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A New Method for the Trifluoramethylation of Aramatics*

A. MARHOLD** and E. KLAUKE
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SUMMARY

A new method is discribed for introducing a CE‘B—gro:up, by a single-step
synthesis, into aramatic compounds. This trifluoramethylation is done by
means of a mixture cpnsisting of HF/CC:L4 and the aramatic campound. The
reaction is thought to be of a Friedel-Crafts type and limited to aramatics
which are not substituted by electron withdrawing groups.

INTRODUCTION

Trifluoramethyl aramatics form an important class of compounds, the
importance of which is increasing continuously because of the fact that - in
active ingredient research, for example - the special properties of the tri-
fluoromethyl group (which are conferred on it by the electron-withdrawing
lipophile moiety) enable the biological effects of many types of campound
to be improved. Methods for the synthesis of aramatics with CF3 substituents
are therefore of industrical interest.

The known methods for the production of substituted trifluoramethyl
aramatics can be divided into two groups. One of the groups camprises all the
methods in which a trifluoromethyl aramatic is first produced, either by
fluorination of a trichloramethyl aramatic [1] or by reacting an aramatic
carboxylic acid with SF, [2], and afterwards functionalized in a second

reaction.

* Dedicated to Professor Griinewald on the occasion of his 60th birthday.

** Anthor to whom correspondence should be addressed.
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3 AN functional derivative

ArCF, —m>

SF 4 A 3 of benzotrifluoride
Ar-CO H

The other group camprises all the methods in which the CE‘3 group is
introduced into an arcmatic as a radical.
catalyst

CE‘E;‘X 7 CF3 e+ X .

CFy + + AfY ————> ArCF, +Y -

The CFy radicals are produced either from trifluoroiodamethane [3] or
from silver trifluoroacetate (4] . As, however, the CF3 radicals are not
formed at all readily, such substitution reactions require severe conditions
and long reaction times. Radical substitution reactions on aramatics have the
additional drawback that the product is generally a mixture of a fairly large
number of isomers, and often includes polysubstituted derivatives also.

In the course of our work on organoflucrine campounds [5] we have found
a novel process for the trifluoramethylation of aramatics which substantially
eliminates the above-mentioned disadvantages of radical trifluoramethylation.
This process complements the methods belonging to the first of the two groups

just referred to because CF., aromatics, which are difficult or impossible to

3
produce according to those methods, are readily accessible in this particular
case.
PROCESS

The process is based on the action of carbon tetrachloride/hydrofluoric
acid (CCl 4/I-IE') on aramatics. The mixture of hydrofluoric acid, carbon tetra-
chloride, and aramatic is produced in a suitable autoclave at a teamperature
of about 0 to 10 °C and it is then heated to the desired reaction temperature
under pressurized nitrogen.

CCl

Ar-H —?4——) AR, + 4 H

Table 1 gives examples to show how the new process can be used and outlines
its range of application.
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The trifluoramethylation is carried out with an excess of CCl 4/HE‘.
When molar quantities are used, quantitative conversion is not generally
achieved and it is difficult to separate the starting compound and the cor-
responding benzotrifluoride in some cases. Extending the reaction time gener-
ally raises the degree of conversion. Efficient mixing of the two-phase system

is also necessary for a high rate of conversion in unit time.
RESULTS AND DISCUSSION

Apart from the reaction products listed in Table 1, no further isamers,
no bistrifluoramethyl aromatics, and no difluorochloramethyl aromatics were
found in appreciable quantities. As may also be seen fraom Table 1, the substi~
tution conforms to the laws governing the electrophilic attack on the arcmatic
and is in scame cases more selective, and in a few cases less selective, than
other electrophilic substitution reactions (e.g. Friedel-Crafts reactions).
The isomer distribution determined by the selectivity of the reaction cannot
be influenced by the reaction parameters, e.g. pressure, time, temperature,
and concentration. The isomer distribution also remains unchanged if the
reaction is terminated prematurely (with the result that a low degree of con-
version is obtaihed). A marked deviation fram the general rules of substitution
is observed in the case of toluene. In relation to, e.g., the acylation of
toluene with acetyl chloride according to Friedel—-Crafts the triflucramethyla-
tion of toluene is comparatively unselective. The high proportion of 3-methyl-
benzotrifluoride is particularly surprising. The trifluoramethylation reactions
of 2- and 3-chlorotoluene are highly selective, however. With 4-chlorotoluene
the result cannot be predicted, since an isamerization evidently occurs in this
case. Under the experimental conditions the 4-chlorotoluene is not isamerized
by hydrofluoric acid. The structure of the 'isomerized product' appears plausible
but has not been proved. The positions of the methyl and trifluoramethyl groups
in relation to one another can be easily detected by catalytic hydrogenation of
the chlorine atom attached to the aramatic nucleus.

