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Abtstrad-Two novel sesquiterpenic keto-alcohols, ?-rotunol and @-rotunol, have been isolated from 
nutgrass, Cyperus rorundus ;Cyperaceae). The stereostructure II of /?-rotunol is based on spectral properties 
and by transformation to the dienone (V) which has also been derived from hinesol (VI). a-Rotunol has 
been given the stereostructure I based on its physico-chemical properties. 

NUTGRMS, Cyperus rorunr;tus LinnC (Cyperaceae), a perennial herb of tropical and 
temperate zones. In Japan, it is called “Ko-bush? and used as a Chinese medicine 
for the treatment of women’s d&ases. 

From the crude drug collected in Japan, we have hitherto isolated a number of 
sesquiterpenoids, cyperotundone,’ sugeonok2 sugetriol,j cyperol, isocyperok4 kobu- 
sone, isokubosone,s and cyperolone.6 Continuation of our work has resulted in the 
further isolation of two novel sesquiterpenic keto-alcohols for which the terms 
a-rotunol and &rotunol are given. The present study has led to the elucidation of the 
structures and absolute configurations of these two sesquiterpenoids as represented 
by formulas I and II, respectively. The evidence will now be discussed in this paper.? 

g-Rotunol analysed for C,,H,z02 which was confirmed by a mass-spectrometic 
determination (Fig 1). It was disclosed as a conjugated ketone by its UV absorption 
&ax 235 nm (log ~4.13)) whilst its IR absorption (Y,,, 164Ocm-‘) suggests that the 
chromophore is situated in a six- or larger-membered ring. A vinyl Me signal (S 1.99 
ppm; NMR) is coupled to a vinyl hydrogen signal (6 5.89 ppm; NMR), indicating the 
presence of a triply substituted ethylenic linkage. Further the line positions of both 
signals, coupled with the W and IR spectral evidence, demonstrate that a @-methyl- 
r&unsaturated ketone system is present. In the NMR spectrum, there are two doub- 
lets at 2.07 and 2.71 ppm (J = 17 Hz) in an AB system, in which the former is coupled 
to the vinyl hydrogen signal at 5.89 ppm. These signals along with an IR band at 1410 
cm-’ are consistent with the presence of a methylene grouping which is next to the 
CO and also adjacent to a quaternary carbon. Furthermore, the IR and NMR 
spectra indicate the presence of a tertiary Me (S I.15 ppm), a vinyl Me (S 1.74 ppm) 
and a vinylidene group Y,,, 3100, 890 cm-‘, 6 4.75 ppm). The latter two functions 
are inserted in an isopropenyl group, since platinum catalysed partial hydrogenation 
of @rotunol yielded the dihydroderivative (III) whose NMR spectrum shows the 
disappearance of the signals due to these functions in P-rotunol and instead the forma- 

* This paper is Part XL1 in the series on Sesquiterpenoids. Part XL, H. Hikino, Y. Hikino, Y. Takeshita, 
Y. lsurugi and T. Takemoto, Yakugaku Zasshi in press. 

t A preliminary account of this work has been announced; H. Hikino, K. Aota, D. Kuwano and T. 
Takemoto, Tetrahedron Letters 2741 (1969). 
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FIG. 1. Mass spectrum of jGrotuno1 (70 ev) m/e 

FIG. 2. Mass spectrum of cx-rotunol(70 cv) m/e 

tion of a 6H doublet for an isopropyl group. On the other hand, b-rotunol shows in 
the IR spectrum an OH absorption (v,, 3450 cm- ‘) but it exhibits in the NMR 
spectrum no signal due to a hydrogen on a hydroxyl-carrying carbon, a fact which 
indicates that the OH group is tertiary. The presence in l3-rotunol of two ethylenic 
bonds, one trisubstituted and one disubstituted, was shown by its complete hydro- 
genation to a saturated tetrahydro derivative, the keto-alcohol IV. 

In order to establish the environment of the OH group, b-rotunol on treatment with 
POC13 in pyridine gave a dehydration product whose spectral properties indicate the 
formation of a cross-conjugated dienone system having two Me groups at f% and 
P’-positions (vmsX 1660,163O cm - ‘, 6 2.04 (6H), 5.84 ppm (2H)) as well as the retention 
of the isopropenyl group (v,,, 3090, 890 cm- I, 6 1.77 (3H), 4.71 ppm (2H)). Based on 
these observations, we formulated the dehydration product as V and, consequently, 
the original /3-rotunol as II, the location of the isopropenyl group at C-7 being tenta- 
tively assigned on the assumption that P-rotunol is derived from a normally con- 
structed isoprenoid, an eudesmane. 

