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Abstract-The essential oils from some 200 samples representing most of the known Zieria taxa were examined. The 
major components were benzaldehyde, ( - )car-3en-2-one, ( - )-chrysanthenone, ( - )-cischrysanthenyl acetate, trans- 
chrysanthenyl acetate, citronellal, 2,6dimelhoxy-3+methylenedioxystyrene, elemicin, farnesol, limonene, methyl 
eugenol, myristicin, naphthalene, a-pinene, safrole, 2,3,4,6_tetramethoxystyrene, 2,4,6_trimethoxystyrene and zierone. 

INTRODUCTION 

The genus Zieria (tribe Boronieae) consists of prostrate 
shrubs to small trees with small white or pink flowers and 
mostly trifoliolate leaves. All but one species, Z. ‘chevalieri 
from New Caledonia, are endemic to eastern Australia. 
Only in recent years has a serious attempt been made to 
investigate the botany of the genus systematically [l-3]. 

Chemical investigations have revealed cyanogenic and 
essential oil components. Z.furfuracea [4], Z. laeuigata 
[S, S], Z. smithii [4, S] and Z. smithii var. macrophylla [4] 
(now Z. arborescens) have been reported to becyanogenic. 
Zierin (1) was isolated and characterized from Z. lueuigazo 
[6]. Early examination of the essential oil of Z. smithii by 
Penfold [7,8] revealed the aromatic ethers eugenol (2), 
methyl eugenol (3), safrole (4) and elemicin (5), and the 
monoterpe.nes a-pinene (6) and linalool (7). He also 
isolated, from the same species, a C10H140 constituent 
which he assigned as ( -)-A’-caren-5,6-epoxide (8) [9]. 
Later this component was reassigned as (- )- 
chrysanthenone (9r) [lo] although somedoubt about this 
reassignment has been expressed [I 11. A further 
CloHl10 constituent was isolated from an aged oil 
sample and assigned as ( + )-filifolone (lOa) by com- 
parison with ( - tfilifolone (lob) from Artemesiafilijolia 
[12]. Penfold also examined a form of Z. smithii from 
Tasmania which was known as Z. mucrophylla [ 131 (now 
Z. urborescens), and isolated limonene (11) and a new 
ketone zierone. The structure of this sesquiterpene was 
eventually established as (12) [14-193. 

No further chemical work was done on the genus until 
the early stages of this investigation [2@-223 when ( - )- 
car-3en-2-one (13) was isolated from Z. aspalathoides 
and methoxystyrenes 14-16 were detected in 
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Z. arborescens ‘c’ form, Z. smithii ‘d’ form and 
Z. cheualieri, respectively. We now report the remainder 
of the identified leaf essential oil components from all 
available Zieria taxa. The Zieria nomenclature used in this 
paper is defined by Powell and Armstrong [I] and is 
summarized in Table 9. 

The major components of the essential oil of each 
sample were used to divide the genus Zieria into chemical 
groups. Consequently members of group 1 contain citro- 
nellal as the major component, group 2 benzaldehyde, 
group 3 aromatic ethers, group 4 car-3en-2-one, group 5 
‘I-oxypinenes, group 6 hydrocarbons, group 7 zierone and 
group 8 miscellaneous constituents. Structurally similar 
major components were further divided into subgroups. 
Group 3 then is subdivided into methyl eugenol, safrole, 
elemicin and methoxystyrene subgroups; group 5 into 
chrysanthenone and chrysanthenyl acetate subgroups; 
and group6 into monoterpene and sesquiterpene 
subgroups. 

RESULTS AND DISCUSSION 

Essential oil yields from the genus Zieria showed wide 
inter- and infraspecific variation (Fig. 1). Yields ranged 
from 0.1% and less for Z. involucrata and Z. oeronicea to 
8.3 and 9.1% for Z. smithii sens. strict. and Z. grantdata, 
respectively. Variation within the one form was as great as 
0.5-8.3 % for Z. smithii sens. strict. Some correlations 
between oil yield and chemistry were evident. The higher 
yielding specimens were generally rich in phenolic ethers 
or oxygenated terpenoids but those with little oil 
contained predominantly terpene hydrocarbons or 
aldehydes. With Z. laeuigata var. jkseri (groups 3,6), 
increased benzaldehyde content paralleled increased oil 
yield. The odd sample of Z.jurjiacea sens. strict. 
(group 8) gave a much lower oil yield (0.1%) than the 
typical carenone specimens (group 4, 1.3-2.3 %) and the 
low zierone Z. sp. aff. arborescens (group 6) gave lower oil 
yields (0.4%) than the typical zierone-rich specimens 
(group 7, l&2.0%). On the other hand, the distinct 
chemical varieties of Z. smithii sens. strict. (group 3) 
showed no such correlation with oil yields. 

