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Terpenoids. VIII. Sesquiterpenoids from the Wood Oil of " Sugi " 
(Cryptomeria japonica D. Don.) *1,*2 

By Shizuo NAGAHAMA*3 

(Received February 26, 1964)

The main components of the oil of Sugi 
wood have been shown to be sesquiterpen-
oids.1-5b Among these, however, a cadinene 
has been the only component unsatisfactory 
characterized, except for the recent work by 
Sumimoto and his co-workers6) on the isolation 
and characterization of cryptomeridiol (selinan-
4a, 11-diol). 

The results of experiments on two samples

of Sugi-wood oil, kindly supplied by Professor 

Tamio Kondo, are described in this paper. 

Oil I, obtained by steam-distillation, was 

analyzed by distillation, followed by chromato-

graphy ; the complete results are given in 
Table I. Sesquiterpene alcohols are distributed 

over all fractions, and two alcohols are obtained
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in the crystalline form. The one, C15H26O,

(m.p.140～141℃), was identified as pilgerol

(=δ-cadinol)by a direct comparison with the

sample provided by Professor Erdtman.*4 It 

seems quite probable that the "isocryptomeriol"

(m.p.135～136℃)described by Kimura2b) is

identical with this alcohol. Another alcohol

(m.p.63～74℃)was still impure, but its

infrared spectrum was almost identical with that

of β-eudesmol.7),*5 Furthermore, a new mono-

Fig. 1. Infrared spectra of cryptomerion (A) ; 
hexahydrocryptomerion (B) ; and unsaturated 
alcohol (C).

Fig. 2. NMR spectrum of cryptomerion 
(CCl4 solution 10%).

cyclic ketone, named cryptomerion, C15H22O, 

was isolated from fraction 7.

Cryptomerion possesses an α,β-unsaturated

ketone group (λmax 236,304 mμ and υmax 1685

CM-1; Fig. 1A). The infrared spectrum of 
the corresponding unsaturated alcohol (Fig. 
IC) obtained by reduction of cryptomerion 
with lithium aluminum hydride clearly 
shows the presence of a terminal methylene
group (υmax 3130,1650 and 888 cm-1). The

NMR spectrum*6 of cryptomerion (Fig. 2) 
indicates the presence of the following groups ; 
one hydrogen and one methyl group on the
conjugated ketone system (τ value 3.38 and

8.00), one hydrogen on a trisubstituted double 
bond (4.98), one terminal methylene group 
(5.25), one methylene group adjacent to the 
carbonyl group (7.66), and two methyl groups 
on one (or two) double bond(s) (8.37 and 
8.46). The catalytic reduction of cryptomerion 
gave a hexahydroderivative (Fig. IB), which 
was reduced to the corresponding hydrocarbon 
by the Huang-Minlon method. The infrared 
spectrum of this hydrocarbon is identical with 
that of hexahydrobisabolene.8),*7 When the 
groups detected by the NMR spectrum are 
arranged on the bisabolane skeleton, the 
possible structures are limited to two, namely, 
I and II. Structure I is preferred for crypto-
merion from the biogenetic point of view.9)

(I) (II)

Oil II, obtained by methanol extraction, was 
used for the analysis of sesquiterpene hydro-
carbons. The fraction corresponding to frac-
tions I to 4 of oil I was distilled by a spinning-
band column (the results are shown in Table 
II) with each fraction subjected to the 
chromatographic separation. Fractions 10 to 
13 show two main peaks in the gas chromato-
graphy. They were separated pure by chro-
matography and identified as δ-cadinenelo)and
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TABLE 1.

calamenene.10) From fraction 13 and from the 

pot residue a small amount of pure calacorene10) 
was separated. Fractions 1 to 3 are complex 

mixtures of hydrocarbons ; at least seven peaks 

were observed in gas chromatography, besides

δ-cadiene and calamenene, and a small amount

of copaene*6 was separated from fractions 1 

and 2.

Experimental 

The Analysis of Oil I.-The oil obtained by 
steam distillation was brown and viscous nD 1.5130, 
d22 0.982. The neutral fraction (24g.) was dis-
tilled with a concentric column 26 cm. high, and 
each fraction was chromatographed on an alumina 
or silica gel column. The results are tabulated in 
Table I. 