To substantiate these conclusions the dienone (V) was synthesised. A convenient 
starting point was hinesol, one of the main constituents of Atractylodes lancea 
De Candolle (Compositae),’ whose structure has been the subject of protracted con- 
troversy and recently elucidated as shown in formula VI except for the configuration 
at C-78 which has more recently been assigned to be R as depicted.‘. lo When hinesol 
(VI) was oxidized with t-butyl chromate, hinesolone (VII) was obtained. Oxidation 
of the enone (VII) with 2,3-dichloro-5,6-dicyano-benzoquinone afforded a dienone 
which on the basis of the spectroscopic data must be formulated as VIII. Thus it shows 
the spectral properties indicating the presence of a b$‘-dimethyl-dienone (v,,, 1660, 
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16 15 cm - ‘, 6 2.08 (6H), 6.01 ppm (2H)) and a hydroxy-isopropyl (v,, 3645,343O cm - ‘, 
6 1.26 (3H), l-29 ppm (3H)). The dienone (VIII) was also obtained by selenium dioxide 
oxidation of the keto-alcohol (VII) but in a lower yield. On dehydration with POC13 
in pyridine the hydroxy-dienone (VIII) gave a dehydration product which appeared 
to be heterogenous. Separation of the isomeric mixture by means of chromatography 
furnished the isopropylidene derivative (IX) (6 1.70 ppm (6H)) and the isopropenyl 
derivative (V) (v,, 887 cm- ‘, 6 1.78 (3H), 4.72 ppm (2H)). 

Direct comparison of the dienones (V) derived from p-rotunol and hinesol con- 
firmed the identity, establishing the structure and absolute configuration of p-rotunol 
as II but exclusive of stereochemistry at the ring junctions. 

The genesis of the dienone (V) (systematically spirovetiva-1(10),3,11-trien-2-one): 
on the treatment of fl-rotunol with POCl,in pyridine may be rationalized by the 
following mechanism. Thus, the C-9:C-10 bonding is migrated upon the electron- 
deficient center at C-5 initially formed by elimination of the OH group. This indicated 
that the C-9 :C-10 bond is located in the antiparallel position to the 0 :C-5 bond. Such 
a conformational feature is only possible if the C-5 OH and the C-IO Me are both 
p-oriented, since the C-7 isopropenyl has already been established to be p. 

The formation of the dienone (V) from p-rotunol clearly bears some analogy to the 
rearrangement of a 4P,Sfi-epoxy-eudesmane which initiated with ring contraction to 
give an intermediate cation of the spirovetivane skeleton, but the retention of the 
oxygen function at C-4 in this case facilitates cleavage of the C_4:C-5 bond to give a 
further rearranged product. ” Therefore, we suggested that dehydration of an 
eudesmane derivative having a 5fJ-OH might be expected to form a spirovetivane 
derivative.” The rearrangement of p-rotunol to the dienone (V) now constitutes one 
of the examples. 

The proposed stereochemistry was further substantiated by the CD curve of 
p-rotunol (Fig 3) showing a negative Cotton effect for the n-x* transition which is 
almost identical with that of the reference substance but having no OH group at the 
allylic position, SP-spirost-3-en-2-one.’ 3 The CD curve exhibits a positive Cotton 
effect for the n-z* transition whose sign is opposite to that of the reference substance. 
This reversion is due to the OH function located at the y-position of the Q-unsaturated 
ketone.14 

On the basis of the above evidence, &rotunol is established to have the stereo- 
structure II. 

a-Rotunol possesses the same composition C15H2202 and has the same structural 
features as p-rotunol : a p-methyl-a&unsaturated ketone (A,,,,, 235 nm (log c 4.03). 

$ The name vetivane was originally proposed for the hydrocarbon (X) which was considered to be the 
parent substance of a- and p-vetivones. However, both ketones were later elucidated not to have such a 

carbon skeleton, i.e., a-vetivone has the elemophilane skeleton (XI)” while @vetivone possesses the skeleton 
(XII) presently in question.8 Since vetivazulene is a derivative of the hydrocarbon (X), the name vetivane is 

retained for it. Recently, the new name spirovetivane has been proposed for the parent hydrocarbon 

(XII).‘O 
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FIG. 3. CD curves i (nm) of a-rotunol (I) and fl-rotunol (II) 

V max 1663, 1623 cm- ‘, 6 l-95 (3H) and 5.83 ppm (1H) mutually coupled), a methylene 
adjacent to the CO and next to a quaternary carbon (v, 1411 cm- ‘, d; 2.72 ppm (1 H)). 
a tertiary Me (l-04 ppm (3H)). a tertiary OH (v,,, 3450 cm-‘), and an isopropenyl 

(VIII,, 3090, 891 cm- I, 6 1.76 (3H), 4.77 ppm (2H)). The mass spectrum is essentially 
identical with that of g-rotunol but there are minor differences in the relative inten- 
sities in certain peaks (Figs 1,2). These observations demonstrate that a-rotunol is a 






