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Sesquiterpenoids from the Leaves of Helianthus tuberosus L.

Hitomi BaBa, Yasunori Yaorra, and Masao KikucHi

(Received November 22, 2005)

Six sesquiterpenoids, 1a-acetoxypinnatifidin (1), 1a-hydroxypinnatifidin (2), budlein A

(3), 17,18-dehydroviguiepinin (4), 4,15-isoatriplicolide angelate (5) and 4,15-isoatriplicolide

methylacrylate (6), have been isolated from the leaves of Helianthus tuberosus L.

(Compositae). Their structures were determined on the basis of spectral data. Compound 1

is a new natural product but primarily synthetic substance and compound 2 was obtained

from the leaves of H. tuberosus for the first time.
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Helianthus tuberosus L. 13 7 B} Compositae,
v <) Helianthus BOWEWTH Y, HEIZ
BWTIEEH & LTRIE, &R, BAFOHE
WKHWHNA. U ZFo4bFla s LT, A
XFTNRIA R, 29 D7) A4 K5 JiRI
TEIIREAEARST G SN T WD, 4 HFH
S5, FIZRREM DX A XTI 4 WS
HO—RELT,Y ¥4 EDEDORGFIZDON
TR EIT > 72D THRET 5.

EBOIBICFER L2 X912, MIAEHRNTIRE
L72% 7 4 ED¥E%A MeOH THI L, F5N17
T¥AD CHCL, WEEZ ) Ay Vo L0
Y b9 7 4 = RO ECHPLC 12 L TLEW
1-6%157:.

L&Y 1 T HEERE +206.9° 04T R &
LCHEEE N, 5 TRIERSMEEE (HR)-BF
A4 4+ b (ED-MS 5 C,H,0, EREL. IR
ANRT PVIZBWTE, a-AF L Y-y-F7 b
>~ (1763 cl), 7EFNHE (1749 em!) K«
B-AEAI b 2 (1681 emt) (2FD  BRINASEE.
OHNA, T H-NMR A7 MIZBWTIE, =
FhAFVE [0, 1.05 (3H, s, Hy-14) 1, EAFAIZ

Bk L7z AF V3 [0y 1.97(3H, dd, J = 1.5, 1.5
Hz, Hy-15)1, 7t€F V3 [6,2.10(3H,s)], 1A
DXAF L vH [, 1.43 (1H, ddd, J = 13.9, 13.6,
11.7 Hz, H-63), 1.78 (1H, dd, J = 15.4, 4.8 Hz, H-
9a), 2.07 (1H, dd, J = 15.4, 1.5 Hz, H-98), 2.15
(1H, ddd, J = 13.9, 7.3, 2.6 Hz, H-6a)], —fH®
AFr7u by [64;267(H, brdd,J=13.6,15
Hz, H-5),3.10 (1H, br ddd, J = 11.7, 6.2, 5.1Hz, H-
7], “HOMEEHRIEONIRO AF 70 b
v [ 6y 459 (1H, ddd, J = 5.1, 4.8, 1.5 Hz, H-8),
491 (1H, s, H-1)1, KA F L >3 [6,5.68 (1H,
d,J = 1.1 Hz, H-13a), 6.21 (1H, d, J = 1.1 Hz, H-
13b) ] A I = E L EAS A [0y 5.94 (1H, br s,
H-3)] 12D Y7 Fuhiio b b, BC-NMR
ART P IVIZBWTIRITARD Y 7 F IVHEE &
n, #0595, 6,169.4 (CH,CO0), 169.7 (C-12)
BN 1920 (C2) IZH VKRNV IEICHRT S L 7
FIHEEOH SN A, FIZ, H-H shift correlation
spectroscopy (*H-'H COSY) i I¥iZ H-detected
heteronuclear multiple bond correlation (HMBC)
AR MVERETAZEIZLD, RILEHD
V&R Fig LISRT L) ICE L7z, KIS,
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VARREE 12D W T nuclear Overhauser effect
correlation spectroscopy (NOESY) ZA-X%Z ki
XM E4T o7 (Fig. 2). EOHE, 1400
AFNEEE1RHL, 63 R KNI DKFE L DR
IZ NOEASRB®O b, 72, safiOkFE L Tafi
KEU9afridKZEDRBIZ NOE B S N7,
&y, o7 MR VEEeREBEEY LS
CEHHEBHL, EiZ, ARE B BRI rans HE
THhAZEDPHLEPELR T2, 72, a-AF L
Y-y-77 b VBROVABREIZOWTIE, Tafl
DKFE L SafLDKFE & DRIZ NOE 45580 5
LHZEMSL asEEEFE L. LLEOARS B
V7= L) ARILEWIT 1 a-acetoxypinnatifidin
CHEE S, SCEME (CH-NMR A7 Mv)9 &
DB L Y FEE L7,

