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ORGANOTHALLIUM COMPOUNDS 
V*. REACTIONS OF BIS(PENTAFLUOROPHENYL)THALLIUM(III) COM- 
POUNDS WITH IODIDE IONS 

G. B. DEACON AND J. C. PARROT-f 

Clzemisrr~ Department. Monash Linkersip, Clayton. Victoria (Australia) 

(Received April 29th, 1968; in revised form July 19th. 1965) 

SUMhURY 

Bis(pentafluorophenyl)thallium(III) compounds, (C,F,),TlX (X =Br, Cl, 
f SO,, OAc, etc.), are decomposed by iodide ions in boiling aqueous ethanol, aqueous 
methanol, or water with the formation of thallous iodide and pentafluorobenzene. 
Analogous reactions are possible with bromide or cyanide ions. However, reaction 
with acidified iodide or bromide ions gives the corresponding tetrahalothallate(II1) 
complex. The formation of thallous iodide in reactions without added acid is attribut- 
ed to intermediate formation of the tetraiodothallate(iII) complex and base, which 
then interact to give thallous iodide. The ready decomposition of MTlI, (M = Bu,N 
or MePhsAs) complexes by base to give thallous iodide has been demonstrated. Un- 
der suitable conditions, cIeavage of bromobis(pentafluorophenyl)thallium(III) with 
iodide ions gives the triiodopentafluorophenylthallate(III) complex, which has been 
isolated as the tetrabutylammonium or the methyltriphenylarsonium salt. The new 
compounds (C,F,),TlX o( = I or CN) have been prepared by metathesis between sul- 
phatodi[bis(pentafluorophenyl)thallium(iII)] and iodide or cyanide ions in water. 
They are considered to be dimeric with bridging iodide or cyanide groups_ 

IN-lXODUCTION 

It has recently been shown that pentaQuorophenylmercury compounds are 
decomposed by iodide ions in aqueous ethanol’, e.g. 

(C,F,),Hg+4 I- +2 Hz0 - 2 CsFsH + HgI:- i- 2 OH- (1) 

and related reactions of triIluoromethyl-3 and trichloromethyl-mercury* compounds 
are known. Pentafluorophenyltin compounds are also decomposed in the presence 
of halide ions’ : potassium fluoride reacts with pentaIluorophenyltrimethyltin in 
anhydrous ethanol to give trimethyltin fluoride and pentafluorobenzene, and penta- 
fluorophenyltin compounds undergo halide catalysed hydrolysis in aqueous ethanol. 
This paper reports an investigation of the reactions of bis{pentafluorophenyl)thal- 
lium(II1) compounds with iodide ions and of bromobis(pentaffuorophenyl)thallium- 
(III) with bromide and cyanide ions. It has previously been shown that the compounds 

* For Part IV see ref. 1. 

.I_ Organomeral. C/rem., 15 (1968) 1 l-23 
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ORGANOTHALLIUM COMPOUNDS. V 13 

(C6F&TlX (X = Br or Cl) form the compl6xes (C,F,),TlX; with bromide or chloride 
ions, and an unsuccessful attempt to prepare (C6F,)2TlI by reaction of (C,F,),TlBr 
with sodium iodide in acetone has been reported’. 

RESULTS AND DISCUSSION 

A. Reaction with excess iodide ions (I-/TI> 50/l) 
Bromo- and chloro-bis(penta!Zluorophenyl)thallium(III) are decomposed by 

iodide ions in boiling aqueous ethanol, aqueous methanol, or water with the formation 
of thallous iodide and pentafluorobenzene. A small amount of iodopentafluoroben- 
zene is also obtained. Details of representative reactions are given in Table 1. 

(C,F,),TlX 2 TII + C6F,H (2) 

Use of extended reaction times gives near quantitative yields of thallous iodide. Simi- 
lar reactions or qualitative tests have shown that other bis(pentafluorophenyl)- 
thallium(III) compounds, (C6F&TlX @=F, I, N03, 9 S04. ‘CN, OAc, OCOPh, or 
OCOC,F,) are also converted into thallous iodide by iodide ions in aqueous ethanol. 
Bromobis(pentafluorophenyl)thalIium(III) undergoes a similar decomposition with 
bromide or cyanide ions, thallous bromide or thallous cyanide being formed. In the 
absence of added iodide, bromide, or cyanide ions, decomposition of (C,F&TlBr in 
boiling aqueous ethanol is slight (see Experimental). 

When the reactions are carried out in the presence of acid (Tl/HCl= l/2), 
little reduction to the thallous state occurs. Thus bromobis(pentafluorophenyl)- 
thallium(II1) reacts with acidified iodide to give the tetraiodothallate(II1) complex, 
which may be precipitated as the tetrabutylammonium or the methyltriphenylar- 
sonium salt. 

