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Abstract: Treatment of dialkyl l,l-difluoromethylenephosphonates 1 with Lawesson's reagent cleanly 
produces the corresponding dialkyl 1,l-difluoromethylenephosphonothioates 2. The reaction can be 
extended to dialkyl 1,1-difluoromethylenephosphinates and to dialkyl 1,1-difluoromethylene- 
phosphine oxides. The reversed transformation (i.e. converting dialkyl 1,l-difluoromethylenephospho- 
nothioates into dialkyl 1,l-difluoromethylenephosphonates) is most conveniently achieved by using 
dioxirane 7 or perfluoro-cis-2-n-butyl-3-n-propyloxaziridine 8, and produces the desired phosphonates 
in high yield. The synthetic interest of these transformations is discussed. 
Copyright © 1996 Elsevier Science Ltd 

Recent years have witnessed an upsurge of interest for the 1,l-difluoromethylenephosphonate group 1, 
due to its capability to act as a function isosteric to the phosphate. Blackburn's early work first demonstrated 
the superior electronic and structural analogy between the two functions, and this has been since then 
supported by X-ray crystallography data.l,2 As a consequence, a number of papers have been devoted to the 
development of appropriate synthetic methodology as well as to the preparation of bioactive compounds 
encompassing this functional group. 3 Recently we introduced the 1,l-difluoromethylenephosphonothioates 2, 
which are close analogs of 1 and whose possible applications include traditional medicinal chemistry and new 
therapeutic approaches such as antisense strategy. 4 In the course of a study aiming at the use of such 
functionalities in the design of enzyme inhibitors, it became obvious that the interconversion of 1,1- 
difluoromethylenephosphonates 1 and 1,1-difluoromethylenephosphonothioates 2 (Scheme 1) would provide a 
much greater flexibility in the access to these potentially bioactive molecules. 
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The problem of converting the phosphorous-oxygen double bond into a phosphorous-sulfur double 
bond was first addressed. Lawesson's reagent (3) was found to be well suited to achieve this transformation. 5 

entry 

1 

2 

3 

TABLE 1 Conversion o f  1,1-J 

R 1 

~ifluorophosFhonates 1 into 1,1-Difluorophos 

R 2 Product Yields (%) a) 

Br C2H 5 

H CH2C6H 5 

C12H25 C2H5 

c-C6H 11 CH3 

C9H19(CH3)CH C2H5 

p-C6HsCH2OC6H4CO C2H5 
a) see reference 7. b) measured downfield from H3PO 4 

7honothioates 2 

2a 

2b 

2c 

2d 

2e 

2f  

31p NMR 8 (ppm) b) 

71 69.38 

73 74.49 

93 77.34 

72 81.37 

90 77.47 

93 72.67 
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Thus heating 1,1-difluoromethylenephosphonates 1 with 3 at 100°C for 90 to 120 minutes resulted in a total 
con-sumption of 1 and the formation of the desired 1,1-difluoromethylenephosphonothioates 2 in high yield, 
thereby providing a new access to this class of potentially useful compounds through the well-known 
chemistry of o~,~x-difluoromethylenephosphonates (Table 1). It is noteworthy that even in the presence of an 
excess of 3 and longer reaction times, the carbonyl group of starting 1,1-difluoromethylenephosphonate If  was 
left untouched as demonstrated by 13C NMR spectroscopy experiment on the pure product (entry 6). 6 The 
transformation could be extended to l,l-difluoromethylenephosphinate and to 1,1-difluoromethylene- 
phosphine oxide derivatives 4a and 5a, respectively, the corresponding thiocompounds 4h and 5h being 
obtained in isolated yields of 91% and 96%, respectively. 