The wide variation in oil yields was paralleled by the 
chemical variation of essential oil components. Some 
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SpCkS and forms are chemically variant and are 
represented in more than one category. The implications 
of this variation are the subject of a separate 
communication 1233. 
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Fig. 1. Mean (solid bar) and range (open bar) percentage essential oil yield (v/w) in Zierilr species showing the 
number of samples analysed (n) and the chemical varieties with distinctive oil yields (connected with broken bar). 

[25] (Scheme 1) must be considered although hydrolysis 
of the known Zierio cyanogenic glycoside xierin (1) would 
yield m-hydroxybenxaldehyde (21). The novel styrene 
2,3,4,6-tetramethoxystyrene (14) constituted 8 % of one of 
the Z. ueronicea oils but was not detected in the other. 

Group 1 

The presence of IIavouring aldehyde citronellal(l7) was 
restricted to a few species only (Table 1) and even among 
these it was quite variable, reaching 90% at maximum 
levels. The predominance (90 %) of citronellal (17) in 
Z. aspalathoides var. nov. 1 makes this species a superior 
source for this commercially important lemon-scented 
aldehyde as an oil yield of close to 1 y0 was obtained. In 
comparison, Z. oeronicea gave a poor yield (0.08 %) of 
low-citronehal oils. The facile cyclixation of this aldehyde 
to isopuIegol(18) [24] accounts for the co-occurrence of 
this alcohol in trace (0.2-1.5 %) amounts. 

Group 3 

This aromatic ether group is made up almost entirely of 
taxa from the Z. arborescens-smithii complex. The group 
(Table 3) can be divided into methyl eugenol (3), safrole 
(4), elemicin (5) and styrene (14-16) subgroups. 

Subgroup 3.1. Z. smithii sens. strict. gave predominantly 
methyleugenol (3)&h oils (Table 3a) with significant 
quantities of safrole. Isolated specimens of other species 
(Z. cytisoides ‘b’ form, Z. laeuigata var. fraseri) also gave 
methyl-eugenol-rich oils. 

Group 2 

Subroup 3.2. The Z. arborescens-smithii complex also 
gave many safrole-rich oils (Table 3b) with one new 
species, Z. sp. aff. smithii, consistently giving 90-95x 
safrole (4). 

Benzaldehyde (19) was more widespread and quantitat- Subgroup 3.3. The Z. arborecens-smithii complex gave 
ively more variable (Table 2) as it was detected in many elemicin-rich oils (Tabk 3c) containing up to 85 % 
Z. compacta. Z. laeuigata var. fiaseri and Z. cytisoides elemicin (5). In individual cases, where the elemicin level 
sens. strict. (included in subgroup 5.2 because of substan- dropped, the aromatic ether safrole (4) or monoterpcne 
tial levels of chrysanthenyl acetate) and in minor amounts hydrocarbon a-pinene (6) component increased. In 
in other species. That benzaldehyde may arise as an Z. smithii sens. strict., the chrysanthenone (9) content was 
artefact from a cyanogenic glycoside such as prunasin (20) also significant (S-14%). Although it was from the same 
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Tabk 1. Percentages of essential oil components in Zierio citronellal-rich oils 

RR, component 

2. aspalathoides 2. veronicea 

var. nov. 1 (n = 2) 

(n= 1) 
Mean Range s.d. 

26 Limonene 17.9 2.0-33.8 22.4 
56 Citron&xl 90.0 23.7 17.8-29.5 8.3 
85 Naphthakne 4.2 5.7 3.6-7.7 2.9 
86 CIIHW 10.4 O-20.7 14.6 
88 RR, 88 1.0 4.7 2.1-7.2 3.6 

130 CIIH~~O 7.6 1.0-14.1 9.3 
194 2,3,4,6Tetramethoxystyrene 4.0 O-7.9 5.6 

Table 2. Percentages of essential oil components in Zieria benxaldehydc- 
rich oils 

RR, component 

Z. compocta Z. laevigata 
(It = 4) var. jraseri 

(n= 1) 
Mean Range s.d. 

26 Limonene 
59 Chrysanthenone 
60 Benzaldrhyde 

71 /3-Caryophylknc 
79 Humulene 
85 Naphthakne 

86 CLIHW 
87 Car-3cn-Z-one 

130 CI,HI& 

10.3 2.822.0 10.3 7.0 
3.5 O-14.0 7.0 

44.4 10.8-91.6 35.0 84.4 
7.4 O-20.7 9.2 
2.2 O-6.7 3.2 
8.2 O-13.7 6.5 2.0 
1.9 O-s.4 2.6 
3.5 O-12.4 6.0 
2.5 O-5.1 2.4 

CHzOH $HaOH + HCN + CHO 

20 Scheme 1. 19 

Table 3.(a) Percentages of essential oil components in Zieria aromatic ether-rich oils 
(a) Subgroup 3.1: methyl-eugenol-rich oils 

RR, component 

17 a-Pincne 
55 RR, 55 

59 Chrysanthenone 
60 Renxaldehyde 
63 RR, 63 
85 Naphthalcne 
86 C,,HU 
87 Car-3-e.n2-one 

100 Safrole 
1 IS Methyl eugelwl 
130 C,~Hs& 
148 Ekmicin 

z. cyrisoides 
‘b’ form 
(n = 1) 

Z. Iaevigata vas. fraseri 

(n = 2) 

Z. nnitkii scns. strict. 
(n = 17) 

Mean 

9.7 

14.6 
5.9 

2.9 9.8 
4.0 

14.7 
8.9 

53.3 24.9 
9.5 

Range rd. 

