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Abstract: A new method for five-membered ring annulation is described which involves free radical 

generation from ketones by zinc-trimethylchlorosilane followed by internal addition to a n-bond. 

In 1973 Motherwell reported a novel reaction for the transformation of ketones to olefins (e. g. , 

cyclohexanone +cyclohexene) involving the use of zinc metal-trimethylchlorosilane (TMSCl) as re- 

agent. 1, 2 Although this process has been utilized for the synthesis of a number of steroidal olefiis, 
3 

no other applications have appeared. We describe herein a new method for ring formation leading to 

cyclopentanol systems which depends on the reductive activation of ketones by Zn-TMSCl and subsequent 

internal addition to a variety of n-unsaturated functions to form the 5-membered ring. 

The experimental results suggest that the action of zinc-TMSCl on the unsaturated ketone gener- 

ates by electron transfer and silylation an cu-trimethylsilyloxy radical which adda to the 6, l -mdtiple 

bond to form a 5-membered ring according to the following scheme. 

Stabilization of the radical resulting from cyclization, usually by H atom abstraction from solvent, then 

generates product. The cyclization reactions were generally performed with an excess of zinc powder 

(ca. 20 equiv) and TMSCl @. 6 equiv) in the presence of 2-4 equiv of 2,6-lutidine in tetrahydrofuran 

(THF) solution (ca. 0.2 M in the ketonic substrate) at reflux for 12-18 hr. The function of 2,6-lutidine 

is to prevent proton or zinc chloride-catalyzed elimination of the tertiary trimethylsilyloxy group. Pro- 

ducts were isolated by an aqueous workup (which effects hydrolysis of the TMS ether) followed by chro- 

matography. 

For example, reaction of c&-2- (3-butenyl)-4-t-butylcyclohexanone Q under the above conditions 

afforded as major product the cis-fused hydrindanol g (66%) together with the minor by-products l,B - 

(7%) and 1s (4%).4 In the absence of 2, 6-lutidine the olefin 12 is obtained as the exclusive cyclization 

product (71% yield), clearly as a result of acid catalyzed elimination of the tertiary oxygen function in 

the precursors l&/l& The cis ring fusion for l$ is assigned on the basis of previous knowledge of 
5 - 

such radical cyclizations, and the orientation of methyl follows from steric considerations for the 
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cyclization and the chemical correlation discussed in the following paragraph. 697 

TMSCI-Zn cyclization of the acetylenic ketone @ corresponding toL afforded as the exclusive bicy- 

clic product the allylic alcohol 2A (74% yield), hydrogenation of which (1 atm. H2, Pd-C) produced l& and 

12 in a ratio of 6:1, respectively, in support of the stereochemical assignment. Hydrogenation of the TMS 

ether of 2d yielded 2 and 13 in a ratio of 2:l. TMSCl-Zn cyclization of& the trans isomer of 3 pro- 

duced 34 in 68% yield. 

A number of cis-pentalane derivatives were also obtained stereospecifically and in good yield by re- - 

ductive cyclization using the TMSCl-Zn-lutidine procedure. Acetylenic keto ester &afforded 44 exclusive- 

ly (77% yield),and the olefinic analog2 gave in 82% yield a mixture of @J andz7 (ratio 5:l). 
8 

Cyclization 

of the unsaturated keto esteriproduced a single isomer $J (760/o), the stereochemistry of tiich follows 

from the above analogies and also its resistance to lactone formation under either acidic or basic condi- 

tions. The ketonitrileJ was reductively cyclized to the hydroxy ketone 7Acleanly (82%) and similarly $ 

gave&j (78%). 

Ketoaldehyde &was converted by Zn-TMSCl-lutidine to a mixture of diols s (less polar, 56%) and 

g (more polar, 19%). Reduction of z with sodium borohydride in ethanol at -20” afforded only trans dial 

$I&, consistent with the stereochemical assignment. Cyclization of keto methoxhne 12 produced the bicy- 

clic hydroxylamine 1% (84%) which was converted to keto ester 7Q+_by the sequence: (1) O-trimethylsilyla- 

tion (TMSCl-Et3N); (2) oxidation with peracetic acid in ethyl acetate at 25” in the presence of sodium car- 

bonate to the keto ester methoxime; and (3) methoxime hydrolysis with acidic aqeous acetone containing 

formaldehyde at 25”. 

The results described above demonstrate considerable generality for the TMSCI-Zn induced cycliza- 

tion of unsaturated ketones. The process is attractive for the annulation of 5-membered rings for other 

reasons including (a) stereoselectivity, (b) tolerance of numerous functional groups, and (c) ready avail- 

ability of suitable substrates by alkylation. As might be expected the corresponding cyclizations with sub- 

strates capable of forming 6- but not 5-membered rings is not as facile and is also stereochemically non 

selective. The cyclization reported here is obviously related to the sodium-ammonia and lithium napth- 
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alenide reactions of keto acetylenes originally reported by Stork9 and investigated in detail by Pradhan. IO 

New methodology for the generation of 5-membered rings by internal addition of carbon radicals to ?r- 

bonds has recently been reported from a number of laboratories. 
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