
Tehahedron Letters. Vo132. No.36, pp 47834786,199l oo40-4039/91 $3.00 + .oo 

Printed in Great Britain kT8amOn h%SS PlC 

The Intramolecular Silyl Modified Sakurai (ISMS) Reaction. A Novel and Highly 
Convergent Synthesis of Oxocenes 

Abdelaziz Mekhalfia, Istvln E Mark6 * and Harry Adams a 

Department of Chemistry, The University, Sheffield S3 7HF, England 

Abstract: By employing the intramolecular version of the SMS reaction, oxocenes, including 
spiroethers and spiroketals, can be prepared in a highly convergent, one-step operation. 

In the preceding communicationl, we have described our initial findings on a novel and 

powerful methodology - The Silyl Modified Sakurai (SMS) reaction - for the preparation of 

homoallylic ethers directly from carbonyl derivatives. We envisoned that the intramolecular 

variant of the SMS reaction might provide a simple and efficient route towards the synthesis of 

spiroethers and spiroketals*. In this Letter, we report some of our results on the successful 
realisation of this objective. 

TMSOTf-catalysed condensation of TMS ether 2 - readily prepared from the commercially 
available alcohol3 - with an aldehyde or a ketone 1 gives smoothly the oxonium cation 3 which 
is intramolecularly intercepted by the nucleophilic x-system* of the olefin, affording the six- 

membered ring heterocycle 4 (Figure 1). A few representative examples of this methodology are 
collected in Table 1. 
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As can be seen, the reaction is successful for both aldehydes and ketones, leading to 

monosubstituted and spiroethers (Entries 1 - 4). When using the silyl ether 2a, a mixture of the 
three regioisomeric olefins is typically produced [Table 1, condition (a)], with the A3t4 isomer 

being the major ones. Upon longer exposure to the reaction conditions, the exocyclic isomer is 

converted quantitatively into the A 23 and A%4 isomers [Table 1, condition (b)]. The ratio of these 

endo-isomers is not altered by the reaction time and always favours the A3t4 isomer. 
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Table 1 : EMS Reaction of Carbonyl Derivatives 

Entry Substrate Reagent Products Yields 

0 

3 0” 

0” 
0 

4 

2a @) 7 10 4 (91%) 

2a (b) 16 6 (90%) 

2b @’ 16 : 3 2 (88%) 

2a (a) 

2a (b) 

2a (b) 

2b @’ 

2a @) 12 11 

2b (‘) 12 : 1 1 

2b (d’ 1 1 

cyb + ,b + ,J5 
2 5 : 3 

18 a 

Gb+rJ5+($5 
3 18 10 (92%) 

31 9 4 (94%) 

(90%) 

(88%) 

(93%) 

(97%) 

(94%) 

Hex = hexyl; Cy = cyclohexyl; (a) = the reaction was stopped immediately after the disappearance 
of the starting material; (b)= the reaction mixture was stirred another 30 min; 
performed at -15°C; (d) = the reaction was carried out at 20%. 

(c) = the reaction was 
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By employing reagent 2b and Condition (c), the exocyclic isomer becomes the major one 

[Table 1, condition (c)] though isolation by conventional techniques proved sometimes difficult, 

owing to rapid isomerisation into the endocyclic systems 6. For example, cyclohexanone gave an 

exe : endo ratio of 6 : 1 provided the reaction was performed at -15OC. At room temperature 

[Condition (d)], only the e&o-isomers were produced (Entry 4). The structure of the As#* endo- 

isomer was unambiguously established by X-Ray diffraction analysis of the monoprotected diol 5 

7 (Figure 2). 

Br 

Interestingly, orthoesters were found to participate in this unique process. Thus, ISMS 

reaction between trimethyl orthoformate and the silyl ether 2a gave the expected cyclic acetal in 

good yield (Table 2). Finally, a simple and highly convergent synthesis of spiroketals - the basic 

component of pheromones and other important natural products2 - is provided by the 

condensation of reagent 2b with ortholactones8 (Table 2, entries 2 and 3). In these latter cases, 

only the exocyclic isomer is produced. 

Table 2 : ISMS Reaction of Orthoesters 

Entry Substrate Reagent Products Yields 

1 HC(OMe) 3 2a n \ 67% @) 

Me0 0 

2b 

OEt 

3 W 
OEt 

2b 80% 

(a) = contains less than 10% of the regioisomeric encfo-olefin; (b)= the orthoesters were 
prepared according to reference 9. 
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In summary, we have shown that the ISMS reaction is a powerful strategy for the 

construction of oxocenes, including spiroethers and spiroketals. Further work on delineating the 

scope and synthetic applications of this novel methodology, as well as on controlling the 
position of the double bond in the final products, is being actively pursued in this laboratory ad 

will be reported in due course. 
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