Table 1. Electroantennogram responses to a
stimulation of male and female queen anten-
nae with puffs of dust impregnated with dif-
ferent chemicals. Talcum powder, or the ex-
tracted cuticular dust from hairpencils, was
used as dust. See text for details.

Test stimulus Response
Dust alone 0
Dust -+ ketone -+
Dust -+ diol 0
Dust + mineral oil 0
Dust 4 ketone 4+ diol -+
Dust + ketone - mineral oil +

pencils in eliciting EAG’s from queen
antennae, while hairpencils of the mon-
arch butterfly (Danaus plexippus) were
totally ineffective. This is in accord with
the known chemistry of these butterflies
—Lycorea hairpencils contain the ke-
tone (6), whereas monarch hairpencils
lack it (7). More surprising was the
finding that monarch antennae are sen-
sitive to the ketone, even though this
species does not produce the compound;
full-size EAG’s were elicited in male and
female monarch antennae in response
to pure ketone, as well as queen and
Lycorea hairpencils, but never in re-
sponse to hairpencils of laboratory-
reared specimens of the monarch itself.
In this context it is noteworthy that the
monarch is thought by some to belong
to a different genus than the queen (7).

The fact that both Lycorea and the
queen have the same ketonic phero-
mone, and that the monarch, which
lacks the ketone, nevertheless responds
to it with EAG’s, is not in agreement
with the original claim that pheromones
(and consequently also the pheromone
receptors) are species-specific (8). This
lack of specificity was also found in
experiments with diverse moths (9).

Electroantennogram tests with the
diol suggested that this compound is at
most a weak olfactory stimulant for
both the queen and the monarch. Re-
sponses reached an EAG amplitude only
slightly above that of the control, even
when high concentrations of the diol
were used. The diol response curve was
essentially similar to that obtained with
farnesol, another terpene alcohol. The
relative insensitivity to these terpenoids
is not indicative of a general insensi-
tivity to compounds other than the ke-
tone. Significant EAG’s were obtained
with all three danaid species tested, in
response to fruity and flowery odors
and fatty acids.

In nature the male of the queen ad-
ministers its pheromonal secretion to the
female on a powdery dust that acts as a
carrier. In an effort to imitate this pro-
cedure, we stimulated queen antennae
with puffs of dust, blown at close range
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from a metal tube (1 mm in diameter)
that had been charged with dust. The
dust consisted either of talcum powder,
or of the actual cuticular dust from

queen hairpencils [freed of intrinsic se-

cretion by chemical extraction (2)].

The dust was variously coated chemi-
cally, using the same selection of coat-
ings as was used in parallel behavioral
experiments (2). Only the ketone-con-
taining samples elicited EAG’s (Table
1) (10). The agreement with the be-
havioral tests (2) is complete, with one
exception. Whereas in our case the dust
sample bearing ketone alone was fully
effective, in the behavioral tests this
sample failed to have an effect. Failure
was attributed, not to a lack of an effect
on the female, but to an inadequate
stickiness of the sample, which made it
impossible to endow the courting males
with a proper load of dust (2). Because
we administered the dust to the anten-
nae directly, rather than by way of the
male, the sample was bound to take
effect.

In conclusion, we agree with Pliske
et al. (2) that the ketone is the only
sexual releaser-pheromone of the male
queen butterfly. Our evidence is that (i)
ketone-EAG’s are sufficiently large to
be attributable to the activity of many
odor receptor cells; (ii) diol-EAG’s are
too small to be based upon the activity
of many such cells; and (iii) the uniden-
tified odorous component of the hair-
pencils is apparently not an odor for
the butterflies. Mineral oil, which has
the capacity to serve in place of the
diol by acting as a substitute glue (2),
is not an odor for the butterflies (Table
1).

The fact that sensitivity to the queen
pheromone occurs in both sexes, rather
than just in the sex opposite from the
one producing the substance, is not
without precedent, since a similar situ-
ation is known to prevail in the queen

honeybee (11). It remains to be seen,
however, whether in the queen butterfly
the male makes actual use of its poten-
tial ability to monitor its pheromonal
output.
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Sex Pheromone of the Queen Butterfly: Chemistry

Abstract. Two major components in the “hairpencil”’ secretion of the male of
the queen butterfly (Danaus gilippus berenice) have been identified. One, a crys-
talline ketone (2,3-dihydro-7-methyl-IH-pyrrolizin-1-one), is known from another
danaid butterfly. The other, a viscous terpenoid alcohol (trans,trans-3,7-dimethyl-
deca-2,6-dien-1,10-diol), is new; its structure is confirmed by an unambiguous

synthesis.

The secretion associated with the
extrusible brushlike “hairpencils” found
in abdomens of males of the queen
butterfly (Danaus gilippus berenice)
plays an important role in the court-
ship of these insects (/).

