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Abdra-Tllm clc4ely rdated E4c4qllitcrpcne oxides of the guaianc serig, named liguloxide (III), 
liguloxidol (IV) and liguloxidol acetate (V), have been isolated from the aerial parta of Li,gulwk@M 
Turcz. The abaolutc am@ratkm of these compounda hu, baa clari6cd oa the basis ofthe cmrelaticm of 
l~oxidc(m)withtbeknown~~~(XIX)byepimaizatioaoftbeC_4methylgroupofthel~ 
compound with the aid of microbial hydrorylatim at that position. 

WE PREVIOUSLY reported the isolation of ligularone (IX3 an eremophilane type sesqui- 
terpene, from the aerial parts of Liguhriujiwhtiri Turcz (Japanese name: Otakarakd). 
We have also isolated three new sesquiterpenes of the guaiane series, together with the 
known furanoeremophilane (II),’ and named them liguloxide (III), liguloxidol (IV) 
and liguloxidol acetate (V), respectively. 

Distillation of an ether extract of the aerial parts of this plant, followed by repeated 
column chromatography gave, in order of increasing polarity, furanoeremophilane4 
(002% yield from dried material), liguloxide (@lo%), ligularone’ (0.52%), ligul 
oxidol (0.08%) and liguloxidol acetate (0.08%). 

Liguloxide (III), C,,H,O, has m-p. 36”, [al, -58*2O, and on &hydrogenation 
with PdC it gave S-guaiaxulene. The Ik spectrum of liguloxide shows no hydroxyl or 
carbonyl absorptions. The NMR spectrum displays two doublets centered at 7 9.13 
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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 T 7-7. This chemical and spectral evidence shows that 
liduloxide is a guaiane sesquiterpene having a ditertiary ether bridge between C-l 1 
and C-l or C-5. 

Liguloxidol (IV), C,&,O, a colorless oil, [al, -36-8O, exhibits a hydroxyl 
absorption at 3465 cm-i; when treated with acetyl chloride in pyridine it gave an 
acetate, which was identical with the naturally occurring liguloxidol acetate (V), 
C,&,O, m.p. 85”, [al, -52~0~. Jones oxidation of liguloxidol gave a ketone (VI), 
m.p. 115O, v,, 1702 cm-i, the absorption indicating that the hydroxyl group in 
liguloxidol is present in the seven-membered ring. Heating liguloxidol with mesyl 
chloride in pyridine produced a mixture of two dehydrated compounds (VII and VIII), 
which were separable by preparative GLC. Hydrogenation of VII, which contains a 
-CH==CH- group (r 4.67, 2H, m), led to the formation of liguloxide (III), 
showing that liguloxidol has the same structure as liguloxide except for an additional 
hydroxyl group. The hydroxyl group should be located at C-9 because the other 
dehydrated compound (VIII) carries a -CMe=CH- grouping (r 8.35, 3H). Hy- 
drogenation of VIII alforded a 1 : 1 mixture of liguloxide (III) and lO-epiliguloxide 
(IX), a colorless oil, [aIn -3.5”. Since the three natural products are found to possess 
the same framework, our next concern is to decide the terminal position of the ether’ 
bridge in these compounds (C-l or C-5). This was solved by the following two 
experiments. 

Osmium tetroxide oxidation of 9dehydroliguloxide (VIII) yielded a 1: 1 mixture 
of two cisdiols (X), which were successively oxidized with periodic acid and Jones 
reagent to form a keto-acid (XI), C&,0, m.p. 96O. In the NMR spectrum of XI, 
there appears an active methine signal at r 6-72 as a triplet (J=9 c/s), the signal 
pattern being in good agreement with that of the C-17 proton in 3a,12lkliacetoxy- 
pregnane-20-one.s This suggests that the keto-acid (XI), and thus in turn liguloxide 
(III), has a hydrogen atom on C-l, i.e. the etereal oxygen in these compounds is 
linked to c-5. 

Acid treatment of the keto-acid (XI) gave a keto-lactone (XII) in 70% yield. This 
compound shows absorptions at 253 rnl,i (E 6640);6*7 1765 (y-la&one), 1672 and 
1605 cm-i (a@nsaturated ketone); and no signals due to vinyl protons or a vinyl 
methyl group in its NMR spectrum, thus agreeing with the assigned structure. The 
formation of XII as a single major product also supports the view that the terminal of 
the ether bridge in liguloxide is situated on the bposition towards C-10, namely, on 
c-5. 