GFMlBr 2 TlI, + C,F,H 

An analogous reaction is observed with acidified bromide ions. 
To establish the relation between reactions (2) and (3), the decomposition of 

the tetraiodothaIIate(II1) compfex has been investigated*. It is readily converted into 
thallous iodide in near quantitative yield on reaction with base in boiling aqueous 
ethanol. 

TlI,+2 OH- - TlIf2 I-+OI-+H,O (4) 

Further information comes from a study of the decomposition of tetrabutylammonium 
and methyltriphenylarsonium tetraiodothallate(II1) and tetrabutylammonium tetra- 
bromothallate(II1) (Table 2). Because of the low solubilities of the complexes in 
aqueous ethanol, aqueous acetone was used as solvent- The results show that the 
tetraiodothallate(III)complex is only slightly decomposed to thallous iodide in neutral 
or acid solution, but is virtually quantitatively decomposed in basic solution. The 
tetrabromothallate(II1) complex is similarly decomposed in basic iodide solution. 

* The reaction between T13+ and iodide ions can result either in complex formation, or in reduction to the 
thalIous state, iodine also being formed S-9 Depending on the conditions, 7X;, TII, Tl,I,, or TI’I, may be _ 
obtained. 

J. Organometal. Chem., 15 (1968) 1 l-23 



14 G. B. DEACON, J. C. PARRGI-I’ 

TABLE 2 
DECOMPOSITIOS REACTIONS OF -l?3-RAHALOTHALLATE(Il~) COMPLEXES IN AQUEOUS ACETONE 

Compound mmole Reagents Solvent Reaction Yield 
Ni 
(mmole) 

7: acetone Volume 
(by volume) (ml) 

time 

(h) 

( :,A TU) 

BU,NTII, 0.355 67 - 65 30 0.25e 3 
Bu,NTli, 0.343 67 HCl= 6.5 30 0.25’ - 

Bu-NTlI, 0.314 67 NaOH* 65 30 0.25’ 100 
Bu,NTIBr, 0.275 67 NaOH* 60 25 0.75’ 100 
MePhsAsTII, 0.398 - - 33 30 481 30 
MePh&sTII, 0.384 - HCIC 50 30 481 27 
MePh&l& 0.236 6i NaOHb ’ 25 4gf 98 

u n/II’ = l/2. * TIjOH r l/2. ’ TIjH* c_ l/3. ’ Solvent: waterjethanol/acetone (l/1/3, by volume). e Heated 
under reflux. I At room temperature_ 

(The reaction proceeds via TIIS, since the conversion of TlBr; to TiI; by reaction 
with iodide ions is known”). 

Thus, the formation of thallous iodide [reaction (Z)] is readily explained if 
cleavage of bis(pentafluorophenyl)thallium(III) compounds in the absence of acid 
gives the tetraiodothallate(II1) complex and base [cf. reaction (l)], 

(C,F&TlX+4 I- t2 H,O - 2 C,F,H+X- +TlI, t2 OH- (5) 

which then react to give thallous iodide [reaction (4)-J. Low yields of base and TlI, 
(isolated as Bu,NTlI,) are obtained from cleavage reactions in water (see Experimen- 
tal). Isolation of the tetraiodothallate(II1) complex in high yield from reactions with 
acidified iodide is possible because base formation [reaction (5)] is suppressed. 

The hypoiodite ions [reaction (4)] can decompose by well established routes, 
viz. disproportionation into iodate and iodide ions, or reduction to iodide by metha- 
nol or ethanol, which are converted into aldehydes and, in the case of ethanol, iodo- 
form. The formation of iodate in cleavage reactions in aqueous solution has been 
established, and a low yieId of iodoform has been obtained from a typical reaction in 
aqueous ethanol*_ 

The formation of iodopentatluorobenzene in low yield (Table 1) can be ex- 
pIained by the reaction sequence: 

TlI, = TII+II,+I- (7) 
(C,F,),TlBr + Iz + I- - TlI +2 C6F,I + Br- (gj 

Reaction (7) is well-knowng, and is probably the first stage of reaction (4). Bromobis- 
(pentafluorophenyljthallium(II1) is cleaved by iodine in aqueous ethanol to give 

* An independent experiment has shown that when iodine and base (IJOH- = l/2, the required ratio for 
the formation of hypoiodite ions) are refluxed together in aqueous ethanolic sodium iodide, only a low yie!d 
of iodoform is obtained. Furthermore, when iodoform and base [CHIJOH- = l/2, corresponding to the 
ratio produced In the overall equation, 

4(CsF,),TIX+7 I-+3 H,O+CH,CH,OH - 8 C6FSH+4TlI+4X-i2 OH-+CHIz+ 
tHC0; F)l 

are retluxed under similar conditions, substantial consumption of both reagents occurs. 