L& 213 HR-EI-MS #*5 C,;H,;0, D713\
AT AHAIENHLNE L 5T, IR AT ML
2BV T, /KR (3599, 3490 cm!), a-AF
Lroy-92 F (1762 cmt) N «, B -8
k(1681 can)IZED SHIHFRD BN G,
H- K OF BC-NMR A7 M Vidb&H 1 12380
LTWwaD, 2I2BWTITIZED LN T & F
VEOT T FUDEIRLTwE, Ik )R
Wit 1 a-hydroxypinnatifidin & #5% &4, 3O

WkE (EI-MS, 'H- KU C-NMR A-X7 Fv)9&
DI X A L 7.

LEW3 -6 EICF 7 A EDE L) Hif S
T4 budlein A% 17,18-dehydroviguiepinin,
41112) 4 15-isoatriplicolide angelate * & U4,15-
isoatriplicolide methylacrylate ¥ & #ff@ s,
HAE (CH-NMR A7 b V) & OB &) [
L7z,

DE, ¥27A4AFEDEDLAFF LRI A N
SOV THE 217, 6HOILEW (1 —-6) D
FIEEER L. 2055, LaW1 3Ekmn
ELTHESNTWAED, Y Y h o kS vz
DEARB MO TTHL., T2, {LEW2idF
24 REREDOHEY TH L Helianthus
grosseserratus MarTENs DML EEDORS& LT
WESNTVLD,? ¥/ 4 EORELD HEES L
72D ESEBNOTTH L. iE, Siedle 512
L0 ibEW3 7% LD 1-keto-2,3-unsaturated
furanoheliangolide #E 12D\ T, ZEMEY A1 b A
A VRBE ST 7 EOBIR TR 2L 5
5N TH A NF-cB OFEFEDH S 212 &
NTw5. W 4, Zhs L PO EEE
FTBEPDF 7 A TOEIHER SN2 L1
EYNEEOED D b RS2 5.

S R=Ang
6 R =Meacr

Chart 1
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IR A7 [ Vit Perkin Elmer Spectrum One
FT-IR spectrometer % W CHEIE L7z, UV AR
7 b vid Beckman DU-64 B, etk 3 H A
J6 DIP-360 8% MW CllE L 72. HR-EI-MS 4
HARE T JMS-DX 303 B4 FlvCilll L7z, 'H-
KUY BC-NMR A7 P VIEHARET JNM-LA
600 B, JNM-LA 400 BV & 7213 INM-EX 270 #1%

HRAL, NEEEYEIZ tetramethylsilane
(TMS) ZHW Tl L7z (g8 s = singlet, d

= doublet, dd = double doublet, ddd = double
double doublet, dddd = double double double
doublet, dt = double triplet, dq = double quartet,
qq = quartet quartet, m = multiplet, br = broad) .
L%y 7 ME ol (ppm) TRL, FEEEK (1)
E Hz TEL. YA TFVATLZOAT NS
T 7 4 — I FHEA £ LT Kieselgel 60 (Merck,
230 —400 mesh) fH L7z, £72, ODS % J
LAruax 7574 = CEFEBAE LT
Cosmosil 75C-OPN (Nacalai Tesque) % fv 7z,
SFHUHPLC (21, #v —8UEE (K2 7, CCPS;
Bt 2, RI-8020) % L7z,