We initially assigned a wrong stereochemistry to liguloxide, but as our initial 
reasoning later played an important role in our deriving the correct assignment (see 
below), we wish to describe first the incorrect conclusion. 

In order to determine the absolute configuration of ligul’oxide, we 6rst examined the 
acid-catalysed ether-cleavage of the compound to see whether it produces the known 
guaiol (XIII)* or not. Treatment of liguloxide with BF, in acetic anhydride in the 
presence of lithium iodide9 afforded, after hydrolysis and chromatography on alumina, 
a .mixture of its ether-cleaved compounds showing the same Rf value on TLC as 
guaiol. GLC inspection of the mixture disclosed several peaks, but none of them 
corresponded to that of guaiol. We next treated 1Oepiliguloxide similarly, and 
detected in the reaction mixture a compound having the same retention time as guaiol. 
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Preparative GLC isolated the compound (XIV) in a crystalline form, C,,H,O, m.p. 
89-90“, [al, + 28.6O (+ 2.4O), shown to be the enantiomer of natural (-)guaiol 
(XIII), m-p. 89-90“, [al, -31.2O (+0.7’), by a comparison of their IR and NMR 
spectra. From thii successful correlation of lO-epiliguloxide with guaiol we deduced 
that the con6guration of the methyl groups at C-4 and C-10 as well as the isopropyl 
group at C-7 in M-epiliguloxide were all a as shown in XV, and thus the stercochemi- 
shy of liguloxide was considered to be XVI. The @onfiguration of hydrogen atom on 
C-l was deduced from ORD measurements on 9-oxoliguloxide. Considering that the 
ketone is stable to alkali, i.e. the methyl group on C-10 is equatorial-like, it could be 
rest&ted to two conformations (XVIIa and b), the former carrying 1 bhydrogen while 
the latter la-hydrogen. The ORD measurem ent of this ketone showed a negative 
Cotton effect curve (a=-76). Although the negative sign was applicable to both 
conformers, the amplitude agreed with a value (above 60)l” expected from XVI& and 
not with a value (below 60)r” expe&ij from XVIIb. 

The process for the revision of this assignment is as follows: 
At that time the structure of guaioxide, a com&uent of guaiac wood oil, was 

thought to be most likely XVIII.” Hence we considered that lO-epiliguloxide must be 
the &$ode of guaioxide. Howwver, m ofthespectraofthesetwocom- 
pounds showed that they are not amntiomorphic, and this prompted us to re-eiamine 
the structure of guaioxide. We have studied the struchxe of this saturated sew- 
pene oxide by the introduction of hydroxyl groups into the molecule with microorgan- 

lx: 
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isms, and proposed an alternative structure XIX for the compound.12 Meanwhile 
Ehret and Ourisson reported a preparation of 1epiguaioxide,i3 the structure of which 
should now be represented by formula XVIII, the former structure for guaioxide. 
Comparison of the spectra of 1Oepiliguloxide and l-epiguaioxide was carried out by 
Professor G. Ourisson and it again failed to show their identity. This requires the 
correction of the stereochemistry of Kl-epiliguloxide and thus that of liguloxide itself 
since the absolute conliguration of guaioxide is now c~nfirmed.~~ 

We deduced the stereoformula XVI for liguloxide on the assumption that no 
inversion would have occurred in the course of transformation of 1Oepiliguloxide into 
(+ )guaiol. Since formula XV is no longer applicable to lOepiliguloxide, we were 
forced to consider the possibility that, in the BF,-reaction, inversion might take place 
at C-4, the nearest asymmetric center to a terminal of the ether linkage being opened. 
If this were true, the structure of liguloxide would differ only in the configuration of the 
ether bridge from the structure of guaioxide (XIX). Because the orientation of the 
ether bridge cannot be chemically changed, we undertook to prepare various epimers 
of liguloxide and guaioxide, differing in the configuration at C-l, C-4 and C-10, by 
microbial hydroxylation at these positions; we should thus be able to correlate ligul- 
oxide with guaioxide. 

