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SUMMARY 

General procedures for the preparation of arylthallium dichlorides and di- 
fluorides via the readily available arylthallium bis(trifluoroacetates) are described. 
The latter compounds have been found to undergo symmetrisation to the corre- 
sponding diarylthallium trifluoroacetates in variable yields when heated with water 
or acetone. A much improved, general synthesis of diarylthallium trifluoroacetates 
has been discovered, however, consisting simply of treatment of arylthallium bis(tri- 
fluoroacetates) with trimethyl phosphite. NMR and IR data for ArTlX, and Ar,TlX 
compounds are presented, and their application to structure determination discussed. 

INTRODUCTION 

Direct thallation of aromatic compounds with thallium(II1) trifluoroacetate 
has been shown to lead to high yields of arylthallium bis(trifluoroacetates), the reac- 
tion proceeding under mild conditions r. Organothallium derivatives of the type 
ArTIXz are attractive intermediates for the synthesis of a wide range of organic and 
organometallic compounds ; applications to the preparation of aromatic iodides2”, 
nitriles 2b and phenols2b have recently been described. Prior to the development of 
thallium(II1) trifluoroacetate as a thallating reagent,ArTlX, compounds were availa- 
ble only by one of three rather restricted routes. The first of these, symmetrisation of 
a diarylthallium(III) compound with a thallium(II1) halide [eqn. (l)], has been little 
investigated3. The remaining methods, both of which are limited by the relative 

Ar2TIX+TlX3 - 2 ArTlX2 (I) 
accessibility of the requisite starting materials, are standard organometallic reactions 
involving the use of organoborane4*5 [eqn. (2)] and organomercury6 [eqn. (3)] 
derivatives. A number of classical procedures have been described for the preparation 

* For Part XVII see ref. 22. 
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ofAr,TlX compounds, most of which proceed in satisfactory yield, and these methods 
have been reviewed’**_ 

ArB(OH)z+TIX, - ArTlX, +BX(OH), (2) 

Ar,Hg+Tl[OOCCH(CH,)& - ArTl[OOCCH(CH,),],+HgOOCCH(CH3)2 

(3) 
RESULTS AND DISCUSSION 

Organothallium derivatives of the type ArTlX, are normally regarded as 
being at least partially ionic in nature (ArTlX+ -X-)gJo and this property has oc- 
casionally been utihsed to alter the nature of X. Thus treatment with inorganic 
nucleophiles, Y-, generally* leads to simple replacement, with formation of the 
corresponding ArTIYz derivative [eqn. (4)]4*5*1 ‘. 

ArTlX,+2Y- -ArTlY,+2X- (4 

In our experience, the stability of ArTIXz compounds varies considerably 
and often erratically with the nature of X. We have therefore studied the reaction of 
arylthallium bis(trifluoroacetates) with inorganic halides, where a ciear trend in the 
stability of the resulting ArTlX, derivatives exists. Thus treatment of arylthallium 
bis(trifluoroacetates) with aqueous potassium iodide leads directly to the corre- 
sponding aromatic iodide and thallium(I) iodide, presumably via formation of the 
unstable arylthallium diiodide [eqn. (5)J2”. Al1 attempts to isolate or intercept aryl- 
thallium diiodides in this process were unsuccessful, thus confirming Challenger3 

ArTI(OOCCF,), +2 KI - [ArTlI,] -+ ArI+TII+2 K+-OOCCFs (5) 

earlier observation on the instability of phenylthallium diiodide4.Addition of aqeuous 
potassium bromide to solutions of arylthallium blh(irrlluoroacetates) at O-5” results 
in rapid replacement of CF,COO- by Br- and formation of the corresponding aryl- 
thallium dibromides. These compounds generally precipitate from solution but are 
very unstable, and undergo decomposition rapidly either on storage or on gentle 
heating. The major products of decomposition are the aromatic bromide and thal- 
lium(1) bromide, but small amounts of diarylthallium bromide are also produced 
(N--20%). 