O-19.4 13.7 

O-11.8 8.3 

9.3-10.3 0.7 
e8.0 5.7 

2.4-15.4 9.2 
15.9-33.8 12.7 
4.9-14.1 6.5 

Ranp s.d. 

2.8 O-9.8 3.1 
0.9 O-5.5 1.8 
2.5 O-9.8 3.1 

1.8 O-7.8 2.2 

2.3 O-7.9 2.4 

5.8 O-22.0 7.4 
73.2 42.2-93.6 14.5 

1.9 O-18.1 4.8 
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Essential oil conatitucnts of z&r& 

species that this novel ketone was first isolated [9, lo], 
higher percentages are now reported from other Zierio 
species (see Table Sa) 

Subgroup 3.4. This subgroup gave oils rich in novel 
polymcthoxylated styrenes (14-16) (Table M) prone to 
polymerization on isolation and purification 1213. 
Z. smithii ‘b’ form gave oils rich in 2,3,4,Ctetramethoxy- 
styrene (14), Z. smithii ‘d’ form oils rich in 2,6dimethoxy- 
3,4mcthyknedioxystyrene (15) and Z. arborescens ‘c’ 
form oils rich in either 14 or 15. Z. chevalieri from New 
Cakdonia gave an oil rich in 2,4,6_trimethoxystyrene (16) 
with signiliatnt quantities of myrcene (22) and 1.3,5- 
trimethoxybenxene (23). Associated components in this 
group included a-pinene (a), mytcene (22), terpinolene 
(24), Bcaryophyllene (25), humulene (26), an unknown 
CI,HU hydrocarbon and safrole (4). 2,4,5- 
Trimethoxystyrene (27), previously reported from 
Peperomia pellucida (Piperaaae) 1261 and Duguetia 
exima [27-J, Pachypodanthium staudtii [28,29] and 
P. cot$ne [29] (Anno naceae), has a different methoxy- 
lation pattern to the styrenes encountered here. 

Significant qualities of other aromatic ethers such as 
eugenol (2) and myristicin (2g) have been detected in oils 
assigned to this and other groups (i.e. groups 3.2, 6, 7). 

Group 4 

The novel ketone ( - )-car-3-en-2-one (13X isolated first 
from Z. aspaluthoides [20], characterizes this group 
(Table 4). Z. grant&o var. adenodonta and Z. sp. nov. 11 
gave car-3-en-2-one oils without exception whereas 
individual specimens of Z. uspalathoides scns. strict. and 
Z.furjuracea scns. strict. fall into groups 6.1 and 8, 
respectively. One specimen of Z. lceuigcrta sens. strict. and 
one of Z. sp. aK. inwlucrata were also car-3-en-2-one-rich. 
The co-occurrence of significant quantities of terpinolene 

22 23 24 \ 
5% 

\ 
I Pr / 

2s 26 

(%I), car-3-ene (29) and eucarvone 
biogenetic or chemical relationship 
Scheme 2. 

Group 5 

1679 

(30) suggest a 
as outlined in 

Members of this group contain substantial amounts of 
‘I-oxypinene derivatives chrysanthenone (9) or 
chrysanthenyl acetate (31.32). 

Subgroup 5.1. The novel monoterpene ketone ( - )- 
chrysanthenone @a), isolated first from Z. smithii [9, lo], 
characterizes this group (Table Sa). Z. aspulothoides ‘b 
form, Z. granulata, Z. obcordata and Z. robusta gave 
chrysanthenone-rich oils without exception. The 
chrysanthenone content of one specimen of Z. granuluta 
was as high as 7.2 % of the whole fresh leaf weight. The 
quantity of this ketone present in some samples of 
Z. cytisoides ‘b’ form, Z. sp. aff. inuolucrata and Z. sp. nov. 
1 was reduced while the alternative ketone car-3-en-2-one 
(13) and aromatic ether components increased. 
Chrysanthenone decomposition, consistent with previous 
work [12], was evident on gas chromatography at 250” 
block temperature but was substantially reduced at 150” 
block temperature. That the main decomposition product 
was filifolone (10) was evident from the work of Rates et 
al. [ 123 who had assigned structure 1Oa to ( + )-filifolone, 
a component isolated from aged Z. smithii, and the 
enantiomeric structure lob to ( - )-filifolone isolated from 
the Arixonian sage Artemesiojilifolia. The application of 
milder isolation techniques to the sage product, however, 
may well reveal that ( + )-chrysanthenone (9b) is the heat 
and light labile precursor to ( - )-lilifolone (lob). The high 
yielding specimen of Z. grunulata was subject to 
prolonged (24 hr) steam distillation, which extracted 
quantities (6 % of the oil) of 3.7~dimethyl-3,Coctadienoic 
acid (33). a double-bond isomer of geranic acid. This acid 
was character&d (NMR, double irradiation experiments) 
as the methyl ester 34 which has been previously prepared 
by refluxing (+ )-chrysanthenone (9b) in methanol for 
16 hr [30,31]. Thus acid 33 is probably an artefact of the 
prolonged distillation arising thermally as shown in 
Scheme 3 or photolytically as reported by Hurst and 
Whitham [32]. Associated compounds in this Zieria 
group include a-pinene (a), car-3-en-2-one (13), 
naphthalene and aromatic ethers (3, 4 and 14). 