Via 

1X XXII XXIII XIV 

CHART 3 

As 4a-hydroxyguaioxide (XX) was already available to us,i2 we first prepared 4- 
epiguaioxide. Treatment of XX with thionyl chloride in pyridine gave a mixture of 
dehydrated compounds (XXI), which were catalytically hydrogenated to yield a 
2 : 1 mixture of guaioxide (XIX) and its 4epimer (III). We found, unexpectedly, 
that the IB spectrum of the latter compound is identical with that of liguloxide. Also 
the m.p., [al, and retention times of both compounds were comparable, so that 
liguloxide and lO-epiliguloxide proved to have the stereochemistry shown in III and 
IX, respectively. Therefore inversion had taken place at C-7 and not at C-4, in the 
conversion of 1Oepiliguloxide (IX) to (+ >guaiol (XIV) (Scheme). The bulky axial 
isopropyl group at C-7 in XXII would epimerixe to the equatorial conformation of 
XXIII, and then give (+ )guaiol (XIV). Liguloxide and related compounds are thus 
shown to contain the 7+opropyl configuration common to essentially all guaiane- 
type sesquiterpenes. 
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The remaining problem is the orientation of the C-9 hydroxyl group in liguloxidol. 
E!xamination of the IR spectrum of the compound taken in a dilute solution revealed 
the presence of strong intramolecular H-bonding hehveen the hydroxyl group and the 
etheral oxygen atom (vgl.3472 cm-l), indicating that the hydroxyl group in ques- 
tion has the same g-con@uration as the ether bridge. Liguloxidol and liguloxidol 
acetate consequently have the absolute con6gurations IV and V, respectively. 

Finally, the conformation of 9oxoliguloxide should be revised from XVIIa to Via: 
this is conlirmed by ORD measurements showing a negative Cotton curve 
(a=-76), and by the fact that LAH reduction of the ketone predominantly 
produced liguloxidol (a-side attack of the reagent). 

EXPERIMENTAL 

Rotations wzre taken in CHCl,. NMR spectra were recorded on a Varian A-60 spectrometa in CDCI, 
with TMS as internal standard with z= 10. Coupling umxtanta are expressed in c/s. GLC was run 
using an Aaograph Autoprep m&l A-700 instrument. 

Isolatkm d lfgul& (III). Bgulddol (IV) wzd I&uloxtil acetate (V) from the plant. Dtied leaves 
and stems of Lfgdvla~cherf Turcz (9.5 kg) WC cut into p&es sod cxtractai with C&S (40 I x 3) at 
room trmp for 3 days. The combined ctha soln was evaporated to leave a dark green residue (398 g). 
Tbe r&due (30-l g) was distilled to give a yellow oil (10.8 g), b.p. 9&1300/5 mm, which wxs 
cbromatograpbed OIL silica gel (300 g) yielding three fractionx: fraction 1. light *ohm (l-782 g); 
fraction 2. light ~oleum-ether (98:2) (4.605 g); Raction 3, light petroleum-ether (95:5, 9 : 1, 
4: 1) (4.254 g). 

Fraction 1 wan rechromatograpbed m alumina (activii II. 180 g) in light petroleum soln to give 
hydrocarbons and furanoeremophilane (II, 0.138 g) (identihd by the IR spectrum and retention time). 

Fraction 2 wax dissolved in light petroleum (10 ml) and left in a refrigerator giving liguhronc (I) as 
colorless prisms (1.981 g), m.p. 64O (idahEed by comparison of IR spectra and the mixed m.p.). The 
motha liquor WM chromatographed on alumina (activity V, 250 g) and eluted with light petroleum. The 
lirst eluate gave liguloxide (III) as a co1o&ss oil (O-688 g), which was crystallized from acetone to 
produce colchsx prixmx. m.p. 36O, [al z -58.2” (+ Z”) (c 1.034). the spectral data of which are given 
above. (Found: C, 80.92; H, 1 l-90. C ,,H# requires C, 81.02; H. 11.79%). The second cluate gave 
crystalline ligulrucme (I, 1.696 g). 

