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step the expected carbon-carbon rearrangements products
were not observed. '3

The proposed third step in the overall reaction is the
cleavage of V to styrene, benzaldehyde, and cyclosiloxane.
In this step the lack of stability in the 1,2-silaoxetane (V)
causes the silicon-carbon and silicon-oxygen bonds to rup-
ture giving silicon-carbon and silicon-oxygen double bonds.
The compounds, a-trimethylsilylstyrene and «-dimethyl-
phenylsilylstyrene are the evident products of cleavage of
1,2-silaoxetane (VI) formed by the reaction of a silicon-
carbon double bond and silyl phenyl ketones (I and II). The
comparatively low yields of volatile products encountered in
the neat pyrolysis of I and II are not suprising, since all of
the postulated intermediates should be very prone to poly-
merization.

Pyrolysis of I in the presence of benzophenone gave 1,1-
diphenylethylene (17%) together with similar yields of
(Me;Si0)3 (24%), styrene (32%), and benzaldehyde (27%).

500°
Ph,C=CH, + PhCH==CH, + PhCHO + [(CH,)Si0O},

The formation of 1,1-diphenylethylene is due to the cleav-
age of silaoxetane resulting from the reaction of a silicon-
carbon double bond with benzophenone.

In summary the present work demonstrates that 1,2-si-
laoxetane resulting from C-H insertion of siloxycarbene
undergoes the Si-C and Si-O bond cleavages in almost
comparable ratio. Although the strength of the Si-O bond
excludes an initial rupture of 1,2-silaoxetane, the product
ratio provides evidence for the competitive Si-C and C>-C3
bond scission as the initial step of thermal silaoxetane de-
composition.'#
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Acidities of Carbon Acids. VII. Conjugation and
Strain in Some Cyclopropyl Anions
Sir:

Electron-withdrawing groups (EWG), such as nitro, car-
bonyl, and sulfonyl, have been shown by equilibrium acidity
measurements in dimethyl sulfoxide (DMSO) solution to
have acidifying effects of over 30 powers of ten on a-C-H
bonds in methane carbon acids, CH:EWG.!:2 The present
paper extends the study to the SO>CF; group,® and to cy-
clopropane carbon acids, ¢c-PrEWG (Table I).*

There is abundant evidence that carbanions o to nitro
and carbonyl groups derive much of their stability by rehy-
bridizing from sp* to sp?, thus allowing delocalization of
charge to the more electronegative oxygen atoms, but it has
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Table I. Equilibrium Acidities of Carbon Acids Measured in
Dimethyl Sulfoxide Solution*

EWG  pK (CH,EWG) pK (-PrEWG) pK (¢-PrfEWG) Apk?
NO, 17.20 £ 0.01 16.89 + 0.02 ~274 ~9
SO,CF, 18.76 £+0.03 21.80+0.03 26.60+0.03 7.3
COPh 24.70 + 0.02  26.26 + 0.02  28.18 £ 0.02¢ 3.0
SO,Ph 29.04 £ 0.05 >32 >32 >2.5

@ Rapid decomposition; since equilibrium may not have been
reached, this value is probably high by 1 or 2 pX units. ? pX (c-
PrEWG)—pK (CH,EWG) statistically corrected. ¢ A referee ques-
tioned the validity of this number on the grounds that it is lower
than he expected, and is in a range “high for the DMSO system.,”
Actually, the pK is almost 7 units below the presently accepted
value for the DMSO solvent (35.1).? Nevertheless, the value was
checked by a different investigator using a freshly purified sample
of cyclopropyl phenyl ketone and two different indicators. Against
thiaxanthene (pK = 28.3) the pX observed was 28.22; against di-
phenylyldiphenylmethane (pX = 29.4) it was 28.31 + 0.01. The
value of 28.2 given in the table is probably better than the latter
value because it was obtained by several runs with 9-phenylxanth-
ene (pK = 27.9) which has a pX close to that of cyclopropyl phenyl
ketone.

been less clear how important conjugative effects are for the
sulfonyl group. It has been known for some time that the
sulfonyl group resembles the nitro and carbonyl groups in
requiring a ¢™ constant to represent its interaction from the
para position in anilinium ions, phenols, and thiophenols,’
and this has been interpreted as evidence for a strong conju-
gative effect, presumably involving d orbitals on sulfur. On
the other hand, theoretical studies suggest little or no need
to invoke d-orbital conjugation in most instances,® and ab
initio calculations on the CH>SO,H™ carbanion indicate a
pyramidal structure with little or no role assigned to d-or-
bital conjugation.” The present results show that the
SO,CF; group has a larger acidifying effect in CH;EWG
acids than does COPh and almost as large an effect as does
NO>, the order being NO; > SO,CF; > COPh > SO,Ph.
Present evidence indicates that substitution of the SO,CF;
group for a hydrogen atom in the methide ion increases its
stability by over 60 kcal/mol. It is highly unlikely that a
stabilizing effect of this magnitude can be solely a polar ef-
fect, and this point of view is supported by evidence
pointing to a much smaller acidifying effect by the
N(CH3)s* group.® We conclude that the SO,CF; group is
exerting a large conjugative effect. This conclusion is sup-
ported by consideration of its effect on the acidity of a hy-
drc;gen atom attached to a cyclopropane ring (ApK in Table
I).