Subgroup 5.2. Chrysanthenyl acetates, which charac- 
terize this group (Table Sb), have not previously been 
reported from the genus Zierio. The isolation of ( - )-cis- 
chrysanthenyl acetate (31) from the Australian composite 
Cent&da cunninghumii in 1971 [33] was followed by the 
isolation of its acetate epimer, tronschrysanthenyl acetate 
(32), from Japanese Chrysanthenum composites [34361. 
Z. cytisoides sens. strict. oils can be rich (approximately 
50 %) in either the cis (31) or trans (32) epimer, depending 
on location. When the ester level drops, benxaldehyde (19) 
content increases. Z. arborescens ‘b’ form and Z. smithii ‘c’ 
form although rich in the cis-epimer (31) contain greater 
proportions of associated components, especially a- 
pinene (6), a likely precursor of the chrysanthenyl acetates. 

Group 6 

This group contains low oil-yielding (O.OOl-1.20/, 
mean 0.34) specimens with either monoterpene or ses- 
quiterpene hydrocarbons predominating. 
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Essential oil constituents of Zieria 1681 

Table 5. (b) Subgroup 5.2: chrysanthenyl acetate-rich oils 

RR, component 

Z. arborescens z. cyrisoides semi. strict. Z. smithii ‘c’ form 
‘b’ form 

A B 
(n= 1) (n = 3) (n = 5) (n = 5) 

Mean Range s.d. Mean Range s.d. Mean RaW s.d. 

17 a-Pinene 14.7 16.5 4.8-22.8 10.1 4.9 G8.2 3.6 27.3 4.740.7 13.9 
27 fl-Phcltandrene 1.3 O-2.8 1.4 4.8 ck7.3 3.1 
60 Benxaldehyde 6.1 2.5-9.8 3.7 25.7 8.2-58.9 20.5 
61 transChrysanrheny1 47.6 24.3-59.7 14.1 

acetale 
67 cisChrysanrhenyl acerare 24.6 51.8 50.4-54.1 2.0 26.3 15.332.0 9.2 
71 j-Caryophyllene 5.2 tF15.7 9.1 
86 CISHI, 10.2 
87 C,,H,,D 5.9 12.7 8.tF20.5 5.0 

100 Safrole 5.7 
115 Methyl eugcnol 2.5 1.3 O-6.3 2.8 
205 2,4,6Trimethoxystyrene 4.2 O-12.1 5.0 
237 2,6Dimethoxy-3.4 2.6 tF12.8 5.7 

methylenedioxystyrene 

/ G? 
24 

Scheme 3. 

0 / (0) ’ -4-k 
29 13 

Scheme 2. 

Subgroup 6.1. Oils from this subgroup (Table 6a) were 
rich in either a-pinene (6), limonene (I I), /I?-phellandrene 
(35) or an unidentified monoterpene hydrocarbon. 
Z. pilosa oils contained, with one exception (see group 8). 
predominantly limonene (11) (58-71%X which was also 
the major component of specimens of Z. aspaluthoides 
sens. strict., Z. sp. aff. aspalathoides, Z. minutijiora sens. 
strict. and ‘b’ form. Z. cytisoides sens. strict. contained a 
chemical variant low in chrysanthenyl acetates (see 
group 5.2) but rich in a-pinene (a), which was also the 
major component of an individual specimen of 
Z. laevigota var. fraseri. /I-Phellandrene (35) predomi- 
nated in some Z. minutiflora ‘b’ form specimens and the 

d I 

35 

/ cf \ 
30 

6 R’ - Rr = H 
31 R’ = CCDMe. Rr - H 
32 R’ = H, R’ = OCOMe 

33 R-H 

34 R = OMe 

PHYTO *6:6-I 



T
ab

le
 6

. 
P

cr
cc

nt
ag

~ 
of

 c
aa

cn
ti

al
 o

il 
co

m
po

ne
nt

s 
in

 Z
ie

ri
a 

hy
dr

oc
ar

bo
n-

ri
ch

 o
ils

 
(a

) 
Su

bg
ro

up
 6

.1
: m

on
ot

qa
nc

s 

R
R

, c
am

po
nc

at
 

z.
 a

sp
&

 
z.

 a
sp

al
a-

 
2.

 c
pi

so
id

es
 

th
O

id
+

?s
 

fl
lo

i4
k
 

sc
n

s.
 s

tr
ic

t.
 

se
as

. s
tr

ic
t.

 v
ar

. o
bo

ua
tu

m
 

(n
 =

 5
) 

(n
=

 
1)

 
(n

= 
1)

 
M

um
 

R
aJ

lg
e 

s.
d.