Frsetion 3 was rechromatographed 011 silica gel (400 g) and eluted successively witb light petroleum 
and light petrolwpetha (99 : 1, 98 :2. 95 :5. 9 : 1). The fraction cluted with light petroleum- 
ether (9 : 1) fimihd a pale yellow oil (1.198 g). which &owed two peaks of retention times 9.2 min 
(50%) and 15.3 min (50%) on GLC (5% diiyleneglycol succinate; 180“; He 2C0 ml/min). The 
compound of retention tim 92 min ~a.9 liguloxidol (IV), a colorless o& [c# 368” (*2”) (C 1.108); 
IR (film) 3465 cm-’ (OH); NMR 9ti (3H, d, J = 65) aod 8.98 (3H, d, I = 6) [Me OII C 4 and C lo], 
@78 (3H, s) and 8.50 (3H, s) [two h4e on C-111, and 637 (IH, m) [H on C-91. (Found: C 7575; H, 1@82 
C,sHz@z requires C 75-58; H, 11.00%) Tbe compound of retention time 15.3 min was liguloxidol 
acetate (v), colorless prisms, mp 85” (from ether-n-pentane), [a%’ -52ip (*2”) (c 1058); IR (CCIJ 
1735 and 1240 cm-’ (OAc); NMR 912 (3H, d, J = 6) and 9a (3H, d, J = 63) [Me on C4 and C-101, 
8.82 (3H. s) and 8.70 (3H, s) [two Me on C-111, 7.93 (3H. s) [OAc] and 490 (lH, m) [H on C-91. (Found: 
C, 72.62; H, 9.95. C,,H,,O, requires C 72.82; H, 1006%). 

Lkh@ogenahn ~ltgdoxi& (III). Liguloxide (III. 200 mg) was heated at 320° with 10% PdC (140 
mg) under N, for 3 min. The reaction mixture wan extra&d with light petroleum. The extract.9 ohioed 
from five runs were comb&d and extracted with 85% H,PG, The H,PG, layer wan poured oat0 ice to 
regenerate axuhe, w&b wm agaio extracted with light petroleum and chromatographed on alumina 
(activity II, 10 g). Light petroleum eluted S-guaiaxulene (42 mg) as a bhe oil, identihd by the IR and 
UV spectra 

TNB adduct: dark violet needles (from &OH), mp. 147O. (Pound: C. 61.49; H. 4.99; N. 10.07. 
C,,H,,.CJI,OJ’J, requires C. 61.31; H, 5.15; N, 10.21%). 
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Acciylorion qf flgu&.xtil (IV). Acetyl &l&da (1 ml) was added to a soln of lV (366 mg) in pyridinc 
(5 ml) in an ice-bath and the mixture was left at room tcmp for 42 hr. Working up in the usual way and 
crystallization from ether-light petroleum gave liguloxidcl acetate (V) as prisms, m.p. 85” (identified by 
the IR spectmm and mixed m.p.). 

iones ixridarion of liguioxi&~ (IV). Jones reagent (06 ml) was added to a soln of IV (500 mg) in 
acetone (5 ml) in an ice-bath and the mixture was stirred at room temp for 5 min. The reaction mixture 
was poured into ice-water and extracted to give 9-oxoliguloxide (VI) as colorless p-ism,q (from ether-light 
petroleum, 385 mg), m.p. 115’. [a]f.J -50+7O (+ 2”) (c O-874); IR (CHCl,) 1702 “-I (cyclohcptan 
one); NMR 9.03 (3H, d, J=6.5) and 8.99 (3H, d, J=6) [Me on C-4 and C-101, 8.82 (3H, s) aad 
8-75 (3H, s) ftwo Me on C-lil; ORD [al,= -90°, [a],,* -1493O, [a],, + NW, 
fab + 1530” (c 0.670, I&OH). (Found: C, 76-50; H, 10.40. C,&O, requires C, 76-22; H, 
10.24%). 

LAH ~edrcction of 9-oxollgrrkfde (VI). A soln of VI (750 mg) in dry ether (10 ml) was added 
portionwis: to a suspension of LAH (400 mg) in dry etba (5 ml) and the mixture was stirred at room 
tanp for 1 hr. Ekess of the reagent was decomposed by addition of water and the mixture was extracted 
with ether. The ctha soln was washed, dried (Na$O,) and evaporated to give a product. The product 
was purified by chromatography to yield liguloxidol (IV) as a colorfess oil (680 mg) (IR spectrum and 
retention time). 

