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AI&tract-Individuai ieaves on Meialeuca aiternlfoita branches were examined for variation in voIattIe oil composi- 
tion. Gas chromatography of solvent extracts revealed flush growth rich in sabinene, mans-sabinene hydrate and cis- 
sabinene hydrate. Sequential examination of apical to basal single leaf extracts showed a dramatic decrease m thujane 
precursors and concomttant Increase in the concentratton of p-menthanes y-terpmene, terpmen-4-01 and cc-terpmeol. 
Steam disttllation of flush growth gave an 011 rich only in the p-menthanes typtcal commercial oil of Melaleuca. The 
sigrnficance of these rn uluo and in vitro transformations is discussed. 

INTRODUCTION 

Melaleuca alternrjiha Cheel (Tea tree) (family Myrtaceae) 
is a paperbark tree which follows water courses and 
flourishes in swampy conditions in the north coast region 
of New South Wales, Australia [l]. The leaves of one 
chemical variety give an essential oil (l-3%) with bacte- 
ricidal and fungtctdal properties which have secured tt a 
place m the commercial 011 market for more than 50 years 
[2] The btological activity 1s assumed to be related to 
(+)-terpmen-4-01 (1) [2, 31, the major component of the 
steam-distilled 011. In a recent review, both Lamparsky 
[4] and Koedam [S, 61 imply that terpmen-Co1 may arise 
either as an artifact in essential 011 production or as a 
genuine biogenetic product. In both cases, the likely 
precursors were identified as sabmene (2) or monoterpene 
alcohols (3 and 4) Thus a terpinen-4-01 rich species such 
as M. alternifolia provides an excellent species for the 
assessment of these implicattons. 

A close chemical relationship between the thujanes and 
p-menthanes has been understood ever since Wallach 
reported the acid catalysed converston of sabmene (2) to 
terpmen-4-01(l) m 1906 [7-93. Subsequently, other pro- 
ducts mcludmg sabmene hydrates (3 and 4) were also 
detected m the reaction mixture [lo-141. Acid solvolysis 
of alcohols (3 and 4) gave identical products in similar 
ratios to sabinene [15, 161 

In contrast with these conversions, the reverse chemical 
transformations from the p-menthanes to the thujanes, 
have not been recorded Reactions proceeding through 
intermediate ion 5 yield p-menthane rather than thujane 
derivatives [17]. Biogenetic theory, however, beginning 
with Ruztcka’s early proposals, has suggested the forma- 
tion of thujanes from p-menthane cation 5 rather than the 
reverse [17-201 Recent m uruo experimental evidence 
indicates that these transformations are reversible, at 
least in some plant systems [17]. 

In the absence of isotopic labelhng, some mformatton 
on monoterpene biosynthesis can be gamed by studying 
ontogenetical changes m leaf oil composttion [19,21]. In 

this way Loomis [19], Maarse [22], Clark and Menary 
[23, 241 and Attaway [25] were able to outline probable 
biogenetic pathways for origanum, peppermint, and 
tangerine monoterpenoids. 

This commumcatton reports the variation m terpene 
composition of ethanolic extracts from the developmg 
leaves of Melaleuca alternifolia, contrasts extract compo- 
sition with steam dtsttlled oil composttion and discusses 
implications for sabinene-sabmene hydrate-terpmene- 
terpinen-4-01 biogenetic transformattons. 

RESULTSANDDISCUSSION 

A recently developed method for the exammation of 
the volatile constituents of Eucalyptus leaf [26] was used 
to follow the development of the oil m successive Melal- 
euca altemfolra leaves from the apex to the base of the 
branch. A single mature leaf, weighing as little as one 
milligram, when immersed m ethanol, gave a solution 
shown by GC to be almost identical to a solution of the 
steamed distilled oil. In contrast, however, flush growth 
(leaves close to the apex which were lighter green in 
colour than the mature leaf) gave a GC trace indicating 
the presence of different major components. When sub- 
ject to LC, PLC, GC and GC-MS analysts, this flush 
growth consisted predommantly of monoterpenoid con- 
stituents (Table 1) with ca 15% sesquiterpenoids and 
higher boding components. The major component (39%) 
of the extract was cts-sabinene hydrate (4) with trans- 
sabmene hydrate (3) and sabmene (2) occurrmg as sigmfi- 
cant minor constituents Thujanes (2-4) contributed 
52 2% to the extract but only 0 5% to a typical com- 
mercial steam dtstilled 011 (Table 1) Terpinenes and 
terpmeols m contrast contributed 16.2% to the extract 
and 74 2% to the oil Both skeletal types then accounted 
for 68.4% of the extract and 74 7% of the oil. 