 

Z
. l

ae
vi

ga
la

 
Z.

 n
&

w
@

?o
ra

 
Z.

 m
ia

ut
ij

?o
ra

 
z.

 s
p.

 a
E

. 
va

r.
 f

ra
se

ri
 

se
n

s.
sf

ri
cf

. 
‘W

 f
or

m
 

z.
 p

ilo
sa

 
as

pa
M

w
id

es
 

(I
I =

 I
) 

(I
I =

 1
) 

(n
 =

 3
) 

(n
 =

 4
) 

(n
 =

 2
) 

M
ea

n 
R

an
ge

 
sd

. 
M

ea
n 

R
an

ge
 

rd
. 

M
ea

n 
R

an
ge

 
rd

. 

17
 a

-P
&

m
e 

24
R

R
,2

4 
26

L
iJ

w
fm

e 
27

 &
P

he
ll

ad
re

ne
 

29
 y

-T
er

pi
m

x 
57

 C
,,H

,,O
H

 
59

C
hr

ya
an

tl
le

no
lt

a 
60

 I
kn

za
kk

lly
dc

 
67

 c
is

~t
hc

ny
l 

a&
M

at
e 

85
 N

ap
hU

ux
kn

e 
86

 C
,,H

,. 
87

 C
ar

-S
cn

-2
-o

ae
 

*R
R

,9
0 

10
0 

Sa
fr

ok
 

11
5 

M
et

hy
l c

ug
cn

ol
 

13
O

R
R

# 1
30

 
14

6 
R

R
, 

14
6 

16
4 

F
ar

nc
ao

l 
18

9 
R

R
, 1

89
 

1.
8 

8.
0 

30
.6

 
25

.0
 

62
3 

5.
6 

7.
8 

10
.5

 
14

.3
 

1.
6 

O
-5

.8
 

2.
5 

6.
2 

1.
1-

10
.9

 
3.

6 
1.

5 
a-

7.
3 

3.
3 

4.
4 

8.
6 

3.
5-

l 
5.

7 
6.

2 
11

.3
 

13
.3

 
2.

9 
O

-1
0.

0 
4.

4 
12

.6
 

7.
2 

2.
5 

O
-1

2.
7 

5.
6 

1.
3 

3.
5 

2.
1 

2.
6 

6.
9 

10
.7

 

14
.4

-4
7.

5 
13

.5
 

23
.4

 
1.

1 
25

24
.8

 
9.

5 
18

.2
 

8.
5-

20
.2

 
4.

2 
1.

0 
6.

1 

O
-2

.9
 

1.
3 

6.
8 

O
-1

2.
3 

5.
4 

a-
6.

0 
2.

2 
11

.6
 

7.
0 

4.
7 

54
.0

 
16

.1
 

12
3 3.
5 

2.
7 

2.
2 

Q
S.

0 
2.

5 
1.

2 
20

.4
 

23
.4

 
21

.7
-2

6.
0 

2.
3 

12
.8

 

2.
9 

2.
8 

3.
0 

1.
0-

15
.8

 
7.

8 
4.

2 
1.

1-
9.

9 
4.

6 
9.

8-
28

.7
 1

0.
9 

65
.3

 
O

-2
4.

6 
12

0 
3.

5 
1.

1-
6.

0 
2.

5 

G
-6

.8
 

3.
6 

O
-6

.8
 

3.
5 

1.
5-

7.
4 

25
 

23
.8

 
58

.1
-7

1.
3 

5.
4 

49
.1

 
0.

6 
1.

2-
7.

3 
27

 
2.

4 

O
-2

.3
 

1.
2 

0.
6 

7.
1-

20
.2

 
5.

6 
0.

5 

8.
3 

3.
4 

O
-6

.8
 

4.
8 

4.
9-

42
8 

26
.8

 
35

.5
-6

2.
6 

19
.2

 
O

-t
.2

 
0.

8 
o-

%
7 

3.
3 

O
-l

.2
 

0.
8 

o-
I.

0 
0.

7 

1.
5-

15
.1

 
9.

6 



likscntial oil con8titucnts of zti 1683 

RR, oomnoncnts 

‘fable 6. (b) Subgroup 6.2: scsquitcrpcna 

2. faeaigato sens. strict. z. taxifiora z. murphyr Z. sp. atT. arborescens 

(a = 7) (x = 7) (a = 1) (It = 2) 

Mean Raw sd. Mcan Range s.d. Mean Range s.d. 

