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Sex Attractant of the Pink Bollworm Moth:
Isolation, Identification, and Synthesis

Abstract. The sex attractant produced in extremely small amount by the virgin
female pink bollworm moth has been isolated in pure form and identified as 10-
propyl-trans-5, 9-tridecadienyl acetate. Successful synthesis of this molecule con-
firms the structure and makes possible its practical use to help control this
destructive pest of cotton. The attractant, for which the common name ‘“propy-
lure” is suggested, may be the first naturally occurring compound with propyl

branching to be reported.

The pink bollworm moth, Pecti-
nophora gossypiella (Saunders), is one
of the most destructive pests in the cot-
ton-growing areas of the world (7). Al-
though mention was made in 1957 (2)
of the presence of a sex attractant in
the female insect, no details were given
concerning the techniques used for its
demonstration. In 1962, Ouye and Butt
(3) showed that small traps baited with
a methylene chloride extract of mating
insects lured males, and in 1964, Ber-
ger et al. (4) demonstrated that extracts
prepared from the terminal (2 to 3)
abdominal segments of virgin female
moths elicited excited flight, rapid wing
vibrations, and a characteristic upward
curving of the abdomen in males. Males
readily responded with their character-
istic dance to the vapors expelled from
a glass pipette contaminated with the
abdominal extracts. Field traps baited
with a crude methylene chloride extract
of the female moths have been used in
surveying pink bollworm infestation
(3-7).

Although some concentration of the
sex attractant was accomplished by
chromatography prior to 1964 (4), and
the attractant was thought to be an 18-
carbon ester, its isolation in pure form
was not realized at that time. We now
wish to report the successful isolation,
identification, and synthesis of the pure,
highly active attractant.

The methylene chloride extractive,
prepared from the whole bodies of
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850,000 virgin female moths (2 days
old), was dissolved in ten volumes of
acetone, and the solution was kept over-
night at —20°C. The large amount of
precipitated white solid was filtered rap-
idly through a cold Buchner funnel and
washed with cold acetone, and the com-
bined mother liquor and washings were
freed of solvent at 20 mm-Hg (bath
below 40°C). The yellow oily residue
was shaken repeatedly with portions of
methanol at room temperature and the
combined methanol-soluble portions
were evaporated to dryness. The result-
ing oily residue was dissolved in five
volumes of acetone, kept overnight at
—20°C, and filtered. Evaporation of the
acetone filtrate gave an oil that was
chromatographed successively on two
columns of Florisil (8), using a sample-
to-adsorbent ratio of 1:30 for the first
and 1:200 for the second column. Each
column was eluted successively with
hexane, 3-, 5-, and 10-percent ethyl
ether in hexane (9). Only 3-percent
ether in hexane removed active material
in each case, as shown by exposure of
caged male moths to the air from
pipettes containing the solution vapors
(4).

The active fraction was chromato-
graphed on a column of silica gel im-
pregnated with silver nitrate (/0) and
eluted successively with hexane, with
5-, 10-, 25-, and 50-percent ether in
hexane, and then with ethyl ether.
The active fractions eluted with 25-

and 50-percent ether in hexane were
combined and rechromatographed on
silver nitrate-impregnated silica gel, and
eluted successively with 40- and 60-
percent benzene in hexane, 5-percent
ether in benzene, and finally with
ethyl ether. All fractions except that
eluted with 40-percent benzene in
hexane were active, and these were
combined and subjected to preparative
gas chromatography (/1) to give four
components with retention times of 8.0,
11.5, 16.5, and 20.0 minutes. Only the
component emerging from the column
in 11.5 minutes caused a sexual re-
sponse in caged, male, pink bollworm
moths. In this way there was obtained
approximately 1.6 mg of the pure at-
tractant as a colorless liquid having no
detectable odor. Air expelled from a
pipette contaminated with a very dilute
solution of the attractant and stored at
5°C for at least 6 weeks was still at-
tractive to caged males in the labora-
tory.

The infrared spectrum of the attract-
ant showed strong bands at 1755 and
1235 cm~! and a medium band at
1038 cm—1, characteristic of a primary
acetate group. The spectrum also
showed the presence of unsaturation
(1660 cm—1, weak), a trans double
bond (965 cm—1, medium), and an
unbroken chain of at least four meth-
ylene groups (723 cm—!, broad). The
ultraviolet spectrum showed only end
absorption, precluding the presence of
conjugation. Hydrogenolytic gas chro-
matography of the attractant by the
method of Beroza and Sarmiento (/2)
established the presence of branching in
its structure. Additional support for an
acetate group was derived from the
fragmentation pattern of the mass spec-
trum, which showed a large base peak
when the ratio of mass to charge, m/e,
was 43 (CH;CO). The mass spectrum
showed a molecular weight of 280 for
the attractant, and peak matching on a
double-focusing high-resolution instru-
ment established the elemental formula
as CygH450,. The above data character-
ized the attractant as the acetate of a
branched-chain, C,4, primary alcohol
with two double bonds (13).

