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Tetramethylsilacyclopropene
Sir:

In his recent review of the chemistry of silacyclopropanes,!
Seyferth noted the many attempts which preceded his first
successful synthesis of 1972.2 There are no recorded failures
in the synthesis of silacyclopropenes, for, with the notable
exception discussed below, the idea that a silacyclopropene
might prove to be stable did not dawn on the chemical world

until Seyferth uncovered the unexpected stability of the sat-
urated compound.

&

C CH. ¢
CHSE + || — s ||

C

CH,

~
' CH; C\
CH:;

We wish to report that tetramethyl-1-silacycloprop-2-ene
has been obtained as the addition product of dimethylsilylene
(CH3)5Si: and 2-butyne, and is stable for many weeks at room
temperature in the absence of air. Gas-phase flow-pyrolysis
of 1,2-dimethoxy-1,1,2,2-tetramethyldisilane at 600 °C and
pressures below 100 u were employed to generate dimeth-
ylsilylene? in the presence of a tenfold excess of 2-butyne.?
Absolute yields of ca. 50% were obtained as determined by the
methanolysis described below.

Trap-to-trap distillation of the reaction mixture provided
solutions containing 10-20% of the silacyclopropene in di-
methoxydimethylsilane together with ca. 5% of other com-
pounds.® The proton NMR spectrum of such a solution dis-
plays two sharp singlets at 6 0.15 and 1.96 in ratio of peak areas
1:1, and the mass spectrum, obtained by combined gas chro-
matography-mass spectroscopy indicates a parent peak at m/e
112 and base peak at m/e 97, thus eliminating all alternative
structures except (CH3),C=C=Si(CHj),. This latter
structure is not consistent with the evidence afforded by
methanolysis of the compound, which proceeds in ca. 80% yield
to give cis-1,2-dimethylvinyldimethylmethoxysilane:6

CH,

v CH, CH,
CH, o cH
3

(CH.),Si + CHOH —» CHO™ I
CH, H™ “CH,

The stereochemistry of this reaction was established by in-
dependent synthesis of the cis and trans isomers’ and the
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demonstration that the stereoisomers could be distinguished
by proton NMR spectroscopy. Use of methanol-OD proved
that hydroxyl hydrogen is the source of the vinyl hydrogen in
the methanolysis product.

The 13C NMR spectrum of product mixtures has also been
obtained. The lone resonance whose '*C chemical shift is 152
ppm downfield from tetramethylsilane and which remains a
singlet in the absence of proton spin decoupling is assigned to
the ring carbons and provides strong evidence for the cyclic
structure. The C-methyl and Si-methyl 13C resonances are
found at 11.9 and —2.4 ppm downfield from Me4Si with proton
coupling constants 125 + 2 and 120 £ 2 Hz, respectively.

While tetramethylsilacyclopropene is quite stable in the
absence of air and moisture, exposure to the laboratory at-
mosphere initiates an exothermic reaction which destroys the
compound within a minute. When a solution containing 20%
of the silacyclopropene was heated at 75 °C for 3 h, no dimi-
nution of the characteristic NMR signals was observed. When
the temperature was raised to 105° the silacyclopropene was
destroyed within an hour. The NMR spectrum indicated only
polymeric product and no observable 2-butyne. Thus the mode
of thermal decomposition of tetramethylsilacyclopropene in
dimethoxydimethylsilane solution is not the extrusion of di-
methylsilylene observed by Seyferth for hexamethylsilacy-
clopropane.?

There is much indirect evidence for the addition of silylene
to carbon-carbon multiple bonds forming three-membered
silicon-containing rings.>'!® We believe, however, that this is
the first report of the direct detection by spectroscopic means
and the chromatographic separation of the primary silylene
adduct.!

The addition of silylenes to acetylenes has had a checkered
history. The claim of Volpin and co-workers to have isolated
1,1-dimethyl-2,3-diphenyl-1-silacycloprop-2-ene from the
addition of the dimethylsilylene to diphenylacetylene!! was
soon refuted by the demonstration that the product isolated
was dimeric:!?

