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Ah&net-(Z)-13-hexadecen-1 I-yn-I-yl acetate (2), the sex pheromone of l%uwefopoea pytyocampa, and 
(SZ, 7E)-5,7dodecadien-M(3), a sex pheromone component of Malncosoma disstrio, have been prepared in high 
chemical and stereoisomeric purity by synthetic schemes involving the stereospecific coupling of o-functional&d 
I-alkynes with (Z)- or (E)-l-iodo-1-alkenes in the presence of a catalytic amount of (PPh&Pd and Cul, under phase 
transfer conditions. 

Functionalized (Z)- or (E)-1,3-enynes of general formula 
1 may be stereospecifically prepared in good yields by 
coupling reaction of o-functionalized 1-alkynes with (2) 
or (E)-1-halo-1-alkenes in the presence of a catalytic 
amount of tetrakis(triphenylphosphine)palladium and 
cuprous iodide.’ The reactions were carried out under 
phase transfer conditions employing benzyltriethylam- 
monium chloride as phase transfer agent, an excess of 
2.5N NaOH as base, and benzene as organic solvent. 

R-CH = CH-C = C-(CH,),Y 

1 

In continuation of our studies on the synthesis of 
pure polyunsaturated insect sex pheromonesU we now 
report the application of this method to the synthesis of 
(Z)-l3-hexadecen-1 I-yn-l-y1 acetate (2), the sex 
pheromone of the processionary moth, Thaumetopoeo 
pityocampa,’ the most important defoliator pest of pine 
trees in the Mediterranean countries, and of (5Z,7E)- 
5,7_dodecadien-l-01 (3), a sex pheromone component of 
the forest tent caterpillar, Malacosoma disstria,6 a 
defoliator of the trembling aspen and other trees in North 
America. 

ltEsuLn.4NDDlscusgoN 

Compound 2 was prepared according to the sequence 
depicted in Scheme 1, in which (Z)-1-iodo-1-butene (6) 
and ll-dodecyn-l-01 (7) were used as key compounds. 
I-Butyne (4) was converted into 1-lithium-1-butyne 
which reacted with a molar excess of I2 to give I-iodo-l- 
butyne (5) in 82% yield. 

Treatment of 5 with dicyclohexylborane, followed by 
protonolysis afforded stereochemically pure 6 in 38% 
overall yield. 

Pure 11-dodecyn-l-01 (7), which was prepared by 
reaction of IO-bromo-I-(2-tetrahydropyranloxyjdecane 
with lithium acetylideethylenediamine complex followed 
by acid hydrolysis,@ was reacted with a molar excess of 
6. The reaction was carried out at room temperature 
under phase transfer conditions employing benzyl- 
triethylammonium chloride as phase transfer agent, a 
large excess of 2.5N NaOH as base, and a mixture of 
tetrakis(triphenylphosphine)palladium and cuprous 
iodide as catalyst. The molar ration Cu/Pd was 4.6. The 
mixture which did not contain unreacted 7, after treat- 
ment with ammonium chloride solution was extracted 
with hexane and filtered. The filtrate was concentrated 
and purilied from the catalyst by chromatography to give 

One or more stereoisomers of 5, I-dodecadien-l-al are crude (Z)-13-hexadecen-ll-yn-l-ol (S) in 78% yield. GLC 
very probably sex pheromone components of the pine analysis showed that 8 had chemical and stereoisomeric 
moth, Lkndrolimus spectabilis.’ purity higher than 98%. The alcohol was then acetylated 

To our knowledge, detailed syntheses of these two to give 2 having physical properties identical with those 
important compounds have not been so far reported. of the natural compound.’ 
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Scheme 1. 

The diettic sex pheromone component 3 was syn- 
thesized by coupling a 1-halo-1-alkene, i.e. (E>l-iodo-l- 
hexene (lo), with an o-functionalized I-alkyne, i.e. S- 
hexyn-l-o1 11 (Scheme 2). Compound 10 was prepared as 
reported’ by heating a mixture of 1-hexyne (9) and 
catechoIborane,9’10 bydrolysing the Z[(E>l-hexenyll- 
1,3,2-benzodioxaborole and treating the derived boronic 
acid with an ether solution of Jt and aqueous sodium 
hydroxide? GLC analysis showed that 10 had 99% 

stereoisomeric purity and contained ca 2.5% of an inr- 
purity probably Ziodo-1-butene. 5-Hexyn-l-o1 (11) was 
obtained starting from 4-chloro-l-(2-tetrabydro- 
pyranyloxy)butane by a sequence identical to that fol- 
lowed to prepare 7. Then, according to the procedure 
employed to prepare 8, the iodide 10 was coupled with 
molar defect of 11 to give (E)-7_dodecen-5-yn-lol(12) in 
73% yield. 

Such a compound, with chemical and stereoisomeric 
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GLC analysis (column at 188”; Nr, 0.4 Kg/cm’; temp of detec- 
tor 2800) showed that 12, had 99% chemical purity and co 98% 
stereoisomeric purity. 

