Photochemistry of 1,2-Disila-3,5-cyclohexadienes

Sir:

In the previous communication,! we reported the
photochemistry of 1-sila-2,4-cyclohexadienes, which
showed similar photochemical transformation to 1,3-
cyclohexadienes. In this paper, we describe photo-
chemical reactions of another type of silicon analog
of 1,3-cyclohexadiene, 1,2-disila-3,5-cyclohexadienes,
which revealed a novel photochemistry leading to
intriguing chemical species.

When a degassed C¢D; solution of 1,1,2,2-tetra-
methyl-3,4,5,6-tetraphenyl-1,2-disila-3,5-cyclohexadiene
(12)? in an nmr tube was irradiated with a 450-W
high-pressure mercury arc lamp with a Pyrex filter
for 2 hr, a photoproduct with four Si-Me singlets at
8 0.70, 0.59, 0.58, and 0.39 ppm?® was obtained quanti-
tatively. The photoproduct (2a) was extremely sensi-
tive to both air and moisture and was not isolated in
pure state. However, the following interesting trans-
formations were observed by nmr. On heating the
C¢Ds solution of 2a in the nmr tube, the intensities of
four Si-Me signals decreased with concomitant in-
crease of peaks due to a new product (3a), and finally
2a was replaced by 3a quantitatively. Furthermore,
by irradiation, 3a returned to 2a again, and these inter-
conversions can be effected repeatedly.*

The structure of 3a, which was fairly stable to both
air and moisture in contrast with 2a, can be assigned to
5,5,6,6-tetramethyl-1,2,3,4-tetraphenyl-5,6-disilabicyclo-
[2.1.1]hex-2-ene by spectroscopic® and chemical proper-
ties.® Since 2a is an isomer of 3a with four magnetic-
ally nonequivalent Si-Me, 2,2,6,6-tetramethyl-1,3,4,5-
tetraphenyl-2,6-disilabicyclo[3.1.0]hex-3-ene is the most
probable structure of 2a.
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S5a with NaOMe gave 1,2,3 4-tetraphenylbut-2-ene (7).5 Desilylation
with MeOD afforded 7-ds.
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1,1,2,2-Tetramethyl-3,6-diphenyl-1,2-disila-3,5-cyclo-
hexadiene (1b),° the diphenyl analog of la, behaved
in a somewhat different way from 1a. Thus, ir-
radiation of 1b in CsDs afforded a photoproduct,
whose structure can be assigned to 2,2,6,6-tetramethyl-
1,3-diphenyl-2,6-disilabicyclo[3.1.0]hex-3-ene (2b) from
the nmr spectrum. Compound 2b had resonances
(CsDg) at & —0.15, 0.09, 0.13, and 0.41 ascribable
to four Si-Me groups, 2.78 (1 H, d, J = 4.0 Hz,
methine proton), 7.13 (coupled with the signal at &
2.78) and aromatic multiplets. However, further irradi-
ation resulted in the formation of a new product (3b)
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with two Si-Me singlets at § 0.31 and 0.60 and a sharp
singlet at § 6.53 due to an olefinic proton. Structure of
3b can be reasonably assigned to 5,5,6,6-tetramethyl-
1,4-diphenyl-5,6-disila[2.1.1]hex-2-ene. Figure 1 shows
an nmr spectrum of a mixture of 1b, 2b, and 3b.

Irradiation of 1b for 6 hr at room temperature
afforded a 6:1 mixtaure of 2b and 3b, but additional
irradiation for 10 hr gave rise to a 1:4 mixture of 2b and
3b. On heating a 2:1 photomixture of 2b and 3b at
105° for 3 hr, the ratio changed to 4:1. Therefore, 2b
is thermally more stable than 3b, contrary to the thermal
interchange, 2a — 3a.

These thermal and photochemical isomerizations
should be regarded as the first example of vinylsilacy-
clopropane-silacyclopentene rearrangement.? 1,6-Di-

(9) 1b was prepared by the reaction of 1,4-dilithio-1,4-diphenylbuta-
diene with 1,2-dichloro-1,1,2,2-tetramethyl-1,2-disilane in THF: mp
47-49°; M* 320; nmr & (CDCly) 0.27 (12 H, s, SiMe), 6.74 2 H, s,
=CH), 7.3 (10 H, m).

