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Convenient method for the synthesis and some transformations 
of the lithium salt of bis(diethoxyphosphoryl)fluoromethane* 
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A convenient method was developed for the synthesis of the lithium salt of 
l,l-bis(diethoxyphosphoryl)fluoromethane from available O,O-diethyl (chlorofluoro- 
methyl)phosphonate, and some transformations of the resulting salt were studied. 

Key words: bis(diethoxyphosphoryl)fluoromethane, O,O-diethyl (chlorofluoromethyl)phos- 
phonate, l,l-bis(diethoxyphosphoryl)-l-fiuoroethane, O,O-diethyl (l-fluorobut-l-enyl)phos- 
phonate. 

Fluorine-containing derivatives of vinyl fluoride be- 
long to irreversible inhibitors of  enzymatic reactions} 
Therefore, these compounds are of interest as physi- 
ologically active compounds.  One of the methods for the 
synthesis of  these compounds involves olefination of  
carbonyl  c o m p o u n d s  with the l i th ium salt  of  
b is (d ie thoxyphosphoryl ) f luoromethane ,  z However,  a 
known p rocedure  for the p repa ra t ion  of  
bis(diethoxyphosphoryl)fluoromethane by fluorination of  
bis(diethoxyphosphoryl)methane with FCIO 3 does not 
allow one to consider this compound as an available 
reagent for preparative purposes. In this connection,  we 
developed a convenient procedure for the synthesis of 
bis(diethoxyphosphoryl)fluoromethane and its lithium 
salt from readily available reagents and studied transfor- 
mations of the resulting compounds. 

It was established that the reaction of  O,O-diethyl 
(chlorofluoromethyl)phosphonate (1) with BuLi taken in 
a ratio of I : 1.2 in dilute solutions at - 7 0  ~ yielded the 
lithium salt of bis(diethoxyphosphoryl)fluoromethane (2) 
as the major phosphorus-containing product,  whose 
structure was unambiguously confirmed by its subsequent 
transformations. For example, when compound 2 was 
treated with water, dimethyl sulfate, or propionaldehyde, 
bis(diethoxyphosphoryl)fluoromethane (3), bis(diethoxy- 
phospho ry l ) f l uo roe thane  (4),  and ct-f luorovinyl  
phosphonate 5 were formed, respectively (Scheme 1). 

The composit ions and the structures of  the resulting 
compounds were established by IH, 19F, and 31p N M R  
spectroscopy and by elemental analysis. The composi-  
tion and the structure of  compound 4 were established 
based on its chemical  transformations. 

For example,  the reaction of fluoroethane 4 with 
four equivalents of bromotrimethylsilane afforded the 

* Dedicated to tile memory of Academician M. I. Kabachnik 
on his 90th birthday. 
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corresponding silyl ether 6, the subsequent treatment of 
which with aqueous NH 3 yielded ammonium salt 7 
(Scheme 2). 
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To summar ize ,  a convenien t  method  was developed 
for the synthesis o f  the l i thium salt o f  bis(diethoxy- 
phosphoryl ) f luoromethane from readily available (chloro-  
f luoromethyl )phosphonate ,  which was conf i rmed by sub- 
sequent  chemica l  t ransformations.  

Exper imenta l  

The IH, 19F, and 31p NMR spectra were recorded on a 
Bruker CXP-200 instrument (at 200, 188, and 81 MHz, re- 
spectively); SiMe+ was used as the internal standard; CF3COOH 
and a 85% H3PO 4 solution were used as the external standards. 
The melting points were determined in glass tubes. 

Bis(diethoxyphosphoryl)fluoromethane (3). A 3 N BuLl 
solution (7.5 mL, 0.025 mot) was added with stirring to a 
solution of  compound 1 (4.08 g, 0.02 tool) in anhydrous ether 
(50 mL) at -70  *C. The reaction rmxture was stirred at 
-40  *C for 30 rain. Then the mixture was warmed to room 
temperature and a 5% HCI solution (10 mL) was added. The 
ethereal layer was separated, dried over Na2SO4, and concen- 
trated. Fractionation of the residue afforded compound 3 in a 
yield of 2.39 g (39%), b.p. 128--130 *C (1 TorT). Found (%): 
C, 35.56; H, 6.70. CgH2tFO6P 2. Calculated (%): C, 35.30; 
H, 6.91. tH NMR (CDCI3), 6:1.30 (t, 12 H, ~I:t3CH2); 4.22 
(m, 8 H, CH20); 5.04 (dt, | H, CHF, JHP = 13.5 Hz, 
JHF = 46 Hz). t9F NMR (CDCI3),/5: -151. (dt, -/FP = 64 Hz, 
J'FH = 46 Hz). 31p NMR (CDCI3), ,5:11.62 (d, JPF = 64 Hz). 