J. OrganometaL Chem, 15 (1968) 1 I-23 



ORGANOTHALLIUM COMPOUNDS. V 15 

iodopentalluorobenzene (see Experimental), hence reaction (8) is possible_ Formation 
of thallous iodide and pentafluorobenzene via reactions (5) and (4) should give a 
neutral reaction mixture, whereas formation of pentafluorobenzene, thallous iodide, 
and iodopentafluorobenzene via reactions (5), (7), and (8) should give an alkaline 
solution. Although an alkaline reaction mixture can also be explained by incomplete 
decomposition of TlI; and base in reaction (9, the yields of these species [in terms of 
reaction (5)] should be equal. However, for reactions in water, which give a higher 
yield of iodopentafluorobenzene than reactions in other media (Table l), the yield of 
base is significantly higher than that of TII; (see Experimental). The yields of penta- 
fluorophenylaromatic compounds are lower than those of thallous iodide for similar 
reactions. If this difference does not arise simply from loss of the fluoroaromatic com- 
pounds in the isoIation procedure, some ofthe pentafluorobenzene must be decompos- 
ed. The susceptibility of this compound to nucleophilic substitution is well-known* ‘_ 

Attempted isolation of intermediates in the cleavage reactions. The decomposi- 
tion of bromobis(pentafIuorophenyljthallium(II1) with excess iodide ions has also 
been investigated using milder conditions than those required to give high yields of 
TlI; or TII, in an attempt to isolate precursors of the tetraiodothallate(III) complex, 
e.g. (C6FS),TlI;, analogous to the known (C6F,j,TlBr; and (C6F,),TlCl; complex- 
es6, or C,F,TlI,. Addition of a solution of tetrabutylammonium or methyltriphenyl- 
arsonium iodide to the reaction mixtures caused deposition of orange-yellow oils 
or precipitates, the infrared spectra of which were consistent with the presence of iodo- 
pentafluorophenylthallate(II1) complexes (see Experimental). Many attempts have 
been made to crystallise and purify these products, generally without success. How- 
ever, solids of composition [Bu,NJ [C6F,Tl13] and [MePh3As] [C6F,Tl13] have 
been isolated, the former from a reaction with acidified iodide ions, the latter from a 
reaction without added acid. X-ray powder photography established that these pro- 
ducts did not contain the corresponding tetraiodothallate(II1) complexes, thus elimin- 
ating the possibility of equimolar mixtures of Tli; and (C,F&TlI; complexes_ If the 
compounds are correctly formulated as triiodopentafluorophenylthallate(II1) com- 
plexes, they are the first monopentaflnorophenylthallium (III) derivatives to be pre- 
pared. The difficulty in crystallising and purifying the intermediates may be attributed 
to two causes. Firstly, small amounts of thallous iodide are readily formed in reactions 
in the absence of acid and on attempted recrystalhsation. Secondly, Bu,NTlI, and Me- 
Ph&TlI, appear to be less soluble than the corresponding iodopentafluorophenyt 
thallate(III) complexes, hence the tetraiodothallate(II1) complexes tend to deposit pre- 
ferentially especially from reactions with acidified iodide. Qualitative evidence has 
also been obtained for intermediate formation of a bromopentafluorophenylthal- 
late(II1) species in the reaction of (C6F,),TlBr with acidified bromide ions (see Ex- 
perimental). 

B. Reactions with iodide ions (I-/Z= l/l) 
Reactions between equimolar amounts of (C,F,),TlBr and MI (M=Na, Cs, 

or Bu,N) have been investigated in an attempt to prepare either complexes of the 
type M[(C,F,),TlBrI] or the previously unknown iodobis(pentafluorophenyl)- 
thallium(III)_ Yellow oils were obtained which decomposed to thallous iodide on 
dissolutio~priortoattemptedrecrystallisation.However,iodobis(pentafluorophenyl)- 
thallium(W) and the corresponding cyano derivative are readily prepared from the 

j. Oryanometal. C/tern., 15 (1965) 1 l-23 



16 G. B. DEACON, J. C. PARROTT 

water-soInbie6 suiphatodi~bis(pentafIuorophenyl)thallium(III)] by metathesis reac- 
tions in cold water. 

CGF&TWO,+ 2 Nax - Na,SO,+ 2 (C,F,),TlXl @=I or CN) 

Iodobis(pentafluorophenyl)thallium(III) is white when freshly prepared, but slowly 
becomes yellow on standing, presumably owing to thallous iodide formation, and 
solutions of the compound in organic solvents e.g. benzene or ether deposit thallous 
iodide on standing or heating. Owing to this instability, it is unlikely that syntheses 
using Grignard or organolithium reagents would be successful- The cyano derivative 
is much more stable_ 

