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Two methods are described for the preparation of diarylthallium trifluoroacetates: (1) the “disproportionation” 
of arylthallium ditrifluoroacetates by heating in acetone, and (2) the reaction of arylmagnesium bromides with 
thallium(II1) trifluoroacetate (TTFA) to give diarylthallium bromides, conversion of the latter to diarylthallium 
hydroxides, and, finally, treatment with trifluoroacetic acid (TFA). Although it has been widely believed that di- 
arylthallium(II1) compounds are chemically inert, it is shown that these diarylthallium trifluoroacetates are use- 
ful, versatile intermediates for the synthesis of unsymmetrical biphenyls (by irradiation in benzene), aryl iodides 
(by heating with iodine in chloroform), and phenols (by reaction with lead tetraacetate-triphenylphosphine in 
TFA solution, followed by alkaline hydrolysis of the resulting aryl trifluoroacetates). 

Diarylthallium( 111) derivatives have been known for over 
50 years, but the reported chemistry of these compounds is 
prosaic, perhaps as a result of a widespread belief that they 
are “amongst the most stable and least reactive organome- 
tallic compounds known”.3 We report that this reputed 
lack of reactivity is a myth, and that diarylthallium trifluo- 
roacetates are useful and versatile intermediates for the 
preparation of unsymmetrical biphenyls, aryl iodides, and 
phenols. 

Preparation of Diarylthallium Trifluoroacetates. 
Literature methods for the preparation of diarylthallium 
compounds involve the reaction of thallium(II1) halides 
with arylboronic acids, with diarylmercury compounds, or 
with Grignard reagents.4a-c Two new methods for their 
preparation are described below. 

Thallation of aromatic substrates with thaHium(II1) tri- 
fluoroacetate (TTFA) is now a well-known process6apb in 
which the position taken by thallium with respect to sub- 
stituents already present can often be controlled by a com- 
bination of kinetic, thermodynamic, and chelation factors.6 
We have reported previously on the “disproportionation” 
of the resulting arylthallium ditrifluoroacetates to give di- 
arylthallium trifluoroacetates upon treatment with triethyl 
ph0sphite.I It was found in the course of this work that at- 
tempted recrystallization of the arylthallium ditrifluo- 
roacetates from water or from acetone resulted in partial 
“disproportionation”. We have now found that heating ar- 

ylthallium ditrifluoroacetates in acetone for 1 hr, followed 
by addition of water, results in smooth conversion to diar- 
ylthallium trifluoroacetates in good to excellent yield 
(method A). This simple procedure thus supplements the 
triethyl phosphite “disproportionation” method utilized 
previ~usly.~ Representative compounds prepared by meth- 
od A are listed, along with yield and melting point, in Table 
I. 

Table I 
Representative Diarylthallium Trifluoroacetates 

by Method Aa 
ArTl(OCOCF,), acetone Ar,TIOCOF,, 

ArzTlOCOF3 
registry no. Ar Yteld, ’ Mp,‘Cb 

~ 

27675-18-9 4-CH3CsH4 99 289-291 
27675-21-4 3,4-!CHJ 2C6H3 93 274-276 
27675- 19-0 2 ,4-(CHJ 2C&3 93 278-280 
27675-20-3 2 9 5-(CH3) 2C,H3 64 243-245 
27675-22-5 2,4,6-(CH,)3C,H, 99 2 14-2 16 
55073-42-2 2-Dibenzylfuranyl 47 286-287 

Melting points and elemental analyses were determined after 
one recrystallization of the diarylthallium trifluoroacetate f‘rom 
ethyl acetate. Satisfactory C, H analyses were reported for each 
compound listed in the table. All of the compounds melted with 
decomposition. 
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Table I1 
Representative Diarylthallium Trifluoroacetates by Method Ba 

Analysis,  X , 
Ar2TlOCCCF3 

registry no. Ar Yie ld ,  %b Mp,OCC Molecul& formula 

Found (ca lcd)  

C H 

55073-43-3 2-CH3C6H4 71 244-246 1 6H14F@2T1 38.57 2 .76  
( 3 8.4 6) (2.82) 

55073-44-4 3- CH3C pH4 50 247-249 C 1 6 H 1 4 F 3 0 2 T 1  38.77 2.83 
( 3  8 -46) (2.82) 

