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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 coanvenient method was developed for the synthesis of the lithium salt of
1,1-bis(diethoxyphasphoryl)fluoromethane from available O,O-diethyl (chlorofluoro-
methyl)phosphonate, and some transformations of the resulting salt were studied.
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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 compounds with the lithium salt of
bis(diethoxyphosphoryl)flucromethane.? However, a
known procedure for the preparation _of
bis(diethoxyphosphoryl)fluoromethane by fluorination of
bis(diethoxyphosphoryl)methane with FCIO, 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 1 : 1.2 in dilute solutions at —70 °C 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(diethoxyphosphoryhfluoromethane (3), bis(dicthoxy-
phosphory!l)fluoroethane (4), and a-fluorovinyl
phosphonate 5§ were formed, respectively (Scheme 1).

The compositions and the structures of the resulting
compounds were established by 'H, YF, and 3'P NMR
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 bromotrimethylisilane afforded the

* Dedicated to the memory of Academician M. 1. Kabachnik
on his 90th birthday.
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corresponding sily! ether 6, the subsequent treatment of
which with aqueous NH; yielded ammonium sait 7
(Scheme 2).
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To summarize, a convenient method was developed
for the synthesis of the lithium salt of bis(diethoxy-
phosphoryl)fluoromethane from readily available {chloro-
fluoromethyl)phosphonate, which was confirmed by sub-
sequent chemical transformations.

Experimental

The 'H, 9F, and 3'P NMR spectra were recorded on a
Bruker CXP-200 instrument (at 200, (88, and 8! MHz, re-
spectively); SiMe, was used as the internal standard; CF;COOH
and a 85% H;PO, solution were used as the external standards.
The melting points were determined in glass tubes.

Bis(diethoxyphasphoryl)fluoromethane (3). A 3 N BuLi
solution (7.5 mL, 0.025 mol) was added with stirring to a
solution of compound 1 (4.08 g, 0.02 mol) in anhydrous ether
(50 mL) at —70 °C. The reaction mixture was stirred at
—40 °C for 30 min. Then the mixture was warmed to room
temperature and a 5% HC! solution (10 mL) was added. The
ethereal layer was separated, dried over Na,SO,, and concen-
trated. Fractionation of the residue afforded compound 3 in a
yield of 2.39 g (39%), b.p. 128130 °C (1 Torr). Found (%):
C, 35.56; H, 6.70. CgH, FO4P,. Calculated (%): C, 35.39;
H, 6.91. 'H NMR (CDCly), 8: 1.30 (¢, 12 H, CH;CH,); 4.22
(m, 8 H, CH,0); 5.04 (dt, | H, CHF, Jyp = 3.5 He,
Jug =46 Hz). 1°F NMR (CDCl3), 8: —151 (dt, Jgp = 64 Hz,
Jey =46 Hz). 3'P NMR (CDChy), 8: 11.62 (d, Jpg = 64 Hz).

1,1-Bis(diethoxyphospboryl)-1-fluoroethane (4). A 3 N
Bul.i solution (7.5 mL, 0.025 mol) was added with stirring to
a solution of compound 1 (4.08 g, 0.02 mol) in anhydrous
ether (50 mL) at —70 °C. The reaction mixture was stirred at
—40 °C for 30 min. Then dimethyl sulfate (2.5 g, 0.02 mol)
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 Na;SOy,
and concentrated. Fractionation of the residue afforded com-
pound 4 in a yield of 2.37 g (37%), b.p. 151—152 °C (1 Tom).
Found (%): C, 37.66; H, 7.37. C qH 3 FO¢P;. Calculated (%):
C, 37.51; H, 7.24. 'H NMR (CDCl3), & 1.33 (t, 12 H,
CH,CH,); 1.80 (dt, 3 H, CH;CF, Jyp = 19 Hz, Jyg =
26 Hz); 4.18 (m, 8 H, CH,0). '*F NMR (CDCl;), &: —109
(tq, Jep = 72.5 Hz, Jpy = 26 Hz). 31P NMR (CDCly), &
14.85 (d, JPF =71 HZ).

0,0-Diethyl (1-fluorobut-1-enyl)phosphonate (5). A 3 N
BuL.i solution (7.5 mL, 0.025 mol) was added with stirring to
a solution of compound 1 (4.08 g, 0.02 mol) in anhydrous
ether (50 mL) at =70 °C. The reaction mixture was stirred at

—40 °C for 30 min. Then a solution of EtC(O)H (1.12 g,
0.02 mol) in cther (10 mL) was added. The mixture was
warmed to room temperature and kept overnight. Then a 5%
HCl solution (10 mL) was added. The cthereal layer was
separated, dried over Na,SO,, and concentrated. The residue
was fractionated, and compound § 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. CgH (FO;P. Calculated (%): C, 45.72;
H, 7.67. 'H NMR (CDCly), &: 1.05 (t, 3 H, CH;CH,CH=);
1.35 (t, 6 H, CH3CH;,0); 2.30 (m, 2 H, CH;CH=); 4.15 (m,
4 H, CH;0); 6.00 (dq, I H, CH=, Jyyq = Jyp = 4 Hz,
Jur = 40 Hz). 'F NMR (CDCl;), & —55.35 (dd, Jep =
102 Hz, Jgy = 40 Hz). 3'P NMR (CDCly), 5: 5.9 (d, Jpg =
102 Hz).

1,1-Bis[bis(trimethylsilyloxyphosphoryl)- 1-fluorcethane (6).
Me;SiBr (9.3 mL, 0.06 mol) 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. C4H;9FO4P,Sis. Calcu-
lated (%): C, 33.85; H, 7.91. tH NMR (CDCly), 8: 0.36 (d,
36 H, CH}SI, JHP = 1.2 Hz); 1.75 (dt, 3 H, CH]CF, ‘,HF =
20 Hz, Jyr = 25 Hz). Y%F NMR (CDCly), & —106 (iq,
Jgp = 76 Hz, Jgy = 25 Hz). 3P NMR (CDCly), 5: —2.98
(d, ij =76 HZ)

Tetraammoniam 1-fluorcethylidene-1,1-bis(phosphonate)
(M. A 25% aqueous NH; solution (1 mL) was added to a
solution of compound 6 (2.35 g, 0.005 mol) in acetone
(20 mL). The reaction mixture was stirred for | 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 °C. Found (%): C, 8.55; H, 7.12;
N, 20.46. C,H;FO4P,-4NH;. Calculated (%): C, 8.70;
H, 6.94; N, 20.29. 'H NMR (D}O)’ 8:1.82(d.t, 3 H, CH;CF,
Jup = 18 Hz, Jyg = 26 Hz). VF NMR (D;0), §: —104 (1.q,
Jep = 78 Hz, Jpy = 26 Hz). 3P NMR (D;0), &: 0.6 (d,
Jpr = 78 Hz).
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