Iodobis(pentafluorophenyl)thallium(III) probably has a dimeric structure: 

by analogy with the structures of other halobis(pentafIuorophenyl)thallium(IiI) 
compounds _ 6~12-13 The instability of the iodo compound precludes molecular weight 
measurements_ X-ray powder photographs of the iodo and bromo compounds show 
similarities, but the compounds are not isostructural. Some evidence for a dimeric 
constitution is provided by the close similarity between the infrared spectra (4000-- 
400 cm-l) of the iodo compound (see Experimental) and the other haIobis(pentaflu- 
orophenyl)thallium(III) compounds6*14, and especially by the similarity in the stereo- 
chemically important 810-765 cm-’ region in which a mode involving C-T1 stretch- 
ing is observedt4_ For the cyan0 compound, V(CN) is observed at 2189 cm-‘, which 
is consistent with the presence of bridging cyan0 groups [V(CN)brrdgjng is generally 
near 2200 cm-l and V(CN)tcrminar near 2100 cm-1)15, and the compound probably 
has a dimeric structure analogous to that proposed for (C6F.&TlI. The cyano deriva- 
tive is not sufficiently soluble in benzene for molectdar weight measurements; more 
polar solvents were not used, since they are known to rupture the bridging bonds of 
dimeric bis(pentafluorophenyl)thallium(III) compound@_ 

C. Possible mechanisms of the cleavage reactions 
Two possible mechanisms can be considered for the cleavage of pentafluoro- 

phenyl groups from thailiumt nucleophilic attack of iodide on thallium followed by 
solvolytic decomposition of the pentafhrorophenyl carbanion, 

C,F,Tl- +I- - C6F, +ITl- 
C6E3 -l- Hz0 - C6E,H + OH- 

or solvolytic attack on the C-Tl bond followed by coordination of iodide. 

C6EsTl- + Hz0 - C,E,I3+Tl+- + OH- 
I-+Tl+- - ITl- 

At this stage no conclusive choice can be made between the mechanisms for reactions 
with excess iodide ions. However, since the second mechanism requires either a pro- 
tonic solvent or the presence of acid, the decomposition of (C,F,),TlI in aprotic 
solvents (section B) may involve nucleophilic attack of iodide on thallium. (It has also 
been observed that a low yield of thallous iodide is obtained when a suspension of 

J. Organomeral. Chem., 15 (1968) 1 I-23 



ORGANOTHALLIUM COMPOUNDS. V 17 

sodium iodide is refl uxed with a solution of (CsF,),TIBr in dry ether). 
In cleavage reactions of (C6FS),TlX compounds with excess iodide, the react- 

ing species is probably the complex (C,F&TII;*. Although it was not possible 
to isolate this complex, qualitative evidence has been obtained for the presence of 
iodopentafluorophenylthallate(II1) complexes in the reaction mixtures. and inter- 
mediate formation of the related complex C,FsTlI,, has been demonstrated (section 
A). Moreover, (&F,),TlX (X=Br or Cl) derivatives form (&F,),TlX; complexes6 
in reactions in which Tl/X- is only l/2. Certainly, if the second mechanism obtains, 
the reacting species cannot be the original (C,F,),TlX compound, since solvolytic 
decomposition of (C,F,),TIBr is slight (section A). 

EXPERIMFiNTAL 

Microanalyses were carried out by the Australian Microanalytical Service, 
Melbourne. Infrared spectra (4000400 cm- ‘) of new compounds as Nujol and hexa- 
chlorobutadiene mulls were recorded with a Perkin-Elmer 521 spectrophotometer. 
The spectrum of (C,F&TlCN was obtained using potassium bromide plates covered 
by polystyrene film’* to avoid the possibility of group eschange with the plates. 
Other spectra (4000-650 cm-‘) were recorded with Perkin-Elmer 257 and Unicam 
SP 200 instruments. Ultraviolet spectra were recorded with a Unicam SP 700 spec- 
trophotometer, ethanol or methanol being used as solvent.X-ray powder photographs 
of compounds were obtained with a Philips-Debye-Scherrer 114.6 mm powder 
camera. using nickel filtered CuKa radiation_ Unless stated otherwise aqueous etha- 
nol and aqueous methanol have the composition l/l(v/‘v)_ Pentafluorobenzene and 
iodopentafluorobenzene were obtained from the Imperial Smelting Corporation. 

Preparations of bis(pentaj7rrorophen_vl)thaIlium(lll) compounds 
The compounds (C,F&TlX (X=Br, Cl, F. NO,. 3 SO,. OAc, OCOPh, or 

OCOC,F,) were prepared by the reported methods’.‘, and were characterized by 
their melting points and infrared spectra1*6*14. 

