na] " (caled for C,5sH,,0,Na,255.135 5); UV
(MeOH) A, (log £)208 (1.22) ;IR (N i) v, 3
525.1 6501 763 ¢cm ';'H NMR (500 MHz, CDCL, )
5:6.28(1H,d,J = 3.3 Hz,H-13a),5.60(1H,d,J
= 3.3 Hz,H-13b) ,4.90(1H,dd,J = 10.8,4.5 Hz,
H-1),4.70(1H,d,J = 9.6 Hz,H-5) ,4.1(1H,m,
H-6),1.50 (3H,s, H-15),1.5(3H, s, H-14) ;" C
NMR (125 MHz, CDCl;)8:127.7(C-1),31.3(C-2),
25.0(C-3),130.9(C4),137.0(C-5),38.8(C-6),
49.5(C-7),84.4(C-8,)47.0(C9),133.4(C-10),
139.7(C-11),169. 8(C-12),120.8(C-13) ,16.7(C-
14),16.3(C-15) . DI 1% 530k s — 2, i
YR EY 3 ARG

KEWI HOIERMA; [alh® +72.56(c
5.4,CHCL,) ; HR-ESI-MS:m/z 233. 153 8 [M + H] *
(caled for C,5H,, 0,,233.153 6); UV (MeOH) A,
(log £)210(1. 13)nm;'H NMR (500 MHz,CDCl;)$:
6.20(1H,br s,H-13a) ,5.63(1H,br s,H-13b) ,5. 15
(1H,d,J = 3.0 Hz,H-6) ,4.83(1H, m,H-8) ,2. 11
(1H,d,J = 14.5 Hz,H9a),1.20(3H,s, H-14),
1.09(3H,d,J = 7.0 Hz, H-15);"” C NMR (125
MHz,CDCL,)8:16.8(C-1),32.7(C-2) ,41.7(C-3),
37.6(C4),149.0(C-5),118.8(C-6),39.5(C-7),
76.5(C-8),42.7(C9),32.7(C-10),139.9(C-11),
170.5(C-12),121.6(C-13),28.6( C-14) ,22.6( C-
15) o DA Sl 5 sckt ™ i — 80, s s ey
4 7 ARFENEE.

WEWS ACTERMEA; [a])’ +27.28(c
0.5,CHCL,) ,HR-ESI-MS:m/z 233. 153 8 [M + H] *
(caled for C,5H,, 0,,233.153 6); UV (MeOH) A,
(log £)212(0.66)nm;'H NMR (500 MHz,CDCI,)§:
6.13(1H,s,H-13a),5.59(1H,s,H-13b) ,4. 77(1H,
br s,H-15a),4.50 (1H, m, H-8) ,4.44 (1H,br s, H-
15b),2.98(1H,m,H-7),2.34(1H,d,J = 13.0 Hz,
H-3),2.34(1H,d,J = 12.5 Hz,H-5),2.2(1H,d,J
= 15.5 Hz,H-1a) ,1.74(1H,dd,J = 13.0,7.0 Hz,
H-6a),1.40 (1H,dd,J = 18.0,11.0 Hz, H6b),
1.25(1H,dd,J = 13.5,4.0 Hz,H9a) ,0. 83(3H,s,
H-14) ;" C NMR (125 MHz, CDCl, ) §:41.4(C-1),
22.7(C2),36.8(C-3),148.9(C4),46.2(C-5),
27.5(C6),40.6 (C-7),76.8 (C-8),42.2(C9),
34.3(C-10),142.3(C-11),170.6( C-12),120.0( C-

13),17.7 (C-14),106.6 (C-15), Dk | %4t 5 ¢
RO R — B S E LA 5 N R AR,
wEWme s (CHCL) ;[ o]f -18.57 (¢
0.42, CHCL, ) , HR-ESI-MS: m/z 235.170 2 [ M +
H]* (caled for CsH,;0,,235.169 2); UV (MeOH)
A, (log £)205 (1.23) nm;'H NMR (500 MHz,
CDCL,)6:5.17(1H,d,J = 3.0 Hz,H-6) ,4.74(1H,
m,H-8),3.03 (1H, m,H-7),2.48 (1H, m, H4),
2.88(1H,m,H-11),2.12(1H,d,J = 15.0 Hz, H-
9a),1.25(3H,s,H-14) ,1.23(3H,d,J = 5.0 Hz,H-
13),1.13(3H,d,J = 10.0 Hz, H-15);"” C NMR
(125 MHz,CDCl, ) 6:16.8(C-1),33.1(C=2),42.3
(C-3),38.5(C4),150.6(C-5),115.5(C-6) ,40. 4
(C-7),76.7(C-8),42.9(C9),32.9(C-10),38.8
(C-11),179.2(C-12),10.7 (C-13),28.7(C-14),
23.0(C-15) . LA -%od S53ckt " il — 2%, ok e
&6 11 13- A+ KREFEHN.

