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Elcctroreduction of dibromodifluoromethane in the presence of
diphenyldiselenide and olefins in a DMF-(Pt)-(Al) system
provided adducts of in situ generated bromodifluoromethyl
radical and phenylselenenyl group to olefins. One electron
transfer from benzeneselenolate to CF2Brp induces the formation
of CF2Br* radical.  This system is also useful for generation
of -CF2CO7Et radical from ethyl bromodifluoroacctate.

The introduction of difluoromethylene group into organic
compounds has been currently investigated! since compounds
_bearing this group often show unique biological aclivities. 2
Dibromodifluoromethane ( CF2Br7 ) is one of the easily available
reagents so that selective generations of difluoromethyl carbene
( :CF2 ) and bromodifluoromethyl radical ( CF2Br- ) from
CFaBr2 have -been the subjects of current fluorine chemistry.
Two-electron-reduction with metals such as Zn3 or Pb% and one-
clectron-reduction with CuCl3 or CrCl3/Fe® have been
demonstrated.  Electrochemical reduction would be one of the
promising candidates for the purpose. However, direct
clectrochemical reduction of CF2Br) leads to the formation of
diftuorocarbene/>8 via two-electron-reduction. Therefore,
some kind of mediators must be employed for selective
generation of CFpBr- via single-electron-transfer ( SET )
proccss‘9’10 Benzeneselenolate anionll is a good SET
reagent. 12 Cyclic voltammetry showed that (PhSe)2 was more
casily reduced than CF2Brp, 13 Therefore, bromodifluoromethyl-
selenation of olefins should be realized electrochemically and the
products would be precursors of functionalized allylic
difluoromethylene compounds.  This approach has proved to
be successful.
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The reaction was conducted under the following conditions :
A solution of (PhSe)2 ( 0.5 mmol ), CF2Br2 (1.5 mmol )
and isobuty! vinyl ether ( 10 mmol ) in DMF (8 ml ) containing
tetracthylammonium tosylate (TEAT) as the supporting electrolyte
was electrolyzed under a constant current ( 25 mA ) and argon
atmosphere in an undivided beaker-type cell fitted with two plate
electrodes of Pt ( cathode 3.0 cm? ) and Al ( anode 3.0 cm? ).
Reaction temperature, electricity charged and other details are
given under the column of the table.
When the substrate is an electron rich olefin such as isobutyl
vinyl ether, bromodifluoromethyl radical reacts smoothly at 0 °C
to give the selenated adduct in a moderate yield. The

Table 1.  Yields/% of 1 in bromodifluoromethyl-selenation
and the related reactions of olefins®
CFoXY
Olefins CFoBr,  BICF,COoEt  CyFel
/\O/Y © 4P 80° 73°
NN 574 58° 71°

@ 68¢ 45! 77t

general conditions : DMF (8 ml) / Et,NOTs (0.1 mmol) /
olefin (10 mmol) / (PhSe), (0.5 mmol) under a constant
corrent (25 mA), Pt (cathode 3.0 cm®) Al (anode 3.0 cm?) ,
argon atmosphere.

3isolated yields/% based on (PhSe),. bat 0°C CEXY (1.5
mmol) for 3 h. Catr.t. CE,XY (1.5 mmol) for3.5h. datr.t.
CF,XY (4.5 mmol) for 6 h. € at 50 °C CF,XY (1.5 mmol)
for 5h. at 40 °C CE,XY (1.5 mmol) for 5 h.

concentration of olefin affected the yield of the major product.
When lower concentration of olefin was employed, the major
product was PhSeCF2Brl4 which formed either by coupling
between in situ gencrated CF2Br+ and PhSe* or reaction of
CFpBr+ with PhSe~.  This result suggests that the reaction of
CF2Br+ with olefin is slower than that with PhSe™ and that the
usc of excess amount of olefin is necessary. Under the
condition employed for isobutyl vinyl ether, the yieldsof 1 from
the both 1-octene and cyclopentene were unsatisfactory and the
selenide 3 (X=Br) was a major product because of the lower
reactivity of these olefins to CFBr+ radical.  The desired
seleno-bromodifluoromethylated - products increased, when
rcaction temperature was elevated to room temperature and
dibromodifluoromethane was added every 2 h for 6 h. 15 Ethyl
bromodifluoroacetate and nonafluorobutyl iodide were less
volatile than CF2Br2 and thus electrolysis could be carried out at
higher temperature. ~ The temperatures of ca. 20, 40 and 50 °C
were of choice for isobutyl vinyl ether, cyclopentene and 1-octene,
respectively. The reaction of BrCFpCOpEt with olefins
provided the desired adducts in quite reasonable yields which
were interesting  precursors  for  the  functionalized
difluoromethylene compounds. The reaction sequence is
proposed as shown in Scheme 2. )

Oxidative deselenation (H202 in CH2Cl2) of 1a proceeded
regioselectively and stereoselectively to give ethyl trans-2,2-
difluoro-3-decenoate (J = 15.8 Hz in IH NMR) in almost
quantitative yield. = The predominant regioselectivity may arise
from the higher acidity of difluoroalkylated methylene protons.



1124
+e” _ FaX -
1/2(PhSe), — PhSe CFoX+ + PhSe™ + Y~
CFoX+ + ZNR _
. PhSe™ or
CFQX\/\ —_—
Py PhSe -
CFX- +  FPhSeor PhSeCF,X
PhSe- 3
Scheme 2.
(0] (6]
R Ho00 SR
EtO CHyCly EtO
FE  Seph F F
ia R=n—C6H13 4a

Similarly, oxidative deselenation of 1b16 afforded 4b

regioselectively in 92% yield.
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Since the selenated compound 1e¢ derived from the vinyl ether is
an acetal type compound, it provided the corresponding aldehyde
Sc in 62% yield by NBS-promoted deselenation in aqucous

acetonitrile.
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