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Abstract-The New Zealand silver fern eplcuttcular wax contamed wax esters (C3sC6,,) of which the C4,,-Csz 
homologues were shown by capillary column GC/MS to comprrse Cz2-C3., even and odd n-alkanols randomly 
combined with C6-Cz4 even n-acids 

INTRODUCTION 

The silver fern, Cyathea dealbata (recently renamed 
Alsophrla tncolour), 1s a common fern m New Zealand 
forests It has large (l-2 m long) fronds, the undersides of 
which are covered with a dense eplcutlcular wax, which 
has not previously been examined chemically It 1s the 
silvery appearance of the wax layer from which the fern 
derives Its common name 

The eprcutlcular waxes of ferns have been shown to 
contain n-alkanes (Cz5-C&, wax esters [gtvmg long 
cham n-acids (C&&,) and long cham n-alkanols 
(C23-G) after hydrolysis], nonacosan-1 O-01, 
nonacosan-lO-one and tnterpene hydrocarbons, such as 
fern-7-ene, fern-8-ene, fern-9( 1 I)-dlene, derived from 
hopane precursors, as well as serratenes [l] 

Methods for the analysis of low-volatlhty, eplcuttcular 
wax components by GC and GC/MS have been improved 
through the use of fused slhca capillary columns with 
tmmoblhzed phases allowing operation to 350”, better 
capillary column mJectton techniques, especrally cool, on- 
column inJection [2], and better GC/MS interface design 
[3] Wax esters can now be analysed directly by capdlary 
column GC/MS C&i], without the need for a hydrolysis 
step, in which structural mformatlon on mdtvtdual homo- 
logues is lost 

This paper reports the composmon of silver fern 
eplcuttcular wax esters determined dnectly by capillary 
column GC and GC/MS 

RESULTS AND DISCUSSION 

Silver fern eplcutlcular wax was obtamed as an off- 
white, very hard solid The neutral fraction (87% total 
wax) obtained by ion-exchange chromatography was 
shown by TLC to comprise one maJor hydrocarbon, 
rdentmed by mass spectrometry, ‘H and ‘%NMR as 
fern-9(1 l)-ene [7] (cc 78 % of the neutral fraction) and 
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ca 20 minor components After mitral separation by CC, 
the alkyl esters were isolated pure by prep TLC and 
comprised ce 0 2 y0 of the neutral fraction This IS a very 
small ester content compared with that of other plant 
waxes [8] 

The alkyl ester fraction was shown to be composed of 
C3s-Cso even and odd homologues by capillary GC and 
the C40-C52 esters to contam C14C26 even n-acids and 
C24-C34 even and odd n-alkanols randomly mteresten- 
fied as determined by GC/MS The n-acids range 
(C,4-C26) is lower than that (C26CJ4) found for other 
ferns [l] 

The data are summarized m Table 1, which shows the 
percentage of each homologue m the wax ester fraction, 
the electron impact GC/MS [M] + observed, the collision 
induced probe mass spectral [M - 11’ observed [6], the 
diagnostic electron impact mass spectral fragments [9], 
the acid-alkanol composltron of each homologue and the 
approxmrate content of each ester m each homologue 
Some of the mmor components did not display an [M]’ m 
their electron impact mass spectra, but then presence and 
M,s were determmed independently by probe collision 
induced mass spectrometry Wax esters with carbon 
numbers greater than C52 faded to pass through the 
GC/MS transfer hne and so composttton data for these 
were not obtained 

The [R’- l]+ fragments of the esters were observed 
only for the C24, C26 and C2s alkanols It 1s known that 
the abundance of the [R’ - l] + ton 1s dependent on ester 
composmon and cham length [9] The cornpositron of 
some of the esters was, therefore, determined from the 
acyl fragment only In addition, the absence of [R’ - l]+ 
tons for C20, C22 and C30-C34 alkanols m the mass 
spectra of esters contammg them (Table 1) did not allow 
accurate quantttatlon of the esters wtthm each homologue 
by apphcatlon of the formula used by Aasen et al [9] 

The analysis of the small ester sample from New 
Zealand silver fern wax has demonstrated the apph- 
cablhty of the method for up to C52 esters usmg an 
unmodified GC/MS mstrument (cf. ref [6]) It 1s unhkely, 
m thts example, that the wax esters contnbute slgmficantly 
to the physrcal appearance of silver fern eptcutlcular wax, 
m which fern-9(1 lkene IS such a dominant component 
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Table 1 Composltlon and dlagnostlc mass spectra of Ions of alkyl esters (RCO*R’) of the New Zealand 
silver fern, Cyothea dealbata 

Carbon 
No 

Composltlon Approx 
%of EI[M]+ CI[M-l]+ [RCO,H,]+ [R’-I]+ y0 within 
total observed observed* fragment fragment Alkanol Acid homologue 

38 01 
40 03 
41 01 
42 21 

43 05 

44 58 

- - 
- 591 
- 605 
620 619 

- 633 

648 647 

45 10 

46 25 1 

- 661 

676 675 

41 11 - 689 

48 280 704 703 

49 09 

50 24 1 

- 711 

732 731 

51 08 
52 50 

53 03 
54 26 
55 01 
56 13 
58 06 
60 03 

- 145 
760 759 

- 

- 781 
- - 
- - 
- - 
- 

251 
251 
257 
285 
313 
251 
285 
257 
285 
313 
341 
369 
251 
285 
313 
257 
285 
313 
341 
369 
251 
285 
313 
341 
257 
285 
313 
341 
369 
313 
341 
369 
251 
285 
313 
341 
369 
369 
341 
369 
- 
- 
- 
- 
- 