In contrast to the bromides and iodides, arylthallium difluorides and dichlor- 
ides are stabIe crystalhne solids which show little tendency either to decompose or 
symmetrise under normal storage conditions. These compounds were prepared by 
addition of aqueous potassium fluoride or chioride to solutions of arylthallium bis- 
(trifluoroacetates) in aqueous ethanol. This simple procedure normally proceeds in 
high yield, and is complete within a few minutes at room temperature. The overall 
sequence involving tballation followed by treatment with inorganic halide thus 
represents a valuable alternative to the previous methods for the synthesis of these 
compounds. Experimental data for typical conversions are summarized in Table 1. 

The symmetrisation process shown in eqn. (6) is a welLknown, ifpoorly under- 

2 ArTlX, - Ar,TlX+TlX, (6) 
* simple replacement is not always straightforward, and in certain cases complex ions are produced; 

see refs. 5 and 23. 
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TABLE 1 

EXPERIMENTAL DATA FOR REPRESENTATIVE ARYLTHALLIUM DIFLUORlDJ3 AND DICHLORIDES. ArTlX, 

Ar X Yield M.p. Molecular Analysis found (calcd.) (%) 

(%) CC) formula 
C H 

C6J35 F 95 >300 

Cl 40 212-214 

4-CIC,HJb F 61 >300 

Cl 31 282-286 

U-&H&&H, F 95 178-189 

Cl 28 178-180 

2,5-(CH&CsH, F 98 186-188 

Cl 71 194-197 

3,+(CH3)&H3 F 93 195-204 

Cl 83 188-190 

s4,6-(CH,),C,H, F 93 243-246 

Cl 89 >300 

4-CH,0C,H,b F 51 >300 

Cl 63 >300 

c6H5F2T1 

C,H,CI,TI 

C,H,CIF,Tl 

C,H,CI,Tl 

CsH,F,TI 

C,H&l,TI 

C,H,FITI 

CsH,Cl,Tl 

CsH9F2Tl 

C,H,C12TI 

C,H,,F,Tl 

C,H,,CI,TI 

C,H,F,OTl 

C,H,CIIOTl 

22.32 1.96 
(22.56) (1.58) 
20.69 1.76 

(20.45) (1.43) 
20.02 1.40 

(20.36) (1.14) 
18.69 1.08 

(18.63) (1.04) 
28.14 2.56 

(27.64) (2.61) 
25.34 2.48 

(25.26). (2.38) 
27.85 2.75 

(27.64) (2.61) 
25.42 2.48 

(25.26) 27.85 w;) 

(27.64) (2.61) 
25.56 2.59 

(‘5.26) (2.38) 
30.00 3.20 

(29.90) (3.07) 

27.43 2.59 
(27.40) (2.81) 
23.80 2.43 

(24.05) (2.02) 
21.52 2.06 

(21.98) (1.85) 

“All compounds melted with decomposition. ’ Probably contains small amounts of orrho and paru 
isomers (see refs. 2a and 2b). 

stood, phenomenon in organothallium chemistry12, and one which we encountered 
early in our investigations into the chemistry of arylthallium bis(trifluoroacetates). 
Attempted recrystallisation of these latter compounds from water or acetone, for 
example, frequently resulted in partial symmetrisation to the corresponding diaryl- 
thallium trifluoroacetate [eqn. (6), X = OOCCFJ _ This process could be carried 
to completion by prolonged reflux of the solutions, but a much simpler procedure 
for effecting the same transformation was found to consist of treatment of the aryl- 
thallium bis(trifluoroacetate) with trimethylphosphite. Admixture of the two reagents 
results in a rapid, exothermic reaction, the mechanism of which is obscure. The 
diarylthallium trifluoroacetate is isolated by dilution of the reaction mixture with 
water and filtration. Experimental data for Ar2T100CCF3 compounds prepared in 
this way are summarised in Table 2. 