55073-45-5 3 - c l C ~ H 4  70 2 6 7-2 70 C14H,C12F302Tl 31.62 1.65 
(31.11) (1.49) 

55073-46-6 3-BrC6H4 68 2 5 6 2 5 9  C14H8Br2F302T1 28.02 1 .68  
(26.72) (1.28) 

55073-47-7 S-CH,OCgH, 43  250-251 1 gH 1 4 3 0 4  34.53 2 .69  
( 3  6 .1  5) (2.65) 

55073-48- 8 1 - N aphthyld 44e 247-248 C22H1702T1 50.84 3.27 
(51.03) (3.31) 

(51.03) (3.31) 
55073-49-9 2 -Nap ht hy ld 5 5’ 272-273 C 2 2 H I ’ 7 0 2 T 1  50.58 3.47 

Melting points and elemental analyses were determined after one recrystallization or trituration of the diarylthallium trifluoroacetate 
or acetate with ethyl acetate. Based on thallium(1II) trifluoroacetate (TTFA). All of the compounds melted with decomposition. * Since 
treatment of the diarylthallium hydroxide with aqueous TFA resulted in extensive decomposition, the corresponding acetate was prepared 
with HOAc. e Based on TTFA. The yield is 68% based on di(1-naphthy1)thallium hydroxide. f Based on TTFA. 

A characteristic feature of the “disproportionation” pro- 
cedure described above is its regiospecificity; no detectable 
scrambling of the aryl-thallium bond occurs, and the orien- 
tation of thallium with respect to ring substituents remains 
the same in the diarylthallium trifluoroacetates as it was in 
the starting arylthallium ditrifluoroacetates. A complemen- 
tary route to diarylthallium trifluoroacetates which would 
provide access to derivatives with different orientations of 
substituents would be most useful. We have found such a 
procedure in the reaction of arylmagnesium bromides with 
TTFA. The initial product of the reaction, a diarylthallium 
bromide, was converted to the diarylthallium hydroxide by 
treatment with aqueous ethanolic potassium hydroxide, 
and the corresponding trifluoroacetate derivatives were 
then prepared by reaction with aqueous trifluoroacetic acid 
(TFA).* Representative compounds prepared by method B 
are listed in Table 11, which also summarizes yield, melting 
point, and microanalytical data. 

That methods A and B indeed yield the same compounds 
was confirmed by the synthesis of di-4-tolylthallium triflu- 
oroacetate by both routes; the products were identical in all 
respects. 

Synthesis of Unsymmetrical Biphenyls. We have re- 
ported previously that photolysis of arylthallium ditrifluo- 
roacetates in benzene suspension results in replacement of 
the thallium substituent by a phenyl group &e., phenyla- 
tion) to give unsymmetrical biphenyls in excellent yield.g 
We have now found that the same conversion can be ef- 
fected in comparable yields utilizing diarylthallium trifluo- 
roacetates as the organometallic precursors. Unsymmetri- 
cal biphenyls prepared by this photolysis route are listed in 
Table 111. 

We suggest that the initial photolytic reaction is homoly- 
sis of a C-T1 bond to give an aryl radical and the unstable 
thallium(I1) species ArTl(II)OCOCF3. The former serves as 
a precursor for 1 equiv of biaryl, while the latter dispropor- 
tionates to give a second aryl radical and thallium(1) triflu- 
oroacetate. This reaction sequence is thus analogous to that 
postulated previously for the photolysis of arylthallium di- 
trifluoroacetates in benzene to give unsymmetrical biphen- 
y h Y  The observed formation of small amounts (<5%) of bi- 

Table 111 
Conversion of Diarylthallium Trifluoroacetates to 

Biphenyls - 
Ar,TIOCOCF, 2 Ar* + TIOCOCF,, 

C6H6 - 
Ar Yield, X 5  

C6H5‘’ 7 95 
4- C H3C gH4 6 lb 
P-CH3C6H4 4 6c 
3-BrC& 4 I d  

3- CH3OC gH4 6 ’lf 
3,4-(C&),C&:, 6 5g 

Yields were determined by GLC analysis of the crude photolysis 
product. Product contained 3% 4,4’-dimethylbiphenyl, 2% bi- 
phenyl, and <2% toluene. Product contained 8% 2,2’-dimethyl- 
biphenyl. ,I Product contained 9% biphenyl and 39% bromo- 
benzene. e Product contained 4% biphenyl, 7% chlorobenzene, and 
18% of an unidentified biaryl. Product contained 2% biphenyl 
and 3% anisole. * Product contained 3% 3,3’,4,4’-tetramethyl- 
biphenyl, 2% biphenyl, 3% o-xylene, and 14% of an unidentified 
biaryl. 