fodobis(pentaf2noropfzenvZ)tlzalZizlilz(lll). On addition of a solution of sodium 
iodide (0.40 mmole) in water (1 ml) to a solution of sulphatodi[bis(pentafluorophenyl)- 
thallium(III)f (0.17 mmole) in water (5 ml), the required compound was obtained as a 
white precipitate, which was rapidly collected, washed with cold water, and dried 
in tiacuo over phosphorus pentoxide (yield, 0.075 mmole, 22 %) (Found: C, 21.2, 
C t zF, ,ITl calcd. : C, 21.7 %). The preparation was carried out with almost complete 
exclusion of light, as the compound slowly becomes yellow on exposure to light. 
Continuous decomposition occurs on heating. The compound is soluble in benzene, 
ether, methanol, ethanol, and acetone, but decomposition to thahous iodide occurs 
soon after dissolution and is accelerated on heating. Infrared absorption: 1638s, 
1582w, 1556w, 1514vs, 1481~s 1455(sh), 1412w, 1389(sh), 1381s 1369(sh), 1326w, 
1283m, 1274(sh), 1141 (sh), 1137m, 1087(sh), 1082~s 106&s, 1048m, 1015(sh), 
lOllm, 1003m, 973(sh), 966vs, 795s, 779m, 742w, 717m, 607m, 584w, and 486w, br 
cm- I. Attempts to prepare the compound by metathesis between (&F,),TlBr and 

* The complex (C,F,),TlI~- is also possible: bis(pentailuorophenyl)thallium(III) compounds give five 
coordinate complexes1*6*‘6, and the complex Me2TlI:- has recently been. reported”. 

J. Organomeral. CJrem.. 15 (1968) 1 l-23 



18 G. B. DEACON, J. C. PARROTT 

equimolar amounts of sodium, caesium, or tetrabutylammonium iodide in ethanol 
or aqueous ethanol gave oils, which readily decomposed to thallous iodide. 

Cyanobis(penfa~t~orop~~~~l)rhaZZir~m(ZZZ). The compound was similarly pre- 
pared by reaction of sodium cyanide and suIphatodi[bis(pentaQuorophenyl)- 
thallium(III)] in water (yield 72”/,), m-p. 190” (softens without complete melting) 
(Found: C, 27.55; F, 33.9; N, 2.9. &F,,NTl calcd.: C, 27.7; F, 33.7; N, 2.5%). The 
compound is almost insoluble in benzene: otherwise the solubilities are simiIar to 
those of the iodo derivative. Infrared absorption: 2189s, 164Os, 1555w, 1512vs, 
1472vs,br, 1455(sh), 1412w, 1383s, 1374s, 1328w, 1287m, 1272(sh), 114&v, 1083vs, 
1078~s. 1059(sh), 1030(sh), 1016(sh), 1011 m, 974(sh), 965vs. 803(sh), 795s, 79O(sh), 
743w, 719m, 614m, 589w, and 49Ow,br cm- ‘_ 

Preparations of tetrahalothallate(III) complexes 
The compounds were prepared by a method similar to that reported for methyl- 

triphenylarsonium tetraiodothallate(III)lo, and were recrystallised from acetone or 
acetone/ether. The melting points of the tetraiodothallate(II1) complexes. which were 
confirmed in duplicate preparations, differ significantly from reported values”. 
Possibly more than one crystalline form of each complex may exist. Alternatively, the 
ready decomposition of the complexes (section A and Table 2) suggests that traces of 
thallous iodide could be deposited with the complexes and may.have a significant 
effect on the melting points_ 

TetraburyZammonium tetraiadothalZate(III). m-p. 138O (lit.‘o m-p. 117-l lS”) 
(Found: C, 20.3; H, 3.9; N, 1.5; Tl, 21.3. C,&3,1,NTl calcd-: C, 20.1; H, 3.8; N, 1.5; 
Tl, 21.4%). For the thallium analysis, the compound was first decomposed to T13* 
by boiling with concentrated sulphuric acid, iodine being evolved, then with concen- 
trated nitric acid. After boiling off the nitric acid, reduction to the thallous state was 
effected by sulphur dioxidelg, and thallium was determined by titration with potas- 
sium iodate using Andrew’s conditions”. 

Tetrabutylammo~zium tetrabromothaZlate(IIZ)_ m-p. 135O (lit.” m.p. 127-128”) 
(Found: C, 25.4; H, 4.8. C,6H36Br,NTl calcd.: C, 25.1; H, 4.7%) 

Methyltriphenylarsonium tetraiodothaflate(III). m.p. 162-163O (1it.l’ m.p_ 
141-142”) (Found: C, 22.4; H, 2.0. CrgH1,AsI,Tl calcd.: C, 22.1; H, 1.8 %). 