l,I-Bis(diethoxyphosphoryt)-l-fluoroethane (4). A 3 N 
BuLl solution (7.5 mL, 0.025 tool) was added with stirring to 
a solution of  compound I (4.08 g, 0.02 mol) in anhydrous 
ether (50 mL) at - 7 0  ~ The reaction mixture was stirred at 
- 4 0  ~ for 30 rain. Then dimethyl sulfate (2.5 g, 0.02 tool) 
was added. The reaction mixture was warmed to room tem- 
perature and kept overnight. Then a 5% HCI solution was 
added. The ethereal layer was separated, dried over Na2SO4, 
and concentrated. Fractionation of the residue afforded corn- 
pound 4 in a yield of 2.37 g (37%), b.p. 151--152 ~ (1 Torr). 
Found (%): C, 37.66; H, 7.37. Cj01-123FO6P2. Calculated (%): 
C, 37.51; H, 7.24. tH NMR (CDCI3), 6 :1 .33  (t, 12 H, 
_QH3CH2); 1.80 (dt, 3 H, CH3CF, ./'He = 19 Hz, JHF = 
26 Hz); 4.18 (m, 8 H, Ct-120). LgF NMR (CDCI3), ~5:-109 
(tq, JFP = 72.5 Hz, JFH = 26 Hz). 3tp NMR (CDC13), 6: 
14.85 (d, JPF = 71 Hz). 

O,O-Diethyl (l-fluorohut-l-enyl)phosphonate (5). A 3 N 
BuLl solution (7.5 mL, 0.025 mol) was added with stirring to 
a solution of compound 1 (4.08 g, 0.02 tool) in anhydrous 
ether (50 mL) at -70  ~ The reaction mixture was stirred at 

-40  oC for 30 rain. Then a solution of  EtC(O)H (1.12 g, 
0.02 tool) in ether (10 mL) was added. The mixture was 
warmed to room temperature and kept overnight. Then a 5% 
HCI solution (10 mL) was added. The ethereal layer was 
separated, dried over Na2SO4, and concentrated. The residue 
was fractionated, and compound 5 was obtained in a yield of 
1.78 g (42.4%) 5, b.p. 128--130 "C (20 Torr). Found (%): 
C, 45.56; H, 7.48. CsHt6FO3P. Calculated (%): C, 45.72; 
H, 7.67. tH NMR (CDCI3), 8:1.05 (t, 3 H, CH3CH2CH=); 
[.35 (t, 6 H, CH3CH20); 2.30 (m, 2 H, CH2CH---); 4.15 (m, 
4 H, CH20); 6.00 (dq, 1 H, CH--,  arHH = JFIP = 4 Hz, 
JHF = 40 Hz). 19F NMR (CDCI3), 6 : - 5 5 . 3 5  (dd, JFP = 
102 Hz, JFH = 40 Hz). 31p NMR (CDCI3), 5:5.9 (d, JPF = 
102 Hz). 

I, 1- Bis[lfis(Irimethytsilyloxyphosohoryt)- l-fluoroethaue (6). 
Me3SiBr (9.3 mL, 0.06 tool) was added with stirring to com- 
pound 4 (2.9 g, 0.01 mol). The reaction mixture was stirred 
for one day and fractionated. Compound 6 was obtained in a 
yield of 3.08 g (62%) 6, b.p. 157--158 *C (0.1 Torr). 
Found (%): C, 33.65; H, 7.78. Ct4H39FOrP2Si 4. Calcu- 
lated (96): C, 33.85; H, 7.91. LH NMR (CDCI3), 8:0.36 (d, 
36 H, CH3Si, JHP = 1.2 Hz); 1.75 (dt, 3 H, CH3CF, JsP = 
20 Hz, JHF = 25 Hz). 19F NMR (CDCI3), 6 : - 1 0 6  (tq, 
JFP = 76 Hz, JFH = 25 Hz). 3tp N M R  (CDCI3), ~i: -2.98 
(d+ IpF = 76 Hz). 

Tetraammonium 1- fluoroethytidene- 1, l-bis(phosphonate) 
(7). A 25% aqueous NH 3 solution (1 mL) was added to a 
solution of  compound 6 (2.35 g, 0.005 tool) in acetone 
(20 mL). The reaction mixture was stirred for 1 h. The solvent 
was evaporated. The residue was recrystallized from aqueous 
alcohol, and compound 7 was obtained in a yield of  0.99 g 
(72%), m.p. 181--183 ~ Found (%): C, 8.55; H, 7.12; 
N, 20.46. C2H7FO6P2"4NH3. Calculated (%): C, 8.70; 
H, 6.94; N, 20.29. tH NMR (D20), 6:1.82 (d.t, 3 H, CH3CF, 
JHP = 18 Hz, JHF = 26 Hz). 19F N M R  (D20), 8 : - 1 0 4  (t_q, 
IFP = 78 Hz, IFH = 26 Hz). 3tp NMR (D20), ~5:0.6 (d, 
JPF = 78 Hz). 
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