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Abstract

The first catalytic oxidation of trifluoromethyl carbinols has been accomplished by a novel ruthenium(II)
complex using sodium periodate as an oxidant. Trifluoromethyl ketones were obtained under mild conditions and
in excellent yields. © 2000 Elsevier Science Ltd. All rights reserved.

Fluorinated ketones, especially trifluoromethyl ketones, are of great interest because of their remar-
kable ability to function as enzyme inhibitors,1 and because of their role as building blocks for trifluo-
romethyl heterocycles2 and as monomers for novel polymeric materials.3 Besides traditional methods
involving the addition of Grignard or organo lithium reagents to trifluoroacetic acid,4 other more recent
methods such as the Wittig reaction with trifluoroacetamides,5 or the reaction of acid chlorides with
trifluoroacetic anhydride6 brought great improvement to the access to trifluoromethyl ketones.

On the other hand, the facile addition of TMSCF3 to aldehydes constitutes excellent access to tri-
fluoromethyl carbinols.7,8 However, their oxidation to ketones is not straightforward. Classical oxidation
procedures such as the use of MnO2,9 KMnO4

10 and CrO3
1a are often unsuccessful or require harsh

conditions which are not suitable for some functional groups. Swern and modified Moffat oxidation
methodologies very often fail or poorly succeed in the case of fluoroalkyl alcohols,11 despite some
described examples.12 The only reliable procedure available in the literature is the oxidation by the
Dess–Martin reagent.13 However, its explosive nature and high air and moisture sensitivity limit its
utility. To the best of our knowledge, no catalytic method for this oxidation has been reported so far.
So there is still a need for a new methodology for the oxidation of trifluoromethyl carbinols. There
has been considerable interest in recent years in the use of oxoruthenium complexes as catalysts for
organic oxidation.14 In this communication, we wish to report our successful efforts on the oxidation of
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trifluoromethyl carbinols using a novel ruthenium(II) complex RuCl2(biox)2 1 which is known to oxidise
olefins to epoxides in very good yields in a stereospecific manner under aerobic conditions.15

Initial studies focused on the oxidation of 5-phenyl-1,1,1-trifluoropentan-2-ol2 under aerobic condi-
tions: trifluoromethyl carbinol2 was treated with 2.5 mol% of RuCl2(biox)2 1 in dichloromethane using
pivalaldehyde as the co-reductant in an atmosphere of oxygen. After 48 h at ambient temperature only
a 30% conversion was observed. When the reaction was run at reflux temperature in dichloromethane,
no change in the conversion was observed. With 1.5 equivalents of NaIO4 and 2.5 mol% of1, a 45%
conversion was observed at room temperature after 48 h. There was further optimisation to afford the
corresponding trifluoromethyl ketone3 in 84% yield after 32 h by performing the reaction at reflux
temperature in dichloromethane.16 We have checked that NaIO4 acts as a co-oxidant and not as an
active oxidant: when the reaction was performed without a ruthenium catalyst the starting alcohol2
was recovered. A series of fluorinated carbinols have been prepared18 and subjected to oxidation with
RuCl2(biox)2 1 under the optimised conditions. The results are summarised in Table 1.

With 1.5 equivalents of NaIO4, 2.5 mol% of 1 at reflux in CH2Cl2, phenyl-substituted 1,1,1-
trifluoropentan-2-ols could be oxidised to the corresponding ketones in good yields. 5-Phenyl-1,1,1-
trifluoropentan-2-ol2, 5-(4-methoxyphenyl)-1,1,1-trifluoropentan-2-ol4 and 5-(4-chlorophenyl)-1,1,1-
trifluoropentan-2-ol6 exhibited similar reactivity leading to the corresponding ketones3, 5 and7 in good
yields with no detectable influence of the substituents.

1-Phenyl-2,2,2-trifluoroethanol8 could be easily and quantitatively oxidised to afford 2,2,2-
trifluoroacetophenone9. Only 76% of the product could be isolated because of the volatility of ketone
9. Under similar reaction conditions, 1-(4-methoxyphenyl)-2,2,2-trifluoroacetophenone11 and 1-(3,4-
dimethoxyphenyl)-2,2,2-trifluoroacetophenone13 were obtained in excellent yields by oxidation of the
corresponding alcohols10 and12, respectively. As expected, the oxidation of these aromatic alcohols
was easier than that of alkyl-substituted alcohols, with a shorter reaction time (8 h), and it could even
been carried out at room temperature with a prolonged reaction time (24 h).

The efficiency of this methodology was proven in the oxidation of�,�-disubstituted alcohols: although
the conversion of 1-cyclohexyl-2,2,2-trifluoroethanol16 into ketone17was very slow (50 h) the reaction
went to completion and the lower isolated yield was due to the volatility of ketone17. The reaction
was also successful with long chain alcohols such as18 and 20, which are usually less reactive.13

Thus, oxidation of 1,1,1-trifluoromethyl dodecan-2-ol18 and 1,1,1-trifluoromethyl nonadecan-2-ol20
afforded ketones19 and21 in quantitative yields. To oxidise these trifluoromethyl carbinols, only the
CrO3/pyridine mixture under severe conditions1a and the Dess–Martin reagent are described in the
literature. The trifluoromethyl alcohol2219 derived from lithocholic acid was selectively oxidised to
the corresponding ketone2320 in 90% yield after 22 h.

We have also shown, in the reaction with the pyridyl alcohol24,21 that the oxidation is chemoselective.
After 10 h, the trifluoromethyl ketone25was obtained as the only product and was isolated in an excellent
yield (87%).

Thus, we have developed the first catalytic method for the oxidation of trifluoromethyl carbinols using
sodium periodate and RuCl2(biox)2 1 with high efficiency. Even alkyl trifluoromethyl carbinols and�,�-
disubstituted ones can be converted in high yields into ketones. The pyridyl moiety remains unaffected
under these oxidation conditions.
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Table 1
Oxidation of trifluoromethyl carbinol with RuCl2(biox)2
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