CH H H
CH, 3 CH,4 CF, CH, CF,
cel,
T + *
F CF, 7 1
cl cl cl
e I e

H,/catalyst
CH,

CF,
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As the 4-chlorotoluene was spectroscopically uniform, chlorotrophy must
have occurred during the trifluoromethylation. In the trifluoramethylation
process the xylenes and halogenated xylenes behave as they do in other electro-
philic substitution reactions. Similarly, the biphenyls and diphenyl ethers
present a uniform appearance, with a marked selectivity in relation to the
p-substitution.

As regards the naphthalenes, only the reactions of 1- and 2-chloro-
naphthalene are characterized by the formation of camplex isamer mixtures.
But the proportions of those isomers which give the l-trifluoramethyl naphta-
lene after hydrogenolytic removal of the halogen attached to the nucleus are
particularly large.

cl cl CF,

“ ccl, H,/catalyst

I —— Q===
CF,

The 2-trifluoramethyl naphthalene is practically impossible to isolate after
the hydrogenation.

The fact that the behaviour of the trifluoramethylation reagent CCl 4/HF
partly differs fram that of other electrophilic reagents is presumably attrib-
utable to the 'solvent HF'. The number of experimental findings is not yet
sufficient, however, for a comparison which would enable this assumption to
be generalized.

The following reaction routes are observed in the trifluoromethylation
process with which we are concerned :

Ar-H + CCl4 + (HF)n——-——————? ArCE‘3 + 4HC1

l\ ArH + CFCl, + HC1

3
AXCF Ar Ar
+ 2HC1 ArH !
Rr-C-F + KCl
Ar

It is observed that fluorotrichloramethane is formed to different
extents. With aramatics having low degrees of nucleophily this side-reaction
is more pronounced; and it becames the main reaction in the case of aramatics
which can no longer be subjected to trifluoramethylation (e.g. nitrobenzene) .
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Hence the two-fold trifluoromethylation, i.e. the trifluoromethylation of

a CF, aramatic, is not observed either.

3Armother side~reaction is the multiple arylation of carbon tetrachloride.
But it occurs to a minor extent only. In cases where it becames the main
reaction unfavourable experimental parameters (of concentration and temperature)
appear to be responsible for this, from which it follows that the reaction

can be influenced in the desired direction by altering these parameters.

The described method for the trifluoramethylation of arcmatics is a
variant of Friedel-Crafts acylation. It is based on two characteristic prop-
erties of anhydrous hydrofluoric acid: its ability a) to catalyze electrophi-
lic substitutions on aramatics of the type given by Friedel-Crafts reactions
and b) to serve as a fluorination agent for trichloramethyl groups.

The interpretation of trifluoramethylation as a reaction of the Friedel-
Crafts acylation type also :':\grees with the observation, mentioned above, that
aramatics with substituents of the second order cannot be made to react, which
they can if the mechanism is radical. Additions of radical-forming agents, e.qg.
copper salts, influence the reaction adversely, while even small additions of
such campounds as sodium fluoride, potassium fluoride, or pyridine suppress
the reaction entirely. The ability of hydrofluoric acid to act as Friedel-
Crafts catalyst is strongly influenced by even small amounts of such bases.

We interpret this to mean that a camplex consisting of an aramatic, carbon
tetrachloride, and a solvate envelope of hydrofluoric acid is formed and that,
depending on the conditions, this is then able to react in the indicated way.
This hypothesis is supported by the fact that, under the conditions under which
the trifluorcmethylation is generally carried out, carbon tetrachloride fails
to react with hydrofluoric acid alone to give fluorotrichloramethane.

In a possible complex with the reagent the aramatic is therefore decisi-
vely important. Under these conditions the effect of a reduction of the hydro—
fluoric acid concentration also becames understandable: arylation is still
possible, but the HF concentration is not sufficient for immediate fluorination
of the primary product. Multiple arylations by the primary product are the
consequence.

Although the reaction partner consisting of carbon tetrachloride and
HF solvate envelope is quite voluminous, sterical factors do not play a deci-
sive part. Thus mesitylene, for example, can be trifluoramethylated with
ccl 4/HF without difficulty.
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EXPERTMENTAL

At 0 °C the anhydrous hydrofluoric acid and then the mixture of the
aromatic and carbon tetrachloride were introduced into a stainless steel
autoclave having an agitator, a brine-cooled reflux condenser and a pressure
relaxation valve. Nitrogen at a pressure of about 3-5 bar was then introduced
and the reactor heated to the desired reaction temperature. The resulting
hydrogen chloride was relaxed continuously, but only to such an extent that
the hydrofluoric acid remained preséurized. At the end of the reaction the
vessel was cooled and the reaction mixture placed on ice, after which the
organic phase was separated off. Alternatively the mixture can be subjected

directly to fractional distillation in a stainless steel reaction vessel.
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