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Abstract-Three fragrant sesquiterpenes have been isolated as major constituents from the wood of Aquilarza 
malaccenszs and identified as a-agarofuran, ( - )-lo-epl-y-eudesmol and oxo-agarospirol. 

INTRODUaION 

Agarwood (Jinkoh in Japanese) 1s a widely used, famous 
incense of the Orient. About 20 years ago, Bhattacharyya 
et al. identified eight sesquiterpenes [l-4], including 
agarospirol [2], a- and fl-agarofuran [3], from an agar- 
wood (type A) originating from Aquilariu agallocha Roxb. 
and recently we have characterized four new companion 
sesquiterpenes, together with agarospirol, from the other 
kind (type B) of agarwood (Aquiluria sp.; probably 
Aquilurza malaccensis Benth.) [S, 61. We report here the 
Identification of three known fragrant sesquiterpenes, i.e. 
a-agarofuran (l), (-)-lO-epi-y-eudesmol (2) and oxo- 
agarospirol (3), newly isolated from type B agarwood. 

RESULTS ANDDISCUSSION 

After column chromatography, preparative TLC and 
HPLC separation of the benzene extract, each of the 
sesquiterpenes was isolated in a pure form. The isolated 
ether, a-agarofuran (l), had the same optical rotation and 
IR spectrum (film) as those reported for authentic samples 
[3,7], and its other spectral (‘H NMR and 13C NMR, MS 
and accurate MS) data (see Experimental) were consistent 
with structure 1. The second polar terpene, an alcohol, 
C,,H,,O, [Ml+ 222.2007, [a],, -68X, was,on the basis 
of its IR (film), ‘H NMR (400 MHz; CDCl,), accurate 
mass and CD spectral evidence (see Experimental), 
assigned structure 2, and it was finally identified as (-)- 
lo-epi-y-eudesmol (2) by direct comparison of the IR 
(film) [8,9], ‘HNMR (CDCl,; 400 MHz [8] and 
200 MHz [lo]), mass [8, lo] spectra and optical rotation 
value with those of authentic standards [8-lo]. The most 
polar terpene, a hydroxyaldehyde, C15H240t, [M 
-H,O]+ 218.1669, [a& - 18.5”, was identified as oxo- 

*Part 3 m the senes “Sesqmterpene Constituents in Agar- 
wood”. For Part 2, see ref. [6]. 

IRecently, Chinese chemtsts have characterized an aldehyde 
named balmuxinal~ from Chinese agarwood [Aquzihrza siizenm 
(Lour.) Gilg.] [12], and the structure might be the same as 
0x0agarospiral (3) 

agarospirol (3) [ll] by direct comparison with an auth- 
entic sample (see Experimental). Oxo-agarospirol was first 
isolated by us from a different kind of agarwood 
(Kanankoh in Japanese), which is a more expensive and 
precious type agarwood than the usual type (Jinkoh), and 
the structure was elucidated as 3. These results have 
recently been presented in a preliminary form 1 [1 11. In 
the natural kingdom, (-)-lo-epi-y-eudesmol (2) has pre- 
viously been found only in geranium [lo] and vetiver [8] 
essential oils. However, the co-occurrence of a-agarofuran 
(1) and its postulated precursor (2) in nature was found for 
the tist time. By analogy with vetiver sesquiterpene 
biogenesis [8], 2 is assumed to be the precursor of the 
nootkatane and spirovetivane derivatives [6] primarily 
occurring in type B agarwood. 

EXPERIMENTAL 

IR: hquld film; CD: in i-octane; ‘HNMR at 400 MHz m 
CDCl, wtth TMS as internal standard, unless otherwise noted, 
MS and accurate MS at 70 eV, optical rotations: in CHCI,, unless 
otherwise stated The HPLC conditions were the same as 
described in our previous paper [6]. except for the changes in 
column length (30 cm x 2). in eluant flow (2 ml/mitt) and m 
eluting solvents (see the isolation procedure). Kleselgel60, silica 
gel HF-254 and PF-254 (Merck) were used for CC, TLC and 
prep. TLC, respectively. 

Plant material. The agarwood used m this study was collected 
m Indonesia and imported via Singapore. The source plant 
belongs to the genus Aqudaraa and has been tentatively identified 
by one of us (K.Y) as Aqurlaria malaccensis Benth. The exact 
identification seems to be very difficult but 1s now under progress. 

Extraction and uolatlon The C,H6 extract (130g) was ob- 
tained from crushed wood (1.3 kg) as described prevtously [S, 63. 
A portion (117 g) of the extract was fractionated on a silica gel 
(70-230 mesh; 1 kg) column with C,H, as eluant. The elutton was 
contmued untd oxo-agarosplrol (3), one of the most polar 
sesqulterpene components m type-B wood, was entnely eluted. 
Both separated fractions, contauung Jinkohol (146 g) [S] and 
fbur maJor akohois (agarospiroi, Jinkoh-eremoi; kusunor and 
Jmkohol II) (5.9 g) [6] were used for our previous work [S, 61. All 
of the fractions, except the two mentloned above, were combined 
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and coned to yield an ody residue (10.1 g). Part (7.0 g) of the 
residue was subjected to prep. TLC (0.5 mm thickness; developed 
with C,H,-EtOAc, 10: 1, detected by spraymg water and by UV 
irradiation) to afford eight bands, i.e. bands I-VIII numbered in 
order of increasmg polarity. Each separated band was eluted with 
CHCI, or CHCl,-MeOH (20: 1). 

