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extracted with CHCL.  When the CHCL solution wuas dried
(Mgs0,) and distilled (o dryness, it yielded 2.25 g of ervstalline
product.  Recrystallization from acetone and hexane gave an
analytical sainple, mp 172°, mnr peak at 63 (C-13 methyl) cps.

Anal.  Caled for CulaOy: C, 71670 H, 823, Found: (),
h4T H, s,

3-Methoxyestra-1,3,5(10)-triene-113,163,173-triol 16,17-
Acetonide (7).—A solution of 50 mg of 6d and 3 mg of p-toluenc-
sulfonic acid in 10 ml of acetonre was refluxed for several minutes,
cooled, neutralized with pyridine, und evaporated to dryness.
The crystalline residue was triturated with MeOH and collected
by filtration. Recrystallization of the crude product from Fta()
and hexane gave an analytical sample: mp 184-186°: nmr peaks
at 66.5, 80, and 90 (3 methyl groups) ¢px.

Anal. Caled for CuHyOu Co 7371 1, N4,
7348 H, $.33.

17 x-Ethynylestra-1,3,5(10)-triene-3,113,173-triol (8a).---To
wixture of 17 g of lithium acetylide—ethylenediamine complex
in 100 ml of DMSO at 25° was added with stirring a solution of
S g of 4bin 1750 ml of DMS0. The mixture was stirred for 2 hr
and then added with vigorous stirring to a mixture of 200 g of
tce wnd | 1 of cold He(), The solution was diluted with H.0) to
2 1 and then adjusted to about pH 7 with 4 3/ HCL. The crude
produet was collected by filtration, washed with HyO, and dried
in racwo at 60°. It weighed 6.3 g and melted at 265-272°, Cry=-
(allization of the crude product from MeOH-CH.CL. gave an
analy(ical sample: mp 279-281° (Iit.°* mp 294°); [a]b 41115
(pyridinte): Apax (KBr) 2.83, 2.99, 3.01, 6.13, and 6.29 u.

Anal. Caled for CuwHaOy: C, 76.89: H, 7.74. Found: C.
76.70; 11, 7,78,

3-Methoxy-17 «-ethynylestra-1,3,5(10)-trien-118-0l (8b).--

When 3 g of 4d was ethynylated according to the procedure de-
=cribed for the preparation of 8a, 2.75 g of ¢rude product, mp
172-175°, was obtained. Recrystallization from acetone and
hexane gave an analytical sample: mp 176-177°; [a]v +79°;
Narx 2.77, 3.03, and 6.22 u.

dnal. Caled for CylleOy: O,
724 1o

FFound: (¢,

(7.27 1, K050 Found: ()

9) R. Joly,J. Warnanc, and J. Jolly, U. 3. Patent 3,313,702 (1967).

Insect Sex Attractants. VII.
5.9-Tridecadien-1-0l Acetates!
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Lontomaology Bescarch Division, U, S. Deparlmend of Agricidiuee
Belisville, Maryland

Recetved May 8, 1967

The stereochemical configuration of insect attrac-
tants often determines their activity. For example,
the sex attractant of the silkworm moth, Bombyx mor:
L., is the trans, cis isomer of 10,12-hexadecadien-1-ol;
the other three isomers are much less active.2=*
When the sex attractant of the pink bollworm moth
was elucidated as 10-propyl-trans-5,9-tridecadien-1-
ol acetate by Jones, et al.,” we decided to prepare
analogs to evaluate attractancy and structure—activity
relationships.®

(1} Part VI: N. Green, M. .Jacobsson, T. J. lienneberry, aml A, N.
NKishaba, J. Med. Chem., 10, 533 (1967).

12) A, Bucenandt, R. Beckmann, D. Stamm, and L. Necker, Z. Natur-
Jorsch,. 14b, 283 (1959).

13) E. Hecker, Umsckau, 59, 499 (1959).

(4) E. Truscheit and E. Eiter, 4nn., 658, 65 (1962).

(3) A. Butenandt and E. Hecker, Angew. Chem., 73, 349 (1961).

(6) A. Butenandt, E. Hecker, M. Hopp., and W. Koch, Ann., 658, 39
(1962).

