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Abstrac&-?%e structures of three new tricyclic sesquiterpenes from Eremophilu georgei we described. The absolute 
stereochemistry of these sesquiterpenes is shown to be antipodal to that of the zizane sesquiterpenes of vetiver 
oil. 

INTRODUCTION 

Recent investigations of the constituents of Eremophikz 
species (Myoporaceae) have revealed a number of struc- 
turally novel sesquiterpenes and diterpenes [l-6]. In an 
extension of our work on this genus we have examined 
the sesquiterpenes of the steam volatile fraction from 
Eremophila georgei Diels. In this report evidence is pre- 
sented for the structure of the four major components 
14, all containing the tricyclo[6.2.1.0’*5]undecane skele- 
ton. Sesquiterpenes based on this skeleton, the zizaene 
series, have previously been found only in vetiver oil [7]. 
Recently, a possible precursor of the zizaene scsquiter- 
penes allo-cedral, was isolated from Biota orientalis and 
Juniperus rigida [S]. Both allo-cedrol and the sesquiter- 
penes from E. georgei however belong to the series which 
is antipodal to that of the tricyclic sesquiterpenes in 
vetiver oil. 

RESULTS AND DISCUSSION 

Alumina chromatography of the steam volatile frac- 
tion of Eremophila georgei afforded the four sesquiter- 
penes 1, 2, 3 and 4, in order of increasing polarity. The 
major component (4, 55% of the total fraction) was 
assigned a molecular formula of CrsHZ60 on the basis 
of elemental analysis and MS (MC 222) measurements. 
The NMR spectrum of 4 included signals for three ter- 
tiary methyl groups (6 0.87, 1.02 and 1.22) and a second- 
ary methyl group (6 0.88, J 7Hz) but no signals downfield 
of 6 2.30. The IR spectrum showed absorption for a hy- 
droxyl group at 3620 cm-’ and the absence of hydroxy- 
methine signals in the NMR spectrum indicated it to 
be tertiary. The chemical shift for one of the tertiary 
methyls (6 1.22) suggested that this methyl was geminal 
to the hydroxyl group. The evidence so far pointed to 
a tricyclic skeleton with 5 pendant groups. Dehydration 
of 4 with POC13 in pyridine yielded an alkene, C15Hz4, 
the NMR spectrum of which showed new signals for 
a vinyl methylene (6 4.63) and for one allylic proton 
(apparent triplet, 6 278). Comparison of the NMR speo 
trum of the alkene with that published [7] for (+ )-prezi- 
zaene showed them to be identical. A pure sample of 
the alkene had bp 80” (0.1 mm Hg) and optical rotation 

