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on charcoal yielded a new product identical in gas chro-
matographic retention times to hexadecan-1-ol acetate on
columns 4 and 5. These data suggested that the pheromone
is the acetate of a 16-carbon, straight-chain alcohol.

The ratio of the gas chromatographic retention time of
the sex pheromone to that of hexadecan-1-ol acetate was
0.87 on column 3 (SE-30), 1.21 on column 2 {Carbowax
20 M), and 1.43 on column 4 (DEGS). By comparison, the
ratios of z-7-hexadecen-1-ol acetate to hexadecan-1-ol
acetate were 0.91, 1.08, and 1.18 on the same 3 columns.
The longer retention times on the polar columns of the
pheromone compared with z-7-hexadecen-1-ol acetate
suggested that the pheromone has more than one double
bond.

A mass spectrum of the purified sex pheromone obtained
{from a mass spectrometer equipped for chemical ioniza-
tion showed the following diagnostic peaks: A cluster of
ions at mfe 281, 280, and 279 resulting from (P + 1),
P+, and (P — 1)%, respectively; mje 221, [(P + 1) —
CH,COOH]*; mfe 61, (CHCOOH,)+; and m/e 123, base
peaks. These data confirmed that the sex pheromone
is a 16 carbon-alcohol acetate with 2 double bonds.

Microozonolysis® of 1-ug quantities of the sex pheromone
in hexane (999 mole pure) yielded a compound with GC
retention times on columns 2, 3 and 4 identical to those
of 7-oxoheptyl acetate formed by the ozonolysis of Z-7-
hexadecen-1-ol acetate. A second fragment formed during
the ozonolysis of the sex pheromone had retention times
identical to those of valeraldehyde on columns 2, 4, and 6.
Therefore, the sex pheromone was identified as one of the
4 possible isomers of 7, 11-hexadecadien-1-ol acetate.

An active isomer, (Z, E)-7, 11-hexadecadien-1-ol acetate,
was synthesized from 3-octyn-i-ol and 6-chloro-1-
hexanol as starting materials with a 7.19, overall yield
by the scheme outlined in Figure 1. The other 3 isomers
were also synthesized by analogous procedures but elicited
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Fig. 2. Responses of male Angoumois grain moths to the synthetic
pheromone (solid circles) and the natural pheromone (open circles).
The 2 treatments were not significantly different ( = 0.03 at 19 df).
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almost no biological activity from the males. The detailed
synthesis will be reported elsewhere. The isomeric identity
of the synthetic pheromone was confirmed by spectro-
metric means?. Diagnostic peaks of the mass spectrum
and GC retention times on columns 2, 4, and 5 were
identical for Z-7-,E-11-hexadecadien-1-ol acetate and
for the isolated natural sex pheromone.

‘No significant differences between male responses to
the natural sex pheromone and to (Z,E)-7,11-hexadeca-
dien-1-ol acetate could be detected by laboratory bio-
assay (Figure 2, paired ¢ = 0.03). A preliminary field test
was run as follows: Two sticky traps, one baited with
25 ng of natural and one baited with 25 ng of synthetic
sex pheromone each impregnated on filterpaper strips,
were suspended against the walls of a 6 X6 X 2.4-m room
at a height of 1.5 m. The locations of the two baited traps
were alternated nightly for 8 nights. Each night 100 males
were released into the center of the room midway through
the 10-h scotophase. Male catches were recorded 5 h later.
Used traps, baits, and untrapped insects were discarded
after each test. Traps baited with natural and synthetic
pheromone caught 21 + 8 (X 4 SD) and 20 + 12 males,
respectively, each night. Untreated control traps tested
simultaneously with the treated traps caught 3.5 + 2
males per night. The difference between the treatment
means was not significant (¢ = 0.25). We therefore
conclude that {Z,E)-7,11-hexadecadien-1-ol acetate is
the sex pheromone produced by the female Angoumois
grain moth.

Zusammenfassung. Der Sexuallockstoff der Angoumois
Getreidemotte, Sifofroga cerealelia (Olivier), wurde als
(Z,E)-7,11-Hexadecadien-1-0l Acetat identifiziert. Die
synthetisierte Verbindung ist chromatographisch, spek-
troskopisch, und verhaltensmissig identisch mit dem
von den Weibchen produzierten Sexuallockstoff.
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Oxidized Furanoterpenes from the Sponge Spongia officinalis

Previous workl:? on the sponge Spongia officinalis
has resulted in the isolation of 6 closely related linear
C,,-difuranoterpenes, all possessing the same carbon skel-
eton. An accurate analysis of the more polar fractions from

the methanolic extracts of S. officinalis has now led to the
isolation, in small amount, of 4 C,-monofuranoterpenes,
closely related to furospongin-1 (1), the major Cgy-
terpene component of the same sponge, with 1 furan ring
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modified as a y-hydroxy-«, 8-butenolide (2-5). In addition
we have also obtained a mixture of 4 more less-polar f,
y-epoxybutenolides (6-9) which very readily undergoes
decomposition to the previous y-hydroxy-«, f-butenolides
(2-5).