WEWT HELEREMA;[«]) +74.2(c
1.0,CHCL,) :m/z 233. 154 5[ M + H] " (caled for C 4
H, 0,,233.153 6); UV (MeOH) A, (log &) 206
(0.80)nm;'H NMR (500 MHz, CDCl,)8:6.24 (1H,
br s,H-13a),5.62(1H,br s,H-13b ) ,4.50 (1H,t,J
= 5.0 Hz,H-8a) ,3.06(1H,m,H-7a) ,1.74(2H,d,
J =10.0 Hz,H9) ,1.66(3H,s,H-15) ,1.08(3H,s,
H-14) ;" C NMR (125 MHz, CDCl,)§:37.0(C-1),
18.7(C-2),31.9(C-3),127.2(C4),131.3(C-5),
27.6(C6),41.0(C-7),76.5(C-8),42.5(C9),
33.5(C-10),140.3(C-11),170.9(C-12) ,121.4( C-
13),19.2 (C-14),26.8 (C-15), Lk ¥ 5 X
kR B W% LA T alloalantolac-
tone .

WEWS HELH(CHCL) ;[of” +148.77
(¢ 1.3,CHCL,) ; HR-ESI-MS: m/z 271.130 3 [ M +
Na]" (caled for C,5 Hy O;Na, 271.130 4); UV
(MeOH) A, (log £)209 (1.46) nm;'H NMR ( 500
MHz,CDCL, ) 6:6.36 (1H,d,J = 3.0 Hz, H-13a),
5.61(1H,d,J = 2.5 Hz,H-13b) ,4.44(1H,d,J =
10.5 Hz,H-8),2.89(1H, m,J = 12.0 Hz, H-7),
2.75(1H,d,J = 10.5 Hz,H9b) ,2.53(1H,d,J =
8.0 Hz,H-5),2.12(1H,d,J = 6.5 Hz,H-6a) ,2.09
(IH,d,J = 4.5 Hz,H9a),1.73 (3H, s, H-14),
1.63(1H, m, H6),1.30 (1H, s, H-15) ;" C NMR
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(125 MHz,CDCl, )§:126.9(C-1),22.5(C-2),36.4
(C-3),59.8(C4),61.7(C-5),34.6(C-6) ,40.9(C-
7),80.3(C-8),45.6(C-9),131.2(C-10),138.7(C-
11),169.4(C-12),123.3(C-13),18.5(C-14),15.4
(C-15) o DA b %5 30k i — 5%, s e e &
Y8 Ky da,58-FE-1(10) ,11 (13) -5 H45%-12, 8a-
M

EW9  HEERE S (CHCL) ; [T +
15.2(c 0.5,CHCl,) ; HR-ESI-MS ;m/z 251. 164 0[ M
+H] " (caled for CsH,,0,,251.164 1) ;UV(MeOH)
Ay (log £) 206 (0.91) nm;'H NMR (500 MHz,
CDCl;)68:6. 13 (1H, br s,H-13a),5.59 (1H, brs, H-
13b) ,4.47(1H,td,J = 4.5 Hz,H-8),2.97(1H,m,
H-7),2.07(1H,dd,J = 15.5,1.5 Hz,H9),1.21
(3H,s,H-15),1.13 (3H,s, H-14) ;" C NMR (125
MHz,CDCl,;)8:41.9(C-1),17.3(C-2) ,41.5(C-3),
71.2(C4),48.8(C-5),24.9(C-6),41.1(C-7),
76.7(C-8),44.4(C9),32.5(C-10),142.2(C-11),
170.5(C-12),120.1(C-13),20.0(C-14),30.3(C-
15) o DA b #de 5 Somk™ iaE — 80, ik s S A
9 “# septuplinolide ,