- 
- 

364 
336 

392 
364 
336 

- 

392 
364 
336 

- 

364 
336 
- 

364 

- 
- 
- 
- 
- 

24 16 
25 16 
26 16 
24 18 
22 20 
21 16 
25 18 
28 16 
26 18 
24 20 
22 22 
20 24 
29 16 
27 18 
25 20 
30 16 
28 18 
26 20 
24 22 
22 24 
31 16 
29 18 
21 20 
25 22 
32 16 
30 18 
28 20 
26 22 
24 24 
29 20 
21 22 
25 24 
34 16 
32 18 
30 20 
28 22 
26 24 
21 24 
30 22 
28 24 
- 

- 

- 

- 
- 

- 
100 
100 
19 
18 
3 

16 
24 
32 
40 
23 
4 
1 

34 
45 
21 
23 
17 
41 
16 
3 

26 
14 
51 
9 

13 
8 

24 
34 
21 
18 
65 
17 
1 
2 
5 

21 
65 

100 
5 

95 

- 
- 
- 

- 

*[M + 11’ also observed 

EXPERIMENTAL and CHCl,-MeOH-Hz@HC02H (86 9 1 4) to elute free 
Fronds of Cyatherr dealbata were obtamed locally near the acids The neutral fraction was chromatogmphed on a column of 

Forest Research Ins:ltute, Rotorua, New Zealand deactivated A1,03 (actmty IV) usmg hexane-EtOAc nuxtures 
Wax extractam and jiactmnatron Ep~cuticular wax was ob- (9 1.4 1,l 1) and the alkyl ester fraction obtamed pure by prep 

tamed by lmmersmg sectlons of fronds m CHCls at 20” for 1 mm TLC (Rf 0 6) on sdlca gel usmg hexane-EtOAc (9 1) 
The crude wax was chromatographed on DEAE-Sephadex usmg Analysts Wax esters were dissolved m CHICI, (1 mg/ml) for 
CHCI,-MeOH-Hz0 (89 10 1) to recover neutral compounds mJectlon mto the chromatograph GC was camed out on both 
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5 m and 25 m x 0 2 mm tmmobdlzed OV-1 fused stltca captllary 
columns, programmed from 100” to u)o” at 4”/mm The sample 
was loaded onto the column usmg an au-cooled, on-column 
syringe injector Camer gas was He at a mean flow rate of 
lOOcm/sec, FID was at 300” Peak areas were determmed by 
reporting integrator and are uncorr for relattve response for 
eaters over the C&&, range GC/MS was camed out using a 
quadrupole filter instrument operating at 70 eV, 300 ALA electron 
energy and an ion-source temp of 200” Other mass spectrometer 
parameters were chosen to maxmuze lugh mass sens1tlvlty 
Spectra were taken at 2 8 see mtervais The cap&uy column was 
coupled to the mass spectrometer Ion-source vta an open-spht 
interface heated maximally at 285” The approxunate amount of 
each ester within a homologue was deternuned by mtegratlon of 
the ion chromatograms for the [RCOIH2]+ fmgments CI probe 
MS were obtamed using CH4 reactant gas at 0 6 Torr and an 
evaporauon temp of 300” 
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Abstract-The sterols of Clerodendrum splendens, an angosperm belongmg to the fanuly Verbenaceae, were found to 
possess a 24/Sethyl group No other sterols were detected The major sterol was 24j&ethylcholesta-5,22E,25(27)-tnen- 
3B-01 [also known as 25(27)dehydroponferasterol] A very small amount of what may have been its 22- 
dlhydrodenvatlve, clerosterol [also known as 25(27)-dehydrochonasterol] was also found The dommant n-alkane was 
Cz9 (n-nonacosane) and the dommant n-alkanol was C2s (n-octacosanol) 

INTRODUCTION 

In the great nqonty of mature an&osperms which have 
been mvestlgated the dommant sterols possess a 24a-alkyl 
group [l] Whde smaller amounts of 24/Y-methylsterols 
often occur, 24&ethylsterols have been found only rarely 
Examples include the A’-24JLethylsterols of K&n&e 
dalgremontlana [2], Conopharyngta durrssuna [S], 
Enhydra f?uctuans [4,5], Cucurblta maxuna [6] and 
various species belongmg to the genus Clerodendrtun 
[7-133 A’-24B-Ethylsterols are well d-bed m the 
fanuly Cucurbltaceae [14-203 Interestmgly, 24/3- 
ethylsterols frequently appear to be unaccompanied by 
24a-ethylsterols or by 241x- or 24B-methylsterols (m cases 
where the configuration at C-24 has been firmly es- 

tabhshed) However, there have been reports of the 
presence of sltosterol (without ‘H NMR substantiation 
of configuration) along with 24/3_ethylsterols m the roots 
of Clerodendrum pamculatum and Clerodendrum cole- 
brooktanum [l l] and the flowers of Clerodendrum m- 
fortunutum [12,21] It has also been reported that the leaf 
fat (which was 4 1% of the leafmatenal) of Clerodendrum 
merme yielded two lsomenc sterols with empuxal for- 
mulae CJ&O, one of which was presumed to be 
cholesterol [22,23] 

Clerodendrum splendens, a native of Sierra Leone, 
became avadable to us through the kindness of Dr Donald 
G Huttleston This partxular plant does not appear to 
have been prenously mvestlgated and It offered an 


