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Summary: A common approach to the synthesis of 6 and 
7 involving regiospecific fluorination of the hydroxy group 
in @,y-unsaturated a-hydroxy phosphonates is described. 

The use of fluorine in biologically active molecules is 
widespread.' One such application is the substitution of 
the labile ester oxygen of phosphate biomolecules by 
monofluoro- or difluoromethylene groups. It has been 
proposed that the isosteric and isopolar relationship of 
phosphates and fluoro phosphonates allows the latter to 
mimic the biological activity of the parent phosphate. 
Following Blackburn's leading work on 31P NMR shifts 
and pK, correlation between phosphates and various 
a-halogeno phosphonates,2 research on fluoro phospho- 
nates has focused primarily on difluoromethylene phos- 
phonate analogues of biological  phosphate^.^^^ However, 
more recent theoretical calculations6 have suggested that 
the presence of only one fluorine atom in phosphonates 
may be sufficient for molecular mimicry. 

Our aim is to develop the syntheses of &y-unsaturated 
a-fluoro phosphonates (e.g., 6 and 7). These hitherto 
unknown compounds could provide phosphate analogues 
with distinct geometrical attributes. They are also 
equipped with versatile synthetic handles (i.e. allylic and 
propargylic moieties) capable of further chemical manip- 
ulation. The reported syntheses of a-fluoro phosphonates 
and a,a-difluoro phosphonates include coupling reactions 
of (mono- or (difluoromethy1)phosphonate anions'~~ with 
electrophiles, the palladium-catalyzed addition of (iodo- 
difluoromethy1)phosphonate to alkenes,' or the electro- 
philic fluorination of alkylphosphonatess using N-fluo- 
robenzenesulfonamide. The above methodologies are not 
suitable for the synthesis of compounds such as 6 and 7. 
One plausible route to the synthesis of &y-unsaturated 
a-fluoro phosphonates is the replacement of the hydroxy 
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group in b,y-unsaturated a-hydroxy phosphonates by 
fluorine. This has been attempted in the pastg with mixed 
results: (a-hydroxybenzy1)phosphonate esters yielded the 
corresponding (a-fluorobenzy1)phosphonates by treatment 
with (diethy1amino)sulfur trifluoride (DAST). However, 
in allylic systems (e.g., (a-hydroxyally1)phosphonate l), 
the replacement of the hydroxy group by fluorine proceeds 
via an SN2' or a cyclic SNi' mechanism producing exclu- 
sively the y-fluoro isomer 2. To avoid the unwanted 

OH 

1 

L J L  

2 

y-isomer we substituted the alkene in 1 with an alkyne. 
We hypothesized that DAST fluorination of 5 should favor 
the formation of the a-fluoro isomer 6, because the linearity 
of the alkyne system is expected to hinder intramolecular 
fluorine transfer via a cyclic SNi' mechanism. In addition, 
triple bond migration through a SN2'  mechanism would 
be more difficult on 5 because it involved a more 
energetically unfavorable allene intermediate. In this 
paper we describe a common approach to the synthesis of 
6 and 7 beginning with a 1,2 0 to C phosphorus migration 
of but-2-ynyl phosphate 4 that yields a-hydroxy phos- 
phonate 5. Regiospecific fluorination of the hydroxy group 
in 5 produces (a-fluoropropargy1)phosphonate 6. Finally, 
catalytic hydrogenation of the triple bond in 6 furnishes 
diethyl 2-butenylphosphonate 7. 

Selective introduction of phosphorus was carried out 
via a two-step sequence starting from the commercially 
available alkynol3. Displacement of chloride in diethyl 
chlorophosphate under basic conditions and phase-transfer 
catalysis yielded but-2-ynyl phosphate 4 in 84% yield. 
Treatment of 4 with LDA in toluene at -50 OC promoted 
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bond in 6 without any apparent loss of fluorine. This was 
effected by bubbling hydrogen a t  room temperature 
through a methanolic solution of 6 stirred in the presence 
of catalytic amounts of Lindlar's catalyst mixed with 
alumina (1 % Pd). This method yielded almost exclusively 
the 2 stereoisomer of 7. The stereochemistry of alkene 7 
was deduced from homonuclear decoupling experiments 
(irradiation of the vinyl methyl protons simplified the 
olefinic region showing JH,H, = 10.5 Hz).13 

Our efforts in this area continue. We are currently 
preparing more elaborate analogs of 6 capable of achieving 
fluorine-containing functional group transformations and 
undergoing chain-extension reactions. In an effort to 
expand the utility of this protocol we are exploring the 
transmission of chirality a t  the fluoromethylene carbon 
as well as the synthesis of (a,a-difluoroalky1)phosphonates 
from 5. 

migration of phosphoruslo from oxygen to the a-allylic 
carbon with concomitant alcohol formation after mild acid 
workup. The above sequence could be done more con- 
veniently in one pot starting with the phosphorylation of 
alkynol3 using diethyl chlorophosphate (LDA, toluene, 
-50 "C). The resulting phosphate 4 was treated with an 
excess LDA (2.2 equiv, dropwise addition) and the mixture 
quenched with acetic acid (1 M) in ether after having stirred 
for 1 h.'l DAST fluorination of 5 proceeded smoothly, 
yielding exclusively the desired a-fluor0 isomer 6. 31P 
NMR of 6 showed the large coupling ( 2 J p ~  ca. 78 Hz) 
characteristic of a-fluoro phosphonates. 

LDA DAST 

toluene P(O)(OEt)2 cYC4 
- -<OH ___) 

X - - 
3 x=oH .WC 5 -50% 
4 X = OP(O)(OEt)2 

It is well known that fluorine in allylic and benzylic 
positions can undergo hydrogenolysis of the C-F bond12 
upon catalytic hydrogenation. There are no similar reports 
on the C-F stability of fluoropropargyl systems. To our 
satisfaction, we achieved partial hydrogenation of the triple 
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