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HIYODORILACTONES A AND B, NEW TUMOR INEIBITORY
GERMACRADIENOLIDES FROM EUPATCRIUM SACHALINENSE MAKINO
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Three new sesquiterpene lactones belonging to the class of [1(1L0)E,
QZ]—germacra—l(lo),q—dienolide have been isolated from the leaves of
Bupatorium sachalinense Makino, two of them (hiyodorilactones A and

B) were found to show eignificant inhibitory activity in vivo against
the Fhrlich ascites carcinoma. The structures of hiyodorilactones
A, B, and C have been established to be 1, 2, and 3, respectively.
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however, few of them showed significant in vivo tumor inhibitory activity. We wish
to report the isolation and the structure elucidation of hiyodcrilactones A (1), B
(2), and C (3), novel germacranolides, from the leavesof Eupatorium gachalinense
Makino.2 Hiyodorilactones A (1) and B (2) have significant tumor inhibitory
propertiesj) in vivo against the Ehrlich ascites carcinoma.

Fractionetion of the methanolic extract was guided by the Hela assay. Succes-
sive solvent partitions and silica gel chromatography yielded three new cytotoxic
lactones, hiyodorilactones A (L), B (2), and C (j).Q) Hiyodorilactone A (1) [pale
yellow o0il; 022H28O8; [o(]%h -121° (c .75, EtOH)] shows following spectral data.

UV end absorption (EtOH) 210 nm (¢ 14,800); IR (neat) 3400 (OH), 1760 («,B-unsatu-
rated F-lactone), 1740 (ester), 1705 (d,p-unsaturated ester), and 1658 cm-1 (C=C);
m/e 420.1793 (M'), 289 (M - CH(CH,OH)=C(CH,0H)C00} " and 228 (M - CH(CH,OH)=C(CK,OH)~
COCH - AcOH]+ ; PMR: Table 1. These data are closely related to those of provincialin
(L), a (1(10)E,42) -germacra-1(10),4~dienolide isolated from Liatris provincialis.5)
The remarkable difference between the PMR spectra of 1 and 4 was observed for the
acyloxyl group at C-8 (cf. Tablel), Hiyodorilactone A (1) gave, on alkaline
hydrolysis with KECOB—aq.MeOH, two products 5 [C18H26O6; coloriess crystals; nmp

141 - 142 °C; IR (KBr) 3510, 1765, 1720, and 1660 cm +; m/e 338 ('), 278 (M -
Acom)*, 246 (M - AcOH - CHEOH)+; PMR: Table 1) and § [Cl6H 1,055 colorless oil; IR
(neat) 3450, 1740, and 1663 cm™t; m/e 296 (M%), 278 (M - H,0) , and 261 (M - CHz0H)" ].
The compound (5) was shown to be identical with the product (5) obtained from 4 by
the same treatment, Therefore, hiyodorilactone A (1) should be [l(lO)E,AZ]—iﬁ—
acetoxy-&p-acyloxy-ﬁﬂH,Z&H—germacra-l(lo),4,ll(l})—trien—12,6—olide.

On acetylation with acetic anhydride and K2CO3 at room temperature, 1 yielded
two acetites Zs 024H3909; colorless oil; IR (neat) 3480, 1760, 1745, 1720, and
1660 cm™~; m/e 462 (M), 289 (M - CH(CH20A0)=C(CH20H)COO]+, and 228 (M- AcOH -

A number of cytotoxic germacranolides have been reported in these years,
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Table 1,

PMR spectra (60 MHz) of 1 - 11 (solvent CDCl,

Compd 03-H C6—H 08—H CQ—Me ClO-Me
1 a 5.96dd a 1,804 1.84s
(1152) (1)

2 5.,98dd  a 1.80s 1.80s

(11.532)

3 a 5.86dd L,20 1,804 1.90d
L a 5.93dd a 1,83d 1.77s
(11.131.2) (1.2)

