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Abstract-Sesquiterpenoids of an agarwood originating from Aquilaria agallocha and of the other kind of agarwood 
(Aquiluriu sp.; probably Aquilaria malaccensis) were investigated by a combination of GLC and GC/MS. The 
differences in sesquiterpene composition between the two kinds of agarwood are discussed. 

INTRODUCTION 

Agarwood (Jinkoh in Japanese) is a widely used, famous 
incense of the Orient. About 20 years ago, Indian chemists 
isolated and characterized two major sesquiterpenes, 
agarol [l] and agarospirol [2]; together with six minor 
(-)-selinanic furanoids, i.e. a- and /I-agarofuran, dihy- 
droagarofuran, nor-ketoagarofuran, etc. [3-S] from an 
agarwood (type A) originating from Aquilaria agallocha 
Roxb. Recently, we have found that besides this type A 
wood, the other kind of agarwood (type B) is also popular 
in the market-place today, and from this type B wood 
(Aquilaria sp.; probably Aquilaria malaccensis Benth.) 
eight major sesquiterpenes, i.e. jinkohol 63, agarospirol, 
kusunol, jinkoh-eremol, Jinkohol II 5 [7 , a-agarofuran, 
(-)-lO-epi-y-eudesmol and oxo-agarospirol [S] have 
been isolated and identified. Furthermore, we have also 
characterized (+)-karanone [ = the 1,2,9,10_tetradehydro 
derivative of (+)-fukinone] and (+)-dlhydrokaranone 
(= 9,1O_didehydrofukinone), together with oxo-agaro- 
spirol, from a different kind of agarwood, called 
Kanankoh in Japanese, which is more expensive and 
precious than the usual type of agarwood, i.e. Jinkoh [9]. 
In the present work the sesquiterpene compositions of the 
above-mentioned two typical kinds of aganvood, i.e. type 
A wood collected in Vietnam and type B wood collected in 
Indonesia, were analysed by means of a combination of 
GLC and GC/MS. 

RESULTS AND DISCUSSION 

The essential oil fractions from types A and B agarwood 
were subjected to a combination of GLC and GC/MS 

*Part 4 m the senes “Sesqmterpene Constituents m Agar- 
wood”. For Part 3 see ref. [8]. 

~To whom correspondence should be addressed 
**/?-Agarofuran and nor-ketoagarofuran were previously 

Isolated by us from agarwood 011 and ldentlfied by comparison of 
their physical and spectral data with those published for the 
respective authentic specimens [3,4]. 

analyses under the conditions described for procedure I 
(see Experimental). Individual components were identi- 
fied by means of co-GLC with authentic samples of fi- 
agarofuran**, a-agarofuran [8], nor-ketoagarofuran**, 
(-)-lO-epi-y-eudesmol [SJ, agarospirol [2, 73, jinkohol 
[6], jinkoh-eremol [7], kusunol [7], dihydrokaranone 
[9], karanone [9], jinkohol II [7] and oxo-agarospirol 
[8,9) (listed in order of increasing retention time) and by 
GC/MS. The sesquiterpenoid constituents identified from 
types A and B agarwood, together with their relative 
percentages from the corresponding essential oil fractions 
(determined by GLC), are listed in Table 1. In the analysis 
of type B wood using procedure I, agarospirol and 
Jinkohol gave partially overlapping peaks. Using this 
procedure, only qualitative analyses of these terpenes were 
successful and the total content (12.4%) was also 
evaluated. Therefore, the individual quantitative values, 
i.e. 7.2 % agarospirol and 5.2 % jinkohol cited in Table 1, 
were calculated by the aid of the second set of operating 
conditions (procedure II), in which agarospirol and 
jinkohol gave their respective peaks without overlapping 
and the ratio of their contents was 14.7: 10.6. In the 

Table 1. Sesqmterpenoids of aganvood 

GC Type A Type B 
peak Compound wood wood 

1 B-Agarofuran 0.6* - 
2 a-Agarofuran - 1.3 
3 Nor-ketoagarofuran 0.6 - 
4 (-)-lO-Epl-y-eudesmol - 6.2 
5 Agarospirol 4.7 72 
6 Jmkohol 5.2 
7 Jmkoh-eremol 4.0 3.7 
8 Kusunol 2.9 34 
9 Dlhydrokaranone 2.4 - 

10 Jmkohol II - 5.6 
11 0x0-agarospirol 58 31 

*Percentage of essential oil. 
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analysis of type A wood, jinkohol was not observed under 
either operating conditions (procedures I and II). The 
absence of (+)-karanone was confirmed in both kinds of 
wood. 