3-ClCeH4 53e 

phenyl as well as symmetrical biaryls is in accord with the 
proposed mechanism. 

This synthesis of unsymmetrical biphenyls complements 
and extends the related procedure which utilizes arylthal- 
lium ditrifluoroacetates? since the substituent pattern pos- 
sible with diarylthallium trifluoroacetates prepared by 
method B may be different from that accessible by method 
A (which must be identical with the pattern present in the 
arylthallium ditrifluoroacetate precursors). 

Synthesis of Aryl Iodides. We have described previous- 
ly a remarkably simple synthesis of aryl iodides which in- 
volves treatment of arylthallium ditrifluoroacetates with 
aqueous potassium iodide at  room temperature. Reaction is 
complete in a matter of seconds, and the aryl iodide is 
formed iri quantitative yield.6b.l’’ We now report that diar- 
ylthallium trifluoroacetates, although stable to aqueous po- 
tassium iodide, may be converted to aryl iodides by reflux- 
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Table IV 
Conversion of Diarylthallium Trifluoroacetates to 

Aryl Iodides 
I 

Ar,TIOCOCF, a 2 ArI + TIOCOCF, 

Reaction 
time, Yield, 

Ar hra Product % b  

16 
16 
16 
15 
19 
18 
12 
16 
16 

Iodobenzene 80 
2- Iodotoluene 89 
3- Iodotoluene 74 
4- Iodotoluene 86 
4- Iodo-o-xylene 88 
3-Iodochlorobenzene 94 
1- Iodonaphthalene 90 
2- Iodonaphthalene 90 
2- Iododibenzofuran 93 

a All iodinations were done at the reflux temperature of chloro- 
form (61"). Yields were determined by GLC analysis of the crude 
organic products. The corresponding acetate was used. 

ing a solution in chloroform with an excess of molecular io- 
dine. Representative aryl iodides prepared in this manner 
are listed in Table IV, along with appropriate experimental 
data. 

The overall stoichiometry for the above conversion is 
given in eq 1. We suggest that the initial reaction is forma- 
tion of an arylthallium trifluoroacetate iodide (eq 2) which 
spontaneously decomposes to give a second mole of aryl io- 
dide and thallium(1) trifluoroacetate (eq 3). Support for 

ArzTlOCOCF, + 12 -----t 2ArI + TlOCOCF, (1) 
Ar,TlOCOCF, + I, - ArI + ArTl(OCOCF,)I (2) 

(3) 
this interpretation comes from the observation that treat- 
ment of di-4-tolylthallium trifluoroacetate with 1 equiv of 
iodine resulted in the formation of 2 equiv of 4-tolyl iodide 
(91%) and thallium(1) trifluoroacetate (88% recovery); no 
thallium(1) iodide could be detected. Independent support 
for the spontaneous disproportionation of arylthallium tri- 
fluoroacetate iodides (eq 3) comes from the previously re- 
ported o b ~ e r v a t i o n ~ ~  that treatment of phenylthallium di- 
trifluoroacetate with 1 equiv of potassium iodide resulted 
in instantaneous formation of iodobenzene in quantitative 
yield, with no concomitant formation of thallium(1) iodide. 

The conversion of diarylthallium trifluoroacetates to aryl 
iodides by treatment with molecular iodine is thus analo- 
gous to the well-known conversion of diarylmercury deriva- 
tives with iodine to a mixture of the aryl iodide and an aryl- 
mercury iodide,*l but it is much more effective as a syn- 
thetic tool because of the spontaneous decomposition to 
product of the arylthallium trifluoroacetate iodide interme- 
diate (corresponding to the stable arylmercury iodide). The 
present route constitutes a practical synthetic procedure 
for the ultimate conversion of aryl Grignard reagents to 
aryl iodides. 

