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Abstract-Two new sesquiterpenes. delobanone and acetoxydclobanone. have been isolated from the root 
of Linderu trilobo and characterized as 4-oxo-a-bisabolol (I) and its la-acetoxy derivative (II), respectively. 
NMR studies on an 0-benzylidene derivative of la-hydroxydelobanone (V) clarified the stereochemistry 
at C-7 of these sesquiterpenoids 

IN CONTINUATION of our chemical studies on Luuruceue plants, we have examined 
the sesquiterpenic constituents of Linderu trilobu Sieb, et Zucc. Blume (Japanese 
name “shiromoji”) A neutral ether extract of the root of this plant was submitted 
to repeated chromatography to yield two new sesquiterpenes of the bisabolane type, 
for which we propose the names delobanone (I, @14x yield) and acetoxydelobanone 
(IL 09%) respectively. 

Delobanone (I) is a colorless oil, C1sHz402 (M+ 236), [aJo + 102”. and exhibits 
absorptions typical for a OH group (v-3600 and 3500 cm-‘) and an abunsaturated 
ketone system [&_237 rnp (E 8600) and v_ 1680 cm- ‘1. On hydrogenation over Pd-C 
delobanone absorbed two moles of hydrogen to give a saturated tetrahydro derivative 
(III), a colorless oil, [a],, - 15*1”, showing an absorption at 1714 cm-’ (six-membered 
ring ketone) together with a band at 3500 cm-’ (OH). This spectral and chemical 
evidence showed that delobanone (I) is a monocyclic sesquiterpene having one double 
bond besides one OH group and the akunsaturated ketone system. The NMR spectrum 
of delobanone (I) in C,D, revealed the presence of a tertiary Me group on the carbon 
carrying the OH group (r 9.15, 3H, s; this signal shifts to 8.87 in Ccl,), three Me 
groups on two double bonds (7 8.45.3I-l d, J = 2 Hz; 8*33,3H, d, J = 2 Hz and 8.20, 
3H, d, J = 2 Hz), and two olefinic protons (7 4.87, H-I, broad t and 3.80, H-I, m). 
One of the oletinic protons should be located at a position b to the conjugated carbonyl 

group on the basis of its chemical shift (7 3*80), so that a -CH=C(CH3)-C+O 
grouping must be present in the six-membered ring of delobanone (I). The other 
olefinic proton and two Me groups should form a (CHJ)&=CH--CH,- grouping, 
because the signal pattern of the olefinic proton at 7 4.87 shows tbe presence of two 
hydrogen atoms on the adjacent carbon atom. This is also supported by presence of a 
very strong peak at m/e 69 (88’Q in the mass spectrum of delobanone (I), the peak 
being ascribable to the isopentenyl group. Combination of these partial structures 
and biogeneticalconsiderations led to thestructureCoxo-a-bisabolol(I)for delobanone. 

This assignment was confirmed by conversion ofdelobanone (I) into the enantiomer 
of cryptomerion, whose structure is known.’ Treatment of I with SOCl, in pyridine 

6049 



6050 K. TAKEDA, K. SAKURAWI and H. ISHII 

gave a mixture of two dehydrated products from which the main product (IV) 
was separated by prep GLC. This compound (IV) showed IR and NMR spectra 
su~r~po~ble with those of ~yptome~on3 and exhibited optical activity of opposite 
sign to that of cryptomerion.3 

Another sesquiterpene constituent of this plant, acetoxydelobanone (II), a 
colorless oil, C1,HZ604 (M+ 294), [aID + 207”, was considered to have the same 
structure as delobanone (I) with an additional secondary OAc group from its 
spectral evidence: v,,3600,3525 (OH), 1742, 1227.1214 (OAc), and 1688 cm-’ and 

I 
J,._229*5 mu (.s 9700) (c+unsaturated ketone); z (Ccl& 8.80 (3H, s) [HOT-C&], 

8.40 (3H. d. J = 15 Hz), 8.33 (3H, d, J = 1.5 Hz) and 493 (lH, broad t) 
[~HZ-CH~(CII~),Ji 8.23 (3H, d .I = I.5 Hz)and 3.28 (IH. d-d J = 1.5 and 6 Hz) 

