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DURING eur work on zmlbonol, it was noticed that the
fraction (b.p. 91-118%°/1 mm) of the essential oil frem
Zingiber sarumbet, distilling between humalene and serumbene
cuts, still exhibited streng abserption at ~ 970 cm"l, which
we censider as a wseful pointer fer hmmmlene-based sesmi-
terpenoids. This material has new been theremghly investi-
gated and has been feund to centain two ketenes ( ~ 6f£),

twve «-epoxides ( ~— 65£), a diepoxide (~4%£) and an aleehel

( ~ 3%), all belonging to the humlene group; besides,
(+)-ap~curcumene ( ~— 2£) and caryophyllene epoxide ( ~ 20%)
could alse be isolated. In this cemmmnicatien, we repert
on the structures of the x-epoxides and the aleohol.

In an earlier paper’ frem this Laberatory, the ise-
lation ef an humlene epoxide and Immmlene diexide has been
reported. Thin-layer chremategraphy of this '‘hummlene
epoxide’ (b.p. 108-109°/1.5 mm, 00 1.4938, <25 —0) ever

1 sukn Dev, Ietrahedren §, 171 (1960).

2 S.K.Ramasvami and S.C.Bhattacharyya, Istrahedren 8 »
576 (1962).

1941



1942 Some new humulene-based sesquiterpenoids No.28

silver nitrate-clad-silica gel® revealed the gross inheme-
geneity eof this material as it gave three spots of almest
equal area and intensity. Gas-liquid chremategraphy (GLC)
ever 20% diethylene glycel pelysuccinate on Guremeserd W
alse gave three peaks with areas in the ratie 341361318,

By a cGembinatieon ef fractienatien, celumn chremategraphy
over neutral %ﬂlm and over silica gel-silver nitrate, 1t
has nawv been possible te 1solate these components in a state
of parity. The compound cerresponding te GLC peak I had
m.p. 61.8 - 62%, [«]; -74.2 (CHClg} o, 4.2§) and has been
1deatified as caryophyllene epexide’® by its mixed m.p. and
cemparison ef its infrared spectrum with that of an amthen-
tic specimen. The material representing GLC pesk II had
v.». 104-106%/1.6 mm, n30 1.4935, a3° 0.9541, («13° -22.8
(0’3013; ¢, 3.64) and analysed for Cstla403 this is new
shewn to pessess structure (I) and shall be designated

humuleoe spexide-I. The third cemponent had b.p. 105-106%/

1.8 mm, 030 1.4962, a4 0.9477, (<} -31.2 (CHCLy; o, 4.2%)

3 A.8.0upta and Swkh Dev, I, Chremates. (1963),

4 "o peaks are numbered starting from the side of
air peak. The material underwent profound decempe-
'sitien en untreated celite supports bat this was cem-
Ppletely absent when, instead, Chremesorb W (Johng-
! ille) was used. The authers wish to recerd their
indebtedness to Dr.Rmdleff (Saskatoen, Canada) fer
help in GLC,

5 W.Treids, Chom, Ber. £2, 56 (1947),
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and also analysed for 01511240 and has been shewn te be (II)

and hence shall be termadd hnmplens spexide-Ii.
The evidence leading to the establishment ef structure

I fer humlene epexide-I is briefly summarised. The compeund

N

I II

did net exhibit any hydrexyl or carbenyl abserption in the
infrared, tut displayed bends (1242, 887 and 792 m™})
aui;nahloa to an exirane ring; other peaks of diagnestic
value vere at 1860, 1380 (gep-dimethyl) and, 1650 and 972 cm™)
(H:c =C{ ). Its preton magnetic resenance (PMR) spectrum’
showed singlets at 62, 66 (quaternary methyl pretons) and
72 cps (quaternary methyl en carbon attached to oxygen) esch
cerresponding te three protens; a demblet (3H; J =1)

at 101 cps 1s assignable te a methyl on a trisubstitutes
olefinic linkage; a complex maltiplet located between 300
and 357 cps accounted for three vinyl protons (E>c =c<ﬂ and