&% 10  H 60k Y ; HR-ESI-MS; m/z
249. 148 4[ M + H] " (caled for C 5 H,, 0,,249. 148
5);UV(MeOH) A, (log £)206(0.78)nm;'H NMR
(500 MHz,CDCl, ) 8:6. 11 (1H,d,J = 3.0 Hz, H-
13a) ,5.46(1H,d,J = 3.0 Hz,H-13b) ,4.09(1H,
m,H-8),3.02(1H,dd,/ = 14.0,3.0 Hz,H-6a),
2.60(1H,dd,J = 11.5,4.0 Hz,H-9b),2.28 (1H,
m,H-7),1.67(1H,s,H-15),1.45(1H,t,J = 12.0
Hz,H9a),1.09(1H,s,H-14) ;" C NMR (125 MHz,
CDCL;)5:76.8(C-1),26.8(C-2),31.8(C-3),127.9
(C4),129.9(C-5),20.0(C-6),48.9(C-7),80.4
(C-8),41.9(C9),41.7 (C-10),139.5 (C-11),
170.9(C-12),117.3(C-13),19.2(C-14),19.7(C-
15) o DA 1% 5 okt i — 80 i e A
10 3 8-epi-ivangustin,

waEWw 11 [ @k ¥; HR-ESI-MS: m/z
249. 148 4[ M + H] " (caled for C 5 H,, 0,,249. 148
5);UV(MeOH) A, (log £)211(1.59)nm;'H NMR
(500 MHz,CDCl, ) 6:6.08 (1H,d,J = 3.0 Hz, H-
13a),5.39(1H,d,J = 3.0 Hz,H-13b) ,5.35(1H, br
s,H-3),3.99(1H,t,J = 11.0 Hz,H-6) ,3.60(1H,
dd,J = 10.0,6.6 Hz,H-1),2.48 (1H,ddd, J =

12.0,11.0,3.0 Hz,H-7),1.73 (3H, s, H-15) ,0. 88
(3H,s,H-14) ;" C NMR (125 MHz, CDCl, ) 8:76.7
(C-1),32.8(C-2),118.8(C-3),135.3(C4),51.2
(C-5),79.1(C-6),50.0(C-7),20.6(C-6) ,34.3( C-
9),40.0(C-10),139.3(C-11),170.8(C-12) ,117.2
(C-13),11.1(C-14),22.2(C-15) ., LI F%¥¥E 53¢
Bk R — B, S E LS 11 santamarine,

wEwm12 AEMAR; [all +39.33(c 0.3,
CHCL, ), HR-ESI-MS: m/z 251.164 1 [M + H]"*
(caled for CsHyy 04,251,164 0); UV (MeOH) A,
(log £)215(2.25)nm;'H NMR(500 MHz,CDCl;)$:
6.13(1H,d,J = 0.5 Hz,H-13a) ,5.55(1H,d,J =
0.5 Hz, H-13b) ,4.56 (1H,t,J = 5.5 Hz, H8),
3.38(1H, m,H-7),1.87(1H,dd,J = 13.0,12.5
Hz,H-6),1.52(1H,dt,J = 13.5,4.5 Hz, H-la),
1.15(3H, s, H-14),1.03 (3H, s, H-15) ;* C NMR
(125 MHz,CDCL, ) §:35.3(C-1),16.2(C-2),28. 1
(C-3),41.0(C4),74.7(C-5) ,36. 1(C-6) ,37.9( C-
7),76.8(C-8),39.3(C9),35.5(C-10),142.2(C-
11),170.9(C-12),120. 1(C-13),23.3(C-14),16.7
(C-15) o LA -H¥e5 Scmk ™ il — 2%, s e e i
W1 12 N racemosalactoneA

L&MW 13 [EEHIRES S (CHCL) 5 [a ) +
41.92(¢ 0.52,CHCL,) ; HR-ESI-MS : m/z 269. 114 4
[M+Na]* (caled for C,sH,;0,Na,269.114 8); UV
(MeOH) A, (log £)247 (1.29) nm;'H NMR (500
MHz,CDCl,) §:6.38 (1H,d,J = 3.0 Hz, H-13a),
5.73(1H,d,J = 2.5 Hz,H-13b),4.62(1H, m, H-
8),3.23(1H,m,H-7) ,3.06(1H,dd,J = 12.5,7.5
Hz,H-6a),2.24 (1H,t,J = 12.5 Hz,H-6b),2.05
(1H,td,J = 13.5,5.0 Hz,H-1a), 1.95(1H,dd,J
=5.0,4.5 Hz,H-9a),1.80(1H,d,J = 3.0 Hz,H-
9b),1.25(3H,s, H-14),1.84 (3H, s, H-15) ;" C
NMR (125 MHz, CDCl, ) §:34.7 (C-1),33.9(C-2),
197.9 (C-3),130.1(C4),158.7(C-5),29.7 (C-
6),39.6(C-7),74.6 (C-8),42.6 (C9),35.3(C-
10),138.6 (C-11),169.8 (C-12),123.1 ( C-13),
25.1(C-14), 11.2(C-15) . DI b %ode 5 ok —
L EALE Y 13 5 3-0oxo-eudesma—4 (11) -dien-
12,8B-olide,,