Synthesis of Phenols. We also report that phenols may 
be prepared from diarylthallium trifluoroacetates in the 
same manner aEi previously reported for the conversion of 
arylthallium ditrifluoroacetates to phenols,12 i.e., by treat- 
ment with lead tetraacetate in TFA followed by addition of 
triphenylphosphine. The resulting aryl trifluoroacetates 
are hydrolyzed to the phenols with aqueous base. Repre- 
sentative conversions and experimental details are given in 
Table V. 

As was observed for the analogous phenol synthesis from 
arylthallium ditrifluoroacetates,13 a bright yellow solid sep- 

ArTl(OCOCF,)I - ArI + TlOCOCF, 

Table V 
Conversion of Diarylthallium Trifluoroacetates 

to Phenols 

Ar,TIOCOCF, - 2ArOCOCF, -+ 2ArOH 
1. PPb(IV1 OH - 

Reaction 
conditionsa 

Ar Phenol 
Yield, 

%b 

CgH5'*' 41 1.0 Phenol 39 

2-CH3CGHs 22 1.0 o-Cresol 55 

2,4,6- (CH,),C,H, 22 0.5 2,4,6-Mesitol 21  

4-CH3C gH4 22 0.1 p-Cresol 58 
3-CH,C,H, 22 1.0 nz-Cresol 50 

3,4-(CH,),CgHS 22 0.5 0-4-Xylenolc 69 
2,5-(CH,),CgH, 22 0.5 p-2-XyknOl 67 

3- c1c gH4 73 0.5 3-Chlorophenol 55 
3- BrCgH4 73 1.2 3-Bromophenol 44 
3 - CH,OCgH,d 22 0.4 3-Methoxyphenol 29 

a These conditions refer to the period after the Pb(1V) addition 
and before the Ph3P addition. Yields were determined by GLC 
analysis of the crude product. Product contained 1% o-3-xylenol. 
* Ph3P was omitted. 

arated from the TFA reaction mixture after addition of 
lead tetraacetate, but before addition of triphenylphos- 
phine. Examination of this yellow solid showed it to be 
identical with the intermediate complex prepared from ar- 
ylthallium ditrifluoroacetates and lead tetraacetate in TFA 
s01ution.l~ It thus appears that the reaction of lead tetra- 
(trifluoroacetate) (formed in situ from lead tetraacetate 
and TFA14a) with diarylthallium trifluoroacetates proceeds 
as shown in Scheme I. The yellow intermediate (presumed 

Scheme I 
k P b (  OCOC F3) , 

+ 
k,TlOCOCF, + Pb(OCOCF,), -+ ArTl(OCOCF,), 

Pb(OCOCFj)4 

Pb(OCOCF3) 2 

+ -  

(yellow intermediate) / 
/ 

Tl(OCOCF3)3 + ArPb(OCOCF,), ------L ArOCOCF, I (C6Hd3P / o t r  

TlOCOCF, -k (C,$,)3PO ArOH 

to be a thallium-lead complex13) is formed by reaction of 
the arylthallium ditrifluoroacetate with the second equiva- 
lent of lead tetra(trifluor0acetate). Aryllead tri(triflu0- 
roacetates) are known to decompose spontaneously to lead 
ditrifluoroacetates and aryl t r i f l~o roace ta t e s . ' ~~~~  In fur- 
ther support of this proposed reaction course, we have ob- 
served that treatment of di-4-tolylthallium acetate with 
lead tetraacetate in glacial acetic acid gave 4-tolylthallium 
diacetate and 4-tolyllead triacetate. 

The reason for the effectiveness of triphenylphosphine 
addition remains uncertain, although oxidation to triphen- 
ylphosphine oxide, presumably by TTFA released in the 
metal-metal exchange reaction between the arylthallium 
ditrifluoroacetate and lead tetra(trifluoroacetate), has been 
~0nf i rmed. l~  

It should be mentioned that while it was not directly de- 
termined whether complete metathesis of lead tetraacetate 
to lead tetra(trifluor0acetate) in TFA solution occurred in 
our  experiment^,'^^ the following evidence suggests that 
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this metathesis process was probably complete. When a so- 
lution of lead tetraacetate in TFA was added to a TFA so- 
lution of phenylthallium ditrifluoroacetate,7 phenyl trifluo- 
roacetate was the only ester detected; no phenyl acetate 
was formed.15 Furthermore, dissolution of 4-tolyllead tri- 
acetate in TFA results only in the formation of 4-tolyl tri- 
fluoroacetate.l4a-bJ5 

