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double bond impurity. Gas chromatography revealed a single 
sharp peak, retention time 282 sec at 170° and 30 cc of N2 /min. 

Anal. Calcd for Ci6H3»02: C, 75.53; H, 11.89. Found: 
C, 75.37; H, 12.02. 

Acknowledgment.—The author wishes to thank Mr. 
Martin Jacobson of this division, Beltsville, Aid., for 
helpful suggestions and discussions. 

Insect Sex Attractants. X. 5-Dodecen-l-ol 
Acetates, Analogs of the Cabbage Looper 

Sex Attractant1 

DAVID WAUTHE.X AND MAHTLN JACOBSON 

Entomology Research Division, U. S. Department of Agriculture, 
Beltsville, Maryland 20705 

Received October 6, 1967 

In a continuing investigation of sex attractants for 
the control of insect pests,2 the cis and trans isomers of 
5-dodecen-l-ol acetate were synthesized. These com
pounds are analogs of m-7-dodecen-l-ol acetate, the sex 
attractant produced by the female cabbage looper, 
Trichoplusia ni (Hiibner), and synthesized by Berger 
and Green, et al.'A 

The method used to prepare the 5-dodecen-l-ol 
acetates is shown in Chart I. The tetrahydropyranyl 

CHART I 

C6HuBr, LiNHs 
110(CH2)4C=CH > 

j dioxane 

Na-NH, or 
RO(CH2)4C=C(CH2) sCH3 -—*• 

2 Hs, Pd-CaCOa 

RO(CH 2) 4CH=CH(CH 2) 3CH 3
 A c 0 H " A c C > 

3a, cis-o 
b, trans-a 

CH3C02(CH2)4CH=CH(CH2) iCH3 

4a, cis-5 
b, trans-b 

R = 2-tetrahydropyranyl 

ether of 5-hexyn-l-ol was alkylated with hexyl bromide. 
Reduction of 2 in sodium-liquid ammonia or in the 
presence of poisoned Pd-CaC03 yielded almost exclu
sively the trans or cis isomer,6-7 respectively, of the 
tetrahydropyranyl ethers of 5-dodecen-l-ol (3). Sub
sequent refiuxing with acetic acid-acetyl chloride 
cleaved the tetrahydropyranyl group to form the desired 
5-dodecen-l-ol acetates (4). 

The acetates 4a and 4b were evaluated as attractants 
for male and female Mexican fruit flies, Anastrepha 
ludens (Loew); Mediterranean fruit flies, Ceratitis 
capitata (Wiedemann); oriental fruit flies, Dacus 

(1) Part IX: M. Jacobson and G. Harding, J. Econ. Entomol., in press. 
(2) M. Jacobson and M. Beroza, Science, 140, 1367 (1963); Sci. Am., 211 

(2), 20 (1964). 
(3) R. S. Berger, Ann. Entomol. Soc. Am., 59, 767 (1966). 
(4) N. Green, M. Jacobson, T. J. Henneberry, and A. N. Kishaba, J. Med. 

Chem., 10, 533 (1967). 
(5) H. O. House, "Modern Synthetic Reactions," \V. A. Benjamin, Inc., 

New York, N. Y., 1965, p 71. 
(6) K. N. Campbell and L. T. Eby, J. Am. Chem. Soc, 63, 216 (1941). 
(7) R. L. Augustine, "Catalytic Hydrogenation," Marcel Dekker, Inc., 

New York, N. Y., 1965, p 71. 

dorsalis (Hendel); melon flies, Dacus cucurbitae (Coquil-
let); male fall armyworm, Spodoptera frugiperda (J. E. 
Smith); codling moths, Carpocapsa pomonella L.; 
gypsy moths, Porthetria dispar L.; cabbage loopers and 
pink bollworm moths, Pectinophora gossypiella (Saun
ders). The cis and trans isomers of 5-dodecen-l-ol 
acetate were found in laboratory tests to be less attrac
tive to cabbage loopers than m-7-dodecen-l-ol acetate. 
All other test results were negative. 

Experimental Section89 

2-(5-Hexynyloxy)tetrahydropyran (1).—Dihydropyran (25.2 
g, 0.30 mole) was added to 24.5 g (0.25 mole) of 5-hexyn-l-ol and 
5 drops of concentrated HC1, with stirring. The solution was 
cooled to keep the temperature below 40° and then stirred at 
room temperature for 3 hr. Excess NaHC0 3 was added to the 
solution, and stirring was continued for an additional 1 hr. 
After filtration, the filtrate was distilled to yield, after a small 
forerun, 42.6 g (93%) of colorless liquid, bp 52-57° (0.03 mm), 
W26D 1.4579 (lit.10 bp 70-80° (0.3 mm), n25D 1.4556). 