wEw 14 [EERIRES S (CHCL) s (oD +
131.2(c¢ 0.5, CHCL, ) ; HR-ESI-MS: m/z 249.157 0
[M+ H]" (caled for C;5 Hy O,,249.148 5); UV
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(MeOH) A, (log £)211(1.02) nm;'H NMR ( 500
MHz,CDCL, ) §:6.16 (1H,d,J = 3.0 Hz, H-13a),
5.60(1H,d,J = 2.5 Hz,H-13b) ,4.88 (1H,br s, H-
15a),4.71 (1H, br s, H-15b) ,4.57 (1H,wd, J =
5.5,5.0 Hz,H-8),3.36(1H,m,H-7) ,2.55(1H,m,
H-3),2.18(1H, m,H-3),2.04(1H,dd,J = 15.5,
5.0 Hz,H9),1.92(1H,dd,J = 15.5,5.0 Hz, H-
9),1.83(1H,m,H-1),1.79(1H,d,J = 9.5 Hz, H-
6),1.77(1H,s,H-6) ,1. 18 (1H,m,H-1) ,1. 61 (2H,
m,H-2),0.97 (3H,s,H-14) ;" C NMR (125 MHz,
CDCL,)8:35.4(C-1),21.6(C-2),31.8(C-3),150. 1
(C4),74.3(C-5),33.8(C-6),37.6(C-7),76.8( C-
8),35.6(C9),36.5(C-10),142.1(C-11),170.7
(C-12),120.3(C-13),21.8(C-14),109. 1 (C-15)
LBt 5 Se ik ol B — B e e e A 14
4 telekin,,

wEw 15 AR R; (o]l +26(c 1.5,
CHCL, ) ; HR-ESI-MS: m/z 233.153 8 [M + H]"
(caled for Ci5H, 0,,233.153 6); UV (MeOH) A .
(log £)215(1.31)nm;'H NMR (500 MHz,CDCI,)$:
6.34(1H,d,J = 3.0 Hz,H-13a) ,5.71(1H,dd,J =
17.5,10.5 Hz,H-1),5.56 (1H,d,J = 3.0 Hz, H-
13b),4.95(1H, m,H-2),4.91 (1H, m,H-3a) ,4. 88
(1H,dd,J = 17.0,10.5 Hz,H-2) ,4.87(1H,m, H-
8),4.68 (1H, m,H3b),3.29 (1H, m, H-7),2.18
(1H,m,H-6),2.01(1H,d,J = 2.5 Hz,H-5),1.98
(1H,m,H-6),1.94(1H,m,H9) ,1.72(1H,br s, H-
15),1.3(1H,m,H-9),1.04(3H,s,H-14) ;" C NMR
(125 MHz, CDCl, ) 8:147.3 (C-1),111.0 (C-2),
113.0(C-3),145.8(C4),46.0(C-5),26.5(C-6),
39.2(C-7),75.9(C-8),42.8(C-9),39.6(C-10),
137.3(C-11),170.5(C-12),120. 4 (C-13) ,16.4( C-
14),24.8(C-15) . PA_EHd 5 ok ™ s —3%, b
WEALE W 15 H igalane,,

wEH 16 BEAMCRY; [«]) +124.63 (¢
1.08,CHCI, ) ; HR-ESI-MS:m/z 249. 148 4[| M+ H] *
(caled for C,sH, 0,,249.148 5); UV (MeOH) A,
(log £)280(1.21)nm;'H NMR (500 MHz,CDCL,)$:
6.36(1H,s,H-6),4.80(1H,dd,J = 13.5,5.5 Hz,
H-8) ,4.44(2H,m,H-13),1.27(3H,t,J = 4.0 Hz,
H-14),2.78(1H,m,H4) ,2. 18 (1H,dd,J = 13.0,
5.5 Hz,H-9),1.27 (3H, m, H-15) ;" C NMR (125
MHz,CDCI,)8:34.1(C-1),39.8(C-2),18.1(C-3),

