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A new method is discribed for introducing a c=F3-g-roup, by a single-step 

synthesis, into aranatic canpounds. This trifluomnethylation is done by 

mansofamixtureconsistingofHF/CCL4 and the aranatic cxqmund. The 

reaction is thought to be of a FriedelCrafts type and limited to aramtics 

which are not substituted by electmn with&awing groups. 

Trifluoramathyl aranatics form an important class of cmpomds, the 

inportanceofwhichis increasingmntinuouslybecause of the fact that- in 

active ingredient research, for example - the special properties of the tri- 

flumarethylgroup (wkichare conferredon it by the electron-withdrawing 

lipophile moiety) enable the biological effects of many types of carpourd 

to be inproved. Metbxk for the synthesis of aranatics with CF3 substituents 

are therefore of industrical interest. 

The known methods for the production of substituted trifluorcsethyl 

armatics can be divided into two groups. One of the groups cmprises all 

msthcds in which a trifluorawthyl aranatic is first produced, either by 

fluorination of a trichlomtethyl arcmtic Cl] or by reacting an arcmatic 

carboxylic acid with SF4[ 21, and afterwards functionalized in a second 

reaction. 

the 

* DedicatedtoProfessor GW ldontheoccasionofhis 6OthbirtMay. 

**Authorto~correspondences~ldbeaddressed. 
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functional derivative 

3------+ of benzotrifluoride 
Ar-02H 

4 / 

The other group cmprises 

introducedintoanarcmaticas 

catalyst 
cF3-x ______3 

(IP3 
*+ArY-------_3 

all themethods inwhichtheCF3 group is 

a radical. 

CP3 
*+x* 

ArcF3+y. 

The CP3 radicals are prcduced either fran trifluoroiodaw&hane [3] or 

frcxn silver trifluoroacetate 143 . As, hawever, the cF3 radicals are not 

fornxad at all readily, such substitution reactions reguire severe conditions 

and long reactim times. Radical substitution reactions on aranatics have the 

additional drawback that the prcduct is generally a mixture of a fairly large 

number of iscmers, and often includes polysubstituted derivatives also. 

In the course of our wxk on organofluorine ccrqmmds [5]ws have found 

a novel process for the trifluorcmathylation of aramtics which substantially 

eliminates the abov e-mntioned disadvantages of radical trifluoranethylation. 

This process ccnplements themethods belonging to the first of the tm groups 

just referred tc because CP3 aranatics, which are difficult or impossible tc 

produce according to thosemstlmds, are readily accessible in this particular 

case. 

PKCESS 

The process is based on the action of carbon tetrachloride/hydrofluoric 

acid (CC14/HF) an aranatics. The mixture of hydrofluoric acid, carbon tetra- 

chloride, and aromatic is produced in a suitable autoclave at a tenperature 

of about 0 to 10 "C and it is then heated to the desired reaction temperature 

under pressurized nitrogen. 

A??H 
CC14 
HP' -3 + 

4HCl 

Tablelgives examples tc showhcwthe newprocess canbs used andoutlines 

its range of application. 
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The trifluoramathylation is carried out with an excess of CCl4/HF. 

When molar quantities are used, quantitative conversion is not generally 

achieved and itisdifficultto separate the startingccnpound and thecor- 

respordingbenzotrifluoride insanacases.Ex&ndingthereactiontinragener- 

ally raises the degree of conversion. Efficient mixingof the&o-phase system 

is also necessary for a high rate of conversim in unit time. 

RESULTSANDDISCUSSION 

Apart franthereactimprcducts listed inTable1,no furtherisaners, 

no bistrifluorawthyl armtics, and no difluorochlorcmthyl aramtics were 

found inappreciablequantities. Asmayalsobe seenfranTable1, the substi- 

tution conforms to the laws governing the electrcphilic attack on the aranatic 

and is in sutecasesrmre selective, and ina fewcasesless selective, than 

other electrophilic substitution reactions (e.g. FriedelXrafts reactions). 

The isawr distribution determined by the selectivity of the reaction cannot 

be influenced by the reactim parameters, e.g. pressure, time, mature, 

andconcentratioal.~i~distributirmalsoraMins~~if the 

reaction is terminated prematurely (with the resultthata low degree of con- 

version is obtaihed). A marked deviation fran 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 EYiedel<rafts the trifluorawthyla- 

tion of toluene is vatively unselective. The high proportion of 3-mathyl- 

benmtrifluoride is particularly surprising. The trifluoranethylation reactions 

of 2- and 3-chlorotoluene are highly selective, howaver. With 4-chlorotiluene 

the result cannot be predicted, since an isamar izatice evidently occurs in this 

case. Under theexperimentalconditions the 4-chlorotolueneis notisawrized 

by hydrofluoric acid. The structure of the 'iscmrized product' appears plausible 

but has notbeenproved. Thepositionsof themethylandtrifluorcerathylgroups 

in relatim to one another can be easily detected by catalytic hydrogenation of 

the chlorine atanattached tow aramtic nucleus. 

