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Summary. (-)-fl-Fenchol, a compound occurring in plants but not heretofore reported to occur in an animal product, was 
isolated from volatiles released by adu l tma le  Mediterranean fruit flies, Ceratitis eapitata Wiedemann, with the m a l e ' s  
previously identified sex pheromones. It neither attracts females nor synergizes the pheromones, and its function remains 
unknown. 

The Mediterranean fruit fly, Ceratitis capitata Wiedemann, 
or 'medfly', is one of the most destructive pests of citrus 
fruits in Hawaii, Central America and the Mediterranean 
countries of Europe and the Middle East. 6 years ago 3 we 
isolated 2 sex pheromones, (E)-6-nonen-l-ol and methyl 
(E)-6-nonenoate (MEN), from a cold-trap condensate of 
the volatiles of laboratory-reared male medflies following 
collection into methylene chloride. These compounds were 
separately attractive and sexually excitatory to virgin 
females in small laboratory cages, but in large outdoor 
cages a combination of both pheromones in equal amounts 
plus certain fatty acids, also produced by the males, was 
required to attract females 3'4. Moreover, when 2 of the most 
promising combinations were tested in the field, they 
attracted large numbers of  males, but no females 4. Subse- 
quently we found that MEN was, in fact, solely responsible 
for the outstanding attraction of the combinations to male 
medflies in the field 5,6. We theorized that we might have 
overlooked or failed to obtain by our previous method of 
collecting volatiles, some chemical substance that might be 
required to trigger female response in the field or to 
synergize the pheromones we had already isolated. We 
report here the isolation, from male medfly volatiles, of 
fenchol released simultaneously with the sex pheromones. 

A stream of air (2-3 l/rain) was passed for 126 h through a 
wire-screen cage containing 4000 3-15-day-old calling live 
male laboratory-reared medflies and enclosed in a ptexiglas 
box. The volatiles-laden air was then passed through a tube 
packed with 50/80 mesh Porapak Q, the adsorbent was 
extracted with ethyl ether, and the extract was separated 
into acidic and neutral portions. Gas chromatograms of the 
methyl esters prepared from the acids were identical with 
those obtained previously 4. Silica gel chromatography (Bio- 
Sil HA, minus 325 mesh) of the neutral portion (89.1 rag) 
and gas chromatography-mass spectrometry (GC-MS) 
(Hewlett-Packard 5992A, 2% OV 101 on 100/120 mesh 
Chromosorb WHP, 100 ~ of the eluted components gave 
62.3 mg of MEN 3 eluted with hexane-ether (95:5) and a 
mixture consisting of 20.1 mg of (E)-6-nonen-l-ol 3 and 

6.7 mg of  colorless liquid with a camphoraceous odor, 
eluted with hexane-ether (75 : 25). This mixture was readily 
separable by preparative thick-layer chromatography on 
DC 550 silicone oil-impregnated silica gel G. eluting the 
plates with methanol-H20 (70:30)7; Rf-values were 0.55 
and 0.40, respectively. 
The colorless liquid showed an IR-spectrum indicative of a 
cyclic terpene alcohol. The mass spectrum showed a base 
peak (m/e) of 81.2 and a molecular ion at 154.1; on 
comparison with standard reference spectra 8 it appeared to 
be identical with that of fenchol 9. The NMR-spectrum was 
identical with that reported for fenchol by Musher 1~ Fen- 
chol (Cl0H8 O) may exist in the a-form (endo) or the p-form 
(exo) u'12. The isolated compound was levorotatory, [a]~ 5 
-23.33 ~ (5% in ethanol), which compared very well with 
literature values 13'14 ( -23 .28  ~ -23.38 ~ reported for ( - ) -  
fl-fenchol (1S-exo- 1,3,3-trimethylbicyclo-[2.2.1]heptan-2- 
ol). 
The identity of the compound as ( - ) - f l - fenchol  was con- 
firmed by synthesizing the authentic material according to 
a modification of the method of Coulombeau and Rassat 15, 
using a reflux period of 6 rather than 20 days. The resultant 
mixture of a- and fl-fenchols was converted to the acid 
phthalates, which were recrystallized from hexane and 
saponified to give the free alcohols. The latter were con- 
verted to the 3,5-dinitrobenzoate and then resaponified to 
give pure (-)-]?-fenchol boiling at 91 ~ at 18 mm, m.p. 
6~ n~ 1.4778, [a]~ -23.33 ~ (5% in ethanol); it was 
identical (IR, GC-MS, NMR, optical rotation) with the 
compound obtained from male medfly volatiles. 

