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SUMMARY: Intramolecular radical cyclisanon reactions of substrates possessing a silaketal tether proceed 
predominantly via an endo mode in moderate to good yield to give 7, 8 or 9 membered ring products. The 
products, which are protected dials, can then be deprotected using standard condttions. 

In recent years there has been increasing interest in the use of silicon as a tether for the intramolecular 

radical cychsation reaction’. A silicon tether allows a radical generated on one ligand to react with a proximal 

radical acceptor on a second ligand, thus providing a degree of regio- and stereochemical control. The tether 

may then be cleaved under a variety of conditions. Radical cyclisation reacttons of tetraalkylsilanes were 

studied by Wilt’” although this technology has not (to date) found wide use in synthesis. A more practical, 

synthetically useful method is through the use of siiyi ethers Ih-li where one substituent is attached via an Si-0 

bond Possible drawbacks in thts methodology include the need to prepare a suitably funcnonalised silyl ether 

which, for complex substrates, may prove problemattcal’. Also, after radical cyclisation the cyclic silyl ether 

must be further manipulated to liberate the latent functionality and conditions for this may not be compatible 

with other functional groups present. 

We have investigated the use of silaketals as a potential tethering unit for intramolecular reaction.? and 

in this m we outlme our results for radical cychsations4. It was reasoned that (i) silaketals, eg. 3, would 

be readily prepared from the commercially available dialkyldichlorosilane, (ii) potentially complex substrates 

could be used and (iii) after the reaction the product, a protected dial, could be desilylated using a variety of 

standard mild conditions. 

The dialkyldmhlorosilane chosen for this study was the diisopropyl derivative smce disubstitution is facile 

and the silicon acetal formed is stable to aqueous work up and chromatography on silica gel With di-tert- 

butyldichlorosilane the introduction of a second alcohol proved to be difficult while diphenyl or 

dimethylsilaketals did not survive our isolation procedures. We chose to limit this study to the use of 2- 

bromoethanol as the radical precursor unit and varied the radical acceptor. 

Attempts to prepare the silaketal3 using a “one pot” process (sequential addition of 2-bromoethanol and 

the alcohol/enolate to 11, gave only modest yields (-30%) of the desired product at the expense of the 

corresponding symmetrtc stlaketals, iPr$i(OR),. A more acceptable route is shown in the Scheme. Addition 

of Z-bromoethanol to a three-fold excess of 1 m CH,Cl, gave, after a non-aqueous work up and distillation 

through a Vigreux column, a 60% yield of the monochlorosilane 2. Subsequent reaction of 2 with a variety of 
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alcohols (using EbN in DMF) or enolates (generated from the ketone with LDA in THF) afforded the desired 

silaketal2 in gd to excellent yield (67-95%, Table). 

Ra&cal cyclisation reactions were performed using nBu,Sti and AIBN in toluene under standard 
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3 Single geometric isomer (trans); 4 Yield after desllylation with TBAF/THF 
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conditionsS and the results are given in the Table6. Interestingly, both alkenes and enol ethers undergo 

preferential endo-trig cyclisation to produce the larger of the two possible rings Rings containmg 7 (4-f and 

&g), 8 (4a) and even 9 (4e) atoms are readily produced by this method. It is possible to induce an exe-trig nng 

closure as m the case of substrate & where the presence of an a,t&msaturated ester makes radical attack at the 

B-carbon the preferred mode of cyclisation. In contrast to this, substrate 18 which also posesses an o,B- 

unsaturated ester gives predominantly the product arising from endo-mg cyclisatton. The regiochemistry 

observed for these cyclisations is presumably a consequence of the relatively long Si-0 bond, the large 0Si-0 

bond angle and also, perhaps, the “silicon anomeric effect”‘. In additton, the presence of two oxygen atoms in 

the nng reduces transannular interactions thus making the formation of medium size rings more feasible. 

In the case where the alkene is constrained such that e&-trig cyclisation is unfavouted (entry 3dJ no 

cychsation (endo or exe) occurred. Similarly no cyclisation was observed for the substrate derived from 

geraniol, 2. Presumably substitution at the site of endo attack mhtbits this cyclisation while the exe-tog mode 

appears to be generally disfavourt&. The enol-ether derived from cyclohexanone (substrate 2f, gives a 50% 

yield of 4f with a trans:cis ratio of 2:l. This complements results obtained by Walkup a &” where radical 

cyclisation of the R-chloroethykhmethylsilylenol ether derivative of cyclohexanone afforded predominantly the 

cis compound. 

We also investigated the possibility of performing a tandem cyclisation (eqn 1). Substrate jt~ gave rise 

to a 2:l mixture of diols 8 in 46% yield after deprotection. The product presumably arises via an en&-trig 

cyclisation onto the enol-ether and subsequent attack of the carbinol radical onto the terminal double bond 

In many of the examples studied a major product is what appears to be direct reduction of the bromine 

atom, 1.e. formation of 6 To investigate how this product arises, we repeated the reaction of substrate 3~ using 

nBu,SnD in place of nBu,SnH (eqn. 2) and found, in addition to the expected products, that the reduced product 

contamed 
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= iPrpSl 
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60% incorporation of deuterium in the allyhc position. None was mcorporated in the ethoxy side chain 

indicating that formation of the reduced product&is occurring via intramolecular H abstraction Intramolecular 

H abstraction is also a significant side reaction for substrates & and d as shown by the formation of the 

corresponding enol-ethers & and d respectively. 

Finally, we addressed the question of deprotection of the products resulting from the radical nng closure. 

For entry z9 the product was deprotected using 0.2N HCl in MeGH to give the diol in 22% overall yteld. With 

entry 3 the product was desilylated using TBAF in THF to afford the diol &r m 46% yield for two steps. 

In conclusion, we have shown that silaketals can be readily prepared and they can act as tethers for 

intramolecular radical cyclisations to give products that are protected diols. Cyclisations on to alkenes or enol 

ethers occur exclusively or predominantly via the endo mcxle although the exe process may be induced. A 

degree of stereochemical control was observed which may prove useful in some cases and lastly, desilylatton 

1s readily achieved using standard cot&ions. 
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