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been observed by the authors. h&us work. Benzyi 
isothiocyanate (BITC) was first identi&d in the seeds 
of Carica pupya L. [Z], and later from other parts of 
the plant [3J. Gmeb and Kjaer [4] reported that BITC 
was the only isothiocyanate found in Caricu and Jarikz, 

suggesting that this compound could be characteristic 
of the Caricaceae. The concentrations of BITC were 
examined in macerated seeds of six species of Caricca, 
one in Jarih and three in Jaclrratia [5J. Both Carica 
and Jarilla contain high levels of BmC ranging from 
1.37 to 1.96% in the macerated embryo and Gdospenn. 
However, only 2-4 ppm was found in all three Jacaratia 
species. The striking quantitative differences suggest the 
possible use of BITC content as a chemotaxonomic cri- 
terion. 

Present work. Quantitative determination of BITC in 
seeds of C. solmsii was performed according to our pre- 
vious publication [S], except that BITC in the sample 
was further confirmed by GC-MS. A Finn&an 3000 
Peak Identifier interphased with Varian 1400 Gas Chro- 

matograph was ti and the mass spectrum obtained 
from the sample was identical to that of authentic BIE. 
Content of BITC was 1.29% of the fr. wt of the embryo 
and endosperm. 

The Caricaceae contains only four genera; we have 
now surveyed all the genera in this family. Carica, Jarilla 
and Cyclicumorpha have high levels of BITC in the 
macerated seeds, but Jcxcurutia has only trace amounts. 
BITC also appears to be the only isothiocyanate in Cari- 
caceae [4”J. 

REFERENCES 

Badillo, V. M’. (1971) Monografia de la Familia Carica- 
ceae, p- 31 to 39. Universidad Central de Venezuela Facti- 
tad de Agronomia, Maracay, Venezuela. 
Ettlinger, M. G. and Hodgkins, J. E. (1956) J. Org. Chem. 
21, 204. 
Tang, C. S. (1971) Phytochemisby 10, 117. 
Gmelin, R. and Kjaer, A. (1970) Phytochemist~y 9, 591. 
Tang, C. S., Syed, M. M. and Hamilton R. A. (1972) Phyto- 
chemistry 11, 2531. 

Phytochtistry, 15’6, Vol. 15, pp. 1768-1770. Perpl~m Press, Printed in England. 

STRUCTURAL DETERMINATION OF SECONDARY ALCOHOLS FROM PLANT 

EPICUTICULAR WAXES* 

PITUB J. HOLLQWAY, t3-rrusmm E. J-t and EDWARD A. BAKEIC 
Long A&ton Research Station, University of Bristol, Bristol BS18 9AF, Engltid 

(Received 21 lkiay 1976) 

Key Word I&x-Angiosperms; gymnos~s; epicuticular waxes; secondary alcohols; TMSi ethers; G-C-MS; 
structura1 determination; uhsthchwe. 

In the course of our investigations on the possible reia- 
tionship between the ultrastructure and chemical compo- 
sition of plant waxes [l,ZJ, we needed a rapid method 
for identifying secondary alcohol constituents. Although 
the presence of these components in waxes can readily 
be established by preliminary TLC (Si gel G, C6Hs, RJ 
0.32) and GLC on packed columns used to determine 
their homologue content, these methods give no informa- 
tion on the position of the OH group. In the past this 
information has been obtained from purely physical 
methods [3-6,7 and refs. cited therein-J or from chemical 
degradation after conversion to the corresponding 
ketone [S-11] but more recently MS of either the free 
alcohol [12--163 or derived ketone [13,17-20-j has been 
used. A quantitative assessment of positional isomers is 
possible from the MS of the ketone [19,2OJ. Since our 
main requirement was for a direct GC-MS method, most 
of these techniques were not applicable. The free alcohols 
can be anaiysed directly by GLC but their MS are com- 
plicated by the presence of several fragment ions derived 
from cleavage of the OH group [Zl] making reliable 
quantitative assessment of positional isomers difficult. 

* For the previous paper in this series see Ref. [2]. 
t Present addms, Department of Forestry and Natural 

Resources, University of Edinburgh, Edinburgh EH9 UU, 
Scotland. 

In this paper we report the use of TMSi ether dtiva- 
tives for the facile and unambiguous W-MS determina- 
tion of long chain secondary alcohols which occur in 
plant waxes. Such derivatives have already been 
employed for locating mid-chain OH groups in other 
classes of lipid [22-261 and a detailed MS study has 
recently been published using a series of synthetic 
secondary alcohol TMSi ethers [21]. 