17 a-Pincnc 
26 timoncnc 

58 CIIHI. 
60 lknzaldehydc 
71 @-Quyophylleoe 
72 RR, 72 
79 Humuknc 

82 C,,HU 
84 G5H24 

85 Naphthaknc 

86 GsH24 

88 RR, 88 
100 Safrole 
110 Zkronc 
115 Methyl eugcnol 
130 RR, 130 
148 Elcmicin 
155 Myristicin 

4.1 
18.8 
5.5 

4.4 

3.8 
1.3 
4.0 
5.1 

24.3 
0.8 

0.2 

3.5 

0.7 

O-17.8 6.3 
6.9-33.6 10.7 2.4 

O-20.5 7.1 1.2 
3.4 

2.14.8 1.5 12.7 
2.1 

21-6.2 1.6 11.4 
c3.0 0.9 
(NJ.9 2.8 16.2 
O-14.5 5.1 5.9 

9.6-35.5 9.6 12.6 
t&2.0 0.9 3.2 

3.4 
O-l.4 0.5 

1.8-6.6 2.1 3.2 
1.3 

O-4.7 1.8 

1.1 
O-11.0 4.3 
O-6.4 2.4 
O-7.3 3.0 

9.5-18.6 3.2 8.9 3.6 
Q-8.1 3.3 1.1 0.8 

7.6-17.0 3.1 4.9 0.5 
23.6 13.3 

1.0-19.8 10.8 2.6 
1.0-10.4 2.9 6.8 5.6 
3.5-23.7 7.0 4.3 9.3 
2.1-4.1 0.8 10.4 2.1 

O-15.6 5.5 1.8 0.6 
1.8 10.1 
5.0 3.4 

26-4.5 0.7 3.6 1.3 
O-8.1 3.0 3.2 

15.5 

1.1 0.0 

2.3-4.9 1.8 
o-l.5 1.1 
o-l.0 0.1 

5.6-20.9 10.8 

3.4-7.8 3.1 
3.7-14.8 7.8 
1.1-3.1 1.4 

O-l.2 0.8 
7.6-12.6 3.5 
1.7-5.1 2.4 

o-2.6 1.8 
O-6.4 4.5 

7.6-23.4 11.1 

Tabk 7. Percentages of essential oil componenta in Zieria xkrone-rich oils 

RR, component 

Z. ariwrescens seas. strict. Z. cyborucens Z. urb0rescen.s Z. sp. atX arborescens 
(n= 11) ‘d’ form ‘f’ form (n = 3) 

(a- 1) (n= 1) 
Mcall Range ad. Mean Ranp rd. 

17 a-Pincue 
27 RR, 27 
37 RR, 37 
59 Chryrianthcnonc 
67 cis-Chrysunthenyl acetate 
71 ~~~ophyil~e 
76 RR, 76 
81 a-Terpincol? 
82 RR, 82 
85 Naphthakne 

86 G,H24 

87 Car-3-1x1-2one 
WRR,90 

100 Safrok 
I10 zieroae 
1lS Methyl eugcnol 
134 RR, 134 
143 RR, 143 
15s Myristicin 
237 2,6-Dimethoxy- 

3,~rne~yk~iox~ty~~ 

2.5 
0.5 
0.5 
2.2 
3.1 
0.9 

1.2 
1.4 
7.6 
0.3 

1.9 
44.6 

4.3 
1.6 
2.3 

1.2 U-12.7 3.8 

c12.1 4.0 
s5.8 1.7 
G5.3 1.6 
O-16.7 5.3 
O-25.4 7.5 
G5.4 1.8 

23.2 
11.1 

O-7.1 2.7 
O-6.2 2.4 

2.1-21.9 5.6 17.4 
O-3.6 1.1 32 

5.9 
O-12.3 3.8 1.0 

16367.7 20.4 14.3 
s7.2 2.5 1.2 
O-7.6 2.4 
O-6.9 2.5 

1.3 
0.9 

6.1 2.7 1.8-3.3 0.8 

5.9 

6.4 4.4 3.1-6.5 1.8 
5.4 O-16.3 9.4 
0.5 O-l.4 0.8 

10.7 , 43.3 
4.7 

11.8 2.2 O-3.6 1.5 
6.3 1.0-16.9 9.2 

o-1.9 1.1 
O-l.4 0.8 

4.0-9.4 3.0 

42445.1 1.5 
4.4-4‘9 0.3 

unidentified C, OH I 6 hydrocarbon in 2. ~~~~~~~s var. 
obovatum and one specimen of Z. sp. aff. aspalarhoides. 

Group 7 

Sesquiterpene hydrocarbons and naphthalene were also 
significant oil components of this group. 

Zierone (12).rich oils (Table 7) characterize the pre- 
dominant chemical variant of 2. mborescens sens. strict. 

Strbgro~p 6.2. Oils rich in sesquiterpene hydrocarbons 
(Table 6b) included Z. lueviguru, Z. faxiflora, Z. murphyi 

Z&one (12) was first isolated [I33 and characterized 
[M--19] from a Tasmanian 

and a low zierone (12) variant of Z. sp. aff. arborescens. 
form of this specie3 known at 

the time as Z. macrophylla. 2. sp. aff. arborescens also 



T
ab

le
 

8.
 

