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Abstract: Trifluoromethyl kewones are prepared in good yield from carboxylic acid chlorides by
reaction with pyridine and trifluoroaceric anfivdride.

Since the discovery of the therapeutic effects displayed by S-fluorouracil derivatives! and
fluorosteroids? in the 1950's, the demand for new methods for the obtention of fluoro compounds
with potential biolegical activities has not ceased. In this context, flusrocarbony! derivatives have
emerged as valuable intermediates and targets?. Various trifluoromethyl ketones, tor example, have
been found to possess a marked inhibitory effect on hydrolytic enzymes such as acetyl

cholinesterase? or juvenile hormone esterased |

Trifluoromethyl ketones are usually oblained by elaborating simple fluorine containing
molecules. To this end, several methods have been developed; the addition of a Grignard reagent to
ifluoroacetic acid (the Dishart Levine method)® or one of its derivatives? and the decarboxylative
hydrolysis of a Claisen type condensation adduct of an ester with ethy] rifluoroacetate® are among
the oldest and perhaps most popular procedures, Recently, in a synthesis of fluoro derivatives of
vitamin D3, the preparation of an intermediate trifluoromethyl ketone was achieved by
trifluoroacylation of & lithiated sulphone derivative with ethyl trifluoroacetute followed by

desulphonylation?.

All these methods show importint Eimitations as far as compatibility with the fonctionality of the
starting material is concerned. In purticular compounds with more than one carbonyl function or
those containing different acidic hydrogens are ill-sutted substrates. Mention must be made,
however, of the procedure deseribed by Coleman and of  for the prepuration [0 of perfluorcalkyl
ketones via coupling of an alkyl halide with u perfluoro acyl chloride mediated by disodium

tetracarbonyl ferrate, in which unproteeted ketones or ester functions can be present.
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We report here o new, practical, and high yielding method which complements existing
procedures, and which appears o be tolerant of various functional groups.’This process invalves the
capture by trifluorcucetic anhydride (THFA) of a ketene produced from an acid chlonde as depicted in
Scheme 1. The use of ketenes as nucleophiles iy well precedented ! 1 although this aspect of ketene

chemistry has been rather neclected 1o spite of its tremendous synthetic potential.

Thus, upon treatment with pyridine, the primary aeid chlorides vield a ketene which can be
captured with TFA to give alter hydrolysis and decarboxylation the corresponding trifluoromethyl
ketones. Because TFA itselt lucks ¢-hydrogens, it cannot lead to a fluoroketene in the presence of
pyriding; however, it is however sutticiently electrophilic to prevent the ketene derived from the acid
chloride from dimerising. The adduct A between the kerene and the anhydride (which can be an acid
chloride, o mixed anhydride or even an N-uevipyridinium salt as indicated in the scheme below) was
not isolated but hydrolysed o the corresponding keto acid which underwent decarboxylation
spontancously. If the reaction mixture is quenched with methanol instead of water, a Claisen
condensation type keto ester 15 obtained. Our results are compiled in the Table. Examples 4, §, and
7 illustrate some of the most interesting possibilities of this approach since the classical Claisen

vartution in these cases would almost certainly be difficult 1o apply.
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scheme

Yields arc good o exceltent (see Table): the lowest yields were obtained with acyl chlorides
hearing particularly acidic hydrogens such as phenyl acetyl chloride (entry 5) for which the general
procedure is unpracticnl. Morcover, NMIR analysis of the crude reaction mixtures often indicated
guantitative yields, significent tosses oceured through hydration on the silica gel during
chromutography. Trifluoro ketones are known 1o give the corresponding hydrates 1'811(1i1y12. In one
varinmt the acid chloride wis convenicotly repliced with the sodium salt of the acid (entry 3). The
mixed anhydride formed with wifluoroacetic anhydride is then the precursor to the ketene. So far, the

reaction has failed with seeondary acid chlordes presumably because of steric hindrance
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Table: Reaction of acid chlorides with wif!

Fntry Starting nuterial - Product
b I Ih
2 Ia Ih
3 I 1h
4 24 2h
5 3a REV)
6 4a b
7 Sa 5h
8 6a Gb
Y 7a 7h
10 8a 8b

O MeQ, (CHy)4 X
Ph T ~
\)’L X 0O O
Ja X= Cl d4a: X=Cl
3b: X=(F; 4h: X=CF4
R
: 0
4
QO
X ;
///\(C!'iz)g/L
R T R 8a: X= ()
8b: X=CFy
X=C1 L R-1 Ta: X—-Cl L R=-0AcC
Oy, BReH 7l X=LFy , R=0Ac

noroacetic anhydride and pyridine

Timne (hrs) Temp, °C % Yield, isolatedd

20 20 66
(SR 20 ®1C
2.0 20 60
1.5 20 3
4.3 -60d 408
() 0 54
3.0 20 67
3.0 20 60
15 20 67
0.3 20 76¢

A The product was purificd by vhromaioe raply on
microanalysis.

by Typical procedure: Toasolution ol Ly (04802

(2. 7wl 6 ey and pyridine 20w N egon The sal

wits cooled to OFC and water (10 ml was <lowly o
X0 ml CHHC L and evaporation ol the oreank

<) Dicthyl ether was wsed mstead of meths Tone chk
cssenbially quantitaive yield.

d) When run at 0°C only tarey materials wore ooy
and the quantiy of pyridine decrensed (8 ¢g. ol anky

o) The BMR spectram of the crade reactdon naxi

silico geland pave satisfactory NMR (I}LHC‘). 1K and elemental

dry CHAC 125 mly were successively added wifluoroacetic anhydride
on sy stivred imder argon, and, after complotion the reaction mixiure
Workup with 100 ml water, extraction of the agucous phase with
cafler dryvme(Na28S04 ), gave 1S gof crude 1b

h

wicdor analvsis ol the crade reaction mixture by NNR indicates an
sredhs Saistuctory results were obtaimed when the wmperature was lowered
dride tor & of pyadine).

reamdicaes 1 60% conversion of the surting phenyl aceryl chloride.

1287



1288

Pyridine appears to be the best base for this transformation. Triethylamine and other tertiary
amines with §§ hydrogens, react irreversibly with the highly electrophilic TFA13, and are therefore
totally unsuitable. It is quite possible thar pyridine accentuates the electrophilicity of the anhydride
through formation of N-trifluoroacerylpyridinium trifluoroacetate and, at the same time, enhances the

nucleophilicity of the ketene by giving an imtermediate “enolate” such as B,

In summuary, the present procedure provides a simple and practical access to trifluoromethyl
ketones which are useful precursors for a variety of fluorine containing compounds. Further work is
in progress in order to extend the reaction to secondary acids as well as to other perfluoro
anhydrides, which, like TFA are highly clectrophilic yet unable to produce a ketene in the presence of

pyridine.
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