That the thujane skeleton is indeed a precursor of the 
terpmenes and terpineols m M. alternlfolra was estab- 
lished by steam distilling a sample of flush tip extract and 
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Table 1 A compdnson between the monoterpenold constltuenta of(a) the 

dlethyl ether extract of flush growth and (b) the steam dtstdled oil of LL 

commercldl cut from A4 allrrnrfolru 

Constituent 

(a) Extract 

R,* 9’0 ldcnt 

I 

2 

3 
4 

5 

6 

7 
R 

9 

10 

11 

12 

13 

14 

!5 

16 
17 

I8 

19 

20 

21 

22 

a-Thujene 920 I9 a, 

sc-Plnene 923 I 5 a, b, 
Sabmene (2) 960 5 6 a, b, c 

P-Pmenc 960 06 ,i, 

Myrune 9x4 07 a, 

a-Phellandrene 992 03 a,b 

u-Terpmene 1003 0 3 a, b 

p-Cymene 1007 03 ‘1.b 

Llmoncne’ 1013 05 a.b 

1.X-Cineole 1013 43 a,b 

/I-Phellandrene’ 1013 05 n, 

; -Terplnene IO44 63 a.b 

lfunc-Sdbmene hydrate (3) IOSO 7 6 a, b, c. d 

Tcrpmolene 1073 IJ a,b 

< :;-S&mene hydrate (4) !C??G 39 !? & b, c, d. e 
trcln,-Menth-2-en-l-o1 I104 03 a.c 

clc-Mcnth-2-en-l-o1 II21 03 ‘I,‘ 

Terplnen-4.ol (I ) 1154 76 d,b 
r-Terpmeol I167 Oh a,b 

rrun+Plperltol 1175 tr a. L 

cr,-Ptperitol 1186 10 il,L 
Unknown I203 14 ~~ 

_ 
Total 820 

*Cdlculdted from FSOT BPI (10 m x 0 2 mm) column 

I6 d 

36 d. b 
05 .i. b 

09 r, b 

12 ab 

0 7 a. b 

124 d. b 

26 J. b 
0 9 d, b 

72 d. b 
0 9 d. b 

24 ‘1 a, h 

41 rl. h 

tr 

lr 

II 2 

?I 

94 3 

a=R,, b=GC:MS, L=CO-GC, d=‘HNMR, e=IR. f=\epudled on 

FSOT BP 21 (50 m x 0 25 mm) column, tr = trdw 

obtalnmg an 011 almost ldentlcal to the steam d~tstilled OII 
The thujanes sabtnene (2), tran,-sabmene hydrate (3) and 
cts-sabmene hydrate (4) were now almost absent (0 1, 0 9 
and 2 3%, respecttvely) Thus the terpmenes and terpm- 
eols of M alrrrnrfolla are artlfacts of the steam dtstlllatlon 
when flush growth 1s processed. The formatlon of 
terpmen-4-01 (1) from sabmene hydrate has been sugges- 
ted by Taskmen from observations with steam dlstllled 
sweet marjoram od [27] and Koedam with Leyland 
cypress oil [6] 

The varymg levels of thujane and terpmene derlvatlves 
were seen as lndlvldual leaves along a branch were 
exammed The most slgmfcant varlatlons reflected a 
decrease m cr.+sabmene hydrate (4) concentration and 
concomitant Increases in y-terpmene and terpmen-4-01 
concentrations as the branch was analysed from apex to 
base (Fig la) The concentrations oftruns-sabmene hydr- 
ate (3) and sabtnene (2) also fell as the concentration of r- 
terpmeol Increased (Fig lb) Some of the mmor con- 
stituents rrms- and cls-menth-2-en-l-o1 and truns- and 
c&plperttoU Increased concentration mitlallj, peaked to 
comcld’e with ttie mtfectlon pomt ot^other constituents 
and then decreased m concentration (Fig Ic) The de- 
creabe m thujane concentration, the correspondmg m- 
crease m terpmene dertvatlves and the combmed levels 
are shown m Fig Id Analysis of SIX branches at various 
stages of development m different seasons gave slmllar 
plots with the pomt ot-mtfectlon movmg on the x axis m 
relation to the pomt oicessatlon of flush growth Analysis 

of- stem adjacent to each leaf node revealed extracts 
ldentlcal to the leaf extracts 

