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Abstract: l-(N,N-diethylcarbamoyloxy-2-fluoro-2-(phenylsulfonyl)-ethene has been prepared and 
reacted with a variety of dienes to give fluorinated [4+2] cycloadducts. In contrast, the desulfonated 
equivalent l-(N,N-diethylcarbamoyloxy)-2-fluoro-E-ethene reacts with cyclopentadiene alone, to give 
mixtures of [4+2] and [2+2] cycloadducts. Copyright © 1996 Elsevier Science Ltd 

The synthesis of novel, functionalised, mono- or di-fluorinated carbocycles remains a 

significant synthetic challenge. 1 Diels-Alder reactions may provide a general approach to such 

compounds but the range of fluorinated dienophiles is narrow. 2 The rarity of reactive 

fluorinated dienophiles is a consequence of the low [4+2] reactivity of fluoroalkenes lacking a 

acceptor group, 3 and the ease with which fluorine atoms [~- to electron withdrawing groups can 

be replaced in substitition reactions.4, 5 It was anticipated that a reactive, but stable, monofluoro 

dienophile could be prepared by locating the fluorine atom and the activating group on the 

s a m e  carbon. Such a compound would not be susceptible to conjugate addition/elimination 

reactions involving defluorination and would be, potentially, a valuable building block 

containing a single fluorine atom. 6 

Nucleophiles add to 1,1-difluoroalkenes, yielding either substitution or addition products. 4 A 

general and versatile approach to a variety of 1,1-difluoroalkenes using metallated difluoroenol 

derivatives has been described recently. 7 If the substitution of a fluorine atom could be 

achieved using a sulfur nucleophile, for example, thiophenolate, a monfluorovinyl sulfide 

would be produced in which the remaining fluorine atom and the phenylthio group would be 

located on the same carbon. Scheme 1 shows a synthetic route to the title compound. 
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Scheme 1. Reagents and conditions: 
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The difluorovinyl silane 2 can be made readily from the metallated enol carbamate 1. The 

treatment of silane 2 with a solution of sodium thiophenolate at reflux for 8 hours gave the 

monofluorovinyl silane 3 in high (87%) yield 8 with excellent stereoselectivity (>95%) after flash 
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column chromatography. Desilylation was achieved quantitatively to give the ~-f luorovinyl  

sulfide 4. Sulfides 3 and 4 were oxidised to the sulfones 5 (76%) and 6 (85%) with mCPBA. 

Investigation of the reactivity of 6 revealed it to be a reactive dienophile with a variety of 

dienes. With cyclopentadiene, best results were achieved when 6 was heated to 100 oC in sealed 

tubes with neat cyclopentadiene (10 equivalents). The reaction proceeded smoothly to afford 

cycloadduct 7a in high yield (82%) as a mixture (1:1) of endo /exo isomers. Reactions with less 

reactive dienes required harsher conditions, but  yields were still good to moderate (Table 1). 

Table I 

Diene Condit ions Product Yield % endo /exo 
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The limiting case of dienophile reactivity was reached with furan, which showed no reaction 

with 6 after extended reaction times and temperatures. 9 Additionally, attempts to react 6 with 

Danishefsky's diene gave the conjugate addit ion product  8 instead of the expected [4+2] 
cycloadduct. 
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While 6 is an effective dienophile, it is much less reactive than phenylvinyl  sulfone which 

reacted with cyclopentadiene at room temperature  to afford 3.6:1 endo/exo mixture of 

cycloadducts. 10 The lower reactivity of 6 may be due to the extra steric demands that the (N,N- 

diethyl)carbamato group is imposing on the reaction and we are attempting to discover the 

reason for the low reactivity using semi-empirical computational methods. The fluorovinyl 

silane 5 was a much less reactive dienophile and only reacted with cyclopentadiene (Scheme 2) 

to afford cycloadduct 9 as a 5:1 mixture of endo and exo isomers. 11 

A satisfying aspect of these results was the total absence of [2+2] products from the reaction 

mixtures .  12 In order to determine if this was solely the effect of the sulfonyl group, the 

desulfonated dienophile 11 was prepared from silane 2 by selective reduction to 10 (72%) and 

desilylation to 11 (87%). 13 
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Scheme 2. Reagents and conditions: i, 10.0 C5H6, 150 °C, 72 hours; ii, LiEt3BH, 

THF; iii, TBAF, THF; iv, 10.0 C5H6, 150 °C, 72 hours. 

Under the reaction conditions used for 6, monofluoroenol  carbamate 11 did not react with 

cyclopentadiene. In fact, for complete consumption of 11, it was necessary to heat the mixture 

to 150 oC with cyclopentadiene for 72 hours. Careful inspection of the product  mixture revealed 

that it contained a mixture of two [4+2] cycloadducts  and two [2+2] cycloadducts  in 

approximately equal proportions. Such a high proportion of [2+2] cycloadduct is surprising for a 

compound that lacks a terminal CF2 group. 

The need for forcing reaction conditions and the presence of the [2+2] cycloadducts in the 

reaction of 11 with cyclopentadiene highlight the activating effect exerted by the phenyl 

sulfonyl group which makes 6 a potentially useful synthetic building block. Work to elaborate 

the cycloadducts and remove the phenyl sulfonyl and carbamato groups is in progress and will 

be reported in full in due course. 
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