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Structure of Liguloxide, Liguloxidol, and Liguloxidol Acetate, 
Sesquiterpenes of Antipodal Guaiane Type 

By H. ISHII,* T. Toz~o ,  and H. MINATO 
(Shionogi Research Laboratory, Shionogi G. Co., Ltd., Fukushima-ku, Osaka, Japan) 

WE previously reported1 the isolation of ligularone 
(I), an eremophilane-type sesquiterpene, from the 
aerial part of Ligularia Fisheri Turcz. We have 
also isolated three other sesquiterpenes of anti- 
podal guaiane type, which were named liguloxide 
(11), liguloxidol (111) and liguloxidol acetate (IV) 
respectively. 

Liguloxide (11), C,,H,,O, has m.p. 36", [aID 
-52.8", and on dehydrogenation i t  gave guaia- 
zulene. The i.r. spectrum of liguloxide shows no 
carbonyl or hydroxyl absorption. The n.m.r. 
spectrum displays two doublets centred at  T 9.13 
and 9.07 [Me on C(4) and C(lO)], and also two 
singlets at T 8.84 and 8-68 [Me on C(ll)] ,  but no 
signals below r 7.7, which means that liguloxide 
is a guaiane sesquiterpene having a ditertiary 
ether linkage between C(11) and C(1) or C(5). 

Liguloxidol (111), C16H2802, a colourless oil, 
[a]= -36.8", was shown to be a hydroxy-deri- 
vative of liguloxide, by its oxidation with Jones 
reagent to yield a ketone (V), m.p. 1 1 5 O ,  Vmax 
1702 cm.-I, indicating that the hydroxyl group in 
(111) is secondary and present in the seven- 
membered ring. Heating liguloxidol with meth- 
anesulphonyl chloride and pyridine gave two 
dehydrated compounds [(VI) and (VII)]. Hydro- 
genation of (VI), which contains a -CH=CH- 
group (x1.m.r. spectrum), led to the formation of 
liguloxide (11) , demonstrating that liguloxidol has 
the same structure as (11) except for an additional 
hydroxyl group. The hydroxyl group should be 
located at  C-9 because the other dehydrated 
compound (VII) possesses a -CMe=CH- group- 
ing (n.m.r. 7 8-36, 3H). 
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(111) R=H (V> 
(IV) R=Ac 

Hydrogenation of (VII) gave a 1 : 1  mixture of 
liguloxide and 10-epiliguloxide, C,,H,O, a colour- 
less oil, [aID -3.6". 

Osmium tetroxide oxidation of (VII) afforded a 
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1 : 1 mixture of cis-diols (VIII), which were 
successively oxidized with periodic acid and Jones 
reagent to form a keto-acid (IX), CI5H,,O,, m.p. 
96". In  the n.m.r. spectrum of (IX), there 
appears an active methine signal a t  T 6-72 as a 
triplet (J  = 9 c./sec.) ,* suggesting that the ethereal 
oxygen in (IX), thus in turn in (II), links to C(6) 
and not to C(1). 

Acid treatment of (IX) produced a keto-lactone 
(X) in 70% yield. This compound (X) shows 
absorptions at 253 mp (E 6640) ;s94 1765 (y-lactone) , 
1672, and 1605 cm.-l (@-unsaturated ketone) ; and 
no peaks due to vinyl proton or vinyl methyl 
group in the n.m.r. spectrum, thus agreeing with 
the assigned structure. The formation of (X) as a 
single major product also supports the structure 
(11) for liguloxide. 

Liguloxide can be represented by one of the 
relative configurations (IIa, b, c or d),? and thus 
its ether-cleaved compound is one of the stereoiso- 
mers (XIa, b, c or d), in which (XIa) alone is a 
known substance, guaiol.s 

Treatment of liguloxide with boron trifluoride 
in acetic anhydride in the presence of lithium 
iodides furnished, after hydrolysis and extensive 
chromatography, a guaiol-type compound (XIc), 
C15H2,0, a colourless oil, Vmax 3560 and 3400 
cm.-l (OH), n.m.r. T 9-06, 9.03, 8.95, 8.93 m e  on 
C(4) and C(lO)], 8-82 Me on C(11)] and no vinyl 
proton signals. This compound differs from 
guaiol (XIa) in gas chromatographic behaviour. 
Then, 10-epiliguloxide was also treated in the same 
manner giving rise to a crystalline compound, 
C,,H,O, m.p. 89-90", [aID +28.6" (&2*4"), 
which proved to be the enantiomer of guaio1,Z 
m.p. 89-90", [aID -31.2" (&0.7"), by com- 
parison of the i.r. spectrum and retention time. 

These facts corroborated the absolute configura- 
tion of liguloxide as (XII) and that of 10-epiligul- 
oxide as (XIII) respectively, except for the 
assignment at C(1). The decision on the stereo- 
chemistry at C(1) was possible from studies of 
liguloxidol and the ketone (V). 

Examination of the i.r. spectrum of liguloxidol 
taken in dilute solution revealed the presence of a 
strong intramolecular hydrogen bonding, confirm- 
ing the hydroxyl group in liguloxidol to be u- 
oriented as shown in (XN). 

(XIV) R=H 

I 

t This is not the place to consider the question on stereochemistry at C(1). 
3 Purchased from Polak & Schwarz's Essence-Fabriken, New York. 
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Considering that the ketone (V) is stable to 
alkali, i . e .  the methyl group on C(10) is equatorial- 
like, i t  can be restricted within two conformations 
(Va and b), the former carrying lp-hydrogen 
while the latter la-hydrogen. The 0.r.d. deter- 
mination of (V) showed a negative Cotton curve 
(a = - 76), the amplitude agreeing with a value 
(above 60)' expected from (Va), and not with a 
value (below 60)7 expected from (Vb). Further- 
more, that lithium aluminium hydride reduction 
of (V) predominantly produced liguloxidol (9a- 
hydroxyliguloxide) is applicable only to the 
conformer (Va) : if the ketone were the alternative 

hindered a-side, thus giving 9/?-hydroxyliguloxide. 
These results led to the establishment of the 
absolute configurations (XII), (XIII), (XIV), and 
(XV) for liguloxide, 10-epiliguloxide, liguloxidol, 
and liguloxidol acetates respectively. 

Since 10-epiliguloxide was found to differ from 
guaioxides by comparison of their spectra and 
retention times,y the antipodal structure of (XIII) 
for guaioxide should be removed out of the four 
possible structures,8b although the American and 
Belgian authors took it to be most probable. 
Studies to establish the structure of guaioxide are 
now in progress in our laboratory. - -  

(Vb), attack of the reagent would occur from less 
(Received, December 4th, 1967; Corn. 1284.) 

$ C17HzaOs, m.p. 85", ]E]D -52-0", vmax 1735 and 1240 cm.-'. 
7 We are grateful to Dr. P. Ledoux for his kind donation of a sample of guaioxide. 
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