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The synthesis of valence isomers of benzene has
attracted the interest of chemist for more than a century.?
Only recently the synthesis of the last missing isomer,
3,3'-bicyclopropenyl, has been accomplished® and its
structure crystallographically determined. Above 10 °C
it slowly decomposes and unlike the other valence
isomers does not revert to benzene.®? However, due to a
“Korsetteffekt” with bulky groups, substituted bicyclo-
propenyls like hexa-tert-butyl-3,3’-bicyclopropenyl® or
hexaphenyl-3,3’-bicyclopropenyl” are stable under these
conditions. They are of considerable interest for the
studies of the reactions and “through bond” interactions®
of the two isolated double bonds in these systems.

We described recently® the synthesis of hexakis(tri-
methylsily])-3,3"-bicyclopropenyl (2) in a one-step Barbier-
type reaction of tetrachlorocylopropene with chlorotri-
methylsilane. Due to the special effects of the
trimethylsilyl groups,!® 2 is extraordinarily stable and
its chemistry different!! from its tert-butyl® and phenyl’
derivatives. In the course of our studies to explore
electrophilic substitution of aromatic cations we were
interested in the development of convenient procedures
for the preparation of silylated cyclopropenes.’? We
report now the selective electrochemical synthesis of
hexakis(trimethylsilyl)-3,3"-bicyclopropenyl 2 from readily
available tetrachlorocyclopropene (1) and some mecha-
nistic studies on its electrochemical formation.

The reaction of 1 with chlorotrimethylsilane in a 10:1
mixture of THF and HMPA by applying 8 Faraday
current per mol gave hexakis(trimethylsilyl)-3,3'-bicy-
clopropenyl after workup in 40% isolated yield. The
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Scheme 1. Proposed Mechanism for the
Electrochemical Formation of 2 from
Tetrachlorocyclopropene with
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reactions were carried out on a 2 g scale under constant
current in a single compartment electrochemical cell!?
equipped with an aluminum rod anode and a stainless
steel net cathode and tetra-n-butylammonium bromide
as electrolyte. We have also investigated the influence
of the anode material on the reaction. The best results
were obtained with an aluminum rod anode. Zinc gave
the same reaction; however, the yields were somewhat
lower and the workup was difficult due to the formation
of zinc hydroxide. No or very little product was detected
using a magnesium rod anode.

All attempts to obtain a crystal structure of 2 failed
due to the highly disordered packing of 2 in the crystals.!4

MGQSi
CZC' TMSCI, 6 - 8 F/mol SiMe,
cr ¢l THF/HMPA, Me,Si SiMe,
Bu,NBr, AN Me,SI
1 j=25Am? » SiMe,

The cyclic voltammogram!? of tetrachlorocyclopropene
(1) shows clearly two two-electron reduction steps at
—1.15 and —2.20 V vs Ag/Ag*. Increasing of the potential
led to a crossover. The overall reaction is irreversible.
By monitoring the reaction by GC/MS the first detectable
product after applying 2 Faraday per mol of 1 to the
reaction mixture was 1-(trimethylsilyl)trichlorocyclo-
propene 3 (Scheme 1). 3 has also been isolated.’? NMR
spectroscopic analysis showed clearly the substitution of
a vinyl chlorine due to the more favorable formation of a
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Notes

vinylic anion during the reaction. With further reaction
3 disappeared and after hydrolysis the doubly trimeth-
ylsilylated cyclopropenone 4a was identified by GC/MS,
resulting from the 1,2-bis(trimethylsilyl)dichlorocy-
clopropene 4 in the reaction mixture. This is in ac-
cordance with the second reduction step in the cyclic
voltammogram of 1. This trimethylsilylation step again
involves a more stabilized vinylic anion. After the second
trimethylsilylation the situation becomes more compli-
cated. In the course of the reaction the next detectable
product besides small amounts of already formed 215 is
the tris(trimethylsilyl)chlorocyclopropene 5. Generally
the mechanism for the electrochemical reduction of al-
kyl halides involves the two following consecutive reac-
tions:!6

RX+e —R +X 6h)
R +e —R” (2)

The first step is a one-electron reductive cleavage of the
carbon—halogen bond (1). In competition with dimer-
ization the radical can be further reduced to a carbanion
by transfer of a second electron (2). In the case of 4 no
radical dimerization product was detected. On the other
hand formation of an anionic intermediate, which was
proposed by Breslow et al., should be an antiaromatic
species.!” By a-elimination this o-chlorocyclopropenyl
anion should readily give the corresponding carbene or
it could react with chlorotrimethylsilane to 5. However,
no evidence for the formation of a carbene from 4 was
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obtained. Breslow et al.’® and Shono et al.l® have
investigated the electrochemical dimerization of the
triphenylcyclopropenyl radical. Our results for the dimer-
ization of radical intermediate 6 to 2 are in agreement
with the electrochemical formation of hexaphenyl-3,3’-
bicyclopropenyl.

In conclusion we have developed an electrochemical
trimethylsilylation of tetrachlorocyclopropene to hexakis-
(trimethylsilyl)-3,3’-bicyclopropenyl (2). Mechanistic in-
vestigation of the electrochemical reaction of 1 with
chlorotrimethylsilane shows that the first two trimeth-
ylsilylations occur at the vinylic positions. After intro-
duction of the third trimethylsilyl group a radical cou-
pling of the tris(trimethylsilyl)cyclopropenyl radical yields
2.

Experimental Procedure

Electrochemical Synthesis of 2. An amount of 2 g (11.4
mmol) of tetrachlorocyclopropene, 10 mL of chlorotrimethylsi-
lane, 10 mL of HMPA, and 0.5 g of tetra-n-butylammonium
bromide were dissolved under argon atmosphere in 80 mL of
THF in a single compartment electrochemical cell® equipped with
an aluminum rod anode and stainless steel net cathode. After
an hour of preelectrolysis at 50 mA the current was raised to
100 mA (j = 2.5 A/m?) and a total of 8 F current per mol of 1
was applied. The reaction mixture was monitored by GC/MS.
After the reaction was complete the solvent and remaining
chlorotrimethylsilane were distilled off, 100 mL ether was added
and the mixture extracted twice with 100 mL cold water. The
remaining organic layer was dried over magnesium sulfate and
the solvent and most of the disiloxane were removed. Kugelrohr
distillation (180—200 °C, 102 Torr) and subsequent recrystal-
lization from methanol gave 1.16 g (40%) of 2: mp 240—241 °C,
lit. 241 °C. The material gave identical 'H, 13C, and 2°Si NMR
data as reported.®
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