x x I!/CH3 0 9 H 1 9  Ilfc~Hs 
- ~ C F 2 - p  

~,,-CF 2 F .~.OC2H 5 1"13 c /  ~.C6Hs 

4a: X=O 5a: X=O 
b: X=S b: X=S 

The reversed transformation (i.e. P=S into P=O) proved to be more difficult to achieve as most of the synthetic 
methods reported for the conversion of phosphorothioates into phosphates led either to the formation of the 
desired l,l-difluoromethylenephosphonate in low yields and to degradation of the starting 
difluoromethylenephosphonothioate, or to recovery of the starting material. 8 Trichloroacetaldehyde (chloral, 
6) was found to be mildly efficient. 9 Heating a 1:20 mixture of 1, l-difluoromethylenephosphonothioate 2g and 
chloral at 100°C for 21 hours, evaporating the volatiles and purifying the residue resulted in the isolation of 
the corresponding phosphonate lg  in 40% yield (Table 2, entry 7, method A) and recovered starting 
phosphonothioate (47%). However longer heating time led to extensive decomposition and failed to improve 
the yield. 10 
Dimethyldioxirane 7 proved to be an efficient reagent for the conversion of 2 to 1. Treating 2g with one equi- 
valent of 7 (0.1M solution in acetone) at -15°C for four hours gave a clean 2:1 mixture of phosphona- 
te:phosphonothioate (lg:2g). Total consumption of the starting material was achieved by evaporating the 
solvent and repeating the procedure with an additional 0.6 equivalent of dimethyldioxirane. 11,12 This 
procedure followed by work-up and chromatography furnished compound lg  in 97% isolated yield (Table 2, 
entry 8, method B). 
A much more expeditious conversion of 1,1-difluoromethylenephosphonothioates into 1,1-difluoromethylene- 
phosphonates was achieved with perfluoro-cis-2-n-butyl-3-n-propyloxaziridine 8, a powerful yet mild reagent 
whose applications in organic synthesis have blossomed in the past three years, r3 Treating a chloroform 
solution of 2g with a fluoroform solution of 8 (1.1 equivalent; dropwise addition) at room temperature 
produced cleanly the desired phosphonate lg in high yield (Table 2, method C). Table 2 compiles the results 
obtained for this conversion (entries 9 to 13). 

TABLE 2: Conversion of 1 

Entry R 1 

C9HI9(CH3)CH 

C9H19(CH3)CH 

C9H 19(CH3)CH 

C9HI9(CH3)CH 10 

11 C6H5CH2 

12 C6Hs(CH3)CH 

13 n-Bu3Sn 

9ifluorophosphonothioates 2 into I r 1-Difl 
R 2 Method a) 

C6H5CH2 A 

C6HsCH2 B 

C6H5CH2 C 

C2H5 C 

C6H5CH2 C 

C2H5 C 

C6H5CH2 C 

~honates 1. 

Product Yields (%) b) 

lg  40 

lg 97 

lg 92 

le 90 

lh  77 

l i  94 

l j  91 

a) Method A: CC13CHO (20 eq), 100°C, 21 hrs; (47% recovered starting material). Method B: dimethyl dioxirane (1.6 eq), 
CH2C12-Et20, RT. Method C: pernuoro-cis-2-n-butyl-n-propyloxaziridine 8. b) see reference 7. 

Monitoring the reaction by 19F NMR spectroscopy showed it to be complete in less than two minutes, the only 
other observable product being the expected perfluoroimine 9. A precipitate was also observed. Isolation in the 
pure form by filtration and reaction with a CS2 solution of triphenylphosphine (room temperature, 4 hrs) 
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cleanly yielded triphenylphosphine sulfide (as shown by 31p NMR spectroscopy) 14, thus indicating the 
precipitate to be elemental sulfur. In addition, this was confirmed by analysis. 15 This suggest the formation of 
intermediate 1O encompassing the unusual P-S-O three-membered cycle (or one of its resonance or tautomeric 
forms), with subsequent extrusion of sulfur via an electrocyclic process. 16 

n-C4Fg~ F S~. 
t""'" N "'"" n" C3 g;' N - - ~  R I J .~0.,, 

0 C3F 7 

8 9 10 

Amongst the synthetic implications of the present work is the following: for the first time, a simple 
preparation of dibenzyl l,l-difluoromethylenephosphonates is available, since the corresponding dibenzyl 
thioderivatives can easily be prepared.3n, 4,1-7 As recently discussed, the problem of protecting 1,1- 
difluoromethylenephosphonates has proven to be accute in several cases. 18 

The present procedure also permits the preparation of compounds which can not be easily obtained 
otherwise. For instance compound l i  could not be prepared by our recently published addition reaction of 
phosphonyl radical to 1,1-difluoroolefin. 3n This is due jointly to the poor reactivity of the starting olefin and to 
the low stability of the diethylphosphonyl radical; the corresponding phosphonothioyl radical is however more 
stable and could be added in a useful way. 3n Transformation of the resultant adduct 2i by the hereabove 
procedure produced the target compound li.  

