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Ass~cr.-Twoknownaromadendranesesquiterpenes,( +)-spathulenoland (+)-4P,lOa- 
dihydroxyaromadendrane, have been isolated from the aerial parts of Phebalium tubmulosum ssp. 
megaphyllum and P .  fififlium. (-)-Ledol, another sesquiterpene of the same class, was found only 
in P .  tubmulosum ssp. megaphyllum. Examination of the aerial parts of Eriostmn k e i  ssp. k e i  
showed it to contain (+)-13-hydroxyspathdenol(l], which is novel, while (+)-spathulenol has 
also been isolated from Drummondita hassellii and D. Cali&. 

Phebalium, Eriostemon, and Drum- 
mondita are Australian genera belonging 
to the family Rutaceae. We recently re- 
ported the occurrence of a number of 
coumarins and triterpene esters from P.  
tuberculosum Benth. ssp. megaphyllum 
(Ewart) P.G. Wilson and P .  fil$olium 
Turcz. ( l) ,  alkaloids, flavonols, and 
coumarins from D. hassellii (F. Muell.) 
P.G. Wilson and D. Cali& (F. Muell.) 
P.G. Wilson (2), and alkaloids and some 
unusual polycyclic geranylcoumarins 
from E. bruceissp. F. Muell. brucei(3,4). In 
this paper we wish to report the occur- 
rence and distribution ofaromadendrane- 
type sesquiterpenes in these species. 

From the petroleum ether extract of 
P. tubwculosum ssp. megaphyllum three ses- 
quiterpenes were isolated by a combina- 
tion of vlc and prep. tlc. They were char- 
acterized as (+)-spathulenol(5-7), (+)- 
4P,lOa-dihydroxyaromadendrane (7,8), 
and (-)-led01 (9,10), by comparison of 
their physical and spectroscopic data with 
previously reported values. Similar puri- 
fication of the petroleum ether extract of 

the aerial parts of E. brucei yielded a novel 
sesquiterpene [l] that was identified by 
spectroscopic methods as well as by com- 
parison with related compounds. 

Compound 1 was isolated as a color- 
less gum which analyzed for C,,H,40, by 
hreims. The 13C-nmr spectrum confirmed 
the presence of 15 carbons, while an 
HMQC (1 1) experiment indicated that 
22 of the 24 protons in 4 were attached to 
carbons (Table 1). A broad ir absorption 
band at 3450 cm-' suggested the pres- 
ence of one or more hydroxyl substitu- 
ents. Both the 'H- and l3C-nmr spectra of 
1 (Table 1) revealed close correspondence 
with those of spathulenol and other com- 
pounds with the aromadendrane carbon 
skeleton (6, 7, 12-14). However, one of 
the methyl groups in spathulenol was 
replaced by a hydroxymethyl group (6, 
73.2) with two protons resonating as an 
AB quartet (J=10.8 Hz) at 6 3.35 and 
3.38. This suggested that 1 was a 
hydroxymethyl analogue of spathulenol. 
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TABLE 1. Nrnr Spectral Data for (+)-13-Hydroxyspathdenol~ 

Position 

1 . . . . . . . . . . .  
2 a  . . . . . . . . . .  

3a . . . . . . . . . .  

4 . . . . . . . . . . .  
5 . . . . . . . . . . .  
6 . . . . . . . . . . .  

2p . . . . . . . . . .  

3p . . . . . . . . . .  

. . . . . . . . . . .  
8a . . . . . . . . . .  

9a  . . . . . . . . . .  

10 . . . . . . . . . .  
11 . . . . . . . . . .  
12 . . . . . . . . . .  
13a . . . . . . . . . .  
13b . . . . . . . . .  
14 . . . . . . . . . .  
15 . . . . . . . . . .  

sp . . . . . . . . . .  

9p . . . . . . . . . .  

