
Oil of cubeb is obtained from the dried, fulLgrown but unripe 
fruits of Pipcv rubebas Linn, Although P. cwbeda is not indigenous 
to India, and is not widely cultivated, the fruits are imported in 
considerable quantity. It appeared to us desirable, therefore, ro 
examine carefully the oil obtained from fruits grown in Mysore. A 
quantity of oil from this source was prepared in 1923, bzt it was not 
studied in detail at the time (1. Ind. Inst. Sci., 1925, 8A, 159). 

Although oil of cubeb is official in the British Pharmacopoeia, 
and has been repeatedly examined (cf. Finnemore, ' The Essential 
Oils,' 192 seg.), there would appear to be considerable doubt as to 
its main constituents, only the presence of Ccadinene having been 
established with certainty. 

The fruits used in this investigation, which \Yere of undoubted 
authenticity, gave on distiliation in steam 7.5 per cent. of an oil as 
compared with a yield of r 1.9 per cent. obtained in 1923 from fruits 
from the same source. It is possible that the fruits were slightly 
immature. 

The terpene fraction of the oil (about 35 per cent.) consisted 
essentially of d-sabinene, which was identified by conversion into 
terpinene dihydrochloride, and by oxidation with potassium permanga- 
nate to d-sabinenic acid. From amongst the oxidation products a 
small quantity of cis-caronic acid was isolated indicating the presence 
of either A~-carene or a4-carene. By the oxidation of the appropriate 
fraction with potassium permanganate in acetone solution a small 
amount of a keto-acid was obtained, and this was identified as d-r : 
I-dimethyl-z-r-ketohutylc3~clopropane-~-carboxyic acid by the prepara- 
tion of the semicarbazone, m.p. 178-r80°, thus confirming the 
presence of d-b.4-carene. No evidence was obtained of the presence 
of any other terpenes, although pinene, campheue, and dipentene 
were specially tested for. 

The terpene fraction (b.p, r o ~ - ~ ~ o ~ / r o o  mm.) had a camphorace- 
ous odour resembling that of cineole and analysis indicated the 
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pce.esence oi an oxygenated compound. No derivatives of r : ti-cineole 
could be obtained, but on saturating a glacial acetic acid solution of 

this fraction of the oil with hydrogen chloride, an excellent yield of 
terpinene dihydroch!o:ide separated, although the parent hydrocarbon 
itself was absent, The formation of this hydrochloride appeared to 
point to the presence of 1 : 4.-cineole. This oxide has so far not 
been fo~ind to occur in nature, and was prepared synthetically by 
Wallach (Amsnims, rqt z ,  392, 62) by t!ie dehydration of I : ii-terpin. 
Unfortunately, it  is somewhat dificult to identify, since its only 
recorded properties are its conversion into terpinene dihydr~chiorid~ 
on treatment with hydrogen chloride, and its oxidation by potassium 
permarrganate to an unidentified acid, 111.p. 157O, wbich is sparingly 
so!uble in water. Our specimen, which was contaminated with 
d-A4-carene, yielded on oxidation under the corditions used by 
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Wallach a sparingly soluble acid, nxp. r 5 f " '  which is at present under 
investigation, and there can therefore be little doubt that I : 4-cineole 
was present In the oil. In veiw of the probable occurrence of this 
oxide in other essential oils one of us (1.L.S.) proposes to make a 
further study of its properties. 

The alcohols, which formed about 11 per cent. of the oil, were 
mainly tertiary. On hydration with dilute sulphuric acid tram- 
terpinene-terpin was formed together with what appeared to be 
cis-tepin. The latter was not obtajned in suficient quantity for 
complete characterisation, and it was not possible to confirm the 
presence of terpineol by other means. The  LY~~LJ-terpinene-terpin 
resulted from the hydration of d-I-methyl-4-isopropyl- A'-cyclohexen-q-ol 
(d-A1-terpinen-401)~ the presence of which was confirmed by oxidation 
to the glycerol, I-methyl-4-iropropyl-i : 2 : 4-trihydroxycyclohexane, 
m.p. I 16-1 17' and m.p. anhyd. 128-J 29O (cf. Wallach, Annalm, 
1906, 350, 169). 

The co-existence of d-sabinene (I), d-1-rnethyl-4-isopropyl-A'-cyclo- 
hexen-4-01 (III), and I : 4-cineole (IV) in the same oil is of consi- 
derable interest, since, as will be seen from a study of their formulz, 
these substances are extremely closely related, their interconversion 
merely involving the addition or loss of water with the intermediate 
formation of I : 4-terpin (11). 



912 the sesquiterpene fraction Gcadinene was readily identified by 
the preparation of the dihydrochIoride, hut the low rotation pointed to 
the Fresence of a sccond hydrocarbon, the nature of which could :lot be 
determined. 

