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Abstract: Attempts to generate a difluorovinyl sulfone and to react it with cyclopentadiene were 
hindered by the formation of hydrofluorination products. An ct-carbamoyloxy-~,~-difluoroethenyl phenyl 
sulfone has been prepared in high yield, but reactions with cyclopentadiene have given predominantly 
mono-fluorinated cycloadducts, v/a reduction of the difluorinated compound in situ. 
Copyright © 1996 Elsevier Science Ltd 

Despite considerable progress in the bui lding block synthesis of selectively fluorinated 

molecules, 1 few reports describe useful cycloaddition reactions of fluorinated dienophiles, with 

examples of dif luoro species being particularly rare. Wakselman and co-workers 2 have 

described the [4+2] cycloaddition of methyl-2,2-difluoropropenoate with furan whilst reporting 

attempts to prepare shikimic acid analogues, though the preparat ion of the dienophile, the 

cycloaddition and the manipulat ion of the cycloadducts were problematic. Two factors have 

restricted the development  of useful Diels-Alder chemistry in the area; firstly difluoroalkenes, 

lacking a strong activating (electron withdrawing or n-acceptor) group, display low reactivity 

below elevated temperatures, at which [2+2] reactions, which occur via biradical mechanisms, 

compete effectively. 3,4 Secondly the incorporat ion of electron wi thdrawing  groups within 

difluoroalkenyl compounds  activates conjugate addit ion/el iminat ion reactions which lead to 

loss of fluoride ion, and concomitant hydrofluorinat ion of the potential dienophile. In this 

communica t ion  we describe the synthesis  of a dif luorinated dienophi le  and its high 

(unwanted) reactivity along other pathways. 

Vinyl sulfones are competent alkene equivalents 5 with diverse chemistry, yet no I~-fluorinated 

examples are known and the only literature report, of a 13-fluorinated vinyl sutfoxide, described 

a transient and highly electrophllic species. 6 We attempted to prepare a difluorovinyl sulfone 

from trifluoroethyl tosylate which was converted to sulfide la  by a known route 7 and oxidised 

to the sulfone 2a with sodium perborate. 8 

SPh SO2Ph 
R -'j R ~ F ~  O2Ph 

F 
la,  R = CF 3 2a, R = CF 3 3 
lb,  R = CF2CI 2b, R = CF2C1 

Dehydrofluorination reactions were attempted with a wide range of bases, leading either to the 

recovery of starting material or the generation of non-fluorinated polymeric  products  by 
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base/nucleophile attack upon the ~-difluoroalkene. The difficulties encountered in the 
problematic dehydrofluorination step 9 prompted the adoption of a dehydrochlorination 
approach. Chlorodifluoroethyl sulfide lb was prepared from chlorodifluoroethano110 using the 
method of Kotsuki 11 and oxidised to sulfone 2b with sodium perborate. 8 On treatment of 2b 
with amine bases, dehydrochlorination occurred readily generating 3 in situ; however the 
formation of the vinyl sulfone was always accompanied by the formation of the 
hydrofluorination product 2a. We were unable to characterise 3 fully, nor were we able to trap 
it in situ with cyclopentadiene, but 19F NMR spectra of aliquots of the reaction mixture showed 

its presence clearly. 12 
Next, we decided to prepare the (x-N,N-diethylcarbamato analogue 13 from metallated enol 
carbamate 4.14 Trapping 4 with diphenyl sulfide led to the formation of 5 (5%) and 6 (81%). 
The formation of bis-sulfide 6 arises from nucleophilic attack by the phenylthiolate nucleophile 
on the intermediate difluorovinyl sulfide 5 Scheme 1). 

OH OCONEt2 OCONEt2 OCONEt2 
~ + P h S ~  

F3Cd i-ill ~ F Li iv J, F SPh SPh 

F F F 
4 5 6 

Scheme 1. Reagents and conditions: i, Nail, THF, 0 °C; ii, Et2NCOC1; iii, 2.0 LDA, 
THF, -78 °C, inverse addition; iv, PhSSPh,warm to -30 °C. 

However, treatment of 4, generated by tin-lithium exchange from stannane 714 with the 
phenylthio benzenesulfonate reagent developed by Trost 15 afforded sulfide 5 in good (82%) 
reproducible yield after flash column chromatography. Oxidation with dimethyldioxirane 
afforded sulfone 8 in good yield. 16 In this case, full characterisation of the sulfone was possible 17 
indicating that the carbamato group at the (x-position is indeed acting to stabilise the compound 
(Scheme 2). 

OCONEt2 [ OF/~CONEt2 1 0 ~  O N E t 2 0 ~ O N E t 2  
i F ii F iii F 

F SnBu 3 • Li • SPh ~ SO2Ph 
F F F 

7 4 5 8 

Scheme 2. Reagents and conditions: i, n-BuLi, THF, -78 °C; ii, PhSO2SPh, warm to -30 °C ; 
iii, DMDO, acetone, 0 °C. 

With the ~,~-difluorovinyl sulfone in hand, we attempted a cycloaddition reaction with the 
paradigmal diene, cyclopentadiene (10 equivalents, refluxing xylene) (Scheme 3). To our great 
suprise, we isolated a good (67%) yield of monofluoro-cycloadduct 10.18 We believe that 
dienophile 9 is formed in situ by hydride reduction of 8, with cyclopentadiene acting as the 
hydride donor. 19 Similar results were obtained using perfluorodecalin as the reaction solvent. 
Reactions with furan gave the hydrofluorination product 11 alone. 
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OCONEt 2 

F ~  SO2Ph 

F 

OCONEt2] , ~ - ~ o F o  'OCONEt2 

F/N~, ,SO2PhJ  " NEt2 + F3C,"[NSO2Ph 
SO2Ph 

9 10 11 

Scheme 3. Reagents and conditions: i, 10.0 CsH6, Xylene or C10F16 , Reflux, 4 hours. 

These results indicate the extremely high reactivity of strongly activated difluoroalkenes 
towards opportunistic nucleophiles and the problems inherent in the design of reactive 

difluorinated dienophiles. 
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