(10) Similar rearrangement has been proposed in the formation of a
silacyclopentene by the.addition of a silylene to a 1,3-diene, but no
evidence of vinylsilacyclopropane has been presented. For a pertinent
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Figure 1. The nmr spectrum of a photomixture of 2b and 3b con-
taining a small amount of 1b in degassed CqDs.

silahexa-1,3,5-trienes (Me;Si=CPh—CR=CR—CPh=
SiMe;, R = H, Ph) are the possible intermediates in
these photochemical reactions in view of similar be-
havior of 1a and 1b to those of 1,3-cyclohexadiene and
1-sila-2,4-cyclohexadienes.!

Results of the trapping experiments of these inter-
mediates as well as of kinetic study on the novel vinyl-
silacyclopropane-silacyclopentene rearrangement will
be reported shortly.
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Hot Molecule Effects in 1,4-Diradicals.! The Thermal
Generation of a Norrish Type IT Intermediate

Sir:

We wish to report the generation of the Norrish type
II diradical 1 from cyclobutanol precursors.? Since
the behavior of 1 generated by photoreaction of ketone
2 has been documented,? this represents an ideal oppor-
tunity to compare in detail the behavior of diradicals
generated by very different means. We find that the
pyrolysis route involves a substantially less stereo-
specific cleavage to the product butenes.* Explanations
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(4) The 1,2,3-trimethylcyclobutanols were prepared as follows.
Addition of dichloro ketene (generated in situ from dichloroacetyl
chloride and triethylamine) to cis-2-butene at 0° yielded 2,2-dichloro-
cis-3,4-dimethylcyclobutanone (489).5 Dechlorination with Zn-
HOAc produced cis-2,3-dimethylcyclobutanone (38%).8 The Gri-
gnard addition of CHsMgl gave the cyclobutanol, 4. Isomers 7 and 8
were synthesized by CHsMgl addition to trans-2,3-dimethylcyclobuta-
none, which resulted from the isomerization of the cis ketone with
NaOMe in MeOH.”¢ It is interesting to note that the mass spectra of
the three isomers are identical, characteristic of common McLafferty-
type intermediates.® Pyrolyses of 4, 7, or 8 were conducted in a
flash vacuum apparatus at 585° and ~2 Torr for varying lengths of
time. The products were analyzed by vapor phase chromatography.
The olefins did not isomerize under the reaction conditions., Packing

of this difference based on geometrical or structural
features of the system are inadequate, and we suggest
that the excess energy associated with the photochemical
route is responsible for the result.

The stereochemical characteristics of several diradical
reactions are given in Table I. It is clear from this table

Table I. Stereochemical Characteristics of Some Selected
1,4-Diradical Cleavage Reactions

Reactant Method Product Product ratio  Ref
D
oHaCH;
2 )[\I Av  2-Butene-2-d cis/trans = 10 3
VCH,
H
3 Z:Z A 2-Butene cis/trans = 1.8 b
4 \Q A 2-Butene cis/trans = 2.3 a
HO
D
ol | 4CH,
5 )[\I hv  2-Butene-2-d trans/cis = 24 3
CYH
CH,
6 d A 2-Butene trans/cis = 8.0 b
7 ﬁ A 2-Butene trans/cis = 4.0 a
HO
2-Butene trans/cis = 3.0 a
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e This work. ® H. R. Gerberich and W. D. Walters, J. Amer.
Chem. Soc., 83, 3935, 4884 (1951).

that cyclobutane pyrolyses yield cleavage products with
low stereochemical retention in the olefin moieties, while
photochemical singlet reactions are apparently more
stereospecific. With the exception of the present re-
port, a diradical prepared by these two very different
methods has not been described. Earlier, most of the
photochemically derived diradicals involved tert.iary
radical centers, while many of the cyclobutane derived
diradicals involved secondary centers. Several work-
ers!®11 have ascribed the higher stereospecificity in t.he
photoreactions to ponderal rotor effects cal_lsed by in-
creasing alkyl substitution at the radical site but ne-
glected differences in mode of generation. The present
report demonstrates the importance of the latter.

the reaction vessel with quartz wool did not influence t'he results.
Vpc analysis showed that cleavage proceeded eight-ten times fast;r
than isomerization or back-abstraction to ketones, and the results in
Table I are olefin ratios for low per cent conversion runs (<35 %).
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