Nuclear magnetic resonance spectra
were obtained in deuterochloroform
by means of a Varian HR-100 spec-
trometer equipped with a C-1024 time
averaging computer and facilities for
proton-proton spin decoupling. Time
averages of up to 25 scans were used,
with the C13-labeled satellite of tetra-

SCIENCE, VOL. 152



methylsilane as a reference. The spectra
gave evidence (chemical shift in values
of §) for three olefinic protons (3, 5.40),
two methylene protons adjacent to an
acetate oxygen atom (§, 4.06), ten meth-
ylene protons adjacent to double-
bonded carbon atoms (§, 2.03), three
acetyl methyl protons (8, 2.03), eight
methylene protons adjacent to either
methylene or methyl groups (3, 1.34),
and six terminal methyl protons (3,
0.89) that appeared to be separated
from a double-bonded carbon by at
least two methylene groups. Double
resonance studies indicated at least
three methylene groups between the
acetate group and a double bond, and
only two methylene groups between
the double bonds.

The only structure for the attrac-
tant consistent with the foregoing data
is 10-propyl-trans-5, 9-tridecadienyl ace-
tate (I), and this structure was con-
firmed by an 11-step synthesis.

CH,CH,CH,
I
C=CH(CH,),CH=CH(CH,) ,OCCH;,
I

CH,;CH,CH, . (0]
Compound I was synthesized in 0.2-
percent overall yield by the following
procedure. Condensation of 4-hepta-
none with ethyl bromoacetate in the
presence of zinc (/4) gave ethyl 3-hy-
droxy-3-propylcaproate (75 percent; bp,
85°C at 1.5 mm-Hg), which was de-
hydrated with phosphorus oxychloride
in pyridine to a mixture (88 percent;
bp, 105° to 109°C at 20 mm; np25,
1.4412) consisting of approximately 50
percent of ethyl 3-propyl-2-hexenoate
and 50 percent of ethyl 3-propyl-3-hex-
enoate. Distillation through a spinning
band column gave the pure a,8-isomer
(bp, 116.5°C at 28 mm) and the pure
Bry-isomer (bp, 113.5°C at 28 mm) as
colorless liquids. Ethyl 3-propyl-2-hex-
enoate was reduced with lithium alum-
inum hydride to 3-propyl-2-hexen-1-ol
(15) (80 percent; bp, 125°C at 25 mm;
np23-5, 1.4520), which was converted
with phosphorus tribromide in pentane
to 1-bromo-3-propyl-2-hexene (72 per-
cent; bp, 105°C at 40 mm and 63°C
at 3.3 mm; n,27, 1.4805). Stirring this
compound for 6 days at room tempera-
ture with sodium cyanide in ethanol and
hydrolysis of the crude product with
alcoholic alkali gave crude 4-propyl-3-
heptenoic acid, which was reduced with
lithium aluminum hydride to 4-propyl-
3-hepten-1-ol (75) (bp, 108° to 112°C
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at 15 mm); overall yield from the bro-
mide was 76 percent. Treatment of this
olefinic alcohol with phosphorus tri-
bromide gave the unstable 1-bromo-4-
propyl-3-heptene (76 percent; bp, 82° to
83°C at 2.5 mm; np21-5, 1.4716), which
was coupled, without delay, with the
tetrahydropyranyl ether of 5-hexyn-1-ol
(I6) by means of sodamide in liquid
ammonia. The resulting 10-propyl-1-
(tetrahydro-2-pyranyloxy)-tridec-9-en-5-
yne (23 percent; bp, 175°C at 0.5 mm;
np27, 1.4729) was reduced with sodium
in liquid ammonia to 10-propyl-1-(tetra-
hydro-2-pyranyloxy)-trans-5,9-tridecadi-
ene (85 percent; bp, 135°C at 0.1 mm;
np?1, 1.4721), which was then hydro-
lyzed at room temperature with metha-
nolic sulfuric acid to 10-propyl-trans-
5, 9-tridecadien-1-ol (90 percent; bp,
110° to 120°C at 0.08 mm-Hg; n,3,
1.4715). Refluxing this alcohol with
acetyl chloride in anhydrous benzene
gave compound I (16 percent) as a
colorless liquid (bp, 135°C at 0.1 mm;
np?%, 1.4635) identical in all respects
with the natural attractant.

The sex attractant, for which the
name “propylure” is suggested, is be-
lieved to be the first-reported natural
constituent possessing propyl branching.

WiLLIAM A. JONES
MARTIN JACOBSON
DiaL F. MARTIN
Entomology Research Division,
U.S. Department of Agriculture,
Beltsville, Maryland
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Allelic Antigenic Factor Inv(a) of the Light Chains of
Human Immunoglobulins: Chemical Basis

Abstract. Twenty-seven Bence Jones proteins of immunological type K show
a common set of peptides. One of the common peptides differs in three of the
proteins which are the only ones classified by a serological test as lav(a+). The
difference in the peptide analyzed is caused by a valine-leucine interchange;
Inv(a+) proteins have leucine, whereas Inv(a—) proteins have valine in posi-

tion 189.

Genetic variants (designated Gm and
Inv) of the peptide chains of human
immunoglobulins having distinct sero-
logical properties have been described
(I). The Gm factors are present in

heavy chains of yG immunoglobu-
lins (2), whereas the Inv factor is pres-
ent in light chains (2). The Bence Jones
proteins, which correspond to the light
chains of immunoglobulins (3), offer a
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