[---CH-CIJ=C(CI&)--X+O]. 7-95 (3H, s) [OAc]. and 4.75 (1H. d-d. .I = 3 and 6 Hz) 

I I 
[-CH-C~(OAc)---CH]. The presence of a secondary OAc group was also shown 

by the fact that saponification of acetoxydelobanone (II) gave hydroxydelobanone 
(V). CiJHZ403, m.p. 97-983 which easily regenerated a~toxydelo~no~ (II) on 
acetylation under mild conditions. On hydrogenation over Pd-C, hydroxydelobanone 
(V) absorbed two moles of hydrogen to give a tetrahydro derivative (VI). m.p. 92-93”. 
the IR spectrum of which showed the presence of a six-membered ring ketone 
(v_ 1710 cm-‘) in its molecule The location of the OAc group in II was assigned 
at C-l by the fact that CrO, oxidation of hydroxydelobanone (V) afforded an oily 
product (VII), whose spectroscopic properties C&2539 mp (e 15,000); v,,,l657 cm- ’ ; 
r 840 (3H, d, .I = I.8 Hz), 3.95 (lH, q, J = 1-8 Hz) and 3.20 (lH, s)] showed it to con- 
tain a pquinone system4s5 in the molecule 

Successful interconversion of acetoxydelobanone (II) with delobanone (I) con- 
firmed this assignment. Reduction of acetoxydelobanone (II) with Ca in liquid NH, 
resulted in hydrogenolytic removal of the allylic OAc group’ and partial hydrogena- 
tion of the conjugated double bond’ to give an oily mixture with an absorption band 
at 1710 crnml. Hydrogenation of this mixture over Pd-C gave a single saturated 
ketone, which was identified with tetrahydrodelobanone (III) by comparison of their 
IR spectra and [aID values and by m.m.p. determination of their 2&dinitrophenyl- 
hydrazones. 

The absolute configuration ofacetoxydelobanone(1~ was established as follows The 
ORD curves of the saturated ketones (III and VI) showed negative Cotton effects 
(a = - 53 and -32, respectively). Since the bulky C-6 side chain must have an 
equatorial conformation, the sign of the Cotton effect showed that the configuration 
of the side chain is a in both compounds (III and VI). The same equatorial conformation 
of the side chain in 1-hydroxydelobanone (V) as in VI was shown by the double 
resonance NMR data of the compound (V); the coupling constant (13 Hz) between 
H-6 and H-5, suggests the dihedral angle of these protons to be about 1804 i.e. 
H-6 has axial conformation. Further, the coupling constant (3 Hz) between H-6 and 
H-l shows that the dihedral angle of the two protons is about 6O”, i.e. H-l is in a p- 
equatorial conformation. Thus the OH group at C-l in V has an a-axial orientation. 
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To study the stereochemistry at C-7, it is necessary to prohibit the rotation around 
this carbon atom It is well known in carbohydrate chemistry that two OH groups on 
alternate carbon atoms react with benzaldehyde to give a six-membered cyclic O- 
benzylidene compound in which the Ph group stands in the less-hindered equatorial 
conformation.* Treatment of the diol (V) with benzaldehyde afforded an O-benzyli- 
dene compound (VIII), m.p. 98-99”. As no notable changes were observed in the signal 
pattern of H-l in its NMR spectrum, the benzylidene compound (VIII) proved to 
retain the same conformation at C-l and C-6 as the starting diol (V). Thus, alternative 
structures (VIIIa and VIIIb) are suggested for the a- and g-configurations of the OH 
group at C-7 (Fig 1) Intramolecular nuclear Overhauser effect (NOE)’ should be 
observed between H-l and H-15, H-l and H-16, and H-15 and H-16 respectively in 
VIIIa, whereas in VIIIb the effect would not be observed between H-l and H-15, and 
H-15 and H-16. Table 1 summarizes the results of the NOE measurement, which prefer 
the conformer VIIIa to VIIIb. 