In  view of thc marked diEerence in the rotation of the oil 
distilled in 1923 (Table I, sample B)$ it appeared desirable to determine 
ii possible the cause of this, an& the small 1-emaining quantity of 
this oil was fractio~ated. The terpene fraction was found to be 
almost inactive and consisted of d-sabinene, a hydrocarbon which has 
only once previously been described (Penfold and Sin~onscn, J. Pmc. 
Roy. Soc. N. S. PY., 1925, 58, 147). It was characterised by the pre- 
paration of dZ-sabinenic acid, which was compared with the speclinen 
obtained by the above-mentioned authors. The  Gcadinene isolated 
from the sesquiterpene fraction had a m ~ c h  higher rotatory power than 
that which was obtained from sample A, and these two factors account 
for the marked diiference in the rotatory powers of the two oils. 

The composition of Mysore oil of cubeb is  approximately the 
followingr :-d-sabinerie (33 per cent.), d-A 4-carene and I : q-cineoie 
(12 per cent.), d-A J-terpinene-4-ol and other alcohols ( I  r per cent.), 
sesquiterpenes mainly l-cadinene (14 per cent.), sesquiterpene alcohok 
( I  7 per cent.), unidenti5ed ( I  3 per cent.). 

EXPERIMENTAL. 
The  c r ~ ~ s h e d  fruits (21.8 kg.) were distilIed in steam, yielding a 

light green oil (1.63 kg.). After drying over magnesium sulphare the 
oil had the constants given in Table I, column A, the constants for the 
sample of oil obtained in 1923 being given in column B. 

TABLE I. 
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A of the oil (A) was treated with an alcoholic solution of 
ptassium hydroxide to hydroiyse the esters present, dried over 
magnesium sulphate, and distilled under diminished pressure, yielding 
the fractions given in Table 11. 

TABLE II. 

Yield j cent. 

trace 
27'9 
9.2 
4.9 
2.7 
3.4 
6'6 

10'9 
135 
11'4 1 Residue !and loss 

I 

The percentage weight is in all cases calculated on t h e  original weiqht of tile oil used. 

Fractions 2 to 6 ,  which were free from aldehydes and ketones, were 
repeatedly distilled under diminished pressure, the final fractionation 
being over sodium, and the results are summarised in Table 111. 

TABLE 111. 

(a) Not determined. * From 2.5  C.C. 

iabinenic 
acid from 
10 gms. 

5 
4'9 
4.9 
3'7 
n 
a 
1'4 
a 

Nil 
a 
n 
a 
a - 

d-Sadilzene.-Fractions A to D consisted essentiaily of dsabinene, 
the constants of fraction C agreeing well with those quoted for this I hydrocarbon. 1 



T A B L E  IV. 
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* Parry, " Essential oils," 11, 56. 

For a number of the fractions the yields of terpinene dihydro- 
chloride and of d-sabinenic acid (Wallach, Annadetz, 1908, 359, 268) 
are given in the table. The &abinenic acid after recrystallisation 
from hot water had m.p. 55-57O and in alcoholic solution (c. 1.002) [a]g  
+ I 10 .7~ (Found : C, 64.9 ; H, 8.7 : calc. C, 65.2 ; H, 8.7 per cent.). 
The identity was confirmed by careful comparison with an authentic 
specimen. The terpinene dihydrochloride after crystallisation from 
dilute alcohol had m. p. 52' which was not depressed on admixture 
with a specimen from another source (Found: C1, 33.8; calc. 
33.9 per cent.). 

d-A 4-Carene.-From amongst the products of the oxidation with 
potassium permanganate of fractions H to L (Table 111) a small 
quantity of an acid, m.p 172;173~, was separated, which was 
identified as cis-caronic acid. Since this indicated the presence of 
either A 3-or A 4- carene a portion of these fractions was redistilled at  
the ordinary pressure and the fraction of b.p. 163-r68"/685 mm. 
coIlected separately. This fraction was oxidised in acetone solution 
with potassium permanganate (Y.C.S., 1922, 12 1, 2292), when a small 
quantity of a keto-acid was obtained which yielded a semicarbazone, 
m.p. 178-180~, not depressed when mixed with the original semi- 
carbazone prepared from d-I : 1-dimethyl-2-y-ketobutylcyclopropane-3- 
carboxylic acid. 

I : 4-Cineoh.--The fractions H to M had a marked camphorace- 
ous odour, which -ras more intense in the higher-boiling fractions. 
Analysis of fraction H showed the presence of an  oxygenated substance 
mixed with the hydrocarbon (Found : C, 79.9 ; N, 11.7 ; CmHiBO 
requires C, 77.9 ; H, I 1.7 per cent.), whilst fraction M on redistillatLon 
(b.p. 109-1 I Z O / I W  mm.) gave on analysis C, 78.6 ; H, 11-7 per cent- 
This fraction, whiph did not give any of the characteristic reactions of 
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: 8-r-ir,eole, yielded on treatment with hydrogen chloride in acetic 
acid solutioc terpinene dihydrochloride, m.p. 52' ,  whilst on oxidation 

pntassii~nl permanganate on the water bath it gave an acid, which 
zvas sparingly soluble in water and had n1.p. 157' (cf. Wallach, LUG. cif.). 
'The aqueous soivtion from which this acid was separated yielded a 
slnalI quantity ol  cis-caronic acid, and as has already been mentioned 
(p. 92) there can be little doubt that this fraction of the oil was a 
mixture ot I : '$-cineole and d-A 4-carene. 

