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Summary

Additions of SiH,, SiCl, and Si(CH;), to cyclopentadiene and of Si(CH;).
to 1,3-cyclohexadiene were carried out by copyrolysis of an appropriate disilane
and the diene. All observed products are believed due to 1,2-addition of silylenes
forming bicyclic vinylsilacyclopropane derivatives which undergo non-concerted
rearrangements. )

The addition of silylenes to 1,3-dienes has aroused considerable synthetic
and mechanistic interest [1-10]. Recently we ruled out a concerted 1,4-addition
mechanism by demonstrating that the reaction is not stereospecific [7]. Our at-
tention next turned to the addition of silylenes to cyclic dienes in the belief that
their reaction products would shed light on the detailed reaction mechanism,
particularly upon the role of silacyclopropane intermediates.

The two previously reported examples of silylene addition to cyclic dienes
present a striking contrast in the finding of a conjugated product by Chernyshev,
Komalenkova and Bashkirova [3], while Childs and Weber found only an un-
conjugated product [8]. Both groups assumed the formation of silacyclopropanes
without evidence for such intermediates (Scheme 1).

We have compared the reactions of Si{(CHj3), , Sit, and SiCl, with cyclo-
pentadiene and studied the reaction of Si(CH,), with 1,3-cyclohexadiene. Our
results, presented in this communication, as well as the earlier cbservations, are
reconciled in a single mechanistic scheme.

The procedure consisted of copyrolysis in a vacuum flow system at 5 to 50
torr pressure of the silylene precursor CH;OSi(CH;), OCH; or Si,H, at 575 °C to
735 °C or 435 °C, respectively, together with a three- to six-fold excess of the
diene substrate. Contact time in the hot zone was less than 1 sec. Hexachlorodi-
silane—diene mixtures were subjected to copyrolysis at 540 °C employing a
nitrogen carrier gas and longer contact times as previously described [3]. The un-
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symmetrical thermolysis of disilanes to silylenes is well documented [11-13].
Y"‘Sin —SiX2—Y -> Sin + SiX2 Y2

While addition of SiH; as well as of SiCl, to cyclopentadiene gives rise ex-
clusively to the conjugated 1-sila-2,4-cyclohexadiene, addition of Si(CHj;), gives
both the 2,4- and 2,5-isomers™ (Scheme 2). These products were identified and
unambiguously characterized by their spectroscopic properties. Nuciear magnetic
resonance, mass spectroscopy, infrared and ultraviolet spectroscopy were all
utilized to examine samples purified by gas chromatography. Spectroscopic data
for 1,1-dichloro-1-sila-2,4-cyclohexadiene were identical with those reported by
Benkeser and Cunico [14]. Reduction of this compound with lithium aluminum
hydride gave a product identical with the SiH, adduct.

The product ratio from Si(CHs), addition to cyclopentadiene remained
constant, 2.1 + 0.2, over three temperatures spanning 150 °C. This suggests a
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*Yields were: from SiH_ 10%. from SiCl, 40%: from Si(CH,), 50% (combined).
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common intermediate followed in the reaction sequence by branching steps with
similar temperature dependences, perhaps due to low activation energies. Such a
mechanism, including the formation of a silacyclopropane intermediate which re-
. arranges to the final products via a diradical, is shown in Scheme 3.
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A similar diradical mechanism has been proposed for the thermal rearrange-
ment of the all-carbon analog for the bicyclic silacyclopropane above, bicyclo-
[3.1.0]hex-2-ene [15, 16]. Formation of silacyclopropanes by addition of
silylenes to monoolefins and dienes has recently been indicated by methanol
trapping experiments {10, 17], and the isolation of silacyclopropanes (but not
from silylene addition) has been effected [18-20].

We offer as compelling evidence for the intermediacy of a silacyclopropane
upon addition of Si(CH3). to a diene, the formation of 3,3-dimethyl-3-sila-1,4,6-
heptatriene (10% yield) from the addition of Si(CH3), to 1,3-cyclohexadiene.
This product alsc was identified from its spectra. Particularly characteristic was
the olefinic region of the NMR spectrum, identical with superimposed spectra of
vinyltrimethylsilane and 1-silyl-1,3-butadiene. The other isolated product, also

formed in 10% yield, was 7,7-dimethyl-7-silanorbornene, also characterized by its
spectra. The mechanism of Scheme 4 is proposed.

SCHEME 4 HyC
. N A AN
Sl (CH3)2 + e Sl —— -
yd 7
H4C H3C

B
H,C CHj

N
St
\.' — /Sl l
St HLC X
e
H,C



ca1 .

It is noteworthy that in the all-carbon system, bicyclo[4.1.0]hept-2-ene,
analogous to the bicyclic silacyclopropane in Scheme 4, pyrclysis leads to ex-
clusive cleavage to a bond external to the six-membered ring, as in process B -
above [21]. We attribute the ability of process A to compete with process. Bto
the exceptionally strained carbon—carbon bond of a bicyclic silacyclopropane. It
seems clear that the silaheptatriene product must arise via the silacyclopropane
intermediate shown. It seems possible, however, that the silanorbornene could
arise directly via an initial dxradlcal adduct (Scheme 5).

SCHEME 5

. Sl(CH3)2

That the initial adduct of silylenes and 1,3-dienes may be a diradical (which
can close to a silacyclopropane) is suggested by the observation that 1,3-cyclo-
hexadiene is much more reactive toward Si{CH; ). than is 1,4-cyclohexadiene.

Finally, we suggest an explanation for the exclusive isolation of the con-
jugated 2,4-silacyclohexadiene from addition of SiH, to cyclopentadiene. Again
guidance comes from the ali-carbon system, where facile 1,4-elimination of
molecular hydrogen from 1,4-cyclohexadiene has been demonstrated [15]. Thus
the absence of 1-sila-2,5-cyclohexadiene as an observed product from flow
pyrolyses with brief contact times may be due to the secondary decomposition
of the unconjugated silacyclohexadiene with loss of H,. Experiments on the trap-
ping of the expected silabenzene product are underway.

Since the contact time for the reaction of SiCl, with cyclopentadiene is
much longer than that for SiH,, and since concerted loss of HCI from a silacyclo-
hexadiene should be less facile than loss of H,, the absence of the unconjugated
1,1-dichloro-1-sila-2 5-cyclohexadiene as an observed product may be due to
other secondary reactions. That elimination of methane is more difficult than
that of hydrogen would explain the survival of 1,1-dimethyl-1-sila-2,5-cyclo-
hexadiene.

On the basis of the present as well as the earlier results we favor as the
mechanism for silylene addition to 1,3-dienes an initial 1,2-addition forming a
silacyclopropane which undergoes non-concerted rearrangement to products. The
relative amount of C—Si and C—C bond cleavage upon rearrangement of the sila-
cyclopropane seems to depend on whether it is fused into a bicyclic system, and,
if so, upon the size of the other ring.
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