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A recent puhlicat:lonl

on cyperolone, a constituent of the essential
oil of Cyperus rotundus Linn. of Japanese origin, prompts us to place on
record our work, todate, on this oil of Indian origin. This work is in

extension of our earlier mvestigationsz.

The essential oil contains at least 27 components (GLC), comprising
of sesquiterpene hydrocarboas (25%, ~» 10 componeats), sesquiterpene epoxides
(124,23 components), sesquiterpene ketones (207, a~» 4 components), mono-
terpene and aliphatic alcohols (25%,~4 components) and, unidentified. It iz
the purpose of this communication to report on the structures of some new

sesquiterpenoids, one of which appears to be ideantical with cyperolone.

{+) -Copadiene

Copadiene (m", 1.81), b.p. 130-140°(bath)/1 na, nﬁo 1.5089, [-(]D
+17.3 (CHCls), analyses for C15H22 and, is obviously a conjugated diene:
Aﬁzgﬁ 245 mys, € 14,750. It shows the followiag structural reatures: three
methyls (Pivmaz GH signals at 44, 47 aad 55 ¢/s; the 44 ¢/s signal is clearly
due to a quaternary methyl, whereas the other two signals could be arisiag
from an isopropyl group), one vinylidene group (Id: 3060, 1755, 1650, 878 cm'l.

PMR: 21 sianglet at 236 co/s) and a gig-disubstituted ethyleaic linkage (ii:

*raroughout this paper, RRT refers to relative retention time with
respect to copaene, under the following conditions: 20% diethyleneglycol
polysuccinate on Chromosorb W; 1.5 meter x & mm; S0 ml of }{‘z/min; temp.
80-200°, 69/min.
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775, 685 em™ . PMA: a 2H miltiplet located between 342-374 o/s, the pattern
is clearly the AB part of an ABX system). The methyl signals and the well-
separated methylene groups envelope (locateg between 85-107 ¢/s) in the PMR
spectrum, were suggestive of the new hydrocarbon being closely related to

copaene (1)2’4, which has similar features in its PMR spectru.m2 and, is also

a congtituent of the oil.

The above data are interpreted in favour of structure II for the new
sesquiterpene. This formulation appeared all the more attractive, as it can
explain its UV absorption, which snows a considerable bathochromic shift as
compared to, say f-phellandrene (LL) (n, . 232 mu, log € 4.3)°, which has
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the same chromophore. ‘This bathochromic shift of ca. 13 mg¢ is consistent
with the location of the chromophore in a strained bicyclo [3,1,1] heptane
systemz and the position of )‘max is close to that of verbenene (.W)6 (;max

245.5 mu), as required by the formlation II.

The above structure has been confirmed by its direct correlation
with (+)-mustakone (V)z. iustaxone on reduction by LiAlH, gave an epimeric
mixture of alcohols (Ii: O 23300, 1018, 1045 em™, PMR: CHOH, 1H broad
singlet at 258 ¢/s; '=CH-, 18 broad singlet at 320 ¢/s). This produet on
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dehydration with alumina7, furnished a hydrocarbon, identified (uGLC, Ii) as

copadiene..

An attempted correlation with (+)-copaene (I) through VI failed, as
all attempts at dehydration furnished only the corresponding ketone by proto-
tropy. However, on account of its co-occurrence with (+)-copaene (I) in the
essential oll, copadiene is considetred8 to have the absolute stereochemistry
depicted in II.

(+) -Epoxyguaiene

Uf the three epoxldes present in the essential oil, two («aiT, 5.93
and 4.43) have been obtained pure. Structure of one of these (wiT, 3.93) has
been finalised and the compound has been named epoxyguaiene, in view of its

structure.

Epoxyguaiene, b.p. 102-104%1 mm, n 0 1.4948, [x], +11.0, analyses
for C;gHy40 and does not show any absorption tor 0d orC=0 in the Ix, und
hence must be an ether. Ian its Prid spectrum it shows signals for: two CQB-Cu
(two 3H doublets centred at 53 and 63.5 c¢/s, with J = 6 and 7 ¢/s respectively),
one vinylic methyl (100 c¢/s) and -?=C:r1a (2H broad singlet at 276 ¢/s). J3ince,
(=) =({=-gualene (VII)Q, with its characteristic two secondary methyl groups
(which occur centred at 55.5 and 62.5 ¢/s) 13 a constituent of the essential

oil, it was su.spected8 that the naturally occurring epoxide may be VIII. This

(B &
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was easlily established by the action of perbenzoic acid (Cerie) on (-) -c(-guaienelo

when a mixture of two epoxides (~1:1) was produced; one of these (higher



L664 No.47

retention time, polyester column) was shown to be identical (["‘]u’ GLC, IR,
PMR) with the naturally occurring epoxide.