Examination of Table I shows that the cyclopropane car-
bon acids, ¢-PrEWG, with EWG = NO,, SO,CF;, or
COPh, are considerably less acidic than the corresponding
CH3EWG and i-PrEWG carbon acids, despite the intrinsi-
cally greater acidity of protons attached to a cyclopropane
ring.'® The marked decrease in acidity for ¢-PrNO, and c-
PrCOPh, relative to CH;NO3 and CH;3;COPh, respectively,
must be caused primarily by strain in the C;Hs=~=NO,~ and
C3;H~C(Ph)O~ anions.!! The simplest explanation ap-
pears to be that removal of the proton on the cyclopropane
ring by base is accompanied by rehybridization of the re-
sulting orbital containing the electron pair, its p character
being increased so as to permit maximum overlap in the re-

sulting 7-bond.!? Increased p character in this orbital can-

be achieved, however, only at the cost of decreased p char-
acter in the carbon-carbon bonds of the cyclopropane ring,
which according to theoretical models, possess a high de-
gree of p character.!3 The result is a sharp increase in ring
strain in the anions.!!-12 The SO,CF; group appears to im-
pose the same kind of electronic demand on the cyclopro-
pane ring as does the NO; group or the COPh group. The

7161

same trend can also be seen with the SO,Ph group.'* In
other words the SO,CF3 and SO,Ph groups may only exert
their maximum effects on sp? carbanions. This would imply
that retention of asymmetry in a-sulfonyl carbanions is not
a result of a high barrier to inversion, but of restricted rota-
tion or asymmetric solvation.!® The apparent increased con-
jugative effect of the SO>CF; group, as compared to the
SO,Ph group, is in agreement with predictions of Craig to
the effect that increasing the electron-withdrawing power of
the group attached to sulfur (replacement of Ph by CF; in
the present instance) will contract the 3d orbitals of sulfur
and make them more available for conjugative overlap.'” It
is also possible to describe the bonding in other ways;®7 the
one clear point emerging from the experimental results is
that conjugation of sulfur in SO,CF; with the carbanion is
strong.

There have been previous qualitative indications that cy-
clopropyl anions of the type C;H4EWG™ are strained,':!
but the present study is the first to provide quantitative data
which allow an estimate to be made of the size of the effect.
Based on the CH3EWG model,® the strains in the
C3;H,EWG™ anions amount to, ~12, 10.0, 4.1 and >3.4
kcal/mol for the NO3, SO,CF;, COPh, and SO,Ph groups,
respectively.'® Studies of base-catalyzed exchange rates
(“kinetic acidities”) for ¢-PrEWG systems have led to the
conclusion that some cyclopropyl anions of the type
C3;H.EWG™ are not destabilized by strain.2? The 103-10*
slower rates observed for all cyclopropene-EWG type com-
pounds did not correlate with the variable cyclopropyl ef-
fects on exchange rates and were attributed to antiaromati-
city in cyclopropene anions.?° Since all of our equilibrium
measurements show large (103-10!2) decreases in acidity
for ¢-PrEWG compounds due to strain, the lower ‘‘kinetic
acidities” of cyclopropenyl systems may, after all, also be
due to strain, which would not leave much role for antiaro-
maticity in cyclopropenyl anions of this type.?!
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Generation of Dimethylsilylene under Mild Conditions
by the Thermolysis of Hexamethylsilirane
Sir:

The generation of divalent silicon species, the silylenes,
and their chemical reactivity have received much attention
in recent years.! Pyrolytic and photolytic processes have
served in their production, but these are not wholly satisfac-
tory. The thermolysis reactions require high temperatures,
ca. 300°, for substituted 7-silanorbornadienes? and ca.
200-250° for polydimethylsilanes with terminal methoxy
substituents.? The photolysis of Me(MesSi),Me (n = 4-8)*
and c-(Me;,Sig)® produces dimethylsilylene at 25-45°, but
in such reactions it is possible that the final products ob-
tained will be determined by secondary photoprocesses in-
volving the initial products or by other chemistry involving
excited states of the initial products. Clearly, a less strenu-
ous thermal route would be a useful addition to the known
procedures of silylene generation.