We also found that, in some cases, the use of the two-step procedure, i.e. preparation of the 1,1- 
difluoromethylenephosphonothioate and conversion of the P-S double bond into the P-O double bond, resulted 
in the isolation of the desired 1,1-difluoromethylenephosphonate in much higher yield than the direct, one-step 
synthesis. Thus for instance, addition of diethyl phosphonyl radical onto difluoroolefin 11 gave 
difluoromethylenephosphonate 12a in 17% isolated yield while diethyl thiophosphonyl radical furnished the 
corresponding thioderivative 12b in 82% yield (Scheme 2). Conversion of 12b to 12a using oxaziridine 8 was 
achieved in 75 % yield, thus allowing the preparation of 12a in an overall yield of 61%. 

x 
II 

• P(OEt)2 
Me2t-BuSi - - 0  CF 2 M~t-BuSi 0 ----t ~j.~-- C F 2 P(OEt)2 

U 1 ~ : X = O ,  17%-~------ I 8 
12b:X=S,  82%---- -375% 

SCHEME2 

Typical procedures are as follows: 

P=O to P=S conversion. A toluene solution (2 mL) of diethyl 1-bromo-1,1-difluoromethylphosphonate l a 
(256 mg, 1 mmgl) and Lawesson's reagent (404 mg, 1 mmol) was heated at 100°C for 120 minutes (the 
reaction was monitored by TLC (Heptane-AcOEt, 9:1)). The resultant mixture was cooled down, evaporated 
and the residue was chromatographed. Elution with heptane-AcOEt (95:15) delivered phosphonothioate 2a 
(193 mg, 71% yield, colorless oil. 1H-NMR (CDC13/ref. TMS) 8:1.39 (t, 6H, 3JH.H= 7.1Hz); 4.23-4.41 ppm 
(m, 4H). 19F-NMR (CDCla/ref. C6F6) (3:100.65 ppm (d, 2F, 2JF_P=96.5 Hz). 31p-NMR (CDCla/ref. HaPO4) (3: 
69.38 ppm (t, 1P, 2JF_P=95.6 Hz). 

P=S to P=O conversion. A fluoroform solution (10 mL) of oxaziridine 8 (494 mg, 285 p.tL, 1.1mmol) was 
added dropwise to a stirring chloroform solution (10 mL) of diethyl 2-phenyl-l , l-difluoropropyl- 
phosphonothioate (2i) (309 mg, 1 mmol) at room temperature inducing a precipitate to form. After l0 minutes, 
the volatiles were evaporated and the residue was chromatographed on silica gel. Elution with heptane-AcOEt 
(8:2) and evaporation furnished 293 mg3of colorless, oily product l i  (94% yield). IH-NMR (CDCl3/ref. TMS) 
8:1.15 (t, 3H, J= 7.1Hz); 1.29 (t, 3H, JH_H = 7.1Hz); 1.50 (d, 3H, ~JH_H = 7.2Hz); 3.39-3.62 (m, 1H); 3.77- 
4.06 (m, 2H); 4.09-4.27 (m, 2H); 7.27-7.40 ppm (m, 5H). 19F-NMR (CDCl3/ref. C6F6) (5:46.24 (ddd, 1F, 3J F_ 
H = 19.2, 2JF_p=106.7, 2JF.F=298.7Hz); 48.97 ppm (ddd, lF, 3JF_H= 16.1, 2JF_p=109.7, 2JF_F=298.7Hz ). 31p_ 
NMR (CDCI3/ref. HaPO4)~5:7.37 ppm (dd, 1P, ZJF_p=107.2, 109.7Hz). 
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