Extraction of Spongia officinalis (350 g, dry wt. after
extraction) and the subsequent SiO, column chromatog-
raphy were described previously!; after removing the
C,,-difuranoterpenes by washing the column with
benzene, elution with benzene and increasing amounts
of ether yielded the B, y-epoxybutenolide (ca. 50 mg)
and the yp-hydroxy-a, fg-butenolide (ca. 200 mg) frac-
tion, in that order.

v-Hydvoxy-a,p-butenolide  fraction (2-5). This was
resolved into 2 Ehrlich-positive fractions, in approxi-
mately equal proportions, by TLC on silica gel in benzene:
ether (4:1), Rf 0.3 and 0.2, respectively. Attempts to ob-
tain single components were fruitless. Both fractions gave
substantially identical MS with a molecular ion at
m/fe 362 and prominent peaks at mje 213, 181 and 150,
IR with absorptions for OH (3450-3200 cm-!), CO
(1755 cm-1) and double bonds (1640 cm-!), and UV
(Amax 223 nm, log ¢ = 3.96). The NMR-spectra of both
fractions showed signals corresponding to those assigned
in the spectrum of furospongin-1 {1) to a f-substituted
furan ring (1H broad singlets at ¢ 7.25, 7.13 and 6.18),
a CHOH group (1H, broad multiplet at ¢ 3.70, H-11),
a vinyl methyl (8 1.61, d, J = 2Hz), and a sec-methyl
(0.89, J = 6Hz).

In the low-field region of the spectrum, the less-polar
fraction, Rf ca. 0.3, showed 2 broad doublets (1H each,
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J =2 Hz) at 6 6.78 and 5.88, which can be assigned to
an a-substituted-y-hydroxy-«,f-butenolide system?®¢ in
agreement with the IR- and UV-data, and with the forma-
tion of a diacetate’ on treatment with acetic anhydride
in cold pyridine. All these data can reasonably be inter-
preted in terms of the structures (2) and (3) for the less-
polar fraction, in which one of the g-substituted furan
rings of furospongin-1 (1) is modified as a a-substituted-
y-hydroxy-o,f-butenolide. The fragmentation pattern
in the MS confirmed that this fraction is actually a
mixture: peaks at mfe 150¢ and 213 are associated with
(2), originating by cleavage of the 10, 11-bond, while
the peak at m/e 181 is associated with (3) arising by
cleavage of the same 10,11-bond.

The mixture of isomers (2) and (3) was directly cor-
related with furospongin-1 (1). NaBH, reduction of the
mixture (2) and (3) gave a mixture of the corresponding
a, f-unsaturated yp-lactones, which was characterized as
mixed acetates?”. The y-lactone function was reduced
with di-isobutyl aluminium hydride in tetrahydro-
furan®, to afford a difurano derivative indistinguishable
from furospongin-1 acetate by TLC, GLC (1% SE-30°)
and NMR.

The slightly more polar fraction, Rf ca. 0.2, contained
a mixture of (4) and (5), in which one of the furan rings
of furospongin-1 (1) is oxidized to a p-substituted-y-
hydroxy-«, f-butenolide. The 100 MHz NMR-spectrum
is remarkably similar to that of furospongin-1 (1),
except that the resonances arising from one g-furan
ring in the latter are replaced by those of a vinyl and a
CHOH proton at 6 5.9 and 5.8, respectively (each a
broad singlet; see formulae 4 and 5)% Chemical con-
firmation was similary achieved by direct correlation?®
with furospongin-1 (1).