This phenol synthesis from diarylthallium trifluoroace- 
tates complements the corresponding synthesis from aryl- 
thallium ditrifluoroacetates. Yields are only moderate, but 
the procedure represents a viable conversion of aryl Gri- 
gnard reagents to phenols. There is clearly no advantage, 
however, in employing the present method for phenol syn- 
thesis from arylthallium ditrifluoroacetate precursors util- 
izing method A (initial “disproportionation”), since the lat- 
ter organothallium compounds can be converted directly to 
phenols.’* 

I t  thus appears that diarylthallium trifluoroacetates 
(and presumably other diarylthallium derivatives as well) 
are not exceptionally stable substances, and may be uti- 
lized under appropriate reaction conditions as intermedi- 
ates in a variety of useful aromatic substitution reactions. 

Experimental Section16 
Synthesis of Diarylthallium Trifluoroacetates. Method A. 

By Disproportionation of Arylthallium Ditrifluoroacetates. 
The general procedure is illustrated by the disproportionation of 
3,4-dimethylphenylthallium ditrifluoroacetate to di(3,4-dimethyl- 
pheny1)thallium trifluoroacetate. A solution of 8.00 g (0.015 mol) 
of 3,4-dimethylphenylthallium ditrifluoroacetate in 15 ml of ace- 
tone was heated under reflux for 30 min and cooled, and 40 ml of 
water was added. The white crystalline solid which separated was 
collected by filtration, washed with water, and dried to give 3.66 g 
(93%) of white silky crystals, mp 269-275O dec. The analytical 
sample, mp 274-276O dec, was recrystallized from ethyl acetate. 

Data for other diarylthallium trifluoroacetates obtained in the 
same manner from arylthallium ditrifluoroacetates are summa- 
rized in Table I. 

Method B. Bv Reaction of Arvl Grinnard Reagents with 
Thallium(II1) T”rifluor0acetate (“FA).-The generz procedure 
is illustrated by the conversion of 2-bromotoluene to di-2-tolyl- 
thallium trifluoroacetate. Thus, 17.10 g (0.10 mol) of 2-bromoto- 
luene was converted to the corresponding Grignard reagent in the 
normal fashion. T o  a solution of this Grignard reagent in diethyl 
ether, under nitrogen, was added by means of a dropping funnel a 
solution of 10.86 g (0.02 mol) of dry ‘M’FA in 30 ml of anhydrous 
ether. The rate of addition was adjusted so that the exothermic 
reaction was maintained under control. The resulting stirred het- 
erogeneous reaction mixture was heated gently under reflux for 15 
min and then cooled to 0’. Excess Grignard reagent was destroyed 
by addition of 50 ml of water, and the resulting precipitate was col- 
lected by filtration, suspended in 50 ml of pyridine, and heated 
under reflux for 2 hr. The suspended solids were removed by filtra- 
tion and the filtrate was evaporated under reduced pressure to give 
a residual solid (di-2-tolylthallium bromide) to which was added 
20 rnl of 3 M potassium hydroxide and 20 ml of ethanol. The re- 
sulting suspension was heated under reflux for 18 hr, and the white 
solid was collected by filtration, washed with distilled water, and 
dried in vacuo for 2 hr a t  50’ to give 6.64 g (82%) of di-2-tolylthal- 
liurn hydroxide. 

A suspension of 4.00 g of the above material in 40 ml of TFA and 
40 ml of water was stirred for 15 min, an additional 80 ml of water 
was added, and the resulting solid was collected by filtration to 
give 4.33 g (87%) of di-2-tolylthallium trifluoroacetate as a white, 
microcrystalline solid, mp 244-246O dec. The microanalytical mm- 
ple was prepared by recrystallization from ethyl acetate (see Table 
11). Representative data for other diarylthallium trifluoroacetates 
prepared by method B are summarized in Table 11. 

Di( I-naphthy1)thallium Acetate. Di(1-naphthy1)thallium hy- 
droxide was prepared from 1-bromonaphthalene by the general 
procedure described above. A solution of 4.90 g (0.01 mol) of di(1- 
naphthy1)thallium hydroxide was dissolved in 25 ml of pyridine 
and 26 ml of acetic anhydride, and the resulting solution was heat- 
ed on a steam bath for 20 min and then cooled to approximately 
2 O .  Addition of .50 rnl of water resulted in precipitation of a solid 

which was collected by filtration, washed well with water, and 
dried to give 3.62 g (68%) of di(1-naphthy1)thallium acetate. The 
analytical sample was prepared by trituration with boiling ethyl 
acetate, and melted at  247-248O dec (see Table 11). 