The oily component (200 mg) obtained from band I was 
purified further by HPLC (n-hexane-EtOAc, 15:l) to gve a- 
agarofuran (1) (77 mg), a colourless oil, [aID + 50.8” (c 0.60) [ref. 
[S] + 37.09” (c 6.12); ref. [7] +41.5” (c 3.6)]. IR (fihn) as refs. [3, 
71; MS m/z (rel. mt.): 220 [M]’ (78.3), 205 (26.4), 202 (26.4), 187 
(16.2), 147 (31.9), 123 (32.7), 109 (28.5), 105 (23.0), 91 (26.5), 82 
(lOO), 81 (20.5), 55 (21.4); accurate MS m/z: [Ml+ 220.1832, [M 
-Me]+ 205.1592, [M-H,O]+ 202.1722 and [M-Me 
-H,O]+ 187.1486 [calc~ for C,,H,,O (M)220.1828, C,*H,,O 
(M-Me) 205.1592, C,,H,, (M -H,O) 202.1722, C,,H,, (M 
-Me-H,O) 187.14861; ‘HNMR: SO.91 (3H, s, angular Me), 
1.24 (3H, s), 1.37 (3H, s) (gem. dimethyl), 1.72 (3H, br s, olefinic 
Me), 2.22 (lH, dd, J = 4 and 12 Hz, allylic H), 5.62 (lH, br s, 
ole6nic H) (cf. refs. [3, 71 60 MHZ Ccl,); 13C NMR (50 MHz, 
CDCl,, TMS): 619.1,22.1,22.8,23.0,24.8, 30.5, 32.7, 33.1, 34.7, 
37.3, 44.8, 81.1, 85.2, 127.5 and 133.0. 

The oily mixture (510 mg) obtained from band III was 
subjected to HPLC separation (n-hexane_EtOAc, 15: 1) to afford 
(-)-lO-epi-yeudesmol(2) (205 mg),acolourless 011, [aID -68.8” 
(c 1.02) [ - 70.0” (CHCI,); Dr. P. Naegeli, personal communi- 
cation]. IR (film) as ref. [9]; MS m/z (rel. int.): 222 [M]’ (14.1X 204 
(68.7), 189 (lOO), 161 (65.7), 133 (47.6), 91(38.2), 59 (54.5);accurate 
MS m/z. [M]’ 222.2007, [M -H,O]+ 204.1869 and [C>H,O]+ 
59.047 [talc. for C&H,,0 (M) 222.1984, C,,H,, (M-H,O) 
204.1877 and C,H,O (isopropanol moiety) 59.0503; ‘HNMR. 
al.09 (3H, s, angukr Me), 1.19 (3H, s), 1.25 (3H, s), (gem. 
dimethyl), 1.68 (3H, S, olefinic Me), 2.12 (lH, br d, J = 15 Hz, 
allylic H), 2.72 (lH, br d, J = 15 Hz, allylic H) (cf. ref. [lo] 
200 MHz, CDCI,; ref. [9] 60 MHz, CCL), CD (c 0.131): [0]2s.,0, 
[fl],,, + 30 500, [0]2,,6 0. The sign and molecular elliptlclty of the 
CD Cotton curve (due to the isolated double bond) of the isolated 
alcohol (2) were compared with those of y-eudesmol [CD (c 
0.180): [O],,zO, [t& -18 100, [0],,,0], and the absolute 
structure shown m 2 was Inferred from this CD evidence and the 
other spectral data cited above. 

Each syrupy residue obtamed from bands VI (180 mg), VII 
(20 mg) and VIII (300mg) was separated by HPLC (n- 
hexane_EtOAc, 5.1) and a total of 168 mg of oxo-agarospirol(3), 

a colourless oil, [a]g - 18.5” (c 0.0054, EtOH) [ref. [l l] [a]g 
-22.7” (c 0.0013, EtOH)] and [a]; -4.9” (c 0.69, EtOH), was 
isolated. MS m/z (rel. int.): 218 [M - H,O] * (37.5), 203 (30.1), 177 
(lOO), 59 (50.3); accurate MS m/z: [M -H,O]+ 218. 1669, [M 
-H,O-Me]+ 203.1441and[M-C,H,O]+ 177.1273 [calc.for 
C,,H,,O (M -H,O) 218.1669, C,,H,,O (M -H,O-Me) 
203.1436 and C,,H,,O (M -isopropanol) 177.12731. The iso- 
lated hydroxy-aldehyde (3) was identified by comparison with 
authentic oxo-agarospirol [ll] [IR (film), ‘H NMR (90 MHz; 
CCL) and mass spectra and retention times (GLC)]. 
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