(E)-‘I-Dodecen-S-yn-I-yl acetate (13j. Reaction of 12 with acetyl 
chloride and pyridine in diethyl ether atforded 13 in 97.5% yield. 
Compound 13 had b.p. 10lO/O.l torr; ngl.4732; I+,,,~ 3560, UnO. 
2955, 2925, 2870, 2855, 2215, 1740, 1450, 1430, 1385, IMO, 1325, 
1230,1160,1130,1115,1040,950,920,840,and725cm~’.‘HNMR 
(CCL): 6 6.6-5.1 (m, 2H), 4.06 (t,2H). 2.5-1.8 (m, 4H), 1.9 (s, 3H), 
1.8-1.05 (m, EH), 0.93ppm (t,3H). Mass spectrum: m/e 222 
(M’, 19.6%), 161 (M+-CHEGGH~+, 6.5%). 91 (188%). (Calc. for 
Ct&&: C, 75.63; H, 9.97. Found: C, 75.85; H. 10.03). 

(5Z, 7E)-5, ‘I-Dodecadien-I-yl ocetote (14). A THF soln of dis- 
iamylborane (0.080 mol), which was prepared from a IOM soln of 
borane-methylsulfide and 2-methyl-2-butene: was slowly added 
to a soln of 13 (11 g, 0.0495 mol) in THF (58’ ml) cooled at -10”. 
The mixture was stirred for 5 h at 0”. then AcOH (19ml) was 
added and the mixture was heated under stirring for 6 h at 60”. 
After evaporation of the volatile substances (w at 15 torr. 0.5 hr) 
6N NaOH (llOmml) was added followed by addition of 36% 
Hz02 (added droowise. 23.6 ml). maintaininn the temo below 40”. 
It was stirred to; 40 mm at 40”‘and cooled.- . 

Water was added and the aqueous layer was saturated with 
NaCl. The organic layer was separated and the aq layer was 
extracted with ether. The combined extracts were washed with 
sat NaClaq. dried and concentrated. The residue was fractionally 
distilled to aive 14 (10.2~. 91.9% vield): b.o. 90.90.S”/0.09 torr: 
r&.4707; v-3015,3060,2siso, 2925;287b, 2855, 1740, 1650, 1610: 
1465. 1455, 1430, 1383, 1363, 1235, 1035, 978, 945, 830 and 
725 cm-‘. ’ H NMR (CCL+): 86.67-5.1 (m, 4 H). 4.15 (t,2 H), 2.5- 
1.9 (m, 4H), 2.04 (s. 3H), 1.9-1.1 (m, 8H), l.Oppm (1, 3H). Mass 
spectrum: m/e 224 (M’, 20.6%). 164 (M’-CH$XGH, 14.7%), 79 
(100%). (Calc. for C,,H,&: C. 74.95: H. 10.78. Found: C. 75.16: 
H, 11.62). GLC analysis(column at 15r; N2, 0.3 kg/cm*; temp. of 
detector, 280’) showed that 14 had 99% chemical purity and 
97.5% isomeric purity. 

(SZ,7E)-5,7-Dodecadien-l-01 (3). An ether soln (4Oml) of 14 
(9.1 g, 0.040 mol) was slowly added to a suspension of LAH 
(1.8 g, 0.047 mol) in ether (50 ml) cooled at 0”. The mixture was 
stirred for I2 h at room temp, then cooled at o”, hydrolyzed with dil 
HCI, and extracted repeatedly with ether. The combined ether 
extracts were washed with water, dried and concentrated. Frac- 

tional distillation atforded 3 (6.9g, 95% yield): b.p. 90- 
91”/0.05 torr; n:: 1.4865; vmu 3320, 3020, 2960, 2930,2875, 2860, 
1650, 1455, 1430, 1410, 1380, 1055, 1030,980, 945,830 and 725-I. 
‘H NMR (CCh): 86.78-5.22 (m,4 H), 3.77 (t,2H), 3.05 (8, 1 H), 
2.65-2.02 (brm, 4H), 2.02-1.32 (br, 8H), 1.12ppm (1, 3H). Mass 
spectrum: m/e 182 (M’, 19%); 164 (M’-Ha, %), 67 (100%). 
(Calc. for C,rH& C, 79.06; H, 12.16. Found: C, 79.10: K 12.36). 

GLC analysis (column at 165”; Nr, 0.3 Kg/cm’; temp of detec- 
tor, m) showed that 3 had 99% chemical purity and 97.2% 
isomeric purity. 

Note added in pool. Two diflerent syntheses of compound 2 have 
been recently reported [G. Cardillo, A. Cugola, M. Orena and S. 
Sandri, Gazz. Chim. Itul.112,231(1982); D. Michelot, A. Guerrero 
and V. Ratovelomanana, I Chem. Res. (S). 93 (19821. 
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