[a]y’3 - 54”. This shows that the alkene is the enan- 
tiomer of the naturally occurring prezizaene ([a],, + 55’) 
[7]. On the basis of this evidence the original alcohol 
could be assigned structure 4 Given the propensity for 
rearrangement of these tricyclic systems it seemed impor- 
tant to establish that no rearrangement has occurred in 
the dehydration step. Treatment of the crude dehyd- 
ration fraction with 0~0~ gave two isomeric diols in 
the ratio 6:l. The major product, C15HZ602, showed 
a signal in its NMR spectrum attributable to a hydroxy- 
methyl group (6 3.52), consistent with structure 5 for this 
diol. The stereochemistry of the C-7 hydroxyl (a) is 
assigned on the basis of the expected approach of the 
0~0~ from the less hindered side. Oxidation of the diol 
(5) with NaI04 afforded the nor-ketone (6, &I-IZ20, 
v, 1705 cm-‘) which on treatment with MeLi gave 
a tertiary alcohol identical with 4, thus conclusively 
establishing the structure of 4 as a 7-hydroxy-( -)-prezi- 
zane. The stereochemistry of the 7-OH group is assigned 
as fi from the following considerations. A comparison 
of the NMR spectra obtained for CDCIJ and CSH5N 
solutions of 4 showed a deshielding effect of the pyridine 
on all three methyl groups suggesting that the 7-OH 
group is in a staggered conformation between the two 
vi&al methyl groups at C-6 and therefore must be in 
a @onfiguration. The formation of the original alcohol 
exclusively in the transformation of 6 with MeLi sup 
ports the configurational assignment since MeLi would 
be expected to approach from the less hindered (a) side. 
Thus the major sesquiterpene from E. georgei can be 
formulated as 7p-hydroxy-( - Fprezizane. The more polar 
dial, obtained from 0~0~ treatment (mp 146-8”, [ah 
+0.4) of the crude prezizaene was assigned structure 7. 
The NMR spectrum lacked signals for hydroxymethine 
protons although the IR spectrum showed v,, at 3640 
cm-’ due to hydroxyl absorption& The formation of a 
diketone (8) (v,,, 1730 and 1705 cm-‘) on treatment 
of 7 with NaIO., confirmed the presence of two vi&al 
tertiary hydroxyl groups in the diol (7). The structure 
of the diol is thus best represented as 5B,6p-dihydroxy- 
(-)-zizane. The enantiomeric diol (mp 146-146.7”) has 
been obtained by 0~0~ treatment of the corresponding 
alkene [9]. The unexpected en&addition of OS04 to the 
tetrasubstituted double bond of the tricycloC6.21.0’*51- 
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undec-5-ene skeleton has been established by X-ray cry% 
tallographic analysis [9]. The diol (7) must have ori- 
ginated from the corresponding tetra-substituted alkene 
(9) and the formation of the Iatter most probably arises 
from a rearrangement of the initially formed carbonium 
ion during dehydration of 4. This alternative finds sup 
port in the known [9] isomerisation of prezizaene and 
zizaene to a number of isomers of which the alkene cor- 
responding to 9 is the thermodynamically more stable. 
Under our conditions dehydration of 4 always gave a 
mixture of the two alkenes 1 and 9. This was also ref- 
lected in the low value for the optical rotation of the 
alkene fraction ([ah - 38”) obtained by dehydration of 
4. Purification of (- )-prezizaene (1) could be achieved 
either by careful distillation or by reaction of the crude 
alkene fraction with less than the molar equivalent of 
0~0~ required The unreacted olefin showed increased 
[a-jr, values and its NMR spectrum was identical to that 
reported for prezizaene. The low [z&, value reported pre 
viously by Tomita and Hirose [8] for (-)-prezizaene 
([ol]n -40”) may also reflect a similar mixture of the 
two alkenes 1 and 9. These authors also report the isola- 
tion of a tricyclic alcohol ([all, -44.T), following solvo- 

lysis of the p-bromobenzenesulfonate of ailo-cedrol (10X 
to which they assigned structure 4 without stereochemi- 
cal definition at C-7, on the basis of its dehydration to 
(-)-prezizaene. It now appears likely that the tricyclic 
alcohol described by them has the same stereochemistry 
at C-7 as the naturally occurring alcohol 4 ([a]n -48.3”) 
(- )-Prezizaene (1) was also isolated from the steam vola- 
tile fraction (5% of the total fraction) and was identical 
with the sample obtained by dehydration of 4. The origin 
of this alkene cannot be clearly stated although some 
of it is likely to arise by dehydration of 4 during isolation 
since its rotation ([aID -47”) and the formation of the 
two diols 5 and 7 on 0~0, treatment, shows it to be 
contaminated by the alkene 9. 

The second sesquiterpene alcohol (3; 25% of the total 
fraction) isolated from E. georgei showed M+ 222.19837 
consistent with a formula of C1sHZ60. The NMR spec- 
trum of 3 showed signals for three tertiary methyl groups 
(6 0.92, 1.03, 1.07), a secondary methyl group (6 0.86, 
J 7Hz) and a hydroxy methine proton (Brs, 6 3.18) which 
appeared at S 4.95 in the NMR spectrum of the pbromo- 
benzoate derivative (11). Jones oxidation of 3 afforded 
a cyclohexanone (v,, 1700 cm-‘) which was shown to 
be identical with the ketone 2, also obtained from the 
chromatography of the steam volatile fraction (2% of the 
total fraction). Treatment of either sample of ketone with 
NaBH4 generated the alcohol 3. An examination of the 
effect of increasing amounts of Eu(dpm), on the NMR 
spectrum of 2 failed to indicate the presence of hydrogens 
a- to the carbonyl group [lo] although all three tertiary 
methyl groups were significantly deshielded as expected 
from the observed pyridine induced shift. This, together 
with the unreactivity of the ketone under conditions of 
a-bromination, indicated that the ketone was fully substi- 
tuted in the a-position. On this evidence the alcohol was 
tentatively assigned structure 3 and the ketone structure 
2. Due to lack of material and the availability of the 
pbromobenzoate derivative 11 in a suitable crystalline 
form the structural assignment was confirmed by a single 
crystal X-ray diffraction analysis [ 111 which yielded the 
structure and absolute configuration for 11 as shown. 
Application of Brewster’s rule [12] for the determin- 
ation of the configuration of the. C-7 hydroxyl also pre- 
dicts the correct configuration. Thus the ACM&, value 
(= [M]~bromobe~oate - [Mj&‘“h”) - 26.5” is consistent with 
the 7R configuration. 

