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Abstract: The major components of sex pheromones of potato tuber-worm 

moth and Douglas fir tussock moth have been synthesized via the regio- and 

stereo-controlled Beckmann fragmentation assisted by trimethylsilyl group. 

Comprehensive works on the synthesis of insect pheromones have been reported in recent 

literatures to show biological activities and versatilities of synthetic methodology.1 In terms 

of synthetic problem, regio- and stereo-selective construction of target olefins included in 

many insect pheromones has received much attention. We have recently reported that 

trimethylsilyl group can direct the regio- and stereo-chemistry of olefin formation in the 

Beckmann fragmentation of 8-trimethylsilylketoximes.2 We demonstrate herein the potent 

availability of the fragmentation in the synthetic sequences of some insect sex pheromones; 

(4E, 7Z)-4,7_tridecadienyl acetate 1 [a component of the sex pheromone of potato tuberworm moth 

(Phthorimaea operculella)]3 - and (Z)- and (E)-6-heneicosen-ll-one 2 and 3 [the major sex 
4 

pheromone 2 and minor one 3 of Douglas fir tussock moth (Orgyia pseudotsugata)] . 
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This new approach to stereospecific syntheses of the internal olefins of l_, 2, and 3 was 

started from the preparation of 8-trimethylsilylketones by a sequential 2,3-double alkylation 

of a,&enone and a simple 1,4-addition to cc,&enone with trimethylsilyllithium, respectively. 
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Addition of 2-cyclopentenone (1.5 mmol) to an excess (2 mmol) of trimethylsilyllithiumn5 

in THF-HMPA (10:3, 13 mt) at -78°C generated the lithium enolate of 3_trimethylsilyl- 

cyclopentanone, which after treatment with tri-n-butyltin chloride (2 mmol)6at -78'C was 

alkylated with 1-bromo-2-octyne7 (1.5 mmol) at -5O--40°C for 1 h to give the 8-silylketone 48 

in 67% yield,' The trapping of the enolate intermediate as the stannyl enolate (or stannyl 

ketone) is thought to lead good to excellent yield for the cl-alkylation in the sequential 

vicinal double alkylation. In spite of the prominent advantages of trialkylstannyl enolates 

for mono-alkylation of ketones, as already reported by Odic 
10 

and Tardella", there has been 

no adequate and remarkable application of the enolates in synthetic problems yet. We should, 

therefore, notify that the exquisite combination of trialkylstannyl enolate and alkynyl bromide 

gives smoothly the desiredmono-alkylated product in the presence of HMPA at low temperature and 

provides a useful method for modification in cyclopentanoid chemistry. 
12 
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Hydrogenation of 4 with Pd-BaS04 and quinoline in methanol gave the cis-olefinic ketone 

513 (84% yield). _ Oximation of 5 with hydroxylamine hydrochloride and sodium acetate in 

ethanol at room temperature followed by acetylation with acetic anhydride in pyridine gave the 

oxime acetate 614 (74%; total yield 91% from 5; syn-isomer, 17%). Treatment of 6 (0.34 mmol) 

with a catalytic amount of trimethylsilyl trifluoromethanesulfonate (ca. 10 mol%) in anhydrous 

dichloromethane (1 mL) at 0°C for 2.5 h afforded the (4E, 7Z)-dienonitrile 7 
15 

in 79% yield as 

a single stereoisomer. Reduction of 7 with diisobutylaluminum hydride at -78'C and then with 

sodium borohydride at O'C followed by acetylation gave the desired compound 1 
16 , 

(4E, 7Z)-4,7-tridecadien-l-y1 acetate, in 58% yield from 7. 
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On the other hand, addition of Z-n-pentyl-2-hexenone 8 
17 

to a solution of trimethylsilyl- 

lithium at -78°C and subsequent quenching with methanol gave the corresponding silylated 

ketones which, after stirring at 0°C for 1 h, were isolated as a mixture of 2,3-cis and trans 

isomers (9:lO = 42:58, 94%).18 After the separation by silicagel chromatography, 9 was 
_ __ 

converted to the oxime acetate 111'(61%; total yield 91% from 9,, syn-isomer 30%) by oximation 
__ 

followed by acetylation in the same manner as described. Treatment of 11 with TMSOTf 

(10 mol%) at 0°C gave the (52)-5-undecenonitrile 12 in 88% yield. 
20 _- 

Alkylation of 12 with 
-5 __ 

decanyl Grignard reagent in ether at room temperature followed by hydrolysis with hydrochloric 

acid afforded the target ketone 2 as a colorless oil in 77% yield. 
21 

9 10 11 12 

Alternatively, the trans isomer 3 was synthesized via the same procedure by employing 

the trans silylketone 10. Oximation and subsequent acetylation of 10 gave the corresponding 
..,." 

oxime acetate 13 22 (87%; syn-isomer 9%), which was converted to 3 as a white solid via the 
_* 

fragmentation (14, 93%) and alkylation (7l%).23 
__ 
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Thus these sequences 

in some insect pheromones 

stereospecificity. 
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