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Abstract: Substitution reactions of allylic alcohols 2 with various C-nucleophiles are described; in particular, 
1,2-bis(trimethylsilyl)oxy)-cyclobutene in the presence of a Lewis acid leads to cyclobutanone derivatives which 
undergo an unusual acid-induced rearrangement affording spirocyclopropane structures. 
© 1999 Elsevier Science Ltd. All rights reserved. 
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1,4-dioxene (2,3-dihydro-l,4-dioxin) 1 was found to be a valuable reagent for C-C bond formation with 

simultaneous introduction of oxygenated functionalities. 1,2 In particular, addition of dioxenyllithium to ketones 

and aldehydes leads to allylic alcohols 2, 3 which may be transformed into a variety of functionalized compounds 

via e.g. dehydration, oxidation or hydrolysis. 4 In order to extend the utility of this synthon, the behaviour of 

these allylic alcohols towards nucleophilic displacement reactions was studied. We assumed that these compounds 

would undergo substitution reactions by carbon nucleophiles in the presence of a Lewis acid resulting in a new 

carbon-carbon bond formation. This transformation, which is assisted by the neighboring dioxene ring, probably 

proceeds via the oxocarbenium intermediates 3. By analogy with earlier reports on such reactions, 5 we expected 

the nucleophilic attack to occurs mainly at the less substituted end of the allylic system to afford derivatives of 

structure 4. 
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Exposure of allylic alcohols 2 to various silyl enol ethers in the presence of lithium perchlorate (LiC104) in 

ether 5,6 or a catalytic amount of trimethylsilyl trifluoromethanesulfonate (TMSOTf) in acetonitrile, 7 led to 

substitution products in high yields (Table). With 1-(trimethylsilyloxy)-cyclohexene and 2-(trimethylsilyloxy)- 

propene, regioisomers 4 were obtained exclusively (entries 1-6, 8) or as the major products (entry 7). In contrast, 

when trimethylsilyloxyfuran or 1,2-bis(trimethylsilyloxy)cyclobut-l-ene were used, the nucleophilic attack 

proceeded either at the tertiary carbon or at the less hindered side of the allylic system depending upon the 

structure of the allylic alcohol. Thus, the reaction of 1,2-bis(trimethylsilyloxy)cyclobut-l-ene with 2a 

(R=R'=CH3) and 2d [R,R= (CH2)5] gave exclusively the product of nucleophilic attack at the more substituted 

side 7a and 7d respectively in quantitative yield (entries 9 and 12). In contrast, 2b and 2e led to the regioisomers 

6b and 6e. With trimethylsilyloxyfuran, allylic alcohols 2a and 2e [R,R=(CH2)4] gave the expected 
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Table.  Reaction of  allylic alcohols 2 with silyl enol ethers in the presence of  LiCIO4 a 

Entry Substrate Nucleophile Product ( yield %)b 

1 2a R=R'= CH 3 

2 2b R--CH 3, R'=Ph 

3 2c R=R'=(CH2) 4 

4 2d R=R'=(CH2) 5 

5 2e R=R'=(CH2) 6 

2b R--CH 3, R'=Ph 

2d R=R'=(CH2) 5 

2e R=R'=(CH2) 6 

( ~ ~  OR~ 

9 2a R=R'= CH 3 
10 2b R--CH3, R'=Ph 
11 2c R=R'=(CH2) 4 
12 2 d  R=R'=(CH2) 5 
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13 2a R=R'= CH 3 

14 2c R=R'=(CH2) 4 

15 2d R=R'=(CH2) 5 

6b (quant) g 
6c (quant) g 

(c) 
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7d (quant) g 
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0 0 