Pe
rc

en
ta

ge
 

of
 e

ss
en

tia
l 

oi
l 

co
m

po
ne

nt
s 

in
 

Z
kr

ia
 

m
is

ul
kn

eo
us

 
oi

ls
 

R
R

, 
co

m
po

ne
nt

 

Z
. 

cy
tis

oi
de

s 
Z

. 
fu

rf
ur

ac
ea

 
z.

 
nd

m
lti

po
ra

 
z.

 
m

in
ut

ip
or

a 
se

lls
. st

ri
ct

. 
se

as
. 

st
ri

ct
. 

Z
. 

in
w

lu
cr

at
a 

se
ns

 
st

ri
ct

. 
‘b

’ 
fo

rm
 

Z
. 

m
ur

ph
yi

 
Z

. 
pi

&
m

 
(n

=
 

1)
 

(n
=

 
I)

 
(n

=
 

1)
 

(n
=

 
1)

 
(n

= 
1)

 
n=

3 
(n

=
 

1)
 

17
 A

Ji
ne

nc
 

7.
5 

4.
1 

4.
7 

15
.7

 
19

 I
so

bu
ty

l 
bu

ty
m

e 
6.

6 
1.

61
1.

2 
4.

8 
23

 
M

yr
ce

nc
 

5.
9 

O
-1

3.
5 

6.
9 

24
 R

R
, 

24
 

3.
5 

1.
9-

5.
3 

1.
7 

26
 L

im
on

en
e 

1.
8 

4.
7 

5.
0 

27
 /

I-
Ph

el
kn

dr
en

e 
5.

5 
3.

7 
5.

2 
3.

4 
38

 N
on

an
-2

-o
ne

 
7.

6 
2.

8-
l 

1.
7 

4.
5 

53
 R

R
, 

53
 

6.
3 

4.
0-

9.
8 

3.
1 

59
 C

hr
ys

an
th

en
on

e 
13

.6
 

60
 

L
kn

za
ld

ch
yd

e 
5.

2 
69

 
~I

U
kC

M
-2

-O
tW

 
4.

6 
3.

3-
6.

1 
1.

4 
71

 /K
ar

yo
ph

yl
le

ne
 

6.
8 

8 
1 

ol
-T

er
pi

ne
ol

 
19

.8
 

82
 G

SH
Z

I 
7.

2 
4.

31
2.

5 
4.

6 
83

 R
R,

 
83

 
4.

6 
4.

4-
4.

9 
0.

3 
84

 G
A

, 
6.

0 
3.

1-
10

.0
 

3.
6 

2.
0 

85
 N

ap
ht

ha
le

ne
 

23
.6

 
35

.2
 

4.
0 

7.
7 

5.
4 

3.
M

i.4
 

1.
3 

2.
3 

86
 C

L
,&

, 
6.

2 
3.

0 
18

.3
 

87
 C

ar
-3

-e
n-

2-
on

e 
10

.4
 

88
 R

R
, 

88
 

5.
4 

14
.1

 
3.

8 
97

 
R

R
, 

97
 

35
.0

 
10

0 
Sa

fr
ok

 
22

.0
 

10
.9

 
4.

0 
11

5 
M

et
hy

l 
cu

ge
no

l 
4.

5 
3.

2 
5.

7 
13

0 
M

’ 
22

0 
1.

9 
24

.2
 

1.
3 

2.
2 

1.
3 

15
2 

M
’ 

21
6 

12
.3

 
16

4 
Fa

m
es

ol
 

31
.2

 
16

8 
M

’ 
21

8 
10

.4
 

21
8 

R
R

, 
21

8 
36

.1
 

M
ea

n 
R

an
ge

 
sd

. 



Essential oil constituents of Zkria 1685 

Tabk 9. Zierfa nomenclature and &on numbers used in tbk study 

Taxa sampkd Taxa as defined in ref. [I] Aaxssion Nos. 

1. 2. arborescens sens strict. 

10. Z. ~~lat~~es var. obovatum 

2. Z. ivborescens ‘b’ form 

(ridgad stem form) 
3. Z. arhorescens %’ form 

(broad leafed form) 
4. Z. arborescens ‘d’ form 

(glabrous form) 
5. 2. arhorescens ‘c’ form 

(hairy stem form) 
6. Z. arborescens ‘f’ form 

(narrow kafed form) 
7. Z. aspalnthoides scns. strict. 