Ar,TlX compounds are highly ionic species (Ar2TIf -X-)13 which rapidly 
and quantitatively undergo anion exchange with inorganic nucleophiles14. As a 

J. Organometal. Chem., 24 (1970) 77-88 
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TABLE 2 

MPERIMENTALDATAFORREPRESE~ATIVEDIARYLTHALLIU~~~IFLUOROACETA~, Ar,TIOOCCFs 

Ar Yield 
(5%) 

M.p. 
CC) 

Molecular 
formula 

Analysis found (calcd.) (yl 

C H 

Cc& 67 258-264 C,,H,,F,O,~ 35.58 2.38 
(35.65) (2.14) 

4-FC6HJ= 83 268-270 C,_,HgFSOzTl 32.89 
(33.13) (Z) 

4-C&HP 92 >300 CI~H&lIFx02TI 30.93 1.98 
(31.11) (1.71) 

CCH&HP 87 261-264 C,.&,,FBOZT~ 38.33 2.89 
(38.46) (2.52) 

W’=,&H, 99 265-267 Cl&I,aFxOzTl .40.52 3.38 
(40.97) (3.44) 

2-5(CH&C,H, 98 260-264 C,,H,,F,WTl 40.48 3.43 
(40.97) (3.44) 

3.4(CH&C,H, 98 223-226 C,zxH,~F,ozTl 40.93 3.70 
(40.97) (3.44) 

GW(CHMX-Iz 71 196-198 CdiI12zF,ChTl 43.09 4.05 
(43.22) (3.99) 

* Probably contains small amounts of ortho and para isomers (see refs. 2a and 2b). 

consequence, symmetrisation of ArTl(OOCCF,), to Ar,TlOOCCF,, followed by 
treatment with X- represents a general entry into Ar,TlX compounds. 

SPECTROSCOPIC STUDIES* 

High resolution IR spectroscopic studies of arylthallium compounds have 
been reported for only a few derivatives, and in most cases the assignments of C-T1 
stretching vibrations were tentative. Beck and Schuiererls, in a study of diphenylthal- 
lium bromide, reported strong absorptions at 452 and 410 cm-’ which they assigned 
to the asymmetric and symmetric C-T&C stretching frequencies respectively*. 

There are no strong absorptions above 400 cm- ’ in the spectra of diarylthal- 
lium trifluoroacetates which can be unambiguously assigned to C-T1 stretching 
vibrations. The spectra of arylthallium bis(trifluoroacetates), on the other hand, 
always show two medium intensity absorptions at about 500 and 580 cm- ‘, and 
which we conclude are the C-T1 stretching vibrations. The most interesting region 
in the spectra of arylthallium bis(trifluoroacetates) and diarylthallium trifluoro- 
acetates lies between 600 and 900 cm- ‘. All of these compounds show three sets of 
absorptions at approximately 720,800 and 835 cm- ’ which are assignable respective- 
ly to the C-CO, in-plane bending, CF, symmetric stretching, and C-C stretching 
modes of the trifluoroacetate group16*17. For diarylthallium trifluoroacetates these 

* A number of unsuccessful attempts were made to determine the Raman spectra of ArTl(OOCCF& 
and Ar,TlOOCCF, compounds. Failure here may have been due to the line crystalline form of these 
compounds, which resulted in Rayleigh rather than Raman scattering. It is interesting to note, however, 
that Deacon and GreenZ’ were also unsuccessful in attempts to record the Raman spectrum of crystalline 
diphenylthallium bromide. 
*The corresponding vibrations in the alkyl analogues are usually in the region 530 and 470 cm-‘; see 
refs. 24 and 25. 
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absorptions are sharp singlets, but for arylthallium bis(trifluoroacetates) they are 
always sharp doublets. Representative spectra, which illustrate this phenomenon 
and clearly establish the utility of IR spectroscopy in structure elucidation, are re- 
produced in Figs. 1-3. It is possible that the doublets observed in the spectra of 

