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The investigation concerning sesquiterpene
constituents of camphor oil was first undertaken
by workers at Schimmel & Co., who detected bi-
sabolene!® and cadinene;? it was then continued
by many workers. In this way, caryophyllene
was identified by Simonsen,?® a-santalene by Kato,*?
and a-humulene and nerolidol by Hirota,> while
recently cadina-9, 11(12)-diene has been detected
by Araki®? Further, Ono,” Komatsu® and
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Kafuku® have pointed out the presence of new
sesquiterpene constituents characteristic of cam-
phor oil.

The present study was made of a high-boiling
fraction of camphor oil commercially obtained.
Nine newly-found constituents, a-ylangene, §-
elemene, B-santalene, d-guaiene, d-cadinene,
calamenene, calacorene, 1, 6-dimethyl-4-isopropyl-
7, 8-dihydronaphthalene, and y-patchoulene, and
four formerly-detected constituents, caryophyllene,
a-santalene, a-humulene, cadina 9, 11(12)-diene,
were identified. q-Santalene, a-ylangene, 8-santa-
lene, and d-cadinene are the main constituents,
each amounting to more than ten per cent, while
cadina-9, 11(12)-diene, which was detected as a
main constituent by Araki,®> was very little in
quantity, It was the first case of the detection
of 1,6-dimethyl-4-isopropyl-7,8-dihydronaphthalene
in a natural product. The bisabolene previously
reported and the constituents whose structures were
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assumed by Ono,” Komatsu® and Kafuku® could
not be detected.

Experimental

The high-boiling fraction (bp above 215°C, 6135 g)
of camphor oil, after being treated with 39, aqueous
solutions of sodium carbonate and of sodium hydroxide
successively, was distilled under reduced pressure;
the sesquiterpene hydrocarbon fraction (bp 85—145°C/
2 mmHg) was thus obtained. By repeating the precise
fractionation with a packed-type distilla.don column,
and the adsorption chromatography on an alumina or
silica gel column using n-hexane, the hydrocarbon
fraction was separated into individual hydrocarbons;
these hydrocarbons were identified as will be described
below.

a-Ylangene (17.7%).** Found: C, 88.39; H,
11.61%. GCaled for C;;Hy: C, 88.16; H, 11.849,.
The constituent consumed one equivalent of hydrogen
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in catalytic hydrogenation with platinum oxide in glacial
acetic acid. The IR and NMR!D spectra of the
original hydrocarbon coincided with those of a-ylangene;
this spectrometric result was also supported by a gas
chromatographic comparison with authentic a-ylangene.

B-Elemene (5.0%). The constituent ([a]} —21.0°)
showed IR and NMR!®) spectra, and the gas chromato-
gram agreed with those of §-elemene.

a-Santalene (34.8%). Found: C, 87.85; H,
11.71%. Caled for CysHp: G, 88.16; H, 11.84%.
This hydrocarbon ([a]¥ +11.1°) had a molecular
weight of 204 (mass spectrometry, Fig. 1-A), and its
IR and NMR!% spectra agreed with those of a-
santalene. Besides, a nitrosochloride of colorless
needles melted at 115—115.5°C, thus corresponding
to a-santalene nitrosochloride.16)

p-Santalene (12.0%). Found: C, 88.30; H, 11.70%.
Caled for CjsHy,: C, 88.16; H, 11.84%,. The molec-
ular weight of this hydrocarbon was 204 (mass spectro-
metry, Fig. 1-B). Its IR and NMRI® spectra
showed a good agreement with those of B-santalene.
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Fig. 1. Mass spectra”of a-santalene (A), B-santalene (B) and calamenene (C).

*t The content (%) of each constituent was cal-
culated from the relative ‘]i:oeak area of the gas chromato-
gram, which was obtained by use of a Golay Apiezon-L
column at 150°C, and which showed 21 peaks, includ-
ing 8 unidentified ones.
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a-Humulene (2.59%). The constituent had the
same IR spectrum as that of a-humulene,!™ and the
gas chromatograms of the constituent and a-humulene
were identical.

&-Guaiene (0.2%,). The constituent was dehydro-
genated by heating with sulfur and produced s-guai-
azulene in a good yield. The IR spectrum and the
gas chromatogram of the constituent agreed with those
of d-guaiene,!®> and the NMR spectrum, which has two
broad singlets at 5.36—5.62 ¢ (2H, exocyclic methylene)
and two near-singlets at 8.37 ¢ (6H, two methyl groups
attached to double bonds,) supported the structure of
d-guaiene well,

d-Cadinene (11.2%). Found: C, 88.35; H,
11.58%. Caled for CjsHo: C, 88.16; H, 11.849%,.
[a]¥ +24.54°, molecular weight 204 (mass spectro-
metry). The IR, NMR,2 and mass spectral)
agreed with those of g-cadiene. This hydrocarbon
produced cadinene dihydrochloride; 116—116.5°C,
confirmed admixing.

Calamenene (2.5%). When the residue of the
precise fractional distillation was chromatographed on
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a silica-gel adsorption column using petroleum ether
as the solvent, calamenene, calacorene, and I, 6-di-
methyl-4-isopropyl-7, 8-dihydronaphthalene were eluted
in this order. The first-eluted constituent ([a]
—44.0°) had a molecular weight of 202 (mass spectro-
metry, Fig. 1-C). The IR22 and NMR2® spectra and
the gas chromatogram were the same as calamenene.

Calacorene (0.4%). [a]f -+15.40°. The IR®
and UV spectra agreed with those of calacorene,
and the NMR spectrum, which has a singlet at 7.74 ¢
(3H, a methyl group on a double bond conjugated with
a benzene ring) and a doublet at 8.05 ¢ (3H, methyl
group), fit the structure of calacorene well.

1, 6-Dimethyl-4-isopropyl - 7, 8 - dihydronaphtha-
lene (0.39%). The IR and UV spectra of this constitu-
ent agreed with those of 1, 6-dimethyl-4-isopropyl-7, 8-
dihydronaphthalene.24)

Caryophyllene (3.0%), y-Patchoulene (0.6%), and
Cadina-9, 11(12)-diene (2.3%,) were identified only by
depending upon a gas chromatographic comparison
with authentic specimens using a Golay Apiezon-L
column.
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