The following conclusions may be drawn from the 
results given in Table 1: (i) agarospirol, jinkoh-eremol, 
kusunol and oxo-agarospirol occurred abundantly in 
both kmds ofagarwood; (ii) type B agarwood contained a 
large amount of ( - )-lO-epl-y-eudesmol, jinkohol and 
jinkohol II, whereas type A wood contained none of these 
sesquiterpenes; and (iii) nor-ketoagarofukan and dihy- 
drokaranone were found only in type A agarwood. These 
differences in the sesquiterpene compositions of types A 
and B agarwood might serve to distinguish chemically the 
two kinds of wood and to permit identification. 
Furthermore, it is assumed that these differences are due 
to the different species of source plants. However, in order 
to verify this assumption, further corroborating evidence 
should be provided in the future. 

EXPERIMENTAL 

Plant material. Types A and B aganvood used in the present 
study were collected in Vietnam and in Indonesia (imported VU 
Singapore), respectively. Their source plants have been identified 
by one of us (K.Y.) as Aquilarla agallocha Roxb. and the genus 
Aqudaria (probably Aquilarla malaccensis Benth.), respectively 

Isolation of essential oils. Fmely powdered wood (1 g) was 
extracted with C&H, (70ml) for 3 hr under reflux. The CeHh 
extract was filtered and washed with a further 20 ml C,He and the 
solvent was dIstilled off. The residue was dissolved man adequate 
amount of warm n-hexane and allowed to stand in a freezer for 
3 hr. The msoluble resmous ppt. was filtered off and the filtrate 
obtained was regarded as the essential oil fraction and subjected 
to a combination of GLC and GC/MS analyses. 

Operating condlt1on.s of GLC and GC/MS. Procedure I- 
analytIcal GLC: detector, FID; column, Carbowax 20M (25 m 
x 0.2 mm i.d.); He, 0.6 kg/cm2; column temp., programmed 
55-210” at 4”/min. GC/MS: column, Thermon 600T (40m 
x 0.2 mm 1.d.); He, 1.1 kg/cm2; ionization energy, 20 eV; column 

temp., programmed 70-220” at 4”/min. Procedure II-analyt~cal 
GLC: detector, FID, column, DEGS (30 m x 0.3 mm i.d.); N, 
flow rate, 50ml/min, column temp., programmed 140-180” at 
2”/mm. GC/MS: column and column temp., the same as m the 
above GLC; He flow rate, 50 ml/mm; iomzation energy, 70 eV. 

Mass spectra correspondmg to every GC peak of more than 
0.3 % abundance m procedure I and of more than 1% m 
procedure II were obtamed and the percentage compositions 
were recorded by a computer. 
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Abstract-A reinvestigation of the aerial parts of Wedelia grandiflora showed that the described lactones also are 
steiractinolides. 6a-Angeloyloxy-la-hydroxysteiractinolide has not been isolated previously. 

Several Wedelia species have yielded eudesmanolides with previously [4], three steiractinolides, the tiglate 1 identical 
a lOa-methyl group (“steiractinolides”) [l-3]. We have with a lactone from a Steiractinia species [l], the angelate 
therefore reinvestigated Wedelia grandlpora where we 2 and the methacrylate 3 were obtained. The spectrum of 3 
proposed earlier that the lactones were pseudoguaiano- was identical with that of the methacrylate obtained 
lides [4]. previously [4]. Therefore its structure as well as those of 

In addition to the ent-kaurene derivatives obtained the corresponding esters has to be corrected to 3-7. The 


