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by Electroreductive Defluorination of Trifluoromethyl Ketones
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Abstract: 2,2-Difluoroenol siiyl ethers (5) were prepared by electroreductive defiuorination of
triflucromethyl ketones (4) in the presence of chlorotrialkyisilanes (TMSCI, TESCI, TBDMSCI).
© 1998 Elsevier Science Lid. All rights reserved.

Difluoromethylene compounds are current synthetic targets because of their unique biological activities.'
Transformation of carbonyl,? thiocarbonyl® and thioacetal* groups to a difluoromethylene group with DAST
and the related oxidative fluorinating reagents have been frequently used. Among these synthetic methods for
difluoromethylene compounds, selective defluorination of trifluoromethyl compounds is promising due to the

hwh availability of tnﬂnnmmerhvlnmd compounds. l}hnlmn-nahnn from halndtﬂnnrnmethvl omnnc has been

well established. However, there are very few successful cases of the selective demonofluorination from a
U'llmi‘fﬁl‘l‘u‘:il"ly} gﬁ‘)up

The cleavage of a carbon-fluorine bond is not easy due to its large bond energy.” However, the bond
breaking does easily occur when a CF, group is attached to the nt-system as shown in Scheme 1, where the
accepted electron would push out a fluoride ion.® One of the problems in the conversion of 1 to 2, however, is
a further reduction of the initial product (2) and the contamination of monofluoro-compounds because of
similar reduction potentials between 1 and 2.° On the other hand, demonofluorination would exclusively
predominate in the conversion of 1 to 3 due to the large difference in reduction potentials between 1 and 3.'°
-Difluoroenol silyl ethers are synthons for the enolate of difluoroketones®!! and useful synthetic blocks for
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Here, we describe an electrochemical transformation of trifluoromethyl ketones to the 2,2-difluoroenol

silyl ethers.
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The electroreductive defluorination of trifluoromethyi ketones (4) (1 mmol) was carried out by using a Pb
cathode (1 x 2 cm?) and a carbon anode in anhydrous acetonitrile (7 + 7 ml) containing n-Bu,NBr (4 mmol)
and TMSCI (3 mmol) in an H-type divided cell. A constant current of 30 mA was passed at 0 °C under argon
gas until 4 was consumed (2 F/mol). After the clectrolysis, Et;N (3 mmol) was added, and the yield of 2,2-
difluoroenol silyl ether (Sa) was determined by 'F NMR because of the low stability of 5a in silica gel column
chromatographic purification.'? Addition of Et;N soon after electrolysis neutralized the reaction solution to
Sa. However. wh FLN was added at the beginning of electrolysis, some ketones which

) were transformed ‘I'P.ﬂdllv to 1-
mﬂuommethylenol silyl ethers under the clecﬂolysxs condjtions which were electrochemically inactive for the
purpose.

Table 1. Effects of Temperature, Current Density, and Amount of TMSCI®
Entry Temp.  Current density Equivalentof® yieid (%) ©
(C) (mA/em?) TMSCI (eq.)
1 -20 15 3 81
2 0 15 3 80
k | 30 18 3 80
4 0 4 3 78
5 0 15 3 80
6 0 50 3 1
7 0 15 m 0
S Y R
9 0 15 3 80
10 0 15 5_ 63

a) Substituent R was Ph, and EtsN was added at the beginning of electrolysis.
b) Equimolar amount of TMSCI to 4 (R=Ph).
¢) Yields were determined by PF NMR.
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DMF (43 %) and LiClO,-CH,CN (39 %) system. The results obtained under several reaction conditions are
summarized in Table 1. Temperature did not affect the yield of 5a (entries 1-3) in the temperature range so far
as examined. The lower current density at around 10 mA/cm?® was found to be effective (entries 4-6). Cathode
of Pb gave a good result so far as examined [Pb (80 %), carbon (77 %), and Pt (65 %)]. One of the critical



Table 2. Preparation of Difluoroenol Silyl Ethers (5a-c)
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were used, the yield of
used(entry 7), Sa was not obtained. To study the effect of the amount of TMSCI, the time-dependent
distributions of 4 and Sa were analyzed (Figure 1). According to Figure 1(a), the best yield of Sa was obtained
at about 2 F/mol in the presence of three equivalents of TMSCL. However, when one equivalent of TMSCI was
used, the yield of Sa reached the maximum on passing about 1 F/mol of electricity and then gradually
decreased, and finally 5a disappeared (Figure 1(b)). As the reaction proceeds, a fluoride ion is produced and it

reacts with both TMSCI and product 5a, thus losing 5a. These experimental facts suggest that trapping of the

ngoride ion nroduced in sit by TMSCI ig essential

SAUNZ ALY AWVRE AW L FIE URMA L] L AVALI NS Swiasaies.

This reaction can be applied to a variety of substituted trifluoromethyl ketones (4) (Table 2). Because of
the instability TMS-enolaies (5a), TES (5b) and TBDMS-enolates (S¢) were prepared similarly and both of
them were comparatively stable under silica gel column chromatography. Both aromatic and aliphatic
trifluoromethyl ketones provided § in reasonable yields. Reactions of active methylene compounds (entry 6)
and a heteroaromatic compound (entry 7) also gave the corresponding difluoroenol silyl ethers.
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The ucts, TMS enolates (Sa) were pamally hydroly7ed to dlﬂuoromcthyl phenyl ketone during the silica
gel column chromatography. Pentane extract of the electrolysis product without further purification was
subjected to alkylation with benzaldehyde in a TiCl,-CH,Cl, solution, which provided 2 2-difluoro-3-
hydroxy-1,3-diphenyl-1-propanone [51% from 4 (R=Ph)]. The corresponding TES and TBDMS-enolates (5b
and Sc) were isolable by silica gel column chromatography.