Although the concentratlona of a-terpmene and terpm- 
olene fluctuated, maximum levels for the extract were 
constderably lower than for the steam dlstllled oil These 
may then artse as artlfacts of the steam dlstlllatlon 
process Terpenes /I-ocnnenc [28], pregetjerene 1291, 
germacrene C [30], hedycaryol [3l, 321, chrysanthenone 
[33] and sabmene hydrate [15] have all been slmllarly 
lmphcated rn artifact formatlon by steam distlllatlon In 
aqueous medium most plant material reaches a pH value 
between 4 and 7, [5, 61. so artifact formatlon Is to be 
expected when even mildly acid lablle components are 
steam dlstllled. Determlnatlon of pH values for M ult~r- 
n~fo[~ still pot hquours and condensation waters showed 
mdd acldlty with values of4 6 and 4 4, respectively Steam 
d~Mllatton m pK 70 buffer gave higher proportions 
(12 3%) of crs-sabmene hydrate indtcatmg that terpmen- 
4-01 formatlon was at least partially pH dependent 

The concentratmns of r-thujene. %-pmene, P-pmene. 
myrcene, r-phellBndiene. limonene I, X-cmeole and /j- 
phell’and?ene, did’not vary slgmti‘cantlj during the course 
of development of the leaves These components with the 
exceptlon of myrcene. are stereospeclfic at C-4 and gen- 
erally possess greater stablhty Although r-thujene, for 
example, reacts through the same intermediate Ion (6) as 
sabmene (2) [34]. the latter reacts conslderably faster 111 
crtro Cl I, 121 and 111 I II o IS much more et&lent at 
transferrmg tracer than r-thujene [3S] 
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Fig I Ontogenetlcal varlatlon in the percentage contrlbu- 

tion to M alterntfiha leafextracts by (a) cts-sabmene hydrate 

(4) (0). terpmen-4-01(l) ( A ), g-terpmene (H), (b) sabmene (2) 
(O), trans-sabmene hydrate (3) (A), cc-terpmeol( n ), (c) trans- 
(A) and ~40) menth-2-en-l-01, tram-(V) and cw(H) 

plperitol, (d) total thqanes (A), total terpmenes ( n ) and 

total thuJanes + terpmenes (0) 

Similar ontogenetical changes have been observed with 
peppermint (Me&a pperlta), origanum (Ortganum oul- 
gare) and tangerme (Cttrus retmdata) The change ob- 
served in Melaieuca altern@a in this mvestlgatlon, 
however, represents, not a simple reduction, as m pepper- 
mint [19,23,24,36,37] but a 1,3-dlaxlal hydroxyl shift as 
cts-sabmene hydrate (4) converts to terpmen-4-01 (1) The 
changes noted m orlganum [22), where groups of three 
leaf pairs were analysed, were not as significant as those in 
either peppermint or M. altermfih With tangerine 
(Cmus retu_data) peel 011, the seasonal increase in (+)- 
hmonene was matched inversely by a decrease m hnalool 
concentration Indicating that the latter was possibly a 
blogenetlc precursor of the former [25]. The plot of this 
relationship 1s almost superlmposslble upon that for the 
cls-sabmene hydrate-terpmen-4-01 relationship in M. 
alterntfolm (Fig. la). 