The MS of wax secondary alcohol TMSi ethers show 
the expected ions viz m/e 73 > 75 > 103 3 129 > 89 and 
at the upper end a weak M+ (cu l-2% rei. intensity) 
and a more intense M+-15 (ca 5% rei. intensity) are 
observed. In the middle of the spectrum only prominent 
ions corresponding with cleavage 61 to the TMSi group 
occur and these fragments thus enable the position of 
the OH group and isomer content of the original alcohol 
to be determined (see footnote Table 1). In asymmetrical 
alcohols the TMSi-containing fragment derived from the 
shorter chain end is stronger than that from the longer 
chain end and is the base peak of the spectrum. The 
spectra are markedly different from those given by pri- 
mary alcohol TMSi ethers which have the same MW 
but show an intense Mf-15 (>SO% rel. intensity) and 
ions m/e 75 > 73. In addition silylation produces a 
marked improvement in peak shape and resolution by 
GLC compared with the corresponding free alcohols. -_ 

The secondary alcohol contents and compositions of 
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Table 1. Secondary alcohol content and composition of some plant epicuticular waxes 

Homologue and isomer content (“A) 

Brassica oieracea 
var. gemmifera 

Pisum sativum 

Clarkia elegans 3.0 

Papavm somn$erum 65.7 
Chelidonium majus 66.0 
Exochorda racemosa 30.1 

Prunus domestica 48.3 

Aquilegia alpinum 
Rhus cotinus 

atropurpurea 

Tropaeolum majus 47.5 

Tulipa gesnmiunu 37.8 

Picea sitckensis 19.7 
Picea pungens 10.0 
Chumuec~paris luwsoniana 28.6 
Agatkis australis 27.8 
Ginkgo biloh 48.9 

57.0 
38.3 

0.5 

1.0 

tr 

lo-01 0.6 
lo-01 27 
7-01 0.1 
8-01 0.4 
9-01 0.4 

lo-01 0.2 
7-01 0.1 
S-01 0.8 
9-01 0.5 

LO-01 0.3 
0.7 
0.4 

8-01 0.2 
9-01 0.5 

I@01 0.3 
2.7 

1.0 
0.6 

o”8 
m0i 1.1 

0.9 13-01 0.9 0.4 
14-01 36.3 
15-01 60.1 

nd 13sl 0.1 1.0 
14-01 2.0 
IS-01 3.1 

nd 13-01 1.0 tr 
14-01 16.0 
15-01 83.0 

tr lo-01 99.4 nd 
tr lo-01 95.3 

8-01 tr 9-01 2.3 ;.: 
9-ol 0.2 IO-o1 93.0 

lo-01 0.1 ll-ol 1.0 

0.5 9-01 2.9 0.6 
lo-01 92.7 
ll-ol 1.0 

0.5 

1.0 

nd 
tr 
nd 
tr 
tr 

lO-ol 98.3 9-01 2.4 & 
lo-01 93.2 
ll-ol 2.8 
9-01 3.0 tr 

lo-01 92.5 
ll-ol 3.0 
9-01 29 nd 

10-o; 92.4 
ll-ol 1.0 
10-01 98.0 nd 
10-01 98.8 
lo-01 100 zl 
lo-o1 98.0 tr 
10-01 98.9 tr 

0.9 

14-01 2.4 
15-01 37.1 
16-01 51.8 

nd 

itI 
9-01 tr 

10-01 1.0 
ll-ol 0.9 

0.6 

tr 
tr 

tr 

tr 

* Key fragment ions : C 27 sec. alcohol TMSi ether (m/e) M+-15 (453), 7-01 (187 + 383), 8-01 (201 + 369), 9-01 (215 + 355), 
l&o1 (229 + 341); Cl9 sec. alcohol TMSi ether (m/e) M+-15 (481), 9-01 (215 + 383}, lo-01 (229 + 369), ll-ol (243 + 355), 
13-01 (271 + 327), 14-01 (285 + 313), 1541 (299); Csl sec. alcohol TMSi ether (m/e) M’-15 (509), 9-01 (215 + 411), lo-01 
(229 + 397), ll-ol (243 + 383), 14-01 (285 + 341), 15-01 (299 + 327), 16-01 (313). 