40.7(C4),163.6(C-5),112.7(C-6),158.9(C-7) ,
76.5(C-8),43.3(C9),38.7(C-10),118.3(C-11),
174.8(C-12),55.5(C-13),29.5(C-14),20.7 (C-
15) o DA E$de 55 S0k ™ il — 80 s e A
16 >4 macrophyllilactone E

wEw 17wk (o) +14.58 (¢
0.48, CHCl, ) ; HR-ESI-MS: m/z 271.130 0 [ M +
Na]® (caled for C, H,, O;Na, 271.130 4); UV
(MeOH) A, (log £)212(1.20) nm;'H NMR (500
MHz,CDCL,) 8:6. 11 (1H,d,J = 1.0 Hz, H-13a),
5.55(1H,d,J = 0.1 Hz,H-13b) ,4.48(1H,td,J =
5.0,1.5 Hz,H-8) ,2.91(1H,m,H-7) ,2. 67(1H,dd,
J = 4.5,2.0 Hz,H-15a) ,2.55(1H,d,J = 4.5 Hz,
H-15b),2.21(1H,dd,J = 15.5,1.5 Hz,H-9),1. 67
(IH,m,H-6),1.50(1H,dd,J = 16.0,4.5 Hz, H-
9),0.98(3H,s,H-14) ,0.95(1H, m,H-6) ;”C NMR
(125 MHz,CDCI; ) 6:41.4(C-1),20.3(C-2),35.3
(C-3),58.5(4),44.2(C-5),23.1(C-6),40.4(C-
7),76.5(C-8),41.9(C-9), 34.3(C-10),141.8(C-
11),170.5(C-12),120.5(C-13),18.6(C-14) ,50. 8
(C-15) . Lh b %5 3cmk ™ il — 5k, i e e &
¥ 17 4y 4a,15-epoxy-isoalantolactone ,

wEWI8 eIk Y; [ a]]-26.45(c 0.62,
CHCl,) ; HR-ESI-MS: m/z 289.141 1 [ M + Na ]~
(caled for C,sH,0,Na,289. 141 0) ;UV(MeOH) A,
(log £)206(0.78)nm;'H NMR(500 MHz,CDCI;)$:
5.13(1H,m,H-8),3.93(1H,d,J = 12.0 Hz, H-
13a),3.74(1H, m,H-13b) ,2.98 (1H,dd,J = 5.0,
2.0 Hz,H-7),2.15(1H,dd,J = 15.0,3.5 Hz, H-
9a),1.22(3H,s,H-15),1.12(3H,d,J = 7.5 Hz,
H-14) ;" C NMR (125 MHz, CDCl,)§:42.1(C-1),
16.8(C-2),38.4(C-3),32.8(C4),152.7(C-5),
112.4(C-6) ,44.7(C-7),77.7(C-8),42.4(C9),
32.9(C-10),77.2(C-11),177.7 (C-12) ,64.0 ( C-
13),22.9(C-14),28.6 (C-15), LI E#¥ 5 X
kY — 3, O E LA W 18 Sk 11, 13-dihydroxy-
alantolactone

wEW19 FEIRY; [all-17.0(c 1.0,
CHCL, ) ; HR-ESI-MS: m/z 231.138 2 [M + H] "
(caled for C;sH,30,,231.138 3); UV (MeOH) A,
(log £)206(0. 74)nm;'H NMR (500 MHz,CDCI;)$:
6.18(1H,d,J = 1.7 Hz,H-13a) ,5.60(1H,d,J =
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1.5 Hz,H-13b),5.0(1H,m,H2) ,4.86 (1H, m, H-
15a) ,4.60(1H,m,H-15b) ,4. 58 (1H,m,H-8) ,3. 05
(1H,m,H-7),2.11 (1H, m, H-1),2.05(1H, m, H-
5),1.89 (2H, m, H9),1.78 (1H, m, H6), 1.71
(2H,m, H-3),1.04 (3H, s, H-14) ;" C NMR (125
MHz,CDCI,)§:148.1(C-1),111.3(C-2),24.4(C-
3),146.0(C4),48.9(C-5),30.2(C-6),40.2 ( C-
7),76.1(C-8),40.1(C9),38.3(C-10),141.1(C-
11),170.5 (C-12),120.9 (C-13), 19.3 ( C-14) ,
112.9(C-15) . DA E%¥s 53 % S0k — 5%, dc s
FEEYW19 K 1(2),4(15),11(3) -eudesma-trien-
12,8B-olide,,