Cleavage Reactions of bis(pentafluorophenyi)thallium(III) compounds 

(1) Reactions giving thallous iodide 
Procedure, and isolation of thallous iodide. Details of reagents, solvents, reac- 

tion times, and yields of thallous iodide for reactions of (C,F,),TIBr and (C6FS)zTlCl 
are given in Table I. For reactions in aqueous ethanol or aqueous methanol, a solu- 
tion of the reagents in the appropriate solvent was gently refluxed (steam bath)_ 
Thallous iodide was deposited and the solution colour lightened from orange-yellow 
to pale yellow-After cooling and standing at room temperature for ca..l h, the precipi- 
tate was collected quantitatively, washed with aqueous ethanol and acetone, and dried 
in mcuo at 129. The filtrafes from incomplete reactions deposited further thallous 
iodide on standing, which was also collected (Table 1). Reactions of (C,F,),TlX (X = I, 
CN, 1 SO4, or OAc) were carried out in a similar way and gave yields of thallous iodide 
in the range 45-100 %_ The X-ray powder photographs of the products of representa- 
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tive reactions were identical to that of authentic thallous iodide. For reactions in 
water, a suspension of (CsF&TIBr in aqueous sodium iodide was stirred and heated 
under reflux. An orange-yellow solution and a similar oil formed (Since (CsF&TIBr 
is insoluble in water6. dissolution presumably involves formation of an anionic com- 
plex, e-g. (C,F,)ITII;), which decomposed with precipitation of thallous iodide. 
This was collected as above, except that washings with organic solvents were not add- 
ed to the aqueous filtrate. The yellow colour of the latter was shown to be due to the 
tetraiodothallate(III) ion: addition of excess aqueous tetrabutylammonium iodide 
to the aqueous filtrate from a typical reaction [that using O-766 mmole of (C,F&TlBr, 
Table I], gave a yellow colloidal precipitate, which, on crystallisation from acetone, 
yielded tetrabutylammonium tetraiodothallate(III) wield c 3 %; identified by the 
infrared spectrum and by decomposition to thallous iodide on reaction with sodium 
hydroxide in boiling aqueous acetone (see Section A)]_ 

Cleavage of (&F,),TIBr with bromide or cyanide ions was effected in a simi- 
lar manner. Bromide cleavage : A solution of (C,F,),TlBr (0.383 mmole) and lithium 
bromide (115 mmole) in 10 ml of aqueous ethanol was refluxed for 2 h giving a preci- 
pitate of thallous bromide (0.285 mmole, 74 o/o), which was identified by X-ray pow- 
der photography. Cyanide cleavage: A solution of (C6F,),T1Br (0.360 mmole) and 
sodium cyanide (204 mmole) in 40 ml of aqueous ethanol (2/l, v/v) was refluxed for 
1.5 h. The resultant solution was shown to contain thallous cyanide by addition of 
aqueous potassium chromate, when thallous chromatelg (0.144 mmole, 80%) was 
precipitated. 

Cha~cterization of other products. The infrared spectra of the first l-3 ml of 
distillates from representative reaction mixtures were identical to that of authentic 
pentafluorobenzene in methanol or ethanol. However, the ultraviolet spectra differed 
somewhat from that of pentafluorobenzene and were more similar to that of a mixture 
of pentafluorobenzene and iodopentafluorobenzene (mole ratio =8/l). There was 
no evidence’ ’ for the presence of pentafluorophenol Gas chromatography (on sili- 
cone gum) confirmed the formation of pentafluorobenzene and iodopentafluoroben- 
zene, and was also used to obtain yields of these compounds (Table 1). After the reac- 
tion in water, ethanol was added prior to distillation to facilitate removal of the fluoro- 
aromatic compounds from the reaction mixture. (Since a satisfactory separation of 
pentafluorobenzene by gas chromatography could be achieved only when the con- 
centration of water in the distillate was low (< 10 O/J, only fractions distilling below cu. 
85“ were investigated). From one typical distillate, pentafluorobenzene was isolated 
by preparative gas chromatography and identified by infrared spectroscopy. 

A number of reaction mixtures were tested for base formation. Those from 
reactions in aqueous ethanol were either neutral or only a low yield of base was ob- 
tained [ < 10 Y0 based on (C,F,),TlX + 2 OH-, see equation (5)]. Somewhat higher 
yields (1 l-l 8 %) were obtained from reactions in water. 

The formation of iodate in cleavage reactions in water was established by 
qualitative tests2”. 

Iodoform was detected after the following typical cleavage reaction in aqueous 
ethanol. A solution of (CBF,),TIC1 (0.725 mmole) and sodium iodide (67 mmole) in 
10 ml aq. ethanol was refluxed for 1 h. After filtration, water (10 ml) was added to the 
filtrate. Ether extraction, evaporation of the solvent, and sublimation of the residue in 
U~CUO gave crude iodoform CO.020 mmole, 11 o/0 based on (C6F,),TlCl, see equation 
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(6)], which was identified by infrared spectroscopy and thin layer chromatography. 
Under similar conditions, iodine (0.511 mmole) and sodium hydroxide (1.02 mmole) 
in aqueous ethanol&z sodium iodide gave iodoform (0.029 mmole, 23 % based on 12), 
the base being compIeteIy consumed_ When iodoform (0.127 mmole) and sodium 
hydroxide (0.251 mmole) [CHI,/OH- = l/2, corresponding to equation (6)] were 
similarly refiuxed in aqueous ethanolic sodium iodide, 70 % of both reagents was con- 
sumed. 