Fenchol has been reported as a constituent in the essential 
oils of a number of plants of  various families: leaves of 
Artemisia santolinaefolia Turcz. ex Bess. (family Composi- 
tae)16; wood of Chamaecyparis lawsoniana (A. Murr.) Parl. 
(family Cupressaceae)17; leaves of Baekea frutescens L. 
famll M r a c e  18 ( "y y t ae) ; Dalbergia parviflora Roxb. (family 

18 Leguminosae) ; leaves ofAgathis australis (Lamb.) Steud., 
twigs of Pieea glauca (Moench) Voss., and roots of Pinus 

a m l  19 21 spp. (s "ly Pinaceae) ; seeds of  Clausena anisata 
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(Willd.) Hook. f., and berries of Luvunga scandens (Roxb.) 
Buch.-Ham. (family Rutaceae)22,23; and roots Of Foenicu- 
lum vulgare Mill., Selinum vaginatum C.B. Clarke, and 
Seseli sibirieum Benth. (family Umbelliferae) 18'24'25. Only in 
L. seandens and C. lawsoniana has the fenchol been report- 
ed to be optically active; the 1-/?-isomer has been definitely 
identified in L. scandens. 
Fenchol has never before been reported in an animal 
product. Its occurrence in completely laboratory-reared 
male medfiies was totally unexpected, since their rearing 
diet 26 contains no plant  material other than wheat Shorts. A 
steam distillate Of wheat shorts showed no trace of fenchol 
by spectral analyses and consisted almost completely (92%) 
of 2-acetylpyrazine 3. (-)-/~-Fenchol was unattractive to 
either sex of medflies in laboratory tests and in the field on 
the infested islands of Maui and Hawaii. Combinations 
with MEN + (E)-6-nonen-l-ol + medfly acids in their 
natural proportions also failed to attract females in the 
field. 

1 Mention of a proprietary product in this paper does not con- 
stitute a recommendation or an endorsement of the product 
by the US Department of Agriculture. 
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Metabolism in Porifera XII. Further informations on the biosynthesis of 3/~-hydroxymethyl-A-nor-steranes in the 
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Summary. Direct incorporation and cold trap experiments suggest that cholest-4-en-3-one is an intermediate in the 
conversion of cholesterol into 3/?-hydr0xymethyl-A-nor-cholestane in the marine sponge A xinella verrucosa. Cholest-4-en- 
3-one is further transformed by the sponge into cholest-4-en-3p-ol, 5a-cholestan-3-one and 5a-cholestan-3fl-ol; these 
compounds arise from side reactions, which are not part of the major metabolic route leading to 3/%hydroxymethyl-A-nor- 
steranes. 

We have previously shown that the conversion 1 of choles- 
terol (1) into 3/~-hydroxymethyl-A-nor-cholestane (2) by 
the sponge Axinella verrueosa, which contains as the sole 
sterol components a novel group of A-nor-stanols 2, involves 
the formation of a C-C linkage between the C-4 and C-2 of 
cholesterol, while the C-3 provides the hydroxymethyl 

3 Carbon, and there is a loss of the 3a- and 4fl-h~cdrogen 
atoms of cholesterol 4. On these results a 3-oxo-A~-steroid 
was also postulated 4 as an intermediate. 
This paper presents the results of an investigation under- 
taken to examine the intermediacy of cholest-4-en-3-one 
(3) and other supposed intermediates in the above-men- 
tioned conversion. 
Materials and methods. [4-14C]-Cholesterol (57 mCi/ 
mmole) was supplied by the Radiochemical Centre, Amer- 

14 Sham (Bucks., Great Britain). [4- C]-Cholest-4-en-3-one 
:was prepared by an Oppenauer oxidation 5 of [4-14C]- 
cholesterol and purified by preparative TLC. 

Feeding experiments (10-day incubations) and the extrac- 
tion of the metabolites were performed as previously 
described 1'3. The weights of the extracts of each experiment 
are reported in the tables; from each g of the crude extracts 
200-250 mg of 3/~-hydroxymethyl-A-nor-steranes were 
recovered. 
The extracts were chromatographed on a silica gel column 
(benzene-diethyl ether), after addition of the appropriate 
carrier material, and the metabolites were purified to a 
constant specific activity as follows. Cholesta-4-en-3-one 
(3), 5a-cholestan-3-one (4) and cholesterol (1) were puri- 
fied by preparative TLC and crystallization. To 5a-choles- 
tan-3fl-ol (5) fractions 3-chloroperbenzoic acid was added 
to remove any unsaturated contaminant 6 and then 5a- 
cholestan-3fl-ol (5) was recovered by preparative TLC 
(benzene-diethyl ether, 1:1) and purified by crystallization. 
3/~-Formyl-A-nor-steranes (partial structure 6) were puri- 
fied by preparative TLC and oxidation to the correspond- 