The occurrence of the sesquiterpene alcohols 3 and 
4 is interesting in the light of growing speculation on 
the biosynthetic sequence leading to the tricycle system 
of the zizaene sesquiterpenes [S]. The cyclization of 
/I-acoradiene, the accepted precursor, can be considered, 
a priori, to occur either by attack of C-2 or C-3 on the 
carbonium ion 12 or its equivalent (Scheme 1). Tomita 
and Hirose [8] on the basis of the formation of allo-ced- 
rol on formic acid treatment of p-acoradiene, and of pre- 
zizaene (1) and the alcohol (4), inter &a, from solvolysis 
of the p-bromobenzoate derivative of allo-cedrol, suggest 
that the cyclization of the carbonium ion occurs at C-3 
to yield the secondary carbonium ion 13. This can either 
be hydroxylated to give allo-cedrol or rearrange in two 
ways leading to the prezizane skeleton or to a new skele- 
ton represented by 3, whose occurrence they anticipated 

With respect to the biosynthesis however cycliation 
of 12 to C-2 cannot yet be excIuded. Such cyclization 
would lead to the tertiary carbonium ion 14 which could 
rearrange to yield either 3 (path a) or allo-cedrol (path 
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Scheme 1 

b). Rearrangement of 15 can also lead to the carbonium 
ion precursor of 4. A decision on the sequence leading 
to prezizaene and zizaene and whether the allo-cedryl 
cation 13 or the secondary carbonium ion 15 is the inter- 
mediate in the formation of 4 must however await results 
from biosynthetic studies 

Of some interest is the similarity between the tricyclic 
sesquiterpenes of E. georgei and the novel diterpene ere- 
molactone 17 from E. fraserii [4] and E. freelingii [S]. 
Indeed the skeleton of eremolactone can be considered 
to arise by a similar pathway as the alcohol 4 through 
the carbonium ion 16, followed by further rearrangement 
as shown in Scheme 2. 
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Scheme 2 

EXPERIMENTAL. 

General details have been described[13]. MS ’ %vem 
measured by direct insertion with energies of l&70 eV ,and 
temps from 60-180”. NMR spectra were measured at 60 MHz 

and 90 MHz for CC& solns unless otherwise stated. Analytical 
GLC was carried out using 1.5 m x 1.5 mm metal columns 
containing 3% SE-30 on varaport 30 (100/120) with oven temp 
of 135”. 