HMEHROSREE 2002 4 10 JITAIBTHH TR
H1L72F% 74 FDIE 0.7 kg % MeOH THIHE L,
MeOH ¥ Z 696 g i3/, TN mDOKE

Fig. 1. 'H-'H COSY (Bold Lines) and HMBC (Arrows)
Correlations for 1

Bz T CHCL, THlii L, CHOL, T 191 g %
Bz, SIhx OB TrVhssrax 757
14— [n-hexane — AcOEt (4 : 1 —1 : 4, AcOEt,
MeOH)] &y L THMEATVY, 7T 7 a v
(fr.) 1—18 %57, RIZ, fr. 12 ) AT
BT LAY N T 74— [n-hexane — AcOEt
(4:1—1:4)] iz vieams (5.0
mg) 7z, T, o 13 RNV T A
s 1~< N7 74— [n-hexane — AcOEt (4 :
1—1:4)] 2L Tibame (6.0 mg) %%/
HIZ, fr. 16 #ODS AT L7 AR T T T 4 —
[MeOH — H,0 (3 : 1), MeOH, CHCL,] (2§ =
XD fr16-1—fr. 16-7T 2572, 2095,
fr. 16 - 3 % 43I HPLC [column, TSKgel ODS-
120T (7.8 mm i.d. X 30 cm, Tosoh); mobile
phase, MeOH —H,0 (3 : 2); flow rate, 1.0
ml/min; column temp., 40 °C; detection, RI] (£
LTbEW1 (0.6 mg), 1L&2 (2.2 mg) ﬂ:
&3 (05mg) RUMLAEW4 (0.4 mg) =4
1a-Acetoxypinnatifidin (1) #5JEH K. [a]zt?
+206.9° (¢ = 0.06, CHCl,) . UV 2, (MeOH) nm
(log €): 223 (3.9), 240 (4.0). IR v,,,.(CHCIL,)
cml: 1763, 1749, 1681. HR-EI-MS m/z: 304.1293
(M, Caled for C,;H,,05; 304.1311). 'H-NMR (600
MHz, CDCl,) 6: 1.05 (3H, s, Hy;-14), 1.43 (1H,
ddd, J = 13.9, 13.6, 11.7 Hz, H-6 8), 1.78 (1H, dd,
J =15.4,48 Hz, H-9a), 1.97 (3H,dd,J=15,1.5

Fig. 2. NOEs Detected for 1
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Hz, H,-15), 2.07 (1H, dd, J = 15.4, 1.5 Hz, H-93),
2.10 (3H, s, CH,C00), 2.15 (1H, ddd, J = 13.9,
7.3,2.6 Hz, H-6a), 2.67 (1H, brdd, J = 13.6, 1.5
Hz, H-5), 3.10 (1H, br ddd, J = 11.7, 6.2, 5.1 Hz,
H-7), 459 (1H, ddd, J = 5.1, 4.8, 1.5 Hz, H-8),
491 (1H,s,H-1),5.68 (1H,d,J = 1.1 Hz, H-13a),
5.94 (1H, br s, H-3), 6.21 (1H, d, J = 1.1 Hz, H-
13b). BC-NMR (150 MHz, CDCl,) 8: 16.8 (C-14),
20.9 (CH,C00), 22.2 (C-15), 26.2 (C-6), 34.0
(C-9), 38.2 (C-10), 39.4 (C-5), 405 (C-7), 75.7
(C-8), 77.3 (C-1), 121.3 (C-13), 125.6 (C-3),
141.0 (C-11), 160.8 (C-4), 169.4 (CH,C00),
169.7 (C-12),192.0 (C-2).
la-Hydroxypinnatifidin (2) #fH kY.
[a]®+179.7° (¢ = 0.22, CHCL,). UV A, (MeOH)
nm (log ¢): 215 (4.0),239 (4.0).1IR v, (CHCIL)
cml: 3599, 3490, 1762, 1669. HR-EI-MS m/z:
262.1202 (M*, Calcd for C,H,,0,; 262.1205). 'H-
NMR (400 MHz, CDCl,) 6: 0.95 (3H, s, H;-14),
1.42 (1H, ddd, J = 13.7, 13.4, 11.7 Hz, H-6 B),
1.95 (3H, dd, J = 1.2, 1.2 Hz, H,-15), 1.97 (1H,
dd, J = 16.3, 1.5 Hz, H-93), 2.13 (1H, ddd, J =
13.7, 7.1, 2.7 Hz, H-6 ), 2.39 (1H, dd, J = 16.3,
4.9 Hz, H-9a), 2.77 (1H, br d, J = 13.4 Hz, H-5),
3.09 (1H,br ddd, J = 11.7, 7.1, 5.1 Hz, H-7), 3.48
(1H, br s, H-1), 4.64 (1H, ddd, J = 5.1, 4.9, 1.5
Hz, H-8), 5.67 (1H, d, J = 1.2 Hz, H-13a), 5.89
(1H, dq, J = 1.5, 1.2 Hz, H-3), 6.19 (1H, d, J =
1.2 Hz, H-13b). ¥*C-NMR (100 MHz, CDCl,;) 6:
172 (C-14), 222 (C-15),26.1 (C-6),33.7 (C-9),
38.4 (C-10), 38.5 (C-5), 40.7 (C-7), 76.4 (C-8),
78.0 (C-1), 121.0 (C-13), 124.6 (C-3), 141.4
(C-11),161.7 (C-4),170.0 (C-12),196.9 (C-2).
Budlein A (3) EMAlKY. 'H-NMR (270
MHz, CDCl,) é8: 1.50 (3H, s, H;-14), 1.80 (3H,
dq, J = 1.5, 1.5 Hz, Hy-5'), 1.94 (3H, dq, J = 7.3,
1.5 Hz, Hy-4'), 2.32 (1H, dd, J = 15.2, 3.5 Hz, H-
9a), 2.55 (1H, dd, J = 15.2, 5.6 Hz, H-9b), 3.76
(1H, m, H-7), 442 (2H, br s, H,-15), 527 (1H,
m, H-8), 5.39 (1H, m, H-6), 5.68 (1H, s, H-2),
5.71 (1H,d, J = 2.5 Hz, H-13a), 6.12 (1H, qq,J =
7.3,1.5Hz, H-3"), 6.23 (1H, dt,J = 4.3, 1.6 Hz, H-