CHy = ? == CH-), Catalytic hydregenation over prereduced Ptoz

4

6 W.A.Patterson, Anal, Chem. 26, 823 (1954); J.Bemstein,
dnal. Chem. 30, 544 (1988).

All PMR spectra were taken on ~ 2 solution in CCl,
on a Varian A=60 High Resolution Spectromet er
with tetramethylsilane as an internal reference. fhe
values are reported in cycles/sec. from tetramethyl-
silane as zero.
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in ethanel gave a dihydro compound b.p. 102-103°/1 mm,
8 1.487, [«137-26.1 (CHClg; o, 3.1%); an ematnation of
its infrared and PMR spectra revealed that H)c == C7
grouping has been reduced, and CHy-C == CH- 1s still present.
All these data can be accemmedated in an humilene <-epoxide,
vherein the trans-dismbstituted ethylenic linkage remains
intact; such a fermmlation was strengly suggested on ble-
genetic considerations. Cenfirmation ef this was ebtained
¥y & study ef its reaction with perbensgeic acid, twe mslar
equivalents of which were congumed te give in ~ 50f yield
a solid, m.p. 108-114°, [«]) +1.26, («]y 4 -2.34, the n.p.
osnld net de impreved dy further ocrystallisations; this
material had an infrared spectrum cempletely superimposadle
on that of hummlene triepoxide (m.p. 121-22°). This leads
to the formulation of the nev sesquiterpencid as either
(I) or (II). A distinction between these oculd de made on
the basis of its PMR spectrum. The cempeund exhibited two
sharp signals (2H) at 147 and 183 aps reminiscent of the
143 and 149 cps peaks in the PMR spectrus of hummlene and,
assignable to the twe allylic pretons at Cg; these signals,
as would be expected, were absent from the PMR spectrum ef
the dihydreepexide. This informatien establishes the
structure of mumlene epoxide-I as (I), a conclusien, further
sapperted by the settlement of the structure of the seoond
epoxide, as described delow. '

The infrared spectrum of humulene epoxide-II was
found to bde identical with that eof an hummlene exide of
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andeternined structure prepared dy Serm and emrkcna | 4
the pervanadic acid oxidation ef mmlene. Like the syn-
thetic -tnma, the natural epoxide alse yielded a orystal
line dihydre derivative, m.p. 69-69.6°%, [«], -0.27 (CClg;
¢, 3.5%), on catalytic hydregenation ever prereduced Ptoa
in ethanel; its infrared spectrum was identical with that
of an authentic sample (m.p. 69-€9.5°) prepared by the
hydregenation eof Serm ot al.'s synthetic mmulene monexide.
On treatment with perbenszoic acid, it teok up twe equivalents
of the peracid te yield, after repeated crystallisations, a
preduct of m.p. 121-22°, [«)p +1.37 (CClys ¢y 1.88); its
infrared spectrum was identical with that ef (+)-lumalene
triepoxide and did net depress its m.p. (121-23°), 8inee
the trans-disubstituted olefinic linkage is present (infra-
red and PMR spectra) in humulene epoxide-II and, furthermere,
since structure (I) has been assigned to mmlene epexide-I,
the constitutien (II) fellews for hummlene epoxide-I1I. This
was confirmed by a study of its oxidative ozonolysis, when
ag3-dimethylsmcoinic acid could be iselated in over 50% yleld.
We shall, now, twrn to the structure of the alcobel,
which 13 1solable from the later portions of the fraction,
of the essential oll, under consideration. By a combinatien
of chromatography and preparative GLC, an alcohol, which we
shall designate hummlenel could be obtained in a state of

& F.Sorm, M.Streibl, J.Pllva, and V.Herout, Coll, Czeqk.
¢hem, Comm. 46, 639 t9an).
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purity (GLC, thin-layer); this had b.p. 115-16°/1 mm,

a2 1.6127, («130 +30.0 (CHClys ¢, 3.6%), and anslysed for
€ gt 0 Humlenol ( »*¥ 3330 cu™) on treatment with
perbensolc acid consumed three moles of the per acid, and
on catalytic Bydregenation (Pt/AcOH) toek up three moles of
hydrogeh to yield a saturated slcohol, 015!1300 : b.p.
105-106%/0.8 mu, n30 1.4831, (<128 -g.4 (cHOL; ¢, 1.06%).
Thms, hiimulenol should contain three olefinic linkages and
from its molecular formila, then, its monocyclic nature
follows.