Isolation of the sesquiterpenes from E. georgei. Leaves and 
terminal branches (12 kg) of the plant, collected 74 miles east 
of Mt. Magnef W.A. were extracted with MezCO. Solvent 
was removed and residue taken up into Et,0 and washed 
with 5% NaOH. The remaining neutral fraction (480 g) was 
adsorbed on a column of alumina (Act. I) and eluted with 
petrol-CHCl,. Combined non-polar fractions (180 g) were 
then steam distilled to give an oil (48 g). A portion of this 
oil (11.0 g) was adsorbed on a column of neutral alumina 
(Act III, 500 a) and eluted with a nolaritv aradient of n-hex- 
&-CHClp izncrements of 5% The fracti&s collected were 
grouped on the basis of TLC and NMR comparisons to give 
four major components: (a) (-Fprezizaene (l), R, (hexane) 
0.90, [a]o - 47” (c, 0.1). NMR: 6 0.87 (d J 7H2, 12-H& 1.05, 
1.08 (s, 13-, 14-H,) 2.78 (apparent triplet, 8-H) and 4.63 (br 
s, Wi,z 3H2, 15-Hz). MS m/e (“A): 204 (M+, 30), 189(30), 
175(20), 161(30), 133(100); (b) (-~7-oxo-~~6,8-tetrametkyltrC 
cyclo[6.2.1.01*‘]undeccne (2), R, (hexane) 0.85. IR v,, cm-’ 
1700. NMR (CD&, 90 MHz): 6 0.92 (d J 7H2, 12-H& 1.12 
(6H), 1.16 (13-, 14, 15-H& MS m/e (%): 220 (M+, 55), 205(10), 
192&O), 177(15), 161(10), 121(100), loS(SO), 147(50); (c) (-)-7fi- 
kydroxy-~6,6,8-tetrametRyltricyclo[6.2.l.O’~S]undecane (3), mp 

3942”;R, (hexane) 0.80,-[cr]n _- 32” (c, 1.1)~[M], - 71”. (M’ 
222.19837, C, sH,hO reouires 222.19835). IR v,.. cm-‘: 3640. 
NMR (CT& 9KM~zj: 6 0.86 (1 J 7Hg 12X,x 0.92, 1.03, 
1.07 (s, 13-, 14-, 15-H& 3.18 (br s, Wllz 2.5 Hz, ‘Icr-H); 
CSHSN): 6 0.86 (12-Hz), 1.09, 1.13, 1.19 (13-, 14-, 15-Hs) 3.25 
(7u-H). MS m/e (%): 222(50), 207(20), 191(60), 135(40), 121(100); 
(d) ‘IS-hydroxy-(-)-prezizaene (4), R, (hexane) 0.75, bp 100” 
(0.1 mm), rain - 48.3” (c 0.1). (Found: C, 80.77; H, 11.80. _ _- 
C,,HZ60 requires: C, 81102; H, 11.79%). IR v,, cm-‘: 3620. 
NMR (90 MHz): for CDCls soln see text, (C_DsN): 6 0.89 
(12-H& 1.00, 1.23, 1.39 (13-, 14-, 15-H,). MS m/e (“A): 222 
(M+, 15), 204(10), 179(80), 161(20), 137(40), 135(40), 109(100). 

Dehvdration of7B-hvdroxv-( -)_nrezizane (4). The alcohol (4; 
0.8 g) in CSH5N (20 ml) was‘tr&ed with PbCls (3 ml) and 
the mixture was left at room temp. for 30 hr. The product 
(0.75 g) was adsorbed on alumina (neutral, Act II, 10 g). Elu- 
tion with petrol and CHCls gave two fractions, the more polar 
starting material (4, 300 mg) and a colourless oil (400 mg), 
[a]o - 38”, whose spectral characteristics were comparable to 
those of prezizaene (1). Distillation of the oil gave (-)-prezi- 
zaene (l), bp 80” (0.1 mm), [ak - 54” (c, 0.06). (Found: C, 
88.51; H, 11.80. C1sHr4 requires: C, 88.60, H, 11.84%). MS 
m/e (%): 204 (M’, 30), 189(30), 175(20x 161(30), 133(100). The 
NMR was identical to that published for (+)-prezizaene. The 
alkene was shown to be identical with the sample of (- )-prezi- 
zaene described above. 