a number of plant epicuticular waxes are shown in Table 
1. These waxes were originally selected because they 
exhibited a well defined crystalline ultrastructure in their 
natural state on the plant surface [a]. In all of the waxes 
examined the secondary alcohol fraction comprised one 
major hornologue (Cz9, 

. , 
Csl only m Plsum) and 3 types 

of hydroxylation were found: (a) asymmetrical (e.g. 
C,,-lOoi) with no other isomers detectable, found in 
Papaver, Chefidoniunt, AquiEegia and gymmosperms; (b) 
asymmetrical (e.g. Cz9- 10-01) with small amounts of 
other isomers, found in Exochorda, Rhus, Tropue~hn, 
Tulipa and Prunus; (c) mainly symmetrical (e.g. 
t&,-15-01) with substantial proportions of other isomers, 
found in Brassicq Pisum and Clarkiu. In waxes from 
Pquver, Chelidonium, Prunus, Aquilegiu and Tropaeolum 
secondary alcohols were the major lipid class; this type 
of wax has not been previously recognized+ We have con- 
firmed using the TMSi method the structural assign- 
ments already made for the secondary alcohols of Bras- 
sica [4,11,19,20], Pisum [lo, 131, CkeMoniznn [8], 
Prunus [14] and the gymmosperms [7] but the occur- 
rence of secondary alcohols in the other species (Table 
1) has not been reported before. 

In the plants studied there was a definite correlation 
between the presence of nonacosan-Do1 and the occur- 
rence of small crystalline waX tubes on the plant surface. 
This finding provides another example of the close as- 
sociation between particular compounds or classes of 
compound’ and specific ultrastructural forms of epicuti- 
cular waxes. Similar relationships have previously been 
demonstrated between plate-type structures and primary 
alcohols [27,28] and between long thin tubes and fl-dik- 
etones [28-32-J. All the ultrastructural aspects of this 
work and further confirmation by recrystallization of 
secondary alcohols in a model system will be dealt with 
in another publication. 

EXPERIMENTAL 

Epicuticular waxes were isolated using brief immersion in 
CHCb from mature leaves of the plants listed (Table l), exe+ 
that from Prunus domestica (cv. Yellow Egg) which was 
obtained from ripe fruits. Chromatographic analysis was ear- 
ried out as described in [33] an’d GC-MS on a 1 m x 2 mm 
id. stainless steel column packed with 1% Dexsil 300 using 
the operating conditions of [25]. The amounts of sec. alcohols 
were determined by GLC of the total wax on a Dexsil 300 
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column [34,35] using m internal standard (n-tetracosane) 14. 
after methylation [363 and then silylation with BSA--CSH5N 
1251. For the estolide waxes (P&a sitchcnsis, P. puwens, Cha- 15. 
maecyparis lawsoniana) determinations were made usiag the 
total hydrotysis products (3”; methanohc KOH, 3 hr, acidifica- 16. 
tion, Et,0 work up). Positional isomer contents of the various 
alcohols were obtained by measurement of the TMSi ions [25] 17. 
from MS recorded at the apices of the corresponding TMSi 18. 
ether chromatographic peaks. Before this determination the 19. 
sec. alcohol fractions were first isolated from the whole waxes 
by PLC [33-j. 20. 

A&zowledgemeti&---We ‘are grateful to Dr. R. L. S. Patterson 21. 
(Meat Research Instit’ute, Langford) far GC-MS facilities and 
to D. Puckey for assistance with the MS analyses. 
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Key Wanl b&x-Achilles weratum; 
artemisia ketone; artemisia acetate. 

Compositae; irregular monoterpene8; non-head-to-tail terpenes; 

Am--Artemisia ketone and artemisia acetate are the main monoterpene components in both the flowers and 
leaves of A. agewdum growing in centraI Italy, but are replaced by 1,8-cineole in plants growing in Sardinia (Italy). 

Tk flowers and leaves of Achilles qeratum growing 
in northern Sardinia contain the sesquiterpenes agerol 

traf region of Italy wiia) and shows some minor rnor- 

[l] and ageratriol [2,3], whose structures and biosyn- 
phological difhxences. The leaves are more narrow and 

thesis [4] have already been investigated, and l&cineole, 
serrated and the terminal corymbs made by smaller and 
more dense flowerheads. 

as the virtually only isoleable monoterpene. 
The present work is concerned with the terpene con- 

The plants, collected in June, contied agerol, agera- 
trio1 and only very small amounts of 1,8&e& Addi- 

tent of a sample of A. ageratum which grows in the cen- tionally this continental sample was found to contain 