Preparation of Unsymmetrical Biphenyls. The general pro- 
cedure for the photochemical synthesis of unsymmetrical biphen- 
yls is illustrated by the conversion of di-4-tolylthallium trifluo- 
roacetate to 4-methylbiphenyl. Thus, a suspension of 1.25 g 
(0.0025 mol) of di-4-tolylthallium trifluoroacetate in 300 ml of 
benzene was placed in a 500-ml quartz tube fitted with a reflux 
condenser. The stirred reaction suspension was purged with nitro- 
gen for 15 min and then irradiated, with continuous stirring, for a 
period of 18 hr with 300-nm light in a Rayonet photochemical re- 
actor. The benzene solvent was then removed by distillation under 
reduced pressure, and the residue was taken up in 100 ml of n-hex- 
ane-ether (1:l). The latter solution was extracted with 30 ml of 
water, the aqueous layer was extracted again with 25 ml of n-hex- 
ane-ether (l : l) ,  and the organic extracts were combined and 
passed through 10 g (200 mesh, <0.08 mm) of silica gel. The com- 
bined eluates were dried (MgS04) and evaporated under reduced 
pressure to give 0.55 g of crude product. GLC analysis of this crude 
product showed that it contained 0.50 g of 4-methylbiphenyl 
(61%), as well as 4,4’-dimethylbiphenyl (3%), biphenyl (2%), tolu- 
ene (<2%), and 2-methylbiphenyl (2%). 

Other unsymmetrical biphenyls prepared in analogous fashion 
are listed in Table 111. All compounds were identified by ir spectral 
comparison or by a comparison of GLC retention times with those 
of authentic samples. 

Synthesis of Aryl Iodides. The general procedure for the syn- 
thesis of aryl iodides is illustrated by the conversion of di-2-tolyl- 
thallium trifluoroacetate to 2-iodotoluene. Thus, a stirred mixture 
of 0.50 g (0.001 mol) of di-2-tolylthallium trifluoroacetate and 0.51 
g (0.002 mol) of iodine in 20 ml of chloroform was heated under re- 
flux, protected from light, for 16 hr. To the cooled reaction mixture 
was added a solution of 2.00 g (0.01 mol) of NaZS205 in 25 ml of 
water, and the two-phase solution was vigorously stirred until the 
purple color of iodine had been completely discharged. The heavy 
yellow precipitate of thallium(1) iodide was removed by filtration 
through Celite, the chloroform layer in the filtrate was separated, 
and the aqueous layer was extracted with an additional 25-ml por- 
tion of chloroform. The combined chloroform extracts were 
washed with water, dried (MgSOd), and evaporated to give 0.39 g 
(89%) of GLC-pure 2-iodotoluene. 

Representative data for the conversion of other diarylthallium 
trifluoroacetates to aryl iodides are given in Table IV. 

Reaction of Di-4-tolylthallium Trifluoroacetate with 1 
Equiv of Iodine. A mixture of 0.50 g (0.001 mol) of di-4-tolylthal- 
lium trifluoroacetate and 0.25 g (0.001 mol) of iodine in 20 ml of 
chloroform was heated under reflux for 18 hr, by which time the 
purple iodine color had been completely discharged. The cooled 
reaction mixture was concentrated to half volume under reduced 
pressure, cooled, and then filtered to give 0.27 g of thallium(1) tri- 
fluoroacetate. Addition of petroleum ether to the chloroform fil- 
trate and cooling yielded an additional 0.01 g of thallium(1) trifluo- 
roacetate, combined yield 0.028 g (88%(= M P  [ [ 5 - [ [ 7 O /  Evapora- 
tion of the filtrates then gave 0.40 g (91%) of 4-iodotoluene, identi- 
cal with an authentic sample. 