The ratio of terpinene derlvatlves m the 011 of M. 
alternifoha [38] was seen to be remarkably similar to the 
steam dlstllled 011s of majoram [27, 391 and Leyland 
cypress [6] and also the acid catalysed products of 
sabmene and the sabmene hydrates [ 15, 393. This IS in 
contrast to the acid catalysed equllibrtum of p-mentha- 
dlenes which forms predominantly a-terpmene [ 143 

5 6 

Hence, the proposal of a cyclopropylcarbinyl ion inter- 
mediate such as 7 in preference to trlshomocyclopropenyl 
catlon 8 or classical relative 5 accounts for the preferred 
ratios of terpinenes and the high degree (80%) of stereo- 
speclficlty associated with formation of terpmen-4-01 (I) 
[ 11, 121 m this and other species Comparisons of the 
optical rotations of the volatile 011s obtained from M 
altermfolra flush tips (+7 6”) and mature leaf (+8 5”) 
indicated the stereospecificity of this transformation. 

A comparison of M alternifoha otl and extract with 
those of sweet marjoram (Mujorana hortensrs) showed 
many slmllarltles mcludmg the predominance of cis- 
sabmene hydrate m the extract and terpmen-4-01 m the 
steam dlstllled 011 [27] Our tea tree results when com- 
pared with the marjoram literature results prompted us 
to propose that the terpmene derivatives from the latter 
were in fact artifacts from the steam distillation of thujane 
precursors such as sabmene (2) and the sabmene hydrates 
(3) and (4). Subsequently Fischer et al [39] published a 
comparison of marjoram extracts and 011s and concluded 
similarly that the biosynthetic capacity of the marjoram 
plant with regard to monoterpenolds seems to be con- 
fined to the synthesis of the thujane skeleton. They also 
isolated the unstable cls-sabinene hydrate acetate which 
m an even less stable precursor form (presumably a 
glycoslde) was proposed as the source of marjoram 
constituents 

Mekdeuca alterrufolta, (family Myrtaceae) 1s similar to 
marjoram Mujorana hortenm (family Laminaceae) only 
at the flush growth stage. The Melaleuca has the capacity 
to blogenetlcally convert the sabinene precursors to the 
terpmene final products as the leaf matures. A similar leaf 
node development mvestlgatlon of marJoram showed 
that this conversion does not occur biogenetically m the 
marjoram plant as the leaf matures. The prominent cis- 
sabinene hydrate acetate peak present m the gas chro- 
matogram of marjoram was absent m the tea tree extract 
chromatograms even when flush growth apical leaves 
were examined using the Fischer procedure [39]. 

The occurrence of trans and cls-p-menth-2-en-l-o1 and 
trans and crs-piperitol observed in M. alternifolia was 
significant Although it 1s tempting to propose such 
structures as biogenetic intermediates, it IS also hkely that 
then presence relates to artifact formation [40]. 

The formation of terpmene derivatives from the bicyc- 
hc thujane skeleton has significant biogenetic implica- 
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ttons Theoretrcaf constderattons, begmnmg wtth 
Ruztckas’s early proposals [17--201 have mdtcated that 
thujanes are formed from p-menthane catton 5 rather 
than the reverse as IS observed here wrth M ulterntfolzu 

In marjoram the sabmene hydrate precursors have been 
traced back to the sabmene hydrate acetate and even 
back further to an unstable hydrophrhc precursor [39] In 
A4 alternlfolta the absence of the acetate mdrcates a 
drfferent pathway, the detarls of whrch awatt further 
mvestrgatron On the other hand the thujane to terpmene 
conversron lends support to recent experrmental evidence 
indrcatmg that these transformattons are reversrble at 
least m some plant systems [ 173 For example, tracer 
expertments wtth Tunucetum vulgw have shown that 
C3H]-geranyl pyrophosphate IS rncorporated mto thu- 
lanes and p-menthanes [35] Also, label m r-terpmeol and 
terpmen-4-01 IS readrly transferred to thujanes [35, 411 
Our studres wrth M. ulterntfoltu, however, suggest that at 
least y-terpmene and terpmen-4-01 are formed subsequent 
to the thujane skeleton 

