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Abstract:. 

Cerium-mediated conjugate additions of (diethoxyphosphinoyl) difluoromethyllithium to cyclic vinyl sulfoxides 
proceeded smoothly; thermal suifoxide elimination afforded the products of formal vinylation, attaching the 
difluoromethylenephosphonato group to an alkenyl carbon atom. With acyclic vinyl sulfoxides, the addition 
occurred in moderate to poor yield. Addition failed completely in the absence of cerium(Ill) chloride, and was 
facilitated by an excess of the reagent. © 1998 Elsevier Science Ltd. All rights reserved. 

Interest is growing in the development of general methods that allow the synthesis of 
compounds in which the difluoromethylenephosphonato group is borne within a 
functionalised array.l-3 For example, the Shibuya group has developed copper(I) bromide 
catalysed coupling of [(diethoxyphosphinyl)-difluoromethyl]zinc bromide to alkenyl iodides, 
and a related addition across alkynes. 4 This will become a valuable method for the synthesis 
of analogues of phosphate containing natural productsS, 6 and has already found direct 
application in the design and syntheses of potential PNP inhibitors. 7 Free radical addition of 
diethyl iododifluoromethylphosphonate to terminal alkynes has also been described by Li and 
Chen, 8 though the starting materials are less accessible. Recently, we reported our findings 
on the cerium-mediated conjugate additions of [(diethoxyphosphinyl)difluoromethyl]lithium 1 
to acyclic and cyclic vinyl sulfones. 9 The reaction proceeded smoothly with cyclic vinyl 
sulfones but failed with all but the simplest acyclic congeners. Nevertheless, the cyclic 
products underwent reductive desulfonation to afford the products of formal alkylation of the 
lithiophosphonate. We decided to explore the behaviour of vinyl sulfoxides under similar 
conditions (Scheme 1). 
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Table 1. Conjugate additions to Vlny/Suffoxldel 

Eleclrophtle Adduct a Yield (%) Alkene b Yield (%) 

CF2PO(OEt) 2 C. F2PO(OEt) 2 
  .SOPh L ,.SOF  % 7s 
3a 4a Sa 

CF2PO(OEt) 2 CF2PO(OEt) 2 
Et ~ SOPh El " ~  SOPh 73 Et ~ 77 

31) 41) 51) 
CFjPO(OEI)2 CF2PO(OEt) 2 

/.pr,,,,~ SOP h /.pr,~SOPh 55 /.pr,~ 62 
3c 4c 5c 

CF2PO(OEt) 2 CF2PO(OEt) 2 
n-Bu ' ' ~  SOPh n-Bu ,,~SOPh 40 n-eu " ~  54 

3d 4d 5d 

CF2PO(OEt) 2 .CF2PO(OEt) 2 
ph,,,,~1 SOPh ph,.~SOP h 23 ph,,,~ 61 

3e 4e 5e 

. ~ S O P h  ~CF2PO(OEt)2SOPh 15 . , ~  PO(OEt)2 44 
OTI PS / 

OTIPS OTIPS 
,If 5f 

CF2PO(OEt) 2 / ~ P O ( O E t )  2 
/,.~y,,,'~ SOPh / ~ S O P h  

o ,  ~ 0  17 53 

4g ~g 

~:~SOPh ~ r ~  "~F::: (OEt)2 71 ~ CF2PO(OEt)2 76 

311 411 5h 

C ~  rCF2PO(OEt)2 ~ ] f  cF2PO(OEt)2 

[~SOPh  v "SOPh 75 75 
31 41 51 

aAII possible dtastereolsorners were detected, bOnly one regiosorner was detected In each case. 

Acyclic vinyl sulfoxides 3b-g (except 3a which was available commercially) were prepared 
as mixtures of E and Z diastereoisomers from the reaction of 2 with aldehydes under the mild 
conditions described for alkenoate synthesis by Rathke, and modified by us for the synthesis 
of a difluorophosphonate-containing vinyl sulfone dienophile.]0 Cyclic vinyl sulfoxides 3h 
and 3j were prepared by addition of PhSCI to the alkenes followed by careful oxidation and 
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elimination. 11 The lithiophosphonate was prepared in the presence of cerium(III) chloride as 
described previously; t2 addition of 3h and 3j afforded conjugate adducts 4h and 4j as 
mixtures of diastereoisomers in 71% and 75% yield respectively after the usual acid work up. 
We made no attempt to unravel the stereochemical outcome of the addition reaction; instead, 
after the removal of non-conjugate addition products, the mixtures were taken up in toluene 
and heated affording alkenes Sh and 5j in 76% and 75% respectively after 18 hours at reflux. 
The additions failed completely in the absence of the lanthanide reagent. 
Adding 3b to the lithiophosphonate/cerium(III) chloride mixture afforded adduct 4b in 50% 
yield as a complex mixture of stereoisomers after mild acidic work up. ~3 The yield for the 
addition to the corresponding sulfone was only 25%; conceivably, the higher addition yield 
reflects a lower rate of deprotonation, consistent with the weaker acidifying power of the 
sulfinyl group. However, in the presence of two equivalents of the lithiophosphonate and 
three equivalents of the lanthanide reagent, 4b was obtained in 73% isolated yield. One 
possible explanation for this result would involve Lewis acid mediation of the addition by the 
highly oxophilic lanthanide reagent. Reaction yields only increased when the third equivalent 
of lanthanide reagent was present, suggesting that the first two equivalents are complexed 
tightly to (or have reacted with) the lithiophosphonate nucleophile. We were not able to find 
examples of Lewis-acid mediated addition reactions to vinyl sulfoxides t4 though catalysis of 
cycloaddition reactions of alkynyi sulfoxides has been reported by Lee and co-workers. ~5 
Steric hindrance (4f and 4g) and electronic deactivation (4e) took their toll of the isolated 
yield in preliminary experiments though again, the comparison with the corresponding 
sulfonyl analogues is interesting (5% and 0% addition to the analogues of 4d and 4e 
respectively). All the stereoisomeric mixtures of adducts underwent sulfoxide elimination ~6 
under the conditions described previously to afford the alkenyl products 5a-Sg in moderate 
to good yields. 
Products 5a-g represent useful complements to the alkyne adducts described by Shibuya et 
al., and Lin and Chen in which the difluorophosphonate group occupies the terminal or chain 
end position. Our efforts to optimise and apply these methods will continue. 
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