2-(5-Dodecynyloxy)tetrahydropyran (2).—Compound 1 (40.0 
g, 0.22 mole) was added with stirring to a mixture of 5.1 g (0.22 
mole) of LiNH2 and 250 ml of dry dioxane (purified by refiuxing 
over Na and then distilling) under N2. The reaction mixture was 
refluxed for 3.5 hr and cooled, and 36.3 g (0.22 mole) of hexyl 
bromide was added dropwise. Refiuxing was continued for 17 
hr; then H 2 0 (250 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 (Na2S04) and distilled to give, after a small forerun, 
27.2 g (47%) of colorless liquid: bp 105-108° (0.06 mm); TC21D 
1.4630; ir, 2930 (broad CH) and 1200-1040 cm- 1 (tetrahydro
pyranyl); gas chromatography, single sharp peak, retention 
time 336 sec at 150° and 40 cc of N2/min. 

Anal. Calcd for Ci7H3o02: C, 76.64; H, 11.35. Found: C, 
76.50; H, 11.41. 

2-(ct's-5-Dodecenyloxy)tetrahydropyran (3a).'—A solution of 
10.0 g (0.038 mole) of 2 in 40 ml of absolute EtOH was hydro-
genated at room temperature, by using 300 mg of 5% Pd-CaC0 3 

and 2 drops of quinoline. When the required amount of H2 for 
one double bond had been absorbed (920 ml at 26° and 760 mm), 
the reaction was interrupted. The mixture was filtered, freed 
of solvent, and distilled to yield 8.8 g (87%) of colorless liquid, 
bp 96-99° (0.04 mm), n25D 1.4578. The ir spectrum showed 
absorption at 720 c m - 1 (cis C H = C H ) and a very weak bond at 
965 c m - 1 representing trans double bond impurity. Gas chro
matography showed a single sharp peak, retention time 102 sec 
at 150° and 40 cc of N2/min. 

Anal. Calcd for CnH3202: C, 76.06; H, 12.02. Found: C, 
75.86; H, 12.04. 

2-(<rans-5-Dodecenyloxy)tetrahydropyran (3b).—To a mixture 
of 4.0 g (0.18 g-atom) of Na in about 400 ml of liquid NH 3 was 
added dropwise, with stirring, 10.0 g (0.038 mole) of 2 at —76°. 
Ether (20 ml) was added, and the NH 3 was alkwed to reflux for 
5 hr. The reaction mixture was again cooled to —76°, and 
excess NH4C1 and 40 ml of ether were added. After the mixture 
stood overnight, 100 ml of ether and H 2 0 (50 ml) were added 
under N2. The aqueous phase wras extracted twice with ether; 
the combined ether layers were washed (cold H 2 0, cold 5% 
HC1, 5% Na2C03 , and NaCl solution). The ether solution was 
dried (Na2S04) and distilled to give 9.2 g (91%) of colorless liquid, 
bp 94-96° (0.03 mm), n25D 1.4569, ir absorption at 965 (trans 
C H = C H ) and a very weak bond at 720 c m - 1 representing cis 
double bond impurity. Gas chromatographic analyses showed 
single sharp peaks, retention times 114 and 108 sec at 150° and 
40 and 55 cc of N2/min, respectively. 

(8) Boiling points are uncorrected. Elemental analyses were performed 
by Galbraith Laboratories, Inc., Knoxville, Tenn. Infrared spectra were 
obtained with a Perkin-Elmer 521 spectrophotometer. Gas chromatographic 
analyses were performed on a Varian Aerograph Autoprep 700 gas chrornato-
graph with a thermal conductivity detector by using a column of 5% Carbo-
wax 20M on 60-80 mesh base-washed Chromosorb W (60.9 X 0.03 cm) and 
helium as the carrier gas. 

(9) Company and trade names are given for identification purposes only 
and do not constitute endorsement by the U. S. Department of Agriculture. 

(10) W. A. Jones, M. Jacobson, and D. F. Martin, Science, 152, 1516 
(1966). 
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A mil. Calcd for c:J7l W).,: C, 70.00; II, 12.02. Found: (..', 
70.:i2; II, 12.27. 