Sesquiterpene Alcohols.Fraction 6 (2.0g.) was 
chromatographed on an alumina column (25g.). 
A mixture of alcohols (oil) was eluted by a mix-
ture of petroleum ether and ether. The next frac-
tion was solidified (m. p. about 60℃)(300 mg.);

the melting point was raised to 63～74℃ after

repeated crystallization from petroleum ether. 3, 5-
Dinitrobenzoate, m.p.125～136℃. This alcohol

was considered to be impure β-eudesmol. The

fractions eluted by ether gave another crystalline 
alcohol (257 mg.), which was recrystallized from 
petroleum ether and sublimed under reduced 
pressure. M. p. and mixed m. p. with authentic
pilgerol,140～141℃;[α]D-100°(c 0.48, chloro-

form). The infrared spectra of the two alcohols 
are superimposable. Crued pilgerol was also 
obtained from fractions 4 (21 mg.), 5 (420 mg.) and 
7 (42 mg.). 

The Presence of Ether's.-Fraction 2 (3.33g.) 
was chromatographed on a silica gel column (65 g.). 
After the elution of hydrocarbon (2.51 g.) with 
petroleum ether, a fraction (705 mg.) was eluted 
with ether. This fraction, on further chromato-
graphy on an alumina column (15g.), afforded
fractions of nzaD 1.4745～1.4725 (total,200 mg.).

The infrared spectra of these fractions showed
strong Uands at 1135～1070 cm-1.

Cryptomerion.-Fraction 7 (1.5 g.) was chro-
matographed on an alumina column (20 g.), Petro-
leum ether eluted an oily diterpene hydrocarbon 
(102 mg.) and a ketone (243 mg.) successively. 
The same ketone was obtained from a commercial 
(root?) oil. The ketone (cryptomerion) showed 
n26D 1.5050, d26 0.954, MR 68.19. Calcd. for
C15H22OF3,67.90,[α]D-38°(c 1.45, chloroform),

λmax 236 and 304 mμ (ε9600 and 110, ethanol).

Infrared spectrum, Fig. IA. 2, 4-Dinitrophenyl-

hydrazone m.p.168～171℃.

Hexahydroketone.-n26D  1.4597, d26 0.884, [α]D

+17° (cO.92, chloroform) (infrared spectrum,

Fig. 1B) was obtained by catalytic hydrogenation 
with Willstatter's platina black in ethanol. 2,4-
Dinitrophenylhydrazone, m. p.7477.5℃.

Found : C, 62.29; H, 8.08; N, 13.69. Calcd. for 
C21H3204N4 : C, 62.35; H, 7.97; N, 13.85%. 

The Huang Minion reduction of the hexahydro-
ketone (208 mg.) gave a saturated hydrocarbon 
(123 mg., purified through an alumina column). 
Its infrared spectrum was identical with that of 
hexahydrobisabolene.8) The lithium aluminum 
hydride reduction of cryptomerion gave an oily 
unsaturated alcohol (infrared spectrum, Fig. 1C).
3,5-Dinitrobenzoate, m. p.65.5～67℃(from petro-

leum ether). 
Found : C, 63.33 ; H, 6.25 ; N, 6.68. Calcd. for 

C22H26O6N2 : C, 63.75; H, 6.32; N, 6.76%. 

The Separation of Sesquiterpene Hydrocarbons
from Oil IL-The fractions (b. p.105～115℃/10

mmHg(31.5g.)and 115～140℃/10mmHg(24 g.))

of oil II (which was obtained by methanol extrac-
tion) were distilled by a spinning-band column 
(Tokyo Kagaku Seiki Model SB 815) ; the fractions
boiling below 131℃/11mmHg were combined and

distilled twice on sodium metal and finally by the 
same spinning-band column. The results of the 

final distillation is shown in Table II. 
The Isolation and Identification of Individual 

Hydrocarbons.-The purity of the fractions was 
determined by gas chromatography. 

Apparatus.-Shimadzu gas chromatograph, Type 
GC-2A. Column PEG 6000 on Shimalite ; 2m.
Temp.,180℃. Carrier gas, H2. The infrared spectra

were compared with those published by F. Sorm,
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TABLE 11.

V. Herout and their colleagues in Collection 
Checkoslovak Chem. Communs.*7 

Copaene.-Fraction 1 was chromatographed on 
an alumina column (100g.), and the first fraction 
(412 mg.) was rechromatographed twice to yield 
copaene (70 mg. n26D 1.4813).
δ-Cadinene.-Fractions 8-13were chromatographed

on a hundred-fold of alumina. The first fraction

yielded δ-cadinene, n28D  1.5072, d284 0.9133, [α]D

+27.8° (c4.11, chloroform). Dihydrochloride,

m.p.118℃,[α]D-36.1°(c 3.39, chloroform).

 Calamenene.-The tail fractions of the chromato-

graphy of fractions 5-13 yielded calamenene, which 
was then purified by further chromatography. n28D
1.5155, d284 0.9276, [α]D -67.0° (c2.40, chloro-

form). 
Calacorene.-On chromatography the pot residue 

yielded a middle fraction calacorene of high purity 
(88 mg.) n23D 1.5405.
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