B,y-Epoxybutenolide  fraction [(6-9). This {fraction
shows IR-absorption for a saturated y-lactone ring
(1790 cm~1), while the UV-spectrum exhibits a maximum
at 216 nm, log ¢ = 3.45 (furan chromophore). Its NMR-
spectrum has the same features as that of furospongin-1
(1) except that resonances arising from one S-substituted
furan ring in (1) are replaced by signals at § 5.44 (d,
J = 2 Hz, 0.5H), 5.20 (m, 0.5H), 3.70 (t, ] = 2Hz,
0.5H), 2.70 (m, 0.5H) and 2.46 (m, 1H), thus suggesting
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that this fraction is a mixture of a least two components.
This was confirmed by the MS, which showed the same
molecular ion (mfe 362; 7%) as that of the y-hydroxy-
-, f-butenolides and an identical fragmentation pattern
with strong peaks at mje 213 (809%,), 181 (75%) and 150
(1009%,)11. Attempts at separation by Si0O, chromatog-
raphy resulted in the isolation of the mixture of (2-
5), as indicated by IR and NMR. Acetylation of (6-9)
gave the mixture of y-acetoxy-«, f-butenolide acetates.
All these data are constitent with structures (6-9),
and the NMR-signals, listed above, can be reasonable
assigned to the g, y-epoxybutenolide moieties as indicated
in formulae {6) and (9). Protons at § 5.44 and 3.70 are
coupled to each other, as confirmed by decoupling ex-
periments.

Terpenoids with different states of oxidation of the
furan ring are known* 1213, byt their status as natural
products is uncertain. It is established4-1% that alkylat-
ed furans give autoxidation products of type (10), and
evidence has been accumulated that such photo-oxida-
tions proceed via ozonides, which, in a few cases, have
been isolated. Moreover, the co-occurrence in a specimen
of Cedrela odovata of gedunin and photogedusin, in which
latter the furan ring is oxidized to a y-hydroxy-«, f-
butenolide, has been reported recently 4.

The mode of isolation of photogedunin, and its absence
from other samples of Cedrela in which gedunin was
present, led the authors? to suggest that the photo-
oxidation of the furan ring might occur in vivo.

Extraction of a sample of Spongia officinalis in the
dark gave both yp-hydroxy- and f, y-epoxybutenolide
fractions, while from a methanolic solution of furospon-
gin-1 (1) we were unable to detect any of the above
oxidized derivatives after exposure to light. This indicates
that at least the §, y-epoxybutenolides (6-9) are genuine
natural products and that possibly the oxidation of the
furan rings might occur through epoxidation steps as

Hemin as a Catalyst for Chemiluminescence

The chemiluminescence produced by the reaction of
luminol (5-amino-2,3-dihydro-1,4-phthalazinedione) in a
basic solution in the presence of hydrogen peroxide and
catalyzed by protohemin (protoporphyrin IX iron III
chloride) has been well studied. The actual mechanism
of the reaction, however, is not thoroughly understood.
The purpose of this investigation was to determine the
effect of the chemical modification at the 2 and 4 positions
of protohemin on its ability to catalyze the decomposition
of luminol.

‘When the vinyl side chains of hemin are modified,
various electronic effects have been observed through
examination of the absorption spectra in solvents of
varying polarity, at different pH values and as pyridine
hemochromogens. Changes in both intensity and position
of the absorption maxima occur and the degree of corre-
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indicated in Scheme 1, in contrast to photo-oxidation
in vitro® (the spontaneous isomerization of arene oxides
to phenols is well documented 7).

Finally we want to emphasise that f, y-epoxybuteno-
lides are compounds of a type not previously encountered.

Riassunto. L'isolamento dalla Spongia officinalis di
otto C,; monofuranoterpeni, strettamente correlati alla
furospongina-1 (1), il componente terpe.ico piti abbon-
dante della stessa spugna, per quattro dei quali si di-
mostrano le strutture di y-idrossi-o,f-butenolidi (2-5)
e per glialtri quattro le strutture di §,y-epossibutenslidi
{6-9), sembra rilevante in connessione col problema della
ossidrilazione dei substrati aromatici in vivo.
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lation between catalytic and absorptive changes is con-
sidered.

The assays for chemiluminescence were done according
to the method of NEUFELD et al’. The salient features of
the instrument used are: a holder for the test tube which is
light-tight, a camera shutter that permits changing sample
tubes without turning off the high voltage to the photo-
tube, and a housing for the phototube. We used either a
RCA IP28,IP21, or an EMI 9635 phototube; amplification
was provided by a Sanborn preamplifier model 150-1500.
The data were recorded on a Sanborn 151 recorder. The
reaction is triggered by the injection of H,0, into a test
tube containing alkaline luminol, EDTA, and the catalyst,

i H. A. NeureLp, C. J. ConkLIN and R, D. TowNER, Analyt. Bio-
chem. 72, 303 {1965).



