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Electrophilic mercuration of aromatic substrates has been the subject of 

much research since Dimroth (4) first discovered that treatment with mercury(I1) 

compounds resulted in the formation of C-Hg bonds. It is surprising, however, 

that few other metal salts have been studied in detail with respect to their 

ability to effect electrophilic metallation. The synthesis of organothallium 

compounds by direct formation of C-T1 bonds (thallation) appears to be one of 

the least investigated of such reactions. 

The first successful thallation of an aromatic substrate was described by 

Gilman and Abbott, (5) who obtained di-4-dibenzofurylthallium chloride in 9% 

yield by treatment of dibenzofuran with thallium(II1) chloride at 165'. 

Glushkova and Kocheshkov (6) have since shown that the reaction of thallium(II1) 

tri-isobutyrate with an excess of benzene or activated aromatic substrate as 

solvent at 95-115O leads to arylthallium di-isobutyrates. The range of aromatic 

substrates which can be effectively thallated by this technique, however, is 

severely limited by the poor electrophilicity of thallium(II1) tri-isobutyrate. 

'Furthermore its utility is also restricted by the necessity of using an excess 

of the aromatic substrate as solvent, and by the moderate yields obtained. 

Perhaps as a consequence, no synthetic applications of thallation have ever 

been described. 

We report the preparation of thallium(II1) trifluoroacetate (TTFA) and its 

use as a reagent for the thallation of aromatic compounds. TTFA is convenient- 

ly prepared by heating under reflux a suspension of thallium(II1) oxide (50 g) 
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in 250 ml of trifluoroacetic acid, with stirring;, for 96 hrs; the reaction 

mixture is protected from light. Filtration to remove a small amount of in- 

soluble solid gives a clear, colourless solution of TTFA in TFA (0.88 molar). 

Solid TTFA, obtained by evaporation of the solvent under reduced pressure, is a 

colourless, crystalline water-sensitive solid which decomposes without melting 

above 100°. Both the solution of TTFA in TFA and the solid salt can be stored 

at room temperature in stoppered flasks protected from light for long periods 

without appreciable decomposition. 

A solution of TTFA in TFA constitutes a powerful reaction mixture for the 

direct thallation of aromatic compounds (eq. 1). Reaction with substrates 

Ar-Ii + Tl(OCOCF3)3 + ArT1(OCOCF3)2 + CF3COOH (es. 1) 

which are activated towards electrophilic substitution is generally complete 

within a few minutes at room temperature. --- _- Thallation df mildly deactivated 

substrates such as the halobenzenes requires longer reaction times at room 

temperature, or 30 minutes at reflux temperature (73O), and deactivated sub- 

strates such as benzoic acid ando(,&ot-trifluorotoluene are thallated after 21 

and 98 hrs reflux respectively. For acid-sensitive substrates (e.g. thio- 

phenes), solid TTFA in acetonitrile are the conditions of choice. In the ma- 

jority of examples studied, the arylthallium di-trifluoroacetates formed crys- 

tallize from the reaction mixture and are isolated by simple filtration. They 

are stable,. colourless, crystalline solids which, in general, are soluble in 

methanol, ethanol, glyme, acetonitrild, tetrahydrofuran and DMSO. Most were 

analytically pure ae isolated. Representative ArT1(OCOCF3)2 compounds formed 

were (Ar, '$ yield, mp Oc) (7): C6H5' 96, 184-189; E-CH~C~H~-, 75, 205-208; 

3,4-(CH3)2C6H3-, 79, 184-190; 2,4,6-(CH3)3C6H2-, 94, 155-157; o-COOHC6H4-, 

79, 247-248; E-C1C6H4-, 85, 159; 2-thienyl-, 82, 194-196. 

Only a small amount of ortho substituted products was observed with those 

substrates with ortho-para directing subetituente; the overwhelming preference 

for para substitution may be associated with the steric bulk of thallium. It 

is noteworthy that benzoic acid gave 95% ortho substitution. Metallation ortho 
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to an aromatic carboxyl group is not without precedent (8), but the percentage 

of ortho substitution in the present case is most unusual. We suggest that 

thallation of benzoic acid occurs by initial formation of a mixed thallium(II1) 

salt [C6H5COOT1(OCOCF3)2] followed by intramolecular delivery of thallium to 

the ortho position. 

Nmr studies on RTlX2 compounds have shown (9) that, in benzene and substit- 

uted benxenes, Tl-H coupling constants are d130 times greater than the corr- 

esponding H-H coupling constants. As a consequence, examination of the well- 

defined nmr spectra of the arylthallium di-trifluoroacetates proved to be an 

invaluable aid to structural elucidation, and unequivocally established the 

position of thallation (confirmed by subsequent iodination with aqueous 

potassium iodide (10)) pTolylthallium di-trifluoroacetate, for example, showed 

(Figure 1) two symmetrical ortho protons (J +,l_o_Hl.025 Hz) and two symmetrical 

meta protons (J ~l_m .376 Hz); splitting of the methyl group (66 Hz) was in 
-- 

agreement with the predicted value (9). 
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Treatment of aqueous ethanol solutions of ArTl(OCOCF3)2 compounds with in- 

organic anions provides a wide range of ArTlX2 compounds, which are effective 

intermediates for the formation of substituted aromatic compounds (ArX) by 

subsequent cleavage of the C-T1 bond. These reactions will be described in 

subsequent papers (10). TTFA, as the reagent of choice for the preparation of 

these highly versatile and reactive intermediate arylthallium compounds, makes 

possible for the first time their practical utilization in organic synthesis. 
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