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Abstract—Facile electrochemical elimination of fluorine on a mercury drop electrode in aqueous-ethanol
solutions on the background of 0.1 M Buy,NBF, (E;,, 2.0 V against saturated calomel electrode) from diethyl
chlorofluoromethyl- and diethyl dichlorofluoromethylphosphonates was observed. Under the same conditions,

diethyl fluoromethylphosphonate is not reduced.

Halophosphonates are key starting materials for a
number of physiologically active compounds. That is
why their reactivity assessment presents considerable
interest. One of the reactivity criteria for halogens in
organic compounds is their polarographic reduction
potentials. However, the information on the reduction
potentials of halophosphonates is very scarce. The
electrochemical reduction of diethyl trichloromethyl-
phosphonate at a potential of —1.2 V was reported
[1, 2]. The referees proposed that at this potential one
chlorine atom is eliminated.

(Et0),P(0)CCl; —2%5 (EtO),P(0)CCl, + CI,

No E,, values were presented.

In our study on electrochemical reduction of di-
ethyl chlorofluoromethylphosphonate we observed
selective reduction of chlorine, providing diethyl
fluoromethylphosphonate in high yield, at a lead
cathode potential of about —1.9 V. However, at a more
negative cathode potential the yield of diethyl fluoro-
methylphosphonate decreased, presumably due to
fluorine reduction. We thus had to assume that
fluorine in this compound is electrochemically active.
Since fluorine is known to be a hardly reduced ele-
ment, we considered it of interest to study its polaro-
graphic behavior in halophosphonates.

The resulting reduction potentials are presented in
the table. As seen from these data, diethyl fluoro-
methylphosphonate is inactive under the conditions
studied. At the same time, the differential polarogram
contains a well-defined peak at —2.03 V, assignable
to fluorine elimination (see figure, curve /). Diethyl
bromofluoromethylphosphonate gives one expected
peak due to bromine reduction, and diethyl bromodi-
fluoromethylphosphonate gives two peaks due to
bromine and fluorine reduction. The behavior of
phosphonates containing fluorine and chlorine proved

unexpected. Inspite of the fact that they contain one
fluorine atom in the molecule, a fluorine reduction
peak was observed. The polarogram obtained for di-
ethyl dichlorofluorophosphonate is presented in the
figure (curve 2). The first two peaks relate to suc-
cessive elimination of chlorine, and the third one, to
elimination of fluorine. Hence, the presence of
chlorine activates the fluorine atom and facilitates its
reduction at potentials more negative than 2.0 V. It is
known that two halogen atoms at vicinal carbon atoms
undergo facilitated conjugate elimination [4]. Such
effect at the same carbon we observed for the first
time and it deserves deeper investigation. However,
the available evidence in insufficient for mechanistic
conclusions concerning this phenomenon. Probably,
the first electron transfer and C—-X bond cleavage
(X = F, Cl, Br) produces an unstable radical. The
latter takes up a second electron at an appropriate
potential, which induces C-F bond cleavage.

(EtO),P(O)CHXF —— (Et0),P(O)CHF
% (Et0),P(O)CH;.

It is possible that the wave at 0.2 V has a more

Reduction potentials of halophosphonates (EtO),P(O)R,
E., V
p’

Bond cleaved
R

C-Br Cc-Cl C-F
CH,F - - -
CHBrF -1.12 - -
CHF, - - -2.03
CBrF, -0.95 - -2.02
CHCIF - -1.80 -2.00
CCLLF - -1.5, -1.72 -2.05
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Pulse polarogram of halogen-containing phosphonates in
0.1 M BuyNBF, in 50% ethanol. Potential scan rate
10 mV/s, pulse amplitude 25 mV, phoshonate concentra-
tion 107> M. (I) (EtO),PCHF, and (2) (EtO),PCFCl,.

complex nature, but this question calls for further
investigation.

EXPERIMENTAL

The polarograms were obtained on a PA-2 pulse
polarograph (Czech) in a three-electrode cell. The
working electrode was a mercury drop electrode (drop-

ping period 1 s). The auxiliary electrode was a pla-
tinum rod. The potentials were measured against an
EVL-1M3 silver—silver chloride electrode. For more
exact £, values, the measurements were carried out
in the differential mode at the following conditions:
pulse amplitude 25 mV, potential scan rate 10 mV/s.
The background electrolyte was 0.1 M Bu,NBF, in
50% aqueous ethanol. Before measurements the solu-
tion was purged with argon for 15 min. The halophos-
phonates used in this work were prepared by the
Michaelis—Becker reaction by the procedure in [5].
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