8. Z. aspafathoides ‘b’ form 
(broad leafed form) 

9. Z. aspalathoides var. nov. 1 

Z. arborescens subsp. ‘a’ 

Z. sv. nov. ‘A‘ 

Z. iuborescens subsp. ‘b’ 

Z. arborescens subsp. ‘c’ 

Z. arborescens subsp. ‘d 

Z. arborescens subsp. ‘e’ 

Z. arborescens subsp. ‘f 

Z. ~~~alt~~es subsp ‘a’ 

Z. aspaiathoides subsp. ‘b’ 

z. sp. nov. ‘B 

1 I. Z. ch&alieri z. &em&ri 
12. Z. compacta Z. fraseri subsp. ‘b 
13. Z. cytisoides sens. strict. Z. cytisoides subsp. ‘a’ 

14. Z. cytisoides ‘W form 

(coastal form) 
15. Z. furfuracea scns. strict. 
16. Z. granulata var. granulata 

17. Z. grunulata var. ftdenodonta 
18. Z. inllofucrata 
19. Z. laevigcua sens. strict. 
20. Z. laevigara var. fraseri 

21. Z. laxifiora 

22. Z. ~nuti~ora sens. strict. 
23. Z. minutifora ‘b’ form 

Z. cytisoides subsp. ‘W 

Z. furfuracea subsp. ‘a’ 
Z. granulata 

Z. sp. nov. C 
Z. involucriuo 
2. laevigata subsp. ‘a’ 

Z. fraseri subsp. ‘a’ 
Z. laevigata subsp. ‘W 
Z. minati~oro subsp. ‘a’ 
Z. mim&flora subap. ‘W 

(hairy fruited form) 
24. Z. murphy 

25. Z. obcordata 

26. Z. pilosa 
27. Z. robusta 
28. Z. smithii sens. strict. 

Z. murphi 

Z. obcordata 

Z. pilosa 

Z. robusta 

Z. smithii subsp. ‘a’ 

29. Z. smithii ‘b’ form 

(tomentosc form) 
30. Z. smithii ‘c’ form 

(glabrous form) 
31. Z. smitkii ‘d’ form 

(robust mountain form) 
32. Z. smithii ‘e’ form 

(glabrous mountain form) 
33 Z smithii ‘f form . . 

(prostrate moun~n form) 
34. Z. sp. a& arborescens 
35. Z. sp. aff. aspalathoides 
36. Z. sp. aiT. involucrara 
37. Z. sp. a& sndthii 

38. Z. sp. nov. 1 
39. z. sp. nov. 11 
40. Z. veronicea 

Z. smithii subsp. ‘I$ 

Z. smithii subsp. ‘c’ 367,375, 1021, 1453. 1457a, 80-045,80-046 

Z. sp. aov. ‘E’ subsp. ‘a’ 1199.1205. 1332, 1462 

Z. sp. nov. ‘F subsp. ‘b’ 

Z. sp. nov. ‘E’ subsp. % 1176 

2. sp. nov. ‘F 391,523. 1101. 1390, 1399 
Z. sp. nov. ‘H 1421, 1483 
z. sp. nav. ‘1 199,908 
Z. sp. nav. T 1376, 1450, 1451, 1452, 1456 
Z. sp. XIOV. ‘K 1226 
Z. sp. nov. ‘G 387,401 
Z. veronicea 1433, 1434 

403,406,516,517,951,1138,1378,1388,1436,1437.1442, 1478, 
1479 
398 

118,862, 1374, 1449a, 1455b, 1458a, 1458b, 1459a, 1464, 1465, 
1471, 1473, 1474, 1476, 1477 
1211 

455,465, 1375, 1469, 1470 

1435 

Sl9.942, l305,1356, 1357, 1424, 1432,73-@91,78-075 
1447.1463 

729 
856 
1296 

207,829.943,943b 

94,522, 1111,1113, 1301,1431, 143lbl,1431b2,1431cl, 1431~2, 
1431~3. 1448a, 1448b, 7W74, 7eO75 
91,248,307,399,436 

371, 1454, 1462.q 14626 
402, 1373b. 1468 
311, 1457b. 1460 
486 
390,525, 1428, 1430, 1440, 1444, 1445,14&Q 
1043, 1201, 1387, 1422 
794,795,797, 1404,1405, 1419a, 1419b. 1455 

416, ill0 
526, 14X&, 141Ob, 1482 

1027, 1288, 1400, 1439, 1443 
13Oz 1354 

906, 1109. 14Oia, MOib, 1427 
167,483, 1221, 1222, 1290, 1344,1358 

127, 325, 372, 400, 1081, 1084, 1085, 1189, 1203, 1385, 1389. 
1402, 1403, 1416, 1420, 1425, 1429, 1446, 1449b, 14594 1462b. 
1472, 1475, 1480, SO-049 
750.751.753. 1411 

1406.1407,1408.1409 
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contains predominantly zierone-rich oils with 
2. arborescens ‘d’ and ‘f’ forms yielding smaller but 
significant quantities of this ketone. Methyl eugenol (3) 
and a C15H2, sesquiterpene were the most common 
associated components among an almost random variety 
of other constituents. 

National Botanic Gardens, for providing most of the plant 
specimens and the Chemistry Departments of the New South 
Wales Institute of Technology, the University of Sydney and the 
University of New South Wales for GC/MS and NMR analyses. 
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