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Abstract: Syntheses of 1-alkynyl 2-(trimethylsilyl)ethyl sulfides are reported. Deprotection of 2-
(trimethylsilyl)ethyl groups using fluoride ions permits the formation of thiolate anions which are trapped

by in situ alkylation with methyl iodide and can be used to produce self-assembled monolayers on gold.
© 1998 Elsevier Science Ltd. All rights reserved.

Recently composite materials containing metal particles and m-conjugated organic compounds are
attracting much attention because of their special linear or nonlinear optical properties. In particular, an
electromagnetic resonance effect in metal particles called the surface-plasmon resonance is expected to greatly
enhance the optical nonlinearities of organic m-electron systcms.l We anticipated that the self-assembled
monolayers (SAMs) of organomercaptans on gold surface could produce composite materials consisting of the
n-conjugated systems adjacent to the gold surface. However there have been no previous reports concerning
SAMs of organomercaptans which contain alkynyl or alkenyl groups adjoining sulfur atoms. These SAMs
could result in composite materials described above by polymerization of unsaturated functionalities.” This is
because 1-alkynethiols and 1-alkyny! disulfides are too unstable for their use in the preparation of SAMs as
reported by Senning et al.?

Meanwhile we have investigated the solid-state polymerization of various types of diacetylene compounds
as third-order nonlinear optical materials, especially diacetylenes having sulfur atoms directly bound to the sp-
carbons.* Based upon the results of our work, we started to develop the stable precursors which can release 1-
alkynethiolate anions under mild conditions. These compounds can be also used as reactants of [2+2]5 and
[4+2]6 reaction to afford alkenyl sulfide derivatives that would be precursors of 1-alkenethiolate anions. As a
prelude to the design of such systems, we believe that the 2-(trimethysilyl)ethy! group might serve as a
promising protecting group for thiols because 2-(trimethylsilyl)ethyl sulfide is easily converted into the
corresponding thiolate anion, ethylene, and trimethylsilyl fluoride by treatment with tetrabutylammonium
fluoride (TBAF).” In this paper we discuss a general synthesis of 1-alkynyl 2-(trimethylsilyljethyl sulfides
and confirmed the generation of the corresponding thiolate anions from them. In the second paper in this

series we demonstrate that these molecules self-assemble onto gold surface by in situ deprotection as illustrated

in Scheme 1.
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R—==—S(CH,)2Si(CHs)s

Scheme 1.

The syntheses of 1-alkynyl 2-(trimethylsilyl)ethy! sulfides 2a-e are shown in Scheme 2. n-Butyl lithium
in n-hexane was introduced into a THF solution of acetylenes 1a-e at -78°C.  After lhour, addition of a THF
solution of 2-(trimethylsilyl)ethylsufenyl chioride® to the mixture gave the sulfides 2a-e in poor yield (<5%).
However, the sulfenylation reaction proceeded more smoothly to give 2a-e as yellow oil in 64, 86, 57, 79, and
72%, respectively, when S-2-(trimethylsilyl)ethyl p-toluenethiosulfonate® was used. All of the 1-alkynyl 2-

(trimethylsilyl)ethyl sulfides 2a-e are fairly stable and can be isolated even by reduced-pressure distillation."®
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Scheme 2. Reagents and conditions; a. BuLi, THF, -78°C; b. TsS(CH,);Si(CHj;);, THF, -78°C.

We tried to confirm the generation of thiolate anion 3a from the compound 2a. (Scheme 3) Since 1-
alkynyl thiols are unstable and spontaneously converted to thioketenes via {1,3]-sigmatropic rearra.ngemc:nt,3
the released thiolate anion 3a should be trapped by methyl iodide as a stable 1-alkynyl methyl sulfide. A THF
solution of TBAF (1.0 M) was added to a THF solution of compound 2a and methyl iodide at -78°C. As a
result, methyl phenylethynyl sulfide 4a was obtained as a yellow oil in 63% yield.11 Concerning the
compounds 2b-e, we verified the formation of 4b-e under the same condition as used for 2a by a gas
chromatograph-mass spectrometer.

For comparison, we also synthesized CH;(CH,)sS(CH,),Si(CHs); (5) from hexyl bromide and 2-
(trimetylsilyl)ethanethiol by a method similar to those reported by Fuchs et al.? Compound 5 was stable and
the formation of methyl sulfide was not observed at all under the above conditions. Under aprotic conditions,
obtained with molecular sieves 4A,” '* the deprotection reaction proceeded very slowly even at room
temperature. From these results, we concluded that deprotection of compound 2a-e proceeds more smoothly

than that of alkyl 2-(trimetylsilyl)ethyl sulfide to afford the corresponding thiolate anion 3a-e.
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Scheme 3. Reagents and conditions; a. 2 equiv of BuyNF, THF, -78°C; b. CH;l, THF, -78°C-rt.

In summary, we have successfully synthesized 1-alkynethiol precursors protected by 2-
(trimethylsilyl)ethyl groups. The formation of 1-alkynethiolates from them with TBAF was confirmed by a
trapping experiment with methyl iodide. Moreover, the compounds 2a-¢ yield close-packed self-assembled
monolayers on an Au surface through in situ deprotection of 2-(trimethylsilyl)ethyl group with TBAF. We

are currently working to investigate the SAMs in detail.
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