TABLE 1. NOE VALUES (INCREASES IN WTEGRA~FD 

INTENSITIES. ‘%,r FOR (VIII) IN C6D, 

1-H 15-H 16-H 
- _-~ 

5 5.88 dd 890s 4.33 s 
NOE 20 [ 15-H] + [I-H] 9 [l-H] 

11 [16-H] + [16-H] 20 [15-H] 

a Saturated signals are shown in brackets 

H,c,Jdjjj H& 
H 

(Villa) H&?&I (VIIIb) 

0 0 

R = (CH,),-CHS< 

CH, 

CH, 
FIG. 1 

The absolute configurations (I) and (II) were therefore assigned to delobanone and 
acetoxydelobanone, respectively. 

These results also established the stereochemistry of cryptomerioa which was 
not given by Nagahama,3 to be the mirror image of structure IV, since one of the 
dehydrated compounds of delobanone was found to be the antipode of cryptomerion. 

EXPERIMENTAL 

Optical rotations wen taken in dioxane unless otherwise stated. NMR spectra were recorded on a Varian 
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AdO spectrometer and a Varian HA-100 spectrometer (double irradiation experiment) in C,Ds with TMS 
as internal reference. Preparative GLC was run using an Aerograph Autoprep A-700 instrument. Aluminium- 
oxide Woehn neutral and Kieselgel e2-05 mm (Merck) were used for column chromatography. Mps were 
measured with a Kofla hot stap apparatus and are not corrected. 

Isolution o/delobonone (I) and acetoxydelobanone (II). Dried and chipped roots ofLindero rriloba (7.1 kg) 
were extracted with ether (12 I x 3). The extract was evaporated to give a brown oil (10485 gk which was 
divided into alight petroleum soluble fraction (A. 62% g) and an ether soluble fraction (B. 35.85 g) Fraction 
B was dissolved in ether and washed with 5% NaCO, aq. The neutral oil (2718 s) thus obtained was chroma- 
tographed on silica gel (820 9) and eluted successively with light pctroleum+ther (9:l. 3:l and 1 :l) and 
ether. The fraction eluted with light petroleum+ther (1 :l) (10.19 g) was again chromatographed on silica 
gel (300 g). Elution with light petroleum-ether (9:l and 3:l) yielded a pale brown oil (7.39 g) which was 
separated by prep TLC [Kieselgd GF zs4-UV. CHCI,-EtOH (98:2)]. The compound of R, @41 was 
delobanone (I). a colourless oil (2.67 g). [a]? + 102” f @5” (c, 0998) (Found : C. 76.28; H. 10.16. C, sH,,Oz 
requires: C. 76.22; H. 1024”/J. The spectral data are shown in the text. The compound of R, O-56 was 
acetoxy-delobanone (II). a colorless oil (2.61 g) [a]k3 + 207” f 1.7” (c. 1442). The spectral data are shown 
in the text. The 24dinitrophenylhydrazone of II had m.p. 160-161”. (Found: C 58.33; I-I. 632; N. 11.78. 
C,,H,,O,N, requires: C 58.21; H. 6.37; N. 11.81%) 