(7y W, A, Jones, M. Jacoleson, amd 1 1
11966,

€8) M. Jacobsou, “lusect Rex Ndracrams,” luerscience 1'ublisbers, 1ne.,
New York, N. Y., 1963, pp 92-101.

Mursin, Neivper, 182, )4ID
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The method used (o prepave the §,9-tridecadienyd
acetates 18 shown in Chart 1. The tetrahydropyranyi

Cranr i
ROMCHD,Ca=CH + BriCHOCl==CH(CIHL),CHE, ——

1 2a, cis
b, (rans
ROCH hComCCHL o CH=CH (CHanCHy —
3a, /s
b, lrans

ROCH ) CH==CHCH G CH==CICLLOW.CH Yy —

4a, crs=, /sl
b, cis-3, lrans-9
¢, trans=5, crsY)
d. trans=s, trans-9

CHC O CHy p CH==CH (CH )L C == CHCHOLCH

5a, cis-d, cis=4
b, ¢is=), lrans<$)
¢, Lrans=, cis-4)
d. trans<), trans-Y

[t = 2-tetrahydropyranyl

ether of 3-hexyn-l-ol wax alkylated with the cis or
trans 1somer of l-bromo-3-heptene (2) in dioxane by
using lithium amide. Reduction of the isomers
3) in sodium-liquid ammoniz or by hydrogenation
over poisoned Pd-CaCQy yielded the tetrahydropyranyl
ethers of 5,9-tridecadien-1-0l (4). Prolonged refluxing
of these ethers with acetic acid-acetyl chloride cleaved
the tetrahydropyran group to form the desired 5,9-
tridecadienyl acetates (5).

The 5.9-tridecadienyl acctates were colorless liquids
with similar infrared spectra, except that intensities
varied for the {rans peak at 960 em ="' and the ¢is penk at
720 cm =l Since each izomer contained certain amounts
of the three remaining isoniers as impurities, the
trans content of each ncetate was determined by in-
frared spectrozcopy,? using elaidyl acetate as a stand-
ard. The results obtained are shown in Table I

Attractancy Tests. -The acetates 5 were cvaluated
as attractants for male and female Mexican fruit flies,
Anastrepha ludens (Lowe); Mediterranean fruit flies,
Ceratitis capitate (Wiedemmm);  oriental fruit flies,
Dacus dorsalis (Hendel): melon flies, D. cucurbitac
Caquillet: male fall rmyworms, Spodoptera frugiperda
(J. . Smith): codling moths, Carpacapsa pononella
1. gvpsy moths, Portheiria dispar ... cabbage loopers,
Trichoplusia ni (Hitbnery; and pink bollworm moths,
The ¢is-5.¢8-9 and trans-5.cis=49 acetates were attractive
to fall armyworms in the Inboratory and the ers-3,
frans-9 acetute caused copulatory behavior in male
cabbage looper moths,  All other test results were
negative.

Experimental Section!'®

2-(5-Hexynyloxy )tetrahydropyran (1).—Dilivdropyran (25.2 g,

(1,30 mole) was added (o 24.5 g (0.25 mole} of S-hexyn-l-ol and
5 drops of concentrated HCI, with stirring. The solution wax
cooled to keep the temperature below 40° and then stirred at
room temperature for 3 hr. Exeess NuawCOy was added to (he

(9) ALO.C.3. Tentative Metliod ed 1-1-61.

(10) lnfrared spectCra were olsained with o Perkin-Eluier 521 spectro-
pliotometer. Gas chromatographic analyses were performed on a F and M
Model 500 gas chromatograph wich a flame ionization detector by using a
colnmi of 5% Carlowax 200 ou 60-80 mesb base-wasiied Chromosorh W
0L X DU e AL appeesiate low siute of 75 mlof Nelmin was main-
Lained.  Company wiel 1rade namwes are given for idendtication poirposes
only and do noet coustitute eudorsenteni ba (e U, 8. Departmenc of Apri-
rulinre,
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Taprr T
COoNTENT OF trans UNSATURATION IN
5,9~ TRIDECADIEN-1-0L ACETATE ISOMERS