Decomposition of (C,F,),TiBr in aqueous ethanol in the absence of added 
iodide, bromide or cyanide ions: when a solution of (C6F&TIBr (O-381 mmole) in 
aqueous ethanol (10 ml) was refl uxed for 2 h, a trace amount of brown colloidal preci- 
pitate was formed, and, on cooling, a trace of cream solid also deposited. The infrared 
spectrum of the combined precipitates showed a sharp hydroxy1 absorption at 3550 
cm-’ andbandscharacteristicofabis(penta~uorophenyl)thallium(III)compound6~1~, 
though the Iatter did not correspond exactly to bands of (C,F,),TIBr. Possibly the 
precipitate contained (C,FJ,TlOH or a mixture of this compound and (C,F,),TlBr. 
The brown colour may derive from the presence of T1,03 (Tl(OH), is unknownz3), 
whilst the presence of a trace of thahous bromide cannot be excluded_ Unreacted 
(C6Fs),TlBr was recovered from solution as the complex, bromobis(pentafiuoro- 
phenyl)-l,10-phenanthrolinethallium(III)6 (Yield 0.274 mrnole, 72x), which on 
recrystallisation from aqueous methanol had m-p. 140”, mixed m.p_ 141-141.5@ 
(lit6 m-p. 141-141.5*) and infrared absorption in agreement with reported data6*ls. 
(Satisfactory crystaliisation of (C,F&TlBr from aqueous ethanol could not be 
achieved. The phenanthroline complex can be crystahised from aqueous methanoI 
in 80 y0 yield6 and a similar recovery is likely from aqueous ethanol). 

When a similar decomposition was carried out in the presence of base (Tl/ 
OH- = l/2), d eposition of T1,03 commenced after 5 min. 

(2) Reactions giGng tetmhalotirallate(IlI) complexes 
Tetrab:~tylammonitm~ tetraiodotlzallate(lII). When a solution of (C,F&TlBr 

(0.37 mmole), sodium iodide (67 mmole), and HCI (1.0 mmoIe) in 20 ml of aqueous 
ethanol was refluxed, the solution became red after 5 min. After heating for 30 min, 
the solution was filtered to remove a small amount of thalious iodide, and a solution 
of tetrabutylarmnonium iodide (0.49 mmole) in 5 ml of ethanol was added giving a 
cloudy suspension. On standing at ca. - 23” tetrabutylammonium tetraiodothallate- 
(III) crystallised (0.33 mmole, 89 %) m-p. 138-138.5”, mixed m-p. 138” (infrared identi- 
fication). 

Metlz_~ltriphen_vlarsoniuln tetmiudothallate(llI). From a similar reaction in 
which the heating time was 3 min, use of methyltriphenylarsonium iodide as the 
precipitant gave the required complex (51x), m-p. 162--163”, mixed m-p. 161--163O. 
The infrared spectrum was identical to that of the authentic compound, except for 
absorption indicating the presence of a trace of a CBF5TI species_ 

Tetrabutylammonitan tetrabronzott~afZate(Ill). A solution of (C,F,),TlBr 
(0.16 mmole), lithium bromide (58 mmole), and HCl(l.0 mmole) in 11 ml of aqueous 
ethanol was refIuxed for 9 h. After filtration, addition of tetrabutylammonium bro- 
mide (0.16 mmole) in 2 ml of ethanol precipitated the required complex (ca. 0.16 mmole, 
100 %) m-p. 13~5~. However, the infrared spectrum showed the product to be slightly 
hydrated. Recrystallisation from acetone/ethanol gave the anhydrous compound 
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m.p. 135-136O, mixed m.p. 135O (infrared identification). 

(3) Reactions gioing iodopentafluorophenylthallate(III) complexes 
After reaction of(C&F&TlBr and sodium iodide (with or without acidification) 

under milder conditions than used for formation of TlI; (above), addition ofethanolic 
Bu,NI or MePh,AsI gave orange-yellow oils or precipitates, which were generally 
contaminated with the corresponding orange tetraiodothallate(II1) complex. The 
infrared spectra of the products showed bands characteristic of the appropriate cation 
and of C,F,Tl groups6*‘5, hence the presence of iodopentafluorophenylthallate(II1) 
complexes was indicated_ Analyses of the products generally indicated mixtures of 
complexes, and attempts to recrystallise usually gave rhallous iodide and the corres- 
ponding tetraiodothallate(II1) complex. However, two iodopentafiuorophenylthal- 
late(II1) complexes were obtained in a reasonably pure state. 