Fraction A was washed with 5% Na,CO, aq. to give a neutral oil (54.7 g). The oil (3854 g) was chroma- 
tographed on silica gel (1200 g) and eluted with light petroleum light petroleum-ether (9 :l. 3 :l and 1 :l) 
and ether. The head eluate from ligbt petroleumether (1 :I) (6.32 g) was heated with Girard T reagent (12 g) 
in a mixture of 95% EtOH (30 ml) under reflux for 3 hr. The mixtum was made alkaline with 15% Na,CO, 
aq. and extracted with ether to remove the ether soluble component (1.58 g) The water layer was acidified 
with cone HCl. allowed to stand at room temp for I hr. and extracted with ether. The ether layer was 
washed with 5% NaHCO, aq.. dried (Na,SO,) and evaporated leaving an orange oil (480 g). The oil was 
dissolved in 5% KOH-MeOH (30 ml) and allowed to stand at room temp under N, atm for 1 hr. Water 
(30 ml) was added to the mixture, which was then extracted with ether. The ether layer was washed. dried 
(Na,SO,) and evaporated to give an oil (4.20 g) which was chromatographed on alumina (120 g) and eluted 
with light petroleum light petroleum-ether (9 : 1. 3 :l and I :I) and ether. The eluate from light petroleum- 
ether (3:l) gave delobanone (I) as an oil (2.19 g) (IR spectrum). The eluate from light petroleum-ether (1 :l) 
(I.04 g) was purified by prep TLC [Kieselgel GF z,,-UV and CHCl,-EtOH (95 :5)]. The compound of 
R,C-41 was la-hydroxydelobanone (V).colourlessneedles. m.p. 97-98’ (from ether-n-hexane), [z]:” + 33.9” 
f 1.2” (c. 0602). &,(95x EtOH) 225 mu (E 7510). v_(CHCls) 3600. 3420 (OH) and 1676 cm-i (ag-un- 
saturated ketone). T 8.77 (3H. s. l5-Me). 8.45 (3H. d. J = 2 Hz) and 834 (3H. d. J = 2 Hz) (12-Me and 13-Me). 
8.23 (3H. d. J = 1.8 Hz 14Me). 7.47 (IH. d-d J = I7 and 4 Hz 5-H,). 7.11 (1H. d-d. J = 17 and 13 Hz 
5-H,,). 5.71 (1H. d-d. J = 6 and 3 Hz 1-H). 4.89 (1H. m l&H) and 368 (IH. d-q. J = 6 and 1.8 Hz 2-H). 
(Found: C. 71.26; H. 9.57. C,,H,,O, requires: C 71.39; H, 9.59%) 

Cafalytic hydrogenation ofdelobonone (I). Delobanone (I, 203 mg) was hydrogenated over 1.5% Pd-C (200 
mg) in EtOH (10 ml) at room temp. The reaction stopped after 2.4 moles (489 ml) of H, had been absorbed. 
The mixture was filtered to remove the catalyst. The Iiltrate was evaporated to give an oily product (213 mg) 
which was dissolved in 5% KOH-MeOH (6 ml) and heated under reflux for 2 hr. Water was added to the 

bmixture. which was then extracted with ether. The extract was washed, dried (Na,SOJ and evaporated to 
give an oil (193 mg). puriIied by chromatography on alumina yielding tetrahydrodelobanone (III) as a colour- 
less oil [a]:‘“” - 15.1” f 2.4” (c. 0225). v_(film) 3500 (OH) and 1714 cm-’ (cyclohexanone); z 9.13 (6H. d. 
J = 6 Hz l2-Me and 13-Me). 9.05 (3H. d J = 5 Hz 14-Me) and 890 (3H. s 15-Me); ORD. [,j&, - 267”. 

[+I 313 - 2453”. [I#J]~,~ + 2826”. and [b]zsc + 2240”. 2.4Dinitrophenylhydrazonc had m.p. 83-84 
(Found: C. @37; H. 7.27; N. 13.27. C,,H,,O,N, requires: C. 59.98; H. 7.67; N. 13.33%) 

Dehydration qfdelobanone (I). SOCl, (0.2 ml) was added dropwise to an ice-cooled soln of delobanone 
(I, 297 mg) in dry pyridine (O-5 ml) and the mixture was set aside at 0” for 05 hr. Ice was added to the mix- 
ture which was then extracted with ether. The extract was washed. dried (Na,SOJ and evaporated to give 
an oil (237 mg) which was chromatographed on alumina (activity IV. 8 g) and eluted with light petroleum 
and light petroleum-ether (3 :l and I :l). The light petroleum fraction (99 mg) showed two peaks of retention 
times 24.6 min (65”/J and 300 min (35’/J in GLC (5% DEGS. 160”. He 100 ml/min). The compound of 
retention time of 24.6 min was (+)cryptomerion (IV), an oil, [u];’ +21.4” f 06” (c. 0986, CHCls), J., 
(dioxane) 235 mp (E 8680): v_(film) 3075.1645.900 ()C=CH,) and 1680 cm-’ (a&unsaturated ketone): 
r 848 (3H. d. J = 1.5 Hz) and 8.33 (3H. d J = 1.5 Hz) (l2-Me and 13-Me). 8.20 (3H. d J = 1.5 Hz 14-Me). 
5.33 (1H. s) and 5.25 (lH, d, J = 1.5 Hz) (15-CH2). 488 (lH, m, 10-H) and 366 (IH, m, 2-H). Z,CDinitro- 
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phenylhedrazone had m.p. 168-170”. (Found: C. 6102; H. 6.61; N. 13.43. C2,Ht60.Nb.H,0 requires: 
C 60.56 : H. 6.78 : N. 13.45%). 