8a (80) h 
8c (82) h 
8d (42) h + 9d (42) h 

a Typical procedure: To a stirred solution of the substrate (1 mmol) and the trimethylsilyl enol ether (1.5 mmol) in ether (4 
mL) cooled to 0°C, was added in one portion LiC104 (1.25g, 12 mmol). The ice bath was removed and the mixture stirred at rt 
until the disapearence of the starting material (tic). Water was added and the product extracted with ether and purified by flash 
chromatography, b Yield of isolated, purified products . c This yield was obtained when the reaction was performed with 
TMSOTf (5%) as Lewis acid in CH3CN at -40 to -20°C. d Isolated as a mixture of diastereomers separated by flash 
chromatography, e Isolated as a mixture of isomers Z and E (5:1 ratio) separated by flash chromatography, fPlus 25% of the 
product of nucleophilic attack at the tertiary carbon of the allylic system, g Crude product, pure according to JH and t3C NMR 
spectra, h Isolated as a unseparable mixture of diastereomers. 
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regioisomers 8a and 8c respectively in 80 and 82% yield (Table). Under the same conditions, 2d [R,R=(CH2)5] 

afforded a 1:1 mixure of regioisomers 8(t and 9d in 84% combined yield (entry 15). In the presence of a catalytic 

amount of  TMSOTf  as Lewis acid in acetonitr i le,  al lyl ic  alcohols  2 reacted with 1,2- 

bis(trimethylsilyloxy)cyclobut-l-ene to afford, besides the expected cyclobutanone derivatives 10 or 11, the 

spirocyclopropane compounds 12a-e in 5% to 18.5% yield. The structure of these compounds was deduced on 

the basis of their spectroscopic data, in particular IH and 13C NMR experiments. 8 

R 

O OH TMS OTMS TMSOTf (cat) 
CH3CN + 

0 -40°C to -20°C 

2a R = CH 3 
2b R,R = (CH2)5 
2c R,R = (CH2)4 

R 

o HO 

10a 67% 12a 5% 
10b 51% 12b 18.5% 

l i e  70% 12e 13.5% 

The formation of 12, which presumably proceeds through 10 or 11, can be rationalized as illustrated in 

the following scheme for the case of 2a.Tbe Lewis acid chelation at the carbonyl group is followed by the 

formation of the five-membered ring and subsequent pinacol-like rearragement. 
OR' e 

2a ,. [ ' /  ). R' 
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Oxidation of 12 with dimethyldioxirane furnished the trispirocyclopropane derivative 13c 8 in nearly quantitative 

yield. This result, which is in agreement with previous observations, lb provides a strong argument for the 

structure of 12. 
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When allylic alcohols 2a, and 1,2-bis(trimethylsilyloxy)cyclobut-l-ene were treated with 1.2 equiv of BF3 

etherate at -70°C for 30 rain, cyclobutanone 6a was isolated in high yield (90-95%). Exposing the reaction 

mixture to excess BF3 etherate in CH2C12 for 16 h at room temperature led to enone 14 (40% yield from 2). On 

the other hand, subjecting 6a to trifluoroacetic acid in CH2C12 for lh at room temperature gave the 

spirocyclopropyltetrahydrofuran 15 in 73% yield. The structure of this compound was assigned on the basis of 

spectroscopic data and confirmed by X-ray crystallographic analysis. 9 Under these conditions, it is reasonable to 

assume that the protonation of the dioxene ring occured first followed by the formation of the tetrahydrofuran ring 

and the pinacol-like rearrangement to afford 15. 

It is worthy of note that in all cases the reaction proceeded with cyclobutane ring contraction in concert with 

cyclization, and no cyclobutanone ring expansion products were isolated.l° 
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In summary ,  allylic a lcohols  2 easily undergo  sust i tut ion react ion wi th  var ious  silyl enol  e ther  under  mi ld  

condi t ions  a f ford ing  2 ,3-d isubs t i tu ted  1 ,4-dioxanes  in h igh  yields.  The  abi l i ty  to e m p l o y  these  al lyl ic  a lcohols  
d i rec t ly  is a l so  s i g n i f i c a n t ,  s i nce  it o b v i a t e s  the  need  to p r e p a r e  a c t i v a t e d  d e r i v a t i v e s .  W i t h  1,2- 
b i s ( t r i m e t h y l s i l y l o x y ) c y c l o b u t - l - e n e ,  an unusua l  r e a r r a n g e m e n t  lead ing  to sp i rocyc lop ropane  s t ruc tures  was  
observed.  
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