Si

9(CH,),Si: + 2PhC==CPh —» I
Ph Si
CH, CH,

While the proposal that silacyclopropene intermediates may
intervene in the formation of disilacyclohexadienes from the
reactions of silylenes and acetylene has been widely discussed,!?
this suggestion has recently been revived!* to account for the
formation of a disilacyclobutene as an isolable product.
However, the demonstration by Barton and Kilgour that
disilacyclobutenes can act as precursors to disilacyclohexad-
ienes!> and our recent finding that dimethylsilylene can un-
dergo dimerization316 suggest that silacyclopropenes may
play no role in the formation of disilacyclohexadienes, if the
alternative reaction, Scheme I discussed by Barton'> proves
to be correct.

Since the reactions leading to the formation of disilacyclo-
hexadienes are generally carried out as static pyrolyses of the
silylene precursors in the liquid phase at temperatures above
150°, conditions under which the lifetime of tetramethylsila-
cyclopropene is short, the suggestion that the disilacyclobutene
arises from silylene addition to a silacyclopropene seems no
more likely than the silylene dimerization followed by cy-
cloaddition pictured above.

Nevertheless, evidence has been presented for the formation
of silacyclopropenes as fleeting intermediates in the addition
of silylenes to acetylenes. The silylacetylenes formed from
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Scheme |
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pyrolysis in the gas phase of silylene precursors in the presence
of terminal acetylenes have been plausibly attributed to the
rearrangement of silacyclopropene intermediates.!7:3®

R
R_Si\/]\ —» RSIHC=CR (R =H,CH,)
H

Indeed the subject of this report, tetramethylsilacyclopro-
pene, has already been suggested by Atwell and Weyenberg
as a transient intermediate responsible for the formation of
dimethylvinyldimethylmethoxysilane when dimethoxyte-
tramethyldisilane is pyrolyzed in the presence of 2-butyne and
methanol.'# Evidence in addition to the product structure was
not presented for the intermediacy of a silacyclopropene. Since
these workers had found that dimethylsilylene reacts with
methanol to form dimethylmethoxysilane,!® addition of this
silane to 2-butyne may also occur:

(CH3)5Si: + CH3;0H — (CHj3),SiHOCH;

(CH3)2$1HOCH3 + CH3CECCH3
— (CH3),Si(OCH3)C(CH;3)CHCH;3

Our finding that tetramethylsilacyclopropene does give
dimethylvinyldimethylmethoxysilane upon methanolysis lends
support to the intervention of a silacyclopropene in the ex-
periments of Atwell and Weyenberg.

Only the barest beginning has been made in the exploration
of the chemistry of tetramethylsilacyclopropene, but the initial
results suggest that this highly strained unsaturated compound
possesses unusual chemical stability. The expectation that
tetramethylsilacyclopropene might be a voracious dienophile
is not supported by an experiment in which a fivefold excess
of cyclopentadiene was added to a 10% solution of tetra-
methylsilacyclopropene in dimethoxydimethylsilane. After a
week at room temperature no reaction occurred. This fact leads
us to echo the speculation of Seyferth that d ,-p, bonding may
contribute to the stability of an unsaturated three-membered
ring containing silicon.! A silacyclopropene has an added ad-
vantage over the di-exo-methylenesilacyclopropanes discussed
by Seyferth in that the endocyclic double bond can form a
quasiaromatic system by cyclic interaction with a silicon d
orbital.

It is hoped that photoelectron and 2°Si spectra will provide
additional data which will enable us to determine the electronic
structure of tetramethylsilacyclopropene and thus define the
factors which contribute to its stability. A variety of reactions
of tetramethylsilacyclopropene is also under investigation. The
full exploration of the chemistry of this fascinating compound
has now been made feasible by the demonstration that it is
stable enough to handle.
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