We have found that hexamethylsilirane, 1, whose prepa-
ration we reported recently,® decomposes at around 60-80°
to generate dimethylsilylene, eq 1. The initial indication of

CH3 CH3 CHS CHS
et N CH,
Nai”” 60-80° S
I /Sl\ — | + :Si 1
/C\ CH; J/ C\ CH,
CH, CH, CH, CH,

1

such a mode of decomposition was provided by the mass
spectrum of hexamethylsilirane which showed no molecular
ion. The largest fragment, m/e 84, was attributable to
[MeyC=CMe;]*. An experiment in which the decomposi-
tion of hexamethylsilirane in benzene-ds under argon at
60° was monitored by proton NMR spectroscopy showed
that two products were formed when hexamethylsilirane de-
composed: tetramethylethylene (8 1.78 ppm) and a meth-
ylsilicon compound (& 0.28 ppm). The half-life of the silir-
ane under these conditions was 11 hr. In a larger scale ex-
periment carried out in benzene (15 hr at 73°), the tetra-
methylethylene yield was determined by gas chromatogra-
phy (GLC) to be 77%, and this product was isolated and
identified by comparison of its GLC retention time, NMR

spectrum, and refractive index with those of an authentic
sample. Invariably lower yields of tetramethylethylene
(46% in one such experiment) were obtained when the ther-
molysis of hexamethylsilirane was carried out in THF. The
organosilicon product of the decomposition was isolated as
a nonvolatile oil, probably polymeric polydimethylsilylene.

Dimethylsilylene produced in the thermolysis of hexa-
methylsilirane may be trapped by various substrates when
the decomposition is carried out in their presence. The hex-
amethylsilirane may be used in the form of the THF solu-
tion in which it is formed,® as the neat reagent, or in ben-
zene solution. Orientational experiments are required to de-
termine which of these possibilities gives the best results for
a given type of substrate. Also, the optimum substrate/hex-
amethylsilirane ratio must be determined in such experi-
ments for the different types of substrate used.

Our initial trapping experiments have been carried out
with classes of substrates which had been shown by previous
workers to react with dimethylsilylene. The reaction of di-
‘methylsilylene with dimethyldimethoxysilane is described in
detail to illustrate the procedure used. (It must be empha-
sized that all operations must be carried out under an atmo-
sphere of dry argon or nitrogen since hexamethylsilirane is
highly reactive toward atmospheric oxygen and moisture.
All substrates and solvents used must be degassed prior to
their mixing with the silirane.)

Seven milliliters of a solution of hexamethylsilirane in
THF® was concentrated at room temperature and 65-70
mmHg during a 3-hr period to remove THF and argon was
admitted into the flask containing the silirane which re-
mained. An aliquot of the silirane was added to benzene-d¢
containing toluene as internal standard and the amount of
silirane present was determined by NMR. An added check
was provided by methanolysis of the silirane® in the NMR
sample and determination of the yield of the methanolysis
product, MeOSiMe;CMe;CHMes, by GLC. In this way it
was established that 1.18 mmol of hexamethylsilirane was
available for reaction. To this was added 75 mmol of de-
gassed dimethyldimethoxysilane’ and the resulting solution
was heated at 73° for 15 hr, with stirring under argon. Sub-
sequent GLC analysis showed that tetramethylethylene was
present in 95% yield and that the Si-OMe insertion prod-
uct, MeOSiMe,SiMe,OMe,8® had been formed in 71%
yield.

Organosilicon hydrides also react readily with silylenes,'
and we have intercepted the dimethylsilylene released in
hexamethylsilirane thermolysis with several substrates con-
taining Si-H bonds. In all cases no inert diluent was present
and the silicon hydride, present in large excess, served as re-
action medium. The results are shown in Scheme I. Finally,
we have examined reactions of hexamethylsilirane with
1,3-dienes which have been shown to react with silylenes,!

.via 1,2-addition followed by subsequent rearrangement of

the initially formed vinylsilacyclopropanes, usually to 1-si-
lacyclopent-3-enes.!? Here the results were not straightfor-
ward. The best product yield with 2,3-dimethyl-1,3-butadi-
ene was obtained when a THF solution containing the silir-
ane and 5.3 molar equivalents of the diene was heated at
66° for 17 hr. Tetramethylethylene was obtained in 37%
yield and 1,1,3,4-tetramethyl-1-silacyclopent-3-ene®!? in
Scheme I

EtSiH

108°, 14 hr Et,SiSiMe,H>* + MezC=CM€:

N on (59%) (71%)
| s
|>Si\ TR i PrMeSSIMeH! + MeLC=CMe,
A r
/C\ CH, (40%) (97%)
CH,  CH, 7;“?;“}‘: HEL,SiSiMe,H" + Me,C=CMe,
T (48%) (82%)

(sealed tube)
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