The above experiments do not establish the stereochemistry of the

epoxide ring. While; the above work was in progress, Pesnellel2

described
the preparation of IX, the stereochemistry of the epoxide ring being.based
on its resistance to attack by LiAld,. The dehydration of Ir with 30012-
pyridine has been report:ed]'2 to give VIII, the described PMi spectrum of
which 1is essentially identical with that of our product. This defines

(+) ~epoxyguaiene as VIII,

(=) -Rotundone

Rotundone (aar, 7.06), b.p. 128-129°/1 mm, n3C 1.5118, (], -92.7
(GHCla), analyses for clSHZZO and has the following UV and IR characteristics:
MOH 239 ms (€ 11,990); C=0 1710 cm™ ; C=C 1660, 895 cm™ (Eyny/Bomg = 1-2)-
n quantitative hydrogenation over Pd-CaCO catalyst in EtOH, it ylelded a
dihydroderivative ([«], -35.5%), which does not have any significant absorp-
tion ~ 890 cm™l in its IR spectrum, but still shows the characteristics of
an «g-unsaturated ketone: }.]ftagﬂ 239 mu (€ 9,500); C=0 1710 cm'l; c=C 1660 cm™t
(Ec=o/E =c 1.4). Thus, a vinylidene group has been reduced during hydro-
genation and this group must be isolated. The dihydroderivative on further
hydrogenation (PtO, catalyst, AcOH) furnished tetrahydro-rotundones no UV
maximum between 215-270 ms; V& ° 1745 ca™l, these results require that ro-
tundone should be an «3-unsaturated bicyclic ketone, with the carbonyl located

in g S5-membered ring and having one more isolated olefinic linkage (-?=CH2)°

In its PMR spectrum, rotundone shows signals for: two secondary
methyls (3H doublets centred at 58.5 and 67.5 ¢/s, each with J = 7 ¢/s),
one vinylic methyl (3H doublet centred at 108 ¢/s, J = 1 ¢/s) and one vinyli-
dene group (2H, somewhat broad singlet at 283 ¢/s). These data-suggested
that rotuadone may have the gnafene (VII) skeleton, with its characteristic
two secondary methyls. This possibility appeared all the more attractivea,

as (-)~<-guaiene (VIL) is one of the hydrocarbons present in the essential
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oil, and rotundone gives the characteristic proazulene test (Brz-:xcod)l‘?.
Three structures (X, KI, XII) come up tor consideration and of these clearly
%I and XII are less likely on blogenetic conslderations and the observed
Max of rotundone. The PMd spectrum of dihydro-rotundone shows the presence
of: two secondary methyls (3H doublets centred at 56.5 and 66.5 c¢/s, each
with J = 7 ¢/s; at 46.5 and 60.5 ¢/s in Cgilg solution), and one isopropyl
group (6H, unsymmetrical doublet centred at 54 ¢/s, J = 6.5 ¢/s; 45.5 ¢/s

in CSHG solution;. These results clearly rule out Xi and xII.

Qg

X Xt Xl

Final proof for the structure i, which also establishes its absolute
stereochemistry as shown in X, was obtained by a direct correlatioa with
(-) <=guaiene {(VII), UDihydroguaiene prepared by selective hydrogenationll of
VII was oxldised with tert-tutyl chromate to give as one of the products a

liquid ([0(]D -39.1), identified (TLC, GLC, IR, PMR) as (~)-dihydro-rotundone.

A hydroxyXketone (cyperolone)

This compound (AT, 8.50), b.p. 120°(bath)/0.1 mm (slowly soliditied,
m.p. 38-390), [o(]D +52°, was obtained as a very minor component. The compound
nas the followlng structural features: one quaternary methyl (PMR: 57 ¢/s),
one viaylic methyl (pMRrR: 3H doublet at 107 ¢/s, J = 1.5 ¢/s), Ciig -C=0 {Ir:
1695 em™ . PHMR: ZH singlet at 127 c/s), a secondary Ol (IR: 5570, 1080 cmL.
PMR: 1H miltiplet centred at 263 ¢/s) and a vinylidene group (IR: 2030, 1645,
890 em™. P#R: 2H singlet at 288 ¢/s). The mass spectrum shows »' at m/e =

256, which is consistent with the compound beiag 0151{2 402.
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On biogenetic considerations we had adopted XI1II, as the working
structure, which could also explain the rather low value for acetyl absorp-
tion (IR) as being due to intramolecular chelation, when the publication of

s 4 \ HO o ‘
X1t XIv

Hikino et al.l reached us. It is clear from the reported spectral data that
our compound is only cyperolone (XIV). Further work was, then, abandoned.
14

Biogenetic considerationsg

The essential oill from the rhizomes of Cyperus rotundus has been

the subject of study by several workers'?2:15

and the isolation of no less
than fifteen components, new and known, has been reported. It is significant
to aote that the basic skeletons (copane, selinane and guiane) known to
occur todate in the essential oil, all require as the initial step a 1,10~

16

cyclisation of trang-farnesol in their projected biogenesis and all the

compounds isolated so far have the same absolute configuration (R chirality)
at’ clO (farnesol numbering).
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