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Pfitzner-Moffatt oxidation of diethyl a-hydroxyalkyne- 
phosphonate 4, prepared by nucleophilic attack of diethyl 
phosphite on the corresponding aldehyde, followed by 
DAST fluorination of the resulting a-ketophosphonate 8, 
results in the smooth formation of 
a,a-difluoroalkynephosphonate 7. 

The contribution of a-fluoro- and a,&-difluoro-methylene- 
phosphonates to the study of phosphate ester mimicry is 
unquestionable,' despite the controversy surrounding the issue 
of whether mono- or di-fluoro substitution yields a more 
effective phosphate mimic.2 An additional benefit arising from 
fluorine substitution in phosphonates is the conformational 
information provided by the distinct NMR spin-coupling 
between phosphorus and fluorine nuclei. Recent findings in the 
field of phosphate mimicry such as the discovery of antiviral 
activity in certain cyclic and acyclic unsaturated phosphonate 
nucleosides,3 will surely increase demand for new methods for 
the construction of elaborate fluorinated alkenephosphonates. 
One area of interest to us is the study of non-benzylic a,&- 
di-fluoro-p,y-unsaturated phosphonates, the synthesis of which 
is not trivial. Not surprisingly, only a handful of syntheses have 
appeared in the literature, including difluorophosphoenol- 
pyruvate4 1, sought as potential inhibitor of EPSP synthase; 8- 
functionalized a,a-di-fluoroallylphosphonate~ 2; and more 
recently, phosphonobutenoate2 3. This is in stark contrast to the 
numerous published preparations of a-mono- and a,a-di- 
fluoroalkanephosphonates.6 All the above synthesis of di- 
fluorophosphonates 1-3 utilized the anion of ethyl difluoro- 
methanephosphonate as a fluorine-containing molecular build- 
ing block. We have recently discovered a regiospecific 
fluorination strategy that produced the first synthesis of a- 
fluoroprop-2-ynylphosphonate ester 5 starting from a prop- 
2-ynylic alcohol,7 aldehyde or ketone* (Scheme 1). We argued 
that 5 could serve as a fluorinated scaffold for the synthesis of 
a-fluoro-p,y-unsaturated alkenephosphonates and advanced 
this argument by preparing 6 from 5. Moreover, we speculated 
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Scheme 1 Reagents and conditions: i, 1.2 equiv. DAST, CH2C12, -78 "C, 
1 h; ii, H2, Pd/BaS04, quinoline, MeOH, room temp. 

that our approach to the synthesis of 5 could be extended to the 
hitherto unknown a,a-difluoroprop-2-ynylphosphonate 7. We 
now report the first preparation of 7 from readily available a- 
hydroxyphosphonate 4 through a two-step sequence that 
includes oxidation followed by DAST fluorination. 

In our quest for a viable route to the synthesis of 7 we 
considered two distinct approaches, both of which sought to 
introduce fluorine selectively on the carbon backbone. First, we 
attempted to introduce an additional fluorine atom on the a- 
carbon of 5 using an electrophilic fluorinating agent, N -  
fluorobenzenesulfonimide. This procedure led to an uni- 
dentified mixture of products, probably due to the low stability 
of the carbanion. The second approach involved oxidation of a- 
hydroxyphosphonate 4 followed by DAST fluorination of the 
expected a-oxophosphonate 8. This strategy had been used 
successfully by Burke and coworkers9 in the fluorination of a- 
oxobenzylphosphonates and in other non-hydrolysable phos- 
photyrosine analogues used for the preparation of phosphatase- 
resistant substrates. Burke found that a variety of reagents and 
conditions (Mn02, pyridinium dichromate in CH2C12, Swern 
oxidation) oxidized the a-hydroxybenzylphosphonate pre- 
cursor yielding a stable a-oxobenzylphosphonate. In our case, 
treatment of 4a8.10 with pyridinium dichromate either in DMF11 
or CHzC12, pyridinium chlorochromate, Ag20, and Swern 
oxidation conditions failed to yield the desired a-ketophospho- 
nate 8. Our first attempt using a modification of the Pfitzner- 
Moffatt oxidation12 showed a singlet in 31P NMR at 8 -2.9 
corresponding to the desired product, but this signal dis- 
appeared after stirring the reaction mixture overnight. Lowering 
the temperature, reducing the number of equivalents of 
carbodiimide and monitoring the reaction by 31P NMR allowed 
us to isolate 8a which was fluorinated without delay using a 
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Scheme 2 Reagents and conditions: i, HP(0)(OEt)2, KF, room temp.; ii, 5 
equiv. (Me)2N(CH2)3N=C=NEtHCI, C12CHC02H, Me2SO-toluene, 0 "C, 
5 h; iii, 20 equiv. DAST, CH2C12, 0°C to room temp., overnight. 