Dehydrution of l&uioxfdoI (IV). Mesyl chloride (1 ml) was added to a som of IV (680 mg) in ~~TSX 
(5 ml) in an ice-bath and the mixture was heated at 80” for 5 hr. The reaction mixture was poured into 
ice-water and extracted with CHCl, The Mown extract (598 mg) was puriilql by chromatography 011 
alumina (activity III, 15 g) to give a pale yellow oil (562 mg). which sbowcd two peaks of retention times 
32.2 min (25%) and 39.2 min (75%) on GLC (5% dicthylcncglycol succinate; 160’; He 100 ml/mm). 
The compound of rctcm.ion time 32.2 min was fl&bydroliguloxi& (VII), a colorless oil, IR (Blm) 1658, 
1405 and 690 cm-’ (-CH==CH-(cls)); NMR 9.08 (3H, d, L6.6) and 9.00 (3H, d, J=6.5) 
[Me on C4 and C-101,8*82 (3H, a) and 8.80 (3H, a) [two Me on C-ill, and 4.67 (2H, m) [H on C-8 
and C-91. (Found: C, 81.78; H, 11.00. C,,H,O requires C, 81.76; H, 10.98%). The compound of 
retention time 39.2 mitt was 9debydroliguloxi& (VIII), a colorleas oil, IR (film) 1672 and 823 cm-’ 

(-CH=C~: NMR 9.07 (3H, d,J=6) [Me on C-41.8.80 (3H, s) and 8.74 (3H, s) [two Meon C-If], 

8.35 (3H d, J = 15) [Me on C-101, and 4.80 (iH, m) fH on C-91. (Found: C 81.42; II, 11~7. C,,H,,O 
rcquins C, 81,76; Il. 1@98%). 

Hydrogenatfon of 8dehydrolfguloxide (VII). A mixture of VII (40 nag) and Adams’ catalyst (20 mg) in 
MeGH (10 ml) was hydroguuncd at room temp. When l-1 mol H, had been absorbed, the reaction 
stopped, and the catalyst and solvent were ranovcd. The residue was purified by chromatography on 
alumina to give a crystalline substance (38 mg), which was sublimated to furnish pure liguloxide (III), 
mq. 36* &lent&d by the IR spectrum and mixed mp.). 

Hydrogeff~~n of 9~hy~~~ (VIII). A mixture of VIII (200 mg) and Adams’ catalyst (100 
mg) in AcOH (10 ml) was hydrogenated at room temp. After uptake of 1.2 mot H, the absorption 
ceased. Filtration of the catalyst and removal of the solveat gave a colorleas oil ( 198 mg). The oil showed 
two peaks of retention times 11.5 min (50%) and 13.6 min (50%) on GLC (5% diethyleneglycol 
succinatc; 140°; He 100 ml/min), The compound of retention time 11.5 min was liguloxidc (III), 
idcntiflcd by the IR spccmtm and retention time. The compound of retention time 13.6 min was IO- 
cpiliguloxide (IX), a colorless oil, ia]: --3*5O (t0*3°) (c O-980), NMR 9-15 (3H. d, 5=6) and 9.10 
(3H, d, J=6.5) (Me on C-4 and C-101, 8.79 (3H, s) and 8.67 (3H, s) [two Me on C-111. (Found: C, 
81-18; H, 11.79. C&H,0 requires C, 81.02; H, 11.79%). 

Conversion of 94ehydroliguloxide (VIII) fnto the keto-ucid (XI). A soln of GsO, ( 1 g) in dry bcnxenc. 
(4 ml) was added to a soln of VIII (730 mg) in dry bcnxene (6ml) and dry pyridme (2 ml) in an ice-bath, 
and the mixture was left at room tcmp for 5 days. The reaction mixture was saturated with H$ and the 
black ppt was flltcred off. The filtrate was evaporated In rucno to give a crystalline substana (X, 830 
mg}, which was shown to be a 1: 1 mixture of two compounds on TLC (silica gel G; EtOAc; Rz0.6 and 
0.7). 

To a soln of X (830 rag) in MeGH (30 ml), a soln of HIO0,*2Hz0 (850 mg) in water (10 ml) was 
added, and the mixture was left overnight at room temp. Wrtcr (10 ml) was added to the reaction 
mixture, which was concentrated and extracted with CHCI, The extract was washed with dil 
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temp. When 1 mol H, had been abac&d, the reactioa stqped. Afk removal afthe catalyst and sulvcut, 
tbc r&iw (90 mg) WBI chromatograpbcd on alumina (activii II, 20 g) and eluted with light petroleum. 
The head eluate gave guaioxidc (XDC) aa a colorkss oil (49 me). idmtiged by the IR qxctrum and 
rctcutiou time. The tail cluatc furnished liguloxidc (III) as colorless prism8 (sublimation, 28 mg), m.p. 
36O (IR apechum and mixed m-p.). 
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