From a quantrtattve and stereochemtcai vtewpomt, CD- 
sabinene hydrate (4) appears to be the logtcal btogenettc 
precursor of some but not all of both terptnen-4-01(l) and 
y-terpmene m M. alternifolra As the 1,3-mtgration of the 
equatortal hydroxyl of the C-4 eptmer (3) ts less hkely, 
truns-sabmene hydrate may contribute vta the classrcal 
mtermedtate Ion 5 the racemtc contrtbutron to the 
terpmen-4-01 and the remamder of the other terpmenes. 
Contirmatron of these btogenetrc speculatrons awatts 
radiolabelhng mvesttgatrons 

with EtOH (200 ml) Extractton wtth Et&J (to avoid the forma- 

tton of ethyl ether artifacts as occurs wtth marjoram [27] and 

lumper [42] ethanohc extracts) gave a soln with a near tdenttcal 
CC trace Cold vacuum concn gave a green wax whtch decomp- 

osed on both sthca and alumma flash columns Effective separ- 

atton was achteved on d PLC plate by elutton wtth a 

petrol-MeOH-EtO4c (8 I 1) to gave a band contammg 87% 

sabrnene hydrates (tram- 3 c 15-4 1 4) IR Y::? cm ’ 3340, 1130. 

1050,990,950.930(1~t [43]), ‘H NMR(CDCi,)trg ;0332(1H.dd 

J ,,Iln, c 5 Hz J,,, = 8 Hz. collapsed wtth trrad. at 1 06, (5-H). 0 64 

( 1 H, dd, J,,,m, = 5 Hz, J,,, =4 Hz, collapsed wtth trrad at 0 32,6- 

H,,,,), 0 88 f3H, d. J = 7 Hz. 8-H,), 0 92 (3-H, d, J -= 7 Hz, 9-H,). 

1 06 (1 -H, dd. J,,, = 8 Hz, J,,, -4 Hz, collapsed with trrad at 

0 32,6-H,,,), 1 33 (3-H, s, IO-H,). 1 63 (m, modrfied with trrad at 

092 7-H) (lit [44]), tran7 023 (IH. dd, J ,,“” ?==5 HL. J,,,=4 Hz, 

6-H,,,,,) 039 (lH. ddd, Jr,,=8 HI, J,,,,,=5 Hz, J, r 1 Hz. 5-H), 

091 (3H.J, J=7Hz,8-H,),O97(3H.n, J=7Hz,9-H,)(ht [44]), 

ElMS (GC) 70 eV. m/z rel mt ) CIS 154 (2), 139 (3) 137 (3). 136 

(26), 121 (30), 93 (loo), 91 (42). 79 (28). 77 (34), 43 (20) 41 (25) 39 

(15)(ht [52]),rranc 154(4). 139(5). 137(4), 136(20), 121 (30),93 

(IO), 91 (42) 79 (25) 77 (38). 71 (27), 43 (30). 41 (2X), 39 (IX) (In 

C451) 
Iwlatuv~ of strum rolatrla 011s M akwn~olra Ilush growth 

(178 g) was hydrodtsttlled m an all glass apparatus wtth cohob- 

atton for 2 hr to yield 2 5 ml (1 4”%) of volattle 011 ([a];’ + 7 6’ ) 
Buffered dtsttllatton was carrted out at pH 7 0 m 0 1 M KH,PO, 

(100 ml)_0 I M NaQH (58 2 ml) buffer soln 

EXPERIMENTAL 

Optrcal rotatrons were measured on the 011s as neat hqutds, IR 

spectra were recorded as hqutd films and ‘H NMR spectra m 

CDCI, CC was performed on a usmg H, as carrier gas with 

either open tubular (FSOT) BP1 (10 m) or BP21 (50 m) 022 mm 

I d columns Indtvtdual runs were temp programmed from 40 

(I mm} to 250, at lo” per mm for BPI and from 50’ (I mm) to 

180” at 10 per mm for BP 21 Percentage compostttons (Stan- 

dard error of mean ~008) were computed wtth a HP 7673 A 

rontmllcr end HP 3393 4 mtegrator Retentran m&es were 

calculated with respect to straight cham hydrocarbon standards 
GC-MS was conducted through an all glass strarght spht 

interlace at RI eV tomsing voltage and 8tXlt.l V accelerating 

voltage wrth ton source at 18(3’ The chromatographtc SparatIon 

was performed usmga 70 m x 0 5 mm F‘FAP SCOTcolumn with 

He as carrter gas and programmmg at 3‘ per mm from 65 to 
180” Spectra were dcquired every 6 set and processed by a VG 

Dl@Spec l&splay data system 
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