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THERMAL AND PHOTOCHEMICAL BEHAVIOR OF 2-SILA- AND GERMA-CYCLOPENTANONE1
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Abstract: Pyrolysis and photolysis of the first examples of five-membered ring sila and germa
ketones 2 is reported. The photolysis of 2a leading to a cyclic acetal via a siloxycarbene is
contrasted to the behavior of the germa analog 2b which gives ring cleavage via a ketene
intermediate.

Acylsilanes exhibit a fascinating chemistry largely unravelled by Brook and coworkers.2
The six membered ring silaketone 1 has been shown to rearrange photochemically or thermally to
a ring enlarged siloxycarbene but the unavailability of the five-membered ring analog or of
corresponding cyclic germyl analogs has prohibited a comparison. Our recent synthesis of
2-sila and 2-germacyclopentanone 2a and 2b via lithiated 1—methoxybutadiene] now permits a
comparative study of the thermal and photo-chemistry of these cyclic metallo ketones.

Vapor phase pyrolysis of 2a at 550° led to a 50:50 mixture of products 3 and 4 in 60-80%
yield. While 3 apparently arises by Si to 0 migration (Brook rearrangement)2 with a subsequent
1,2-hydride shift of the resulting siloxy carbene (see 9), the silacyclobutane § is the result
of a decarbonylation with C-Si bond formation. Normally only rearrangement rather than de-
carbonylation is observed in thermolysis of acy]si’lanes.3
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At higher temperatures disilacyclobutane 5 was identified as a product as well. The dis-
tribution of products (detected by gc) as a function of pyrolysis tube temperature is illus-
trated in Fig. 1 (total yields 60-80%) and revealed that the disila product 5 had formed
mainly at the expense of 4. This is consistent with a thermolysis of 4 to silaalkene 6, which
then dimerizes to 5, a process that is well documented.4 Indeed, when 4 was pyrolyzed at 680°C.
5 was the sole volatile product in over 90% yield. Thermal decomposition of the germyl analog
2b did not lead to volatile products corresponding to 3-5.
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FIGURE I.  THERMAL nscowosmon (OF 32a AT 1 MILLITORR (INITIAL) FROM 200°C to 700°C.
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Photolysis of 1,1-dimethyi-1-sila-2-cyclopentanone (2a) in 0.05-0.2 M t-butyl alcohol led
to complete disappearance of 2a and isolation by preparative gc of cyclic acetal 7 in 50% yield
Under similar conditions, irradiation of the germaketone 2b (to ca. 75% completion) led to
t-butyl-2-methyl-2-germa-6-hexanoate (8) in 40% yield.5 Minor amounts (ca. 10-15%) of other
products were observed but were not identified. Irradiation to complete disappearance of 2b
lowcred the overall yield of 8 under these conditions.
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While photolysis of both 2a and 2b lead to solvent incorporation, the adducts differed
considerably in structure. The formation of 7 from 2a can be envisaged as arising from attack

of solvent on a cyclic siloxycarbene (9) in analogy to the 2-silacyclohexanone 1 which gave
a seven membered ring acetal on photolysis in alcohol, and therefore resembles the pyrolysis

process.
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One of several pathways could be responsible for the formation of the ester product (8)
from the photolysis of 2b. In principle, attack of solvent on the excited ketone could lead
to 8 prior (A) or after (B} a rearrangement process (Scheme I). Process B would be analogous

to the behavior of the sila ketone 2a.
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These pathways have the common feature that the hydroxylic proton in the solvent terminates
as the germanium-bound proton in the product (8). An alternative pathway involves hydrogen
abstraction after acylgermanium bond cleavage leading to a ketene intermediate (10) which on
addition of alcohol produces 8 (Scheme II).
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This process is well known in the photochemistry of substituted cyc]opentanones.6 The

hydroxylic proton of the solvent terminates in the position alpha to the ester moiety by this
pathway. When we carried out the reaction in t-butyl alcohol-0D the deuteron is found alpha
to the ester function in the product §].7 Incorporation of deuteron into other positions was
not observed. Hence, it is the ketene pathway {(Scheme II) which is most likely to be respon-
sible for the formation of 8 from 2b. Thus, whereas acylsilanes appear to rearrange effi-
ciently to siloxycarbenes, the analogous process for acylgermanes remains to be documented.
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