W.s-5-Dodecen-l-ol Acetate (4a).- A solution of 7.0 jr (0.020 
mole) of 3a, 28 ml of AcOII, and 7.0 ml (0.098 mole) of AcCl was 
rcfitixed for 7 hr and (hen allowed to sland overnight. The 
solution was poured onto ice diluted to about 200 ml with sal li
ra tod N a d and extracted three times with ether. The combined 
ether layers were washed (three times with ICO and with .V , 
Na;('();i and then twice with N a d ) , and the ether extract was 
dried (Na28()|) and distilled to yield o.4 g ( 9 2 ' , ) of colorless 
liquid: i>p~8-8:j° fO.O(jmm'): n'-*n 1.4422; ir absorption at 2920 
(OH), 1740 and 1230 (primary acetate), and at 720 cm"1 (<'/*-
CII -Clf) . A weak band at 965 rar1 represented Iran* double 
bond impurity, (ias chromatography- revealed a single sharp 
peak, retention time o4 sec at lot)0 and 40 ec of Xo/min. 

Anal. Calcd for d j r 3 6 ( ) 2 : C, 74.28; If, II..18. Found: (', 
74.47: II, 11.4.'). 

//'M»s-5-Dodecen-l-ol Acetate (4b). --Reaction between 3b and 
AcCl by the procedure used to obtain 4a gave the desired product 
(90'', ), bp 71 74° (O.Oo mm), «-5i> 1.4419. The ir spectrum was 
identical with that for 4a except- for a more intense Iran* double 
bond absorption at 970 c m - 1 and a less intense double bond ab
sorption at 720 cm _1 that represented cits impurity, Cas chro
matography showed a single sharp peak, retention time of 7)4 sec 
at l.")()° and .">."> ec of Xo/min. 

A mil. Calcd for C,,ICB<): C, 74.28: II, II.oN. Found: C, 
74.4:j; II, 1 1.70. 
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2.4-Dichlorophenoxyacetic acid (2,4-D) and its 
derivatives, whose phytohormonal activity is tis in
tense as that of iudolebutyric acid or even greater,1 

effectively promote plant growth and also appear to be 
the most important organic herbicides acting through 
growth regulation rather than through necrotic or toxic 
effects.2 2-Carboxy-6,S-dichloro-7-chromone (I) struc
turally related to 2,4-D and some derivatives have been 
prepared and tested for phytohormonal activity.3 

There are three differences in 2,4-D and I. One is the 
presence of the acrylic-type unsaturation; second, there 
is the presence of the keto group; and third is the fact 
that in I the molecule should be largely planar and the 
0-C-C0 2 H chain is "tied" down by being part of a 

i 1 : ]•'. A. d i l l , e n , ('hem. Hi; 
r>) V.. M. Ililik'lirancl, .SWM 
oV) P h y t o h o r m o n a l assays • 

Ayrorioiuia y Veter inar ia , U n c 

, 39, Hill ! lUlli). 
•<•, 103, 18,-) (11)40). 
e r e per formed by !•:. Vonesi-h 
ershiuii de Buenos Aires. 

O IX)OH 

2,4-D 

ring. In 2,4-D the molecule is not planar and the 
OCH2CO2H is free to rotate. The general process of 
svnthesis is shown in Scheme I. 
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Biological Activity.—Phytoactivity assays of 1. V. 
and VI were carried out on sunflower, wheal, yellow 
maize, and grain sorghum. I was neutralized with 0.1 
N NaOH in order to increase its solubility. VI could not 
be tested because of its insolubility in water. 

Tests were performed as follows, (a) For tests on 
germinating seeds, in Koenig germinators, Hoagland 
nutrient solution was used with addition of the test 
substance at a concentration of 20 or 40 mg/100 ml. 
(b) Germination tests were performed on seeds in the 
conditions described above, with 24 hr of previous soak
ing in Hoagland nutrient solution with the addition of 
the test substance at a concentration of 20 or 40 nig/100 
ml. (c) Tests were made on seeds treated as in b, then 
planted, and the young plants were sprayed with the 
same solution in aerosol form. 

The compounds tested showed no phytohormonal 
activity. In tests on wheat, slightly less development 
was seen in the initial growth phase, as compared with 
controls. However, no significant difference was ob
served during later development. 
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Formula Analyses 

CiomOlsOj C, II, Cl 
CisIIsCl.Oi C, H; Cl" 
(CilticCliOi C, II, Cl 
Cii.llioClsOj C, If, Cl 
C H I I I J C I J O , C. 11; Cl'' 

CuII . jClsNOs (', II, N 

CmHaCliOa C. II 

'• Cl: calcd, 22.7)4; foun 