To isolate the pheromonal compo-

nents, hairpencils were removed from
live males caught in Florida (/) and
were extracted with methylene chloride.
The infrared spectrum of the extract
showed prominent carbonyl absorption
at 590 u, and resembled that of 2,3-
dihydro-7-methyl-1H-pyrrolizin-1-one
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CHy CHy CHs
X X X
CH,
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1. Ac, O/pyridine
2. NBS/H, 0
3. KOH/CH3 OH
4. Ac 0/pyridine
CHj CH, CHj
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Ia
Fig. 1. Synthesis of trans,trans-3,7-di-

methyldeca-2,6-dien-1,10-diol (IIa).

(I) previously characterized as a ma-
jor component in the hairpencil secre-
tion of the neotropical danaid Lycorea
ceres ceres (2).

Additional infrared absorption in the
2.7- to 3.0-u region indicated the pres-
ence of hydroxylic components as well.
Thin-layer chromatography (TLC) on
silica gel (developed with 5 percent
methanol in methylene chloride)
showed two major spots, along with
two minor ones. The least polar com-
ponent was indistinguishable from an
authentic sample of I on the basis of
comparisons of thin-layer gas chromat-
ograms. This component could be iso-
lated in crystalline form either by direct
sublimation (60° to 65°C at 1 mm-Hg)
from the crude extract or by prepara-
tive TLC; a mixture melting point with
a synthetic sample of I was undepressed.

The major polar component of the
queen hairpencil extract was most con-
veniently isolated by preparative TLC
after most of the heterocyclic ketone
was removed by vacuum sublimation.
It was characterized as trans,trans-
3,7-dimethyldeca-2,6-dien-1,10-diol (IIa)
on the basis of the evidence summa-
rized below.

CHa CH3
RO\\//\\//Lkv/“\«/L§b/A\\0R
TaR=H

IIb R=CH3CO
TcR=CsHsCO
IIdR=SiCH;3)3
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The diol (IIa) was eluted from silica
gel plates as a colorless, viscous oil with
little characteristic infrared absorption
beyond hydroxyl and carbon-hydrogen
bands. It was converted into the corre-
sponding diacetate (IIb), dibenzoate
(IIc), and bis-trimethylsilyl ether (IId)
by standard procedures. While neither
the diol nor its diacetate could be puri-
fied by gas chromatography without
decomposition, the mass spectrum (3)
of the diacetate showed its highest
mass/charge (m/e) peak at 222, cor-
responding to expectations for loss of
acetic acid from a parent C,;H,c0,
molecule (molecular weight, 282). The
mass spectrum of IId purified by gas
chromatography showed a parent peak
at m/e 342 and an M-15 peak at m/e
327, thus confirming the C,,H,,0,
formula for the diol itself.

The nuclear magnetic resonance
(NMR) spectrum (4) of IIb showed
a striking resemblance to that of geranyl
acetate (III), with an additional low-
field triplet (r 6.0, J = 7 hz, 2H)
corresponding to a second oxygen-
bearing methylene group split by an
adjacent methylene. The NMR spec-
trum of the oily dibenzoate showed all
the features to be expected for struc-
ture IIc, and the formulation of the
diol as an oxidatively degraded sesqui-
terpenoid closely related to farnesol
(IV), appeared to be a most attractive
hypothesis on this basis (5).

CHs CH,
)\/\M

jus

CH, 0COCH3

A synthesis of diol Ila from trans,-
trans-farnesol (IV) was accomplished as
shown in Fig. 1 (6). The final product
was identical to the natural diol in all
respects. Treatment of the natural prod-
uct with a-naphthyl isocyanate yielded
a bis-a-naphthyl urethane which showed
a melting range of 127° to 129°C after
recrystallization from an ether-hexane
mixture. The synthetic diol gave a bis-
a-naphthyl urethane with the same
melting range and a mixture melting
point was undepressed.

The amounts of I obtainable from
the male butterflies varied. Thus, in
different batches of insects caught in
the wild, recoveries of crude I averaged
from 0.1 to 0.02 mg per male. The
amount of diol II was very difficult to
estimate, since no procedure for effi-
cient isolation and purification of this
component was developed. The secre-
tion did not appear to be subject to
qualitative variation. Extracted hair-

pencils from males of another sub-
species (Danaus gilippus strigosus, from
Rodeo, New Mexico) also yielded
compounds I and IIa.

Whether these compounds are elab-
orated de novo by the butterflies or
are obtained by transformations car-
ried out on closely related precursors
which might be available in their food
remains to be investigated.
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Polyvinylsulfate: Interaction with
Complexes of Morphogenetic Factors
and Their Natural Inhibitors

Abstract. The inactivation of the
mesodermalizing inducing factor by its
natural inhibitor is completely abolished
by low concentrations of polyvinylsul-
fate.

The differentiation of the early gas-
trula ectoderm of Triturus can be chan-
neled into different pathways. The “neu-
ralizing” factor initiates the differentia-
tion of neural tissue, especially fore-
brain; the ‘“mesodermalizing” factor,
which is protein in nature, induces the
formation of muscle and notochord
(I, 2). The formation of complex trunk
and tail structures (with spinal cord,
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