6 I3c 

52.7 d 
26.3 t 

41.7 t 

80.9 s 
53.1 d 
26.3 d 
24.3 d 
24.4 t 

38.6 t 

153.1 s 
27.1 s 

73.2 t 

25.8 q 
106.7 t 

12.0 q 

6 'H 
(multiplicityJ [Hz)) 

2.24 dt (6.5, 9.8) 
1.65 m 
1.90 m 
1.60 m 
1.78 m 

1.36 t (9.8) 
0.65 dd (11.2, 9.8) 
0.88 m 
1.99 m 
1.05 m 
2.06 br t (13.2) 
2.44 br dd (13.2,6.2) 

1.15 s 

3.38 ABq (10.8) 
1.30 s 
4.69 m 
4.42 m 

3.35 ABq (10.8) 

COSY 

H-2a, H-ZP, H-5 
H-1, H-3a, H-3P 

H-2a, H-2P 
H-2a, H-2P 

H-1, H-~cx ,  H-3p 

H-1, H-6 

H-6, H-8a, H-8P 
H-5, H-7 

H-7, H-9a, H-9P 
H-7, H-9a 
H-8a, H-8P 
H-8a 

1 in CDC1,. 

HMBCb 

c-2 

c-2 

c-1, c-8, c-10 

C-6, C-7, C-11, C-13 
C-6, C-7, C-11, C-12 

c-3, c-4, c-5 
c-1, c-9, c-10 

'Major 'H-'H correlations observed in a COSY-45 experiment (geminal coupling not shown). 
k j o r  'H-13C correlations determined from an HMBC experiment. 

It was possible to trace all of the proton 
spin systems in 1 with a COSY-45 ex- 
periment (Table 1). Proton-detected 
heteronuclear experiments (HMQC and 
HMBC) allowed complete assignment of 
the 'H- and 13C-nmr resonances of 1. 
HMBC (1 5) correlations from the H- 12 
protons to C-6, C-7, C-11, and C-13 
established the hydroxymethyl substitu- 
ent at C- 13 ofthe aromadendrane nucleus. 
The relative stereochemistry of the ses- 
quiterpene alcohol was determined by a 
NOESY experiment, in which the cyclo- 
propane ring protons exhibited strong 
interactions with the hydroxymethylene 
protons, indicating their close proximity 
(Figure 1). On this basis, the structure of 
compound 1 was established as (+)-l3- 
hydroxyspathulenol. A closely related 
compound, 8a,13dihydroxyspathulenol, 
has been isolated from Cineraria fruit- 
culorum (1 6). 

EXPERIMENTAL 
GENERALEXPERIME~.ALPROCEDURES.-M~S 

(uncorrected) were determined with a Reichart 

FIGURE 1. Key nOe interactions for 1 observed 
in a NOESY nmr spectrum. 

sub-stage microscope. The ir spectra were re- 
corded on a Perkin-Elmer 5 52 spectrophotometer. 
The ms were obtained on an AEI MS 902 spec- 
trometer. Optical rotations were measured with a 
Perkin-Elmer 241 polarimeter. Nmr spectra were 
recorded on a Bruker AMX-400 instrument. The 
chemical shifts are reported in ppm relative to the 
residual undeuterated solvent. Inverse detected 
heteronuclear correlations were measured using 
HMQC (optimized for 'J,= 140 Hz) and HMBC 
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(optimized for Ym=8.3 Hz) pulse sequences. 
Petroleum ether refers to the bp 60-80' fraction. 
T h e  following Si gels were used: Si gel (Merck 
7749) for vlc and Si gel 60-PF2,4 for clc. 

PLANT MATERIAL.-The aerial parts of 
Phebalium tubmulosum ssp. megaphyllum (voucher: 
Perth 01 185373), Phebalium filiflium (voucher: 
Perth 01185365), Eriostemon h c e i  ssp. h c e i  
(voucher: Perth 01 194356), Drummondita 
hassellii (voucher: Perth 01 1567 13), and 
Drummondita calida (voucher: Perth 01012266) 
were collected from Western Australia. Voucher 
specimens are deposited at the Western Australian 
Herbarium, Perth, Australia. 