The eluate from light petroleum-ether (3 :I and 1:l) (106 mg) was recovered delobanone (I) (IR spectrum). 
Saponification qfucetoxydelobanone (II) A soln of acetoxydelobanone (Il. 70 mg) in 5% KOH-MeOH 

(10 ml) was left at room temp for 45 min. The mixture was worked up in the usual way to give crude pro- 
duct (55 rngh which was purified by prep TLC [Kieselgel GF,,,-UV and CHCl,-EtOH (95:5)]. The 
compound of R, 055 gave la-hydroxy-delobanon (V) (35 mg) as colourless needles m.p. 97-98” (from 
ether-n-hexane) (m.m.p. and IR spectrum). 

Catalytic hydrogenation cf la-hydroxydelobanone (V). la-Hydroxydelobanone (V. 301 mg) was hydro- 
genated over 1.5% PdC (297 mg) in EtOH (10 ml). The reaction ceased afta 2.2 moles of H, had been 
absorbed. Removal of catalyst and solvent gave a crystalline substance (314 mg) Recrystallization from 
ether-light petroleum gave a tetrahydro compound (Vr) as colourless needles m.p. 92-93”. [a]:” + 3.3’ f 
0.8” (c. 0.520): v_ (KBr) 3400.3300 (OH) and 1705 cm-’ (cyclohexanone): I 913 (6H d J = 5 Hz 12-Me 
and 13-Me). 8.95 (3H. d J = 6 Hz 14-hieb 8.83 (3H. s. 15-Me). 7.63 (1H. d-d J = 13 and 4 Hz 5-HA 
and 7.18 (1H. d-d. J = 8 and 13 Hz 5-H,): ORD. [4].,,,, - 49”. [4]313 - 11699 [$J1,s + 2043”. [412., 
+ 1859”. (Found: C. 69.98; H. 11.23. C,,H,,O, requires: C. 70.27; H. llal%). 

Oxidation cf la-hydroxydelobanone (V) with CrO,. A soln of la-hydroxydelobanone (V. 205 mg) in 
dry pyridine (2 ml) was added dropwis to a CrO,-pyridice complex prepared from CrOJ (784 mg) and dry 
pyridine (8 ml) under ice-cooling and stirring. and the mixture left at room temp for 4 hr. Water was added 
and mixture extracted with ether. The ether soln was washed. dried (Na,SO,) and evaporated to give an oil 
(140 mg). purilied by chromatography on alumina to yield a gquinone derivative (VII) as a yellow oil, v_ 
(CHCI,) 3500 (OH). 1657. 1611 cm-’ @-quinone) r 8.&o (3H. s. IS-Me), 8,52 (31-L broad s) and &43 (3H. 
broad s) (12-Me and 13-Me). 8.40 (3H. d J = 1.8 Hz 14-Me). 4.93 (1H. m 10-H) 3.95 (1H. q. J = 1.8 Hz, 
2-H) and 3.20 (lH, s, 5-H). (Found: C, 72.23; H, 8.07. C1,H2,,03 requires: C, 72.55; H, 8.12%). 

Conoersion 9/ acetoxydelobanone (II) into tetrahydrcdelobanone (III). A soln of acetoxydelanone (II. 
259 mg) in toluene (4 ml) was added dropwise over 10 min to a soln of calcium (1.5 gl in NH, (100 ml) at 
- 70” under stirring NH&l (5 g) was added to the mixture and NH, was evaporated. Water was added to the 
residue and the aqueous layer extracted with ether. The ether extract was washed. dried (Na,SOd and 
evaporated to give a yellow oil (185 mg). The oil (71 mg) was hydrogenated over 10% W-C (100 mg) in EtOH 
(4 ml) at room temp. The reaction stopped after 9.2 ml of HI had been absorbed Removal of catalyst and 
solvent yieldal a saturated hydroxy-ketone (71 mg). a wlourless oil [aIF” - 17.7” f 0.5” (c. 1.14). 
identical with tctrahydrodelobanone (III) (IR and NMR spectra). Its 2.4-dinitrophenylhydrazone had m.p. 
84”. 