Synthesis of Phenols. The general procedure is illustrated by 
the conversion of di-2-tolylthallium trifluoroacetate to o-cresol. 
Thus, to a cooled ( 2 O ) ,  stirred suspension of 2.50 g (0.005 mol) of 
di-2-tolylthallium trifluoroacetate in 10 ml of TFA was added by 
means of a dropping funnel a solution of 4.61 g (0.01 mol) of lead 
tetraacetate in 10 ml of TFA. After addition was complete, the 
reaction mixture was allowed to warm to room temperature, 
stirred for an additional 60 min, and cooled again to 2O, and a solu- 
tion of 2.62 g (0.01 mol) of triphenylphosphine in 10 ml of TFA 
was added rapidly. Excess TFA was then removed under reduced 
pressure, 25 ml of 6 N hydrochloric acid was added, and lead(I1) 
and thallium(1) chlorides were removed by filtration. The filtrate 
was extracted with two 25-ml portions of methylene chloride, the 
extracts were combined, and 50 ml of 2 N sodium hydroxide was 
added, The two-phase solution was stirred for 30’min a t  room tem- 
perature, the methylene chloride layer was separated and extract- 
ed with an additional 25-ml portion of 2 N sodium hydroxide, and 
the combined aqueous alkaline layers were acidified with hydro- 
chloric acid. The acidic aqueous solution was then extracted with 
three 25-ml portions of methylene chloride, the combined extracts 
were washed with 25 ml of saturated sodium bicarbonate solution 
to remove residual TFA, the basic washings were extracted in turn 
with 25 ml of methylene chloride, and the combined organic ex- 
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tracts were washed with water, dried (MgSOd), and evaporated to 
give 0.59 (55%) of GLC-pure o-cresol, identical with ari authentic 
sample. 

Representative experimental data for the synthesis of other phe- 
nols from diarylthallium trifluoroacetates are given in Table V. 

Reaction of Di-4-tolylthallium Acetate with Lead Tetra- 
acetate. To a stirred suspension of 2.00 g (0.004 mol) of di-4-tolyl- 
thallium trifluoroacetate in 15 ml of aqueous ethanol (1:l) was 
added 0.4 g (0.01 mol) of sodium hydroxide. The heterogeneous 
mixture was stirred for 30 min a t  room temperature, and the pre- 
cipitated white solid was collected by filtration, washed well with 
water, and dried to give 1.61 g (>99%) of di-4-tolylthallium hy- 
droxide. This material was dissolved in 10 ml of glacial acetic acid 
and the solution was stirred for 30 min a t  room temperature. Re- 
moval of the acetic acid under reduced pressure then gave 1.35 g 
(76%) of di-4-tolylthallium acetate as a colorless, crystalline solid, 
mp 264-265O dec. 

Anal. Calcd for ClaH1702Tb0.5 HzO: C, 42.26; H, 3.99. Found: C, 
42.54; H,  3.95. 

A suspension of' 1.25 g (0.0028 mol) of di-4-tolylthallium acetate 
hemihydrate (prepared as described above) and 1.15 g (0.0025 mol) 
of lead tetraacetate in 20 ml of glacial acetic acid was stirred for 18 
hr a t  room temperature. The initially opaque mixture became 
clear after -45 min. Excess acetic acid was removed by evapora- 
tion under reduced pressure, the residue was stirred with 30 ml of 
benzene, and the suspended colorless solid was collected by filtra- 
tion and dried, yield 1.14 g (98%), mp 223-225O dec. The ir spec- 
trum of this compound was identical with that of authentic 4-tolyl- 
thallium diacetate (vide infra). 

Addition of petroleum ether (bp 30-60') to the filtrate and cool- 
ing resulted in the separation of 0.46 g (38%) of 4-tolyllead triace- 
tate monohydrate, mp 98-101' dec (lit.17 mp 86-88O). 

Anal. Calcd for C13H1606Pb"20: C, 31.64; H,  3.68. Found: C, 
32.04; H, 3.96. 

4-Tolylthallium Diacetate. To a solution of 5.21 g of 4-tolyl- 
thallium ditrifluoroacetate in 20 ml of acetonitrile was added 10 ml 
of 5 M sodium hydroxide, and the yellow suspension which formed 
immediately was stirred at  room temperature for 5 min. The yel- 
low solid (4-tolylthallium oxide) was then collected by filtration, 
washed thoroughly with water, and dried (3.11 g, >99%). A suspen- 
sion of 0.80 g of 4-tolylthallium oxide in 10 ml of chloroform con- 
taining 0.45 g of glacial acetic acid was stirred for 1 hr a t  room 
temperature, the resulting solution was evaporated to dryness 
under reduced pressure, and the residual white solid (1.01 g, 95%) 
was recrystallized from 1,2-dichloroethane, mp 222-223' dec. 