CH, CH, 

+ 
CF, 

Cl 

HJcatalyst 

CH, 
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As the 4-chlorotiluenewas spectrosccpicallyunifom, chlorotrcphymst 

have occurred during the trifluormthylation. In the trifluoranethylation 

process thexylenes andhalcgenatedxylenes behave as theydo inother electro- 

philic substitution reactions. Similarly, the biphenyls and diphenyl ethers 

presentauniformappearance,withamarked selectivity inrelation to the 

psubstitution. 

As regards the naphthalenes, only the reactions of l- and 2-&loro- 

naphthalene are characterizedbythe formationof canplexiscmx mixtures. 

But the proportions of those iscsers which give the 1-trifluorcmethyl naphta- 

lene after hydrogenolytic removal of the halogen attached to the nucleus are 

particularly large. 

The 2-trifluorcmethyl naphthalene is practically inpossible to isolate after 

the hydrogenation. 

The fact that the behaviour of the trifluoramthylation reagent CC14/HF 

partly differs fran that of other electrophilic reagents is presumbly attrib- 

utable to the 'solvent HF’. The nmber of experimental findings is not yet 

sufficient, however, for a cmparison which muld enable this assmption to 

be generalized. 

The following reaction routes are observed in the trifluoramathylation 

processwithwhichwearemncemed: 

Ar-H + Ccl4 + &IF),-----+ AKF3+4Hc1 

1 
b ArH +CFClS+HCl 

Itisobserved thatfluorotrichlorcmethaneis formed todifferent 

extents. With aramtics having lcrw degrees of nucleophily this side-reaction 

isrmrepronounced; and itbeccmes theminreaction in the caseof aramtics 

which can no longer be subjected to trifluoranethylation (e.g. nitrobenzene). 
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Hence the *fold trifluorcmathylation, i.e. the trifluorcmsthylation of 

a ~3'~ armatic, is not observed either. 

Another side-reaction is the multiple arylation of carbon tetrachloride. 

Eutitoccurs to aminorextentonly. Incaseswhere itbeccmss themin 

reaction unfavourable ezqerimmtal ~~~~aaraters (of concentration and teqerature) 

appear to be responsible for this, frcm which it follows that the reaction 

canbe influenced intbsdesireddirectionbyalteringtheseparaa~ters. 

The described method for the trifluoranethylaticm of aranatics is a 

variant of Friedel+rafts acylation. It is based on two characteristic prop- 

erties of anhydrous hydrofluoric acid: its ability a) to catalyze electrophi- 

lit substitutions on aramtics of the type given by FriedelXrafts reactions 

and b) to serve as a fluorination agent for trichloranethyl groups. 

The interpretation of trifluoranethylation as a reaction of the Friedel- 

Crafts acylationtype also agreeswith the observation,msntionedabove, that 

aramtics 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.g. 

copper salts, influence the reaction adversely, while even small additions of 

such cmpounds as sodim fluoride, potassium fluoride, or pyridine suppress 

the reaction entirely. 'Ihe ability of hydrofluoric acid to act as Friedel- 

Crafts catalyst is strongly influenced by even small amounts of such bases. 

We interpret this to maan that a ccxqlex consisting of an aramtic, 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 trifluoramathylation is generally carried out, carbon tetrachloride fails 

to react with hydrofluoric acid alone to give fluorotrichloranethane. 

In a possible ccqlex with the reagent the aranatic is therefore decisi- 

vely important. Under these conditions the effect of a reduction of the hydro- 

fluoric acid concentration also beccanss uxkrsta&able: arylation is still 

possible, but the HF concentration is not sufficient for inmediate 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 quitevoluminou s, sterical factors do not play a deci- 

sive part. Thus msitylene, for example, can be trifluorar&hylated with 

CCl,/HF without difficulty. 
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At 0 "C the auhydrous hydrofluoric acid and then the mixture of the 

araMticandcarimntetrachloridewzre intrcduced intoa stainless steel 

autoclave having an agitator, a brine-cooled reflux corkdmser and a pressure 

relaxation valve. Nitrogen at a pressure of abut 3-5 bar was them introduced 

aud 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 ren-eined presswized. At the end of the reaction the 

vessel was cooled and the reactionmixtureplaced.onice, afterwhichthe 

organic phase was separated off. Altematively the mixture can be subjected 

directly to fractioml distillation in a stainless steel reaction vessel. 
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