Tetrab~ctylammonirrm triiodopentaf2uorophenylthallate(III). A solution of 
(C,F&TlBr (0.40 mmole), sodium iodide (67 mmole), and HCI (1.0 mmole) in aqueous 
ethanol (20 ml) was heated on a steam bath for 30 sec. After filtration, a solution of te- 
trabutylammonium iodide (0.49 mmole) in ethanol (2 ml) was added, and the reaction 
mixture was kept at ea. - 23” for 1 h. The resulting precipitate (0.13 mmoIe, 33 0A 
as [BuSN][C6F5TlI,]), m-p. 62-63” was orange and hence contained trace of the 
tetraiodothallate(II1) complex. The filtrate deposited firstly (after 2 days) orange- 
yellow crystals (0.030 mmole. 8 7,;; as [Bu,N][C,F,T~I,]) m.p. 63-64”. then (after a 
further 2 days) the required complex as yellow needles (0.030 mmole, 8%) m-p. 
61-63O (Found: C, 25.8; H, 3.7; F, 9.6. Cz2H,,F,I,NTl calcd.: C, 26.6; I-I, 3.65; F, 
9.55 Y$. No BuSNTll, could be detected in the yellow crystals by X-ray powder 
photography. Infrared absorption : 2967vs, 2936m . 2899(sh). 2878s, 1632m, 1504~ 
1468vs, 1441m, 1399w, 1381m, 1362s, 1308w, 1266m, 1168r& 1128w, llOSw, lC68vs, 
1059(sh), 1045m, 1036(sh), 1004m, 995m, 962vs, 925m, 896m, 881m, 79lw,br, 770m, 
737s, 715w, 598m, and 482w,br cm- I. Since the melting points of all three products 
are virtually identical, the first two must contain mainly the triiodopentafluorophenyl- 
thallate(II1) complex. 

MethyItriphenylarsoniwn triiodopent&orophenylthallate(III). A solution of 
(&F&TlBr (0.39 mmole) and sodium iodide (67 mmole) in 11 ml of aqueous ethanol 
was shaken for 5 min, then methyltriphenylarsonium iodide (0.43 mmole) in ethanol 
(2 ml) was added giving a thick yellow oil. This was separated and extracted with ace- 
tone, evaporation of which gave an orange-yellow oil. After washing with water to 
remove traces of sodium iodide, ethanol (1 ml) was added, and, on scratching, the oil 
solidified to a yellow powder (0.094 mmole, 24 yO), m-p. (dec.) 109-110’ (Found : C, 
27.7; H, 2.1; F, 10.0. C25HlsAsF,I,T1 calcd.: C, 28.0; H, 1.7; F, 8.85%). No MePh,- 
AsT& could be detected in the product by X-ray powder photography. Infrared 
absorption: 3058w, 3003w, 2924w, 1635m, 1582w, 1507vs, 1485m, 1464vs, 144Ovs, 
1413m, 1403m, 1365s, 1348m, 1342m, 1312w, 1264m, 1186w, 1163w, 1124w, 1087~~ 
1072vs, 1065(sh), 1061(sh), 1046m, 1026w, lOOOs, 980(sh), 958vs, 923w, 89ls, 883s, 
844m, 76Sm, 739vs, 687vs, 625m, 599m, 471s, and 457s cm-‘. 

Reaction of (C,F&TlBr with acidified bromide ions under milder conditions 
than required to give TlBr; (above), followed by addition of tetrabutylatimonium 
bromide in ethanol, gave a cream precipitate, the infrared spectrum of which suggest- 
ed the presence of a tetrabutylammonium bromopentafluorophenylthallate(II1) 
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complex, but analyses and X-ray powder photography showed the product was con- 
taminated with Bu,NTlBr,_ 

Decomposition reactions of tetrahalothallate(ilI) complexes 
Decomposition ofTZ1; in aqueous ethanol. Sodium iodide (67 mmole) in aqueous 

ethanol (10 ml) was added to a solution of thallic chloride (0.834 mmole) in water 
(10 ml) giving an orange-red solution of the tetraiodothallate(III) complex. The 
solution was refluxed for 0.5 h, very little thallous iodide being deposited. Refluxing 
was continued for a further 3.0 h, and sodium hydroxide (1.75 mmoIe) and sodium 
iodide (20 mmole) in water (30 ml) were added in 5 ml amounts during the first 2.5 h. 
The solution colour was virtuaily discharged, and thallous iodide was deposited 
(0.821 mmole, 98 %)_ 

Decomposition of tetrahalothallate(III) complexes in aquzozcs acetone. Details 
of reagents, reaction times, and yields of thallous iodide are given in Table 2. The 
procedure was similar to that outlined for cleavage of (CsF5),TlX compounds with 
iodide ions. 

Cleavage of bromobis(pentafluorophenyl)thallium(III) with iodine 
When equimolar amounts of (C,F&TlBr and iodine were refluxed in aqueous 

ethanol, thallous bromide was precipitated (identified by powder photography), 
and the distillate from the reaction mixture contained C,F,I (identified by the ultra- 
violet spectrum and gas chromatography)_ 
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