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Summary

The 15~ and 10-dimethylsila-analogues of (Z)-13-hexadecen-1l-ynyl acetate,
the main component of the female sex pheromone of the processionary moth
Thaumetopoea pityocampa, were synthesized to evaluate the influence of the
silicon atom on the biological activity.

The increasing interest in biocactive organosilicon compounds! has led to the
recent development of different sila-drugs such as sila-steroids®, sila-
vitamin A® or Sila-procyclidinek, an analogue of the muscarinic drug
Procyclidine, applied in antiparkinsonian therapy. Likewise, the bioisosteric
replacement of carbon by silicon has also been investigated in sila-
perfumes”. However, from these studies an important drawback became evident,
due to the reactivity of SiH, bonds that prevented the application of
biocactive sila-analogues with these moieties under physiological conditions.
In some cases, this problem has been circumvented by substituting Si(CHsj),
groups for stable CH, moieties.

We anticipated that it might be worthwhile to apply this approach for
preparation of unprecedented silapheromones. In the present communication,
we report on the synthesis of acetates 1 and 2, the 15- and 10-dimethylsila-
analogues of (Z)-13-hexadecen-11-ynyl acetate, the main component of the sex
pheromone of the processionary moth Thaumetopoea pityocampa{

The synthesis of silapheromone 1, with one dimethylsilyl group in a vinylic
position, was accomplished as depicted in Scheme I. As the most structural
relevant feature of the natural pheromone is a conjugated (Z)-enyne moiety,
a logical approach to compound 1 appeared to be the stereospecific coupling
of the acetoxyalkyne 7 with (Z)-1-bromo-2-trimethylsilylethylene (4). For
preparation of this vinylsilane we selected the hydrosilylation of alkynes
as one of the most convenient routes. Regioselective cis-hydrosilylation® of
commercially available 1-trimethylsilylacetylene with chlorodimethylsilane,
at room temperature in the presence of the Speier's catalyst
(hexachloroplatinic acid in isopropanol)s, gave the corresponding
chlorodimethylsilane. This compound was subsequently methylated with methyl
magnesium iodide in Et,0 to yield the vinylsilane 3 in 71% vyield.
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Stereospecific trans-addition of bromine to vinylsilane 3 afforded a mixture
of meso-1,2-dibromo-1,2-bis(trimethylsilyl)ethanes that underwvent elimination
of trimetilsilylbromide on treatment with potassium fluoride® in DMSO to give
(Z) -1-bromo-2-trimethylsilylethylene (4).

The acetate 7 was obtained as we have reported7 by treatment of the
bromoalcohol derivative 5 with lithium acetylide in DMSO to afford the
terminal alkyne that was succesively deprotected and acetylated with Ac,0 in
pyridine.

The planned stereospecific coupling of acetoxyalkyne 7 with derivative 4 was
not as straightforward as anticipated. Recent examples of similar couplings
with (Z) and (E) isomeric mixtures of 2-(bromovinyl)trimethylsilane revealed
that the (E) isomer reacted very easily whereas the corresponding (Z) isomer
was recovered unchanged under a variety of conditions®. After several
unsuccessful attempts, cross-coupling reaction between the acetate 7 and a
large molar excess (1:5) of bromoalkene 4 by a procedure developed in our
laboratory’, using a 10 mol$% of “bis(triphenylphosphine)palladium (0)",
generated in situ by reduction of PdCl,(PPh;), with 2 equivalents of DIBAH in
refluxing THF, and CuI(I) as catalysts, afforded the silicon analogue 1 in
60 % yield® .
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As depicted in Scheme II, the synthesis of 10-dimethylsila-analogue 2 was
carried out by using the (Z)-enyne trimethylsilyl derivative 9, as protected
acetylene. This compound was prepared in 89 % yield by stereospecific
palladium cross—-coupling reaction of commercially available
trimethylsilylacetylene and (Z)-1-bromo-l1-butene (8), under the above
conditions’. The bromovinyl synthon 8 required for this coupling was easily
prepared, in overall 59 % yield, by addition of bromine at -78°C to
commercial trans-2-pentenocic acid, followed by bromodecarboxylation of the
dibromoderivative obtained with Na,CO, at 60°C in anhydrous DMFY.
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We anticipated that masked 9 alkyne could be reacted with an appropriate
silyl derivative to incorporate the dimethylsilyl moiety at C10. For this
purpose, we selected methoxysilane 12 since it is well established that
methoxysilanes are suitable for the formation of C-Si bonds'. Preparation of
compound 12 was carried out by the sequence outlined in Scheme II. Reaction
of tert-butyldimethylsilyl ether of 7-bromoheptanol (10) with 1lithium
acetylide in DMSO, followed by reduction of the terminal alkyne group with
Na/NH, and (Nli4)2504n afforded alkene 11 in 81% yield. This alkene was
hydrosilylated with chlorodimethylsilane at 80°C, under the above conditions’,
to give the corresponding terminal chlorosilane, that was converted into the
required methoxysilane 12 by treatment with an excess of MeOH in Et,N at r.t.
Couplings of terminal 1-trimethylsilyl-l-alkynes in which the acetylide is
generated with "naked fluoride" reagents, such as TASF or TBAF have been
reported in the literature®. However, in our case we selected an alternative
procedure to generate in situ the acetylide anion" that had been previously
reported for quantitative monodesilylation of bis(trimethylsilyl) acetylenes
and to our knowledge not previously used in the reactions with enyne
derivatives. Treatment of protected enyne 9 with MeLi-LiBr complex at r.t.
for 3.5 h in THF gave the corresponding acetylide that was reacted with a THF
solution of methoxysilane 12 to afford derivative 13 in 44 % yield, after
purification by column chromatography eluting with hexane. Finally, cleavage
of the protecting group with a 1 % HCl (95:5) EtOH/H,0 solution and
acetylation with Ac,0 in pyridine afforded the silapheromone 2 with a 98 %
stereomeric purity (GLC, NMR).
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SCHEME I

Electroantenogram biocassays with 1 ug of sila-analogue 1 revealed an
approximate 10% intensity of the antennal reponse of males of processionary
moth when compared to that elicited by the same amount of natural phercomone.
However, in field trials this compound neither showed any direct intrinsic
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activity nor exhibited any synergistic or inhibitory action when mixed with
natural pheromone at different ratios. Further work along this line is in
progress in our laboratory.
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