Tevpexe nlcohols : d-r-methyd-4-isofi~ojy/- 3 '-cyclo/z~xen-4-oi- 
Fi-action 7 (Table 11) was refractionated under diminished pressure 
with the results given in Table V. 

N o .  

11 

iii 

iv 

V 

vi 

uii 

viii 

Attempts to prepare crystalline phenylurelhanes from the various 
fractions were not successful, whilst comparative experiments with 
phthalic anhyride showed that the percentage OI primary alcohols 
present probably did not exceed 2 per cent. being greatest in fraction 
viii. The acid phthalate which was formed could not be induced to 
crystallise. O n  oxidation of this fraction with chromic acid, evidence 
was obtained of the formation of an aldehyde, but it could not be 
obtained pure. 

Fractions iv to vi (5 c.c.) were shaken with dilute sulphuric acid 
(5 per cent.) for a week, and the reaction mixture was exhausted with 
ether. On removal of the solvent a solid (1 .3  gms.) remained which, 
after crystallisation from methyl alcohol, had m.p. 136-137", and was 
identified as tvans-terpinene-terpin by analysis and by the method of 
mixed melting point (Found: C ,  69.9 ; W, 12.0; calc. C, 69.8 ; H, 
I 1-5 per cent.). The  acid solution from which the ttcrpinene-terpin had 



been removed was saturated with ammonium sulphate and thoroughly 
extracted with chloroform, when a solid was obtained which had m.p. 
113-1 r5", and on resolidification n1.p. 104-105% No depression was 
observed on admixture with cis-terpin from another source, but, owing 
to the small quantity of material available, it was not possible to confirm 
the identity. 

The presence of d-I-methyl-4-isopropyl-6 '-cycdohexen-4-01 in 
fraction vi was supported by its conversion, on treatment with hydrogen 
chloride in acetic acid solution, into terpinene dihydrochloride. When 
this fraction of the oil was oxidised with alkaline potassiumpermangan- 
ate at oo it yielded d-I-methyl-4-isopropyl-i : 2 : 4-trihydroxycyclohexane, 
which after crystallisation from ether had m.p. I il-: r6", anhydrous 
m.p. 126-128~. In alcoholic solution (c 10) [a]$+ 23.1' was observed 
(Wallach, AnnaZem, 1 9 ~ 6 ,  350, 169, gives m.p. 116-rrf' and 128- 
I 2g0 anhyd., [a], + 21.24~). The presence of the unsaturated aicohol 
was therefore fully established. 

Sesquitevpe~zes.-Fractions 8 and 9 (Table 11) were repeatediy 
redistilled and the residue boiling above 140°/12 mm. was added 
to fraction 10. The lower-boiling fractions were distilled twice over 
sodium yielding two main fractions : (a) 120-122~/r3 mm., a'$ 0.9095, 
ng 1.4930, [a]? - 1o .1~  ; (6) r~6-130"/13 mm., d$ 0,9174, n$ 1.5013, 
[a] g - 3.6'. 

From both fractions Gcadinene dihydrochloride, m.p. I I 7-1 18', 
[a]? -38.r0 (c 0.2546 in alcohol) was obtained (Found : C1, 25.5 ; calc. 
25.6 per cent.). The identity was confirmed by comparison with an 
authentic specimen. No other sesquiterpene could be characterised. 

Sespzliterpene alcohis.--Fraction 10 (Table 11) on redistillation 
yielded two main fractions (i) b.p. 150-155O/q mm., &' 1.0421, 
1'5150; C, 81.8, H, 10.8; (ii) 155-160~/13 mm., d$1-2050, n: 1.5198, 
,C, 81.6; H, 10.9 (C,H,O requires C, 81.8; H, 10.9 per cent.). 
Neither of these fractions yielded a crystalline hydrochloride, and the 
presence of cadinoi is therefore improbable. The alcohols did not 
react with phthalic anhydride at r30°. 

EXAMINATION OF SAMPLE B (TABLE I). 

A small specimen of the oil remaining from the 1923 distillation 
was hydrolysed with an alcoholic solution of potassium hydroxide and 
the terpene and sesquiterpene fractions were examined. The terpene 
fraction, after distillation over sodium, was separated into two main 
fractions : (a) b.p. 95-98°/ioo mm., 40.8302, n$ 1.4604, [a] 2 + 3 . 1 ~  : 
(b) 9&1ooO/1oo mm., @ 0.8322, mg 1'4625, [a]? + 2.5'. On 



oxidation of fraction b with potassium permznganate dL-sabinenic acid, 
m.p. 83-QO, was obtained, thus establishing the presence of dl- 
sabinene in this fraction of the oil. The sesquiterpene fraction was 
found to have a higher rotation, [a] 7 37.s0, than that of sample A. 
It a specimen of bcadinene dhydrochloride with a rotation 
identical with that previously obtained. The nature of the other 
h>drocarbon present was not determined. 

[Accepted, 25--9-28.] 