2 a 5,73dd  4,07m 1,804 1,8ls
(1134) (W 8) (1)

[ LoL2t 6,12dd L4,06m 1l.,72d 1.,82s

(3.5) (1134) (W% 10) (1)
2 a 5,98dd  a 1,81d  1,86s
(1032.5) (1)
8 a 5.90dd a 1,804 1.84s
(10.5352) (1)
9 a 5.82dd a 1,80brs 1,80brs
(1033)
10 Lot 6,26dd L,lhm l.724d 1.91s
(3.5)(1132.5) (W% 8) (1)
12 a 5.9644d a 1.824 1.79brs
(2.5310.5) (1.3)
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, d values)

015—H 3'-H 4'-H 5'-H Ac OMe
5.79d 6.,35d 6,90t L4o3%7d L4,31ls 2,125 -
(2) (2) (5.5) (5.5)
5.79d 6,364 6,81t 4,31d 1,80s 2,108 -~
(2) (2) (6) (6)
5.70d4 6,384 - - - 2.,07s -
(2) (2)
5.78d 6,35d 2,1ls =
(1.9) (2.1)

- - - - - 2,065 3,39s
- - - - - - Jells
5680d 6,404 6,80t 4,854 L 48s 2,085 =~
2y (@ (6) (&) 2.12s
5.78d 6.37d4 6,94t 44874 L4805 2,065 -~
(2) (2) (6) (6) 2.06s
2410s
5.75d 6,374 - - - 2,098 =~
(2) (2) 2.,00s
5.684 6,404 - - - - -
(2) (2)
5.78d 6,364 6,92t 4,004 L.,34s 2,128 =
2.1) (2,1) (6) (6)
Hz. a) These signals could not

Coupling constants in parentheses areexpressed in

be assigned because of overlapping with other signals,

s; singlet, brs; broad

singlet, d; doublet, t; triplet, dd; doublet of doublets
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CH(CHEOAC):C(CHZOH)COOH]+; PMR Tablel, and 8, C 6H32010’ colorless o0il; IR (neat)
1760, 1740, 1720, and 1660 cm~ , m/e 504 (M ), 289 (M - CH(CH OAc)=C(CH OAc)COQ]

and 228 [M - CH(CH OAc) C(CH OAc)COQH - ACOH]+; PMR: Table 1. These facts along
with the results of the PMR decoupllng and NOE experiments (Table 2)7) on 7 suggest
the presence of (2'E)-4'-hydroxy-2'-hydroxymethyl-2'-butenoyloxyl group at C-8 for l.
Thus the structure of hiyodorilactone A was established to be 1.

Hiyodorilactone B (2), C 55 28 7; pale yellow oil; [a]Dq 1400 (¢ 0.67, EtOH); UV
end absorpblon (EtOH) 210 nm (€& 30,400); IR (neat) 3460, 1760, 1750, 1720, and 1660
em™; m/e 404.1851 ('), 289 (M - CH(CHz)=C(CH ,0H)C00)", and 228 [M - AcOH -

CH(CH )=C(CH OH)COOH] ; PMR: Table 1, shows the PMR spectrum closely related to
that of hlyodorllactone A (L). In the PMR spectrum of hiyodorilactone B (2), the
two proton singlet at § L4.31 (CﬂEOH at C-5') observed for 1 disappeared and an
additional new olefinic methyl signal appeared atd 1.80 as a slightly broadened
singlet (due to a coupling with the proton at C-3')., The difference between the two
spectra was considered to be due to a difference on the ester side chain at C-8,
This was confirmed by the formation of 5 and § on alkaline hydrolysis of 2 under the
same conditions as in the case of hiyodorilactone A (1). The structure of the
¥,Aa-unsaturated ester grouping at C-8 was determined to be (2Z)-4-hydroxy-2-methyl-
2-butenoyloxyl by the PMR decoupling and NOE experiments for 2 (cf., Table 3).
Therefore, the structure of hiyodorilactone B should be 2,