Anal. Calcd for CllH1304Tk C, 31.94; H, 3.17. Found: C, 32.18; 
H, 3.21. 

Behavior of 4-Tolyl Acetate in Trifluoroacetic Acid. A solu- 
tion of 0.15 g of 4-tolyl acetate in 20 ml of TFA was stirred at  room 
temperature for 20 min and then evaporated under reduced pres- 
sure. The residual oil was partitioned between 10 ml of methylene 
chloride and 10 ml of 6 N HCl by stirring for 10 min. After the 
methylene chloride layer was separated, the aqueous acid layer was 
extracted with 3 X 40 ml of methylene chloride, and the extracts 
were combined' with the methylene chloride layer above and 
washed with saturated sodium bicarbonate solution, then with 
water, dried (MgSOd), and evaporated under reduced pressure. 
Mass spectral analysis of the residual oil showed only the presence 
of 4-tolyl acetate; no evidence for 4-tolyl trifluoroacetate could be 
found. In addition, the NMR spectrum of the residual oil showed 
two methyl group resonances (6 2.23 and 2.32) of equal intensity. 

Conversion of 4-Tolyllead Triacetate to 4-Tolyl Trifluo- 
roacetate in  TFA. A solution of 0.24 g of 4-tolyllead triacetate 
monohydrate in 10 ml of TFA was stirred for 20 rnin at  room tem- 
perature and then evaporated under reduced pressure. The residu- 
al oil (which possessed a strong phenolic odor) was stirred vigor- 
ously with 5 ml of dichloromethane and 5 ml of 6 N HCl, the pre- 
cipitated lead dichloride was separated by filtration, the aqueous 
layer was extracted with three 20-ml portions of dichloromethane, 
and the combined dichloromethane extracts were washed with sat- 
urated aqueous sodium bicarbonate and then with water and dried 
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(MgS04). Evaporation then gave 0.07 g (70%) of 4-tolyl trifluo- 
roacetate, identified by comparison (GI,C, NFyIQ, ir) with authen 
tic material. 

Registry No.-4-Tolylthallium ditrifluoroacetate, 23586-55-2; 
3,4-dimethylphenylthallium ditrifluoroacetate, 23586-56-3; 2,4- 
dimethylphenylthallium ditrifluoroacetate, 34202-98-7; 2,5-di- 
methylphenylthallium ditrifluoroacetate, 34202-99-8; 2,4,6-tri- 
methylphenylthallium ditrlfluoroacetate, 23586-57-4; 2-dibenzo- 
furanylthallium ditrifluoroacetate, 55073-50-2; 2-bromotoluene, 
95-46-5; 3-bromotoluene, 591-17-3; 3-bromochlorobenzene, 108- 
37-2; 1,3-dibromobenzene, 108-36-1; 3-bromoanisole, 2398-37-0; 
1-bromonaphthalene, 90-11-9; 2-bromonaphthalene, 580-13-2; di- 
2-tolylthallium bromide, 55073-51-3; di-3-tolylthallium bromide, 
55073-52-4; di(3-chlorophenyl)thallium bromide, 55073-53-5; di- 
(3-bromopheny1)thallium bromide, 55073-54-6; di(3-methoxy- 
pheny1)thallium bromide, 55073-55-7; di(1-naphthy1)thallium bro- 
mide, 55073-56-8; di(2-naphthyl)thallium bromide, 55073-57-9; di- 
2-tolylthallium hydroxide, 55073-58-0; di-3-tolylthallium hydrox- 
ide, 55073-59-1; di(3-chlorophenyl)thallium hydroxide, 55073-60- 
4; di(3-bromopheny1)thallium hydroxide, 55073-61;5; di- 
(3-methoxypheny1)thallium hydroxide, 55073-62-6; di(1-naph- 
thy1)thallium hydroxide, 55073-63-7; di(2-naphthy1)thallium 
hydroxide, 55073-64-8; di-4-tolylthallium hydroxide, 55073-65-9; 
di-4-tolylthallium acetate, 50795-46-5; 4-tolylthallium diacetate, 
55073-66-0; 4-tolyllead triacetate, 3076-56-0. 
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