W I 

-I cm. 
lc03 900 mo 700 600 500 400 

I I I I 1 I ‘ 

(b) 

Fig. 1. IR spectra of (2) mesitylthallium bis(trifluoroacetate) and (b) dimesitylthallium trifluoroacetate. 

the arylthallium bis(trifluoroacetates) originate from their ionic nature, which leads 
to two distinctly different trifluoroacetate entities (ArTlOOCCFT - CF,COO-)X. 

There has been considerable recent interest iu the NMR spectra of organo- 
thallium compounds”. We have examined in detail the spectra of a large number 
of compounds of the types ArTl(OOCCF& and Ar,TlOOCCF,. Both of the natu- 
rally occurring isotopes of thallium ( 205Tl/20% : 70/30) have nuclear spin values of 
one half. 205Tl-H coupling constants are, however, onIy slightly larger than ‘03T1-H 
coupling constants (205y/203y= 1.0098) . lg Hence separate signals due to the two 
isotopes are clearly distinguishable only in very simple molecules20, and in the sub- 
sequent discussion quoted Tl-H coupling constants refer to average values, which 
are due primarily to 205Tl-H spin-spin interactions. 

In general, Tl-H coupling constants are numerically very large, and the magni- 

* The IR spectrum of phenylthallium diacetate also shows absorptions due to two different acetoxy 
groups. These were similarly presumed to be a consequence of the ionic nature of the compound in the 
solid state; see ref. 26. 
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cm:’ 
1000 500 800 700 600 !500 460 

I I 1 

Fig. 2. IR spectra of (a) 2,4_xylylthallium bis(trifluoroacetate) and (b) di-2,,4_xylylthallium trifluoroacetate. 

tude of the values has been explained qualitatively on the basis of a Fermi contact 
interaction as a result of the large effective nuclear charge on the thallium atomg*lg_ 
In benzene and substituted benzenes, for example, Tl-H coupling constants are 
approximately 130 times greater than the corresponding H-H values. With respect 
to structure elucidation, moreover, two empirical observations made by Maher and 
Evans have proved invaluable in the present work. Firstly, the ratios of the TI-H 
coupling constants for the series Ar,TI, Ar,TlX and ArT& have been shown to be 
approximately l/1.7/4 regardless of the nature of the Ar grou~~*~~. Secondly, Maher 
and Evans’ argued that coupling to ortho and meta positions is transmitted mainly 
via the o-electrons, but that transmission via the z-electrons becomes important in 
coupling to the pm-u position. This rationalisation then accounts reasonably for the 

J. Orgclnomeral. Ckem., 24 (1970) 77-88 
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(b) 

83 

Fig. 3. IR spectra of (a) (p-chlorophenyl)thallium bis(trifluoroacetate) and (b) bis(p-chlorophenyl)thallium 
trifluoroacetate. 

experimental observation that JETI-H(p-CH,)] is larger than J[TI-H(m-CH,)]. 
The results of our studies are in complete agreement with those of Maher 

and Evans. Typical pairs of spectra are reproduced in Figs. 4-6, and coupling data 
are listed in Tables 3 and 4. In Table 5, the ratios for the coupling constants ofArTl- 
(OOCCF,), and Ar,TlOOCCFs are presented ; the correlation of these figures with 
the value of 2.35 estimated by Maher and Evans in most cases is excellent_ 

From the above discussion it is evident that NMR spectroscopy offers an 
unambiguous method not only for distinguishing between Ar,TlX and ArTlX2 
compounds, but also for determination of the orientation of the carbon-thallium 
bond. (continued p. 87) 

J_ Orgnnometa~. Chem., 24 (1970) 77-88 
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(0) 

(b) 

Fig. 5. NMR spectra of (a) p-tolylthallium bis(trifluoroacetate) and (b) di-p-tolylthallium trifluoroacetate. 