Hiyodorilactone C (3) (C),H,,05; colorless oil; (e)5" -109° (¢ 0.91, EtOH); UV
end absorption (EtOH) 210 nm (¢ 14,600); IR (neat) 3460, 1740, and 1660 cm'l; m/ e
306.1424 (M7), 246 (M - AcOH)", and 228 (M - AcOH - H,0)"; PMR: Table 1] yielded, on
acetylation with acetic anhydride and pyridine, an acetate (9) [Cl9H24O6; colorless
0il; m/e 348 (M*) and 228 (M - 2 x AcOH)'; IR (neat) 1760, 1740, and 1655 cm™t, no
absorption due to hydroxyl group; PMR: Table 1]. On alkaline hydrolysis with 2 %
aqueous KOH in dioxane, 3 gave a diol (10) [colorless crystals; Cl5H2004’ mp 138 -
140.5 C m/e 26l (" ), and 228 (M - 2 x H O) ; IR (Nujol) 3520, 3480, 1730, and
1660 cm 1] 6) This diol (1Q) was shown to be identical with the diol obtained on
alkaline hydrolysis of hiyodorilactone B (2) with 2 % aqueous KOH in dioxane,

These results indicate that the structure of thediol isas shownin 10 and one of the
hydroxyl group of 10 is acetylated in hiyodorilactone C (3). In the PMR spectrumof
2 the signal due to the proton at C-8 was observed at & 4,20 (1H, m, W%= 9Hz)., The
C-3 proton signal could not be assigned because of overlapping with the signals due
to the protons at C-1 and C-5, In the spectrum of 10 the signals due to the protons
at C-8 and C-3 were observed at ¢ 4,14 (1H, m, W% = 8 Hz) and ¢ L. 44 (1H, t, J=3.5
Hz), respectively., This observation is similar to that for 5 and & (cf,Table 1) and
indicative of the presence of the acetoxyl group at C-3 in hiyodorilactone C (3).
These results led to the structure (3) for hiyodorilactone C.

The structure of eucannabinolide 1solated8 from Eupatorium cannabium has re-
cently been revised from 118a) to 12, 8b) the latter of which is the same as 1 except-
ing the stereochemistry of the d#ﬁ -unsaturated acyloxyl group at C-8. 1In the first
report on eucannablnollde8 a) the acyloxyl group was characterized as d,f-gcls-bis-
(hydroxymethyl)acryloyloxyl group on the basis of the PMR signals. However the
chemical shift value qu.OO)foI*Cq,—H of eucannabinolide is different from that (J
4437) of hiyodorilactone A (1) (cf. Tablel)., TIn the subsequentpapergb) the stereochem~
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istry of the acyloxyl group at C-8 remained undiscussed.9)

Table 2, NOE of 7 in CDClBa) Table 5, NOE of 2 in CDCle) (increases

(increases in signal heights, %) in integrated signal intensities, %)

Observed proton Saturated proton NOE Observed vroton Saturated proton NOE
3'-H L'-H 22 3'-H L'-H 28
3'-H 5t-H 2 3'-H 5'-H 18
L'-H 5'-H 7 L'-H S'-H nil
5'-H Lt =-H 5

2) The NOE experiments were carried out using Brucker W1 270 spectrometer ocverating at 270
MHz in gated decoupling mode (PW 10,000 Msec, AQ 5.439 sec, ET=1 20,000 sec) for ca. L%
(w/v) degassed solutionin CDCl,. Accuraciesare about# 2% for NOEvalues. b) The NOE
experiments were performed wi%hJEKHJPS-lOO spectrometer operatingat 10CMHz in the
frequency-swept and internal TiS-locked mode, for ca. 8% (w/v) degassed =olution in
CDClB. Accuracies are about = 5% for NOE values.
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