Isomer trans unsaturation,
Da 10.6
ab 39.0
ae 50.0
ad 91.0

=olution, and stirring was continued for an additional 1 hr. After
filtration, the filtrate was distilled to yield, after a small forerun,
42.4 g (939) of colorless liquid, bp 35-60° (0.05 mm), n®p 1.4375
(1it.” bp 70-80° (0.3 mm), n%D 1.4556).
1-Bromo-cis-3-heptene (2a).—Reaction between cis-3-hepten~
i-ol and PBr; by the procedure of Crombie!! gave 2a (68.39%),
bp 69-72° (18 mm), n®»p 1.4671 (lit."! bp 68-72° (15 mm),
n%p 1.4705).
1-Bromo-{rans-3-heptene (2b).—In like manner, reaction
between trans-3-hepten-1-ol and PBr; gave 2b (509;), bp 70-74°
(18 mm), n2*p 1.4678 (lit.!! bp 172-175°, n®Dp 1.4641).
Tetrahydro-2-(cis-9-tridecen-5-ynyloxy )pyran (3a).—Com-
pound 1 (5.2 g, 0.028 mole) was added with stirring to a mixture
of 0.65 g (0.028 mole) of LiNH; and 31.4 ml of dry purified dioxane
under N;. The reaction mixture was refluxed for 3.5 hr and
cooled, and 3.0 g (0.028 mole) of 1-bromo-cis-3-heptene (2a)
was added dropwise. Refluxing was continued for 17 hr; then
H,0 (57 ml) was added to the mixture. The solution was
extracted three times with ether, and the ether extracts were
washed (NaCl solution). The combined ether extracts were
dried (Na,S04) and distilled to give, after a small forerun, 3.4 g
(43%%) of colorless liquid: bp 110-112° (0.07 mm); n%*p 1.4735:
ir, 715 (cis CH=CH), 2930 (broad CH), and 1200-1040 cm™!
(tetrahydropyranyl); gas chromatographic analysis, sharp peak,
retention time 427 see¢, column at 135°.
Anal. Caled for CyHyO.: C, 77.63; H, 10.86.
77.59; H, 10.92.
Tetrahydro-2-({rans-9-tridecen-5-ynyloxy )pyran (3b).—Re-
action between 1 and 1-bromo-irans-3-heptene (2b) by the pre-
vious procedure gave 3b (419;): bp 119° (0.05 mm); n%Dp
1.4719; ir, 967 cm™! (trans CH=CH) instead of at 715 ecm™!,
as well as for the other groups described for 3a; gas chromato-
graphic analyses, sharp peaks with retention times of 312 and
420 sec at 140 and 135°, respectively.
Anal. Caled for CisHypO,: C, 77.65; H, 10.86. Found: C,
77.50: 1, 10.70.
Tetrahydro-2-(cis-5,cis-9-tridecadienyloxy )pyran (da).—A so-
lution of 3.0 g (0.018 mole) of 3a in 20 ml of absolute EtOH
was hydrogenated at room temperature, by using 0.35 g of 5%
Pd-CaCO; and 2 drops of quinoline. When the required amount
of H, for one double bond had been absorbed (445 ml at 29°
(760 mm)), the reaction was interrupted. The mixture was
filtered, freed of solvent, and distilled to yield 3.7 g (73%;) of
colorless liquid, bp 106-107.5° (0.03 mm), n%®Dp 1.4682; ir, in-
creased absorption at 720 em™! for ¢is double bonds over that
found in 3a: gas chromatography, sharp peak, retention time
216 sec at 135°.
Anal. Caled for CsHwO,: C, 77.09; H, 11.50. Found: C,
76.86: H, 11.43.
Tetrahydro-2-(c¢is-5,trans-9-tridecadienyloxy )pyran (4b).—
Reduction of 3b by the procedure used to obtain 4a, with 3% by
weight of catalyst, gave 4b (849;), bp 104.5-108.5° (0.03 mm),
n?¥p 1.4670. The infrared spectrum was identical with that of
3b except for the additional absorption of the ¢is double bond at
720 em ™' gas chromatography, sharp peak, retention time 228
=ee al 135°.
Anal. Caled for CullO.: C, 77.09; H, 11.50.
77.19; H, 11.54.