Table 1 Synthesis of 7 

a ,a-Difluoroprop-2- 
a-Hydroxyphosphonate 4 ynylphosphonatea 7 Yield (%) 

a Satisfactory analytical and/or spectroscopic data have been obtained for all 
products. 
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large excess of DAST. This procedure furnished &,a-di- 
fluoroprop-2-ynylphosphonate 7a in very good yield (Scheme 
2).t Table 1 shows the usefulness of this methodology which 
has also been applied to acid sensitive substrates (e.g., 7e). 
Compounds 7a-e are stable at room temperature but decompose 
partially on silica-gel chromatography. 
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Foot note 
t Typical procedure for the synthesis of diethyl (a,&-difluoroprop- 
2-yny1)phosphonates. Diethyl 1,l -difluoro-3-phenyl-2-propynephos- 
phonate 7a: l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochlor- 
ide (0.48 g, 2.5 mmol, 5 equiv.) and dichloroacetic acid (0.096 g, 0.75 
mmol, 1.5 equiv.) were added to a cold solution (0 "C) of 4a8.10 (0.134 g, 0.5 
mmol) in Me2SO-toluene (1 : 1, 10 ml). The reaction was stirred for 5 h, 
after which the mixture was quenched with water and extracted with CHC13 
(3 X 25 ml). The organic layers were combined, washed with sat. NaHC03 
(3 X 20 ml), dried over MgS04, filtered and concentrated. The resulting oil 
was dissolved in dry CH2C12 (10 ml) and treated with DAST (1.6 ml, 0.01 
mol, 20 equiv.) at 0 "C after which the stirred mixture was allowed to warm 
to 25 "C. After stimng at 25 OC for 12 h, the mixture was diluted with 
CH2C12 and transferred dropwise into KOH solution at 0 "C. The aqueous 
layer was separated and the organic layer washed with sat. NaHC03 (3 X 
20 ml). Organic layers were combined, dried over MgS04, filtered, and 
concentrated to yield 7a (0.107, 74%). An analytically pure sample was 
obtained by silica gel chromatography (hexane : EtOAc, 4 : l), 1H NMR 
(CDC13) 6 1.13-1.38 (m, 6 H), 4.314.43 (m, 4 H), 7.15-7.63 (m, 5 H); 31P 
NMR (CDCl3) 6 4.27 (t, J 108 Hz); '9F NMR (CDC13) 6 -96.6 (d, J 108 
Hz); EIMS 232 (M+ - 56, 17%), 180 (6), 151 (loo), 132 (28), 109 (65), 91 
(32), 81 (56). (Calc. for CI3Hl5F2PO3: C, 54.16; H, 5.20. Found: C, 54.24; 
H, 5.19). 

References 
1 G. M. Blackbum, Chem. Znd. (London), 1981, 134. 
2 T. P. Lequeux and J. M. Percy, J .  Chem. Soc., Chem. Comm., 1995,211 1 

3 M. R. Hamden, A. Parkin, M. J. Parrat and R. M. Perkins, J. Med. 

4 D. P. Phillion and D. G. Cleary, J .  Org. Chem., 1992, 57, 2763. 
5 S. Halazy and V. Gross-Berges, J .  Chem. SOC., Chem. Comm., 1992, 

743. 
6 M. Obayashi, B. Ito, K. Matsui and K. Kondo, Tetrahedron Lett., 1982, 

23, 2323; D. J. Burton, T. Ishihara and M. Maruta, Chem. Lett., 1982, 
755; G. M. Blackbum, D. Brown, S. J. Martin and M. J. Parrat, J .  Chem. 
Soc., Perkin Trans. I ,  1987,18 1; D. J. Burton and L. G. Sprague, J .  Org. 
Chem., 1988,53,1523; D. J. Burton and L. G. Sprague, J.  Org. Chem., 
1989, 54, 613; Z. Yang and D. J. Burton, Tetrahedron Lett., 1991, 32, 
1019; E. Differding, R. 0. Duthaler, A. Krieger, G. M. Ruegg and C. 
Schmit, Synlett, 1991, 395; Z.  Yang and D. J. Burton, J.  Org. Chem., 
1992, 57, 4676; S. F. Martin, D. W. Dean and A. S. Wagman, 
Tetrahedron Lett., 1992,33, 1839; C. Patois and P. Savignac, J .  Chem. 
SOC., Chem. Comm., 1993, 1711; D. B. Berkowitz, M. Eggen, Q. Shen 
and D. G. SIoss, J.  Org. Chem., 1993, 58, 6174; D. B. Berkowitz, Q. 
Shen and J. H. Maeng, Tetrahedron Lett., 1994,35,6445; T. P. Lequeux 
and J. M. Percy, Synlett, 1995,361; J. Matulic-Adamic, P. Haeberli and 
N. Usman, J .  Org. Chem., 1995,60, 2563. 

and references cited therein. 

Chem., 1993,36, 1343. 

7 T. C. Sanders and G. B. Hammond, J.  Org. Chem., 1993,58,5598. 
8 F. Benayoud, D. J. deMendonca, C. A. Digits, G. A. Moniz, T. C. 

Sanders and G. B. Hammond J .  Org. Chem., accepted for publication. 
9 M. S. Smyth, H. Ford, Jr. and T. R. Burke Jr., Tetrahedron Lett., 1992, 

33, 4137; T. R. Burke, Jr., M. Smyth, M. Nomizu, A. Otaka and P. P. 
Roller, J .  Org. Chem., 1993,58, 1336; T. R. Burke Jr., M. S. Smyth, A. 
Otaka and P. P. Roller, Tetrahedron Lett., 1993,34,4125; M. S. Smyth 
and T. R. Burke, Jr., Tetrahedron Lett., 1994, 35, 551; T. R. Burke, 
M. S. Smyth, A. Otaka, M. Nomizu, P. P. Roller, G. Wolf, R. Case and 
S. E. Shoelson, Biochemistry, 1994,33, 6490. 

10 F. Texier-Boullet and A. Foucaud, Synthesis, 1982, 165. 
11 E. J. Corey and L. Schmidt, Tetrahedron Lett., 1979, 399. 
12 P. D. Edwards, Tetrahedron Lett., 1992, 33,4279. 

Received, 18th April 1996; Corn. 6/02709A 

1448 Chem. Commun., 1996 