The absence of any ahsorption peak above 200 m4 in
the ultraviolet region indicated that the olefinic linkages
are not cenjugated. The infrared spectrum of humulenol
indicatied the preseace of >=CH, (1648, 903, 1800 em™l),

Sm=¢B (1660, 980 ea”l), S=<? (840 @™) and a gan-
H -
dimethyll group (1360, 1380 cm 1). These assignments were

confirmed by a study of its PMR spectrum: a complex multi-
plet between 288 and 303 cps accounted for a total of five
vinyl protons; it also revealed the presence of two quater-
nary methyl groups (6H; 63 cps) and one methyl on g tri-
sabstitiuted olefinic bond (3H; 95 ops, partly spiit). A
clean triplet (1H) centred at 227 ops (J = § cps) indicated
humalenpl to be a secondary alcohol, the signal being due te
the preton « to the hydroxyl and being split by an adjacent
OHZ group; this absorption disappeared in the PMR spectrum
of the ketone (vide infrg) derived from this. Another, sige
nificant absorption eccurs as a multiplet (2H) at 162-167 cps
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in its PMR spectrum, indiocating the presence of
"?'cﬂz"."'m the melecule (of. hammlene, Immalene

epoxide-I).
All these data can best be accomsedated in an

humalene-based structure and fowr fermlae III, IV, V or

VI oceme fer consideration:

SSAAN A

III v
v vI

The fermilation of mumlenol as an allylic alcohel
is supperted by its ready oxidation to the corresponding
ketone with active manganese dioxide (4 hrs at ~ 25°); the
preduct (m.p. 44-44.5%; gemicarbazone m.p. 202-303(d);
2,4-dinitrophenylhydrasone m.p, 190-191°%), as expected, was
optically ilnactive. The ketone displayed its vo7° at
1680 cm™l, but surprisingly showed no K band in the ultra-
violet region (in alcoholic or heptane solutions); this
absence of K band must be asoribed te a significant depar-~
ture from co-planarity of the ccncerned greups ( >=-cl!2 and

>»=0) and such cases are on rocordgg its semicarbasense,
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hevever, had k::gl 286 sz (€ 16,770), a value very close
te that expected of a derivative frem an «g-unsaturated
ketene.

Of the four possible structures noted abeve, III and
V would be preferable on biegenetic grounds. A distinctien
between these possibilities and a final cenfirmation ef the
structure, hewever, could be made in a surprisingly simple
and straightferward way. Prelog M.lo have neted
that trans-cyclodecene epoxide en chromategraphy over
strongly activated alumina gave an allylic alcohel. During
our work en the isolatien and purification ef lamulene
epoxides, it was noticed that unless the activity of alumina
is carefully contrelled te grade-1I (Breckmann scale) con-
siderable loss of the material occurred. In view of this,
it was thought that humlenel ceuld possidly bde cerrelated,
this way te husmlene epoxide-I or -II. As a matter of fact,
when humulene epoxide-II was shaken with alumina (grade I)
in an hexane solution about 60% cenversion to an alooholu,
identified as lumulenol by various physical constants and
infrared spectrum, teok place. This would fix the structure
of humilenel as (III).

9
E.E. van Tamelen, S.H.Levin, G.Brenner J.Welinsky
and P.X. Alarich, . . &,

(1959); A. Hassner and T.C.Mead
Letters 3§, 1223 (1962); J. Wolinmm%msky and D.Chan,
L.Amer.Chem, S0c. §5, 937 (1963).
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The reactien has been found to be general and
umilene epoxide-I, dihydro humulene epoxides

‘ lene dloxide, caryophyllene epoxide all yieldod
alcohols by this treatment; these will be discussed
in a fuller paper.
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