‘ZPeatment qf la-hydroxydelobonon (V) with benzoldehyde. A mixture of la-hydroxydelobanone (V. 
184 mg) and newly fused ZnCll (188 mg) in benzaldehyde (2Q ml) was heated at 80” for 05 hr under N1 
atm. The mixture was dissolved in ether. washed dried (Na#O,) and evaporated leaving a pak yellow oil 
(367 mg). The oil was chromatographed on alumina (activity IV. 12 gl and eluted with n-hexane to give a 
crystalline substan= (112 mg) Recrystallization from ether-n-hexane gave a pure sampk of 0-benzylidene 
compound (VIII) as colourless prisms m.p. 98-99”. &,&ioxane) 220 w (e 12.300): v,(nujol) 1677 (a& 
unsaturated ketone). 1092 1009 (ether). 760 and 695 cm-’ (substituted benzene): 7 8% (3H. s 15-Me), 8.45 
(3H. broad s) and 8.34 (3H. broad s) (12-Me and 13-Me), 8.22 (3H, d, J = 1.8 Hz, 14-Me), 7.50 (lH, d-d-d, 
J = 16 4 and 1 Hz 5-H-h 709 (1H. d-d J = 16 and 13 Hz 5-H.,). 5.88 (1H. d-d. J = 6 and 4 HL 1-H) 490 
(1H. m. 10-H). 4.33 (1H. s. 16-H). 3.64 (1H. d-q. J = 6 and 1.8 Hz 2-H) and five protons (m) centered at 
2.85 and 194 due to Ph group. (Found: C. 77.23; H. 8.17. C,,H,,O, requires: C. 77.61; H. 8.29%). 

NOE experiments. NOE experiments wcTe carried out on a Varian HA-100 spectrometer using about 
5% (w/v) carefully degassed soln in C6D6 in the frequency-swept and internal C6H6 locked mode. The in- 
tegrated intensities ofa signal were measured more than four times with and without irradiation at another 
signal. 
Acknowledgment-We thank Dr. K. Tori for NOE measurements and Dr. K. Kuriyama for ORD deter- 
mination. 

REFERENCES 
* Part II. K. Takeda. I. Ho&e. and H. Minato. J. Chem. Sot. (C) 1547 (1970) 
’ R. Ryhage and E. von Sydow. Acta Chem. Scand. 17. 202.5 (1963); E. von Sydow. Ibid. 17. 2504 (1963) 
’ S. Nagahama BulL Chem. Sot. Japrm 37. 1029 (1964); 0. P. Vig J. C. Kappor. J. Puri and S. D. Sharma. 

Indiun J. Chem. 6. 60 (1968) 



sesquiterpcllcs of LfJuraceae plants-111 6055 

4 E R Wagner. R D. Moss. R M. Brooker. J. P. Hecshcn. W. 1. Potts and M. L Dilling Tetrahedron 
Letters 4233 (1965) 

s A Ricka. W. Rundd and H. Kcsslcr. 2. Naturforschg. 24h 547 (1969) 
6 R. A. Massy-Wtstropp and G. D. Raynords. Austrolhn J. Chem 19. 303 (1966) 
’ F. Sondhcimer. R Yashin. G. Roscnkram and C Djerassi. J. Am Chem Sot. 74.2696 (1952); G. L. Chctty. 

L H. Zalkow and R A Massy-Westropp. Tetrahedron Letters 307 (1969) 
a L. Hougb and A C Richardson R&d’s Chemistry o/ Curbon Compounds 2nd cd. IF. Chapter 22 ed. 

S. Coffey. Elsevier. Amsterdam (1967) 
9 M. Ohtsuru. M. Teraoka, K. Tori and K. Takeda. J. Chem. Sot. (I?) 1033 (1967) 

24D 