5),6.37 (1H,d,J = 3.0 Hz, H-13b).

17,18-Dehydroviguiepinin (4) A EKYy.
IH-NMR (270 MHz, CDCl;) &: 1.50 (3H, s, H,-
14), 1.87 (3H, dd, J = 1.5, 0.8 Hz, H,-4"), 3.76
(1H, m, H-7), 4.42 (2H, br s, H,-15), 520 (1H,
m, H-8), 5.31 (1H, m, H-6), 5.62 (1H, m, H-3'a),
5.68 (1H, d, J = 2.6 Hz, H-13a), 5.70 (1H, s, H-
2),6.03 (1H,brs, H-3'b), 6.23 (1H, m, H-5), 6.37
(1H, d, J = 3.1 Hz, H-13b).

4,15-Isoatriplicolide angelate (5) #&5 T £,
'H-NMR (270 MHz, CDCl,) ¢: 1.48 (3H, s, H,-
14), 1.75 (3H, dq, J = 1.5, 1.5 Hz, H;-5'), 1.92
(3H, dq, J = 7.3, 1.5 Hz, H;-4'), 2.26 (1H, dd, J =
15.2, 2.8 Hz, H-9a), 2.65 (1H, dd, J = 152, 4.8
Hz, H-9b), 2.93 (1H, d, J = 14.3 Hz, H-5a), 3.10
(1H, dddd, J = 14.3, 9.7, 2.0, 2.0 Hz, H-5b), 3.56
(1H, dddd, J = 5.4, 3.0, 2.8, 2.3 Hz, H-7), 4.42
(1H, ddd, J = 9.7, 5.4, 1.0 Hz, H-6), 5.28 (1H,
ddd, J = 4.8, 2.8, 2.3 Hz, H-8), 5.61 (1H, d, J =
2.3 Hz, H-15a), 5.69 (1H, d, J = 2.8 Hz, H-13a),
5.71 (1H, s, H-2), 5.75 (1H, d, J = 1.8 Hz, H-
15b), 6.09 (1H, qq, J = 7.3, 1.5 Hz, H-3'), 6.36
(1H, d, J = 3.0 Hz, H-13b).

4,15-Isoatriplicolide methylacrylate (6) &
AR K. 'H-NMR (270 MHz, CDCl;) &: 1.48
(3H, s, Hy-14), 1.84 (3H, br s, Hy-4'), 2.27 (1H,
dd, J = 15.0, 2.8 Hz, H-9a), 2.69 (1H, dd, J =
15.0, 4.8 Hz, H-9b), 2.94 (1H, d, J = 14.2 Hz, H-
5a), 3.10 (1H, m, H-5b), 3.57 (1H, m, H-7), 4.36
(1H, m, H-6), 5.22 (1H, ddd, J = 4.8, 2.5, 2.3 Hz,
H-8), 5.58 (1H, br s, H-3'a), 5.62 (1H, d, J = 2.0
Hz, H-15a), 5.67 (1H, d, J = 2.8 Hz, H-13a), 5.72
(1H, s, H-2),5.75 (1H, d,J = 1.6 Hz, H-15b), 5.93
(1H, br s, H-3'b), 6.36 (1H, d, J = 3.3 Hz, H-13b).

FEE AWFEIcH-D, MS HUYNMR ARZ
MV 2RIE L THEW RFERIEZEE D 4 (12
EHBLET.
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