TABLE 4 

Tl-H COUPLING CONSTANTS (Hz) FOR DIARYLTHALLIUM TRIFLUOROACETATES, Ar,TlOOCCF, 

Ar 

C6I-h 

4-FCsH4 
CCIC6Hb 
4-BrC6H4 
CCH,C6H, 
2,4-1CH,)zC,Hx 
25-(CH~)&H3 
~,~-(CH,)&HB 
2,4>6-&Hd&H, 

4-CH30C6H4 (I-CH,CH,C,H, 

O-H m-H P-H o-CH, m-CH, P-CH, 

455 117 515 
448 104 
456 113 
455 115 
448 128 24 
441 206 46.7 25.3 
454 208 40 48 17.6 
456 141.2 23 27.6 

168 49 36 ’ 

433 106 445 128 (21) 

J. OrgonomeruZ_ Chem., 24 (1970) 77-88 
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1 
1 I 

I 16 14 I2 UJ B 6 4 2 06 

(b) 

9 s 7 e I 1 1 z c.* 
Fig. 6. NMR spectra of (a) mesitylthalli~m bis(trifluoroacetate) and (b) dimesitylthallium trifluoroacetate. 

TABLE 5 

OBSERVED ArTl’ */Ar2TlC TI-H COUPLING CONSTANTS FOR ARYLTHALLIUM BIS(TRIRUOROACETATES) AN?) 

DIARYLTHALLIIJM TRIFLUOROACETATES 

Ar o-H m-H P-H o-CH, m-CHj P-CH, 

C6I-h 2.27 3.38 2.23 
4-F&H, 2.14 2.69 

CCiC,H, 2.12 2.62 
CCH,C,H, 2.29 2.94 2.75 
2&CHx)&Hx 2.41 2.40 2.38 2.57 
2,5-(CH,)&H, 2.44 2.69 2.88 2.35 3.12 
3,4-(CH&C,H, 2.28 2.97 2.61 2.39 
z4.6-(C&)&H, 2.74 2.33 1.78 
4-CH,CH&HS 2.38 3.07 2.33 

J. Organometd Chem., 24 (1970) 77-88 
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EXPERIMENTAL 

Melting points were determined on a Kofler hot-stage microscope melting 
point apparatus and are uncorrected. Microanalyses were performed by Mr. A. R. 
Saunders of the University of East Anglia. IR spectra were recorded on a Perkin- 
Elmer Model 125 Grating IR Spectrophotometer using the normal Nujol mull and 
potassium bromide pellet techniques. NMR spectra were recorded in DMSO-d6 
solution on a Perkin-Elmer R12 60 MHz Spectrometer. 

General procedure for the preparation of arylthallium dijluorides and dichlorides 

An aqueous solution of the appropriate potassium halide (5 molar excess) 
was added to a stirred solution of the arylthallium bis(trifluoroacetate) in 50% 
aqueous ethanol_ The a&thallium dihalide precipitated immediately and was collect- 
ed by filtration after 5 min. The solid was washed with aqueous ethanol and dried. 
Experimental data for representative arylthallium difluorides and dichlorides are 
summarised in Table 1. 

General procedure for the preparation of diar$hallium trifluoroacetates 
Solid arylthallium bis(trifluoroacetate) (4 mmoles) was added with stirring 

to 3 ml of trimethyl phosphite. After the initial exothermic reaction had subsided 
the reaction mixture was cooled to room temperature and 3 ml of water was added. 
A second exotbermic reaction ensued and, after the reaction mixture had again cooled 
to room temperature, a further 5 ml of water was added. The crystalline diarylthallium 
trifluoroacetate was collected by filtration, washed well with water, and dried. Re- 
presentative compounds prepared in this way are listed in Table 2. 
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