EXTRACTION AND IsolA'rIoN.-Powdered 
aerial parts ofP. tuberculosum ssp. megaphyllum (250 
g), P.filifoIium (200 g), E.  brucei ssp. brucei (460 g), 
D .  hassellii (500 g), and D .  calida (350 g) were 
extracted separately in a Soxhlet apparatus with, 
successively, petroleum ether (b.p. 60-80"), 
EtOAc, and MeOH. T h e  concentrated petroleum 
ether extracts were subjected to vlc, eluting with 
petroleum ether containing increasing amounts of 
EtOAc and then with EtOAc/MeOH combina- 
tions. Fractions obtained with 10-15% EtOAc in 
petroleum ether, upon repeated prep. tlc using the 
solvent toluene-EtOAc (80:lO) afforded the ses- 
quiterpenes, spathulenol(75.0 mg) and ledol(5 .O 
mg) from P. tubmulosum ssp. megaphyllum, and 
spathulenol (27.0 mg) and 4P,lOa-dihydroxy- 
aromadendrane (2.5 mg) from P. filifolium. Frac- 
tions obtained with 3 5 4 0 %  EtOAc in petroleum 
ether upon similar tlc purification using toluene- 
EtOAc (80:20) gave 2.3 and 2.5 mg of 4p,10a- 
dihydroxyaromadendrane from P. tubmulosum and 
P.frlifolium, respectively. Similar treatment of the 
fractions obtained from 10-12% EtOAc inpetro- 
leum ether yielded spathulenol(41 .O mg) from D .  
hassellii and (10.0 mg) from D .  calida. Compound 
l (7 .9  mg) was isolated from E .  brucei ssp. trucei by 
prep. tlc of the vlc fraction obtained with 5% 
MeOH in EtOAc, using CHC1,-MeOH (97:3) as 
the developing solvent. 

(+)-Spathulenol.-Colorless gum; [ a ] ~  
+15.6' ( ~ 0 . 1 ,  CHCI,) [lit. (5) +56']; hreims 
mlz [MI' 2 20.1844 (calcd 220.1827 for C, ,H,,O); 
ir, 'H-nmr, I3C-nmr, and eims data in agreement 
with literature values (6,7). 

(-)-4P, I Oa-Dibydroxyararadendrane.-Col- 
orless plates from n-hexanelEtOAc, mp 129-1 3 1' 
[lit. (8) 132q; [ a ) D  -12.4' (c=O.2, CHCl,) [lit. 
(8) -25'1; hreims mlz [MI' 238.1939 (calcd 
238.1933 forC,,H,,O,); ir, 'H-nmr, and eimsdata 
in agreement with literature values (7,8). 

(-)-Ladol.-Fine white needles from n-hex- 
ane/EtOAc,rnp86-88'[lit. (10) 103-104q;[a]~ 
-7.2' ( ~ 0 . 2 ,  CHCl,) [lit. (11) -5.6q; hreims 

m/z[M+ 222.1996(calcd 222.1983 forC,,H,,O), 
[C,H,,l+ (22); ir, 'H-nmr, "C-nmr, and eims data 
in agreement with literature values (9,lO). 

( + ) - I  3-Hydroxyspathulmol [l].--Colorless 
gum; [ a ) D  +5.5' ( ~ 0 . 7 ,  CHCl,); ir v max (film) 
3450, 3150,2920,1630,1450, 1380 cm-'; 'H- 
and "C-nmr data, see Table 1; hreims m/z IM]' 
236.176-4 (calcd 236.1776 forC,,H,,O,) (32), 218 
[M-H2O1+(91), 203 [mlz218-CH31+(51), 188 
[203-CH31+ (281,178 IM-4CH,)CH20HI' (19), 
160 [mlz 218-C(CH,)CH20H]+ (90), 145 [mlz 
160-CH3]' (85), 105 [mlz 160-C4H,]+ (loo), 
55 EC4H,11 (4). 
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