0~0~ oxidation of the alkenefraction from the dehydration 
of 4. The hydrocarbon fraction (400 mg), from the dehydration 
of (4), in C5H5N (10 ml) was stirred with 0~0~ (500 mg) 
overnight. A soln of NaHSOa (0.8 g) in Hz0 (20 ml) was 
ad&d and stirring continued for 2 hr. Recovery of the product 
yielded an oil (450 mg) which was separated by PLC to give 
two compounds. The less polar component (380 mg) crystal- 
lized from Et@pentane as needles of 7x,15-dihydroxy-(-) 
nrezizane (5) mp 93-4”, fain - 32” (c, 0.01) (Found: C, 75.15; - _- 
H, 11.02, CJ&,Oa requires: C, 75.58; H, ll.ooO/,). IR v,, 
cm-‘: 3550. NMR: 8 0.86 0.95 (s. 13-. 14-H%) and 3.52 (s, 
15-H& MS m/e 0: 238 (M+ 1Oi 207(40), 189(100), 143(1Ot$. 
The more polar component (60 mg) crystaliized from EtzG-n- 
pentane as needles of 5B,6j?-dihydroxy-(-)-zizane (7), mp 
146-S”, [alo + 0.4” (c, 0.02) (Found: C, 75.65: H, 10.78. 
Ci5Hr602 requires C, 75.78: H, ll.W/,). IR v,, cm-‘: 3640. 
NMR (CHCl,): 6 0.92 (d, J 7Hz, 12-H& 1.00, 1.05 and 1.27 
(s, 13-, 14-, 15-H& (CSHsN): 0.93 (12-H& 1.03 (6H), 1.52 
(13-, 14-,‘15-H3) MS m/e (%): 238 (M+, 5), 220(10), 205(15), 
1$9(30), 177(50), 133(60), 121(5), 109(80), 107(80), 95(100). Simi- 
lar treatment of a sample of prezizaene obtained from the 
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steam volatile fraction also gave two diols which were shown 
to be identical to 5 and 7. 

Nal04 oxidation of the dials (5) and (7) The diol (5, 360 
mg) in dioxan (30 ml) was treated with a soln of NaIO, (400 
mg in 10 ml of HIO) and the mixture was stirred for 2 hr. 
Recovery of the product gave 7-oxo-15-nor-( -)-prezizane (6, 
300 mg) as an oil, bu 70” (0.1 mm) (Found: C. 81.81: II_ 
10.84. &Ha20 requires: C, 8‘1.50; H,‘10.75%). IR $,$ cm-ii 
1705. NMR: 6 0.93 (d, J 7H2, 12-Hj) and 1.03 (s, 13-, 14H3). 
MS m/e (%): 206 (Mf. lOO), 191(80), 163(30), 150(20), 135(60), 
107(100) The did (7, 60 mg) was treated in a similar way 
to yield the diketone (8, 50 mg). IR v,,, cm-‘: 1730, 1705. 
NMR (90 MHz, CD&): 6 0.95 (d. J 7H2, 12-Ha), 0.98, 1.08 
(s, 14, 15-H3) and 2.15 (s, 13-H& MS m/e (%): 236 (M+, 
lo), 234(6), 203(11), 193(23), 175(70), 125(45X 95(95), 91(100). 

Treatment of6 with MeLi. The nor-ketone (6, 300 mg) in 
Eta0 was treated with a soln of MeLi in Et,0 (0.1 M) for 
1 hr. Recovery of the product gave an oil (250 mg) which 
was homogeneous on TLC. Distillation of this oil gave 
7/I-hydroxy-(-)-prezizane, bp loo” (0.1 mm). [a]n - 43.9”, 
identical with the naturally occurring compound. 

Interrelationship of 2 and 3. The alcohol (3, 100 mg) in 
MEaCO was titrated with Jones reagent. Recovery of the 
product in the usual way afforded a compound identical with 
the ketone 2. Treatment of either ketones (90 mg) in EtOH 
(30 ml) with NaBH4 (920 mg) for 12 hr yielded the same 
alcohol identical with the naturally occurring alcohol (3) 

p-Bromobenzoate derioatiue of 3. The alcohol (3, 200 mg) 
in C5HSN (50 ml) was treated with pbromobenzoyl chloride 
(500 mg) for 24 hr. The product recovered (350 mg) crystallized 
from MeaCO-n-pentane as prisms of the p-bromobenzoace (ll), 
mp 122”, [alo - 11” (c, 0.5) [MJn -44.6” (Found: C, 65.33; 
H, 7.26. C2ZH2902Br requires: C, 65.18, H, 7.21%) IR $22 

cm-‘: 1720. NMR: 6 0.93, 0.97, 1.02 (s, 13-, 14-, 15-H,), 4.95 
(br s, 7-H) and 7.92, 7.54, (AA’BB’ system, aromatic H). MS 
m/e (“A): 406, 404 (M’, lo), 221(10), 204(100), 185(50), 183(5Ok 
121(60). 
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