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Abstract—Microwave heating was applied in high-yield syntheses of alkenes by McMurry coupling of aldehydes and ketones with
low-valent titanium. All aldehydes and ketones including sulfur end-capped analogues gave alkenes in isolated yields above 80%

without detectable amounts of pinacols.
© 2005 Elsevier Ltd. All rights reserved.

Since microwave-assisted organic synthesis was intro-
duced in 1986,' applications of microwave heating have
been growing steadily.? Numerous reactions progress up
to 1000 times faster and often cleaner under these condi-
tions compared to conventional heating. In the field of
metal catalyzed reactions, huge advances have been
achieved by application of microwave heating. Palla-
dium catalyzed reactions,® viz. Heck and Sonogashira
couplings, in particular have been thoroughly investi-
gated. Shorter reaction times and higher yields com-
pared to conventional heating conditions have often
been reported for these reactions.

We focused our attention on the McMurry reaction,*
which is a useful method for the symmetric coupling
of an aldehyde or a ketone to give the corresponding
alkene, and we have successfully applied this reaction
to syntheses of alkenes from aldehydes and ketones
under microwave heating.

During our previous work, especially in the synthesis of
double bonds in sulfur end-capped oligophenylene vin-
ylenes (OPVs),>® we used coupling of the corresponding
aldehydes and ketones by McMurry reactions. Under
conventional heating conditions, the McMurry reaction
required heating for several hours for completion. The
first step in the McMurry reaction is relatively fast C—
C bond formation between the carbon atoms of the
two carbonyl groups, formally a pinacol formation.
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Then on heating for several hours, the double bond is
formed; often the alkene is contaminated with traces
of pinacol unless purified by chromatography.

In a microwave oven,’ even low-energy conditions
(~10 W) gave complete conversion into the alkene with-
in ten minutes for the McMurry reactions of aldehydes
and ketones. The reactions were complete with no sign
of starting materials or pinacols® by TLC. The results
of McMurry couplings performed with microwave heat-
ing are summarized in Table 1.°

The formation of low-valent titanium by reacting TiCl,
with zinc dust in THF'? resulted in a grey, almost solid,
metallic slurry. The addition of all the TiCl, was very
vigorous, but an advantage of the microwave equipment
is that the addition can be performed in a sealed vessel.
However, once the entire amount of TiCly; had been
added to the reaction mixture, the metal slurry was easy
to handle. The aldehyde or ketone could be added
shortly after complete addition of the entire amount of
all the TiCly. After microwave heating for less than a
minute, the grey metal slurry turned into a purple slurry
appearing almost like a homogeneous solution.

In accordance with conventional heating, only trans-
stilbenes were produced by the microwave assisted
McMurry reactions. In this context, trans-stilbene 2,
trans-4,4'-dimethylstilbene 4, and trans-4,4'-bis(tert-
butylthio)stilbene 6, were prepared from benzaldehyde
1, 4-tolualdehyde 3, and 4-(zert-butylthio)benzaldehyde
5, respectively (entries 1-3 in Table 1). We have previ-
ously coupled protected sulfur end-capped aromatic
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Table 1. Synthesis of alkenes from aldehydes or ketones by microwave assisted McMurry coupling
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aldehydes using low-valent titanium under conventional
conditions. Microwave heating produced 6 from 5 in a
higher yield and much faster compared to the conven-
tional reaction without damaging the fert-butyl sulfur
protecting group.

The McMurry coupling of ketones was found to be a
very slow reaction requiring days under conventional
conditions. However, using even low-energy microwaves
ketones coupled rapidly. This was exemplified by cou-
pling benzophenone 7 and 4,4'-bis(tert-butylthio)benzo-
phenone 9 into tetraphenylethylene 8 and tetrakis-[4-
(tert-butylthio)phenyl] ethylene 10, respectively (entries
4 and 5 in Table 1). In the latter example, the tert-butyl
moiety remained unaffected under the McMurry condi-
tions (cf. the synthesis of 6). To the best of our knowl-
edge, 10 is the first example of a protected thiol
end-capped tetraphenylethylene with four sulfur terminals.

The McMurry coupling of butyrophenone 11 was sup-
posed to produce only the E-alkene in accordance with
the results obtained for aromatic aldehydes. However,
this substrate gave a 9:1-ratio of the E- and the Z-alk-
enes, 12a and 12b (entry 6 in Table 1). This result may
be due to the higher steric influence of the propyl group.

Simple aliphatic aldehydes and ketones, such as pentanal
and cyclohexanone, did not give well-defined reactions.

The bis-thiol end-capped benzophenone protected with
tert-butyl groups, 4,4'-bis(zert-butylthio)benzophenone
9, was prepared by lithiation of bromophenyl zerz-butyl
sulfide 13 with n-butyllithium followed by reaction with
ethyl N,N-diethylcarbamate 14'' (Scheme 1).!? By anal-
ogy with similar procedures,'? 14 was applied in the ke-
tone synthesis due to easy access to precursors of 14. By
reacting N,N-diethylcarbamoyl chloride with ethanol,
14 was readily prepared.'* The synthesis of 9 demon-
strates the stability of the tert-butyl thiol protecting
group toward lithium reagents.

After the conversion of 9 into the tetraphenylethylene
10, smooth deprotection-reprotection was performed
by treatment with acetyl chloride and boron tribromide
following our procedure® for in situ conversion of
tert-butyl sulfides into the corresponding acetylthio
compounds. Conversion of 10 into tetrakis-[4-(acetyl-
thio)phenylJethylene 15'° was performed in order to
obtain intermediates with protected thiol terminals,
which are readily cleavable in situ during self-assembly
viz. at gold contacts.'®



N. Stuhr-Hansen | Tetrahedron Letters 46 (2005) 5491-5494 5493

10

AcCI/BBr3

AcS SAc

i. n-BuLi, THF
5 i ENCOsEt 14
S " i H0
/ < 13 (76%)

Scheme 1.

The novel, acetyl protected, four terminal tetraphenyl-
ethylene thiol 15 has been incorporated in our recent
work as a component in molecularly based nanoscale
electronic devices. Due to its rigidity, 15 might be
applied to fixation of a gold cluster at each of the four
terminals.!” Electron transport studies on 15 will be
the subject of future investigations similar to those
recently carried out on OPVs.!®

In summary, we have extended the use of microwaves in
organic synthesis to the McMurry reaction. Utilizing
microwave conditions, the McMurry reactions were
complete within 10 min. This method has been
employed in the synthesis of two- and four-terminal
molecular wires for molecular electronics.
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