Found: C,

Found: C,

(11) L. Crombie, J. Chem. Soc., 4338 (1952).
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Tetrahydro-2-(trans-5,cis-9-tridecadienyloxy )pyran (4¢).—To
a mixture of 2.0 g (0.090 g-atom) of Na in approximately 200
ml of liquid NH; was added dropwise, with stirring, 5.0 g (0.018
mole) of 3a at —76°. Kther (10 ml) was added, and the NH;
was allowed to reflux for 5 hr. The reaction mixture was agaiu
cooled to —76° and excess NH(Cl and 20 ml of ether were
added. After the mixture stood overnight, 50 ml of ether and
H,O (25 ml) were added under N,. The aqueous phase was
extracted twice with ether; the combined ether layers were
washed (cold H,0, cold 59 HCl, 59, Na,CO;, NaCl solution).
The ether solution was dried (Na:S0.) and distilled to give 4.0 g
(809%) of colorless Hquid, bp 106-110° (0.03 mm), n?*p 1.4667.
The infrared spectrum of the product was identical with that of
4b; gas chromatography, sharp peak, retention time 240 sec at
135°.

Anal. Caled for CisHxO.: C, 77.09; H, 11.50. Found: C,
76.90; H, 11.50.

Tetrahydro-2-(irans-5,irans-9-tridecadienyloxy )pyran (4d).—

Reduction of 3b by the previous procedure gave the desired
product (729,): bp 105-109° (0.03 mm); n»p 1.4660; ir, identi-
cal with that of 3b except for increased (rans double bond
absorption at 965 e¢cm™!': gas chromatography, sharp peak,
retention time 180 sec at 140°.

Anal. Caled for CysHj0.: C, 77.09; H, 11.50. Found: C,
76.80; H, 11.66.

cis=5,cis-9-Tridecadien-1-0l Acetate (5a).—A solution of 3.3 g
(0.012 mole) of 4a, 12 ml of AcOH, and 3.3 g (0.042 mole) of AcCl
was refluxed for 7 hr and then allowed to stand overnight. The
solution was poured onto ice diluted to about 100 ml with satu-
rated NaCl and extracted three times with ether. The combined
ether layers were washed (three times with H,O and with 5%
Na,COs and then twice with NaCl), and the ether extract was
dried (Na:80,) and distilled to yield 2.3 g of colorless liquid.

The remaining three geometrical isomers were prepared in the
same manner, All isomers showed satisfactory analyses for
CisHy0,.  Table I lists the physical properties of the four iso-
mers obtained.
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GEOMETRIC ISOMERS OF 3,9-TRIDECADIEN-1-OL ACETATE
Gle
(125°)
Bp. °C %% Ir, retention,

Isomer (mm) ap (°C) yield em ™1 sec
Sa 81-85(0.02) 1.4540(26) 80 720 126
5b 80-85(0.05) 1.4540(25) 84 970 120
He 87-89(0.03) 1.4534(26) 86 970 126
5d 74-76 (0.02) 1.4522(26) 63 967 120

Elaidyl Acetate.—Elaidic acid (Hormel) was reduced with
LiAlH..'? The resulting alcohol was acetylated with an acetic
acid-acetyl chloride mixture.

Acknowledgments.—Attractancy tests were con-
ducted at various laboratories of the Entomology
Research Division under the supervision of J. W.
Balock, Mexico City, Mexico (A. ludens); L. I
Steiner, Honolulu, Hawaii (C. capitata, D. dorsalis,
D. cucurbitae); A. L. Sparks, Tifton, Georgia (S.
frugiperda); B. A. Butt, Yakima, Washington (C.
pomonella); A. N. Kishaba, Riverside, California
(T.n7); M. T.Ouye, Brownsville, Texas (P. gossyptella) ;
and by C. W. Collier, Plant Pest Control Division,
Falmouth, Massachusetts (P. dispar). Elemental
analyses were done by Galbraith Laboratories Inc.,
Knoxville, Tennessee.

(12) 8. Tigthelm, 1. Rudloff, and D. Sution, ibid., 3187 (1950).