&M 20 (@R ¥ HR-ESI-MS: m/z
277.217 3[ M-H] (caled for C,3H,,0,,277.216 2);
UV(MeOH) A, (log £)209(1.0)nm;'H NMR (500
MHz,CDCL,)8:5.35 ~5.29 (6H,m,H-9,10,12,13,
15,16),2.81 (2H, s, H-11),2.80 (2H, m, H-14) ,
2.36(2H,t,J = 7.5 Hz,H-20),2.11 ~2.05 (2H,
m,H-17),2.11 ~2.05(2H, m,H-8),1.62 (2H, m,
H3),1.32(8H,m,H4,5,6,7),0.98 (3H,t,] =
7.5 Hz,H-18) ;" C NMR (125 MHz,CDCl,)8:179. 3
(C-1),33.9(C-2),24.8(C-3),29.1(C4) ,29. 1(C-
5),29.2(C6),29.6(C-7),27.0(C8),132.0(C-
9),130.3(C-10),25.7(C-11),128.3(C-12),128.3
(C-13),25.6(C-14),127.8(C-15),127.2(C-16) ,
20.6(C-17) ,14.3(C-18) , L I Hde 5 ek i
— B, WO A 20 SRR

&Y 21 (@R Y HR-ESI-MS: m/z
279.232 6[ M-H] ( caled for C, H;, 0,,279.231 8) ;
UV(MeOH) A, (log £)206(1.27)nm;"H NMR (500
MHz,CDCL, ) 6:5.36 (4H, m, H9,10,12,13),2.77
(2H,t,J = 7.5 Hz,H-11),2.35(2H,t,J = 7.5
Hz,H-2),2.05 (4H, m, H-8,14),1.65(2H, m, H-
3),1.26 ~1.34(14H,m,H4,5,6,7,H-15,16,17) ,
0.89(3H,t,J = 6.5 Hz,H-18) ;*C NMR(125 MHz,
CDCL,)8:178.4(C-1),33.8(C-2),22.7(C-3),29.7
~29.0(C4,5,6,7,15),27.3(C-8),130.3(C9),
130.0(C-10) ,4.8(C-11),128.1(C-12),127.9(C-
13),27.2(C-14),31.9(C-16),22.7(C-17) , 14. 1
(C-18) o Al %ud 5 3k ™ Aot — 2%, e e s 1k
A0 21 iR

&M 22 HEEIRES  (CHCL) ; HR-ESI-
MS:m/z 281.248 3 [ M-H ] ( caled for C, Hi, O,

281.2475); UV (MeOH) A, (log £) 203 (0.33)
nm;'H NMR (500 MHz, CDCl,)§:5.35(2H,d, H9,
10),2.35(2H,t,J = 7.5 Hz,H2),2.01(4H,m, H-
8,11),1.60 ~1.66(2H,m,H-3) ,1. 25 ~1.29(20H,
m,H4 ~7 H-12 ~17),0.88(3H,t,J = 6.5 Hz,H-
18) ;" C NMR (125 MHz, CDCL, ) §:179.9 (C-1),
34.2(C2),24.8(C-3),29.8 ~29.4(C4 ~7,C-12
~15),29.2(C-8,11),130.0(C-9),129.7(C-10),
32.1(C-16),22.9(C-17) ,14.27(C-18) , L) I ¥k ¥z
5 ICmk Y R — 3, B LA 22 iR
3 WitE&R

ARSI N 52 24 1 AR FAL 22 LT AT, SR
LR CTRAA FLVA TR FEBGE (10% Bl 2 AR RE A (0 i
KA A S SO AR AT o B alifh AR
FRACME T M P s R AR S T 22 MRS, Horp
&Y 3.8 Jil Bl LG 20 ~ 22 R REITR,
HARE AP kg e Y, 3d 2 R SR NE A L
FN R LTRXT E AR FEA TR 25, AR HUCREIIR,
R ATt P b B 7 T A s N R 2R B4, B
LR VER SR G RO R . R R
LR I A 2L 3 Y T X A A N R R S R A P TR 32
BT AT e BSCTRH ) G 5 ), B A B ASOR A Al
BEvy R BRSSO A TR AR WO ) o1
fiff | WS g S FR A A R

S E RN 1z 7 B AS i N R 2
FEARHEE ST o WX 52 L ARE R CTRIZ AL
LT  ETRATRT S22 4 St EARTHA T8
AT AR, 3 — 20 & H 25 AN (8 A T AH
KT RARESR AL TR ARG . ARE P A
R JRIPEHZD JPaiie 3, S e it — PR A
RSy R A2 FTE L, Syl RN 443t
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